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.Nucleophilic trapping by ac\féte anion of ipso-Wheland intermediates

(w ) formed in the nitration of. 4-X~toluenes (X=Br, Cl, OMe, NHCOMe)
and- 2-X 4~methylanisoles (X¥=Br, Cl, NOZ), yielded. (Z)-3-X-6-methyl-6-
nitrocyclohexa—Z 4~dienyl and (2)~4-X-3—methoxy-6-methyl-6-nitro-

cyclohexé~2,¢-dieny1 acetates respectively. Both (E)- and .

'(Z)—diastereomers of 2—nitrOr3-meth6xy—6-methy1—6—nicrocyclo-
>~

hexa-2,4-dienyl acetates were also fored in the nitration of the
oprresponding anisole. Similar nitration of 3-X-4-methylanisole (X=Cl,
NOZ) yielded 3-X-4-methyl- 4 nitrocyclohexa -2,4-d1enones. The‘observed
order of reactivity of these substrates in nitration and the
regipselecgivity of the nucleophilic trapping can be, explained in terms
of the electronic and steric effects of the substituents. The isomer
proportions obtained in the nitration agree with those predicted on the
basis of the prineiplemof additivity o% substituent effects and are
diecussed in Chapter IT of this dissertation.

Several 1-Y-5-X-2-methyl-6- nitrocyclohexa 2,4-dienes (Y=0Ac,
CI OH, OMe; X=Cl, Br, NHCOCHjz, OMe) were prepared from
l—Y—3—X—6-methyl-6-nitrocyc1ohexa—2,é-dienes under neutral conditiens'by
a thermally induced [1,5)-=nitro shift. ,%he reaction hes contributions
from both a-reaical chain process, leading to epimerfzation,'aqd a
stereospecific [1,5)-sigmatropic shift. The formep process, was
suppressed by radical traps. Effects of substituents gﬁ the “mechanism

of these reactions-are discussed in chapter IIIL.
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'pnder acidic conditionsg(Chapter IV) thefldienes revert to-the.

Me L o

Wi » but with decreasing acidity, teactisns via other intermediates

W

o

become important for chose dienes which do’ not contaLn"a'methoxy

/4“

isubstituent. The fate of the WM is dependent on the Substituents and

w T

also on the.nucleophilicity of the teaction media. The W? from dienes
N

bearing a digthoxy group react via. the encounter pair, at high apfhfties,

,...1 ~

or are trapped by nuclepphiles to. yield 1, 4-adducts which ultimately

collapse to cresols via dienones. The extent of denitrabton via leakage

- e

ftom the encounter pair increases when deaetivating sdbstituents
. - *

(NO,>Cl) are present on'the ring. A 1,2-nitro shift in the_W?e from

dienes (X=Cl, Br) under strongly acidic conditions was observed, but
with decrease in acidity aromatizatiom via nitroug‘acid{elimination'fTom
the dienes. and ;reagtions via rearrangeﬁ dienes becomes important.

‘Severélr(Z)—1—Y—3-X46—ﬁethy1—6—nitrocyclohexa—Z,4—dienes

-

(Y=Cl, Br, OMe; X=Gl, Br) and 1-Y-Z- X—lfmethoxy —A—methyl 4-nitro-
cyclohexa 2,5-dienes (Y=CN, OMe; X=H, C1, NO,) were prepared by

Me
nucleophilic trapping of Wi n regenerated from the ipso-adducts.

Similar reactions with other nucleophilee under milder conditions, are
. . { »
discussed 1in Chapter V. £

The 1,2-adducts formed by nucleophilic trapping wére shown

’

to be (Z)-diastereomers by a combination of X-ray cryétallography and

NMR studiés. This stereoselectivity on dieme formation (apprqéch of

inucleophiles anti to the methyl group on the adjacent carbon) is unique,

o
and can be rationalized in terms of steric approach control of the .

A

incoming nucleophile. 1,4-Dienes are not formed stereoselectively.

i

Examiners:
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CHAPTER I: INTRODUCTION

1.1 Opening Remarks

.
il .

£ h -
Faraday, in 1825, recorded the first known reaction leading
a .
-1
to the nitration of benzene . Since then electrophilic aromatic
nitration has received widg atgention and is now regarded as one of the

better understood organic reactions. Studies of the mechanism of

Vi

nitration have contributed significantly Lo the elucidation of the

-

fundamental principles of organtc chemistry. Nitration has also matured
into an extremely valuable synthetic transformation, now used in
laboratories and industriés around the world.

In recognizing the main generalizationé regardiggaorﬁentatipn
in electrophilic substitution i.e. orthoﬁpaf;- oy%?eta;directing, and
its conneﬁtipn with activation, Holleman utilized extensive data
related to nitration. 1Ingold and his coworkqu e;ploiced the data of
orientati&n and rate of nitration in elaborating their original ideas of
the electronic theory of the course of organic reactions3. Nitration
has also been used as a model reaction for the dévelopment of reactivity
indices“, theories related to tﬂ; perturbations leading to the
transition statess, in the construction of qualitative;potential energy
surfaces6 aﬁa in studying heteroaromqfic reactivity7. On the synthetic
front the use'of nitroaromatics as intermediates in the syrthesis of
plastics, pharmaceuticals, dyestuffs, explosives and insecticides is
well knowna.

Over the years a multitude of nitrating agents has been
investigated. Nitric acid, metal nitrates, alkyl nitrates, mixed

anhydrides or nitrate esters have been used as nitrating agénCS in

aqueous media or organic solvents. Catalysis, in the form of sulfuric




v,

"
, .. 2.,
)

acid, Lewis acids like boroh trifluoride, ©r other organic acids, is

.

5
often required, although nitric acid itself and even dilute nitric acid

is capable of nitrating reactive substrates. Acetic anhydride is

particulariy a goéd solvent for aromatic compounds and reaction in it

3
“ ]

occurs readily under mild conditions. Thus mixtures of nitric acid and

. Lt ‘ '’ =
acetic anhydride have been widely used as potent nitrating agents.

RS L3

Solid super acids have been used as catalysts. Transfer mitrating

agents such as N-nitropyrazole, nitrd- and nitrito-onium salts age .

9
recent additions in nitration chemistry and have paved, the way for,

10
development of new polymeric nitrating agents . The products obtained .
. '

and the mechanism of nitration vary on changing the nitrating agent. ¢

It is important to distinguish these mechanism$ on basis-of

: v

the actual nitrating agent. They are . .

-~

1. An ionic mechanism with aitronium iép;
-~ v b

2. An electron transfer mechanism invdlving radical cation-radical’pair;

.
-

3. A radical mechanism with nitrogen dioxide;

4. Nitration via nitrosation.

o~

In several cases it has been established that nitration has proceeded

via two or more of Bhese mechanisms in parallel. ) -

.

1.2 The lonic Mechanism of Nitration-with Nitronium Ion’

N -

i XN

x

+
1.2.1 Evidence for the Nitronium Ion (NO,) as the Electrophile in the

lonic Mechanism:

-The state of nitric acid in different media has been studied
extensively in order to determine the exact nature of the electrophile
’ Il . :
involved-in nitration. Evidence from Raman spectroscopy , cryoscopic -




Yoo

s “ ' A 3.
h Y -
-12 ] 13 o
measurements , ultraviolet spectroscopy , and conductometric

Rt
measurement® -of concentrated solutions of nitric acid in sulfuric acid

clearly indicate the formation of nitronium ion. TIn most organic

solvents kinetic evidence indicates that nitronium ion is formed and is
3 P .

»

effective as the nitrating agent.

i,

15
Ingold and Benford showed that the nitration of benzene

- *

homologs in nttromethane with ‘excess nitric acid proceeded at a constant

rate, indepefident of the concentration of aromatic compound. For

halogenobenzenes the dependence was between zeroth and first order and
g P :

’

completely first order in aromatic for di- and tri-halogenobenzenes.

.

* -
Similar kinetic phenomena were obtained in acetic acid, in .

. -

acetonitrilel , in tarbon tetrachloride17 and in sulpholanls, thus
denying the solvent any specific role in the rate determining step.
Variation in the reaction conditions did not alter the ratio of o-, p-
and m- products thus indicating that the same electrophile is involved

in all these processes. 'Theﬁﬁame product ratios were obtained by Olah

19 A
and Kuhn  uging nitronium salts as nitrating agents. These results
”

¢‘~ .

implicated the .nitronium ion 'as the active nitrating species. .

#
5. )

.

. Lo . . +
1.2.2 The Stepwise Mechanism in Nitration with NO,: .

: ) 20
- The accepted stepwise mechanism involved in nitration can -

1

be réepresented as:

>




+ : .kl + .
k)
k
+ 2 +
ArH + NO, ==  ArHNO, Encounter pair (2)
k_, )
LY k
+ .
ArH NO, — - W (Wheland intermediate) (3)
k
; -3
ky + .
W, — ATNO, + H ()
' Scheme 1.1'

: -

The Whelardd intermediate (also'khown as drenium cation,
benzonium cation, cyclohexadienyl cation, ¢ tomplex, Pfitzer complex)

has the general structure 1 (Scheme 1.2)

H NO; . HNO; ' .
Nt . +
- » . .
N Y - ‘
la o L
= Scheme 1.2

Using the steady state concept the rate expression of the overall

-

process can be shown to be
Rate = (L)
k_ ((k_,7 kg)(k_3t ky) - kgk_3) + k, kg k,[ArH]

=

¥

Depending on the substrate dnd the reaction conditions any of

the above four stages can be the slowest. For substances more reactive

- N

[\

-

-

>




5.

- ’

than benzene, formation of the nitronium ion becomes rate determining
N -

and the reaction exhibits zeroth order dependence on the aromatic
substrate, as observed in the gjtration of benzene homologs in

. . 15
nitromethane and other inert organic solvents . Nitration of

anthracene with nitronium tetrafluoroborate in acetonitrile is a
speclflc example where the proton elim%patlon scep (step 4) is rate

determining and a kinetic isotoge effect (k /k = 6.l.t0.6) near to the

21
theoretical limit is observed . Steric reasons have been suggested for

L]

this.

The classical mechanism of nitrationm, established on the

. . 3 22
basis of extensive contribudtions of Ingold and of Melander , did not

distinguish between steps (2) and (3) (Scheme 1.l). The overall process
was denoted by a single stage representing the slow uptake of nitronium
ion via an SEZ mechanibm. This picture, generalized to electrophilic

substitution, provided. the basis of Brown' s selectivity- reactiv1cy

23 .
principle , which proposes that loss of substrate select1v1ty should be

accompanied by loss of positional selectivity in competitive processes,

% N

both of which depend on the reactivity of the electrophile.

24
Olah and his go-workers proposed the formation of a .~

Y

n-adduct as an intermediate in a rate determining step preceding Wheland

«‘t B . + Iy E]
intermediate formation to explaim the results. They observed, in
: - ”

-

compétetive studies of tie reactivity of toluene compared to that of

benzene in the nitration with nitronium salts under their conditions,
- N

the substrate selectivity, i.e. rate of nitration of toluene / rate of

nitration of benzene (kT/kB), decreased dramatically from the values

observed in the nitration with nitric acid, without the lossyof
4

s ' 24 .,
positional selectivity in toluene . They proposed. that éubstrafe
«

selectivity was lost in the formation of a w—adduct in the fifst step,

which collapsed to a Wheland intermediate in the following step, with




. . N 6.
retention of positional selectivity which was determined in the latter

&tep.‘

Schofield and his co-workers observed a similar breakdown of

[y

the selectivity-reactivity principle in the nitration of benzene
b !

homologs with mixed acid and proposed a rate determining encounter pair

-~

~ 25
formation with the onset of diffusion control with the more
highly reactive substrates. No structure for this encounter pair was

proposed. Similar rate limiting encounter controlled reactions were

- .

recognized in nitration of reactive substrates with aqueous nitric acid,

acetic anhydride, methanesulfonic acid, nitromethane, perchloric ‘acid,

26
phosphoric acid, sulpholan and trifluoroacecic acid . From the

calculated rate constants for encounter in these solvents and the -
measured values of kM/kB (Mesitylene = M) the values of kB have been
evaluated (mesitylece reacts at the encounter rate). These values have
the expected degree of constancy for the range of solvents studieo.
Whether or not the formation of fhe encaunter pair is [rate determining .
in a partlcular case depends upon the reactivity of the substrate and
the viscosity of the reaction medium. }here have been objections to the
suggestioqvby Olah that the encounter pair is a n—adduct27. A plot by
Ry528 of relative rates for the nitration of benzene homologs with
nitronium salts against the stabilities of the n-adducts had a - :
correlation coefficient of‘only 0.91. The loss of substrate selectivity
observed by Olah has been shown to be due to iocomplete mfxiog and the
low values observed for kT/k result from macroscopic diffusion .

control » On the other handlKochi and Fukuzumi O.have observed
transient charge transfer bands on mixlng.electroehiles with various -
aromatics, indicating the formaéion of- charge transfer complexes. With ,
m~toluonitrile and -nitronium fluoroborace, a band ‘at 400nm is -

¢ ~
reported. Such charge rtransfer complexes are presumably n-complexes ‘in

-

S

o .
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*thft these are the

Fowever there'is no evidéence

,
the sense used by Olah
species formed 4s the encounter pair in the encounter controlled
Y

A
+

4 .
EN
s

A nitrations.

' Formation of the proposed encounter pair prior to the Wheland
intermediate explains- the discrepancy of "the observed resylts w1th the

select1v1ty react1v1ty prihclple but does not explaln the high
positional selectivity observed BN - ‘¢ ":‘E
Positional selectivities in pseudocumene were explalneo by i
Schofleld on the basis of a non- interactingrencounter pair31 wlto_a rate
? - lO s—li The:dpper

e ]

constant of diffusioh apart in the order of 10
limit of the rate constant for collapse of the Wheland intermediate
. ) .12
ice. 10
.

would be comparabie to the magnitude of a vibration frequency i.e
to 1013 s—l. Thus, there could be a‘posiEfonal selectivity pf up to 100
in 2 non interacting encounter pair. The extension of tgis argument to ‘
t, led to some contradictory .
have'appliad Holleman"s,

Lthe nitration of durene has, however
Schofield and his coworkers

predictions.
product rule to the partial rate factors for the nxtratlon of toluene to

’

show that the ratio of the reactivxties of C-1 and C- 3 of durene is
They also claim that pqsitional selectivity in durene should

1:2.7.
persist but be small and thus justify (the COmpat1b111ty of) the
experimental value of 1:3.6 on the basis of a non-interacting encounter

v e .

On the basis of the proposal that the rate of cofbapse to Wheland
RS b2 1

and 10 s |,

pair.
'”I intermediate at C-5 and’C-6of pseudocumene is 10
Perrfn33 argued that C-1 and’ C-3 of durene should collapse to Wheland
3 which is the theoretical maximum. ‘

' 1ntermadiates at a rate of 10

s*
Thus both C-1 and C-3 Should react at the same rate. However
. \ .

intramolecular selectivity persists in durene and also 1in
) s .
From these observations which, according to Perrin
’ 33
Perrin proposed an

-

£

=

pentamethylbenzene.
\
necessitate an interacting encounter pair
n . ’

-

.
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encounter controlled elect;oﬁ transfer followed by radical pair collapse

) . B ¢
to the Wheland intermediates i.e. tle interacting encoynter pair
consists of the aromatic radical-cation and the nitrogen dioxide

radical. Perrin's postulate that all aromagtics more reactive than

1 -

toluene could transfer an electron to the nitronium ion via-an

- exothermic st p hence leading to an intermediate of lower energy than

- 34
the non-inter cting encounter pair.has been refuted by Eberson and his

. ) 34 P
ésworkers. Calculations based on Marcus theory of non-bonded electron
A . . )
transfer show that such processes can be ruled out for aromatics with

- -

E lower qr equal to perylene [E=-1.3V]. Other evidence put forward by
Perrin has also been shown to be due to cataiysis by nitrous acid or

” . 35
other N(III) species . Thus for nitration with nitronium ion it is
\ .
unnecessary to consjider radical-cation formation along the reaction

~

pathway for aromatics, less reactive than perylene.
* -

At the present timé it appears that the pos{tional
4 » L
selectivities that have been observed do not require the postulation of

‘ *

an interacting encounter pair. {

- .
v

1.3 Nitration Proceeding via Electron Transfer:

"+ ‘¢ K4

v

-

In this mechanism for nitration an .initial step involves the

transfer of an electron from the aromatic to the nitrating agent to give

K"

a radical pair, followed by coupling of the two radicals. The nitrating

agent’ thus behaves as an oxidant and its identification is important.
/! ' %
The fact that nitrfonium ion cannot act as an oxidant towards aromatigs

-

less reactive than perylene has been mentioned above. « Ridd and his
36 37

3]
)
/. + * ’ ' -’ )

'NO can act as the oxidant. 1In the nitration of N,N-dimethylaniline

s

coworkers have suégested that in nitrous acid catalyzed nitration

P
B

LI
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-

Y

15 . - -
with H NO3 in 85<90% sulfuric acid, and in the nitration of .

-
« . . ~

’ 15
* p-nitrophenol ‘in trifluoracetic acid, polarization of N nuclei was

e, M

observed in CIDNP studies.' This has been explained by radical pair '
B - -
- ,w:‘g .

*+ formation via electron transfer as shown in scheme 1.3

+ o + ,
ArXH + NO — ArX® + H + NO°
. + I . &
no' ¥ no, — .NO  + NO,
ArX' + NO, — ArX® 'NO, =+ products
+ "

ey

.
>
i
=
=
1]
N
L

The®e is also evidence that the electron acceptor in nitric acid is

e
NO,, via an acid-catalyzed process. Based on this, ah alternative

" 38
sequence for nitration has been proposed by Ross and his goworkers y as
. o .

shown in scheme 1.4:

S +
ArH + 'NO, + H —  ArH °  +  HONO
+., . +
ArH '+ 'NO, —_ ArHNO,
HONO + HNOj —_— 2NO, +  H,0 -
Scheme 1.4

This process qualitatively explains the observed cafalysis by acids.
. ' b
It. is also possible to effect nitration by generating an

aromatic radical cation. Electrochemical oxidation of.naphthq}ene gives

the corresponding radical cation. This forms a radical pair with NO,,

which’ collapses to the Wheland intermediate. The (a/B) product ?atidﬁkng.S

.
*

-

A
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. - ' 39 . - +
thig case is higher than that observed in nitxation by NOjp.

Interestingly aromatic radigal cations genérated in the gas phase react
N ’ + b
with NOZ to give a o—bonded Ari]NO, bpt under the same-conditions the
+ -
reactions with NO, with neutral aromatics yielded only the gorresponding

+
aromatic radical cation and the oxygenated radical dation (ArHO ) via
40 . :
an electron or oxygen trangfer . ! o,

! - . :

1.4 Nitration via a Radical Mechanism: o )

L] -'?7
Radical mechanisms for nitration with nitnogen ‘dioxide have:
. 41
been prgpoged . A radical mechanism is important in nitration of

paraffinic side chains. Nitration of toluene with nitric acid in" the
~Aye
presence of a trace of nitrogen dioxide gave phenyldinitromethane and

phen@lnitromethipe In the absence of nitrogen dioxide, the only

products were nitrotoluenes and phenols. The proposed mechanism is a

chain reaction fnitiated by nitrogen dioxide (sckeme 1.5)7

PhCHz—H _+ \NOZ‘ —_— . PhCH2 +, HN02 . Ay,
HNO,, —_— ‘N0 + HO v -
» ’ - . ’i -
NO'" + '2HNO, —e  3N0, + H,0
. . !‘ ’ ‘ ..‘;;'
PRCH, +° N0, “—e PhCH,NO, -
6 k%
Tt~ Scheme 1.5

*

Hartshorn and his coworkers have stydied the nitration of highly

.

" substituted phehols with NO, in organic solvents, These reactions yield

polynitrokétones and other oxygenated products“Z. Nitration of
2,6-di-t-butyl-4-methylphenol (2) with NO, in cyclohexane gives the

trinitroketone (6) and the dihydroxynitreketone (8) in addition

‘\




' : 11,
T R S ) o P
to the 4-nitrodienone 4. A radical mechgaism is congistent with these

observations (scheme.l.6). - - -

~— R

S

~

5 0, B
-HNO,

OH 0’

U Scheme 1.6

1.5 Nitration via Nitrosation:

»

°

‘  Reactive aromatics like phenols, anisoles and mesitylene can

- . . & . ( -
undergo nitrosation followed by oxidation to the nitro compound. This

-explains the observed catalysis by nitrous acid in_nitration with nitric
~ acid. Both nitrosonium ion and dinitroged'téégoxidé have been
identified as nitrosating agents. In some cases the intermediate

-t
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nitroso compounds have been isolated. The mechanism can be written
43 g
as

AtH + N0,  — ANO  +  HNO,
ATNO % N,0, ©  — AfNO, + N0y

. N,03 + 2HNO3 , — 2N,0, +  H,0 .

. v

Scheme 1.7 .
=

; N . . :
There is, in addition to the abové. reactions, another mode of
. ol

nitrous acid catal}zgdxpitration of reactive substrates, whitlf appears

in the nitration of pentamethylbenzene~with nitronium ion. fhis leads

to the formation of nitropentamethylbenzene accbmpanied by a large
M > N
number (at least ten) of by-products. In this case a pg-complex between

s ~-

the nitrosonium ion, present as an impurity in the nitronium éalt, and

by,
the aromatic i1s involved , as shown in scheme 1.8:

{

3

ot (1-6)* st 0 (2-6)F
ArH --+ NO + NO, —+ ArH ---» N\O———N4O
3 (2-8™) - o ﬁ(l—a)*
ArH ——» N (0 — AtH --» i + NO
st 0 (l-5)*
ArH ---» T — products
s NO + NO, —' N,04
N,03  +  HNOg —  N,0, + HNO, ‘

-, . _— Scheme 1.8
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-

The n—cdmplex has been formed separately by reacting benzene homologs -
. N 45
(pentamethylbenzene and dur?ge) with nitrosonium hexafluorophogphate .

These, on reaction with dinitrogen tetroxide, give the byproducts

s

observed in nitratien. The _nitrous acid produced makes the reaction

autocatalytic.”
4 14

- + . 4

1.6 The Mechanisa\of Nitration in Acetic Anhydride:

*

s

The mechanisw of “nirtration in acetic anhydride was originally
e

thought to be different from the classical nitronium ion mechanism.

=

Several distinguishing featyres of nitration carried out in this solvent
wére responsible for this belief: (a) abnormally high ortho:para ratios
. were d%served in some cdsesge; {b) a Higher concentration of mesitylegé
required for the (apparent) obServation of zeroth order kinetics
compared tq that required im other mediau7; (¢) acetoxylationk
accompanied nitration. ’
Measurements of ViApour pressure, Raman and IR spectra of
mixtuges of nitric acid in acetic anhydride have shown that the species
preseni in the m?xture depend on the proportions of nitric acid and

acetic anhydride:. The equil4bria (1) and (2) (scheme 1.9) below are

established in mixtures of nitric acid and acetic antiydride containing

. 49 .
more than fifty percent nitric acid 2, o
‘Ac,0 4+ 2HNOga == N,Og  +  2AcOH (1)
NyOg  +  Ac,0 & == 2AcONO,, (2)
. s . . Scheme 1.9

- "1? . R
When acetic anhydfide is present’in large excess the only

’

products are acetyl nitrate and acetic acid formed in the equilibrium
. -+ : .

3 . 4 -

4




f . Ac,0 T+ HNO, == AcONO,  +  AcOH

Scheme 1.10

At ordinary temperatures the formation"of acetyl nitrate is complete

within minutes. -~

Apparently conclusive evidence regarding th%:fole-of

W

. nitronium ion as the effective nitrating agent comes from a compar%son
by Ridd26b of the rate of nitratioq of toluene and meéitylene in aéezic
anhxdr}de with that in acetic acid, The rate ceefficiegts for the
reaction ;f this electrophile with toluene (kT) were calculated from the
relative rates (kT/kM) of nitration of the two hydrocarbé%s in both
solvents with the assumption that the.same electrophile is involved in
the nitration of both hydrocarbons in the same solvent. The rate

4 coefficients (kM) for the reaction of mesitylene with the electrophile
were calculated on the basis of an encounter controlled reaction for
mesitylene in either solvent. The values YkT) obtained for toluene were
almost identical [kT(Aczoz = 4.0x108 and kT(HOAc)'= 3.6x108] whrich
indicated the electrophile must be identical in both solvents. The
elecg;;;hile is known to be nitronium ion in acetic acid. An objection
to this argumentqg is that the reaction of mesitylene in acetic
anhydride is not zeroth order at the encounter rate. It has been
proposed that, .if nitronium ion is the active electrophile, it is formed

. ’ , from a protonated acetyl nitrate, inside the encounter pair, as shown in

scheme 1.11: . .
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- )
+ _— %
AcONO,H - + ArH == ArH.AcNO,H
+ L 1|/+

ArH NOZ + o AcOH = ArH.NOZ.ACOH

v ;

4 Scheme 1.11 *

: ’ -10
This mechanism could &hen account for the low half life (K10 s) of the
“eledtrophile and consequently explain why mesitylene, after correcting

for medium effect, does not reagt at the encounter controlled rate at

, . -3
concentrations as high as 0.5 mol dm .

Acetyl.nitrate also reacts with olefins to yield

- 50 51 .
nitrocyclohexenes, nitroacetates and nitronitrates > . Qﬁ% products

51
6btained from cyclohexene (9) by Wolfe and his coworkers are shown in

scheme 1.12. i -

1

Ol
5
~d
1
=

.

* Scheme 1.12

~r
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IE(is'noueworthy that the productsg contain no conjugated .

nitro olefin, which should be the predominant product if the mechanism

Lo

involved carbocation intermediates. “Under the experimental conditions
' {

. . - V\ i
i1-nitrocyclohexene (17) did not isomerize, thus the 3- and

4-nitrocyclohexenes (10) and (l1) obtained in the product mixture, were

ywot formed via the l-nitzo isomer 17.

The authors Interpret these

_results by an initial cyclic [2+2] addition of nitronium ion, followed

by successive rearrangement of the 2-isoxazetidionyl cation 18 to 19 and

20 (Scheme 1.13). Reaction of these isomers would then explain the

" products observed and also the absence of product 17.

20

“

+
NO,

——

0

.’Scheme 1.13

=)

+
&N—O ‘ *

" 18

o,

>~ f
a \ )
O%N\O

19

a

Although the four membered ring is formed at the expense of

resonance stabilization 'of the nitronium 1ion, it has beén shown by




- 17.

-~

+ ~ R .
calculations of the C,H,~NO, energy surface to be 240 kJ/mol lower in

Y

5
energy than the acyclic cation, in the gas phase. It is possible
however that in solution,the stability could be reversed by external
solvation of the acyclic cation. The relevance of such a [2+2] addition

is yet to-be established in electrophilic aromatic nitration.

1.7 The Wheland Intermediate: )
* ’ ‘ ‘::“

Collapse of an encounter pair leads to the formation of a-”

cyclohexadienyl cation (wheland infermediate). For a mono-substituted

benzene there are four possible isomers as shown in spﬁeme 1.14

, No;+© S
~ /N N

RN R
/;>25f - % //J\\\
Y : WH i f\\ TN

<

; . ! )
Q\_/// Q\+___/l g ! \\ 'Y \ )
2 \\://éqNOz k\7<//

O'-q“
-
=

=

Wi Wo , Wm ' Wp
21 22 . 23 24
' - Scheme 1.14
The Wo, Vm and W? int?rmedtates normally undergo rapid
proton loss. In a few instances steric factorg slow down this process

and secondary reactions are possible. Formation of
- 14

-

.
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1,5-di-t-butyl-3-methyl-2,4-dipitrobenzene (30) and . .
1,3-di-t-butyl-5-methyl-2,4-dinitrobenzene (31) in the njtration of
1,3,5-tri-t-butyl-2-nitrobenzene (25) Ras been explained’ by molecular

53 :
rearrangement in the long lived Wheland intermediate as shown in
- " [
scheme 1.15. -
b 4
+ +
NO; NO;
N [ NO; - 3
02 NC& Cﬁq 2
25 26 . 21
q b

Scheme 1.15
54
Reich and Cram reported the isolation of an acetyl nitrate adduct
. (etther 33 or 34 (s;hemg 1.16)) in the nitration of
é—bromo—[z,2]—parac§clophane (32). A cyclohexadienone 36 bearing a
secondary nitro group has also been isolated by Horita and his
co-workers in the nitration of methyl substituted [2,2]-paracyclophanes

55 .
35 as shown in scheme 1.16. . \‘“~\: :




’ - 19,

s

HNO5 / AcOH

32 80C _15min

: N
R Cu‘NO;) 2
A0, ~20C

ES R=H orMe 36

Scheme 1.16

4
~

In these cases the second aromatic ring sterically hinders

‘ ' ,
deprotonation and hence render the Wheland intermediates long lived.

- In some exceptional cases the Wheland intermediates have been .generated

by protonating the nitroaromatics. Protonation of 9-nitroanthracene

#

with sulfuric acid in‘%gichlq&odcecic acid led to the formation of 81%

56 . . ‘ )
free nitric acid . Peri inferactions between the 9—nitro substituent

o .

and the-1- and 8- hydrogens in 37, the product of deprotonation,

.

disfavour proton loss and result in the denitration reaction being




Y ‘ ¢

Cy ’
H + , 7
il .
\//i .
37 .
. : Scheme 1.17 ‘ W

+ -

., 21

The kinetic isotope effect mentioned earlier and that
1

observed by Olah and his-coworkers in the pitxatiod*of antﬁracene—dlo

r

57 , .
(kH/kD = 2?25) with nitronium hexafluorophosphate also point to the
slow ﬁrétgn loss in the Wheland ‘intermediate. -
Evidence for the existence of the Wheland intermediates is

prqvided by the linear blof of logarithms of the relative rate constants
s .

" for nitration of aromatics in ‘acetic anhydride against the protonation

equilibrium constants in 1iquid hydrogen fluoride for the same

58 ° .
compounds . This indicated the similarity in the trends for rates of

Wheland intermediates formation and the o-basicities of the

corresponding aromatic compounds. Theoretical calculations by Wheland

: 59 -t

have supported the existence of these intermediates . Spectroscopic
60 ’ T4 i

studies have now confirsed these structures in the caserof 1ipso

cations*(discussed in the next section).
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1.8 .Ipso-Whefand Intermediates: - 5

*

Perrin and Skinneg'introddced the term .ipso to denote ’

1.

. . 61
attack of a reagent at 3 substitufed position . .The resultant cation,

the 1ipso —Wheland intermediéﬁe;AWix (X'=”;he original substituent)

.formed by attack of the nitronium ion is relatively stable and shows a
ol

variety of 1nterestfhg reaéiions. The understanding of the various i
factors responsible for its formation and for its ultimate*fate is

important to an understanding of the overall nitration process. The

- ’

i - . .
Uipso—directive power ofra substiruent is difficult to measure. A

("

substituent deactivates or activates the ortho/para or meta position by

stabilizing or destablizing the respective Wheland intermediate by

‘)electfon donation or.withdrawal. The directing effect depends..dn
various factors which are not necessat{ly of equal importance for all

" four positions. On a ﬁualifative basis, inductive effects contribute to
all four positionij but bécome less important with distance. Steric
factors influence orthosand ipso positions significantly more than

metla. or para positions. Resonance effects which are significant at

ortho .and para positions-.should not be important for the ipso

~

position.

, A measure of the directing power of a substituent [is obtained

- ’

. v 62 -
from partigl rate factors . Fischer and his coworkers determined the
partial rate factors at the methyl group in toluene (of = 44, me = 2.1,

63
Pe = 54, if = 4.7) ., and that of other alkyl groups relative to the

Et ; , 1iPr tBu NP

methyl (1M ¢ ¢80 (T . 4®BY oy 03 6.2 ¢ 0) . Ipso

pa;tial rate factors for halogen substituents have been measured by
- © o6l
Perrin .s The values above indicate that in alkylbenzenes the

o
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ipso—poéition is less activated than the ortho or %ara positions.
However in case.of disubstituted benzenes the situation can bé reversed
by the effect of the §econd substituent. Thus powerful éétivating
substituents ortho or para to t%e alkyl group can increase tﬁe ﬁg?
reactivity at the ipso position e.g. although only 4% "ipso
attack éccurs in toluene, ?5% ipso—attack occurs_ih p-xylene.

Attempts have been made to quantify these combined effects by using the
principle of adhitivity. However the experimental values do not always
agree quantitatively with such predictionsss. The reactions of;the
ipso-Wheland ingermediate can be classified as:-

a) reversal to starting material by the loss of ditro group -

b) ipso-substitution by loss of the original substituent
¢) migration of the nitro group

d) migration of the original subsg;tuent .

e) rearrangement of a substituent ortho- or para- to the.ipso

position

f) capture by a nucleophile.

1.8.1 Ipso Substitution:-

A large number of functional groups which undergo
substitution by the nitro group are known. The overall conversion

in this case can be represented as in scheme 1.18:

X NOZ - ) N N02

Rg Ry

R, R, R, R,
Ry - Ry
40 41
X=CHO, CH,CO, CO,H, OMe, iPr, tBu, ArCH,, Br, I, SiMej, SO;H

Scheme 1.18
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Normally ipso substitution,occurs only for strongly
activated aromatics. The fate of thé ejected grodp\has Sot always s
'beeﬁ»ascertained but in some cases it can serve as £lectrophile
towards a second aromatic molecule;*‘Nitration of p-éymeme (42) with
ninonium tetrafluoroborate thus gives 2- and 3-nitro-p-cymene (43) and

(44) p—nitrotoluene (45).and diié%ropyl toluene (46) as shown in scheme

66
1.19 .

NO- NG, | N0,
o0 Q- J
—7/\\) N 3

42 T w3 44 > 45
.

am

46

Scheme 1.19

1.8.2 Rearrangement of Substituents Ortho- or Para- to the Ipso

gosition:—

Sﬁbstituents containing an a-hydrogen and situated ortho— or
para- to the ipso position often undergo loss of a proton, to
stabilize the positive charge on the ring. 1In the case of a hydroxyl
group this leads to the formation of a carb;nyl group (a dienone) and 4s
discussed separately\;s internal nucleophilic capture. For alkyl
substitueﬁts, the intermediate methylene cyclohexadienes react further
to yield benzylic coquunds: Sqme exagPles of ;uch reactiong include

nitro-oxylation produéing altrates, nit}oso-oxylation producing

L

o
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-

nitrités, nitration to nitromethanes, acetoxylation, arylation,
*

alkoxylation, h&droxylation and oxidation of the side chain. Some

examples are shown in scheme 1.20.

7
A
Ref 67a
OH 50 ) 48 NO, Ref 67a
Side chain hydroxylation . Nitro-oxylation
1
Q . . w® i -~
; N e ~ -
e ? hd - b .
47 ) :
™~
-Wd
k3
COH Ref 67c ) 49
51¢ .
‘ . W~
: - ¥ .
Side chain oxidation v Side chain alkoxylation e 8
4 X e A
- . - ’ Al o - hid
' _ Scheme 1.20 e AT
\ o g wt
L ’ LA et -
PR ) .l.. - s ;;‘ = &
These reactions have been studied and reviewed ) (A -

extenadvely68. In some cases intermediate cyclohexadienyl compouids S

. » -
~} 14 .

VR .
’ have been isolated and have been shown o yield benzylic compvuhds., ¥
. N
. = AN
. LY
*
, e -
* H
- A3 (Y
- . o iy
Ny _
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1.8.3 Migration of the Original'Substituents:;

! -

1y
A cyclohexenone derivative, 55 formed in the nitration of

67,4
, iso—durene (52) with nitric acid‘in gichlpromethane has been

=4

explained by a process’ involving migration of a methyl group in the wi

formed by ipso attack of nitronium ion as shown in scheme 1.21. Other

examples of alﬁylﬁgfoup migration in highly’substituted

4

aromatics are also known. g

Iy DZ Y A
. 52 53 - 54 155 o s
v - e . - ,
. . e Scheme 1.21 - - .
- - s v‘" oo, ! > . B N =
i R - . .. .
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. The most‘cohvincing.evidence regarding the role of

ipso—wg;léhd\intérmediates_has come.froh'the largehnumbef of adducts
42";tﬁet haye been—ptepafed-by nucleoﬁhilic trapping,of WTe. Subsequent |
e t reactions on these adducts have highlighted the'role of these
“semﬂ inteﬁmediates in the nitratien reaetion. T . T )

-

The work ?escribed Ln the present thesis is directed towards”

N ~
h ~,

extending the scope of the ipso-nitnation reaction for the

”:h“ Prepértion of ipso adducts and the study of the reactions of these
ELPIR Y 19 M 4

adducts. [The digsertation has thus been divided 1nto chapters

w PO

N . =~ - " ¢ .-
. pertaining to the reactions dealing Twith . ! R
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e
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: ‘a) formation of adducts (Chapter 1I) ,
. b) reactions of adducts under thermal conditions (Ch. I11); in
£ acidic media:(Ch. %V); and with nucleophiles in weakly acidic, neutral.
: and basic media (Ch. V). / .
Included in each chapter is a.discussion of previous work
) described in literature related to that particular topic.
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.2.1 Introduction o N

" " CHAPTER II: FORMATION OF IPSO ADDUCIS: - =~ ..

» . ~

Ipso Wheland intermediates can @e‘captured by either’

exterpal or intgrnal nucleophiles. Lone pair'béqring susbstitdents,

. i . ”~ . . ) . (3
situated at the ortho or para position, with regpect to the ipso .
position, can lead to intramolecular capture. Dienones and imminium

salts are exémples of products (Scheme 2.1) obtained from such

capture. 1In the precurses (a phenol or an,aniline).the lone pair is

conjugated to the ring. ‘ | - . : RN
Compound g R, R, R, R, X . Ref
( ‘ ~ % me H. W W W O 69
' NO, R 57 Et H H H H 0 .69
R, [ . _R; 58 iPr H H H. H 0 69
\ '

‘ 59 tBu H H H H 0 . 69
Ry R, 60 OMe OMe, H 'H OMe 0 70
X : ‘6'1 CH,OMe - H  tBu By " H-- 0 / 71
. : ‘ 62 CH,CN H -tBu. tBu H 0 71
l 63 Me H' o Me Me H' NMe_a: 72
66 Me H NO, Me H 0 73

L - -
- Scheme 2.1 - ) ‘

*
~ . N
s

v .
Dienones are also formed in .the nitration of anisoles, but not by

direct nucleophilic capture a§ in the case of phenols. 1In the

».
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presence of external nucleophileg $uch.as water the initial adduct,

‘a hemiketal,‘collapses to the dienone. The involvement of attack by

-

e

. : 18 ‘
water on the ring carbon hasybeen degonstrated by using O-1labelled

- . 74 S ' x
water in the nitrating &ixtu;e_ . The labelled oxygen was

inborporaﬁéd in the fidélddienone{ Dienones are also formed in the’

75 .
nitration of cresyl acetates . <

. ’
. . ]
N v

. When the lone pdir.on,&he substituent “is 'separated from , ’
the ring by a carbon chain, bicyélic spiro-compounds are formed
(schemes 2.2-and 2.3). Some of these adducts are interesting in

that they behave as protected dienones.

f v -
- . ‘ .

Compound ‘ ’ Ref.
65 R —-RZ—R 3R ,=H . 76
66 R =Me; R,=R;=R,=H; 76 .
67 . R =Me; R2=R“=H;:R3=N02;76

68 Ry=R,=R,=Me; Ry=H; . "'76

" Scheme ' 2.2

f
. / . -
‘ . -

; -, " Compound ) “ Ref..
R1/3%L—~—J( . 69 Ri=Me; X=0 76

S _— SR} SO x~(CH2)3, RI—H 77 ;
.; . .
*  Me NO2 . ‘ o
. Scheme, 2.3 - | N




ey

Ve

A recent example of 1nterq§l nucleophilie trapping of the Wheland
intermediate 73 is the:formqtion of a noparomatic tricyclic .adduct

75 in the,nltfation of the amide 72. “The mechanismlidvolved is ghown}
i

’ I4
. / - : !
in scheme_ 2.4 . o
’ \ Y M

NHCOEF ~ | o

e . LHNOy . Y s
*@\/, TR 5%\//K/ L T

. E 4
: <A \
- TFA
-~ Y
. 75 ‘ ) /AN
Ref 78 - . v
» - v Scheme 2.4 ' -
- , ’— N
N ) . / ) - :
Nitration with acetyl nitrate is the most extensively
stuydied ‘condition for the generatibn of ipso—adducts by external- .
.nucleophilic capture. The acetic acid present in the reactiom #

, N * . - . . h\ .
mixture can capture the ipso-Wheland.intermediate thus

Lo .
- generating a nitrocychexadlenyl acetate. Normally a diastereomeric

pair of 1,4-adducts 1is obtained (scheme 2.5’aqd 2.6) by attack of
the nuéleophi%e‘at the para position with respectto the nitro group

leading to non-conjugated dieres. Evidently, in.this case, addition

LR = * *

-
~ N .
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of acetate occurs from either face of the cation. Conjugated dienes
. ¥ . ' - .
formed by 1,2 addition havé also been isolated (scheme 2.7), in this

case only a single diastereomer fhas been obtained.

rs

1

Compound. R R, R, Rg R, Rg §ef

, 76 Me H H H H H 79

v ‘ 77 Me Me  H H H H . 80
h' 78 Me B Me  Me o H 81

79  + Me Me H H H Me 81

, 80 Me H % %e H H 82
81 Me H H Et H H 64

, .82 ¢ Me H* W iPr H H 83

83" Me , H H  tBu H H 84

) "84 Et H H o Me H H 6
85 * Et H H Et H H 64

86 ° Me Me H OMe H H 85

87  iPr Me H H H H 86

88 Me Me CN H , H H 87a

.89 Me H CN H H Me 87a

' . 90 Me H COPh H H Me 87¢
*91 Me cl H H H Me 87b

| 92 Me Me NO, H H H 65

- 93 Me H NO H H Me 65

94 Cl Me H Me H Me 88

(Examples of 1,4-adducts from monocyclic compounds).

Scheme 2.5 "




NO;
}%—7J:: :::f:::: %
QAc

Ref 89
‘ : NO>
L{' }
\\—/ N OA(
: Ref, 91

0

.

OAc
Ref 90

Ref 90

(Examples of 1,4+adducts from polycyclic compounds).

Compound

99
100
101
102
103
104
105

Scheme 2.6
't
R NO,
H
AC
Y
. X
R X
Me F
Me Cl
Me Br
Me OMe
Me NHCOMe
Me tBu
2
Cyclopropyl .OMe

Y Ref
H 92
H 92
H , 92
) .

H 92
H 84
NO, 93

(Examples of 1,2-adducts)

Scheme 2.7

\

92

31.
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For most of the substrates studied the possibility of
both 1,2- and 1l,4-addit{ion exists, but a proper explanation for the
predominance of either mode of addition remains elusive.

Ipso-adducts formed by nucleophiles other than acetic
aéid have alsa been isolated as shown in scheme 2.8. The formation of
biphenyl derivatives accompanying the nitration of aromgtics has been
explained as involving intermediate ipso adducts. A second aromatic

93
acts as a nucleophile . ‘- -

106 107 108 109

Scheme 2.8 - -

* The current surge of interest in nitratiom chemistry is
bartly;due to recognition of the importance of ipso attack. The
isolétiou’bﬁ the "addugts, mentioned here, has demoggtrated the

existence of ﬁpao-Wheland intermediates in aromatic nitration.

i

ot .
A measure, the minimum extent of ipso attack is obtained directly .

from' the dmount of-adducts detected. It is important to understand

S - .

the various factors which determine the extent of ipao\attaqk,' -

-

the rggioseieqtivity—(l@b-versus 1,4~addition) and the
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stereoselectivity thar is observed in the nucleophilic trapping of

» , . <

the ipso-Wheland intermediate.’

Objectives of the presenﬁ work:—

s

. o 92
The observation by D. L. Fyles that high ylelds of

ipso-adducté are -obtained from the nitratiop of 4-X-toluenes

5

openzed a new route to the preparation of cyclohexa-1,3-dienes. 1In

the present work it was the intention (1) to reinvestigate the

reactions studied by Fyles and to attempt to determine the

stereochemistry of the adducts. (It was also intended to stu&y the
; - o

reactiong of the ,adducts. This had not been done in the ea}lier

work as is discussed in subsequent chapters.) ii) to attempt to

isolate the adduct from 4-acetamidotoluene (4-methylacetanilide),
which had not been isplated previous}y. 1ii) torextend the

invescigacioh of this reaction to di(hetercatom) substituted

:

toluenes as sqgstrates.
The specific substrates investigatgh were 4-bromotoluene
(116), A—ChLorotolﬁene/(lll), 4-methylanisole (112),
4-methylacetanilde (113), 2-bromo-4-methylanisole (114),
2-chloro~;“methy1anisole (115) 4-methyl-2-nitroanisole (116),
3-chloro-4-methylagisole (117), 4-methyl-3-nitroanisole (118),
2—cﬁloro—.&-methy}bt3enol (119) and 3-chloro-4-methylphenol (120).

The reactions of'&hese adducts obtained ‘were also to be
: . : ' . T,
investigated and Ehis_is discussed in the remaining chapters of "this

1

-

dissertation. . , ) . -

-
- .
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2.2 Resuits and, Discussion.
xjf The ipso—adducts were prepared by nitrating the
substrate aromatics under conditions which led to optimum yields.

The nitration of 4-chlorotoluene (111), 4-bromotoluene (110) and

4-methylanisole (112) were carried out under conditions which had

95
, been standardised previously by D. L. Fyles.
4-Acetamidoroluene (113) was nitrated using a slightly modified
procedure, The procedures accepted for the nitration of~

2-chloro-4-methylanisole (115), 3-chloro-4-methylanisole (117),
2-bromo-4-methylanisole (114), 2-nitro-4-methylanisole (116) and

" 3-nitro-4-méthylanisole (118) were similar and the conditions were

&~

determined during the goﬁrse of this work by carrying out

¥

-preliminary reactions on a 0.5 mmol scale and following the

1
~ reactlons by H-NMR. The dienones which were obtained as
by-products in some reactions, were prepared separately by
nitrating the corresponding phenols 119 and 120, since this

allowed easy separation %}om the accompapying nitrophed%l products

L
v

_by)chromatography at low‘temperatures (-78°C) on a basic alumina

column., The nitroaromatics which were formed together with the
, ) .

ipso adducts were characterized by either a sepaf%te preparaéion

througﬁ established routes or by comparison with pure samples of

»

known structure obtained during the-subsequent study of the

‘reactions of .the adducts. In some cases the nitro derivatives were
obtained from commercial sources.,

/
Products obtained in the nitration reactions are listed

-

in figures 2.1 and 2.2 and the reaction conditions and yields of

. 1 13
individual reacftons are listed in table 2.1. The H- and C-NMR

¥ data of the dienes obtained from nitration is given in tables 2.2 -

-

and 2,3 respectively,

a

e




—

-

-

Substrate Temp Time Mol proportion Product (percentage) Total

; " °C mins HNO3 Ac,0 TFA . _ ipso
i attack
111 |0 60 2 6 1 100(70) 121(17) 122(13) 70
110 '~40 90 2 6 1 101(64)° 123(28) 124(8) 64
112 40 30, 25 0 102(30) 116(70) 30-
113 ~40 120 © 5 15 1 103(35) 125(65) 35
115 400 60 2 5 0 130(%9) 134(18) 136(33) 67
119 =45 10 .3 5 0 134(42) 137(58) 42
117 2 .-45 38 2 10 6 140(23) 138(26) 139(51) 23
120 ~60 to -40 30 1.5 CDCly © 140(22) 142(25) 141(53) 22
114 40 40 2.4 4 0 146(30) 148(27) 147(43) 57 -
116 2200 30 5 10 1 151(53) 152¢5)  153(5)
) , 154(25) 155(12) 88
: 0 60 3 10 . 0 151(58) 154(30) -155(12) 88
118 " ~40 30 5 107 2 157(40) 158(50) 159(~10) <10,

" Table 2.1: Summary of conditions for nitration and coﬁposition of reaction

/

mixture prior to work up
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- 1
Figure 2.1: List of Non-Aromatic Products obtained from Nitration Flgure 2.2: List of Aromatic Products ob‘tnlned from N{tration
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1
H-NMR data of Dienes obtained from Nitration.

-37.

Table 2.2:
Chemical Shi?ts (ﬁpm) Coupling Constants (Hz) -
{ CH3 OAc OMe 1-H  2-H 4-H 5-H 1,2 1,5 2,4 2,5 4,5
1001 1.78 1.99 - 5.53 .6.12 6.03 6.55 6.13 1.65 1.97 0.61 10.20
101 1.77 1.98 - 5.45 6137 6.13 6.45 6.15 1.76 1.80 0.55 10.23 °
102 1.77 1.95 3.60 5.62 4.97 5.93 6.36 6.57 1.52 1.75 %% 10.20
103 1.78 1.95 - 5.62 6.49 6.09 6.59 6.55 1.53 1.70 - 10.36 .
130 1.80 1.97 3.68 5.60 5.12 -  6.73 6.45 1.85 - - -~
146 | 1.80 1.98 %:67 5.59 5.09 - .6.99 6.62 1.91 - - -
154 1.88 1.99 3.71 5.64 5.27 - 7.29 6.70 2.02 - - -
151 1.88 1.97 4,03 7.09 - 6.47 6.51 - 2.06 - - 10.60
152 1.79 2.10  4.04 7,04 - 6.71 .36 - 1.60 - - 10.20

Chemical shifts of other

functional groups

»

are included in chapter VII.

Table 2.3: 13C—NMR data of Diehes obtained from Nitrations.
\/// CH, OAc OCH, C, 'cz c, ¢ € C  Co
100 | 23.2 20.6 - 70.2  118.1 133.6 126.1 129.4 87.2 169.5
101 | 23.1 20.6 - 70.4  122.0 122.6 127:8. 1284 86.8 169.0
102 | 22.6 19.6 53.8 70.8 878 155.2 122.7 "128.4 87.3 168.8
103 25.3 20.7 - 70.3  102.6 134,3 122.7 129.1 87.7 169.2
> (NHCOMe = ZAﬂS) 170.0 .
\ 130 | 23.5 20.7 55.8 i7l,2 91.1 * lqgia 127.6 ‘126.2 88.? /169.6
;' 146 | 23.2 20.7 55.8 71.1 90.5 152.5 117.3 130.4 89.3 169.6
' 154 | 22.5 20.6 56.1 70.7 93.5 149.3 145.4 127.3 87.5 169.4
151 | 22.8 20.4 58.0 70,4 123.7 155.9 117.2 138.3 88.9 168.4 L
152 | 21.8 20.5 58.1 68.2 124.3 156.5 122.4 135.6 86.3 169.2
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2.2.1 Nitration of 4-X-toluenes:-— oy

- M ~

* N .

,Tgé 4-chlorotoluene (1lll) was nitrated with agetyl .
nitraFe at -40°C in the presence of trifluoroacet%;,anhydride. The
%H—NMR spectfum of the reaction mixture indicated the presence of T
707 (Z)—3—chloro—6-methyl-é-nitrocyclongxa-Z,h-diényi.acetate (100), , R >
17% 4-chlor072—nitro£oluene (121) and 13%-4-chloro-3-nitrotoluene ¥

S o
(122). After low temperature work pp with ammonium hydroxide the .

3

#

composition of the mixture was unchanged and diéhe 100 was seg§rq§gaﬁ

* o e
"y -

by crystallization. ’ . . "
.~ ~ :f .
From 4~ bromotoluene (110)*a mixture of 64% (Z)-3—bf6md-

")

' —6—methyl 6—nicrocyclohexa -2 4—dieny1 acetate (101) 28% o

o~y 2 e *

4-bromo- 2—nitrotoluene (123) and 8% 4- bromg- -nitrotolugne (124) was .

chtained. A longer reaction time and excess trifluoroaceﬁic

1 “ ar

anhydride ‘wére needed, “as compared with”fhe nitrdtion of 111. Diene
101 was obtained from, the mixture by crystall&zatidn. Nitrat*on of
4-methoxytoluene (112) in acetic anhyd?ide yielded 30%

-

. 42)-3-methoxy- 6-methyl 6-nitrocyclohexa-2, 4 -dienyl acetate (102) and

&

70% of 4-methyl- 2—nitroanisple (116).~ Liquid ammonia wdfk up - gl ) 4

'

followed by crystallization gave diene 102 in amountkessentiaili L F

N
- P
e Py < & e -
' i -ttt

- e _ f)‘ -
equal to that present in the teaction mixture. S v
x ~ By w .
~ The nitration of 4-acetamidotoluene (113) was carried e i
* < " v » .
out by adding the powdered aromatic #lirectly to the nitrafing %, : ot
A -

mixture. As reaction proceded a homogeneou§ solution was obtained. P

3

1
The H-NMR spectrum of the reaction mixcune indﬁtated the»pre%enceﬂ w
of 35% (Z)-3- acetamido-ﬁ—methyl 6-nittocyclohexa -2,5- diepyl acetate -
(103) and 4-methyl- 2-nitroacetanilide (125). Afte: carefigl work up

v L -

with ammonium hydroxide at low temperature ﬁolloweiABy evapo&zfion

- . v * T s
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~ - of solvent at’—AOﬁCN diene 103 (35%) was obtained in a mixture. -
Yo G » " { t

wooe i Attempts to’ crystallize tie. diene from various SOlvent mixtures "

™. 15

failed. The diene was found to bé extremely labile and aromatized-

4 .t
» - H

, to 125 oyer a period of time at —20°C. . Pure diene 103.was however

obtained by two successive chromatographic separaxionsvon a. silica
’ - P * S

+column at —V§‘C. Detailed 1nvestigation of the ready aromatizatiom

o

DR

wand (RN

- ‘ of theediene was carr%ed out subsequently and,is discussed «in

. .
‘v 'J w
Nt R .

= Chapter III. o /

re -

The stxpctufes of the dienes were initially assigned on

- . the basis of. spectralainformation. \Elemental analyses were

%5

———

consistent wigh the additiqp of acetyl nitrate to the substrate ~

>

aromatic. Such addition was confirmed by the IR spectra which

exhibited.strong. absorptions around 1750 (fqr OCOCH3) and 1550 cm

B

J W ~

. :, . (for NOZ) The UV spectra (Am ~ 265nm) showed that the dienes
= wereltonju;ated.,'{solated double bonds .absorb below 253 nm .
& Xhere are three aqrangements of conjugated double bonds which can be
a < derived from adsition to a 4- Substituted toluene. *Using theN

- »
ot enumeration of toluene%étnese may ~be, described a 1 3- diene (126),*

[, .\ P
- - - o 1,§1dfene (157) and‘a~4,4—diene (128), as shown“in scheme 2.9 N
* - tar .. . . ] ‘. .
. . . .
o - -
l‘ t‘ % < < N ~
[ <
" -
» -
. .:”“ oA / X
: X :
BN v ~ -
ﬁ W 1,5-diene -~ N
< ‘ ..
127 128 . ,
[N O N .
At /"* - .
“lacs Scheme 2.9 N —
e ————
N i - - 3 .
i . oL , -0 !
- -‘_ e L . - r 4 » <, - )
. - y :}ﬂ thefl,?:dfene (126) both sp carbon atoms have.,an attdched B
e T \ - 7 - e " 7 s . PR 2
- Ay g )
$o L
&, e W “r *~ ¥ - ) 7
T e + ' . y- ~ “, 4 N
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: 13 . . ) ( / -3
hydrogen atom. However the - C~NMR indicates that there is ong sp

«

carbon 'atom with ar attached hydrogéh atom (6 70 ppm, doublet

- ’

splitting in the gated spectrum~J~lSOHz), and one. sp earbon atom

with no attached hydrogen (ét = 87 ppm, sipglet in the‘gated

‘l\ . - - '. "

spectrum). . Moreover this structure cannot account for.the 10Hz
-y ' o .,

! - 1 ‘ .
splitting of vinylic protons iin the H-NMR spectra, which points to

~ the presence of ad jacent vinylic protonsj In the 1-5 diene (127)

3

=structure the variable substituent (4-X), is attached to an sp

-~

-,

v

Ay

carbon which has no attached hydrogen (afber accounting for the

/ : - - 13
addition of AcONO,). However'in the - - C-nmr spectra the position of

this sp% caroon absorption is quite invariadt (GCSS7-5ppm) which
points to a constantlsubstitutign pattern at this carbon.
Correspondingiy the spz carbon which has no attacﬁed hydrogen has ¢
w1dely rangingxabsorption (6 122.6-to 155.2 ppm) consistent with
the 4— X-supstltueubeing located at this position. Thus only the

«

2,4-diene (128) structure is consistent with the position of the

.

- absorptions qf these two carbon atoms. Finally the nitro group must

. be located at position 1 because the chemical shift of the
/ )

A3
quaternary carbon (GC=87ppm) is the same as that of the only sp -

carbon of A—methyl;é-nitrocyclohexa-Z,STdienoné (56) which bears thes

g
-

aitro group and methyl éroup. The acetate group is thus af'position

6. ‘Confirmation of the'assigned struetute and elucidation of the

5

ste?eochemistry of the addition was provided in the case of the
] 1 3 ~

" diepe 101 by an X-ray crystal structure determination. Shiftr -
.dtep 1

"reagent studies applied to Rhe two members of a péir of

o

A

/ Vs
diastereomeric adductg have been used to determine the

. «

<

65
- stereochemistry of some 1,4-adducts ' bit the method could not be

applied to the dienes obtained in this worE since a, pure sample of

8




. ¥
3

s T N ' “ A a
the minor diastereomer was not available. g . .

r S

. Diene lOl'was found to be stable enoygh to survive fqr

s

R - B 7 ] ; w
@\peripds at . ambient tenperatqre, and am-enable to X-tay ,investigation.

The Ortép diagram‘of the structuré obta;ned is given in Fig. 2.3.
RPlevant bond lengths and angles are given in tables 2.4 and' 2.5.

seen
As éan beAfrom the diagram the dlene obtainged in the nitratién is °
4 €

" exclusively (Z) igomer. Evidently the -1, 2-addition of apetyl

~ +

jnitrate (as hitronium acetate) i8 a cis addition and, by analogy,

RN

this wbuld be expected to be generally true for all of the
4-x- toluenes, all of which give only one diastereomer'on nitration.

v

The stereoselectivity observed in these reactions is remarkable.

I 4 -
'Y l

The structural features of the diemes and consequent effects on the -
. 1 e v’ . .-
H and .. C-NMR spectra are discussed*in chapter I1l.. There it is

shown’conclusively that the adducts from qthér

Q—X;toluehes have the

(Z)ﬁconfigurabion. The relevant mechanistic features’leading to

such stereoselectivity are discyssed in Chapter V.o )

A ]
. ~ /
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Figure 2.3: Molecular Sgructure of (Z)-3-bromo-6-thethvl-6-

nitrocyclohexa-2,4-dienyl acetate (101). .
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TABLE 2.4

Anteratomic Distances (A) for 101

.Atoms " pistance Atoms Distance
. ‘ ci32 -BY 1.909( 8)  C(6) =C(1)  1.543Q2)
N(L) “0(1) 1.228( 8) c(3) -C(2)  1.302(12)
o N(L) -0C2) 1.218(¢ 9) . C(4) -C(3)  44T5(IT
c(1) 0@y 1.455( 9)  C(5) —C(4) 1?352513) T
. L C(8) -0(3) - 1.358(10) C(6) -C(5)  1.492(11)
c8) o) 1.202( 9) C(7) ~C(6)  1.532(12)
C(6) -N(1) 1.520(10) C(9) -€(8)  1.476(1l1)
' C(2) -C(1) 1.503(11) |

A

. . . .
Estimated standard deviations are given in parentheses.

-

/

V4
TABLE 2.5 el

+Bond Angles (°) for 101

Atoms - Angle Atoms Angle
C(4) -C(3) -Br 115.1( 7) c(2) -C(3) -Br 121.4( 7)
C(5) -C(4) -C(3) 118.9( -8) C(3) -C(2) -C(1)  119.7( 7)
C(6) ~C(5) ~C(4) 119.2( 8) C(6) -C(1) -C(2)  109.4( 6)
c(5) -€(6) -C(E)-‘ 112.8( 7) 0(2) -N(1) -0(1)  123.0( 8)
C(5) ~G(6) -N(1) 109.8( 7) C(1) ~C(6) ~N(1)  105.8( 6)
C(6) -N(1) -0(1) 119.4( 8) C(6) -N(1) -0(2)  117.5( 7)
C6) C(1) -0x3)  106.6( 6) C(2) ~C(1) F0(3)  109.5( 6)
C(8) -0(3) -C(1) 116.3( 6) C(4) -C(3) -C(2)  123.4( 8)
\\\\ C(7) -C(6) -N(1).  106.6( 7) 0(4) —C(8) 0(3)  121.6( 8)
} L C(T) ~C(6) ~C(L) . 110.3( 7) C(9) -C(8) -0(3)  111.4( 8)
/ {7y ~C(6) —C(5) 111.3( 7) C(9) -C(8) -0(4)  127.0( 8)

Egtimated standard deviations are given in parentheses.

-

7/
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Ogher features of the 1H and {3C-N¥R spectra of the dienes
100 - 103 ére as follows (enumeration ;ow follows that exemplified
in 3~ chloro 6—methy1 6-nitrocyclohexa-2,4~dienyl acetate (100)), In
the H-NMR spectra the methyl group resonated at ~6 1.8 ppm and the
acetate methyl protons Eésonated at ~§ 2.0 ppm. Tg; protons of the
. methoxy group of diene 102 resonated at § 3.60 ppm and those of the
acetamidp ;,group in diene }03 at ¢ 2.10ppm: (CH;). : d

The absorptigns of the 1 and 2 protons were distinguished
%rom those of the 4 and 5 protons by the 6-Hz coupling of the gormer
as compared witH the 10 Hz coupling of the latter. The individual
assignment of the absorptions of the 1 and 2 profons was made on the
basis that the lrproﬁon'absorption'should be essentially invariant
in position, and is therefore the absorption at § ~ 5.5 ppm, whereas
the 2-proton abserption éhéuld be affected by the variation of the
X-substituent,- which is vinylic to it and ranges. from § 5.0 to 6.5
ppm. These assignments weée’confiraed‘by selective proton
decoupling éf the 1-H from the C-1 in -the }3C—speccra of dienes 101
and 102. The assignments of the 4 and 5 protons were .made on the
basis of long range coupling constants. -The 1-H is coupleq_to one
of 4-H and 5-H (J=1.6Hz) .and 2-H is coupled to the other of 4-H and
5-H (J=1.8Hz). The four bond 1,5- and 2,4- cogprings should bé
larger than the five boqd ¥,4- and 2, Slcouplings and théf&-ﬂ and
5-H were assigned to reflect this.

In the dienes 100 and 101 there is in addition a small
2,5-coupling (J=0.6Hz). Decohpling experiments were carried out on
diene 101. The 1-H absorption appeared as a doublet of doublets
(3=6.2Hz and\l.8Hz).‘ The 2-H absorption appeared as a doublet of

Vv
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doublet ;} doublet (J=6.2Hz, 1.8Hz, 0.6Hz). Irradiation of 1-H
(5.45 ppm) caused the large:coupling in 2-H to disappear, and the
smallest couplingidisappeared when the 5-H bas irradiated (6.45
ppz). The 5-H absorpgion itself appeared as a doublet of a doublet
of a doublet (J=10.2Hz, 1.8Hz, 0.6Hz) which collapsed to_ a doublet
of a doublet (J=10.2Hz and 0.6Hz) when 1-H was irradiated. The 4-H
aBsorpcibn appeared as a,doublet of a doublet, (J=1022Hz and 1.8H£).
, Similar decoupling experiments were carried out on .diene 100. In
diene 102 the signal due to 2-H was shifted upfield (6=4.97ppm) and
the five bond coupling between 2-H and 5-H was absent.

The 13C—spectra of these dienes had two peaks due Eo
methyl carbons of which the low field signal (ocu22ppm) was twice
the %ntensity of the other (6C=19ppm). In the single frequency
decoupled 13C—speetrum obtained by irradiating the protons on-~the .
acetyl methyl group (6=1.95ppm), the low field signal (oC-Zprm)
appeared as a quartet whereas the high field signal became a
singlet. This allows\us to agsign the low field signa},with hfghér
intensity to the ring methyl and the high field signal as the acetyl .
methyl. The signal at C-2 was assigned on the basis of the
substituent efﬁect of the adjacent 3-X group; in all compounds this
was expecteé-to move the peak to higher fields and rhus the highest .
field signal of the peaks attr%butéﬁle to 6;2, C-4 and C-5 was
assigned to C-2. The observed trend in the shifts of the C-2 and
C-3 carbons parallels that report:ed97 for mono—subsgituted olefins
(table 2.,6). The asgignment of C-2 was thus confirmeq and that of‘
'C-4 and C-5 was made on the basis of single frequenc§ decoupling of
the splitting by the protons attached to each carbon in the case of

diene 102 and the C-5 proton in other cases. As would be expected

the C-4 signal 1is more affected by the adjacent 3-X substituent (5C

-
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122.7 to 127.8ppm) than.is the

PILY

signal of the more remote C-5 (Sb

. liS.A:éo 1}9.4ppm) and generally C-5 is at lower fiela than C-4.

5 . . : -
‘ éepgfted . Observed
-~ " . . \ , )
L LK XLy=C, |
X ¢ c, c, " c,
H 123.3 123.3 - -
Br 115.5 122.0 122.6 .. 122.0
‘cl | 126.0 117.3 ' 133.6 118.1
6Me_ | 1s3.2 84.F 155.2 87.8
+

Table 2.6: Comparison of

.

~

13 : - ’ .
‘C-chemical shifts of C-2 and C-3 observed

g7
in-dieneg 100102 with that reported for gonosubstituted olefins.

¥

o

N s . . .
The H-NMR spectruﬁ of 103 was found to be temperature(depeﬁdent

3

<

f

-~

-~

s N

’

" and the chemical shift values for five different temperatures are

glven table 2.7.
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* H-chemical shifts of diene 103 - A
Temp \ CHj OAc ~ NHAc*  NH E—H . 2-H 4-H 5-H
&S , C - .
©226 177 1.95° 2.00  8.32 5.61 6.53 6.08 _6.59
241 1,78 1.95  2.10 8.2 5.6% 6.49  6.09 6159
249 1.78  “1.95  .2.10  8.00  5.62 6.46 6.10 5119‘
273 1.78 T1.947- 2,09 7.50, 562 6.63 6.1l 6.58
298 1.78. 1.96  2.11 v.broad 5.62  6.33  6.I3  6.58
. ]Table.2.7: Temperature Depéndence of IH-NMR chemical sﬁi%tsio%i"

<
'

—

-

-

diene 103.

ry

(39

e

The data if table 2.7 indicate that within an experimedtal error of

i0.0prm thg';djor varjations of chemical shift are those due to 2-H

(

»

.

88599-298

229-273 f

\
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-
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e
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"

-’ temperature are"given in figure 2.4 f8r 2-H and 4-H.

= 0,2ppm), 4-H (A5°29;298 = 0.05ppm) along with the N-H
0.82ppm). The plots of change in chemical shift with

b
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_Figure 2.4: Plot of Ciange 1n Chemical Shift (2-H and 4-H) with
‘ Y Temperature in,Diene 103. ’
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In amides it is known that the C-N bond has partial

13

double bond character,owing to participation’ of the resonance

[

structures 129 (Scheme 2.10).

» -

~~/ ] //O
N .
y N'—"C T o i ¢
/ ' L L\ .
1294 1298 :

Scheme 2.10 »

‘. £ e
Rotation about the carbonyl nitrogen bond is hindered as a

» consequence. In morosubstituted amides the rotamers have different

-

energy contents and participate unequally in the thermal

: 98
! equilibrium. It has been-established for N-alkyl compounds that

the predominant planar rotamer is the one with the alkyl groups (on

1

cidh
N and on the C=6 groyp) anti to,other as in 129C (Scheme 2.11).

“ .
N . ’
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R = 0 R R
N/ NS,
- N—2C = N—-C ‘
/ AN / N\«
H R' - H 0 .
x -
129C 129D
4 s z .
- Scheme 2.11 "3

&
I

In the case of diene 103 such a geometry gives rise to tﬁo possible
limiting structures 103E and 103F (Scheme 2.12), due to rotation

about the C3-N bond.

N0,
| NO,
OAC Ac
=
HL ) H2 H H
A H/N\géo OQ%/N\H
Me Me
103E 103F
Scheme 2.12

»
In 103E the 2-H and in 103F the 4-H lie in the
deshielding zone of the cafbonyl group. The chemical shiftsaf these

protons thus vary with the relative orientation of the carbényl
group, and their values at a particular temperature will be
determined by the weighted average of each rotamer population in the
equilibrium. From tabie 2./ it can be seeh that the signal due to

2-H shifts upfield and that due to 4-H downfield with increase in
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temperature. - This suéges;s that structure 103F is favored with

DAY Lo
.

increase in temperature, and,séruc;ure 103E is thermodynamically

favored over 103F.- o Y

~

2.2.2: ‘'Nitration of A—Methylanisyl‘DeerativeE:

. L]

~

2-Chloro-4-methylanisole (115) was njtrated at -40°C, and tre
1 - : -,
H~-NMR sbectrum of the reaction mixture imdicated the pxesen&evbf
49% (Z2)-4-chloro-3-methozxy-0(-methyl-6-nitrocyclohexa-2,4—-dienyl

o } N
acetate (130), 18% 2-chloro-4-methyl—4-nitrocyclohexa-2,5-dienone

€134) and 33% 2-chloro-4-méthyl-6-nitroanisole (136). The dienone
would most likely bg formed by addition 6f acetate (as acetic acid)

RV
to the 4-position of wMe followed by loss of elements of methyl

i
acetate, as shown in path a of Scheme 2.13:

'

¢ -



g =T vy .

Fra

Scheme i?i3u L
After low temperature work up, the diene 130 sgparated out asgzsolid
during evaporation of the solwent. The 1H—NMR spectrum of the
remalriing mixture indicated the ﬁfesence of lO-SZ.starting aﬂisolg
115, 56.5%Z nitroanisole 136; 22.5% 2-chloro—4—methyl—6—n1trophendl
137 and 5.5% 2-chloro—4:methy1—4—n1trocyclohexa-z,5-dienoneIdimethyl
ketal 135. The nitro cresol’137‘was apparently formed during work
up from decomposition of the dienone. Part of the starting anisole
recovered could have. been forqed from the decomposition of .the d‘ieneN

1 ¥
130. The dimethyl ketal 135 was identified by a comparison ( H-NMR)

- with the pure sample obtained during reactions of the diene 130. =

Its formation presumably involwed the capture of w“i 131 by methanol
liberated on the formation of 134, as shown in pathfb scheme 2.13.

Dienone 134 was identified by comparison withapure

%

W
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sample prepared by the nitration of 2-chloro-p- cresol 119 at -45°C,
with acetyl nitrate.. In the reaction mixture 42£‘dienone 134 and
58% nitrocresol 137 were present. During work up with ammonimm~;
v

hydroxidegthe nitrocresol 137 was partially extracted into the -

—

»”
¥

aqueous layeﬂignd the dienone 134 was enriched (88%). The ‘'remaining

‘&«

cresol 137 was removed by* fi{’ration-through basic alumina at 8°c
R ‘,ze» ‘f‘-‘

and the pure dienone 134 was obtained by removalvof §o&vent at

P,
-50°G. *The dienone 134 decomposed to cresol l37 at ambient
temperature (half life 280 sec), id‘chloroform—d Similar .
decomposition occurred at 0°C (half life = 20 min). e

Attempts to obtain ipso .adducts from the nitration of

[

3-chloro- 4-methy1anisole 117 faiked. Nitration at temperatures

wﬂ- A~

ranging from -60°C to -40°C with varying molar proporﬂions of nitric
acid and acetic anhydride gave mixtures containing , i “
3—chloro-4-methyl -2-nitro anisole”(138), -0 &
5-chloro—4-methyl-2-nitroanisole (139) aud- ‘
3-chloro-4-methyl-4-nitrocyclohexa-2,5-dienone (140). The dienone
120 was prepared’ by nitrating 3- chloro p-cresol (120) in
chloroform—d at -60°C. The mixture containing 22% dienone 140, 25%
" 3-chloro-2-nitro-p-cresol (141) and 53% 5 chloro 2—nitro-p—cresol
(142) was separated by chromatography on én alumina column at -78°'
to yield pure dienone. The nitrocresols 141 and 142 were oxtracted
from alumind and then separated by *Chromatography on a silica
column. Nb attempts'were,made to isolate the nitroanisolef 138 and

A
w R ' .
reaction mixture. When a solution-of dienone 140 in chloroform—d

-

: these w1 . "3
“139 but were easily idenitifiable inth® H-NMR spectrum of the
K . o e

S~y
was warmed to 0°C, an equimolar mixture of cresols 141 ‘and 142 was
e

obtained (half 1ife = 105min) -

*x

The 3-§hloroip-cresol (120) was prepared by dienone

P4
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phenol reamrangemen; of 4—chloro—41méthyLQYClohexa 2 5 dienone,(143)

-

* e

- ﬁnyolved in this rearrangement ig.shown in scheme 2.14.

Yo

obtained by 1p56 schlorination of p—cresol' The mechgnism
p -

-

‘»

- L 4

~ -
3 \ » &

. . . 7
B v * Hr3 v

. | . o
o x ' p Lo+
-H T Cl =H
= —_— —_—
+}'r -t . . ~ ’ '
0 . X, OH . OH : y
143 144 145 - 146

“Scheme f.iézRef 99‘;

A mixture of 43% 2-bromo-4-methyl-6-nitroanisole (147),

P 307% (Z)—A—bromo—S—methqgf—6~methyl—6—nitrocyclohexa—Z,4:dienyl

acetate 146 and 27% 2—bromo-4—meﬁhyl-4jnitrocyclohegaaz,S-diendﬂé

(148) was obtairted in the nitration of Z;brqqué—merhylanisole (11&

with acetyl nitrate at -40°C. The dienone decomposed during the Tow

._:v

temperature work up with. ammonium hydroxide and the resgltant

by

2= bromo 6—nftro— ~cresol (149) partially remoyed during extraction.

.

4

The H—NMR spectrum of Che mixture aftﬁg:g?rk up indicated the

e i,

composition as 477% anisole 147, 38% diene -¥46 and 16A nitrocresol

149,

were made to obtain pure dienone 148 but it wag'egsily identified by

LI o

Pure diene 146 was obtained: by crystallizagion. No attempts

% L

comparison with the chloro analog~dienon€'140. The nitro-cresol

149 was prepared separately by.pitratiﬁg 2-bromo-p-cresol 150 and

N

- . & o )
methylated to yield anisple 147. Both 147 and 149 were purified by

# 1 .
crystallization and their H*NMR spectra were found to be identical

. . ) .
to the spectra for each compound in the nitratding redction mixtures

S

i

[N

During standardisation of the reaction cbnditione’for the

<

’
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, nitration of 4—methyl—2-nitroénisb1e (llé) it was f6und tﬁat twb ¥
st [ -
dienes were formed consistently in substantial yields. In the .

«

presence of‘trifluoroacetid anhydride, minor amounts of two other

-

-

non—aromatic compounds were detected. The nittation was carried out

~
v

. - ! - . . v .
~on langer'scale-both with andeithOuF added trifluoroacetic !

i

v 1 N . -

fa

‘
.

eﬁhydride; ‘The H-NMR spe€ctrum of the reaction mixture containing -
. r., ‘ hd ¢ ' N "‘

TFA indicaged the presence of 53% (Z)—3-methoxy-6ﬁmethylr2,6‘

—dihitrocyclohexa—z d-dienyl acetate (151) 5 SA of 1ts -

S

(E)- diastereomer (152), 5%. of another non-aromatic compound (153),

" ZSA of (Z)—3-methoxy~6—methyl +4,6- dinitrdcyclohexa 2,4~- dIenyl

acemate (154) and 12% A—methyl 2,6- -dinitroanisole. (155)

- - The minor components were isolated 'when the reactibn was
dope in preseqce of,trifl;oroacetic anhydride. These compounds were ‘
enriched in the reaction mixture due eo the low solubilityJof diene

.

I51, .the major component, and also due to some decomposition of
151 during work up with sodium bicarbomate at 0°C. Careful
trituration with ether of the residue obtained after work up gave a
mixture of the dienes 151 and 152 as the residue. By fractiona%
cryegalization of chis residue diene 151 was isolated: From the
ether extract diene 151 was separated by crystallization. The
components in the mother liQuor from recrystallization of 151 were
sepafated By column chromatography. The component 153 was obtained
in the 10% ether - 90% Petroleum ether fraction. The 30% ether -
70% petroleum etifer fraction contained diene 15? along with some
4-methyl-2,6—dinitroenisole (153) from mhich diene 154 was separated
by céysﬁallﬁzation. The later fractions comtainedianother eompoqnd

&
156, which/was not present in the original mixture. -‘This compound

was identified as'4~methy172,4—dinitrocyclohexa—2,S—dienone dimethyl
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. -

-

ketal (f56) by comparison with ah authentic sample whose preparation
is described in chaﬁter*V; ‘ . ' ' . .

The major components, dienes 151 and 154 were isolated -
?

\witbout difficulty from the mixture obtained from the nitraFion
carried out, in the abéenceiof trifluoroacetic anhydride at 0°C.
fCompounds 152 and 155 were not found under these conditions. Diene
lS&lwas brgcipitated b§ pouring the reacc}on mixture ?nto cold ether
(—7é°C). After neutéalizaiidh of the filtrate with ammonium
h§drggide'solu£ion the organic layer was enriched with diene (154,
75%) and~from which the Jiene readily’cr;SCallized. The aqueous
extract was enriched in anisole 155.‘ The sol;bilitj difference thus
allowed the developaent of an easy sgpayétion metho&. The schematic

representation of the separation procedure is given in scsheme 2.15

) Reaction mixture

'

poured into cold ether

Preciptate | < - Filtrate
Pure 151 neutralized
Aqueous layer | o gJ
154 : 155 =1:3 C . ) $‘
crystals o - organic layer
Pure 154 crystallization 154 : 155 =3:1

Scheme 2.15

4

Additfion of 4-methyl-3-nitroanisole (118) to nitrating solutions
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invariably produced heterogeneous mixtures. It was difficult to
obtain homogeﬂeous 1H—NMR samples even after diluting with
aceticanhydride. The major compounds in the reaction mixture were
4-methyl-2,3-dinitroanisole (155) and 4-methyl-2,5-dinitroanisole
(158). However, there was a minor amount of a non-aromatic compound
159 present in the reaction mixture. This compoun& could not be
detected after low temperature work up with ammonium hydroxide.
When the reaction mixture was filtered at -78°C prior‘to )
neutralization it was found that solid material present in the
reaction mixture was composed of aromatics 157 and 158. A small
amount of compound 159 was present in the filtrate. After low
temperature work up only traces of 3,4—dinitro—A-methylc&clohexa
-2,5-dienone (160) were detected in the lH—NMR spectrum. The
non—aromatic compound 159 was assigned as (2)-5,6-dinitro-3—methoxy
-6-methylcyclohexa-2,4~dienyl acetate from the 1H-NMR spectrum of
the compound in the reaction mixture. Dienone 160 was\charactgriz;d
by comparison of the 1H—N'MR spectrum éich théb repb;pedxb§ Iyeri <
from the nitration of 3—nitro p- cresol (161). .

Diene 130 obtained from the nitration of anisole 115 had
characteristic peaks in the IR s;eCtrum due to nitro (1540‘cm ) and
acetate (1735 cm—}) groups and Had %n elemental analysis .
corresponding to the empirical formula of the aédugt. The close
similarfty between the NMR ;pectra (both 1H_and 13'C) of 102 and 130
with the expected digferences resulting from the iﬁtrodgction of a
. 4-chloro-substituent, ailowed‘the assignment of the
4—ch10ro-3—methoxy—6-methyl—6~h1trqcyclohexa—Z,AJHignyl acetate

structure to the new compound. In partiéulap the 71.2 ppm peak in

’

~
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13

\ ’ 3 -
the C spectrum characteristic of the sp ring carbon (CMeNO,) is

"

within 0.5 ppm of the similar peak in 102. The high field vinyl

cérbon»(éc 91.1 ppm) has an attached hydrogen and must be ad jacent

.to the methoxyl substituted carbon (6C 152.4 ppm). The chlorine

substituent must be attached to the-carbon at 127.6 ppm, since the
carbon shows no strong coupling to hydrogen in the gated specErum.
In, the proton spectrum the hethine hydrogen 1s at the consistent
position-of 5.6 ppm. The vinyl hydrogen adjacent to the methoxy
substituent is at high field (5.12 ppm in 130 c.f. 4.97 ppm in 1Q2)
and shows éhe expected 6.5 Hz splitting with the methine proton an&
the chlorine must. be attached to the 4,5-double bond since the 10 Hz
splitting ﬁresegt in 102 is absent in 130. The 1.85Hz splitting‘ini-
the methine p}oton must reflect a 1,5-coupling and this confirms
that chlorine is 'at the 4-position. Parallel arguments can be ‘made
to assign éhe 4—bromo—3—methoxy—6—methy176—nitroc;c1oh?xa—2,4—dienyl
acetate structure (146) to the diene obgained on n?trat%on 6é
2lbrom5—4—mechy1an;sole (114). -

The dienone 134 observed in the reaction mixture ;f the

2-chlor9—&—methylaﬁisole (115) and later on obtained by nitration of

:the corresponding cresol '137 was characterised on basis of the

1H-NMR and 13C—NMR spectra. In the 1H—NMR‘spectrum there was a
singie methyl resonance (6§ = 2.94 ppm) and three well separated
signals in the low field vinylic reéion. ‘The lowest field.signal
(4,6 = 7.34 ppm, J.= 2.8 Hz) was assigned to 3-H and the ) .
multiplicity coéuld be explained by a foJr bond  coupling with 5-&;4{
The latCer‘protog appe;red as a unbletxof:a 4qu§1et‘(J’;‘lp.l and

]

2;8 Hz) and the larger coupling tonstant was duke to coupling with’

1Y
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6-H (§ = 6.52 ppm). The 13C—spectrum indicated the presence of a
carbonyl group and agreed with the proposed structure. A similar
dienone 148 was observed by’iﬁ—NMR of the reaction mixture obtained
;n the nitration of Z—Qromo—é—methylanisole (114). 1Its 1H—NMR
spectrum also agreed well with the proposed structure.

The dienone 140 detected in the reaction mixture of the
3-chloro-4-methylanisole (117) and later on obtained by the
nitration of the corregponding cresol 120 had spectra very similar
to dienone 134. 1In the lH—NMR spectrum the splitting pattera was
almost identical aﬁd the changes in the chemical shifts of both 1H
and l'3C spectra could be easily explaineé by considering the
interchange in the position of chlorine substituent from C-2 in
dienone 134 to C~3 in dienocne 140.

The molecular formula of the two major dienes 151 and .
154 and the minor diene 152 obtained from aniiole 116 wég found to
be C,yH;,N,0,, which could be accounted for by the addition of one
acetyl nitrate molecule to the starting anisole 116. The IR spectra
of these dienes confirmed the presence of acetate and nitro groups.
The 1H-—NMR and 13CTNMR spectra of diene 154 were very similar to
those of ‘dienes 130 and 146 and had an essentially identical
splitting patteén. The assigned structure in which the 4-halo
substituent is replaced by nitro thus accounts for the structure.
The largest difference in‘the 13C—NMR spectra of 130 and 154 is 18
ppn downfield shift of C-4. This is accounted for by the greater
substituent shift effect of the nitro (attached to C-4) than
chloFine. In the lH—NMR spectra.the 5-H is 0.6 ppm further®

downfield in 154 than in 130 and this is explained by the

f-substituent effect of the nitro group attached at the other end of




the 4,’5—double bond. LI

Thé elemental analysis data of diene 151 indicated ;hat—‘

it is"an isomer of 154 and the general similarity of: the  C-NMR -
spectra of the two compounds suggests that these are st;ucturaily'
closely related. The dbst striking difference between ehe spectrd
+is that the very high field winyl carbon absorption whidh’appears

close to 90 ppo in 102 and its 4-chlgro, 4-bromo and b= nitro ’

b

derivatives 130, 146, and 154 respectively (s absent in 151 for

~

1

which the highest field sp? carbon is at 117 ppaf. Thls suggests
that the nitro group in 151 xe at C-2 and this is re—affirmed by. the .
H—VMR spectra which showed the 10 ‘Hz splitting of adJacent vinyl‘
protons, also present in 102 but not present “in the 4,&9bsti§ute¢
derivatives 130, 146, and 154. This indicate$ that'thefe are AQ O
substituents on C-4 and C-5 in 151 and hence:that the location of
the nitro group is at C-2. Further cenfirmacion is‘ptovided b; the
downffeld shift of the methine protog on the‘adjaqent carbon atom .
.In the series of compounds in which C-2 ie-not.sgﬁstituted,ihis’
proton is consistently close to 5.6 ppm.; Thus lSi has the
3-methoxy-6-methyl-2,6— dinitrocyclohexa—Z 4- dienyl acetate
structure. The ring protons of 151 ‘are readily assigned since the
10 Hz coupling identifies the 4 S-Vinylfc pair and the 2 Hz
splLtcing ‘preseat- in 1-H is also presént in S-H ;n the 13Q~NMR
spectrum C—l (GC 70.4 ppm), C-3 Gﬁ 155 9 ppm)-and C—6 (6 88.9 ppm)
have the chemical shiffs and presence or/absence of proton coupling
apé;gpriate for their substitution ﬁaECeras: ’Tae C-2 signal (GC
123.7 me) %s read{}y idencifieg as the remaiging ed&stituted viny}
carbon. The signal of the eneubegituhed q;ayyiearbons C~4 (117.2

ppm) and C-% (138.3 ppm) are assigned on the basis of .tHat the C-5

\
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group oonJugated with_the-diede system~results bn'an a@ditional "

downfield shift (10.0- ppm) “of G-5. N

13
The third diene 152 had H and C~NMR spectra which~ .

- . . . - . - -~ & 2

«

'could also be explained on the basds of the 3~methoxy—6~methyl- . x F

.

L e 2 ha LN >

=2,6- dinitrocyclohexa 2,4-dienyl acetate structure. The H— and -

13 -« < b
C-NMR spectra were closely similar to 151 énd it is-evident that

.- ¥ L4
’ - «<

151 and 152 are diasterepmers. The major isomer 151 (the only -

o

I~
-

j Lsomer ohtained 1n acétic anhydride) is assigned as the %Z) isomer.

>

. molecules to the sybstituted anisole. “In the IR spectrum there were

',' the nitration of 4 bromotoluene (110). The (E)-diastereomers of .. v

The dienes 130 146 and }54 we;e alsQ assigned the (Z) configuratfon~ - PR
on tbe basis df che demonstrated cis addition of acetyl nitrate in s
v P T oW

dienes 100 101 and 102 were obtained and characterized Quring ‘the Y
thetmal reactions The dhanges in the NMR spectral properties with

change 1in stereochemist ry io the series LOO 101, 102, and 15} are -
consistent fof all of’ thése dienesy . '_.; ‘ ’
s ' %
From the molecuIar formula (CIZHlsNQOII) of . the

]

non-aromatic cbmpound 153 obtained fnom the: anisole ;ra it is Tt

¢
- . .

.evident that it was.formed by the addition,qf %wo aoetyl nitrate

4 ¢ ¥

two strong absorptions (1790 and 1753 cm v ) due to ,acetate, groups.

13
2ha H and C-NMR spectra also inditated Ehe presence of the two :
? ‘ *

aceaate groups. ,The peaks at 68.0 and 87 3 ppan have the’shifts and

pfoton couplings appropriate to ‘the’ ring carbons of the CHOAc, and

CMeNOZ groups respectively and are so assigned. ‘These must be the 1
1- and 6-carbon atoms_Sfollowing the enumetation of 102). The -

o4 C ¥

single double bond is-subsgituted at one end. LIt cannot terminate

a ¢ ‘“
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14

at C-3 because the carbon has a methoxyl substitueéégwhich would ~

o send the adgacent unsubstituted vinylic carbon to very high field

.Y

-
. 1
% N 4
L 4

(99, pﬁm) whegas the vinylic carbor is at 130 ppm. Thus the double

bohd must be between C-4 and C-5 and must have the _original nitro
”' 4

substituent at C-4, and the second molecule of acetyl nitrate must

L A -

have been added across the C-2 c-3 positions The chemical shift

\
of C-2 (87 6 ppm) as well as.'the directing effect of methoxyl on the

.addition of nitrdnium ioh indicates that the C-2 substituent is

nitro and the second C-3 substituent is acetate. Thus the compound

153 has the stracture 3 —-acetoxy- 3—methoxy,6-methyl 2,4,6-

€ L4

-trinitrocyclohex—4 ——~—enyl acetate. The H—NMR is readily

assigned as indicated 1n tne figure 2,5 below. The 17.8 Hz coupling

N

fdentifies the methine protons and that ‘attached to the same carbon

i

as the nitfo grouyp is assigned as the highest field signal.

»
1

»

< -
»

(168.1 or 168. 9)\}6,CH3 CH;N"(;"\',' 1.88(22.2)
, 2:07 (20.1 or 20.95" A/H‘\‘(ma)
\ )

6 33 (68 0) —=H 6.96 (130.1)

E.\ (168.5)"

3 H ,
5.72 (8746) / ' (95.1)
2.21 (20.1 o 20.9)
3.66 (53.4) - (168.5 or 168.1)

- . A

3 B * .

/

Figure 2.5: HLNMR and ( C—NMR) spectral assignment of compound 153'

A

Colpound 153 is formed from the second intermediate

nitration produot 154 by addition of nitronlum ion to the 2 3-double

bond, strongly activated by the 3-methoxyl group (sgCleme 2.16). The

¢ [
P
¢ r ’

~

"
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presence“of , the trifluorcacetic anhydride makes fot p more reactive

»

nitpating mixture and inéféages the likelihood of this reaction:

3

7

. .
o -
f » -+

: ) N2 7. é NO,
) " OAC MOAL +L‘ Obc . _BAc
— i+ . + .
. +NO; NNNO? - 0, NO2
OMe oMe OAc”
154 162 , > 153

Scheme 2.16

&

-

The diene 159 observed in the nitration of
—gme

A—methyl—3—nitroanisole (118) was characterised on basis of its
1

H-NMR spectrum. The cyclohexadienyl cation formed by attack by
nitronium ion ipso to the methyl group can lead to three ‘

possible regioisomeric adducts 1594, 159B, and 159C in scheme 2.17).

Scheme 2.17

Structures 159A and 159B have adjacent vinylic protons
and their lH—NMR spectrum would exhibit a 10 Hz coupling which is
not presént in the spectrum of 159. Thus 159 has the structure
159C. 'Thé 6.5 Hz coupling between protons‘at § 5.32 and 5.58 ppm
igdicates that these are protons 2 and 1 with the 5.32 ppm

assignment being confirmed as 2-H by the 1.5 Hz, 2,4-coupling. The

[

.
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1-H signal is at the 5.6 ppm position, characteristic of the
environmentally identical-(to the R-positions) l-protons in_dienes
100, 101, 102, 103, 130, 146, and 154. The 4-H is shifted more
downfield, as compared with the 4-H proton of 102;-by the vinylic

nitro substituent. - )

2.2,3 Reactivity of the Aromatics Nitrated:

Nitrag;;: of 4-t-butyltoluene (163), 4-fluorotoluene
(168) and 4—Eyclopropyl-Z-nitroanisole (167) are other recent
reactions.in addition to those described in table 2.1 which led to

the formation of l,Z;Qdducts. These are shown in schemes 2.18, 2.19

NO, NOz
<::>t AcONO; , 15eq. [;;i:] . T/>Q>T/?AL
oC ., 2min L\jif’)
OAC

163 83 104 164
e et
59% L

and 2.20.

Scheme 2.18 Ref 84

NO,
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NOzH NO,
AcONOz‘ Ze‘g'_,_> ' OAc
TFA  o.5eq TN
F -wC  th .~ F F OAc
165 9925k 166 75%
. Scheme 2.19 Ref 92
0, | No2H
/\( OMe 4 cono 5 eq OAc
!O cONO, &Meq - + Aromatic
-30( NO; Compounds
' OMe
| 7
167 : cey | T105 71%

Scheme 2.20  Ref 93

The conditions described for nitration reflect the
relative reactivity of the aromatic compounds. A longer reaction
time, a higher ;ole-prpportion of nitrating agent, a higher
temperature and the presence of trifluorocacetic anhydride are
required for deactivated substrates. Baged on these features, the
substrates belonging to the 4-X-toluene series can be arranged in
the order of decreasing reactivity as:

OMe > (tBu, F) b4 Cl > Br > NHAc.

The lower reactivity of the acgtamido compound. is
unexpected as it 'is knowﬁ to be a stro;ger activating group than
Plkyl and halogen substituents. The apparent anomaly could however
. be a consequénce of the lower solubility of the substrate in the

reaction mixture. Since gsolid acetanilide was added to the
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nitrating agent, the reaction medium was heterogenous at the early
stages and the effective concentration of the aromatic in solution
was not equal tqg the amount added.,

In the substituted 4-methylanisole series the methoxy
group has the strongest activating effect and this should
predominate over the effect of the other substi%uents. However
depending on the position of the third substituent the reactivity of
‘the aromatic is affected Hifferently. In 3-chloro-4-methylanisole
(117) the directing effect of thé chlorine reinforces the effect of

the methoxyl group and although it destablizes the Wheland .

intermediates. from attack of nitronium ion at 0

C2, C4 and C6, the destabilization is less than that caused by
meta—-chlorine. 1In contrast, the positions C4 and CQ, in
2-chloro-4gnethylanisole (115), activated pétmethoxyf‘group are meta
to‘the chlorine atom and the activation of the methoxyl is offset to
a greater'extent by the deactivation by the chlorine. This -
necessitates'higher tempgratures and logger reaction t}me in the

case of anisole 115 than in the case of 117. In 4-methyl-

-3-nitroanisole (118), the nitro group destabilizes the transition ~—

state leading to the Wheland intermediate fo?med by attack at
positions ortho and para to the methoxyl group (also ortho or para
to the nitro group). These positions are however meta to the nitro
group in 4-methyl-2-nitroansole de and while their reactivities are
reduced they are reduced less'than in the case of the ortho or para
nitro group. The nitration of compound 118 thus required two mole
proportions of trifluoroacetic anhydride, whireas 1167£§;ld4;e7
nitrated in the absence of trifluoroacetic anhydride. The role of

trifluoroacetic anhydride in enhancing the‘reactivity of the

nitrating agent can be explained by the following equilibria:




. . ° « 5 <« ’
. gg . .
> F ] &
Ac 0 t HNO§ == -Ac0.NO, + Aggﬁ - .

. ‘ N _ ACONO, + i == AcONOz.H+ : Acon” No:

C T T - AcOHT + (CF300),0 = CF,C00Ac  * CF3C0H ¥

N N ) o S

= o R e . o - Loe

S - ¢ The acetic acid is repldc¢ed by the considerably stronger |
' ,acid and Weqybr nucleobhiie, triflderoacetic aci#. If ;he active!

e ) electrophile is nitronium ion formed at iﬁs;equilibrium ﬁl
conqentration then the recombination of.the nitgonium ion‘with‘
trifluoroacetic acid is less favoured and the effective
concgnbrétion of nitronium ion is increased by the additfen of

. triflugroacetié anhydride. If protonated acetyl nitrate is the
. 'ejffecti;re electrophile or if the nitronium ion is formed within the
- " encounter pair of protonated acetyl nitrate and';ubstrate then the
increased acidityagf trifl#SUGacetic acid will increase the
- concentration of protoéated gcetgl nitrate. Either effect would
p cauge an ingrease in the reaction rate. TR
! T g o | :
’ 2.2.4 ‘?ositionai éeléctivityf(Prdborﬁioh of Ipso adducts)
) . The amouns'of each positional isomer obtained in
elecﬁ%ophi#@ arqpatic substitution‘&epends among othér factsrs.on
5 the reactivity of each ﬁésition qn‘the ring. ;The concept of partial
- ~ rate féqtprb has been developed to compare the reactiéity of eaéh;
‘. position in ;n aromgﬁic substrafes%. The partial rate factor for a
v " ) éiven éroup.ang a‘given reattion can bé‘défined ;s tﬁe rate ‘of

substitutfon at a single position in the substigg;ed‘benqene

- ¢
B
. -
1 . . N i . ¢

. *

,
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relative to that at a stngie position in beniene. Very few partial
rate factors are known for ipso attack. They havé'hoGéver beén

63
g}mated for,; nitration of toluene in acetic anhydride + and the
j%‘z

égiwe partial rate factors have been given in the fntroduction.

Partial te fectore ‘for the nitration of the halobenzenes, anisqle
»and acetandilide are giwven in table 2.8. Valyes for if are not known

-but are probably of similar order to m, and are tﬁus close to zero.

g 2n¢ are
. - -

) 'L 'P’h—X 0f ) . m Pg Ref
¥ 0.04 0 0.77 100 |

a 0.029 { 0.0000 0.3 101

"Be | 0.033  0.0011  0.112 101
CoMe | 35.5 ¢ - S | a2 |

NHAc | 36.0 - 28 103

Table 2.8: Partial rate factors of monosubgtituted benzene

3

derivatives PhX.

9 . -

Attempts have been made ’ to predict product distributions
\ .

fdr nitration of substituted benzenes by using the principle of
additivity. This principle assumes that two or more substituents bn
a ring would each modify the regctivity of a particular,position of

-

a benzene ring'by the same amount as in the corresponding

monosubstituted compound, resulting in an additivé influence. In

guch a case the calculated partial rate factor for a partiéular"/

/position would therefore be given by the product of the appropriate

'partial rate factors for the corresponding positibna in. the

monosqbstituted compounds. This principle does not allow for anig
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interaction between the substituents and ignores steric effects.
For the 4-X-toluenes the amount of ipso-products obseryedland

L N N \ N
those predicted by the principle'of additivity ‘are'given in table
2.9.

X Calculated - Obseéved
F 95.5% ‘ 100%
c1 T2 70%
R Br o — |- BT ) AF |
OMe ’ 28% 30%
NHAC 30% 35%

" Table 2.9: Percentage Ipso Product from Nitration of 4MePhX
& -

From table 2.9 it can be seen that there is surprisingly
good agreement in the prediction of the ektentéipso attack in

these compounds. These values are significantly larger than those
104 !

y - .
,observad@chofield and his coworkers in the nitration reactions
carried out with'mixed acid, and, as pointed out by him, this could

Me
i

sulphuric acid., This would lead to aromatization after

be due to incomplete capture of the W [ by water in presence of
rearrangement to isomeric éations.
In the 2-X-4-methylanisoles 114, 115 and 116 the effect
of X on pésition C-4 and C-6 should be equal since both these are
» meta to it. Thus tﬂe product distribution (1/2 o:1) obtained in
‘ A—methylanisolg ﬂllZ).should be carried over to 115, 114 and 116 and

the ratio of ipso methyl adduct to the 6-nitro product should

#
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be (;b:35;)'121f16: ihe values obtained are 2:l for.X=Cl, 1.3:1 for
X=Br and 7.3:1 for X=NO, and indicate that more ipso . methyl attack
océur8~than is predicted. These values (X=Cl) afé in ;lose o
agreement with those observed by Schofield qndrpiglcoworyeré.in the

: 106 .
nitration with sulfuric acid . This could be due to the following

'reasons:

”

a) The presence of the group X adjaceant to‘methoxyl group'on c-1
. regults in a strong buttressing effect at ring site C-6. In the
series NO,, Cl and Br the mutual electronic repulsions with the
methoxy lone pair ;guld be a maximum for NO, and a minimum for Br
which would lead to minimum attack at C-6 for the former, as
observed. ' had

b) ?hére is a gpecific mutual 1nteraction between the nitro and

methoxy group as shown in scheme 2.22
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- Scheme 2.22

«”

£

1

1O—Z +
(@]

This would lead to breakdown of the additive influence of
substituents {n controlling the product ratio.

c) Also related to the question of the extent of ipso attack
observed 1s the effectiveness oé the acetate ion as a trapping agent
for the ipso cation and~the possibility of reversal of the

ipso adducts to thé er in the.q}tfation reaction mixture. - The
Qchould then collapse to aromat%g dompounds via the encounter pair
or via nitro shifts. Other reactions could also occur prior to
3 isolation or measurement of the ipso product(s).
The last factor suggests that the amount of
ipso adducts detected could be’less thar the amount of W?e
actually formed. Since more rather than less ipso attack is
observed than is predicted, the effects mentioned in az and b) seem,
to be the dominant factors leading to lower reactivity at C-6.

- In the nitration of 3-chlo£o—4-methylanisole (117) no
cyclohexadienyl acetate was obtained: Instead the W?e formed the
dienone 140. Nucleophilic attack by acetate anion at either C-3 or
C-5 to give the cyclohexadienyl acetate would lead to steric
crowding on vicinal carbons, hence is disfavoured in conqras{ to

{I— .',i. 'e. : )

x
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attack at C-1 which leads to the dienone 140. In the dienone the
chlorine étem is not plana; with either of the substituents on C—4'
(i.e. Me or NOZ),The Cl activates the para position (C-6 in the
anisole 117) more than the ortho positions (C—4:and C-2), thus the
predicted ratio of nitro products (C-6:C-4:C-2 = 5.5:1:1.1)
pérailels the ob§e£ved ratio (C-6:C-4:C-2 = 2.2:1:1.1).

. In case of 4-methyl-3-nitroanisole (118) there was some
nucleophilic téapping of er, possibly due to the great?r reactivity
of the cation. " The positive cﬁarge in the W?e is in part
delocaliied_on to C-3 wgich_bears the nitro group making the cation
less stable and more feactive than the cation from A—methylapisole
(112). The resulting diene was unstable, as would be expected from
the steric crowding around the sp3 atoms and décomposed during work
up. Fébm'f;é }53§MR spectrum of the reaction mixture the extent of
ipso attack was less than 10% of the 6oEa1 nitration reaction.
After work up equimolar proportions of both aromatic cqompounds 157
and 158 were obt%}ned. In the.nitration qfi:itrobenzene a high
ortho-para ratio (~3:1) is’obtained. Thus a greater proportion of
attack at C-2 (in anisole 118) than C-6 is expected. However the
2,3-dinitro compound 157 is also expected to suffer considerable
steric étrain. These two effects act in-opposite directions. The

" net result is that a greater proportion of 2-nitro compound is s

obtained from nitroanisole 118 than from chloroanisole,117. ,

2.2.5 Regioselectivit%‘in nucleophilic trapping
» : .

.
.

In the W?e 1nCermediaEe8, delocalization -of the positive

. - ¢
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charge on the ring carbons (ortho and para with respect to the ’
methyl gro;p) allows it to behave as a-polydentate electrophile
towards the acetate anion. In the 4-X-tolyene géries, attack at C-2
and C-6 leads to the same conjugated 1,3—diengf"whereas attack at
C-4 would yield a 1,4 diene. The latter diene be;ring an oxygen
substituent and a leaving group on the same carbon is éxpected to be
unstable and to decompose® to'the dienone. Such a process has been
used to explain the formation of 2-nitro-p-cresol (168) dur}ng the
nitration of 4-bromotoluene (110) and 4-methoxytoluene (112) by

105 d

Wright and his coworkers .

_~ P —_ a—— - - -

It is conceivable that one (1,3 or 1,4) diene is the

c— - — S

product of thermodynamic control whereas the other is the product of

kineéic control. Table 2.10 shows that the ratio of 1,3~ and

<
s

o, l,4-dienes obtained at -40°C from toluene and 4-X-toluenes: .

-~

There appears to be some discrepancy in the experimental
106 1. .o .
results reported by Wright et al. ‘The H-NMR spectrum of -

4-methyl-4—-nitrocyclohexa~2,5~dienone (36) as reported by ther

* ’ [ 69
‘differs markedly from that given in the literature . When the

reactiofs were repeated by later workers92 using Wright's 7
conditi&ns, no dienone was observed in the 1H-NMR spectrum of the
reaction mixture. Pure samples of the dienone 56 have been
characterized unambiguously by various workers and its formation at
higher temperatures from 4-methylanisole (112) is now well

established.
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X = T Me®  NHAc OMe  FC

1,3/1,4 0/1 0/1 1/0 1/0 /3, 1/0 -1/0
- ' ol

\ ¢l Br

a: Ref 79; b: Ref 82; c¢: Ref 92

Table 2.10: Ratio of 1,3 and.1l,4-dienes obtained in tHe nitration of

toluene and 4-X-toluenes

M
In the formation of 1l,4-~dienes from the wie there is a
gmallér chatige in bond orders (1 1/3) than in the formation of

107 65
* . the

- [

former process has been argued to be ‘the faster. These arguments

1,3-dienes !2). On the basis of principle of least motion

however fall to explain the preferred formation of the conjugated’

dienes in the cases .studied in this thesis.

. [ T
» Conjugated 'cyclohexa-1,3~-dlene is more stable than the

isomeric non-conjugated 1,4-diene. Ab initio molecular orbital

éalculatiops show that the difference between the two,is bnly 1.4
-108 - 7 B ' - .

kJ/?ol . For substituted cyclohexadienes the difference in energy

varies with the nature and position of the substituent as shown in

‘table 2.11. '




2 X 2 t * ' .
, kS . . . * » ‘* ) 74.
. . R 1 . ‘ N
. ‘
X o
Ar
4
- 169E
37.8
£ 7.5 41.1
A 1.4 1.4
3.4 6.2
’ 4.1 33.4
3.4 18.0
rr Table 2,11 Relattve Energies (kJ/mole) for Lowest Energy

Conformations of Substituted 1,3 and 1l,4-Cyclohexadienes.

. 1

-

Y
>

£

Me

,acetate anion of W

H

! . - . ‘ \
gubst- ituents. The observed trend seems to indicate

‘1698,: the@mjugated diene, ghould be favoured under

conditions. The presence of other functional groups

7w

considered with caution.

will alter the energy difference and the conclusions

However in the cases which

<

. The two péssible isomers from nucleophilic trapping by
are 1698 and 169E. The energy difference

between these is small when Y=NO, or H, but is large for other

that isomer
thermodynamic
on the ring
should be

have. been

examined (X=F, OH, OMe (=0OH?), H, CH3) only in that of X=OMe is

" formation of the conjugated diene favoured over formation of the

nonc&hjugated 1,4-d1iene. fhis suggests.that the addition of acetyl
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nitrate is subject to kinetic rather than thermodynamic control and
‘thére i1s’experimental evidence to this effecé. The nitration of
4-bthyltoluene yields(a pair of diastereomeric gdducts‘(Z)—Bl and
(E)-8l1. It has been shown that a single diastereomer equilibrates
'Eo its epimer on prolonged exposure (18h) to acetic anhydride at
ambient teméeréture but remains unchanged when stirred in the

-

nitrating mixtures under conditions at which nitration was carried
outlog. Nitration of 2-methylphe:oky-isobutyric acid (170) gave a
pair of diastereomerié dienes (Z)-66 and (E)-66 in the ratio 5.5:1.
When diene (Z)-66 was reacted with 10% trifluoroacetié\gcid in
chl¥oform, an equilibrium mixture containing (Z)-66 and (E)-66 in
1:4 ratio was recovered76; Both,these experiments suggest under the

nitration reaction conditions equilibration of diasgfreomers is

_ negligible. {"’

It should be noted here that the dienone formation step

" is irreversible and will change the conjugated to unconjugated diene

ratio by selectively removing the unconjugated diene from the
system. Consequentiy it would be erroneous ;o measure that ratio in
the presence of any dienone. Neither should its formation be taken
as an indication of greater thermodynamic stability of 1,4-dienes.
. In accordance with the Hard-Soft Acid Base principle“0
the acetate anion (a relatively hard nucleophile) will attack the

= -~
position of highest eleéctron deficiency in the cyclohexadienyl

cation. The substrates studjed bear substituents wpich donate’
electrons via orbital overlap and withdraw electrons via the
%nductive effect. These two effects will contribute in opposite
directions towards the product distribution.

In the series N, O and F and Br, Cl, and F, the most

electronegative element is F. Consequently there is greater

14

-~
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positive charge at C-4 in the cyclohexadienyl cation (with respect
to 4-X-toluene) YEEP X=F and an increase in regsﬁ;vity of C~4 1is
expected. This éxpiains the fact that the 1,4-diene is formed %n
d-fluorotoluené. ' S

As to why no l,4-diene is formed at all for other
substituents it could be argued that inm the quinonoid form 170
(figure 2.6), the laréest orbigal_coefficients are on the terminal

carbon, i.e. C-2. This would make the reaction at C-2 a more

favoured process over reaction at C-4.

. MO, .
| A

+

X
170

:z<:jh
&
\

Figure 2.6: Quinonoid Form of Ipso Wheland Intermediate.
Two possible regioisomers exist for the 1,3-dienes
obtained from 2-X-4-methylanisoles 114, 115, and 116 as shown in

scheme 2.23.

NOZ N N02 . NK)Z

L} ' - : 0A
+OAC l AC+ ‘ ,
X XN X
OMe OMe OMe
171 171A 171B

- Scheme 2.23

The regioisomer 171B is sterically crowded but is still the major

product when X=NO,. Generally the ma jor resonance contributor to
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)
111

w?e (171) is the quinonoid form 172D shown in scheme. 2.24.

OMe

1728 172¢C 1720 .

Scheme 2 .24
The reactivity of the two double bounds in -such a structure is
different. In the preéence of m—acceptors suéh as the nitro group”
the C-3 will be electron deficient and will be susceptible to
nueleophilic attack at a faster rate than C-5. This'agrees with the
lowering of the energy of the lowest.unoccupied molecglar orbital of
olefins brought about by n—acceptors (Z=NO,). (Fig 2.7). In
contrast, for an olefin containing a n;donor the LUMO of this double
bond has a higher energy and is_leés reactive’ than the unsubstituted

double bond. Consequentl& no isomer (171B) is obtained.

X )
(/ (X=halogen)

‘ E=3.0ev
H\\ | ?
l E=1.5ev . Energy Z )
: g/(Z=N02)
E=0.0ev

—t

Figure 2.7: Energies of LUMO of substituted olefins, Ref 112.
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CHAPTER III: THERMAL REACTIONS OF IPSO ADDUCTS.

3.1 Introduction:

The isol;tion of non aromatic compounds from nitraci&n
reactions can-be traced back to the last cemtury. Auwers reported,
the isolation of 2,4-dinitro-3,4,6-trimethyleyclohexa-2,5-dienone
(64) in 189673. 'Nitro-dienones are major examples of such compounds
but the systematic search and synthesis of ipso-nitro
derivatives is relatively recent. The major reason that made it
difficult for the early workérs to isolate ipso adducts is their
thermal instability. Even now 1pso’adducts are at times
detected in reaction mixtures but elude isolation. Several
interesting modes of reactivity have emerged during the study of the
thefmal reactions of ipso-nitfo compounds. The major outcome of .

.
thermolysis is aromatization but depending on the substrate, solvent

and other conditions different mechanisms may be involved. In some
instances intermediate dienes have been 1sg}a£e8; o

The cyclohexa-2,5-dienones obtain?é;by.ippo—nitration
of suitably substituted anisoles, phenols ot‘ﬁheﬁyl acetates can
undergo a 1,3-nitro shift by a radical dissociation and
recombination process. This is important in neutral or weakly
acldic solvents such as hexane and acetic.acid. Crossover studies
using labelled dienones113 have shown thaé in hexane about one fhird
of the reaction occurs within the solvent cage and the remainder
occurs between reactants which hav; diffused from the solvent cage.
The ‘extent of the cage reaction increases with an anrgase in
salvent viscosity without affecting the reaction rate. Agded!-

radical scavengers’also do not alter the reaction rate but do
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reduce the yield of nitrophenol products 168 and increase that of |
the alkyl phenol products. A radical dissociation-recombination

mechanism as shown in scheme 3.1 with a rate determining L .

dissociatton step can account for all of these observations.

NOZ e -

== NG, | == + N0y -
0 RO ‘ . Or
56 S 173 - 173A

1738 0 | 168 OH.

' Scheme 3.1 - -

However it 1is not possiSle to distinguish a radical dissociation

recombination reaction occufing within a solvent cage from a true

———

z intfamolecular 1,3-mnitro éhift.
’\’ . €

The radical mechanism invoked for the 1;3-nitro shift
fails to explain the high regioselectivity of the nitro shifts
observed in some instances. The interme&iate 6-methyl—6 -

3

-nitrocyclohexa-2,4-dienone (175) obtatned by the 1p86 nitration
of o-cresol.(174) decomposes selectively to 6-nitro-o-cresol
14
(176) . A radical process in this case would be expected to lead

to the formation of some 4-nitro-o-cresol arn (Scheme 3.2).
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- OH .
NNO; e
OH e 0 176
—_—
174 175 ‘
. - ? s
. 177 ~

~ “Scheme 3.2
A concerted reglospecific 1,5-sigmatropic shift of nitro

’ 115 .
group has been recognized recently . The spirodienone 66 which is
B 7

a protected analog of dienone liS wés prepared by Bapat BQy ’
nitrating 2—methy1phenoxyisobuéyric acid (i78). The dienone 66
underwent a 1,5-sigmatropic shift of the nitro ‘group to yiéld an
pnstab}e diene.179, which'aromatized under Qeakly basic-conditions
to yield the 6-nltro compound 180. The éverall éoute to compound °

180 can then be represented ‘as in scheme 3.3 e
f

.0

N
0 Od

O

178 66 ) 179 180
- ’
. Scheme 3.3

o
o+ .

>
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Other dienés have also been found to exhibit a regioselective mode .

of aromatization. The dienes 88, 89 and 93 exhibited a 1,3-nitro

+

gshift during aromatization in\?éakly acidic or meutral media (scheme

' * ‘

3.4). / C o
. -
NO, -
R Ry 1
z AcOH &
——

R X NO2
H OAc .
/ ) Rl - RZ X : Ref ‘
89 Me | H CN 116

- 88 H ° Me CN- 117

93 Me H NO, © 115

M Y
> 1\ Scheme 3.4

‘“3 In one 1ﬁstance this regioselective 1,3-nitro shift was shown to be
fa ¢ 76 -
a sigmatropic process . The diene 89 from 3,4-dimethylbenzonitrile”
, -

(185) Isomerized to diene 184 prior to aromatization as depicted in

scheme 3.5.

»

0; CN ‘N :
5] Ve 109 e

Z 89 184 181 - 185

. Scheme 3.5 Ref 76
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Much of the:4forementioned work on sigmatropic shifts in
nitrodienes was carried out in conjunction with the related work

described in this dissertation. 1In the present chapter the results

b3

of the thermal reacfiéns of ipso—nitrocyclohexadienyl

derivatives are described. - - . ,

_3.2 Results arnd Discussion * -

’

3.2.1: Fprmation and Characterizagion of Isomerized Dienes.
., .

>

A summarized description of the reactions leading to the

.

mixture from which ghe dienes were isokated and characterized is
' .

. 1 13 . .
given in table 3.1 and the ﬁ¥NMR-and .. C-NMR spectral datd of these

dienes are;given in tables 3.2 and 3.3 respectively.

LT3

P

o~
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Table 3.1 .Summary of }large scale thermal isomerizations -
. ‘ |
I NO l
SA1 Sobvent 2 ot
- Temp \ ‘ er .
Time. “Ng Produc fs
X
X=C1 “Cellg 189 187 188 182
Y=0Ac 76°C (5%) (35%) (35%) (11%)
"100 20 L
X=Bt CeHg 192 190 191 ¢ 193
Y=0Ac 74°C (4%) (35%) (35%) (trace)
101 1h '
X=0Me CeHg 196 194 . +195 . 197.
| Y=0Ac 78°C (5%) (21.57) 7 (21.5%) (15%)
i 102 4h .
§x£NHAc CDCL, - 198 - 125 (22%)
 Y=0Ac '35°C - (23%) - 113 (11%)
103 30nin ‘ . .
| x=Cl CDCl 4 - - 208 11 4
Y=C1 75°C - - (52%) 209 (39%)
201 2h '
X=Cl- CDCl,4 - - 210 -
Y=sOMe |+ 50°C - = (61%)
| 202 4h
X=C1 CDC1 4 - 212 - 214
Y=OH amb - (45 %) (trace)
204 21h
%=Br CDCL 4 - - 206 110 & 207
¥=C1 75°C . - - (50%) (50%)
200 2h .
X=Bp CDCL - - 211 -
Y=OMe | ‘amb - . - AN
203 18h :
X=Br cDCTy - 214 - . - 215
‘| =08 " amb - (53.5%) ' (trace)
205 ~18h : .

2 The reactiop was carried out in the presence ‘of 0.33 mol
proportion of cresol 215.




(1

L

3 N "
- Chemical. Sthts_(ppm)” Coupling Consctants (Hz) tf .
P . . .
# | CHy; ¥ X l*H 3-H 4-H 6-H | 1,6 1,3 1,Me 3,4 _3,Me 4,6
Z-187] 1.84 2.19 - 5.9 5.85 6.46 5:26 ,8:74 2.46 1.50 6.22 1.86 -
. M [ 2 »
E-188/ 1.85 2.15. - 5.96 5.94 6.44 5.15) 3.31 - - 6.43  1:45 -
Z-190] 1.82 2.%7 - 5.91 5.79 6.69 5.35| 8.70 2\65- L.00 6.25 "1.63 N !
H - * - ’ ¥ . ' b
E-191(1.83 2.B5 - 5.93 5386 6.66 5.241 3.47 - - 6.32 1.04 - . ) S
» . R RN \
Z-194{1.78 . 2.17 3.64 5.83 5.87 5.36 5.14) 8.50  ? ? 6.80 1.70 - © P
E-195(1.79 2.12 .67 5.94 5.89 5.29 5.09] 4.32 - * - 6,57 1.05 - N s
, . . 3 N . N #
Z-198/ 1.86 2.09 2.12 5.91 6.13 6.49 5.51| 2.05 . - - 6.73  1.57 1.04 v
- « r ’ H yu- : .
E-208|-1.95, - - 4.96° 5.91 6.40 5.14] 1.84 - - 630 . 1.47. = ) : R
P . T
E-211]{1.90 3.43 - 4.23 5.87 _ 6.48 5.19} 2.50 - . - 6.00 1.75 - i% -
. . ‘ - A Tl
Z-21211.87 2.80 - 4.84 5.61 6.31 4.95) 7.40 2.50 1.30 6.20 1.64 - . ) )
~ . ' . . ’ - - - N
E-206{1.96 ~— - 4.96 5.88 6.81 5.28) 1.79 - -.  6.38 1.20. = v Lo
‘ B . ' . . M Sy
E-21011.90 3.48 - 4,16 5-75 6.58 5.24| 2.40 - - - ‘§§.%Q 1.50 - L, “ v
' : o ' i '
2-214[1.91, 3.00 - 4.90 5.68 6.60 5.10| 7.40 2.58 1.50° 6.10 1.50 - L P \
> - : N ) ~ }w : ) ' v
! . - " s at ’ K i R - b‘ “
Table 3.2: H~NMR data for I—Y-S—X—-Z—'methyl—()—ni.t;rocyclohexarz,A—&ieneé. v o e
. - ,
N ) ~ N 4
s - - .. - ‘j'\j‘é‘i
> . - . "“.\.1: \
, . v - L Tw ;‘2 °
- > o » 3 A:‘\ .
1 - T "‘(. " . ' k\
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Table 3.3: C-NMR data for 1~Y;:5-X—2-—methyl-:b—nitrocyc1‘6hexa~=‘ﬁ y4-dienes.
!:. . - N ) ‘ .§ " ' Ay .
¥ - &y 3
' " s ’
i L ‘\ .."e
*\ A ‘5;,-.
* ) . ;n:\
* ~ i L Chempical Shifts (ppm) » T e
» . . - 7ol [ . -

X Y R Ryfst # | ey X Y cCl c2 €3 c&™ ¢ c6  C=0
CL  OAc *NO, H | Z |87}17.8 - 26.5771.0 134.8 119.0 129.9 122.1 °86.5 169.8
CL OAc H NO,| E | 188]19.9 ;, - 20.7 70.7 134.9 122.8 127.9 120.7 88.87~169.8
Br OAc NO, H | z-| 190|18.0 - 20.5 70.9'135.1 119.5 134.1 109.5 87.5 169.8
Br  OAc H N0, | E | 198)19.9 - 20.7 70.8,132.5 122.4 132.2 109.1  90.1 1698

OMe OAc NO, H | Z | 94| 16.4 54.6 20.6 70.2 125.6 117.8 99.1 148.3 83.4 1269.1

5 y . .

OMe OAc H NO, | E<| 195|19.3 55.7 20.5 72.0 124.8 122.1  97.9 147.9 87.1 169.9
cL  Ccl H No,| E | 208 19.9 - - 56.3 133.9 121.5 128.4 1208 89.1' -
Br , CI' H NO,| E | 206] 20.1 - - 56.7 127.3 122.2 132.7 109.1 91.1 -

Br  OMe’ B NO, 210! 19.2 - 55.7 79.9 137.7 131.9 120.3 112.6 B89.8 . -
~ “ ¥
~

LN

8
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On heating‘a solution . of diene 100 in benoene at 76°C for
2h a mixturg of three new dienos (75%y, 5-chloro-o-cresyl acetate
(186)'( 11 %), and unreacted diene‘100 (14 %) was formed. Pure
samples of (Z)—5-chloro—2~methyl-6—nitrocyolohoxa—Z,A—dienyaéacetaCe
(187) and its gfdiastereomer 188 were obtained‘by fractional . ‘?
crystallization of the mixture from ether—pentane solution at -20°C.

, After removal of the major portion of these dienes3'the thiEd diene
189 was enriched to ~10% of the remaining mixture. During
recrystallization some érchloro—j—nitrotoluene (122) was formed.

Tne dienes 187 and 188 were extremelyﬂlabile in the presence of
nucleophiles and they eliminated acetic,acid’c& yield 122. In order

to feduce the number of componentS‘in the mixture (from six to four)
prior to column chromatography the remaining amounts of dienes 187
and 188 were converted to 122 by treatment with ammonium hydroxide.

The mixsure thus contained 30% diene 100, 27% cFosyl acetate -186,

35% toluene 122 and 8% diene.189. Chromatographic separation of
this mixture on a silica gel column at —40°C_gnve diene 189,
enriched to 95% in the 10% ether-petroleum ether fnactions. This
dlene could not be crystaflized and it .readily isomerized to dﬂgné
188 _-thus it was characterized in solution“as ‘
(E)- 3—chloro 6—methyl 6-nitrocyclohexa ~2,4-dienyl acetate

When a solution of diene 101 in benzene was -heated at
74°C; for lh.a mixture of three new tsomeric dienes (190-192, 74%)
unreacted diene 101, (26%) and traces of 5-bromo-o-cresyl acetate
(193) and 4-bromo-3-nitrotoluene (1£4) were obtained. The compounds
(Z)—S—bromo—2~methy1—6-nioro—cyclohexa—2,4~d{eny1 acetate (190), and
its E-diastereomer (19]) were isolated as crystalline ooliao and the
minor compound (E)-3-bromo-6-methyl-6-nitrocyclohexas2,4-dienyl

- .
R
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. acetate (19é) was obtained as am oil (95%) using the same prO'cedureX

Y as described beforehand for the chloro analog 189. .

After 4h at 78°C a solutio?‘of diene 102 yielded a
~mixture containing 48% of the three isomerized dienes 194-196, 15%.
‘S-méthoxy-o—cresyl acegate (197) and- 37%Z of unreacted diene 102.
Attempts to separate the mixture by fractional crystalifiacion '
failed an§ only a single crop of crystals of the starting diene
102 was obtained. 'The fémaining mixture was separated by
chromatography on a silica colqgn at -40°C. None of the dienes
194-196 could be cryétalliged from the enriched solutions and they
were characterized in the mixtures as (Z)—§—metho%y—2—methylj6: ’
nitrocyclohexa-2,4~dienyl acetate (194), its (E)-diastereomer 195
and (E)—}—methoxy-6—methyl—6-nitrocyclohega—Z,4~dienyl acetate
(196). .The acetate 197 was obtained pure from an early column

fraction. .
" +

R . On_ heating a solution of diene 103 (from the nitration of,
4-methyl:acetanilide (113)) in chlg}Pform-d at.35°Cufof 30 min a -
mixture containing.11%Z of 113, 22% of A—méthyl—Z-nftroécetanilide'
(125), 237% of (Z)—5racetamido—Z-methyl-6~nitrocyclghexavz,A—dienyl
acetate (198) and 447 unreactgg-diene‘103 was obtakned. When ‘the
temperaturé of the reaction was réised to 60°C the aromatization

_reaction became faster, and the lH.—NMR spectrum of the reaction
mixture_indicated the composition as 52% of 113, 35% ‘of 125 and *12%
2,6—dinitro—&-mechylacetanilide (199).

Apart from the dienes obtained from di;;ct nitration
reaciions, seve{gl other (Z)-3-Xs6-methyl-6-nitrocyclohexa
—i,b—dienyi derivatives were prepared frém che‘chloro and

bromo-dienes 100 and 101 during the study of acid catalyZzed and

nucleophilic reactions. These dienes also underwent isomerization

+




X oy

. .../ Br Cl1 200

NO e
R\ c1 cl° 201
- c1 OMe 202
’ * Br OMe | 203

X
, ' c1 OH 204
. Br . OH ° 205
‘ »Schéme 3.6

reactions similar to that described above. ' The scrui}ures of these
dienes are givenoin scheme 3.6.

Heating a solution of diene (200) in benzene-dg for 2h
at 75°C gave a mixture containg 50% (E)-5-bromo-2-methyl-6-
-nitrocyclohexa-2,4-dienyl chloride (206) and 50% of a mixt;re of
4-bromotoluene (110) gPd 4-bromo-2-chlorotoluene (207). Apart from’
these compéunds'there were some other non-aromatic compounds present
in minor quantities (~5%). Attempts to crystallize out diene 206
failed and filtration of the reactiot mixture through‘silica gel at
-40°C led to decomposition of a major portion of this diene.
Similarly diene 201 gave (E)-5-chloro-2-methyl-6-nitrocyclohexa-
2,4-dienyl chloride (208, 52%) together with 2,4-dichlorotoluene
(209), 4—chiorotoluene (111).and unreacted diene 201 (9%).

When. diene 202 was heated in chloroform-d
(E)-5-ch10ro—2-méth§l—6—nitrocyclohexa—Z,4—dienyl methyl echér (210)
was obtajned in a mixture with aromatic compounds and small amounts
of unidentified dienes. Similarly diene 203 gave ‘
(E)-5-bromo-2-methyl-6-nitrocyclohexa-2,4~dienyl methyl ether (211).

Attempts «to purify dienes 208, 210, and 211 were unsuccessful.

>

‘
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The compound 204 after 21lh at ambient temperature gave a

) mixture of (Z)~ S-chloro—Z—methyl 6-nitrocyclohexa—2 4~dienol (212,
45%), unteacted dienol 204 (55%) and traces of 5-ch1qng:o-cresol

, (213). The bromo analeg 205 after 19h at ambient tempefature gave

(Z)-5-bromo—-2-methyl- 6—nitroogclohexa—2 4rdienol 214 (53.5%) and
unreacted dienol 205 (46. SZ) together with the original ot
5-bromo-o-cresol (215). It should be noted here that trace ambunts

of other dienes were formed in the iépmerization of dienes,200-203 ,

but were absent in Ehe reactions of dienes 204 and 205.

3.2.2 Structure and Stereochemistry of

3—X;6;methyl—6-nitrocyclohexa~2,&-dienes

: 1 13 ‘ o4

&, The H-NMR and C-NMR spectra of dienes 189, 192 and

196 resembled‘closely those of the starsting dienes 100, 101 and
192 regpectively. In the 1H—NMR gspectra the two vinylic protons.bad
a 1a}ge coupling constant (Jy,5 = 10Hz) and the methyl group appearegd
as a éinglet. In the 13C-NMR spectra the chemical shift dé the two
sp3‘ring carﬁbns‘and their splitting pattern in the gated spectra
indicated the p;eéence of CMeNO, (6. = 87ppm, singlet) and CﬁOAé (GC
= 70ppm, doublet). The dienes werefthus assigned as epimers of the
starting éienes. Since the crystal structure of diege 101 '

confirmed that it had the (Z) configuration, the diene 192 was

"a

assigned the (E) configuration. The differences in the NMR spectral
properties of these two eplmers are also present between the epimers

of the other diénes and these differences are highligﬁted in table #

3.4. ’ ,
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H Chem%cal ghifts gnd

230~

Tz X Y R |stereo Y coupling constants ?
‘ chem |0COCH; L°H  2-H  S5-H 1,5 J,, | CH,
T00 § I Oh H| Z [ 1.99 5.53 6.12 .55 1.65 6,13
189 "H “ci oAc H| E | 2.08 6.26' 5.92 6.07 0.00 3.9 20.7
100 H Br oOa H|  z | 1.98 5.45 6.37  6.45 1,76 6.15] 23.1
{192 ¥ Br- OAc H| E | 2.13 6.23 5.9 6.23 0:00 3.00| 18.2;
£,102 H OMe OAc H| 2| 1.95 5.62 4.97 6.56 1.52 6.5F| 22.6
196 H OMe OAc H CE | 2.15.5.7  4.79 6.12 0.00 5.61] 20.2
104 "*H tBu OAc H Z | 1.95 5.53 ,§.74 6.38 1.2 5.60| 24.0
104 H tBu . OAc H E | 2.0 6.37 5.4 5.9 0.00 2.90| 18.0
151 H OMe OAc NO, Z | 1.97 6.57 - 7.09 2.06 - | 22.8)
152 H OMe _ OAc NO,{ E [ 2.0 7.04 -  6.36 1.60 ~- |21.8
103 H NHAc  OAc NO, 2| 1.95 5.62  6.49  6.59 1.53 6.59| 23.3]
154 NO, 'OMe OAc H| -2 | 1.99 5.64 5.27 '6.99 2.02 7.29| 22.5]
2000 H ClL ClL H Z| - 4.96 6.13 6.64 1.70- 6.70| 23.3
2000 H Br CL H| Z| -  4.89 6.36 6.54 1.72 6.47]| Z4.2
202 H ClL OMe H z| -  4.07 6.16 6.48 1I55 5.67| 23.2
203 H Br OMe "H[ 2| -  3.96 " 6.38 6.36 1.70 5¢15{.22.3
206 H X N O H|. . 2| - ’ 4.45 .6.07 6.35 0.00 6+00.22.1
205 H| 'z - 4.37 6.30  6.25 0.00 5.43| 22.1

i
s

-

hfir 0w

Table 3.4- Selectivé NMR data illustrating differences between E and:Z

diastereomers of 3-X-6-methyl-b-nitrocyclohexa-2,4~dienyl deriv;tives

4

~
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The two pdssible conformers of each diastereomer arce shown in fig.

3.1,

9

£'s

r -

Figure 3.1:. Conformers of each Diastereomer of 3-X-6-methyl-6-nitro-

e
>

cytlbhexa—2,4—dienes.

.
(4

In the (Z)-diastereomers the conformer Z-A has. fewer gauche

interactions than Z-B and is therefore favoured. 1,3-Diaxial

<

interactions are less important in_cytlohexadienes as there are no

.

axial protons.

w ot

-
In the (E)-diastereomer the conformer .E-A has fewer

’ : \ .
gauche interactions than conformer E-B. However there are two
offsetting factors which would of themselves favour confdymer B.

These are 1) the prefefence of nicro‘and acetoxy’groups to be
v I

gauché as in E-B (nitro and acetoxy are gauche in béth -<
~Z-conformers). The preference of both niq}a,and alkoxy group -0

remain gauche have been observed in the confdrmational analysis of

-~ -

l-benzyloxy-2-nitroethane (216) where the syncll@él conformers

. 118 :' . ‘.\

(216-A and C, scheme 3.7) are predominant . <o T \

w . ,
. .

w3
~
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R OR’ OR
NO; H H H H NO;3
H H  H H = H H
‘ H NOz H
' . R=CH,Ph

216A 2168 ( 216C

Scheme 3.7

.

11) Possible repulsion between the axial nitro group (in E-A) and

.

the dieng n-cloud (This factor would make Z-A preferred otver Z-B).

Consequently; whe;eas Z-A is expected to be the dominant

) Z;coﬁformer, E-B is expeéted”to have a signifioant-contribution to
the population of (E)-conformers.

The (4-H and 3-H) end (1-H and 2-H) ring protons were
assigned on the basis of long range couplings. 1In the (E)~epimers
only one of the protons (IH or 2H) was coupled (J=1.5Hz) with either
4-H or 5-H. This could be al,50r 2, 4 coupling. The angular

‘:orientation between 2-H and 4-H protons is the same in the two
confor;ers Bf the two epimers qna the consistent long range coupling
i{s more likely between 2-H and 4-H protons and not Betqeen 1-H agd
5-H protons. In Z—Althe dihedral angle betweeh the 5-H proton and
the nitro group (H-CS-ngNOZ) 1s ‘close to zero whereas this angle is
close to 96 in E-A; thus the 5-H proton’ is deshielded in the Z-A

-and shows an upfield shift in the E-A/E—B mixture relative to its

N . »
.‘. -

position in Z-A.
In.the (E)-diastereomers the 1-H is cis to the nitro
N .

group and in the (Z)-diastereomers these are trans. Therefore the‘

1-H lies closer to the deshielding zone ‘of the nitro group in the.. -

-
.
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n(EYLdiasteieomer. This effect is accentuated by flattening of the

to its positiQun in.Z-A.

¥

ringy thus 1-H is shifted downfield in the (E) diastereomer relative

-

.

\"The coupling between l-H and 5-H present'oﬁty in the Z

diaetegeomer, is8 due to.a 4 bong tﬁrough space coupling which 'is
possible 1f these two protons a;e coplanar. In Z-A the.1l-H proton
is equatorial and lies near the plane of the C&-CB-CS frameworK I
whereas in E—B the 1-H is axial and is orthégonal to this pLane.
Thus J; 5 coupling'constant should be 1ower in the E-A/E-B mixture.
No coupling is observed. However in diene 152 the presence of the
nitro group on C-2 destabilizeg the equatorial orientation of the
acetate group, and the Lacreased popﬁlatiogtof conformer E-A with
equatorial 1-H is reflected in the Jl s (=1.6Hz) which larger than -
that observed fof oeﬁer (E) diastereomers.

. 119 - .
KatritzKy and his coworkers  have-sthown that in-the

P

cis- and trans-9—phenyl-1,2;3,4,Aa,10a—hexahydrophenanthrene (217C)

- 3"

and (217T) respectively (figure 3.2), the coupling comstant b:at:ween~a-r"“"~m
the ethylenic 10-H and vicinal axial 10a-H is 2.0Hz in the trans™

isomer. The corresponding J;, 1oarvalce for theiﬁseuderﬁatﬁ%ial
S , AREEHE h

proton in conformer C is 7.0Hz.

I

» ‘)gw
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Figure 3.2: Cis & Trané—?fphenyl—1,213,43,10a—hexahydroﬁﬁenantﬁrene

The 1—H is axial in the ‘conformer E-B (Figure 3.1). Consequently

the vicinal coupling (Jl 2) in the cyclohexadienes is expected to be

less in the (E) diastereomers than in the (Z)-diastereomers, as

observed. *o. .

In. the (E)-diastereomers‘the methyl group (on C-6) is
gaughe to the acetate gronnfin both conformers)%—A ann E—B,uyhereas
in the (Z)-diastereomers thesexaie‘anti to eacn‘other in the
predicts

= 120
preferred conformer. The well known y-gauche effect

thaﬁftne chemical shift of a carbon atom is shifted upfield when it

is .gauche to a hetero atom, as observed in the present case for the

..-(E)-diastereomers.

Based on the above observations it-is possible to‘aésfén
the diastereomers 10&, 102 and 151fas,the (Z)-diastereomers and the

epimers 189, 196 hnd 152 as (E)-diastereomers. The values for the

t-butyl dérivacives 104Z and-104E have also been included in table

e

3.4 to extend the analogy. No epimer of diene 103 was obtained -

during the course of the therwal reactiops but the H—NMR spectrum

of 103 agreed well with that of fhe other -dienes obtained in the

»

nitration reaction. Since all of these major dienes are formed by

Ao

v m
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cis addit%on of acetyl nitrate, diene 103 was also assigned to be
the (Z)jdiastereomer, the product aof cis addition. The dienes
200-205, were also each obtained as single diastereomers following
subsequent reactions of diemes 100 and 101 and their NMR
characterrstics as shown in-table 3.4 also indicate that these are

£

(2)-diastereomers.

3.2.3 Structure and Stereochemistry of 5-X-2-meghyl—6-

—nitrocyclohexa—Z,4-dienes:

&

The elemental analysis of éach of the pure dienes 187,

!
- 188, 190 and 191 gave an empirical formula identical to that of the.

respective starting diene. 1In the IR spectra of these dienes

characteristic peaks due to nitro (1550 em ) and acetoxy (1750

-1 -
em ) groups were present. The UV spectra (A = 280nm, e 200

Xa

2 -1 -
m mol ) indicated the presence. of a congugated diene chromophore.

13 3
The C spectra of all these dienes had peaks due to two sp methine

carbons (8§ ~87 and 70ppm) Of the three conjugated diene structures

possible from h-X—toluenes, shown in chapter II (scheme 2. 9 ), only
3

the structure 126 (},3-diene) can accomodate two sp methine .

carbons. The high field methine carbon has chemical shifts (SC .

e

=70ppm) identical to C 1 of dienes obtained by nitration and the
¥

chemical shift of the other sp methine carbon (6 =87ppm) is similar

. to that of C-6 of the same compound. These carbons have attached :

acetate and nitro substituents respectively in dienes 100 and 101.

_ Thus the’methine carbons of 187, 188, 190 and 191 must have an

“~

acetate group (6C~70ppm) attached to one and ‘the nitro.group
attached,tosthe other CGC=87ppm). It‘follows that the nitro group

must have migrated from

t
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a terciary to a secondary carbon in the transformation of 100 to 187
¢

and 188 and of 101 to 190 and 191 and that these dienes have the

structure 5- X—Z—methyl—ﬁ—nitrocyclohexa—Z 4-dienyl acetate (A) (Fig

‘3.3). - e . ‘
[ - ‘“ ‘ C
P / ‘
. . )
b X NG,
\ X - ’
' ~
. .
TooA

»

F{gure 3.3: Structure of 5=X-2-methyl-6-nitrocyclohexa-2,4-dien-yl

acetate.
Ay . LN .
. “ o
The allylic coupling exhibited by the methyl group in the
1 13
H-NMR spectra and the upfield shift noted in the C-NMR spectra
(GC< 20ppm)Aconfif§s that the methyl group is attached to a double
bond. The absence of a 10Hz vinylic coupling confirmélthe absence

13
of adjacent vinylic protonsv In the C-NMR spectra, the position

. 2 5 .
of one of the substituted sp —ring carbons varied on changing the ~

.

‘substituent X (Cl, Br, OMe,.NHCOMe) in a manner similar to the

-
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Yrequency decoupling experiments in the TC-NMR spectra On

change in. chemical shifts in the dienes 100 to 103, as would be

expected for the X-substituted carbon of A. @
. ) 1.

In the H-NuR spectra of all of these dienes the ring
protons appeared as four sets of multiplets. The two methiné

protons (1-H and 6-H) could be assigned ‘on.the basis of single |
13

L)

irraddatfon of the signal at ~5.2ppm of dienes 187, 188, 190 and |
191 the C-6 signai in the off.resonance decoupled 13C spectra-
(~87ppm, HC-NO,) appeared as a singlet whereas the multiplicity of
the other carbons renained unchanged. Thus the doublet at ~5 prm
in the H—NMR spectrum was assigned to ‘6-H,. The 1-H was identified
as the proton coupled to 6-H (Jl’s was ~4Hz in one diastereomer and
~8Hz in the other). The chemical shift of 6-H is more sensitive to
the change in substituent X than 1-H and this confirms the
assignment which puts 6-H on the carbon attached to X. The acetyl
methyl group resonated as a sharp singlet whereas the methyl éroup

on the ring (C-2) was split by a single proton in the ’

, (E)-diastereomers 188 and 191 and by two chemically non-equivalent

protons in the (Z)-diastereomers 187 and 190.

In the (E)- diastereomers 188 and 191 the proton, 1ylie
to methyl (3—H) could be easily distinguished from its splitbing
pattern (dq). It collapsed to a doublet (J= 6 AHz) on irradiating
the methyl eignal.' On irradiation of the 3—H signal, the doublet. "~
due to the methyl protons: and the low field doublet (J=6.4Hz) in tﬁe
vdnyl region collapsed to a sinélet. The latter douelet could tnus
be assigned to Q—H. ’ 7

In the H—NMR spectrun of the methoxy dienes 194 and
195 the position of 4-H (and of C-4 in the P C-NMR spectrum) was .

shifted upfield due to the effect of the vinylic methoxy group,
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apart from which 411 other chemical shifts were similér to those for

the corresponding bromo and chloro-dienes. The coupling pattern was

"also very similar except thdt in the (Z)-diastereomer 194 the

chemical shifts of 1-H and 2-H were very close and .it was not

poésibl% to determine Jj+3 agnd li CH.* The methyl signal appeared
’ ’ 3

~as a broad doublet (J=1.70Hz) from which it is possible to determine

the allylic coupling ‘between CHj3 and 3-H.
v 13
» The C-NMR spectra of these dienes were easily
e
interpreted on basis of the structures assigned ‘and the C-3 and C~4

peaks were assigned from single frequency decoupling experiments.

Irradiation of 4-H gave & sfhglet for C=4 following which C-3 was

. 2 .
“assigned 'to the only other proton-bearing sp carbon. In

elucidating the structure of dienoﬁ 198,‘208; 206, 210, 211, 212 and
214, the information from the'lH—NMR.éﬁﬁ l3C-NMR‘spect‘rla’of the
dtenes 188, 189, 190, 191, 194 and 195 was used. The allylic methyl
splitting was present and oheXIOHz coupling due to vicinal coupling *
(Jy )5 in the starting dienes) was absent in all the isomerized
dienes. The b C-NMR spectra of the dienes 206 and 208 also agreed
with the 5-X-2-methyl-6-nitrocyclohexa-2,4-diene framework in that’
the peaks due to che two sp3 methine carbons and two sp2 methine and

two substituted sp qarbons were present.

An impo:tgdt feature in the soectfa of these compounds 1is

.- the subtle yet consistent differences introduced with change in

-

stereochemistry. In the presence of radical traps the dienes 187
and 190 were formed stereospecifically from the dienes 100 and

101, assigned the (Z)-configuration and obtained by nitration of the

respective toluenes.
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In a series of substituted dihydronaphthalenes - g
(Figure 3.2) studied by Katritzky and hig coworkers119 the cis . )
isomers wcre foand to have a larger cougiing constant (J . =6 5 ﬁz) i ’

between the two vicinal secondary protons compared to the coupling « .

of the diequatorial protons in the trans  isomer (Je e“ZHz). ‘Later :
b 121 , H
on these values were used by Bartoli —and his coworkers - to assign

stereochemistry of similar compounds.- Based on this analogy it is

possible to assign the stereochemistry of the dienes 187, 190, and

194 as Z, since these dienes have a larger (J, 5) coupling constant

.

than the other diastereomer. This assignmeht agrees with a -

@mechanism involving a’concerted nitro shift, singe the starting

diene in this case (101) has a (Z);configuration‘és shown by its

X~ray crystal structure. - . T - §
In an ottcmpt to confirm thevéssignment of the .

stereochemistry, shift reagent studles with Eu(fod); were carried

out on dienes 18f and” 188. Complexation of the shift. reagent with

the acetate group .was expected to inouce a greater‘shift of the 6~H

when this 1s cis to the acetate (i.e. in the E isomer). Similar ;.

-

"methods have been successful in assigning stereochemistry of.

l,4~dienes. However this methqod failed to produce any conclusive ‘\\\
results. The maximum shift~induced by addition of one mole

proportion of shift reagent was only ~0.35ppm in either

diasteroomer. Steric crowding on vicinal carbons probably prevented
significant complexatiOn‘of the meta% te thelncetate group. Thus

attention was directed co crystal structure derermination by X-ray
diffraction studies. Crystals ‘of diene 190 were found to survive

for an cxtended peridsd at ambient temperature and proved to be

.

;uitable for X-ray diffraction studies. The diagram of the
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structure so determined is given in figure 3.4 and the relevant bond

1gngths and angles are given in tables 3, 5 and 3 6., The structure

>
indicates clearly that the compound (190) s the z- diastereomer. :
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Figure 3.4: Molecular Structure of {2)-5-bromo-2-methyl-6-

nitrocyclohexa-2,4-dienyl acetate (190).
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Interatomic Distances (A)

Atoms

C(5) - Br

. N(1) - 0(1)
N(1) - 0(2)
C(L) = 0(3)
C(8) - 0(3)
C(8) - 0(4)
C(6) - N(1)
C(h; - C(5)

C(8) -

0(2)
C(6)
C(6)
C(4)
C(6)
C(6)
C(3)
C(2)
C(1)
c(7)

~ 2
hd

Table 3.5

Distance

1

v1.

1

<
llo
v

1

1.

1

1.

.86 (2)
17 (2)
g
.22 (3)
46 (2)-.
.36-(3)
18 (3)
.53 (3)
33 (3)

for 190

Atoms -

C(6) -

C(3)
C(2)
c(1)
c(7)
©6(6)
c(9)

L | 1 1 3

c(5)
C(4)
C(3)
C(2)
C(2)
C(1)
C(sf

102.

Distance

1.51
1.51
1.33
1.53
1.53
1.55
1.52

Estimated standerd deviations are given in brackets.

[

Atoms

-—

0(3)

N(L) -

N(1)
N(1)
C(5)
c(5)
c(5)
C(4)
c(3)

c2)

C(2)

Estimated

Table 3.6

Bond Angles (degrees)

Cc(l)
0(1)
o(L) "
0(2)
Br
Br'
C(4)
C(s)
C(4)
C(3)
C(3)

standard deviaﬁions are given in brackets
. ’

. '113(2)

Angle
116(2)

125(3)

123(2)

122(2)
116(2)

122(2) .,

121(2),
120¢2)
117(2)
124(2)

MRIe)

C(2)

. C(6)

c(ey,

‘¢(5)

C(1)
RN
C(L)
0(%)
Cc(9)
c(9)

for 190
Atoms
- C(2)
-C(1)
- C(1)
- C(1)
- C(6)

8

c(6)
C(6)

C(8)

v

-

c(L).

03) _-

0(3)
c(2)
N(1)
N(1)
c(5)
0(3)

c(8) = 9(3)
C(8) - 0(4)

#

Angle

118(2)
108(2)
110(2)
115(2)
108(2)
110(2)
108¢2)
121(2)
111(2)
128(3)

(3)
(3)
(3)
(3)
(3)
(3)

3)
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103,

IE is.now possible to explain the sﬁectral differences in
the digstereomerg from the defined structure. The axial orientation
of the nitro grogp on C-6 is é;eferred, as this minimizeslany
repulﬁive interaction w;ch %he ad jacent bromige atom whicﬁ i§
coplanar with C-5 and C—&f This orientation of the nitro group
sh;uld remain unchange? in the other diastereomer, and the angular °
relationship between the allylic protons 4~H and 6-H shouid thus
remain the same. From figure 3.4, these‘'two protons appear almost
coplanar, i.e. they are at Qf to eacp étherl-.Thé magnitude of
allylic cdupling reaches a minimum yhen‘;h; two protons aré either
at 0° or 180° wiéh each other. As table 3.2 shows tkeré is no
’éoupling bet&een these protons in either diastereomer. The acetate
group Ié in a pseudo-equatorial position in the (Z);diagteréomer and
the protopil—ﬂ ipso to it is a%most perpendicu;ar to the allylic
counterp;rt 3-H. 1Im this orientation the J1,3 coupling constant
approaches the theoretical maximum (3Hz). 1In the (E)—diastergomer
the acetate group and the protoh 1-H would interchange.positions,
which would bring the allylic protons (1-H, 3-H) almost coplanar to
each other and reduce the coupling coustant. In fact no coupling is
observed. The closeness of the methyl group on C-1 to the acetate
group on C~1 causes an.uptieid shift of the methyl resonance in the
130 spectra of the (Z)-diastereomersdue to sterip crowding.

The isomerization of dienes 103 and 200 - 205 cogtrasts
with that of the dienes 100 - 102 with respect to the observed
§teréoselectivity. The dienols 204 and 205 and diene 103 isomerized

almdst stereospecifically and the H~-NMR spectra of tle reaction

mixtures had no unexplained peaks. The denes 200 - 203Jisomeriz€d‘
‘.l,‘ . f - -

stereoselectively. .o . .
- o o

u
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The diené 103 obtained as the exclusive nonaromatic
product in the,nitratdon of acexanilide 113 wés assigned the -

(Z)—configunation. The ma jor disfinguishing feature In the H—NMR

Sspectrum of the isomerized diene Y98 _was the presence of a

*

f“ e—cgupling, which is absént in any other diehe. This allylic’
'coupling is possible if the 6~H oroton ¥s not on rhe same plane as
the 4-H anng Lhe C5~-Ch douple bond which quggests the nitro group
is pseudo—equatorial and the 6—H pseudo—axial. In”Other isomerized
dienes the nitro’group was shown to prefer the.pseudo —~axlal
orientation with an X—subsxifhent on C-5. It s likely that
hydrogen-bonding involving.the amido proton and the nitro -group
leading to a stable six meﬁhered ring as shown in figure 3.5 forces
the molecule,to adopt the coﬁfiguration with an, equatoriaf nitro
group. The 6-H proton isgchen pseudo axial and is thus split by the

7

allylic proton 4-H. i

Figure 3.5: Structure of ,Diene 19é.

In the hexahydrophenanthrenes 217T and 217C,mentioned
3 .
before,the Jaa coupling between the two sp prétons (10a and 4a) is
~9,5Hz in the trans isomer 217T, whereas in the cis isomer the Jae

coupling is 6.5Hz. The J; ¢~coupling constant’ in diene 198 is
H

»

a ’ ~

Id

-2
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2.1Hz. "Tﬁis vélug is clOSef gb Jée_than to Jaa (Figure 3.2) and -
suggests that ifﬁthe 6-H is psehdo:axial the 1-H is pseudo
equgcorial. _Consgauently’gﬂe‘acetate group/in 198 has to be

yseudo-axial and thefgfore cis to the nitro group. In this

orientation the OAc-Me.gauche‘iﬁ;eraction-is,femoved but the OAc-NO,

géuchq relacionsh;p ié preserved. Thus diépe 198 hés the K
(Z)-configuration and it is formed by a scereospecifig concertéd
nitro shift w%;h retentien of configuration.

;fﬂe dienols 204 and 205 are prepared by
t{ansestérificacion of diénes 100 a;d 101 (chapter V) involving an
AA% mechanism wherein the (Z)-configuration is retained. The 1H—NMR
spec;num of the isomerized dieﬁeé resembled that of the

b (Z)-diastereomers 187 and 190 in’that bhere:is no J, 3 allylic
coupling (therefore the H-6 is Pseudo*equaCOrial and,NO2 is
pseudo—axial) and EheiJl’é splitting (7Hz) corresponds to a Ja

e
value and to the splitting observed in the (Z)-diastereomers --

(therefore OH is pseudo—equatbrial). Consequently these isomerized

dienes were also formed by the stereospecific concerted process.
This can be anticipated as the cresols 213 and 215 formed '
simultaneously in the isoﬁerizacion reaction would suppress the
stereorathm pProcess. p—Chio;ophenol or p-cresol when present iq
catalytic amounts havé been shown éo suppress the stereorandom
process in dienes 100 and 10l. Either 4-methylacetanilide (113) or
its nitro derivative 125 could potentially act as a similar
'inhibigo} of the stereorandom process and explain the, stere?specific
isomerization éf diene 105. When a solution of diene 100'in _\l
chloroform*dg containing 0.25 mol éroporti;h of h—methylaceggnilide
(113) was heatéd at 60°C for. 2h, only dien& 187 was formed. Similar

.t

reaction in the presence of 125 or in the absence df)gnx additive

, By

&
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yielded 4 mixture of (187) and (188), thus demonstrating that

comgound 113 but not 125 is an effective inhibitor of the

-

stereorandom process.
The major dienes 206 208 210 and 211 from 200 201,

202 and 203 reapectively were assigned the (E)-ca figuration on the

bagis of the HJNMR spectra which’ resembled those of the

.-

(E)~diasterebmers of the other dienes. The small’ﬂl 6—coepling
: g R
(2Hz) and the absence of any,afiylic Jk,e- and J; 3-coupling suggest
. b

that both nitro and thémhetero substituent are pééudo—axial and
'I, ..4'1: » 3
antiperiplanar to\teep—other. In the isomerized reaction mixtures

>

thﬁre“was formation of more than one diene but the (E)-diaétereomer

e

is predominant ( ~90% of nonaromatic products). As a comsequence,
.~the (Z)-diastereomer and the epimer of the starting diene, if

formed, remain uncharacterized. Such a high sgereoselectivity is

~

difficult to explain, especially since the process occurs via an

inversior of stereochemistry and must proceed via a radical process.

.-In fact when a solution of diene 200 was heated at 60°C in
;:chloroform-d containing 0.3 mol proportion of p-cresol for 2h, no
v,ﬂisoﬁerization ogcurred. Somé aromatization to halotoluenes 110 and
207“310ng with fofget}pn of 2-nitro-p-cresol from p-cresol was
evidegt from the IH—NMR spectrum. Reaction under identical
conditions (6Q°C,. 2h) inm-the absence of p-cresol 1ed to sthe
formation of diene 206, (45%) These obseryations show tggt the
{1,5] sigmatropic process in eiene ?EO,*if it occurs at all, is very
slow. The radical process predominates aqd favours the formation of
the’(E)*diastereomer 200. Dienes 201? 202 ‘and 203 appear to exhibit
similar behaviour. A pfevi'ous“report115 showing that these d%&nes

. .

undergo a-[%,5] sigmatropic shift is in"error. _The stereoelectronic’

=
P
e . e

e

*
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intetaétgons in the (Z)—diasterebﬁer of the isomerized dienes could

-

poselbly explain. its absence ip the'product mixture. )

- . I3

Figure 3.6: Conformers of each Diastereomer of 1-Y-5-X-2-methyl-~

6-nitrocyclohexa-2,4~dienes.

PR The pseudo-axial orientation of the nitro group in diene\

190 was attributed to strong repulsive interactions between the

nitro group and the vicinal hetero atom (X) on C—5. In dienes ~x
206, 208, 210 and 214 the second heteroatom (*Cl and OMe in figure

3.6) occupies a pseudo-equatorial positign in conformation Z-B
* B - i ’ a
leading, to similar strong repulsions as tpe_nitro,éhd Y _groups are
e o ‘
gauche to each otggr. In the other conformation ZA the situation is

‘ compggqged as the nitro grogg approaches coplanarity with X andv

still remains gauche to Y. -In the (E) dlasteteomer, conformer EB

has the nitro, group antiperiplanar to Y but remains perpendicular to

. R .
X. ,The .axial orientation of the Y group algo releases steric strain

between the methyl group en c-2. These arguments would lead to the

conclusion that the (E)~diastereomer of the rearranged diene should

s "

be the favoured product. This is what was obseived when Y=Cl or OMe

but is not the case when Y=OH or OAc. Hydrogen bonding between the
‘g»*

hydroxyl and nitro groups which would stabilize the (Z)-diastereomer

-~ .
‘&
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could explain the result for Y—OH _but the Y OAc gase remains an
bt . . -

anomaly. N . “"5’ - e ~ .-

>

3.3: Mechanism of the Thermal Isomerizationm.

The general featutres of the‘mechanismvinvolved‘ip th‘—f»

R

isomerization process emerged from small scale (0.1 mmol) reactions

carried out in the‘presence'and absence of radical traps and an

.

tnitiator. Representative data, from these reactions are summarized,

£ P r ”
ot

in tables 3.7 and 3.0. -

S

B S -

The amount. of" aromatic products, particularly

4=
" 4-X=3-nitrotoluenes 122 and 124, increases with increase in the

take place viz: -

>

nucleophilicity of the'eolventf This is expected, since‘tne

a%ondary hydrogen 6-H, a to the nitro group, iabacidic and is’ \

’ (2

readily abstracted by such weakly basic solvents.«\Thus the overall

elimination of acetic acid becomes fasterv When the isomerizqd e

-

dienes 187 and 188 in pyridine—ds were warmed to amblent temperature

AY
instantaneous aromatization was observed. . !

~
he .

3 The rate of disappearance of starting diene increases

‘with temperature but remains unaffected with change in solvent

polarity. The fact that the isome;izationfreactibn'ocqyrs>im

non—polar solvents such as carbon tetrachloride, chlortform—d and

.!-3‘ o~

benzene suggests that a non-ionic pathway is involved ih the T
\isomepization‘process. Added p—cresol, p~chlorophenol thiophenol

and 4-methylacetapilide suppress the jrocess leading to epimeric
* / .

-

products, but do nat stop the isomerization piocess. Thus there -

‘appears to be two distinct patbwazéaby which the‘isomerizat&on,can'

- -

a) A stereospecific path via a concerted [1 5]-sigmatropic shift of

s . . .t Al

the nitro group,

~ -
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Tablé 3.6 Examples from the Isomerization of Dienes.

~

“

~

/ : :
) L By Ay Ay :
o -
L ) , © ' © 10, NOz NO;
Numbeq X Y |Splvent Temp Time| Additive L. tx *oo. X *
i o 1 °c _h mol prp s . .
101 |Br OAc| CDCl; 60 = 2 |p-cresol 0.25| 73 - 27 - - -
;o 190" [Br oOAc| CDCi, 60 2 {p-cresol 0.25| 10 - 90 - T - .
191 [Br OAc| opCciy 60 - 2 |p-cresol 0.25| - 1+ 11 - 82 - 7
560 ) Br Cl| CpClg 60 2 p-cresol'0.2g >95 - a - - :
E 100 1. OAc| Ac,0-dg 60 114 - . 7"~ a {,,33 . 32 Ry -
100 |C1 OAc| CHyNO, 60 - 18 - 6 a 29 29. . 21 15
100, |CL OAc| ToyeN 60 .2 - 65 a ' 12 12 1. .-
100~ |C1 "OAc| CDjCN 60 18 - - - - - 100 ~
100 |61  OQAc| CDCl3Ac,0(9:1) . '
- 60 . 9 - 25 a 30 7. 30 - ‘
100 o1 oac|.cci, 72 3 - 27 a 31 31 -
100" fe1- OAc ﬂcsnﬁyu 60 4| = 28 a 31 .31 a a
\'goo Cl DAc ' 1.5 - 25 a 33 33 9, -

CeDaa. 75

" 601
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Table 3.7 Examples from the Isomerization of Dienes in CDCl,; in the

>

Presénce of Additives.

+ -~

Te ’ R ‘ v Percentage Products
"4 Temp °C Timé |Additive”| | L
"‘_‘ - @ol prop'| 100 - 189 187 188 186
100 50 sh | bOa2s |55 s L 45 - -
100 50 % | ¢ o.gs"ﬁ 53 - 47 - T -
100 70+ 3.5h| d0.25 | .23.5 a 28 . 28 20--
100 60 1.5h| e0.25 | 56 . a : 26 17 -
100 60 7h. | £ 0.25 55 - 45 - -
100 60 b | g 0.25 - 45 a . 30 25" -
1000 70 10h | h1.00 | 28 T S 26
100 70 5.5k hOS0 | 31 - - 62 - 7
100 70-  7h | h00.25 25 - .55 - - . 104
100 60  2h | h0.25 | 75 -2 - .-
187 60 2h | b 0.25 | . 9 - o - -
188 60 2h | h0.25 - a2 - 76 13

a = traces of this comﬁound were detected but integration was not

p&ésible; b = th&%henol; ©c = p4chlordphenoi; d = mesitylene;

e = benZoyl peroxide; f = A-methylacetapiiide;
= 4-methyl-2-nitroacetanilide; h,= prcresol; 1 = 10% of 122 was also
formed. . t, ‘g ’ )

5y
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§?’p,b) A radical ‘path leading Eé both epimerization and isomerizat{bn.

The 1,5~sigmatropic fear;énggmentEOE:the‘ﬁiEtG éroup in a

suprafacial manner is a thermally allow;d process in accordgnce with
symmetry rules. The rate constants of the sigmatropic regétibns

were evaluated using data from the reactions follbwedAén the Fdﬁiier
Transform ~ 250'¥Hz MK iﬂstrumen£. “The plotélofilog (AQTAe)[(A—Aé)
(whére Ay = initial concentration of starting diene, Ae =‘equiliﬁrium
concentration of starting diene, A= concentrati%ﬁyff starting diene at

time t mins) agalnst time, t minutes, gavezgood correlation

coefficients (0.9840.01) and .are shown in figures 3i7 to 3.LO.

1

’ 2.47 _ o
N 1“ O—ACi ‘ 'l-

‘ A”Ae g .

41.27

"233’ . 663 1094
' . time (Min) —=

=1
Slope = 3. 4x10 min ; Correl Coeff. = 0.99;

~1 -3 -1
Keq 2.5; k; = 2. 45x10 min 5 k_ _1- = 0.95x10 min *

Ff§ 3.7: Plot of lo(Ay~ A )/(A - A) vs. time (min) for the

Isomerization of Diene 100 in the presence of p-cresol at 58.5°C.

N
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112,

, 66 _ ¢ 1094

time {min) —= -

' ‘ -3 ‘ , .
Slope = 4.59 x 10 ; Correl. Coeff., = 0.99; Keq = 2.9;
~1 ) 3 -1

5 k_y = 1.2 x10 min .,
Figure 3.8 Plot of 'Iln (Ap = A )/(A - A ) vs. time (min) for the

- -3
ky = 3.4 x 10_ min

isomerization of diene 10l in presence of p-cresol at 58.5°C

-

-+

[ ]
~

Ao Ae

836 - 50.0 " 4180
4 = T T L -

time(mm) —_—

. . -3 o o ’
Slope = 4.38 x 10 ; Correl. Coeff. = 0.99; K = 0.34;
1 51
H k = 1.12x10 nin . -
R -1 ’

-3 -
k = 3.26x10 nmin
1

Figure 3.9 Plot of In (Ag =4 )/ (A - A ) vs. time (min) for the

i1somerization of diene 190 in presence of p-cresol at 58.5°C
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A
o
? 11.04"
InAshe | .
A-Ae
-10.52
83.6 . 250 - 418
T T T J
time (min) —= y
- &.
S -3 -1 . ' .
Slope 3.71x10 min ; Corre1~ Coeff. = 0.99; Keq‘= 0.4;
3 -1 . -3 -1
kl = 1,06x10 min -} ) kT 2 63Al0 min

?igure 3.10: Plot of 1ln (An - A )/(A—A ) vs. time (min) for the

isomerization ‘of. diene 187 in che presence of p—crésol at 58 5°C.

[

Iden-tical equilibrium concent:aticns were obtained for
the isomerization reactions of dienes 100 and 187 and of dienes. 101
and 190, carried out in the presence of p-cresol at 58.5°C in

chloroform—d, -as shown in equations 3.1 and 3.2 respectively.

NG,

ln ﬂ‘OAC/ . | . , / “\\OAC
Cla, . = 2.9 = :
Z D€Ly, o3 Keqn = 27 : X ~~NO,
Br p—cresol (0.25001 propn.) K ) (3.1) .
101 "L : _ " 190
NO, |
] \\OA c ) ) '\\\O A,c
oDCl, 58.5°C, K7 . = 2.5 _ : .y (3:2)
Ct ‘p~cresol (0.25 mol propn.)’ o i 2

100 - S - . 187
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The plots of percent prodhct’agéinsc time fof dienes 100
and 188 in thg absence of any traﬁﬁing.agent gré glven in figures ]
3.11.and 3il4. From these plqés it can be. seen that after a period
of fim; the concentraéions‘of dienes reach a plateau following which
there ;s a gr;duél décreage, accompanied Sy an increase in the

»

concentration of aromatic acetate.-

However, if we ignore the aromatization reaction and
éipress the concentration of each diene as a fraction of the tot;l
concentratioﬁ of Jiénesx fhe ploté-?.ls to 3.18 do not show the
decrease from the plateal but the leveliing*of? in the concentration

PR

still remains. .

L e
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Symbol Comsaund

» : ) 0 100
4 186
an Ay - . 3
NP b\ . x 187 : .
‘ g N - — " . 188
: 3 > ° ’
30
AN : 189
- N
c . AN
ol AN
C 201 S
2 S :
= : T
E T~
1% ~
- »
To 0 200 é00 1000
time (min) =+
Figure”3.11: 'Plot of product composition ws. time (min) for the
isomerization of diene 100 in CDCl, at 58.5°C.
Symbol Compound
0 100
“ - a 186 )
x 187 .
.’A -
T . 188
30 v
1 189 ..
? 201 . T
Ay A -
',.‘— e ™
C
: ., |
[«7] Ly ! e
o -
“5%5 , K
Too R = T
) time (min) »
Figure 3.12: Plot of product composition vs. time (min) for the - >
:. isomerization of diene 188 in CDCI3 at :58.5°C. ) R
. | 8 .. ’ . -'i:'
A 5 — — — ) & - e — = — — m e . Moy - 00 ‘43%*' e = 7
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Figure 3.13: Plot of product composition vs. time (minutes) for the
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1

3

100 200 360 - doo
time (min) =

500

+

116+
. J
Synbol Compound

V0 o101
x 190,
. 191
P 192
A 193

isomerization of diene 10l in CDCl, at 58.5°C.
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Symbol Compound

. time:(min)'

)

-~ 0 101
x i9gi*
. JI91
oo~ o192
Y a 193
T UL R /
12
T

Figure-3.14: Plot of product composition S time (minutes) for the

iSOmenization of diene 191 jn CDC@l at 58 .5° C
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A - - = o 100
. / LT x 187
T ? - I - 188
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Figure 3.16: Plot of mol percent of dienes as a fraction of total
v . _ diene conc. in the isomerization of diené 188 in CDCl, at 58.5°C..
'M‘_. N A% o . E ) . ~
n’ - -~ - .
‘ . N - . o . .
- N i . N .

3 . 1
) . s a- ~ o
. - e 117.,
. = & ' N . .
. ‘ *Symbol + Compound
- Vi s
- » o~
. Y 0 100 ..,
N " .
k S
o LN " .- x 187
\\'_ 7 . : .
| ? C N i ® 188
. « o
» by - .
- o -\~e _ ) H . L89
E N ' - ‘ - h
Py N ‘
vt 4 Y N ; .
| A
) v o, O -
Q. 204 \ N .
— \\ 3 /‘/'_
. - -
8 T ~a
. I ~
: ) S~ -
. - » -~ -
A --0.
104 ‘ . ’
.y ’ 4. ’ %
. ~ . iy . -t v

-

Figure 3.15: Plot of:perceht of dienes as

;
,~1000.

0 & 600 800
) time(min) —c ’

g

a fraction of kotal diene

conc. in the isomerization of diene 100 in CDCls at 58.5°G.
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: ac N ; Symbol Compound
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\~ x -
5 | _190
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Figyre 3.17: Plot of mol percent of dienes as a fraction of total

«

diene conc. in the isomerization of diene 10l in CﬁCf3 at 58.5°C. =
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- Figure 3.18: Plot of mol ﬁercent of dienes as a fraction of total

diene conc. in the isomerization of diene 191 in bDCl; at 58.5°C.
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It is evident from fig 3.15-3.18 that equilibrium between
the four diedes has not been achieved even after 500 min reaction
time. Because of the irreversible aromatization process (to the
‘aryl acetate) equilibrium may never be achieved. Howeigg iew}s
possible to draw some conclusions ;egarding ;he,relative
reactivities and stabilities of the dienes from fig 3.15 to 3.18
viz: ‘ '
1) The conversion of a dieme into its 1,5-rearrangement ptoduct of
the same stereochemistry is faster than any other process‘and this
holds true even in the situation in which that product is qpparently
the least stable of the four dienes. .
i) The S—X—Z—methyl-6—nitrocyclohe;a—2,4—dienes appear to be
thermodynamically‘more stable than the i
3-X-6-methyl-6-nitrocyclohexa-2,4-dienes (the reactions carried out
in the presence of radical traps show that this is certainly true
for the (Z)-isomers).
.The effect of p-cresol and other agents which inhibit the
radical reaction is catalytic. 1In the absenceféf any added
catalyst, inhibition of the'rate of reaction by small proportions of

122
additives is diagnostic of a chain reaction .

i It is possible that dissolved oxygen present in the
reaction mixture could act an an initiator and the radical traps
merely behave as antioxidants. Phenols and amines are known to
function as antioxidants and inhibitors in chain processes. If such
a process was occutring then added peroxides would increase the rate
of isomerization, but when a solution of diene 100 and benzoyl
peroxide 50.25 mol proportions) in chloroform-d was heated there was

o
no nfticeable change in the rate of disappearance of diene 100. The

~ *
-
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- 120.
produet composition was also identicalnto that observed in:ggse of
reactions without any gdditive. This implies. that oxygen does not
dct as an initiator in this mechanism. Cresols, addéd to inhibit
the radical process, are slowly converted to nitrocresols ove;,a
period of time and when no cresol remains the reaction becomes
steréofandom. Thug when a solutiog of the (E)-diene 191 was heated
in the presence of p-cr;%ol, the rea;tion remained stereosﬁééific
for the duration of 4h, during which period the p-cresol became
complegély con;gt ted to 2-nitro-p-cresol. After this time the
reaction became stereorandom and the diénes 190 and 101 belonging to
the (Z) series were formed. ‘ ;' ‘

The C-NO, bond in nitromethane is weaker than the C-X
bond in other methyl cg;pounds as shown in table 3.9.

-

Table 3.9: Bond Strengths (D) of Methyl Derivatives in kJ/mol.

Bond D .~ Ref

CH,-H 435.1 | 123a
CH3~OH 380.7 123a' ,
CH,-OAc 376.6 | 123a :

, CH;—Cl1 351.5 123a

' CH;—OCH; |  338.9 123a “
CH;~Br |  292.9 123a -
CH;-NO, 239.7 123b

A likely radical chain process for epimerization and isomerization
L offthéldienes wodld involve fission of the C-NO, bond in the

initiation step and the overall mechanism can be represented as in

¢

scheme 3.8. ' PR
e N . *
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v

8

. Scheme' 3.8 - LA -

The attack of NO' o on the diene during propagation should take place

,“ at the site of highest electron density viz. the carbon (C-2) -~
vinylic. to the electron donating heteroatom X, in thergase of ‘t;“;

R 3~X*6~methyl 6~nitrocyclohexa—2 4-dienes. When the attack takes “ Aﬁ?

place on 5-X-Z—methyl—6—nitrocyclohexa-2 ﬁ%dienes, ie-shbuld"be at é¥~&

C~2 which, being the terminal carbon of the conjué;tei¢iene system " ’:

) and farthesﬁ from the heteroatom, should have the i;téest; ’ . o o *‘j:’

- coefficiept in the HOMO. This explains the regiosmelectivit:y‘-~ *-: ZE’Q i

. observed in ‘the radicalwprocess. Since the addition‘of a‘Noz%t:o the - ™

,-

diene leads to the regeneration of Noz in this step, these _steps -_?-i U

- ., -

‘- -constitite a chain process. - SRR ‘ RN

-
]
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The contribution towards the radical process may not be

»

equal from all sets of regioisomers,.that is to say epimerization

PR

~2 4~ dienes, or from 5-X—2—methy1—6-nitrocyclohexa -2 A-dienes since

these atepinterconvertible via the sigmatropic.step reac%ion.

) . - Epimeri;ation of tertiary nitro,compounds via the nitrogen dio~xide
5 ’ ~ ’
A T s ra&ical is known but the similar process at a secondary carbon is
Lo, rn Sy ~ IS £
e ) 124¢ ;
( - \ “*pot known. Hartshorn~and coworkers reported the epfmerization of
R s s b .
. ﬁ" the cis—dinitrocompound 221C obtained from the nitration of s
™~ - .
s = 3,b4,5- tribtbm0v2 6-d1methylphenol (220) to 221T under thermal
S S - - o
Y conditions and proposed a mechanism involving a ‘
) ;‘.’.:""’ ) \‘ ‘ - Y >~ .
e dissociation*recombination of nitrogen dioxide within a solvent cage
- “(221A) as shown in scheme 3.9. . -
. o b - ~¥ - * ' ‘
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Added ‘mesitylene -or creéyl acetates (186, 193, 197) formed as
~ . I iy N P

~ products .do not inhibit the épimeriza:fon process. “Even if these.‘
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are sufficiently reactive to trap NOZ; they ‘must be less reactive

than the diene, whereas. the phenol is more reactive than the diene.

The nitrocresol 168 obtained in the inhibited
isomerization can be formed by direct combination of the cresoxy

radical 212A and the NOZ as in step (b) or via nitrosation by

nitrous acid followed. by oxidation*as in steps (¢).and. (d) “The

overall stoichiometry however demands that, irrespective of the mode

_of, nitration, the amount of nitrocresol 168 should be equal.to the
. amount of 4~ X— —Y-toluene formed, provided that toluene is the only

. product of those radicals - ; which are not captured by NQZ’ If

there is some -escape of NG, from the system the amount of toluene

could exceed the nitrocresol but could not be less. This agrees

#

withtobservation. When a solution of diene 100 in chloroform~d was

‘heated. in preeence of p-cresol (0.2 mol proportiom), for 16h, 28% of

it underwent\nitration and ‘the ratio of nitrocresol 168 and .cresyl
acetate 186 was l:i.zS. Sémilar results were obtained from other

dienes. .

Tbe formation of 5-X-toldene'accompanies .the
4

:isomerizatipn reactions in certain cases and as shall be seen later

its formation becomes more important at elevated temperatures.‘

There are two possible pathways leading to formation of A—X-toluene
» . T . o . !

F
-

"V‘Z'LZ: ‘ A‘ . ".¢

*

L

.e

1), ejection of Y from the intermediate radical 218 4s in




detected. .

s

. us

- Scheme 3.11
ii)ﬁgreferentgal homolysis of the C-Y bond prior te

cleavage_of nitro group followed by ejection of NO, as in scheme .

312 : L

224 ’ v
_Scheme 3.12 ’
K}

Either of these two processes is important when . the C—é bond is of;
comparable energy to the C—N02 as 1s the case when Y*Br. Thus when
a solution of (Z)- 3-chIoro—6-methyl 6—nitrocyclohexa—2 4-dienyl
bromide (225) in benzene—dg was heated to 80 c, 4~chlorotofuene _'
(111) was, formed within 30 ffputes and no isomerized diene was

b

Mhen X is axstrongzerectron &oﬁaﬁing group it can .’

‘stabilize the radical 224 and’ facilitate the homolysis~of C~Y bond

(scheme 3.12). The radical 218 formed by cleavage of the NQ, groug .
. . : -.4 \

-




R 126+
has no resonance contribution from the X group. When'X=NHCOMe this
appears to be an important pathway as diene 103 yields. 58% '
4~methylacetanilide (113) after 30min at 60°C, however at 0°C to
=20°C the amount of 113 is close to zero. o

The reactions of dfene 102 from 4-methylanisole (112)

‘lead . to a complex mixture of products as shown in scheme 3.12 and

3 13

~OAc

+

. ’70N62
-dMe(3.60§ OMe(3.61) OMe (3..64) OMe (3.67)
o7%,102 7%, 196 97 194 15%; 195

.

(/i\\V/PAc '
iQ + + O N )
. i ) _ ~\o,
C OMe (3.77) MeO OMe(3.26) . 0Me (3.93) oMe(3.78)
o7, 297 147, 226 30%, 4%,.116 3%, 112
‘ 168 PR
"L -
v ,’;: ] ,7 :' . ?
CDCL. . 60°C, 15 h. . (102 +194 + 195 % 196) 18%

102 3’
pcresol, (0.25 mol propn. Ly + (226) 287 + 1‘168} 33%

-

i T4 (297 - 112 + 116) 2% -

- Scheme 3. 13 ) _
* ‘The figures in che brackets are the chemical shifts of OMe which

was used to determine proddct racio.

hi
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The formation of dienes 194~ 196, acecate 197 and anisoles" 112 and
116 can be explained from the isomerization reactions and related
aromatizations discusSed in the preceding Sections, but the products
'226 and 168 cannot be accounted for by similar processes. The
presence of p-cresol does not suppress the epimerization proecess;
instead i{n its presenc‘é§ the awmount of products 226 and 168
increases. Acid cepelysed reactions on diene 102,. discussed in the
next chaptee, have ghown that the nitroc§clohe£§ieny1 cation 1024 is
formed readily under mildly acidic coneitionsrand can be trapped by
various nugleOphiles leading Fo 1,4~dienes of the type 226. This
reaction 18 aqucatalytic since acetiec acid and nitreus acid, foréed
in this reaction, aid phe;dissociation of the diene. In the preéent
case a sieilar mecﬁenism, s%owulin scheme 3.14, can explain the

) proeucts 226 and 168.

) NO, ’ NOZ
+MeOH i
- H*
OMe. - MeO OMe
102 - . 1024 " 226

“H' /+H0 B _

‘ NO, - \Jo; e

. @ -MeOH @ ‘ ‘NOz ,/

) o HO OMe r 0 . OH b

N 56 168

Scheme 3.14

-

In scheme 3.14 the proton source could be traces of water present
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in the gysteh, which'would also a&tount for the nuclequilic attack

"
in the second .stage. The methanol fqrmed in the final step competes

as a nucleophile in the subsequent stages and leads to ketalization.

~ The p-cresol, when present in the system, acts as a proton source

and’ thus aids the protbnation and loss of HOAc leading to ion 1024

and, in turn, 168 and 226. A possible explanation for the failure

of p-cresol to inhibit the reaction is that the methoxy-substituted
N . LI P
system is more reactive towards NO, than is p-cresol.

Cyclohexadienes and cyclopentadienes are known to
[ ]

rearrange via a [1,5]-sigmatropic shift of, substituent as shown in

scheme 3.15 and scheme.3.16. : 3

X

heptane , -
100 sz - ‘Rgf 125 .

‘;.Y ) - X ‘ : ‘

X = CHO.COOMe’ COMe " :

( < T227A L . : 2278 .. g

y  Scheme 3.15 -7

—_— . 8

—
oo , .
’ 2284 "7 E=(00Me 2288
IR ' % Scheme 3.16 ; '
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Complications arising from competetive radical chain processes haye )

- also been recognized ip some cases. Thermolysis of deuterium L -

PR

substituted 1,5,5- trimethylcyclopentadiene (229) for 1ong Periods of

tlme 1ed to deuterium scrambling as shown in scheme 3. 17, which was

» i -
.o 127. o T M
. v -

explained 'by;a redical chain process . ) -

o ’

-

. : ’ Y,

CHD

L350 €
1S4 _,‘b-
~ ’ . 0min
» - 7 = - : v
229A , 2298 - ,
) - ) ' dg  5.4% . dg 23.0% " -
-~ v - _ i -, ,‘
_ ' - - »_dl 99:>Z o dy 60:02  Ref 127
o - ’:, "_ ’ dz . 3 . 72 ‘A ) dz 15 .’EZ
' h dy  0.4% dy  2.0% .
. - TN -7 Scheme 3.17 . . !
There is aireletive paucity of elear-cdi4exémples of hereéeroatom
’ ", sighatropic migration. The known examples oanitro group involved
‘:. ’ in {1 5}-shift are those in the di— and triazole systems as shown in
’ . . N ,scheme 3.18 e . ’ - : Y
i+ .. scheme3 , - e NO2 - .
N -
; . ) - . |l N)ﬂ 2308
, : & ) ,
N - ‘:-___ ’ B ’
” . ' +
) v > ; '7 : - "L
5 \ e LT : 230C ’
- ~ & % l'r ) . -' . : : - X v -
N Scheme 3.18 Ref 128 o
’/ * ’ “A';:zk . -t . A - L - ' . v
% ]
- . N " ;
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? i\‘ ‘l‘ Thelinbermediace secondary nitro cpmpounds readily ’ 1 =
~rundergo ‘a 1, Sl-hydrogen shift. tﬁ; behaviour of . v ‘«" ; ;
ipso-.nitracyclohexadienes described here and by Bapat76 is ‘é’ '!';
uniquerin that these are the only known examples of .
fil 5};gigmacfopic nigro‘shift‘along a carﬁon éﬁeleCOn. ‘The . -
competing radical process leaﬂiné to. epime;ization also vhas . N ?,
remarkable regioselectiyity and 1is at cimes the more favourablé ’.' T

. . . \
"process.. The only example where no radical process acqompanies the

-

‘gigmatropic shift is that reporced by Bapat for the spiro dienes

»from’écid'r78. The only ODSerbabie*isomerization is a Lo peo
stereOSpecific shift of the nitro group However the possibility o
>

that trace phenole formed as products from accompanying

aromatization could act as radicaf‘traps has not been consideréd}
The sd?g{ituenus X.ana.Y‘ngve been shown to have .

considerable effecte on eﬁé nature of the process operating ;hich :

Ican be classified P ! : . P

a) A stereorandom process in the absence of a radical trap ledding

té the epimeric pairslof both regioisomers (x501 Br, QMe; ¥=0Ac)"’

- b) A stereosefective radical process in the absence of radical trap

Ll

leading to inversion of configuration (¥=Cl, Br; Y=Cl, OMe)

c) A stereospecific (sigmatropic) procese in the presence of a

vadical trap (¥=Cl, Br; Y=0Ac, OH7~NHAC). . .

-

The substituent X %s removed from the migrating nitro

s \_

" group aud it can affect the’ rate of the sigmatropic shift by
altering the el;tron density of th@ migrating;termini. The race.

constants of isomerizacion of dienes 102 ahd LO3 were not ob;ained

-

bdt on a’ qualitative basis the’ process is. facile fot these dienes

-

. relative to dienes’ 100 and 101 as would be expected aince the group~ -

T -

X*in-lOZ and 103 should inqreése the, coefficients of C—2 more than ¢ -
in dienes 100 and 101. - - o oot - .
Ve i ~ "). . - N , X
. ¢
. ? . . s ,4'
* . A . o ) ) -
- % - 5 g -4 j — - : =
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From table 2.9 in chapter iﬁ it can bé seen that Cerm{harly '

.
’
.

) xsubétituteg”cyclohexgrl,3—dienes are more stable than the ocher;ﬂ

-The difference in energy between these regioigomers

regioisomers.

is, however, small (1.4kJ mol

-1
).

The free energy differences,

‘calculated-from equilibrium constants far some of the dieneé/studied.

Here ,are shdwn in table 3.10."

“These values are also small and

account for'the reversible'process.

o

2~ §§stem Keq ' Temp. ° 4G° kJ/mol
| 100 187 2.5 58.5 ~2.51
| 101 1% 2.9 58.5 -2.90
C 7l o1ss, 188 7 5.0 58.5 —4.47
T 205 21s 1.1 25. 0 ~0.32
206 212 0.9 . 35.0 +0.29

Table 3.10:

A

¥

Equilibrium Constants and FreedEnergy Differené@ of

LN

VariOUS‘Dienes.

e

- When X=Cl or Br, there 1is no major difference in the

rates or equixibria of the reactions for difﬁerent Y groups.

effect of the dethoxyl group in making the secandary reactions more

o

important was discussed before.

-

-

e

The

-

L

~ The effects of the ¢(X=) acetamido group “in the overall

process aresunique and these .can be §Ghmarized as:

i) the ace:anilide 113 product acts ds an inhibitor and makes the
g reaccion stereoselective
ii) hydrogen bonding in the final isomerized diene stablizes the

diene 198 and ayeads«up the reaction (331 isomerized diene after 30

“min -at 35°CY

Y

-
-~

-
~

-

[N

- £

»dre

]
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5 P ©o1i1) the strong electron donating power of the acetamido. group

. facilitates the cleavage of the acetoxy group It is possible mhat

| this stabilization is great enough to make acetoxy group cleavage
competetive with that of the nitro group. This would™ increase the
afount of atetanilide 113 formed.

. ' £§) the nittoacetanilide 125 presumably arises fnon base catalyzed

- “elimination of acetic acid. Such elimination ocenrs for all

' T 5 -X-2-methyl- 6-nitrocyclohexa—2 4t-dienes in nucleophilic solvents 1n

-the case of diene 103 because 103 itself contains a basic centre"

oA (-NHAc) which can catalyze the elimination. '

) Factors (ii)- (iv) all contribute towards the ready
disappearance of the diene 103 and can explain its inherently labile
nature and the difficulties experienced in attempts to isolate<the

-~ diene from the nitration of p-methylacetanilide (113).-
_ P ' The transition state of a [l,S]—sdgmatrobic shift
involves’a planar arrangement of the five carbon atoms in the
* conjugatEd,frameyork with the sixth sp3 carbon (bearing Y) out of

-

the plane. Sinue the starting dienes have the (Z)-configuration the

. N . ¢
substituent Y lies on the same side of th¢ plane as the nitro group

LA 4 = -

.. and does not fnfluence the nature of the otocess. When Y=0OAc, the
-, . - L]
v . isomerization process involves both gigmatropic and radical process,

: , .
«, .o but when 'Y=OH the latter process is less important as the resultant
1 - v 4 1
-cresol acts as an inhibitor.
» / KA

_ . The rate-of aigmatropic shift for the diene 204 was

» - -
- - -
PR

determined at ambient’temperature and the plot for' the,fhrst order

reversible rate equation - is shown in ﬁig 3.19. The rate consgtant
A l ‘
for the forward reaction (2 0x10 .min ) is eomparable to that of

diene 100 at 58.5°C, which. suggests that when ,Y=0H the sigmatrop1c~

, shift is mone facile than when Y=0Ac, as would be expected due to‘

< = -
A .

.

‘




-

smaller bulk offbH and possible attractive interaction with the

nitro,group via hydrogen bonding. ’

PN

318 639
time (min) +

=3
Slope = 4.5 x 10 ; Correlation coefficient = 0.99;

‘ I | -3 -1
Keq= ky/k_p = 0.9;  k_y=2.4 x10 min ; k= 2,1x 10 min .

Figure 3.19: Plot of ln(Ay~A )/(A-A ) vs. time (min) for the

isomerization of diene 204 at ambient temperature.

When Y=0Me or Cl the former process (Q}gmatropic shift)

o 3

is less iéportant, posélbly dué to retarding stereoelectronic

-

interactions in the transition state as mentioned before. It is
difficult to expiain why such retarding effects are’important when
Y=0OMe but not when Y=0Acq. . Y u .
In the E-diastereomers the substituent Y lies on Eﬁe‘ -
opposite side of ‘the migrating nitro. group.  Thus Y has no re;aqding
.. effect of the‘éiéméqupiﬁ shift and the rate is faster than the
(Z)-diastereo&ers. The nate'cénsiant for the sigmatropic shift of
-diene 189 to 188 in the presence ofjﬁ;cresoi at 58.5°C isQ%rgatér
than. that of the (Z)-diastereomer by a éactb? of 8. The,re}evant

R

plot is shown in figure 3.20.

133.
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N 3 2.50- * - y he ’

- -3 -1
Slope = 2.46 x 100 min ; Correl. coeBf. = 0.99;

-3 -1 - T ~3
K, =5-05;  k;= 4.06 x 10 min ; k_§20.5x 10 min .
eq =t
Figure 3. 20 Plot of 1ln (AQ-A?)/(A—AQ) vs. time: (min) for the

isomerization of diene 188 to 189 in the presence of p-cresol at

58.5°C.

3.4 Thermal reactions of dienes from 2-X-4-methylanisoles:

- . A ~

The diene 130 from the chloroanisole 115 aromatized over
a period of 70 days in chloro%orm—d to the nitrocresol 137 at
ambient temperature. The 1H—NMR spectr; of the reactioeimixtpne at
intermediate stages ;ndiceted tpe formation of the dimethyl:ketal
135. The rate of decomposition of the diene increased:bq increasing
the temperatpre to 60°C and after 12h a mixture of cresol 137 (80%)
and ‘anisole 136 (20%) was ebtained. : ‘

g At ambient temperature the diene 151 in chloroform-d
after 32 days gave a mixture of diene 154 (18.5%), dimethyl ketal
156 (5 SZ), together with aromatic. compounds 116, 155 and 234
(3%%) . (scheme 3. 19). ~After .80 days the H-NMR spectrum of the -
mixture ind}cated that aromatics were the major proportion of, the
product but dienes 151 (E‘ 5%), 154 (5.5%) and 156 (9%) were still

present. ‘When the reaﬁtion was repeated at 60°C a mixture

e
-

-

= 2 "
o

Ecd
e

¥
»

|
40.8 86.4 .

LY

4™
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T after 80 days.

y'?, .

. -. B - R & , I”N.&
; : ) - ’ > A%PQ* oL
containing diene 154 (26%), anisolés 116 (18Z) and 155 (8%) togéthg;‘
‘,Yith unchanged diené 151 (487%) was obtained after 24h.

On, further
heating the extent of aromatization increased but the ratio of -

. 7
dienes 151 and 154 remained unchanged.

X
ambient temp . : . . . =
32 days  ":18.5%7; sy o e Uv sy 12% 18%

80 days. - 5.5% 9% . . 127 = 29% 39% ..
o “* . wy . ¢ L Sea ~
60°C, 24h) 26% < . € ~ . ‘18% qc;"?;‘ o,
- . = . { -';‘
- v Scheme 3w19 e - .
- The diene 154 in chloroform—d~at ambient temperatur; -
yielded a mixture of cresol 231 (22%), anisoles 155 (35%) “and. le

¥
(28%), dimethyl ketal 156 (1 Z) along with unchanged diene_lSé Cl&%)

At 60°C after 17h a similar’ mixtune of products was
obtained, as shown in scheme 3.20.
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sy . . [ . . - < . -
- "o C 4% Wdaysix o 282 - 35% - 22% -
.ot o 60'C.. ’50% 17h « 147 L 0 5% 222
. o < , . : ) .
5. . g Scheme 3.20 ) S
. “ " . Dienes from a [1,5]-nitro shift are not obsefved in-the ’
° = products ofuthe‘reactions of these compounds, but the 6-nitroanisole
1§f% - ‘ derivativeglobéaiﬁed are  likely to have been formed via ’
' & aromatizatidn of—euch undetected intermediate dienes. The-
- additionéi heteroatom substituent will make the proton a to the
T & . .. nitro group more acidic and thus facilitate the éﬂimination of
Eg}ghg’ T - ) . aceti%éacid from-the proposed S-methoxf— —X—Z—methyl 6= v
L . L - -nitrocyclohexa-2 4—dienyl ‘acetate intermediate.
a.y "
. . . r e
- L . LT In diene 151 the stereoelectronic repulsion introduced
T PR by placing- the nitro group of c-2 (between acetateeand methoxy) is
E‘v ; *relieved by isomerization to. tﬁe other regioisomer diene 154. The
PO w [1:\5] shi‘ft of ,the acetate group can proceed via a direct
e - i . : X .
R . {3, 5]—sigmatropic shift or by dissociation and recombinatibn of
s . ﬁ R acetate (probably aeid‘catalyzed by traces &f acetic acid also» - ..
” . SR 1iberated).1 The cyclohexadienyl cation, from Che loss of acetate -
- L - .
- . v _group, can- be trapped by nﬁcleophiles (such as trace water) which
fad Tl - i - - X
R g \gould account for the unitro cresols (formed via a dienone . ' .
I N . . .
o Cot . intermediate). This'behaviopr resembles’ thet of diene 102 from
. “ g o . Y - 1
A, Tt j:;’ 9@{, . i v, . -
;%S' ' i e . " .y i ¢ S
% . - . . Vo
R R ) . ;7" T £ ) “‘:4 .
- & . %
. -, - (i A - BT A
B 3&‘ ) = .Q\m X . @ A ’
9-5-\‘ R - " - ,((
‘_" - 2 3 o > - * _ “ -




et

SRR

A—methylanisole (112) More information regarding the behaviour ofv;'

&

%

'these cations was obtained during reactions carried out in presence
~ - .

of acids and is- discussed in chapter IV."

3.5 Aromatization of Dienes at Pyrolytic Conditions (150 C)

~

' - yUndér pyrolytic conditions (ISO.C) all dienes obtained
from nitratien decomposed §nstantaneously with the evolution of

brown fumes to yiel@ the parent toluepe derivatives by elimination

e

of"acetyl nitrate as well as-the B&nitrotoiuéhes and cresyl .

‘acetetes.’ The products obtained age'shown-in3tabié 3.11.

L N .
A ' r

" Comgouna Ry ¢ 'X ;o .

E o w Yo a1 (3%) - 186 (66%).

.00 K R , 110 €202) 124 (tr) 193 (80%) -
102 H ‘Ofe 112 (a@) 16 (1) 197 (15%) -
1307 €1 eMe * 115 (20%)‘-. 136 (67%) - 232 (-{67,),_
154 N0, #OMe. 116 (272)° 155 (73%) B

Yoo . .
151*" NO, OMe =+ 116 (34%) 155 (66%)

Table 3.11: Prodﬁ%ts (parcentagés) obtained fom the pyrolysis o?

'

» ' dienes. .

- ’zb

»-

. The formation of nitrotoluenes was regiospecific in all
of these dienes. Renitration of the starting A—chlqro or

4—bromotoluene should yield some 4—X-2-nitrotoluene, but this is not

\

. formed. Ieomerization to the 6-nitro diene fbllowed by loss of
o : ' _" . ’/ N

IR
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f . ' .. acetic acid could account for such,regioselectivity. In otder to-
. . ;

o test this hyﬁbthesis the isomerized'dienes 187 and 188 were heated

LT ’ to 180 C but the cresyl acetate 186 st the’ major product in both

BN -
T A - “ e -
o 4 .c ses, & radical dissdciation—recombination\mechanism ag shown in
b :': N ' * oo .
e SR scheme 3.1 éould account for the regiospecificity. Tee o w &
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4.1 Introduction: / : . ) -

4

Ipso—Wheland-intermediates (nitnocyclohexdienyl cationg

-

'can be regenerated,from cyclohexadienyl acetates by protonation of th

acetate group followed by loss of acetic acid. - The fate of this cati

A
dEpends primarily on its structure and on the feaction conditions

~
[

. ' Substrates bearing alkyl groups locafed para to the ipgo
position can form alkenyl cyclohexadiene intermediates by loss of
proten. TheBe intermeulates on solvolysis of the nitro groupvgivé;ri

to a benzylic cation wbieb can be trapped to yield benzylic compounds

as shown in scheme 4.1.
»

NO, NOz NO;
+ : + ) .
H_ H HY
~HOAC - ZHNO;
Ac
80 . 80a ¢ 80b 232

Y = OMe , OAc , ONO,; NO,, etc

'aﬁ ' Scheme 4.1

<« o ot ’ ‘ : -~

; < These reactions explain the apparent anomalous nitrations in

t

which‘side/éﬁuTﬁ substftution occurs as was shown in scheme 1.20.

Fo;macion of the ipso cdtion from the nitrocyclohexdienyl acetate -

can be used to investigate the reactions of sucﬁ Species. ‘
Undeg_non—nucleephilic”conditions migration of thé‘nittO‘

group by a concerted l,g—sbiftxfollowed'by deprotonation to yLer

= - 7/

\ o , S

L

.
=
M
7.
e
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82
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nitroarenes has been identified .as the predominant mode of reaction

¢(scheme #.2).‘ When the ortho position is substituted a second nitro

- _ stht follows.f The rate of nigration~to a .methyl substitutfed position
] s £ - ’ . '

129 - :
has . been shown by Myhre to be fifty times faster than.to an
-z fe e s i

unsubstituted position.

s -
'2'.53 s

Consequently Such cations are weIl equilibrated

.prLo; to.proton loss. These two sequential 1,2-shifts (scheme.AtZ) of

the nitro group thus represent an overall 1,3-nitro shift. \
o
~ ! ,,” ! ’
e
o [
S D D D D
' - 234a - 235a ‘ ;
. . -
C) ” -+
=D .
e
~ NOZ 02
& :D - . D "
- . — . -
> ’ ) 235b - ' 234¢
’ y o ’ Scheme 4.2
R ~ -
1 -
It is necessary to distinguish the 1, 2*shift process from
130 "
extramolééular migration whidh occurs’ via the encounter pair, as
" ghown iﬂ scheme 4.3, In substrates where the ipso—position is .
r gctfvated by, strong electron donating groups such as OH and OCHj, the
v e - -
Te * -
P , " ¥, -
! ¥ il » "“' L 5\"
A
[4 P ot
PR ) .9 ~t .
. [y », ’ -
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nitrocyclohexadienyl cation can lose nitronium ion to form an encounter
pair. The fate &f the encounter pair is determined by the reactivity of
the substrate. For reactive substrates which react at the encounter
rate the encounter pair collapses to an isomeric Wheland intermediate ’
via ;ttscé bf the nitronium ion at a :icond activate& oosition‘(o;tho or

para to OH) and which is deprotonated toﬁe nitro arenegi When the

substrates are less reactive the nitro group can diffuse out of the

+-solvent cage fesulting in denitration (stheme 4,3):

'X NO, L .NO?\. . o NO,
eSO S N
. X=Me, 240" .
oM Hd OMe x=Cl, 241 OH
X=Me, 236 X=Me, 238 |
X=Cl, 237 = ¥=C1,:239 . &

0;
: ‘ OH y
X=Me, 168 X=Me, 244"° ,'\ . XeMe, -
“X=Cl, 246 = © X=Clf 245  * % X=Cl, 2
o Tt
‘ . iﬁﬂe,.2L9 "
X=Cl, 247
- v 111’ . ) . &
Coombes and his coworkers have shown that in the nitration
L d » ;
. .
{ : ~ - 3
-
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of p-cresol (219) 40Z of the product 2—nitr0fp-cresol (168) is formed

via extramolegular migration of the nitro group in the 1ntermediate

-

xdienone. In the case of the nitration of A—chloroanisolé (237) the

intermediate dienone gives 4-chlorophenol (2&7) by leakage of the nitrq

grodp from the encounter’pair. The presence of zhlorine deactivates the
substrate and it does not react at the encounter rate, thus the leakage

is pronounced and detectable. The. dienone intermediate is formed as a

result of the presence of water in the reaction mixture but its

formation is not a necessary criterion for extramolecular migration. In

.the absence of water it can be expected that the Wheland intermediate

240/241 can directly collapse to the.ercounter pair 242/24§'and the
nitronium ion can then either renitrate 219/247 or escape to the bulk
solvent. .\\

| Reaction withllao-enriched water has shown that dienone
formation involves attack of the nucleophile on the ring rather~tﬂan SN2
displacement of the methyl group7“. In pridciple this resembles the

1, 4-addition of nitronium adetate ip the nucleophilic trapping of the
ipso—Wheland intermediate. Using this seduence (regeneration of the
ipso cation followed by nucloephilix trapping) it is possible to

synthesize nitrocyclohexadienyl derivatives by exchanging the acetate
for other groups, as ehown in scheme 4.4 -
* B . L - ¢ -
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"7 . In order to exploit this route to other cyclohexadienes it {is.
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necesgary to determine the conditions under which complications due to

T " .

competing reactions are at a minimum. Weak niicleophiles can be trapped
by geqeracing very reactive cations. The ipgo—adducts'?Q and 93
groq iitroxylenes were shown to bé effective in alkylating pesicyleﬁél

-+ to yield biphenyl derivatives fe.g., 249 from 92, gcheme 4.5) after

aromatization of the intermedfate addiucts via the loss of 'nitrous
. 3 :

T

acid: .
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. groupe« Acid catalyzed ester hydrolysis usually take place via A ‘1 or >
AOZ mechanisms. With decreasing acidity and increasing nucleophilicity )

<

of the Solvent the A 2 mechanism becomes 1mportant. The generation of,

e

the nitrocyclohexad1Enyl cation from the acetate is, on the other hand,

an example of Lhe.AALL process. Under identical‘conditions (acidity and

-

solventfnucleophilicf;y) the‘AALl_mechanism favours elkyl gfoups whigh
£5rm stable gations. Thus, for ipéo—adducts with deactivating

substftuents the A C2 mechanism should become more fmportant’ in’
nucleoghilic solvents and at lower acidities. For. example the

-~

ipso-adduct E-76 from p—xylene reacts in" methanolic sulphuric acfa

.

to yield a diastereomeric pair of methyl ethers (!5- and (Z) 250 by 35

.- - - rd

ALI mechanism (Scheme Go6Y.

S NG, e (NG . .
o MeOHH,S50, +MeQH
’ y CHOAC T R
. AT o
. - X |
E-78 -~ J6a E~ and Z<250
oy . ' Scheme 4.6 Ref 82

Under similar conditions the ipso adduct 251 from
Z;niero-p-xylene (253) gave a single diastereomer:of ;ne_dienol 25?
vie ;n AA'Z mechanism (scheme'h 7). The presence of the nitro groun on
the ring destablizes the transition state leading to the cyclohexadienyl

cation and favours:the A 2 mechanism.

\
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A i ] T Scheme 4.7 Ref 65
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- The.importance of reactiogs proceeding via .the

cyclohexadienyl cation- forméd by. loss of'nitriteranion also increases
with increasing solvent nqgleophilicity and reduced aci@ity{ These

’ cp - . ) .
teactions are discussed in the fpllowing chapter (V)%°- . .
- The cyclohexa-Z,ﬁ-dienyl ecetates formed im the * ° .

ipso-nitration of toluene derivatives 100-116 are &xpected to show a
" wide range, of reactivity due to the different substituents present. A
study of reactions at different acidities .and in different solvents will

l”reveal‘the pertinent role of substituents in controlling the reactivity

-

“of secondary cyclohexadienyl acetates. .

»

The factors g0verning‘the unique regileoselectivity and_

stereoselectivity observed in the formation of adducgs can be exploited

e

" to syntheslize other cyclohexadienyl derivatives with similar

selectivities.

f
-

The isomerized dienes obtained from thermal reactions are
?

amongst the few known cyclohexadienes bearing secondary nitro and
acetéxy groups and reactions on these addycts will reveal their possible

role in the overall nitration reaction.

4.2 Results and Discussion:

The results of the acid catalyzed reactions of the ipso

~ adducts are discussed below, following which a general mechanistic
' I ’ o

,

LN
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£he cresyl ecetete.l93. . _ -

146.

L4

sChene is presented which provides an inCerpretation of the varions

factors. governing the reactivity of chese compounds.

4 kS

-« ' -

4,2;1 Reactions of 3—X-o—methyl—6—nitrocyclohexa-2,A—dienyl acetates

Dienes 100 and IOI aromatized instantaneously to the
cornesponding 4-X-2-nitrotoluenel 121 and 123 in the presence of strOng
protic and Lewis acids. In the presence of weaker acids (CF3C02H), in

non-nucleophilic solventg (CDClj;, CD,Cl,), mixtures containing 121/123.

and the 5-X-o-cresyl ecetateg 186/193 were obtainedyr The amount of the

. . . LY N

acetate increased and a longer reaction time was needed on decreasing
-_ ’( -
the acid concentration. With increase in reaction time some

5-Br-4-nitro-o-cresyl jacetate 254 was obtatned. from the nitration of
- £

o

Reactions of dienes 100 and 101 with trifluoroacetic acid in
metnanol-dq (a nuycleophilic solvent) required lonéer time periods than
> - e

- ! . - H
reactions carried out in non-nﬁcleophiliq solvents. The amount of
- N «

A—X—Z-nitéotoluene& decreased and that of 4—X—3—nitfotoluenes‘increased
as the aclidity was reduced and” the reaction time extended. The cresol
was formed by trang—esterification of the acetate funciion and thus the

ratio of cresol to acetate increased at lower acidities and consequently

" longer reaction times.

Examples of these reactions are summarized in schemes 4.8 to.

" 412, B ' !



(Examples of Reactions of dienes 100 and 101 in strong acids.).

CF 3C0,H (0°C)

v

Scheme 4.8

NO, ‘ -
\\\\ .
WOAC
>.
D
¥=C1, 100 . T
' CF38038 (0°C) . ] 100% -
* CH,S04H (~20°C) " 1007 -
CF3C0,H (=30°C) - 80%, 20%
X=Br, 101 ‘ ) 123 193
CF3S038 (0°C) "100% -
CH;504H (0°C) 1007 . -
CH,S0H/CH,C1, ~100% - .
BF ;(gas)/CD,C1, 75% 25%
(j78°C + ambient, 60min)
BF 3.Et ,0 ' 76% | 24%
(=78°C » ambient, 60min) -
BF 3.EL 0/ CD,CL,(1:1) 76% 24%
(-78°C + embient, 60min) "
48% 522

s
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E il Volume of CDCl,
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3
.

TFA

T1/2
4%gmin
2.5h
9hi
24h

121
83%

T4%

50%
32%

a

186
17%
26%
50%
68%

s

(Reactions of diene 100 with trifluorcacetic acid in chiorofo:m—d)

e

Scheme 4.9:
.Lk A )
«NO .
.\\‘OAC u N
G —:?
Br - Br
101
Volume of TFA : CDCly tme 123 193 254
3 1 40min  63% 37% -
G
1 1 12min  41% 59% - -
°L ;3 30min  22% 70% - 8%
i Y 19 >Sh 142 73% 13%_ ..

(Reactions of diene 101 with trifluoroacetfc acid in chloroform-d)
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Rty %
T ‘ . -— ’ . = q;

CD30D ; TFA Time. . 121 186 2K 122 5 %
ST ,t 4 . 60n ©o30% 47% 23 - S

- -

* -, . ~~":,.
g% . 17 days. - 9% . m T2%, = 19%sn -
- P ot -~ ‘ s "‘i." ’ o
S 32 days -, - - 59% - 41% . -
a - o~ Ta 4 " "”i. ," ‘::1!
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" The H—NMR specfrum of tﬁe reaction mixture obtaineﬂ by

i50. 3

bthling anhydrous hydrogen chloride gés for 15 Min through a solution

nJ

> (209) from which the diene 201 was separated by crystallization.

After low tEmperature work up with aqueous ammonium hydroxide the

of diene 100 in ether at -78°C indicated thE'pre?ence of-a new diene.

mixture contained mord than 9OA of the pew diene 3-chloro-6—methy1 =6 -

&

Similar reaction of diepe 100 with anhydrous hydrogen‘bromide gas gave

3—chloro—6-methyl—6*nitqpcyclohexa—Z a-dienyl bromide (225) in 76.5%

From diene 101 it was possible to prepare 3- bromo—6=methyl’

-6-qitrocyclohexa-2 4-dienyl chloride 200, (82/) and bromide 255, (9OA)

by similarxreactions, as,shown in scheme 4 13.

\r‘ L]
P * . “
~ C®T
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~. . ap 7
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3 -
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/ ~ NO,
-3 A\
AU OAc N
< HY (as)

e e — ]

, Et,0 —78C

S y
* 100+ X=€l, Xiaiii

100€_ x=C1, YREE:

: * 101 X=Br, Y=(l:

, 101 £=Br, Y=Br:

.

]

QReactions of

'S

e

dienes 100 and 10l.with hydrogen halides.)

4

& ‘NOZ\}/
"X
201
225
-200
255

~

Scheme 4.13

yleld ~ 90%

yield ~ 7b.5%

" yield ~ 82%

yield ~ 907,

<,
*
Yy o

LY
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'? —nitrocyclohexa -2 A—dienyl chloride (201) alohg with 2,4- dichlordtoluene

The eleméntal analysis of diene 201 indicated thg molecular

formila was

in the IR,

%,

H—NMR and

13

Y

There were no peaks due”to an acetate group

C—NM&:epeCtra, but the peaks due to the aitro -

group were present in the IR and the UV spectrum indicated the pfeaence

™

»
h3

~

-
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of conjugated diene system. The diene ZQl was assigned the structure

'3—chloto-6-methyl 6—nitrocyclohexar2 s dienyl chloride on the basis of

13
the similarity»of the - H—NMR and . C-NMR spectra of diene 201 with that

. of diene 100+ The maJOr diffqtences in the spectra of 100 and 201 were
‘ 13
in the chemical shifts oﬁ C-1 ( + C-NMR) and I—H ( H—NMR), both of which

were shifted qpfield in the case of 201.
‘ The‘structures of dienes 200, 226 and 255 were established ,

from the sbecctaliproberties which were similar to the diene 201. As in

. -

the nitration reaction, only a single diastereomer of these dienes was

'obtafned. The. splitting patterns of the ring protons were simjlar to

those of dienes 100 and 101 in that Jl g was present indicating that

1-H was in'the pseudo-gquatot;al position and thus that the halogen

substituent was in the pseudo—axiar position. (The NMR spectral data

‘ of dienes 200 and 201 were listed in Chapter III from whidﬁ was apparent

that they have the (Z)-configuration). The dienes 225 aod 255 were alsa.
the (Z)—configuratiop. The stereochemistry of diéne 200 was cotrfirmed
by single érysta; X-ray diffraction ;tudies. The moiecular structure og
diene ‘200 is shown in figore 4.1 and the relevant bond lengths and bond

angles are given in 'tables 4.1 and 4.2.
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-

Figure 4.1: Molecular Structure of (Z)—3-bromo—6~meth§l—6—

nitrocyclohexa-2,4~dienyl chloride (200) . . ,
1
- - *< - o~ .

.
s




', .. Atoms
.- C(3) ~Br
K - 0(L) —N(D)
‘ ' C(6) -N(1)
. C(3) -C(2)
C(1) -C(6)
C(4) -C(3)

)

' TABLE 4.1

Distance
1.947( 8)
1.207(10)
1.340(11)
1.325(13)
1.517(12)
1.457(13)

~

.

Atoms

Interatomié'Distancés for diene.ZOO‘

c(t) -Cl

0(2) -N(1)

C(7) -C(6) -

C(5) -C(4)

C(6) -C(5)

C{l) -C(6)

Estimated standard deviations are given in parentheses.

-

~

" Atoms
0(2) —&(1) -0(1)
N6)‘§U)'ﬂ(n
C(6).-N(1) —0(2)'
c(l) -c(2) -C(3)
c(2) -C(3) -Br

- C(4) —-C(3) -Br
C(4),-C(3) -C(2) -
C(5) -C(4) —C(3)
C(6) ~C(5) ~C(4)

¥

TABLE 4.2

Bond Angles (°) for diene 200

Angle
123.5( 8)
C118.4( 7)
118.1( 7)
118.5( 8)

118.8( 7)

117.2( 7)
123.8( 8)
119.2( 8)
’119:2( 8)

C(5)

(1)
c(1)
c(7)
c(7)
o(7)
c(2)
C(6)
c(6)

Atoms
~C(6)
-C(6)
-C(6)
-C(6)
-C(b)
-C(6)
-C(1)
-C¢l)
~C(1)

-C(2)

Estimated standard deviations are given in parentheses.

-

153.

Distance.

1
1

1.

1

.828( 9)
.207(10) .
530(13)
.3&4(14)
.480(13)
.527(12)

Angle
109.7( 7)
106.4( 1)
114.3( 7)
107.5¢ 7)
109.3( 8) -
109.3( 8)
105.9( 7)

" 111.7( 6)

111.k( 7)
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The observed stereoselectivity involving retention of

¥
-

‘éonfiguration in the sybstitution of acetate by halides is remarkable

and this facet of the reaction is discussed in'chaptervv: The reaction
of diene 100 with concentrated hydrochloric acid (6N) in’ethef at -40°C
failed to produce any dienme 201 but simi}ér reaction in acetic anhydride
at ambient temperature for 4 hours gave 48% of diene 201 aiong with 121.

T;e 1H—NMR spectrum of a reaction mixture.cont;ining diene
100 in methanol-d, and sulfuric acid (25%, w/w) 1nd1ca;ed the formation
of an iatermediate dienol 2?4 along with cresol i13. With increase in
temperature the diene 100 disaquared at a faster rate and the cresol
formation was also increased. Increase in reaction time at lower
temperature also resulted in formation of cresol as the predominant
product. .

Dienol 204 was prepared by stirr{ng diene 100 with a mixture
of methanolic sulfuric acid (25%, w/w).at\0°C for eight hours, followed
by further storage at -20°C for 12 hours. Under these conditions diene
iOO'reacted completely and aromatization was at a minimum. After
concentration of the reaction mixture on the rotéyapour at -40°C, the
reaction was wotked up with ammonium hydroxide at low temperature to
yield'a mixture of 60% cresol 213 and 40% dienol 204. The mixture was

separated by chromatography on alumina at -78°C and the pure dienol 204

was characterized at low temperature.

. -

Similar reaction of diene 101 gave a mi Qre containing 77%
of a similar die;ol 205 along with 23% of cresdT”éTz. This dienol 205
was also obtained puré after chromatography. §pme 3-nitrotoluene 124

was isolated during chromatography which was formed by decomposition ‘of

¢ -
the rearranged dienol 214 prior to.chromatography.
13

3

C spectra of both dienols 204 ané 205 were

v

‘

1
The H 4nd

~
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similar to those of the ‘corresponding acetates and the differences in
*

chemical shifts could be easily explained on the basis of replacement of
acetate by the hydroxyl group. A single diastereomer was obtained in

both reactiond, as would be expected from an CZ mechanism leading to

retention of configuration. The coupling”constants in tHe H-NMR

L .t

spectrUm were also 1ndicative/9£ the (Z)-configuration. The reaction of

diene 100 with sulfuric acid in acetome or acetic anhydride yielded

complicated product mixtures which are shown in scheme 4.14. Isomerized
. 1 *

diene intermediates 187 and 138 were detected in the H-NMR spectra of

13

the reaction mixture {reaction b, scheme 4.14).

02 '

3/\ JOAC - N ) NG, OR
Jo - @;@*Q*O

l : Cl Cl L |
Y
H,S50,, Ac,0 Time 121 . 122 186 & 213 11
a) 1 9  -20°C,20min  82% - 18% -

b) 0.1 100  22°C,90days 33% 28% - 347 5%

H,80, Acetone '

c) 1 ) 9 20min - A 7% 867%
(Reactions of diene 100 with sulfuric acid in acetic anhydride and
acetone) 1
x Scheme 4.14 * '’

%

1
No change occurred in the H-NMR spectrum of diene 100 in
acetic anhydride containing trifluoroacetig.acid (30%, v/v) over 1l5min
at 0°C. On warming the reacting mixture to 22°C, the diene slowly

aromatized with a half life of 16 min¥to a mixture of 121 énd 186.

.
LI >

Reaction was also carried out in acetic anhydride-dg éoﬁcaining
: L 1
trifluoroacetic acid (10%,”v/v), and the change.in the "H-NMR spectrum

of the methyl region was followed to monitor the course of reaction.
4 :

P
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After &4h,at -20°C, no change in spectrum was detected. On warming up
the reattion mixture to ambient témpététuré, slow aromatization was

detected along wiEﬁ a decrease in intensity of acetate-mgchyl peak in

comparison with the ring methyl which indicated that an exchange of the

-~

_acetate Zroup with the deuterated solvent céunterpart was taking place.

¥

z - - - e . o

The extent of the'change taking place with time could be measured from

che'ﬁgtegration and.is given in scheme 4.15.

t -

» : S ~

[ 4 -
- 3
- 3
NO ‘ 2 d < N
M one LOAc(d3) 0,
< & {
N\ A _ T %'
O-dg TFA +
Lo ‘ .
Time 100 121,
14h 58% 4% 15% 13%
, 38h 32% 207 28% . 20%
62h 9% 30%° 35% 26%
7day (post work-up) - ~ 53% 477

(Equilibration and aromatization of diene 100 in acetic anhydyide;hs an{(
TFA (10%Zv/v)).
Scheme 4.15

~ +

The dienes 200 and 201 aromatized to mixtures of 4-X-2-mitrotoluenes
123 and'121 and dihalotoluenes 207 and 209 in neat
trifluoromethanesulf&ﬁic acid, and trifluorcacetic acid and in mi;tures
of equal volumes of chloroform-d and trifluofoacetic acid. The K

composition of the product mixtures are given in scheme 4.16.

-~
0

Y

— — e
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- N . : .
yozﬁl NO2 {1 :
! ( )
*r @ -
201 x=Cl  CF4S03H, 0°C 121 64% 208" 36%
201 X=CL  ‘CF;CO,H, 0°C 121 631 200 377 -
200 X=Br  CF,SO0,H, 0°C 123 63% 207 37%
200 x=Br CF3CO,H-CDCl; 123 65% 207 35% ,
) I« 3 (v/v) - . :

(Reactions of dienes 200 and 201 in strdng acids)«

The reaction of diene 201 in-a mixture of methanol-d, and
sulfurfc acid at ambient temperature yielded a’mixéure of 61% )
S—cﬁld%o—Z—methylauiaple”(256), 26% of nitrocresél 168, 7%
3-nitrotoluene (122)Land 6% 2,4-dichlorotoluene (209). The 1H—-NMR
spectrum of the reaction mixture indicated the formation of an
intermediate diene which had a sharp singlet at 1.73ppm and a doublet of
doublet atA4:13ppm. The higu field proton integrated as three protons
when compared to the latter peak as a single proton; No infdrmation‘
regarding peaks below 5.4ppm was discernable due to the strong resonance
peak -of the solvent hydroxyl group.. This compound was assigned ehe ‘
structure of 3—chloro—6—m§thyl—ﬁ-nitrocyclohe;a—z,A—dienyl methy] ether
202 by comparison;wfgh the 1H—NMR spectrum of the pure ethgr iéolated
later on:(chapter V). After 3 days at ambient temperatute, the mixture
conté}ned 3% of 122, 17% ofrni;réeresol 168, 5% of.203, 27%Z of 256, 9%
of "the diene 202 along with 39% unreacted diene 201. The léter'spectéa
iadicated the amouat ofsthe dienes decreased with time, and

<

aromatization increased.

)

! .
- =
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Similaf reaction of diene ZOIgin a mixture containing equal
proportions of methanol and trifluoroacetic acid gave 2% of 122, 23% of
nitrocresol 168, 20% of 256, 26% of diene 20Z and 30% of unreacted diene
201 after 2 days at ambient température. The final product mixture

after 12 days contained 12% 122, 6% 208, 29% of nitrocresol 168 and 53%
of anisole 256. .

4.2,2; Reactions of (Z)- and,(E)-S-X—Z-mechylié

-nitrocyclohexa-2,%-dienyl acetates:

The aromatization of dienes 188, 187, 190 and 191 in
trifluoromethanesulfonic acid and in pyridine-dg at 0°C yielded the
4-%X-3-nitrotoluenes as the only product. The reaction of dienes 186 and
187 with neat trifluorocacetic acid gave almost equal proportions of
122 and 186. In a mixture of methanoi—dq and trifluorocacetic acid (25%
v/v), the ounly products formed were 4—X-3-nitrotolueneé from all four
dienes. In a mixture of chloroform-d and trifluoroacetic acid (25% v/v)
_che (Z)~diastereomers 187 and 190 gave the acetates 186 and 193 as the
majorrproduct (<99%) but the (E)-diastereomers 18% and 191 yielded a
' hiéher proportion of the 4-X-3-nitrotoluenes along with the a;etates aé

gshown in scheme 4.17.

t
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. 4

_.\\:OAC - N ] OAC
— - 1O
»u,R - - R .. .
IR ' NG, Y
. R ’ . ) X X
X=Cl or Br; R or Ry = NO, JCF 350 58 100%

- Ry or R=H or pyridine-dg
or CF3CO0,H-CD,0D (1:3)
Compound X R R1 ‘ ) T1/2
187 Cl H NO, CPiCOH . 46%  54% ,
188 CL NO, H CE4CO,H 505 50%
187 CL H NO, CDC1 3-CF4CO,H (3:1) 3h  trace ~100%
185 ClL NO, H CDCL,-GF3CO,H (3:1)  60h  30%  70%
190 Br H N0, ODCL;=CF3C0,H (3:1) ~3.5h 1% 99%
191 Br N0, H , CDCL;-CF4CO,H (3:1)  ~70h  44%  56% f

(Reactions of dienes obtained by thermal isomerization).

Scheme 4,17
—————

4.2,3: Reactions of dienes bearing methoxy groups:

The reactions of diene 102 in acidic media proceeded at a
faster rate than the reactions of dienes 100 and 101. The predominant
products were thé nitroanisole 116 and khe corresponding cresol 168.

The 1H—NMR- spectrum of reaction mixture at 0°C or lower temperatures
indicated the presence of dienone 56 which decomposed to the nitrocresol
168 during work up at hiéher temperature. In some reactions the ,
starting anisole 112 was formed. 1In the reaction with anhydrous

hydrogen chl ide gas in ether at -78°C, 23% of p-cresol 219
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was detecteéd in the reaction mixture. The result$ are summarized in

scheme 4.18.

‘ ﬁOz -
‘[5>%\\TdOAC _ Céiiiji} +'Kiii§]\
\\ﬁéf/ N NO2 <;‘

Me OMe OH

~ 102 16" 168

\—  CF3S03H (0°C) . 85% 15% |
CF3S0,H-CH,Cl, (1:3, 0°C) 41% 59%
TFA? : 94% 6%
TFA-CDCL, (1:15), 81% 9% 112, 10%
TFA-CD30D (1:15)2 - 100%°
BF4-Et ,0° 19% 75% 112, 6%
BF, gas (CHCL;)® 85% 15%
BF4-Et ,0/CH,C1," 4% 86% 112, 10%
HCL (gas) in Et,0 . - 772° 219, 23%

t

a) -78°C » 0°C (5 min)
b) complete conversion to dienponé 56 in the reaction mixture, detected
by 1H~NMR.
(Reactions of (Z)-3-methoxy-6-methyl-b6-nitrocyclohexa-2,4~-dienyl acetate
(102)) '

Scheme 4.18
The reactions of dienes 151 and 154 gave almost identical product
mixt?res under the game reaction conditions., The major products from

these dienes were the starting anisole 116 or the corresponding phenol
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168 and the.4—methyl—2,6-diﬁitroanisole (155) or the corresponding

Rhenol 231. Some examples of the reactions of both dienes are

summarized in scheme 4.19. ~ -

0
«0AC A
—_ +
“NO, NOz 0, NO,
OMe OR OR
R=Me R=H R=Me R=H \
116 168 155 231
CF ;5038 154/15F 36% 10% 197 35%
BF; (gas) 154 . . 647 - 36% "
151 o ? 6oz - 40% -
CF 4CO,H 154 24% - 40% 36%
, 151 25% - 27% 48%
| CF3C0,H-CDCly 154 26% - 132 6l%
(1:1) 151 23% - 16% 56%
CF3C0,H-CD50D 154 : - 107 - 90%
151 - 27% . - 73%
H50,,~CD 30D 154 - 20% - 802
(1:1) 151 | - 27% - 73% *

(Reactions of (Z)-2.6-dinitro and
2,A-dinitro—3—methoxy—ﬁ—methylcyclohexa—z,4-dieny1 acetates (i?l))
Scheme 4.19 ‘
In the reaction of diene 130 wigh trifluoromethanesulfonic

acid a mixture of 19% nitroanisole 136, 39.5% nitrocresol 137 and 41.5%
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Af 2—chloro-4~gethyl—5—nitréanisole 257 was obtained. AReacttbn with -
—boron trifluoride echeritewyieided a similar mixture but the reaction
- with anhydrous boron trifluoride gas yielded a mixture of 857 anisole
257 and 15% cresol 137. %m;e,anisole 257 was obtained from this mixture
%y r?moving‘the c;esoi 137 by washing with sodium hydroxide SOIuégon; -
The reaction with trifluoroacetigqacid and with mixtures of
trifluoroacetic acid and chlorofofm-d yielded mixtures of 257,.136 and '
137. The amount ofﬁanisole 257 decreased with decrease in acid
concentration. Reaction with mixtures of trifluoroacetic acid and
methanol yielded cresol 137 as the final product. The 1H—NMR(spectrum

of the reaction mixture indicated the formation of dienqne 134. 1In a
mixture containing 75% acid at o°c, 3iene 130 was cémpletely converted

to dienone 134 within gﬁe first 8-minutes, following which the dienone
slowly decomposed (half 1ife 33 min)‘to the cresol 137. With decreasing
acid concentration the dimetlgyl ketal 135 was observed as a precursor to
the dienone 134. A similar reaction was observed with methanolic
sulfuric acid. '
When anhydrous hydrogen chlorideAgas was bubbled through a

solution of diene 130 in ether at -78°C folloWed by evaporation of the
excess acid at 0°C, a miXture of cresol 137,(43%),.119,(621 and two
non-aromatic compounds 258 and 259,}(512) was obtained. The mixture was
separated by semi-preparative high pressure liquid chromatography.
.The early fractions gave cresols 119 and 137. The ghird fraction
contained a mixture of one of the non-aromatic compounds 258, (85%) and
cresql 137, (152). The other compound 259 was obtained in the later
fractions aloﬁg with cresol 137 (<5Z). .The consistent elution of cresol

137 was probably due to aromatization of 258 and 259. The compound 259

was obtained pure by crystallization but compound 258 could not be

3
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X _methine and qua:ternary carbons. There were alsoﬂpeaks due to &

k] “ “ - 163
., s L] v - ..
. . . - .

crystallized 329 it was chdracterized ‘as a @olorless oil after two
‘ ' 3 . 1 13 .
guccessive chromatographic separatigns. The  H-NMR,and C-NMR spectra

of these two compoupds were identdcal ‘in most respects and thus the

¥ L e -

conpounds were diastereomers. The elemental analysie of 259 |

‘corresponded to the formula C7H7CL2NO3. The peaks due to acetate group

.

were absent in the ~§+NMR, C—NMB,and IR spectra. There was a strong

. —1 - w
absorption at 1705 ecm  which indicated the presente of an s e

29
.

- kY 13 @ .
a,f-unsatutated carbonyl group: The‘gated C—-NMR spectrum‘of both

W

. compounds 258 and 25% indicated the presence of sp methyl,; methxlenei
e

!‘_
N
* *

\‘~ - b o
trisubsti tuted double bond along with a carbonyl group at 185ppm. The ~_.

3 N
chemical shift of the qua—ternary sp carbon (6 ns90ppm) was similar to
that of c-6 in, diene 130. On the basis of this information, the -

following two regioisomers}are possible.

-
»

SROCPI Figure ‘4.1 ' ) .

In both 258 and 259 ‘the vinylic proton 3-H 1is mutually coupled to the
methine proton in the same H—NMR spectrum, but not with either of the
two methylene protdns. QThis is reminiscent of . the Jl 5 coupling in the
starting diene 130 and can‘be explained by struéture A. The absénce of
any coupling with either of the two methylene protons 1is not anticipated

in gtructure B. The foruwation of A can be explained’ by substitution of

the acetoxy grodp by chloride anion in the starting diene followed by’

.
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- hydrolysis and tautomerization of the vinyi ether as in scheme 4.20. -

+

e . Alternatively a 1,4-addition of HCl to the dienone 134 as in scheme 4.21

%‘} is possible. o ‘ ’ .

. %
130 % 260 260a . 258/259
' Scheme 4.20
NO, -

) L
‘l i
, ~

G|
. © o130 134 . © 260a
* NO,
. c

. ’ * “‘ . . « . ‘ \ C[/

- Al . . . ' . O

! . Scheme 4.21 | 258/259
| When the reaction was repeated and then worked up at -78°C,

the produ;es contained 30% dienone 134 and 70% of 259 and 258. The
absence of any 260 suggests that the route depicted in scheme 4.21 1is
the more. likely but does not allow us to rejecg scheme 4.20. The
stefeochemistry of 258 and 259 was assigned on thé?;asis of the

f ‘ ‘observed y-gauche effect on the chemical shift of the methyl group ‘due

" to the chlorine on.C-5 %n the t C—NMR spectrum. Isﬂeither conformer

(E-1 & E~2) of the (E)-diastereomer the methyl group is gauche to the

.chlorgne!wheteas in the (Z)-diastereomer these are ant{ in the Z-Z

o
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conformer. This conformer (Z-2) has the methyl and chloro groups in the

.axial and’ : e e -

*

® *  Scheme 4.22 .

anti orientation and shouldfbikpreferred over Z-1. Consequently the
chemical shift of the methyl group in the (E)-diastereomer should be

//4£98 thin that of the (Z)-dlastereomer. In compound 258 the methyl

,/f/ group resonates at 21.§ppm and in 259 it resonates at 24.8ppm,

consequently the latter compound 1s assigned the (Z)-configuration.

Y .

: L
4.3: Mechanisms of Acid Catalyzed Reactions of Dienes:

rThe solvolysis of diene 100 in aqueous sulfuric acid has been
. ) 129 ) ’
investigated by Schofield and his coworkers and the reported results
agree well with those ‘obtained in this dissertation.

The reactions of these 1pso adducts can be accounted for




I3 > B 1660
by formation of four dffferent intermediates gg}, F;’@ﬁana H as shown ip
scheme 4:§3T&t“~ BN R S -

.
»

jm

Scheme 4.23

The predominance of any of the four pathways will depend on}.

several factors.

Path (a)
Path (a) is more important in reactions’ with longer reaction
time and/or higher temperatures. Intermediates of type G are detected

l .
in the H-NMR spectra of the reactions of dienes 100 and 101 carried out




167.

in less acidic nucleophilic solvents (CD30D, Ac,0 and acetone). The

reactions of the isomerized. dienes 187, 186, 190 and 191 have shown that '

- [

in nucleophilic solvents the major product is the 3-nitrocompound 122
and 124. In non-nucleophilic solvents some cresyl acetates 186 and 193
a;e formed. However the forma;ion of these acetates in tbe reactions of
dienes 100 and 101 in non-nucleophlic solvents via route (a) only seems
unlikely. -
i The difference in reactivity of the (Z)~ and .
(E)-diastereomers of .these dienes is only ref-lected in the reactions
carried out in tgifiuoréhcetic‘ecid in the absence of a non-nucleophilic

solvent. The 6-H of these dienes is the most acidic. An Elcb mechanism

favours the elimination of acetic acid as is observed in the reaction

1
&

with pyridine—dg (Scheme 4.24).

122 and 124

S

Scheme 4.24 K .

Under strongly acidic conditions (CF3SO3H) protonation of the
acetate group is more extensive than ﬁ%otonation of the nitro group and
the cation 261 is formed readily, following which rapid proton loss .
}eads to the 3-nitro compoun@CE? an overall E~1 mechanism. (Scheme

4.25).




‘

oae Ly H
‘ ~HOAc
L§?/%?NOZ NO,
X A
261 122 and 124

~ #

Scheme 4.25

As-the acidity of the reaction medium is reduced-the _nitro

groyp would be expected to fonize as nitrite ion and to compete with the

acid cdtalyzed loss of acetic acid, as happens in the case of dienes

- 1QQ and 101. The cation F should be more stable thaﬁ 261 since the

-

_ former has methyl group in conjugacién with the positive charge.

13

However, although there is some contribution from the unimolecular

ionization of nitrite ion, itizs evident-that a competing bimolecular

elémination of nitrous acid is also present. More acetate is formed in

-

the (Z)-diastereomers 187 and 190. This ,implies that part of the
‘eliminatioq takes place via an E-2 type transition state. The nitro

:grOup being antiperiplanar to 1-H is eliminated faster from the (Z)

t

.rather than-the (E)-diaste}eomer.

’

Path, (b) o - s ) y

<

‘The céesyl acetates 186 and 193 and dihalotoluengs 207 and

- 208, are formed pfimarily by 'coute (b),'in which the cation aromatdzes by

¢ ?

a rapid proton loss.. Other reactions of this cation are dgéuséed in the

’

' ¢ . e
next chapter.

]
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Path (c)

il

The dienols 204 and 205 are definite intermediates in the JF
formation of cresols 213 and 215 in reactions with sulfuric acid and

methanol, and, as mentioned before, these dieno}s have been isolated

from the reaction mixture. This AAcz mecﬁanism, depicted in scheme

4.23, is importént for dienes 100 and 101 in nucleophilic solvents. One.
source of the cresols which accompany the diengls is by loss of nitrous
acid from the dienols. However some of‘chg cresol can also arise from
hydrolysis of -the aryl._acetates_ 186 and 192 formed_by path (b).
Schofield and his cm.rorkersu9 have shown that S;Chloro-o—cresyl acetate
186 yields 38.8% of cresol 212 after 30 min hydrolysis in 31.6% aqueous
sulfugic Fcid. ‘ .
The major factors which allow routes (a), (b) and *(c) to -
predominate over route (d) (scheme 4.23) appear to be lower acidities

Y 4
and higher solvent nucleophilicittes. However none of these routes are

favoured for dienes bearing a methoxy group.

3

«
-

Path (d)

.

All.products formed in éhe reactions of the dienes 103, 130,

151 and 154 can be explained by route (d) which involves the formation

M M -
_of W}? Formation of wie is dominant in the case of the methoxy dienes

because of the very great stabilizing effect of the methoxyl substituent

in the cyclohexadienyl cation. The further chemistry of the WTe is

relatively complex and its possible modes of react102§ are given in
; ¥

scheme 4.26 . -

o . _ eenemp———



H , KO,
Ry R
] 1 R Ri
262-1 ’ X -0
?Pm‘h
e .
02 ‘
NO2
H
X t YR
) X
‘w Pﬂfhg 262-2
r__ -‘ \ <
+ .
NO2 ‘
Rz R epi
L _J
/N
R R; NG
X
/\
- R
a/ ’
Scheme & 26




e

N ' 171.

s

‘In the abgence of nucleophiles the partitioning of the WTe

" between (e), (£f) and (g) depends primarily on the substituents Ry, R,

and X. When X=OMe and Ry=R,#Cl the 1,2-nitro shift does not occur. On
the other hand when X=Cl or Br, RIﬁszH, this is the major pathway under
strongly acid conditions. In the case of diene 130, where X=0Me,

Rz;Cl Ry=H, the W?e is ‘partitioned between (e) and (g). In all cases
the 1,2-nitro shift generates a tertiary cation eentre which is '
stabilizeq by the methyi group in the ;pentadienyl system 262-1.

When X=haiogen the stabilizing effect of the methyl group in the new

pentaﬂienyl system 262 1 is more important than that of X in the

original pentadienyl system w“

{ 2s methyl is the stronger activating

, group. When X =0Me, this is not the case and the stronger activating

power of the methoxy group predominates and'the pathway (e) is not
favoured.- Howaver in the case ot.X=OMe, R,=Cl, the new pentadienyl
system is also stabilized by thaschlorine and the combined sgabilizing
effects of chloro and methyl grOuns facilitate the formation 6? cation
262-1, and a_considerable amount of S-nitro compound‘is\%ormed. The
absence of any 2—chloro—4~nethxl-3-nitroanisole in the product nixture
probably reflects the greater Steric strain attendant on its formation

» 6 t

(four adjacent substituents) than exists in the case of the fprmation'gf

¢

v

the 5-nitro isomer (with much less buttressing).

.

The majdr'products in the aromatization of' diengs 103, 154

and 151 arise from the encounter pairs epl and ep2 via extramolecular

-

migration. The amount of denittation is greater in cases of dienes 151

.

and 154, as would be expected due to the lower reactivity of the

.

5

nitroaromatics 116 and 168 The large amouat of denitration in the i

dienes 151 and 154 suggests the use.of these dLeneS/és transfer

. 10 . -
nitrating agents . In order to check the validity of this suggestion,
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the aromatization of dienes 103 and 151 with trifluoromethanesulfonic
acid was carried out in the preésence of an equal proportion of

~

p-chlorophenol 247, a relat&vely deactivated substrate. With diene 103,
a major por;ion of phenol'was recovered unreacted, but with diene 151,
70% of the phenol 247 was converted to the 4-chloro-2-nitrophenol 246,
and negligible amounts of dinitroanisole 155 and/or cresol 231 were
obtained. These latter observations suggest that a major portion of the
products 155 and 23t formed in the absence of phenol 247 is formed vie
intermolecular rather than extramolecular migration of the nitro group.

The amount of cresols 168, 1{7 and 231 formed in the reaction
of the corresponding dienes increases with increasing nucleophilicity of
the solvent (methanol-d,) as the path/(f) becomes more dominant. The
amount of these cresols formed canot however be taken as a direct
measure of this process{;&*the aniscjles aré susceptible to hyd}blytic
damage of the ether group; the anisole 155, when stirred in a solution
of trifluoromethanesulfonic acid at 0°C for 30 minutes formeé cresol
231. The 1H—NMR spectrum of theldienes 103, 151 and 154 in
methénol-acid reaction Qixthres however indicated the formation of
almost .,quantitative amounts of dienone, in which case the process ()
(scheme 4.26) 1is the obvious route to chelfresols.

The dimethylketals obtained in the nitration reaction of 112,
115 and 116 are exaﬁples of intermediate 262-3, which precedes the
formation of dienones of the type 262-5. Thesé‘ketals were {solated
under milder conditions (descr{ﬁéa in the next chapter) and the ketal
226, on treatment with boron trifluoride etherate, yielded a mixture of

cresol 168 (40%) and anisole 116 (60%); with methanol-d, and

‘chloroform-d (1:9, v/v) it slowly aromatized to cresol 168.
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The Wheland intermediates from 100 and 101 are quanLitatively
formed on treatment with strong»acids.and in tﬁe‘presence of excess
nucleop'hiles,,_ as in the reactic;{s'with hydﬁrogen halides, these
intermediates are quantitatively trapped: The éubstituent Y has a
considerable effect'in controlling the ratio of reactions proceeding via
path (b) and (d) ia scheme 4:232 Under very acidic counditifons the
chlorides 200 and 201 have a higher proportion of reaction via path (b)
as the chlqriné (i) is less basic than acetate group. The path (c) is
closed for chlorides and under nucleophilic conditions solvolysis of the

chloride [path (d)] is evident.



CHAPTER. V: REACTIONS OF IPSO—ADDUCTS WITH NUCLEOPHILES IN NEUTRAL OR

WEAKLY ACIDIC MEDIA:

5.1 Introductjion:

1

Aromatic compounds were one of the earliest classes *of
compounds available to chemists; but still today it is difficult to
access some appropriaéay functionalized arenmes. The unique feature iﬂ
the overall transformation induced by adduct formation on

ipso nunitration is the introduction of two functionalized sp3 carbons
in a éingle step into commonly available aromatic compbunds. Such-a
transformation sets the stage to allow further manigulation of these
functional groups and deveL&p toutes to other cyclohexadienyla
derivatives and functiponalized aromatie compounds in a regloselective
manner. Previous worksg'in this area gives clear indications regqarding
the synthetic potential of ipso-nitrocyclohexadienes.

The work described in Chaptéf IV deals primarily with
reactions under acidic conditibns, whereby it is established that
ipso~nitrocyclohexadienyl cations can be regenerated and used for
the preparation of other dienes and arom;tic compounds. However with
decrease in acidity reactions proceeding with retention of the acetate
group become more important. There is a wide body of evidence
cod;isteng with the‘propOSitioﬁ that the reactions proceed.via an
acetoxycyclohexadienyl cation. Solvolysis of the nitro group has been

observed in weakly acidic or neutral conditions when the adduct is a

~Lertiary acetate 77, the acetate group migrates intramolecula}ly to the

ad jacent carbon, which after proton loss gives the aromatic acetate

82
.(scheme 5.1) .
4
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77 17a 77b 263

Scheme 5.1 Ref 82.

The intramolecu%arity of the process was establis@ed when it
was_ shown that no exchange with other nucleophiles such as acetic
acid-d, or proplonic acid occurred. A few examples of 1,3-acetate
m%gration in tertiary acetates are also known.\‘Aromatization of
1-t-butyl—4—methyl-4-n1trocyclohexa—Z,S-dienyl acetate 83 in acetic
acid- dq in the presence of trifluoroacetic acid gave 5-t-butyl
-2-methylphenyl acetate (264) 1n 87% yielg (scheme 5.2). Nq exchange of
the acetoxy group was ‘noted im the aromatization of

1,2,4-trimethyl-4-nitrocyclohexa-2,5~-dienyl acetate (scheme 5.3).

o 0

83 . 264 . 265 265a

¥ Scheme 5.2 Ref 84



OAc
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266 267 .

¥

Scheme 5.3 Ref 130

NO, ' |
oAc-d, OAc QAE QAc |
TFA * 5 B
: 2

268

176.

L2699

-

Either recombination of the ipsocyclohexadienyl

A

cations and acetate anion within the solvent cage to the isomeric

secondary acetates, or a concerted-process involving 1,3-acetate
T

]

bridging, in each case followed by aromatization involving loss of
I'd .

nitrous acid, could account for the formation of the products 264,

268 and 269.

»

When the adduct is a secondary acetate, aromatization via

direct proton loss in the cation is the only pfocess identified

(scheme 5.4), as exemplified for

NG, i
~NO, -
—_— —_—
OAc . H OAC
76 76a
Scheme 5.4 Ref 82

.+ On changing

>

the adduct 76 from toluene.

OAC
265a

the acetate group to other functional groups a

.




" similar reaction can occur. This proeess has been elegantly utilized by

Al

o : 177.

3

131
Myhre to develop a regioselective route to the synthesis of

5-X-hemimelitenes. * The 3,4,S4trimethyl—4-nitro:cyc1ohexa—2,S—diedyi°

chloride (279) obtained from the corresponding acetate 79 underwent

'substitetioﬁ by various nucleophiles in the presence of

[

tetramethylammonium bromide in methylene chloride, followed by

aromatization via solvolysis of the nitro group, to yield the required

Y

arenes (scheme 5. 5) ..
AcONo2 O HCL
T ok , e
79 - > 279 . : ‘

. 272 '
1; . i
Schéme 5.5
e e .
- Thenbehaviour of secondary nitrodienols is somewhat different

frof that of the acetates. - In the solyd{;sis of the nitrodienols a

maJor portion of ﬂhe aromatization reaction is preceded byﬁan .
- 132 )
‘Intramolecular hydrogen Shift (NIH shift) . Reaqtions.psing labelled

dienols have shown that about 25-30% of the p%oduct arises from such a '

<

Py i, .\
process (scheme 5.6) .~ - . -
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The hydroxy group strongly stabilizes the reaeranged cation
273b.and this favours the rearrangement process. Similar isotopic

132 .
studies with acg&:tes indicate that only 0.3% of the reaction in this

-

case occurs via an NIH sﬁift. /7
The reactions shown in scheme 5.5 resemble direct

nuclé?philic substitution of a secondary acetate. Examples of allylic,

‘

substitution (SN') are also known. Nucleophilic substitution on the

1,5—diené 93 obtained by nitration of &—nicro-o—xyféne yields

3-X-4-nitro-o-xylene derivatives 274 by allylic substitution of acetate
’ 65 . : -

group (scheme 5.7) . The greater reactivity of the double bond bearing

the' nitro group makes this process faster than direct replacement.
2 ’

. . .o
- -,
N B 3
A z
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"KCN~CH 4CN

s
R .
-~

Apért from qucleophilic displacement of acetate grouﬁs, other

rodtes to tﬁ% synthesis of nitrodienyl  derivatives bearing oxygenated

, ® . 2. 79
. functional groups have beéh develbped. Alkaline hydrolysis (Bp_.) or
X . w"

) 133 v
reductive cleavage by aluminium hydride of acetgtes allow synthesis

of the nitrodienols in a stereospecific manner (sbhemeVS.B). )
N B hl -
4 NO; ' ' 102

NaOH-M&eOH

- =
ox -ALELy~THF )
OAc . ' OH '
) ' Y z-80 ‘ ) 275
> & «
. ) . ' +Scheme 5.8 L.
i) . ———

. Reduction of nitrodienones by mild reducing agents like

) . 132 '
sodium borohydride has been shown by Myhre . to be an efficient route

to. the synthesis of the corresponding Eecondary nitrodhenoié ('scheme
5.9).

.
\ i

o

*

.
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Scheme 5.9 -

¢

The reactivity of the carbonyl group towards ndﬁleophiles to
develog/the synthesis of a large number of functionalized -

1-R-4~alky1 h-pltrocyclohexa 2,5~dienols by using alkyllithium reagents
as nucleophiles have,been exploited by several workers (G.N.Henderson

134 .
and S.Sankararaman Y. This route also allows the synthesis of

.1pso;adductsrnot obtainable by direct nitration. Grignard reagents

add in a 1,4-manner (scheme 5.10).

. Scheme 5.10

3 ]

Attack by nitrogen nucleophiles on the carbonyl group of

-

- dienone 56 has aiso been investigated and shown to be a viable synthetic

L]

route to replace the hydroxy groug of cresols by various ’

- 69
nitrpgen-beaging functional groups (scheme 5.11)° .
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Scheme 5.11
Dienones are unstable and disolation and purification can be
complicated. A potential altérnate route to dienones is via dienes

obtained from anisole derivatives. The dienes obtained from the
nitration of anisoles are easily isolated as pure solids and are
relatively stable. During the acid catalyzed reactions of these dienes,
intefmediate‘dienone formatiog was observed in high yields, when
nucleophilic solvents were used (MeOH). Consequently'these dienes would
serve as synthons for the corresponding dienones. This has been ’
investigated in this chapter.

The reactions of these dienes resemble those of other
sgéondary acetates in that these allow reddy §xchange (by halides) and
modification (by acid nyarolysis) of the acetate grOup; The
p;ssibilities of a) extending the solvolytic displacement under
nucleophilic conditions and b) of other modifications (e.g. by AlH;

reduction) of the acetate group exist. The results obtained from
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investigations of these reactions are discussed in the following

¢ S

section.

5.2 Results and discussion: ] X

N
. \:i
The reacsions described in this section can be classified
3 P} s
broadly on the basis or the reagents used viz: . .

1) Common nucleophiles ‘
2) Metal hydrides.

The reactions of dienes 100 and 101, ubtained from 4-chloro- and

4—bromotoluene with common nucleophiles, were found to differ from the

behaviour of the djenes from anisole and shall be discussed separately.

/
{

The reactions of metal hydrides with dienes have been discussed in the

third part of this section. . ¥

*

5.2.1: Reactions of Dienes from 4~chloro- and 4-bromotoluene.:

1

After overnight stirring of an aqueous methanolic solution of

diene 100 at ambient temperature, 30% of unreacted dlene was recovered,

along with 61% 5 chloro=-o- cresyl acetate (186) and’ 92 I

—chloro—3-nitrotoluene (122). When the reaction was repeated in the

presence of added sodium acetate (2 mol proportions) after 2 days at

ambient temperature, a mixture of compaunds 186, (88%) and 122, (12%)

was obtained. The mikxture was separahed by chromatography on silica
gel. Early fractions using 2% ether-petroleum ether mixtures gave
compound 122. Compound 186 was eluted with 5% ether-petroleum ether

mixtures. Both compounds had spectral and physfcal characteristics

similar to those reported in the literature. When diene 100 was stirred

with a mixture of potassium cyanide 18-crown-6 in acetoniprile—d3:the

.

;:;“ <

o,
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ma}or product was cresol 213. $imilar results were obtained when a
heterogenous mixture of aqueous potassi;m cyanide and
tétramethylamm9niﬁm bromide and a methylene chloride solution of diene
"100 was stirred 24h. When a sodium thiophenoxide sqlution in "
acetgnttrileréongaining diene 100 was stirred for 15h the major product 1§

1

was acetate 186 and‘diphenyl disulfide. )

After stirring diene 101 in an aqueous me;hanol solution at
ambient temperature for three days, a mixture of cresyl acetate 193,
(66%), téluene 124, (24%) and unreacted diene 101, (10%) was obtained.
In the presence of Fodium acetate the diene 101 apomatized completely
over a period of 6 days to a mixture of cresyl acetate1193: (80%) and

4

toluene 124, (20%). Both compounds were obtatned pure after separation
by cgromatography on a silica column. \ R .

Reactions of (Z)-3-chloro-6-methyl-6-nitrocyclohexa-2,4~
dienyl chloride (201) with potassium cyanide led to the formation of
2,4-dichlorotoluene (209) and 5S-chlord-o-cresol (213) as éhe ma jor
products. In the GCMS of .the product mixture, the peaks due to
p—chloroto}uene (111), 2-nitro-p-cresol (168) and anotheg compound
having a molecular ion m/e=153,151 corresponding to‘chlorotoluoni;rile
‘_ (278).were found. When thg reacéipn was repeated In the presence of
added iS—crown—6 the only product was £b9. Similar results were
obtained when the reaction was repeated in heterogeneous mixture
{(methylene chloride - water) coﬁtaining added hetrameth&lammonium
iodide.., On stirring a solution of diene 201 in aqueous methanol for 12
hours a mixture of cresol 213, (20%), 5-chloro-o-cresyl methyi ether
(256), (38%), 2-nitro-p-cresol (168), (26%), p-chlorotoluene (111),
(12%) and the 3-nitro— compound 122, (4%) was obtained. The products
ébtained from the reactions of dienes 100, 101 andz?‘described here

iqdicate‘that under nucleophilic and weakly acidic conditions thé

1 4
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" reactions proceed péedominantly via elimination of nitrous acid. The
.progpect of g;ner;tfng W?eﬁfor nucleophilfc trapping under solvolytic
conditions thus appears to be limited. Increasing the nucleophilicity
by addition of 18-crown-6 increases the rate of elimination and fails ta
produce any noticeable substicgtion However it is possible to generate
the WM in such solvolytic conditions from the halides 200 and 201 by
the addition of silver salts.
When diene 201 was stirred at ambient temperature for 15h
i

with silver acetate in acetic anhydride a mixture containing 18% of

acetate diene 100 was obtainéd as shown in scheme 5.12.

CL
201 Aloo,,lsz 121, 68% }68, 9% 209, 5%
Scheme 5.12 - '
’ . .
The mechanism involved in the formation of 121 énd 168 via
W?e was discussed in chapter 1V (scheme‘4.18).' Reaction with silver
nitrate in mechanol‘at O°b for ninety minutes yielded a mixture of 63%
dienone 56 and 36% of a single diastereomer of 3-chloro-6-methyl-6
—nitrocyclohéi;:z,A—dienyl,methyl ether (202). Pure diene 202 was
obtained after chromatography on an alumina column at -78°C. Similar
reaction with the diene 101 also yielded 37% dienon?lS6 and 63& of a
single diasté}eomer of 3—bromo-6—methyl~6initfbcyclohexa-z,A—dienyl
methyl ether (203). The lH—’*IMR and 13C—NMR,spectra of these dienes were

similar to those of the starting dienes 100 and 101 and could be

ORI S
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explained on the basis of the assigned struétures. The splitting
pattern in these dienes also indicated thefe had the Z—configuraﬁion as

in the éfarting diene. The ¥-stereochemistry of diene 202 was confirmed o

by methylation of the dienol 204 formed by A, 2 solvolysis of the
I

Ac
Z- acetate 100 In the latter reaction the dienyl C-0 bond is not broken
A and thus the Z-stereochemistry is preserved in the dienyl methyl
- ether 202, ) '
At this ‘point it is useful-to review the stereochemical

-

course of the reactions leading to 1,2—-adduct formation. All the ~:
., 1,2-adducts from fpso-nitration hitherto knan have beenuisolated as ¢
’a‘single diastereomer. The work described in this dissertation has .
shown that the nitration reaction leads to (Z)-diastereomers and this )
*(Z)-configuration is ratained in the reactions where the acetate 1is
replaced by halide, or in reactions with ﬁCl and HBr. The
(Z)-configuration is again retained on conversion of the halide to
y aethyl ether. Such stereoselectivity is in contrast to that observed.in
the },A—adducts (as in scheme 2.5) where dmost” equal proportions of both
diastereomers are formed in the initial nitration and an substitution of

. N 135
the acetate by halideg, hoth diastereomers are again obtained .

. » NO;. & ‘ NG, .
HCL- gas . ER0 s
§ - N L e e
NN NS
A " : g
. . . ' d N s
] y
. ! (E)-81 ) ‘ 279 (Z-and E) . -
. N Scheme 5.13 . ' \ / '
. * ’ i 15 N N i '
. The stereochemistry of acetyl™nitrate addition to olefins has
& * .
\ . -
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invoked éqﬁsiderable interest. Initial studies by Garbisch and Bordwgll .
showed that a major portioh of this reaction proceeds as - :

136
,cis-addition 2. 1In later studies with substrates capable of producing

¥ : 137 "
stable carbocations, predominantly anti addition was observed *as

shown in scheme 5.14.

- H——T1—0Ac
. -

;>;==<1 " AcONO,;. D°C H———NO; .
\ B

4 .
cis—-2-butene ‘ Erythro (70%)
trans-2~butene Threo (65%)
’ Ref 136
. C . AC
i AcONO ,~Ac ,0 : Ph o
== ; ~e- : o
. Ph -20 to 0°C (5min) - NO;
‘ : S NO; H
3 ‘ /
* Ref 137

Scheme 5.14

J

1t has been proppsed that 1n~€he fogmation of 1,2;56ducts the

" acetic acid remains élosely dssocliated with the W?e within the encoudter

pair and ;ttaches to the same face of the W?e as. the &OZ leading to the
Z—isomer76. This proposal fails té explain why thé Subsequenf

substitution reactions proceed with retention of configuration. It also

doesknot explain why no (E)-diastereomer is formed under equilibrating

conditions. The reﬁ&tion of diene 100 with Ac,0(d¢)+TFA leading to

a
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exchange of acetate with the deuterated analog 1n acetie¢ anhydride only

-

produces the (Z)-diastereomer.

The (E)-diastereomers X9, 192 and 196 have been detected and

characterized during thermal reactions, and were found ‘to survive °

treatment with ammonia followed by ambient temperature work up. This .
A :
shows that’ if these dienes were formed in the nittation reaction in

»

idolable yields they would have been isolated and detected. Thus the !
(Z}—diasteréomer appears to.be formed se}eétively under both kinetic and

+ thermodynamic conditions. v .

el i [N ‘ A\

- Retention of configuration on reaction of the acetate with

. ’hydrogen,halides would occur 1if the reactfoh proceeds via an SNl

’
mechanism as shown in scheme 5.15.

\\NZ,.". ] , ‘6;‘-)(/ .

Y ,Q(’itom(e_ \ H gt P

\ o oK
. A ‘ ’ . 3

Scheme 5:15

. 3

\
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The two highly organized transition states A and B shown in

.o ~

scheme 5,15 can arise after coordination of HX with either of- the two
ester 'oxygens followed by .delivery of the mdlleophile’on the same face
which bears the acetate. A.similar trapsition state could explain the

- ~

retention of configuration in the substitution of halides

-

catalyzed by, silver salt's as shown in scheme 5.16. '

bl

Scheme 5.16

"It is not possible to distinguish between 'the aFcack at C-5
and C-1 @ith the present body of evidence. '
The reaction of hydrogen chloriae with the 1l;4-adduct 81
.fyielded a mixture of diastereomeric/chlorides Z2-279 and E-279 as shown
in scheme 5.13. ?hese_were not isolated.and it is difficult to predict
whether the reaction proceeded via partial retention or 1nvérsi9n, but

the result daes indicate that at least part of the reaction proceeds via

4
s

a free cation. _

. . The, tertgary acetates Z-83 and E-83 obtained by 1,4~ addItion
of atetyl nitrate to p- t-butyl‘toluene when treated with HCl gave both
diastereomers of the 1,4-chloronitro-adducts Z-280 and E-280 along with )
one diastereomer of 1,2-adduct 281. A similar product mixture was

8
obtained when the secondary acetate 104 was treaCed with HC1 . The-

1,4—chloron1tro-adducts (Z) and (E)—280 on treatment with silver acetate
. e .
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mixture of both diastefeomers of l,&—aceEate 83

. * N

and one diastereomer of 1,2-acetate 104. 1f, an Sy! mechanism was

in acetic acid gave a

jnvolQ;d in these reactions, .then the (E)-diastereomer of 104 would.have

been formed from the:(k)-l,4-adduct, E-280. Diene 104, the only:
1,2-adduct obtained has been shbwn to have the (Z)-configuration, and
its formation from (E)-1,4-adduct E-280 would necessarily involve a

cationic intermediate with some’ factor controlling the approach of the

: nucléophile to the cation leading to preferential formation of

P

l-diastereomer. Such stereosglectivity could grise from steric approach
control of the reagent. An example for such steric approach control is
reported ﬁy Bartollli and his ngérkeESIZI in the formation of the
nitronate adducts from z—mgthoxy—l—niﬁrohaphﬁhalene . and RMgX as
shown in scheme 5.17. 1In the intermediate 282 the’alkyl gro;p'prefers
an axial orientation 283A to relieve the steric interaction with the
adjacent nitro group which would be present in the other conform;r 283B.
The axial alkyl group hinders the axial approach of the proton from the
same face. The major adduct is thus the one with (Z);configuration
formed by protonation from the face anti,go the methyl group. The
étereogelectivity increased when bulkier alkyl gréups and electrophiles ,
(halogens from hypohalites) were used. ,
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.~In the wi from any of these'aromatics.studied in this
LY . gy . ~ -'u

]

+ dissertation, two limiting conformations are possible as shown' in éé and

> M ~

BB. . . ‘i . Py
o iy . N \ 2,
—— .

‘

oo .. Schéme 5.18 . . = - ' - ,
7~y . . . ; .
:;f‘ e The axial methyl group in the coaformer AA could sgabilize

R . - '
the cation by overlap of.bonding pair -between (C-CHz). This would allow .

partial development of the aromdtic sextet. This axidt~orientation of

L / -

“the methyl group would hinder attack of the nucleophile from the game

Y
RN T N

- side and lead to gfedominagpvformatioq of (Z)-1,2-adducts. . In contrast
A _ the attack at C-4 would not be affected by the axial methyl group at C-l
and both diastereomers of 13é~addu%ps(w0uld be obtained. o
This exp}anation can also ex?lain the rétention of the:

(Z)-stereochemistry on conversion of the acetate to the chlorides and 4&

.

= s

turn to the methyl ethers. A related explanation accounts for the

(- -

preferential anti addition of bcetyf,pitrate in furfural diacetate
(234); where the axial nitro prevents syn addition, due to steric s

interactions and leads to the formation of E-284 selectively (88%) .

(scheme 5.19). ‘ '

e 4 o+




Scheme 5.19 Ref“138 = ° s

The presence of electron withdrawing groups on the cation

)

should make the cation more reactive and nucleophilic trapping via

e;ther of the two conformers ééfand ég_prior to ény equiliﬁration

£

between the two becomes likely. This is reflected in the mnitration of
f / ' .
nitroanisole 116 where nucleophili¢ attack at C-3 is faster than at C-5°
. Y N . N - N
and in the presence ®f trifluoroacetie anhydride the

.

(E)-diastereomer 152 is formed. This could also arise from the

[

. N ; 3
equilibration of- the Z-diastereomer 151 in the reéaction media, as im the

(E)-diastereomer the acetoxy group is axial and removed from the plade
v

of the mitro group on c-2.

- -

Similarcly in the reaction of 2—carbomethoxyﬁuraﬁ with .

acetyl nitrate equal proportions of both (Z-) and (ET) adducts are

. formed. 'In both cases tie cation is destablized and therefore made more

N ,
reactive due to the presence of electron withdrawing groups on the

\
» .

ring. . )

?

5.2.2: Reactions of Dienes beaning‘Metho#y Groups:

-
-~

Unlike the dienes from 4-halotoluenes, the mélhoxy analog .

)

102 generated the W?e teadily by loss of acetic acid und%r solvplytic

-

»
.’
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conditions and tnis.coulq be trapped by ‘several fiucleophiles. .
' The dienme 192 in neat nethanol—du at 0°C for 30 mins y{elded
' a mixture of‘dienone‘Sé, (20%)\and nnreacted:diene léZ,’(BOZ): ’
warming the reaction nigture:to anbient temperature«the oienonenﬁﬁ

el

&ecomposed to the cresol'168 6uring the cOurse‘ofytﬁie'reaction, the

/

H-NMR spectrum of the reaction mixture indicated the presence of an
intermed@pe diete . (226) with an AA'BB' pattern in the vinylic region.x
When diene’ 102 was’ stirred at ambient temperature in aqueous methanol

the nitrocresol 168 was obtained ‘as the major product along with traces

of p—cresol (219) ) A similar react{on in the presence of sodium acetate

(2 mol proportions) gave a mixture of cresol 168, . andi

diene 226. The yield of tlie,diene 226 increased and that of the

nitrocresol decreased in the absénce of added water, and also ‘on
. o ! .
substituting sodium acetate with tris(hydroxymethyl)amipo:meth%ne, In

the presence of N N diisopropylethylamine (NNDIPEA) the diene 226 was

obtained as the ma jor: product but in the presence ‘of sodium perchlorate ’

’

only cresol 168 was obtained. The reactions are summarized in scheme

B 5:20v N & "‘.' , <o B

A

'
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NOZ N
! .“\OAC . ) N
) : ) 4 .
; MeO OMe
102 ... 168 226
CH0H - ~00% - .
’ CH40H. + H,0 ~907% fo ~10% p—cresdl
CH30H + H,0 + KaGat(leq) 45% L h9% 6% )
. CH30H + NaOAc 40% , 60% - ,
. CH0H + TRIZMA 20% 80% :
) CH,OH + NNDIPEA - - ~100%
CH30H + NaClO,..  ~100% -
’ ’ ~
, Scheme 5.20

[

" The results suggest that 168 {'s formed from 226 via the -

dienone and that as would be expected the convqréion‘of the ketal tola ,
dienone is inhibited by the absence of acid and reduction of the amount

of water present.

The reaction witﬁ’poiassium cyanide in acetonitrile and water
produced a mixture of (Z)- and (E)-l-methoxy-4-methyl-4-nitrocyclohexa -

~2,5- dienylcarbonitrile 286, (30%) and 287, (58%), respectively, along

i

with 12% of aromatic compounds.’ After overnight stirring at “ambient

-

temperature in the preseﬁce of NNDIPEA the mixture was geparated by semi
preggratlve—HPLC on a CN-10 column and the dienes 286 and 287 were

obtained pure. The 'later fraction eluted with 100% methylene chloride

contained 3-cyano-p-cresol (288). 1In the absence of water in the

-

reaction mixture unreacted diene 102 was recovered. Redctions with




. ’ 18-crown-6 unteactedgdiene'102 was recovered.

Q@ 195.

potassium thiocyanate ané'pétassium iodide gave predominantly cresol 168
~ along wigh p-cresol, while'wigh potassium fluSride in the presence of -
Reaction with 150propanol
- in presence of NNDIPEA gave predominantly the cresols 168 and 219 along

‘with 24% of a mixture of (%) and (E)-4-methyl-4- -

-nitrocyclohexa~2,5~dienone isgpropyl methyl ketals 289Z and 289E. No
- : N .

attempts were made to separate these dienes. Reaction with sodium

I3

- i nitrite in a mixture of acetonitrile and water gave

#

4-methyl-3-nitroanisole (118) as the major product in the presence of

either sodium acetate or NNDIPEA. The cresol 168 was present in both

reactions as a minor product.

The reaction of ‘diene 102 with NN-diisobutylamine gave

unreacted diene \when stirred for 4 hours in acetonitrile at ambient

temperkture, but yielded a mixture containing N,g%diisobutyl—p—toluidine

(290) and its 3-nitroderivative 291 as the major products when water was

v -

added. The pure-toluidi:ne 290 was obtained from the mixture by

extraction with aqueous hydrochloric acid, followed by basification of

-

thé extract and extraction with ‘ether. Attempts to purify the

nitrotoluidine by chtomatography or crystallization fatled and it was
" characterized from its spectral properties.

: The diene 130. gave, when stirred in aqueous methanol in the

presence of sedium acetate, 2—chloro—&-methyl*b—nicrocyclohexa-

’

-2, S—dienone dimethyl ketal (135) along with 4-chloro-5-methoxy~o—-cresyl

acetate 292, nitrocresol 137 and anisole 136 as shown -in scheme 5. 21.
- ‘ The nitrocresol 137.was removed from the mixture by washing with sodium .

. hydroxide and the remaining mixture was separated by semi-preparative

HPLC on a CN-10 cqlumn. _

-

- N \
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NO,
. R
— l J * f+ O
t , & - { NO,
MeO QMe  OMe OR £
CH3OH-NaOAc(2eq) 135(48%) 292(17%) 136(5%)- 137(21%)
R=0Ac R=Me R=H
130 :>CH3OH—H20—NNPIPEA(2eq) 135(417%) 293(41%) 136(6%) 137(11%)

LY

.t R=H - -

' Scheme 5.21 '
When the reaction was repdated by substicuting sodium acetate with
NNDIPEA, no acetate 292 was® formed, insteéd the corresponding cr;sol
293 was obtained along with other products 137, 136 and l3§ (scheme *
5.21). ‘ e
’A mixture of anisole 292, cresol 137 and the‘(Z) and (E)-
diastereomers of 2-chlofo-l-methoxy-4-methyl-4-nitrocyclohexa-2,5- ~
dienylcarbonitrile (294) and (295) was obtained from the reaction of
diene (130) with potassium cyanide in acetonitrile and water in the
presence of NNDIPEA. The major diastereomer 294 énd crésol 137 were
each obtained pure after semi-preparative HPLC and crystallizat;on. The
other diastereomer 295 was characterized in mixtures containing tréceé
of an unknown compound. i

Both dienes 151 and 154 yielded the dimethyl ketal 156 when
stirred with aqueous methanol in presence of sodium acetate. The
nitrocresols, whith were probably formed in the reaqtioq mixture, were

removed during aqueous extraction. There were also traces of some

unknown compounds (formed by addition of methanol across a double bond)

v

+
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in these reactions. On sugstitutihg sodium acetate with NNDIPEA the
ma jor prodgct'was the niérocre§ol 231. No ketal 156 was detected in the
product mixfure. Attempts to prepatre the cyano adducts also failed and
the creséls 231 and 168 were the majbr products. .

“  The vianylic region of the lH—NMR spectra of the 1,4-adducts
were similar[to that of the corfegponding dienones. ‘The change in

canemfcal shift of the protons could be attributed to the absence of the

carbonyl group. The ketals 226, 135 and 156 had two signals in the
13

1
" methoxyl region in the H and C-NMR gpectrum. The IR spectra

13
indicated the absence of a carbonyl group. The  C-NMR spectra of

dienes 286, 287, 294 and 295 had absorptions due to the cyano group
demonstrating its presence 1in these compounés in spite of the absence of
any strong abserption around 2200<;m_1 in the IR spectrum.

The stereochemistry of dienes 286, 287, 294 and 295 was
éssigned on the basis of chemical shiftsﬁof the methyl and the methoxyl
group in the IH— ang 13C-NMR spectra. The methyl group (' ipso to
NO,) in the 1,4-adducts from p-xylene, 80 and 250, is shielded in the
(Z)-diastereomer and has a higher fiéld chemical shift in the lH and
}3C-NMR spectrum, whereas the methoxyl group is shielded in the ﬂE}-
diastereomer. The stereochemistry of diene (Z)-250 was established by
X-ray diffraction studies on the corresponding dienol (Z)-275. The~
relevant values for dienes 286, 287, 294 and 295 are given in' table 5.1
from which the dienes (286 and 295) are assigned (Z) and dienes (287 and

294) are assigned (E)-configuration.
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.
Chemical Shifts

X R, ; R, Compound g . Ve

CHy  OCH, CHy OCH,
H OMe Me E-250 1.74  3.03 a 52.0
H Me OMe ~  z-250 1.70  3.08 Ca ., 5244
H OAc ¢ Me E-80 . 1.79 - 26.4 -
H Me OAc 2-80 1.7¢ - 27.8 -
H OMe CN E-287 1.81  3.34.  26.9 52.6
H CN - OMe 7-286  1.80  3.41 26.7 52.7
c1 OMe CN E-294  1.86  3.23 26.6 52.0
61 ' CN OMe 2-295 1.83 = 3.28 26.5 52.1

13
a: The C-chemical shifts of the two CH3 groups in the compounds were

.

not distinguishable.

-

1 13 '
Table 5.1:" Chemical Shifts ( H and C) of CH, and OCH, greups in (Z)-

and (E)-2-X-4-methyl-4-nitrocyclohexa-2,5-dienyl derivatives.

The formation of the major products in these reactions can be

explained via nucleophilic trapping of the Wheland intermediate. The
formation of the intermediate (an SN' type reaction), however, gxequlres
ionizing conditions and a protic solvent and the reaction does not

proceed in'the absence of anyﬁiéotiq solvent. The fate of the 1&;131

e e

adduct depends.on the nature of the nucleophile and the reaction media.

4
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The acetic acid liberated in the reaction-can catalyze the formation of

s - L3

dienone intermediates from the.ketals. The addition of NNDIPEA reduces, ’»? )

-

the acid concetrati%n and degreas}s the rate df diendne formation (table
5.20). When‘igobutyiamine is used as a nucleophile “the intermediate .

adduct ' 1s mot isolated but the toluidine derivatives 290 and 291 are

formed via an iminium- intermediate as _shown in scheme 5.23.

~ i '
NO; o .
NO, _ 2 N0z . NO, T .
SO s RNH, -MeOH. [
~HOAC . J e
. o+
OMe : OMe’ © HRN OMe- NG
) H H R
102 . ' 1024 | | 2904 . 2908~

. ' -+
' = aumaed K NOZ . —_—
NHR

" NHR 7 NHR.
290 -, 290c 291

®
’

Scheme 5.23 "
:
Thg large extent of demitration-could be due'to the presence
"of base (ArNHR) within phe ehcoun&er pa;r ané in\the bulﬁ solvent
(RNH,). Similar iminium ihtermqékates could also be fbrmed by atcack of
- amines on the intermediate dienoﬁé. Addition of diene 102 to a solution
of 2,4~ dinitrophehylhydrazine in echanol and sulphuric actd led to the |

ptecipitation of 2,A-dinitrophenyl—é'-methylazob zene (277). Undér the
N @ *

hY
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reaction conditions the dienone 56 is formed readily and is trapped

a{yost-quaﬁtitatively by the hydrazine (scheme 5.11).

1

5.2.3: Reactions with aluminium hydrides:

]

v C

Reduction of the acetate group in dienes 100, 101 and 102
with aluminium hydride did not yield -any dienols, in contrast to whqp is

1
observed in the reactions of 1,4-dienes. The H-NMR spectra of the
}
product mixtures after careful low temperature work up ‘indicated in ‘each

4 ¥

case the presence of a diene which decomposed to tﬁ% respective

4-¥-toluene on warming the mixture. These dienes [(X=Cl, 296), (X=Br,

297), (X=0Me, 298)] were characterized in mixture from the NMR spectral
)

characteristics observed after accounting for the aromatic products

(toluenes and cresols) also present in the mixture.
3

The absorptions due ro the acetate group were absent in the
1 13
H and

CLNMR spectra, and the methine spa—carbon (bearing the acetate
group) in the 13C-NMR spectra of the starting diene was also abseﬂt; .
,iﬁgtead a Spa—methylene (triplet in the gated spectrum) was present at a
higher chemical shift. 1In the }H—NMR spectra, there were signals due ro
a pair of geminal protons with a large mutusl coupling constant (~18Hz).
Apart from these differences the spectra regembled those of the starting
dienes. Based oh the;e observations these dienes were assigned the
structure 4-X-l-methyl-1-nitrocyclohexa-2,4-diene (X=Cl, 296), (X=Br,

297) and (X=OMe, 298). .
The cresols formed in- these reactions ;ould result either

from the aromatization of an Intermediate dien&l or via the cresyl

acetate formed via loss of nittous acid. However there was no evidence

.
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regarding the formation of cresyl acetates in .these reactions and the
former process 1s the more likely. The.ﬁroportion of cresols increased
when lithium aluminium hydride was used for the reduction. Reaction

with diisobutylaluminium hydride was slow and yielded unreacted diene

guo !
and cresols. Brown and Yoot have "shown thac the reduction of nitro

3

groups is slower with aluminium hydride than with LAH. aThis

’ 1wl
was probably one of the reasons that prompted earller wquers‘ to use

Rl

the former reagent to selectively reduce acecates in the presenee'of
nitro groups. However the dienol 275 was obtained in quantitative yield

when (Z)-2—dimethyl~9—nitrocyclohéxa-Z,S—Gienyl acet®e (2-80) waé

¥

reacted with lithium aluminium hydride.

. Hydrogenolysis of*alcohols by metal hydrides has been
: 140% “» . »
reported inithe literature and the reaction appears to proceed via

nucleophilic displacement of the oxygen fugctionalicy which remains - -
complexed to the aluminium. Such a mechanism would account forrthe
formation of dienes 296, 297 and 298. The absefice of any hydrogenolysi;
in the reaction of 1, 4-adducts is puzzling It is possible that a
stable six membered complex 300 involving the nitro and the adjacent *

hydroxyl group is formed‘in these 1,2-adducts, which then undergoes

nucleophilic displacement as shown in scheme 5.2%.

‘ 96 (L
Z . T Br

298 OMe

4 . | 4 .

Scheme 5.24 .
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’

b L

Alternatively; tha'dfsplacement of the oxygen (bonded to an

aluminium) by hfﬁride could be qécelegateﬂ due to the accompanying

¥

relief of steric straip which is present between a@jacenttsubstitquts

— * M
in the 1,2-adducts. . . .
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’ . ’ CHAPTER VI: CONCLUSIONS

« > -

~

The observations and discussions presented in the

. L3

b%eceding chapters of the dissertation lead to a number of
" comclusions regarding ifsg—éftack - the formgtion of
AR 4 psogadducts and tﬁéﬁr fate - in nitration of appropriate
- *appmatig substreteq.‘ In this chapter some of ttese conclusions are

* highlighted and bossibilities for future investigation are
- T
presented. - C

R The nitration of 4-X-tolyl derivatives 110-113 and

e

52—X;4-methylanisole derivatives 1!2—116 have been shown to yield

)

i%sg;addu?te in high_yields. The redetivity of the aromatics
can be explﬁined in tenms of substituent effects. The ilsomer

>

proportions obtéined ip;thewnitration of the 4-X-tolyl derivatives

%, agreed well withhthSEe calcuLated'froh the principle of additivity.

» . 116
o It has been mentione&'in the literature_ that "with the

s x

,w;‘? *
recognition of the phenomena accompanying ipsp attack, they

(partial rate factors) have in many cases IOSt their, simple
significance. The pregsent work Shows that for ‘a large number of

.,

o substituents (X), the assumption»that igso-position has a

:f“ reéctivtty equal to that of the meta position holds good and hence a

1R - v

~ reasonable estimate of the rrue isomer proportions on reaction can g,

. be obtained from theepartial rate factors quoted in the literature.

Ay

Steric effects predominate <in the reactibns*of the tri-substituted

) compoupds‘114—116 apart from which the resuits parallel thoge .

.- expected from the principle of additivity.
* v he 1*Y—37X—6-methyl-6—nitrocycloﬁex&ri;k—dlenes

. isomerize un&é% thermal conditions via.a [1 S]—nitro shift, which

-

has contributions from a concerted 11, Slrsigmagropic shift and a

w



i,

- S -
-

- 204. ¢

- %
A3

stereorandom yet regioselective radical chain process, These are

~

the first known examples of a radical chain process leading to

carbon to carbon [1,5]}-nitro shift in a regioselective manner. When

r

Y=Cl, OMe, these r%actions are also stereoselective and proceed via
inversion of configuration. Kinetic invegtigations have shown that
when Y=0Ac the sigmatropic shift is faster#fhan the radical process.
It should be pointéd out that it 1is necessary to determine the .

percentage versus time plots for thé isomerization of dienes 187 and

o~

190 in the absenge of p-cresol to obtain similar information and:%‘p

substantiate this observation. . e =

These igsomerization reactions have led to the‘synthesis

~y

of several novel adducts bearing secondary nitro groups. Such
adducts have never been obtained by direct nitration. Reactions of-
these dienes in turn have demonstrated the various routes via which

theése can contribute towards the formatiom of 3-nitrotolyl

¢ *

derivatives and 5-X-o-cresyl acetates under various conditions. Use
¥4

of these diénes‘in Diels-Alder reaction with suitable dienophiles

may be investigated in the future.

B

Different intermediates involved in the reactions of the -
ipso-adducts at diﬁfggent acidities have been identified.. For
. 1
dienes bearing the methoxyl group, thé major portion of the
4

reactions proceed via the W,

; which %?ﬁ be trapped by other
nucleophiles abgiower acidittes but collapse to dienones at higher

ie caé:be

regenerated at high acidities onl&tbut at lower acidities re3ctions

M
acidities. From dienes nbt bearing a methoxyl group the W

via 6éher intermediates become jmportant. A large number of -
B REa S f Y "
1,2~-dienes have been prepared from these dienes (100 and 101) by~

-

]

»

L.
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a),aucieophilic trapping of WTe at high acidities

b) by mgdificatioﬁ of the substitdent Y (OAc*OH)l ;.’ v

- . L 129
The dienols 204 and 205 are intermediates proposed to

-

be formed in the nitration reaction with mixed acid. Reactiong of

- +

these dienols at various acidities should provide more precise
’ o )
information regarding the role of ipso-substitution in mixed

4 - i

acid rather than relying on predictlons based on the behaviour of

3

1+

1
2

the dienyl .acetates.
. s © oM ) s, -
"* The nucleophilic ttapping of wie to yield 1,2-adducts is

ier

stereoselective and the adducts have the (Z)—Qqnfigurétioh. A

- mechanism involving steric approach control of the:nucleophile on

-

. e . -
v a the W? can explain the observations. The crystal structures for

o
o
s

- dienes fOl, 190 and 200 are the first to be detegmined'for

cyclohexa-1,3-dienyl derivatives formed by ipéo-nitration.‘

' ," These sttuctures contribute significahtly to the knowledge of
? $tructural features of cyclohexa—-1l,3-dienes. 1In spite of the fact

R " .that-the conformatien of the dienes in solution may vary from what

d ~

| S ,;f ‘, 7 is observed in the solid state, the NMR spectral features of these

T ?;}’: dlqn&é can be explained on the basis of the conformatgongbbtained
ot X . e }
-,” from the crystal structures. . -

- -

i "“Apart from the preparation of large numbers of dienes,
[ Do Y f

Ag the work described in this dissertation also contributes towards the

» . Qreéiospecific synthesis of several aromatic compgunds:
7 s ‘ ¢ ¢ gompgunds :

“

a) 4~X-2-nitrotoluenes (X=Cl, Br, OMe);

o
P

: 7 b) 4-X-3-nitrotoluenes (X=Cl, Br, OMe); .
¢) 4-X-2-Y-tolyl derivatives (X=Cl.“Br, OMe; Y=OH, OAc,
OMe, CL, Br).'.

v

o
-
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Some of these compounds are well known synthetic intermediates and \

. 142
haye been- previously obtained via multi-step synthesis| e.g.
5-ch10ro—A—methoxy—é—nitrotoluene (251), prepared from diene.130 by -

> reaétion with strong acid, is an important intermediate in the

¢

4
synthesis of 1,4-penzodiézepin-2—ones and the present 2 step

' -

§ynthesis‘replacés the earlier 5 step seqhence from

3-amino-4-methoxytoluene. . .
- It may be boséible to design the regioselective synthesis

of nitroestrone derivatives 301 and/for 302 by caembining the

-

nitration reaction gnd aromatization following the thermal

isomerization as shown in scheme 6.1, . ~

€
<

o
”

A ’
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o
v

The scope of the nitration 'reaetion can be extended to

substrates of the type 303 as internal nucleophilic trapping of the

W?e can lead to the preparation of functionalized coumarins as shown

in séheme 6.2,

t
o NOZ
X | ~ x) o
OMe v OMe " '
303 , 303A

X=C=0, CH,, CRH, CRR'
Scheme 6.2

™
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CHAPTER VII: EXPERIMENTAL PROCEDURE.

7.1 Instrumentation:

Melting points are uncorrected and ;ere determined on
Buchi SMP-20 melting poin£ apparatus. Infrared spectra , calibrated with
polyséyrene, were recorded on a Perkin Elmer 283 spegtrometer.
Observations were made on potassium bromide discs for solias and on thin
films between sodium chloride plates for liquids. The absorptions are
repprted in wave num%ers (cm—l)- Proton nuclear magnet;c resonance
spectra of solutions in carbon tetrachloride, chlorofPrd;d, methylene
chloride-d,, acetone~dg, acetic acid-d,, nitromethane-d;, pyridine-ds,
methanol-d,, or benzene-d were recorded on Perkiﬁ‘Elmer R-12B (60MHz),
Perkin Elmer R-32 (90MHz) or Bruker WM 250 (250MHz) spectrometers.
Tetramethylsilane was used as an internal standard. NMR spectra of
nitration reaction mixtures were recorded with the acetic anhydride peak
at & 2.15ppm as the lock signal. Substitution reactions with hydrogen
halides were followed using the ether peak at § 1.85ppm as lock signal.
For all other solutions tetramethyisilane (90MHz) or the solvent
deuterium signal (250MHz) was used as the lock signal. Carbonjl3
nuclear magnetic resonance spectra were recorded on a Bruker WM 250
(62.9MHz) spectrometer using solutions in CDCl3 with TMS as the internal
standard. 1In some cases the CDCl3 peak (6C 77 .0ppm) was used for
calibration. Normally the data polnt resolution (SW, Ol1) was sufficient
to ;chieve the number of significant figures for 5(!H & 13¢y and J. In
‘'some cases resolution enhancement was used to improve on the values
reported. The composition of reaction mixtures reported earlier in this
disgertation, wos obtained directly from the integrated 1H-NMR spectra
of the reaction mixture pri;r to work up. In most cases these values
remained unchanged after work up. Ultraviolet spectra were recorded on

a Beckman DU-8 spectrophotometer, using methanol or methylene chloride as

solvent. ,
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Mass spectra were recorded on a Perkin Elmer Hitachi RMU-7 spectromefer
with 70eV electron impacclionization, or on a Finnigan 3300 gas
chromatography — mass spectrometry system using methane as the carriler
gas for chemical .ionization. Gas chromatography was performed on a
Varian-3700 gas, chromatograph, using a éE 30 glass capillary column. A
standard experiment or analysis involved injection of 1 miFrolitre of a
methylene chloride solution (lmg sample in 2cm3 of solvent) with the
éplitter closed. The temperature was held at 50°C for 3min then
increased to 250°C over 40min and held for 15min. The splitter (1;400)
was opened after 3min. For high perfo=-rmance liquid chromatography a
Varian 5000 liquid chromatography or a Waters Prep LC system waé used.
Elemental analysis was performed’by_Mi&roanalycical Services, Vancouver,
Bricifh Columbia. X-ray diffraction studies’(crystallography) were
performed by Dr. G. Bushnell on Picker 4-circle diffractometer

automated with a PDP 11/10 computer.

7.2 Reagents:

The following chemicals were used without furfther
purification: 4-bromotoluene (Baker), 4—chloroto1uené kEastman),
4-methylanisole, 2-bromo-p-cresol, 2-nitro=p-cresol, 3-nitro-p-cresol,
mesitylene (all Aldric%éggnd p-cresol (Aldrich Gold label). Acetic
anhydride was certified ACS from Fisher. Trifluoroacetic acid,
trifluoroacetic anhydride and dimethyl sulfate were Aldrich gold label
(99+%Z). Fuming nitric acid (Fisher, 300cm3) was purified by distilling
from urea (10g) ;nd sulfuric acid (50039 at 100Pa and stored at -25°C.

Solvents for chromatography inluding pentane (reagent,
Fisher), ether (Fisher) and petroleum ether (reagent, Fisher) were dried
over sodium and distilled before use. Methylene chloride and methanol

(Carelton) were used without further purification. Tetrahydrofuran
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(BDH) for hydride reductions was distilled under argon from potassium

metal and benzophenone and stored under argon. Solvents for high
performance liquid chromatoggaph} were meghylene chloride and hexane
(both Burdick and Jackson).*\Non—deuterated solvents for spectroscopy
were certified ACS (Eastman Kodak). pDeuterated solvents used fqr NMR
spectroscopy were chlofoformd (Aldnich Gold Label), methylene
chloride~-d,, acetonitrile=dj, nitromethane-d;, acetic acid-dj,
methanol-d,, pyridine-dq, acetone-d6; aceticanhydride—dé, benzene-dg,
and tetrahydrofuran-dg (%ei? Sharp and Dohme.)

Silica gel (60—200 mésh, Davison Cémmercial grade H), neutral
alumina (Brockman Activity I) agh alumina }SO-ZOOomesh,‘FisheF)
deactivated with 3% (v/v) distilled water were used for thromatagraphy.
Anhydrous magnesium sulfate was used to dry solutiqns in organic *
solvents.

The following compounds wereiprepared 4n the laboratory:

L-methylacetanilide, (D. L. Fyles),i(Z)-&—t*butyl—6-methy146'

-nitrocyclohexa-2,4-dienyl acetate (Dr. G. S. Bapat),

3-chloro-4-methyl-4-nitrocyclohexa~2,5-dienone (Dr. G. N. Henderson,
R.G.Clewley). Donation of samples of these campounds is gratefully

)

acknowledged.

7.3 Preparation of Starting Materials and Authentic Samples:

.
#

% ¢ 1“38 " . -
7.3.1 Preparation of 2-ghloro-p-cresol (119) R . :

- A mixture of sulfuryl chio;ide (221cm3, H=1.663 D.;?Smol)»and,
p-cresol 219 (27g, 0.25mol) in a.lOOcm3 round bottom flask fitted bich-pJ .
reflux condenser connected thr;ugh a CaClz drying tube to a tra?
containing NaOH soiution was heated in a water bath ghergpsé;ted at §5°C
. .

for lh. Excess sulfuryl chloride was removed on the water-aspirator and

the pure cresol 119 (24g, 68% yield) was obtained by distillation bp:
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¢ N *
143 1 " ) ’
194-198°C (1lit b 195-196°C); H-NMR (250MHz, CDCl3): 8 2.26 (3H, s,
CHy), 5.40 (1H, br s, OH), 6.89 (1K, d, J=8.23Hz, 6-H), 6.97 (1H, dd,

. 13
, J=1.60 and 8.23Hz, 5-H), 7.12 (1H, d, J=1.60Hz, 3-H)ppm;  G-NMR

(62.9MHz, CDCly): 6. 20.2 (CH3), 116.1 (£-6), 119.5 (C-2), 128.9 and

129.3 (C-3 and €-5), 131.0 (C-4), 149.1 (C-1)ppam. .o :

99
7.3.2 Preparation of 3-chloro-p—cresol (120) :

. TrifluoromethaneZsulfonic acid (Scm3) was added to'
A—chloro-&—methyl;cyclohexa—Z,S—diénone (143) (23 .0.016mmol) at -78°C.
The mixture was allowed to warm up to 0°C ;qd gtirred for 20min in an
ice bath. The mixture was neutralised with §odium bica? on%te, diluted
to 150cm3 with water, then extracted with ether (3x50cm ). Tbé ether

: . solutions were combined, washed with water (2x50cm3) anq dried over

anhydrous MgSO,. Removal of ether éave cresol 120 (l.6g, 69% yield) as

a brown odl. A'pért of this cresol was purified by crySCallizatioﬁ fronm

pentane tohyield off white crystals mp: 53-4°C (lic99.55°C); {H-NMR

(gSOMﬁz,'tDc13): ¢ 2.28 (3H, s, CHy), 4.75 (1H, br s, OH); 6.64 (lH, dd,

J=8.20 and 2.60Hz, 6-H), 6.86 (1H, d, J=2¢6Hz, 2-H), 7.06 (1H, d,

J=8.20Hz, 5-H)ppm; I3C—NMR (62.9MHz, CDCl,4): éc’l9.0 (CH3), 114.0 (C-6),

116.2 (C-2), 158.5 (C-4), 131.5 (C-5), 134.6 (C-3), 153.6 (c—l)ppmf

7.3.3 Preparation of anisoles:

In a typical experiment, the phenol was dissolvéd in 16%
aqueous NaOH (1:1 mol proportion) solution. The mixture was cooled #n
‘an ice*bath and dimethylsulfate (1:1 .mol proportion) was slowly added to
it..‘The resulting mixture was refluxed for 3h. Thé mixture was 7
extracted with ether aéd the combined ether so&ucion‘wag waéhed‘with .
- dilute NaHCO4 solutioé and with water; and then dried over anhydrohé’
MgS0,. After removal of ether, the crude anisole was purified by

4 -

distillation. ’ N~
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4

Using this method, the following anisoles were prepared:

(a) 2 chloro—&—methyl anisole (115) (947% yield):

lub .
Bp 214-8°C (lit 215-8°C); IR (neat): 1255 and 1062
(AfOCH;); H-NMR (250MHz, cnc1g)e § 2.20 (3H, s, CHy), 3.79 (3H, s,

”

0CH3), 6.74 (1H, d, J=8.40Hz, 6-H),.6.95 (1K, dd, J=8.40 and 2.03Hz,
S-H), 7.11 (1H, d, J=2.23Hz, 3-H)ppm; Peo -NMR (62.9MHz, CDCl3): §. 20.3
(CH3), 56.3 (OCH3), 112.3 (C-6), 122.2 (C-2), 128.3 (C-5), 130.9 (C-3),

131.1 (C-4), 153.1 (C~1)ppm. ’

(b) 3-chloro-4-methyls anisole (117) (95% yield):
144 , -1
Bp: ZLQ—3°C (1it 212°C); IR (neat): 1240 and 1045cm

(ArOCH;J; g (250MHz, CDCl,): &6 2.29 (3H, s, CH3), 3.76 (3H, s,

- OCH3), 6.70 (1H, dd, J=2.50 and 8.40Hz,” 6-H), 6.90 (1H, d, J=2.50Hz,
2-H), 7.99 (1H, d,‘Jé8.4oéz, S-H)ppm;  C-NMR (62.9%Hz, CDCL3): 4. 18.9
(CHy), 55.5 (0CHy), 112, 8 (€-6), .114:6 (C-2), 127.9 (C-4), 131.2 (C-5),
136.3 (C-3), 158.4 (C1)ppm.

(c¢) 2-bromo-4-methyl-anisole (114) (85% yield):

Tu-

Bpt 125-6°C (L 125-7°C,25um); IR (neat): 1255 and 1050
(ArOCH;): Moweg (250MHz, CDCly): £ 2.20 (3H, s, CHy), 3.79 (3, s,
OCHy), 6:72 (1H, d, J=8.30Hz, 6-H), 6.98 (1H, dd, J=8.30 and 1,50Hz,

1 ‘2

S-H), 7.29 (1H, d, J=1.50Hz, 3-H)ppm;  C-NMR (62 9Hz, CDCl3): &, 19.9

(CH3), 56.1 (OCH;), 111.1 (C52), 111.7 (C-6), 128.7 (C-5), 131.2_(C-4),
'133.5 {C-3), 153.6 (C-1)ppm. ‘ ‘

(d) 4~-methyl-2- nitro anisole (116) (76% yield):

}a
Bp: 272-4°C (lit ©274°C); IR (neat): 1530 and 1350 (noz),
1260 and 1020 (ArOCH,); 'R (250MHz, CDClj): & 2.33 (3H, s, CHj),
3.92 (3H, s, OCH3), 6.98 (1H, d, J=8.55Hz, 6-H), 7.34 (lH, dd, J=8.55

, . 13
and 2.10Hz, S5-H), 7.64 (1H, d, J=2.10Hz, 3-H)ppm; C-NMR (62.9MHz,
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CDC13): GC 19.8 (CH3?, 5%2§ (OCHé), 113.3 (C~6), 125.4 (C-3), 129.9
(C-4), 13ﬁ.B“(C—5), 139.0, (C-2), 150.7 (C-1)ppm.

(e) A—methyl 3-nitro anisole (118) (76% yield): .

Bp: 263-9°C- (11: 8 266-7° C¢); IR (neat) 1527 and 1345 (woz),
1250 and 1035 (ArOCH3); H—NMR (250MHz, CDCl3): 6 2.21 (3H, s, CHy),
3.79 (3H, s, OCH3), 6.72 (1K, d, J=8.35Hz, 'S-H), 6.98 (1H, dd, J=8.35
and 1. 40Hz, 6-H), 7.30 (1H, d J=1. 4032, 2-H)ppm; 13C-NMR (62.9MHz,
coc13):- c . 19+3.(CH3), 55.5 (OCH3), 108.9 (C-2); 119.6 (C-6), 125.2
(C-4), 133.2 (6-5), 149.2 (c—ay, 157.94(C-l)ppm.

7.3.4 Preparation of 2-bromo-6-nitro-p- cresol (149)

Pure cresol 149 was prepared by nitrating 2- bromo p-cresol
(150} (1 87g, 10mmol). The cresol 150 was added' to a ‘mixture of nitric
acid (0.69g, llmmol) and CH2C12 (Scm ) at 0°C and the mixture was

H

stirred for 30min during which time the temperature was allowed to rise
to 25°C. The mi%ture was poured on crushed ice (25g) when the cresol
149 precipitated es a yellow solid. . After filtration the residue was
dissolved_in CHZCI;(ZScmBj,ﬁwashed with water (2x10cm3) and evaporated
to dryness to §ield a yellow'residue‘(Z lg, 90.5% yield) of crescl 149.
Crystallization from methanol- water mixture gave yellow flakes of cresol
149." mp: 69°C (lith 69°C); H— NMR (ZSOMHZ, CDC13) § 2,35.(34, d,
J=O.78Hz‘ CHj), 7. 70 (IH d; J 1.00Hz, 3-#), 7.89 (18, dd, J=1.00 and

'78Hz, 5-H), 10. 97. (1K, br s, OH)ppm, f C-NMR (62. 9HH2, CDCl3): 6C
A20 0 (CH3) 112 8 (C-Z), 124.0 (C 5), 130.6 (C—&), 133 8 (C-6), 151 A
(C-3), 150.0 (C—I)ppm )

7.3.5 Preparation of 2 hramh A—methyl 6-nitrpanisole (147);

-~

'Cresol 149 (lg, 4.3mmol) was metbylated by the procedure

described above using dimethyl sulfate (0.595g; 4:7mmol). Pure anisole
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\ - S 215. g
(0. 92g, 87% yield) was obtained after crysta;llzation from . '

methanol—water mixtures. mp: 45°C; H—NMR (250MHz, CDClz): & 2.37 (3H;

d, J=0. 54322 CHy), 3.98 (3H, s, 0233), 7 52 (1H, dd, J=0.55 and 2.05Hz,
—H), 7.60 QIH, d, J=2.05Hz, -H?ppm; C-NMR (62 9MHz, €DCl3): 6 20. 3
(CHy), 62.5 (0CH;), 119.2 (C-2)% 124.5 (C-5), 135:6 (C-4), 138.1 (C-3),

144.9 (C~-6), 148.5 (C-1)ppm. = . .. '

4

¥

;7.4 Nitration Reactions: ) . T L a

- 4

{(a) Nitration of 4—chlorotoluene (111): ° . ’

A nitrating “mixture was prepared by the ‘careful addition of ,

_acetic anhydrlde (75g,.0. 73mmol) with stirring to freshly distilled.
nitric acid (18.9g, 0.3mmol) at -78°C. After tne completion of .
addition, the mixture was darmed‘to 0°C,'§tirred for L5min at O°C and

cooled to -40°C. Trijluoroacetic anhydride (20 8g, O. ISmmol) was then v
sldwly added t; the mixture at =40° C.. A solutidn of 111 (18 99g,
0.15mol) in acetic annydride leg,”O.lSmol) was added dropwise over

30min to the nitratinglmixturejat —&0°C - After the addition, the
reactidn mixture was stirred for lh at —40 C, cooled to -78°C and
:poured into- ether (80cm3) at -78°C contained in a 3dm3, three necked

round bottomed flask fitted with a mechanical stirrer. Ammonium

hydroxide (6.5mol, hSOcn3j wag added.in small pqrtiqne to the stirred
mixture * After the addition was complete, stirring was continued for

Lh, during which the mixture warmed to roOm temperature The ether'

layer was separated and the-resxdue was washed with ether (400cm3) The
combined ether'solution was washed with cold water (4x300cm3) and dried.

Removal of ether.on the rotonvapor at 15°C yielded a brown oil (3lg).

1
The H-NMR spectrum of the- crude mixture indicated the presence of 0% .

(Z)v3;ch1oro-6vmethyl—6—nic:ocyc1ohexa-
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3

-2,4-dienyl acetaée (100), 13% 4-chloro-3-nitrotoluene (122) gnd 177
4-chlo®o-2-nitrotoluene (121). .

Crystallzzation from ether pentane (SOcha, 1:4) gt‘—zogc‘
afforded crude diene 100 (12g), which.dn réc;ystallizétion gave
colorless crystals, mp 49-50°C; IR §K3r3‘1740 and'lZ%O'(OFOCH3), 155§
and 1375 (NO,)i UV (CH30H):~263nm (=390 nomol”); H-NMR (250MHz,
.CDCl5):6,1.78 (3H, s, CHy), 1.59 (34, s, qugﬁﬁ),'5.53 (1H, dd, J=6.13
land 1.65Hz, i—H); 6.03 (1H, dd, J=10.20 and 1.97Hz, 4-H), 6.12 ({H, ddd,
J=6.}5, 1,97 and 6.61Hz, Z—H); 6.55 (1H, .ddd, J=10.EO, 1£65 and 0.6lHz,
5-H)ppm; kaC—NMR (CDCL 3, 62.9MHz): 8¢ 20.6 (0OCOCH3), 23.2 (6—CH3)Z 70.2
(C-1), 87.2 (C=6), 118.1 (C-2), 126.1 (C-4), 129.4°(C-5), 133.6 (C-3),
169.5 (0COCH3); analysis:-C 46.672,.H‘4.35%, N 6.0521(calculated for
C4H oNO,CL: C 46.61%, H 4.20%. N 5.927). ° 7 . 7

.(b) Nitratien of 4-bromoteluene (110):

A solution of 110 (17.07g, 0.lmol) in acetic anhydride
(10.21g, 0.lmol) was added dropwise with stirring over 30Omin
éo a mitrating mixture at -40°C, prepared in the same way és described
above from nitric dcid (12.64g, 0.2mol), acetic ahhydride (Sltlg,
0.5mol) and trifluroacetic anhydride (21.05g, O.lmol). After complete
addition the reaction mixture Wwas stirred for an additional 90min a?
-40°C and then‘;orked up with NH,OH as described before to yield a
reddigh—brown oil (25.51lg). The 1H-:NMR spectrum of the crude mixture
indicated the composition was 64% (Z)-3—bromo~6vmeth;l—6-
nitrocyclohexé—Z,A—dienyl~;cetate (le), éZ h—bromo-é—Aitfdﬁoluene
(124) and 28% A—bromo-z—nigéioiuen; (123).,

Crystallization from ether-pentane mixture at -29°C afforded

crude diene 10£2(9g) as pale yellow crystals, which was purified by

o

recryg@allizaqion. ‘mp: 48-49°C; IR (KBrj: 1745 and 1230 (OCOCH3), 1555
' 4

4

’
1
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and 1365 kNoz); UV (CH,CL,): 266.4nm (e=350 mzq,i;fl.);; H-NMR (cpcl,,
250MHz):6 1.77 (3H, s, CH3), 1.98 (3H,"s, QCSCH3),'5.45 (1H, dd, J=6.15
and 1.76Hz, 1-H), 6.13 (1H, dd, J=10.23 aﬁd 1.80Hz, 4-H), 6.37 (1H, ddd,

*J=6.15, 1.80 and 0.55Hz, 2 H), 6.45 (1H, ddd, J=10.23, 1.76 and 0.55Hz,

N 1 . - .
-5-K)ppm;’ . C-NMR (CDGLg, 62.9MHz): 4, 20.6_(OCOCH3), 23.1 (6-CHy), 70.4

(G-1), 86.8 (C-6); 122.8 (C-2),- 122.f (c~3), 127.8 (C-4), 128.5 (C-5),
‘IGQ.Q (0COCH3); anélySié: C 39.36%, H 3.52%, N 5.047% (calculated for
TG N0 Br: C 39.15%, H 3.65%, N 5.07%)..

(c) Nitratdon of A—methylgnisole (112):

. A solutlon of 112 (54.6g, O. 445mol) in acetxo _anhydride
(45 4g,~0 445mol) was addedfdrOpwise with stirring at -40°C over 30min
to a nitrating mixture prepaﬁed from, :}tric acid. (56g, 0. 89mol) and
agetic anhydride (181.55g, 1. 78mol)¢ After complete addition, the
mixture was stirred for 30§in at —40 c, then transﬁerred -into a three
necked 3dm round bottom flask fitted with, .2 mech#nical stirrer, a low

Vi *;

temperature thermometer, an ammonia condense;,and eontaining 1l.5dm

halid

ether at -78°C. Ammonia was condensed intorthg“mixture until the
temperature which haérrisen to ~-60°C fell aéaig‘to -78°C. At this point
the mixture was alkaline to litmus. Excess ﬁﬁé was removed on the
aspirator. During the removal, the tem{Zrature was allowed to rise to
0°C over a period of 60min;'after which time the mixture was neutral to
litmus. The ethgr layer was decanted into a separating funnel and the
resiéue was washed with more ether (750cm3). The combined ether
solytion was washed with cold distilled water (4x500cm3) and dried.
Removal of the ether at 15°C yielded a redéish brown oil (80g5.- The
1H—NMR spectrum of this milxture indicated the composition was 30%

(Z)—3—methox§—6-methyl~6~nitrocyclohexa—z,a—dienyl acetate (102), and

Y

s~
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_70% 4-methyl-2-nitroanisole (116)."

Crystallization from ether-pentane mixture at -20°C afforded
in three spcceosive crops crude diene 102 (26g), which on
recry;tallizatiod yielded colorless crystals’of diene 102, mp:
- 101.5-103.5 °C ; IR (KBr): 1735 and 1235 (0COCH3), 1545 and 1370 (NOj),’
1450 (OCH3); UV (CH2C12) 271.3nm (5—290m mol )s H—NMR (CDCl4,
250MHz): & 1. 77 (34, s, CH3), 1.95 (3H, s;fOCOCH3), 3.60 (34, s, OCH3),
4.97 (1H, dd, J=6.57 and 1.75Hz, 2-H), 5.62 (lH, dd, J=6.57 and 1.52Hz, &
ITH)’ 5.93 (iH, dd, J=10.20 gnd 1.75Hz, 4-H), 6.56 (lH, dd, J=10.20 and
1.52Hz, S-H)ppm; — C-NMR (cpcl 5, 62.9MHz) ~ 6, 19.6 (OCOCH3), 22.6 (CHjy),
53.8 (OCH;), 70.8 (C-1), 37.3'(C—6L, 87.8 (C-2), 122.7 (€-4), 128.4
(C-5), 155.2 (C-3), 168.6 (oﬁdtﬂ3)ppm; Ana1§sis q*séloo%, H 5.94%, N°
6.14%; (calculated fdf CoH;3NOg: C 52.86%, H 5.77%, ﬁ 6.167%). =

(d) Nitration of 4-acetamidotoluene (113):

<

Finely powdered 113 (1.49g, 10mmod) was added " to a nitrating
mixture prepared from nitric acid ﬁ3.l§g, 5Cmmol), acetic anhydride s
(15g, 150mmol) and trifluoroacetic anhydride (2.lg, 10wmol). at -40°C.

The mixture, was éfirred at -40°C for 2hd cooled to -78°C and added to
. 3 e 3
ether (500cm ) at —78°C. Ammonium hydroxide (100cm , 1. kmol)‘was slowly

added w1th stirring and the mixture was stirfed for an additional 2h at

(

" -78°C. The;ether layer was decanted and storeq at -78%C. The residue

4-'

was dissolved in cold water (250cm ) in:a separating {unnel previously !
" cooled to -20°C. Thq combined soldtion was quickly washéd with cold Sy
. 3 v L% X >
brine (4x250cmh), dried atd—78°C and filtered through a .jacketed oo,
3 ~ ¥
filtering funnel ( 78° C) into a ldm round bottom flask, cooIed to
2
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The éther was remoqu on a rotovapor connected to a high__
vacuum pump via a dry kce condenser folloyed by three lfqhié nitrogen
traps. The evaporation'flask was maintained at -40°C. ThkaH-NMR
spectrum of the yellow residue (2g) obtained, taken at -40°C, indicated
the presence of 357 (23—34écetamido—6-methyl-6-nitrocyclq exa-2,4-dienyl
acetate (133)1 and 65% 4-methyl-2-nitroacetanilide (125}:§ The m{xture'

was chromatographed on activated 'silica gel (mesh size 60-200, 75g)

RS

% - 3 *
contained in a’jdcketed filtering funnel (4xl5cm ) cooled to -78°C.

S;;vent used as eluent was cooled, in a jacketed dropping funnel, to
—§8°C under nitrogén. \All fractions were collected in flasks cooled to
~78°C, and e?aporated below -40°C. Elution first with 607 ‘
ether-petroleum ether and with 807% ether—petroleum ether gave pure 125
mp: 95-96°C (1it14 96°C); H—NMR"(ZSOMHZ, CDClg): § 2.22 CBH, s, CHj),
2:32 (3H, s, NHCOCH3), 7.38 (1H, dd, J=1.85 and 8.70Hz, 5- H), 7 92 (1H
d, J=1.85Hz, 3-H), 8:54 (1H, d, J=8.70Hz, 6-H), 10.12 (lH, s, NH)ppm;
1'3C—NMR'(62.9'}'1}12, CDC1l3): 60‘20.5 (CHj3), 25.5 (NHCOEgé), 122.2§2p—6),‘

125.5 (C-3), 132.5 (C-4); 133.5 (C-1), 136.4 (C-2), 136.8 (C-5), 168.9

%
-y

(NHCOCH3). The 90% ethég—pet;oleum ether fraction contained 30% of 125

and 70% of diene 103. . .

-

The mixture of 125 and 103 (~506mg) wag rechromatographed on

siiica gel (75g) under therame‘conditions. Pure diene 103 was eluted

with 1007 ether fraction and was used for characterization without

. fucther purificaiion. 'g-NMR (CDC13, 250MHz, -32°C): 6 1.78 (3H, s,

CH3), 1.95 (3H, s, ococu3), 2.10 (33, s, NHCOCH;), 5.62 (1H, dd, J=6.55

~and 1.53Hz, 1-H), 6.09 (1H, dd, J=10.30 and 1.70Hz, 4-H), 6.49 (1H m,

, 2-H), 6.61 (1H dd, J=10.30 and 1. 53Hz, 5-H), 7.64 (lH, m, NH)ppm,

13
C-NMR (62.9MHz, c9013—32 C): & 20.7 (OCOCH3), 23.3 (cﬂa), 24.5

¢

Y
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(NHCOCH3), 70.3 (C-1), 87.7 (C-6), 102.6 (C-2), 122.7 (C-4), 129.1
(C-5), 134.3 (C-3), 169.2 and 170.0 (6gpocy3 and NHCOCH,)ppm.

(e) Nitration of 2—chloro—4-methylansiole (115):

Anisole 115 (7.8g, 0.05mol) was added to a nitrating mixture
prepared from nitric acid (6.3g, Ollmo}) and acetic anhydride (25.5g,
0.25m0l) at -40°C, ovér a.period of 2min. Afrer stirring for lh at
-40°C the mixture was cooled to <i§iji: At this stagethé lH-NNR
spectrum SQ?weQ that the composition was 497% (Zj—4—chloro—3-methoxy—
-6-methyl-6-nitrocyclohexa-2,4-dienyl acetate (130), 18% |
2-chloro;4—methyl—4-:1trocyclohexa—é,S—dienone (134) and 33%
2—cgloro-4—methyl-6—nitroanisole (136). The migtuﬁé was poured into
ether (500cm3) at -78°C.

r

Ammonium hydroxide (75cm3, l.Imol) was slowly added to this
mixgure’;nd stirring was continued for lh. The ether layer was
separated and tpe residue was dissgqlved in,waté%?(200cm3) and extracted
with ether (2x100cm3). The é@mbined ether solution was washed with
Qater ({xlSOcm3), dried énd concentrated on the rgto&apor at 15°C to*
yield a heterogéﬁous PixLuce. 9rude (Z)-h—chloro-3-methoxy—6—methy1—
-6-nitTocyclohexa—2,A-dién;l acetate 130 (5.2g) was thainéd on.
filtration. Removal of egher fro; the filtrate gave a yellow oil (6g);
The 1H—NMR specfrum of this oil indicatéd the presence of.10.5%
unchanged anisole 115, 56.5% of 136, 22.5% of 137, 5.5% o
2—ch16ro-47methyl—4—nitrocycIohéxa-z,S—diedyl dimethyl ketal (135) and
4% diene 130.

Pure diene 130 was obtained as whige crystals after

recrystallization from ether-petroleum ether mixture at -20°C. It had

mp 82°C; IR (KBr):r 1735 and 1230 (OCOCHj), 1546 and 1360 (NO,), 1235
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(OCH;), 665 (C-Cl); UV (CH,CL,): 275.6nm (e=123.7 nmol ); | H-NMR
(250MHz, CDC1,): 6 1.80 (3H, s, CH3), 1.97 (3H, s, OCOCH3), 3.68 (3H, s,
OCHz), 5.12 (1H, d, J=6.45Hz, 2-H), 5.60 (lH, dd, J=6.45 and 1.85Hz,
1-H), 6.73 (1H, d, J=1.85Hz, 5-H)ppm; Po-mr (62912, CDCly): 6, 20.7
(OCOCH3), 23.5 (CHs), 55.8 (OCHy), 71.2 (C-1), 88.7 (C-6), 91.1 (C-2),
126.2 (C-5),-127.6 (C-4), 152.4 (C-3); 169.6 (ogpch3)pp;; analysis: C
45.70%, H 4.55%, N 5.22%; (calculated for C,,H;,NO,Cl: C 45,90%, H

4.62%, N 5.35%). ;
. L)

(f) Nitration of 2-chloro-p=cresol &119):

A nitrating mixture was prepared from nitric acid (1.89g,
0.03mol) and acetic anhydride and cooled to -45°C. To this mixture
cresol 119 (1.42g, 0.0lmol) was added and stirred for 10min then cooled
to —78°C: The.lﬂ—NMR spectrum of this mixture.at this stage indicated
the presence of 58% 2-chloro-6-nitro—p-cresol (137) and 427% of
Z—phloro—érmegﬁyl—&—nitrocyclohexa—z,S—dienone (134).

The reaction mixture was poured into ether (200cm3) at -78°C,
and neutralized with excess NH,OH (35cm3, 0.5mol). After stirring the
miiture for lh at -78°C, the ether layer was separated and the régidue
diluted with water (160cm3) Qas extracted with cold ether (2x50cm3).
The‘égmbined ether solution was washed with water (Ax7§cm3), dried
and filtered through a jacketed filfering funnei cooled to -78°C. The
ethef was removed from the filtrate at -40°C. The 1H—NMR spectrum of
the remaining residue indicated the presence of 12% c;esol 137 and 887%
dienone 134, L - '

¥ The mixture was dissolved in 80% ether-petroleum ether
(30:60) (ZSOcma) and filtered through basic alumina (150g) contained in
a jacketed filtering funnel éooled to -78°C. The alumina was washed

* 3
with 80% ether - 20% petroleum ether (250cm ) followed by 100% ether
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.(250cm3). After removal of the ether at -50°C, the filtrate and the
washings yielded pure dienone 134: 1H—NMR (250MHz, CDClg, -40°C): § 2.04
(5H, s, CH3), 6.52 (1lH, -d, J=10.12Hz, 6-H), 7.20 (1H, dd, J=10.12 and
2.80Hz, 5-H), 7.34 (1H, d, J=2.80Hz, 3-H)ppm; 13C-—NMR (62.9MHz, CDClj,
-40°C): GC 25.1 (CH35, 84:6 (C-4), 128.4 (C-6), 137.5 (C-3), 142.0
(E—S),‘IAZ.Z (C-2), 198.5 (C-1)ppm.

(g) Nitration of 3-chloro-4-methylcdnisole (117):.

Anisole,117 (78mg, O.5mmol) was added to a nitrating mixture
prepared from nitric acid (63mg, lmmol) and acetic anhydride (510mg,
Smmol) at -45°C. After 3min at -45°C a 1H-NMR sample was withdrawn and
the reaction at -40°C in the probe was followed by lH-NMR. After 35min
the reaction was complete and there was present 267% 3-chloro-4-methyl-2
-nitroanisole (138), 51% S5-chloro-4-methyl-2-nitroanisole (139) and 237%
3-chloro-4-methyl-4-nitrocyclohexa-2,5-dienone (140). |

‘ éimilar product mixtures were cobtained from different
reaction mixtures.using: (a) 1.5 mol proportion of nitric acid and 19
mol proportion of acetic anhydride at -40°C and (H) 2 mol proportion of
nitric acid, 10 mol proportion of acetic anhydride together wiéﬁ a lmol

proportion of trifluoroacetic anhydride at -60°C.

(h) Nitration of 3-chloro-p-cresol (120):

Cresol lib (450ayg, 3.4mmol) wés added dropwise over a period
of 5min to a nitrating mixture prepared from nitric acid (270mg,
4.28mmol) and CHCl, (Acma) at -60°C. The mixture was stirred for 30min
during which the temperature wasrallowed to rise to ~40°C. The 1H—NMR
spectrum of the mixture at this stage indica¥ed the composition as 22%
3-chloro—4-methyl—@fnitFocyclohexa—Z,S—Hienone (140), 252,
3—chloro—2—nitro—p:cresol (141), and 53% 5-chloro-2-nitro-p-cresol

(141). 1t w}s then cooled to ~78°C and transferred onto an aluina

-
.
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‘(basic, 30g) column cooled to -78°C, and kept under argon. The column

was eluted with ether (50cm3) followed by CH,Cl, (200cm3). The eluents
were collected in a receiving flask cooled to -78°C, and evaporated at
-50°C to-yield pure dienone 140 (70mg) as a colourless liquid. 1H—NMR
(250MHz, CDCljy, -50°C): § 2.0l (3H, s, CH3), 6.50 (lH, dd, J=9.95 and
1747Hz, 6-H), 6.é9 (1H, d, J=1.47Hz, 2-H), 6.95 (1H, d, J=9.95Hz,
5-H)ppm; l3C—NMR (62.9MHz, CDCly, -50°C): 8¢ 22.3 (CHy), 87.4 (C-4),
129.1 (C-2), 130.0 (C-6), 141.4 (C-5), 148.0 (C-3), 18l.7 (C-l)ppm; The
dienone decomposed to an equimolar mixture of cresols 141 and 142 at 0°C
over a period of 10min. The alumina after isolation of the dienone was
stirred with concentrated HCl acid in methanol (1:9 v/v) (200cm3). The
filtrate was evaporated to dryness to yield a mixture of cresols 120,
141 and 142.

“The mixture was separated by chromatography on a silica gel
column (80g) using ether-petroleum ether miRtures as eluents. The
fractions eluted with 5% to 10% ether soluti%ns contained pure cresol
142. Mixtures of cresols 142 and 120 were gbtained on elution with 20%
ether solutions. Pure cresol 120 was eluted in later 20% ether
fractions. Elution with 40% to 80% ether solution gave pure cresol l4l.
Cresol 142 crystallized from ethex-petroleum ether mixtures as yellow
flakes. It had mp- 69-70°C; IR (KBr): 3500 (OH), 1569 and 1320 (NO,); UV
(CHpCly): A 36lnm (=580 nmol” ), 29lam (e=1167 m mol™'); H-NIR
(250MHz, CDClg):8 2.35 (3H, s, CHy), 7.18 (1H, s, 6-H), 7.97 (1H, s,
3-H), 10.43 (1H, s, exchanges with D,0, OH)ppm; 13C-NMR (62.9MHz, CDCL,¥
6C19.1 (CHg), 120.1 (C-6), 120.4 (C-4), 126.0 (C—B), 128.8 (C-2), 144.2
(C-5), 153.4 (C-l)ppm; MS (70ev, EI), m/e (relative intensity): 189(16),

187(48), 157(20), 129(23), 90(16), 77(100); exact mass: found 187.003
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(calculated for C7ﬁeNOjSCl 187.003).

Cresol 141 was 6btained as brown crystals: mp 68.5°C; IR
(KBr) 3360 (OH), 1530 and 1390 (NO,); UV (CH,Cl,): Aax 365nm (e=219
mzmol—}), 286nm (=403 mzmol-l); H-NMR (250MHz, CDCly):é 2.37 (3H, s,
CH3), 6.97 (1H, d, J=8.70Hz, 6-H), 7.33 (1H, d, J=8.70Hz, 5-H), 8.80
(1H, brs, OH)ppm; 13C—NMR (62.9MHz, CDC13):6C 18.9 (CHy), ll6.1 (C-6),
126.7 (C-3), 129.5 (C-4), 134.7 (C-2 and C-5), 151.0 (C-1)ppm; MS (70ev,
El), m/e (relative intensity): 189(14), 187(41l), 157(17), 105(13),
93(10), 77(100); exact mass: found 187,003 (calculated for C7H6N03§Cl:
187.003).

The composition of the reaction mixture prior to .
chromatography was determined f}om a separate reaction using cresolpIZO
(7lmg, O.5mmol) and nitric acid (47.5mg, O.75mmal) in CDCla-(O.Scma).
The lH—NMR spectrum of the reaction mixture indicated the presénce of

39% diengne 140, 32% cresol 141 and 29% cresol 142.

(1) Nitration of 2-bromo-4-methylanisole (1l4):

Anisole 114 (8g, 0.05m0l) was added over a period of 2min to
a nitrating mixture prepared with nitric acid (7.56g, 0.12mol) and
1
acetic anhydride (204g, 0.2mol) at -40°C. The H~NMR spectrum of the

reaction mixture indicated the presence of 307%

"Z-4-bromo-2-methoxy-6-methyl-6-nitrocyclohexa-2,4-dienyl acetate

(146), 27% 2-bromo-4-methyl-4-nitrocyclohexa—2,5~dienone (148) and 43%
2-bromo-4-methyl-6-nitroanisole (147). The mixture was stirred for
40min, cooled to ~78°C and poured into ether (450&&3) at -78°C.

The IH-NMR spectrum of the crude mixture (8.6g) after low temperature
work up with ﬁHQOH indicated the presence of 16% ’ N
2-bromo-~6-nitro-p-cresol 149, 38% (Z)-4-bromo=-3-methoxy—-6-methyl-

-
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6—nf€}ocyclohexa—2,ATdiepyl acetate (146) and 46% anisole 147. o
Cryetallization of the mixture from et;er—petroleum ether
mixvture yielded pure diene 146 (1.05g) as pale yellow crystals. mp:
85°C; IR (KBr): 1749 (OCOCH3), 1550 and 1320 (NO,); LV (CH,CL5): 280.5nm
(e=232 mzmol—l), 235.6nm (€=é88 mzmol—l); 1H—NMR (250MHz, CDCly):¢ .1.80
(3H, s, CHy), 1.98 (3H, s, OCOCH,), 3.67 (3H, s, OCHj), 5.09 (1, d,
J=6.62Hz, 2-H), 5.59 (1H, dd, J=6.62 and 1.91Hz, 1-H), 6.99 (1lH, d,
J=1.91Hz, 5-H)ppum; ! C-NMR (62.9MHz, CDCljy): & 20.7 (OCOCH5), 23.2
(CHg), 55.8 (OCH33, 7F.1 (C-1), 89.3 (C-6), 90.5 (C-2), 117.3 (C-4),
130.4 (C-5), 152.5 (C-3), 169.6 (OCOCH,)ppm; Analysis: C 39.20%, H
3.70%, N 4.69%; (calculated for Cy,H,,NOgBr C 39.23%, H 3.95%, N
4.57%).

(j) Nitration of 4-methvl-2-nitroanisole (116) in the presence of

trifluoroacetic anhydride:

A mixture of anisole 116 (4.4g, 6.028@01) and acetic
anhydride (7g, 0.068mol) was added to & nitrating mixture prepared froe
nitric acid (8.8g, 0.l4mol), acetic anhydride (35g, 0.34mol) and
:rifluoroacetic anhydride (5.885, 0.028mol) at -20°C. The mixture was
stirred for 30min, cooled to -78°C and poured into a mixture of aqueous
sodium bicarbonate (160g,‘2m01 in 750cm3) apd ether (ldma). The mixture
was stirred for 2h (pH=8) and the ether layer was separated. The
aqueous layer was extracted with ether (2x500cm3). The combined ether
solution was washed with saturated brine (4x500cm3), dried and then
evaporated to dryness on the rotorvapor at ambient temperature. The

H NHR spectrum of the yellow residue (5.5g) dindicated that it was 88%
of a mixture of dienes and 127% A—methyl 2,6-dinitroanisole (1535).
~ The residue was triturated with ether (ZSOem3).‘ The residue

(1.1g) obtained on filtration contained 80% (Z)-3-methoxy-6-methyl-
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2,6—dinitrocyclohexa-2,é-dien;l acetate (151) and 207% of'thé (E) isomer
(152). 'Fractiénal cr&stallization of the residue from CH,Cl,at -20°C
gave 152 (88mg) as the first crop, followed by a mixture of 131'152, and
82% lSi in the second crop (200mg). Pure diene 151 (200mg) was obtained’
in the third crop. o

Crystallization from the filtrate gave puré diene 151
(500mg). Only mixtures were obtained on'further crystallization from
the mother liquor and the remaining mixtu-re was therefore ‘
chromatographed on a silica gel (125g) column at —40°C. Mixtures (10,
20, 25, 30, 40, 50, 75 and 100)% of ether and petroleun ether were used
as eluents. Pure l-methoxy-4-methyl-2,4,6-trinitrocyclohex-2- ’
-enyl-1,5-diacetatce (153) was obtained in the 10% ether fraction.
Anigole 155 was obtained in the 20-25% ether fractions. Pure
(Z)-3-me£hoxy—6-methyl—4,6—dinitrocyclohexa—2,A-dienyl acetate (154) was
obtained after crystallization of the residue from the 307 ether
fractions. Later fractions contained mainly mixtures of anisole 155 and
4-methyl-2,4-dinitrocyclohexa-2,5-dienyl dimethyl ketal (156) which
_could not be separated. All dienes were purified by recrystallization
from ether-petroleum ether mixtures at'-Zsz. Diene 152 had mp 138°C;
TR (KBr): 1755 (OCOCHj3), 1586 and 1565 (NO,), 1210 (OCH;); UV (CH,Cly):
ooy 336-4nm (=800 nmol”); H-NMR (250Mz, cDCly): § 1.79 (3H, s,
. CHy), 2,10 (3H, s, OCOCHy), 4.04 (3H, s, OCHs), 6.36 (1H, dd, J=10.20
and 1.61Hz, 5-H), 6.71 (1H, d, J=10.20Hz, 4=H), 7.04 (1H,.d, J=1.6lHz,
1-H)ppu; t MR (62.9MHz, CDCl3): ¢

C
(0CH;), 68.2 (C-1), 86.3 (C-6), 122.4 (C-4), 124.3 (C-2), 135.6 (C-S){; '

20.5 (OCOCH;), 21.8 (CHj), 58.1

156.5 (C-3), 169.2 (0Cuun,)ppm; Analysis: C 43.93%, H 4.23%, N 10.09%;
(Calculated for Cloﬁlzﬁzo-]: C 44'122, H 4.44%, N 10.29%).

Diene 151 had mp 112-4°C; UV (CH,Cl,): 335.6nm (e=812

E
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nZmol ), 238.9nm (3"239 mzmol 5; IR (KBr) 1755 (OCOCH3), 1586 and
1565 (NO,), 1210 (OCHj); '-NMR (250MHz, CDCL3): 6 1.88 OH, s, CH3),
1.97 (3H, s, OCOCH3), 4.03 (3H, s, ocua), 6.47 (1H, d, J=10.60Hz, 4-H),
6.57 (18, d, J=2.06Hz, 1- H), 7. 09 (1H, dd, J=10.60 and 2. 06Hz, -H)ppm;

13
C-NMR (62.9MHz, CDCl3): &,

70.4 (C-1), 88.9 (C-6), 117.2 (C-4), 123.7 (C- 2), 1383 (C-5), 155.9

20.4 (OCOCH3), 22.8 (CH3), 58.0 (OCHj),

(C-3), 168.4 (OCOCH3)ppm, Analysis: C 44.11%, H 4.10%, N 10.02%
(calculated for C,oH,,N,0,, C 44.12%, H 4.46%, N 10.29%).
Compound 153 had mp 134°C; UV (CH,Cl,): 244.3nm (e=257

2 -1
m mol ); IR (KBr) 1790 and 1755 (OCOCH;), 1545 and 1560 (\02), 1190

o3

OCH;); H-NMR (250MHz, CDCl,): 5 1.88 (3H, s, CHj), 2.07 (3H s,
0COCH;), 2.21 (38, §, C,~0COCH;), 3.66 (3H, s, OCH3), 5.72 (1H, d,
J=11.80Hz, 6-H), 6.33 (1H, d, J=11.8Hz, 5-H), 6.96 (1H, s, 3-H)ppm;
13c—xga (62.9MHz, CDCL3): 4, 20.1 (OCOCH3), 20.9 (OCOCH3), 22.2 (CHjJ,
53.4 (OCH;), 68.0 (C-5), 87.3 (C-4),/B7.6 (C-6), 95.1 (C-1), 130.1
(C-3), 148.5 (C-2), 168.1 (OCOCH, 3), 168.7 (0COCHs)ppm;  Analysis:

C 37.95%Z, H 3.87%, N 10.70%; (calculated for C;,H; N30y, C 38.20%, H
4.00%, N 11.10%).

&

Diene 154 had mp: 99-100°C; UV (CH,Cl,): 248.9nm (=204

2 ~1i { .
‘m mol x); IR (KBr): 1745 and 1010 (OCOCH3), 1545 and lﬁéO (NOZ), 1060

1 .
(OCH3); H-NMR (250MHz, CDCl;): 6 1.88 (3H, s, CH3), 1.99 (3H, s,
ogoca3j, 3.71 (3H, s, OCH,), 5.27 (lH, d, J=6.70Hz, 2-H), 5.64 (lH, dd,

I3

J=6.70 and 2.02Hz, 1-H), 7.29 (1H, d, J=2.02Hz, 5-H)ppm; C~NMR
(62.9MHz, CDCly): 4, 20.6 (ocogﬁ%), 22.5 (CHj), 56.1 (OCHj), 70.7 (C-1),
5 (C-6), 93.5 (C-2), 127.3 (C:5), 145.4 (C~4), 149.3 (C-3), 169.4

#
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(OCOCH3)ppm; -Analysis: € 44.12%, H 4.44%, N 10.20%; (calculated for - ,

CroH 2N207, C B4.12%, H 4.44%, N 10.20%). .
Y

3

: 146 . :
~ -The anisole 155 had mp 122 °C (1lit 122 °C); H-NMR

(250MHz, CDC1;): & 2.48 (3H, s, CHy), 4.04 (3H, s, OCH;), 7.85 (2H, s,

1

13
3-H and S-H)ppm;  C-NMR (52.0MHz, CDCly): &, 20.3 (CHy), 64.5 (OCHz), 7

129.2 (C-3 and C-5), 134.9 (C-4), 144.8 (C-2 and C-6), 145.1 (C-1)ppm.

i

(k)'Nitration of 4-methyl-2-nitro anisole (116) at 0°C in the absence of

trifluoroacetic anhydride:

3

<

Anisole 116 (8.35g; 0.05mol) was added dropwise over Z2min to
a nitrating mixture, prepared from nitric acid (9.45g, 0.15mol) and
acetic anhydri&g (51g,- 0.5mol), at -40°C. ‘The reaction mixture was
warﬁed to 0°C and stirred on an ice bath for 1h, then poured {ato cold
ether (SOOcma, ~-78°C). The precipitate which formed was filtered off in

a jackeged filtering funnel (~78°C). The—?esidue was dissolved in
CH,Cl, (ipOcmB) and washed with 10% aqueous NaHCO, (3x150cm3). This
solutioh was d;ied and evaporated to dryness, The residue after
crystallization from ether-petroleum ether mixture at -20°C yielded pure
dieée 151 (3.5g).

The original filtrate was placed in a de3 three necked round
bottom flask fitted with a mechanical stirsrer and cooled to -78°C.
Ammonium hydroxide (ZDOcma, 3mol) was slowly added and the m{xture was
stirred for 2h. The 6fganic'1ayer was decanted, washed with water
(3x250c§?), dried and evaporatéd to dryness, to yield a yellow residue
(2.05g).) The lH—NMR spectrum of this mixture indicated the presence of
75% diene 154 and 25% anisole 155. Crystallization f;om ether-petroleum

ether mlxture gave pure diene 154 (550mg). The ammonia solution after

- 3
separation of the organic layer was diluted with water (250cm ) and
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extracted with ether (2x250cm3). The ether layer was washed with
saturated brine (2x200cm3), dried and evaporated to Hryness to yield a
brown residue (3g). The lH—NMR spectrum of this mixture indicated the
composition as 75% anisole 155 and 25% diene 154.

(1) Nitration of 4-methyl-3-nitroanisole (118):

Anisole 118 (1.169mg, 7mmol) was added to a nitratiag mixture
prepared from nitric acid (2.205g, 35mmol), acetic anhydride (7g,
70mmol) and trifluroacetic anhydride (2.94g, l4mmol), at -40°C. The
resulting slurry was stirred for 30min at -40°C and then poured into
ether at -78°C. The lH—NMR spectrum of the red solid residue (1.38g)
after NH,OH work up indicated the presence of 29% 4-methyl-2,5-dinitro
anisole (158) and 71% of 4-methyl-2,3-dinitrolanisole (157).
Crystallization of the residue from ether—-petroleum ether mixt;re gave
‘anisole 157 (300mg), which wéé purified by recrystallization. It had
mp: 132°C (lit1149 132-133°C); lH-NMR (250MHz, CDClg):48 7.17 (1H, d,
J=8.80Hz, 6~H), 7.43 (1H, d, J=8.80Hz, 5-H)ppm; 13C—NMR (62.9MHz,
CDCl3): 6Cl7.2 (CH3), 57.1 (OCHj3), 115.9 (C-6), 122.6 (C-4), 134.5 (C-5
and C-2), 143.3 (C-3), 150.0 (C-1)ppm.

¢
The remaining residue was separated by chromatography on a

silica gel column. Anisole 157 was eluted with 10% ether - 90% ’
petroleum ether mixtures, and the anisole 158 eluted with 60% ether -
40% petroleum ether mixtures. After crystallization pure anisole 158
‘'was obtained as pale yellow flakes. mp:_122°C (litlkg 123;124°C); 1H—NMR

(250MHz, CDClgy): & 2.58 (%H, s, CH3)y, 4.03 (3H, s, OCH4), 7.68 (1H, s,

-
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6-H), 7.79 (lH, s, 3-H)ppm; 13C-NMR (62.9MHz, CDClg): 6C 19.4\(CH3),
57.3 (OCHj3), 110:2 (C-6), 125.8 (C-4), 129.3 (C-3), 141.7 (C-2), 151.2
(C-l), 161.3 (C-5)ppm. d

Other attempts were made to obtain diene intermediates from ¥
reaction of 40, with little success. ¢ When a mixture of CDCl; and acetic
anhydride was used as a solvent, solid products separated out from the
reaction solution. 1In one attempt the reaction mixture was filtered at
~78°C after pouring into cold 50% ether-petroleunf ether mixture. The
1H-NMR spectrum of the residue indicated the presence of aromatic
products and no dienes. The lH—NMR spectrum of the residue, obtained
after ggmoving the, solvent from the filtrate at -40°C, indicated that &t
was a mixtureﬂéf anisole 157 and 158 together with ~10% 3-methoxy—
-6-methyl-5,6-dinitrocyclohexa-2,4-dienyl acetate 159 [IH—NMR (90MHz, . -»
AC,0, lock 2.15, -45°C): § 5.32 (lH, dd, 2-H), 5.58 (1H, d, 1-H), 7.13 -
(14, d, 4-H), Jl ,=6Hz, 42 4=1.5Hz] and some A—mechyl -3,4 -
-dinitrocyclohexa -2,5-dienone (160) ( H—VMR (90MHz, Ac»0, lock 2.15,
-45°C): & 6.50 (1lH, dd, 6-H), 7.07 (1H, d, 5-H), 7.42 (1H, d, 2-H)ppm,
J2’6=2Hz, J5’5=10Hz]. ) \

The peaks corresponding to the diene 159 and dienone 160
disappeared on raiszing the temperature of the probe to -30°C. Actempts'

to isolate the dienes after low temperature work up of the filtrate with ‘

NH4QH ‘also failed:in repeated expériments.

7.5 Large Scale Isomerization of Dienes leading to Characterization of -

L)

New Dienes:

(a) (Z)-3—chloro—-6-methyl-6- nitrocyclohexa-Z 4-dienyl acetate (100)

A solution of diene 100 (10g, 43mmol) in CeHg (25cm ) was

—— - i A — ~ i — et i it = - = e et s ——
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heated in a Qater bath thepmostaﬁké at 76°C for 2h. Removal of CgHg on”
the rotovapor at 25°C yielded*a réa&ish brown oil. The IH;NﬁR spectrum
of the product indicated the presence of 11% acetate 186, 75% of a
mixture of (E)- and (Z) 5—chloro-2—methyl 6—nitrocyclohexa—2 4—d1enyl
acetate (188 and 187 respectively) and -
(E)-3-ch10ro—6—methyl—6;nitrocycloﬁzxa—Z,é-dienyl acetate (198), along
with 14% of unreacted diene 100:

Fractional crystallization from an ether-pentane (1:1}
mixture at -20°C first yielded diene 188 (1.2g). Further .
crystallization of the mother liquor from an ether-pentane (1:2;5)
solution yielded a mixtures of dienes 188 and 187 (1:3, 2.4g) as second
crop. Three more crops of diene 188 (l.lg) were obtained from the
moéher liquor solution in ether-pentane (1:4, -20°C).

Recrystallization of the first crop (lg) f;om ether-pentane
(1:2, -20°C) gave pure dienel88 (0.91g) as colorless crystals: mp:
75-77°C; IR (KBr) 1740 and 1220 (OCOCHj3), 1550 and 1380 (NO,); av
(CHaOH) A 283mm (=219 nmol ' ); H-NMR (250Miz, CDCl3):6 1.85 (3H,
d, J=1.45Hz, CH3), 2.15 (3H, s, OCOCHj3), 5.15 (1H, d, J=3.31Hz, 6-H),
5.94 (1H, dq, J=6.43 and '1.45Hz, 3-H), 5.96 (1H, d, J=3.31Hz, H-1), 6.44
(14, d, J=6.43Hz, 4-H)ppm. }3C—NMR (62.9M3z, CDCl4, —20°C)6C 19.9
.,(CH3), 20.7 (OCOCH3), 70.7 (C-1), 88.8 (C-6), 120.7 (C-5), 122.0 (C-?),
127.9 (C-4), 131.9.(C-2), 169.8 gpngH3)ppm; Analysis C 46.80%, H
4.26%,<N 6.07% (Calculated for CgH,NO,Cl, C 46.67%, H 4.35%, N 6.05%).

. Pure diene 187 (l.4g) was obtained from recrystallization of

the second. crop as colorless crystals} mp 78°C; IR
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(KBr) 1745 and 1225 (ococn3), 1560 and 1360 (NO,); UV (CHZO0H) A
281.4nm (e=240 m gpl 'y EonMr (250MHz, CDCl3): & 1.84 (3H, br dd,
J=1.86 andfkl SHz, CH3), 2.19 (3H, s, ococu3), 5.26 (lH, d, J=8.74Hz,
6-H), 5.85 (1H, ddq, J=6.22, 2.46, 1.86 Hz, 3-H), 5.91 (1H ddq, J=8.74,

© 2,46 and ~1. SHz, 1-H), 6.46 (1H, d, J=6. 22Hz, H-4)ppm; C—NMR (627 QMHZ,

CDCl3). 17 8 (6-CH3), 20. 5 (OCOCH 3),. 71.0 (C*l), 86.5 (C 6), 119 .0
(C—3), 122.1 (C-S), 129.9 (Cc-4), 134.8 (C-2), 169.8 (OCOCH3)ppm; ;
Analysis C 46 51%, H 4 38%, N 6.09% - (calculated for C9H100 NCl C 46 67%,

H 4.35%, N 6. 054). .

The H—NMR of tné@reaction m&xture after. cxystallization of
dienes 187 and 188 indicated diepe 189 was enriched to about 10%. For
isolation of diene 189,“the number of components in the mixture was

reduced by selectively aromatizing diengs 187 and 188, A solution of

‘the mixture (2.5g) in ether (IOOcm ) was stirred with 5% aqueous ammonia

(10cm ) in an ice bath for’ 15min., The ether 1ayer was separated, washed
with saturated brine (2x25cm ) and dried. Removai of the ei%e?%on the~q
rotovapor at 15°C yielded a reddish oil (2.25g). The 1~H—NMR of the oil
indicated the presence of 10% diene 189, 30% diene 100 and 60% mixture

of toluene 122 and acetage 186, along with traces of

%,

dinitrochlorotoluene. )
“ L4

.

The mixture was separated by column chromatography on silica
gel (650g) at —40°C using mixtures of ether-petroleum ether as eluent.
Elution up to.3% ether gave toluene 122 as the principle product. The
6% ether fractions (4L) gave mixtures. of toluene 122 and the acetate
186. ‘

The 10% ethérﬁpetroleum ether ffac;ions gave mixtures

containing diene 189 as the principle component (<95%) Attempts to

crystallize did not succeed, so diene 189 was characterized:gg ‘g%
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mixture. It had H—NMR (250MHz, CDClgz, -20° C) 8 1 72 (3H, s, 6-CHj),
2.08 (3H, S, OCOCH31, 5.92 (1H, dd, J=3.99 gnd 1.73Hz, 2-H), 5. 96 (1H,

R T F =t 93z, 5-H), 6.07 (1K, dd, J=9.93 and 1.73Hz, 4-1), 6.26 (1H, d,
; s 13
_ "J%=3.99Hz, 1-H)ppm; C-NMR (62.9MHz CDCl3, -20°C), 6C: 19.5 (0COCH3),
oo . 20. 7 (Q CHy).s 128.4 and 128.7 (C-4 and C-5), 134.1 (C- 3y, 169.5
‘ (OCOCH3)ppm, )

(b) (2)-3- bromo 6—methy1 6—n1trocyclohexa -2,4—- dienyl acetate (101)

A solution of diene 101 (10g, 36mmol) 1n CGHS (20cm ) was
heated in a water bath thermostatted at 74 "C for lh. Removal of C6H6 on
the rotovapor at 25°C yielded a reddish brown oil. The 1H—NMR spectrum
Of the mixture indicated the presence of 74%Z of 4 mixture of (g)— and
(Z5—5—bromé-2—methyl—6jﬁitrQCYblohexa—2,A;dienyl acetate (191) and
(190) respéctively and*(E)-3-bromo—6—methyl-6—nitrocyclohexa-Z b-dienyl

acetat'e. (192) with traces of toluene 124, acetate 193 and 267 of

& unreacted diene 101. _ A
g ?Fractional crystallization from ether-pentane (1 1, -20°C)
%%?% gave diene 190 (2.56g) in the first two crops. The third crop (0.96g)
from the mother liquor contained a mixture of dienes 191 and 190L(1:1).
‘ Further crystallization from ether—pentane (1:2) solution yielded a
mixture of diene 191 (95%) and diene}%fas the fourth crop (700mg).
Finally frég.a (1:3) mixture of etﬁer-petroleum ether (30:60), diene
190 was obtaine& as the f£fifth crop (600mg). .
Recrystallization of the first crop (300mg) Trom
ether-petroleum ether (1:1) gave pure diene 190 (240mg) as pale yellow
crystals: mp 93-5°C; IR: (KBr) 1735 and 123b (0COCH3), 1560 and 1370
T (NOp); UV (CHpCLp) iR, 250 mm (e=721'm2m01—l); 'H-wiR (250MHz,
“ '@DQ%3), 8t }.82 (3H, br dd, J=1.63 and r.00Hz, CHy), 2:17 (3H, s,
. OCOCH, ¥, 5.35 (1H, d, J=B.7Hz, 6-H), 5.79 (lH, dd, q, J=6.25, 2.65 and
' g}?BSHz, 3-H)) 5.91 (1H, ddq, J=8.7, 2.65 and 1.00Hz, 1-H), 6.69 (1H, d,

T

"o ¥
,r
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J=6.25Hz, 4-H)ppm;  C-NMR (62.9MHz, CDC1j) -6, 18.0 (CH3), 20.5

(OCOCH3), 70.9 (c-1), 87.5 (C-6), 109.5 (C-5),” K19.5 (C-3), 134.1 (C-4), -
135:1 (C-2), 169.8 (0COCH3)ppm; Analysis C 39.08%, H 3.672, N 5.07%
(Caleulated for ColtjgNO,Br, C 39.15%, H 3.65%, § 5.07%). '

Recrystallxzation of the fourth crop (SOOmg) from )
ether—petroleum ether mixture (1: 1) at -20°C gave pure diene 191 as pale
yellow crystals (420mg) mp: 63-64°C; IR)(KBr) 1745 and 1210 (OCOCHj3),
1558 and 1360 (NO,); UV (CH,C1,):220 nm (=820 nimol”); H-NMR'
(250MHz, CDCl3): § 1.83‘(3H, d, J=1.04HZ, CHj), 2.15 (3H, s, OCOCH,),
5.24 (1H, d, J=3. 47Hz, 6-H), 5.86 (lH, dq, J=6. 32 and 1, OAHz, :H), 5.93
(14, d, J=3.47Hz, 1-H), 6 66 (lH d J=6. 32Hz, 4-H)ppm; b3 C—-NMR
(62.9MHz, CDCljy) : § C 19.9 (€CH3), 20.7 (OCOCHjy), 70.8 {(C-1), 90.1
(C-6), 109.1 (C-5), 122.4 (C-3), 132.2 (C-4), 132.5 (C-2), 169.8
(OCOCH3)ppm; Analysis C 39.3%, H 3.54%, N 5.18% (Calculated for
,gﬂloNouBr, C 39.15%, H 3. 65%, N 5.07%).

The lH—NMR spectrum of the mother liquor at this stage
indicated the presence of 37% dienes 190 and 191, 37% diene 101, 5%
diene 192 and 21% acetate 193 and toluene 124. 1In order to isolate
diene 192, dienes 190 and 191 were selectively aromatized. A solution
of the reaction mixture (2g) in ether (lOcm3) was stirred in an ice bath
with -ammonium hydroxide (Scm3, 58%) for 15min. Tho mixture was diluted
with ether (80cm ), washed with cold brine (4x20cm ) and dried over
anhydrous magnesium sulfate. H—NMR of the residual oil, obtained after
removal of solvent at 15°C, indicated the presence of 37% toluene 124,
21% acetate 193, 37% diene 101 and 5% diene 192.1\

The mixture (1.3g) was separated by column chromatography on
;iliba gel (180g) using a mixture oé ether-petroleum ether (30:60) as

eluent at —-40°C. Initial fractions with 3% ether gave toluene 124,

*
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Mixtures of acetate 193, toluene 124 wand diene 101 were eluted next with

6% ether.

.
-
a

Further elufion with 10i>e(her gave mixtures.containing diene /
192 (95%) and #oluene 124 (5%)~. Diene 192 could not be, crystallized
from mixkures of ether—petroleum ether solutions, and was Qbaracte{ized
in solution. 1H—NMR (250MHz, CDCl3): & 1.74 (3H, s, CH3), 2.13 (EH, s,
0COCH3), 5.94 (1H, m, 2—H),‘6.23 (34, m, 1-H, 4-H and S—H)pgg; l?C—NMR
(62.9MHz, CbCl3, -15°C): GC 18.2 (CH4-6), 19.6 (0COCH3), 70.8 (C-1),
87;b (C-6),.117.1 (C-3), 126.5 (C-2), 127.2 (C-4), 179.1 (C-5), 169.5
(0COCHZ). B | \

(¢) (Z)-3-methoxy-6-methyl-6—nitrocyclohexa-2,4—-dienyl acetate (102):

A solution of diene 102 (5g, 22mmol) in CcHg (50cm3) was
heated for 4h in a water bath thermostatted at -78°C. Removal of
solvent on the rotovapor ylelded a dark red oil. The lH;NMR of this oil
indicated the presence of 48% of (E)- (Z)-S-methox?—Z-methyl;6— )
Pitrocyclohexa—Z,A-dienyl acetate (195) and (194)

f

(E)—3—m?thoxy—6—methyl—6— altrocyclohexa-2,4-dienyl acetate ﬂ196), 15%
of S-methoxy-o-cresyl acetate (197) and 37% unréacted diene 102. Tt

Crystallization from éther—petroleué ether fmixture (l:1) at
-20°C gave a single crop of diene 102 (0.45g).

The reaction mixture (3.5g) was separated by colhmn
chromatography on silica gel (325g) using mixtures of petroleum egher
(30:60) and etheF as eluent at —-40°C.

The 6% ether frkétioﬁs contained predominantly
168. The first fractioﬁ with 12% ether contained acetate 197 ag a red
0il: IR (neat): 1755 (OCQCH3),‘1210 and 1030 (Ar-OMe); 1H*NMR (250MHz,

CDCly): & 2.09 (3H, s, OCOCH,), 2.30 (3H, s, CH;), 3.76 (3H, s, OCHj3),
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6.58 (LH, d, J=2.60Hz, 6-H), 6.71 (lH, dd, J=8.40 and 2.60Hz, 4-H), 7.1l
(14, d, J=8.40Hz, 3-H)ppm; 13C-NMR (62.9MHz, CDCly): 8¢ 15.3 (CHjy),
:20.8 (OCOCH3), 55.5 (QCH3), 107.9 (C-6), 111.9 (C-4), 121.9 (C-2), 131.3
(C-3), 149.9 (C-1), 158.7 (C-5), i69.0 (0COCH3); MS (70ev§ 180(13), ‘
138(100),‘137(39), 109(18), 107(25), 79(25), 78(é8), 77(57); Analysis b;
64.06%, H 6.56%; (calculated for C;gH;,03, C 64.05%, H‘6.7OZ); 7

The subsequeyt fraction contained a mixture (400mg) of 302
acetate 197, 50% diene 194 énd 20% unreacted diene 102. The ;ixture
could not be further separated by chromatography over silica gel using
8% etheripetroleum ether mixture as“eluenc at -40°C. Diene 194 was
characterized in gblution by NMR: 1H—N_MR-(ZSOMHZ, CDClj3) &: 1.78 (3H, br
d, J=1.70Hz, CH;), 2.17 (3H, s, OCOCHj3), 3.64 (3H, s, OCH;), 5.14 (1H,
d, J=8.50Hz, 4-H), 5.36 (lH, d, J=6.80Hz, 6-H), 5.82 (2H, m, 1-H and
) 3-H)ppm. The chemical shifts of H-1 and H-3 were obtained after
irradiation of the signal at 1.78ppm which led to the collapse of the
multiplet at 5.28 to a set of overlapping doublets 5.83 (1H, 1-H) and

. 13 .
5.81 (1H, 3-H); C-NMR (62.9MHz, CDCls): 6. 16.4 (CH,, OCOCHj3), 54.63

C
(Otfe), 70.2 (C-1), 83.4 (C-6), 99.1 (C-4), 117.8 (C=3), 125.6 (C-2),
148.3 (C-5), 169.1 (ngCHé)ppm.

Further elution with 12% ether—petroleum ether mixture gave a
mixture of 50% diene 195, 20% kaﬁél 226, 20% anisole 116 and 10%
unreacted diene 102.

_ The 35% ether fraction contained 95% diene 195 which was
characterized without fuyrfher purification. 1H—NMR (250MHz, CDCl3):$
1.79 (34, br d, J=1.05Hz, CHj3), 2.12 (3H, s, OCOCHj;), 3.67 (3H, s,
ocH3), 5.09 (IH, d, J=4.32Hz, 6-H), 5.29 (lH, d, J=6.57Hz, 4-H), 5.89
é H, dq, J=6.57 and 1.05Hz, 3-H), 5.94 (1, d, J=4.32Hz, 1-H)ppm.

kY
|
i
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frradiation of the signal at 1.79ppm reduced the signal at 5.89 to a
‘doublet (J=6.52Hz). l3C—NMR (62.9MHz, CDClj3): 8¢ 19.31 (CHjy), 20.53
(0COCH3), 55.7 (OCHjy), 71.96 (C-1), 87.1 (C-6)., 97.9 (C-4), 1%?.1 (C-3),

© 124.8 (C-2), 147.9 (C-5), 169.9 (0COCH;)ppm.

The 100% ether fraction gave a mixture (90mg) of 0% cresol
168 and 80% diene 196 which'w;s characterized without further '
purificatiod.  -NMR (250MHz, CDCly, -15°C):6 1.72 (3H, s, CHj), 2.15
(3H, s, dCOCH3), 3.61 (3H, s, 0CHjy), 4.79 (l1H, d, J=5.65Hz, 2-H), 5.17
(1H, d, J=5.65Hz, 1-H), 5.57 (lH, d, J=10.1Hz, 4-H), 6.12 (1H, d,
J=10.18z, S-H)ppm,  C-NMR (62.9MHz, CDCl3): §,68.6 (C-1), 87.3 (C-6);
99.1 (C-2), 119.0 (C~4), 124.3 (C-5), 156.4;(C;3), 169.7 (OCOCH;)ppm.

-

(d) (Z)-3-Acetamido-6-methyl-6-nitrocyclohexa-2,4—dienyl acetate (103):

A solution of diene 103 in CDClj; was heated for 30min in the
NMR probe (Perkin Elmer R-32) at 35°C. The lH—S&R s?ectrum of the
mixture inaccated the composition as 11Z of 4-methylacetanilide (113)

22Z;of 4—methyl—2—nitroacetanilide(123; 23%
(Z)-5-acetamido-2-methyl-6-nitrocyclohexa-2,4-dienyl acetate (198) along
with 44% unreacted diene 103. Diene 198 was characterized in solutiqn.
IH—NMR (250MHz, CDCl3): & 1.86 (35; d, J=1.57Hz, CH;), 2.08 and 2.09

(3H, s, NHCOCHj and OCOCH3), 5.51 (1H, dd, J=2.05 and 1.04Hz, 6-H), 5.91
(1H, dd, J=2.05Hz, 1-HY, 6.13 (lH, dq; J=6.73 and 1.57Hz, 3-H), 6.49
(1H, dd, J=6.73 and lzd&Hz, 4-H).

On!heating the reaction mixture for a further 10min at 60°C,

the dienes 198 and 103 partially decomposed. After lh at 60°C, the

1 .
H-NMR spectrum of the mixture contained 32% acetanilide 11?, 35%

‘\nitroaceqanilide 125 and 12% 4-methyl-2,6-dinitroacetanilide 199.

A
3 * !
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1H—NMR (250MHz, CDCl3): & 2.36 (3H, s,. NHCOCH3 ), 3.38 (3H, s, OCOCHj3),
8.07 (2H, ;s, 3-H and 5-H); GCMS confirmed the presence of these

scompounds, 113 (m/e 149), 125 (m/e 194) and 199 (m/e 239).

(e) (Z)-3-Bromo—6-methyl—6—hitrocyclohexa—2,é-dienyl chloride (200):

‘ A solution.of diene 200 (195mg, 0.77 mmol)'in‘CsDe was heated
for Zh‘in a?water bath thermoétatted ati75;C. The l'I»I-ENMR speccr&mtof
the mixture indicated the presence of 50%
gs)—s—éroao—z-mechyl—a—éicrocyclohexa-z,a-dienyl chloride (206) and 50%
of a mixture of aromatic compounds including 4-bromotoluene (110) and
4-bromo-2-chlorotolugne (207). Attempts to crystallize diene 206 from
mixtures of ether and pentane after removal of C¢Dg failed. Filtration
of a representative sample through silica gel at -20°C with ether led to
decomposition of a major portion of the diene .25 to toluene 124.
éowever aromatic compounds could be partially removed from the mixture
on the vacuum pump at ambieqt temperature and diene 206 was
characterized in the mixtu;; contai;ing ~80%-diene. Tt had 1H-NMR
(250MHz, CbCly) &: 1.96 (3H, d,-J=1.20Hz, CHj3), 4.96 (1lH, 4, J=1.79Hz,
1-H), 5.28 (1H, 4, q=1.79Hz, 6-H), 5;88 (1H, dq, J=1.20 and 6.38Hz,
3-H), 6.81 (1H, d, J=6.38Hz, 4-H)ppm. Irradiation of the signal at
1.96ppm reduced the signal at 5.88§pm to a doublet (J=6.38Hz); 13C—NMR
(62.9MHz, CDCls) 6C: 20.1r(CH;), 56.7 (Q—l), 91.1 (C-6), 109.1 (C-5),

122.2 (C-3), 127.3 (C-2), 132.7 (C-4)ppm.-
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(£) (Z)-3-chloro—6-methyl-6-nitrocyclohexa-2,4-dienyl chloride (201):

A solution of diene 201 (300mg, 1.2 mmol) in C¢Dy was heated
for 2h 1n a water bath thermostatted at 75°C, to yield a mixture of 52%
(%)—5—chloro—2—methyl—6—nitrocyclohexa—Z,4-dienyl chloride (208) along )
with 9% unreacted diene 201 and 39% of a mixture of 2,4-dichlorotoluene
(209) and 4-chlorotoluene (111): On keeping the1reaction mixture on the
vacuum pump for 12h, the aromatic compounds were partially removed and
Fiene 208, eanriched to ~90%, was characterized in solution. 1H-NMR
(250MHz, CDCl3):6 1.95 (3H, d, J=1.47Hz, CH35, 4.96 (1H, d, J=1.84Hz,
1-H), 5.14 (1H, d, J=1.84Hz, 6-H), 5.91 (1lH, dq, J=6.30 and 1.47Hz,
3-H), 6.40 (1H, d, J=6.30Hz, 4-H)ppm. On irradiating the doublet at
1.95ppm,- the signal at 5.91ppm collapsed to a doublet (J=6.3Hz);
13C—NHR (62.9MHz, CDClg): GC 19.9 (CHy), 56.3 (C-1), 89.1 (C-6), 120.8
(C-5), 121.5¢(C-3), 128.4 (C-4), 133.9 (C-2)ppm.
(g) (2)-3-bromo—b6-methyl-6-nitrocyclohexa-2,4-dienyl methyl ether

A solution of diene 203 (60mg, 0.24 mmol) in CDCl, (lcm3) was

kept at amb}éntftemperéture.* After 18h, the 1H—NHR spectrum indicated
-the presence of 44% (E)—S—bromo—ZTmethyl—ﬁ—nitrocyclohexa-Z,4-dienyl
methyl ether (21f) and 56.5% unreacted diene 203. There was no.change
in the composition on further heating of the mixture for 2h in a water
bath thermostated to 40°C. éfter 7h at §3°C the composition was 55% of
diene 21! and 45% of a mixture of toluene 124 and 5-bromo-o-cresoxy

methyl ether 214. Diene 210 could not be separated by crystallization

-
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and was éharacterized in solution. lH—NMR (250MHz, CDC13):§7 1.90 (3H:
d, J=1.00Hz, CH,), 3.48 (3H, s, OCHj), 4,16 (14, d, J=2.4Hz, 1-H), 5.24
(14, d, J=2.40Hz, 6-H), 5.75 (lH, dq, J=6.20 and 1.00Hz, 3-H),‘6.5£ (1H,
d, J=6.20Hz, 4-H)ppm. On irvadiating the cehtre of the doublet at
1.90ppn, then s;gnal,at S.zSppm'collabsed to a doublet kaﬁ.ZOHz);‘

¢ _

13 !
C-NMR (62.9MHz, CDClj3): §. 19.2 (CHjz), 55.7 (OCH,), 79.9 (C-1), 89.8

c
(C-6), 112.6 (C-5); 120.3 (C-3), 131.9 (C-4), 137.7 (C-2)ppam.

(h) (i)—3—chloro-6—methyl—6—nitrocyclohexa—Z,A—dienyi methyl ether

(202):

A solution of diene 202 (20mg, 0.08 mmol) in CDCl, (O.Scm3)
was heated for 4h in a water ba;h thermostatted at 50°C. The lH-—NMR of
the mixture indicated the nresence of 61%

. (E)-5-chloro-2-methyl-6-nitrocyclohexa=2,4-dienyl methyl ether (219),
along with 40% unreacted diene 202 and traces of aromatics.

Diene 210 was characterized in évlution. 1H—NER (QOHH2;
CDCl3):4 1.9 (3H, d, J=1.75Hz, CH3), 3.43 (3H, s, OCHj), 4.23 (1H, d,
J=2.50Hz, 1-#), 5.19 (1H, d, J=2.50Hz, 6-H), 5.87 (lH, dq, J=6.00 and
1.70Hz, 3-H), 6:48 (1H, d, J=6.00Hz, &4-H). '

(i) (Z)-3-Bromo-6-methyl-6-nitrocyclohexa-2,4-dienol (205):

A solution of diene 205 (75%) and cresol 215 (25%) in CDCl,
was kept at ambient temperatare and the 2H—NMR was recorded at regular
intervals. After 18.5h there was a mixture of 35% diene 205 and 40%
(Z)—S—bromo-z—methyl—é—nitrocy;lohexa-Z,&—dienolr(214) along with 257
cresol 215. At this stage the diene 214 was characterized by 1H-NMR
(250MHz, CDCl3):8 1.91 (3H, dd, J=1.77 and 1.5082; CHj3), 3.0 (1H, br m,'
OH), 4.90 (1H, m, 1-H), 5.10 (1H, d, J=7.40Hz, 6-H), 5.68+(1H, ddq,
J=6.10, 2.58 and 1.50Hz, 3—&); 6.60 (lH, d, J=6.10Hz, A—H)pém. On

irradiation of the signal at 1.9lppm, the signal at 5.68ppm reduced to é:-
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dd (J=6.10 and 2.58Hz). - On irradiation of thg ﬁultiplet at 4.90ppm,
the”signal at 5.10ppm reduced to a singlet, the multiplet at S.68ppm
collapsed to a dq (Ji6.10 and 1.50Hz) and the dd at 1.9ppm collapsed to'
ad (J=1.77Hz).
" The ;eaction mixture was kept at amblent temperatlre and-
H-NMé Epectrum recorded over a period of 7 days indiéated no change in
the ratio of dienes, but afbmatization to toluene 124 and cresol 215 had
increased.

-

(3) (Z)—3-Chloro—6—methyl-6-nicrocyclohexa—2fz-dienof.(204):

A solution of diene 204 (20mg, 0.09 mmol) in CDCl, (0.5cm%)
was kept in the probe of the NMR (Bruker WM-250) instrument at#5°C and
the spectrum was recorded at regular intervals. After 2lh there was
45 .% (Z)-5-cRloro-2-methyl-6-nitrocyclohexa-2,4-dienol (212) along with
55% uéreacted diene 204 and traces of cresol 213. Diene 212 was
charactergzed in solution: 1H—NMR (250MHz, CDCl3);é 1.87 (3H, br dd,
CHy), 2.80 (1H, br s, OH), 4.84 (lH, m, H-1l), 4.95 (1H, d, J=7.40Hz,
H-6), 5.61 (1H, ddq, J=6.20, 2.50 aad 1.64Hz, H-3),'6.31 (1H, d,
J=6.20Hz, H-4)ppm. TIrradiation of the signal at l.87ppm'1ed to the
collapse of the multiplet at 5.61lppm to a dd (J=6.26 and 2.50Hz).
Similar irradiation of the signal at 4.84ppm led to the collapse of 'm'
ék S5.6lppm to a dq (J=6.26 and 1.64Hz) and reduced ddat 1.87ppm to a d
(J=L.64@). )

»
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7.6 Kiﬁetic Studies on the Thermal Reactions of Dienes:

Solutions of the dienes in CDClj (0.5cm3) were heated in a
water”batﬁ thermostatted at 58.5°C. _The reactions were monitored by
FT- H—VMR'Spectroseopy on WM-250 (ZSOMHz) The compositions of the
mixtures were obtained by integration of the diene region (5.lppm to
§.Sppﬁ and 5.7ppm to <7.0ppm) and the methyl region (1.5ppm to 2.6ppm)

=3

from expanded’ plots. During the time period the diene solutions were

e

not being ﬁaé?éd the solutions were stored in an. {ce bath.
[As an ald to understanding tﬂé tables; the following symbols have been

-

used: e

2S= (Z) diastereomer of 3-Y-f-pethyl-6-~nitrocyclohexa-2,4-dienyl
derivatives;

ES= (E) diastereomer of above diene

ZI= (Z) isomer of S-X—Z-methyl 6—nirtocyclohexa -2,4-dienyl derivatives
EI= (E) diastereomer of above diene

“CX= 5-X-o-cresyl acetates

IN= 4-F~3-nitrotoluene] . ‘

The rate constants, computed from the equilibrium constants

-

(Keqm

= kllk—l) and the slopes (k1 + k—l)’ obtained from the‘graphs are
shown in chapter IT1. A standard linear regression programme was used
to obtain the best fit straight line using the mehtod of least squares.
The reported rate constants are estimated as reliable to +10% as
assessed from the reproducibility of the experiments using different

concentrations and sampling times. This error estimate is indicative of

the inherent errors in the NMR technique and the time measurements.
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Table 7.1 lgomerization.of dieme 100 in the presence of p-cresol .
Time % 100 % 187 «
(mins) (ZS) (21)
20 94.4 5.6
40 88.8 11.1
60 85.8 -- “‘h4.2
90 82.5 17.5
120 75.0 25.0
150 | 71.8 28.1
' T 180 67.2 32.8
240 61.1 38.8
305 55.0 45.0
455 44.0 56.0
995 31.8 68.2
1475 ' 28.7 71.3 \
1895 28.7 71.3

Table 7.2: Isomerization of diene 187 in the presence of p-cresol

Time % 187 % 100
(mins) . (Z1) (28)
30 98.0 2.0
60 95.7 4.3
90 93.4 ' 6.6
120 *90.9 9.1
s 150 88.5 11.5
180 86.9 13.1
210 86.2 13.8
240 85.5 14.5
300 81.3 18.7
380 78.3 21.7
920 71.4 28.6
1340 71.4 28.6
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Table 7.3 Reaction of diene 188 in the presence of p—creéol

fime
(mins)

20
40
60 °
90
120
150
180
240

%z 188
(ET)

90.9
84.3
82.6
77.5
76.9
72.4
71.2
60.0

% 189
(ES).

7.7
11.0
10.3
15.5
12.3°
16.4
15.7

6.3

-

% 100
(28)~ -

% 187
(Z1)

(CA)

1.4
4.6
7.0
7.3
10.8
11.2
13.7
26.1

% 186

% p-cresol
remaining -

94.6
66.6
44.2
38.0

23x2
4,8

0

Table 7.4 Isomerization of diene 101 in preséhde of p-cresol

Time
(mins)

20
* 40
60
90
120
150
180+
240
305
455
995
1475
1895

% 101

(28)

92.8
88.4

" 83.3

78.8
72.7
62.5
59.2
56.7
47.6
36.2
32.8
25.7
25.7

Z 190
(1)

7.1
11.6
16.6 ,
21.2
27.3
37.5
40.8
43.3
52.4
63.8
67.2
74.2
74.3
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Table 7.5: Isomerization of diene 190 in the presence ofgp—creéol

" Time % 190 % 101

‘N (mins) €Z1) (Z5)
10

30 97.1 ° 2.9

60 96.8 . 3.2

90 93.6 6.4

120 90.0 io.o

150 89.3 10.7

180 6.9 13.1

210 85.0 - 15.0

240 84.0 16.0

300 81.0 19.0

380 79.0 21.0

920 76.9 23.1

1340 74.3 25.7

Table 7.6: Isomerization of diene 100

[ Time (min) %100 %187 % 188 % 189 % 186
(z) @ (D @) (o)
20 93.5 3.6 2.8 - -
40 85.7 7.8 5.8 | 0.6 -
60 80.8 10.8 7.2 1.2 -
90 69.5 16.8 10.8 7 [ 2.9 -
120 60.4 20.1 14.7 W
150 48,5 |. 23.2 18.8 |, 4.3 5.9
180 38.3 |} 31.4 203 o 5.8 4l
240 36.3 31,5 21.7 5.0 “s.a
305 25.9 32.1 25.9 8.8 6.2
455 18.6 1,338 28.8 7.0 4| 11.8
995 82 )/ 30.6 23.5. .71 6.1 _ | 31.6

)

CE o

&
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"Table 7.7 Isomerization of diene 188

T

- s
Time %188 | %100 | %189 | %187 | %186
(mins)- (E1) | (z5) (BS) | = (21) (ca) |~
@ ) 3
20 88.0 1.3 7.0 | 1.3 -
40 81.8° 2.7 |- 10.9 2.7 1.
60~ - 73.5 3.9 12.9* 3.9 5.8
90 73.3 " fuged.$ | 11,7 3.9 | 7.1
120 67.0 6.3 .| 10.0 6.7 9.6" | =
180 59.3 7.6 144 9.3 16.9
240 51.0 7.4 9.0 13.3, | 19.1
305 Tubay 8.0° | 10,5 |.16.7 | 20.5
455 37.6 9.6 |, 11.2 12.8 | 28.8 “f
. . e ‘
> A
% . » Table 7.8 Isomerization of, diene 101
R 3 ’;I-.j
; , ~
-Time %101 | %1907 | %191 | % 192 "| % 193
(mins) (zs) |, (z1) | (EI) (ES) (ca)
20 84.6 |.12.0. 3.4 - -
40 80-2 1406 5.1 - -
60 72.2 | 18.8 9.0 - - 1.
120 53.1 - | 26.5 17.7 - -
150 46.0 | 30. 23.0 - -
180 38.5 36.5 - | 23.0 1.9 -
3 '240 2804 36!1 ¢ §240~5 1‘05 604‘
305 19.4 |, 40,0, {. 23.8 6.6 9.3
455 148 | . 35.5 26.0 7.6 16.3 |#
995 10.8 28.4° 17.6 5.4 37.8 k
- Y
Q .
5
\f: ) s
; B >

e
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Table 7.9 Isomerizatiqn.of diene 191

3 ’ ’ : . _
Time 2191 | %190 |.%2192 | z101 | % 193
(ming) | (EI) (21) (BS) |° (28) (CA)
20 - 87.0 - {113 | 1.6 -
40 74.3 4.9 13.3 2.5 4.2
60 69.5 5.0 | 16.9 3.4 .| 5.
90 68.9 6.7 11.9 5.% 8.0
120 63.0 8.0 11.8. 5.0 8.1
150 58.3 .| 8.3 11.8 6.4 | 15.0
" 180 - 55.9 11.8 9.3 5.9 17,2
240 48.9 ‘| 12.7 8.5 6.4 23.4
305 40.2 14.1° 646 5.8 33.2
455 28.1 17.6 | 1.0.7 | 9.8 33.7

=,

Table 7.10: Isomerization of diene 204 at +25°C

Time “% 204 % 212
(mins) A28) . T o(zD)
3 86.0 ° 13.9
4 81.5 18.5
N T 7843 ~g‘\, o 21.7
6 72.5 ¢ : 27.5
7 69 .4 5‘”% , 30.6
n: 64,4 35.5
9 62.3 37.7
10 60.1 39.9
11 59.6 . .3 40.4
12 57.8 - 4222
13 56.6 43,4
14 x 56%1 Y43.9
21 54.5 45.5
b
"
b9

[ oF

%
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7.7 Small Scale Isomerization Reactions followed on the R-32 (9dﬁHz) NMR

)

Spectrometer: -

The solutions of the dienes (~0.lmmol) in the mentioned

solvent were heated in a water bath thermostated at the desired

-

1
temperature and, the reactions were monitored by H-NMR spectroscopy on

-

the R32 (90MHz) NMR spectrometer , at regular interyals. The

. 14
composition of the reaction mixtures when amounts of dienes were at

-

their maximum.values or when, in the case of a very fast-reaction,

complete aromatization had occurred are given in tabular form.
~ ”,Q

2. T

N

(a) Reéctioﬂs of (Z)—3—chloro—6—methyl—6—nitrocyclohexa-2,Aidienyl

acetate (100) (Z2S):

The results from the isomerization of the dieme 100 are
summarized in table 3.7 and 3.8 in chapter III and are not repeated

here.

A\
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-~ (b) Reactions of (Z)-5-chloro-2-methyl-6-nitrocyclohexa-2,4-dienyl

acetate 187 (21):

#| Solvent Additive

(mol prp)
11 CeDs .
2| CDCl, -
4| pyridine -
5 iCDClg . p—-cresol
(0.50)
6/ CDCl; p-cresol
(0.25)
7] CDCl; mesitylene
(M

Temp

°C
75
25
" 65
25

70

60

70

2h
6d
5h
10m
7h

18h

3.5h

22

a

33

29

20

46
58

67

71

20

24
13

51

a
a

()

20
4

T

iy

" Time %100 %187 %188 %189.%186 %122
(zS) (Z1) (EL) (ES) (CA) (3N)
‘8 .

96
100

The symbol a has been used when peaks due to trace amounts of a compound

. 1.
were detected in the H-NMR spectrum but integration was not possible.
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acetate (188) (EI):

(c) Reactions of (E)-5-chloro-2-methyl-6-nitrocyclohexa-2,4-dienyl

Solveqt

C.D

676
CDCl3
CD30D

pyridine
CDCl,
CDC1,4

CbClg

CDCl 4

CDCl; mesitylene (1.0) 70

1
Additive Temp- Time %100 %187 %188 %189 %122 %186

(mol prp)

p-cresol (1.0)
p—cresol (0.5)
p-cresol (0.5)

p-cresol. (.25)

°C

75
25
65
25
62
52
62

8.5

2h
7d
2h
Sm
11.5h
© 3.5h
11.5h
2.5h
3.5h

(2s) (ZI) CEIL) (ES) (3N) (CA)

22
7

22

10

31

13
23
42
81
35
73
55

a
2

4

25
70

acetate 101 (ZS):

(d) Reactions of (Z)—3—bromo—6—methyl—6—nitrocycloﬁexa-z,A-dieqyl

3

Solvent

CDCl,4
CDCL,4
CDCl,

CDCly

CDCl4

Additive

(mol prop)

p-cresol
(0.25)
p—cresol

(0.25)

Temp

°C

75.

75

. 60
50

54

60

Time %101 %190 %191 %192 %124 %193

lh

lh
lh
1lh
24h

15h

19

21
?2
75
26

32 -

34

34
19
17

64

68

37

34

a

i o

fo

(zS) (ZI) (E1) (ES) (3N) (CAJ

10

10

alm

|
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(e) Reactions of (Z)-5-bromo-2-methyl-6-nitrocyclohexa-2,4-dienyl

acetate 190 (21):

Solvent Additive
(mol prop)

CDCl, -

CDCl, -

CDCl, p-cresol
(0.25)

CDCl, pyridine-dgq
(0.2)

Temp

°C
50
70
60

Time %101 %190 Z191 %192 %124 %193

(28) (Z2I) (EI) (ES) (3N) (CA)

1.8h 5 95
2h 9 91
15h 23 77
Sm - -

a
2

a
a

100 -

i
%

(f) Reactions of (E)—S—bromo-Z-methyl—6—nitrocyclohexa-2,4—dieqy1

acetate 191 (EL):

Solvent Additive

. (mol prop)
CDCl, -
CDCl, -

Temp

°C
50
60

CDCl; p-cresol (0.25) 60

CDCl; pyridine-dg(.2) 25

Time %101 %190 %191 %192 %124 %193
(28) (2I) (EL) (ES) (3N) (CA)
68

Sh 5 S
5h 6 14
2h - -
S5m - -

40

12

- 10
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(g) Reaction of (E)-3-chloro-6-methyl-6-nitrocyclohexa-2,4-dienyl

acetate (189):

1 . ' ’
.The H-NMR spectrum of a solution of diene 189 in CDCl;, kept at
ambient temperature for 24h, indicated the composition as 5% of 100, 607%
of 188, 4% of 187, 19% of 186 and 12% of unreacted diene 189.

(h) Reactions of (E);3-bromo—6—methyl—6—nicrocyclohexa—Z,A—dienyl

acetate (192):

The 1H—NMR spectrum of a solution of diene 192 in CDCl; after 2 days
at ambient temperature indicated the composition as 8% of 101, 627 of
191, traces of diene 190 and 30%Z unreacted diene 192.

When a CDClj; solution of diene 192 was kept at 60°C for lh, it
yielded a mixture containing 10% diene 101, 75% diene 191, 14% of J
unreacted diene 192 and traces of diene 190.

(1) Reaction of (Z)-3-methoxy—-6-methyl-6~nitrocyclohexa~-2,4-dienyl

acetate (102):

* A solution of diene 102 (3§mg, 0.15mmol) in CDCl; (0.5cm3) was kept
at 60°C for 15h. The 1H-—NMR spectrum of the mixture iwdicated the
formation of 9% acetate 197, 4% anisole 116, 3% ;nisole (112), 30%
cresol 168, 15% diene 155, 9% diene 194, 7% diene 196,together with
unreacted diene 102.

When the experiment was repeated and p-cresol (0.04mmol) was added to

the original solution, after 15h a mixture of 18% dienes 196, 194, 195
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and 102, 3% anisole 116, 28% ketal 226, 33% nitrocresol 1¢8 and 18% of a
mixture of anisole (112) and acetate 196 was obtained. Approximately
25% of the p~cresol was converted to the nitrocresol 168. The final

composition of the reaction mixture was determined from an integrated

" spectrum obtained on_the WM-250 (250MHz) spectrometer.

(j) Reactions of (E)-5-methoxy-2-methyl-6-nitrocyclohexa-2,4~dienyl

acetate (19%5):

In CDCl; at 60°C diene 195 yielded acetate 197 as the major
product along with anisole (112) over a period of 20h. Duriung the

reaction dienes 194, 196 and 102 were formed in trace amounts.

s
A

A similar result was obtained when the reaction was repeated

*

in the presence of p-cresol {(0.25m0l proportion).

(k) Reactions of (Z)-3-bromo-6-methyl-6-nitrocyclohexa-2,4-dienyl

chloride 200:

- ¥

In CDCl, at 60°C diene 200 yielded 43% of diene 206, 8% of
toluene 207 togther with unreacted diene 200, after a period of 2h.

When the reaction was repeated and p-cresol (0.32 wmol
proportioﬁ) was added to the original solution aftér 2h there was
obtained a mixture of ~10% toluene 207 and ~90% unreacted diene 200.
Approximately 25% of the added p-cresol was converted to nitrocresol
168.

(1) Reaction of (Z)-4-chloro-3-methoxy-6-methyl-6-nitrocyclohexa-

2,4-dienyl acetate (130) at ambient temperature in chloroform:

1
A H-NMR sample of diene 130 (18mg, 0.07mmol) in CDCl,
(400ul) was kept at ambient temperature and the aromatization was

1
monitored by H-NMR. There was no noticeable change after 18h, but

*
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after 7days the diene 130 had disappeared and cresol 137 and ketal 135
were present in the mixture. There were also peaks present due to
methanol and acetic acid. Over the next 70 days the kecél'135
decomposed totally and cresol 137 was the only product.

(m) Reaction of diene (130) at 60°C in chloroform—d:

When the reaction was repeated at 60°C, after 3h a mixture
containing 15% of anisole 136, 77% of cresol 137 and 8%Z ketal 135 was
obtained. After 12h the cdmposition was 80% cresol 137 and 20% anisole
136.

(n) Reaction of (Z)-3-methoxy-6-methyl-2,6-dinitrocyclohexa-2,4—-dienyl

acetate (151) at ambient temperature:
-

¢ Diene 151 (22mg, 0.08mmol) wa; dissolved in CDCl, (O.Scm3)
and the ‘decomposition of the diene was followed by NMR. No change was
observed before 18h, afte; which there was slow accumulation of diéne
154 along with aromatic compounds. Integration of the NMR spectra after
32 days indicated 18.5% diene 154, 5.5% ketal 156, 357 mixture of 155,
116 and 23: ;long with 41% unreacted diene 151. After 80 days CDCl; was
removed by bubbling N, through the sample and the 1H—NMR spectrum of the
residue (250MHz, acetone-dg) indicated 39% cresol 23!, 29% anisole 155,

12% anisole 116 and 6% unchanged diene 151.
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(o) Reaction of Diene (151) in chloroform-d at 60°C:

Diene 151 (l5mg, 0.06mmol) was disgolvedgin CDClg in an NMR
tube and kept in a thermostatted water bath (60°C). The decomposiztion
of the diene was followed by NMR. After 24h an equilibrium mixture of
26% diene 154, 18% anisole 155, 7.5% anisole 116 and 48.5Z unchanged
diene 151 was obtainéd.

(p) Reaction of (Z)-3-methoxy-4-methyl-4,6-dinitrocyclohexa=-2,4~-dienyl

acetate (154) at ambient temperature:

A solution of diene 154 (15mg, 0.06mmol) in CDCl; (O-Scm3)
was kept at ambient temperature and the decomposition followed by
EH~NMR. After 80 days there was still some diene 154 remalning along
with a mixture of several compounds. The CDCl; was removed by bubbling
N, through the solution and the 1H—.\'MR (250MHz, acetone-dg) spectrum of
the residue indicated 22% cresol 231, 28% aniscle 116, 35% anisole 155,
2% ketal 156 and 14.5%Z of unchanged diene 154.

(q) Reaction of Diene 154 in chloroform-d at 60°C:

A lH—-N.‘&R sample of diene 154 (30mg, O.llmmol) in CﬁCla
(0.5cm3) was heated in a water bath thermostatted at 60°C and the
decomposition was monitored by 1H—NMR. After 17h at 60°C, the mixture
contained 14.5% anisole 155, 21.5% crespl 231 13.5% ketal 156 and 50.5%
unchangéd diene 154. The reaction was continued to 58h, but no .
integration was possible, however the oply noticeable change was the
decrease in dienes 154 and ketal 156 with the formation of some anisole

116.
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7.8 Pyrolysis of Dienes at 150°C:

A summary of the . results obtained from the reactions of the
dienes-are gdven in table 3.}l As an example the description of the
reaction of diene 134 is given below.

- Diene 134 (30mg) was taken in an NMR tube and heated in an
oil Bath thermostatted at 150°C, for Smin, durjng which there was
evolution of brown fumes. The residual dark brown oil was dissolved in
acetone-dg. The 1H—NMR spectrum (250MHz) of this solution indicated the
presence of 41,5%Z cresol 137, 22.5% anisole 136, 20.5% anisole 115 and

15.5% cresyl acetate.
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7.9 Acid Catalyzed Reactions of Dienes:

7.9.1 Reactions of (Z)-3-chloro-6-methyl-6-nitrocyclohexa-2,4~dienyl <}

acetate (100):

(a) Trifluoroacetic acid:

Diene 100 (30mg, 1.3’mm61) was dissolved in TFA (O.3cm3) in
an NMR tube at -30°C and the disappearance of the diene was monitored by
1H—NMR. After 10 min at -30°C. 82% of the diene had reacted. The )
solution was slowly warmed to ambient temperature and allowed to stand
for 2h, after which tiwe tne 1H—NMR spectrum of the reaction mixture
indicated that the diene had completely reacted. The solution was
poured into ether (20cm3) cooled in an 1ice bath and 10% aqueous sodium
bicarbonate (5cm3) was slowly added. The mixture was stirred for
30min3; the ether layer was separated and the aqueous layer (dlluted to,
10cm ) was extracted with ether (locm3). The combined ether layers were
dried over anhydrous magnesium sulfate and concentrated on the
~otavapor (20°C). The %H—NMR spectrum and GC MS of tﬁe residue (19mg) '
indicated the composition as 80%Z of toluene 121, (m/e 171, 173) and 20%
of acetate ‘186, (m/e 184,186) .

When the reacti;n was repeated in a mixture of TFA (0.15cm3)
and trifluoroacetic anhydride (O.lScm3) diene 100 gave a mixture of 38%
toluene 121, (m/e 171, 173) and 62% acetate 186, (m/e = 184, 186).

b) TrifluoromethaneZsulfonic acid:

3
Diene 100, (30mg) was added to CF3SO3H (0.3cm ) at 0°C to
1
yleld a dark redssolution. The H-NMR spectrum of this solution after 5
min indicated "that the diene had aromatized completely to toluene 121.

When the reaction was repeated in methanesulfonic acid a similar
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reaction occurred and toluene 121 was the only product.

c)'Boron trifluoride:

Diene 100, (30mg) was dissolved in boron trifluecride etherate
(O.3cm3) at -20°C. The 1H—-NMR spectrum, recorded immediately, indicated
that alf/;f the diene had reacted. After work up with sodium
bicarbonate, the lH-NMR spectrum of the residueﬁ?ndicated toluene 121 as
the major product. GC-MS of the product mixture however indicated the
presence of tracé amounts of acetate 186, (m/e: 184, 186), cresol 213,
(m/e: 152,144) and cresol 168, (m/e: 153) alogg with toluene 121,
(m/e:171,173). When anhydrous BFj; gas was bubbled through a solutlon of
diene 100 (30mg) in CD,Clj,at -78°C, the 1H—NMR spectrum of the reaction
mixture indicated complete aromatization to toluene 121, which was
confirmed by GC-MS of the product mixture.after work up.

d) Boron trifluoride etherate in the presence of mesitylene:

A solution of diene 100, (75mg, 3.6 mmol) and mesitylene
(200mg,;7mmol) 1in CD,Cl, (0.25cm3) was cooled to -78°C and to it was
.added boron trifluoride etherate (0.25cm3). The mixture was slowly
warmed to ambienF temperature and the mixture was then‘worked up with
sédium bicarbonate. The 1H—-NMR spectrum of the product mixture
indicated the presence of excess mesitylene; however after prolonged
evaportalon on the higﬁ vacuum pump, aromatic peak similar to those of
mesitylene was still present. GC-MS of the produc; mixture showed
toluene 121, (m/e:173,171) as tge ma jor compound aléng with trace
amounts of acetate 186, (m/e:186,184), cresol 168, (m/e:153) and another
compound with (m/e:244,246). This peak could be explained by the

formation of S5'-chloro-2,2',4,6-tetramethyllbiphenyl.

f) e«Trifluoromethanesulfonic acid in chloroform-d ;

3
Trifluoromethanesulfonic acid (0.02cm ) was- added to a

—
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. . 3 -
solution of diene 100, (45mg) ih CDCl; (0.28cm ) at 0°C, and the

&

1 s .
reaction was monitored by JH-NMR. After 1l5min at 0°C, only 10% of the

-

diene remained. The reaction was warmed to ambient temperature over a
- period of lh.and then worKed up with Naﬁéb3. The composition of the

product mixture, as indicated by 1H—&MR and GC-MS was >95% toluene 121,
(m/e:171,173). The minor éroduct was 2—nitro—p—cresol 168,7(m/e:153).

g) Reactions with trifluoroacetic acid in methanol:

To a solution of diene 100, (30mg) in CD30D (0.06cm3) at
-20°C was added TFA (0.24cm3) and the reaction was monitored by NMR.
There was no noticeable change after 20min at -20°C, so the temperature
was increased td 0°C. No reaction occurred over ldmin and the mixture
was-warmed to ambient temperature (22°C). After 18;in , 42% of the
diene had reacted. After 60h the reaction was worked up with sodium
bicarbonate. The 1H—NMR spectrum and the GC-MS of the mixture indicated
the presence of 307% toluene 121, (m/e:l?l,f%B), 477% acetate 186,
(m/e:184,186) and 20% cresol 213, (m/e:142,144).

In a mixture of CD;0D (O.lScms) and TFA (O.lScm3) SAZ'oﬁ
diene 100 had reacted after 72h at ambient temperature. The reaction
was complete after 17 days. After work up with sodium bicarbonate, the
product wixture, as indicated by 1H—NMR and GC-MS, contained 72%Z cresol
213, (u/e:142,144), 19% toluene 122, (m/e:171,173) and 9% acetate 186,
(m/e:184,186). . . o \

In a mixture of ED30D (O.27cm3) and TFA (O.O3cm3), 68% of
diene had r cted‘aECer 14 days and all of it had disappeared after 32
days. After bicarbonate work up, the1H~ NMR gpectrum and the GC~MS of

the product mixture indicated 41% toluene 122, (m/e:171,173) and 59%

y

cresol 213, (m/e:142,144).

N
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“h) Reactions with tgifluoroacetic acid in chloroform~d

s *

. i Diene 100, (30mg) was added to a mixture of CDClz (0.10cm )

*
and TFA (O. 3cm ) :at 0°C and the reaction was monitored by, H—NQR The

reaction (11/2=42min) was worked up after 18h at 0°C. The H—WMR

. 3
spectrum and the GC-MS of the mixtpre'inﬂicated the presence of 83%

LY
*

toluene 121, (m/e 171,173) and 17%. acetate 1867 (m/e:184, 186) ’

In a mixture of CDC13 0. 20cm ) and TFA (O. 2cm ) at 0°C .

¥

diene (100, Tr/2~2.5h) gave a mixture ef 74% toluene 141, Gn/e.171,173).

and 25% acetate 186, (m/e: 184,186) - '
No noticeable reaction of diene 100 was observed in a mixture

- of CDClg (0.3cm ) ‘and TFA (0.1cm ) at OzC (time 30 min). After lh at

" ambient temperatnre 442-;f:the'die;e.had reacted , The reaction was

complete,efter-?h . .After‘workhlg,iéhe H-NMR - spectrum and GC MS

indicated the preeence cf'SOZ‘tcluene 121, (m/e:171 173) and 507% acetate

¥

186, (m/e:184,186).

LAY

"3
-With a mixture of CDC13 (O 39cm D) and TFA (0. Olcm ) the
reaction (11/2—12h) was complete after 24h at ambient temperature.
After work up, the H—““R spectrum and the GC- MS of the product mixture’

;ndicated the presence of 32% toluene 121, (m/e:171,173) and.68% acetate

k4

186, (m/e:184, 186)

.

i) Reaction witb sulfuric acid 1n acetic anhydride:

i vDiene 100, (30wg) was added to a mixture of’acetic anhydrice
' (0.27cm3)-and sulfurié acid (0.63cm3) at -20°C and the reaction was
.mbnitored bi 1H—NMR. The reaction (11/2=20min) was worked up,with
sodium bicarbonate after 24h. The 1H—NMR spectrum and the GC-MS of the
mixtute indicated the presence of g2% toiuene 121, (m/e:171,173) and 18%

acetete 186, (m/e:184,186):

s -
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When the reaction was repeated using a 0.1% (v/v) mixture
CO.ch3) of sulfuric acid in acetic anhydride‘the.reaction'was very'slow
even at 22°C. From the NMR spectra of the reaction mixture, formation

of Z- and E—S—chloto—6—methyl;6-nitrocyclohexa—z,4-dienyl acetates was

evident. After 90 days all diene pfoducts had disappeared. After

. . 1 .
sodium bicarbonate work up the H-NMR spectrum and the GC-MS indicated

the presence of 33% toluene 121, 5% toluene 111, 28% toluene 122 and 33%

h2Y ¢

of a mixture of crgsol 213 and acetate 186.

j) Reaction with sulfuric acid in acetone:

Diene 100, (30mg) was added to a mixture of 10% (v/v)

3
sulfuric acid in acetone-dg (0.3cm ) and. the reaction was monitored by

) H—NMR at 0°C. After 20min at Q°C the reaction (rl/zmlOmin) was warmed
1

to room temperature and it was worked up after 12h. The H-NMR spectrum
and the GC-MS of the mixture indicated the presence of 80% cresol 21?,
(m/e:142,144), 7% toluene 122, (m/e:171,173) and 7% toluene 121,
(m/e:171,173).

k) Reaction with sulfuric acid in methanol: ¢

. Diene 100, (1.5g, 6.5mmol) was added to a mixture of 25%
(w/w) ‘sulfuric acid and methanol (20g) at -78°C. The mixturz was warmed
to 0°C and stirfed for 8h, then copled and stored at -20°C for 12h.

After concentrating the solution at -40°C on a rotavapor the mixture was

poured into ether (250cm ) and neutralized with ammonium hydroxide

g\

‘NHR\?f the mixture indicated the presence of #0%

3- ®
(50cm, 0.7mol). The organic_}ayer was decanted out and the aqueous

. 3 . .

layer was extracted with ether (2x50cm ). The combined ether solutions
. .37

were washed with water (2x100cm ), dried over anhydrous magnesium

sulfate and evaporated to dryness at -50°C to yield an oil (1.2g). The

\,
—
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(Z)—3-chloro-é-methyl—é—nitrocyelohexa—Z,A-dienol (204) and 60% cresol
(214). The mixture was separated by chromatography on alumina using
ether-petroleum ether mixtures as eluent. The mixture (1%) was lo;ded
onto a column ‘of neutral alumina (110g) cooled to -78°C. Evaporation of .
the first “fraction (509cm3, 40% ether) at -40°C yielded a mixture of 70%
dienol 212, 5% toluene 122 and 25% cresol 213. The second fraction
(500cm3, 60% ether) yielded 30% dienol 212, and cresol 213.  The later
fractions (500cm3at 80% and 100% ether) contained pure cregol.

Tﬁe first fraction (170mg) from this coPumn was geparated
again on an alumina (BSg)‘coiuﬁﬁidE‘-78°C using mixtures of ethet and ™~ "~
. J{petroleufn ether (each 125cm3 volume of eluent was collected geparately)
as eluent [no. of fractions,( % ether) = 2(0%), 2(5%), 2(10%), 2(20)%, 2
(39%), 2(40%Z), 3(100%)). The toluene 122 was etuted in the six&h
fraction. In fractions 10-11, pure qgenpl 204, (90mg) was obtained,
followed by cresol 214 in the later fractions. The dienol 212 was
characterized by NMR spectroscopy at low temperature without further
purification. 'h-NMR (250MHz, CDCly, -40°C): & 1.71 (3H, s, CH3), 2.5
(14, brs, OH), 4.45f(1H, d, J=6.00Hz, H ), 6.01 élﬂ, d, J=10.10Hz,
4-H), 6.07 (1H, d, J=6.00Hz, 2-H), 6.35 (1lH, d, J=10.10Hz, S-H)épm;l

13
C-NMR (62.9MHz, CDCl,, -50°C): §. 22.0 (CHj), 69.6 (c-1), 88.3

c
(C-6), 121.5 (C—2),u125.8 (C-4), 128.1 (C-5), 129.9 (C-3);

In another experiment, diene 100, (1ll6émg, 0.5mmol) was
stirred at ambient temperature for 6h in a mixture of 25% (w/b) sulfuric
acid and methanol (1.5g). After wgrk up ;ith sodium bicarbonate, pure
cresol 214, (6Smg,{9lZ yield) was %btaine&L mp 73°C (litlz9 73-74°C)
1H—NMR (250MHz, CDCl3): & 2.14 (3H, s, CHj3), 4.71 (lH, br s, OH), 6.72

(14, d, J=1.53Hz, 6-H), 6.76 (1H, dd, J=1.53 and 7.90Hz, 4-H), 6.96 (lH,
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d, J=7.90Hz, 3-H)ppm; T (62.9 MHZ,  CDCly): §, 15.2 €293), 115.4°
(C-6), 120.9 (C-4), 122.4 (C-2), 131.7 (C-3), 132.0 (C-5), 154.4 (C-1)
ppm. : . N

1) Reaction with hydrogen chloride:

.

Anhydrous HCl gas was bubbled throughga solution of die%e
100, (I.Sgé?gol) in ether (25cm3) at -78°C for lS5min. TQe mixture was
warmed to 0°C over a period of 30min, stirred for lgéin at 0°C, then
diluted with ether (100cm3) at -78°C and neutralized with ammoniu&
hydroxide (50cm3, 0.7mol). After stirring the mixture for 1k, the
organic {ayer was .separated and the residue dissolved in water (100cm3)
was extracted with ether (2x50cm3), dried over aghydrous magnesium
sulfate and concentrated on the rotorvapor at 15°C to yield a pale
yellow residue. The rﬁ—&MR ;pectrum of this residue indicated the
presence of .~90% (Z)—3—chlopo—6~methyl—6fnitrocyclohexa—Z,A—dienyl
chloride (201) along with some aromatic compounds. Pure diene 201,
(0.69g) was obtained from the crude mixture by fractional

crystallization from ether-petroleum ether mixtures at -20°C as

2 -1
colourless crystals mp76°C; UV (CH;0H) xmax=269nm, (=430 m mol ); IR:

S N
(KBr). 3040, 1640 (C=C), 1555, 1375 (NO,); H-NMR (250MHz, CDClj):- §

1.81 (3H, s, CH3), 4.96 (1H, dd, J=6.70 and 1.68Hz, 1-H), 6.10 (1H, dd,
J=10.15 and 1.81Hz, 4-H), 6.13 (1lH, ddd, J=6.70, 1.81 and 0.57Hz, 2-H),
6.64 (1H, ddd, J=10.15, 1.68 and 0.57Hz, 5-H)ppm; 13C—NMR (62.9MHz,
CDClg3): 6 23.3 (CHj3), 58.4-(C-1), 88.3 (C-6), 120.3 (C-2), 126.2 (C-4),
128.5 (C-5), 132.5 (C-3); analysis: C 40.28%, H 3.79%, N 6.65%, C1 ~
33.83 % (calculated for C;M4CL,NO,: C 40.41%, H 3.39%, N 6.73%, C1
34.08%). wgen the reaction was repeated with a 6N solution of HCL-
solution in ether at -40°C, unchanged diene was recovered. Diene 100,

' 3
(50mg) on stirring with a -solution of HCl (0.05cm ) and acetic anhydride

-

a

.
- {
N S — ﬁ,;~%g¢y‘¢;~;:uu.,wi,b:JZiﬁ.ﬁv”“,‘v,,ﬁ&a.
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3
(0.25 cm ) at room temperature for 4h gave 48% of diene 201 together
with acetate 186 and toluene 122.

m) Reaction with anhydrous hydrogen bromide:

Anhydrous HBr gas was bubbled through a solution of dien:
lOOi (lg;ézml) in e;hgr ?}Ocma) at -78°C for 10min and the solution was
then stirred for lh as the temperature was increaéed to -40°C. The
’IH—NMR spectrum of the residue after work up (500mg) indicated 76.5%
(Z)-3—chloro-4~methyl—6—nitroc&clohexa—z,4—dieny1 bromide (224) was
present together with 2-bromo-4-ch1;roteluene. Crystallization from
ether-pentane mixture at -20°C gave pure diene (224) mb: 71°C; 'uv
(CH30H): Aéax=280nm (e=527m2mol_l): IR (KBr) 1555
(NO,); 1H—NMR (250MHz, CDClj3) 6: 1.78 (3H, s, CH3), 5.14 (lH, dd, J=6.64
and 1.84Hz, 1-H), 6.10 (1H, dd, J=10.33 and 1.84Hz, &4-H), 6.17 (1lH, dd,
J=6.64 and 1.84Hz, 2-H), 6.66 (lH, dd, J=10.33 and 1.84Hz, 5-H);
l3C—NMR (62.9MHz, CDCljy) GC.23.9 (CH3), 50.2 (C-1), 89.2 (C-6), 121.5
(C-2), 126.1 (C-4), 129.4 (C-5), 131.8 (C-3); analysis C 33.46%, H
2.61%, N 5.46% (Calculated for C,H;NO,C1Br: C 33.29%, H 2.79%, N

#.12.2 Reactions of (Z)-3-bromo-6-methyl-6-nitrocyclohexa-2,4-dienyl

acetate (101): \
The procedure employed for-the acid catalyzed reactions af
diene 101 were similar to that of diene 100 and the results have been
summarized in section 4.2. Only the experiments leading to the
characterization of compounds not characterized elgewhere in this

dissertation are described here. .

a) Reaction with trifluoromethanesulfonic acid: A

Diene (101, 27.5mg, O.lmmol) was added to a cold sol-ution of

3
CF3S03H (0.3cm ) at 0°C, the colour of the solution changed

-
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1
instantaneously to dark brown. The H-NMR spectrum indicated complete
disappeérance of diene 101 and toluene 123 as the only product. After

work up with sodium bicarbonate toluene (123) was isolated as the only

1
10u
product. It had mp=45-47°C (lit. b 47°C); H-NMR (250MHz, CDCl.):

¢ 2.55 (3H, s, CHy), 7.16 (1H, d, J=8.6Hz, 6-H), 7.55 (lH, dd, J=8.6 and
2.1Hz, S-H), 8.05 (1H, dd, J=2.l1Hz, 3-H); P -wmr (62.9MHz, CDCl,)

GC: 20.0 (CHy), 119.6 (C-4), 127.4 (C-3), 132:?_(C—1), 134.0 (C-6),
135.9 (C-5), 149.6 (C-2).

b) Reactions with trifluorocacetic acid in chloroform:

Diene 101, (27.5mg) was dissolved in a mixture of TFA
(0.3cm3) and CDCl3e(O.1cm3) ar 0°C and the reaction was monitored by
1H-NMR. There was slow formation of aromatic compounds, and after 5h
the diene had completely aromatized to a mixture of toluene 123 and
acecate‘l92. After work up, the IH—NMR spectrum of the product mixture
indicated the presence of 37% acetate 193 and 63% toluene 123.

X The reaction was repeated with:C%Cl3 (O.Zém3) and TFA
(O.Zcm3).' Howdver the aromatization was slow at 0°C, so the reactton
mixture was warmed up to ambient temperature, when the diene aromatized
completely within lh. After‘work up the 1H—NMR spectrum‘gf the product
indicated 59% acetate 193 and 41% toluene 123.

In a mixture of TFA (O.lcm3j and CDCl;, (O.3cm3) diene 101 had
a halflife of 20min at ambient temperature. The mixture wa allowgd to
stand overnight at ambient temperature, then worked up. THZ lH—NMR '
spectrum and GC=MS of the mixture Iindicated the presence of 70% acetate

193, (m/e =230, 228), toluene 123, (m/e =217,215) and 8% of another

-“compound (m/e =275,273) which had NMR peaks at &: 8.26 (1H, s), 7.77
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/
(1H} .8), 2.59 (3H, s), 2.11 (3H, s). This compound was assigned as
S5-bromo-4-nitro-o-cresyl acetate .
Diene 101 decomposed at ambient temperature over a perlod of
15h in a mixture of CDClg‘(O 38cm ) and TFA (0. 02cm ) to yield 73%
acetate 193, 1471 toluene 123 and 137 nitroacetate 254.

¢) Reaction with anhydrous hydrogen chloride:

HG1 gas was bubbled through a solution of diene (101, 275mg,
3
lmmol) in ether (Scm ) at -78°C for 15min and stirred for 45min during

! !
which the bath was allowed to warm up to -40°C. The H-NMR spectrum of

the mixture at this stage indicated the presence of a new diene iOO as
the only product. After work up with aqueous ammonia at ~-78°C pure
(Z)-3-bromo-6-methyl-6-nitrocyclohexa-2,4-dienyl chloride (260) (206mg ,
82% isolated yield) was isolated as the only product. This was purified
by crystallization from ether-petroleum ether mixture at -20°C to yield
pale ye;low irystals. 1t had mp: 87°C; UV (C§2C12): Amax 273nm1
(e=35lm mol ); IR: 1540 (NO,), 740 (C-Cl); H-NMR (250MHz, CDClj) 3:
1.81 (3H, s, CH3), 4.89 (lH, dd, J=6.47 and 1.72Hz, I;H), 6.20 (1iH, dd,
"J=10.30 and 1.81 Hz, 4-H), 6.36 (1H, dd, J=6.47 and 1.8lHz, 2-H), 6.54
(1H, dd, J=10.30 and 1.72Hz, S5-H)ppm; l3C—NMR (62.9MHz, CDCly): GC 24.2
(CHy), 58.6 (C-1), 89.1 (C-6), 121.2 (C—3)] 124.2 (C—Z),'128.1 (C-4),
129.1 (C-5); Analysis: C 33.39%, H 2.67%, N 5.51% (Calculated for
C,H4NO,C1Br C 33.29%; H 2.79%; N 5.55%). -

d) Reaction with hydrogen bromide:

Anhydrous HBr gas was bubbled through a solution of diene

‘ 3
101, (275mg, 1.0mmol) in ether (5¢m ) at -78°C for 15min. The mixture

Wy
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was stirred for 45min, during which time the temperature was allowed to
rise to -40°C. After low temperature work up with aqueous ammonium
hydroxide, followed by crystallization of the residue, pure
(Z)-6-methyl- 6-nitrpcyclohexa-2 A—dlenyl 1 3 -dibropide 255, (88mg) was
obtained. It had mp 68.5°C; IR (KBr) 1540 (NOj), 590 (C-Br); UV ‘

2 -1 1
(CHZCLZ):Am%X=286nm (e=477 m mol ); H-NMR (250MHz, £DCl,)

"§: 1.82 (3H, s, CHj) 5.11 (lH, dd; J=6.54 and 1.92Hz, 1-H), 6.25 (1H,

dd, J=10.25 and 1.60Hz, 4-H), 6.h4 (I1H, dd, J=6.54 and 1.60, 2-H), 6.60
13 -
(1H, dd, J=10.25 and 1.92Hz, 5-H)ppm; C-NMR (62.9MHz, CDCl3) &:

24.0 (CHs) 50.4 (C-1), 88.9 (C-6), 120.7 (C-3), 125.4 (C-2), 128.0

(C-4), 129.1 (C-5)ppm; Analysis: £ 28.29%, H 2.20%, N 4.70% (Calculated
for C7H7N023r2- C 28-312, H 2-312, N 4)712)-

e) Reaction with sulfuric acid in methanol:

Digne 101, (690mg, 2.5 mmol) was added to a mixture of
methanol (5.4g) and sulfuric acid (1.08g) at -20°C and stirred for
30min. The mixture was then stored in a freezer at -20°C for 7 déys.
Methanol was then removed on the rotorvapor at —40°C, the residue was
diluted with ether (130cm3) and neutralized with ammoniuTm hydrPxide
(1Ocm3, 1.4 mol) diluted with ether (SOcms). After separating the
organic layer the residue was dissolved in water and extracted with
ether (2x25cm3). The combined ether solution was washed with water
(4x50cm3), dried over anhydrous mégnesium sulfate and the ether was
removed at -40°C. The 1H—NMR specttum of the residue indicated 77%
(Z)-3-bromo—-6-methyl-6-nitrocyclohexa-2,5-dienol 205 and 22% cresol
215. Prior to separation, the 1H—NMR spectrum of the sample kept in the
freezer overnight at -78°C, was rerun and indicated the presence of 61%

- :

dienol 205, 28% cresol 215 and 4% of a new dienol identified later

on as (Z)-S5-bromo~2-methyl-6-nitrocyclohexa-2,4-dienol (214). The
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mixture was separated by chromatography over basic alumina (45g,

‘Brockmann Activity 758717, deactivated by shaking for 30min with 3% by

weight of 10% (v/v) acetic acid-water mixture) at -78°C using mixtures
(3x200cm3 of 20%, 2x125cm3 of 40%, 1x25-cm3 75% and 1x250cm3 100%) of
ether and petroleum ether as eluent. Evaporation of fraction 2 gave
onlx'toluene 124. Pure dienol 205 was obtained from the fourth, fifth
and.sixth fractions. The last fraction contalned a mixture of 54%
cresol 215, 28% of dienol 214 and 18% dienol 205. Dienol 205 was
characterized by NMR without further purification. 1H—N’MR (250MHz,

CDCly, -40°C):6 1.71 (3H, s, CHs), 2.85 (lH, brs, OH), 4.37 (1H, m,

H ), 611 (1H, dd;"J=r0.20 and 1.60Hz, 4-H), 6.25 (lH, d, J=10.20Hz,

1

. . 13
5-H), 6.31 (1H, dd, J=3.43 and 1.6QHz, 2-H)ppm; C-NMR (62.9MHz, CDCl,,

-40°C): 6, 22.1 (CHy) 70.5 (C-1), 87.9 (C-6), 118.4 (C-3), 127.9, 127.8
and 126.2 (C-2, C-4 and C-5)ppm. ’

In another experiment diene 101, (27.5mg) was dissolved in a

‘mixture of CD;0D-H,SO, (0.3ml of 25% w/w) at 0°C and the reaction was

monitored by 1H—NMR. After 45min at 0°C there 'was 76% unchanged diene
101 along with 247 dienol 205. On increasing the temperature to ambient
temperature rapid aromatization took place. After 45min the spectrum
indicated 50% cresol 215, 31% dienol 205 and 19% unchanged diene 101.
After 3h the dienes had completely aromatized and the only product
obtainedé;fter bicarbonage work up was cresSl 215 mp:80°C (lit150 80°C);
 a-NHR (250MHz, CDCls): 6§ 2.19 (3H, s, CH;), 4.75 (lH,Abr s, OH), 6.94
(14, 4, J=0.8Hz, 6-H), 6.93 (24, m, 3- and 4-H)ppm; 13C—NMR (62.9MHz,

CDCl3): 6.15.2 (CHj3), 118.1 (C-6), 119.5 (C-2), 122.9 (C-5), 123.7

c
(C-4), 132.0 (C-3), 154.5 (C-1)ppm.

7.9.3 Reactions of (Z)-3—methoxy-6—methyf—6-nitrocyclohexa-2,A-dienyl

acetate (102). - e

The procedure employed for the acid catalyzed reactions are

similar to those described for diene 100. The results are summarized in
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scheme 4.18.

7.9.4. Reactions of b—methyl—é—nitrocyclohexa—Z,S—diedgdimethyl ketal

(226).

a) Borontrifluoride gas:

Anhydrous BF3; gas was bubbled through a solution of diene 2%6
(30mg, 1.4 mmol) in CH,Cl, (O.Scma) with continuous stirring at -78°C
for Smin. The resulting solution was warmed to ambient temperature over
a period of 30min, then diluted with CH,Cl, (lScm3) and washed with
water (2x10cm3). The lH—NMR spectrum of the residue after removal of
solvent indicated the presence of 40% cresol 168 and 60% anisole 1ll6.

b) Methanol and chloroform:

3-
The diene 226, in a mixture of CD;0D (0.03cm ) and CDCl,

3 -
“¢0.30cm ) aromatized over a period of 9 days to yleld cresol 168 as the

H

ma jor product. (/

7.9.5 Reactions of (Z)-4~chloro-3-methoxy—-6-methyl-6-

nitrocyclohexa-2,4-dienyl acetate (130):

.(a) Reaction with trifluoromethanesulfonic acid:

Diene 130 (30mg, O.llmmol) was added to CF;S50;H

»

(O.Scmg) at -78°C and the mixture was stirred for lh, during which time
the temperature was allowed to rise to ambient temperature. The mixture
was diluted with CH,Cl, (25cm3), and washed successively with water
(10cm3),‘102 aqueous bicarbonate (lOcm3) and water (10cm3), then dried

>

1
over anhydrous MgS0,. The H-NMR spectrum of the residue obtained after

¢

removal of the solvent indicated the presence of 42% 2-chloro-4-methyl-5-

-nitroanisole (257), 19% anisole 115 and 39% cresol 137.
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(b) Reaction with boron trifluoride gas in metﬁylene chloride~d,:

1
BF3 gas was bubbled through a H-NMR solution of diene 130

3 1
(30mg) in CD,Cl, (0.4cm ) at -78°C. The H-NMR spectrum of the

. resultant solution at -60°C after 1lOmin indicated complete Hisappearanée

of the diene 130. %

Solvgnt was evaporated from the reaction mixture by bubbling
nitrogen gas and the residue was kept 6n the vacuum line for 2h to
remove any remaining acid. The 1H—NMR spectrum of the residue indicated
85%Z of anisole 257 and 15% of cresol 137.

The residue was dissolved in ether (25cm3) and the solution
was washed with 10% aqueous sodium bicar-bonate solution (2x10cm3). -

Removal of ether after drying ‘over MgSO, gave pure 257 as a yellow

1

142 . 2 -
solid: mp 92°C (1lit 92°C); UV. (CH,CLly): A x,_\335mn (=453 m mol ),

ma
2 -1
279nm (€=625 m mol ); IR (KBr): 1520 and 1320 (NO,), 1290 (Ar-0CHjy), ¢
1
780 (C-Cl); H-NMR (250MHz, CDCl4):8 2.54 (3H, s, CH3), 3.96 (3H, s,
‘ 13
OCH3), 7.35.(1H, s, 6-H), 7.60 (1H, s, 3-H)ppm; C-NMR (62.9MHz,

CbCl3): 6~ 1%.8 (CH3), 56.7 (OCH;), 108.3 (C-6), 126.9 (C-4), 128.2

c
(C-2), 133.8 (C-3), 147.5 (C-5), 153.6 (C-l)ppm; MS (70ev) m/e (relative
intensity): 203(11), 201(31), 186(19), 184(59), 156(28), 154(11),
112(23), 105(31), 91(25), 89(35), 79(25), 77(100); exact mass: found
201.026 (Calculated for CgHghO; Cl: 201.019).

(c) Reaction with borontrifluoride etherate: .

Diene 130 (30mg) was added to a solution of BF3;-Et Oat -20°C
in a reactivial and the mixture was sgtirred at —20°é for ith. The
reaction mixture was warmed to ambient temperature and furkher stiiggéd
for lh. The 1H—NMR of the residue indicated 467 anisole 257, 23%

anisole 136 and 31% cresol 137.
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(d) Reaction with sulfuric acid in methanol-d,:

Diene 130 (30mg) was added to a 25% (w/w) H,S0, solution in
« CD 30D (0.4cm3) solution in methanb}—d“ contained in a lH—NMR'tube at
-20°C and the reaction was monitored by 1H—NMR. After 10min at -20°C
the 1H—NMR spectrum indicated 39% ketal 135, 31% dienone 134 and€302
unreacted diene 130 was prggeuc. The diene 130 dnd ketal 135
disappeared after 6h at -20°C yielding a mixture of 95% dienone 134 and
5% cresol 137. After 4 days at -20°C the lH—NMR spectrum indicated 60%
dienone 134 and 40% cresol 137. At this sPage’
the solution was kept at room tempegature for 1 day, then worked up.
The lH—NMR spectrum of the residue indicated that 977% cresol 137 and 3%

cresol 119 were present.

(e) Reaction with trifluoroacetic acid:

Diene 130 (30mg) was added to TFA (O.&cm3) contained in a nmr ,
tube at 0°C. The 1H—'NMR spectrum, recorded after 6min, indicated the
complete disappearance of the diene 130. Removal of the acid on the
vacuum pump ylelded a yellow residue. Integration of the 1H—NMR
spectrum indicated that 50% anisolé 136, 8.5% cresol 137 and 41.5%..

anisole 257 was present.

(£f) Reactions with trifluoroacetic acid in chloroform-d:

Diene 130 rearomatized instantaneously at 0°C in varying

mixtures of CDC1;~TFA to yield the following products:
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TFA CDCl, (viv)

B
1]

136
44%
51%
43%

137

174

15%
247

257
39%
34%
33%

g)Reactions with trifluoroacetic acid in methanol-d,:

was monitored by

The reaction of diene 130 in mixtures of CD 30D and TFA at 0°C

intervals are given below:

1
H-NMR and the composition of the reaction mixtures at

TFA
3 1
3 1
3 1
1 1
1 1
1 1
1 3
1 3
_ 1 3

CP3OD(V:V) Time

8min
33min
4h
8min
50min
4h
L45min
4h

l1h(ambient)

130

134
100%
50%

897%
407,

47%
39%

135

137

50
100%
3%
60%
100%
17%
61%
100%

(h) Reactions with hydrogen chloride gas in ether:

\"

Anhydrous HCl gas was bubbled through a solution of diene 130

3 + 3
(250mg, 0.95mmol) in etheg (5cm ) contained in a 10cm‘ two necked. round

bottom flask at -78°C for Smin.

The mixture was slowly warmed to 0°C

~over a period of lh and evaporated to dryness on the vacuum line at 0°C.
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The 1H—NMR spectrum of the yellow oil indicated the compositioﬁ was 437%
cresol 137, .6% cresol 119 and 51% (l:1) mixture of two dlastereomeric
hydrogen chloride adducts, -
2,5-dichloro~4-methyl-4-nitrocyclohexa-2—enone, (258) and (239).

The mixture was separated by HPLC on a silica column (Si-10,
0.8x50cm) using a linear gradient elution programme with mixtures of
hexane-CH,Cl, as solvent. The composition of the el&ent was changed
from 50% hexaﬂe—CHZClz mixture to 100% CH,Cl, over a period of 1l5min and
kept unéhanged for 20min at a cqnstapc”flow rate of 2cm3.din;l.

. \ Cresol 137 and a mixture of cresols 137 and 119 was collected
in the first two fractions (f6.5pin and 21.3min) respectively. Fraction
3 (26.3min) contained g mixture of 85% 258 and 15% cresol 137. Fraction
4 (30min) contained 95% diastereomer 259 and §% cresol 137.

Pure diastereome} 258 was obtained after two successive HPLC
separations of fraction 3, using éimilar gradient elution techniques as
a colorless oil which was cgaracterized by NMR. 1H—NMR (250MHz,

CDCly): &6 1.97 (3H, s, CHy), 2.98 (1H, dd, J=8.85.and 17.60Hz, 6'-H),
3.20 (1H, dd, J=4:5<and 17.6lz, 6-H), 5.11 (1H, ddd, J=0.68, 4.50 and
8.80Hz, 5-H), 7.02 (lH, d, J=0.68Hz, 3-H)ppm; 13Q—NMR (62.9MHz, CDClj):
GC 21.6 (CHj3), 43.8 (C-6), 57.0 (C-5), 90.&F(C-4), 130.1 (C-2), 135.6
(c-3), 184.7 (C-1). ’

Diastereomer 259 crystallized from ether-petroleum ether
mixture at -20°C as w?ite crystals. It had mp §9°C; UV (CH,Cl,): Apax
241.5nm (e=1235 mzmol_l); IR (KBr) 3030 (H-C=C), 1705 (a,B—ﬁnsaturated
C=0), 1560 and 1310 (NO,), 735 (C-Cl); 1H—NMR (250MHz, CDCl3):& 1.96
) (3H, s, CH3), 3.15 (1H, dd, J=4. 37 and 17.60Hz, 6-H)', 3.34 (1H, dd,

J=6.67 and 17. 60Hz, 6'-H), 4 79 (IH ddd, J=4.37, 6.67 and l.22Hz, 5 H),
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7.32 (14, d, J=1:22Hz, 3-H)ppm; bR (62.9MHz, coci3$:ac " 24.8 (CHg), "*
43,01 (C-6), 57.9 (¢-5), 89.2 (C-4), 135.6 (C-2), 137.9 (C-3), 184.9°
(C-1)ppm; analysis: C 37.52%, H 2.65 %, N 6.13% (Caléulgted for
'97H7N03c1;: C 37.52%, H 3.12%, N 6.25%). ‘
Cresol 137 obtained in the first fraction as a yel}ow solid
was crystallized from ether-petroleum ether mixtures. It had mpl65°b;
IR (KBE): 3200 (0K, 1538 C(NOp); UV (CHpCLp): A 372:6mm (415
m mol ); H-NMR (250MHz, CDCl3): &: 2.34 (3H, s, CH3), 7.53 (lH, d,
J=1.1Hz, 3-H), 7.85°(lH, d, J=1.1Hz, 5-H), 10.85 (lH, s, OH)bpm;‘ -
PoNMR (62.9MHz, cnc13)'scz-2o.2 (CHy), 123.3 (C-3), 124.2 (C-2);7129.9
‘ (C-4), 134.3 (C-6), 138.6 (C-5), 149.6 (C-1)ppm; MS (70ev) m/e (relative
intensity) 189(C137,26), 187(0135,82), 142(11), 113(16), 78(17), .
77(100); analysis C 44.85%, 1 2.97%, N 7:23%-(Calcu1;ted for
C7H6N0335C1: C 44.82%, H 3.22%, N 7.45%). . p
Tbe_aboye ekperimegl &as‘repeated by bubbling ﬁCl.gﬁs through
an ethereal solution of diene (250mg, 0.95mmol) at ~28°C for Smin. The
réaction mixture was worked uap @itp NH,OH at -78°C after 5min sti}ring.
Remoyal of the solvent at -40°C yi?lded a yellow oil. The lH—-NMI}
spectrum of tﬁe oil at -40°C indicatéd that 30% dienone’134 amd 70%

(1:1) mixture of 258 and 259 were present. .,

- . 1

" . .7.9.6 Reactions of ) ¥ ,

(Z)p3~methoxy—6—methyl—2;6—dinitrocyclobé;a—2,h—dienyl acetate (151):

+

.(a) Reaction in trifluoromethanezsulfonic acid: o,
. -3 0
Diene 151 (30mg, .0.1lmmol) was added to CF3S03H (0.5cm ) in-a
reactivial at -78°C and the mixture was sfirred for lh _during which time

the temperature wasg increased to 22°C. After dilution with CH,Cl,

+
> )
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BN 3
(25cm ) the mixture was washed with water (10cm ), 10% aqueous
3 3
bicarbonate (10cm ) and water (lOem ), then evaporated to dryness, after-
drying over anhydrous MgS0, . The H-NMR spectrum of the residue in
acetone~dg indicated the presence of 197% anisole 155, 35.5% cresol 231;
35% anisole 116 and 9.5% cresol 168. .

\\ ~
(b) Reaction with borontrifluoriae gas im methylene chloride:

" Anhydrous BFj gds was bubbled through a

solution of diene 151 (30mg, 0. llmmol) in CD,Cl, (0. 4cm ) contained in a

-

NMR tube at —-78°C for 5min and the H-NMR spectrum of the reaction

- * 1
» mixture indicated coﬁplete aromatization after.5min. The H-NMR

spectrum of the residue obtained after removal of the solvent and acid

at ambient temperatﬁre indicated a mixture of 40%Z anisole 155 and 60%

_anisole 116. . &

{(c) Reaction with neat boron: trifluoride. etherate:

To a solution of BF3.Et20(0.4cm3) at —-20°C contained in a
reactivial was added diene 151 (30mg, O.llmmol) and the mixture was
stirrgd for 1h!at -20°C and lh at ambient éamparature. After work up
the 1H—NMR spectrum of Epe residue 1ndiéated that 39i cresol 231, 4.5%

anisole 155, 25.5%Z anisoie lib and 307 cresol 168 were present.

*(d) Reaction with anhydrogs hydrogen chloride gas at -78°C:

Anhydrous HC1 gas was bubbled.for 5min through a solution of
diene 151 (200mg, O. 72mmol) in anhydrous ether (Scm )y contained in .a
10cm3 2 necked round bottom flask at -78°C. The mixture was stirred for
30min, then transferred into ether (50cm3) at :78°C,$'After low
temperature work up with NH,OH solution’(lSCma, O.ZmOLj, the 1H—NMR'

spectrum of the residue indicated a mixture of cresols 231 and 168 along

-
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with 4-methyl-2,4-dinitrocyclohexa-2,5-dienone (305). Warming the
solution to ambient temperature yielded only cresols 231 and 168.

(e) Reaction with sulfuric acid in methanol-d,:

‘Diene 151 (30mg) was:added to a mixture of H,S0, (25% w/w) in
CH3OH (0. 4cm ) at ®20°C in a H-NMR tube and the reaction was monitored
by H—NMR. Over a period of 4 days there was formation of ketal 156 and ,

dienone 305, but undissolved diene however remained, so the mixtpre was \

) warggd to ambient temperature. After 1 day at ambient temperature, the

1
starting diene had aromatiged and,the H-fMR spectrum of the residue
indicated a mixture of 73% cresol 231 and 27% cresol 168.

(f) Reaction in trifluorovacetic acid:

‘ +

. Diene 151 (30mg, O. llmmol) was added to TFA (O. 4cm ) in a
1H—NMR tube at 0°C and the reaction was monitored by NMR. After 5min
dfkne 151 was absent and the mixture contained dienone 305 along with
aromatic compounds. The dienone 305 decomposed after 15min. Removal of
the ;olvent after 2h on the vacuum line gave ZSZ.Qnisole 116, 27% ‘
aridsole 155 and 48% cresol 231. : . ..

(g) Reaction with trifluoroacetic acid®in chloroform—d:

Reactions of dienme 151 in mixtures of TFA and CDC1l; gave the

following product mixtures:

Y
TFA  CDCl,(v:v) Time =~ Temp 116 155 . 231
3 1 7min 0°C 21% 28% 51%
1 1 20min 0°C 237 21% 56%
1 .03 80min  22°C 21% 17% 62%
(h) Reactions with trifludroacetic acid ip methanol-d,:
- - l” 4 ‘ *
el = ' -
¥ K Coal o
, RS SR
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The composition of the reaction mixtures-of diene 151 in

fFA—CD3OD is given as follows:

-+

'
by

i

[

t

3
1

a

1

1
1
1

TFA CD3OD(V/\L/ Time

7 Temb

140min 0°c

127min 0°¢

-L5h 22°C

120min 0°¢C

15h _ 22°C
74 22°C

90%

- 407%

156

33%

1 10%

30%

168
107%

231
90%

' 75%

25%
127%

(1) Reactlons with trifluoroacetic acid in acetic anhydride:

i

To a mixture of TFA (O 2cm ) and acetic anhydride (0.2cm ) at

-20°C was added diene 151 (30mg) 'and the reaction was followed by

1 .
H-NMR.

After’lOQin at —-20°C there was a mixture of dienes” 151 and 150.

no
On warming the mixture to O°C,Anoticeable arqmatization occurred. The

temperature was further increased to ambient temperature and after 45m1n

a mixture of 20% cregol 231,

formed.

“ .3
and TFA (0.Lcm ) at =40°C

3
The reaction was repeated using acetic anhydride-dg (0.3cm )

20% anisole 155 and 60% anisole 116 was

The

1 -
H-NMR speétrmm of the mixture was

T

poorly resolved and the reaction was discontinued after no noticeable

change, in the NMR spectra at -20°C could be Betected.

-

The reaction was repeated on a larger scale using diene 151

3 - .3 :
-(270mg, lmmol), TFA (0.3cm ) and acetic anhydride (0.9cm ) at -40°C.

The reaction was worked up with NH“OH'et ~78°C after 30min of stirring

-~?

hd
.
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20.5% ketal 156 and 62.5% diene 151 was'present. The nitrocresols .

formed were extracted in the ammonia layer.
B ‘ & .

(3) Reaction with trifluoromethane sulfonic acid in the presence of

p-chlorophenol: : s

-
-

. 3
Trifluoromethane sulfonic acid (0.2cm ) was added to a

mixture of diene” 151 (27mg, 0.lmmol) and p- chlorophenol (247) (13mg,

" 0.lmmol) in CHZClz (0. 2cm ) at -78°C. The mixture was stirred for lSmin

at —78°C therwarmed to rogm temperature and stirred qﬁf anothpr 30min.

The mixture was diluted with CH,Cl, (25cm3), washed with water (10cm3),
104 aqueous sodium bicarhonate solution (10cm3) and water (lOcm3) The
HfNMR spectrum ofﬁthe residue obtained on removal of solvent after

o+ -

drying indicated the preéence of 4-chloro~2-nitrocresol (246), anisole

116, cresol 168 along with unreaetéd p—dhlovophenol. Integration of the.

1
H—NMR spectrum the GC analysis of the mixture indicated that the molar

proportion of the compounds was 116 168 246:247::7:1:5.6:2.4.

.7.9.7: Reactions.of

(Z)—é—methoxy—6~methyl—4,6—dinitroqyclohexa—2,4—dienyl acetate (154):

The procedure employed'for the reactions of diene 154 was

. . - %
simlilar to those -described for diene 151 and the resultd are described

in scheme 4.19.

/

7.9.8 Reaction of h-methyl-z,6—d1nitroanisole with trifluoromethane-

sulfonic‘acid:

L4

- L - 3
Anisole 155 (30mg, 1.3 mmol) was, added to CF;S03;H(0.5cm )

cooled to -78°C.  The mixture was stirred for lh during which time the

’ -

JJJJJ

at -40°C, The NMR of the product mixture indicated 17% anisole ‘116, i,gﬁi}.i
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mixture was allowed to warm up to ambient t@guperature. fhe mixture was
diluted with CH,Cl, (ZScm ) and washed wich water (IOcm ), 1OZ aqueous

bicarbonate solution (lOcma) and water (10cm3). The H-NMR spectrum of
the eesidue after ;emoval of solveqt after §¥ying over anhydrqus MgSO

indicated the presence of 42% creeo; 231 and 58% unreacted anisole 155.
‘ 1

7.9.9 Reactions of 5-X-2-methyl>-6-nitrocyclohexa-2,4-dienyl acetates

{187, 188, 196 and 191].

¥

‘ The results ob;ained from the reacgions of all four dienes
have been discussed in section Z 2.2. The descripcion of the reactions
of diene 187 is included below to exemplify the general experimental
procedure employed (for these reactions. ‘

Reactions of (Z)-5-chloro-2-methyl-6-nitrocyclohexa-2,4-dienyl acetate

" 187: .

.

(a) Reaction with trifluorcacetic acid:

i Diene 187 (23mg, lmmol) was dissolved in TFA (Q.3cm3) at 0°C
and the decomposition of the diene was monitored by 1H-NMR. No
noticeable reaction was observed at 0°C for IOmin. O warming the
reaction mixture in the probe to ambient.;emperathrg theyr

diene decomposed'(rl/2~8min) to a mixture of acetate 186 and toluene

122. The reaction was worked up with sodium bicarbonate after 24h at
1

ambient temperature. The H-NMR spectrum of the mixture indicated the

presence of 54% acetate 186 and 46% toluene 122,

(b) Reaction with trifiuoromethaneZsulfgnic acid:

On dissolving diene 187 (23mg) in CF3SO3H(0.3cm3) at‘6°p,
there was instantanedus colour change and the'lH—NMR spectrum of the
reaction mixture at 0°C indicateé complete.aromatization tq.tolueqe
122& After bicarbona;e work up the IH—NMR spectrum of the product.

+ » e
.
+

N
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mixture indicated the presence of tolueng 122 as the only préduqtz,

1 ?

(¢) Reaction with trifluoroacetic acid in methanol:

. 3
Diene 187 (23mg) was added to a mixture of TFA (0.075¢cm ) and

¥

After 10min at 0°C there was no noticeable change.

t

.. -3 .
Cp30D (0.225cm ) at 0°C and the decomposition was ménitored by NMR. ad

v

.The mixture was

warmed_to ambient temperature. After 3h, there was 10% toluene 122 and

90% unchanged-diege. The diene completely aromatized after 48h. The

I3 : .
H-NMR .spectrum of the mixture obtained after work up indicated the . L

presence of toluene 122 as the only product.

(&). Reaction with trifluorocacetic acid in CDCl;:

Diene 187 (24mg) decomposed in a mixture of TFA (0. O7Scm )

and CpCly (O. 225cm,) at ambient temperature (11/2~3h) over a period of

10 days to acetate 186 as the only product ds determined by H—NMR. ‘*

(e) Reaction with pyridine-dc:

Diene *102 (19.5mg), decomposed instantaneously in the

. 3 )
presence of pyridine-dg (0.3cm ) at 0°C. Removal of pyridine from a

- 3 ,
diluted ether (10cm ) solution by washing with 1:1

of ether gave toluene 122 as the only product.

HCl and evaporation

7.9.10 Reactions of 3—chloro—6—methyl-6—nitrdcyc1ohexa—2,4~dienyI '

chloride (201): -

(a) Reaction with trifluoromethane sulfonic acid

Diene 201 (30mg, 0.l4mmol) was dissolved in CF3SO3H(O 3cm )

i
at 0°C and the H—NMR spectrum of the reaction mixture recorded

instantaneously fndicated completé aromatization.

1
sodium bicarbonate, the H-NMR spectrum and the GC-

After work up with

MS of the‘product.

mixture indicated the presence of 64%Z toluene 121 (m/e 171,173) and 36%
L
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2,4-dichlorotoluene «(209) (m/e: 160,162). . o

o
(b) Reaction with trifluoroacetic acid: ~

14

_ Diene 201 (30mg) was dissolved in %FA (O.3cm3) at 0°C and the
reaction was monitored by LH—NMR. After 30min at 0°C the IH—NMR
spectrum of the reaction mixture indicated the presence of 35%Z toluene
121, 1§Z toluene 209 and 46% uﬁreacted diene 201. The mixture was
allowed to warm to ambieng temperature. "After completion the 1H—NMR
spectrum of the mixture indicated that a mixture a% 63% tolq&ne 121 and

37% toluene 209 was formed.

.

7.9.11 Reactions of (Z)-3—bro&o—6—methyl—6-nitrocyclohexa—Z,&-d;enyl
. v

chloride 209:

(a) Reaction yith Frifluoromethane sulfonic acid:

Diené 200 (15mg,0.06mmol) aromatized instantaneously in a
solution of CF3S03H (q.3cm3) at O°Ci The lH—NMRz:spectrum and the GC-MS
of the product mixture obtained after bicargqgate work up indichted the
presence of 37.5% 2-chloro-4-bromotoluene (207) (m/e 204,206,208) and
62.5% toluene 123 (m/e 215,%17).

(b) Reaction with trifluproacetic acid in chloroform~d:

D;gne 206 (15mg) was dissolved in a mixture of CDCl,
(O.ZZScma) and TFA (0.75cm3)‘at 0°C and the.reaction was monitored by
NMR: There was noznoticeable change after 20min at 0°C so tge‘reaction
mixture was war@éd to ambieht temperature. After 12h éhe daene
.aromatized comple;ely. The lH-NMR spectrum and the GC-MS of the product
mixtu;e iﬁdicéted the pregence of 35% toluene 207 (m/e 208,206,?04) and

65% toluene 123 (m/e 215,217).

we



1

..

282.

7.10 Reactions of Dienes with Nucleophilesy

- x

7.10.1 Reactions of (Z)-3-Ehloro—6—methyl—6—nitrocyclohexa-Z,A—dienyl

-

acetate (100)

{(a) Reaction with aqueous methanol:

Diene 100, (BO&g) was stirred overnight in a ndéture of
‘CH3OH (2cm3) and wa;er (2cm3) at ambient tempera&ure. The mixture was
concentrated on the rotolvapor, then éaturaied with NaCl and extracted
with ether (2x10cm3). The 1H—NMR "ectrum of the residue aftef )
evaporation of ether indicated the presence of 30% unreactéa diene

100, 61% cresyl acetate 186 and 9% toluene 122.

(b) Reaction with aqueous methanolic sodium acetate:

-

Diege 100, (0.7g, 3.0mmol) was stirred in a mixture of

CH;0H (4cm3) and water (lcma) containing sodium acetate (0.5g, 6.lmmol)
at ambient temperature for 54h. The reaction mixture after work up
yielded a residue of 0.55g. The 1H-NMR spectrum and the GCMS indicated
the presence of 88% acetate 186, (m/e 1é&, 186) and 12% toluene 122,
(m/e 171, 173). This mixture wasg separated by column chromatography on
silica gel (65g). Elution with 2% ether - petroleum ether gave pure
toluene 122. The. initial fraction with 5% ether - petroleum ether gave

mixtures of toluene 122 and acetate 186. Pure acetaté 1§6 was obtained

as a colourless oil in the laﬁer 5. ether fractions. ,The acetate 186 -

crystallized at -20°C and had mp: 25-28°C (iit129 57-28°C); 'H-NMR

(250MHz, CDCL3): & 2.14 (3H, s, OCOCH3),’2.32 (3H, s, 2-CHj3), 7.04 (1lH,
s, 6-H), 7.14 (2H, s, 4-H and 5-H)ppm; 1?Q—NMR (62.9MHz, CDClj): éc_
15.7 (CHs), 20.6 (QCOCH3), 122.4 (C=6), 126.1 (C-4), 128.7 (C-2), 131.7

(C-3), ¥33.8 (C-5), 149.6 (C-1), 168.6
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(OCOCH;)ppm; MS (eV) - mv/e (relative intensity): 186(9), 184(19), 144(33),
y53(13): 142(100), 141(11), 107(87), 77(44).

(c) Reactien Qith potissium cyanide in presence of 18-crown-6:

Diene 100, (30mg) was added to a solitfon of pétassiué
cyanide (12mg, 0.18mmol) and 18-crown-6 (45mg, 0.18mmol) in CD3CN.
(0.3cm3) at 0°C and the reaction was monité?d by NMR. .The sléw
formation of cresol 213 was observed. T?e mijture was, warmed to ambient
temperature and the 1H—NMR spe&trum of the residue after work. up
indicated.the presence of cresol 213 as the‘major product?

. (d) Reaction with sodium th;ggheqpxide

Sodium thiophenoxide was prepared by refluxing thiOphenol
(6g, 0.0545mol) with sodium pieces (2.lg, .0 Smol) in toluene (50cm ) for
30min. Removal of toluene on the TotoIvapor yielded sodium .
thiophenoxide (8g, 0.048mol) as a white épwder.

‘ Diene 100, (30mg) was stirred for 15h with sodium
thiophenoxide (30mg, 0.24mmol) in acetonitrile (0.3cm3) at ambient
temperature. The 1H—NMR speckrum and GC—&S of the residue after work up
indicated the presence of acetate 186 (m/e 184, 186) and diphenyl

“t

disulfide (mfe 217, 218) as the only prodicts.

7.10.2 Reactions of Z-3-chloro-6-methyl-6-nigrocyclohexa-2,4-dienyl-
] '

.

chloride (201)

(a) With aqueous methanol

- Diene 201, (27mg, 0 lmmol) was added ta a mixture of methanol
(1cm3) and water (0. Dcma) at ambient temperature and the mixture was
.sgirred for 12h. The H—NMR spectrum and the GCMS of the residue
indicateé the presence of 1?% toluene 111, (m/fe 126,128), 38%
5-chloro-o—cresyl methyl ether 256, (m/e 156,158 RT 19.lmin), 267%
nitrocresol 168, .(m/e 153), 20% cresol 213, (m/e 142,144) and 4% toluene

»
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122, (m/e 171,173)

-

(b) Reaction with potassium cyanide:
‘ Diene 201, (30mg, 0.15mmol) was added to a mixture of

potassium cyanide (15mg, O. 22mmol) and 18-crown-6 (SSmg, 0.22mmol) 1in

. i
CH3CN (2cm ) at ambient temperature and the mixture was stirred for &4h.

=

The'lH—NMR spectrum of the mixture indicated toluene 209 and cresol

215 as the major ﬁroducte. The GC-MS indiceted the presence cf toluene
209,. (m/e 166,162), cresol 213, (m/e 142,144), along with traces of
cresol 168, (m/e 153), tolcene 111, (m/e 126,128);‘toluene 1&2, (m/e’

"171, 173) and another compound (m/e 151,153) which was assigned to .

Q—cﬁloro-?-methyl:Benzonitrile (278).

(c) Reaction with sodium thiophenoxide<

A mixture of diene (201, 30mg) andjsodium thiophenoxide
(Z%ng, 0.22mmol) in acetonitrile,was\stirred for 15h at ambient
temperature.  The 1H—NMR Spectrum and GC—Mé-of the colorless oil after
work up indiCQted the presence of tolueqe 209, (m/e 160,162) and 4
diphenyldisulfide (m/e 218,219).

(d) Reaction with potassium acetate in acetic acid:

Diene 201, (ZSQg,»O.Imeol) was added to an ice cold solution
of potassium acetate (19.7mg, 0.24mmol) in acetic acid (0.3cm3) and the
mixture was stirred at 0°C for 3h. After work up with aqueous ammonium
hydroxide gt -78°C, @nly uQFeacted diene 201 was recovered.

0

(e) Reaction with silver acetate:

Diene (201, 30mg) was added to a mixture of silver acetate
(26.6mg, 0.22mmol) and acetic anhydride (O.3cm3) at ambient temperacure
and stirred for 15h. Excess silver was preciplitated by adding sodium
chloride and filtration and the filtrate was worked up with ammonium

1 :
hydroxide gt -78°C. The H-NMR spectrum of the residue indicated the

¢
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presence of 68% toluene 121, 9% cresol 168 and 5% toluene 209 and 187%

‘diene 100. s 9

(f) Reaction with silver)cyanide:

Diene 201, (BOme was stirred in a mixture of silver eyanide

3 s
(37mg, 0.29%mmol) and acetonitrile (0.5cm ) at ambient temperature for

. . -
15h. After work up the H-NMR spectrum of the residue indicated

unreacted diene_201.

(g) Reaction with silver nitrate in methanol:

A solution of silver nirate (I.QZ%,61mmol) in CH;0H (SOcm3 )
was added dropwise over a period of 30min to a solution of diene (201,
0.7gpmmol) at O°p. The resultant‘solﬁkion was stirred for I.5h, then
saturated with sodium chloride and filtered at -78°C. The filtrate was
cegcentrated on the rotovapor at -30°C. The 1H—NMR spectrum of the
residue indicated the presence of 36% (Z)—3—ch16ro-6—me£hyl—6 -
-nicrocyciohexa—Z,A—Aiényl methyf ether (202) and 63% -dierone 56.

The mixture was separated by chromatography on an alumina

column'(87g{ neutral 3% aqueous) at -78°C using mixtures of pentane as

, 3 3 3 3
eluent, (2x200cm | 10%Z, 2x200cm 25%, 4x100cm 40%, 4x100cm 50%).

Evaporation of fraction 4 at -40°C yielded 50% anisole 256 -and 50%
toluene 122. Fraction 5 contained 40% toluene 122 and 60% diene 204.
Pure diene 204 was eluted in fractions 6, 7 and 8. Later fractions
éonta;ning mainly cresol 168 were discarded. Diene 204 was
characterized in solution byQNMR with further éurification.
1H—NE(R (250MHz, CDClj, -40°C) é: 1.73 (3H, s, CH3), 3.34 (3H, s, OCHjy),
4.07. (18, dd, J= 5.67 and 1.55dz, l-H), 5.99 an, dd, J=10.20 and
1.87Hz, 4-H), 6.16 (1H, dd, J=5.6?éand 1.87Hz, 2-H), 6.48 (1H, dd,
J=10.20and 1.55Hz, S-H)ppm; 13C—NMR (62.9MHz, CDCljz, -20°C) 8¢ 23.2
(CH3), 57.6 (OCH35, 77.7 (C-1), 88.7 (CWF), 118.8 (C—Z)‘ 125.7 (C—A?;
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130.0 (C-5), 132.3 (C-3) ppu.

(h) Megﬁylation of (Z)-3-chloro-6-methyl-6-nitrocyclohexa-2,4-dienol

]

€204): - ’

Mqist*eiiéer ox¥de was prepared by adding a solution of
aqueous sodium'hydro%ide (3cm3, 15mmol),to a solution of silver nitrate
(L.6g, O. Qmmoi) in Qater (5cm3) The resultant solution was shaken
vigorously and the brown precipiate obtained by filtration was washee
with water (3x100m ) and filtered on the pump (l5min).

A mixt%Fe containing 66% dienol 204," (100mg) was "added to
meth;l iodide (2cm ) at —78°C. Freshly prepered silver oxide (~500mg)
was added to this solution and. stirred for 200min, during, which the

temperature was allowed to rise to ambfent. The mixture was filtered

3 1
¥ and the residue was washed with CH,Cl, (25cm ). The H-NMR spectrum of

P

the residual oil obtained on removal of solvent an ambient temperature
indicated the preeencg of 35% diene 202, 25% toluene 1224and 40% cresol
213 and anisole 256.

7.10.3 Reactions of 3—chloro—6—methyl -6-nitrocyclohexa—2,4-dienyl

Al

bromide (225)

(a) Reaction with potassium cyanide:

Diene 225, (25mg, O. lmmol) was added to a mixture of éCN
(33mg, 0 Smmol) and CH,CN (1. Ocm ) at ambient temperature and stirred
for 15h. The H—NMR&spectrum of the residue indicateq ;
2-bromo—4~chlorotoluene as the only product.

1
(b) 'Reaction with sodium methoxide ' in methanol: v

A solution of sodium methoxide (50mg, l.2mmol) in methanol
3 .
(Scm ) was added to a solution of diene 225, (100mg, O.4mmol) in
: 3 A
methanol (5cm ) at -78°C and tHe mixture was stirred for 20min, then

warmed to 0°C over a period of lh, After work up the only product

/7
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obtained was 2~ bromo-h-chlorotoluene. T

v €

7.10.4 Reactions of (2)- 3—bromo 6—methyl 6-nitrocyclohexa—2 4-dienyl

g

acetate (101).

-

(a) Reaction with aqueﬁus méthanél in presence\of sodium acetate:
AN v

Diene 101, (540mg, 2mmol) was“ad&ed to a solution of sodium '
acetate (270mg, 2 Ammol) in methanol (1Ocm3) and water(ﬁcm ) and the
mixture was stirred at ambient temperature for 24h. After work up, the p
H—NMR spectrum of the Pale yellow oil idnicated the’pFesence of 37%
acetate 193, 8% toluene’124 agq 55% unreacéed diene 101.. i

The residue ;as dissolved in a solution of . sodium acetate in
methanol and stirred for 6 days:;t ambient temperature. After work up 4
mixture of 80% acetat; 192 and 20% toluene 124 was obtainéd.

> *

The mixture (400mg) was separa&d by‘chromatography on silica

A

gel (65g) using mixtures of ether and befroleum ether as eluent. Pure
toluene (125) was eluted';i h 100% petroleum ether: 4H:NMR (250MHz,
CDCl3): 6,2133 (34, é, CHj3), 7.13 (lH, dd, J= 8.3 and 1.4 Hz, 6-H), 7.33
(18, d, J=8.3Hz, 5-H), 7.59 (lH, d, J=1.4Hz, 2-H); o-NMR (62.9Muz, hT
CbC13): 8¢ i9.6 (CH3) 122.9 (C-4), 124.8 (C-2), 130.5 (C-5), 132.9
(C-6), 137.3 (C-1), 146.7 (C-3). T
Pure acetate 193 was obtained as a colourless 011 in the
later fractions with 100% petroleum ether and with 1% etbgr’qu 997
petroleum ether solution. IR (neat);:l770 and 1310 (OCOCHj3);
W (CHaCLo)t A, 276 (e=672 momol” ) 267nm'(e;835m2m01"1); '-tR
(250MHz, CDCLg4): 2.05 (3H, S, OCOCH3),‘2 24 (31, s, CHg), 7.02 (1H, d,
J=8.4Hz, 3-H), 7.12 (1H, d, J=2. OHz, 6-H), 7.20 (lH, dd, J=8.4 and
2.0Hz, 4-H); " C-NMR (62.9MHz, CDCl3): 6, 15.8 XCHy), 20.6 (OCOCHj),
119.2 (C-5), 125.3 (C-6), 129.1 (C-4), }29L3 (C-2), 132.1 ZE—B), 149.3

"(C-1), 168.6- (DCOCH;); MS (70eV), m/e (relative intensity): 230(22),
228(23), 188(94), 186(100), 107(76), 78(30), 77(28);
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~{b) Reaction with aqueous methanol .

A solution of diene 101, (54mg, O.2mmol) in a CHapH (3cm )

. 3
;. and water (2cm ) mixture was stirred at ambient temperature for 24h.

. The * H—NMR spectrum of the oil obtained'after work up indicated the
presence of 57% acetate 193, 20% of tolufhe 124 and 23% ‘of unreaéted
dieke 101. The mixture was stirred in aqueous methanol for another 48h.
ihe H-NMR spectrum of the oil obtained after work up indicated 66%

’ acetate 193 24% toluene 124 and IOA unreacted diene 101. -

7.10.5 Reaction of Z—3—bromo-6:::23xl-6—nitrocyclohexa—z;4-dieny1
< -

-

“chhloriée (200) -

(a) With methanelic silver nitrate:

e

A solution of diene (200, i51.8mg, 0.6;m01) in methanol
(lOcma) was added dropwise to a stirred eolution of silver nitrate
‘7(306mg3 0.18mmol) in methanol (3cm3), cooled in an ice bath, and the
mixture was stirred at C°C for 2h. The 1H—NMR spectrum of the residual
oil indicated the presence of 63%

&
3- bromo—6~methyl 6—nitrocyclohexa—2 4-dienyl methyl ether (203) and 377

dienone 56. ‘ 4 : ’
o " The diene after separation on an alumina column at -78°C, was
characterized tn solution by NMR spectroscopy without further
purifi’tationg H—NMR (ZSOMHZ, CbCl 4, -40°C) &; 1.70 (3H, s, CHy), 3.32
(34, s, OCHy), 3.96 ( 1lH,dd, J=5.15 and 1.70Hz; 1-H), 6.06 (1H, dd,
J=10.26 and 1.50Hz, 4-H), 6.36 (LH,dd, J=10.25 and 1.70Hz, 5-H) 6.38
(1H,dd, J=5.15 and 1.50kz, 2-H),ppm; B omr (62.9MHz, CDCl;, -40°C) 6
22.3 (CHy), 56.6 (ocn3); 77.6 (C-1), 79.9 (C-6),- 120.2 (C-3), 122.2

(c-2), 126.7 (C-4), 128.9 (C-5) ppm.
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7.10.6 Reaction of (Z)—3-methoxy—6-methyl—6—nitroeyclohexa:Z,A-dienyl !
acetate (102) with nycaeophlles

(a) with neat methanol:

. Diene 102, (30ug) was dissolved in methanol-d, (0.3cm3) at
0°C and the décomposition was monitoried by 3H—NMR. After 30min at 0°C
the 1H—ﬁMR spectrum showed.20% dienone 56 along with 80% unreacted diene
102. When the reactipn mixture was warmed to ambient temﬁerature the
dienone decomposed to cresol 168, and some ketal,226 was detected.

After 2 days at ambient temperature the reaction mixture contained

mainly cregol 168.

(b) With aqueous methanol in presence of sodium acetate:

N .

Diene 102, (30mg) was added to a clear solution of sodium
acetate (22mg, O. 26mmol) in methanol (2cm3) and water (lcm3) at ambient
tempetature and the mixture was stirred for 15h. The H—NMR spectrum of
the residue after work up indicated 497% ketal 226, 45% cresol 168 and 67%.
anisole 112. This experiment was repeated without aﬂy water, and
decreasing the stirring time to 2.5h. éhe products consisted of 407%
cresol 168 and 607 ketal 226.

(c) With methénolic'soaium methoxide:

Anhydrous sodium methoxide (6.7mg, O. 1Smmol) was added to a
solution of diene 102, (30mg) in methanol (0 3cm ) cooled to -78° C‘ and
the mixtuFe was warméd to roomstemperature gver a period of lh.

The lH—I:IMR spectrum of the éesidue after work up 1n¢icated,the presence

of 85% cresol (168) and 15% anisole (112).

(e) With aqueous methanol: . ' ‘e
) "3
Diene 102, (30mg) was stirred .in a mixture of methanol (lcm )

3 .
and water (0.5cm ) at ambient temperature for Sh. The H—NMR spectrum

¥
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of the product mixture indicated the presence of mainly cresol 168 along
. [

with some p*cresol (219)

(f) With aqueous methanol ‘in presence of

tris(hydroxymethyl)aminomethane

Diene 102, (30mg9rwas stirred for 15h at ambient temperature
in a solution of TRIZMA (31. Smg, 0.26mmol) in methanol (2cm ) and water
(1cm ). " After work up, th¢ NMR spec¥fum of the product mixture

indicated the'préeence pffSOZ»ketél 226 and 20% cresol 168.

(g) Reaction withkmétﬁanbl'in pregence of N,N-diisopropylsethylamine;

o Diene 102 (AS&mg, 1.98mmol) was dissolved in a methanolic
solation (5cm ) of N NrDLPbA (Sl6mg, 4mmol) and the mixture was stirred
at ambient temperature fork3§. The mixture was diluted with CH,Cl,
(SOcmBQ anp washed with water (3x15cm3). The 1H—NMR spectrum of the
product after work up indicated that it was pure ketal 226. This gsample
was useg forlcharacterizatipn UV (CH,Cl,): max 277nm
(e =7.7m mol ); IR: (qeat .NaCl pellets) 1545 and 1370 (NO,) 1105 (OMe),

H-N%R (250MHz, CDCl3) &3 1.77 (3H,'s,‘CH3), 3.26 (3H, s, OCHj3), 3.29
(3H, s, OCH3), 6. 10 (ZH .d, J 10.5Hz, 2-H and 6-H), 6.35 (2H, d,
J=10.5Hz, "3-H and 5-H)ppm; C NMR (62. 9MHz, CDCls) . 5 26.9 (CHy), 49.7
(OCH3),~50:Q '(OCH32, 83.7 QC—A), ?2.% (C~1), 129.8. (C-2 and Ci6),‘
130.4 (C-3 and, c¥5)ppm._ Mnalysis C 53.73%, H 6.56%3 N 7.20%
(Calculated £or CgHy3NO,: C 54.27%, H 6.57%, N 7.03%). .

‘ (h) Redctipn with agueous methanol in the presence of sodium

.

perchlorate: . ST

Diene IOf? (BOmgé was dissolved in a solution of .NaC10,,
(22 4mg, .026mmol) in aqueoys methanol and the mixture was stirred‘fer -
. 15 . After work up, the S—NMR spectrum of the mixture indicated cresol'
168 was the only product. g

-
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(i)'ieaction with potassium jodide: ' .

Diene 102 (30mg) was added to a solution of potassium iodide
(115. Smg, 0.65mmol) and sodium acetate (22mg, 0.65mmol) in acetonitrile
(20m3) and water (lcm3) and the mixture was stirred overnight at ambient
temperature. The~1H—NMR spectrum of the product mixture indicated the

preseﬁce of 90% cresol 168 and 10% 219.

(j) Reaction with potassium thiocyanate:
L

Diene 102, (30m0)}was stirred overniéht with a solution of
potassium thiocyanate (6Img, O. 65mmol) in Eﬁetonitrile (Zcma) and water
(lcm ). After work up the NMR spectrum of the product miézure indiqatgd
the presénce of 81% cresol 168 and 19% cresoi 219.

(k) Reaction with sodium nitrite:

Diene be, (30mg) was stirred overnight in a solution of -
sodium nitrite (45mg, O.65mmoi) and sodium acetate (22mg, O.2bmmol).in‘
acetonrtrile'(Zcma) and water (1cm3).. After work up, the NMR spectrum
of the product mixture indicated 72% anisole (120y-and 28% cresol
168. “

R When the above reaction was repeated in the presénce of
N,¥-DIPEA (33.5mg; O.ngmol) in, place of sodium acetate, the product
mixturg contained 80% anisole 120, 107 cresol 168 and }OZ cresol 219.

(1) Reaction with potassium fluoride:

Diene 103, (30ﬁg) was stirred overnight in a solution of
potassium fluoride (37.7mg, 0.65mmol), NNDIPEA (33.5mg, 0.26mmol) and
18—crow976 (171.6mg, 0.65mmol) in acetonitrile (O.Scmz). After work,up
unr@%cted'diene was obtained. When the reaction was repeated with water
(O.Scda) present in the reaction mi;ture, npo reaction occurred after 48h
stirring.at ambient temperature and unreacted diéne (16X<\zii
recovered.

(m) Reaction with isopropanol: ¢

(-
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Diene 102, (30mg) was stirred overnight in a mixture of
NNDIPEA (33.5mg, O. 25mmol) and isopropanol (2cm ). After work up
unchanged diene was recovered. On repeating the experiment‘with water
(0.§cm3) present in the eystem, the product mixture contained 4éz cresol
"(168), 29% cresol (219) and 24% of a mixture of (2) and ,
(E) 1- isopropoxy l-methoxy-4-methyl- 4—nitrocyclohexa- »J—-diene (289)
H—NMR (CDCl3, 90MHz):6 1.14. (6H, d, J=7Hz, O-CH- (CH3),), 1.72 (3H, s,
CHy), 3.25 (1H, sp-tet, O-CH), 3.22 (OCH3) 6.05 (2H, d, J=10.50Hz, 2-H
and é—ﬁ); 6.27° (d, J=10.50Hz, 3-H and 5-H)ppm. No attempts were made to
isolate or separate these adducts.

(n) Reaction with potaésium cyanide:

' Diene 102, (0.908g, 3.96mmol) was stirred overniéht in a
solution of,po€Essium cyanide (.88g, 1 6mmo}), NNDIPEA (1.032g, 8mmol)
in acetonitrile (20cm3) and water (1Ocd3). Tﬂeaéﬂ—NMR spectrum of the
-01l obtained after wori up indicated the presence of 58%
(E)—l—cyano-l—methoxy-h-methyl-&-nitrocyclohexe-Z,S-diene (287), 3OZ'of
the Z-diastereomer (286) along with 12% of aromatic products.

Fractional crystallization of this mixture from ether—petroleum ether
mixtures at —-20°C yielded pure 287. which was characterized after

-1

2
purification. mp: 44°C; UV (CH,Cl,)¢ Apax 293mm (e=10.5m mol ) IR:

(KBr disc).1545 and 137G (su,), 1087 (OCH3); i-NMR (250MHz, CDC13)

§: 1.81 (3H, s, CHs), 3.34 (3H, s, OCHy), 6.15 (2H, d, J=10.2Hz; 2-H and
6-H), 6.5 (2-H, d, J=10.2Hz, 3-H and 5-H)ppm; 13c—NMR (250MHz, CDCl,)
6o: 26.9 (CHy), 52.6 (OCHj), 66.5 (C-1), 82.6 (C-4), 116.6 (CN), 126.3
(C-2 and C-6), 131.6 (C-3 and C=5)ppm; Analysis: C 55.72%, H 5.19%, N
14:38%, (Calculated for CoHjoN,03C 55.66%, H 5.19%, N 14.42%). The

mother liquor was then gspparated by semipreparative HPLC
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on.a pN—lO column using linear gradient elution with hexaﬁe'and CH,Cl,.
fhe solvent composition was changed from 50% CH,Cl, - hexane to 100%
CH,Cl, over a pegiod of 75min with a flow rate of 4{ml/min. After 17min
diene 287 was gluted, followed by 286 28min, and cyanocresol 288 was
eluted after 32min. The products were characterized without further

L2

2 =1
purificatiop. Diene 286 : UV (CH,Cl,): Xmax 280nm (e=20m mol ), IR

t

1 i e Ll
(neat): 1545 and 1375 (NO,), 1080 (OCHj3); H-NMR.(250MHz, CDClj3) é: 1.§0 \
* 7 . ra

(3H, s, CHy), 3.41 (3H, s, OCH;), 6.20 (2H, d, J=10.15Hz, 2-H and 6-H),
6.5 (2H, d, J=10.15Hz, 3-H and 5-H)ppm; 130—NMR (62.9MHz, CDCls), 26.7
(CHy), 52.6 (OCH3)) 66.5 (C-1), 82.6 (C-4), 116.6 (CN), 126.3 (C+2 and
C-6), 131.4 (C-3 and C-5)ppm; Analysis C 55.59%, H 5.21%, N 14.06%,
(Calculated for CoHjoN03: C 55.66%, H 5.19%, %8 14.421).

(0) Reaction with isobutyl-amine:

Diene 102, (227mg, O.lmmol) was added to a soltuion of
igobutylZamine (365mg, O0.5mmol) in acetonitrile (10%m3) and water
(20cm3) and the mixture was s;irred overnight. The reaction mixture was
diluted with methylene chloride (50cm3) and washed with water (3x15cm3).

Removal of methylene chloride on the roto-vapor yielded a red oil. The
1H—NMR spectrum of the oil indica&ed that the composition was 407
N-isobutyl-p-toluidine (290), 60% N-isobutyl-2-nitro-p-toluidine (291)
and minor amounts of other aromatic products. ’ é

The residue was dissolved in CH,Cl, (50cm3) ana extracted
with hydrochloric‘acid (3x15cm3, IN). The organic layer was washed with
water (20cm3), the dried over anhydrous magnesium sulfate and evaporated
to dryness. The 1H—NMR spectrum of this dark red residue indicated the
éomposition as mainly nitrotoluidine 291 aloné with other aromatics.

Attempts to separate this mixture by TLC failed although various

*
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solvents (petroleum ether, ether—petroleum ether mixtures, benzene,
methylene ¢hloride) were used. Column chromatography on silica gel
using petroleum ether as eluent gave mixtures enriched in nitrotoluidine
291 in thé'early fractions. Similar results were obtained with 5%
ether—pe;roleum ether and 100% ether solutions as eluents. Ggadient
elution (SxSOcm3 of 100% petroleam ether, 2% ether-98% petroleum ether
solut;ons) gdve similar reSults.‘ The nitrotoluidine was characterized
in the mixture: 1H—NMR (250MHz, CDCl3), & 1.04 (6H, d, J=6.6Hz,
CH-(CH3),), 1.99 (1H, m, CH(CH3),), 2.25 (3H, s, Ar-CHj3), 3.10 (2H, dd,
J=6.46 and 5.40Hz, CH,), 6.76 (1H, d, J=8.70Hz, I—H?, 7.24 (1H, dd,
J=8.70 and 1.00Hz, 5-H), 7.97 (lH, d, J=1.00Hz, 3-H), 8.08 (lH, br s,

13
N-H)ppm; C-NMR (62.9MHz, CDCl3): §. 19.9 (Ar-CHj), 20.4 (CH(CH3),),

C
28.0 (CH), 50.8 (CH,), 113.8 (C-6), 124.5 (C-4), 126.1 (C-3), 130.0
(C-2), 137.6 (C-5), l44.1 (C-1)ppm; GCMS (CI-methane) of this ffaction
indicated that the molecular weight of this compound is 208. The other
fractions were enriched in another aromatic which had mass 163; 1H—NMR
(250MHz, CD,Cl,): & 0.81 (6H, d, b=6180Hz, CH-(CH3)7), 1.93 (1H, m, CH),
2.397(3H, s, Ar—CHj), 3.88 (2H, d, J=7.60Hz, CH,), 7.28 (2H, d,
’3=9.9OH2), 7.35 (24, d, J=9.90Hz); The structure of this compound could
not be assigned.

The original acid extracts were combined and neutralized with
sodium hydroxide solution and extra;ted with CH,Cl, (3x20cm3). Removal
of solvent after drying over anhydrous magnesium sulfate gave pure
toluidine (290, 80mg). IR (neat): 3420 and 1620 (N-H), 2960 (C-H); UV
(CH,C1,)? Ajay 303mm (e=318 mzmol—l), 250nm (=984 mzmoi-l); 1H—NMR
(ZSOMsz CbCly): 6 0.97 (6H, d, J=6.70Hz, CH-(CHj),), 1.87 (1lH, m, CH),

2.23 (3H, s, Ar-CHj), 2.90 (2H, d, J=4.70Hz, NCH,), 6.53 (2H, d,
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J=8.50Hz, 2-H and 6-H), 6.97 (2H, d, J=8.50Hz, 3-H and 5-H)ppn;
(62.9MHz, CDCl3): §, 19.7 (CHs), 20.3 (CH-(CH)),), 28.1 (CH), 52.3
(CHy), 112.9 (C-2 and C—6), 126.2 (C-4), 129.7 (C-5 and C-3), 146.4
(C-1); MS (70eV), m/e (relative intensity): 162(12), }19(100),'90(18);
analysis: calculated for CyH¢N,: C 81.42%, H 9.94%, N 8.63%; (found:
C 81.21%, H 9.99%, N 8.19%).

(p) Reaction with 2,4-dinitrophenylhydrazine:

A solutign of 2,h—dinitrophéglhydrazine was prepared by
dissolving the‘hydrazine (0.25¢, l.2$mmoi)vin concentrated sulfuric acid
(1.25cm3). This solution was then added to a mixture of water (1.75cm3)
and 95% ethanol (69m3). A solution of diene 102, (ll4mg, O0.5mmol) in
95% ethanol (l.25cm3) wasﬂadded dropwise to the acidic 2,4~-dinitrophenyl-
hydrazine solution. Witnin a minute red crystals began to form. After
recrystallization from hot ethanol pure
2,4-dinitrophenyl~ 4 '-methylazobenzene 277, (153mg, 927% yield) was
obtained as dark red needles: mp 134-6 °C (1it 135-136 °C); 1H—NMR
(250MHz, CDCls): & 2.47 (3H, s, CH3), 7.36 (2H, d, J=8.40Hz, 2' and
6'-H), 7.81 (1H, d, J=8.80Hz, 6-H), 7.87 (2H, d, J=8.40Hz, 3' and 5'~H),
8.51 (1lH, dd, J=8.80 and 2.40Hz, 5-H), 8.80 (lH, d, J=2.40Hz, 3-H)ppm,

7.10.7 Reactions of (Z)-&~chloro-3-methoxy-6-methyl—-6—

nitrocyclohexa-2,4-dienyl acetate (130):

(a) Reaction with methanol in the presence of sodium acetate:

Diene (130, 350mg, 1.35mmol) was added to a previously
stirred solution of sodium acetate (282mg, 2.8mmol) in methanol (12cm3)
and water (5cm3). The mixture was stirred at ambient temperature for 2
days. Methanol was removed on the rotovapor at 20°C and the residue was
dissolved in ether (50cm3), washed with water (2x20cm3), dried over

anhydrous magnesium sulfate, and evaporated to dryness to yield a brown?
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+0il. The 1H—-NMR spectrum of this oil indicafed the presence of 17%
4-chlo§0:5—methoxy-é—cresyl acet;te*(292), 217% cresol 137, 5% anisole
and 48% ketal (135) were present.?

Cresol 137 was removed from the mixture by washing the ether
solution (50cm3) of the residue wiFh 10% aqueous bicarbonate soiution
(2x20cm3). Removal of ether at ro;m tédberature yielded a yel%ow oil
(140mg) containing 5% anisole 136, 66% ketal 135 and 29% acetate 292.

The mixture was §eéarated by!HPLC on a nitrile column (CN-10,
0.8x50cm) using linear gradient elution. The composition of the eluent
was changed from 100% hexane (2.5@53/min) to 100% meth;lene chloride
(6cm3ﬁmin) over ‘a period of twenty minutes. The first fraction (2lamin)

\yielded pure acetate 292 followed by‘anisole 136 in the second fraction
(23min). Pure ketal 135 was obtai%ed in the third fraction (25min).

Acetate 292 was crystallized from ether-petroleum ether
mixture as a yellow so}id; mp: 44°C; UV (CH,C1,): Amag 280.9nm
(e=4l7m2mol—l), 287.5 (e=346m2mol_i); IR (neat) 1765 (OCOCH;), 1134
(0CH3); IH—N}(R (250MHz, CDCl3) 2.08 (3H, s, OCOCH3), 2.32 (3H, s, CHj3),

3.85 (3H, s, OCH3), 6.62 (lH, s,¢H ), 7.22 (1H, s,>H .)ppm; Q
13C-NM:R (62.9MHz, CDCl3). 15.2 (OC§9§3); 20.7 (CH3), 56.4 (OE§3),.106.5
(C-6), 119.86 (C—A),r122.9 (c-2), f§1.8>(C—3),’148.§ (€C-1)7.163.7 (C-5),
168.0 (0OCOCH3); MS (70eV), m/e (relative intensityf 214(14), 174(33),
172(100), 137(26), 129(18), 77(23): analysis C 55.60%, H 5.28%;
(calculated for CiH},05CL C 55.95%, H 5.161)

Ketal 136, (yellow oil) was characserized as such: UV (CH,Cl,): Amax
279.7 (e=53m2mol_l); IR (neat) 1552 and 1350 (NOp). 1065 and 1098
(OCH3); DR (280MHz, CDCL,): 6.4.75 (3H, s, CHy), 3.21 (3, s, OCHj),
3.2 (3, s, OCHy), 6.01 (LH, d, J=10.30Hz,kH ), 6.46 (LH, d&, J=2.50
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and 10.30Hz), 6.58 (lH, d, J=2.50Hz, H-3)ppm; -C-NMR (62.9MHz, CDClj):
\ - a

6,267 (Cii3), 51:0 (0CH3), 51.6 (OCH3), 65.8 (C-1), 86.4 (C-4), 130.1

(C-6 and C-3), 131.9 (C-5), 136.8 (C-2)ppm; Analysis: C 46.80%, H

5.05%, N 5.54% (calculated for CgH,NO,Cl C 46.66%, H 5.17%, N 5.99%).

(b) reaction with methanol in the presence of NNDIPEA:'

Diene 130, (54mg, 0.2mmol) was added to a miXture of methanol
(2cm3), water (lcm3) and N,N-diisopropylamine (51.6mé, O.&&mol) and
stirred for one day at ambient temperature. Methanol was removed on the
rotovapor and the residue was dissolved in etHer (30cm3), washea with
water (2x100m3) and,evaporated to dfyness after dryzing over anhydrous
magnesium sulfate. Tﬁe 1H-NMR of the residual’ yellow oil after work ;p
indicated 41% 4-chidro—5—methoxy—o—creso1 (293), 41% ketal 135, 6.5%
anisole 136 and 11.5%7 cresol 137 was present.

(c) Reaction with potaséium cyanide in acetonitrile

Diene 130, (175mg, O0.67mmol) was added to a previously
stirred solution éf potassium cyanide (175mg, 2.7mmol) in acetonitrile )
(6cm3), water (3cm3) and NNDIPEA at ambient temperature and stirred for
two days. After evaporation of acetonitrile at 20°C, the aqueous layer
was dissolved in ether (50cm3), washed with water (2x20cm3), dried over
anhydrous magnesium sulfate, and evaporated to dryness to yield a yellow
oil. The 1H—-NMR spectrum~?f the oil indicated 26% anisole 136, iBZ

"cresol 293 and 61% of a (2:1) mixture of both (E)- and .
(Z%Z—chloro—l—cyano-l-methoxy-é—methyl—&—n}trocyclohexa—Z,S—diene
(294 and 295 respectively). .
-The mixture was sepafgted by HPLC on’a nitrile column (CN-10,
0.8x50cm) using linear gradient, elution. T?e composition of the solvent

was increased fgémx2§%>hexane—mechylene chloride qé 100Z methylene

chlooride over a périod of 25min. . -

- ¥ LY
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The first fraction (8min)-contained 90% anisple 136 and 10%
anisole 115. .Diené 29i (the major diastereomer) was present in the
second fraction (9min). The third fraction contained mainiy diene 295
and traces of an unknown compound with NMR signals at 5.92 (1H, s), 3.8
. (34, s), 2.05 (3H, d). Pure cresol 293 was eluted afterQZOmin
‘ Attempts to obtain pure (295) by crystallizatlon and HPLC
under various conditions failed, so it’ qu_characterizéa as,sygh by
'a-wr (250MHz, CDCl3):6 1.83 (3H, s, CHy), 3.28 (3H, s, ocu3f; 6.16
(1H, J=Q.§5Hz, 6-H), 6.55. (1H dé J=2412 and 9.95Hz, 5-H), 6. 66 (1H,
d, JészZHz, 3-H)ppm; " oonmr (62.9MHz, CDCL3)6.: 26.5 (CHy), 52 08
(OCHg), 70.7 (C~1), 84.5 (C-4), 1l4.4 (CN), 125.9 (C-6), 129.7-(c—3),
131.2 (C-5), 131.8 (C-2). ' | ' ' ,
Pure diene ZQﬁ was obtained as white crystals from the second
ffaction: mp: 65°C; UV (CH,Cl,): xmax 262nm (e=41m2mol—l;; IR (KBr) 1548
and 1340 (NO,), 1069 (OCH3); iR (250MHz, coc13)5-(1 86 (3H, .
s, CH3), 3.23 (3H, s, OCH3), 6.14 (lH, d, J=9. 90Hz, H- 6), 6.52 (1H, dd,
J=9.90 and 2.00Hz, H-5), 6.63 (lH, d, J=2.00Hz; H—3)ppm, P eomr
(62.9MHz, CDCl3) 6.:26.6 (CHj), 52.0 (OCHj), 69:9 (c- 1), 84.8 (C-4),
115.2 (CN), 126.5 (C4, 130.1, (C3), 131.9 (C-5) 132.2 (é-Z)pme
analysis C 47.59%, H 4.07%, N 11.86% (Calcilated for CqHgN,04Cl
47.28%, H 3.96%, N 12.25%). Pure cresol (293) was obtained
as a pale yellow liquid: UV (CH,Cl,): Amax 272nm (€=709BZQO1_1); IR
(neat) 3400 (OH), 1300 (OMe); '
grm (250MHz, CDCl;) &, 2.15 (3H, s, CHj), 3.84 (3H, s, OCH;), 4.80
(1H, br s, OH), 6.44 (1H, s, H-2), 7.08 (lH, s, H-5); = C-NMR (62.9MHz,
CDCly) 14.8 (CHj), 56.5 (OCH3), 100.8 (C-2), 113.8 (C-4), 116.6

(C-6), 131.7 (C-5), 153.2 (C-1), 154.2 (C-3); MS (EI, 70eV), 174(33),
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172(100), 157(12), 137(38), 131(16), 129(48), 94(17), 93(15), 77(30);
Exact mass: found: 172.03Y-(Calculated for C8H9 ClOz 172. 029).

7.10 .8 Reactions of (Z)-3-methoxy- 6—methyl -2,6- and

2,4- dinitrocyclohexa-2 4-dienyl acetates (151) and (154):

(a) Reaction with methanol in the presence of sodiuq acetate:, i -
‘ Diene 151; (272mg, lmmol) was added to a ﬁixthre of sodium
acetate (170mg, Smmol),'methanql (5cm3) and water (2cm3) and the mixture
was stirred at aﬁbien; temperature for 48h. The residue obtained after
drying and evaporation of ether coﬁtained mainly ketal 156 and traces of
cresol 231.

’ &?ure ketal 156 was‘obtarned from'this mixture as a pale brown
01l (IIOTg, 467 yield) after removal of cresol 231 by washing with
aqueous sodium bicarbonate (10%, 2x25cm3)- IR (néat):lSSZ, 1538 and

1340 (VOZ), 1065 and 1098 (OCHj3); UV (CHZClz)' A 242nm (e=4~1m2m01-s DR
H NMR (250MHz, CDClj) 6: 1.93 (3H, s, §H3), 6.06 (1H, d, J=10.30Hz,
6-H), 6.46 (1H, dd, J=10.30 and 2.50Hz, 5-H), 7.32 (1H, A, J=2.50Hz,
3-H)ppm; | C-NMR (62.9MHz, CDCl3) 8,: 26.5 (CHy), S1.3 (OCH), 52.2
(OCH;), 84.5 (C-4), 94.5 (C-1), 131.7 (C-5), 149.0 (C-2) 297 % I3p-(
(-3 0L>Hm Reaction of diene 154, (27mg, O.lmmol) with aqueous methanol
(1cm3) and water (Q.Scma) and sodium acetate (l/mg, O.5mmol) yielded
ketal 226 as ‘the major product after 48h. Nelther reaction proceeded in

the absence of water.

(b) Reaction with methanol in the presence of NNDIPEA:

Diene 151, (Shmg) was stirred for 24h with a mixture of
methanol (2cm ), -water (lcm ) and NNDIPEA (Sng) After work up the
ether layer contained trace amounts of unidentified compounds. The

.
aqueous layer after acidification yielded cresol 231.
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7.11 Reactions of Dienes with Hydrides: S

7.11. l Reactions of (Z)- 3—chloro-6-me%hyl 6—nitrocycloﬁ§ia-2 4-dienyl

acetate (100): .o ’ ) . :

(a) Reaction with AlH,

Aluminium dhloridF (133.5mg, 1.0mmol) was slowly added to a
well stirred ;olution of lithium alumiﬁlud hydride (ll4mg, 3mmol),in
THF (1.5cm3)“under argon angd the mixtufe was stirred at room
temperature for lh: A solution of diene 100, (231mé, lmmol) in
tetrahydrbfuran (Q.Scm3) was slowly injected into the suspension of ]
~a1uminium hyd,ride, cooled to -20°Qand stirred for lh, during which time
'peribd thé temperature was allowed to increase to OOC', The reaction .
mixthre was cooled to —78°C,Awat§r (O.Scm3) was added and the mixture
stirred for S5min. The mixture was transferred to a sebarating funnel
with ether (ZScms) and the water layer was separated . The ether layer.
was washed wiéh water'(2x10cm3)} dried over_anhydrous magnesium sulfate
and evaporated to dryness gt -402C. The NMR spectrum of the residual
oilf(i42mg) indicated the preaencg of 247 A-Ehlqrotdluéﬁe (111), 11i%
cresol (213) and 65% A-dhforo-f—methyl-l-nitrocyclohexa-2;4-diene (296).
Identical results were obtained when a clear solution of AlHj, obtained
by filtration under argon, was used for the reaction. - ~

Diene (296) was characterized in the mixture Qithout further
purification. 1H—NﬁR (256MHZ,’CDCl3, =-5°C):$ 1.66’(3H2 s, CHj), 5157
" (1H, dd, J=18.90 and 3.30Hz, 6-H):13.§O_(1H} dd, J=18.90 and"5.60Hz,
6'-H), 5.89 (1H, m; 5-H), 5.99 (1H, d, J=9.80Hz, 4-H), 6.12 (1H, dd,
J=9.80 and 1.48Hz, 3-H). (Ifradiating the centre ofh€he mu;tip}at ad
5.89ppm, reduced the doublet of doublets at 2.57 and 3.40ppm to 18.90Hz
doublets and the doublet of doublets at, 6.12ppm to_a 9 8Hz doublet.) -

C NMR (62. 9MHz, CDCl,, -50°C): &, 25.7 (CHy), 34.2 (CH,), 83.5 (C-1),
3 C . 3 2

A}
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: indicated cresol 213 as the only product.
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120.5 (C=5), 126.4 (C-3), 129.3 (C-2), 130.6 (C-4)ppm. .

(b) Reaction with diisobutylaluminium hydride:' -

A

3
A solution of DIBAL in heftane (lcm ) was injected into a.

solution of diene 190, (50mg, mmol).in ether (10cm ) at 0°C. The

oty
mixture was stirred for 15min at 0°C and 40min at ambient temperature,

then cooled to ~20°C. The NMR spectrum of the residue after work up

° /
When the reaction was repeated on a NMR scale using DIBAL

x

(aiter evaporation of heptane) in ether, there was n%’reactidg?gt
P

temperatures below 0°C. After 1.5h at 0° C, the mixture was worked up in

« ~the usual way. The NMR speq@%um of the residue indicated 39% unchanged

“(1.5cm ) under argon at 0°C. The mixture was stirred at room

diene 100 ‘and 61% cresol 213.

(c) Reaction with lithium aldminium hydride:- ' T

Lithium aluminium hydride (12mg1‘0.32mmol) was added to a
o .

‘- 3 .
solution of diene 100, (60mg, 0.26mmol) in ether/(2cm ) at —20°C and the

mixture was stirred at -20°C for 2h. The NMR spectrum of the residue

]

after work up indicated the presence of 80% unreacted diene 100 and 207%

* cresol 213.

Repen&tibn of the above reaction with a large excess of
Ithium aluminium hydride (3.2 mol) in THF yielded after wark up 50%
crésol 213 and 50% unreacteqéﬁiéne 100

.
-
+ ¥ -
) B
< : .
.

7.11:2 Reactions of (Z)—3-brqmo;6—methyl—6—nitrocyclBhega—Z,drdienyl

acetate (1Q1): . i -

(a) Reactioﬁs with aluminium hyﬁriée:

Aluminium chloride (133.5mg, 1@mol) was added slowyly to a

stirred solution of lithium aluminium hydride (1l4mg, 3mmdl§ in THF

Loa
* L)

Y

-~

’n
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temperature for 30min and cooled to -20°C. “A solution of diene (101
276mg, lmmol) in THF (0. Scm ) was inJected into the hydride solution and

the mixture was stirred for lh The NMR spectrum of the mixture

!

indicated the presence of 15% p—bromotoluene (110), 127 S-bromo—o—creso}l

(215) and 73% 4-bromo-l-methyl- 1 nitrocyclohexa—Z 4-diene (297). Diene
297 was characterized in the mixture by NMR: H—NMB (250MHz, €DCl,,
-50°C) §: 2.52 (1H, dd, J=18.98 and 3.50Hz, 6-H), 3.36 (1H, dd, J=18.98
and 5.60Hz, 6'-H), 5.91 (1H, d, J=0.75Hz, 2-H), 6.13 (1H, m, 5-H), 6.20
(14, dd, J=9.75 and 1l.47Hz, A—H)‘ Irradiation at the centre of the ‘
multiplet at 6.13ppm reduced the dd at 2.52ppm to d, J=18. 98Hz, and dd
at 3.36ppm to d, J=18.98Hz, and the dd at 6.20 to a 9.ZSHz-d; C—NMR
(62.9MHz, CDCL3, —SOOC).GC:25’7 (CH3), 35.3 (Cg), 83.4 (C-1), 114.3

(C-4), 124.7 (C-1), 126.2 (C-3), 130.85 (C=2)ppm.

Diene 297 decomposed exclusively to p-bromotoluene 110 on
warming to room temperature overnight. When the reaction was repeated

with 8 mmol of aluminium hydride an identical product mixture was

. obtained. "A similar reaction with lithium aluminium hydride (4mmol)

gaver38% toluene (110) and 62% cresol (213). On decreasing the amount

"of 1ithium aluminium hydride to '3 mmol the. .amount of cresol (215) '

increased to 84%. With aluminium chloride (leg) unchanged diene (6) was

recovered after 1h at 0° 'Cs

-
-

7 ll.3 Reaction of (Z)-3-methoxy—=6-methyl—-6-nitrocyclohexa-2, 4—dienyl

acetate (102). Y (

(a) Reaction with AlHj3:

. ‘s
A solution of diene (102, 227mg, lmmol) in THF (2cm ) was’
added to a well stirred solution of A1C13 (13 .Smg, O. 1mmol) and LiAlHq

. (114mg, 3.0mmol) in THYF (2cm ) at -40°C under argon. The reaction

mixture was stirred at -40°C for lh then diluted with ether (45cm ) at

-

t
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-45°C and treated with water (5cm ). The H-NMR spectrum of the
colorless oil obtained after evaporation of theether at -45°C indicated’
the presence of 60% 4-methoxy- 1—methyl 1- nitrocyclohexa—Z 4-diene (298),
5% 4-methylanisole (l12) and 35% 5—methoxy-o—cresol (299). During

removal of residual THE on the high vacuum pump at ~40°C, some of the

diene 298 decomposeéd to anisole 112. Diene 298 was characterized in &
mixture of 35% cregol 299, 40% anisole 112 and 25% diene 298 by lH—NMR:
(250MHz, cn;&ﬁj/t;i:;;\}: 1.72 (3, s, CH3), 2.58 (I, dd, J=3.26 and
18.25Hz, 6-H), 3.36 (IH: dd, J=5.65 and 18.25H;, 6'-H), 3.54°(3H, s,
OCH3), 4.74 (1H, br ddd, 5-H), 6.02 (1H, d, J=9.90, 2-H), 6.13 (1H, dd,
J=9.90 and 2.15Hz, 3-H). On ir{adiating ehe signal at 4.74ppm, the dd
ak 2.58ppq collapsed to_a doublet (J=18.25Hz), the signal at 3.36ppm
collapsed to a doublet.(J=18.25Hz) and the signal at 6.13ppm collapsed

to a doublet (J=9.?OHZ).

(b) Reaction with lithium aluminium hydride:

A solukign of diene 102 (227mg, lmmol) in THF (2em’) was
added to a well stirred solution of. LiAlHk (152mg, 4. Ommol) in THF
(5cm ) at =40° C and the mixture was stirred for lh. The H—NMR spectrum
of the product mixture indicated the presence of 357% anisole 112 and 65%
cresol 299. ) l

The cresol 299 was separated from the mixture by extracting
with 10% aqueous sodium hydroxide . .The aqueous layer was acidified
with concKHZSOq and extracted with ether. Evaeeration of the ether
layer from the dried solution gave pure cresol 299 as a brown oil (59mg,
42% recovered yield). On standing ‘at -20°C, the cresol was obtained as
crystals. It had.mp 39-41°C (lit151 38-40°C); IR (neat): 3400 (OH),
1120 (OCH;); exact mass: found 138.672 (calculated for Cgly g0y

. . 2 -1 1 ’
138.068); UV (CH,Cljy) Xmax 279 (e=596 m mol ); H-NMR (250MHz, CDClj)
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.6 2 17 (34, s, CH3) 3.75 (3H, s, OCH3), 4.80 (m br s, OH), 6.41 (zu
. m, 2-H and 6H), 6.99 (1H, d, J=8.0lHz, H-S)ppm; = C-NMR (62.9Miz,
CDCL4) 8oi14.9 (CHy), 55:4 (OCH3), 101.6 (C-2), 106.0 (C-6), 115.7
- (C-4), iél.z (C=5), 154.6 (C-3), 159.2 (C-1)ppm.

7.11.4 Reduction of (E)— ,4—a1methyl 4—nitrocyclohexa-2 5-dienyl acetate

80 with lithium aluminium hydride:

, Diene 80 (SOmg, 0.24mmol) in THF (O. Scm ) was added to a
suspension of lithium aluminium hydride (37mg, 0.96mmol) in THF (2cm )
at -20°C. The mixture was stirred for 40min during which the
temperaiu}e was increased to 0°C. The reaction mixture was cooled to
~40°C and worked up in thewusual way. The NMR spectrum of the residue
indicated the presence of (E)-1 4—dimethyl -4~ nitrocyclohexa—Z 5-dienol
(275) as the only product _mp 107-8°C (11:133 107~ 8 c).

Similar results-were obtained when ?luminium hydride
{1.9mmol)’ prepared in the uéﬁal way, was employed as the reducing

!

agent.

-
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Crystal system

Space group

TABLE 7.11
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Crystal data for 101, 190 and 200.

101
Orthorhombic

Pbca (No. 61)

a (A T27.445(8)
b 9.683(3)
c 8.335(2) -
8 (%) 90.
vV (A3 2215(1)
Mol. We. 276.09
2 g
D (§ cm™3) -
meas
D "1.656
calce

Mounting axis

Standard refls.

Meas. range

No. of steés

c

1% vy, 080, 006

0~40° .
160

(0.01° in 20, 0.25s)

Backgrnd. count (s) 40

u(em~1)(A=0.710694) 39.25

Transmiéhion 0.10-0.53
R ’ 0.0763

R 0.0941

W

Diff. map max.(eA”3) 0.83

No. of obser§§t10n5'Y033

No. of parade;ers 136

<

190

Monoclinic

£

P2,/n (No. 14)
7.386(3)
7.618(2)
19.498(6)
92.91(4)
1095.7(6)
276.09

4

1.67

1.67

a

060, 006, 400
0-30°

200

50

39.67 - .
0.1033

0.1029

1,17
597
61

200
Orthorhombic
PcaZ1 (No. 29)
11.901(5)
6.758(2)
ll.gég(h)
9Q.‘
924.5(6)
252.5
4
1.78

1.82

a

F4
200, 006, 020
0-50°

160

40

49.40
0.17-0.47
0.0551
0.0601

0.58
862
108
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