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' ' ABSTRACT

Nitration of 2—methy1—2-(2—methy1phenoxy)propanoﬁc acid’
with nitric acid in acetié anhydride gives E- and Z-
ziasteréoﬁers of 3,3,10-trimethyl-10-nitro-1,4-
dioxaspirolt,5)deca-6,8~-dien-2-one. 2-Methyl-2-(2,3,5-
'trimethyLéheno;y)propanoic acid under similar conditions
affords one of the diastereomers of 3,3,7,9,10-pentamethyl-
10—nitrol1,U—dioxagpiro[u,S]deca—6,8-dien—?—one. Nitration
\ of (2—methylphenoxy)éce£ic acid in acetic anhydride results
in the formation of thé diastereomers of 10-methy1-10—n;tro-
«gl 1,4-dioxaspiroll4,5]deca-6,8-d1en-2-one. l2—Methy1—2—(2-
Y methyl—urnitrophenoxy)propanoic acid on nitration wigh
nitric acid in a mixture of t}ifluorgacetic anhydride aid
“acetic anhydride gives 3,3,10-trimethyl-8,10-dinitro-1,4-
dioxaspiro[H,S]deca;6,8—dien—2—one. In cases of 2-methyl-2-
y ‘(2—methylphenox§)propanoic acid and (2-methylphenoxylacetic
acid, U-nitrosubstituted products are also formed. No 6-
nitro§ubstituted products.are formed on nitration of any of

w ‘ the gubst‘;rates.
‘Tﬁe formation of the spiroaienes can be explained by
addition of the nitron&um\iontat theﬁgosition'ipeo to the
'7methy1‘group and ortho to the ether function and subsequent

capture of the ibao—WhElapd intermediate by the carboxyl

group in tpe sidelchain. The absence of 6-nitrosubstituted

L
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produéts is explained by steric effects.

Under neutral conditions the conjugéted spirodienes
undergo a thermal rearrangement of the nitro gfbgp which is
shown to be a [1,5] sigmatropic nitro shift. 3,3,10—Tri;
mefhyl-10-nitro-1,U-dioxéspiré[M,S]decéi6,8—dien—2—one re-
arranges stereospecifically.to 3,3,6-trimethyl—10-nitgo-1,u-
dioxaspirpl¥4,5)deca-6,8-dien-2-one. 'Tge non-steréoselective
rearrangement of 3,3,7,9,10-pentamethyl-10-nitro-1,4-
dioxaspiro(4,5)deca-6,8~dien-2-one+ to 3,3,6,7,9-pent§mgthyl—
10-nitro-1,4-dioxaspirol4,5]deca-6,8-dien-2-one is shown to
be a (1,5} sigmatropic shift overshadowéd by radical,
epimerization of the product.” A similar concurrént
sigmatropic nitro shift and radical.epimeriéation is also
observed in the rearrangement of 3-t-butyl-6-methyl-6-
niérocycléhexa-2au-dienyl acetate, while 2-cyéno—3.ﬂ-
dimethyl- and 2-cy§no—4,S-dimethyl-u-nlgrocyclohexa—Q,5—
dieﬁyl acetate each,uﬁdergo a stereospecific [1,3]
“sigmatropic n}tro shift. s PN {
Under acidic coﬁditioné, the addycts optained from (2-
fnethylphenoxy)aqetié’ acid- and 2—methyl—2f(2-
methylphenox?)propénoic acid undergo raﬁid'épimerization
fpllowed b& d competing acid-catalyzed [135} sigmatropic
nitro shift énd a 1,3 extramolecular nitro sh?ft to fhe'ld-
' positioﬁ. Some leakage of the nitronium ion also occurs. .
-In hydroxylic solvents \2-methyl-6—nitfophenol i; \also

~

fdrmedh 3,3,8-Trimethyl-8-nitro-1,4=dioxaspiro(4,5)deca~

“~
B
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6,9-dien-2-one, obtained by the ﬁitration of 2-methyl-2-(4-
mgthylpﬁenoxy)propahoic écid with nitric étid in acetic
anhydripe,‘reacts with acids in hydroxylgc and non-
Heroxylic solvents’to give M-methyl-u—nitrocfélohexa-2,5-
dienone (or its further reaction préducts) and 2-methyl-2-
(u-methyl-E-nitroﬁheﬁoxy)prgpanoic acid. Under basic
conditions jt gfves 4-methyl-U-nitrocyclohexa-2,5-dienone

, o
as the sole primary product.
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CHAPTER I

v INTRODUCTION -~ v

—

Aromatﬁc nitration is one of the better undersfood

electrophilic substitution reactions. It has been used as a

Y &

model reaection in the dévelopment of theories of the
substitution process. Directing effects of substituents in
substitution reactions were first studied for nitration

4
reactlonsﬂ

The classificat%on of substitueﬁts as
ortho:para and meta—dirécti g, the connectioﬂ between
orientation and activation and Fules determining further
substitution in disubstituted penzeﬁes were all developed on
the basis of extensive data from aromatic nitration?
Nitration can bt performed in various solvents and with
various nitrating agents, but the effective electrophile
(NO2+) ovér a yide,range of conditions was fo;nd to be the
same. Dilute nitrlc acia, nitric acid in sulphuric acid;
metal nitrates in sulphuric acid, in~trif1uoroaceti£ acid,
“in abetié anhydride; nitrie¢ acid in oleum, nitric acid in
organicd§olvents like nitromethane, sulpholane, carbon
tetrachloride, acetonitrile; nitric acid in acetic acid;
acyi hitrates in‘acetonitrile; alkyl nitrates . and sodium
ethoxide; nitronium salts in inert organic solveéents can be

uség to affeét nitration of substrates of different

solubilities and reactivities.,

IS
[
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The identification of the electrophile made theoretical

«

calculations much easier. Aromatic nitration was the-
‘¢

reaction used as a tesfing ground for molecular orbital
.- / .
theories relating structure to reactivity. It was used in

3 and later to

4

the -development of various reéptivityﬁindices,

develop the‘frontier orbital theory of polar reactions.

\
1\2 Mechanism of nitration

aN
S

N . . ) . .
( The steps involved in the conversion of reactants to

s

-products are well understood and can‘be représented as shown

below.>
1) HNO3 % H¥ == NO,* + H,0 . )
2)  ArH + NO,® == ArH NO,*  (encounter pair)

3) ArH N02+ == W (Wheland intermediate)

4) W == Products

¥

Any of the above steps can be the rate determining
step. In fact, to a certain extent the rate determining
§teb can be changed by adjusting the reaction conditions and

the various steps were identified using this method.

1.2.1 Identity of the Electrophile ‘ .
Nitration of benzene homologs in nitromethane, in
acetic acid, in sulpholane, in carbon tetrachloride and in

“acetonitrile was found to have zeroth order dependence on™ —




the concentration of the substrate.6

The dependence was
between zeroth and first order for benzene and
halogenobenzenes and first order for di- and ¢tri-

halogenobenzénes. For. benzene and toluene, the dependence

varied from complete first order to complete zeroth order on

varying the solvént. .However, the higher homologs always

"showed ;eroth‘order dependence. If all the processes in

v

-steps 2-4 ) in the above mechanism can be described by a

coﬁpoéite rate constant ké, then the observations can be
explained by the ?élance between k_; and ké[ArH]. When k_j4
<< ké[ArH] the'reaqtion became zeroth order in the aromatic
compound} This zeroth order process waé identified as the
process involving the formstion of the electrophile. Under
a variety of conditions the relative amoﬁat of o-» p- and m-
products 'did ot change significantly. Thus the same
electrophile was seen to be involved in all the processes.
The identity of the electrophife was determined by
cryoscopic meaﬁurements in sulphuric acid and by Raman
spectrocopy. It was shown £o-be the nitronium ion. This
identity was confifmed when 0Olah obtained the same product

ratios using nitronium salts as nitrating agents.7

1.2.2 Encounter 'Pair : Loss of Substrate Selectivity.
Reactivity of toluene with respect to benzene (kT/kB)

has Jlong been a measuré of medium effects in aromatic

nitrgtioh.ﬂ This ratio has been détermined by competitive

and absolute rate measurements under many conditions. It




\l
¥

4..

f
has beeh found to vary &ithin a very narrow range

(kT/kB = 17 to'§8) and this has beenlforwafded as evidence

for a common.rate determining step and a common

electrophile. According to the classical mechanism this

£

step was identified as step 3 (the phenomenon of encounter

‘control was not known). Based on this mechdanism, the Brown

E4

selectivity-reactivity relationship was proposed,8

which
stated that in cqppgtitive proéesses if the substréte
selectivity 1is lost, positional seleétivity should also be
lost, and both of these depended on the reactivity of the
elect}oggjle.< | .o

Nitronium salt nitrations‘by Olah showed that kr/kp
ratio fell to%1.5 - 2.5 under these conditions, but the
positionalvs?lectivity in toluene did not change. This led
Olgh to propose én iﬁtermediate prior to the Wheland
intermediate.’ Forhagﬁon of the earlier intermi?iate was
said to be rat? de&e;hining and positional seiecti&ities

were determined in the next step. Since the substrate and

pdsitional selectivities were not determined in the same

~r

+ step, the reactifity—selectivity relationship need not be

true under these coﬂdigibns. Further Olah proposed that the

low kT/kB value was -due to the high reactivity of the

.nitronium ion and the intermediate formed in the rate

.

determining step was a 7 -<adduct.? A similar loss of
subétrate seléctivity without loss of positional *selectivity

was observed by Schofield and. coworkers in the nitration of

e




"4

. . . 5

benzene homologé\in mixed acid.1o_ Tﬁéy p}oposed théf this
was due to the onset of diffusion control and the
intermediate formed in the rate deﬁermining step was an
encounter pair. They did not propose any étructure for the
encounter pair. OlahH suggested that the éncounter pair
may in fact be a « —adduét. Loss of substrate selectivity
in nitronium salt nitrations was later shown to be due to
incomplete Tixing of reagents and the observed low value of
kT/fB due to macroscopic 'diffusion control and not
, 1.12

microscopic diffusion contro Further Rys and

coworkers1% showed ;%at observed relative rates of nitration
of benzene homologs with nitronium salts did not correlate
yeli with m~adduct stabilities of these aromatic
compounds (correlation coefficiept = 0.91). The evidence
foerwarded for m ~adducts is not sufficient but there is no’
reason why encounter pairs cannot be =n ~adducts. 'This can
be decided only after more conclusive evidence is available.
Recently Kochi atd coworkers14 have observed = cHarge‘
transfer band at 400 nm in the nikration mixture of m-
toluonitrile with'nifrgnium tetrafluoroborate. Thus = -

adﬁucts proposed by Olah may in fact be charge-transfer

complexes.

»1.2.3 Encounter Pair : Retention of Positionél Selectivity

Since the recognition of the role of ‘encounter control

10

in mixed acid nitrations, similar encounter controlled

rate limit leading to the loss of substrate selectivity has




)
> N

been observed in trifluoroacetic acid, 'in nitromethane, in
perchloric acid, in sulpholane, in methanesulphonic acid, in

15 in aqueous nitric°acid17 and in acetic

phosbhoric acid,
anhydride. Table 1.1 shows the observed relative rate for
mesitylene with respect to benzene (kM/kB) and the encounter

controlled rate limit in different media along with

calculated kM/kB based on the additivity principle.

Table 1.1%

Relative Rates of Nitration of Mesiﬁylene in Varioué Media

Medium .+ kM/kB 'Encounter kM/kB
(9bserved5 " limit (calculated)

Trifluoroacetic acid ‘ 88 " 100 + 20
Nitromethane ‘. 400 ¥ 4500
61.05% Perchloric agid; 78 80 + 16
Sulpholane 350 500 + 200
63.2% Sulphuric acid ' 68 68

. 16000
68.3% Sulphuric acid 36 s 38 -
88% Menhanesdlphonic acid 387 350 + 50'
83.8% Phosphoric acid 3.5 - §.5
Acetic anhydrideb 650 650 + 50
Aqueous nitric acid® 380 380
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in the case of sulphuric and phosphoric acids the
limiting rate has been shown to be dependent on solvént
viscosity. For other solvents such a relationship does noﬁ
hold well because changes in solvation and activity
coefficilents in different media are not known. The limiting
rate is sharp in mineral acids but is diffuse in other media

- .
because of nitration via C-nitrosation which occurs in

15

ftivated compounds in such other media. The existence of

encounter pairs is now well established. Their formation
may become rate-limiting depending on reactivity of the
substrate and viscosity of the mecdium. However retention of
po§1tional selectivity has not been conclusively explained

18

yet, Apart frem the = -adducts discussed earlier, there

are twc theories which try to explain the retentian of
positional selectivity in the absence of substrate
selectivity. Schofield19 has shown that 1f the rate
constant for separation of the components by diffusion of a
hd;-lnteracting encounter pair 1is of the ordér of 109 -

10\105'1 and Lthe upperilimit for the rate constants

1
determining positienal selectivity is of the order of 1012 -

]

1013571 (1.e. the magnitude of 2 vibration frequency) thén

even a non-interacting encounter pair can give rise to

*

a4
positicrsl selectdivities of the order of 2> 100. Positional

selectivities in pseudocumene were explained assuming a non-

20 Using the same limits for the

Lo d

interacting encounter pair.
rate constants, Perrin showed that in durene and

pentamethylbenzene all the positions would be equally




reactive. Since positional selectivity is retained even in

¢ 21

pentamethylbeﬁzene, Perrin proposed that the encountér

pair is stébilized by interactions increasing the barrier to

separation by diffusioﬁ and thus enabling retention of
positiomnral selectivity. He further proposed an alternative
mechanism involving encounter controlled electron transfer
and collagse of the resulting radical-radical cation pair.
The site,bf bond formation is determined by relative spin
densities. This could explain‘the positicnal selectivities
even when substrate selectivity was lost in the encounter
controlled step. As an evidence for this, Perrin showed
that all a;omatios more reactAVe than toluene could transfer
an electron to NOS in an exothermic step, thus leading to an
irtermediate of lower energy than the non-interacting
encounter pair. The reaction of naphthalene radical cation,
generated in cohtrolled—potential electrolysis at a Pt
anode, with nitrogén dioxide gave 1-nitro.: 2-nitro («/£)
product ratio of 9.2 + 1 equal to that observed in nitration
in conventional media. The glmost equal value of «/8 was
proposed as supporting evidence for~the electron transfer

mechanism. The result in the nitration experiment was later

shown to be due to electrophilic nitration of naphthalene

catalyzed by anodically generated acid.22 Mesitylene
radical cation generated independently with ceric ammonium
nitrate in the presence of nitrogen dioxide reacted to give

'y
both ring-substitution and side chain substitution




g 3

<09,

*
)

7

preduct§.23 Nitratio(’of mesitylene .with nitrie acid gives

only. ring-nitration. So electron transfer prgcess need not

*

be considered for aromatic compounds-less reactive than

Pl

mesitylene. Ridd23, however points out that partial charge
/

transfer cannot be ruled out by‘éhis experiﬁent. Nitration

of. naphthalene with nitronium tetrafluoroborate gave rise to

an intense red ‘soyution containing the binaphthalene radical

cation.\ell The presence of the radical cgtion does not

necessarily mean that the radical cation is-on the bathway_

of nitration by nitronium ion. Nitrous acidAof other N(III)
species can catalyze nitration. by an electron transfer
process under conditions wheré no C-nitrosation occurs. -

Such nitrous acid catalyzed nitration giqug~rise to a

radical ‘cation has been observed,in the case of ¥, WN,4-

, trimethylaniline and the following mechanism has been

=

proposed.25

ArN*MeoH + NO* -—> ArNMez”",s- NO* + H¥
NO* + NO,* ———> NO* + NO,* ‘
ArNMe,** + NO,* ———> Products
The question of the structure of the encounter pair is
not yet settled... It is even possible that encounter pairs’
involving aromatic compounds of different reactivity have‘

different structures. The present situation can be shown;

pictorially as below.
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A : | N
- s exothermic
- electron
Mesitylene transfer
; .electron possible
transfer not
Pseudocumene 1 involved charge
positional M ltransfer not
selectivity can lruled out,

be *explained with "
non-interacting —
encounter pair

Toluene . Y U R
Benzene nitration encounter

controlled in

>95% H3P0u

"

encounter controlled
nitration not observed
as yet

. charge transfer

m-Toluonitrilefcomplex observed

in reaction_mixture

reactivity
(arbitrary scale)

1.2.4 Wheland Intermediates : Product Determining Step

A monosubstituted aromatic compound and the nitronium
ion in an encounter pair can combine to give four isomeric
Wheland intermediates. -These are shown in Scheme 1.1,
Considering steps 3) and 4) in the nitration mechanism, the

Wheland inﬂermediateJcan revert back to the encounter pair

V .

with a rate constant k_3 or -g8 to the products with rate

L 4

constant ky. The demonstration of the existence of Wheland

intermediates was obtained by the negligible isotope effect |

26

(<1.19) in the nitration of tritiobenzene. This required

the presence of an intermediate from which the product was

T

f
formed with the rate constant k), >> k_s3. . K
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Scheme 1.1 Isoﬁeric Wheland Intermediates from a Mono-

-

o - substituted Benzene
Xy
NO
2 W
0
X X
+
J
NOZ > Wm
4 H
encounter , sz
pair
.
X
W
»’p
wx H NO2

-

The structure of the Wheland intermediate was deduced by
noting the similarities in the trends for rates of nitration
(rate de£ermining intermediate formation) and the

o -basicities of the corresponding aromatic compound:
There was é linear relationship between the logarithms of

relative rate constants for nitration in acetic anhydride

and rela@ive pasicities.27 Protonated aromatics have a
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b N
cyc&lohexadienyl cation structure as shown by

28

crystallographic and NMR studies and by analogy a similar

structure was assigned’to.the Wheland intermediates.29
After the récognition of ipso-nitration this structure was
confirmed by NMR of several W?e's obtained by nitration of
trifluoromesitylene, hexamethylbenzene and halopentamethyl-
benzenes.3o’31'

The Wheland intermediates'formed by attack of the
nitronium‘ion at unsubstituted positions. generally undergo a
f@st proton loss to give §ubstituted nitrq\sompound§. The
ipao—WhEland interhediates can give rise £o several
products. The routes to thesé products will be examined'

after discussiii the obéervations that led to the

recognitibn of ip®o-attack.

1.3 Nitration in Acetic Anhydride
Nitric acid reacts quantitatively with acetic
anhydride to give acetyl nitrate (a commonly used name for

32 . e g

acetic nitric anhydride) within minutes. With excess of

‘nitric acid, dinitrogen\pentoxide is observed as one of the
products\.33
Ac,0 + PHNO3 === Ny0g + 2AcOH | B B
| N5Og + Ac,0 === 2AcONO, -2)
With a ‘large excess of acetic anhydride another equilibrium
is obtained.

*Ac,0 + HNO3 === AcONO, + AcOH -3)

But there is no reason why equilibria 1) and 2) should not
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be involved even when acetic anhydride is used as solvent.
Acetyl nitrate can generate the‘nitrzp}um ion in the
following way --

Ac~ONO.2 + RcOH === AcONOH* + Ohc~ ) -4)

AcOH02H+ T== AcOH + N02+ -5)

Thus AcONOQ, N02+, NZOS’ ACONO2H+ are somé of the potential

nitrating agents in the system. Figh o:p ratios of products
in many cases, the agvent of zeroth order kinetics at high

AN
concentrations of mesitylene (0.05 mol dm“3)as opposed to

=3 mol dm™%) required in other media

low concentrations (10
frequent acetoxylation accompanying nitration and
uncertainty about the nature of the electrophile were some
of the reasons why the{mechan&sm of nitration in acetic
anhydride was consideréd, for some time, to be different

from that followed in other solvents.

1.3.1 High o:p ratios

Nitration of halogenobenzenes in acetic anhydride gave’

34

lower o:p ratios- than .in other 'media. Since

halogenobenzenes are polarized with the positive charge

towards the ring, the o- position should be more positively

\

polarized than the p- position. Thus acetic anhydride, a
solvent of lower dielectric constant than the mineral acids,
gives lower o:p ratios due to the electrostatic effect. For
the same reason\anisole and acetanilide with dipole‘moments
opposite to those of hqlogenobenzenes were thought to give

higher o:p ratios. But in acetic acid, a solvent of still
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lower dielectric constant, the o:p ratio was not affected.
An alternate explanation was nitration by dinitrogen
pentoxidg preferentially at o- position, superimposed on
nitration by nitronium ion giving normal o:p ratio.35
Similar high‘o:p ratios were observed for benzy;ic

compounds, biphenyl and styrene. No independent_evidenc§~is

available for any of the proposed mechanisms.

1.3.2 Kinetics; Pseudo-zeroth Order Reactions$ LY
b The observed zeroth order kinetics in acetic anhydride
for high concgntrations of aromatics was found to be a
medium effect.36 For benzene and homologs, the nature of the
medium changed so much on increasing the concentration of
the aromatic that the reaction changed from first order to
zeroth order. This transition depended. only on the
concentration and not on the reactivity of tﬁg aromatic.
However the initial rate depended not only’on bhe‘initial
nitric acid concentratioﬁ as in normal zeroth order reaction
but alsa on the reactivity of th®e aromatic. Hence the
reaction was described as a pseudo®zeroth order process.

The rate of nitration in purified acetic anhydride was
markedly regarded by trace amounts of nitrate ion, so the
effective nitrating agent had to be a poéitive ion in low

16 0f the four possible nitrating species in

concentration,
the medium, only protonated acetyl nftrate and nitrqnium ion

%
can therefore be the effective nitrating agent{
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1.3.3 Identification of the Electrophile

1ot of log(1/2

vkpﬂkrand coworker§37ishowed that t
of%) from nitration of various alkylbenzened in acetic
anhydride against that in sulphuric acid was lindar and "had
a slope of unity. This implied that ‘Ah G*fbr attack at o=
‘and p- positions was the same in both the media and thus' a
common electrophile, th; nitronium ion, ;as suggested.
~There were reservations about”these results,bécause
nitromethane was used as a sol;ent; Ridd16 performed the
nitration of various aromatic hydrocarbons in purified
acetic anhyariQe and in agetic acid. From the encounter
con%rolled rate‘constants for me§ity1ene ig the two solvents
he could calculate the rate constants for‘toluene in the two
media which were found to be equal. Since the identity of
the electrophile is known in acetic acid, this showed that
the same electrophile, namely the nitronium ion, is ‘involved

fh acetic anhydride. After identifying the electrophile,

the pseudo-zeréth order process could also be explained.

-
~

Ridd showed that the mesitylene reactdion could not be made

zeroth order after correcting for medium effects, even when®
. v v

its concentration was as high as 0.5 mol dm'3. The back
reaction must therefore have a rate coefficient (of >1O1Os'1

as mesitylene reacted at t%? encounter rate. Thus, the
' ©
half-life of the electrophile had to be below 10-19s.  This

could be explained by a pre-association mechani;m, viz.,

»

formation of an encounter pair consisting of the aromatic




g u.mw,w-ﬂwwv%

. 16.

ry

substrate and protonated acetyl nitrate, formation of the

»

nitronium ion within the encounter pair and subsequent

nitration.38

%

ArH + ACONOH* —> ArH *  AcONO,H¥

ArH - Ac'ON02H+ == ArH * NO,* - AcOH

ArH * NO,* * AcOH == ArHNO,™  + AcOH

1.3.4 Nitration and Acetoxylation

Nitration and acetoxylation of o-xylene were observed
in the same study where the pseudo-zeroth order ki{;tics was
first observed and protonated acetyl nitrate was proposed as
an elé&rophile.39 The ratio of acetoxylation and nitration
prodUCtS?was constant under a variety of conditions and a
common electrophile, protonated acetyl nitrate was therefore
proposed. But just as the reasons for pseudo-zeroth order
kinetics became known and the electrophile wds identified as
the nitronium ion, the origin of* acetoxylation products was
also determined., Fischer and coworkers™0 showed that the
acetoxylétion‘and nitr%tion products were formed from a
common preCu;sor, an adduct of o-xylene énd acetyl nitrate.
This adduct ' was ;solated from the reaction mixture and'shown
to give the acetoxylation product. Thus the basic mechanism
of nitration in acetic aniydride is not different from that

in other solvents.

»"
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1.4 Ipso-Wheland Intermediates

After the isolat{on of the aéetyl nitrate adduct from
o-xylene, ,similar adducts wére obtained from several benzene
homologs. All adducts were formed through the capture of
Wheland. intermediates formed by the nitronium ion attacking
a position ipso to a substituent. Substituents can activate
or deactivate ;he itpso-position in the same way they
activate or deactivate o-» m- and p- positions. The degree
of activation can be expressed in terms ©of pa}tial rate
factors. For toluene the partial rate factors are - Of by,
me 271, pp 54, i 4-7. %7 Thus a methyl group activates the
ipso-position twice as much it activates the meta position.

For alkylbenzenes <ipso-partial rate factors of other alkyl

groups have been determined relative to the methyl group.u2
They are i?e : i%t : if'Pr : iF'Bu 1 ¢+ 03 : 0°2 :0°0.

Similar ipso-partial rate factors for halogen substituents

43 They are i%:0.18,

have beén determined by Perrin.
iBr-0.079, 1§120.061.™Thus the methyl group activates the
ipso-position the most relative to other substituents. Even
for the methyl group the ipso-position is 9«12 times less
reactive than the o- and p- positions. It follows that if
itpso —attack at a substituent is to bg facilitated, the
substituent has to be o- or p- to another powerful
activéting substituent. .

Once the nitronium ion attacks tpso to a substituent,

the resulting tpso-Wheland intermediate can give rise to a
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variety of products. Most of these products are not normal
substitution products. A vast amount of data on these

unusual prodﬁcts has accumulated over the years and the data

4y 45

have been summarized by‘Nightingale and Suzuki.

46

Hartshorn pointed out that all of the.reactions of the

ipeo-Wheland intermediate can be classified into six
4

v

categories:

]

i) loss of the .original substituent - ipso-

substitution

ii)  loss of thé nitro group - no net reaction
iii) . migration of the original substituent
iv) | migration of thé nitro group
v) modification of a substituent o- or p- to the

ipso-position

vi) capture by a nucleophile !

-

1.4,1 Ipso-Substitution

‘Perrin has ranked‘the electrofugal abilities of various

u7

groups in SN2 and Syl processes. In an Sy process the

leaving group abilities are NO} < Z-Pr*~ S03 < t-Bu*~ ArN3 <

ArCHOH* < NO* < CO, < E(OH)3. In Sy2 processes the leaving
group abilities are Gﬁg < C1* ¢ Br* < D*~RCO* ¢ H*~ I* <
Hget < Me3Si*. The electrofugal abilities in the two series
cén be compared undér suitable conditions and a limited
series Me* ¢ Cl%* < Nb§ < Br* has been suggested. If the
nitronium ion attacké‘ipbo to any group which is a better

. >
electrofugq. ipso-substitution might be expected. Some
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substituents which undergo ipsb—substituﬁion during:
48

nitration are shown below.

X = CHO, CH5CO, COOH, OMe, i-Pr -'t-Bu, ArCH,, Br, I,
SiMes, SO3H.
i-Propyl, t-butyl, bromo and iodo substituents can be
1ost’when the tpso-position ié activated even by a single
substituent. ‘For other substituents, the tipso-positipn has
to be activated by several substituents w1£h one of them
N

being an o- or p- OH, OMe or NR2. In highly substituted

compounds, loss ofschlorine has also been observed.

1.4.,2 Migration of the Original Substituent
Migration of a~-methyl group after ipso-attack by the
nitronium ion has been observed in alkyl benzenes and fully

substituted aromaﬁics.u9

I
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1.4,3 Nucleophilic Capture of the Ipso-Wheland Intermediate

The ipso-Whelarnd intermediate can be captured by other
reactive aromatic compounds tq give unsymmetrical
biphenyls.u9 It can also be captured by various acyloxy
anions when nitration is carried out with the corresponding

acyl nitrate.50 (Scheme 1.2)
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Et, n-Pr, CH3(CHy)3~, ‘CH3( CHy)y-

1.2 Aromatic Compounds obtained by Nucleophilic

Capture
Ki ]

. -HN02 -

7 + 7

-H
NOZ
RCO0" -HN0
H »COR OCOR

Capture by the above nucleophiles leéds to aromatic

products but when acetate is the nucleophile,

intermediate cyclohexadiene can be isolated.

the

Several of

these adducts resulting from capture by acetate have been

isolated'and characterized.

shown in Table 1.2.

Representative examples are




Table 1.2

Adducts Obtained by Ivso-Attask of the Nitronium Ion
/ ¢

} a) Ipso to a methyl group, secondary acetates

NO ) NQZ NOZ
H OAc H JAc H 0OAc
(Ref. 51) (Ref., 40) (Ref. 52) (Ref. 53)
b) Inso to 3 methyl groun, tertiary ascetates
\ N'OZ . NQZ NUZ N‘?Z
~. [éiij [i:?]
OAc £t JAc i-Pr 9DAc t-Bu  OAc
(Ref. 54) (Ref. U42) (Ref. 55) (Ref. 56)
2) Ipso to nrimary and sezondary alkyl grouos,
Et qoz =t NOZ i-Pr 432
OAc It JAc H OAc
(Ref.' 42) (Ref. 42) (Ref. 57)
r-;} [ {




)
P

d) Inso 3 %0 bridzehead in fused henzozy:loalkanes

04N N N " o
2 . OZA O,
g
H  VAc H OAc H OAc

(Ref. 5%) (Ref. 59) ' (Ref. 5A2)
2) Reqinsnezifis tpso-attack directed by 2 substituent
302 ’ N02 N02 - .
Cl
X X ’ .
l : - : /
VAN : y - %
H JAcC H OAc H dAc/
(x = cyst. wodZ, (x = No§2, cnb®T) (Ref.64)
come?3, copib3) . .
£) - Attack ipso to 3 hebero substituent -
. "1 QJZ
-. /
Me OAc
(Ref. 65)

g) Capture by a nucleophile other than acetate

5 NO, ),

nel Olte ONO UNO

a0

(Ref. 66) (Ref. 53) (Ref. 53)
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A1} the adducts shown in Table 1.2 are formed by attack
of an éxternal nucleophile. 1If a subétituen@ with;a lone
pair is present, intramoleculéf capture of the Wheland
intermediate is also possible. The lone pair may'be
conjugated with the ring as in pheﬁels, aromatic ether§}

aryl acetates and anilineé or it may be separated from the

ring by a carbon chain. Several dienones, iminium salts and

cyclohexadienes resulting from intramolecular nucleophilic

capture have also been isolated.

Table 1.3

Inso Adducts Formed by Internal Nucleophilic Attack

g

NO

‘ N02 R 5 ‘ ,
R \@) ' * leO
] .
0 0

NMe
(R,R' = H, Me) (R = CH,0Me, CH,CN)

Ref. 67 . Ref. 68 Ref. 69 Ref. 25

o
0
2,
_ n 2_2’3
Ref. 70 Ref. 71 Ref. 72

All the adducts listed in Tables 1.2 and 1.3 are 1,4

adducts. The nucleophile attacks the position para to the

Ny
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incoming nitro group giving nonconjugated dienes or cross-
. fcoﬁjugated diénones. In the Wheland intermediate the

positive charge 'is concentrated at both the terminal carbon

L 3

atoms/and the central carbon atom of the cyclohexadienyl

syst/em. Both 1,4 and 1,2 adducts are therefore possible.
w

Exclusive formation of 1,4 adducts over 1,2 adducts has been
!
explained by the principles of electron correlation73

T4

and

least motion.

Resonance Structures for the Ipso-Wheland Intermediate

- NO, 4 NO, NO,
+ +
— — “—>
+
A : B C
\ Changes in ¢ + n Bond Orders
N02
11
2 Nu:‘ l% % Nu: : 5
1 1
1= 1%
3.7°3

1,4 adduct 1,2 adduct

The principle. of electron-correlation states that in a
cyclic system the electrons tend to stay in pairs which are
as far removed from each othgﬁhas possible. Thus the
resonance contributor B is most importantaleading to excess

positive charge at C-4, This, it was proposed, led to

2]
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preferential attack at C-M: When applying the principle of
least motion, o+ bond orders in tg; Wheland
intermediate wére calculated giving equal'weighp to the
resonance contributors. The net‘ch;nges in bond orders in
forming the 1,2 and the 1,4 adducts weré calculated. For
1,2 adduct formation the net change is 2 while for the 1,4
adduct the'net change is 4/3, Thus less molecular
rearganization was required to form the 1,4 adduct. This,
it was stated, was, therefore, the favored product according
to the principle of 1least motion. The model Wheland
intefmediate considered in both the approaches had an
unsubstituted dienyl system. With additional substituents,
both electronic and steric factors should affect the charge
distribution in the dienyl system and the approach of the
nucleophiie.' Several 1,2 adducts have now been isolated
(Scheme. 1.3) but as yet, there is no satisfactory
explanation for the direction of the nucleophilic attack.

In some cases only 1,2 adducts were observed while in other

cases both 1,2 and 1,4 adducts were obtained.

Scheme 1.3 Formation of 1,2 Adducts

NOZ N02
H
> Ac
X ~ X ‘ X OAc
X = t-Bu, (Ref. 56) X = t-Bu,F,C1,Br X = t-Bu,F
X =F, Cl, Br, OMe, OMe, NHAc
NHAc (Ref. 72)
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NO D

OAc

vV

NO

OlMe Oule
(Ref. 75)°

It is interesting to note that while p—t-—butyltoluene56
gives 1,2 adduct as the major product, 1-t-butyl-3,4-
dimethylbenzene76 and 1—t-butyl—3,H,S-trimethylbenzene77

give only 1,4 adducts.

1.5 Reactions of Ipso-Adducts

Isolation of ipso-adducts is iméortant begause the
ipso-Wheland intermediate can be regenerated from the
adducts without any complications from the concurrent
formation of other isomeric Wheland intermediates.
Migration of the original substituent and ipso-substitution
reactions have already been described. Other reactions can
be most readily elucidated and understood by forming the
Whel;ﬂ% intermediate from the ipso-adductsn
1.5.1 Reactions of the Ipso-Wheland Intermediate

p-Ethyltoluene gave two regioisomeric Zpso-adducts.
The corresponding Wheland intermediates could be obtained by
treating the inﬁividual adducts with strong akids.78
Reactions of these Wheland intermediates are representative

of a large number of reactions. These reactions are shown

in Scheme 1.4,




Scheme 1.4 Reactions of Ipso-Wheland Intermediates

a) __~NO,

h
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b -H N -NO M
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c) HA,-H'
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a) Migration of the nitro group

The nitro group undergoes a concerted 1,2 shift to give
an isoﬁeric Wheland intermediate which loses a proton to
give only one nitro compound. No further 1,2 nitro shifts
are observed from an unsubstituted positions. If the ortho

position is substituted, the.nitro group may rearrange

‘further, after the initial nitro shift. Myhre’? has shown

by isotopic labelling that the nitro shift to a substituted

position is'faster by 50 times than the shift to an

unsubstituted position.

2
. ®
Hy -HZO k. NO
. 1 ]
n D D D 1 n D
H OH y L}( é3 l?o.
0
/[
\ H ‘
D > D D D
. + . * NO
X [+
* *
3-NO,-d, 3-NO,-d;

The ratio of 3-NO,~dy : 3-NO,-dq was 1.021 from which

1

Myhre calculated a koiky rnatio of 0.02 assuming k; = k; and

ky = kot This showed that the isotopomeric ipso-Wheland
intermediates were nearly equilibrated'before migration to

* 1,2-dimethyl-3-nitrobenzene
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an unsubstituted position occurred.
b) Benzylic¢ substitution

An alkyl group para to the ipso-position is modified by
proton qus to give alkylidene cyclohexadiene intermediates.
This is followed by solvolysis of the nitro group to give a
benzylic cation which is trapped by a nucleophile to give
benzylic substitution products. N02' » ONO™ , ONQz‘ )
CH3COO' » MeO~™ are some of the nucleophiles which have been

obéenved in such benzylic substitutions.8o

-

”

. c) Nuéleophilic éapture of the Wheland intermediate

Dienes where acetate has been exchanéed for othgr
nucleophiles have been obsgrved for HA :-H2O, MeOH, HC1l and
HCOOH in Scheme 1.4,78 Thééé“reégtions occur under acidic
conditions aﬁd can be looked upon as AALl hydrolyses‘of the
dienyl acetate, followed by capture of the dienyl cation by
the nucleophile. ‘
1.5.2 Solvolysis.of the fpeo-Adducts

Apart from giving rise ¢to the‘ipss»Wheland
intermediate, the ipso-adducts-can also give rise to acetoxy
¢yclohexadienyl cations by solvolysis of the nitro group
under weakly acidic or neutral condiéigns. If the adduct is
a secondary acetate, lo§s of the proton ipso to the acetate

51

is the predominant reaction. In terti%ry acetates, the

acetate migrates to the adjacent position to give an
isomerig cyclohexadienyl cation which ldéses a proton to give

the aromatic acetate.81 ’
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NO,, I .
[: J -NO..” Iiiil’ _ut E t:]’
2 S ~H 3 ‘
 OAc

H OAc H OAc

®

NO

2 ¢
-NO,
Q , ~Ohc . i
, H ?
OAc - Ohc.
OAc OAc

»

The intramolecular nature of the 1,2 acetate shift has been
demonstrated by carrying out the solvolysis in the presence

d52 Su, when no

of propionic aci or acétic acid-dy
incorporatibn of the added nucleophile was observed in the

>
aromatic products.

Y

) *1.5.3 Loss of the Nitro Group
- Earlier (Section 1.4) it ;§§ hentioned that loss of tge
nitro gro;p from the <ipso-Wheland intermeditate in the
nitration reaction mixture leads to no observable net
reaction. When the ipso-Wheland intermediate is generated
from the ipso:adduct, loss of the nitro group leads to an
. encounter pair (microscopic reversibility). The fate of the
encounter pair may by decided in three ways : f) attack of

nitro.gfoup'at the ipso-position, which leads to no net
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reaction ii) attack eof nitro group at another activated
po;ition in the molecule or iii) diffusion apart of the
components of the encounter pair.

When the nitro group attacks another éctiﬁated positiop
in the mqlecule,‘the reéction is defined as extramolecular
migration by Schofield.82 These migrations are generally
observed when the ipsq—position is.activated by a hydroxy or
methoxy group. The new position of the nitro group is also
ortho or para to the directing substituent. Overall,.
extramolecular migration is a formal 1,3 N02 shift. This
has to be differentiated from apparent 1,3 shifts by
sequential 1,2 migrgtions of the nitro group. ﬁyhre has
studied'such.sequential shifts 1in de‘,,tail.79 "An
extramolecuyar nitro shift has'beqn observed during the
nitration of:ﬁ-methflanisole in mixed acid.83 Scheme 1.5

shows mechanisms for both extramolecular and sequential 1,2

nitro shifts. ¢~ ' o .

NN

s




Scheme 1.5 1,3 Nitro Shifts

NO

2 N02
H+ - +
_— —_— NO
-MeOH 2
OMe OH OH
Txtramolecular
1,3 shift )
OH
WOZ
19, e 1P+ _
= —> L
> 9 ¥ L r Y0 o NOZ

2

Sequential intramolecular 1,2 shifts

Whep the nitro group diffuses out from the encounter
pair, the process is called denitration. For deactivated
compounds which do not react at enéounter rate such escape
from the encounter pair sbpuld be common. For compounds
reacting at ‘encounter raté denitration has 5een observed
only in a few cases. Olah30 has showed that
nitrohexamethylbenzenium cation could nitrate.beﬂéene and

mesitylene to nitrobenzene and nitromesitylene respectively.

{

'
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K 4
NO,, ,
+ . R ArH
< NOZ ,\_——'A C6Me6 + N02 -___>, AFNOZ
I

ArH = C6H6’ C6H3M83

A ]

1.5.4 1,3 Nitro Shifts in Cyclohexadienones.
Cyclohexadienones obtained by ipso- nitration of
suitably substituted phenols or anisoles undergo a 1,3 nitro
shift under two different conditions. Under aéidic
conditions, the nitro shift 1is pr"edc>mi11ant:ly

84

extramolecular.

—2

s JH OH

JH JH
H .y
. 30, 0,
= NO, = —

In neutral or weakly acidic solvents such as hexane, acetic

(I
L

acid, ethanol, water, dimethylsulphoxide the dienone has
been sho@n to undergo 1,3 nitro shift by a radical
dissociation recombination process. Some leakage of the NO,
radical from the radical pair has been demonstrated by
trapping experiments using radical séaveﬁgers and crossover

NN

experiments using 15N and 2H labelled dienone.85
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1.6 Reactione of Wheland Intermediates Containing a

Secondary Nitro Group

in the last step of the nitration mechanism (Section
1.2), deprotonation of the Wheland intermediate was showpg to
be irreversible. This is the generally observed situation,
since the reverse step, protonation of the nitroaromatic
ipso to a nitro group 1s a process requiring a high
activation energy. The activation enepgy of the reverse
protonation reaction can be reduced by increasing the energy
of the nitroa}omatic. One possible way to do this 1s to
reduce the conjugation of the nitro group with the aromatic
system, 9-Nitroanthracene is such a compound where the pert
interactions force the nitro group out of the aromatic plane
by 690—900. Gore86 tried to protonate 9-nitroanthracene

with sulphuric acid in trichloroacetic acid at 90°C. He

»
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isolated 81% free nitric acid indicating that nitro aromatic
compounds can be protonated under strong acid conditions,
and that deprotonation of the Wheland inkermediate can be
slowed down enough to observe a competing denitration
reaction. Further Cerfontain87 determined that there is an
isotope effect in the nitration of anthracene-9-d,
(ky/kp = 2.6 in sulpholane and 6.1 in acetonitrile)
confirming that .loss of proton in the & -adduct can become
a rate determining step. Olah et al.88 showed that there 1is
a similar isotope effect of kH/kD = 2.25 in the nitration of
anthracene-dqg with nitronium hexafluorophosphate in
nitromethane. In the same work tgey showed that
pentamethylnitrobenzene and 9-nitroanthracene could nitrate
benzene, toluene and mesitylene in ‘the presence of super
acids to give the~respective nitroaromatic compounds with a
low yield of ca. 5%. A similar denitration was observed in
the case of Z,M,S-priisopropyl—é-nitroacetaailide by Neal et
31.89 This compound when refluxéd with concentrated

hydrochloric acid in ethanol gave 2,U4,5-

triisopropylacetanilide.
~
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Table 1.4
Products? and isotope effects in the nitration of 1,3,5-tri-
t-butyl-2-Y-benzenes

- e e S e e G G M G e e e e S G = G G e e Tt T S M M G A e G S G S G G e G = . A

Relative yields of Voluye of
Y 4-NO 3-Me 5-Me ky/k Y(cm-.mol™ )
2 H "D
/
H 100% - - 1 ¢ _———-
Me 100% - - 3.7 13.7
NO, 81% 1% 18% 3.0 7 11,8
F 1009 - - 2.3 5.8

a Products shown in Scheme 1.6

All the above reactions suggest that the normally very.
fast proton loss can be slowed down sufficiently to allow
alternate pathways to operate. The main alternate pathway
is the loss of the nitro group which leads to denitration or
transfer nitration products. Myhre et al.go have confirmed,
th slow depr&konation in another isotopic study and :;20
demonstrated the existence of a pathway other than

?

deprotonation and denitration. (Scheme 1.6,. Table 1.4)
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Scheme 1.6 Pathways for Wpeiand Intermediate with Sec¢ondary

Nitro Group

N0,

o

3-lie 5-l.e

Only products arising from W, are shown,.

The existence of isotépe effect for 1,3;5-tri—t-buty1-
2-Y-benzenes (Y = Me, NQ2, F)‘Shows that proton loss is‘rate
limiting in the nitratfon gf these compounds. Substitueht‘
modification (to give 3-methyl and 5-methyl produétsh
similar to that observed in the ipso-Wheland intermediates
is observed in the case ofa1.3,5-tri—t-5utvl-2-n{trobeﬂzene3’
If the nroton 1n0ss in Y4a Wweland intermediates with 2

A

se2ondary nitro group can be sufficiently slowed down, it is
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even possible to trap these intermediates with suitable-
nucléophiles. Only a few’exambles of such nucIeophilié
trapping are known. Reich and Cram91 reported the isolation
of an acetyl nitrate adduct with a secondary nitro group
from the nitration of 4-bromol2.2)paracyclophane. It was

not possible to determine whether the adduct was a 1,2 or

1,4 adduct.
AcO NOZ NQZ
_ HNO 5/ AcOH AcCT2
! Br 8.9 > ._Br I Br
— S s S

The stability of the adduct must be due to the proximate
aromatic ring biocking the approach of a base and preventing
the abstréction of the proton. Nitration of methyl\\.
substituted [(2.2)lparacyclophanes gave an isolable
cyclohexadienone with a secondary nitro grou.p..92 With the
knowledge of ipao—nitratipn chemistrQ, it can be.postulated

that the dienone was formed by nitration of the acetate

which was also isolated from the reaction mixture.
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Cu(N03)2

N
=
R ;
. AcZO - R
- ~20°¢ >
R

R
0
02N .
'ﬁ H :
. R
\ :
R
a) R = H b) R = Me

Effective steric blocking in deprotonation of the dienone by
the second aromatic ring must again be responsible for the
stability of the dienone.

All the above reactions suggest that given the correct
steric environmeat, Wheland intermediates with a secondary
nitro group can display as interesting chemistry as the

ipso-Wheland intermediates.

1.7 Formal i.3 Rearrangement of the Nitro Group : Unknown
Mechanism
A variety of unconventional oroducts in aromatic
nitration have been shown -to arise as a consequence of tipso-
nitration. ‘- Mechanisms of reaciions Ieading to most of these
products have now been identified or at least proposed.
There are rearrangements of ipso-adducts, known for somé

.£ime. that involve a formal 1,3 nitro shift. The mechanism
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of‘thése nitro shifts is not known with certainty. These
rearrangements take élace under relatively mild (neutral or
weakly acidic) conditions where loss of acetate leading to
the ipso—Whéland intermediate is not favorable. In addition
there are a set of rearrangements of nitrodienones wpich
occur with unexpected regioselectivity and for which the
mechanism is not well established. All these rearrangements

are summarized in Scheme 1.7.

Scheme 1.7 Formal 1,3 Shift of the Nitro Group

N32
Ry R2  pcon 1 Rz
R
e reflux . %
u2.
R OAc
3 R3
R1 = Me, R2 = R3 = H, X = CN Ref. 61
R1 = R3 = H’ R2 = Meo X = CN Ref. 61
R} = Me, R2 = R3 = H, X = N02 Ref . 62
R1 =’R2 = H, R3 = Me, X = NO2 Ref . 63
0 OH
O,N
NO 0°¢ ! 2
2 ——
R ; ACZO R’l .
1 | R3 ) =3
R2 : R2

_R}p R2’ R3 = Me or H Rgf. 93

The major rearrangement product from adducts of
dimethylbenzonitriles and nitroxylenes was that from a

4
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formal 1,3 nitro shift. For dimethylbenzonitrile adducts,
the nitro group could not be trapped with mesitylene, so it
was not an intermolecular migration. In the case of the
2,3-dimethylbenzonitrile adduct, the nitro group migrated
across an unsubstituted position. This formal 1,3 shift
cannot be composed of two sequential 1,2 shifps because it
has been shown that proton loss at an unsubstituted position
is faster than nitro group migrations. The reaction of
nitroxylene adducts.was also carried out in the presence of
hydroquinone as a radical scavenger. Although the amoun} of
the product decreased, the product of the formal 1,3 shift
was still formed.

The rearrangement of 6—alkyl-6-nitﬁpcyclohexadienones
cannot be a radical-dissociation recombination reaction
because the nitro group‘does not migrate to the 4-position,
which has comparable electron density, even when it 1is
unsubstituted. It has been proposed that there is a bonding
interaction between the oxygen aﬁom attached to the ﬁing and
the migrating nitro group and this interaction lead;Ato the
observed regiospecificzty.gu No experimental evidence is

known for the proposed bonding interaction.

1.8 0bjectivée of the Present Work | .

Since 6-alkyl-6-nitrocyclohexa-2,4-dienones are
unstable?3 this makes the study of their reactions
difficult. It was deemed desirable to prepare a related

series of compounds in order to make a thorough

Ve
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investigation ofhtheir reactions and to determine’if the

regiospecific rearrangement described above occurred in the

-

new series. It might be recalled that 2-methyl-2-(4-

methylphenoxy)propanoic acid gave a 1,4 adduct by internal

Y
nucleophilic capture of the ipso-Wheland intermediate.72

(cf. Tgble 1.3)

N
% i 0
OCMeCCOH } E
L 0 0
>
N02~

.
7
N PR

The 1,4 adduct is in fact a protected M—meth¥A§£—nitro—

cyclohexa-2,5-dienone and such a spiro adduct would seem to

be a suitable model compound for study.

Thus the objects of this work are ®

13 to study the nitration of the analogous subsfrates with a
methyi group ortho to the directing ether substituent, viz.
2-methyl-2-(2-methylphenoxy)propanoic aqid, (2 -
methylphenoxylacetic acid and 2—methyl—2—(2,3,5%
trimethylpﬁenoiy)propanoLc acid, to see if spirodienes
(protected 6—méthyl—6—nitrocyclohexa-2,u—dienones; similar
to that above can be formed and isolated, and

ii) to investigate aromatization and rearrangement reactions

~

of these dienes.
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D CHAPTER II : o —
T , EXPERIMENTAL PROCEDURES

2.1 Instrumentation

Meltingépoints ére uncorrected and were determined on
Buchi SMP-20 melting point apparatus. Infra red spectra,
calibrated with polystyrene, were recorded on a Perkin-Elmer
283 spectromet?n. Observatio#s were made on potassium
bromide discs for solids &nd on thin films between sodium
chloride plates for 1liquids. Proton nuclear magnetic
resonance spectra of solutions in carbon tetrachloride,
chloroform-d or methylene chlorode-d, were recorded on
Perk&n Elmer R-12B (60 MHz), Perkin Elmer R-32 (90 MHz),
or Bruker WM 250 (250 MHz) spectrometers. Tetramethylsilane
was used as ¢n{ernal standard. NMR spectra of nitration
reaction mixtures were recorded with the acetic anhyd%ide
peak at § 2.15 as the lgck signal. .For all other solutions
tetramethylsilane (90 MHz) or the solvent déuterium signal
(250 MHz) was used as the lock signal. Carbon-13 nuclear
magnetic resonance spectra were recorded on Nicolet TT-14
(15.1MHz) or a Bruker WM 250 (62.9 MHz) spectrometer using
solutions in chloroform=d Qith tetramethylsilane as an
yﬂﬁnmal standard. In some cases the cholorform-d peak
(6o T77.0) was used for calibration. Ultravﬁél?t spectra
were rgcorded on a Beckman DU-8 spectrophotometer generally

using methanol as solvent. Mass spectra were recorded on a

Perkin Elmer Hitachi RMU-7 spectrometer with 70ev electron

I




45,

-

impact. ionization or on a Finnigan 3300 GC/MS/CI

%

spectrometer using methane as tﬁe carrier gas. Gas
chromatography was performed on a Varian Aerograph 2400 or a
Varian - 3700 gas chromatograph, using SE 30 or SE 54 glass

cap¥llary columns. For high performance 1liquid

“chromatography a Varian 5000 liquid chromatography or a

Waters Prep LC/System 500 was used. Elemenlal Ond]“;;W““
!

pu*“'qrme(l bj Cdﬂwld‘m M‘Qf’)(\ﬁ(\ljtt‘(ﬁi Service Ltd., Vanc suver .
2.2 Reagents

o-Cresqi, p-Cresol (both Aldrich Gold Label), 2,3,5-
trimethylphenol, 2-methyl-3-nitrophenol, H4-methyl-3-
nitrphenol, 2—methyl—4-nitroéniline, 1,1,1-trichloro-2-
methylpropan-2-0l, nitroethanol (all Aldrichvreagent grade)
were used without further purification.

Acetic anhydride was certified ACS from Fisher
Trifluoroacetic acid ana trifluoroacetic anhydride wefe
Aldrich Gold lgbel (99+%). Fuming nitric a01d (Fisher, 300
cm3) was purified by dlstlbllng from urea (10 g) and ~
sulphurlc acid (500 cm3) 36.1 mm Hg and stored at -25°c,

Solvents for chromatography 1nclud1ng pentane (reagent,
Fisher), ether (Fisher) and petroleum., ether (reagenta
Fisher) were dried over sodium and distilled before use.
Solvents for high performance liquid chromaﬁoghéph9 were
water (Baker), isopropanol (Caledon), diéhloromethane
(Burdick and Jackson), hexane (Burdick and Jackson) and

acetonitrile (Baker). Non- deuterated solvents for

spectroscepy were certified ACS (Eastman Kodak). Deuterated
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solvents used for NMR spectroscopy were chloroform-d
(Aldrich Gold Label), methylene chloride-d,, acetonitrile-
d3, meihanol;du, pyrihine-ds; acetone-dg, benzene-dg and
tetrahydrofuran-dg (Merck Sharp and Dohme).

Silicag gel (60-200 mesh, Davison commercial grade H),
neutrai glumina (quckman Activity I) and alumina (80—éCO
mesh, Fisher) deactivated with 3% (v/v) distilled water were
used for chromatoéraphy. Anhydrous magnesium ‘'sulphate was

used to dry solutions in organic solvents.

The following compounds were prepared by members of

X

Prof. A. Fischer's research group at University of Victoria:
(4,6 - ?Hzl—o-cresol, 2-methy}té-(u-methylphenoxy)propanoic
acid and U4-methyl-U-nitrocyclohexa-2,5-dienone (Dr. G.N.
Henderson), (E)- and (Z)-2-cyano-4,5-dimethyl-4-
nitrocyclohexa-2,5-dieny’l acetate (D.L. Fyles), (E)- and
(Z)-2-cyano-3,4-dimethyl-4-nitrocyclohexa-2,5-dienyl acetate

(S. Sankararaman), 2-cyano-1,4-dimethyl-4-nitrocyclohexa-

2+5-dienyl acetate (Dr. W.V. Nykodym), (E)-1,l4-dimethyl-l-

nitrocyclohexa-2,5-dienyl acetate (T.A. Smyth), (E)-1,4-
dimethyl-2,4-dinitrocyclohexa-2,5-dienyl acefate(Dr.[“M.
Iyer). Donation of samples of these compounds is gratefully

agknowledged.

2.3 Preparation of Starting Compounds and Authentic Samples
a. 2-methyl-U-nitrophenol (9)95 '
A solution of 2-methyl-4-nitroaniline (11.4 g, 0.076

mol) and sulphuric acid (16.5 cm3) in water (22.5 cm3) was
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cooled to 0°C and crushed tice (ca. U40g) was added to it.
Sodium nitrite (5.2g) dissolved in water (12.5 em3) was
added dropwise to this slurry maintaining the temperature
below 2 °C. The resulting mixture was then sti{red at O Oé
for 10 min and added drobwise from a jacketed dropping
funnel at 0 °C to a boiling solution of sulphuric acid (50
cm?) in water (37.5 cm3) in a 500 cm? thrfe necked flask
fi@ﬁed with a condenser. The mixture was refluxed for 10
min after the addition and then poured onto ice. The

.

reéction.mixture was extracted with ether and the ethereal
solution extracted with "M sodium hydroxide (5 x 30 cm3).
The alkaline extract was acidified and re-extracﬁed with
ether. Washing the ethereal solution with distilled water
and brine, followed by drying and evapo%éfion of the solven%
gave 2-methyl-U4-nitrophenol as dark bro;n crystals (11.3 g,
98%). Treatment with activated charcoal -(0.3g) and
recrystallization from methylene chloride-pentane gave
yellow crystals (9.8 g), m.p. 94-96 oc (11t.96 96 ©°¢).

b. 2-Methyl-6-nitrophenol (10)

S oA nitrating.mixture of nitric acid (9.4 g, 0.15 mol)
and acetic anhydride (75 cm3) was prepared by mixing at
-789C, warming to 0 °C, and after 5 min, cooling to -78°C.
The nitrating mixture was péured into a slurry of o-cresol
(10.8g, 0.1 mol) and acetic anhydride (19 cm>) at -78°C and

the resulting mixture warmed to -40°C. After stirring at

-40°C for 30 min, the reaction mixture was cooled to -780¢C
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and pbuéed into a séirred solution of 58% aqueous ammonium
hydroxide (130 em3) in ether (1000 cm3) also at -78°C. The
ethereal solution was constantly stirred while being allowed
to warm to ambient temperature over 1.5 h. The ether layer
was decanted, washed with distilled water and brine, dried
and the solvent ‘evaporated to give a mixture (14.5 g) of 2-
methyl-6-nitrophenol (79 %) and 2-methyl-4-nitrophenol (21
%). The mixgbre was sep;rated by frac;ional distillation in
a Kugelrohr to give 2-methyl-6-nitrophenol (9.4 g), m.p. 69-
70 °C (nexane, 11£:96 70:°¢). ¥ ‘ A |
c. 2-Methy1-2—(é—methy1phenoxy)propanoic acid (12097

A solution‘of o-cresol (54 g, 0.5 mol) and chloretone
(1,1,1-trichloro-2—methy1prépan—2—ol)(106.5 g, 1 mol) in
acetone (1000 cm3) was placed in an 1ice bath and
continuously stirred. Powdered sodium hydroxide (160g, A4
mol) was added to this solutioﬁ in ﬁhree equal amounts at 2
h intervals. -Acetone (250 cm>), cooled to(-ZOoé, was added
to the solution after adding the second and third lot of
sodium hydroxide. The reaction mixture was maintained at O-
10 °C during the éeriod of addition. Aftef the addition,
the ice-bath was replaced by a water bath at ambient
temperatqre. The reaction mixture Qas stirred for a further
16 h at ambient temperature. The solvent was removed on a
rotavapor at ASOC. the residue dissolved in water, acidified

with 1:1 (v/v) hydrochloric acid, extracted with ether

(3x500 cm3) and the ether extract re—extractqd with
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saturated sodium bicarbonafe.solution (5x400 cm3). Tﬁe
bicarbonate extract was acidified with 1:1 ﬁydrochloric acid
and extr;qted with ether (2x500° c¢m3). The ethereal extract
was dried and the solvent evapora?ed to give 72.65 g (75%)
of the crude product. Crystallization from ether-pentane
gave three crops of 2-methyl-2-(2-methylphenoxy)propanoic
scid (Total 55.81 g), m.p. 75°C (1it.98 75-76%C); 'H NMR
(CDClg, 250 MHz): ¢ 1.62 (6H,s, C(CH3)5)» 2.25 (3H,brs, 2-
‘CHBF’ ?}?2,(1H, dd, J=8.1 Hz, 1H?:6iH)' 6.95_(1H, dt3§f7.5'
Hz, 7.4 Hz, 1 Hz, 4-H), 7.06 (1H, ddd, J=8.1 Hz, 7.4 Hz, 1.6
Hz, 5-H) 7.17(1H, dd, J=7.5 Hz, 1.6 Hz, 3-H); 3¢ NMR
(CDClg, 62.9 MHz): 3 16.7 (2-CH3), 25.2 (C(CH3)5), 79.0
(C(CH3)5), 117.5 (C-6), 122.3 (C-H), 126.3 (C-5), 129.9
(C-2), 131.1 (C-3), 153.3(C-1), 180.6 (COOH).
d. 2-Methyl-2-([4,6-°H,]-2-methylphenoxypropanoic acid (21)
The prepazration followed the same procedure as
described above for the acid 12. [4,6-°H,]-0-Cresol (3.3g)
gave the acid 21 (2.2g, 38%) as a dark red oil.
Crystallization from ether-hexane afforded colourless
crystals of 21 (1.7g), m.p. 73 °C; IR (KBr): 3000-2500 (OH),
1698 (C=0) cm™'; 'H NMR (CDCly, 90 MHz): & 1.59 (6H, s,
C(CH3)»)y 2.22 (3H, s, 2-CHz), 7.09 (TH, bﬁﬁ, 5-H), 7.17
(1H, brs, 3-H); 13¢ NMR (CDClg, 15.1 MHz): 6 16.7'(2—CH3),
25.2 (C(CH3)5),y T79.1 (C(Cg3)2), 117.4 (¢, 1JCD:22 Hz, C-6),
122.1 (¢t, 1JCD:25 Hz, C-4), 126.2 (C-5), 129.9 (C-2), 131.0

(C-3), 153.3 (C-1), 180.4 (COOH).
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e. 2-Methyl-2-(2-methyl-3-nitrophenoxy)propanoic acid (13)
This preparation followed the same procedure as
described for 12. 2-Methyl-3-nitrophenol (8) (3.1g)
afforded acid 13 in 93% yield (4.7g). Recrystallization
from ether-pentane gave pale yellow crystals of 13 (4.1g),
m.p. 154°C, IP (KBr): 3000 -2500 (OH), 1710 (C=0), 1520,
1360 (NO,dem™'; 'H NMR (CDCly, 90 MHz): 5 1.66 (6H, s,
C(CH3)5), 2.37 (3H, s, 2-CH3), 7;03 (1H, dd, J= 8.2 Hz, 0.8
Hz, 6-H), 7.21 (1H, t, J= 8.2 Hz, 8.Q gz, 5-H), 72&7 (1H,
dd, J= 8.0 Hz, 4-H); 13¢ NMR (CDClg, 15.1 MHz): -6 ¢ ;2.& (2-
CH3)» 25.3 (C(CH3)5), 80.1 (7(CH 3)0). 117.8 (C-4). 121.0
(C-6) 125.2 (C-2), 126.2 (C-5), 151.5 (C=3), 15§.H (C-1),
179.6 (COOH). Analysis calculated for C11H13N05: C 55.21%,
H 5.48%, N 5.86%; found: C 55.29%, H 5.29%, N 5.951%.
f. 2-Methyl-2-(2-methyl-6-nitrophenoxy)propanoic acid (15),

2-Methyl-6-nitrophenol (3.1g) yielded acid 15 (1.1g,

., 23%) as a red ail, following the same procedure used for

- acid 12. . Unreacted 2-methyl-6-nitrophenol (2g, 65%) was

recovered from the reaction mixture. Acid 15 was purified
by passing through a MCH-10 (0.4 x 30 c¢cm) reverse-phase
column on the Varian 3000 HPLC, using 15% (v/v) aqueous

methanol as eluent. A dark red oil was obtained which on

_drying under vacuum gave equivalent weight 239.2 (calcdlated

for C11H13N05, 239.1) by titration with sodium hydroxide
solution (2 x 10"5M7; IR (film): 3000 - 2500 (OH), 1720

(C=0), 1560, 1360 (NOodem™'; "H NMR (CDCls, 250 MHz):
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§1.55 (6H, s, C(CH3)5)» 2.37 (3H, s, 2-CHy)y 7.16
(1H, dd, J=8.1 Hz, 7.7 Hz, 4-H), 7.42 (1H, d, J=T7.7 Hz, 3-
H)j 7.57 (1H, d, J=8.1 Hz, 5-H); 13¢ NMR (CDCl3, 15.1 MHz):
£ 17.8 (2-CH3), 24.6 (C(CH3) ), 83.7 (C(éH3)2), 121.5 (C-
5), 123.2 (C-4), 130.8 (C-2), 136.9 (C-3), 137.5 (C-6),
148.5 (C-1), 178.3 (COOH).
g. Z2-Methyl-2-(2-methyl-U4-nitrophenoxy)propanoic acid (14).
On using the procedure for acid 1, 2-methyl-4-
nitrophenol (9) {@.1g)~ gave acid, 14 (9.0g, 89%).
Crystallizat%on from'methylene chloride pentqﬁe gave pale
yellow cryétals (8.6g)» m.p. 136°C; IR (KBr): 3000 - 2500
(OH), 1703 (C=0), 1498, 1362 (NOz)cm“1; TH NMR (CDC1l4, 250
MHz): ¢ 1.71 (6H, s, C(CH3),), 2.27 (3H, s, -CH3), 6.73
(1H, d, J=8.9 Hz, 6-H;, 3.01 (1H, dd,. J=8.9 H3§:3.1 Hz, 5-
H), 8.06 (1H, d» J=3.1 Hz, 3-H): 13¢C NMR (CDCly, 62.9 MHz):
€C 16.8 (C-2), 25.4 (C(CH3)5)» 79.6 (C(CH3)5), 114.6 (C-6),
122.7 (C-5), 126.5 (C-3), 130.2 (C-2),.141.6 (C-4), 159.0
(C-1), 179.4 (COOH). Analysis calculated %or C11H13N05: C
55.21%, H 5.48%, N 5.86%; founhd: C 55.29%, H 5.55%, N
5.98%.
h. 2-Methyl-2-(4-methyl-3-nitrophenoxy)propanoic acid (16):

«

4-Methyl-3-nitrdphenol (11) (6.1g) afforded acid 16 in

87% yield (8.4g) Eollowing the procedure described for 12.
Crystallgzation_from ether-pentane gave pale yellow
crystals, m.p. 86°C; IR (KBr): 3000 - 2500 (OH), 1712

(C=0), 1525, 1353 (NOpdem~'; "H NMR (CDCl3, 250 MHz): -
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5 1.61 (6H, s, C(EH3),), 2.48 (3H, s, 4-CH3), 7.10 (1H,
dd, J=8.3 Hz, 2.5 Hz, 6-H), 7.25 (1H, d; J=8.3 Hz, 5-H),
7.56 (1H, d, J=2.5 Hz, 2-H); '3C NMR (CDClj, 62.9 MHz):

5 ¢ 19.6 (4-CH3), 25.2 (C(CH332>, 80.2 (C(CH3)5), 116.2
€c-2), 125.0 (C—6),’127.7 (C-4), 133.3 (C-5), 149.5 (C-=-3),
153.6 (C-19, 179.1 (COOH). Analysis calculated for
C11H13NOs: € 55.21%, H 5.48%, N 5.86%; found : C 55.58%, H
5.7&%: N 5.85%. |
i.‘ 2-Methyl-2-(2,3,5-trimethylphenoxy)propanoic acid (17)

2,3,5-Trimethylphenol (5) (13.6g) was dissolved in a
solution of sodium methoxide (8.1g) "in methanol (20%’cm3h
The mixture was stirred at ambient temperaﬁure for 2 h and
the solvent evaporated. fhé phenoxide was reacted with
chloretone following the pfocedure described for o-cresol to
give acid-17 (7.8§, 35%). Unreactéd phenoxide salt was
recovered as 2:3,5-trimethylphenol (6.2g, U6%). The acid 17
on recrystallizatiod from ethegy-pentane gave colourless
crystals (5.2g), m.p. 93°C; IR (KBr): 3000 - 2500 (OH),
1703 (C=0) cm™'; 'H NMR (CDCly, 90 MHz): & 1.55 (6H, s,
.C(CHB)Z). 2.08 (3H, s, 2—CH3), 2.18 (6H, s, B-CH3- 5-CHg3)»
6.51 (1H, s, 6-H), 6.67 (TH, s, 4=H); 3¢ NMR (CDClg, 62.9
MHz): 6C 12.2 (2-CH3), 20.0 (3-CH3), 21.0 (5-CH3), 28.1
(C(CH3)2). 79.6 (C(CH3)2), 117.0 (C-6), 125.4 (C:L),.125.7
(C-2), 135.0 (C-5), 138.0 (C-3), 152.8 (C-1), 179.3 (COQH);
MS: m/e (relative intensity), 222,1316 (10,

( ol

12~ . 1 164 . ' '
Ma('eCy3'Hyg ' P03)s 222.1256), 177 (10), 137 (15), 136 (100),
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135(18), 121(65), 91(60), 79(17), 77(30), 65(19),-55(19),
53(16), 51(17).
J. (2-Methylpheno&y)acetic acidg9 (18).

A solution of o-cresol (54g, 0.5mol) and sodium\
hydroxide (50g, 1.25 mol) in water (200 cm3) was added to
stirred chloroacetic acid (47.75g, 0.5 mol) in- a three-
necked 500 cm3 flask, at 110°C, over 2 h. After the
addition, the solution was cooled to 40°C and acidif}ed with
T M sulphuric acid. The precipitated product was filtered
and washed with hexane to remove traces of o-cresocl., The
crude product (68g, 81%) was crystallized from aqueous
alcohol to give the colourless crystalline acid 18, m.p.
151°9C (1it.99 151-152°¢C),

K. 2-Methyl—2-(2—methylphenoxy)propaanl chloride (61)

Thionyl chloride (0.875¢m3, 0.012 mol) in anhydrous
ether (250m3) was added from a dropping funnel to a stirred
solution of acid 12 (1.94g, 0.01 mol) and anhydrous pyridine
(0.8 cm3, 0.01 mol) in anhydrous ether (750m3) contained in
4 250cm> three-necked flask fitted with a reflux condenser
attached to a mercury bubbler. An argon atmosphere was
mai;faineﬁ in the assembly. The mixture was refluxed for
! 2.5 h, the precipitated pyridinium chloride. filtered under
argon and the ether distilled off from the filtrate to give
the acid chloride 61. The infra red spectrum of the product
(film)'showed the disappearance of the absorptions of the

acid (3000 - 2500, 171Ocm'1) and the appéarance of the
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characteristic carbonyl absorption (1502, 1778cm~") due té
the acid chloride, 'H NMR (CCly, 90 MHz): § 1.53 (6H, s,
C(CH3)5), 2.21 (3H, s, 2;CH3), 6"58—7.f5 (4H, m, 3-, 4-, 5-,
6-H). -

1. Acetic 2—methyl~2-(2—methylphenoxy)prqpaqoic anhydride
(35) '
The preparation followed the method described for

100

heptanoic anhydride. A solution containing acid 12

(1.6g, 8.2 mmol), acetyl chloride (1.3c¢m3, 18.1 mmol) and

3 3) was refluxed

pyridine (1.3em”, 16.5 mmol) in ben;ene (10cm
for 3 h. The pyridinium chloride which had precipitated was
filtered under argon and the benzene was removed from the
filtrate by distillation to give an o0il (1.74g) which
contained acid 12 (39%) and the desired mixed anhydride
(61%) as analyzed by 'H NMR. The mixed anhydride had 'H NMR
(CDCl3, 90 MHz): § 1.52 (6H, s, C(CH3)»5), 2.15 (6H,
brs, 2-CHj, OCOCQ3), 6.65-7.15 (4H, m, 3-, U-, 5-, 6-H); 13¢
NMR (CDCls, 62.§ MHz): - 16.6 (2-CH3), 20.7 (0COCH3),
24.8 (C(CH3)5)» 79.2 (C(CH3)2). 116.3 (C-6), 122.2 (C-4),
126.6 (C-5), 129.3 (C-2), 131.1 (C-3), 153.4 (C-1), 169.9
(0COCH3), 177.7 (OC(CH3),C00).
m. 3,3,6-Trimethyl-1,4-dioxaspriro(4,5]deca-6,9-diene-2,8-
dione (112)

Methylhydroquinone (2.48g, 0.02 mol) was dissolved in

deoxygenated acetone (100cm3) under argoﬁ in a 250 cm3

three-necked flask. Chloretone (1,1,1-trichloro-2-

metHylpropan-2-ol) (3.25g, 0.02 mol) in acetone i20 cm3) was
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added to the solution followed by powdered sodium hydroxide
(4g, 0.1 mol) in three equal portions at two hour intervals.
The reaction mixture was worked up as described for the
preparation of 12 to give a mixture (3g) of 2-methyl-2-(U4-
hydroxy-2-methylphenoxy)propanoic acid 113 and 2-methyl-2-
(4-hydroxy-3-methylphenoxy)propanoic acid. A-solution of

3) was

ceric .ammonium nitrate (14.8g, 27 mmol) in Qater (15cm
added dropwise, over 15 minutes, to the mixture of acids
(2g», 9 mmol) in acetonitrile (lScm3).101 The reaction
mixture was stirred at ambient temperature for 30 minutes.
Dilution with water (100ecm3) and extraction with ether (3 x
50 cm3) followed by drying énd evaporation of the solvent
gave a mixture (1.6g) of 3,3,6-trimethyl-1,4-dioxaspiro -
[U,S]deca-6.9—diene-2—8-digne, (112) 3,3,7-trimethyl-1,4-
dioxaspirol4,5]deca~-6,9~-diene~2,8-dione (116) and methyl-p—'
benzoquinone.

Separation of the components of the mixture was
achieved by HPLC using a silica column (Si-10, 0.8 x 50cm).
The first fraction was a mixture (0.26g) of methyl-p-
benzoquinone (21%) and (116) (79%), 'H NMR (CDC1z, 90 MHz):
61.60 (6H, s, 3-(CH3)5), 1.94 (3H, brs, 7—CH3). 6.2% (1Hid,
J=10.5Hz, 9-H), 6.45 (1H, m, 6-H), 6.63 (1H, dd, J=10.5Hz,
2.4 Hz, 10-H)., The second fracfion contained the required
dienone 112 (0.14g), m.p. 78°C (ether-pentane); IR (KBr):
1790 (2-C=0), 1680 (8-C=0), 1170 (C-0)em™'; UV (methanol):

227nm ( 1178 m2mol~"); 'H NMR (CDCl3, 250 MHz): & 1.60 (3H,




56.

S 3-CH3;, 1.62 (3H, s, 3-CH3), 2.00 (3H, d, J=1.5 Hz, 6-
CHy), 6.17 (H, m, J=2.1 Hz, 1.5 Hz, 7-H), 6.23 (1H, dd,
J=10.1 Hz, 2.1 Hz, 9-H), 6.69 (1H, d, J=10.1 Hz, {O-H);
13¢c NMR (CDCl3, 62.9 MHz): ;. 16.5 (6-CH3), 25.6 (3-CHj),
26.6 (3-CH3),.77.4 (C-3), 98.6 (C-5), 129.5 (C-7, C=9),
142.0 (C-10), 151.2 (C-6), 174.,5 (C-2), 1§M.1 (C-8); MS
(70ev): "m/e (relative intensity), 208.080 (22,
M.(12c,1TH,,160,), 208.074), 180(55),7 164(78), 149(20),
124(471,;423(48), 122(78), 94(87), 82(55), T78(49), 44(82),
43(100), 39(45). Further elution gave insoluble material
(0.0u4g) which was not further investigated. (Total recovery
61%).

n. , Methanol adducts of 4-methyl-4-nitrocyclohexa-2,5-

:dienone (124)

Sodium methoxide (0.8g) was added to a soldtion of
dienone 124 (2.0g) in methanol (10cm3) at 0°C. The mixture
was stirred at 0°C for one hour and/poured into a saturated
solution of ammonium chloride. The resulting mixtdre was
extracted with ether, the ethereal solution dried and the
solvent evaporated to give a mixture of
methoxycyclohexenones, dimethoxyayclohexanones, and 4-
methyl-2-nitrophenol (2.2g). The major product t-5-
methoxy-r-4-methyl-4-nitrocyclohex-2-en-1-one * (126) was
isolated by crystallization from ether-pentane. The mother
liquor was concentrated to give 1.37g of residue which was

¥ roreference substituent, t-trans to r, r-n2i18 to r
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chromatographed on silica gel (40g) using pentane-ether as
b ) 3 :

eluent. Fractions of 30 cm” were collected.

The first eight fracpibns consisted of 2-nitro-p-cresol
(110mg). Fractions 9 - 12 consisted of p-cresol (60mg).

‘ .

Fractions 13 - 17 contained mainiy el5-methoxy-r-4-methyl-4-
nitrocyclohex-2-en~1-one 125 (410 mg)s m.p. 71°C (from

ether-pentane); IR (KBr): 1685 (C=0), 1550,, 1370 (NOy)em™';

TH NMR*(CDCly,¢ 250 MHz): & 1.79 (3H, s, L-CH3), 2.47 (1H,

dd’ J:16.9 Hz, 10.8 Hz, 6"'H)y 2.95 (1H, dd, J°=16.9 Hz, L.7
Hz, 6-H), 3.41 (3H, s, OCHg), 4.45 (1H, dd,' J=10.8 Hz, 4.7
Hz, 5-H), 6.13 (1H, d, J=10.1 Hz, 2-H), 6.82 (1H, d, J=10.4

Hz, 3-H); '3C NMR ACDClz, 62.9 MHz): §; 18.4 (4-CH3), 40.0

(C—@),~57.8;(Q£ﬂ3),.79.u (C-5), 90.2 (C-4), 130.4 .(C-2),.

145.0 (C-3), 194.8 (C;1); MS: m/e (relative intessity);, 185 .

N A :
(M*,2) 139(35), 138 (34), 108(32), 107(55), 79(100 u“ﬁ?(38),

67(22), 59(24), 58(22), 55(25), 53(32), - 43(22), 41(35).

Analyeis calculated for CgHyqNOy; C 51.89%, H 5.99%, N

)

7.57%; found: C 51.59%, H 5.77%, N 7.40%. acfion 18

consisted of. rqB,cﬁﬁidimethoxy-c—u—methyl-t-u-

~nitrocyclohexanone 127 and r-3,t—5-digfthoxy-c-ﬂ-methyl-t-u-

. nitrocyclohexanone 128 (110 mg.) - ‘ B

Fractions 19 and 20 contained 128 (310 mg), m.p. 107°C

(from “ether-pentane); IR (KBr): 1725 (C=0), 1540, 1360

(NO,Yem™"; "H'NMR (CDClz, 250 MHz): & 1.76 (3H, s, 4-CH3), |

2.31 (1H, ddd, J=14.9 Hz, 11.0 Hz, 0.7 Hz, t-6-H), 2,60 (1H,

ddd, J=15.8 Hz, 3.1 Hz, 0.7 Hz, t-2-J\\,2:78 (1H, ddd,

-
L

~
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J=15.8 Hz, 3.5 Hz, 2.3 Hz, .C-2-H), 2.96 (1H, ddd, J=14.9 Hz,
6.0 Hz, 2.3.Hz, C=6-H), 3.25 (3H, s OCH3), 3.46 (3H, s,
_OCH3), 4.01 (TH, t, J=3.5 Hz, 3.1 Hz, 3-H), \4.54 (1H, dd,
J=11.0 Hz, 6.0 Hz, 5-H); 13C NMR (CDCk3, 62.9 MHz): 6  16.9
‘(4=CH3), 40.6, 43.1 (C-2, C-6), 57.6, 57.8 (2-0CH3, 5-0CH3),
75.5, 82.3 (C-3, C=5), 92.1 (C-4); 203.3 (C-1); MS: m/e
(relative intensity), 186 (M-31,2), 171(6), 170(31),
139(54), 138(37), 113(19), 97(22), 85(100), 79(24), 58(48),
55(61), 53(28), 43(31), 41(39), 39(22). 4nalysis calculated.
for CqHqgNOg : C 49.75%, H 6.96%, N 6.45&i found: C
®.871, o 6.80%, N 6.46%. ’

. Fractions 21 - 23 consisted of tTS-m;thoxy—r—u-methyl—
c-4-nitrocyclohex-2-en-1-one, 126 175 mg)» m.p. 114-115°C
(from ether-pentane); IR (KBr): - 1675 (C=0), 1550. 1355
(NO,)em™1; UV (methanol): 211 nm ( 135-m2mol=1); 'H NMR
(CDC1z, 90 MHz): ® 1.81 (3H, s, U-CH3), 2.62 (1H, dd,
J=17.5 Hz, 3 Hz, 6-H), 2.97 (1H, dd, J=17.5 Hz, & Hz, 6-H),
3.31 (3H, s, 0CH3), 4.20 (1H, m, J=4 Hz, 3 Hz, 2 Hz, 5-H),
6.13 (1H, d, J=10.5 Hz, 2-H), 7.22 (1H, dd, J=10.5 Hz, 2 Hz,
3-H); '3C NMR (CDC1g, 15.1 MHz): O, 24.3 (4-CHg), 38.1 (C-
67, 57.8 OCH3), B81.4 (C-5), 88 (C-1), 129,7 (C-2), 142.5 (C-
3), 1940 (C-1). Analysis “2alculated for C8H11NOM:"C
51.87%, 'H 5.99%, N 7.57%: foundt C 51.83%, H 6.09%, N 7.158,

fractions‘ZH - 2? contgéned r-3lc*§—dimethoxy—t—4-
methyl-c—u-nitrocyc}ohe&anone. 129 (60 mg), m.p. 97°C (from
,ether-peétane); IR (KBr): 1725 (C=0), 1545, 1360 (NOyem™';

-
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"H NMR (CDCl3, 250 MHz): & 1.85 (3H, s, 4-CH3), 2.84 (2H,
dd, J=14.7 Hz, 5.6 Hz, e¢-2-H, e¢-6-H), 3.08 (2H, dd, J=14.7
Hz, 10.7 Hz, t-2-H, t-6-H{, 3.40 (6H, s, 3-0CH3, 5-0CH3),
3.56 (2H, dd, J=10.7 Hz, 5.6 Hz, 3-H, 5-H); 13C NMR (CDC1s,
62.9 MHzﬁ; 8¢ $1.3 (4-CH3),. 42,4 (C-2, C-6), 58.3 (3-0CH3,
5-0CH3), 79.6 (C-3, C-S)ZA?O.S (C-l), 204.3 (C~-1). Analysis
calculated for CgHigNOg: C 49.75%, H 6.96%, N 6.45%; found:
C 49.88%, H 6.87%, N 6.30% -
b Fraction 18 was'crystallized from methanol when the
adduct 128 crystallized. Concentration of the mother liquor"
and recrystallization from ether-pentane afforded adduct
127 3b colourless cyrstals (24 mg), m.é. 125°C;, 'H NMR
(CDCly, 90 MHz): & 1.70 (3H, s, 4-CHy), 2.34 (2H, dd,
J=15.2 Hz, 12.5 Hz, e-2-H, e-6-H), 2.88 (2H, &d, J=15.2 Hz;
4.7 Hz, %-2-H, t-6-H), 3.26 (6H, s, 3-0CH3, 5-0CH3), 4.06
(2H, dq//J=12.5 Hz, 4.7 Hz, 3-H, 5-H); 13C NMR (CDCl,, 62.9
Méz): '5 c 9.3 (4-CH3), 43.3 (C-2, C-6), 58.1 (3-0CH3, 5-
0CH3), 78.8 (C-3, C-5), 95.0 (C-k), 201.9 (C-1). Analyeie
calculated for CgHygNOg:.- C 49.75%, H 6.96%, N 6.45%; founé:
C 49.84%, H 6.96%, N 6.27%.
o.‘ Nitroethylene

Phthalic anhydride (11.1 g), purified by dissolv{ng in
chloroform, filtering off the insoluble phthalic acid and
evaporating the solvént,h was heateg in a distillation flask
with gitroethanol (4.6 g).102 The mixture melted at 155 -

145°C/ The fraction distilling up to 180°C was collected to
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give nitroethylene (2.2 g, 61%), 'H NMR (CDCl3, 90 MHz):
5§5.93 (1H, dd, J=7 Hz, 2 Hz, t—2-gl’ 6.68 (1H, dd, J=15 Hz,

2 Hzy, ¢-2-H)y7.13 (1H, dd, J=15 Hz, 7 Hz, 1-H).

2.4 TIgolation of cyclohexadiene adducts

The appropriate amount of nitric acid and acetic
anhydride were cgoled separately to -789cC. Acetic
an;ydride was poured into stirred nitric acid. The
;esulting mixture was warmed to 0°C and after five minutes
cooied to the required temperature and ustd for the
nitration of aromatic substrates. In the experiments below
only the quantities of nitri&\acid and acetic anhydride used
and the final temperature af%ﬁr following the above procedure
?re given.
i) Nitration of 2-methyl-2-(2-methylphenoxy)propanoic acid

(12)
a) ‘ A solution of 12 (29.1 g, 0.15 mol) in acetic
aphydride (71cm3. 0.75 mol), was added from a dropping
funnel, over 30 minutes, to a stirred nitrating mixture
co;taining nitric acid (18.9 g 0.3 mol) and acetic
anhydride (71em3, 0.75 mol) at -20°C. The reaction mixture
was stirred at -20°C .for a further 30 minutes and then
codvled to -78°C. The NMR spectrum of an aliquot withdrawn
into a cold NM& tube showed completion of reaction, the

mixture containing 80% aromatic compounds and 20%’diengs.

The reaction mixtqwe was diluted with cold ether (100 cm3)

and added to stirred ether (1.5 dm3) at -78°C in a three-

14
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necked flask equipped with an ammonia condenser. Ammonia
was condensed into this solution until the temberature which
had risen to -51°C, dropped to -60°C (pH 10). Excess
ammonia was removed by connecting the flask to a water
aspirator and letting the mixture warm to -59¢C (pH neutral).
The slurry obtained was washed with cold distilled water (3
x 500 cm3). the ethereal solution dried and the ether evapo-
rated on a rotavapor at 159C. When the solution was concen-
trated, the (E)- isomer of 3,3,10-trimethyl-10-nitro-1,4-
dioxaspirol4,5]deca-6,8-dien-2-one, 19 precipitated (21
g), m.p. 84°C (from ether-pentane); IR (KBr): 1807 (C=0),
1539,1345 (NOy), 1180 (C-O)cm'1; UV (methanol): 261 nm (230
m?mol="); TH NMR (CDClz, 400 MHz): § 1.53 (3H, s, 3-CHs3),
1.58 (3H, s, 3-CHj3), 1.84 (3H, s, 10-CHg3), 5.78 (1H, dt,
Jif;f Hz, 0.9 Hz, 0.8 Hz, 6-H), 6.08 (1H, dd, J=9.9 Hz, 5.4
Hz, 0.9 Hz, 8-H), 6.18 (1H, ddd, J=9.6 Hz, 5.4 Hz, 1.3 Hz 7-
H), 6.28 (1H, ddd, J=9.9 Hz, 1.3 Hz, 0.8 Hz, 9-H); 13¢c NMR
(CDCl3, 15.1 MHz): &  20.0 (10-CH3), 25.0 (3-CH3)» 26.2 (3-
CHg)» T77.9 (C-3), 91.7 (C-10), 104.8 (C-8), 122.5 (C-6),
126.9 (C-8), 127.5 (C=T7), 129.4 (C-9), 173.8 (C-2). Analy-
sis calculated for Cq4H43NOg: C 55.21%, H 5.48%, N 5.86%;
found: C 55.22%, H 5.34%, N 5.8&%.‘ ‘

The mother liquor was evaporated te give a mixture (6g)
of 19 and its diastereomer 20 in the ratio 38:62. This
mixture could. not be separated by fractional

crystallizations, chromatography at -40°cC on silica or




62.
A

alumina. The aqueous washings were acidified with 1:1 (v/v)
hydrochloric acid and extracted with ether. The ether
extract was washed with brine and distilled water, dried and
the solvent evaporated to give'2-methyl-2-(2—methyl-u-
nitrophenoxy)pfopanoic acid 14 (10.2 g).

Diene 19 (1.25 g) was dissolved in 10% (v/v) trifluo-
roacetic acid/chloroform (15 cm3) at 0°C. The solution was
stirred at 0°C for one hour and poured %nto cold saturated
bicarbonate solution. Extraction Qith ether (3 x 25 em3),
drying and evaporation of ether gave a mixture of isomers 19
(20%) and 20 (80%). Crystallization from etheé-pentane gave
a mixture containing 85% of 20. This mixture (1.1 g) was
separated by HPLC on a Varian 5000 LC using a modified phase’

CN-10 (0.8 x 50 cm) column and hexane-methylene chloride

(containing 0.5% isopropanol) as eluent. The first fraction

contained 95% of isomer 20. Recrystallization from methy-

[y

lene chloride-hexane gave pure 20 (520 mg), m.p. 87°C; IR
(KBr): 1802 (C=0), 1550, 1370 (NO)em™'; UV (methanol):
257 nm ( €396'm°mol™"); 'H NMR (CDClj, 250 MHz): & 1.35(3H,
s, 3-CHg), 1.44 (3H, s, 3-CH3), 1.85 (3H, s, 10-CH3), 5.78
(1H, brd, J=9.7 Hz, 0.9 Hz, 0.7 Hz, 6-H), 6.06 (1H, ddd,
J=10 Hz, 5.4 Hz, 0.9 Hz, 8-H), 6.16 (1H, ddd, J=9.7 Hz, 5.4
Hz, 1.2 Hz, T-H), 6.37 (1H, dm, J=10 Hz, 1.2 Hz, 0.7 Hz, 9-
H); '3C NMR (CDCly, 62.9 MHz): 6 20.6 (10-CHg), 23.8 (3-.°~
CHy)s 26.7 (3-CH3), 77.9 (C-3), 92.0 (C-10), 105.8 (C-5),

121.9 (C-6), 126.3 (C-8), 126.9 (C-7), 128.3 (C-9), 173.8
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(C-2). Analysie -calculated for C11H13N05: C 55.2%, H
S.48%, N 5.86%; found: C 55.38 %, H5.32 %, N 5.75 %, '
b) A solution of 12 (0.39 g, 2mmol) in acetic anhydride
(1 em3) was added dropwise to a nitrating mixture (nitric
acid (0.25 g), acetic énhydride (0.9 cm3)) at -20°C over 10
minutes with stirring. The mixture was stirred for 30
minutes at -20°C. The NMR spectrum of an aliquot withdrawn
and placed in a cold NMR tube showed acid 184 (25%) and the
diene 19 (75%). The NMR sample was warmed to 0°C and
trifluoroacetic,acid (0.06 cm>) was added to it. After
1.5 h- the NMR spectruﬁ of the aliquot showed 19 and 20 (78%)
and 3,3:10-trimethyl-8.1O—dinitr9-1,u-dioxaspiro[u,S]deca—‘
6,8-dien-2-one 30 (22%).

c) A solution of 12‘14.86 g, 0.025 mol) in acetic
anhydride (10.6 cm3) and trifluoroacetic anhydride (3.5 cm3.
0.025 mol) was ad@ed dropwise to a nitrating mixture (nitric
acid (3.15 g), acetic anhyqride (13 cm3f) at -20°C, over 15
minutes, witp stirring. The mixture was stirred at -20°c
for 30 minutes and then at 0°C fop hour, After work-up
with liquid ammonia as describfé/:?tiier, 19 (3.65 g.) was
ob’g,ari‘meg\1 The aqueous washings, after acidification and
éxtraction with. ether, gave a.compound (1.15 g) which showed
TH NMR (c5013, 90 MHz): 6 2.67 (3H, s), 8.20 (1H, d, J=10
Hz), 8.54 (1H, dd, J=10 Hz, 2 Hz), 9.4k (1H, d, J=2 Hi),
This cbmpound‘could not be obtained on repeating the

experiment and was not. identified.
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In an experiment to check whether the unknown compound
above was 6-methyl-4,6-dinitrocyclohexa-2,4-dienone (47), 2-
methyl-4-nitrophenol (9) (0.}53 g) in acetic anhydride (0.47
em3) was cooled to -60°C and a nitrating mixture (nitric
acid (0.25 g), acetic anhydride (0.47 cm3) and
"trifluoroacetic anhydride (0.15 cm 3)) at -78°C was added to
it. The reaction mixture was %tirred at -60°C for 30 min.
An aliquot was withdrawn into a cold NM§ tube and its NMR
spectpum recorded at -60°C. The reaction mixture Eontained
2-methyl-4-nitrophenol (59%),.2-methyl—U.6’dinitrophenol
(48) (12%) and 6-methyl-4,6-dinitrocyclohexa~2,4-dienone
(47) (29%), 'H NMR (Ac,0 lock, 90 MHz, -60°C): 6 6.34 (1H,
d» J=10.5 Hz, 2-H), 7.81 (1H, d, J=2 Hz, 5-H), 7.87 (1H, dd,
J=10.5 Hz, 2 Hz, 3-H). On increasing the temperature to
-30°C, the intensity of the diehone peaks decreased while

that of 2-methyl-4,6-dinitrophenol peaks increased. No

. other compoynds were detected in the reaction mixture.

Anotherfexperiment was perfo}med to determine if the
Ubknown'prédhct‘above originaéed from the U4-nitro acid 14.
A solution ofAih (10.48 g9 in a mixture of trifluoracetic
anhydride l&-cmBljadd trifluoroacetic acid (2.4 cm3) was
Cmagntainéd ét.aﬁbient temperature and the reaction was
followed by NMR, After‘21 days >95% of 14 had reacted to
give a single produ;t. The mixture was poured into water,
saturatéﬁ with sodium chloride and extracted with ether.

7

The ether extfact on drying and evaporation yielded 6-

! o
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methyl—M-nitro-é—{(E3-1',1',1'-tritluoﬁp-é'—oxopent—3'-en—

u'-yl)cyclohexa—z.u-dienone (46) {O.Mé g)s m.p. 85°C (from

ether-pehtane); IR (KBr): 1705 (COCF3), '1600 (ring C=0), -

1570, 1345 (NOydem™'; UV (CH,Cl,): 303 nm (e 403 m2mol™h);

T4 NMR (CDCl3, 250 MHz): § 2.29 (3H, s, 4-CH3), 2.65 (3H»

s, 5'-CH3), 5.38 (1H, s, 3'-H), 7.16 (1H, 4, J= 8:9 Hz, 2-

H), 8.18 (1H, dd, J= 8.9 Hz, 2.6 Hz, 3-H), 8.24 (1H, a{h
' .

2.6 Hz, S5-H); '3C NMR (CDCl3, 62.9 M): 5 15.9 (6-Chj),

19.8 (5'-CH3), 96.6 (C-3'), 116.4,(q, 'Jepz292 Hz, C-1
122.3 (C-2), 123.5 (C-3), 327.5~(C-5), 132.2 (C-6), 146.u
(C-l), 155.6 (C-U'), 177.9 (C—1)£ 179.4 (q,ZJCF: 33 Hz, C-
2'L; MS (70 ev): m/e (relative intensity), 289.0567 (17,
M o tH g BN 160,19 F3)289.0564), 272(17), 220(76),
174(100), 146(15), 123(19), 106 (13), 89(31), 78(15)»
77(26), 69(39), 67(27), 63(16), ?7(18), 55(19), 43(61),
39(41). Analysis calculated.for CqoH1gNOyF3: C 49.82%, H
3.49¢%, N 4.84%, F 19.71%; found: C 49.63%, H 3.35%, N
4,76%, F 19.47%.

d. A solution of 12 (1.94 g, 0.01 mol) in acetic
anhydride (4.4 cms) and;%rifluoroacetic anhydride (1.4 cms,
3.01 mol) was added dropwise to‘a nitrating mixture (nitric
acid 11.26 g) acetic ahhydride (5 em>) at -20°C over 10
minutes with stirriﬁg.f The mixture was stirrea at -20°C for
30 minutes. The NMR spectrum gf the reaction mixture showed
the presence oé acid}Ju (1755, diene 19 (35%) and a mixed
anyhdride 36 of 2-(343cetq?j—é—mgthy1-6-niﬁrocyclohexa—2,5-

dienoxy)-2-methylpropanoic acid (48%). The reaction mixture
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was warmed to 0°C and stirred for one hour. All the mjixed
anhydride 36 was converted to diéne 19 (83%) and all of acid
14 was further nifrated éo give the dinitrodiene .30 (17%).
The reaction. mixture was poured inteecold sa@urated sodium
bicarbonate and extracted with ethen. The ethér extract on
drying and evaporation of the solvent showed thg same
amougts of dienes 19 (83%) and 30 (17%) as observed in the
reaction mixture, ‘ ‘
e) Nitric acid (0.01 cm3) was injected into a solution
of 12 (19 mg, 0.1 mmol) in trifluoroaceti? acid (0.1 cm?3)
and g¢hloroform-d (0.2 cm3) at 0°C. The NMR spectrum of: the
solution after 10 minutes at 0°C showed’mononifration and
dinitration products, 14 (57%) and 30 (43%) respectively.
No diene 19 was observed. ,

ii) Nitration of 2-methyl-2-([4,6-2H,)-2-

,methylphenoxy)propanoic acid (21).

A solution of crude 21 (1.2 g. containing 82% 21) 1in
acetic anhydride (2.5 cm3) was added dropwise, over 10
minutes, to a nitrating mixture (nitric acid (0.63 g),
acetic anhydride (2.2 em3)) at -20°C with stirring. The
reaction mixture was stirred for additional 30 minutes at -
20°C and then cooled to -78°C. Liquid ammonia work-up as
desc;ibed earlier gave '(E)-[6.8-2H2]-3,3,30—trimethyl-10-
nitro-1,4-dioxaspirol(4,5)deca~6,8-dien-2-one 23 (0.56 g)
from the egher layer. Only one disastereomer could be

isolated. It had m.p. 87°C (from ether-pentane): IR (KBr):
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1804 (C=0), 1535,1350 (NO,), 1176*(C-0)cm~'; UV (methanol):

260 nm (e 383 m?mol="); 'H NMR (CDCly, 90 MHz): & 1.55 (3H,

s, 3-CH3), 1.58 (3H, s, 3-CH3), 1.83'(3H, s, 10-CH3),» 6.17
(1H, brs, 7-H), '6.28 (1H, brs, 9-H); 13C NMR (CDClg, 15.1
MHz): & - 19.9 (10-CH3), 25.1 (3-CH33, 26.6 (3-CHg3), 78.0
(C-3), 91.8 (C-10), 105.0 (C-5), 122.4-(t, C-6), 126.2 (t,
c-8), 127.6 (C-7), 128.8 (C-9), 173.6 (C-2).

The aqueous wa%hings on acidification and extraction
with ether gave 2-methyl-2-([6-2H;)-2-methyl-4-
nitrophenoxy)propanoic acid (0.21 g) wh}ch could not be
crystallized. It had 'H NMR (CDCly, 90 MHz): § 1.71 (6H,
s, C(CH3)5), 2.28 (3H, s, 2-CH3), 8.03 (2H, m, 3-H, 5-H).
iii) Nitrétion of 2-methyl-2-(2-methylphenoxy)propanoyl

chloride 61

2-methyl-2-(2-methylphenoxy)propanoyl chloride (571 mg,
2.5 mmol) in acetonitrile (10 cm?3) was added dropwise, over
15 minutes, to a stirred solution of silver nitrate (680 mg,
4 mmol) in acetonitrile (15 cm3) at -15°c, contained in a 50
cm3 flask covered with aluminium foil. The mixture was
stirred for another one hour at -15°C, cooled to -40°C and
filtered through évcold (-50°C) jacketed funnel under argon.
Acetonitrilé was removed from the filtrate under vacuum at
-20°C; the residue dissolved in carbon tetrachloride and
unreacted silver nitrate was filtered off under argon. The

product mixture when analyzed by TH NMR showed diene 19

(16%), the 6-nitro-acid 4 (8%), the U4-nitro-acid 14 (8%) and
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acid 12 (76%).

Control experiments showed that diene 19 (0.1 mmol) ~did
not react with either silver nitrate (0l2 mmol) or 2-methyl-
2-(2-methylphenoxy)propanoyl chloride chloride (0.2 mmol) to
give any of the aromatic products viz. 12, 15 and 14 under
the reaction conditions.

iv) Nitration of acetic 2-methyl-2-(2-

methylphenoxy)propanoic anhydride (35)

A solution of the mixture (100 mg) containing acetic 2-
methyl-2-(2-methylphenoxy)propanoic anhydride (35) (61%) in
aceti¢ anhydride (0.2 cmg) was added dropwise, over 10
minutes; to a nitrating mixture (nitric acid (63 mg), acetic
anhydride (0.3 cm3)) at -40°C. The reaction mixture was
stirred for 30 minutes at -40°C. An aliquot was withdrawn
into a cold NMR tube and the NMR spectrum recorded at 0°C.
The reaction mixture analyzed for acid 14 (20%), a mixture
of‘diastereomers of adduct 36 (75%, 1H NMR (acetic anhydride
lock, 90 MHz, 0°C):  5.00 (1H, t, 3-H), 5.80 (1H, t, 2H),
5.95 (1H, dd, 5-H), 6.10 (1H, dd, 6-H) and an unidentified
product (5%). One half of the reaction mixture was worked
up with aqueous sodium bicarbonate, as déscribed earlier, to
giver 19 as the only non-aromatic product.

v) Nitration of 2-methyl-2-(2-methyl-U4-

nitrophenoxy)propanoic acid (14)

a. A solution of_acid 14 (2.39 g, 0.01 mol) in acetic

anhydride (9.9 cm3) and trifluoroacetic anhydride (7.2 cm3,
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0.05 mol) was added dropwise, over 20 minutes, to a
nitrating mixture (nitric acid (3.15 g), acetic anhydride (9
em3)) at -30°C with stirring. The reaction mixture was
stirred for 30 minutes at -20°C. At this stage, the NMR
spéctrum of an aliquot showed that the reaction Qas complete
and that a mixture of 3,3,10—trimethy1-8,10-dinitro-1,M-
dioxaspirol4,5]deca-6,8-dien-2-one, 30 (41%) and a mixed
anhydride 84 of 2-(3-acetoxy-6—methyl—u,6—diqitrocyclohexa-
1,4-dienoxy)-2-methylpropanoic acid (59%) wds obtained. The
reaction mixture was warmed to 0°C and stirred Eor one hour
when the mixed anhydride 44 was completely converted to 30.
Work-up with aqueous sodium bicarbonate as described earlier
gave the pure diene 30 (1.26 g, U44% isolated yield).
Recrystallization from methylene chloride-pentane gave pale
yellow crystals (1.0 g), m.p,~141°C£ IR (KBr): 1800 (C=0),
1550’1?j%f£3f3 (NO5)» 1175 (C-O)cm‘1; UV (methanol): 286 nm
(. 658 mZmo1~");. TH NMR (CDClg, 90 MHz); 5 1.58 (3H, s, 3-

CH3)» 1.61 (3H, s, 3-CH3), 1.94 (3H, s, 10-CH3), 6.02 (1H,

“d, J=10.5 Hz, 6"'H)7 6.78 (1H, dd, J= 10:5 Hz, 1.5 Hz, 7-~H),

7.57 (1H, d» J= 1.5 Hz, 9-H); '3C NMR (CDClg, 62.9 MHz): 6
19.2 (10-CH3), 24.9 (3-CH3), 26.4 (3-CH3), 78.1 (C-3), 91.1
(C-10), 103.4 (C-5), 121.3 (C-6), 129.6 (C-7, C-9), 143.9

§

' (C-8), 172.3. (C-2). Analysis calculated for CqqHqpN,07: C

46.48%, H 4.26%, N 9.86%; found: C 46.23%, H 4.31%, N
9.65%. ‘

b) In another experiment, a solution of 14 (0.48 g, 2

L
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mmol) in acetic anhydride (5 em3) and trifluorocacetic
anhydride (1.4 cm3) was added dropwise, over 10 minutes, to
a nitrating mixture (nitric acid (0.63 g), acetic anhydride
(4.4 cm3)) at -20°C with stirriqg. The reaction mixture was
warmed to 0°C and stirred for one Hour. Quéntitative ipéo
nitratign to give 30 was observed.

vi) Nitration of 2-methyl-2-(4-methylphenoxy)propanoic acid

(1)

a) A solution of 1 (19.4 g, 0.1 mol) -in acetic anhydride
(24 cm3) was added dropwise, over 20 minutes, to a
nitrating mixture (nitric acid (12.6 g), acetic anhydride
(70 em3)) -at -40°C with stirring. The reaction mixture was
stirred for another 30 minutes at -40°C. The NMR spectrum
of an aliquot withdrawp into a cold NﬁR tube indicated that
the reaction was complete. The reaction mixture was addéd
to a solution of sodium biégrbgnate (231 g) in water (3.4
dm3) 2t°0°C and the resulting mixture stirred for 1.5 h.
This solution was extracted with_ethér. The ethereal
solution was washed with water.-dried and the so}vent
evaporated to give .3,3,8-trimethyl-8-nitro-1,14-
dioxaspirol(4,5)deca-6,9~dien-2-one (12.9 g, 54%), 'H NMR
(CDCl3, 90 MHZ): 6 1.54 (6H, s, 3-( CH3)p)» 1.79 (3H, s, 8-
CH3), 6.00 (2H,'d, J= 10 Hz, 6-H, 10-H), 6,48 (2H, d, J= 10
Hz, 7-H, 9-H); 13C N#R (CDC1y, 15.1 MHz): 6, 26.3 (3-CHj,
f;3-CH3; 7-CH3), 77.§f(C:3). 82.3 (C:Sﬂ; 47.5 (C-5),‘129.1 (C- -

16, C-10), 131.9 (C-T, C-9), 174.8 (C-2). "~

-8 -
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The 4 and 3¢ NMR spectra suggested that a single

isomertwas present, but theocompound did not give a sharp

meltiné point. Add1tlon of the shift- reagent tris-(6,6,7,
7,8,8,8- heptafluoro 2 2-dimethyl-dg-3, 5,octaned10nato)

europium (Eu(fod)3) resolved the-: Ty NMR spectrum 1nto that

of the two d1astereomers 52 and 53. The relative amounts of

. the dia tereomers, 52 (62%) and 53 (38%) were determined by

HPLC anfl?sis of tne mixture. ‘ ‘

The sodium bicarbonate solution above was aéidified and
extracted with ether. The ether‘extractlon drying and
‘evaporation gave 2-methyl-2-(4-methyl-2-
,;nibrophenoxy)propanoic acid 54 (10.9 g, 46%), m.p. 103-104°C
'(from ether-pentane); IR (KBr): 1725.1260(C00éh

1530, 1350(N02)cm-.‘; "H NMR (CDC13: 90 MHz): & 1.65 (6K, s,
C(CH3)2), 2.36 (3H, s: h- CH3), 7.¢5 (1H, d, J= 8 5 Hz, 6 H)»
7.31 (1H, dd, J=8.5 Hz, 2 Hz, 5-H), 7,464 (1H, d, J=2 Hz, 3-

;3¢ NMR (CDClg, 15.1 MH/ & ¢ 20,4 /(4-CH3z),
fﬂ.S(C(éH3)2), 81.7 (C(CH3)5), 1?l.6 (C-6),* 125.5 (C;3),_
133.8 (CoB), 137.1 (C=3), 143.1 (C=2), 145.9 (C<1), 179.2
(COOH). Analyais,calculated for C11H13N65: C 55.2%%. H
5.48%, N 5.85%; found: .C 55.92;, H5.68%, N 5.80%.

b) Separation of diene diastereomers 52 and 53

‘ Trial analyses were performed on a Varian 5000 HPLC
using methylene chlorlde/hexane as eluent and on the Waters
LC/Systeg 500 using ether -penbane as eluent The best

results were obtained on the Waters 500 instrument using a
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1:1 (v/v) mixture of ether-pentane cooled to 0°C. The peaks
due to\the dlfferent diastereomers were separated to the
basi}llne onﬁ;\lce recycling the effluent from theiﬁolumn.
Pneparatlve_separatlon was carrled out'by injecting the
3

diene mixture (200 mg) in ether (10 cm”) and using a flowy_

sate of 150 em3/min. In all0.65 g of the mixture was

.

~

injected giving diene 52 (4.85 g) and diene 53 (3.76 g) for

; total recovery of_81%.

Diene&52 which was eluted first had m.p. 117°C (ether-
pentane); IR (KBr): 1798 (C= 0), 1545, 1380 (N02)cm T.. gy

(methamol): ©281 nm (¢ 8 m2mol~1), 220 nm (e 102 m2mol“‘>'

TH NMR (CDC1g, 90 MHz): 6 1.53 (6H, s,¥3-(CH3)§§, 1.77 (3H,

s, 8-CH3), 6.00 (2H, d. J= 10.8 Hz, 6-H, 10-H), 6.14 (2H, d,

J= 10.8 Hz,-7-H, 9-H); 13C NMR (CDCly, 62.9 MHz) 6o 26.2

(3-(CHg)p), 26.4 (B-CHg)y T7.H (C-3), 82.2 (C-8), 97.5 (C-.
5,) 129.1 (C-6, C-10), 131.9 (C=7, C-9),> 174.7 (C=2).

Analysis calculated for C11ﬁ13N05: C 55.21%, H 5.48%, N

5.86%; found: - C 55.28%, H 5.70, N 5.99%..

Dien@ 53 which was eluted after 52 had m.p. 108°C (from

- methylene chloride-pentane); IR .(KBr): 1797 (C=0), 1548,

. «
1381 (NOa)cm'1; uv (methanol) 279 nm (¢ 12mmol~1), 221 nm

(105 m2mo1~1); TH NMR (CDCl;, 90 MHz): ~ 1,53 (6H, s, 3=

&
(CH3)2)v 179 (3H, Sy 8- CH3); 6 01 (2H, dy J- 10. 8 Hz, 6-H,

. 10-H), 6.47 (28, d. J= 10.8 Hz, T-H, 9-H); '3c NMR (CDCly, -

N
62:9 MHz): 26.5 (3-(CH3)p, 8-CH3), 77.2°(C-3), 82.3 (C-

8), 97.3 (C-5), 129.1 (C-6, C-10), 131.8 (C-7, C-9), 174.6
' Y . .
—
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(C-2). 4Analysis calculated for CqqHi3NOg: C 55.21%, H

5.48%, N 5.86%; found: “C 5?!205, H5.81%, N 5.87%.

vii) " Nitration oéf 2-methy l-2:-(2 y 3 ,5'-
trimethylphehoxy)propano;gVacid (17) ‘

a) A solution of 17 (6.66 g, 0.03 mol) in acetic anhydride

(14 cm3) was added dropwise, over 15 minutes, to a nitraéiné

mixture (nitric acid (3.78 g), acetic anhydridé (1& cm37) at

-40°C, with aﬂ{rring. The reaction mixtudre was stirred for

Fa
a further 30 minutes at -40°C and then cooled to -78°C.

Liquid ammonia work-up as described earlgér gave 3,3,7,9,10-
pentamethyi-10-nitro-1,U-dioxgspirofu,S]deca-6,8-dien-2—one,
27, m.pT 98°¢C (frdm”étﬁer-béﬁﬁ5h€Trim tKBr): —1800(T=077
1535,1368(N02)cm;1; UV (methanol): 266nm (e 681 m2mol™1);
"H'NMR (CDCI3, 250 MHz): § 1.41 (3H, s, 3-CHg), .1.52 (3H, s,
"3-CH3), -1.75 (3H, s, 10-CH3), 1.84 (6H, s, T-CHg, 5-cn§3,
5.49 (1H, brs, 6-H), 5.77°(fH, brs, 8-H); '3C NMR (CDClj,
62.9 MHz): . o 17.4 «(10-CH3), 18.2 (9-CH3), 21.1 (7-CH3),
25.4 (3-CH3), 26.2 (3-CH§). 77.8 (C=3), 95.0 (C=10), 106.9
(€-5), 119.8 (C-6), 126.8 (C-8), 135.2 (Cz7), 137.8 (C-9),
173.6 (C-2); MS (methane CI): m/e 268 (M+1); (EI, 70ev):
m/e (relative-intensity), 237 (M-30,8), 177 (14), 151(19),
136(18), 135(100), 123(57), 91(62), 43(52), 41(48), 39(43).
Analyeis calculated for CqqH gNOg: C 58.42%, H 6.41%, N
5.24%; found: C 58.51%, H 6.37%, N 5.22%. Only one isomer
of the diene was obtained. No aromatic compounds were

obtained from the aqueous washings.

-

[
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b) Trifluoroacetic ;éid (0.1 mmol) was added to a solution
of 17 (0.1 mmol) {n chloroform-d (0.3 cm3) at 0°C. Nitric
acid (4 ﬁm3, 0.1 mmol) was injgcted into this solution and
the NMR spectrum of the solﬁtion at 0°C indicated that all
of 17 had reacted and that an aromatic aerivative had been’
formed. No ‘other peaks were observed. On worg-up with
aqueous sodium bicarbonate, 2-methyl-2—(2;3,S-Erimethyl-u-
nitrophenoxy)propanoic acid 28 was isolated from the aqueous
layer (13 ﬁg, 63%), 'H NMR (CDCly, 90.0 MHz): ¢ 1.53 (6H,
sy C(CH3))y 2.15 (6H, s, 3-CH35-CH3), 2.20(3H, s, 2-CHg3),
6.54(1H, s, 6-H); '3C NMR (CDCly, 62.9 MHz): 6 . 12.8 (2-
CHg)» 15.0 (3-CH3)» 17.6 (5-CH3), 25.3 (C(CH3)5)» T79.9
(C(CH3)5)» 117.1 (C-6), 127.2 (C-2), 127.9 (C-5), 130.0
(C-3), 147.,9 (C-4), 153.7 (C-1), 177.8 (COOH).

viii) Nit}ation of (2-methylphenoxy)acetic acid (18).

a) A solution of 18 (8 g, 0.047 mol) in acetic anhydrides
(175 cm3) waé added dropwise, over one hour, to a nitrating
mgxtgre (nitric acid (12.6 g), écetip anhydride (25 em3)) at
-20°C with stirring. The resulting mixture was stirred for
aﬁother‘30 minutes at -20°C and cooled to -78°C. The NMR
spectrum of an aliquot of the reaction mixtureﬂshowed that
all éf 12'had reacted to give aromatic derivatives (20%) and
a mixture of dienes (80%). Liquid annomia work—up as
described.earlier afforded a mixture of dienes (6.8 g).
The crude product contained a small amount : of (2-methyl-4-

nitrophenoxylacetic acid 24 or its derivative. It was

-~

»
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dissolved in .ether and stirred with saturated sodium
bicarbonate solution for one and a half hours at 0°c.
Separation of the.layers'followed by drying andoevaporaﬁign
of the solvent gave a mixture of dienes (5 g) free from
éromqtic compounds. The dienes were separated by fractional
crystallization from ether-pentane at -20°C. The first
product to crystallize was isomer A of 3-carbamoylmethoxy-4-
methyl-4-nitrocyclohexa-2,5-dienyl acetate 41A (300 mg),
m.p. 106°C; IR (KBr): 3450 (NH), 1722 (C=0, acetate), 1696
(C=0, amide), 1550,1342 (N02)cm"1; uv (methanol)} No Mpax
above 200 nm; 'H NMR (CDCl3, 250 MHz, -10°¢C); S 1.89 (3H,
s, A4-CH3), 2.14 (3H, s, OCOCH3), 4,38 (1H, d, J= 15.4 Hz,
OCH, Hpg), 4.42 (1H,’d, J= 15.4 Hz, QCHAHB;, 5.22 (1H; dd, J=
4,0 Hz, 1.1 Hz, 2-H), 5.88 (1H, ddd, J= 4.0 Hz, 3.3 Hz, 1
Hz, 1-H), 6.02 (1H, dd, J= 9.9 Hz, 1.0 ﬁz, 5-H), 6.16 (1H,
ddd, J= 9.9 Hz, 3.3 Hz, 1.1 Hz, 6-H), 6.60 (1H, s, NH), 7.06
(1H, s, NH); 13C NMR (CDCly, 62.9 MHz): 6  21.0 (4-CH3),
23.5 (0COCH3), 65.4 (C-1), 66.2 (6-0CH,), 85.9 (C-4), 98.9
(C-2), 128.2, 128.4 (C-5, C-4), 151.5 (C-3), 169.7, 170.5
(0COCH4, CONH,). Analysis calculated for CqqHqyNy0g: C
48.87%, H 5.22%,. N 10.37%; found: C 48.89%, H SHUé%, N

H

10.21%. -
Adduct 41B (100 mg) crystallized out after 41A. It had
m.p. 104°C; IR (KBr): 3500 (NH), 173? (C=0, acetate), 1689

(C=0, amide), 1546,1360 (NO,)em™'; UV (methanol):  “No

Amay @bove 200 nm; 'H NMR (CDClj, 258 MHz, 469C): §
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1.94(3H, s, U-CH3), 2.12 (3H, s, OCOCH3), 4,38 (1H, é, J=
15.6HZ, OCHAHB), 4. 45 .(1H, d, J= 15.6 Hz, OCHAHB), 5.25 (1H,
dd, J= 3.8 Hz, 1.1 Hz,.2—H)r 5.98 (1H, ddd, J= 3.8 Hz, 3.3
Hz, 1.2 Hz, 1-H), 6.04 (1H, dd, J=9.8 Hz, 1.2 Hz, 5-H), 6.17
(1H, ddd, J= 9(8 Hz, 3.3_Hz, 1.11Hz,,6-H), 6.62 (1H, s, NH),
7.05 (1H, s, NH); '3C NMR (CDCis, .62.9 MHz): & 20.9 (4-
' CH3), 23.1 (OCOCH3), 65?9 (C-1), 66.2 (0CH5), 86.2. (C-4),
99.1 (C-2), 128.6, T129.0 (C-5, C-6), HST.U‘(C-3), 169.8
170.1 (OCOCH3,' CONH,). Analysis calculated for CqqHqyNo04"
C u8.87%, H &.22%, N.10.37%; found: C 48.65%, H 5.10%, N
10.23%. .

A-mixture of adducts 41A and 81B (1.6 g) crystallized
next followed by oné ;sdmer of 10-methyl-10-nitro-1,4-
dioxaspiro[u,S]ﬁeca—6,8-dien:2-one, 25A (900 mg), m.p. 74°C;
IR.(KBr): 1814 (C=0), 1538, 1348 (N02), 1222 (C-0)
cm~'; UV (methanol): 260 nm (¢ 378 m<mol~1); 'H NMR
(CDC13. 250 MHz): ¢ 1.88 (3H, s, 10-CH3), 4,48 (1H, d, J=
15.1 Hz, 3-H,p), 4.62 (1H, d, J= 15.1 Hz, 3-Hg), 5.74 (TH.
brd, J= 9.7 Hz, 0.8 Hz, 0.7 Hz, 6-H), 6.11 (1H, ddd, J= 10.0
Hz, 5.5 Hz,~0.8 Hz, 8-H), 6.43 (1H, ddd, J= 10.0 Hz, 1.2 Hz,
0.7 Hz, 9-H); 3¢ NMR (CDCl3, 62.9 MHz): 6 21.0 (10-CH3),
$3.6 (C;3), 91.6 (C-10), 108.3 (C-5), 122.4 (C-6), 125.6 (C-
8), 128.2 (C-7), 128.8 (C-9) 169.6 (C-2). uAnalyeia
'calculated for CqHgNOg: C 51.17%, H 4.30%, N 6.6“;; found:
C 51.09%, H 4.25%, N 6.55%.

/

The mother liquor contained a mixture of 25A and its
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diastereomer 25B which was mixed with the crude product
obtained froﬁ procedure b) below. ‘

S) Finely powdgred (2-methylphenoxylacetic acid (1?&6 g
0.1m) was add;d to the nitrating mixture (nitric acid (12.6
g, 0.2 mol), acetic anhydride (94.3 cm3, 1 mol)) at -50°C in
one batch. The reaction mixture was stirred for one and a
half hours while allot}pé it to warm to -20°C. When the
solution became clear it was cooled to -78°C and added to a
stirred solution of 58% aqueous ammonium hydroxide (200 em3)

in ether (2 dm3) at' -78°C. Stir}ing was contipued while the

mixture was warmed to -10°C. The etHer layer was decanted,

-washed with water, dried and the solvenf’%vaporated to give

a mixture of~the two diene diastéreomers—25A and 25B
(10.1g). lThe mother liqhor from procedure a) above was
mixed w.iith the crude product. Fractional crystallization
from ether-pentane first gave‘25A (4.53 g) and then "its
epimer 25B (2.6 g) crystaliized out. It had m.p: 71°C; IR
(KBr): 1810 (C=0), 1540,1348 (NO,), 1224 (C4O)cm'1;‘UV
(methanol): 257 nm (e 324 m?mol~"); TH NMR (CDC13, 250
MHz): ¢ 1,88 (3H, s, 10—CH3)) 4.25 (1H, d» J= 15.1 Hz, 3-
Hpy)» 4.35 (1Hy d, J= 15.1 Hz, 3-Hg), 5.76 (1H, brdd, J=9.7
Hz, 1.0 Hz, 0.4 Hz, 6-H), 6.12 (1H, ddd, J= 19.0 Hz, 5.5 Hz,
1.0 Hz, 8-H), 6.23 (1H, ddd, J= 9.7 Hz, 5.5 Hz, 1.0 Hzs 7~
H), 6.43 (1H, brdd, J= 10.0 Hz, 1.0 Hz, 0.4 Hz, 9-H); -13c
NMR (CDCl3, 62.9 MHz): §;64.0(c-3),91.3(C-10),109.1(C~

5),122.1(C-6),125.3(C-8),'21.6_(10—CH30, 127-. 4 KC#Y), 128.0

(C-9),  169.9 (C-2).. Analysis calculated for CgHgNOg: C
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©°51.17%, H 4,30%, N 6.64%; found: € 51.28%, H 4.22%, N

/
6.56%.

The.a;ueous washings from procedure a) and b) were
mixed together and acidified with 1:1 (v/v) hydrochloric
acid. Extraction with ether, followed by drying and
evaporation of the solvent gave (2-methyl-U4-
nitrophenoxy)acetic acid 24 (2.87 g), m.p. 133-1359¢C (ffom
ether-pentane, 1it.'%3 127.7-135.59C); 'H NMR (CD3CN. 90
MHz): ¢ 2.2@ (3ﬁ, s,2-CHg), 4i77 (2H, s, 0CH5),36.92 (1H,
d, J= 8 Hz, 6-H), 8.05 (2H, m, 3-H, 5-H).
cl/ (2-Methylphenoxylacetic acid (17 mg, 0.1 mmol) was

dissolved in a 5% solution of trifluoroacetid acid in

'c.hAl(?_rc;for'n;—-d (0,3 em3) a ?):zc_: Nitric acid (0.04 em3) was
injected iqto this solution and the reaction was' followed by
NMR at Oop. The starting material disappeared and was
replaced by U4-nitro and 6-nitro derivatives. No diene was
observed..\After eight houfs the solution was poured into
cold satyi?ted sodium bicarbonate solution. The aqueous
layer was separated, acidifed and extracted with ether. %he
ether extfébt on drying and evaporation gave a mixture (15
-mg) of 24 (64%) ané (2-metﬁyl—6-nitrophenoxy)acetic acid 26
(36%) idgntified by comparison of the Ty NMR spectra with
tgose of the authentic compounds.
ix) Nitration of p-t-butyltoluene (75)

p-t-Butyitoluene (44.4 g, 0.3 mol) was nitrated

-according to the procedure of Fischer et al.56 to give’75-g
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*of crude product. Crystaliization from pentane gave one
diastereomer of 1-ﬂ-butylﬂﬂ-methyl-ﬂ—nitrocYclohean?,S—
dienyl acetate 82A (6 g),'m.p. 134°¢ (1it.06 m.p. 132-
135°C). The remaining mixture was‘chroﬁatographed on 3%
deactivated alumina (1300 g) at -40°C., Elution with tQ}
ether—pentané gave lU-t-butyl-2-nitrotoluene (76) (24.6 g) in
the first fraction, (Z)—3—t;butyl-6—methyl-6-nitrocyclohexaf ;
2,4-dienyl acetate 69 (19.8 g), m.p. 51-52°C (from ether-
pentane, lit.56 m.p. 51-52°C), in the second fraction and
82B, diastereomer of 82A in the remaining fractions. It had

m.p. 81-83°C (from ether-pentane, 1it.26 m.p. 82-83°C).

— - — e v ———— e e

| 2.5 Shift reagent studies -4
The shift reagent Eu(fod)3 was used to determine thé
relative stereochemistry of the diastereomeric adducts
obtained from the nitration of 12 (dienes 19 and 20) a;d 1
(dienes 52 and 53). A solution of the shift reagent (500
/};g) in chloroform-d (1 cm3) was prepared and this was added
in increments of 40 mm3 (20 mg shift reagent) to a solution
of the diene (48 mg) in chloroform-d (0.3 cm3). After each
addition the NMR spectrum of the 'solution was recorded at
0°C. The induced shifts of the various protons were plotted
against tke corresponding shift of the gem dimethyl group
and the slopes of these plots (Table 2.1) were used to
assign the relative stiﬁ%ocggmiEQy of the adducts. The

shift reagent had almost no effect $n the case of dienes 19

and 20 and the relative stereochemistry could not be
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assigned, The relative stereochemistry of the dienes 52 and
53 could be.assigned on the basis of Ty NMR shift reagent
study. The 8-methyl protons in 53 had experienced twice the

induced shift of 52 .and .53 was a551gned as the trans adduct-

K ~ . Table 2.1 - | s

"v-a

Relatlve gradlents of various protons in ”iNMR<3f52 and53

Gradient relative to 3-(CH3)2

Diene 6-H, 10-H 7-H, 9-H ' 8—CH3
52 0.55 0.21 0.07

53 - 0.55 . 0.21 0.17

o

A similar induced shift study of the '3C NMR spectra
was also.performed. The 13¢c NMR spectra of the diene (300
mg) solution in chloroform-d (1.5 em3) was recorded at 0°C

affer each addition of the solid shift reagent in 50 mg

, increments. The induced shifts of the carbon atoms were

plotted against the correspond%ng shift of the carbgnyl
carﬁon and the slopes of these plots wefé détermined (Table
2.2). Again, the stereochemistry of 19 and 20 cbulq not be
assigned on the basis of the relative gradient of the 1O-CH3

group. <. .
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Table 2.2
Relative 'gradients of carbon atoms in the 1H NMR of 19,20,
52, and 53 Gradient Relatlve to c-2
Diene C-3 C-5 C-6 c-7 ¢-8 c-9 cC-10 3;(CH3)2 8-CH3 10-CHg
19 0.67 0.53 0.13 0.18 0.32\_6.27 0.30 0.50,0.52 ---- 0.23
2 0,57 0.46 0.13 0.16 0.23 0.20 0.25 0.45,0.49 -—- 0.18
58 0.30 0.31 0.11 0.12 0.05 0.12 0.11 0.35 0.03" —mm,
53 .0.35 0.36 0.13 0.14, 0.06 0.4 0.13 *0.38 0.06 —=—-
However, results from the 13c NMR shift reagent study

confirmed the assignment of 52 as the (Z)-diastereomer. end

53 as the (F)-diastereomer as determined by 4 NMR study.

g

2.6 Tsomerization reactions of 1,2 adducts $ .

2.6.1 The general procedure for.small scale experiments

-

-“desfgned to ,suryey the reaction was as follows. The diene

q

(0.1 mmol) was dissolved in the appropriata solvent (0.3-

Q.35 cm3) in

a NMR tube and the tube placed in a

thermostated bath at the desired temperature. The reaction

was followed by observ1ng the NMR spectrum at suitable

intervals.

a) (E)-3,3,10-Trimethyl-10-nitré-1,4-dioxaspiro(4,5]deca-

»

6;8-dien-2-one (19) in carbon tetrachloride at ambient

temperature gave, after 14 day, its positional isomer 3,3,6—

§

trimethyl-10-nitro-1,U~dioxaspiro[4,5]deca-6,8-dien-2-one

’
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(55) (>95%), The same reaction was complete in nine hours
at 50°C. Diene 55 had T4 NMR (CD,Cl,, 250 MHz): & 1.54
(3H, s, 3-CH3), 1.58 (3Hs 5, 3-CH3)» 1.85 (3H, m, J= 1.6 Hz,
0.8 Hz, 0.6 Hz, 0.6 Hz, 6-CH3), 5.30 (1H, ddm, J= 4.9 Hz, -
1.1 Hz, 0.6 Hz, 10-H), 5.93 (1H, ddm, J=9.6 Hz, 4.9 Hz, 1.2
Hz, 0.8 Hz, 9-H), 6.07 (1H, ddm, J= 5.8 Hz, 1.6 Hz, 1.2 Hz, .
7-H), 6.30 (1H, ddm, J= 9.6 Hz, 5.8 Hz, 1.1 Hz, 0.6 Hz, 8-‘3
H).

b) Diene 19 in chloroform-d after six hours at 50°C gave
diene 55 (63%), acid 15 (21%) and unreacted 19 (16%).

c) Diene 19 in acetonitrile-d3 at ambient témperature
'gave, after four days the acid 15 (41%), the ester 58 (29%)
‘and\unreacied 19 (30%): iTraces of 55 were also detected.

d> When'tetrahydrofuran-dé wés_uséd as a solvent diene 19,

at ambient temperatur§ gave after 22 days the acid 15 (50%)
ahd the ester 58 (50%5.

e) Diene 19 in benzene-dg at ambient temperature gave:
after eight hours diene 55 (56%), 15 {25%) aﬁd unreacted 19
(19%). The reaction was allowed to proceed tiil subsequeﬁt
"aromatization was complete. ‘The acid 15 (80%) and the ester
58 (20%) were forméd.

£) Diene 19 in carbon tetfachloride was isomerized to 55
as in a) above.' The reaction was allowed to proceed to
\completionewhen the acid‘15 (80%) and the ester 58 (20%)

were obtained from the aromatization of 55.

g) Diene 19 in presence of p-cresol (0.2 mmol) in carbon
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tetrachloride at Embient temperature gave afiter
. isomerization and subsequent aromatization the same ye1§tive
_a‘amoudts of 15 (80%) and 58 (20%) as in the absence of p-

h Y

cresol. GQ/MS analysis éhowed that less than 1% 4-methyl-2- .
' nf%rophenol was prggént in the reaction Mixture.'

h) (6,8-2H,1-3,3,10-Trimethyl-10-nitro=-1,4-
dioxé%pichMZS]deca—6,8-dien-2—oné (23) in chloroform-d at.
amblent temperature gave after three days [8,1O£?H2]-3,3,6-
trﬁmethy1-10;nibro-1.u-dioxaspiro[u,S]deca—6,8—dien-2-one

(56) (50%). and unreacted 23 (50%). Diene 56 had TH NMR
(CDC13{ 90 MHz): . 1.54 (3H, s, 3-CH3), 1.59 (3H, s, 3-
CH3), 1.86 {3H, brs, 10-CH3), 5.94 (1H, brs, 7-H), 6.07 (1H,
brs, 9-H). ) !

i} Diéné 20 in carbon tetrachloride at 50°C gave after 24
“hours its positional isomer (Z)-3.3,6—trimethyl-10-nitro-.—g\
1,4-dioxaspirol¥,5]deca-6,8-dien-2-one (62) (>95%).  The
solvenk yaSIeYaporated and the residue dissolved in
méthylene,thoride-dét Diené 62 had.1H NMR (CD2C12, 250
MHzJ: 6 1.50 (3H,'s, 3-CH3); 1.53 (3H, s, 3-CH3), 1.88 (3H,
bré,'s-cﬁg), 5.30 (1H; dn, J= .6 Hz, 1.2 Hz, 10-H), 5.99
(1H, ddm, Jz 9.5 Hz, 4.6 Hz, 1.2 Hz, 9-H), 6.13-(1H,dm, J=

5.8 Hzp 1.2 Hz;'7:H), 6.30 (1H, ddm, J= 9.6 Hz, 5.8 Hz, 1.2

Hz, 8:?). ‘Alljlﬁc coupling ané other long range couplings
with the 6~methyl group could riot be-ﬂetermined. .
irvo- 5,3,7,9:10-pentapethy1-1o_nit%o-1,u-

* C e > . =
dioxaspirol(l,51ldeca-6,8-dien-2-one (27) in carbon

- - %
AR S =
-
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:tetrachloride at 50°C gave after eight hours the

diastereomers of 3,3.6,7,9—pentamethyl-10-nitr6-1i4-

A

dioxaspirol4,5)de¢a-6,8-dien-2-one viz. 66 (64%) and 65

(36%). 7 "

k) Diehe 27 in carbon tetrdchloride at ambient temperature
gave after 10 days diénes 66'(46%) %nd 65 (54%).

1) Diene :27 with p-cresol (0.2‘mmol) in carbon
"tetrachloride at 50°C gave after 12 hours dienes 66 (60%)
and 65 (40%). ‘
,_m) Diene 27 with thiophenol (1.5 mmol) in-carbon

tetrachloride at 50°C gave after 12 hours dieng 66 as'the

only product. Diphenyl disulphide was also formed.

n) (Z)-3—t-Bqty1—6—mexhy1-6-nitrocyélohexa-2,U-dienyl

acetate (69) in carbon tetrachloride at 70°C gave after one

hour unreacted 69 (34%), its epimer 70 (8%), (Z)-5-t-butyl-

2-methyl-6-nitrocyclohexa-2,5«dienyl acetate 71 kHB%)and'
;ts epimer 72 (11%) and 5-t-butyl-2-methylphenyl acetate 73

(5%). o
o) Diene_69 ;n carbon tetrachloride at ambient temperature
gave after 12 days unreacted 69 (27%), 70 (13%), 71 (33%),
72 (18%) and 73 (9%).

2.6.2 Isolation of isomerization products . ‘e
‘a) Diene 19 (300 mg) was dissolved in carbon tetrachloridé??l:
(3 cm3) and left at ambieﬁt temperature. When 75%

isomerization was over the solvent was evaporated by

bubbling nitrogen through the solution. Attempts to Purify .’
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55 by chromatography of the residue at -50°C were not
successful. Diene 55 aromatized to acid 15 on Qhe columnw
The residue was dissolved in chloroform-d and tﬁ%.13c NMR
spectrum ‘was recorded at 62.9 MHz. The followiﬁg resonances
were assigned to (E)—3:§,6—trimethyl-10—nitf0-1,4—
dioxaspiro[u,B]déca-6,8-éien-2—one (55). SC 16.0 (6-CH3),
25€L§3—CH3), 26.5 (3-CHgz), 77.3 (C-3), 87.8 (C-10), 103.4
FC—S), 117.5 (C-9), 124.6 (C-7), 129.3 (C-8), 134.,7 (C-6),
173.7 (C-2). , ‘
b) - (2)-3,3,6-Trimethyl-10-nitro-1,4-dioxaspirol4,5]deca-
6,8-dien-2-one (62) was prepared f;om the diene 20 using the‘
same procedure as above and its 1éC NMR'spectrum was
recorded. Diene 62 had '3C NMR (CDC1l3, 62.9 MHZ)Z 6§ 16.5
(6-CH3)s 25.6 (3—(CH3)é), 78.2 (C-3), 87.8 (C-10), 103.9 (C-
5), 117.8 (C-9), 125.4 (C-7), 129.0 QC-85, 134.4 (C-6),
174.0 (C—Z). .
c) Diene 27 (1 g) was dissolved in carbon tetrachloride
(20 ¢m3) and heated in a thermostated water bath at 50°C for
nine hours., The solvent was evaporated,‘the'residue
dissolved in mqghylene chlo;ide—hexane and the compounds
separated by fggctional crystallization. The minor isomer
65 of 3,3.6,719-pentamethyl—1O-nitro—T,u—dioxaspiro[u,S]deca
6jé-dien;2;one crysallized out first (120 mg&r It had m.p.

r

1239C; IR (KBr): 1796 (C=0), 1550,1332 (NO,)em~'; UV
(»ilz y 90 MHz):

(methanol): 273 nm ( €367 m2m01*1); TH NMR (CD

1.59 (68, s. 3-(CH3),), 1.76 (3H, s, CHz), 1.88 (6H, s,

&

\ g
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(CH3)p)» 4.86 (1H, brs, 10-H), 5.94 (1H, brs, 8-H); 3¢ MR

(CDC13,'62.9 MHz): & o 11.7 (6-CH3)» 19. 1, 19.9 (7- CH3, 9—‘

CHy)» 25.4 (3-CHy), 25.6 (3-CH3), 78.2 (C-3), 91.9 (C-10),
105.1 (C-5), 124.0, 124.9 (C-7, C=9), 131.3 (6—8),‘132.6 (C-
6), .174.4 (C-2). Analysis calculated for Cq3Hq7NOg5: C
58.40%, H 6.41%, N 5l24%;rf0und: c 58.37%, H 6.33%, N
5.14%.

The major isomer.66 crystallized in"the second crop
(496 ‘mg), m.p. 78°C; IR {KBr): 1811 (C=0), 1548,1330
(Nby)em™'; UV (methanol): 272 nm (e 577 m2mol™1); 'H NMR
(CDC1s, 250- MHz): § 1. 54:(3H, é, 3- CH3), 1.58 "(3H, s, 3-
CH3), 1.75 (3H, brs, CH3), 1.88 (3H, d, CH3), 1.89 (3H, brs,
CH3), 4.95 (1H, s, 10-H), 5.94 (1H, brs, 8-H); 3¢ NMR
(CDCly, 62.9 MHz): & ¢ 11.1 (6-CH3), 18.7, 19.8 (7-CHg,
9—CH3), 26.0 (3—CH37, 26.7 (3~CH3), 77.1 (C=3), 91.8 (C-10),
104.8 (C-5),124.4, 124.5, 131.4 (C-6, C-T7, C—9),‘130.7 (C-
8), 174.0 (C-2); MS (methane CI): m/e 266 (M+1); (EI, 70
ev): m/e (relative intensity), 237 (M-39, 1), 151 (13), 136
(17), 135 (100), 123 (125), )07 (RU), 91 (Q7), 79 (17), T7
(15), 43 (67), 41 (30), 39 (32). Analysis calculated for
C13H17NO§: C 58.40%, H, 6.41%, N 5.24%; found : C 57.98%,
H.6.37%, N 5.24%,
26 3 Epimgrization of dienes: '66 and 65
a) Diene 65 (0.1 mmol) in carbon tetrachlor1de (0.3 cm3)

at 70°C gave after 32 hours a mixture of 65 (82%) and 66

(18%) and traces of 2<methyl-2-(2,3,5-trimethyl-6-




»

- : 87.

nitfg?hénoxy)pgopanoic acid 29. The relative amounts of
the isomers remained the same af}er 48 hours but the amount
of the aromatic compound increésed.' ,’//

b) Diene 66 uhder similar conditions gave-a mixture of 65
" (33%) and 66 (67%) after 30 hours. After 48 -hours 65 (38%)
\and 66 (42%) were observed along Qith the acid 29 (20%;.
The aromatization to 29 was complete before equilibrium
between 66 and 65 could bé achieved.

2.6.4 Preparation of (E)-5-t-butyl-2-methyl-6-
i nitrocyclohexa-2,4-dienyl acetate }72).
Diene 68 (600 mg) was dissolved in carbon tetrachloride‘
(5 em3) and heated in = thermostated water bath at 70°C for
one-hour. The reaction mixture contained at this stage 69
(33%), its epimer 70 (81)4”71 (43%), 72 (1%%5 and the a}yl
acetate 73 (5%). The reaction mixture was chroﬁatographed
on silica at -40°cC. Th; compounds were eluted Qitﬁ ether-
pentane mixtures. No, compound was eluted with pentané, 2%
ether-pentane and 5% ether-pentane. Small amounts of the
acetate 73 were obtained with 10% ether-pentane.  Elution
with 15% ether-pentane gave a mixture of dienes 69, 70 and.
7i (430 mg). " The desired isomer 72 was eluted with 20%
, ether-pentane (144 mg). It had m.p. 87°C (f;om methylene
chloride-pentane); IR (KBr): 1750, 1210 (0COCH3), 1550,
1376 (NO)em™'; UV (methanol): 271 nm (e 606 m2mol™"); A

NMR (CDCi3, 250 MHz): é 1.09 (9H,.s, 5-t-Bu), 1..84 (3H, d,

J= 1.4 Hz, 2-CH3), 2.09 (3H, s, OCOCH3), 5.23 (1H, d» J= 1.6 -
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Hz, 6-H), 5.66 (1H, d, J= 1.6 Hz, 1-H), 6.06 (1H, dq,J= 6
Kz, 1.4 Hz, 3-H), 6.26 (1H, d, J= 6 Hz, 4-H); 13C NMR
(CDC13, 62.9 MHz): ¢ ¢ 20.3 (2-CHj3), 2Q.7 (0COCH3), 28.2
(C(GH3)3), 35.3 (C(CH3)3), 70.% (C-1), 82.7 (C-6), 123.8 (C-
3),_125.1 (C-4), 129.6 (C-2), 135.6 (C-5), 170.1 (0COCH3).
Analysis calculated for Cy3H.gNOy: C 61.63%, H 7.56%, N
5.53%; found: C 61.73%, H 7.67%, N 5.57%. Further elution
with a higher proportion of ether‘gave highly coloured trace

7

impurities.

.

?.6.5 P;eparation of (E)-3-t-butyi-6-methyl-6-
o nitrocYclohexa—Z,M:dienyl acetate (70).
A solution of diené 72 (600 mg, 2.37 mmol) and p-cresol
' (381 mg, 3.56-mmol) in carbon tetrachloride Q15 ém3) was
heated in a fthermostated water bath at 50°C for three hours.
The reaction mixture at this stage c¥ntained diene 70
j36.5%h unreacted 72 (36.5%) and the acetate 73 (27%). The
reaction mixture was chromatographed on silica (110 g) at
-40°cC. The first five fractions eluted with petroleum
ether, 0.5% ether, 1% ether, 1.5% ether ?nd 2% eth®r had no
'combouQ@-present in them. The sixth fraction eluted with
?2.5% ether gave the acetate 73 (147 mg). The seventh
| fractioﬁ eluted w}th 3% ether cqntained (E)-3-t-butyl-6-
:mjthy1-6-nitrocyclohexa-2,M—dienyl acet¥te (70) (209 mg).
‘'The diene 70 was unstable and isomerized to 72 even at

-20°C. It.had 'H NMR (cncig, 250 MHz): 6 1.07 (9H, s,

1.
C(CH3)3), 1.67 (3H, s.‘6—CH3), 2.10 (3H, s 0COCHg3), 5.48
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(1H, dd, J=2.9 Hz, 1.8 Hz, 11H), 5.94 (1H, d, J= 10.0 Hz, -
H), 6.23 (1H, dd, J=-10.0 Hz, 1.8 Hz, 3-H), 6.37 (1H, d, J=
2.9 Hz, 6-H); '3C NMR (CBClsy, 62.9 MHz): 6 ¢ 18.0 (6-CH3),
20.9 (0COCH3), 28.2 (3-C(CH3)3), 33.9 (3-C(CH3)3), 72.9 (C-
1), 90.7 (C-6), 118.0 (c-2), 126. (c-u),,f27.1 (C-5), 145.0

(C-3), 169.8 (0COCH3). .
Further elugion with 4% ether gave the starting.
. coméound 72 and p-cresol (350 mg). Solution with higher
concentrations of etHer gave p-cresol and traces of 4-
methyl—2—nitrophehol.
2.6.6 Preparation of (Z)—S-;-buty1-2lmethyl—6—
nitrocyclohéxa-2,M—dienyl‘acetate (71). .

Diene 69 (684 mg, 2.7 mmol) and p-cresol {365 mg, 3.4
mmol) were dissolved in ca}bon tetrachloride (15 cm3) and

heated in a thermostated water bath at 70°C for one hour.

’

The re?ction mixture.consisted of diene 69 (22%), diene T1
(60%) and the acetate 73'(1%%). The reaction mixture was
cﬁromatographed on silica (110~g) at -40°C. rEution fith
ether gave all'the products and traces of p-¢resol in the
first'fraction (639 mg). "The second fraction (354 nig)
coniained ma&nly p-cresol and tracgs éf dienes.
Réchromatograph§ on silica (80 g) at -40°C géye thHe acetate
73 on.elution with 1 - 2% ethef—petroleum ethef. Elution
Qith 2,5% ether gave the diene 71 as th; major compgngnt

(70%) along with the acetate 73 (30%) (389 mg). Diene 71

had 'H NMR'(CDCly, 250 MHz): 6§ 1.09 (9H, s, C(CH3)3), 1.80

-

. . o
v - /
. .
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(3H, brs, 2-CH3), 2.18 (3H, s, 0COCH3)» 5.32 (1H, dy J= 7.5
Hz, 6-H), 5.73 (1H, dd, J= 7.5 Hz, 2.6 Hz, 1-H), 5.90 (1H,
dd, J= 5.6,Hz, 2.6 Hz, 3-H), 6:18 (1H, d, J;'5.6'Hz, 4-H);,
Irradiation at 1.80 sharpened the signals at 5.73 and
5.90. These coupling conspants could not be determined; 13¢
NMR (CDCljy, 62.9 MHz):.k c 17.6 (2-CH3), 20.8 (0COCH3),» 28.5
(5-C(CH3)3), 35.8 (5-C(CH3)3), 72.9 (C=1), 81.9 (C-6), 121.0
(C-3), 1éh.8 (C-4), 132.6 (6—2), 138.3 (C-5), 170.3
(0COCH3) .

Further elution with 3-5% etherlgave fractions
containing the diene 69 and p-cresol. ’
?.7 Aromatization of adducts with secondary nitro group
2.7.1 Aromatization.of diene 55 H
a) Isomerization of 19 (1 g) &n chloroform-d (5 cm}l*ggf
70°C gave after 1{ hours diene 55. This solution of diene
55 was poured into a saturated solution of sodium
bicarbonate and stirred overnight at ambient temperature,
Extraction wit@ ether, d?y&né and evaporation of ether gaveg
2-methyl-6-nitrophenyl 2-hydroxy-2-methylpropanoate (200 me
20%), m.p. 71—72°Q.(from ether-pentane);m&Rﬁ#KBr):' 3300
(OH), 1770 (C=0), 1530, 1340 (Noz)cm"1; 4 NMR (CDCly, 90
WHz): 6 1.67 (6H, s, C(CH3)), 2.26 (3H, s, 2-CHy)s 7.30°
(1H, dd, J= 8.0 Hz, 7.8 Hz, 4-H), 7.55 (1H, dd, J= 7.8 Hz,
0.8 Hz, 3-H), 7.94 (1H, dd, J= 8.0 Hz, 0.8 Hz, 5-H); 13C NMR
(CDClg3, 62.97 MHz): § ¢ 16.2 (2-CH3), 27.3 kC(CH3)2), 72.9.

(C(CH3)5)y 123.6 (C=5), 126.4 (C-4), 134.1 (C-2), 136.1 (C-

L 4
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3), 138.1 (C-6) 142,47 (C-1), 174.3 (CO). Analysis
calculated for CqqHq3NOg: C 55.21%, H 5.48%, N 5.86%;
found:. C 55.35%, H 5.37%, N 5.68%. On injection in GC
column at 250?b 58 decomposed to give 6-nitro-o-cresol which
was confirmed by co=injection and GC/MS.

The aqueous layer .was acidified with 1:1 (v/v)
hydrochloric acfd and extracted with ether. Drying and
eyaporation of the solvent gave acid 15 (780 mg).

.b) Diene J9 (0.1 mmol) was isomerized to 55 in carbon
tetrachloride as described above. Trifluoroacetic acid (0.1
em3) was added to.tﬁis solution at 0°C and ?he solution
warmed to gmbient temperature. The pr;gress of the reaction
was monitored by NMR\ Dfene 55 was quantitatively converted
to the acid AS at qmbient temperature af@er 12 hours.

~c) A solutgon of diene 55 (0.1 mmol) was obtained as above
and the solveht evaporated. The residue was dissolved in
tetrahydrofuran\kO.B om3) aﬁd tetri?yanoethylene (0.1 mmol)
was éqded to t?; solution. JThe reaction was monitored by

NMR at ambient fiemperature. After 24 hours the solvent was

evaporated and the‘residue‘dissolved in carbon

.

tetracglorid;. .The‘insoluble tetracyanoethy{ene was
. filtered off. 'Thé NMR spectrum of the filtrate’showed thé;
55 had reacted to give the acid 15 (30%) and the ester 58
(70%). ' )

dr - Methanol-d, (0.1 cm3) was @dded to a solution of diene

55 (0,1 mmol) in carbon‘%@t?achloride obtained as above.
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The reaction was folloyed'by NMR at ambient temperature.
Diene 55 gave aftér four days thé acid 15 (70%) and tﬁe
ester 58 (30%).
e) Diene 55 (0.1 mmol) wgs obtained-a; above and the
solvent gvaporated. The residue was dissofved in
tetrahydrofuran (0.3 cm3) and the reaction followed by NMR.
‘Diene 55 at ambient temperature gave, after.44 hours..the
acid 15 (53%) and the ester 58 (47%). -

2.7.2 Aromatization of diene 62

.

a) Diene 62 (0.1 mmol) was fobtained from a solution of °

diene 20 in carbon tetrachloride as described above. The
solvent was evaporated and the residue was dissolved in
tetrahydrofuran (0.3 cm3). Diene 62 at ambient temperature

-

gave, after 20 hours, the acid 15 as the only product.
b) Diene 62 (0.1 mmol), obtained as above, was dissolved
in tetrghydrofuran and tetracyanoethylene (0.1 mmol) was

added to the solution. After 24 h at ambient temperature,

the solvent was evaporated and the residue dissolved in.

¢

carbon tetrachloride. Insoluble tetracyanoethylene was.

filteréd off-and the NMR spectrum of the filtrate was
recorded. The acid 15 was_the only product. {

2.7.3 Aromatization?of dienes 66 and 65.

a) A solution of diene 66 (19 mg) in ether was added fb
saturated sodium bicarbonate (1 cm3) in a separating funnel:

The mixture was shaken and” the layers separated. The

. Yo .
ethereal solution was dried and the solvent gvaporated to

L
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give the unreacted 66 (16 mg). The aqueous layer was
écidified and extractea with ether. fhe ether extract aﬁ
drying ana evaporation géve no residue.
b) Diene 66 (19 mg) .was dissolved in ether and
concentrated sédium hydroxide solution (1 cm3) was, added to
it. The mixture was stirred in a reacti-vial at ambient
temperature for 30 minutes. Work-up with aqueous sodium
bicarbonate as above gave 2-methyl-2-(2,3,5-trimethyl-6-
nitrophenoxyl)propanoic acid (29) (17 mg), m.p. 168°C (from
ether-pentane); IR (KBr): 3000-2500 (OH), 1710 (C=0),
1536, 1359i(NO2)cm"'1; "H NMR (CDC1s, 90 MHz): & 1.49 (6H,
s» C(CH3)5), 2.17 (3H, s, 2-CH3), 2.22 (gH, s, 3-CH3), 2.26
(3H, s, 5-CH3), 6.87 (1H, s, 4-H); '3c NMR (cDCly, 62.9
MHz): ¢ c 13.9 (2-CH3), 16.9 (3-CH3)» 20.1 (5-CH3), 24.6
(C(CH3)5)» 83.7 %G(CH3)é), 127.4 (C-2), 128.4 (C-4), 130.9[\
(C-5), 140.3 (C-3), 144.2 (C-6), 146.3 (C-1), 175.9 (COOH);
MS (Methane CI): m/e 268 (M+1); (EI, 70ev): m/e (relative
,iniepsity), 181 (M-87,40), 164 (70), 13“.(55)’ 106 (53), 9.
(68), 79 (63), 77 (58),. 65 (48), 43 (68), 41 (100), 39 (95).
) Diene 65 (27 mg) on tn;ating.with aqueous _sodium
hyudroxide as above gave the same product viz. the acid 29
(25 mg).
g.?JJ Aromatization of diene 72

a) A solution of diené'72 (15 mg) in metﬁanol-du (0.3 em3)

was heated in a thermostated .water. bath at ‘50°C. The

reaction was monitored by NMR. Diene 72 gave, after nine
. -
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hours, the acetateé 73 as the'oniy product. ‘The solQent was
eQaporated and the 'H NMR spectrum of the residue was
recorded iqjﬁhloroform-d. The ;dentity of 73 was confirm?d
by comparison with the 1H NMR spectrum of the authentic
cohpound. '
b) A solution of 72 (15 mg) in pyridine-ds (0.3 cm3) was
heated in a thermostated bath at 50°C. Diene 72 gave, after
four hours, the acetéte 73 as the sole product.
c) A solution of 72 (15 mg) and N,N-diisopropylethylamine
(0.02 cm?) in methanol-d, (0.3 cm3) at 50°C, in a
thermostated water bath, gave after four hours, the aryl
acetate T3.

~

d) Diene T2 (15 mg) was added to a saturated solution of
sodium bicarbonate in 1:1 (v/v) aqueéus methanol (2 cm3).
The solution was stirred at ambient temperature for one
hour. Extraction with ether, followed by d}ying and
evaporation of the solvent gave all of diene 72 back.

e)  Diene 72 (15 mg) was added to 2.5 M sodium hydrexide in
1:1 (v/v) aqueous methanol (2 dm3). The so{ution was
stirred at ambient temperature for_-one hour, acidified with
1:1 hydrochloric acid and extracted with ether. The eﬁhe{;l
solution on drying and evaporation of the solvent gave 5-t-
butyl-2-methylphenol (34%) and 4-t-butyl-3-nitrotoluene
(66%).

f) Diene 72 (125 mg) was added to 1.25 M Ssodium hydroxide

in methanol (10 cm3). The solution was stirred at ambient
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temperature for one hour and extracted with ether. The
ether extract on drying and evaporation gave 5-t-butyl-2-
methylphenol (8%) and H-%-but91-3-nitrolbene (92%). The
residue was dissolved in ether and_the ethereal s9lution
repeatedly1washed with ;.5 M aqueous sodium hydroxide untii
the basic layer was colourless. Fin;L wéshing with water,
drying and evaporation of the solvent on rotavapor gave U-t-
butyl-3-nitrotoluene (74) (75 ﬁg5 as.a red 0oil, IR (film):
1544, 1368 (NO,)em™'; TH NMR (CDCls, 250 MHz): & 1.38 (9H,
s» C(CH3)3), 2.34 (3H,;§s, 1-CH3), 7:12 (1H, d» J= 2.0 Hz, 2-
H), 7.23 (1H, dd, J= 8.3 Hz, 2.0 Hz, 6-H), 7.42 (1H, d, J=
8.3 Hz, 5-H); '3C NMR ({DClz, 62.9 MHz): & ¢ 20.3 (1-CH3),
30.7 (4-C(CH3)3)» 35.3 (4-C(CH3)3), 124.2 (C-5), 128.4 (C-
2), 131.4 (C-6), 137:1 (C-1), 138.5 (C-4), 151.1 (C-3); MS:
n/e (relative intensity), 193.1132 (74, M, (12c;;TH 514N100,)
193.1103), 178 (100){ 164 (36), 149 (71), 133 (33), 115

(35), 105 (50), 91 (58),.77 (32), 65, (26), 43 (54).
. - ‘ . . B -

/

2.8.1 Small scale reactions, to survey the scope of the

2.8 Isomeriztition reactions of 1,4 adducts

reaction were performed by dissolving the diene (0.1 mmol)
in the appropriate solvent (0.3 cm3). The‘sglution was
heated in a thermostated water bath at the required
temperature and the progress of reaction was followed by
NMR.

a) (E)-1,4-Dimethyl-4-nitrocyclohexa-2,5-dienyl acétate

(84) in carbon tetrachloride at 70°C showed no reaction

\




after five hours. L : :
b) (E)-3,4-Dimethyl-4-nitrocyclohexa-2,5-dienyl acetate -
(83), obtained by the nitration of o-xylene following the

73, in carbon tetrachloride at 70°C gave,

procedure of Ramsay
after 15" hours, 3,M-diﬁéthylphenyl acetate (85) as the only
product. No intermediate was detected.

c) A solution of diene 82A, obtained from the nitration of
p-t-butyltoluene, in 1:1 (v/v) carpon tetrachloride ‘'and
chloroform-d did not react over three hours at 70°C. 7
d) Diene 52 in carbon tetrachloride did nof react after 15
days at ambient teﬁ;erature or after six hours.at 70°C.

e) Diene 53 in carbon éetrachloride did not «wreact after 15
days at ambient temperature or after six hours at 70°C.

£) Diene 95 in 1:1 (v/v) carbon tetrachloride and
chlorSform-d at 70°C gave after 12 hours 2,5-
diméthylbenzonitrile (97) (ca. 5%) and unreacted 95 (ca.
95%). No-intermediate was observed. ' :

g) A solutio{ of diene 96 in 1:1 (v/v) carbon
tetrachloride and chloroform-d at YOOP gave é}ter seven
'hours 2,5-dimethylbeﬁzonitrile (97) (ca. 65%) and a mixture
of unidentified products (ca. 35%). '

h) "° A solution of diene 92A in" 1:1 (v/v) carbon
tetrachloride and chloroform-d at 70°C gave after 13 hours
2y3-dimethylbenzonitrile (ca. 30%), 2,3-dimethyl-5-
*. .nitrobenzonitrile (93) (ca. 30%), 2-cyano-3,4-dimethyl-6-

nitrocyclohexa-2,U-dieﬁyl‘acetate 94 A (cé. 10%) and




unreacted 92A Eca. 30%).
15 Diene 92B under the -same conditions as above gave 2,3-
dimethylbenzonitrile (ca. 28%), 2,3-dimethyl-5-
nitrobenzonitrile (93) (ca. 32%), 2-cyano-3,4-dimethyl-6-
nitrocyclohexa-2,4-denyl acet;te 94B (ca. 10%) and unreacted
92B (ca. 30%) ' | '

~
j)‘ Diene 87 in 1:1 (v/v) carbon tetrachloridé and
chloroform-d,gave after 36 hours at 50°C, 3,4-
dimethylbenzonitrile (89) (27%3, (E)¥2ﬁcyano—4:5-dimebhyl-6—
nitrocyclohexa-2,4-dienyl acetate (91) (42%) and unreacted
87.(31%).
k) . Diene 87 ﬁn 1:10.(v/;) methanol-d, and carbon
tetrachloride at 70°C gave after four hours at 70°cC, 3,4~
~dimethylbenzonitrile (89) (60%), 3)4-dimethyl-5-
nitrobenzonitrile (90) (20%) and unidentified- products
(20%). “
1) Diene 86 in.carbon tetrachloride gave after 5.5 hours
at 78°C, 3,4-dimethylbenzonitrile (89) (ca. 50%), and (Z)-2-
cyano—ﬂrSLdimethyl-6-nitrocyc1ohe;a-23Q—dienyl acetate 88
(ca. 50%). )
m) Diene 86 in 1:10 (v/v) methanol-d, and carbhon
tetrachloride. at 70°cC gave, after four hours, 3,U4-
dimethylbenzonitrile (89) (51%) and 3,4-dimethyl-5-
nitrobenzonitrile (90) (49%). i
"n) A solution of diene 99 in carbon tetrachlogide at 70°C

?

gave after 30 hours, 1,u;ddmethyl—2—nitrobenzene (T7) (57%),
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.98.
1,4~ dlmethyl 2,6~dinitrobenzene (101) (traces).and a mixture
(43%) of unreacted 99, cyclohexadiene 102 and cyclohexenes

L

100 and 103.

'2.8.2 Preparation of (Z)-2-cyano-4,5-dimethyl-6-

-

nitrocycl&hgxa—Z;u-dienyl acetate (88). ‘ N

Diene -86 (300 mg) was dissolved in carbon tetrachloride
and heated in'; thermostatedﬁwater“bath at 70°C for nine
hours. The solvent was evaporated and the residue dissolved
in metﬁyleng chloride-hexane. Fractional crystaliization
gave 3,41dimethy1benzonitrile (24 mg) from the first c}op
and 88 (40 mg) from the second \crop. Diene 88 haa m.p.
103°C; IR (KBr): 2220 (CN), 1755, 1220 (0COCH3), 1550, 1360
(NOZ)cm'1; UV (cyclohexane): 285 nm (€‘555 m2m01‘1); TH NMR
(CDCl3, 250 MHz): & 1.94. (3H, brs), 1.96 (3H, brs), (4-

CH3,5-CH3), 2.20 (3H, s, 0COCH3)» 5.13 (1H, d, J= 8.0 Hz, 6~

-H), 5.88 (1H, dd, J= 8.0 Hz, 2.6 Hz, 1-H), 6.73 (1H, d, J=

2.6 Hz, 3-H); '3C NMR (CDCly, 62.9 MHz): & ¢ 18.1, 20.5,
20.5 (0COCH3, 4-CHs, S-CH3)} 66.3 (C-1), 85.3 (C-6), 108.5
(C-2), 115.0 (2-CN), 127.4 (C-4), 132.9 {C-5), 143.0 (C-3),
169.7 (0COCH3). Analysis caloulated for CqqHqpNp0y: C

55.91%, H 5.12%, N 11.86%; found: C 55.90%, H 5.31%, N

11,748,

2.8.3’,Préparation of (E)-2-cyano-4,5-dimethyl-6-
nitrocyclohexa-2,4-dienyl acetate 91
A‘solutioﬁ of diene 87 (400 mg) in 1:1 (v/v) carbon

tetrachloride .and chloroform (10 cm3) was heated at 70°C in

-

a thermostated water bath for seven hours. The solvent was
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\qafvaporated and the residue dissolyed in méthylene chloride-
- getroleum ether. ﬂiene 51 (50%) could ngt be crystallized
from the mixé;re. TH anp'13C NMR spectra of the mixture
~ywere recoﬁééd and the folibwiqg signals assigned to 91. It
had 1& NMR (CDCls, 250‘MHz)t'5*1.97r(3H3 brs, 4-CH3), 2.00
i‘(3Hr brs, 5-CH3), 2.14 (3H, s, 0COCH3), 5.12 (1H, brs, 6-H),
6.08 (1H, d, J= 3.1 Hz, 1H), 6.8h (1H, s, 3-H); Irradiation
at \1.97 collapsed the signal at 5.12 to a doublet (J=. 3.1
Hz);<‘3c NMR (CDCly, 62.9 MHz): 5C'1715, 20.3, 20.5 (0COCH3,
MTCHjT“S—CH3), 65.7 (C-1), 88.0 (C-6),105.9 (C=2), 116l5 (2-
CN), 127.3 (C-4), 135.4 (C-5), 145.2 (C=3), 168.7 (0COCHS).
2.8.4 Charéctérization of dienes 94A and 94B in solution.
- . Diene 92A (350 mg) was dissolved in chloroform-d (10-
cm3) and the solution heated at 70°C for six hours. The

3 on a rotavapor and the

solution was concentrated to 3 cm
o 1’3C NMR spectrum was reporded. In E%e minor product 2~
eyano-3,u-dimethy1—6—nitrocycloﬁeka—2,M—dienyi acetate 9UA
which contributed ca. 10% of the mixture, peaks due to
proton-bearing carbon atoms could be assigned. Diene 9UA
had 3¢ NMR (CDCl3, 62.9 MHz): 6 17.5, 19.6, 23.9 (3-CHg,
“M-GH3, 0COCH3)» 65.9 (C;1), 82.8 (C-6), 126.3 (C—S).‘
Similar treatment of diene 92B gave a mixture
containing the epimer of 9%A, 94B (<10%). It had '3C NMR
(CDCl3, 62.9 MHz): & o 19.0, 19.5, 22.4, (3-CHz, 4-CHs,
0COCH3), 66.2 (C-1), 83.1 (C-6), 125.6 (C-5).

2.8.5 Attempted isomerization of 1,4-dimethyl-2,4-
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:Finitrocyclohexa-2,5-dieny1(acetate (99)

A solution of 99 (1 g) in carbon tetrachloride (15 em3)
was heated at °C for 20 hours. On cooling the solution to
0°C, colourless crystais ofM-hydroxy-1,M-dimethyl-2;kf-

" trinitrocyclohex-2-enyl acetate (100) (16 mg) precipitated.
It had m.p. 168°C; IR (KBr): 3500 (OH), 1735, 1235
NéCOCH3),fj565, 1550, 1530, 1370, 1350, 1340 (N02)cm'1; y
NﬁR (FDC13, 90 MHz): & 1.66 (3H, s, 4-CH3z), 1.78 (3H, s, 1-
CH35, 2.18 (3H, s, 0COCH3), 5.15 (1H, d, J=12 Hz, 5-H), 6.20
(1H, dy J=12 Hz, 6-H), 6.96 (1H, s, 3-H); 13C NMR (CDC1s,
62.9 MHz):‘ 6c 21.3 (0COCH3), 21.8 (1-CH3), 27.0 (4-CH3),
68.8 (C-1); 75.0° (C-4), 84.0 (C-6), 87.4 ¢C-5), 132.8 (C-3),
171.3 (0COCHg); MS (methane CI): m/e 302 {M-17). The
solvent was evaporéted from thé mother liquor and the
residue chromatographed on silica,(&10 g) at -U40°C. Eiutiop
with 0-3% ether in petroleum ether gave 1,4-dimethyl-2-
nitrobenzene (310 mg, 53%). Elution with 4 - 6% ether in
petroleum ether gave 1,M-dimetth—Z,6-dinitrobenzene (159
mg, 21%). .Furthgr elutioé witg 8 - 10% ether gave'mainly 4-
hydroxy-?,N—dimethyl-1-nitrocyplohexa—2,5—dieqyl acetate 102
(88 pg). Recrystallization from éther—petrqleum ether
afforded the pure compound (23 ag). It had m.p. 131°C; IR
(KBr): 3390 (OH), 1710, 1260 (0COCH3), 1525, 1370 (NOy)em™
'; "W NMR (CDCl3, 250 MHz): & 1.54 (3H, s, 4-CH3), 1.69
(3H, s, i-CH3): ?:01 (3H, s, OCOCHQ), 5.68 (1H, d, J= 9.9

Hz, 6-H), 5.89 (1H, dd, J= 9.9 Hz, 2.1 Hz, 5-H), 7.20 (1H,
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‘dy J= 2.1 Hz, 3-H); MS (Methane CI): m/e 210 (M-17). The

next fraction eluted with 12% ether gave mainly 1,4-
diﬁethyl-é,u,5,6-tétranitrocycloﬁex-2-enyl acetate (103) (79
mg). Recrystallization from ethér—petroleum\ffher‘afforded
que yellow crystals (17 mg), m.p. 1U6°C; IR (KBr): 1755,
1225 (0COCHg), 1570 - 1540, 1360 - 1335 (NOy)em™1; TH NMR
(CDCl3, 90 MHz): & 1.85 (6H, s, 1-CHy, 4-CH3), 2.19 (3H, s,
OCOCH3)}“5.99 (1H, d, "J= 12 Hz, 5-H), 6.20 (18, d, J=12 Hz,
6-H), 6.98 (1H, s, 3-H); '3C°NMR (CDC1g, 62.9 MHz): 6 . 19.3
(1-CH3)y 20.9 (0COCH3), 22.9 (4-CHg) 64.4 (C-1), 82.7 (C-5),
83.5 (c-6f7‘87.;’(c-u>, 127.0 (C-3); MS (Methane CI): m/e
349 (M+1). 'Furthqr elution with increasing cogcéntration of

ether .gave the unreacted diene 99 (245 mg, 24.5%).

2.9 , Reactions 'of 3,3,10-trimethyl-10-nitro-1,u-

dioxaspiro[ﬁ;Sjé?ca—S,8-di;n-2—one )
2.9.1 Reaction with sa}ghuric acid in aqueous acetone-d6
Diene 19 (a8 mg) was mixed with 0.01M sulphuric acid in
90%'aQerys acetoné—i6 (0.4 cm3) at 0°C and warmed to
ambient temperatur;. The reaction was monitored by NMR.
Epimerization of 19 to éO was observed. Work-up with
aqueous sodium bicarbonate,!as described‘earlier, after 15
day$ gave the ester;§8 (8 mg, 17%) from the ether layer.
The aquéous layer was acidified and extracted with ether.
The ether extr;ct on drying and evaporation gave the acid 15

(40 mg, 83%).

The above reactfon was.repeated using 0.5M sulphuric
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acid 1in 90% aqueous acetone-dg (0.4-cm3). After work-up as
above the ether iayer afforded 58 (22 mg, H46%) and the
aqueous layer after acidification and extraction with ether
. gave 15 (25 mg, 54%). ’ : .
2.9.2 Reaction with sulphuric acid in methanol.

"Diene 19 (48 mg) was mixed with 0.01M sulphuric acid in
methanol-d (0.4 cm3) at 0°c énm%yarmed to ambient
_tempéxature.* The reaction wa@"monitored by NMR.
Epiﬁerization of 19 and ZQ was observed. .The d{ene
'aromatized with a halfelife of 4 days. Work-up with aqueous
sodium bicarﬂohate after 29 days at ambient temperature gave
2-Aethyl-6—nitrophenol (30%) and methyl-[2H3] 2-methyl-2-(2-
methyl—@-nitrophenoxy)ppopanoate 121-63‘(70%L

The above éxperiment.was repeated with increasing
con;entrations of sulphuric acid. Treatment of 19 (48 mg)
with 0.05M sulphuric acfd in methanol (0.4 cm3) gave, after
21 da&s at ambient temperature, 2-5ethyi~6-nitrophenol (37%)
and 121-dj (65%).‘ On reacting 19 (48 mg3 with OLSM‘
sulphuric acid in methanol (0.4 em3), the same products viz.
2-m?thyl-6—nitrophenol (75%) and -121-d3 (25%) were obtained
after 13 days at ambient temperature.

In one of the control experiments to determlne the
origin of 2- methyl 6- nltrophenol, 2-methyl-2-(2- methyl 6-
nitrophenoxy)propan01c acid 15 (40 mg) in chloroform-d (0.3
em3) was reacted with 0.5 M sulphuric acid in methanol (0.1
3).

“cm The reaction was followed by NMR at ambient




temperature. After 8.5 hours, the reactdion wés worked up
with aqueous sodium bicarbonate to give methyl 2-methyl-2-
(2-methyl-6-nitrophenoxy)propanoate,. 121 (38 mg, 90%

L]

isolatedtyield), IR (film): 1735 (C=0), .1540, 1335 (NOZ)cm'
"; TH NMR (CDC13, 90 MHz): 6 1.49 (6K, s, C(CH3)5), 2.27
(3H, s, 2-CH3), 3.76 (3H, s, COpCH3), 7.1% (1H, dd, J= 7.9
Hz, 7.7 Hz, L4-H), 7037 (1H, brd, J= 7.7 Hz, 3-H), 7.52 (1H,
brd, J= 7.9 Hz, 5-HJ; 3¢ NMR (CDCly, 63 MHz): 6 c 17.6 (2-
CH3)» 28.9 (C(CH3)d, 52.5 (CO5CH3), 83.8 (C(CH3)5), 122.3
(C-57y, 124.3 (C-4),"134,8 (C-3), 126.4 (C-2), 136.3 (C-6),
146.4 (C-1), 173.2 (COZCH3H MS (MeLhane CI): m/e 254
(M+1); (EI, 70 ev): m/el(}elative intensity), 253 (M*,1),
194 (9), 153 (100), 151 (14), 136 (45), 120 (17), 101 (34),
91 (16), 73 (16), 69 (31), 39 (17),

The methyi ester 121 (30 mg) Qas rgacted with 0.5 M
sulphuric’adid in methahol—qu (0.4 cm3?‘in another controi
experiment.' The reactipn was monitored by NMR at ambient

-

temperture. No reaction wes observed during 33 days. The
unreacted 121 was recovered after work-up with aqueous
sodium bicarbﬁqate. | '

In a third‘control experiment 2-methyl-6-nitrophenyl 2-
hydroxy-2-methylpropanoate 58 (25 mg) was treated with 0.5M
sulphuric acid in methanol-d, (OchmB). Thé reaction was
monitored by NMR at ambient temperature. The ester 58

trans-esterified to give 2-methyl-6-nitrophenol with a half

life of 16 days. Work-up after 33 days gave 2-methyl-6-
f
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nitrophenol (75%) and unreacted 58 (25%).
2.9.3 Reaction with methanesulphonic acid and triflic acid. °
3)

a) Methanesdlphonic acid (0s01 cm was added to a

solution of diene. 19 (48 mg) in chloroform-d (0.3 cm3) at

20°C. The reaction was honi?ored by NMg at 20°C. After 15

minutes ca. 15% 19 was left:unreacted. It epimer 20 (18%),

th# isomerized diene 55 (ca. 8%), the U-nitro acid 14 (18%)

and the 6-nitro acid-15 (U1%) were the other products. As

the reaction progressed 19 was the first to disappear from

the reaction micturé, followed by the dienes 20

and 55 respectively. After two hours at 20°C 15 (75%) and 5

(25%) were the only products observed. The mixture of the

acids 15 and 14 (47 mg) could be isolated after aqueous

sodium bicarbonate work-up.

b) Diene 19 (ﬁ8 mg) was reacted with a 1:1 (v/v) mixturg

of methanesulphonic acid and chloroform-d (0.3 em3) at 0°C

ané Ehe reaction was followed by NMR. Epimerization of 19

to 20 and isomerizgtion to 55 were observed. Work-up with

aqueous sodium bicaqbonate after two hours at 0°C afforded a
mixture (46 mg) of the 6-nitro acid 4 (81%) and the 4-nitro

acid 14 (19%). ¢
c) Triflic acid (0.01 063) was injected into a solution of
diene 19 (48 mg) in chloroform-d (0.3 cm3) at 0°C. The NMR
spectrum of the solution showed that all the diene had

reacted (ca. 5 min) to form aromatic products. Work-up with

aqueous sodium bicarbonate afforded a mixture (44 mg) of the
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o

.6—nitro acid 15 (75%) ahdpthe U-nitro acid 14 (25%).

d) The above experiment was repeated in the presence of
methanol (0.01 ‘ecm) and the reaction followed by NMR.
Epimerii?tion to 20 was observedd After 30 minutes at 0°cC
the tempe}ature w$s raised to gioc. After another 30
minutes the reaction mixture contained 15 (9%), 14 (9%),
unreacted 190(2}%) and its epimer 20 (61%).

2.9.1 Reactiony with trifluoroacetic acid (TFA).

2) A solution of 19 (600 mg) in TFA (6 em3) was stirred at
ambient temperature for two hours. Work-up with aqueous
sodium bicarbonate gave 3,3,10-trimethyl-1,4-
dioxaspirol(4,5)deca-6,9-diene-2,8-dione (112) (63 mg, 17%).
A mixture of acidé (502 mg) was obtained from the aqueous
layer and its components were identifﬁed by NMR as 15 (23%),
14 (60%3 and 12 (ca. 5%).

b) Diene 19 (48 mg) was reacted with 10% (v/v) TFA in
chloroform-d (0.3 cmg) at 0°C. After 25 minutes a mixture
containing 19 (20%) and its e&im;r 20 (80%) was obtained.

The relative amounts of the pﬁo dienes did not change for

Y
Y

"another three hours at Ooélafter which aromatization
commenced.

) Diene 19 (48 mg) was dissolved in a 1:2 (v/v) mixture
of TFA and chloroform-d (0.6 cm3) at -10°C and the reaction
was followed by NMR. An equilibrium mixture of 19 and 20 in
the ratio 20:80 was first formed which did not further react

till the temperature was raised to 10°C over 30 minutes.

L
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Aromatization commenced at 20°C. Diene 55 was observed as
an intermediaté and reached a maximum concehtrgﬁion of }9%.
After 14 hours at 20°C the reaction was worked up as
described above to give 12 (ca. 18%), 15 (39%) 14 (32%) and
the spifpdi?none 112 (ca. 11%).

d) Diene 19 (48 gg) and mesitylene (36 mg) were dissolved
in TFA (0.3 cm3) at OOCJgnd'the solution was warmed to

ambrient temperature. After one hour the solution was poured

into saturated aqueous sodium bicarbonate and 1,4~

"dimethyl-2-nitrobenzene (42 mg) was added to it as an

-

internal standard. The solution was extracted with ether,
the ether extract dried and the sol;ent.ebaporated.
Analysis by GC indicated the presence of'nitr:mesitylene
(13%) in the reaction mixture, .fhe 2queous layer o6n
écidification and extraction with ether, followed by drying
and evaporation of the solvent gave 12‘(25i), 15 (36%) aéd
14 (25%). }

e) Diene 19 (U8 mg) was reacted with 100% TFA at -15°C.
After 45 mianes the reaction mixture conta}néd acid 14 (c?.

12%4) and dienes 19, 20 (48%) and 55 (26%), along with acid

15. The reaction mixture was warmed to ambient temperature.
Work=up after 24 hours gave acids 12 (ca. 13%),.15 (38%), 14
(38%) and the spirodienone 11é(ca. 114).

The above reaction was repeated and the tehperature

maintained at -15°C. The dienes 20 and 55 were observed En

the reaction mixture first. The acid 14 could be detected

Ll
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A

next and the peaks due to'acid 15 increased as the
concentration of 55 Qpcreaéed: The dienone 112 could be
detected when the intensity of the overlapping diene peaks
decreased. WOrQ-qp after four da&s at -15°C gave 12 (ca.
12%), 15 (51%), 14 (25%3 and 112 (ca. 12%).
f) Diene 19 was dissolved in a 1:1 (v/v) mixture of
methanol-d, and TFA (0.4 cmé)rat -10°C and the reaction
followed by NMR. No aromatization reactions occurred at
-10°C, 0°C or +10°C. Isomerization to 55 began at *10°C.
The concentration of 55 reached 40% after six hours at
£10°¢. The temperature ;as increased to ambient
temperature. Work-up after three days at ambient
temperature gave 15 (52%) and 20 (48%) &nd trac%s of 2-
methyl-6—nftrophenol (10).
g) Diene 19 (48 mg) was dissolved in a,1:3 (v/v) ixturg
of methanol-dy and TFA (0.4 cm3) at -10°C and e reaction
followed by NMR. After 20 minutes at 0°C an\ equlibrium
mixture containing 19 (22%) and 20 (78%) was obtained.
There was no further change in Ehe mixture after two hours
at 0°C. On warming to.;mbient @emﬁerature the dienes slowly
aromatized. Work-up after three.days at ambient tempefatufe
gave 2-methyl—6-nitfophenol (10) (17%), 15 (é6?), 20 (57%)
and fraces of 19.-

The same experiment=was repeated with the temperature
being maintaihed at 09C. #The equilibrium mixture of 19

v

(20%) and 20 (80%) obtained after 20 m&nutes did not change
~ D ,




¢ - 108,

even afgfr three days. Only trace aromatic products were
ob;;rved.

h) Diene 19 (48 mg) was dissolved in a 9:1 (v/v) mixture
of TFA and methanol-d, (0.3 qm3)-a; 0°C and reaction
monitored by NMﬁg'J? mixture of 19 (35%) and 20 (65%) was
observed afﬁer 10 minutes. Diene 19 reacted completely to
give 20 '(35%).. 55 (30%) and a mixture of aromatic compounds

(35%). The solvent was evaporated after five hours at 0°C

to give traces of 20, diene 55 (32%), 12 (12%) 15 (24%) and

14 (32%).
. _ .
2.9.5 Miscellaneous reactions
B ~
a) Tetracyanoethylene (26 mg) was added'to a solution of
3

19'(u8 mg) in tetrahydrofuran-d8 (0.4 cm~”) and the reaction
monitored by QMR at ambient:temperaturg. After 15 days the
ester 58 (72%), the acid 15 (T8%) and some unidentified
compound (ca. 10%) were observed in ihe reaction mixture,
The products were séparated from tetracyanoethylene by HéLC
'on a silica column (Si-10, 0.8 x 50 cm) using methylene
~chloride—hexaﬁe as eluent. Tetracyanoethylene (20 @g) was
eluted in the first fraction, -the ester 58 (16 mg) in the
éecond fracpion and unidentified compounds in the third
fraction.

b) Nitréethyiene (0.011 cm3) was added to a solution of 19
(48 mg) 'in chloroform-d and the reaction monitoreh by NMR.
No reaction was observed after 24 hours at ambient

.
temperature., The. same reaction was repeated using benzene-

o
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dg as®solvent. No reaction was observed after 24 hours at
amﬁient'temﬁerature.

c) A reacti-vial containing a solutioﬁ:of 19 (50 mg) in
70% aqueous methanol (2.8 em3) was placgd in an ultrasonic
bath at 45°C for 2.5 hours. The solution was ;aturated with
sodium chloride, extracted with ether, dried and the solvent
evaporated to yield 15 (43%) and unreacted 19 (57%5.

d) Boron trifluoride gas waé bubbled through a solution of
19 (2i_mg) in chloroform-d (0.5 cm3) at -606C for two
miﬁutés. Fhloroform-q‘HL2.cm3) cooled to--60°C was adﬁed
to replenish tHe evaporated solvent. The NMR spectrum
- recorded at -UBOC (ca. 10 minutes after bubbling of boron
trifluoride was stzfped) showed that all of the diene had
reacted. Work-up with aqueous sodium bicarbonate at .0°C
"afforded a mixture (21 mg) of aromatic compounds which was
analyzed by TH NMR- (250 MHz). The Qixture consisted of 14
(31%) 15 (54%), 2-methyl-2-(2-methy L-3-
nitrophenoxy)propanoic acid 13 (7%) and 12 (8%). The nitro
derivatives 13, 15, and 14 decomposed to the corresponding
phenols on injection'into a GC column. Presence of 13 was

coﬁfirmed by co~-injection with 2-methyl-3-nitrophenol '(8).

2.10 Aromatization reactions of 10-methyl-10-nitro-1,4-
dioxaspirol4,5]deca-6,8-dien-2-one (25)

2.10.1 Pyrol&sis

a) A solution of 25A (17 mg) in a 1:1 (v/v).mixture of

carbon tetrachloride and chloroform-d (0.35 cm3) was heated
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at 50°C for 12 hours. ~Aqueous sddium~bicarbonate work-up
yielded (2-methyl-b-nitrophenoxylacetic 3045126 (16 mg).,.
m.p. 129-130°C (1it.'0% 129°¢) as th;e'so‘le product.

b) A solution of 25A (17 mg) in tetrahydrofuran (0.35 cm3)
was heated at 50°C for 14 hours. Work-up as above gave the
6-nitro acid 26 (17 mg) as the only product.

Similar rgackion of the epimer 25B (17 mg) in
tetrahydrofuran (0.3 em3) gave the ‘same product 26 in
guantitative yield.

2.10.2 Reactions with trifluoroacetic acid (TFA)

Excebt as otherwise specified all the reactions were
performed on a mixture containing 25A (QS%) and 25B (35%).
af Biéne 25A (15 mg) was dissolved in a 1% (v/v) mixture
of TFA in chloroform-d (0.4 cm3) at 0°C. The reaction was
followed by NMR at 0°C. The diene 25A epimerized to 25B to
.give an*é%uilibrium mixture of 25A and 25B (31:69) after 14
hours at 0°C. The same‘concentratiaﬁy were observed after
24 hours.

Diene 25B under similarqconaitions gave the same
eqﬁilibrium concentrations of 25A and 25B above, after 24
hours at 0°C. The relatixe concentratibns did not change
till 60 hours at 0°C when aromatization commenced.

c) Diene 25 (17 mg) was dgssolved in a 25% (v/v) m%xture
of TFA in chloroform-d at 0°C. Aftér 15 minutes theé NMR

spectrum of the mixture showed formation of an equilibrium

mixture of 25A and 25B. Work-up after 24 hours at 0°C gave



the 6-nitro acid 26 as the only product.

d) The concentration of TFA Qgs increased to 10% 1in
another experiment performed at -20°C. The equilibrium
concent?ations of 25A and 25B weregéchieved after 10 minutes
at -20°C. Work=up after three hours at -20°C gave 26 (16
mg) as the sole pffduct.

e) When the concentration of TFA was increased to 25%,
diene 25 started to aromatize at 0°C, Aromatizaﬁ&on was
coﬁplete in 30 minutes when the reaction mixture was warmed
to 0°cC. WOrk-up_with aqueous sodium bicarbonate gave a
-mixture of aromatic acid's (17 mg). Analysis by TH NMR
showed that the mixture consisted of 18 (5%), the #4-nitro
acid 24 (15%) and the 6-nitro acid 26 (80%).

f) A same product mixture as above was obtained when the
. above experiment was repeated with neat TFA. iwtﬁé’
2.10.3 Reacgion with sulphuric acid. N

a) Diene 25 (17 mg) was éissolved in 0.1M sulphuric acid
in methanol.(0.3‘cm3) at 0°C. The reaction was monitored by
NMR. No reaction occurred overtthﬁke hours at 0°C. The
reaction mixture was warmed to ambieq} temperture at which
éemperature aromatization occurred with a h;lf—life of one
hour. After 18 hours the reaction mixture was worked-up
with aqueous sodium bicarbonate to give 2-metgyl—6-
nitrophenol as the only product.

5
In a control experiment the 6-nitro acid 26 (21 mg) was

reacted with 0.1M sulphuric acid in methanol (0.5 em3) at
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ambient temperature for 24 hours. W -up as above gave
’ 4

meth%i (2-methyl-6-nitrophenoxylacetate (122) mg) as the
only product.
b) Diene 25 (12 mg) was dissolved in 0.1M sulphuric acid
in 90% aqueous acetone (0.3 cm3)'at 0°C and the reaction
mo;itored by NMR. No rsaction occurred at 0°C. The
solution was warmed to ambient temperature when
aromatization ‘occured with a half—l?fé of 11 hours. Work-up
with aqueous sodium, bicarbonate after 48 hours gave 2-
methyl-6-nitrophenol as the only product.

Ip a control.experiment. the acid 26 reacted under
similar conditions to give 2-methyl-6-nitrophenol (8%) and
the unreacted 26 (92%). '

2.10.4 Reaction with boron trifluride.

Diene 25 (17 mg) was dissolved in chloroform-d (0.6

cm3) and cooled to -60°C. Boron trifluoride gas was bubbled

&
through the solution for two minutes and the solution was

warmed to -40°C. The reaction was followed by NMR.
Aromatization was complete after 40 minutes. Work-up with
/aqueous sodium bicarbonate gave the acid 26 (15 mg) as the
opl; product. ~ ‘
2.11 Reactions of (Z)-3,3,8-trimethyl-8-nitro-1,4-dioxa-
‘3piro[4.§gdeca—6.9-dien—2-oé§ (52)

2.11.T Solvolysis

»

a) A solution of diene 52 (48 mé) in 1:1 (v/v) %gueous

methanol (2 cm3) was stirred in a reacti-vial at 60°C for 30

1 3
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minutes. The solution was saturated with s'odium chloride
and extracted with ether. The ethereal solution was dried
and the solvent was'evaporated to give 4—methyl§2—
nitrophenol (51) (18%) and unreacted 52 (82%).

When the solution of 52 was stirred at 60°C For four
hours in another experiment 4-methyl-2-nitrophenol (51)
(80%) and p-cresol (20%) were obtained on work-up as above.
b) Diene 52 (48 mg) and tris(hydroxymethyl)éminomethane
(26 mg, 1.1 quivalent) were dissolved in 1:1 aqueous
methanol (4 cm3). The solution was stirred at 60°C fpr four
hours. Work-up as above gave 4-methyl-2-nitrophenol (51)
(80%) and p;cresol(ZO%).

c) Diene 52 (48 mg) and urea (60 mg, 5 equivalent) were
dissolved in 1:1 aqueous methanol (4 em3) stirred at 60°C
for four hours. Work-up as above gave U4-methyl-2-
nitrophenol (51) (66%), p—cresél (14%) and unreacted 52
(20%) .

"2.11.2 Reactions with trifluoroacetic acid (TFA)

a) Diene 52 (48 mg) was dissolved in a 1:1 (v/v) mixture
of TFA and chloroform-d at 0°C. The reaction was monitored
by NMR. Aromatization at 0°C was very slow. The react.idn
mixture was warmed to ambient temperature.. After 24 hours
the solvent was evaporated #hd the residue was dissolved in
chloroform-d. 'H NMR spectrum of the product indicated the
presence of u-methyy—2-nitrophénol (51) (20%) aga meethyl—

.3
2-(4-methyl-2-nitrophenoxy)propanoic acid 54 (70%). p-
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Cresol and the acid 1 were also formed.

b) Diene 52 (48 mg) was dissolved in a 3:1 (v/v) mixture
of TFA and chloroform-d (0.3 cmé) at 0°C and the mixture
warmed to ambieht temperature. The reaction was- monitored
by NMR. Work-up as above after seven hours gave U4-methyl-2-
nitrophenol (51) (20%), the acid 54 (75%) aﬁd traces of p-
cresol and 1.

c) Diene 52 (48 mg)'ﬁas dissolved in neat TFA (0.3 em3) at
0°C and the reaction was monitored by NMR. After eight
hours at 0°C the reaction mixture was worked up with aqueous
sodium bicarbonate. The nan-acidic ether layer gave
Y-methyl-2-nitrophenol (51) (20%). Ihe.aqueous iayer on.
acidification, éxtraction with ether, drying and evaporation
of the solvent afforded the acids 1 (14%) and 54 (66%).

d) A mixture of 52 (24 mg, 0.1 mmol) and 1,3,5-
trimethoxybenzene (17 mg, 0.1 mmol) was dissolved in neat
TFA (0.3 c$3) at 0°C and the reaction was followed by NMR.
After nine hours at 0°C the reaction was worked"up with
aqueous sodium bicarbonate. Both thg acidic and the non-
acidic fractions of the products were complex mixtures. The
presence of 1,3,5-trimethoxy-2-nitrobenzene in the non-
acidic fraction was detected by gas chromatography. Co-
injection of an authentic sample confirmed that 1,3,5-
trimethoxy-2-nitrobenzene was present. The acidic fraction
contained 54 (30%) and 1 (70%) (relative amounts).

e) A solution of 52 (48 mg) and mesitylene (36 mg) in neat
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TFA(O.3cm3) was prépared at 0°C and Ehen warmed to ambient
temperature. Afﬁer one Eour the reaction mixture was poured
into an ;xcess of saturafed sodi?m bicarbonate solution.
1,4~dimethyl-2-nitrobenzene (77) (36 mg) was added as an
internal standard. ihe resulting mixture was extract;d with
ether, The:ether‘gxtract was dried and the solvent was
e{aporated. Analysis of the residue by GC indicated the
preseﬁce of nitromesitylene (9%). ‘fhe aqueous solution was
acidified and extracéed Qith ether to give, after drying and

»

evaporatioh of the solvent acids 1 (36%) and 54 (55%).

f) ‘Diene 52 (48 mg) was dissolved in a 1:1 (v/v) mixture
of TFﬁ and methanol-d, (0.3 em3) at 0°C. After 24 hours at
0°c convers;on of 52 to M—hethyl-u-nitrocyclohexa—Z,S—
dienone (124) was complete., After another two days at 0°c¢
the dienone 124 arom}tized to give U-methyl-2-nitrophenol
(51) (95%) and p-cresol (5%).

g) Diene 52 (48 mg) w;s dissolved in a 3:1 (v/v) mixture
of TFA and methanol-dy at 0°C. Conversion of 52 to dienone
128 was complete in 105 minutes at 0°C. After 24 hours at
0°C Y-methyl-2-nitrephenol (51) was obtained as the sole
product.

h) ~ Diene 52 (48 mé) was dissolved in 95:5 (v/v) mixture of
TFA and methanol at 0°C. After four hours at 0°C, 52
reacted to give u—methy}-21nitrophenol (51) (72%) and the
acid 54 (28%) on agueous sodium bicarbonate work up.

1

In another experiment with a 99:1 (v/v) mixture .of TFA

b4
%
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and.methanol. 52 (48" mg) reacted over four hours at 0°C to
give U4-methyl-2-nitrophenol (51) (52%) and 54 (48%).

i) Diene 52 (48 mg) was dissolved in a 1:1 (v/v) mixtute
of TFA and trifluoroacetic anhydride (0.3 cm>) at 0%“C. The
réactién was monitored by NMR. Diene 52 aromakized to acid
54, Before reaction of 52 Qas complete, 54 started to
~decompose to Y-methyl-2-nitrophenol (51). After 28 hours:;t
0°C, aromatization of 52 to 54 and subseqﬁent decomposition'
of 54 to 51 (ca. 95%) was complete. Some unidentifigd
product (ca. 5%) was also formed.

2.11.3 ﬁeactions with strong protic and Lewis acids.

a) Diene 52 (48 mg) was dissolved in methanesulphonic acid
(0.3 ¢m3) at 0°C and the solution warmed to 10°C. 'H NMR of
the solution showed that arométization of 52‘was complete
after 15 minutes. WOrk;up with aqueous sodium bicarbonate
éfforded 4-methyl-2—nitrophenol (51) (20%), 1 (16%), 54
(56%) and 2-meth9l—2-(M—methyl-S-nitrophenoxy)propanoic acid
16 (8%). | '
b) Diene 52 (48 mg) was. dissolved in triflic acid (0.3
cm&)at OOCJ By the time first NMR'speétfum of the §olution
could be recorded (ca. 10 minutes) the reaction of 52 was
complete. Work-up as above gave M;methy152-nitroph§hol
(51) (15%) jnd a mixture of 1 (15%), 54 (63%) and the 3- .
‘nitro acid 16 (7%).

c) Diene 52 (48 mg) was dissolved in chloroform-d (0.3
3)

cm and the solution was cooled to -40°cC. Boron
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trifluoride gas was bubbled through the solution for two'
minutes. Chloroform-d.was replenished and the reaction
monitored by NMR.’ Né reaction ocurred ovef 19 minutes at
-40°c¢. On raising the temperature to -30°C, the reaction of
52 was complete in730 minutes. After the usu;l aqueous
sodium bicarbonate work up a product mixture consisting of 1
(19%), 54 (62%) and 16 (19%) was obtained.
2.11.4 Reactions with sulphuric acid
a) Diene 52 (48 mg) was reacted with 0.5M sulphuric acid
in 90% aqueous acetone—d6 (0.3 cm3) at 0°cC. Thé reaction
was monitored by NMR. The diene aromatized through the
intermediate formation Bf the dienone 124, After 18 hours
at 0°C, the mixture was warmed to ambient temperature. The
reacpion was complete after 10 hours ag ambient temperature.
Usual bicarbonate work-up afforded U;methyl-Z;nitrophenol
(517 (77%) and p-cresol (23%).
by Diene 52’(U8 mg) was dissolved in 0.5M sulphuric acid
in methanol-d, (0.3 em3) at 0°C. After three hours at 0°C,
conversion of 52 to the dienone 124 was complete. Usual
bicarbonate work-up after 10 hours at ambient temperature
gave U-methy1—2-nitr6phenol (51))(8§%) and p-cresol (11%).
2.11.5 Reactions with sodium metﬁoxide

Various ratios of diene 52 to sodium methoxide wefe
‘tried at different temperatures and for different periods.
All the feactions wetre worked up by pouring the reaction

©

mixture into saturated aqueou$ ammonium chloride at 0°C and
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extracting with ether. . The ether extract was dried and the
solvent evaporated. The NMR spéctrum of the residue was‘
recorded at 0°C in chloroform-d.

a) Diene 52 (48 mg, 0.2 mMmol) was dissolved in methanol-dy
(3 cm3) at 0°C and sodium methoxide (12 mg, 0.22 mmol) was
added to it. The mixture was stirred at 0°C for five
minutes to give, after work up, dienone 124 (31%), t-5-
methoxy-r-4-nitrocyclochex-2-en-1-one, 126 (59%) and 4-
methyl-2-nitrophenol (51) (5%). ‘

b) Diene 52 (48 mg, 0.2 mmol) and sodium methoxide (32 mg,
0.6 mmol) in methanol (3 em3) at -20°C for 30 minutes gave
after work up dienone 124 (60%) and the cyclohexenone 126
(40%).

c) Diene 52 (48 mg, O.2ommol) was reacted with sodium
methoxide (54 mg, 1 mmol) in methanol (3 cm3) at 0°C for one

hour. The products obtained were analyzed by HPLC. The

.mixture consisted of p-cresol (6%), cyclohexenone 126 (40%),

its C-5 epimer 125 (21%) and r-3,t-5-dimethoxy*c-4-methyl-t-
4_nitrocyclohexanone 128 (33%),
d) The above experiment was repeated and the reaction

worked wup after seven hours at 0°C. The products consisted

of 125 (13%), 126 (67%), 128 (15%) and r-3,ec-5-dimethoxy-c-~

U-methyl-t-U-nitrocyclohexanone 127 (5%) (analyzed by HPLC).
2.11.6 Reactions with other bases
a) Diene 52 (48 mg) was dissolved in acetonitrile (3 em3)

at 0°C. Powdered potassium hydroxide (22 mg, 2. equivalents)
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.

and 18-crown-6 (58 mg, 1.1 equivalent) was addeq to this
so%utioh and the mixture stirred in a reacti-vial at 0°C for
eight hours. Work up with aqueous ammonium chloride as
descfibed above gave Ud-methyl-2-nitrophenol (51) (36%) and
p-cresol (64%). ' L

b) Diene 52 (48 mg) was dissolved in acetonitrile (1.5

cm3) at QOC. Potassium hydroxide (22 mg) was dissolved in
3)

E

water (1 cm and the solution added to the acetonitrile
solution.  The mixture was stirred at 0°C for one hour.
Work-up as above gave dienoné 16 (50%) and unreacted 52
(50%).

¢) Diene 52 (48 mg) was dissolved in 0.25 M sodium
hydroxide in 50% aqueous acetonitrile (3 cm3)'at 0°C and the
solution stirred at 0°C for nine hours. The major products
after wofk-up were 124 and isomers of 5-hydroxy-l4-methyl-4-
nitrbcyclohex-2-en-1—one (130), identified by comparison
with'the 1H NMR spectra of 1é5 and 126. The products were
not isolated or characterized.

d) N,N-Diisopropylethylaminé (0.3 cm3) was added to a
solution of 52 (48 mg) in 50% .aqueous acetonitrile (8 cm3)
at 0°C. The mixture was'stirred at 0°C for eight hours to

give after work up dienone 124 (25%), p-cresol (26%) and 4-

methyl-2-nitrophenol (49%),




CHAPTER III

RESULTS AND DISCUSSION ot :

g

3.1 Formation of 2-aryloxy-2-methylpropanoic acids
2—Aryloxy-2—methylpropano}c acids have been known from
"the beginning of the century.98 In 1969 Carey et al first
described their use in trapping ipso-Whelané intermediates
with the carboxyl group acting as an internal&nucleophile.g’7
They brominated 2-methy1-2-(u-methyiphenoxy)propanoic acid
(1) with bromine in aqueous potassium bicarbonate to form 8%

p 2
bromo-3,3,8-trimethyl—1,Q—dioxaspiro[u,S]deca«6,9—dien-2—one

r~. )
‘ OCMez”OUH
0 0 . .
Bra/ KBr &
Aq . KHCO3
| ' Br ‘
-1 2
(2). A number of these acids were prepared either aé

substrates {or nitration or for identfficatldn o} products
during the course of this work; Weizmann et al.105
sugges}ed the intermediacy of an «-lactone in the synthesis
of ,2-alkoxy-2-methylpropanoic acid.- Dimethyl oxirinanone
(3) and other diélkyl «~lactones have now been isolated at
77.K1O6 and the bistrifluoromethyl oxirimgnone has been
shown to be stable at room temperature.107 The formation of
2-aryloxy-2-methylpropanoic acid from 1,1,1-trichloro-2-

methylpropan-2-0l1 (4) (chionetone) and appropriately
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substituted phenols can be explained by a mechanism similar

105

to that proposed by Weizmann and ‘is shown in Scheme 3.1--

Scheme 3.1 Formation of 2-aryloxy-2-methylpropanoic acid

-
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In pathway b) (Scheme 3.1) the attack of the nucleophile on

3 is shown on the alkyl carbon instead of the carbonyl

»

carbon. This is in accordance with the direction of attack

"of a soft base like phenoxide on small ring 1actones.108 It

is also in accordance with the direction of polarization

(carbon positive, oxygen negative) of the carbon-oxygen
single bond in = -lacpones, as shown by the requirement for
strong electron-withdrawing groups to stabilize the molecule

107

at room temperature. As can be seen .from Scheme 3.1,

theére is a competing }eaction. namely, abstraction of proton

N
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leading to methacrylic acid. Methacrylic acid was formed in
the reactions investigated in theApresent work but was
pumped off'while drying the worked-up product under reduced
'pressure: No quantitative data were obtained on the yield
of methacrylic acid versus that of 2-aryloxy-2-
methylpropanoic acid. However the yield of the 2-aryloxy-2-
methylpropanoic acid varied from 23% to 98% (Table 3.1) and
appeared to be lower for phenols, substituted at both the
ortho positions presumably reflecting steric hindrance. Iﬁ
the case of 2,3,5—trimethylphenoi (5) very poor yields of
the corresponding acid weré obtained and it was necessary to

preform the phenoxide salt by preliminary reaction with

sodium methoxide in methanol to obtain a modest 35% yield.

Table 3.1

Yields of 2-aryléxy-2-methylpropanoic acids

ArOH Yield ArOCMe,COOH
o-cresol (6) ) 75% 12
p-cresol (T) 9234 1
2-methy1>3-nitropheﬁol (8) 98% 13,
2-methyl-lU-nitrophenol (9) " 89% 14
2Tmethyl;6-nitrophenol (10) 23% 15
Y-methyl-3-nitrophenol (11) T 871 16
2,3,5-trimethylphenol (5) 35% 17 .

a. Yield from Ref. 1
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’
3.2 Nitration of 2-methylphenoxy and 2-methylaryloxy

acids, 12, 14, 17, and 18 ‘ §$~
3.2.1 Nitration of Z-methy1-2—(2-methylphenoxy)propan;ic
acid 12 in acetic anhydride gave 20% of an aromatic product
which was an acid and 80% of non-acidic, non-aromatic
compounds. Thelaromatic acid product was separated from the
non—;romatic neutral products by extraction into base during
the work-up and was’'recovered after acidification of the
basic extract. It was shown to be 2-methyl-2-(2-methyl-4-
nitropﬁenoxy)propanoic acid 14 identical to the authentic
sample prepared from 2-methyl-4-nitrophenol (9) and
chloretone (4)., None of’the G—Eitro isoﬁer (15) was
detected in the product. The non-acidic component was made"
up of two coﬁpoﬁnds in the proportion 85:15 as determined by
NMR. The major compound 19 was isolated by crystallization.
'y NMR sh;wed that there wer'e four protons in the region
5.5-6.5. There was a methyl group at ¢ 1.84 and the gem-
dimethyl groups resonated at 6 1.53 and 1.58. ]3C NMR

2

showed that there were four proton-bearing sp carbon atoms

3 carbon atoms in addition to

and two fully substituted sp
the carbon bearing the gem-dimethyl groups. The ultraviolet
spectrum of the compound showed it to be a conjugated diene

(A = 261 nm). The presence of the nitro group was

max
confirmed by the infra red spectrum. All these facts were
consistent with the 1,2 adduct structure of 19. The minor

neutral product 20 was clearly an isomer of 19, as shown by
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the 'H and 13¢ NMR spectra. Compound 20 was not isolated
from the reaction product but was obtained whén 19 was
reacted with 10% trifluoroacetic acid in chloroform. A
mixture containing 19 and 20 in 20:80 ratio was obtained and
20 was isolated by HPLC. The spectral characteristics of 20
are in accordance with it being the epimer of 19.

Attempts to assign thé relative stereochemistry of 19
and 20 by shift reagent studies were not successful.
Tentative assignment of. the stereochemistry was made on the
basis of the reactivity of the two dienes and will be
discussed later. In order to assign the 1H)‘and 13¢ NMR
shifts of 19 and 20, 2-methyl-2-([4,6-2Hy)-2-
methylphenoxy)propanoic acid 21 was nitrated in-acetic
anhydride to give its 4-nitro substituted product 22 (20%)
and a mixture of dienes (80%). Only the major isomer 23,
the deuterated analog of 19 could be isolated. The NMR
spectrum of 23 gxhibi£ed only two peaks in the digne regﬁon
for H7 and H9. The chemical shifts of the vinylic protons

in 19, ;8 and 23 are shown in Table 3.2.
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Table 3.2

Chemical Shifts of vinyl protons in the dienes 19, 20 and 23

| 0 Diene " Chemical shift of

0. 0 Hg Hy Hg Ho

NO, 49 5.78 dt 6.18 ddd 6.08 ddd 6.28 ddd

20 5.78 bd 6.16 ddd 6.06 ddd 6.37 dm
23 - 6.17 brs - 6.28 brs

<

In 19 the protén at § 5.78 has a large cohpling
constant of 9.6 Hz and two small coupling consFants of 0.9
Hz and 0.8 Hz. Similarly the proton at & 6.28 has a large
coupling constant of 9.9 Hz and two small coupling constants

.of 1.3 Hz and 0.8 Hz. Thus these two protons are at the
ends of the diene system. It follows that in 23 the
downfield proton at 6 6.28 must therefore be Hg and the
proton at § 6:]7 must be H7. In 19 the protons at 6 6.18
and ¢ 6.08 are coupled to each other by a coupling constant
5.4 Hz, consistent with the protons being attached at the
carbons of the central single bond of the diéne.system, with
the downfield proton being H7 as shown by the corresponding
shift being ppeSent in the spectrum of 23. ..The diene
coupling pattern and }he‘chemical shifts which can be
unambiguously assigned to H; and Hg in the deuterated
analog 23 gnabled assignment of all the protons in 19 and by
analogy in 20.

Nitration of (2-methylphenoxy)acetic acid 18 in acetic
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anhydride was carried out by ;dding powdered crystals of the
ac&d to the nitrating mixture at -50°¢C ana gave 20% of (2-
methyl-u—nitrophenoxy);cetid‘acid (24) and 80% of a mixture
‘o f diast:qreonlers of 10-methyl-10-nitro-1,4-
dioxaspirol[4,5]deca-6,8-dien-2-one (25A and 25B)2 The acid
(24) had the—approgriate~1H NMR for a 1,2,4-trisubstituted
behzéne and its melting point was the same as the literature”
value. None of the 6-nitro isomer (26) was formed. The
non-acidic compounds were separaied by fractional
crystallization.” The UV spectra showed that they were
conjhgated'dienes. Their Ty NMR spectra were similar to

that of 19. Further the side chain methylene group which

gave a sharp singf%t in the1PlNMR spectrum of 18 now showed

an AB pattern (J = 15.1Hz). This suggestgy that the
methylene protons were in different m%gnetic environments,
consistent with the‘&%osu;eﬂof the sidelchain to the lactone
ring. These two dienes were a;signed structures 25A and
25B. It was shown that these compounds were-epimeré by
obtaining a same equiliBrium mixture of 25A and 25B on
treating them separately with 1% (v/v) trifluoroacetic acid

¢

in chloroform-d at 0°cC.

I

When 2-methyl-2-(2,3,5-trimethylphenoxy)propanoic acid

17 was nitrated only one product was obtained. This was

'

neutral and non-aromatic. The ultra-violet spectrum ‘showed

i .
AN

the presence of a conjugated diene chromophore and the

infra-red spectrum showed the presence of a nitro group:




E W

N

* 127.

The 'H NMR spectrum was consistent with the product being
the 7,9-dimethyl derivétive'of 19. It was therefore
assigned £he strucéure 27. Neither éhe diastereéﬁer of 27
nor the NLnitro and 6-nitro products (28 and 29
respectively) were detected in the product.

When the 2—methyl-é-(2-methyl—a—nitrophenoxy)propanoic
acid 14 was nitrated in a mixture of trifluoroacetic
anheride and acetic anhydride at 0°C and fhe reaction
mixtdré,stirred at 0°C far 1 h, a single non-aromatic
neutral product waé formed which was assigned fne structure
30 on the basis of spectral data ('H NMR, '3C NMR, IR and-
uv). No 2-meﬁhyl-2-(2—methyl;9,6j§initrdphenoxy)propanoic
acid (31) was formed. The '3C NMR shifts of 1,2 adducts
obtained from the nitration of acids 1?,‘21, 14, 17 and 18
are compared in Table 3.3. The similarity in the structures
6f theSe adducts 1is clearly reflected in their 13C NMR

spectra.
‘.
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Table 3.3

13¢ NMR shift of conjugated sp&rodienes

- 258 Ry = Ry = Rg =Ry = H
R, \;__ﬁg 25B Ry = Ry = Rg = Rg = H
) o o 19 Ry = Me, Ry = Rg = Rg = H
g no. 20 Ry = Me, Ry = Rg = Rg = H
R, R 23 Ry = Me,yR; = Rg = H, Rg = D
Rg 30 Ry = Me, R; = Rg = H, Rg = NO,
27 Ry = Ry = Rg = Me, Rg = H
Chemical Adduct
Shift () -
of 25A 25B 19 20 23 ‘30 27
c-2 169.6 169.9 173.8 173.8 173.6  172.3 173,
C-3 63,6  64.0 77.9 '77.9 78.0 78. 7.
C-5 °  108.3 109.1 104.8 105.8 105.0 103.4 106,
C-6 122.4 122.1 122.5 121.9 122.4(f) 121.3 119.
« c-7* 128.2 127.4 127.5 126.9 127.6  129.6 135.
c-8 125.6 125.3 126.9 133\3 126.2(t) 143.9 126.
c-9* 128.8 128.0 129.4 128.3 128.8 129.6 137.
C-10 91.6 91.3 91.7 92.0 91.8 91.1 95.
o 10-CHy 21.0 21.6 20.0 20.6 19.9 19. 17.
- Ry - -~ 25.0 23.8 25.1 21, 25.
Ry - -  26.2 26.7 26.6 26 26.
Rq - -- -- -- -- - 21.
Rg - - - - -- - 18.
by Assignments could be interchanged
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Tﬂe striking features of the nitration of the 2-
éethylphenoxy and 2-methylaryloxy acids are that i)
extensive ipso-attack‘occurs and 1i) no 6-nitro derivatives

»
are formed. With respect to the first point thé extent of
ipso-attack; which is at a position ortho to the oxygen
substituent, is from 80 to jOO%. Attack at the para-
position is barely competitive. Attack at the other ortho-
position, the unsubstituted ortﬁorpésition, does ﬁot occur
at all. Alkoxy substituents are ortho-para directing, ™%
resuft of the stfong stabilization of the trans%tion state
for electrophilic substitution by the lone pair, of the
electrons on the oxygen#(resonance effect). Thus nitration

of the 2—metﬁylphenox¥ acids could be expected to lead to

ortho- and para-nitro derivatives, including products from

‘attack at the ortho position ipso to the methyl group.

Nitration of aromatic ethers in acetic anhydride givas high

(1/2 0)/p ratios (hnpisole : 1.3:1),. the ratio increasing

"with increasing length of,ghe side chéin and with decreasing

109 The high yields of theipso-nitro versﬁs

temperature.
para-nitro produét accords with the observed ratio but the
absence of 6-nitro derivative is andmalous. The three
Wheland intér@ediates in the nitration of 2—methylphenoxy-
acids, wﬁichqare stabilized by delocalization of the '
po§itive charge oggo the oxygen through conjugation of the

lone pair electrons with the bésitiVe center, are Wy, Wy and

»




Al

w6 below

OR OR
NO

Wy Wy Wg

The otﬁer three possible Wheland Intermediates (W,, w3 and
Wg) do not have the lone pair cénjugated with the positive
center and would be of nigher energy.. The intermediates
Wy and Wg will lead to aromatic nitro compounds by
deprotonation. The <pso-intermediates W, can be trapped by
the side chain carboxyl group attacging at C-1 to give a- 1,2
adduct. l

To understand the absence of any product arising from
W models of the intermediates W5 and Wg weré made. In
both the cases the ether side-chain must adgpt a
conformation which avoids hindrance with the incoming
nitronium ion, i.e. the side chain must be twisted towards
the ortho-position which is not attacked py the nitronium
ion. The consequent non-bonding interactioﬁs of the side-
chain and the substituent at this ortho-position are more
severe for Wg, where there is an o-methyl substituent, than
is W, where the?e.is only an o-hydrogen. This must be

. /
responsible for raising the energy of the transition state

leading to Wg above the energy of the transition %tate

Al
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leading to Wo. The «difference in the energies of the two‘
transition states seems to be enough’to exclude formation of
w6 in favour of w2 in all the compcunds studied.
2-Methylanisole (32) can be considered as a model
compound to estimate the extent of nitration at C-4 iﬁ 12
and 18. In 56% sulphuric acid where all of the tpso-Wheland
intermediate is expected to be trapped by water and
therefore not contribute to the indirect formation of l-
nitroproduct, 32 gives 23% 2-methyl-L-nitroanisole (33).46
In comparisor both 12 and 18 gipe 20% of the Ud-nitro
product. In the case of 17 the yield of U-nitro'product
would be expected to bé reducéd by the steric hindrance of
the two adjacent methyl groups. An estimate of this pffect
cag be obtained from the nitration of m-xylene (34) for
whic; the ratio of 2- to 4- substitution is 15:85.710  Thus
the 20% of 4- nitration which occurs in 12 and 18 would be
expected to Se reduced by ca. 1}6 to 4% in 17. In fact no

B-nitro product was observed.

3.2.2 Formation of 1,4 adducts

During the course of nitration of 12 at —2666 a one
proton signal at § 5.0 was observed iﬁ the 'H NMR spectrum‘
of the-reaction mixture. This signal slowly disapbeared
when the reaction mixture was warfied to and maintained at
O?C. Whern- trifluoroacetic acid was added to the reastion
mixture in yhich théusignal‘at 8§ 5.0 was present the signal

disappeared. The signal at § 5.0 was thought to be due to

N




132.

the protpn conjugated witﬁvthe oxygen substituent in the
side-chain in a 1,4-adduct formed by addition of acetéte to
the C-5 position in the Wheland intermediate W, (p.130).
Such a prpéon should resonate at highgr field than ogper
vinylic protons. Attémpts to increase the amount of this
product by varying'reaction temperature between 0°C and
-40°C, varying the concentration of nitric acﬁgﬂfrom 0.9
equivalents to 2 equivalents and vérying the sequence of
mixing the reagengs gave'inconsistent results.. The signal
at 8 5 did not occur or occurred’with different and
inexplicable intensities in each experiment. However, when
the reaction was performed in a mixture of acetic arhydride
and trifluorocacetic anhydride, the signal at & 5 occurred
consistently although its irtensity varied’in repgated
experiments. It seems likely that on mixing 12 and acétic
anh&dride the mixed anhydride (35) of 12 and acetic acid was
formed to-'an extent which varied from experiment to
experiment.,. Nitration of the mixed anhydrjsde (35) leads to
the 1,4-adduct 36 since acetic acid from the solution can
compete with the weakened internal nucleophile for the
Wheland intermediate, the carboxylic acid being a better
nucleophile than the anhydride. The nucleophilicity of the
carboxyl group can.be attributed to the céntribution of a

dipolar resonance form.
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) |+
—C—0H «——> —C==0H

0] 0 0 - 0 3 -0 -
Il I ' |+ I+ l
—C——O——C——CH—3 <—>—C=O——C—CH3<+—C——O= — CHgy
When the hydrogen is substituted by the electron-withdrawing
acetyl group in the mixed ahﬁydride, the electron-density on
the carbonyl group is reduced. This should result in a
decrease in the nucleophilicity of the carbonyl group. The

rate of pathway a) and/or pathway ¢) (Scheme 3.2) will be

slowed down and enable the observation of the 1,4 adduct.

Scheme 3.2 Formation of 1,4~ and 1,2-adducts ,

.. O

\
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Nitration of M-(p—tolyl)bytyric gpid (37), where the
carboxyl group can act as an internal nucleophile gave the
1,4 adduct (383 with a spiro:lactone ring. But when.the
nucleophilicity of the carboxyl group was decreased by usihg
methyl U4-(p-tolyl)butyrate (39) as the substrate, no lactone
.formation was observed. Only 40 the 1,4 adduct formed from

the capture by acetate, an external nucleophile was

observed.71 ‘ . :
0
(CH, , 4C%0H
2’3 ;
. owy (\ N ,
/' h.QJB/ACZJ -
1?/) -
N
J’Z
37 38

A 2’3
HIiU4/ Ac,0 - [i:?]
N02

39 40

Trifluoroacetic acid is know to ;nduce rapid mixed

111

anhydride formation. The consistent apbearance of the

signal»at § 5 when nitration of 12 was performed in thg
- ~
presence of‘;rifludroacetic anhydride can be attributed to

consistent - formation of the mixed anhydride. The variation
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of the intensity of the signal at 6§ 5 can be attributed to
tge variation in the amount of mixed anhfdride (35) présent
in the reaction mixture since the conditions for the
formation of 35 were not standardized. Another factor which
would contribute to the variation of the amount of thé 1,4
adduct is the f?ct that trifluoroacetic acid can cause acid
catalyzed loss of acetate to reform W, which would
eventually close to the spirodiene (19).

To test the hypothesis, that the intermediate formation
of 35 leads to a 1,H"adduct, acetic 2-methyl-2-(2-
methylphenoxy)propanoic anhydride (35) was made by treating
12 with acetyl chloride. A mixture of 12 (39%) and the
mixed anhydride (35) (61%)'was obtained‘which was nitrated
without separating the components. A mixture of
diastereomers of 1,4 adduct 36 wiéh one proton signal at
5.50 was indeed observed. No 1,2 adduct was formed although
some migh£ have been expected because 1é (39%) was present
in the substrate. However, increasing the anhydride

concentration did increase the amount of 36 formed.

OCMeZCOZAc OCMezCOZH(Ac) OCMeZCOZAc
HNOB/AczO \ . , NO,,
' 0 7z H
-207C X
N0 Ac
2
Yt 20% 75%

35 36
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Further evidence for mi}ed anhydride format%on was
obtained in the nitration of (2-methylphenoxy)acetic_acid
18. The acid 18 is slighgly soluble in acetic anhydride.
Instead of adding tﬁe solid compound to the nitrating
mixture as described earlier, 18 wés fir;t dissolved in
acetic anhydride (40 equivalents) by heating and then added
to the nitféting mixture. A complex mixture of non-aromatic
products (80%) was obtained along with the 4-nitro product
(20%). The 1,2 adducts 25A and 25B were present to the
extent of 60% of the non-acidic products. The remaining Lo%
was made up of two compounds, 41A and 41B which could be
separated /by fractional crystallization. The NMR spectrum
of each Lompound exhibited a one proton signai at. § 5.2
highfiel to three other protons between ¢ 5.7-6.3. There
were two methyl signals, one‘of which could be assigned to
the ring methyl group ( 6 1.89) and the other was assigned
to.an acetate methyl group ( § 2.14), . A singlet at § 4.4
was observed when the specpra were recorded at ambient
‘temperature. This was assigned to the side chain methylene
protons and indicateé th?t free rdtation of the side chain
was possible. Thg UV spectrum did not show the conjugated
diene chromophore. The IR spgctrum and the 13C NMR'spectrum
indicated the presence of two carbonyl groups. Thé IR
spectrum also showed absorption.at 3300 cem~1 and the TH NMR
’spectrum had a broad peak at § 6.7 which resolved into two

broad singlets integrating for one proton each when the

/ e
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sample was cooled to 09C. These were assigned to é NHZ
‘group. The presence of two carbgnyl groups suggested that
the side chain -0OCH,COOH in 18 was converted to -0CH,CONH»
in the product. The two products were assigned the
diastereomeric structures 41A and B1B. Their formation must
have occurred during work-up.with liquid ammonia and can be
best explained by the intermediacy of the mixed anhydrides
42\and 43 (Scheme 3.3). Mixed anhydride formation was
favoured under the nitration conditions because of the large

excess of acetfb~anbydride used and the heat employed to

dissclve the substrate.

Scheme 3.3 Formation of 1,4-adduct via mixed anhydrides

OCH,, COOH OCH,COOAC -
18 - 42
OCH,CONAC OCH,, COOAc OCH,, CONH,,
HNO3/ACEO NO,
-20% H —78 C
Ac .

42 43 417,418

Nitration of 2-methyl-2-(2-methyl-»4-

nitrophenoxy)propanoic acid (14) in .trifluoroacetic
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anhyériég—acetic anhydr@de at 0°C also appeared to give the
‘expecied 1,4-adduct 44 with 'H NMR absorptions at § 5.25,
6.58 and 7.45 as well as the spiro diene 30 with peaks at
6.02, 6.78 and 7.57. The first set of absorptions
disappeared on standing and the spiro peaks due to 30 were
enhanced, probably as a result op acid-catalyzed loss of
acetate and spiro ring closure. The NMR assignments are
supported by the ébsence of the 10 Hz coupling of the
adjacent vinyl protons in the 1,4 adduct. Here again
formation of the 1,4 adduct cap be attributed to the
intermediate formation of 45, a mixed anhydride of the acid

14 and acetic acid, under the conditions used.

0
. Y
CMeZCOOH . OCMe,COOAc

2 0 0
HNO./Ac.O NO
3 > 2 4 N02
H
TFAA . Q
e}
0 C AcO
NOZ NO,, NO,,
1y . By 30
30 min 419 59%
1h — 100%

3.2.3 Problems from dinitration
In one experiment when trifluoroacetic acid was added
to the nitration mixture from acid 12 and the mixture then

warmed to 0°C, the signal at & 5.0, due to the 1,4 adduct

n
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36, disappeared. At the same time signal; due to the
aromatic product 14 also disappeared, giving rise to signals
assigned to the dinitrodiene 30. When this reaction mixture
was worked up with liquid ammonia, the aqueous washings
contained a compound which exhibited TH NMR : & 2.67 (3H,
s), 8.20 (1H, d, J = 10 Hz), 8.54 (1H, dd, J = 10 Hz; 2 Hz),
9.44 (1H, d, J = 2 Hz). QThis compound could not be
identified. In an attempt to elucidate its structure the
acid 14 was treated with a mixture of trifluoroacetic acid
and trifluoroacetic anhydride. A single product 46 which
analyzed (mass spectrum and elemental analysis) for
C12H10N04F3 was obtaineq after 21° days at ambient
temperature. Its 13¢ NMR showed the presence of a -COCF3
group which could be identified by one and two bond coupling
with fluorine in the proton decoupled spectrum. The UV
spectrum showed the presence 6f a conjugatéd dienone. The
IR and '3C NMR spectra showed the presence of two carbonyl
groups. 4 NMR showed that there was a trisubsti£uted
double bond with a methyl group trans to the proton at the
unsubstituted position (no allylic coupling). Another sharp
methyl signal indicated the presence of a methyl group
attached to a quaternqry carbon. All the spectrai data

could be explained by the structure below.




L4

1 2.29 2.65 IR 1705 cm

116.4(q, 1T . 292 Hz)

F .

1794
(q,2JCF 33 Hz )

The product 46 obtained is not the product with low
field proton signals, obtained from the nitration reaction
mixture.‘

Nitration of 2-methy1-uinitrbphenol (9) was carried out
En acetic anhydride: 6rMé&hylt4;6—dipitrocyciohexa—2,M—
dienone (47) and“2-methyl,u,6-Qiqitrophenol ﬁﬁﬁﬁ were

obtained. However the dienone 47 did not prove to be

unknown product either. . .
B )

3.2.4 Nitration of acids 12, 17 and 18 in triflfioroacétic
acid/chloroform-d.

Acids 12, 17 and 18 were nitrated in trifluoroacetic

acid/chloroform-d to determine the product ratios under

i

these conditions. The reqults are summarized and are

compared with the -results of nitration in acetic anﬁydride

in Table 3.4,
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Products from nitration of 2-methylphenoxy- and 2,3,5-

trimethylphenoxy- acids:

R 3_ g5
\/ = = =
0t Co0H 12 . R=DMe, R R H
( : 17 . R=R> =R> = Me
A PR
N 18 R=R’ =R’ = ¥
5 R0
R v
Products in acetic Products in TFA/CDCl3
anhydride at 0°C
\ C d 0Ob
B 2-.6- L4- 2- $TFA 4~ 6- ~other
/
12 23% 77% 20% 80% 33 57% -~  43%(30)
17 4q 96% ~--- 100% 25 100%, --= = <ee--
)
18 23% 77% 20% 80% 25 60% 40% - ~——==-

The striking feature of the results is that in the

presence of trifluorocacetic acid nitration occurs largely or

completely at the H-position;

-*

It is likely that nitration

also occurs at the tpso-position but that the ripg does not

close to form the spirodiene under the conQi}ions and

"instead Wy ejects the nitronium ion to reform the original

substrate which has a further opportunity for nitration at

the H—position.'

However nitration of 18 in trifluoroacetic acid and

C
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chlorofo%m gaVe 40% of the 6-nitro prodﬁct 26. This«meaqs
the steric effect, which prevents nﬁtraéion at the 6-
position, is more effeciive when there is a'gem-aimetﬁyl
group ;ather than a methylene gféup in the side chain. The
.fact ﬂhat 18 is not nitrated at the 6-position in écetiF
anhydride, whereas it is nitrated at the 6-position in
érifluroracetic acid and chloroform is attributed éo a
greater extent of solvation of the carboxylic aéid.side
chain in acetic anhydride,‘thus'raising the effeéﬁive size
of the side chain and making hindrance of more importance in
£his solvent. In the cases of H2 and 17 the gem-dimethyl
group in the side chain results in the buttressing effect
with the 2-methyl substituent being of significance,-

independent of the extent of solvation of the side chain and

- . i . .
f6-nitration does not occur in either solvent.

- o

3.3 Nitration a*‘ 2-methyl~-2-(4-methylphenoxylpropanoic
acid(1)

Nitration of 4-methylanisole (89).can be.used as a
modél.to estimate the product rat\g_id 1. At loQ acidities
Qhere the‘ipso—WheLand intermediate 1is ¢trapped
quantitétively by wéper, B9 gives ca. 60% UA-methyl-2-
nitroanisole (50).%% The remaining 40% being Y-methyl-2-
nitrophenol (51) resulting from ipso-attack. When 1 was
nitrated a mixture of diastereomers 52 and 53 (46%) and 2-
methyl—2-(&-methyl-2—nitrophenoxy)propanoic_aéid 54 (54%)

was obtained. (cf. Ref. 37, U47% yield of adducts). The
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acid 54 was identifiéd.by its 'H and 13C NMR spectra. The
Ll

presence of two diastereomers in the adduct mixture was

hdetected by its melting behaviour and further by addition of

#

shift reagenz»which separated the superimposed peaks of the
two diastereomers in the 'H NMR spectrum. The adducts.were
separated Sy HPLC. Bﬁth fhe adducts had UV absorption
méximum at 220 Bm and thus the non-conjugated diene

structure Wwas as:sigr1€d vto them. " The

relative stereochemistry of the two adducts was assigned by
>

e

shift reagent studies. Differential effect of the agﬁed
shift réagent onAthe 8-methyl grpzp enabled assignment of
the relative stereochemispfy. Tge relative.gradient for C-8
and 8-H in adduct 52, which was eluted first, was half the
corresponding "relative gralient @n adduct 53. This
indicated that the 8-methyl group was further from the
complexing site, the carbonyl group, in 52 than in 53. Thus

52 was assighed as the (Z)- isomer and 53 was assigned as

the (E)- isomer.

3.4 Isomerization reactions of 1,2 adducts
3.4.1 Isomerization of 3,3,10=trimethyl-10~-nitro-1,4~
+« dioxaspriol4.5]ldeca~6,8-dien-2-one (19)

Diene 19 in carbon tetrachloride at 50°C isomerized
over 9h_to give a new compound. This new compound (55) had
1H NMR spectrum which spowed the presence of a methyl group
(61.85) attached to a vinyl carbon, and a gem-dimethyl

group (6 1.54, 1.58). The signal at ¢ 1.85 was broadened
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by ally}ic coupling. The region between § 5—6.5 had
signals of four protons. There were three vinylic progons
at & 5.93, 6.07 and 6.30 which showed as multiq(ets, and
there was another multiplet centered at 6 5,30 which was
assigned to a deshielded allylic proton. The proton
decoupled 3¢ NMR spectrum of the new compouné showed three
5 I

proton-bearing sp carbon atoms and another fully

2

substituted sp© carbon atom. There was another signal at

§ 87.8 which split into a doublet in the gated decoupled 138

spectrum. This was assigned to a sp°>

carbon atom bearing a
secondary nitro group. In the 4 NMR spectrum of the
compound on irradiating the methyl signal at § 1.85, all
the vinylic proton signals and the allylic proton signal
sharpened, indicaéing that the methyl group was coupled to
these protons by allylic and long range couplings. This
same comﬁound was obtained from 19 in 63% yield when heated
in cgloroform—d at 50°C for 6h, or in 80% yield ;hen the
chloroform-d solution was left at ambient temperature for 12
days.

When 23, the deuterated analog of 19 was dissolved in
chloroform-d, it gave err 3 days at ambient temperature a
new compound 56 which had proton signals até 1.54, 1.59,
1.86, 5.94, 6.07 in the 'H NMR spectrum. There was no
proton signal at & 5.30, indicating that in the compound

obtained from 19, this signal was due to the proton

originally at ﬁhe 6- or 8- position of 19. Thus on the
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basis ofT

H and 13 NMR spectra of the new compound from 19
and the 'H NMR spectrum of its deuterated analog from 23 two

structures can be proposed for it --

When this compound was treated with sodium bicarbonate
solution 15(80%) and 58(20%) were obtained.y These were
separated by extraction of the neutral 58 from the basic
~solution which retained the acid fS. The acid 15 was
identified by comparison of its Ty NMR spectrum with that of
an authentic samble. The neutral product was found to be a
tri-substituted aromatic compound. Its 1H NMR spectrum
showed an ABC pattern of three adjacent protggs. The gem-
dimethyl group on the side chain was still present in the
molecule (1H and '3C NMR). The IR spectrum showed that the
compound Qas an alcohol and that an ester function and a
nitro group were present. The campound decomposed to 2-
methyl-6-nitrophenol (10) on-injecting into a GC calumn.
The presence of 10 was confirmed by coinjection and GC/MS.
Elemental analysis gave the empi}ical formula C11&(3N05

suggesting that the compound was a structural isomer of acid
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15. Based on this information,tthe_neutral compound was
assigned the structure 58. @

Since the nitro group was Artho_to the side chain in
th; aromatic products the new diene was assigned the
gonjugated diene structure 55. When 55 was treated with
trifluoroacetic acid in chloroform-d aégin only the 6-nitro
product, namely {5 (100%) was formed.’

Isomerization 5f 19 to- 55 was observed in other

f

solvents. - The results are summarized in Table 3.5.

Table 3.5

VYields of Products of isomerization of 19

Maximrum Products after
Sclvent Temperature Half life amount of complete
55 observed aromatization
15 58
CDC1, 509" 2.8h 80% 803 20%
CCly ambient 4 days >95% 80% 20%
CD3CN ambient 3 days traces 59% 41¢
CeDg ambient 3 days 56% 80% 20%
THF-~dg ambient 3 days - 50% 50%
“Pyridine-d¢ 50°C 3h ——— 92% 8%
3

The rate of disappearance of 19 did not vary much with
change in solvent but was greatly increased on increasing
the temperature. In all cases 15 (and 58) were the only

aromaiic product(s}). The relative amount of 58 on complete
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aromatization increased'with the basicity of the solvent on
going from carbon tetrachloride to tetrahydrofuran, but in
pyridine the amount of ‘58 decreased to 8%. The maximum
amountgof 55 detected in the Solution decreased with
increasing basicit; of the solvent. Only traces of 55 were
observed in acetoniirilé-d3 while no 55 was observed in
tetrahydrofuran or pyridine-ds. ‘ .

Since the rate of the reactién di8 not vary with the
solvent, and the isomerization occurred under e§sen€ialiy-
neutral conditions, charged species as intermediates are

unlikely. Other possible reaction pathways are homolytic

dissociation-recombination or a concerted nitro group shift.

3.4,2 Trapping experiments

The isomerization of 6-methyl-6-nitrocyclohexa-2,4~
dieﬁone (59) is formally very similar to the new
rearrangement reattion of 19. A mechanism similar to that
which has been proposed for th earrangement of 5994 can be

considered for the isomeriza;'on of 19 to 15 (Scheme 3.5),
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Scheme 3.4 Possible mechanism for isomerization of 19 and 59

o . . O;"NO .
_— ; H ? O

N O.N
N, 0, , 2
— _ —

59 ' 10

L T 7 ' 0
1 .

} < DCie CU_* *NO ; <
S, 272 2 H 0 .0
\‘JZ- 321\'

—_— .| T—

19 - - 55

If the mechanism shown in Scheme 3.5 is followed, some
leakage of the nitrogen dioxide radical from thé caged
radical pair is possiﬁle. The isomerization of 19 was
performed in the-preseﬁce of p-cresol as & redical trapping

f.agent. When the isomerization to 55 and subsequent
arpmatization was complete and éhe reaction mixture was
analyzed by GC less than'1% u-methyl-Z-nitrophenol (51) was
detected. Thus if the radical pair is an intermediéte in
‘thé rearrangementu\iﬂ must be a caged radical pair and
possibly even a tight radical pair in which case it can be
represented as the nitrate ester 60 of 12, To determine if
such”an ester could be an intermediate, it was generated in

eitu from the acid chloride 61 and silver nitrate in

acetonitrile at -15°C (Scheme 3.5). Since 55 is not stable
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in acetonitrile, if it were formed, 15 ané/or 58 were
expected to be the observed product(s); Moreoveri if 60 is
an intermediate some 19 can be expected from the reverse
isomerization reaction. However no 2-methyl-2—(2:methyl-u-
nitrophenoxy)propanoic acid (14) should be formed because
the rearrangement is regiospecific. When the products from
the mitrate ester generated in aituﬁwére examined, 15 (8%),
14°(8%), 19 (16%) and 12 (76%) were obtained. The formation
of 14 ruled out the nitrate ester 60 as an intermediate but

-

a caged radical pair ¢annot be still ruled out by this

experiment. . #
Scheme 3.5 Formation and Reaction of 60
OCle,COC1- OClie ,COONO
2 2 2 12 + 14
AgNO, * .
~ —_—
CHCN + Agll]
37 15 + 19
-157¢C
61 60

If such a radical pair exists) the produéts obtained
should be non-stereospecific. Both 19 and 20 should give
the same product(s) because the same radical pair would be
formed from both isomers.

if the radical pair is not an-intermediate, the other
possibility is a concented nitro shift, in which case the
rearrangement will be stereospecific, namely 19 should forT

. ’
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only one isomer (55) and 20 should form the diastereomef 62.
Isomerization of 20 was studied‘ to deiermine the
stereochemistry of theg reaction.
3.4,.3 Rearrangement product from 20

When 20 was heated in carbon tetrachloride at 50°C for
24h, a diene different from 55 was ob£aine¢. The 'H.NMR
spectrum differed from that of 55 in the chemical shifts of
tﬁe methyl groups and the coupling .constant between the
proions at C-9 and C;10. No trace of the diastereomer 62
Qas found in .the spectrum of 55 and vice versa. The NMR
data for the two dienes are summarized in Table 3.6.

The trapping experiment showed that the homolytic
mechanism, if 1t contributed to isomerization was
responsible for less than .1% of the reaction. Isomerization
of the diastereomers showed that the isomerization was
stereospecific, These results suggest that the
isomerizatién is a concerted reaction, namely-a [1,5]

sigmatropic shift of the nitro group.

<



151.

Table 3.6

0 0 ' 55 - (F)-diastereomer

2N 62 - (Z)-diastereomer

"H NMR (250 MHz) data for 3,3,6-trimethyl-10-nitro=1,4-

— dioxaspirol(4,5)deca-6,8~dien-2-ones

Diene  3-CHj 6-CHy  7-H  8-H  9-H 10-H 3y o

55 1.54, 1.58 . 1.85 6.07 6.30 5.93 . 5.30 4.9

62 1.50, 1,53 1.88 6.13 6.30 5.99 5.30 4.6

3¢ NMR data for 3,3,6-trimethyl-10-nitro-1,4-

dioxaspiro(4,5)deca-6,8-dien-2-ones

Diene C-2 c-3 C-5 C-6 C-7 c-8 C-9 C-10 JuﬁeCH3 6-CH3

8 173.7 77.3 103.4 134,7 124.6 129.3 117.5 87.8 25.9, 16.0
26.5

62 174.0 78.2 103.9 134.4 125.4 129.0 117.8 87.8 25.6 16.5

Further evidence for the different stereochemistry of
the dienes 55 and 62 was obtained in the aromatization of
these'dienes in tetrahydrofuran, a solvent more basic than
carbon tetrachloride. Diene 55 in tetrahydéofuran gave the
6-nitro acid 15(50%) and the 2-methyl-6-nitrophenyl ester
58(50%) on#aromatization. On the other hand 62, on
aromapization in tetrahydrofuran, afforded acid 15 as the

only product. When the aromatization was carried out in the
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presence of 1.1 equivalents of tetracyanoethyleﬁe (TCNE)L in
tetrahydrofuran, 55 gave 15(30%) and 58(70%). Under the
same condition 62 again aromatized to 15 quantitatively.
The different product ratio in these above reactions clearly
indicated that the relative orientation of the §ubstituents
in 55 and 62 was different. |

Theée aromatization reactions can be considered as 1,2
elimination reactions with the solvent acting as a base.
The «=-carbon atom (C-5 of 55 and 62) has the two functional
groups in the spirolactone ring attached to it and both of
them can act as a leaving group under suitable condition.
The 8 -carbon (C-10 of 55 and 62) bears a secondary nitro
group and therefore the B8 -hydrbgen atom (10-H of 55 and 62)
is acidic.

The transition state of elimination reactions is

112 some of which are indicated

affected by various factors,
below. Substra?es having a B -nitro group usually undergo
elimination by the Ech pathway. If the product of an
elimination reaction is aromatic, the carbon nucleofuge bond
breaking becomes competitive with carSOn hydrogen bond
breaking or the transition state of the reaction becomes
more E2—like. With Ech-like'transition states, syn
‘elimination becomes more facile, while with the transition
state having more E,, character high anti/syn product ratios

are obtained. The nucleofuge also affects the transition

state: a poor'nucleofuge shifts it toward the Ech end of
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the spectrum GFTT?*! good nucleofuge shifts it towards the
E2 end of the spectrum. In six-membered rings, a?ti
glimination is favoured so the nucleofugicity of the group
trans to the B -hydrogen affects the reaction most.

4 Both 55 and 62 have a B8 -nitro group. If they undergo
elimination by:the Ech pathway both the dienes woula give
the same éyclohexadienyl anion as an intermediate and would
be expected to give the same product(ss. ‘Since tﬁe two
dienes give different product ratios, the Eio.p mechanism is
not involved. Both the dienes give aromatic pr&ducts and
thus their‘trénsrtion states are expected to be more E2—
EE§111<e. Thus the transition state for the elimination of 55
or 62 must be intermediate between the Es and Eq,y
transition states: If two products are formed, ther%}gould
be a transition stdte for each. Considering the groups at
~the X-carbon, -0COCMe,0~ is a poor nucleofuge while
~-0CMe,C00™ is a much better nucleofuge.

When the alkoxide is trans to the g8 -hydrogen, the

transition state for anti elimination will bé more Ech—like_

than is the case when the carboxylate is in this position.

Also because of the activation by the 8 -nitro group, eyn’

elimination would also become favoured. Given the poor
nucleofugicity of the alkoxide as compared to the
carboxy;ate, the normally minor syn elimination would become
competitive with the normally favoured ant<t elimination'and

products from both the syn and anti elimination would be

J

D
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expected.&“lf the carboxylate is trans to the B -hydrogen
f . s
the transition state will become more E5-like and ahigh

anti/éwz ratio would be‘expec%ed. Diene 55, gave two
products which canrarise by competing syn and anti
elimimation while 62 gave only product~ref1é€fing.hégh

preference for one mode of elimination over the other. Thus

55 can be assigned the (E)-qoﬁfiguration where. the alkoxide

.

is trans to the B -hydrogen and 62 can similarly be assigned

°

the (Z)-configuration.

. we
5. O,N

| - 55 62 .
The product ratio obtained in the .presence of TCNR also

2 - )

corroborates the above configurational assignment. TCNE has

d low-energy vacant orbital and it cgh therefore act as a-

weak Lewis acid. In the transition state for the formatf%n

- R o ~

of 58, the developing nepative charge‘is localized on the
a

alkoxy oiygen and this.transition state %ould be stabilized

by compleéxation. The transi}ion state for the formation of
15 has the developing negative 'charge delqti;fzed over the
carboxyl group and stabilization by complexation with TCNE

N .
¥ L - -
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would be less than that for the formation of 58. Thus if

[

"the formation of 15 and 58 are competing reactions,

-\

dromatization in the presence of TCNE should Increase the
‘ /

amount of 58. In 55 where'the alkoxy group is .assigned

trans to the B~hyarogén, complexation would increase the
anti elimination-product 58 over the syn elimination product
15. Such an increase is indeed observed, as the amount of
58 increases from SQ% to 70% in the presence of TCNE. ﬁhen
-the carboxy group is trans to the B8 -hydrogén as assignéd in
6&scomplexation with the alkoxy group would d. rease the
anti/syn ratio. The fact that no 58 is obtained from 62 in
.the presen@e of TCNE suggests that’ even on stgbilization of
the transition state by TCNE, the transi@ion state for the
formation of 58.is still highér in energy than the
/Eransition st.ate for the anti elimination of the carboxx

group to give 15. N N =

L}

When 55 was treated with pyridine, a base §£ronger thap
tetrahydrofuran, the amount ‘of 58 obtained decreased from

50% to Q%. With increasing base.strength, the transition

state for elimination becomes more Ech—;iké112 or formation

of the cyplohexadienyl carbonion is almost complete in the

transiti@d‘state. In this case, the product ratio would be
' ¢

»
determined by the nucleofugicity of the competing groups.

Thus in 55 loss of the carboxy group would be favoured,

‘

leading to hiéhen_amount of 15(92%) and a corresponding

decrease in the amount of 58(8%) in the product.
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Once the relative stereochemistry of 55 and 62 is
assigned, 1t can be us?d to assign thé relative
stereochemistry of 19 and 20 which could not be assigned 'by
any other means.. Sinée the isoﬁerization.of 19720) to
55(62) is shown td}be stereospécific,'19 can be assigned the

(E)~configuration and 20 can be assigned as -the (2)-

‘diastereomer. : - .
o
\ } f . 0 E
- O///r/_ . O‘//, s, O
// N02 i NO»

19 ‘ 20

., The stereospecific rearrangement of 19(20) to 55(62)
occurs very readily even at ambient temperature. .fhe
reaction goes in the direction 19 to 55 because 55 is more
stable than 19. 4b initio ca%culati$n31a3 on substituted
cyclphexadienes show that 1—methylcyclohexédiene (63) is
more stable than 5—methylcyélohexadiene (64). Since only
relative energies are considered, the spirolactone and the

nitro group can be reglected for comparison purposes.

q
x
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/ -~
(o
64 63
Relatlve 0 kJmol~" ~12.0 kJmol™! 4.6°kJmol™

Energy

Gain in stabilization energy U4.6-(-12.0) = 16.6 kdmol~ 7.

Diene 19 is less stabie than 20 as it is the minor
component in the mixture equi?&briated in the presence of
trifluoroacetic acid. Since thle rearrangement is a single
step process and the reaction isAexothermic, it should have
low activation energy, leadin% to facile rearrangement if

steric faétors are not considéfed. The transition states

for the rearrangement of 19.and 20 can be shown as -~

»

=
O
=2

2 . 02

T.S. for 19 T.S. for 20 .

-~

The only.difference in_ the ;ransition states is in the

stereochemistry of the sp3

center which is not involved in-
the pericyclic transition state. The transition states for

the rearrangement are close in energy. The rate constants
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for the isomerization of 19 and 20 in carbon tetrachloride
at 50°C can be -calculated from the changes in concentration
(obtained from integration of the NMR spectra) of the
unreacted diene as the reaction progressed. The rate—
constants are --

k (for 19) 6.87 x 10~2s~]

k (for 20) 2.4y x 107 2g~]

The activation energy difference (calculated from the rate
constants for isomerization of 19 and 20) is -2.8 kJmol™]
and when combined with the energy difference of the
reactants (calculated from equilibrium concentrations of
19(20%) and 20(80%) at 0°C), 3.2 kJmol~', this gives an
energy difference between the transition states of 0.4

kJmol’1 with the transition state for 19 being slightly

higher, in energy.

3.4.4 Isomerization of 3,3,7,9,10-pentamethyl-10-nitro-1,4-
dioxaspiro{4,5]deca-6,8-dien-2-one(27).

Dienes 55 and 62 were obtained in essentially
quantitative yields under suitable conditiéns. but could not
be obtained crystalline. Diene 65 (36%) however could be
obtained pure (as minor component) when 27 was heated ih
carbon tetrachloride at 50 °C for 8h and the product mixture
was fractionaily crystallized from methylene chloride-
hexane. The major component of the mixture, d?ene 66 (64%)
was obtained by recrystallization of the mother -liquor. No

other compound was present. When the rearrangement was
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performed at ambient temperature, the same producﬁs 65 (54%)
and 66 (46%) were obtained after 10 days. But now 65 was
the major‘product. The structures 66 and 65; epimeric at
C-10, were.assigned to these dienes. The UV spectra of both
66 Amayx 273 nm) and 65 (Amax 272 nm) showed that they were
conjugated dienes. The 'H and '3C NMR spectra of 66 and 65
were in accord with their being the 7,9-dimethyl derivatives
of 55 and 62. 13C NMR speétra of both the dienes showed the
presence of a sp3 carbon bearing a secondary nitro group at

6 ¢ 91.9 for 66 and $ c 91.8 for 65. Both the dienes when
treated with sodium hydroxide gave the same product, 2-
methyl-2-(2.3,S-trimethyl-é—nit;ophenoxy)propanoic acid 29.
When 65 was heated in carbon tetrachloride at 70°C an
equilibrium mixture of 66 (18%) and 65 (82%) was obtain;d
after 32h, which did not change on further ;eating to 48h.
After t?at the relative amounts of the dienes did not change
but the amount of 29 started to increase. On the other
~hand, when 66 was heated, 65 was found but aromatization
commenced befofe equilibrium was reachéd. This further
confirmed that 66 and 65 were epimers.

Formation of 66 and 55 from 27 was not in accordance
with the concerted mechanism proposed for thg_;earrangement
of 19 (page 150 ) and expected for the rearrangement of 27
also: Epimerization of‘66 and 65 under the conditions under
which isoggrfi?tfvn of 27 occurred suggested that the/

rearrangement of 27 may be occurring by a homolytic
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dissociation-recombination. To resolve these complications,
rearrangement'of 27 was carried out in the presence of
radical trapping agents. When rearranged in presence of p;
cresol, no significant change occurred in the relative
amounts of 66 (60%) and 65 (40%) obtained. But when 27 was
allowed to rearrange in the presence of thiophenol, a more
effective radical trap than p-cresol, formation of 65 was
completely  suppressed and only 66 was formed. Thus
isomerization 'of 27 is a concerted process, which is

overshadowed by radical epimerization of. the product (Scheme

3.6). . .

3

Scheme 3.6 Pathways in the isomerization of 27

H O k)
0 66

\
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The trapping experiments show that 27 and 66 have the same
stereochemistry. The major diastereomer 19 obtained from
the nitration of 12 has the (E)-configuration as discussed
above. Diene 27 which was obtained as the_sole product in
tne nitration of 17 is therefore assigned the (F)-
configuration by analogy to 19.

The evidence points to processes a and ¢ (Scheme 3.6)
operating in the rearrangement. However, process b may also
occuf."The two closely related spirodienes 19(20) and 27
displayed a delicate balance between concerted and homolytie
processes in their rearrangement reactions. ‘The spirodienes
25A and 25B when heated in carbon tetrachlongée or
tetrahydrofuran solution gave regiospecifica}ly the 6-nitro
acid 26, suggesting that a similar [1,5] nitro shift occurs
but the intermediate diene (67) is not stable enough to be
detectable. The dinitrospirodiene 30 rearranged‘ln
enlonofanm—d etﬂambient temperature to give 2-methyl-2-(2-
mthyl-ﬂ,6—gynitrophenoxy)propenoic acid (31) in one
'eﬁpergment, indicative of a [1,5] nitro shift. Here again
the intermedlate dlene (68) could not be observed.

It was therefore de01ded to study another known 1, 2
adduct 6956, to see if }t rearranged and to see if the study
of such rearrangement could shed any more light on the

competing processes ;nvolved in the rearrangement of the

: f
spirodienes. ‘
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3.4.5 Rearrangement of 3-t-butyl-6-mé£hy1—6—nitrocyclohema-,
. . 1 :

4 H

2,4-dienyl acetate 69

When 69 was heaped in carbon tetrachloride at 709C for
Th a mixture of four dienes 69, 70, 71 and 72'and 5-t»butyfT :
2-methylphenyl acetate 73 was obtained. A mixture' of the
same compounds was formed from 69 aftér 12 days on standi
a‘solutionain carbon tetrachloride "at ambient temperature,
One of the dienes (72) coulé be is#lated from.the reactién
mixture by chromatography on ;ilica at -40°C, When T2 was
heated in carbon tetrachloride a mixture of the same five
compounds was formed. Dienesléé and 72 were also heated in
the presence of p-cresol as a radical trapping agent. Only H
three compounds 69, 71 and 73 were observed in the reaction
mixture from 69; while the three compounds 70, 71 and 73

were observed in the reaction mixture from 72. The results

are summarized in Table 3.7.
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Table 3.7
Products fraom thermolysis of 3-t-butyl-6-methyl-6-

nitrocyclohexa;Z,ﬂ-dienyl acetate 69%§§d its %fomer'72 in

CCl, , -

]

Starting Reaction 69 70 71 72 73
compounds conditions ’ ,

69 70°C, 1h 33% 8% 439 11% 5%

: 69 amb. temp. ©27% 13%  33% 18% 9%
‘ 12 days .
69 *  70°C, 1h 22%* --- _60% ---—  18%
1.25 eq. p-cresol ‘
72 50°C, 2h 12% 254 9%  45% 9%
72 50°C, 3h ---  36.5% --- 36.5% 27%

1.5 eq. p-cresol

Di'enes 69 and 72 rearranged in the presence of pfcresol
to give a mixture of compounds. Diene 71 and 70 could be
separated by chromatography on sﬁlica at -40°cC. On
isolatign, 70 slowly reverted back to 72 even at -20°C.
Althouéh 71 could not be obtained completely free from the
acetate 73 its y and 13C NMR spectra could be determined.

) Since like 69, the TH NMR spectrum of. 70 showed two
vinyiic protons coupled to each other by a coupling constant
of ;0 Hz (-CH=CH-) 70 was assigned to be the diastereomer
of 69. >

. In the 'H NMR spectra of 71 and 72 there was_a broad

"methyl signal which Qas coupled to a vinylic'proton.' There
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waé no large coupling between the vinylic protons, thus
these protons must be attached to the central carbon atoms
of the diene system: The gated decoupled 13C NMR spectra of
71 and 72 had doublets at s  81.9 ané 82.T'respectively
_indicating the.presence of a secondary nitro group. The 13C
NMR spectra also confirmed that only two 6f the carbon atoms
of the diene system had an attached proton. The UV spectrum
of 72, ( Amax 271 nm) showed it to be a conjugated diene.
The.1H NMR of 71 showed a large coupling of 7.5 Hz between
the two allylic protons so thése had to be attached to
adjacent carbon atoms. Thus the epimeric structures 71 and
72 were assiéned to the two conjugated dienes.

An interesting feature in the "4 and 13c NMR spectra of
71 and 72 is that 6-H, the proton ipso to the nitro group,
is highfield to 1-H, the proton Zpso to the acetate, but
C-6 is downfield of C-T in the '3C NMR spectrum. These
assignments were confirmed for 72 by selective decoupling of
the high field proton (5.23 ppm) wheréupon the downfield
carbon signal (82,7 ppm).collapsed to a singlet.
Correspondingly when the downfield proton k5.66 ppm) was
irrad%ated, the upfield carbon signal (70.4 ppm) collapsed
to a singlet. ,

That the nitro group waé adjacent to the t-butyl group
was further proved by treating 72 with sodium hydroxide 1in

methanol to give U4-t-butyl-3-nitrotoluene (74). It is clear

that the rearraﬁgement observed in the spirodienes also
P
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occurs 1in the conjugated diene defived from p-t-
butyltoluene (75). ’

When 72 was treated with 1.25 M sodium hydroxide in
methanol, 4-t-butyl-3-nitrotoluene 78 was obtained as the
majdr product (92%)., 4-t-Butyl-3-nitrotoluene (74) is a
strained molecule and there is only one report where it was
detected by GC in the direct nitration of 75 in very low
yield (ca. 5%).1"% In 4-t-butyl-2-nitrotoluene (76), the
proton ortho to the nitro group is the most deshielded

56 In 72 where the nitro

proton in the TH NMR spectrum.
group is forced out of the plane of the benzene ring by the
t-butyl group, the proton ortho to the nitro group is the

most shielded proton.

-

Table 3.8

Chemical shift of aromatic protons in 1,4-djalkyl-2-

nitrobenzenes
H6 R2 76 R2=NO2 R3 =H Ru = £-Bu ~
. 77 R2=N02— R3 = H Rl& = Me
s 3 .
Ry
Compound Ro R3 Hg Hg
74‘ , 7.12, ———— 7.42 . 7.23
¥ 76 —_—— 7.96 7.40 7.24

77 C e 7.67 7.22 7.10
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The structure of 74 was further confirmed by comparing its
3¢ NMR spectrum with the '3C spectra of 1-t-butyl-4,5-
dimethyl-2-nitrobenzene (78)115 and 1-t-butyl-3,4,5-
trimethyl-2-nitrobenzene (79)77 This also enabled

assignment of all the chemical shifts in the 13C spectrum of

48.

-
137.1
122.5 131.4
N¢ ’ J < L/:;128.4
124, NO 138.3
U2 N NO

1385 2

79 78 ) T4

Elimination of acetic acid from diene 72 on treatment‘
with ba&éaféggd be expected to be very facile. However,
while this reaction was observed when the base yés sodium
h&droxide in methanol, it was not observgd when the bases
N,N-diisopropylethylamine in methanol, or neat pyridine were
used. Instead, solvolysis of the nitro group occurred
leading to elimination of nitrous acid and formation of the
acegate 73. When sodium hydrox}de in.1:1 (v/v) aqueous
methanol was used T4 (66%) and 5-t-butyl-2-methylphenol (80)

(34%) were formed. Even in the reaction brbughb'about by

sodium hydroxide in methanol 8% of 80 was formed. Thg

reason that elimination of acetic acid occurs very
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reluctantly in 72 is because the transition state for
removal of the proton « to the nitro group (in either an

Eq or E, pathway) is not stabilized by delocalization of the

developing negative charge into the nitro group since such

delocalization would require coplanarity of the nitro group

and the diene systems. This is prevented by the adjacent t-

butyl substituent.

3.4.7 Relative stereochemistry of 69, 76; 71 and 72
PreQiously only 69 was obtained by direct nitration of
7556 and its stereochemistry wés not known. Trapping
experimentsiéhow that 69 and 7;‘and 70 and 72 have the same
respective relative stereochemistries. The relative
stereochemistry of all of the dienes was determined from the
coup}ing patte;n in their QMR spectra'and'the above
stereochemical relationships. Bartoli et 21.176 have shown
that in 2-alkyl-u-mekhoxy-1-nitro-1,2-dihydronéphthalenes
(81) there is a definite relaﬁidhship between the

stereochemistry at C-1 and C-2 and thé coupling constant

between 1-H and 2-H (Table 3.9).

s A
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e t Table 3.9
[ [}
J1,é values of cie and transg: 2-alkyl-4-methoxy-1-nitro-1,2-
116 - -
dihydronaphthalenes (81) “
2-A1lkyl Group , Sterepchemistr& J1,2(Hz)
CH ' cis - 6.0
- : } s trans « 4.2
. . . trans , 2.7
PhCH2 - cis 5.3
* trans’ 2.4

*

[

In all of the cases the coupling constant was larger for'ihe

cig -~ shereochemistry than for the trans. 1,2-

Dihydronaphthalenes have Jy, 2o =72 Hzy Jq15 04 = Jq1g,04 =

éjiﬂ.Z Hz as reported by Katritzky.117 Katritzky - -has also
. - ~t .

shown that in 1,2-dihydronaphthaleehes, a substituent at
gither the 1~ or the 2-position preferf to occupy an axial
position. .In' a trans 1,2-disubstitutefi-1,2-

) . . ,
dihydronathhalene this leads to small coupling constant for

' h ™

the 1-H and' 2-H interaction since both of'thg protons éﬁcﬁpy
the equatorial position. In 71 the coupling‘constapt
between the two'allylic protons is 7.5 Hz while in 72 the
coubl;ng constant is 1.6 Hz. Therefore the nitro and

- Vi -t
acetate have to be c@a in 71 and trane in T2.
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‘Chemical shifts for vinylic and - allylic protons and v§ijbal

OS-

Table 3.10

71, 72 R, =

. 69, 70 Ry :,ip

. coupliek.constéé:; in dienes from 4-t-butyltoluene (75)

169

;

= H, R3i= t=Bu, R6 = Me

~—

P

Me» Ry = Rg = H, Rg = t-Bu

4
Chemical 3Shift

(ppm) .Coupling Constant(Hz)
. L : . .
69 5.53. 5.74 -- 6.24 6.38 -- ‘5.6 -—= M0.3 -
' : *
70 5.48 6.37 -- 5.94 6.23 -- 2.9 -~ 10.0 -==
71 5.73 -=—5.90 6.18 -~ 32, --- 7.5 -“-- 5.6
72 5.66 -- 6.06 626 -= 5.23 ——= 1.6 === 6.0
.
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NO,,
/ 71 e 72

Conformations of 69

OAc

K).H Me

la,2 - T O.N ,
: X - Y

The J,,,3 as reported by Katritzky''7 and Bartolil10

for 1,2 dihydronaphthalene itself is 6.6 Hz, while Jog,3 is
2-3 Hz. Since-69 and 71 are stereochemically related 69
should. have the samé cis relationship of the nitro and acetate

as propesed for 71. The observed >"for 69, analogous to

-

~
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Jp3 in T.2-dihydronaphthalenes, is 5.6 Hz which is close to
the value of 6.6 Hz. This 1ndlcates that 69 has a leH 2H
coupling » i.e. the conformatlon 69X of 69 is preferred.
This is consistent with a preference for the maximum number
of ax1a1 substltuents in such systems (cf. ref. 30). 'On the
other hand, coupllng between the same two protons in 70
is 2.9 Hz which 1nd1cates.LaH—-2H coupling. It follows
that in 70 the conformation 70X 1is preferred. This ‘is not
in accord with the preference for the maximum number of
axial substituents but may reflect a stabilizing interaction
between the vicinal acetate and nitro group.

Further eyidence for the assigned conformation of 69 is

provided by the Y -gauche effect in 13C NMR.''8 ‘When there
S

CH3

Y -gauche Y-antt -

is a heteroatom substituent in the ¥y ;position relative to
the carbon atom being observed, it can be in the gauche or
anti conformation. The chemical shift of the carbon atgm is
affected by the position of the heteroatom in the Y -

position. When the, hetero atom is in the gauche
? ‘ »
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conformation, the carbon atom resonates at higher field than

v

when it is in the anti conformation; This is known as the
Yy-gauche effect. in 69X the acetaté and methyl aréf
antiperiplanar while in 70 the groups are gauche. The y -
gauchg ;ffect of the electronegative substituent results in
‘an upfield shift of 6 ppm for the 6-methyl group in 70 as
compared with 69. The alternative conformation 69Y of 69
has the methyl ;nd acetate groups gauche and the Y -gauche
effect would be the same for 69 and 70. i.e. the 13¢ shifts

. of the 6-methyl group would then be identical.

The stereochemistry of the dienes 69, 70, 71 and 72

assigned on the basis of the arguments elaborated above is
shown in Scheme 3.7 which also shows the pathways for

interconversion.

T
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Scheﬁe 3.7 Isomerization and Epimerization Pathways of 69,

70, 71 and 72

NO 7
‘\\\ZH Z_ oo H

1Q A c ‘ ) minQAcC

o,
AN R
69 C\ b 71
ﬂ//OAC
-NO2
/ 4
NO
€& H

“ () foc N

* 70 72
. The existence of the sigmatropic pathway from 69 to 71
and from 70 to 72 is demonstrated by the trappjing
experiments which suppress‘the raﬁical epimerization
reaction(shv There must be at least one radical
epimerization sequence, either b or ¢ (Scheme 3.7), and the
observations do not allow a:choice between these processes
to Be made.

1) 69 2279 292 270

i1) 711 269 70 Lo

Either of the sequences (i) or (ii) would explain the

epimerization observations, but the existence of both the
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sequences cannot be rulea out.

From the ‘identification of 69 as the (2)-isomer.'it
follows that the addition'of acetyl’nitrate to U4-t-
butyltoluene (75) is a cis addition. As discussed in' the
introduction (p. 15 ) Ridd38 has suggested that in
nitration in acetic anﬁigride, the nitronium ion is,
generated within the encounter pa;; from the substrate and
protonateavacetyl nitrate. It follows that when the Wheland.
intermediate is formea by addition of the nitronium ion ipso

to the methyl group in 75, an acetic acid molecule, from the
> .
pﬁotonated acetyl nitrate which has lost the nitronium ion,

E; appropriatei§AlOEateé te add to the 2—positfgnmfrom the

same face of the molecule as the nitronium ion. This would
account for the stereoselective cis addition. On the other
hand, nitration of 12 gives predominantly the (E3-isomer 19
because the acetic acid molecule prevents sidé-chain attack

from the same face of the molecule as the nitronipn ion.

“

3.5 Isomerization of 1,4 adducts:
3.5.1 Attempted isomerization of addu&ts from alkylbenzenes
A1l the 1,2 adducts studied showed a [1,5] nitro group

~
D)

rearrangement, at least a part of which was concerted. A

‘concerted [1,3] nitro shift is also possible; Some 1,4

" acetyl nitrate adducts were therefore investigated. Dienes

52 and 53, and dienes obtained from u t- butyltoluene, 0-

xylene and p -xylene (824, 83 and 84 respectlvely) did not

‘'undergo nearrangement.on heating in chloroform-d or carbon

¢
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tetrachloride—chlorofonm-&lmixtures at-70°C for periods
»

varying from 3h to 15h. The dienes studied are shown

below --
=
0 L0 NO,,
£l
NO,, OAc  AcO " H
52 53 82A - 83 - 84

= m em—— VOO

No”;;éction occurrediforvé2p’53, 8éA1and 84, The adduct 83

from o-xylene aromatized to 3,4-dimethylphenyl acetate (85).

* o

.3.5.2 Isomerization of adducts from dimethylbenzonitriles

a) Isomgrization of (E)~ and (Z)a2—cyano—4,ﬁrdimethyl—
M-nitrocyclohexa-2,54dien§l acetate (87 and 86 respectivelf)

When 867was heated in carbon tetrachloride at 70°C for
9h, a new diéng 8% (50%) was observed in the NMR mixture
together Qith 3,Mﬁdimethylpenzonitrile (89) (ca. 50%). The
c}xstalline 88 was isolated and its structure assignéd on
the.basis of the folgying spéctral data. The UV spectrum

showed a Qonjuéated diene ciromophore (X 285 nm). The

max

IR spectrum indicated the presence of a conjugated nitrile

(2220 cm~1) and nitro and carbonyl groups. The Ty NMR

spectrum showed the presence of one vinylic proton and two
“ A )

allylic protons. The gated decpupled\13C NMR spectrum

R _ e e e _ _ —
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showed presence of a carbon beéring a secondary nitro group’
(6 85.3 doublet). Thk ;icinél 09upling constant between
the two allylic protons was 8 Hz, indicating that one proton
was axial and one equatorial dnd therefore a cis
relationship of the substituent groups. Only one isomer ofk—.
the compounq was obtained. ,

When 86 was heated in 10% (v/v) methanol-d, and carbon
tetrachloride no 88 was obtained. The only products were
3,4-dimethyl-5-nitrobenzonitrile 90 (49%) and 3,4-dimethyl

benzonitrile 89 -(51%). The nitroderivative 90 must have

been formed by the methanol catalyzed loss of acetic acid

—— O e —

from 88 as the latte} was fo}med. In a separate expfriment
dissolution of 88 in neat methanol-at ambient temperature
gave 90 instaﬁtly. A solution of 88 on heating in carbon
tetrachloride gave 89 as the only product. The rearraﬁgeq
product 88 aromatizes presumably by elimination of nitro and
ééZtoxy radicals under the reaction conditions. Jhus the
extent of concerted and homolytic rearrangement cannot be
determined in this case. A mechanism accounting for known

facts is-shown in Scheme 3.8.

)

fh
!
P
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Scheme 3.8 Isomerization and Aromatization Péthways of 86

and 88

CN

89

Though there méy"be a homolytic component' in the
reaction, only one diastereomer, v{z. the (Z)-isomer 88 was
obtained. Fischer and Greig reported‘that'86 gives 89
and 90 on refluxing in mesitylene or in acetic acid. The
formation of 90 must have involved isomerization of 86 to 88
and subsequent elimination of acetic fcid.'

A solution of 87 in 1:1 (v/v) carbon tetrachléride and
chloroform-d gave a-new compound 91 in SO%yEeld after Th at
70°C. The other compound was again 89. All attempts to

-

crystallize any of these failed. The structure of ?1 was

‘.} [3 *

~.
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assigned .by analysis of the TH and .13c NMR spectra of the
mixture. The 1H NMR spectrum: showed the présence of three
methyl groups indicating that the acetate was still present
in the diene 91 aiong with the two ring methyl substituents.
There were also two allylic protons and one vinylic proton.
The vicinal coupli;g constank between the two allylic
protons was 3J‘Hz. The 3¢ NMR 'spectrum showed Rhe

presence of a sp3

carbon'bearing a secondary nitro group
(6 . 87). When 87 was heated in 10% methanol;carbon
tetrachloride no Aiene_was formed but 3:U-dihethyl-5-
nitropenzonitrile was observed in th; reaction mixture (ca.
20%). Thus the structure 91, the diastereomer of-88, ;éé
proposed for the new diene. The NMR spectra.of 91 and“ég

are compared in Table 3.11.. - ) . . %

A

Table 3.11 . . |

1'HHNMR data for’2¢&yan6—4,5-diqethyl-ﬁanitrocyclohexa-Z,4-

-

dienyl acetates 88 and 91 ' \ . -
Chemical Shifts (ppm) Coupling
. Constants (Hz)
Diene 1-H 3-H 6-H OCOCH3 4-CH3, 5-CHy J16 CJ1z
88 6.08 6.84 5.12 2.14  1.97,72.00 ° 8.0 2.6
91 5.88 6.73 5.13  2.20 1.94, 1.96 3.1 —-

1 ~

The igomerizations of 87 and 86 to 91 and 88
respectively are both stereospecific. These must be

predominantly concerted rearrangements, presumablz:fnvdiving

.

P
-

-
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a [1,3] sigmatropfﬁ shift of the nitro group.
Diene 86 has. been shown to have the (z2)-

2 ‘ ~
119 and a {1,3] sigmatropic shift would give

-

conf;guration
the isomer 88 with the same stereochemistry, consistent with.
the argument based on the Hqi-Hg coupling constant:
Similarly 91 formed from theJ(E)fisomer 87 must be the (F)-
isomer and here again the assignment is supported by the Hq-
H6 coupling constant, having the value appropriate for the
diequatorial arrangement of the hydrogen atoms., The trans
substituents adopt the éreferred diaxial conformation. This
argumeﬂt lends confidence to the assighmené of the
sééreochem@stry of the_adduc£ 71 and 72 in the 4-t-
butxlfoluene series, which is based on:the coupling constant
eKidence. ’

b) Attempted isomerization of adducts from 2,3-
diméthylbenzoniérile and 2;5—dimethylbenzonitrile.

Adducts 92A and 92B obtained from 2,3-
dimethylbenzonitrile wete each heated in chlotoform—d at 70°é_
for 6h. The 13C NMR épectra of the reaction mixtures

3 carbon atom with a

,indicafed the pfesence in.each of an sp
secondarx nitro group. 'In the ga£éd decoupled spectra, Lthe
peak.attributed‘to this carbon afom,(C-é) was split into a
doublet. The solutions wé?e heated for a‘fgrthér 12h at.
70°C and the 'H NMR spectra qf'the_mixtgwes were recorded.
However, the spectra were coﬁplex} reflecting the ﬁormetion

of several compounds and the peaks could not be conclusively

, .
assigned to any new rearranged dienes.
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‘react afterlheating at 70°C for 12h.
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In a separate- experiment 92A gave 2,3-dimethyl-5-

P

~

nitrobenzonitrile. {93) (30%) after 12h at 70°C and 92B

gfﬁilarly gave ‘the same nitroderivative 93 (32%) under the
This evidence for [1,3] nitro migration
and %he 13¢  NMR spectra discussed- abové indicated the
intermediacy of rearranged dienes in the reaction mixture.
The maximum émount that appeared to be p}esent at any one

time was ca. 10%. The peaks due to the rearranged dienes

94A (from 92A4) ané 9#B’(from 92B) could be assigned in the

3¢ NMR specfra by comparison with the 13¢ NMR spectra of 88
and 91 (Table 3.12).

Diene 95 from 2,5-dimethyi:penzonitrile (97) did not

o

Its regioisomer 96

.

after 7h at 70°C, gave 97 (ca. 65%) and unidentified

The '3C NMR spectrum of the reaction

.

products (ca. 35%).

mixtute from 96 had peaks between ¢ . 80-90 possibly due to

3

sp "carbon'atoms'with_a secondary nifro group but the

presence of 98 could not be shown conclusively.
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. 5

. . Table 3.12
13C NMR'sbec;ra of 2~cyano-3,4-dimethyl- and 2-cyano-4,5-
diﬁethyl-6-nitrocyclohéxa-é,M-dipnyl acetates

>

- ’ R , ’ ‘,—
~ Rg 3 9uA, gyg Ry = CH3» Rg'= H
.. H ‘ ,
W . O N CN 91’ 88 R3 = H’ RS .: CH3

H' 0Ac

) Chemical Shift (&) ’ :
Diene C-1 ¢C-=2 c-3 C-4 C-5 C-6 R3/R5 U-CH3 OCOCH3

944 65.9 a a a 126.3 82.8 (17.5, 19.6, 23.9)
948 66.2 a - d @ 125.6 83.1 (19.0, 19.5, 22.4)
91 66.0 105.9 145.2 127.3 135.4 87.0 (17.9, 20.3, 20.5)
88 66.3 108.5 143.0 127.4 132.9 85.3 (18.1, 20.5, 20.5)

a. could not be assigned.

Y -

3.5.3 Rearrangedéﬁt of the adduct from 1,4-dimethyl-2-

nitrobenzene (77)

On heating a solution of the diene 99 in carbon
tetrachloride at 70°C for 20h followed by cooling to 0°C;
colourless crystals (1%) were obtained. This compound wagﬁ
assigned the structure 100 on the basis of the IR spectrum
of whigﬁ indicatéd ﬂresence of an alcohol (?500 em~ 1), an
acetate (1735, 1235 cm™ | ana nitro group(s) (broad intense\
absorptions at 1565-1530 and 1370-1340 ecm~'). The '3C NMR

spectrum indicated the presence of one double bond and two
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sp3 carbon atoms each bearing a secondary nitro group (8¢

84.0, 87.4). The 'H NMR spectrum showed one vinylic proton
conjugated‘with a nitro group (& 6.96) and two protons with
a vicinal coupling constant of 12 Hz. The.meé%ane chemical
ionization mass spectrum had a peak at m/eh302. Sihce the
compound was an aicohol, this peakK was assigned to the M-17
fraggent. 'The M-59 peak (loss of acetate) was also present.
Féur more compound; were obtained from the reaction mixture
on column'chromatography at -40°cC. The.first two compounds
were known aromatic compounds” 77 (53%) and 1,M—dimethyl—2,6-‘.
dinitrobénzene (101) (21%). The compound elqtéd next was a
1,4 diene 102 (1H/and 1-:’;C NMR). The IR spectrum showed it
to be an alcohol (3390 cm~') and acetate (1710, 1260 cm™ 1)
and nitro(1525. 1370 cm "1) groups were also present. The
Mmethane chemical ionizakion mass spectrum had a peak at m/e
210 and since the compound was an alcohol the peak was
a§signed to a M-17 fragment. The next compound eluted
from the column was a cyclohexene with its 1ﬁ and 13C NMR
spectra similar to that of 109.' The IR spectrum showed the
pfesence of‘?gptate and nitro groupsf The chemical
ionization mass gpectrum showed the M+1“peak at m/e 349,
Tge czhpound was assigned the tetranitrocyélohexene
structure 103. The adduct 103 is formed frog 99 wﬁile 100
and 102 can be shown to arise from 104 aé in Sc?gme 3.9.

-

-
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NO,, _
AN NO -NO,
SN 2 —c 5
NO, NO, -0Ac 0,
OAc ' H = OAc -
- = 77
N5 0y ~AcOH

3.6 Factore affecting the viability of sigmatropic nitro
7717gh1lft

i *giThe isomerization reactions of the 1,2 and 1,4 adéupts
revealed 2arious aspects of the balance between
reérrangement by a concerted prbcess and by a homolytic
process. In both 1,2 and 1;5 adducts, the homolytic process

appears to involve a cyclohexadienyl intermediate. Both
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[1,5] and '[1,3] sigmatropic shifts of the nitro group have

been démonstrated in the present work. Although both {1,3]1°

-«

and [1,5] shifts are symmetry allowed and they might
potentially occur in the same (cohjpgated?diene) syspem.

" competitive shifts are not observed. One factor favouring

ihe [1,5] shift is that this preserVes‘the conjugated diene‘

system in the product, while the [1,3] shift would result in
the conjugated diene being converted into a 1,9 diene. -

It is to be noted that the only 1,4 diene systems which

exhibit the §igmatropic-rearrangement are those which have a.

conjugatively electron-withdrawing group (C=N) attached to a

vinyl carbon w%ich is at the terminus of thg conjugated
s;stem in the product.

Even thokgh rearr:?kement dccurred,"detection of
isomerized dienes was possible only if the dIenes were
relatively stable. The stability of the dieneé seemed to
increase w;th increasing crowding arand the secondary nitro
group, thus obstructing the loss of a proton from the'diene.
This is evident from the two series of adducts in Scheme

3.10.
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Scheme 3.10 Stability of Conjugated Dienes with a Secondary

Nitro Group

Me Me
H H 0 Me ; 0 . Me « 0
g 00 " 0 0 ’ H O 0
- 0
5 0,N P
< <
67 . . 55,62 65,66
’ AN >
stability
. H < H N
0.1 CN '
~ 2" Ozf
. ) H DAc H OAc
94 88y91
¢ -

Diene 67 was.not observed. Only the aromatic compound

26, resulting from loss of proton from 67 was observed.
Diastereomers 55, 62 were obtained in >f95% yield.but could
noé b & crystallized. Thef %romatized on standing in
' ~sélution. Diastéreomers 65 and 66 with the secondary nitro
. grodp flanked by substituents on both sides were the most
‘,%table dieﬁes in the series. A similar €1end waé observed
”in th; dime;hylbénzonitn;le series. Dienes 94 with an
unsubstitu;ed posit}oﬁ adjacent to the niéro group

a

aromatized readily and could not be observed in greater than

O ’

~
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10% concentration in the réaction mixture. Dienes 88, 91
with substituents on both sides of the nitro group were much
more stable and one of thgm (88) could be crystalliZzed.

. « 4
3.7 Sigmatropic rearrangements in related systems

Support for tge proposal that sigmatroéic
rearrangementg occﬁﬁ in the‘systéms siud}ed in the present
) work is proyvided by earlier observations of sigmatropic
rearrangements in related systems.* There are reports of
nitro groups migrations in N-nitropyrézples (105)120 and-N—
nitro-1,2,4-triazoles (106).‘121’122 }sotope labélllng in N-
nitropyrazoles has.shown'that there is no primary isotop;

effect so hydrogen migration is not the rate determining

step in these rearrangements. (Scheme 3.11) N
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Scheme 3.11 Sigmatropic Nitro Shifts

k]

Ak 0,N /=\"  fast 7\
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1 1 3.7 1 37 72

Scheme 3.11 also 'shows a [1,3] NO, reagrrangement from

*® .
128 Acqording to

v .
N-Nitro“enamines (107) to <-nitro imines.
?'yhe orbital symmetry rules, in cyclic systems the thermal‘
rearrangement has to be suprafacial for the migration

framework and antarafacial (in [1,3) shift) or suprafacial

‘ 1
(1,51 for the nitrogroup.’Eu ) ;

~

In 1,4-cyclohexadienes (108) only the (1,3] nitro shift

~

v
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125 sugéests that

is possible while froﬁtier orbital theofy
the [1,5] shift will be favoured over a [1,3] shift in 1,3~

- cyclohexadiene (108) (Scheme 3.12). .

Scheme 3.12. Sigmatropic Shifts in [(1,3])] and [1,5]

- <
Cyclohexadienes

. . ;
. . .
1,3 shift
s, (Of
By
_ R

X R

»

108 , H .
¢ " X ., .
1,5 Shift . R 2)
R //’//////J?
~X
. \ K ’ ., R
] - 1 * :
¢ 109
s * H X

AN

-~

N Réarrangements‘in 1,4-cyclohexadienes 108 (Scheme 3.12)

are not known. ‘A related rearrangement is known in 1,4-

126,127

dialkyl™~1,4-dihydropyrazines. In the case of chiral

.

—_ 1,4-dibenzyl-1,ﬂ-dihydropyraziqe (110) the rearrangement £o-
\11} occurred with }nversion of configuration at the
migrating group as expected ((Scheme 3f53). 'Thére was a
competing.}adical dissociationlfedombination reaction

~

@ g12i6%) which could be suppressed by addition of butane
.~ ” »
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thiol as a radical scavengér.127

Scheme 3.13 [1,3] Benzyl Shift with Inversion

CHZPh { CH2~Pi'1
. ‘ N, 1,3 benzyl N‘\f 61““H (R)
_______> -

m” N m N g P

Ph.—-%-df) 9
z (S) '
H
110 - 111

Rearrangementsuﬁﬁ conjugated cyclohexadienes,k have been

studied in more detail ; Schiess et al.128’129 have shown.

-

that 1-methyl-1-X-cyclohexa-2,4-dienes (109, R = Me) undergo
1,5 rearrangement by two pathwéys. When X = Me or Ph the
rearrangement occurs by successive ring opening, hydrogen

shift and ring closure. For X = COOCH3, 15% of the reaction

follows the above pat% and the rest occurs by [1,5)]
(4

sigmatropic shift. When X = CHO, COCH3, COPh the.

rearrangement 'is exclusively a (1,51 sigmatropicfshift.129~

They have also shown for'X = COOCH3, that the rearrangement
does not occur by two successive I1,3] shif‘ts.129

Simple Huckel calculations indicate that both f1,é] and
(1,51 sigmatrop&c shifts should be accelerated by a poléf

130 No information is available .for (1,31

migrating group.
shifts but [1,5]) shift of a*formyl group in 1-methyl-1-

. ' - )
formylcyclohexa-2,4-diene occurs in 1h at 188,°C.128 So the

8
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*more polar nitro group should in principle undergo

)
rearrangement below 190°C.

Finaily the effect of the carbon atom which remains sp3
throughout the [1,5] sigmatropic shift in conjugated

cyclohexadiene should be considered. INDO calculations of

(1,5)] H shift in cylcohexadiene show the following
131 '

transition state.

« - 100.6°
— 8 = 65.5°
Y. = 5.00°

The téansition state shows that carbon atoms C; through\\.
C5_(as numbered in the diagram) are approximately in a plane
while the migrating hydrogen and Cg are on the opposite
sides of that -plane. It is akéo evident that the migrating

group has to be pseudo-axial in the reactant and product.

‘Substituents on Cy-Cg will déstroy the symmetry and the

migrating group may not remain equidistant from Cq and C5 in
the transition state. If-Cﬁ is substituted the migrating
group wWill have steric interactions with the pseudo-
;quatorial substituent at.C—6. Thus the size of the
migrating groupﬁand the pseudo-gquatoyial C-6 substituent

will influence the ease. of reaching the transition state and

» v
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thus the rate of the reaction. But the pseudoequatorial C-6
substituent is not'in a position to completely block the
rearrangement. The [1,5] nitro shift observed 1in
nitrodienones may also involve a siématropig rearrangemenf.

This could account for the regiospecificity observed fog the

reaction gnd commented upon in the introduction.

3.8 Aromatization reqctions of 3,3,10-trimethyl-10-nitro-
1,4-dioxaspirols,5]deca-6,8-dien-2-one (19)
3.8.1 Reactions with neat acids and with acids in aprotic
solvents
a) The reaction of diene 19 with trifluoroacetic acid
(TFA) in chloroform-d (Table 3.13) occurred by initial
epimerization which could be followed by NMR. Diene 20 was
the more stable diastereomer and an equilibrium mixture of
19 and 20 was formed, containing 80% of 20. On prolonged
reaction and/or at higher concentrations of TFA and/or at
higher temperaturés, the epimerization was fpllowed by
further reactions of dienes 19 and 20. The rearrangement of

diene 19(20)ix>55(and 62)occurred.and 55(and/or 62) could

be detected in reaction mixture$. This rearrangement

" appears to be acid-catalyzed because the rearranged diene

was~formed much more rapidly in the acidic solutions (26% in
45 'min. at -15°C in neat TFA (Table 3.13); cf. tq,, 4 days
at ambient témperature in CCly). Formation of the 2—méthyl—
2-(2—methyl-u—nitrophénoxy)propanéic acid-(14) and 3:3,6—

trimethyl-1,4-dioxaspirol(4,5]1deca-6,9-diene-2,8-dione (112)
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occurred concurrently with the rearrangement. The
}éa}ranged dieneé 55(and/or 62) grédually aﬁomatized to form
2-methyl-2-(2-methyl-6-nitrophenoxy)propanoic acid (15).

Reaction of dieney 19 with methanesulfonic. acid in
chloroform (Table 3.13) followed a sipilar pattern to that
exhibited in trifluoroacetic acid viz. initial rapid
epimérization to a mixture of 19 and 20 was f?llowéd by the
rearrangement of 19(20) to 55(62) which was concurrent with
the foréation of the U4-nitro acid 14. The rearranged diene

!

55(62) rearomatized torthe 6-nitro acid 15.
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Products from reaction of 19 with neat acids or with acids

in aprotic solvent.

[y

Concentration Reaction .
of acid Conditions 55/
(in CDC13) 12 15 14 112 19 20 62
10% TFA 30 min., 0°C --- —o- oo ---=  20% 80% --
24 h, 0°C -=-  -—= 8% --- 9% 62% -21%
4 days, 0°C 8% 21% 25% --- ~- 27% 7%
33% TFA 14 h, ambient 18%% 39% 32% 11§f —— e -
100% TFA 45 min., -15°C -—=  ——— 12%% ———  143%% 48% 26%
4 days, -15°C 1239 51% 258 1248, -- o= -
1 h, ambient 112% 1732 552 17%%¢ -- Sg- -
3% MeSO5H 2 h, 20°C -1 75% 25% L. e
50% MeSO3H 2 h,  0°C  —-  81% 19% --o o= -om -
3% CF3S03H ca.5 min., 0°C --  75% 25% --- R

a. +3%

No significant change in

the product_ distribution occurred

'when 50% (v/v) methanesulfonic acid was used instead of 3%

(v/v) solution. In the case of the triflic acid catalyzed

reaction, the reaction was so rapid that the intermediate

f

steps of epimerization and rearf}néimgnt could got be

followed.

A notable difference between the sitrong -acid

catalyzed reaction and the reaction in trifluoroscetic acid

is the absence of both the dienone product 112 and the acid
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' -
12 in the strong acid reactions.’
b) Structure’of difnone 112

& The dienone 112 was isolated as a non-acidic product from
the neutralized reaction mixgure of 19 and trifluoroacetic
acid in a yield of 15+5%. The structure 112 was based on
the following spectral data. f;e IR spéctrum of the compound
showed two carbonyl groups. One of the carbonyl groups
(1680 em~T) was.conjugated with a double bond(s).’ No nitro
group was present in the compound ( no absorptions at 1560,
1350 em™ 1), The molecular formula Qas determined as
C14Mi150, based on exact mass (0bs. 208.080 M. '2cy, 1,100,
208.074). The UV absorption maximum ‘at 227 nm (1178 m2molib

suggested an «,8 - 5 unsaturated ketone. The 1H NMR

- spectrum of the compound showed that the gem-dimethyl' group

in 22 was still present, but the signal of the methyl group
on the six membered ring was now broadened by allylic
coupling. Comparison of the NMR spectrum with the spectra‘

als132 finally confirmed

“~

of two regioisomeric quinone monoket

the assignment of structure 112 to this compound

0
6.?1dMeo OMe 1.88 Q{ 0 o_(z‘oo 6.06a Y .
G Hoo H iy G -Gt

D) H
AH H ¢ o H H 6.17m H 6.49m
6:23aa I 2 % 52'£;dd ; 6.66-7 Med \ome
12 ad

L
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Compound 112 was prepared by an alternate route to confirm
its structure. Ceric ammonium nitrate ts known to oxidize

‘hydroquinone dimethyl ethers to quiﬁones via intermediate

qginone bis hemiketals.133 M
. OMe - - 1% ome - | 18,
A} L‘,+
2Ce E : >
2
18 2MeOH

OHe H™ 0" OMe 18 e
‘ - - 0

)

It'was

thought that

if 2-methyl-2-(4-hydroxy-2-

Efthylphenoxy)propanoic (113) ac\s was treated with ceric

ammonium nitrate some of the intermediate could form 112.

B 7 0
ﬁ—COOH H
OCHe,COOH &
\ : 0. _OH 0 0
et
e —>
on Ho " “OH 0
113 112 .

>Meth;ihydroquinone (114) wag treated with chloretone (4)
and base in acetone to give a mixture of 113 and its
'regioisomer (115). The mixture was treated with ceric
ammonium.nitrate to give a mixture of 112, its regioisomer
116 apd ﬁethy%benzoquinone (117). 'The protected quiﬁone 112
was‘sgparated from'other compounds by HPLC. The 'H NMR and
13¢ NMR_of 112 obtained from two different routes were

o

identical.
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~

\& Scheme 3.1} Products from Reaction of 19 with Acids
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;c) Mechag??$‘for the formation of the products of reactions
of 19 with acids.

The pathwaE%‘shown in Scheme 3.14 can account for the
formation of the producﬁs cited above. Protonation is shown

" on the carbonyl group in Scheme 3.14., Another potential
site of protonatioﬁ is the diene system. Dienes can be
p}otonated to give allyl cations. This alternative was
ruled out on the basis of pK, values of the two protonated
species. The pKa of the unsubstituted cyclohexenyl cation
(protonated cyclohexadiene) can be estimat;d to be —1O.Uﬂ3u
The protonated carbonyl of an ester hés pKa of —7.135 Thus
the carbon&l'group is at least a fhdusand times-more basic
than the diene and must be the predominant site of
protonation.

The protonaté% diene can open éhe Jactone ring to give
the ipsé-Wheland intermediate. Ring <c¢losure and
deprotonation would result in the observed epimerization.
The [1,5] sigmatropic shift of’the nitro: group to give
protonated 55(6%) appears'to b; another (slower) réaction of .
the protonated 19(20). The iny other examples known of

,acid catalysis in sigmatropic shifts aré those of the

Q%fisen rearranafment and the !%,5] shift of the benzylic

gr;;p. Syaphoim and Parker136 showed that the rate of

Claisen rearraqgemenﬁ of alkyl phenyl ethers in TFA, was
)

enhanced by. ca. 102, Miller137 has also shown that 6-alkyl-
¢ ) .

6-ben2§1cyclohexa-2.u-dienones undergo a [1,5] sigmatropic
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shift of the benzyl group underpr acid catalyzed

conditions. ~ -
, - ) ‘ ~
Formation of 14 is likely to involve a process of

denitration of the Wheland intermediate toc form the
. N

encounter pair consisting of acid 12 and the nitronium 1ion.
These. can react to form the b-pitro derivative 14, This
pathway would parallel that for the acid-catalyzed

rearrangement of diehone to o-nitrophenols as shown by

CoombesB". An additional pathway to 14 is the homolytic

cleavage of the Wheland. intermediate to form nitrogen

. ¢
dioxide ané\the radical cation of T12.

Once the radical-radical cation pair is formed by

¥

homolysis, the nitrog%p dioxide can combine at the ipso-, U-

»

. and 6-positions. The §té}ic effect which hindered

elecﬁfophilic aqﬁack would also hinder the combination of
the radicals at the 6;ppsition. Combination at the ipso-
position; if it obcué@‘through the nitrogen center of the
NO, radical, cannot bf detecteh. Combination through the |
oxygen center. is also possible but no products derived from
séch a combination were detected. Recombination can also
occur at the 4-§osition, either through nitrogen to give the
Wheland intermediate for.4-nitration or through oxygen
leading to 3, 3#6-—tri.met:hy].-8-:ni trito-1,4-
dioxaspiro[H.S]éeca-6,9—dien-2-one (118) which could be
0

readily oxidized to th& observed spirodienone, 112.

Evidenge for combination of nitrogen dioxide through the

el
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oxygen center was obtained by Detsina et a They showed

that the 180-labelied 1,2,3,4,5,6-hexamethyl-6-

nitrocyclohexa-2,4-dienyl cation (119), -obtained by

‘nitration of hexamethylbenzene with 18O—labelled sodium’

nitrate in fluorosulphonic racid rearranged at 0°C to give a
dienone product 120, where the oxygen, attached to the ring
in the. product was entirely from the nitro group in the

cyclohexadienyl”cation. Complete réfention of the 18O-label

was observed (Scheme 3.15).

'Scheme 3.15 Pathway for the Oxidation of 119 to 120

~
—
NO ) ”
: 2 ON‘/ O
119 s " ) 120

Oxidation of nitrites and nitrates is postulated to explain

-

the formation of side chain oxidation products during

40,139

nitration of highly substituted alkylbenzenes. Benzyl

nitrate was shown to give benzaldehyde and nitrous oxide by
auﬁod;composition:1u0 Similar formation of the nitrite
ester by combination "of the radical cation and nitrogen
dioxide through oxygen and subsequént oxidation of the

cyclohexadienyl nitrite would lead to 112.

Support. for the dissociation recombination pathway(s) is

~
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provided by the formation of 12,.which stggests that some
leakage of the N02+ or N02 species can occur. Further
support is provided by the fact that it is péssible to trap
some of ;he escaped nitro species with mesitylene when the
reaction with tri%luoroacetic acid is carried out in the
presence of mesitylene, *

The ratio of acids 15 to 14 obtained varied with
temperature. This is ‘not surprising since the products were
obtained'by quite different processes. It will be recalled
that nitration of 12 in chloroform in the presence of
trifluorcacetic acid gave only 14 and its further nitration
product 30. This indicates that none.,of 15 formed in the
acid catalyzed rearrangements of 19-can be obtained by a
pathway involving dissgciation of nitronium ion and
renitration. |
3.8.2 Reactions with acias in.methanol

Reéction éf diene 19 with TFA in methanol also resulted
in the initial epimerizat&on to form the 19}50 mixture
(Table 3.14). Subsequently the 6-nitro acid 15 was formed.

The rearranged diene 55(62) was not observed in the mixture

containing\SO% and 75% TFA but was observed in mixtures

“containing 90% TFA. The acids 12 and 14 were not formed at

the lower acid concentration but were formed in 90% TFA._ On

the other hand 2-methyl-6-nitrophenol (10) was formed at the -

Tower acid concentration but was absent in 90% TFA. In

separate experiments it was demonstrated that 2-methyl-2-(2-
f

a .

-
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meth&l—é;nitréphenoxy)propanoic acid 15 was not cleaved bf
75% trifluoroacetic acid in methanol and that thé
nitrocresol 10 wquld not have been*formed from this product.-
At the. lower acid. concentration -(higﬁer methanol
cgncentration) the methanol apparently causes the rapid
conversion of 56 to 15. Methanol could be exbeéted £5 be
effective at deprotoﬁating'the conjugate acid of 55 by
reﬁ%ving the protén %pso to tﬁe nitro group. In,90% TFA
this process is slowed down because the methanol is
efféctively compietely protonated, or at least hydrogen
bonded to the TFA, and 1s not available to act as a base:
Hence‘under this condition, the reaction is similar® to that
in neat TFA and 55 is observed. Again at the lower acid
concentration, éhe methanol can stabilize the transition
state for cleavage of the side chain in the Whe}and

’

intermediate formed by protonation and ring opening.
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Scheme 3.16 Possible Pathways from 19 to 59
) 0
’ OCMe COOH 0
. +
19 s NOZ
. ,MeOH MeOCMeZCOOH
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FMeZCOOH ’ R
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MeOH H
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59

An alternative pathway which involves a sitwmilar ether
cleavage in the Wheland intermediate 1is also ﬁossible
(Scheme 3.16). Both pathways involve initial protonation of
‘the lactone and its unimolepularbopehing to the carbonium
1on. The same proéonation and ring-opening sequence has

11&1

been demonstrated by Salomaa et al. for acidic hydrolysis

of 2—sbbstituted—1.3-dioxolan-u~ones.

The product nitrodienone 59 is independently known to

rearrange rapidly to give 10 "which is observed in the

93. Since the methanol is

products under these conditions
effectively completely bonded to the TFA in 90% TFA, the
cleavage "of the side-chain is suppressed at tﬂis
concentration and it is superseded by the depitration-
renitration process leading to the U4-nitro acid 14 and 12

Ve
(through leakage of the nitro species). The reaction in 90%
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a

TFA parallels the reaction in.  100% TFA in all respects

- .Table 3.14

Products from~réactions of 19 with acids in methanol

A}

Concentration Reaction

of.acid . Conditions ' 55/
(in methanol) 12 15 14 19 20 62 121 10
50% TFA 3 days, ambient --. 52% -- == U48%% —- -~ traces
“ .
75% TFA 20 min., 0°C - -= - 20% 80% =-r -~ —c2e—e -
3 days, 0°C — —e -2 20% * 80% —= = mme——e-
3 days, ambient -- 26% --., -= 57%% = -~ 17%
90% TFA 10 min., 0°C - -= -=35% 65% -= == —-eme-
5 h, 0°¢C 12% 24% 32% --  —= 32% -g -——---
rs
3% trifiic 30 min.,ambient - 9% 9% 21% 619 —= o= —mmme-
acid - D I ,
0.01M H,50, 4 days®,ambient- =-- =-- =-= -- -- 70% 30%
8.05M H,50, 4 days®,ambient- =-- -- =-- --  -- 63% 37%
0.5M HySO0y 2 days®,-ambient-' -- -- -= -=" - 25% 753

Y

a. Yield of 19 and 20
b. .in chloroform-d containing 3% methanol
e. Half-life

except for the absence of’the spirodienone 112. Less 2-
methyl—6—nit;ophenol (10) is formed in 50% TFA'than in 75% -
TFA. This suggests that in t%ﬁ competition between
rearrangement of the protonated 19(20) to 55(62)'and'the’
ring opening and cleavage of £he Whelana intermediate to the ;

déenone. the latter process is favoured at the higher acid |

*
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concentration. ' - ¢

Reaction of 19 with sulphuric acid in methanol was
similar to the reactions—with 50% ahd 75% TFA in methanol.
Formation of 10 and methyl 2-methyl-2-(2-methyl-6-

nitrophenoxy)propanéate 1121) occurred (Table 3.14). The

oo

latter compound is most likely formed by esterification of
Ehe corresponding’acid 15 (which is the product obtained in
TFA catalyzed react%ons). It was demonstrated that the acid
15 esterified rapidly whi% treated witég sulphuric acid in
methanol to give the ester 121. As in the reactions with
TFA in methanol, higher:acid concentrations led to an
increase in the amount of the nitrocresol formed and a
corresponding decrease in the amount of the ester 121, and
the same explanation as that proposed in the TFA case is
proposed for this.

The reaction of 19 with 3%\(v/v3 triflic acid in
chloroform containing 3% (v/v) méthanol (Table 3.14) showed
the marked effect of methanol on the course of the reaction
(c.f. Table 3.13). Both the rearrangement and the
denitration pathways weré’slowéd down and the reaction

-

barely proceeded beyond the gpfmerization stage over the

time that it.was observed.

3.8.3 Reactions of 19 with sulphuric acid in 1:9(v/v) water

and acetone-d6

“yer.

When 19 was treated w¥fh sulphuric acid %p agqueous

acetone, 1initial epimerization was observed, gut the
~ - " -~ . v

A




{f

205,

¢

relative amounts 9f 19 and 20 could-not be determined.
Furtfer QZaction gave two aromatic produets which were
identified as the 6-nitro acid 15 and the 2-methyl-6-
nitrophenol ester 58. With O.C1M sulphuric acid 15 (83%) and
58 (17%) were obtained. “"With more'concentrated acid (0.5M),
£he ratio of the amounts of 15 and 58 changed to 54:46.
Formation of 6-nitro, substituted products suggests that
initial epimerization is followed by isomerization to 55(62)
which aromatizes to the observed products. As in the case
of reactions carried out in~methanol, products arising from

dissociation-recombination pathway(s) were not observed.

Moreover, unlike the reactions in methanol, ,the side-chain

cleavage (formation of 10) did not occur. In relatively.

non-polar solvent, the concentration of the Wheland
intermediate would be reduced and thus its cleavage to the
d%enone ;s not probable. The disséciation recombination
pathway of the Wheland intermediate leading to 14 and
possibly 12, obviously requires much more strongly acidic
conditions and much higher concegtration of the Wheland
intermediate than even the side-qhain eleavage. )
"Since 55(62) is not observed in the reaction mixture,
deprotonation‘of 55(62) must be a fast reaction; Hence the
half-1ife of the reaction with 0.01M sulphuric acid (2 days)
must be‘the\half;life for the (1,51 sigmatropic nitro shift.
This half-1life is comparable to the half-life fof

]

isomerization (3 days) in neutral solvents. It is

-
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intereiling to note that acid 'catalysis of [1,5] shift which
was observed Zn'neat TFA is not observed in protic solvents.
A likely explanation is that the solvént éompetes
effectively for the acid i.e. the solvent exerts a
levelling effect on the acid and the concentration of the

2
conjugate acid of ‘19 is much lower than in aprotic solvents.

3.8.4 Reaction with boron trifluoride

- .

Attempts were made to bring about the 1,2 shift of the

nitro group in diene 19 (gf. p 19) by reaction with a
variety of‘acids in both hydroxylic and aprotic solvents.
In all cases pr§ducts of a formal 1,3 nitro shift either by
denitration-renitragtion, or by a [1,5] sigmatropic
rearrangemeﬁt, were obtained but no [1,2] shift product was
observed. With an oxygen substituent on the aromatic ring,
the [1,2] nitro shif£ leading to products with the nitro
group meta to the oxygen substituént is an high energy
process. Thus the absence of such products is not
surprising. Boron trifluoride gas was bubbled for 2 minutes
through a chloroform-d solution of 15 at -60°C. The product
of a [1,2] shift, 13 (7%) was observed by TH NMR (?50M Hz)
and 15 (54%), 14 (31%) and 12 (8%) were observed as well.
The‘compounds were identified by the chemical shift of the
gem—dimethyl‘grdup on the sade chain and confirmed by GC.
Formation of 13 suggests that the boron-trifluoride adduct

of the lactone is a higher energy intermediate than the

protonated lactone. This will make it less selective than
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the protonated form and thus give some product of [1,2]

nitro shift. //’

Scheme 3.17 [1,2]1 Nitro. Shift in the ﬁeaction of 19 with BF3

.
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3.8.5 Attempted solvolysis in aqueous methanol

In 70% aqueous methanol at 45°C, 19 gave 15 (43%) and
uﬁreacted 19 (57%) after 2.5h. Thus the (1,51 nitro shift
followed by ring opening was the onli‘reaction and no
solvolysis occurred. No epiperization occurred under these
conditions, demonstrating that the reaction requirés acid

catalysis.
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3.8.6 Attempted cycloaddition with tetrécyanoethylene and'
nitroethylene

Since 19 is a conjugated diene, cycloaddition with
reactive dienophiles was attempted. Nitroethylene did not
react with 19 af}er 24 h at ambient temperature. Wi?h
tetracyanoethylene in tetrahydrofuran-ds'some reaction of 19
was observed after 24 h. The reaction mixture was left at
ambient temperature for 15 days and the acid 15 (18%) and
the ester 58 (72%) along with some unidentified cg%bounds.
were observed. Since 55 gives a comparable amount of 58
(70%) in the presénce of tetracyanoethylene, the reéction of
19 clearly invqlves an isomerizat%on of 19 to 55 and

subsequent aromatization.

3.9 Aromatization of 10-methyl-10-nitro-1,1u4-
s

R S

diozaspirol[4,5]deca-6,8-dien-2-one (25{
3.9.1 Product; from reactions with trifluo;oacetiC\ecih and
with trifluoroacetic.acid in chloroform-d
a) Epimeriz;tion‘ -

Diastereomers 25A and 25B coult be equilibrated by
reacting each of the adducts wi%h‘1% (v/v) TFA 1in
chloroform-d at 0°C. The epimerization was slow under these
conditions. The equilibrium mixture (25A -31%, 25B -69%)
was obtained from 25A after 14 h while startfng from”ZSB it
took 24 h to reach the same equilibrium mixture. At higher

%
concentrations of TFA, epimerization was faster but

aromatization began to compete. Diene 25 aromatized more
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ith 10% TFA+in

ﬁapidly than 19 which could be epimerize
chlorgform-d without{compiications. The only ference
between 19 and 25 igé%he gem-dimethyl group. Thiys gem-
dimethyl ‘group must be responsible foy the'cha ge in
staQility towards aromatization in éoing from 19 to 25.

b) Aromatization ° ‘

Aromatic products from reaction§ of ?5 with TFA are shown
in Table 3.15: At low concentrations of TFA the Bnly
obserQable processes occurring were epimerization and [1,5]
nitro shift of the conjugate acid of 25. Only 26 was
observed as the final product. fhe isomerized diene 67
(analog of 55) was not observed during any of *the reactions
although it must have.been formed és an intermediate. It

will be recalled that 67 Qas not observed in the thermal

isomerization reactions (p. 185), the ring opening process

-
o~

leadigg to 26 presumably being faster than the rearrangement

step. The same situation pertains in acid.-

Table 3.15 g

‘Aromatics Products from reaction of 25 wiip TFA

Reaction conditions . 18 24 26

5% TFA/CDCl3, 24 h, 0°C 5-- -- 100%
. <

% TF4/CDCl3, 3 h, -20°C T - 100%

25% TFA/CDCl3, amb. temp. * 5% 15% 803

100% TFA, amb. temp. 5% 15% 80%
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At higher concentrations of the acid (25%), -the (1,51 nitro
shift is still the major pathway of reaction but denitration
and renitration leading to 18 and 24, respectively, aflso
occur. Fﬁrther increase in.the agid concentration, up to
100% TFA, does nét'affect’the product rétio. A complication
in this case is that 18 is nitrated at both the 4- and 6~
positions in TFA. So whenever 24 is formed in the reaction
mixture some 26 must also be formed .from the same
renitration path. Note that nitratjon of 18 in TFA-
chloroform-d leads to 6-nitro (26) as well as u-nitFp (24)
products and the ratio of 24:26 is 60:40. The mechanism can

be shown as depicted in Scheme 3.%8.
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Scheme 3.18 Pathways for Aromatization of 25 under Acidic

Conditions
7 i 0
0 0 ‘ OCHZCOOH OCHchOH
NO NO . +
2 lilll > , NO,

5%

/2
[—_4? OCH,COOH

0 0 : 2
NO : X
2
_ NO,, ,
70% .y . )
O |
/ : 107 15% |
_ Y - /
OH o
0 ; OCH, COOH : OCH,, COOH
0N O N
I, —
~
I
- | 26 oy NO,

Numbers above the arrows indicate % product formed by that

route in > 25% TFA.

3.9.2 Reactions with sulphuric 'acid

Diene 25 reacted with O.1Mlsulphuric acid in methanol or
with 0.1M sulphuric acid in 90% aqueous acetone at ambient
temperature to give the nitrocresol 50 as the only product

in both cases. The corresponding acid 26, when treated with

t
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sulphuric acid in methanol under the same conditions, gave
methyl (2-m§thy146-hitrdphenoxy)acetate (122) as the only
product. With sulphu;ic acid in aqueous acetone under the
same conditions 10 (8%) and unreacted 26 (92%) were
obtained. Thus the }b,is not a secondary prdduct formed
from 26 under;the reaction conditions. It must be formed by

4
dealkylation of some intérmediate formed from 25.

3.9.3 Reaction with boron trifluoride
, The aromatization of 25 was complete in 40 min at -40°C
with boron ‘trifluoride. The only product was 26. No

denitration-renitration or [1,2] nitro shift occurred.

3.0 Reactions of 3,3,8-trimethyl-8-nitro-1,4-
dioxaspirolu,5]deca-6,9-dien-2-one (52)

'3.10.1 Attempted solvolysis of 52

When‘52 was heated in aquegus methanol at 60°C, the
nitrocresol 51 (18%) and unreacted 52 (82%) were obtained
after 30 min. When thg reaction was carried out for 4 h, 51
_(éOi) and p-cresol (20%) were obtained. The reaction was
repeated in presence 9of tris(hydroxymethyl)aminomethane
(123) and in the presence of urea but the same relative
amounts of the two creésols wére obtained. The nitrous acid
traps eliminated any pbssibility of'solvolysis of nitro
group and subsequent nitrous\acid catalyzed hydrolysis of

the lactone, Thus lactone hydrolysis leading to the dienone

1284, followed by thermal homolysis of the C-NO, bond and
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recombination at the o;tho—position, is the_rdute leading to
the products (Scheme 3.19). Myhre85 has shown that 4=
methylau—nitrocyciohexa—Z,S-dienone (124) aromatizes by a

radical path under neutral conditions.

Scheme 3.19 Hydrolysis and Subsequent Aromatization of 52

0 - 1 '
\>_</ Clie,,COlie ,
0o 0 / '
¢ OH 0
e OH
—_——
124
NO - .
2 . R .402 | N02
52 /
OH OH 0 i
L NO,, '
O O
7 ‘ 51 - . —

3.10.2 Reaction of d{ene Sé with apids in non-hydroxylic
§olyeqts
Reaction of diene 52 in 50% (v/v) trifluoroacetic acid in’
chloroform-d gave 51 (20%), 7, 2-methyl-2-(4-
methylphenox?)propanoic acid, (1) and 2-methyl-2-(4-methyl-
2-nitr§phénoxy)propanoic acid, (54) (70%). Comparable
results'were obtained in 75% TFA and in 100% TFA and the

only noteworthy change which occurred when the strong acids,

e
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methanesulfonic acid and triflic acid, were used to induce
the aromatization of 52 wés that a small amocunt of 2-methyl-
2—(u-methyl—3-nitrbphenoxy)propanoic acid 1§ was also
formed. The cresols 7 and 51 ére formed presumably via
protonation, ring opening to,the Wheland intermgdiate and
side chain cleavage to form the dienone (112) which is known
to aromatize to 7 and 51 under neutral or weakly acidic
conditions. (Under more strongly acidic condi%ions,

renitration of 7 occurs and only 51 is formed from the

dienone). ’

Scheme 3.20 Formation .,of Cresols from 52 under Acidic

Conditions

0 ' oH :
0 é jj—i4g ‘ - OClie,COOH

4

OH OH " QOH 0
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L}

In the above sequence a unimolecular—cleavage of the
. 1

side chain in the Wheland intermediate is proposed. This
! )

would explain the approximately constant fraction of the

nitrocresol formed under a“wide range of acidic conditions

’ The other products 1 and 54 also arise by a

(Table 3.16).
unimolecular reaction of the same intermediate to form the
encounter pair of 1 and the nitronium ion which i) renitrate

to give 54 or ii) dissociate to give free 1 and nitronium

i10n.

-
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Table 3.16
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Products from reaction of 52 with acids in non-hydroxylic

} -
solvents

—r

Reaction Conditions 51 7 1. 54 16 other

50% TFA/CDCl3, 24 h, 204 ca.5% ca.5% 70% -- -——

amb., temp. )

75% TFA/CDC13, 7 h, 2%% traces traces 75% -- -

amb. temp.

100% TFA, 8 h, 0°cC 20% ———- 144  66% -- -

CH,SO,H(neat), 15 min. 20%  ——-- 16% 56% 8% —
323 )

10°¢C

CF3S0 H(neat), 15% ———— 15¢  63% 7% -—

ca. 10 min., 0°C

50% TFA/(CF3C0)50, 100%% - -_— _— - -

28h, 0°C

100% TFA/trimethoxy- e ———— 7032 303 __ e

benzene, 9 h, 0°C

100% TFA/mesitylene —e— ———-  36% 55% —- 934

1 h, amb. temp.

A O O R

nitromesitylene

formed by intermediate formation of 54
relative amounts
nitrotrimethoxybenzene detected by GC
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&

Scheme 3.21 Denitration—Renitration Pathway in the Reaction s

1

of 52
NO,
OCMe,COOH OCMe,COOH / 54
52 = _ N0

OCM82COOH .
02 ‘ \ L : ‘
$ 7 ’

. . 1

;"\‘ N
Some of the nitro acid 54 must be formed by renitration

of the acid 1 foilowing escape of the nitronium ion from thg
encounter pair, since, when the reaction of 52 in 100% TFA
was carried out in the presence of mesitylene (or .
trimethoxybenzene) tpe amount of 1 ‘was inéreased
substantially while that of 5%—was decreased and some .
nitromesitylene (or nitroﬁrimethoxyﬁénzene? was formed.

However only a portion of the escaped nitronium ion could be

—

trapped in the expe;iments aqﬁ the reactions must be more
complex than has been proposed.

It has been observed earlier that the [1,2] nitro shift
in-the oxygen-substituted/gitrocyclohexadienyl cation 1s not
a favoured procéé% although this is a predominant pathway of
reaction 1in 6ther substituted nitroczclohexadienyl cations.

The oxygen substituent stabilizes the cation with the charge
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conjugated with the oxygen'lone pair. The cation from the
[1,2] shift process is not similarly stabilized and thus
there is a considerable barrier to the process in the system
containing the ether substituent. However thé incursion of ’
the [1,2] shift process can be detected in the reaction
catalyzed by strong acids.

When 52 was reacted with a mixture of trifluéroacetic
acid and trifluoroacetic anhydride, the acid 54 was formeq
as the initial product, which subsequently slowly cleaved at

the side—chain to form the nitrocresol 51.

3.10.3 Reaction of 52 with acids im protic solvents

At lower concentratiéns of TFAn 52 was quantitatively
converted to the dienone 124, which could be observed in the
reaction mixture and which then aromatized to 51. IntSO%
TFA, p-cresol (5%) was also detected. At very high
concentration of the acid, the amount of 51 decreased while
that of 7 incrgased (Table 3.17). Even with only 1%
methanol 52% 51 was formed and only U48% of 54 was obtained.
The route to 58 is presumably similar to that described for
reaetions in non-hydroxylic solvents : unimolecular
gissociation of the Wheland intermediate into the encounter
pair and renitration. However there ﬁust be an additional
pathway to the dienone since this is formed to much greater
extent than in the non-hydroxylic solvents and is formed as

the major product even when only 1% methanol is present.

Such a pathway has been suggested for the 2-methylphenoxy




series :

-

— leading eventually to the dienone.

0 OMe
MeOH
- HOCMe COOH

OMe
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capture of the Wheland intermediate by methanol,

Evidently the unimolecular fission of the nitronium ion in

the Wheland intermediate from the 4-methylphenoxy series is

less competitive with methanol capture of the intermediate

than is the case in the 2-methylphenoxy series.

Table 3.17

Products from reaction of 52 with acids in methanol at 0°C

Acid Reaction 124 51 7
Concentration Time

50% TFA, . ‘24 h 100% - _———

3 days _—— 95% 5%

75% TFA, 105 min 100% - -—

- 24 H —_—— 100% -

95% TFA, 4 h -——— 72% _—

99% TFA, 4 h ———— 52% _——

0.5M H,S0y, 3 h 100% R

a ———- 891% 11%

54

a. at ambient temperature

bt ot ki | i i) b
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’

Reaction of 52 with sulphuric acid in meth#&nol was
similar to the reaction with T%A in methanol. First the
dienone 124 was obtained and subsequently 7 and 51, Rgacg?;n
of 52 with aqueous sulﬁhuric acid in acetone was also
similar. 'The dienone 124 was formed and it aromatized to 7
and 51, ‘

3.10.4 Reaction of 52 with boron trifluoride

The nitro group in the <fpso-Wheland intermediate obtained
from 52 underwent [1,2] migration in methanesulphonic acid
and triflic acid to give the 3-nitro derivative 16 (7-8%).
If the argument made earlier were in fact correct, the-boron
trifluoride adduct of 52 would be less selective than the
conjugate acid of 52 and give more of 16. When a solution
of diene 52 in chloroform was treated with boron trifluoride
gas, aromatization to give 16 (19%), the product of [1,2]
nitro shift was observed along with 1 (19%) and 54 (62%).
Observation of 13 in the reactign of 19 with boron

trifluoride need not be surprising in this light.

3.10.5 Reactions of 52 with bases

Diene 52, with acids, gave the dienone 124 very readily.
To test whether the lactone was Tyerolyzed in bases as well,
52 was treated with sodium methoxide in methanol. With 3
. equivalents of sodium methoxide at -20°C, dienone 124 (60%)
and a monomethoxy adduct 126 (40%) were formed after 30
minutes. With 1.1 equivalents of methoxide at 0°c, 124

(314), 126 (59%) and 51 (5%) were obtained after 5 min from
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52. When 5 equivalents of methoxide was used at 0°C p-
creséﬁ (1%), monomethoxy adducts 125 (21%) and 126 (40%) and
the dimethoxy adduct 128 (33%) were obtained after 1 h at
0°C. After 7 h at 0°9C, with 5 eqdivalents of methoxide 125
(13%), 126 (67%), 127 (5%) and 128 (15%) were obtained.

The dienone 124 was independently reacted with methanol
and five addition compounds were obtained. These were
separated by column chromatography and by fractional
crystallization. There were two monomethoxy adducts (125
and 126) and three dimethoxy ,adducts (127, 138 and 129).
The monomethoxy adducts were shown to contain a conjugated
carbonyl group by 13C NMR (194.8 and 194.0 ppm for 125 and
126 respectively) and IR (1685 em~' and 1675 em~! for 125
and 126 respectively) spectroscopy. The methoxy group was
idgntified by its characteristic 13C and 1H chemical shifts,
The presenée of a nitro group was confirmed by IR and that
of a methyl group ipso to the nitro group was indicated by
3¢ and 'H NMR. The 'H NMR spectrum also indicated the
presencd’bf a double bond with two vinylic protons having a
vicinal coupling constaht of ca. 10 Hz (10.8 hz in 125 and
10.5 Hz in 126). The Ty NMR also indicated a methylene
group with magnetically non-equivalent protons coupled by a
geminal coupling constant of ca. 17 Hz (16.9 Hz in 125 and
17.5 Hz in 126). The chemical shift of the methylene
protons suggested that they were adjacent to the carbonyl

group. The spectral data suggested that 125 and 126 were
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formed by 1,4-addition of one equivalent of methanol to éﬁe
dienone 128 and thus they were assigned as diastereomers of
5-methoxy-4-methyl-4-nitrocyclohex-2-enone.

The three dimethoxy adducté were shown to.contain a non-
conjugated carbonyl éroup as indicated by a downfield shift
(relative to 125 and 126) in the carbonyl carbon signal
(201.9, 203.3, 204.3 ppm in 127, 128 and 129 respectively).
The 1H NMR indicated that no vinylic hydrogen atoms were
present and the 13C NMR confirmed that no carbon-carbon
double bond was present in any of éhe adducts. The 1H and
13¢ NMR further suggested that the two methoxy groups were
equivalent in 127 and 129 while in 128 two methoxy carbon
resonances and two methoxy proton resonances were opserved
;ndicative of é non-symmetrical molecule. Each of the
adducts had two pairs of geminally coupled protons, the two
pairs being equivalent in 127 and 129 and_non-equivalent\in
128. The chemical shifts suggested thaf both the pairs of
methylene protons were adjacent to the carbonyl group. Thus
the three adducts 127, 128 and 129 were assiéned as
diastereomers of 3,5-dimethyl-u—methyl—u-nitrbcyclohexanone,
obtained by 1,4 addition of two equivalents of methanol to
154. The relati;e stereochemistry of the adducts was deter-
mined by using the Y-gauche effect described on page 171,
In the case of the monomethoxy adducts 125 and 126, the
methoxy group can be 2i3 or trans £to the methyl group. When

it is 2793 to the methyl group, the two groups will always be

-
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. : L
" gayche to each other. When it is trans to the methyl group
) (b2

tng two groups will be'anti to each other in the preferred
conformation. Thus the metﬁyl carbon in the adduct where
%he methyl and the methoxy groups are cis should resonate at
a higher field than in the adduct where the two groups are

trans.
; -

. 4 « - .
The asymmetrical dimethoxy adduct 128 will have one of ~©

the methoxy ‘groups ‘trans to the methyl group and the other

one will be eis. Following the same reasoning as for the
monomezhoxy adduéts, in the symmetrical dimethoxy adducts
127 ;nd‘129, the methyl group in thé.adduct where both the
" methoxy groups are cis to the methy} group will resonate at
a higher field than in the adduct where the two methoxy
groups are trans to it. The relative stereochem@ttry of all
the adducts could be assigned on the basis of the above

It
reasoning and 1is shewn in Table 3.18. The difference

between the methyl carbon shift in 127 and 129 is twice the

corresponding difference 1in 125-and 126. Thts would be

expected since the substituent effects on 13C chemical

shifts are generally additive.
A

w

K
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Table 3.18
Relafive steréochemistry of methoxy adducts
OMe
0 OMe
92 ] OMe
H v H
Me
H
- gauche . - anti 'gadche—gauche
L 125 ) 126 P 127
OMe
) gauche-anti ' anti-anti
128 \ 129
' * S
Such 1,4 addition to cyclohexadienones generally leads to
22 '

aromatic products““, but some adducts similar to the methoxy

ad&hcts apove (125-129) have been isolated and are shown

H)

below.
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le0 OMeCozEt MeO OMe NO

2 N0,
MeS SMe
CO2Et - OH OMe
I N0, NO
0] 0 o) 0 2
Ref. 1U42a Ref. 142b Ref. 1429 Ref. 62

Other bases which were reacted with 52 were potassium
hydroxide, sodium hydroxide and N,N—diisopropylethyiamine.
When treated with potassium hydroxide in acetonitrile at
0°C, 52 gave 124 (50%) and unreacted 52 (50%) after 1 h.
When the reaction was carried cut in the presence of 18-
crown-6, 51 (36%) and 7 (64%) were obtained after 8 h at
0°c, Dienone 12u'and the isomers of 5-hydroxy-4-methyl-4-
nitroéyolohex—%—enone (130) were obtained by the reaction of
52 with sodium hydroxide in 50% aqueous acetonitrile. The .
strlicture of the hydroxy compound was assigned by domparing
the Ty NMR speptrum,with those of\fme corresponding methoxy
adducts. Thexcompound was nq£ isolated or characterized.
Treatment of 52 with N,N—diisopropylethylZ}mine in 50%

aqueous acetonitrile gave 124 and 51.

3.11 Comparison of aromatization reactions of 19, 52 and 25

The lactone riné, which is a common feature of 19; 52 and
25 is a substituted 1,3-dioxolan-4-one (131), Thus it can
be looked upon as both a ketal and a cyclic ester. In 2-

sgbstituted-1.3—dioxolan-uéones, the- ring exhibits
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reactions, under acidic conditions, which are due td the

ketal function.“H “A unimolecular cleavage of the conjugate

»
acid of the ring occurs in the presence of acids, which is

~ - 7

equivalent to alkyl-oxygen cleavage of the ester function.

M H' HESH

’ OXO — 0 0 \_____"‘——\‘__ HOO OI'*l'
. X, A
. 131 ’ ~

Ketals are insensitive to bases, and under these conditions.,
the ring exhibits the reactions of an ester. Ester
hydrolysis by acyl—oxxéen cleavage to give a hemiketal

intermediate: occurs. Since the hemiketal iswextremelf

sensitive to ba§é. it uhdergées further hydrolysis to give a

— ‘ \/L—-cox
\/\__,( . < ‘/X o cox

><

R R

131

carbonyl compound.

= o ol T ot
>§1 %J /U\R'

‘

Under basic conditions, 52 was-hydrolyzed to the
corresponding carbonyl compound, the dienone 124, Hence the
lactone ring dges béhave as an ester under tﬁese.conditions.
Attempts to demonstrafe a similar reaction for 19 were not
conclu51ve probably due to the unstable nature of 6-methyl-
6 nltrocyclohexa 2, u dlenone (59) (whereas 124 is stable up

o

to 0°C 59. decomposes above -40°C). The base catalyzed
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hydrolysis of the spirodienes has been used as a preparative
method to synthesize H,ﬁ—dimethy1cyclohexadienone from 8-
bromo—3,3,8—tr}methyl—1.N—dioxaspiro[u,S]deca—6,9-dien-2—one
(2), involvihg displacement of bromide by LiMe,Cu and
subsequent hydrolysis.m3

Undér acidic conditions when R and/or R' are alkyl

groups, the ring opening step is followed by dealkylation to

give a ketone or an aldehyde.

_ HOClie ,COOH
;}__SQ H* +0 >Z€OOH : o+ 7
;?g' : R A R' R/“\R'
131

In the compounds studied R and R' form a cyclohexadiene ring
which can delocalize the positive charge on oxygen.

CliepCOOH
e

+0 0CMe,COOH
o, . \
< 7 lJO 2
: 132 '
Clie,COOH
0 ' 0CMe,COOH
I v
133
NO» / MO,

Al




228.

Comparison of the acid;catalyzed reactions of 19, 52 and 25
under similar conditions show that

i) diene 52 has a marked preference for cleavage of the
side-chain to give the niérocresol 51 as a significant

*

product and, in hydroxylic solvents as the major product.
ii) the reaction of dienes 19 and 25 are complicated by
competition Setween [1,5] sigmatropj; shift of the nitro
group and the denitration-renitration process to give the 4-
nitro derivative. Side-chain cleavaée was, at most, a minor
reaction of 19 while 25 .underwent side chain cleavage only
in hydroxylic solvents and then quantitatively. The
sigmatropic rearrangement was relatively more important in
the case of 25 than in the case of 19, since at low
acidities 25 gave only the 6-nitro acid 26, the product from
the rearrangement process, whereas 19 gave both the 4-nitro
acid 14, the denitration-renitration product, as well as the
6-nitro acid 15. Even at high acidities the 4-nitro acid 24
was a minor product from 25 whereas the analogous 14 was the
majbr product from 19.

The preference for ﬁhe rearrangement process in 25 may
be attributed to the absence of the gem-dimethyl group 05
the lactone ring which may inhibit,'to some degree, the
rearrangement process in 19. The formation of denitration-
renitration products 14 and 54‘frg@ 19 and 52 respectively

may be attributed to the delocalization of the positive

charge into the cyclchexadiene moiety of the ring-opened.
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oxonium ipn intermediates \132 and 133 respectively). This
should impart some Wheland intermediate character to“&he'
interﬁediate which then undergoes cleavage of the nitro
group aslnitronium ion. It appears from‘the above
discussion that i) the gem-dimethyl group decreases the
reactivity towards 1isomerization, ii) the
spirocyclohexadiene moiety modifies the reactivity of the
1,3-dioxolar-4-one ring in‘a;id catalyzed reactions and iii)
tFe intermediate 132 derived from 19 which has t@o adjacent

fully substituted, sp3

carbon atoms, has a greater tendency
to undergo denitration-renitration reactions than the
intermediate 133 formed from 52 which has the fully

P
substituted sp” carbon atoms separated by a double bond.

3.12 Conclusions

This dissertation describes the nitration of
substituted o-methylphenoxyalkanoic acids. These substrates
undergo ipso-attack by the nitronium ion at the methyl
substitdted‘o-position to give conjugated sﬁﬁ}odienes.

This is the first report in'which adducts are formed by
ipso-nitration-ortho to the directing substitutent group.
This work also extends,significantly the number of

conjugated diene adducts known.

LY

The conjugated spirodienes undergo a novel thermal
isomerization by a [1,5] sigmatropic shift of the nitro
group to give conjugated dienes with a secondary nitro

%roup. This is the first time that such derivatives have
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been isolated. The concerted [1,5].shift is accompanied by
a radical epimerization reaction which can be suppressed by
radical scavengers. The non-conjugated diene adducti
studied generally do not unaergo nitro group rearrangement
under thermal conditions. The only exception found in this
study is that of 1,4-adducts with a nitrile group conjugated
with the diene 'system in the product. Such adducts undergo
a‘stereospecific [1,3] nitro shift. The resultant dienes
with a secondary nitro group have also been isolated. The
nitro group rearrangements studied involve a carbon to
carbon nitro shifé which has been observed for’the first
time. Previously réported sigmatropic nitro shifts are from
nitrogen to carbon terminus.,

Acid catalysis of the sigmatropic nitro shift in the
conjugated spirodienes 1is observed in the presence of
trifluoroacetic acid or~stronger acids only in non-
hydroxylic solvents. Examples of acid-catalyzed sigmatropic
shifts are in fact rare. The conjugated spirodienes also
undergo epimerization and a 1,3 extramolecular nitro shift
by denitration-renitration sequence. The denitration
product can be isolated and the escaped nitronium ion can be
trapped. This is the first example.where the nitronium ion
ejected from tpso-14ddusts Mas heen tranned. Whereas 1,3
nitrn shifts in ipso-adducts obtained from aromatic ethers
are common under acidic conditions, the 1,2 nitro shifts in

(]
v
the spirodienes under Lewis acid conditions to give m-




‘3

231.

nitroaromatic ethers are obsqréed in this work for the first:
time.

The acid-catalyzed denitration—renitration sequence can
be suppressed under appropriate acidic conditions fér the
conjugated dienes studied, when regiospecific formation of
6-nitroaromatic products is observed.‘ For the non-
conjugated spirodiene studied, the aenitration-renitration
sequence can be suppressed toc give quantitative aealkylation
to H-methyl-U-nitrocyclohexa-2,5-dienone. This dienone can
also be obtained from the diene under basic conditions and
the mono- and bis- adducts of.-the dienone with methanol have

beer 1solated and characterized.

3.13 Possible directionsg for further research

The rearrangement and aromatization reactions of the
spirodienes and other conjugated acetyl nitrate adducts have
raised several points which are worth further investigation,
The present work incorporates mainly product studies while
more kinetic studies wouyld help in quantifying the results
and allow a better understanding of the various competing
processes in both the rearrangement (concerted and radical
processes) and aromatization (acid-catalyzed sigmatropic.
shift, epimerizatiok, denitration, etc.) reactions. A few
suggestions for future work are made below.
Kinetic studies
i) ReafTangement of 1SN-labelled 19 can be studied £3

measure the isotope effect on the [1,5] sigmatropic nitro
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shift which should be preseant in a concerted reaction. This
would confirm the propo{ed sigmatropic nature of the
rearrangement. On the other hand if tﬁere is a caéed-
radical pair ;nvolvedﬂ théu15N-labelled diene may exhibit
CIDNP effects in the 'ON NMR. '
ii) Comparison of rates of aromatization of ihe
isomgrized diene 55 and its deuterated analog 56 in
tetrahydrofuran may reveal the relationships between the
routes leading to 15 and 58 with the possibility of
observing even some isotope effect,

Mechanisgic studies

i) Diene 52 gave 20% 16, the product of [1,2) nitro
~shift, on reaction with boron trifluoride. Such a high
proportion of m-nitro der{vatiQe of aromatic ethers in an
electrophilic process iE.exceptional. It is worth
investigating any possible relationghip between the'Lewis
acid strength and/or the length of the alkyl chain in the
aryl alkyl ether and the (1,2] nitro shifg, since there are
not many.routes to m-nitroéromatic ethers.

ii) Dienes 19 and 52 could nitYate mesitylene in neat
trifluoroacetic acid.. This is similar to tranéfer\
nitrations reported by Olah.88 Olah's studies showed that
nitration of tolgene with 9-nitroanthracene gave
predominantly éhe p—nitz; isomer 1indicating that ghe
nitrating species may.yg the conjugate acid of 9-

A\ S

nitroanthracene instead of a free nitronium ion. Similar




distinction of the nitrating species may be possible in the
present case if a suitable substrate is used. )
iii) ESR studies and—radical traps may be used to
confirm the proposed radical dissociation recombination

mechanism for the formation of 112 from 19. Dienes similar

to 19 can be studied to see if this reaction is a general

»

case.

Product studies

i) The carbonyl group in the lactone ring of the
spirodienes pltayed a major role in the acid and- base
catalyzed reactions of_the diene. If the carbonyl group can
be reduced to give a lactol or even a cyclic ketal, the
reactivity of the ‘diene may be markedly affectéd and may
display new routes to aromatic products.

ii) The heteroatom in the side chain may be varied or

the side-chain may be so substituted on the ring to give

fused lactones.
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R R' R' O R' .
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Y
HN 3/ v 2 ) 2
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~
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H \CHZ)n
°
0
n = 192 Y = Clv Br) F etC.
iii) The [1,5) sigmatropic nitro shift has given access

to 2-(2-methyl-6-nitroaryloxy)-2-methylpropanoic acids and
Y-t-butyl-3-nitrotoluene which are not obtained by direct
nitration. The rearéangement reaction has potential to
become.a general route to specifically substituted

nitroaromatics and its scope needs to be investigated.
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