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‘1 = : . M . i\—-.‘
“  Nitration of 1 2—dimethyl—A—nitrobenzene with nitric acid in '

P

/’ﬂ&ixture of acetic anhydride and trifluorcacetic anhydride gives: the p
"adduct 4,5- dlmethyl 2,4~ dinitrocycloheza—z 5-dienyl acetate as a pair of !

diastereomers. 1, 2—D1nethyl 3—nitrobenzene under similar ¢Onditions
/

affords a mixture of cis~ and trans-3, 4- dimethy* -2,4- dinltrocyclohexé—

+

2,5—5&ény1 acetates. Nitration of 1,4-dimethyl-2-nitrobenzene in acetic

anhydride -results in the formation of l,&;dimethyl—3,&Fdinitrocyclohéxa— - -

7

2,5~-dienyl acetate and‘1,&-dimethyl—Z,é-dinitropyclﬁhexa—2,S-dienyl ' ) -

~

acetate, each as a pair of diastereome%s. in additién, one isomer of". -*
3,6ﬂdimethyl:2,6-dinitrocyclohexa—2,A—dienyl acetate is also obtained,

In° all three cases, the expected nitro suEstituted-proéucts are also _ '
. -
y :
formeé. Nitration of }—methyl=2—nitrophenol in acetjic anhydride gives'a
mixture of 4-methyl-2,6-dinitrophenol and 4-methyl-2,4-dinitrocyclehexa- -

N %

2,5-dien-l-one. Crystallization of the nitrodienone from the;reac;ion*

product with methancl results in its conversion to 5-methoxy~4-methyl-

- ¥

- R . e - 2
‘4 ,6-dinitracyclohéxa-2-en-1l-one. ot
= - * . * .
. . - A B RS . ) - N
ép_,h'gg The formatidn-of the various diene adducts can be'exﬁlained

= s - -

in-terms of ipso attack by an incipient or free ritronium ion at am

» -

’ alkylated positlon 03$h0 or meé&ntg*gﬁgiﬁétro group in the substrate

3 iailowed by attack of the acetate.nuclecphile at the—parazor Q?tha

# P

"t =4 . *

pqsitidﬁ)resulting in 1 4 or 1 2- diene adducts In the case of

4-methyl nnitre?henol depratonation of the hydroxyl group from the

n

w *




e .

-

. studled using the lanthanide shlft reageng, tris (1 1,1,2,2, 3 3- ;Egﬁa—

.are also obtained uhder suitable conditions. . That thé reafcmétizg%ion

’aﬁén the SECondary adducts of 1 Z*dimethyle4enitrébenzené‘énd ‘the

,...w
%
"
¥
.

‘v L

Y : - ’ .
1pso— Wheland 1ntermédiéte results in the formation of * the nltradlenone.géf

i" - & .

The stereochemlstry of the,acetcxynltro adducts has been Ch
Y

1. a .
‘ -

-

fleq

% 3
13

s

fluoro-7, 7—dimethyl-de-4,6—0ctaned1qnato—d )europiu@(lllla In}§g
[
i

methanol, thg adducts undergo transesterification at the acetate

.
- -

function, each adduct giving that alastenggmer!of the diendl w1th¥§pé, ;

correéponding steréochemistry. These dienclsg can be“methylatéd with .

’ i +
et

'netnyl jodide and.meist silver oxide to the corresponfing methyl etﬁe*s

.

v

Under mzldly acidic donditians, the acetQYynitro adducts A

x
-

obtained from l,2—dimethyl—é—nitrobenzene;give primarily the product

arising from loss of acetyl nitrate. Under strongly acidic conditions,

significant amdénts of the tﬂree dinitro-1,2-dimethylbenzenes are also
. . v :

obtained. On treatment with amine bases, tﬁékadducts undergo a fq;mal

& z

1,§‘shift of the nitro group to give 1,2-dimethyl-4,5-dinitrobenzene as
) ) ‘.

the major product. Under suitable conditions,.the adduct's undergo S¥2'

P

exchange of the'acetate with.varions nﬂcleopﬁ}les to give diényl or -

s
-

’

rearomatized products after work-up.

[y
"

a

The' adducts obtained from 134-dimethyl—z—nitrcbenifggJalso
exhibit a similar behavior, though in this case,.benzylic ‘prodicts
. . = ~ v i‘
‘ . ‘ s N " M
under acidic ¢onditions involves the forméﬁion of an interméﬁia;e' 4

- 3 N -
i - - .

cyclohex§dieﬁyl cation is ‘shown by‘the isolatio§ of biphenyl Beriyati%es .

< = s

st

- \ ’ )

secondary and tertiary adducts o@ 1 E-dlmethyl—9-nitrabenzene are 3
?", . ¥ !

<. . 2
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CHAPTER 1
‘ “INTRODUCTION

1.1

< . i ™~

Electrophilic nitration of aromatic compounds is one of the
most widely—stuﬁied reaptions in organic chemistry. Studies on
nitration.have'played an important role in ;he dgve]opment of the
mechanistic theo}y of organEF chemistry., The reaction has served as

+
a méfel for electrophilic substitution. Aromatic nitro-compounds are

also extremely versatile intermediates in -the' industrial synthesis of
/ = i

. -

¢ e -
various compounds. Because of its importance to theoretical and

industrial chemistry, it 1is not surprising that nitratipn has been the

*

subject of extensive reviews (l1-14).

0

-Various nitrating agents have been employed for nitrating

aromatic compounds. For reactive subsiratgg like phenols, dilute nitric

: .

acid is used. Solutions of nitric acid in varying concentrations of

sulfuric acid provide nitrating reagents of varying strength. Acetic
¥

acid is perhaps the most frequently used solvent for preparative

-
nitration. Nitrating agents involving aqueous nitric acid, alkyl

A

nitrates and sodiuym ethoxide, nitric acid in acetic anhydride and other

organic solvents as well as nitronium salts in solvents such as

tetramethylene sulfone or acetonitrile have also been employed (15).

The choice of the reagent is usually determined by the nature of the
substrate and the products desired. Compounds which are sensitive to

mineral acids can be conveniently nitrated by using solutions of nitric

acid in organic solvents. Such gglutions have the advantage of

£




[

¢ -

o 3

increased substrate solubility and relatively mild nitrating power,

P ’ .

= .

compared to solutions of sulfyric acid in nitric acid or aqueous

:
.

nitric acid. Similarly, substrates iﬁ%h as aryl nitriles, which often
. ® ' :

undergo hydrolysis under nitration conditions, can be conveniently mono -
or dinitratedﬁ(without hydrolysis of the cyano group) by using =

.
- .

L]
1

nitronium salts (153. . ) ’ :

. . s
-
A

1.2 The Mechanism of Nitration : . b ;
Kinetic and mechanistic studies on nitration require a

. v \ .

. <’
homogeneous system, a process free of side-reactions, a reaction rate
- : ‘

amenable~ to measurement and a clear identification of the nifrating

species. The gffective electrophile over a wide range of conditions

. -
.

[ S
has been shown to be the nitronium ion. The reactivity pattern for

éitrationiin organigc soivents is similar to the behaviour in highly
acidic solvents, suggesting that a co%mon intermediate, pre§umably‘the . |
nitronium ion, is also involved *(16). The oﬁly solvent for which the}e

has been significant controversy concerning the nature of the nitrating — *
species is acetic anhydride.; Recent work }dentifies the active

nitr;ting electrophile in acétic anhydride as the nitronium ién, : -
although it max?be soivated by other species (17£i The complex kinetic
data, which render acetic anhydride a lesg than ideal solvené for

kinetic studies, can be related, at least in part, to the ;olvent effect
on variations in the concentrations of the aromatic (18).. The ﬁarkeq

anticatalytic effect of small amounts of impurities, which also alt as-

bases, also complicates the kinetics considerably.“ .

The competition methoed developed by Ingold (5) has been used

. % )
g ;",k_;/




. . ) e

o

to determine the reactivities of many aromatic compounds relative to

benzene. Isomer distributions and relative rates are normil%g
g . %F .

essentially independent of nitrating conditions. However, Olah (19)

. ) ®

and co-workers reported that in the nitration with nitronium salts,

>

neither m-xylene nor me51tylene was 31gnificantly more reactive than

_benzene. Such anomalous resu%EE,diLivéd from competition experiments

were shggested to be dues tp khe occurrence of significant reaction

before the reagents were adequately mixed; the rate of mixing plays.

an important'role in these reactions (20). This was demonstrated by® -

studies on the nitration of bibenzyl in which nftration in one benzene

-

ring does not deactivate the second ring towards further nltratlon)(zl

iﬁ\.,/

22), Incomplete mixing should give a hlgh dlnxtro to nononitrobibenzyl

product ratio. This was indeed observed in the nitration with n}t:pnium

saltsghput was not observed in the case of nitration with nitric acid in

-

acetic anhydride, Thus the aﬁbmalous relative zeactivity results, f&und

by Qlah may be attributed to incomplete mixing of. the reageﬁt and

. Yom
. _ . .

Substrate (macroscoplc diffusion ‘control). e
S ) Ry

3

yitration in sulfuric acid of compounds thirty-eight or
g s - 4

o

onium- ion and subgtrate and the differentiation between

A

&high%y feagtive substrates disdppears (23). In organic solvents, the

limiting rate of nitration is 300-400 times the rate of nitration in”
. oL ' NEESA .
benzene (24). ansequegtly, an adequate comparison cannot be made

between compounds, whose reaction rates,lie above and those which lie
s . » A 6.
below the encounter rate since the rate-limiting step is different in

PR

the two cases.. Fa{\ijifes which are more reactive than tcluene, the i

R . I

eactive as benzene, reactions occurat the gncounter rate
5 B

-

L)

[

S s




*

B

second-order rate constants reach a limiting value, the encounter rate.

The results for the nitfati_on\of some arenes in 68.3% sulfuric acid

-

are summarised in Table 1.1 (§6b)‘.

v

TABLE 1.1 .
1

2

RELATIVE RATE CONSTANTS FOR THE NITRATION OF AROMATIC

COMPOUNDS 1IN 68.3% SULFURIC ACID AT 25°©

! COMPOUND - RELATIVE RATE

Benzene , 1:00‘
] ~ Toluene ) e 17
o-Xylene . 38 B
- m=Xylene R } 38 - )
p—Xylene ) 38 . ¥ ~
Mesitylene * "36 ( .

-~

r
E

Nitration of toluene in aqueous sulfuric acid has been shown
to proceed by both first and second-order paths (25). The reaction is
p :

zeroth-order in toluene in more concentrated acid but first—-order in

toluene in less acidic solvents. .

The simpl?gt explanation which accounts for all such

e

observations is shown in the following mechanism (11):

o -

-




s

- s * .
, /. ‘ .
- + k‘j A,
BN 7 = : 1
m\o + B S H,0 +_NO, . - (1
. o -1 . )
. ; .
4 ) - ’ . v . -
* - k ) .
+ <2 + '
. . N02 + ﬁ%}‘H T ArHN?2 (2)
A ) ' ] ‘
¢ tee ) ) LN\ encounter complex
. - y ‘\\ - . ‘0 " .
e o T i kg o2
; ArHN02 . . (3)
-3, N ;

a—compliii///) '
. gg +
§07 + Ba H
9

(4)
intermediate
&

Here,Ythe encounter complex is specifically considered as an
Except in a ¥ew cases (26)
Al

the last step of the reaction
rate-determining

(i.e. deprotonation) is not rate-determining and hence the rate of
& X
formation of the benzenonium ion,.or one of the earlier steps must be

encounter- complex and the nitronium ion,* the following rate law has
been obtained (7):

Rate =

R k k3 E\rlﬂ E’{O]aH+
k

Based on the steady séate approximations for the

laHO(k+k )+kk3EfI§

3

a cyclohexadlenyl cation.

kY

Also called a Wheland intermediate, a benzenonium ion or
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: s TABLE 1.2 = )
KINETIC RATE LAWS FOR NITRATION TN AQUEOUS ACTD (11) ' e,
\ : ‘:? nﬂ‘nw T m——— - .~ - n 4
. v A s . .B . ' e .
| * ' - ! (1
* - . os—— e et e e o 3 oot ennsan o ik = 2
« ‘ . | - ¢
- Conditions . kwla}-!,,()(k3+ sz) << k2k3 rl;l] k—laﬂ,)(l >>, lc21<3 E\rfﬂ /(k3+ k__z) . ‘ .
.( A 2 - .
v 4 n b /'/
v > ' ) ) '
k,3 > k_2 kj << 15_2 .
o - ~
. Rate K oped. [HNOJ_] ot K pog, B [i_{No3]le+ K bed. (Ara] ﬁ_mo;] a+ o
- - ) 1
Rate-determining Formation of NO,,+ Formation of &ncounter | Formation of
. 2 ) .
step | (step 1) complex (step 2) g-complex (step 3) = ™~
- . 5 . - ) . .
@& '
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-,
°
s

A

Do, The gpnditions required'to make: the various steps in the

» N = el
B . R 3 . IS ¢ . : .
mechanism rate-determining and:.rhe corresponding kinetic expressions

¢ * . - .
are summdrised in Table 1.2. . - . : ’ .

. Thus’ under conditions infwhicﬁ the nitration of toluene is

I *

zeroth~order in the aromatic compound; the rate-~determining step
- - ‘_‘ ‘ . 3 > 5
corresponds to the formation of the nitronium ion. When the reaction

3 occurs at the diffusion-limit, as observed for reactive substrates,

M 'l" . ‘ ' .
. , + the formation of the encounter complex bacomes rate-determining, with

. »

" the obsérved rate being the diffuéion-limited maximum. The rate-

¢

determining step for the nitration of toluene, benzene and other less
" / .reactive substrates is the formation of the o-complex and the reaction
T L2 )

*is first-order in the substrate. Thus the nature of the rate-determining .
. s .

»

»-s5tep depends on the rate-coefficients of the various steps and on the
'concgntiation of the substrate. The concept- of encounter pair is, in

© -dome ways,{§imilag to the concept of w~compkex suggested by Olah (27). For

aromatic compounds more {eactive than toluene, the reaction with

nitronium ion is encounter-limited, so that the reaction rate for all

. £
N ‘

., © . such aromatics is the same. Théugh intermolecular selectlivity is lost,
%
intramolecular selectivity is retained, 7.e. the formation of the

v ST
x
N

g~complex followed by deprotonation gives the expected product
distribution of the various isomers. This behaviour has been explained P

in terms of oriented encounter pairs (6c) or r-complexXes (28). Such

-

.3

* oriented encounter palrs or n-complexes can then exhibit selectivity. f/

An alternate mechanism, in which the electrophilic attack on
’ e J/ . ) ’ -7
reactive aromatics occurs by electton transfér followed by radical pair
‘ 3w . . : (
. ¢collapse, has also bee&n proposed (29). The mechanism can beg .

= t
s . e
o i

fa F
* 4

®

'Y
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o f ] . A [ .
f < ¥ - s .
i ‘ . . 3 . L / AR 8
0 ’ - . -+ - :. . v
represented schematiecally as follows: . . )
L . ) Lo 4 f
No. b u appy —SDCOUREET o o o 4 arit . —> HArNo, T £285s arvo
2 , controlled -2 : 2 2

- . ® r
N =

© g-complex

e T I - A

Intermolecular selectivity is not:ébserved because all the

v ¢ “

\ -
aromatics more reactive than toluene are capable of transferring an .

- . .

-

electron to the nitronium ion at every encounter. Intramolecular

selectivity is then related to the observation that the attacking =

. +

species in the radical pair is nitrogen dioxide and not the nitronium

ion, which exhibits no intermolecular selectivity. Because df the

non-uniform spin densf&y in the aromatic radical cation, radical pair

collapse can eX hibit selectivity. Evidence in favour of the proposed

-

mechanism was shown by the observation that the ratio of l-nitro to

- . = .

2-nitronaphthalene obtained by electrolysis of a mixture of naphthalene

and nitrogen dioxide is similar to the- ratio obtained in the nitration

- &=

of naphthalene under normal conditions. However, such an agreement of

the product composition obtained from nitration under normal and

a

radical conditions is not always observed. .
*, > h £
Nitration of mesitylene with nftric acid gives nitromesitylene

in nearly quantitative yield. However, when tife cation radical of

~

mesitylene is generated by adding ceric a%ii?f nitrate to the

nitrating médium, a substantial amount of/3,5-d ethylbenzyl nitrate is

- 4 -

also obtained (30). Absence of this product in t direct nitration of
mesitylene wlth nitric acid indic&tedéeither that the cation radical

2 )
ig not involved in the nirration, or “that the normal reactions of this

¥
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species are not exhibited because the life-

when formed by electron transfer to the nitronium ion, is too short .

In any case, the products of nitration are

-

time of the' cation radical,

not always the same as those

Fd

obtained from the cation radical of a reactive substrate, generated,

-indeperddently in the same solution.

o

The kiretics and mechanism for the nitrq&éon of aromatic.

compounds in acetic anhydride can be discus
- N

that developed for nitration in aqueous ac

%

ssed in’ a2 manner similar to

id (31,32). Nitric acid reacts

with acetic anhydride to form acetyl nitrate and equation (1) is

.

therefore replaced by the: following equili

' Eainl

. .
k.

_2 = ACONO

bria:

+ AcOH (5)

4 ¥
ACZO . H0h02 _— 2

N -5

- +
AcONO_H ¢ (6)

NO., + —
AcONO,, H = R

AcONO H+
2 -7

.

+

o- and m-xylege in acetic anhydride also

charidcteristic of encounter-controlled reactions.

*

%

S Ipso Attadk: Formation of Diene Adducts

R

transformation of the encounter complex
generally, substituted benzenonium ions

the subsequent product-forming steps is

Pl

AcOH + NO_© M

exhibit the behaviour

In the nitration mechanism, reaction step (3), involving the

to the benzenonium ion or, more
(Wheland intermediates), and

of particular interest in the

"
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-Encounter of the-nitronium ion with almono?substitﬁgeﬁ benzene

derivative Céﬁsx can result in Wheland intermediates in which the . - :
nitronium ion is® (i) geminal to a hydrogen. (three isbmers);'i,éE wi .
or (ii) geminal to the substituent X; Z.e. WiX . o e .
;: B C . - . e .
v % : % : o
L . NO X NO,,
" . ‘ ‘-é-
. BT TNo, . . ‘
-+ :\'Q . 1 .
2 .
)] | |
‘ X -~ - 7

*
-

B

.+ Reactions (1)-

3

2 (6) below

Q

rtho . meta : para

In the (Wheland) intermediates formed by addition of. the
nitronium ion at a nuclear carbon bearing a hydrogen, rapid deprotonation
occurs to form the expected ortho, meta and para nitro derivatives.
Addition ;t the nuclear carbon bearing the substituent is described a2-
ipso aédition;j The term 'iggg’ was intrpduced by Perrin and Skinner (33).
The interméﬁiaté formed from such an attack is referzed to as an-
igsqeghelang intermédiage, %ix. It can undergo the following

reactions (i0): .

(1) |, Return, to the encounter pair or starting materials. This behaviour

is encountered in the nitration of o- and p-methoxytoluene (34). *

-

5

.
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(4) simifar migration of X, followed by deprotonation, to give a

S A S|

v . " .

(2) +loss of X, resulting In‘ipsonsuhstitytion; e.a. nitration of

. . {0
p-cymene under various conditions gives p-nitrotoluene (ca. 10%)

by nitrodealkylation' (35). ..
> . M "

(3) 1,2 migration of the nitro group, followed by deprotonation, to

-give products alsc obtained by direct nitration’ (discussed later).

- 0

.regrranged product, This behaviour is quite rare.
% : ‘e - E

(5) loss’ of a proton or other leaving group from a substituent remote

1

¥

from“the {pso position, as observed in the nitration of phenols

and anisoles.
i

’ -

(6) - capture by athucleophile.

¥ -

¢ irl . : . cu X e

*  Of the above listed reactions of ﬁi , the last is of special
‘ . . -
significance since it results in the formatiomr,of adducts. The reaction
K . . & . :

is encountered in the nitration of various substrates in acetic

anhydride. A large number of addition produets resulting from

nucleophilic capture df the Zpso-Wheland intermediate have been obtained, -

largely due to the efforts of Fischer and co=workers, andéare'listed

in Table 1.3. ) | _—
- > " . ’ :

All except two of the acetoxynitro adducts listed in Table 1.3

B

*

are 1,4 adducts. The 1,& adducts are almost alwayslfcrméd'as a mixture
of éiastereomers, cprresponding to the fact that the acetate nucleophlile

‘o

can add to either face of the cyclohexadienyl cation. However,’only one

diastereomer of 1,2 adducts were obtained fwom,4-teri-butyltoluene and

- S
i

. F
from 4-tert-butyl-o-xylene.” In the lattes:;a§e, the 1,2 adduct was

.

®

~

unstable, . N

3
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" TABLE 1.3 ¢

—

ADDITION COMPOUNDS OBTAINED BY IPSO NITRATION

. s

{\! . ) . - ‘ . )
NOZ A 3 'NOz NO2
H OAc H VAc OAc i
4
3% (36) 70% (37) 827 (38) 471

<
NO, X
OAc . Hi ;

51% (40)°

OAc

507Z (43) ‘

L NO

5

wsinoms
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L .

60% (43)
OZS . QZN
* OAc ' QAc
50% (49) 487% (50)

th
‘H mﬂ

0AC OAc

60%Z (51) 60% (52)

J
VOZ 302
QAc i OAc
50% (45) ~30% (45)
N0,
' OAc
27% (48)
7 . QOAc
ﬁOZ :

397 (49)

e &02

407% (53)

13
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X = XNO

- ’X o

OAc

X
X
X

= %)L, 297% (54)
Br, (55)
F, (56)

= CN, 22% (57)
37% (59)

23

AcO

NO

X = CN, 29% (57)
- COMe, 70% (58)
COPh, 70% (58)

<o
[] 1]

Cl NO

and

OAc

£

30% (60)

14
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Acetic anhydride 1s a particularly good solvent for:the

formation of adducts. This is in part because the acetic anhydridé or

€
S

the acetic acid also present is sufficiently nucleophilic to capture

=
-

the ipgo cation beiz;gfﬁz\tan undergo one of the Atﬁer reacﬁioﬁs listed
above. Also imporsant is the fact that because of the formationjof
N

écetyl nitréte (p. 9, eéuation 5),’a solution of nitric acid in acetic
anhydride is not strongly acidic; the strorger acid, nitric acid, is
replaced by a weaker acid, acetic gcid! Strong acid would iead to,the
acid-catalyzed loss of acetate from the adduct and the reformationrof'
the ipso cation, resulting in further opportunity for it to react.

When the substrate is a phenol or a phenyl acetate, dienones
rather than diene adducts are obtained (61,62). This is an examplé

of reaction 5 (p.11) of the ipgso-Wheland intermediate.

-

OH

_The reaction has been exploited by Myhre and co-workers (63)
ggggeveloplan-efficient synthesis of adducts, which is particularly
useful in those cases where direct nitration of an arene (e.g. toluene)
gives a low yield. The A—alkyl=4-nitrocyclohexadieéones undergo 1,2
addition at the carbonyl group by metal hydrides or alkyllithium reagents

to give secondary and tertiary dienols respectively, Acetylation of

these dienols gives the desired acetates. Overall yields of the

acetoxynitro adducts are generally high (60%), which makes the process

o

o
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scheme; o ‘ . .
( ' R N02 i N02
. iz ii { y >
o & //;//fv 1 on H OAc

‘ R
‘ NO,
. . \R NOZ R NOZ
QAc. ., | Oﬂ ;
_—
.7 R oH K} 0Ac

o-complexes, arising from ipso attack have been observed by

quité attractive. The procedure ge#h be represented by the following

in the case of fully substituted aromatic compounds, such as

n.m.r.
hexamethylbenzene (64) and; more recently, in the nitration of

N,N-dimethyl-p-toluidine (63).- The obsgfvan:e of these o~complexes

fie,

NO2

hydrogen. Therefore, in a discussion of the mechanism for

nitration, the formation of an ipso-Wheland interme

be considered. Products corresponding to nitrodealky
p. 11) have been observed’'in the nitration of isopropyl- and tert-butyl-

alkylbenzenes with nitronium tetraflugroborate in tetramethylehe sulfone,

lﬂwv
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a non-nucleophilic medium (42). The extent of formation of such
. &

nitrodealkylated products defines the degree of attack ibso to the

isopropyl or tert-butyl functions.

T L )
Nitration of p-cymene with nitric acid in acetic anhydride

]

resulted in the formation of a 1,4 adduct, which arises from attack by .

the electrophile ipso to the methyl group (40). No adduct corresponding

to attack at the isjéropyl‘posi%ioniﬁaé obtained. Nitration of o-cymene

2N

“positional isomers arising

he formation of

P
&

(42), however, resulted

. : . T, &
from attack ipso to eithe e methyl or isopropyl functions. Thus, the

isopropyl function is not necessarily expéllgd on attachment of aageminal

nitro group, in marked contrast to the behaviour observed in the case

of p-cymene. The results obtained in the nitration of o-cymene have been

* "attributed to the strain introduced in making the viefnal methyl and

)

-

.

nitro groups coplanar during deisopropylation. 1In such .a case, the

-

formation of adducts, along with products from deisap¥opylation, may be

considered as a measure of attack ipso to the‘isopropyl group.
<, - *
The effects of substituents in electrophil%t substitufion have
: @ ) . . 2 “
been extensively studied and these substituents ‘have.been classified as
Al -
*

ortho-para or meta directing, depending on whéther ortho-para or meta

isomers, aregdbtained. Substituent effects on the reactivity towards
- f ~

: 5
eLectro%Qilic substitution caq%%e defined in terms of the partial rate

> ) 0 -
sfactors cf%; mfX and pfx, which give thd reactivity of a ring position

ortho, meta and para'to’the substituentlx, redative to a single position

* - ) = .

in benzene (4). For di- and polysubstituted benzeneé, the reactivity at

a -given position can be considered in terms- of the partial rate factors

=

and the additivity principle; which assumes that the influence of

¢
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substituents is independent and additive in terms of the fgge energy of
ivation. The measure of the reactivity ‘of a ring position to which a
substituent is attached will therefore be determined, not only by the

partial rate factors of other substituents in the ring corresponding to

. that position, but also by the ipso partial rate factor.(33), defined as
¢ ) . .
X total, )
if = kArX A attack‘at X _
k total? atéack at H - 1 .
- . ATH v =

, The choice of substrates for studies on ipso nitration is T

partly governed by the partial rate factors for electrophilic attack at

varfous positions. Thus, the degree of attack at a substituted position,

a

compared to attack' at an unsubstituted position, 3ﬁ11 be determined by

#

‘ the overall activating or deactivating substituents at various positions.
Even if the substrate is weakly activated or deactivated relative to

benzene, adducts should be formed -when Zhe reactivity of a substituted - s

F 1 S

H

position, relative to an unsubstituted\positiqn, is high. Thus, %pso

attack may be expected in the gase of suitably substituted o- and p-

dialkylbenzenes, but not in m-dialkylbenzenes. Acetoxynitro adducts

have also beén isolated wherein the non-alkyl substituents are cyano (57),

&

acetyl (58), benzoyl (58) and chlorime (54). 1In the first three cas%g;

Al

&,

in accordance with the meta directing nature of these substituents,

attack takes place meta to these substituents. ®

. The behavior of chlorine }nethoxy has been studied in the

nifration of p-chloroanisole (33,66), in which 4-chloré-2-nitroanisole -

R

= + I
z . -

2 -

4]
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- &
was obtained as the main product. When the nitration was carried out in
L .. )

acetic acid, %hich.is a poorer nitrating medium than acetic anhydride,

4-chloro-2-nitrophenol was also obtaineé, the yield of which reached a
maximum (407%) in more aqueous mixtures. The maximum yield of the
nitrophenol was therefore used ‘to measure ‘the extent of ipso éttack,
since both p—chloroaniéole and &—phloro-ienitroanisole are stable to

s

d%methylation under the conditions employed., The nitration of p~chloro~
T

anisole in aqueous sulfuric acid hag also been studied (66) and the

following mechanisg@suggestéd for the formation of 4-chloro-2-nitrophenol.

ad g
OMe ' OMe T -on OH )
) NOZ‘
, ——-{__.——,—3' N02+ —_ ,
- X |
CL . - ¥ & c1 c1
l - .% A\ h “/ \ L ]
OMe N0 MeQ._ _OH QH o
2 . 7 possible separation .
- -——-—-—k “ : .
and reqpmbination
- C1 0, N C% 0,N Cl by djiffusion

3

Cl

The‘raqio of partial rate factors m Cl:if has been obtained

< f
~as 1.1:1 from the nitragion of p-chloroanisole (33); Z.e. a chlorine atom

-

deactivates the meta and ipso positions to a similar extent. This ratio

Ay

is in ¢lose agreement with the results obtained in the nitrationwzf

chloromesitylene (60). The relative amounts of nitromesitylene pfid diene

- 1
adduct (arising from attack ipso to chlorine), after correcting for the

il




o

*
*

e e =

employed for predicting the ektent of ipso attack and the Ipso

-

. !L' ) .

<

statistical factor of "2 favouring substitution, show the ratio of

' 4
m Cl:i ¢t to be 1.2:1- . : ) -

c1_ Yo, o

- . ' OAc

a
L}

v

} The concept of partial rate factors could therefore be

N T
.73
H

Wheland

intermediates formed by such an attack'cpuld be captured, in acetic

- -

anhydride, to give diene adducts.
1.4 . Reactions of Adducts .

The adducts obtained by such a nucleophilic capture readily

5 v -
rearomatize in solution, The mechanisms. of rearomatization have been

extensively investigated, and two prinéipal modes, both involving the

IS

intermediacy of a cyclo

xadienyl cation, have been established.

Solvolytic displacemepf can occur either by loss of acetate or by

loss of nitro grodp as nitrite. Under strgnély acidic conditions, the

former prbcess is preferred. Protonation of the more basic ester
function provides a low energy path for the loss of acetate as acetic
acid (67). The ipsa—nitrccyclohexadieﬂyl cation thus fcrmed; can

rearomatize by a variety of pathways, depending on the conditions. Under

- s

strongly ionising éanditioﬁs, such as those obtained using hydroxylic
solvents, unimolecular ionisation of the nitro group as nitrite (68)

produces an acetoxycyclohexadienyl cation which can give rise to a wide

x

~_
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range of reactions. The reactions of diene adducts can therefore be

b

(

(

[s]
s
m

t

-

(

roadly classified { two categories:

A)” reactions ceeding through replacement of the acetate group; and
- LI . *

'

B) - réactions proceeding through replacement of the niﬁr grou
) ' 7

A) Reactions proéeeding through replacement of the-acegate group

The acetate function in the diene adducts can be replaced with
ther nucleophiles under 'suitable conditions. The adducts ffom p-xylene
erve as an excellent model for such studies. On treatment with
ethanolic alkali, acidifieé methanol, formic acid or hydrochloric acid,
he acetoxy é%gnes are converted to hydroxy, mefhexy,fermoxy and

hloro dienes respectively (36,39b).

sz éi
OCHO
stereospecifié_g Z\‘02
218 —» cig
trang —> trans t
3> OAc .
NO, ° NOs
c1 . oMe

2Hydrolysis occurs through acyl-oxygen bond fission.

AN

LY
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a
Recently, the exchange of acetoxy for methoxy .function has:

been carried but photochencally (69). Photosolvolysis of the

-

acetoxynitro adducts of p-xylgpe in methanol proceeded in a stereo-

'
selective manner to give metho itro adducts. Substitution of methanol

with ethanol, propanol and allyl dlcohol gave the corresponding ethyl,
propyl and allyl ethers stereoselectively. Irradiations in ether or

pentahe yielded p-xylene, through the intermediacy of a cyclechexadienyl

radical.

.

NO

_hv/ether or hv /MeOH L
Y - T . a3 7
pentane stereoselective

. OAc

The chloro dienes, obtained by the reaction of the agetoxy

dienes with hydrochloric acid, can also undergo a variety of transform-

ations. Nucleophilic exchange of 'the halogen and subsequent rearomati-

-zation can-give a series of useful products in congigtently high

yields (70). Since the acetoxynitro adducts can be obtained in high
yields, either by ipso nitration of the aromatic hydrocarbons or

, . A
through the nitrodienones, the ease of these transformations shows
that, besides providing dsgful mechanistic "information, these adducts

have considerable synthetic potential.
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3

c1

KOt-Bu,
THF
]
|-
_ NaOMe/MeOH ‘/
NH ) . Me

- /O

Br CH Cl

2
The rearomatization pathways available to the inteimediate

nitrocyclohexadienyl cation, generated by loss of the acetate group,
: 3
could result in the formation of benzylic products, or produets

resulting ftom migration of the nitro group. Internal competition,

between deprotonation to give benzylic products and nitro group migration,

a

will be determined by the basicity of the solvent, with increasing

bagicity favouring the former process. Consequently, under strongly
L] i . -

>

.~ L.
acidic conditions, the formation of nitroarenes is favoured. The

formation of nitroatenes cccurs by an intramolecular 1,2 nitro shift

",
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b . .
in the nitrocyclohexadienyl‘éagibn in acidic, weakly nucleophilic

- ~

L T 'ﬂedia (71,72). The following scheme has been used to explain the impor-

v

~ . v ' :

. s e : R TN Cie o
tant transformations observed in the case of tertiary adducts (45,58).

r

NO

-

3
38

s : The acid-catalyzed reaction, leading to benzylic products,
2T [} -

is dependent on the presence of a parﬁ—methyl group and the avaflabi}ity

.

of suitable nucleophiles. Under sultable conditions, benzylic nitrites,

.
e

. 1‘:’!’ - s *
nitrates, acetates and methyl ethers have been ‘obtained (43). A number

of other mechanisms haXe also been proposed (9), to.account for the

formation of benzylic nitro ‘compounds in.other systems. .

~

The migratory aptitude of the nitro group in 1,2-dimethyl-1-

i

nitrocyclohexadienyl cation has been studied and it has been recently

¥

demonstrated (73), that a 1,2"nitro shift to an adjacent substituted

Ity

position is faster then”to an open position. The absence o

1,2-dimethyl-4-nitrobenzene as a product (71) shows that migration

“x
-4

across an unsubstituted position does not occur. THe 1,3 migration

. EER - - i -

.

o
29
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across a'substituted position can be considered as sequential 1,2 shifes.
. %

= &

N ’
1,2 nitro 1,2 nitro D
shift shift 7~ N
» D D -

. ' .\{32 )
1,2 nitro - . [rD+
shifet l )

1 |
" SG,) . ~
—~H ) “ .-
I
D D O')E b

In the absence of a 1,2 shift to a.substituted positicn; the

Y

di-deuterated product should be formed exclusively. However, since the
rate of migration betwg&ﬁfzéb\adjacent 1pso positions is faster-than the
rate'from an Zpso to an open position, the ratio of mono-:di-deuterated
1,2-&imethylséfpitrobenzene approaches 1:1.

Interes?ingly enough, when the substituted orths position has
an isopropyl (rather than a meﬁhylj substituent, deisopropylation occurs

from the rearranged nitrocyclohexadienyl cation. Acid-catalyzed

rearomatization of the adducts from o-cymene gave g-nitrotoluene as.the

3

main product (42). Again,.ipso-ipso migration (and subsequent deiso-

propylation) is favoured over migration to an open pgsition (and
subsquent deprotonation). Absence of any 3-nitro-o-cymene shows-that

nitrodeisopropylation is greatly favoured over migration to C-3.

&
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, +H'-HOAC
+
QAc ,1
¥ ¢ | .
i 1
i . n e i 0.8 i
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The symmetry of I,4~disubstituted compounds such as z-xylene

o
(o}

’ £ 1 ¥
nd p-diethylbenzene makes it difficult to distinguish 1,2 from 1,3 nitro

[

hifts. Studies on polymethylbenzenes such as pseudocumene, prehnitene

W

and isodurene (45) have also enabled the sequence of these rearrangements

Eoaat

gy

to be deduced. Such a differentiation is especially important since

[

,3 nitro shifts, acros$ ar open position, have been observed in the

reactions of the adduct from 2,3-dimethylbenzondtrile (57), and in the

decomposition of nitrodienones (33,61,62,74). ? ' '

Studies on the 1,3 nitro ghift in the decomposition of -

>

media, a radicad dissociation- =~ >

-~

nitrodienones show that, im non-acid

s
0

recombination mechanism is involved (75). Ih_strengiy acidic media,

- -

reversion of the conjugate acid of the nitrodienone to the encounter
pair, followed by recombination at the oriho position, is likely (75,76).
The mechanisms fqi,the decomposition, under wvarious conditions,  are

shown in the following schemes:




W
- o,

(o]
~1

NO
2
—> N0, _—> H—>
0 o Yo OH "2
. o 0 0
| .
Scheme 1.1 Decomposition of nitrodienones in non-acidic media
| . NO R{0
'-i- -
] (-_e;_}: — (_{.}I\*u % !l
OH GH 0
+
+ XNO
) -
N/ "
) |
o~
H >
102

on N0, , ol

1
3

Scheme 1,2 Decomposition of nitrodienones in strongly-acidic media
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Under suitable conditions, the 1,3 migration of the nitro

group may be selective; 7.e. out of two possible products, only one

may be formed. This can occur when only one of the two migration

~

termini is unsubstituted, or when a suitable group, capable of

selectively directing the nitro gro to a given position, is present.

he former situation is encountered i “this study, whereas, the

-3

latter phenomenon has been absérveé in the nitration of o-methylanisole.
Nitration of G—meéhylanisoie (34), in dqueous sulfuric acid, gave
2-methyl-6-nitrophenol, but not-the 4-nitro isomer, ;s a product of the
reaction. Demethylation prior to nitration is unlikely, as shown by
the absence of the 4-nitro isomer, which is obtained in the nitration
of ¢-cresol. Hence, the reaction is believed to proceed through the
‘iﬁtermediacy of a nitfbcyclohexadienone; the specific 1,3 rearrangement
of the nitro group to the C-6 position being associated with the

presence of the adjacent oxygen substituent facilitating the process,

presumably through the intermediacy of a phenyl nitrate (77).

-

OMe

OMe S . MeO_ OH"
i
—_—y ep —— NO ——
[ ] 2 NOQ
+ NO + l .
2 4—Tftro— and 6-nitro-
Z\iéchylaﬂisoles
OH . ~ 0
. . .
GZ§

oH
.
O™ ‘\NOZ.

/—v

e
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A similar phenomenon is observed in the nitration of
2,5-dimethylphenol in acetic anhydride (78).

'{%
H n.m.r. studies showed
the formation of a nitrodienone (Vv90%), which decomposed on work-up ,

¥

4
to give, exclusively, 2,5-dimethyl-6-nitrophenol, without any of the

4-nitro isome#. Again, oxo~-participation may be involved.

NO
H

2 7
O /
_— '

- B
. \‘\ OH ’ ’
| -
N 0.2
2 ,
e < B »

¢

e T )
AN

hN

»

.‘ ’
Thus, a 1,3 migration of the nitro group has been observed

in the decomposition oﬁ.pitrcdier}oneé:§x
the process maybe specific. h

nd, under suitable conditions,

Dienone~-phenol rearrangements have also been studied in the

"in trifluoromethanesulfonic acid, to give products arising from a 1,2

L8

shift of théﬁéiiér{ne.<§Energy requirements render a radical pathway
less likely, whereas, loss of chlorine from the ‘conjugate acid of the

chlorodienone would require a good nucleophile, Hence, a 1,3 shift is
not observed in these rearrangements.
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(By Reactions proceeding through loss of the nitro group.

In strongly ionisiﬁg media, the adéu@ts yndergo loss of the
elements of nitrous acid, toigive arylxacetates. The.behaviour o% the
secondary adducts is usually different,fromAtbat of tertiary adducts (38).

~ The dominag;wre;ctéon, of adducts not having ég alkyl group §t4the site
;he ;cetate, is 1,4 elimination of nitrous acid (36,45,49,54) . Myhre
(68) has shown:that the reactionﬁ%ccuré by an El type mechanism. The
formation of rea;rénged acetates in the case of tertiary addu?ts oécurs
Qy a similar mechanism. The acetate group can migrate without gxchange

: e

with the solvent (e.g. acetic acid—da),ahg hence, the process is

intramolecular.

L]

a NO

”»1
(]

]

OGAc |




_de

-

) nitrodienols, but 0.3% in the corresponding acetates. Thus, changeovek

Solvolytic eliminations of nitrodienols havé also been studied

-

and the behaviour 'shown to be different from that of the corre§ponding

=
“,

séhondary, nitrodieny%,acetatéﬁ?(BO). Intramoleéﬁlar hydrogen

migration (NIH shift) has been observed in the éolvolysis of the nitro-
B / - .
dienols, the extent of migration being measured by retention of a.

%égterium label. ® This was shownrto be ea. 25-30% in the case of the

from an acetatd to a hydroxyl rﬁsults in rearrangement (and.subsequ%gt
' rd

depro;onation)_being fawvoured over direct deprotonation from the inteér-

mediate cyclohexadienyl cation.' The difference in behaviour has been

attributed "to the greater stabilizing effect of the hydroxyl sub§%1tuent

as compared to the acetoxyl substituent in the rearranged cation.

O, | , ' ,
T o, . 1,2 D shift - H
2 . > .
ra : . - i
. . 1
D OH . D "OH = OH
. "
-H
R
’ .

L ] L2 %
‘ 2
OH (D)

3l

%




»
LA

, 32

Uﬂﬂ!l suitable conditions, the hydroxycyclohexadienyl cation,
generated by loss of the nitrd group, could be trapped by various
nucleophixgs (81). Solyolysis of 1,é—dimethyl—é-nitrocyclohexa—2,5—,
dien-1-0l, in aqueous methanol, ;esﬁlted in- the formghiod:of 1,4~dimethyl-

cyclohexa-2,5-diene-1,4-diol aé@ its methyl ether. The intermediate

»

cation could 3lse be trapped by added nitrite to give l,4-dimethyl-2-

. .
-

nitrpbenzene. - Unliks the ﬁydroxycyclohexadienyl‘cation; the
corrésponding acetoxyeyclohexadienyl catiﬁﬁ’gg;lg not be trapped by added

nuc%eophiles, but reérranged to form 2,5-dimethylphenyl acetate. The
cation from the nitrodienol also réarranged to 2,4~dimethylphencl as

the main phenoli¢ product. The migratbry aptitude is, therefore, of the “*

order acgtoxyi“s’methyl p hydrdxyl in thege rearrangements.

NO ——‘“——%

OH

NO .
B .——+ +YH, _H : ‘

’ (a) 1 2 methyl shift ' ,
. (b) —H

—’*?

= = A

N

Y]

»
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The exchange and rearomatTzZ&tion reactions discussed in this

%

i 4
section have been observed in the adducts obtained from di- and poly-

methylbenzenes, which have been extensively investigated, The behaviour

of adducts obtained from dimethylbenzenes carrying cyano (57), oxo (58)
and chloro (54) gubstituenté have also been studied and are summarised

in the following schemes:

R R R R “ R R
t ¥ -
0N CN CN 0N CN’ ) CN
i
OH 4
(‘0{? OH - t)/
& o D § = N
y 20 o )
¢ 0N 2 0N '

-R p \R 2 R = 2 R
< H/MeOH @) H' /MeOH
CN CN -7 CN
o b H  OAc ' H OH

1
(a) R=H; R = Me

- ¥

(b) R=Me; R =-H

1 TFA

R

CN

-~ 0OAc

Scheme 1.3 Reacti®éns of the addu;ts‘from (a) 2,3-dimethylbenzonitrile;

and (b) 3,4-dimethylbenzonitrile.
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NOz
+ +
oN COR COR COR
2 &

i * .

BF3.etheraué or

! 78% H280

4
0N
%
NaOMe- , AcOH (A) or .
< ) 5% HZSOA/ACOH - ’
COR ) COR ) : COR
N OH . H OAc OAc
(a) R = Me; -
(b) R = Ph :

" Scheme 1.4 Reactions of the:a&&ﬁcts from (a) 3,4-dimethylacetophenone;

£

and (b) 3,4-dimethylbenzophenone.

-
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The :earomatizat;én reactions in these systems (schemes 1.3-1.5)
generally involve the formation of products arising from loss of nitrous

acid or migration of the nitro group.. The forﬁation of a biphenyl, when

-

the adduet from l-chloro-2,3-dimethylbenzene is rearomatized in the
presence of mesitylene,’;s of speciél interest and is discussed below.

Nitration of alkylbenzenes often results in the formation of

L

Sfpﬁenylé when nitric acid is added to the hydrocarbon. The reaction

is sensitive to the structure of the: hydrocarbon (14) and :is usually

obtained Srom compounds which give secondary-adducts on ipdo nitration.

L

This reaction, which has syﬁthetic potential, proceeds through an ipso

cyclohexadienyl cation, as shown below. Attack by mesitylene, followed
by loss. of nitrous acid, gives the biphenyl, usually in high yilelds.(54;
\ ) -

82)." ‘ '

N . : 0N
02h OZN c1 2
Cl +
+H ) megitylene
-HOA¢ -
: !

H QAc

Cl

ff
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+The syﬁthetic utilicy of ‘the products of Zpso nitration of
aromatie coi?ounds has been discussed. A further application of these

adducts is In the synthesis of l-chloro-3,4-dimethylbenzene, an

intermediate in the synthesis of riboflavin (42). A one-pot syn%hesis of

~

.
-
*

this potentially useful intermediate would involve ipsc nitration of

o-xylene, followed by rearomatization of the adducts with hydrochloric

....

s

nitro compounds formed in the nitration, by fractional distillation.

O-Xyleng
NG
93/Ac 20
l (a) solvent removal
(b) HCl/non-polar - =
+ 3 3
‘ solvent A ~c1
ﬁ OAc No (c) dist}llatlon

2 :

Thus the sequence ipgo attack, acetate capture, "acetate

replacement and rearomatization has furnished excellent routes for the

* .

"synthesis of compounds which are difficult to .obtain by conventional

s

methods.

[
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1.5  Objectives of the Present Work

The formation of adducts in the nitration of dimethylgengenes
carrying moderately electron-withdrawing groups such asg =C§, -COCH3 and
-COC6E§5 has been studied previously and the Tearomatization reactions of
the adducts, under various conditions, have been deséribed (5?,585T The
effect of a strongly electron—withdrgwing group like the nitro on the

formation and reactions.of adducts has not yet been actively studied.

Ihis may be attributed to the extreme difficulcy.in forming the adducts

e

nder the vigorous conditions necessitated by the deactivation of the
*

substrate by the nitro group. The nitro substituent, by virtue of its

steric and electronic properties, when placed on an aromatice substrate,

is expected to produce a substantial effect on the mode of reactivity

Ly

of, not only the substrate, but also the diene adducts obtained by <ipso

nitration.
The object of this work then is to study the formation,

characteristics, rearomatization and rearrangements of the diene adducts

obtained from the ipso nitration of various nitroarenes.

.

y
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CHAPTER 'II

EXPERIMENTAL PROCEDURES

= » =
-

.- 2.1 Instrumentatfon . -

I.rl spectra,‘calibrated with polystyrene, were recorded on a
Pye-Unicam SP1000 or a Perkin-Elmer 283, in nufol‘or potassium bromide
discs for solids and as thin films between sodium ch;gride plates for
oils. H n.m.r. spectra were recorded on a ?erkén-ﬁlmer R-32 (90 MHz)
and, for column fractions, on a Perkin-Elmer R-12Z2-A (60 MHz). Spectra
were routinely recorded in chlorofo m—dl, with tetrametHylsilane as an

13 .

internéifstaﬁéaré. C n.m.r. were obtained in chloroierm—dz, with
tetrameéhylsil%ne as an internal reference, on a Nicolet TT-14 (15.1 MHz)
spectrometer. U.v. sbectra were recorded on a Cary-17 snectromeceh, with;
méthanol as the Solvent. Mass spectra were recorded on a Perkin-Elmer-
Hitachi RMU-7 spectrometer at 70 eV. G.l.c. analys;s were pe;formed on
a Varian Aerograph 2400, using a 1.3 m X 3 mm column of 3% SE-30 on
Chromosorb P at 180°c. A Finnegan 3300 g.l.c.-m.s.-c.i. system was used

for the mass spectral analysis of mixtures. A Wate;siéssaciates Prep LC/

. System 500 was routinely employed for'the separation of adducts in the

%, .
later stages of this work. . A -
'_2 . . . . "v,f =4
. :é.,é * > P * A 7
» - . ) A ] N
2.2  Redgents - * )
. - F-4

Aaepic-gg%yéride was certified ACS, Fisher; trifluoroacetic

4 4 N _ =
anhydride was Aldrich Gold Label (99+%). Nitric acid (fuming, Fisher)
was purified by élstilling (300 cm ) at 1 mm from urea (10 g, reagent,.

Fisher) and suifu:ic acid (500 cm ) and stored at -25%c. Ssolvents used
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1,4-dimethyl~2-nitrobenzene (982:§y
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for chromatography including pentane (reageft, Fisher),. anhydrous

S

Ei_i“g L I . 71,
ether (resgggi, Amachem) and benzene (reagent, Amachem) were further

purified By drying over sodium followed by distillation and storage in
=

glass boftles containing molecular sieves. Non-deuterated solvents

employed for spectroscopy were certified ACS, spectranalyzed {(Fisher)

and deuterated solvents including chlorofcr‘-dl, methylene chloriée-éz,

deuterium oxide-d,., acetonitrile-d

2 3’

acetone-d, were obtained from Merck, Sharp and Dohme. S5ilica gel
6 Y

methanel—da, §yridine—d§ and

(60-200 mesh) was Davison commercial grade H and neutral alumina {Cagag,
Activity I), deactivated with 32 of disﬁziiff_iife:, was use&iik

1,2-Dimethyl=4-nitrobenzene (Aldrich), 1.2-dimecthyl-3-nitro
benzene (technical, Baker), 4-methyl-2-nitrophenol (Aldrich) and
4-methyl-3-nitrophenol (Aldrich) we%e deemed pure and used without
further purification, 1,A-DimeEhyi—Q—nitrebenze§e was prepared ) l
as follows: ; v

Sulfuric acid (40 g, 0.42 mol) was added drcpwiée,

over 1 h, to a well-stirred mixrure of P-xylene (100 g, 0.96 mol) and

nitriciacid (120 g, 1590 mol) in methylene chloride (800 cm3) at 0°%.

The mixture was allowed to warm to 20°C and stirred for 18 h. Evaporation

of the solvent, after treatment of the reaction product with water (2 X

250 cm3) and saturated sodium bicarbonate (2 X 150 c§3) followed by drying

dver anhydrous magnesium sulfate, gave a’ crude product containing mainly
L ) R
Hn.m.r.). The product was distil-

led at ?SQC,ané 0.5 mm to give },ésdimezhyl—EsnitrQbegzene, pure by

1

g.l.c. and having i.r. (Neat) 1539 and 1350 cm™ (§Gz); IH n.m.r.

(90 Mz, CDC1,) § 2.30 (s,3,4~CH,),.2.43 (s,3,1-CH,), 7.10(d,1,6-H)

3)!




7.22 (dd,1,5-H), 7.67 (d4,1,3-H), 3A3 = 1.66 Hz,

(C-6), 133.9 (C-5), 137.2 (C-4), 149.0 (C-2).

- » : o 40
- — 1 . }'31'-

)'}56 = §.0 Hz;, " °C n.m.r‘.

ppm), 19.8 (4-CH), 20.5 {1-CH;), 124.8 (C-3), 130.4 (C-1), 132.6

- >

(coci,,

= *

2.3 Ovtimization ¢ Reastion Concition : »
P A _series of reactions was carried out on a small-scale (1 mmol
; N ;

substrate) to optimize the conditions for maximum diene formation. The

cetdc anhydride and half of .the required amount of acetic anhydride at

fau]
®
[= ¥
[}
"t
“
o
b
1]

-787C., ,he mixture was allowed to warm to 0 C, maintair

- . : o s . .
temperature for 5 min, and recooled to -78°C. This was then added to the

substrate, in ‘the remaining half of the’ acetic anhydride, at -78 C. The

o

. o s , oy 1
reaction temperature was raised to 0 C and aliquots withdrawn at regular
] .

. S . - N '
intervals. The 'H n.m.r. spectraz of these aliquots were recorded at
/
N L 5 i s . s . c N
-207C, the instrument being locxed on acetic anhydride (5 2.15 ppm). The
aliquots were then subjected to an: aqueous bicarbonate work-up, after
. s v 1 -
dissolution in ether, and the "H n.m.r. spectra recordéd. A few reactions
were also carried out in the absence of trifluorcacetic anhydride to

study medium-effects. Best results were obtained with trifluoroacetic

-

anhydride in the nitration of 1,Z-dimethyl-3- and 4-nitrobenzenes whereas,

in the nitration of l,4-dimethyl-2-nitrobeénzene, 4-methyl-2- and 3-nitro-

anhydride. .




2.4. Preparative Reactions
\ ¥
. s, o.. . . , . .
A cold solution (-207°C) of nitric acid was added dropwise with
’ >

stirring to a mixture of frifluorcacetic anhydride and acetic anhydride

he addition,

rt
[14)

. N . " o} , -
(or acetic anhydride alone) 4t -78/C. On completion of

o]
Pty

a

¢}

; ; o} , .
the mixture was warmed to 0 G to complete the formation etyl nitrate

; 1 o The . ' .
and cooled to -78°C. This was then added to the substrate in acetic

. o . : : . . o
anhydride at -78°C with stirring and the temperature raised to 0°C, the

temperature at which the best results were obtained in the small-scale
e 1
he reaction mixture was stirred until "H n.m.r. of an

"

aliquot showed that the reaction was complete; Z.2. no signals .
corresponding to the substrate were present.

The crude reaction mixture was originally workegd-up by adding

.

] : ; 40 . 5 4 ;
etner to the mixture at -78°C and treating the resulting solution with
liquid ammonia, condensed from the gas by passage through a condenser,

¢ og0 - ; X £ o
at -78°C. The rate of addition was adjusted so the temperature of the

. iy s i o
reaction mixture did not rise above -40°C. The neutralization procedure

was stopped when further addition of ammonia did not result in a rise

in the temperature and the reaction mixture was alkaline (pH ca. 8). The
excess ammonia was removed by an aspirator and the reaction mixture

treated with ice-water. The ether extract was washed, dried and evapora-

<0 1 - s as f s
ted at I5°C,. Hn.m.r. of %%5 product indicated partial decomposition

of the diene adducts and hence the following work-up procedure was

adopted:

On completion of the reaction, the reartion mixture was treated
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=

»éiig éce—water and sodium bicarbonate was added in portions till the
mixgure was alkaline (pH ca. 8). fhe product was gxtracted ;ith ether
and the ether extract wéshed with water and dried. lH n.m.r. of the
product, after removal of the solvent ether, showed that very little

decomposition of the diene adducts had occurred in the work-up.

2.6  Chromatography

P

Chromatographic separation of the crude reaction product

was -performed at low-temperature (—30?6 to TAOOC). Cold methanol was

-

circulated through the the jacket of a chromatography Eflumn by means

of a self-priming pump (Jabsco) and through a_coil which pre-cooled the
solvent. This insulated coil was connected in series with the jacket

and supported on top of the column. The refrigerated methanol was further
cooled in a Dewar flask containing carbon d%oxide—acetone and th%n
circulated through the jacket of the colﬁ%é? Initial experiments with
various adsorbents such as (a) basic élumijz;'deactivated with 3% of

10% acetic acid; (b) neutral alumina, deactivated with 3% water and

(c) silica gel indicated that the product recovery was highest (757 to

-851) with silica gel. A ratio 05‘100:1 of silica to the reaction producfA

g

The columns were packed in the usual manner and topped up
with an inch of sea-sand. The reacti roduct was d%isolved in minimum
ether and loaded onto the column. The eluftion process wds initiaged
immediately by forcing ghe solvent (pentane and then pentane-ether

mixtures) under pressurg of nitrogen (5 p.s.i.) through the column.

This offset the increased viscosity of the solvent at low temperatures
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and shortened the t%me that the adducts spent on the column, an
important facto? which proved crucial in determiniﬁglthe'net recovery
of the diene adducts from the process.

The separation could be improved by using benzene (instead
of pentane-ether mixtures) as the solvent. The efficady of the
operation was ‘greatly enhanced by employing a Prep LC/System 500,
usipg pre-cooled benzéne (ca. SOC) as the solvent and employing a
flow-rate of Gii dm3/gin. A
2.7  Shift Reagent Studies ® )

The shift reagent tris—(l,l,1,2,2,2,%,3—heptafluoro—7,?-

dimethyl-d —4,6—octanedionato—d3)europium(III) was used in several

6
cases during n.m.r. analysis of the diené adducts to (a) induce
sepération o§ diene protons in order to calculate coupling'constahCS,
as iliustrated in the case of adducts from l,2-dimethyl-3-nitrobenzene
and (b) distinguish trans from cis édducﬁs by observing the rate of

shift of the proton.signals and plotting the shift of various protons
vg. the shift of the acetate protons.

’The shift reagent was added in small incrementé (5-10 mg)
to a solution of the pure éiene (35-50 mg) in chlorofoi:'m—d1 at O?C.
Tﬂe weight of the reagent added and the n.m.r. spectrum (tetramethyif
silane as standard) were recorded after each addition. The volume
increase resglting on addftion of the reagent was ignored. The

observed variation in the lanthanide-induced shifts could be related

3 to the different proton—eurogium:diséances.

[
2

Wi

bl




2.8 Kinetics

-
<

Due to theswide variety of reagents employed to effert
exchange and rearomatization, reaction conditions had to be suf%ably
tailored to meet the reagent requirements of solubility and reactivity.

In principle, the reactions with various acids and amines were

carried out by adding the reagent to .the diene adducts in a suitable

.

o . . ;
solvent at -78 ¢ and then bringing the reaction mixture to a temperature

F

convenient to monitof the reactioﬁ. Exchange reactions with various
nucleophiles were usually carried out by’adding the diene to a solution
of the reagent in a suitable solvent at an optimum temperature.

The reactions were worked-up by transferring the contents
of the n.m.r. tube to a small flask (25 cm3 capacity), rinsing with

hS

ether and neutralising (wherever necessary) at low tem%eratures.; .
The ether extract was dried over anhydrous magnesium sulfate and
filtered. EQaporation of the solvent at i5°c; on a rotary gbéporator*
yielded products which were analyzed by u.v., i.r., L nom.r. and
g.l.c.-m,s.-c.1i..

Diene adducts obtained by exchange reactions were iéolated,
for positive identificaéien and further exchange reactions, by repeating

the exchange on the crude nitration produc;‘and isolating the desired
diene on a Waters Associates Prep LC/ system 500, using benzene as the
solvent. The adducts thus pobtained were recrystallised from ether at

-20°C. . _ :

-

-
. T

7 [=Sg,
i)

.
LY
5- m—’f"z‘?
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2.9 G.L.C. AnaZysis' .

The aromatic compounds obtained by rearomatization of diene
§ /D

" adducts were analyzéd on a Varian Aerograph 2400 using a 1.3 m g

hydrogeén flame ionization deteefgft;with he

*

3%%;%%50 stainless steel column, The instrument was equj
. ] ) , %

a flow-rate of 20 cm?/min at 50za.s.i%

. .
~
= o @
-

The column packing was prepared by suspending the support in

a solution of the liquid phase in chloroform and removing the solvent on.
a rotary evaporator after ensuring thérough mixing. The column
temperature during the angly%is was lSOOC and the injéctor and detector

- f - ®
* on0 .
temperatures weré ca. 50 C above that of the column temperature, é%}
1 . . . :

% runs being isothermal. The identity of .the compounds were c¢onfirmed by

. T N
comparison of their retention times with those of authentic samples

- and also by'g.l.c.-m.s.-c.i. analysis. .
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"TABLE 2.1 .
LIST OF ADDUCTS OBTAINED IN THE PRESENT STUDY
O.N_
2 " 0N - 0, AcO~
™~0Ac
< Ko, 0, , > "wo,
NO, H® OAc NO,
OAc, »

R
-
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2.10 Isolation of the Diene Adducts -
The diastereo%er of a pair of isomeric dienes eluted first from

s

the® column will be designated as isomer A and the isomer eluted later
. ) A

wi%l be designated as isomer B. In the_case where more than one pair

- of diastereomers is present, the second pair, in order of elution, is

=
designated as isomer D and isomer E respectively. Between the positional

isomers A and D, the isomer A is eluted prior to isomer D.

The structures of the various addﬁﬁts&and the system of number-
ing employed are given in Table 2.1. |
(a) l,Z-Diéethyl-&-nitrobenzene ’ )

Nitric acid .(32 g; .0.51'mol) at -20°C was added in small.
portions with stirring to a mixture of acetic anhydride'(go g, 74 cm3)
and trifluéroacetic anhydride (100 g, 67 cm3) at —78°é. The temperature
of the mixture was raised to SdC, maintained for 5 min to ensure complete

reaction and then lowered to -78%c. This nitrating mixture was added

gbpwise, over 10 min, to a solut?on of 1,2-dimethyl-4-nitrobenzene (15 g,
0.1 mol) in acetic anhydride (20 g, 187cm3} at -78°C. The reaction
temperature was then raised to OOC and maintained for 2 h with stirring.
At the end of this period, the,reaction mixture was pgured into a beaker

containing ice (800 g) and ether (800 cm3). The aqueous medium was

S

neutralised using sodium bicarbonate till it was mildly alkaline (pH
ea.” 8). The ether extract was washed with %}stilled water (2 X 600 cm3),
dried over anhydrous magnesium sulfate and evaporabed at 15°C. Integra-

tion of the 1H n.m.r. spectrum of the crude reaction pipduct showed that

the diene adducts:.constituted ca. 507 of the total mixtura.

o
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The product”was éhromatographed on silica gel at -40°¢ using

pentane—ether mixtures. Elution upto 40% ether in pentane gave

e
%

1,2-dimethyl-3,5-dinitrobenzene (16) as the pfincipal producﬁ m.p. 75°C

(1it (83) 77°C); i.r. (KBr) 1520 and 1348 cm (NO,) 3 q nom.r. (30 Mz,
cDcl,) & 2.46 (s,3,1-Cl,), 2.51 (s,3,2-CH,), 8.18 (d,1,6—§), 8.35 (d,l1,

4-H), J46 = 2 Hz; éass spectrum (70 eV) m/e (felative intensity) 196 (40, ’
M), 180 (15,M-0), 179 (100,M-0OH), 133 (27), 132 (13), id& (26), 103 (36),

91 (24), 78 €19), 77 (34), metastable peak at 163.5 corresponding to

196 - 179. #

)

- The 457 and 50% ether—pentaﬁe fractions gave a mixture

containing 1,2-dimethyl-4,5-dinitrobenzene (cz. 20%) and diene adducts

\

(ca., 80%), which on recrystallization from ether at -20°% gave one
diastereomer \of 4,5-dimethyl-2,4-dinitrocyclohexa-2,5-dienyl acetate (ZA)

m.p. 9506; u.v.i(CH3OH) 225 nm (775 mzmol_l), 194 nm (1540 mzmol_l);

-1

i.r. (Nujol) 1238 and 1742<cm—1 (ococus), 1560 cm (ﬁoz); 4 nom.r.

(90 Mz, CDClB) §-1.88 (d,3,SHC§3), 1.95 (SQ,A-C_}%), 2,06 (s,3,OCOC§3),

¥

5.98 (m,1,6-H), 6.46 (d,1,1-H), 7.44 (s,1,3-H), J, = 4 Hz,

16
J6,5—CH3 = 1.5 HZ, JI;S—CH3 = 1.3 Hz. On a=300 Hz expanded spectrum, the

peak due to S—CH3 appeared as a triplet (overlapping doublets)gand the

peak due to 1-H appeared as a multiplet. Irradia;iongof the methyl

resonance at § 1.88 collapsed the peaks at 8§ 5.98 and & 6.46 to
two doublets} 13C n.m.r. (CDCiB, ppm) Sc 17.4 (5!§§3), 20.6 (OCOQ§3},
23.4 (A—QﬁS), 61.4 (C-1), 88.9 (c-4), 124.3 (c-6), 133.6 (C-3),

134.8 (C-5), 148.3 (C-2), 169.5 (0COCH,)
e

. . =~
. An&l Calcd for CIOH12N2O6 C,46.88; H,4.72; N,10.93

Found : C,47.02; H,4.70; ¥,10.82
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- - -

The mother liquor from these fractjons was subjected to another

recrystallization to give 1,2-dimethylfé,sfginitrcbenzeng (%g} which

was recrystallized from ethanol m.pi ilBO& (1it (83) IISOC); i.r. (KBr)
1528,-1548, 1378 and 1338 cm_l; 1H n.m}r. (90 MHz, CDC13) ) 2.32‘(5,6,
1-CH, and 2—Q§3), 7.63 (s,2,3-H and'é—g); masé spectrum (70 eV) m/e
(:elative-intensity} 197 (12), 196 (100,M), 180 (20,M-0), 150 (lé:ﬁ;ﬁﬂz):
108 (48), 103 (24)-, 92 (14), 91 (79), 80 (24), 79(26), 78 (21), 77 (45).

The 55% eéher—ﬁentane column fraction gave a mixture of

1,2-dimethyl-4,5-dinitrobenzene, 1,2-dimethyl~3,4-dinitrobenzene. and

8
the diene adducts in the ratio l:4:5. %his fraction was recrystallized

from ether at -20°C to give the other isomer of 4,5~dimethyl-2,4-dinitro-
cyclohexa=2,5—dien?}kacetate 4B m.p._llSOC (d); u.v. (CHBOH) 227 nm
(830 m2mol™ ), 195{am (1620 m’mo1™); i.r. (Nujol) 1240 and 1750 cm '
(0COCH ) , 1560 cm-1§<xog>; "W n.m.r. (90 MHz, CDCL,) § 1.86 (s,6,4-CH,
and s-cga), 2.04 (S,B,OCOC§3), 5.;6 (m,1,6-H), 6.34 (d,1,1-H), 7.34 (s,

1,3-H), J 4 Hz, J = 1.5 Hz; 13C n.m.r. (CDC13, ppm) &c 17.4

16 6,5-CH,
(ngﬁg), 20.6 (Ocoggs),'24.1 (4—Q33), 60.9 (Cc-1), 87.7 (C-4), 124.3
(c-s), 132.8 (C-3), 133.9 (C-5), 148.4 (C-2), 169.8 (0cocH,)
Anal. Calcd.for C10H12h206 C,46.88; H,4.72; N,10.93
Found : C,46.70; H,4.72; N,10.65

Further elurtion with 60% ether;pentane followed by recrystall-
ization from carbon tetrachloride gave 1,z—dimethyl—S,é-dinitrobenzene
(12) which was recrystallized from ethanol m.p 82°¢ (1it (83) 8296);

{.r. (KBr) 1352 and 1540 em ' (NO,); 'H m.m.r. (90 Mz, CDCL,) § 2.22

(s 3,1-CH. ) 2.41 (s,3,2-CH, ) ? 41 (d,1,5-H), 7.92 (d4,1,6-H),

J56 = 8.5 Hz, mass spectrum (70 eV) m/e (relative intensity) 196 (57,M),

et




.

1807 (16,4-0), 179 (100,M-OH), 148 (13), 150 (96,4-X0,), 105 (11),
394 (15),.103 (23), 92 (13), 91 (63), 79 (12), 78 (27), metastable
peak at 163.5 correspondiﬁé to 196 -+ 179.

Attempts to improve the degree of separation of the diene

-

adducts from each other and from the aromatic compounds by changing

the eluent to benzene, keeping the prop;rtion of silica constant,

proved highly successful. At temperatures ranging from 5°C to 109c,

a vastly inmproved separation ané‘recovery resulted. ?hé efficacy .

of this operation was enhanced by employing a Prep LC/ éystem 500.

Under optimum conditions, the diene adducts were easily separable

from each other and were separated and used for characterizaéion,

The Prep LC/ System 500 was also suitably employed for purification

of the diene adducts emanating from exchange reactions on the adduct

4,5-dimethyl=2,4~dinitrocyclohexa-2,5-dienyl acetate (z), .

(b) 1,2-Dimethyl-3-nicrobenzene

Nitric acid (32 g, 0.51 mol) at -20°C was added in small \\

portions with stirring to a mixture of acetic anhydride (80 g, 74 cmB}
and trifluoroacetic anhydfide (100 g, 67 cm3} at -78°C. The temperature
of the mixture was raised to 5°¢, maintained for 5 min to ensure

e f o .

complete reaction and then lowered to -78 C. This nitrating mixture

was added dropwise, dver 10 min, to a solution of 1,2-dimethyl-3-nitro-

P

benzene (15 g, 0.1 mol) in acetic anhydride (20 g, 18 Cﬁ3) at -78°C,

with stirring. At the end of this period, the reaction mixture was

poured into a beaker ¢tontaining ice (800 g) and ether (800 cms). The
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aqueous medium was neutralized using sodium bicarbonate till it was

alkaline (pH ca. 8). ,The ether extract was washed with water (2 X

[y

3. .
600 .cm™), dried over anhydrous magnesium sulfate and evaporated at 15°¢C.

l"
Integration of the "H n.m.r. spectrum of the crude product showed that

the diene adducts constituted ca. 40% of the total mixture.

»

The product was cﬂramatographed on silica gel at -10% using

pentane-ether mixtures. Elution upto 20%Z ether in pentane gave a 1:1l
nixture of 1,2-dimethyl-3,5-dinitrobenzene (%é, also obtaineé in Zhe-
nitration of 1,2-dimethyl-4-nitrobenzene) and 1,2-dimethyl-3,6-dinitro—
benzene (és). The latter cemppunq was not isolated but its presence was
clearly evident from the iH;n.m*r. spectra and it had (90 M@z, CDCIB)

& 2.41 (s,gtl—ﬁgs and Z—CEB), 7.61 (s,2,4~H and 5:§). The 30% ether-
pentane fraction ga&e mainly ig, The 35% ether-pentane fraction, after
recrystallization from ether at sEOGC, gave one diastereomer of 3,4-
dimethyl-2,4-dinitrocyclohexa-2,5-dienyl acetate Q%A) m.p.-SSSC; u.v.
(CH,OH) 242 nm (490 m’mol "), 195 mm (1650 mmol™"); 1.r. (KBr) 1225

and 1745 ca”! (0CQCH,), 1555-cm™' (¥0,); 'H n.m.r. (90 MHz, CDCL,) § 1.92

h ]

(s,3,4=CH,), 2.03 (d,3,3-CH,), 2.05 (s;3,0C0CH,), 6.05 (d,1,5-H), 6.26

*

= 3.4 Hz, J, . = 1.5 Hz,

56 16 I5

(dd,1,6-H), 6.52 (m,1,1-H¥ J., = 10 Hz, J
J

1,3—CH. = 1.3 Hz. Shift reagent was added ro the solution and the

3

decoupler, frequency set at éhe 1-H resonance when the following changes
ogcu;:eé; the 6-H (dd) resonance ccliapsed to a doublet, the 5-H }dd)
resonance collapsed to a doublet and the 3-CH, (d) resonance Eoliapsed
to a singlert; 3¢ n.o.r. (Cﬁﬁlg,gpm) 8c 15.6 (3-CH,), 20.5 (GCQ§§3),
23.5 (4—;335,-63.3 (C-1), 90.2 (C-4), 127.1 (c-6), 129.0 (C-5),

136.3 (C-3), 146.9 (C-2) and 169.6 (Q§§C33).

-
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Anal. Calcd. for C. H,.N.O.: C,46.88; H,4.72; N,10.93

107127276
Found : C,46.48; H,4.76; N,10.97 ~

~
By

_ Further elution with 40%Z ether-pentane gave a 1:2 mixture of
l,2-éimechyl—§,4—dinitrobenzene (%é, also obtained!in the nitration of
1,2~dimethyl-4-nitrobenzene) and the adduct 3A, which on recrystalliza-
tion ?rom carbon tetrachloride at -20°C gave pure %é (IH n.m.r. and
g.l.c.). The diene JA was recrystallized from the mother liquér using
eéﬁer at -20°c. ‘

The 457 egher-pentane fraction gave mainly a ﬁixture of diene

adducts which on recrystallization from ether atAEZQOC gave the other

diastereomer of 3,4-dimethyl-2,4-dinitrocyclohexa-2,5-dienyl acetate.

1 Z

(98) m.p.108°C; u.v. (CH,0H) 240 nm (410 m® mol™ 1) 195 nm (1340 m

molhl); i.r. (KBr) 1230 and 1745 e (GCOCHB), 1540 cm™ (Noz)x .

n.m.r. (90 MHz, CDCl,) & 1.85 (s,3,4-CH,), 2.07 (m,6,3-CH, and OCOCH,),

6.04 (d,1,5-H), 6.19 (dd,1,6-H), 6.33 (m,1,1-H), Jgg = 9.5 Hz, J =
Jl,SZCHS = 1.3 Hz. Shift reagent was added to the
solution and a 300 Hz spectrum recorded. This resulted in the resoclu-

3.4 Hz, J,, = 1.5 Hz,
15

tion of the resonances of the ring protons and the overlapping resonances

due to 3-CH,and OCOCH l3C n.m.r. (CDC1l

3 =3 3’
(0COCH,) ," 24.3 (4-CH;), 62.7 (C-1), 88.8 (C-4)7=%76.1 (C-6), 128.8 (C-5),

ppm) &c 14.2,(3—£ﬁ3), 20.5

134.8 (C-3), 146.5 (C-2), 169.6 (QEOCHB)‘

= & S a . s « N § G 2
Anal. Calcd. for ClOHIZQZ 6° €,46.88; H,4.72; N,10.93

Found : C,46.64; H,4.64; N,10,69




(e) 1,4~Dimethyl~2-nitrobenzene .

£3=

Small-scale experiments revealed that in the presence of
, .
trifluoroacetic anhydride, only one pair of diabtereomeric 1,4 adducts
1]
was obtained whereas in the absence of trifluorocacetic anhydride, two
]

pairs of diastereomeric-1l,4 adduct along with a 1,2 adduct were

obtained. }-

Pl

. Nitric acid (32 g, 0.51 mol) at -20°C wa% added in small

. . . . . - - N S e
portions with stirring to acetic anhydride (5@ g, 47 cm3} at -78°C.

. R : s =0 . P c s
The temperature of the mixture was raised to 5 C, maintained for 5 min,
to ensure complete reaction and then lowered to -78 C. This nitrating
mixture was added dropwise, over 10 min, to the substrate (15 g, 0.1 mol)

o - . . ’ o] 2 .
at ~78 C. The reaction temperature was raised to 0 C and maintained for
18 h with stirring. At the end of this period,  the reaction mixture

3 . ; 3
was poured into a beaker containing ice (800 g) and ether (800 cm™).
The aqueous medium was neutralized using sodium bicarbonate till it was
L

alkaline (pH ca. 8). The ether extract was washed with water (2 X

600 cmS}, dried over anhydrous magnesium sulfate and evaporated at 15°¢.

Integration of the lH n.m.r. spectrum of the srude product showed that
- ¥ ”

3 = . . . - -
the diene adducts constituted ca. 60%Z of the toral mixture. :

Preliminary attempts to chromatograph the reaction product
over silica or alumina at low temperatures {-ZOOC to -éGOC),guSigg
ether-pentane mixtures, showed that the product recovery and degree of
separation were quite poor, presumably because of the number of adduets
involved. The diene adducts could be isolated with less difficulty on a

Prep LC, using pre-cooled benzene or ether as the solvent.
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Crystallization of the reaction product from ether at -20%
gave a 1:2 mixture of the three dinitroxylenes and the adduct 12, The
cubic crystals of the adduct %% were manually separated from the
needle-like crystals of the dinitroxylenes. Recrystailization of the
cubic crystals from ether at -20% gave the adduct 3,6-dimethyl-2,64-

dinitrocyclohexa-2,4-dienyl acetate (%;) m.p. IOQOC; u.v. (CHBGH) 295 nm-

(655 m2 moz’l), 207 nm (995,33 mol"l}; i.r. (KBr) 1760 and 1200 cm-l

(1]
Yot
Lee]
Yot
)
w
-
o
-
o
|
{
jas
St
-

(0COCH ), 1550 cm™ ' (N0,); 'H n.m.r. (90 Mz, CDCLy) ¢

1.96° (s,3,0C0CH,) ; 2.26 (s,3,3-CHj), 6.14 (d,1,4-H), 6.25 (d,1,1-H),
T 1

10 Hz, J,. = 1.46 Hz; “C n.m.r. (CDCL

6.80 (dd,1,5-H), J s

e 19.7 {6—§§3), 20.3 (OCOQ&B}, 22.6 (B-Qﬁa), 68.6 (C-1), 89.6 (C-6),
2
127.6 (C-4), 132.5 (C-5), 139.7 (C-3), 140.6 (C-2), 168.8 (OEQCH3)

A 3 n N =
Anal. Caled. for 6103125266'

C,46.88; H,4.72; N,10.93 .
-
Found : C,46.62; H,4.72; %,10.50

3

The mother liquor (after retrystallization of the main reaction
&5 .
product) was injected, in 0.500 g portions, into the inlet of a Prep LC

. . Oy o c c
system using pre-cooled benzene (ca. 5 C) as solvent and a flow rate of

0.1 dm> min L.

e ‘ -

The first fraction eluted from the column contained mainly a

mixture of dinitroxylenes. This fraction was mixed with the needle-like

crysgalé (obtained from crystallization of the reaction product) and

]

chromatographed over alumina (discussed later).
The second fraction, after recrystallization from ether at

-2 QC; gave one diastereomer of 1,4-dimethyl-2,4-dinitrocyclohexa-2,5-
)
dienyl acetate (%ga) m.p. 8300; u.v. (CH30§) 245 nm (970 mz mél-l},

H
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195 nm (2120 mzmol_l); i.r. (KBr) 1740 and 1230 em (OCOCH,), 1545 em !

(%0.); 'H n.m.r. (90 MHz, CDCL,) & 1.72 (s,3,1-CH,), 1.92 (s,3,4-CH.),
2 3 23 23

-~ 2.02 (3,3,OCOC§3), 5.94 (d,1,6-H), 6.15 (dd,1,5-H), 43 (d,1,3-H),
= 10 Hz, J = 1.76 Hz. Irradiation of the 3-H doublet resulted in

35
the c¢ollapse of the 5-H (dd) resonance to a doublet; l?C n.m.r. (CDC1

*Jse

ppm) Sc 21.2 (0COCH,), 24.7 (4-CH,), 26.0.(1-CH,), 71.2 (C-1), 86.6
(C-4), 124.2 (C-5), 129.6 (C-6), 133.8 (C-3), 151.2 (C-2), 169.8

) \
(0COCH ) .

:. T 0 C. 4 - 72+ N
anal. Caled. Tor C H N,0.: C,46.88; H,4.72; X,10.93

Found : C,46.35; H,4.777 §,10.51

4

<

The third and feourth fracrions contained a small amount of a
mixture of mainly two diene adducts in nearly equal proportions.
Attempts to separate the adducts by crystallization were unsuccessful,
Hence the following procedure was adopted:
The mixture was injected into the inlet.of a Prep LC system
) using pre-cooled et@er (5°C) as the éclvent and a flow rate
""‘4‘{§j-ﬂ_éf of 0.15 &m3mi;hl.*hfhe first fraction contained mainly
aromatic compounds, presumably formed by decomposition of the
adducts. The second fraction gave one diastereomer of
1,4-diméthyl-3,é-dinitrocyclchexa~2,§—dienyl acetate (%% D)

1

i.r. (neat) 1740 and 1235 cm (OCOCHS), 1535 cm - (NO,) ;

' n.m.r. (90 MHz, CDC1,) .6 1.62 (s,3,1-CHy), 2.04 (s,8,

F

=3

L,2-H), Jsq = 10 Hz, J

resonance resulted in the collapse of the 6-H (dd) resonance

4CH, and OCOCH,), 5.89 (d,1,5-H), 6.01 (dd,1,6-H), 7.60 (d,

= 1.5 Hz. Irradiation of the 2j§€(d§

26

o
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to a doublet; 13C n.m.r. (CDC13, ppm) Sc 21.3 (0C0§H3), 21.8

(1-CH,), 26.7 (4-CH,Y,"74.3 (C-4), 84.7 (c-1), 127.3 (c-5),

131.7 (C-6), 139.6 (C-2), 145.3 (C-3), 169.9 (DQQCH3). The

third fraction gave a g t?rE-of (%} D) and another diene
adduct, also obtained from the fifth fraction using benzene
as solvent.
's -
The fifth fraction cogtained a 1:1 mixture of (l2) and another
adduct. The adduct (%%) was rfcrystallized from this mixture using ether

L4
to give the other diastereomer of 1,4-dimethyl-2,4-dinitrocyclohexa-2,

at —zpcc. The mother liquor was subjected to another recrystallizat{ir;k
dienyl acetate (19 B) m.p. 82°¢C; u.v. (CHBOH) 245 nm (715 mz mol—l),

197 nm (1408 @2mol™Y); 1.r. (KBr) 1740 and 1230 em & (OCOCH,), 1542 o
(0,); ' n.m.r. (90 Miz, CDC1,) & 1.67 (5,3,1-CHy), 1.86 (s,3,4-CHy),
2.00 (s,3,0C0CH,), 5.98 (d,1,6-H), 6.30 (dd,1,5-H), 7.57 (d,1,3-H),

J.. =10Hz, J,_ = 1.75 Hz. Irradiation of the 3- H (d) resonance

56 35
resulted in the collapse of the 5-H (dd) r$§onance to a doublet; I3
n.m.r. (CDCL,, ppm) Sc 21.2 (0COCH,), 25.9 (4-cH,), 27.6 (1-CHy), 70.7

(c-1). 83.7 (C-4), 124.4 (C-5), 130.1 (C-6), 132.9 (C-3), 150.6 (C-2),

"169.6 (OCOCH,) «

Anal. Calcd. for Cloﬁlzﬂzos' 6,46t88; H,4.72; N,10.93
Found : C,47.02; H,4.72; N,11.05
The sixth fraction gave a small amount of the adduct (%Q B)
and another adduct, presumably the other diastereomer of 1,4-dimethyl-
3,4-dinitrocyclohexa-2,5-dienyl acetate (11 E). The latte£ compound,

being a minor component, could mot be isolated but its prgsence was

evident in the IH n.m.r. spectra an& it had (66 MHz, CDCL ) 6 1. 70
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(s,3,1-CH,), 1.89 (s,3,4-CH,), 2.00 (s,3,0C0CH,), 5.85 (d,1,5-H),

6.05 (dd,1,6-H) and 7.70 (d,1,2-H). ° .

As described earlier, the first fraction from the Prep -LC system

~

contained a mixture of dinitroxylenes. This wés-chfoﬁatographed ?qer-:-
alumina at 20°C u;ing éther—péntane mixtures. Fractions upto

12.57% ether gave a mixture of 1,4-dimethyl-2,5-dinitrobenzene (%Q)

and l,4-dimethyl-2,6-dinitrobenzene (%%) in the r;tio 1:5. Recrysialli—
. zation from ethanol gave pale yellow crystals containing a 1l:1 mixture
of (%Q) and (%%). The product (%Q{ was not purified but its identity
was confirme? from ghe;lH n.m.r. spectra (84) aq@.it had (90 MHz, CDCIB)
8§ 2.58 (s,é,l-C§3 and 4—C§3), 7.88 (s,2,3-H and 6=§§.

The 15% ether fraction, after recrystallization from éthanol,
gave l,4-dimethyl-2,6-dinitrobenzene (1) m.p. 124°C (1it (84) 124°C);
i.r. (KBr) 1530 and 1345 cm;f (NOZ); L nm.r. (90 MHz, CDC1,) 6 2.47
(5,6,1~CH, and 4-CH,), 7.78 (s,2,3-H and 5-H); °C n.m.x. (cpC1,, ppm)
dc 14:4 (A-QHS), 20.6 (1*933), 124.0 (C-1), 127.9 (C-3 and C-5), 138.6
(C-4), 151.4 (C-2 and C-6); mass spéctrum (70 eV) m/e (relative
intensity) 196 (12,M), 180 (11,M-0), 179 (190,&-0&), 162 (20), 149 (15),
‘135 le), 105 (22), 104 (64),103 (33).

The 20% ether fraction, after recf&stallizabion from ethanol,
gave l,4—dimethyl-2,3fd;ni%¥ebéﬁzene (%2) m.p. $4°C (1it (84) 9400);
i.r. (KBr) 1525 and 1355 e ' (80,); 'H n.m.r. (90 Mz, eDC1,) & 2.35
{s,é,l—Cﬁa and 4-CH,), 7.35 (s,2,5-H and 6f§>;.%3c n.IT. (CDCL,, ppm) Sc
17.7 (1—§§3 and éf§§3}, 130.7 (C-1 and C-4) + 134.2 (§=S and C~6), 143.6

(C-2 and C-3); mass spectrum (70 eV) m/e (relative intensity) 196 (76,M),

180 (l4,M-0), 179 (100,M-OH), 148 (95), 104 (20), 103 (29), metastable
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peak at 163.5 corresponding to 196 - 179.

After characterizing the various diene adducts, re-examination
of the 1H n.m.r. of the small-scale réactions using trifluoroacetic
anhydride revealed that the diastereomeric pair of 1,4 adducts not

obtained under‘these conditions were the adducts %QA and %QB.

A
.

(d). ~-4-Methyl-2-nitrophenol

Sméll—scale reactions showed that 4-methyl-2-nitrophenyl
acetatet prepared by acetylaei;n of qpe phenol with acetic’anhydri&e
(86a), did not react with Fhe nitrating mixture under various conditions;
e.g. Hn.m.r. of a reaction mixture using nitric acid (1.5 mol) and
acetic anhydride (5 mol) per mole of the substrate showed thaé no
reaction had occurréd. after 48 h at_OOC. Hence the nitration -was perforP;

ed on the phenol, rather than the phenyl acetate.

Nitric acid (6.2 g, 0.1 mol) at -20°c was added to acetic
°

anhydride (24 g, 22 cm3) at -78°C. The temperature of the mixture was

brought to SQC, maintained for 5 min to ensure complete reaction and
then lowered to -78°C. This nitrating mixture was added dropwise, over
5 min, to the substrate (10 g, 0.066 mol) in acetic anhydride (9.3 g;

8.6 cm3) at -78°C. The reaction temperature was gaised to 0°¢C and

spectrum (lock:-acetic anhydride § 2.15 ppm) of an aliquot showed that
the mixture contained ca. 55% of é=me€hyl—2,4-&initr§gyciohex392,S-dien- a

l-one (13) M n.m.r. (90 MHz; Ac,0) 6 6.45 (4,1,6-H), 7.36 (dd,1,5:B)

7.87 (d,1,3-H), J.. = 10 Hz,

56 I35

The nitrodienone was quite unstable and usually decomposed on

= 2 Hz.

*

¥
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= described below: '

N

“°
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wbrk-up to‘gfve é-meth?lez;SEdiniErephenél (14) m.p,.830C (1ic (85) SSOC);
) . L M

) - -1 E
i.r. (CDCL,) 3150 em * (OH), 1535 cm ©.(NO,); 'H m.m.r. (90 Mz, CDCL,)

. » Sy 13, .
8 2.§0|(s,3,é;C§§),.8;p9 (s,2,3-H mﬁi,@-ﬁ), C'n.mir. (CDC13,*ppm) Se

&

1202 (4-CHy), 129.9 (C-1), 131.8 (C-3 and C-5), 137.2 (C-4), 147.3..(C-2

4

and C-6). . 7 - B .

- - = P .,
- .

, The reaction was repéated under similar conditions and the

methods employed in an. attEmp; o isolate the dienone are brlef

i
2

&

s

' E . -
(i) Cold pentane (550 cm3) at ;78°C was added to the product mixture

at i?BOé.’ The colorl&3 pentane extract was withdrawn lafter 1 h at

—7800)7and the solvent evaporated at 0°c when;Qeryélittle productﬁyas '

) , . . 7 .-
obtained: o . ’ - ’

F

(ii) The oily mixture left after removal of thé pentane extract was
dissolved in a 50% ether-peptame mixture (SG_cmB) at -78°C and the

Yolution alléwed to gtand for 1 h at -78°C. The pale-yellow crystals

A

obtained ‘contained mainly Q—methfl—z,éedinitroﬁhenol. The.mother liquor,

after removal of the solvent at ODC, also gave 4fmeth?152,6=dihit£cphenol,
L' . . A

presumably by decomposition, of the nitrodienone.

4 ' : 4

add%d ‘to one pqstian and liquié ammonia was passed into the solution

s

~ -
‘"

_(bﬁiéﬁ -éBi till the mixture was alkaliﬁe, Ezcegs ammonia was rema#ed

o, §qd:%he teggeratgze raised to Q C. Eke mixture was filtered and the

+

. . . ) ) ) ; -
residue washed with ether (50 ems) at Ogﬂ The ether extract ¥33~¥33he§%

" with saturated sodipin chloride {G c), érieéhs?er aahyéraas magﬁesiﬁm

E

sulfate. The prcéﬁ:t hy lﬁ nim.r., was 4-methyl-2, §-§i§it:e§h€aéz.

¢ s e

i

.

e
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(iv) The other half of the reaction product was also cooled té -78%¢

.and sodium acetate (5 g) added when the reaction attained a bright-red

colour. The geémperature of the mixture was raised to 0°C and then ’

lowered to -40°C after 5 min. Cold ether (250 cm3) at -78°C was then

a® added and the mixture filtered. The filtrate, after removal of the

‘solvent at ODC, gave 4—methyl—2,6—ainitrophenol as the main products

(v) The reaction %es repeated under similar conditions and, after
k] ’ -

‘completion, loaded on a column of alumina (deactivated with 37 water)

dat -40°¢. Four fractions of eluent ether (800 em’ each) at -40°C were
collected and the solvent removed at 0°c. lH n.m.r. of each fraction
showed 4-methyl-2,6-dinitrophenol to be the main product.

(vi) The Teaction was repeated under similar conditions and the product

L4

cooled te —7800. Cold methanol (250 cms) at ;?éeéqwas addeg and the

solution set aside for 1 h. The pale—yellew crysta§5'0btained on

%
filtration contained 4-methyl-2,6-dinitrophenol as the main product

Q(bﬁ 1H n.m.r.).

o>

The sclvent_was removed frmﬁ the filtrate at 0 C. The white,
crystalllne product after washing with methylene chloride (25 cm ) at 0°c,

o was identified as S-methoxy—éimethylﬂ4 6—dinitrocyclohexa—2—en—l—one (é%).

&

‘m.p. 125°C (4); i.r. (KBr) 1710 cw ' (OCOCH,), 1550 cm™ " (N0, 3 "oancm.r.

(90 Hiiz, &Escocn ) 6°2.09 (s,3, 4—CH ), 3.60 (s,3, ocgg), & 89 (d,1,5- _),

5 93 (d 1,6-H), 6, 53 (d,1,2-H), 7.4% (d,1,3 H) J., = 11. 33 Hz, J

56 23

10 Hz; i3C n.m.xr. (GD Cﬂﬁﬂgg pgm} éc 22. 5 (Q—CH3}, 63.3 (GCB ),

3
81.7 (c~5), 82.9 {C—é), 92 7 (6-6), 131.6 (C-Z), 145.6 (C 3)

*

Anal. Calcd. “for Cgﬁiaﬁ 06: c 41.25, H,4:38; N,12.17 ? ;

“Found  : ,tl,Si; H,4.25 N,11.85 ;

TR

I
4

N
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(e) 4-Methyl-3-nitrophenol

LY

1Y = -
Nitric acid (0.835 g, 13 mmol) at —ZOOQ was addgd with stirrfing )

to acetic anhydride (3.4 g, 3 cmB) at -78°C. The temperature was raised
to SOC, maintained for 5 min and then lowered to -78°C. This nitrating

mixture was added to a -solution of 4-methyl-3-nitrophenol (1 g,r%.6 mmol)

in acetic anhydride (3.4 g, 3 c§3) at -78°c. After 30 min, integration of

1 y ‘s ’ L
the "H n.m.r. spectrum (lock: aéetic anhydride & 2.15 ppm) showed that the

mixtére contained ca. 30% of 4-methyl-3,4-dinitrodyclohexa-2,5-dien-1-one
(L) 'H n.m.r. (90 Miz, Ac,0) & 6.58 (dd,1,6-H), 7.15 (d,1,5-H), 7.47

(d,1,2-H), J., = 10 Hz,

56 = 2 Hz.

I

The nitrodienone could not be crystallized from methanol at
-78°c. Hence, after compietion of therreactioh, metﬁylene«chloriae (100
cm3) was added and liquid ammonia passed into the solution (below -40°C)
till the mixture wasialka;ine. Excess ammonia was removed and tﬁe solu~

tion filtered at -20°C. Cold methylene chloride (100 §m3) was added to

’

the residue and the mgghylene chloride extract, after washing with satu-
- rated sodium chloride (2 X 25 cma) at —SOC, dried over anhydrous magnesium

- . - - 1
sulfate and filtered. The solvent was removed at 0% to give, by "H
A i

’n;m.r., 4-methyl-3,6-dinitrophenol (Z%Y %g n.m.r. (90 MHz, CBQlS) § 2.47°

(5,3,4=C§3), 7.64 (s,1;2-H), 8.09 (s,1,5-H),

-

The filtrate (after removal of ammonia) was worked-up in a

similar manner to give a l:l mixture of 4-methyl-3,5-dinitrophenol 3

"M nm.r. (90 MHz, CD,COCD,) 6 2.30(s,3,4-CH,), 7.14 (s,2,2-H and 6-K)
! :

and 4-methyl-2,3-dinitrophenol (f4) lﬂ n.m.r. (90 MHz, CD3COCD3) § 2.21

. Y - . ‘

(S,B,é—cgs), 6.44 (d,1,6-H), 6.62 (d,1,5-H), Jsss— 10 Hz. . =
- %;s
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2.11 Stereochegmistry of the Adducts
As previously described, the stereochemical assignments'of

a1s andityaﬁs to the configuration of a diastereomerig pair of .diene

* -7

adducts were made on' the basis of ghift reagent studies. These assign-

s

ments ‘were made by comparing the lanthanide-induced shift of the A—CH3

o ' L 4
protons in a given pair of 1,4 adducts. The gradients of linear plots

of shift of various protons vg. shift of —OCOCH3 protons are given in

Table 2.2 &
“The sﬁift reagent studies were also used as an aid in the . i
agsignment of 13C chemical shifts, especially to distinguish between

proton-carrying carbons. The procedure involved adding the shift geagent

.

in safall portions (40-60 mg) to a:solutionrof the adduct (350-400 mg)

in chloroform—d1 (I—Qpém3) at Occrqu recording the %QC n.m.r. after

each addition. This technique was also used to vérify gaj the 13C n.m.r.

1 3

assignment and (b) the stereochemical assignment in the case of the

adducts obtained from p-xylene-£39b).

»
-




TABLE 2.2
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RELATIVE GRADIENTS OF PROTON CHEMICAL SHIFTS FOR DIENE ADDUCTS RESULTING

FROM THE ADDITION OF Eu(fod)3—627 (GRADIENT I-QQOCH3 =.1.00)

»

—

Diene Relative Gradient
Adduct c-1 C~2 d~3f * C=4 C*Sé- Cc-6
— k-3
1.62 - 0.24 0.16 0.03 g.70
1.57 - 0.28 0.09 0.06 0.69
1.73 - 0.34 0.22 0.16 0.50
s

1.48 - 0.18 0.14 0.11 0.74
1.51 - 0.19 ° 0.06 0.14 0.72
0.69 - 0.70 0.30 0.29 0.94
0.63 - 0.52 0.24 0.43 1.02
0.59 1.09 - 0.38 ~ 0.37 0.80
1.50 - 0.22 0.22 0.22

0.30




2.12 Synthesis of Autkentic Compounds
The following section describes the synthesis of compounds

required for comparison with the products obtained in the reacrions
Y

- of diefiesadducts. The purity of these products was determined by 'u

Ed

n.m.r. and i.r. {data given in Table 2.3)

(1) . 1,4-Dimethyl-2-pifrobenzene was brominated in carbon tetrachlo-

ride 'with N-bromosuccinimide” (86b) to form a mixture of benzylic

& -

bromides. The mixture, after work-up, was converted to the corresponding§_¥

z

acetates with sodium acetate in glacial decetic-acid (86c). The mixture
of benzylic acetates was chromatographed gver silica using pentane-ether

mixtures. The 10%, 15% and 20% ether fractions were combined and;

4

after recrystallization from ether at -ZOQC, gaveﬁé—methyl—Z—nitrobeniyl
acetate (44a). 4-Methyl-3-nitrobenzyl gretate (ééa) was prepared by

acetylation of the corresponding™aleohol (Aldrich,’commercial grade)

with acetic anhydride and pyridine (85@3.
]
(11) 4-Methyl-2-nitrobenzyl alcohdl (44b) .was prepared  from the

coxresponding acetate by alkaline Wydrolysis with sodium hydroxide

€

in methanols(Sﬁe). Arr alternative procedure invelving transesterification
: R t .

" with acidifie& methanol also gave a good yield of B4b.

»

£i14) éeﬁethyl—z—nitroben;yl bromide (440c) waé-pfeparéd from the
corresponding acetate by fea#tion_bi:h égzess of a saturated HBr in
ether solution at 20°C £;r 36 h. é-ﬁéthyl-3~nitrobenzy1 bromide (4g¢)
was.prepared from the corresponding acetate using a similar procedure.

(iv) 4-Methyl-2-nitrobenzyl nitrate E%&ﬁ) was prepared from the

corresponding bromide by reactign with sif¥er nitrate in acetonitrile

s
rid
¥
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(86f). 4-Methyl-3-nitrobenzyl nitrate (ééd? was also obtained in a

[

similar manner from the corresponding bromide.

~ e

(v) (4-Methyl-2-nitrophenyl)nitromethane (44e) was prepared from

the corres@onding_b%omide by reaction with silver nitrite in ether (86g).

(&-ﬁethyl-B—gitrophenylfﬁitrcmethane (%ée) was prepared in a
similar manner from ;he corrgéponding bromide. . -
(vi) 4—Héthyl;3—ﬁitrobenzyl nitrite (ééf)‘was prepared from the
corresponding~§icohcl by reaction with. sodium nitrite in aqueous
sulfuric agid.(Séh)? A similar reaction with 4-me£hy1-2~niérobgnzyl |
alcéhol gave back the alcohol.

(vii) 3,é-ﬁimeth§1—2—n%trophenyl écetate (éz) was prepared by
acetylation of the corresponding phenol with acetic anhydride (86a).

The phenol was obtained by the decomposition of the nitrodienone from

the ipso nitratien of 2,5-dimethylphenol (78).

[

¥




TABLE 2.3

-

lH n.m.r. AND i,r. SPECTRAL DATA OF AUTHENTIC COMPOUNDS SYNTHESTZED FOR

COMPARISON PURPOSES

A

)

-

" onam.r. (8) f.r. (ecmh)
COMPOUND - CHg CH, c-2 c-3 c-5 C-6 1
X = N .
OAc 2.38  5.39 2,08 7.82 7.41 7.4l 1730, 1520, 1335 and 1230
oH 2.39 . 4.88 (o) 7.80  7.43  7.60 3320, 1555, 1365 and 1045
| Br 2.40° 476 - 7.82 .40  7.40 1515 and 1345
» 27 (@ ono, 2.43 5.80 - 7.97 7.48 7.48 | 1640,?535,a1350‘5nd 1280,
b () No,  2.47. 5.73 = 8.04  7.36 7.53 1555, 1525, 1370 and 1360
(2) OAc  2.50, 5.08 7.90 2.07 7.20- 7.46 ‘ 1740, 1530, 1345 and 1235
(b) OH 2,49 4.61  7.85 (?§c> 721 7.2 3400, 1530, 1345 and 104Q
(o) Br 2.50 444 7.97 - " 7028 7.51 1500 and 1345
(d) ONO,  .2.55 5.45 7.98 - 736 7.98 1620, 1525) 1340 and 1270
(e) No,  2.58 5.44 8.04 -  7.38° 7.57 1550, 1525, 1376 and 1340
(£) ON®  2.56 5.68 7.85 ~ - . 7.21 7.42 | 1680, 1610, 1510 and 1335
’ - 2




Rr—

dinitrobenzene (%%)

M&
4
COMPOUND c-1 .C-2  C-3  C-4  C-5 C-6
3,6~Dimethyl~2-nitro-
phenyl acetate (40) 2.16 ~ 2.30 7.05 7.25 2.24 1770, 1530, 1360 and 1215
w
Compounds obtained from the nitration of nitroarenes
1,2~D1methyl~3,@~u~ . ,
dinitrobenzene (%é) 2,22 2,41 - - 7.41 7“92 . 1540 *and 1352
1,2-Dimethyl-3, 5~
dinitrobenzene (‘%‘é) 2.146’ 2.51 - 8,35 - 8.18 :1520 and 1348
" 1,2-Dimethyl-4,5- i .

dinitrobenzene (&2) 2.37 2.37  7.68 - - 7.63 1548, 1528, 1378 and 1338
1,2~pimethyl-3, 6= . ‘
dinitrobenzene (&@) 2.41 2.41 - 7.61 7.61 - {not isolated)
1,4-Dimethyl~2,3- ‘
dinitrobenzene (l9) 2.35 - - 2.35 7.35 7.35 1525 and 1355
1,4-Dimethyl-2, 5. , ™,
dinitrobenzene (%Q) 2.58 - 7.88 2.58 - 7.88 (not isolated)
1,4~Dimethyl-2,6-

2,47 - 7.78 2.47 7.78 - 1530 and 1345

‘ o

[}

el
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2.13 Reactions of the Adducts

-

(a) 1,2-Dimethyl-4-nitrobenzene

(]

The exchange and rearomatization reactions on the adducts
from 1,2-dimethyl-4-nitrobenzene were carried O%f on a 2:1 mixture of

the adducts J(A) and %(B). The reactions were generally followed by

~

H n.m.r. spectroscopy and when isomerisation or exchange was observed,
the reaction was repeated on the pure isomers 7(A) and 7(B). The

reactions can be classified under two sections

- -

-

(1) Reactions uﬁéer acidic conditions; and
(ii) Reactions with nucleophiles.
(1) 7 Reactions under acidic conditions: Reactions of the dieag,z~%itﬁ
(1) Borontrifluoride Etherate \ )
Cold 353;;therate solutign (300 mmE) was aééedﬁgﬁf;he diene™
{ (100 mg, 0.39 mmol) in an n.m.r. tube also at -78°¢. The tempsratures
was raiged to 0°C when the diene went into solution ;n& décomposed
within 5 min. After work-up and examination by 1H n.m.r. and g.l.c.-
m.s., the products were identified as 1,é-dimethyl—é;nit;obenzene (78%,
a/e 151), 1,2-dimethyl-3,5-dinitrobenzene (8%, m/e .196) and 1,2-dimethyl-
3,4-dinitrobenzene (14%, m/e 196).- )
(2) Borontrifluoride Etherate and Megitylene
Cold BF3—etthate solution (250 mmB) wag added to a solution of
the diene 7 (100 mg, 0.39 mmél) and mesitylene (250 mg, 2.1 mmol) in
methylene chloride (250 mm3) at -78°C. The solution was allowed to warm

to 20°C and left to stand for 1 h. After work-up, the composition ¢f the

the product by lH n.m.r. and g.l.c.-m.s. was found to be l,ZEdimethyi-éj

: ]
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nitrobenzene (1%, m/e 151) and 2-nitro-2',4,4',5,6'~pentamethyl biphenyl

(99%, m/e 269)."H n.m.£. (90 Miz, CDC1,) & 1.88 (s,6,2'-CH, and 6'-CH,),
2.25 (s,&,aecga and 4'—Q§3), 2.28 (3,3,5=C§3), 6.81 (s,2,3'-H and 5'-H),
6.90 (s,1,6-H), 7.73 (s,1,3-H). K

a

Mass calculated for C17319N°2‘ 269.142
Found 1 269.143
(3) Trifluorcacetic Acid
Cold trifluorocacetic acid (450 mm3) was added to the diene ]
(64 mg, 0.25 mmol) in an n.m.r. tube at —7§bC. The temperature was
raised to 0°c andflﬁin.m.r. after 1 h indicated no decomposition. The

temperature was raised to 20°C and 1H n.m.r. after 4 h indicated partial

. . o
rearomatization. Hence, the reaction mixture was left at 20 °C for 18 h

1Y

and then worked-up to give, by lH n.m.r. and g.l.c.-m.s., 1,2-dimethyl-
4-nitrobenzene (72%, m/e 151), 1,2-dimethyl-3,5-dinitrobenzene (13%, m/e

196) and I,Zfdimethyl-B,A—dinitrobenzene (15%, m/e 196).

=

(4) 5% Sulfuric Acid in:Methanal
Cold 5% sulfuric acid in methanol (25 c£3) was “added to the

diene 7A (600 mg, 2.34 mmol) at 0°C. The mixture was allowed to warm to

i
%

20°C and the solution stirred for 18 h. The product was transferred with

I

ether (25 cm3) to a two-necked flask and neutralized with liquid ammonia
at -78°C. The solution was filtered and the solvent removed from the
filtrate at OdC. The product was dissolved in ether (Sé cm3) and washed
with water (2 X 25 cm3). The ether extract was dried over-anhydrous
magnesinmssulfat§, filtered and the solvent removed at 0°C. The product
vas iden;ified \1 éne diastereomer of 4,5-dimethyl-2,4-dinitrocyclohexa-

2,5-dien-1-01 (33A) i.r. (Neat) 3400 and 1050 em~L(oHy, 1555 cm_l(ﬂoz);

i
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' n.m.r. (90 MHz, CDCL,) 6 1.84 (d,3,5-CH,),. 1.89 (s,3,4-CH), 3.42 (s,
1,-0H), 5.25 (d,1,1-H), 5.94 (@,1,6-H), 7.19(s,13-H), J, = 4 Hz,

6
=-1.40 Hz; ¢ num.r. (CDCL,, ppm)ede 17.5 (5-CHj), 23.5 (4=CH,), .,

JG,S-CH3
60.3 (C-1), 89.1 (C-4), 127.5%(C-6), 131.2 (C=3) 132.8 (C-5)

151.6 (C-2).

Under similar conditions, the diene ZB gave;the other diaster- v/
eomer of 4,S—dimethyl—Z,4-dinitrocyclahexa—2,5:9§;n-l—ol (%%B) i.r.
" (Neat) 3420 and 1053 cu ' (OK), 1550 cm™" (N0,); 'H n.m.r. (30 Mz, CDC1,)
5.1.82 (s,6,4-CH, end 5-CH,), 3.42 (s,1,-08), 5.18 (d,1,1-H), 6.00 (m,1;

= 1.40 Hz; 13C n.m.r. (CDCl

6,5~CH, "3

ppm) Sc 17.4 (5-CH;), 23.9 (4-CH,), 60.2 (C-1), 88.3 (C-4), 127.6 (C-6),

6-H), 7.17 (s,1,3-H),/J, . = 4 Hz, J

130.4 (C-3), 132.5 (C-5), 151.6 (C=2). - a

(5) Trifluoromethanesulfonic Acid
Cold trifluoromethanesulfonic acid (300 mm3) was added.to the

diene { (90 mg, 0.35 mmol) in an n.m.r. tube at -78°C. The temperature
was raised to -20°C and the diene decomposed completely in 5 minf(lﬁ
n.m.r.). After work-up, the product composition by‘lH n.m.r. and g.l.el—
.m.s., was found to be 1,2-dimethyl-4-nitrobenzene (31%, m/e 151), 1,2-di-
methyl-3,5-dinitrobenzene (31%, m/e 196), 1,2*d1methyl=3,4—dinitro§§nzene

(25%, m/e 196) and 1,2-dimethyl-4,5-dinitrobenzene (13%, m/e 196)55

(6) Hy?rﬁgéﬁjsrcmide in :Ethek: ». -+ 4

Cold ethereal solution (500 mmB) of maturated hydrogen bromide
was added to the dieme 7 (64 mg, 0.25 mmol) at -78°C. The temperature
was raised to 0°C and the lﬂ n.m.r. after 90 min indicated partial

decomposition. The reaction mixture was left for 18 h at 0°C and after

work—-up, the product composition by 18 n.m.r. was*l,2-dimethyl-4-nitrp-

i i P ey = g
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benzene (95%) and 1,2-dimethyl-4,5~dinitrobenzene (5%).

) Acetic Acid

Acetic acid (450 mﬁé) vas added to the diene J (70:mg,‘0;?7
mmol) at 20%. lH n.m.r., of the reaction mixture, after 30 days at ZOOC,
showed the absence of any reaction. \The solution was heated for 15 min
‘&t 100°C when brown fumes were evolved from the reaction mixture, 1H
n.m.r. of the product indicated that the rearomatization was complete.
After work-up, the product composition,saé determine@ by 1H n.m.r. and
g.-l.c.-m.s. was 1,2-dimethyl-4-nitrobenzene (49%, m/e 151) and 1,2-di%
methyl-3,5-dinitrobenzene (51%, m/e 196).

10% Aceti; anhydride (v/v) in aéetic acid (320 mmB) was heated
to lOOOC for 10 min, cooled to ZOOC and the diene z (50 mg, 0.20 mmol)
ad&ed. The solutioniwas heated>to 100°¢ for 10 min after which 4H n.m.r.
indicated complete decomposition. After work*ﬁp,»ché product composition
by 1H n.m,r, and g.l.c.-m.s. was 1,Z—dimeéﬁyl;é—niCrobenzene (447, m/e
151) énd 1,2-dimethyl-3,5-dinitrobenzene (56%, m/e 196).

A solution of the diene { (64 mg, 0.25 mmol) and hydroquinone
(28 mg, 0.25 mmol) in acetic acid (400 mm3) was heated for 20 min at
100°¢. After work-up, the product composition, by 1H n.m.r., and g.l.c,~
m.S. was 1,2—dimeth&l—é-mitrobenzene (68%, m/e 151) and 1,2-dimethyl-

3,5=dinitrobenzene (327, m/e 196). T

et

s
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(11) Reactions with nucleophiles: Reactions of the dienewz wit§

(8 Py;idine—ds 7
Cold pyridine-ds(S%g mmB) was added to the diqu,z (70 mg,

0.27 mmoi) in an n.m.r. tube at -78°c. The solution immediétely attain—l

ed an orange-red colour. The jgamperature of the mixture was raised ta

0°%c and IH n.m.r., after ; ¥n, indicated complete deccmposi;ionm Afxer
work-up, the product composition by lB n.m.r. and g.l.c.-m.s, was
shown to be 1 ,2-dimethyl-4-nitrobenzene (3%, m/e 151) I,E—dimethyl;

3,4-dinitrobenzene (5%, m/e 196) and 1,2-dimethyl-4,5-dinitrobenzene (92%,

' (92%, m/e 196).

2

The reaction was repeated by adding §¥ridi§§—d5 (21 mmB) to -4

solution of the diene ; (64 tig, 0.25 mmol) in chlorofofm—dl(ZQO mm3) at

L

7—60°C. The temperature was raised tg 0°¢ (4n 10° intervals) and the

progress of the reaction monitored by 1H n.m.r. for 2 h. The conversion

%

of the dieme to 1,2-dimethyl-4,5-dinitrobenzerié proceeded smoothly as

seen from the followirg table: .

Time TS Product Composition
. : wk Diene Arenes . .
30 min 637 37% ;
) 60 min - . 43% - -57%
120 min 36% 63% -

The reaction mixture was worked-up after 18 h at 0°C and the

) product compositién3 by—lH n.m.r. and g.l.c.-m.s. was shown to be i,is

dime&hyl—éenitrgheanEE (2Z, m/e 151), 1 z-éimethyl—S 4-dinitrobenzene

(3%, m/e 196) and 1,2-dimethyl-4,5-dinitrobenzene (95%, m!e 196).

’
»
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.. (9) 2'6—Dimethylpyridine . o - s ) .o . '
. B Cold 2 5"dimﬁth}’1133’ri;1iﬂe (QS mm ) was added ts%e diene JA -

Y

(64 mg, 0.25 mmol) ‘in an n ’mt;r. tube at —3;8 C. The mlxture was allowed

“a - -~ 7 -

" to-warm to 0 ¢ and, 1}1 n.m.r after 5 min indicated that the dienagwa‘s

sﬁll piesenc. The decemposition wa’s ebmplete after 15 min' and the

product ccmpdsition by IH n.m.r. and g.l.c. m.s., was shown ®o be l 2-
. . ]

dimethyl—f;-nlt;rcbenzene {23; mz‘& lSl), 1,2- dimethgfe-ﬁ% 4 dlnitrabeﬁzene

{AZ w"‘%}{e 196) and 1,2- dmethyl 4 S—dznltrobenzene (94%, m[e 19):6) a
%s B *+ ; <

_’s e The ﬁreacticn was repeeted by addf’ng cold 2 6- dmethylpyrldlne

- A
- » 3

(58 m ) t:o a solution of the diene (64 mg, 0.25 mo}.) in chlc:rc:ferm—d1

(290 mm ) %t -63 c.’ The temperature o,f the mlxtus&g'as raised to 0%
2 N - : e & 4
and maintained for 2 h.at this temperature. After work—up, the product
8 a & )

o

: " compositi,on by 1H n.m. rhwas shown to be I ﬁ‘_dimethyl =4,5- dinitrobenzene

'&‘
“yl-éf G-dinitrocyelghexa =2 ls—d;ienyl acetate (172). .

Q, (}.SZ}, diene ,ZA (672’) _and another dieme later identified ag 5,6-dimeth-

~ % ?

uf'r

t

(10) terﬁ-sutyzaqine

T s

s Gcﬂd t&rﬁ-bgtylamine (26-mm ) was, added Jto a salution of ‘the

a 8 "

- &
diene Z, (54 mg,c D%‘ mmol) in chloroform-d gZQO mm ) at 0 %. There was

.

. ;pa‘ pérceptible deé%mpositiqn (by H n.Mm.X. ) after 30 min at 0 C‘ The |, -

= =

2. 2
& M ’
. + .1:1
- & -
R Y - 1
L
Lo e
i %’éf
TR

- 3 - =

+

xeacticﬁ'emi:étu;‘e was work’ed-u%fter 18 h at 0 c 3nd ly nm.r. of the
! %

product: in‘ chlorcfcm—él shoved the preseﬂce of a compgund with a tert-
& S \e # s
1

bﬁtyl gzoup ((S Jéass ppm) .. Thé groduet composition,, by

" E

nm r. and

© F A

. p &, ’
&1* ef«—m,s wsg ehown tongaeai Z-dimethyéslt=aiﬁz§

f

gb 2-&im%th§1-3 55, dinitpdbeﬁzepe (7%, "nfe. 1963, 1 2-diméthyl-3, é—dinitro

.b'enzeﬁe {102, mje 3;96}, imethylﬂl;;s dinitrdbenzene (60% ém/’e 196)
and a componndgg mass, ézg* which'wes téntatively idedtifted as - -
‘: j N e _

,-,:;’jﬂ% K
ne (42 m/e 151) ,/

Lo
A

'f

-

-+

£
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" (11) 'Sodium'Methoxide in Methanol - S

&

. (C—O—C), H n.d

Sodium methoxide (42 mg, 0.78 mmoel) was adéed_té a solution of

‘the diene {A (100 ﬁg, 0.39 mmol) in methaé%l (350 mm™) at -78°C. The -

mlxture attained an immediate orange-red colggr. The temperatute of. the
. ‘i-g_? .

&
mixture was raised to 0 °c and maintained Tbx 2 h to ensure complete

-

reaction. After work-up’, the product was ideﬁlified by 1H n.m.r. as
&

-

edmer of 5 6-dimethyl-2 6-din1trocyclohexa-2 4 dienyl methyl

one dia%%gﬁ

ether, The reaction was repeated under szmllar conditlons on the diene

ZB when the«same diastereomer of 5,6-dime£hyl-2;6—dinitrocyclohexa—2,4:

< ., +
-

dieeyl methyi ether was obtained. 7 -

s

The reaction wasgrepeated on the crude nitration product of

- P L3 - %

,:1,Zedimethyl-é—nitrobenzene édontaining aa. J07% diene adduets) under ]

AN

similar @ -Hitions. ‘The product, after work-up, was;i%jected into the

1nlet ‘of a Prep LC system using benzene as the solvent at a flow—rate of

‘o
-~ PR -

0.1 dmamin 1(. The first fraction contained mainly a mixture:of aromatic
- . . . C e
cémpqéaas, pré§§nt in*the nitrétiongproduct. The second ffaction,‘after

-
recxystallizatioﬁ'from ether at -20 C gave 5,6-dimethyl-2,6~ dinitrocyclo-

hexa—2 4= dienyl metﬁyl ether ;ég) m.p. ngc,qu,v. (CH DH) 328‘ﬁm—(395"

4?1 'y, 203 nm (950 u® meRT) Lor. (Nofol) 1555 en- ! o,), 1090 en”?
f.r. (90 MHg, CDCl}GlBB(sBﬁC}I},?lQ (d,3,5-CH) ;

»
*

38 (d 1 3?&): i

3,55 (5;3 OCH ) .5 *12 (s 1,1-H) ,. 5,25 (dd, 1 4-&), .

- =1.5 Hg, Irradiation.of the 5—CH3*(d) resénance
35 hd \..'"i - = TA M

'334_632’ ASCH ,

L resulted in the colkapse of-the éﬁﬁ‘{éﬁjlreso apce to a daublet whereas,

[

ifradiatien of the E*H'Cd) resonance ee!elted in

(dd) resegagge to a‘diffézént écublét, 138 n.wir
L5 . . . Y ¢ . « _;@

*

1-

. @ o A . &
T 7 & > v
T ' % . N ¢ : : ' 74 -
’ N—tert—putyl—é,S~dimetﬁyl;ZHnitroaniliﬁe’(19%). - :
S ) ‘ )
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W,

K

19.6 (6-CH ), 20.0 (S—CH ), 60.5 (OCH ), 75.1 (c-1), 91.6 (C-6),.
123.4 (C@&), 129.6 (Cc-3), 142 8 (C-5), 146:0 (c-2).

Anal. Calcd. for C,H,,N,0.: C, 47 37%; H,5.30%; N,12.27%

9 12 2°5°
’ Found : C,47.55%; H,5.24%, N,12.14% ‘e
(12) . Potaésium-Hydroxide in Acetonitrile—d3 ) -

¥

Acetonitrile—d3 (315 mm3) was added té a mixture of potassium

hydroxide (28 mg, D.§%mmol) and 18-crown-6 (132 mg, 0.5 mmol). -The mix-

. ture wag warmed to 40° C, cooled to -78% and’the diene 7 (64 mg, 0. 25

- solu%ien worked up after-36 min to—give;—by ~-H nEmTr Ty ~1—2*dime1:ﬁ'y1‘ﬁ = ==

mmol) added. The temperature was raised ‘to 0°C and the dark- -green

dinitrobenzene as the sole product. . .

(13) Potassium tert-Bataxide in Acetonitrile-d

3
? _ N
& . Pobassium tert-butoxide (42 mg, 0.375 mol) was added to the

Y

dlene 1 {64 mg, 0.25 mmol) in*eacetonitrile- d (315 - ) at -35°C. ¢ The

) temperat_ure was ra:Lsed to 0 °C and maintained for 30 min. The dark-green

-

s

‘solution yas worked—'up and the product cg‘mposition by. 1H n.m.r. an'd .

g,.l c.-m.s. was 1,2- dimet;_i’f‘?l -4 e-nitrobenzene (24%, m/e 151); 1,2-dimeth-
yl-3,5- dﬁfitrobenzene (127, m/e 196), 1,2- dimethyl -3 4bd,inltr§benzene .

- & -
(4)”;, m/e 196) and 1,2~ dimethyl -4,5= dinitrobenzene -(60%, m/e 196).

(14) Sodium Phedoxide. . - - Coe L
. ¢ el 7 %
. Seding phénax;ide was pr,epare& 4n t:he fﬂlla@ing manner*
P
- A solutj.cn of 0.58 scdium hydroxide (100 cm ) was added tg’ e

' - )
aédlﬁtian of ;henal‘ (5 g)-in et’her @60 cm') ixr a sepazétory funnel and
;‘g: ¥

thoroughly mixed.; *The aquepus layer was withdrawn and w»a,'sﬁed with

ether‘ {'LO xﬂea cf‘%) Thisalvent was distﬂled under feduce& pressure

and the product vaeam-&rﬁ&é )

-

. ) -
P . . e .

L~ ¥

awn
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o " Sodium phénoxide (78 mg, .0.5 mmol) was added to a solution
of the diene ] (64 mg, 0.25 mmol) in acetonitrile (64 mg, 0.25 mmol)
at —40°C. The mixture immediately attaifted an érange-red colour. ihe
‘temperature of .the mixture was raised té 0% aﬁé-main}ained for+30 min. -
The dark-brewn solutiog:wéé then‘workediup 4nd the product, as analyzed

’ by 1H n.m,r., and g.l.c.-m.s. was found to be 1,2- dimethyl-&—nitrobenzene

(177 m/e 151) ;1 2-dimethyl 13, 5 dinitrobenzene (3%, ﬁ/e 196?, 1,2-di-.»

\?\b> i methyl -3,4~-dinitrobenzene (BA m/e 196) and 1,2- dlmeghyl-é 5 dinltro—

-benzene (772, m/e 196)

7 (15) §qglnm Thiophenaxide

Sodium thiophenoxide was prepared as follows:
A solution-of thlophenol (6 g, 0. 06 mol) in toluene (30 cm )

was added to molten sodium (1.15 g, 0:05 mol) “in toluene (20 e ) _The

mixture was—heated under reflux for 30 ‘min and the solvent chen removed

e “ Stm

f
. under reduced pressuze. The product was pqwderedband vacuum1drie@.

~

Sodium thiophenoxide (50 mg, '0.38 mmol)-was added to'a'éolatiqﬁ -

“*

of the diene J (64 mg, 0.25 mmel) in acetonitrile 1400 mm3) at -40°C,
The temperature wad increased to 0°C and=1H n.m.r. after 5 min indicated
X i - 3 [ -

e . ) . : \5
ST compiete decomposition of the.diene. After work-up, the product compo-

sition by ly n.m.r. and g.l.c.-m.S. was 1’,2-dimethyl-4-nitrobenzene 1%,
T m/e 151) and a compound of mass 259 (992): The’ producty:on’ recrystalli-

éation from ether _gave péléeﬁeilbw, cubic érystals of 4;%éﬂimethy1—2J

nitrophenyl phEnyl sulflde {%}) m.p. 79° C; 1H n.m.r. (90 ﬁﬂz, cpel ) h .

2:07 (s,3 é-CH P 2:2158,3 s-cﬁs), 6.60 (s,1,6-H), 7, 45 (m 5 cé_Ei, .

(s,1,3-H); mass spectrum (?9 ev), m/e (relatige intensity) 259, QS? (36

Mass calculated for 614 133028 259 067), 199 (16}, 198 (55}, 196 (45),

W




7”l,z-dimeéhyl-&,S—dinitrabenzene (6%, /e 196).

195 (100), 182 (20), -181 (95), 166 (15).
(16) Potassium Nitrite ] 5 N
Methanol- d (315 mm’ ) was® added to a mixture of the diene Z

(70 mg, 0.27 mmol), potassium nitgite (35 mg, 0.42 mmol) and 18-crown-,

<6 (35 mg, 0.41 mmol) at —78 C in &n n.o.r. tube:  The H n.m.r. of the

solution after 5 min at 0 % indicated complete decompogition. The prod-

uct, after work-up was shown by }H n.m.r. and g.l.c.-m.s. to be 1,2~

dimethyl-4,5~-dinitrobenzene (100%Z, m/e 196).

.

(17) Potassium Acetate

»

A mixtufe*of potassium acetate (37 mg, 0.38 mmol) ané 18-crown—

6 (99 mg, 0.38 mmol) in acetonltrile—dg (400 mm ) was warmed to 50°¢,

-

cooled to 0°C and the diene { (64 mg, 0.25 ‘mmol) added. The-decomposiv'
tion was: complete in 5 min and the Qroduct, by’lH n.m.r. was found to be

1,2-dimethyl-4,5-dinitrobenzene.

=

(}%} Eokassium Cyanide

Cold methanol d {3&5‘mm 3 was added to a mixture of the diene

e (64 mg, 0 25 mmoly, potassium cyamide (25 mg, 0.38 mmol). and 18-crown-

6 (99 mg, 0.38 mmol) at -78°C. The mixture was allowed to warm to 0°C

and maintained for 30 min. After work—up, the major pre&uct,‘hg

lﬂ nm.r. ané g.lic.-m.s, was 2,3-§imethyl—6—nitrobenzsgitriﬁe (94% ,-

m/e 176) (25) (90 Mz, CDCl,) § 2.45 (s,3,270H;) 260 (s,3,3-CH,), 7.54

(d,1,4-H), 8.04'(@,1,5?E)i3é5 ='8.6 Hz. Tﬁéamipér §£§é§£t obtained was
v : - é -

[

The reaction was repeated under similar acé&iticn§éﬂ5ing aceto-

. . . ) - i :
nitrile—d3 (315 mm3) as the solvent and the product;cdmﬁngician by 1H :
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-

- ..;.-'4 'Q ' Y . )
1,2<dimethyl~4,5-dinitrobenzene (30%).
{‘i‘ -‘féhén the reéction was carried out im 50% pyridine-methanol’ -

*

(i¥§;0706 mm3>’ the{produdt composition by lH n.m.r. and g. L.c.-m.s. was

\\
found to be 2,3- dimetﬁ}l 6—nitrohenzo%irrile (587, m/e 176) and 1,2-dime-

. thylra 5= dinitrobenzene (42%, m/e 196)",

2

119}‘ Potagsium Halide #n Methanol-d,

¥

C&i& methanol (400 mms) was added to a mixture of the dieng Z

N

:téd-ﬁg,eo.gs mmol), 18~crown-6 (99 mg, 0.38 mmol) and potassium jiodide

(62 mg, 0.38 mmoly at -78°¢. The'témperature_waszraised to O?C and IH

er 1 ¥‘sbowed_that no reaction had occurred. The mixture was

arm to 20°C and maintained for 48 h. After weri=up, lH

.g LS

n.m.r. showed t%e products to be "1 ,72-dimethyl-4, J—dinitrabenzene (58%)

and 4,3=diqethyl~2;é—dinigrocyclohExarz,S-dlenyl methyl (d3) ether (%é,
« = - ) ‘ - -
rﬁZZ%%:iaentifiéd later by comparison of its spectrum with that of the

éutﬁeﬁtigjsample.

"The reaction was repeated under similar conditions with pota-
< ) - S s

"ssium bréﬁide and the mixture worked-up after 78 h at -20% to give, by

z

1H n.m.r., 4,SsdimethylaZ,4—dinitr0cy;iahexa—2,51dienylfméthyl (§3) ether

dinitrocyclohexa-2,4-dienyl acetate (8, 33%Z). The last compound was

{ . : : :
identified by comparison of its spectrumr with that of an authentic *

' . ’ ’ ¥ =
sample.: . - . .
. -

‘The reaction was mepeated with pctassium chloride under similar
conditions ?pd the mixture wcrkedﬂup after 7 days at 20°¢ to give, by IH

n.m.r., 4,2 imethy1=4 —dinitrobenzene as ﬁQg\only product.

e’




.‘ "{ W

‘by K n.m. r., 1 Ze&imethyl-é S-dinitrobenzene (77%) aﬁd 5 6- dimethyl— . o

: : _ .79

3

With potassium fluoride under similar .conditions, the product

composition by lH f.m.r. after 20 h at 0°C was 1,2~dimethyl-4,S4dinit£o—

k benzene (28%), 4 5-dimethy1-2’e-dinitrocyclohexa-z,s-dienyl methyl (d,)

/

ether {5?7) and 5,6-dimethyl-2 6-dinitrocyc1 hexa-2,4-dienyl acetate
E y .

ulunn

i.(]..5%);1 &_ﬁ_f}
(20) Potassium Halide in Acetanitrile—ds 7 A
H Acetonitrile—d3 (400 mm3) was added’ to a hixture of potassium

fluoride (22 mg, 0.38 mmol) and 18-crown-6 (99 mg, 0.38 mmol). The mix-

ture was warmed to SOOC'éEH the solution cooled to 0°C. The diene ?

-

(64 mg, 0.25 mmall,was added and the reaction worked—upﬁgﬁ;g; 200 min at =~ . ..

.

0° C to give by 1H n.m.r., 1,2-dimethyl-4,5- dinitrobenzene éca 10073 .
The reaction was repeated with potassium brcmide under similar

= ~
a - .

’conditions (18 h, 0 °c) to giva, by lH‘n .m.T. and .8 1. c.fm s‘, l 2-dimeth-

yl 4 5-dinitrobenzene (95%, m/e 196), 1,2- dﬁmethyl 3, 4 dinitrobenzene

" (3% m/e 196) and 1,Z—dimethyl-S,S-digitrobEnzenb (2%z m/e 196). The

reaction was repeate&-undfr similar conditions and.the mixture.worked~up
after 5 heat 0°¢c to give, by 1H n.m.r., 1 2- dimethy1-4 i—éiﬂitrabenzgﬂe
(352) and 5,6- dimethyl -2,6~dinitrocyclohexa~2,4-dienyl acetate (68%).

The prcduct mixture from this reaction on treatment with potassium icaide
(62 mg, 0.38 mmcl} and Lg-crggn—é;{gg mg, Gi38?mmol}:§n acetonifrile
(Qﬂﬂ-ﬁm%}lébr~i§;h at Ooé égve ,;by;£5Ag;g§r,, 132¢ddmethyd<4 p54dinlEtre—~— -

benzene as the main product.

The reaction was repeate& with potassium iodide under similar,:

conditions -and the reaction mixture worked-up after I’ h at 0° C to give, . > -

i a
- = esa«i"e,

2,6-&initfacyclahe§§;274%ﬂiény1 gcetste‘(ESZg. THe produc&rmixture from .

€ . -

[ . B ¥ . *

W
L]
L]
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- 9

this reaction on treatment with potassium iodide (62 mg, 0.38 mmol) and
. 8—crown;6 (99 mé, 0.38 mmgl) in methanol (400 mm3) for 18 h at 0% gave,
. by 1H n.m.r., l,2-dimethyl-4,5-dinitrobenzene as the main product. |
\ (21) Potassium Bromide in Acgtic éég%dride .

Cold 507 acetic anh;i;idéyi% acetonitrile (v/v, 700 mma) was

(99 mg, 0.28 mmol) in an n.m.r. tube. The mixture was warmed to SOOC,

\\\\\
) added to a mixture of potassium.bxomide (45 mg,,0.38 mmol) and 18-crown-6
\\:> cooled to

°c and the diene ] £64emg, 0.25 mmol) added. The reaction
mixture was worked-up after 18 h at 0°¢ to give, By lH n.m.r., 1,2-di-

methyl-4, —dinitrobenzene (3%2) 5. diene { 224} and 5,6~ dlmethyl -2,6-di-:

nitrocycloheaa—z,A—dienyl acetate (é, 75%) .
The reaction was repeated under similar conditidns'using acetic

anhydride (400 mm } to give by 1H n.m.r., diene { (22%) and, as in other
o .
’ cases where this compound~was: forméd, one éiasﬁezenmer 5 sbddmethyi-

2,6-dinitrocyclohexa-2,4-dienyl acetatek (8, 75%).

ihe fgaction was repeated on the crude nitration product of

1,2-dimethyl-4-nitrobenzene (containing ca. 50% dienes) using a propcr—

tional amount of potassium brcmide and acetic anhydride The reaction

¢ product was worked-up afser 48 h at-O'C and injected into the inlet of

I

a Prep LC system using benzene as the solvent atza. flowsrate. 6f: 0il:dm

minzl. The first fraction contained mainly aromatic compounds, present in

e

in the nitration product. The second fraction, after recrystallization
from ether at HQGQC gave one dlastereomer 6f 5,6~dimethyl-2,6-dinitro-

cycl@heﬁa=2 4— d%ﬁhyi acetate {é} m.p. 99 C; u.v. (CH GH) 325 nm (1145

m2 mal ), 195}§m (1380 m2 mol” ) i.r. (Nujol) 1753 and 1210 cm -1

-1

acgs:a }-;"1535 om 3

{EQZ}; K n.m.r. (90 MHz, CDClg} § 1.78 (5,3,6-Q§'
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2.08 (s,3,Ococ_§3), 2.12 (d,3,S-C§3), 6.35 (dd,1,4-H), 6.93 (s,1,1-H),
34 4,5-Cﬁ;7= 1.5 Hz. Irradiation of the

4-H (dd) resonance resulted in the collapse of the‘S~CH3(d) resonance

7.48 (d4,1,3-H), J,, = 7 Hz, J
to a singlet and also, the 3-H (d) resonance to a singlet; 13C n.m.xr.
{CDC13, ppm) 8¢ 19.3 (6-§§3), 19.8 (Sy§g3),;20;4 QOGOQgB), 65.5 (C-1),

90.9 (C-6), 123.4 (C-4), 130.6 (C-3), 130.9 (C-5), 142.2 (Cj&), 169.0 *

(0GACH,) .
‘Anal. Calecd. for CIGHIE ' 6' C,46.88; 8,4.725 N,10.93
o ‘ Found s C,46.80; H,4.79; N,10.82
L22l*£29tassiungzﬁigsganéfe
Acetonltrlle- (400 mm ) was added to a mixture of potassium

" thiocyanate (36 mg, 0.38 mmol) and lS—crown—6 (99 mg, G.Bﬁrmmol). The

mixture was warméd to SOOC, cooled to 0°C and the diene Z (64 mg, 0.25

-+

mmol) added. The reaction mixture was worked-up after 18 h at 0% to

% givé, by iH n.m.r., l,2-dimethyl-4,5-dinitrobenzene (86%) and the diene

8 (142). ¢

The reaction wééﬁ:epeated using methanol (400 mm3}7as the

solvent and the reaction mixtyre worked—up,after 18 h at 0°C to give,.by
IH n.m.r. and g.l.c.-m.s., },2-dimethyl-4,5-dinitrobenzene (100%, m/e 196).
. (23% Thermal Decomposition

A solution of dieme 7 {64 mg, G 25 mmol) ggétaiuene {10 cm” )

was heated under reflux for 1 h., The solvent was then removed from the

c =

é\\yeilcw selatien under reduced pressure and the pra&ﬁ\t ccmpséitieﬁ, by
IH n.m.r., and g.l.c,-m.8%, was 1,2-dimethyl-4-nitrobenzene (782 m/e .151)

and 1,2-dimethyl-3,5-dinitrobenzene (22%, m/e 196). A similar resul =4

s

was obtalned when a 1% solution of the-diene ; in aceiane was injected




"y ‘1'

o

into the inlet (27008) of a gas chromatograph. s
(24) 80Z Methanol ip:Water \ I s

A cold solution of 80% methanol in water (v/v, 350 Emsghwas-
added to the diene 2 (64 mg, 0.25 mmol) and the resultingfmf;ture was
left in an ultrasonic bath at ambient temperature ungiiléhe solution

-

wag complete (72 h). The IH n.m.r. of the produg;/indicated complete

. decomposition of the diene and the compositign"by g.l.c,-m,s.. was found

to*be 1,2-dimethyl-4-nitrobenzene (82%,’m7é 151) and 1,2-dimethyl-4,5-

dinitrobenzene (18%, m/e 196).

o
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(B) Reactions of é,S—Dimethyl—Z,4fdinitrocyclohex;—2,S—dien—l—ol (%%) '
The reactions were carried out on a 2:1 mixture of the adducts
%gA and %%B. The reactions were followed by 1H n.m.r. spectrogcopy :and

wherever stereochemical integrity was maintained, the reactions were

repeated on the pure isomers.

(25) Sulfuric Acid in Acetic Anhydride
" Cold 2% sulfuric acid in acetic anhydride (v/Q, 250 mm3) was
added to a sq&gtionfof the dieQe %% (90 mg, 0.42 mmol) in acetic anhydri-
de (250 mm32 ;t 0°c. The temperature was raised -to BSbC and 1H n.m.r.,
after 30 min, indicated that no reaction had occurred. The mixture was
left at 35°c for 18 h, after which 13 n.m.r, indicated slight reéfoﬁa—
tizagion~(ca. 5%) . ~ -
To the above solution at 0°C was added conc. sulfuric acﬁd (10
mm3) and th;-tempe:ature raised to 35°. %ﬁe.éQCOmPQSitiOR was complete
in 2 min and the product composition after wofk—up was (by 1H n.m.r.)
l,2—dimeth§3&4—ni§§obenzene (82%) , 1,2—dimethy1—3,S—dinigrobenzene (11%)
and l;stimeEhyl—3,4—dinitrobenzeﬁe (7%); ) ,,-
(26) Pyridigé—ds and Acetic Anhydride o
Cold pyridine=d5 (300 mm3} was added-to the diene %% (éO ng,
0.42 mmol) at T?BOC. §The solution was allowed to warm to 0°C and 1H v,
n.m.r., after 18 h, showed that mno ;ggction had occureéd. ‘Cé%d;aeééic
anfydride (450 mmS‘) was added to the s:dlutien at 0°c\, The mixture {mme-

diately attained a dark-brown colour and %B%n;@;%%géha@gégsﬁaﬁ=the decom~-

position was complete. After work-up, the product composition by 1H "

n.m.r. was g,z?diggthyl—é,5—éini§robenzene (ca. 100%). ‘ . *

#
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The reaction was repeated by adding cold pyridine-d5 (40 mm3)
to a solution of the diene %% (70 mg, 0.33 imcl) in acetic anhydride (300

mm3) at -40°C. The temberature was raised to QOC and the 1H n.m.r.

(lock: acetic anhydride §2.15 ppm)’ recorded. The acetylation of the

diene %% to the diene Z was complete within 6 min, althodgh partial
isomerisation to 3,6;aimethyl-2,6—dinitrccyclohexa—2,é—dienyl acetate (§,
ca., 5%). was also observed. The reaction mixture was left for 18 h at OQC
and the product, after work-up,wwas 1,Zﬁdimeth§1*4,S:diéitrobensene (lHK
n.m.r.).
(27)  2,6-Dimethylpyridine and Acetic Anhydride

Coiz‘2,6—dimethylpyridine (58 mm3)'was added to a“s%iuﬁion of
the diene 33 (70 n;g, 0.33 mmol) in acetic anhydride (300 mm>) at -60°C.
The temperature was raised to 0% and‘lH n.m.r. after 150 min showed that
acetylation had occurred, al??éugh the diene %g'was still present (ca.
50%) . The reaction mix§uref;as left f;r 18 h at 0°C and then worked-up.
The product comszitloP by iH n.m.r. wasi1,2-dimethyl—4,S—dinitrobenzene
(3%), diene { (40%) and 5,6-dimethyl-2,6-dinitrocyclohexa-2,4-dienyl
acetate (Q, 57%) . .
(28) M%thl Iodide and Moist Silver Qxide

ﬂ'Héist ;g%ver oxide was prepa#ed in the following manner:
5N éodiﬁm ﬁydrpéi&e—(iﬂlcﬁa);wgé added to a solution of silver

nitrate (3.38:g) in distilled water (5 cm). The precipifgte of silver

=

L. . ) . L
" oxide was filtered ﬁ;&e; sucgisp;gnd ga$§§é;git§ distilled water (5 X

20 cm3) to féievg éﬁqess alkali. Freshl§ prepared moist silver oxide

.
*

was then; used for the treaction. " . 4
b : ,;! - . .

#

k-4
Ei
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A mixture of moist silver oxide (1.90 g), methyl iodide (7 cm3),
potassium hydroxide (0.0l g)’ and éhe diene %%AI(O.SZ g) was stirred for
5 h at 20°C. The mixture was then filtered and the residue washed with-,
ether (5 X 60'cm3). The ether extract was dried over anhydrous

magnesium sulfate and the solvent (ether and excess methyl iodide) remo-

g N,

ved at 15°C. The product, after vacuum drying, was found to be one
= diastereomer of 4,5-dimethyl-2,4-dinitrocyclohexa-2,5~dienyl methyl
ether (344) 'H n.m.r. (90 Mz, CDCL,) & 1.86 (d,3,5-CH,), 1.89 (s,3,
4=CHy), 3.35 (s,3,0CH,), 4.99 (d,1,1-H), 6.04 (m,1,6-H), 7.18 (s,1,3-H),
Jlé = 4YHz, ;6,5—833 = 1,35 Hz;%13c n.m.r. (CDCl3,_
| 23.3 (4=CH;), 56.8 (OCH,), 68.0 (C-1), 88.9 (C-4), 125.5 (C-6), 131.6

ppm) &c¢ 17.6 (S_Eﬁ3)).

(C-3), 133.6 (C-5), 150.4 (Cc-2).
The reaction was repeated on the diene %%B to give the other
diastereomer of 4,5-dimethyl-2,4~dinitrocyclohexa-2,5-dienyl methyl

ether (34B) lH n.m.r. (90 MHz, CDCl3) 5§ 1.86 (s,6,4-CH, and s—qgg), 3.30

(s,3,0CH,), 4.99 (d,1,I-H), 5.96 (m,l,6-H), 7.15 (s,1,3-H), Ie
: &

13%¢ n.o.r. (CDC1,, ppm) ¢ 18.7 (5-GH,), 23.9 (4~CH,), 54.9 (0CH,),

= 4 Hz;

67.1 (C-1), 88.1 (C=4), 125.9 (C-6),-131.4 (C-3), 133.7 (C-5), 150.3

(C-Z) .
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‘ © Reactions of 5,6=Dimethyl-2,6-dinitrocyclohexa-2,4-dienyl Héthfl
Ether (36) with ‘ o
(29) BorontrifluorideZEtherate
Cold borontrifluoride.etherate (250 mm3) bas.a&ded to diene -
36 (70 mg, 0.30 mmol) im an n.m. £' tube at -78°C. The temperature was
ralsed to 0°C and 1H n.m.r. after 30 min showed no decomposition. The
mixture was warimed to 20 °c and.lH n.m.r. after 7-days indicated partial
decomposition of the die;é. The reaction mixture was worked-up after
'20 days at 20°¢C to give, by 1H n.m.r.-and g.l.c.-m.s.,.1,2-dimethyl-4~
nitrobenzene (58%, m)e 151) and 2,3-dimethyl-6-nitroanisole (42%, m/e

181). The latter compound was identified from the IH n.m.r. spectrum

and it had (90 MHz, CDCl ) 5 2.22 (5,3,2=Q§é), 2.29 (8,3,3—053),

“ i

3.82 (s,3,0CH,), 6.95 (d,1,6-8); 7:547(d,1,540), I, = 9 Hz.

(30) Pyridine~d5

Cold pyridine-d (150 mm ) was added to a solution of the diene

(56 mg, 0.25 mmol) 1n chlorcforqu (309 mmﬁ) at -78%C.. .The tempera-

ture was raised to 0° C and IH n.m, r. after 30 min,gave no evidence of

N

docomposition of the diemne. The mixtﬁre wasi}eft at 20°% fo;,48 h and

3

then worked—up to give,.by 15 ﬂ.m}r., 1,2-dimethy1-4,S-dinitrabenzene.

3 >

=l

(31) Potassium Iodide in’ ﬁcetanitriia—d*

-

Acetonitrile—d (415 mm ) wag added ‘to p@tassium iodide (62 mg,

0.38 mmol) and lS-crown—S (99 mg,;ﬁ 38 mm@l} and the,migture cooled to *
Tt -

0 C after warming to 50 C. The éieﬁ ’%g (SG mg, G 26 mmol) was then ) é{

a !

added and the mixture warmed to 20 G. After 18 h, the mizture was v -

warked—up to give, by lﬁ n.m.r., 1 2—&imethy1 éiéidinitrcb;nzene‘ > “fvg?' :

5 : . .'(,. - =

- 7 . :
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. eyanide (25 mgys0.38. mmol) ~and 18~crovn-6 (99. mg, 0.38 mmol). The

87

(32) Potassium Nitrite in Methanol-da

A

*o. °  Cold methanol- d4 (315 mm ) was added to a mixture of the diene

%ﬁ gé@ mg, 0.26 mmol), potassium nitrite ‘(35 mg, 0.41 mmol) and 18-crown-

6 (108 mg, 0.41 mmol) at -78°c. The temperature was raised t0-20°C and
IH n.m.t., after 8 h, showed that no reaction had occurred. The reaction,

mixture was left«for 15 days at ambient ftemperature and worked-up to

s
-

give, by lH n.m.r. and g.l.c.-m. s., 1,2- dimethyl —-4-nitrobenzene (44%, m/e'

151) and 1, 2 dlmetnyl -4,5- dlnltrobenzene (56%, m/e 196)

'

(33) ?otassium Cyanide in Aceﬁonitrile—d3

, " 3 ) ., : s
Acetonitz;le—d (415 mm™) was added to a mixture of . potassium

mixture was warmed to 50°C and then cooleé—gf 0°C .~ The diene 36 (60 ng,

L]

0.38, mmo!) was added and 1H n.m.r., aftex 5 min, showed that the rearoma-

. . - - 1
tizationh was complete. After work-up, the product composition by 'H

n.m.r. and'éil.c.—m.s. was 4,S—dimethyl—Z—nitrobenzoﬁg rile, (707,
1

m/e 176) i.r. (Nujol) 2235 cm'l(gx), 1525 and 1350. cm™ (N0,) 5 Y nmr.

(90 MHz, CDC13) §& 2.40 (5,3,C§3), 2.43 (S,B,Cia), 7.59 (s,1,2-H), 8.65

(s,l,SjE)Aand 4,5-dimethyl-1,2-benzene dicarbonitrile (30%, m/e-156.068,

Mass required for ClOH8N2 156.064) B n.m.r. (90 MHz, CDClB) § 2.37 (s,
2,4~CHy and 5-CH,), 7.51 (s,2,3-H and 6-H). )

(34) Thermal Decomposition

, A 1% solution of the diefe %é in aée;onexﬁas injected into the
. "
inlet of a gas chromatograph (26098), The products, by g.l.c.-m.s., were

1,Esdimethyl—é—nifrobenzgne (98%, m/e 151) and 2,3-dimethyl-6-nitro- --

anisole (2%, m/e 181), .

£

e

K
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(D)', Reactions of S,BTDimgthyl—Z,6—dinitrocyc16he;a—2,é:dienyl Acetate
{a wiﬂt}; T ‘
(35) 5% Sulfuric Acid in Methanol '
A cold solétion of 5% sulfuric acid in meﬁhanél (v/v, 15 cmB)
was added to thé diene 8 (300 mg, 1.14 mmol) at Ooé. The‘temperaturg\iii)
raised to 20°C and the mixture stirred for 18 h. Affter work-up, the

y

&£ ta be 5,6-dimethyl-2,6-dinitrocyclo-

\ P
duct was determined by "H
P 1

o]
=]

(hejxa-2,4-dien-1-0l (35) (90 MHz, cncig) 8 1.85 (s,3,6-CH,), 2.06 (d,1,

5-CH

3), 3.80.(s,4,0H), 5.43 (s,1,1-H), 6.26 (dd,1,3-H), 7.30 (é,1,4-H).

’

A small ameuht (cz. 10%2) of dec%mposition products was also evident. The
* ~

e

5 , . § &, ) S
presumably to nitrophenols (brown fumes were gvolveéngglng this process).

4 H *
Attempts to methylate the diencl 37 using methyl iodide and moist silver

oxide were alsc accompanied by extensive decomposition.
(36) Potassium Cyanide in Methanol—dé

) Méthaﬁol—da (315 mm3) was added to a mixture of potassium

cyanide (25 mg, 0.38 mmol) and 18-crown-6-(99 mg, 0.38 mmol). The mixt--
. . - ' +
- .

ure was warmed to 50°C and cooled to -78%. The diene 8" (64 mg, 0.25

1 -

mmol) was then added and the temgerature raised to 0°C. After 2 h, tae

. - ) . } “,
mixture”was worked-up and the product composition by lﬂ n.m.r, and g.l.c.-

m.s. was 4,S—dimethyl—2—nitrgbénzonitrile (87%, m/e 1?6) and 1,2—himeth-

yl-&,é—dinitzgfenzene (13%, ‘'m/e 1?6).

o . - * Ds * s =
o dienol 35°'was not very stable and on vacuum-drying decomposed extensively, |
~ AT - ST

D

(37) Sodium Méthoxide in Methanol ‘ -

Iy
p .

To a solution of the diene 8 (100 mg, 0.39 mmol) in methanol
(1 cm3) in an n.m.r. tube at -78°C was added sodium methoxide (42 mg;

0.78 mmol) and the mixture allowed to warm to 0%c. Afrer stirring for

N
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2 h, the mixture was worked-up, tp give, by by n.m.r., one didstereomer LN

“

Y ». ;_,
of 5,6-dimethyl-2,6-dinitrocyc acyclohexq—E b dlenyl methv+ etngf (Qé, .

3y LY

23%) and both the diastereomeng of 4 S dlmethyl 23 —dinltrocyclohexa 2 5—

dlenyl methyl ether (%é, 77%) . ratlo of tne dlastereomers 34A and,
34B (by integration of thé meéhoxy peaks) qu 9:1. ..
(b) 1,4-Dimethyl-2-nitrobenzene ’ * )

= - . . \
The” reactions of the adducts can be discussed under the fwo
3 LY

main sections: -

(1)  Reactions under acidic conditions ) coL L.

(ii) Reactions with nucleophiles : ‘ ) -

W

(i) Reactions under acidic conditions: Reactions.of the dienes %QA
.g - ‘l -~
and 12 with
W u

(1) Borontrifluoride Etherate

' c 3

Cold BF3=etherate solution (250 mm”) was added to a solution of-
. .

the diene 1PA~ (64 mg, 0.25 mmol) in chloroform—dl(ISO mm3) at -78°C. The

temperature was raised to 0°C and 1H n.m.r. after 25 min indicated partial

decompesitiok (2a.60%) of the diene, although isomerization to tgf diene
. . e} 4 v

L

.12 (ea. 15%) wids'also evident. The reaction mixture was wcrkedvup after

.

b*h,to give, by lH n.m.r. and g.l.c.-m.s., 1,4~ dimethyl Z—nitrobeﬂzene
(62%, -m/e 151), l 4— dimethyl 2,3~ dlnitrobenzene (23%, nfe 196),,1 b-di-
methyl-2,6-dinitrobenzene (7%, m/e 196) and 3,6-dimethyl—2—nitrep enyl

acetate (2? m/e 239) .t

*

.. Under similar conditions, (0°C, 18 h), the diene 12 rearomatized

. a e

to give the'follcwing products- 1,4~ dimethyl Z—nitrobenzene (21%, m/e - .

lil) 1 ,b— dlmethyl 2 3—d1n1trobenzene (49%, m/e 196), 4-dimethyl-2,5-

’ .
- “ N . . *

-

-
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1n1c*95e 1zene (27%, m/e 151), l,4é-dimethyl-2,3-dinitrobenzene (267, m/e

!
|
o

. I ' : 90

. dinitrobenzene (6%, m/e 196), 1,47dimeﬁhyl—2,6—diiitrobenzene'(IBZ, m/e

N [

196) and 3,6-dimethyl-2-nitrophenyl acetate (11%, m/e 209)

(2) Borontrifluoriide Etherate and Mesitylene

-

Cold B§3—etherate'salution (250 mmB) was added to a solution

of the diene 10QA (100 mg, 0.39 mmol) and mesitylene (250 mg, 2.1 mmol) .

in methylene chloride (250 mmg) at -78°C. The solution was allowed to
\ . S .

warm to ZOOC and maintained for 1 h, After work-up, the composition ,of

Tty

the product by "H n.m.r. and g.l.c.-m.s. was found to be l,4~dimethyl-2-

*

"196), 1,4-dimethyl-2,6-dinitrobenzene (?%, m/e 196), 3,6-dimethyl—2—nitrd—

phenyl acetate (ZZ, m/e 209), 2-nitro-2' 3 4',6 63—pe1tameuhy1 biphenyl

Y

(24, 7%, m/e 269) and 4-nitro-2,2',4',5,6'~-pentamethyl biphenyl (23, 31%,

‘n/e 269).

Under similar conditions, the diene ]2 gave l,4-dimethyl-2- - -
£ o >

nitrobenzene (9%, m/e 151), 1,4-dimethyl-2,3%dinitrobenzene (26%, m/e

. 196%) 1,4~dimethyl-2,5-dinitrobenzene (5%, m/e 196), l,é—&imethyl;z,é—

n

dggigrobenzene (8%, m/e 196), 3 6—d1metny1 Z—n;tropnenyl aéetate (15%,

m/e 209), the oipnenyl 24 (8%, .m/e 269) and the biphenyl %% (28%, m/e

'269) . ’

A

. For positive ;dentlficagkon of the two blpheayls and the phenyl -

;acetate, the reaction was repeated on the diene 12 (0. AOQ*g, 1.6 mmol) =

under similar conditiens andfghe products separated by P%ep GC.

The Iirst fraction contained mainly me31tylene and 1 4-difeth-

‘ylﬁz—nitrabenzene The ‘'second fraction, after recrystalllzatlon from

-

'ether at =20 C, gave pale—yellow crysta}s of 3 6fdimethyl 2—nit:ophenyl

acatate (4]) The }H n.m.zr. and retention time of thls sample {on g l.c. ) -

¢ =
+

aw "
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¥

. ) . , ;.
was identical with the ‘authentic sample m.p. 520Ci i.r. (KBr) 1770 and

-1 ’ - !
1215 em = (OCOCH.), 1530 and 1360 cm l‘*(}30 } 1H n.m.r. {90 MHz, CDC1._)e
3 27 7 = 3
¢ 2.16 (s,3,0C0CH,), 2.24 (s,3,6-CH,), 2.30 (8,3,3-CH,), 7.05 (d,1,4-1),
7.25 (d,1,35-H); 5&5 = 7.5 Hz; 130 n.m.T. {CDClB, ppm) 8¢ ,3 8 (6-CH ),
17.1 (3-CR,), 20.0 (OCOCH,), 128.5 (C-4), 129. 3 (c-6), 13b 8 (C-3),
132.8 (C-5), 141.1. 1), 144.6 (C- ?) ‘1 7 (OCOCH,); mass spectrum (70

ot

ev) ﬂf& (relative intens *,y) 209.075 (18,M,Mass,_calculated for CEOHXEKG’
- ’ 3

150 ()2), 120 (i&)

289.869), 16; {100,X —OCuCuz),

-
ot

The third fracrion contained a mixture df the nitroxylenes

s : . N s . : 3,
and was discarded. The fourth fraction gave 2-nitro-2',3,4',6,6'-

i

pentamechyl biphenyl (2&) i.r.’(CDClB) 1525 and 2365 cm'*'<xoﬁ); H n.m.r.

(90 Mz, gDC1,) £ .1. 92 (s,9,2'-CH,,6-CH, and 6'-633), 2227 (s,6,4'-CH

and 3-CH,), 6.8 (s,2,3'-H and 5'-H), §7.24..(d,1,5-H), 7.28 (d,1,4-H);

3

mass spectrum (70 eV) m/e (relative intensity) 269.142 (5;,§,Mass caleul-
ated for CI7H19502. 269.192), 239 (25), 238 (25, 224 (20), 223 (24), ,
222 (100,M-H¥0,), 221 (15), 209 (20), 208 (1S), 207 -(16).

The fifth fraction gave A;nitr692,2‘,ﬁ’,5,6‘—pentamethyl biphe-

nyl (23) 4.r. (CDC1,) 1525 and 1350 cn” " (30,); Yonlmor. (90 sz, cpeL,)”

5 1.89 (s,6,2'~CHy and 6'-CH,), 2.08 (5,3,4'~CH,), 2.31 (s,3,2-CH,),
. 2.37 (,3,5-CH,), 6.95 (s,233"-H gnd 5'3H), 7,10 (5,1,6-H), 7.65 (sl

F .

3-H) ; -mass spectrum (90 eV) m/e 270 (21) 269 P41 (100 M Mabg calculated

fcr'C H, NO.: 569.142) 253 (13); 252 (62), 237 (313, 234 (1&), 224 (23),

17719702 ;
223-(26), 222 (QI,H-HNBE), 210 (14), 209 (54) 208 {50}, 2@7!(ﬁ6}. ¥
] ' e N
- - f\ é ‘ ’ :i! !

A ”
O . © e

N !

% \ .
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'(C=5), 13%.0 (€-3), 153.9 (c-2).
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(3) Trifluorocacetic Acid® : ¢ .

. : : . 3 s
Cold trifluorocacetic acid (450 mm™) was added to the diene 10A
4"

. B . fo) - - . .
(64 mg, 0.25 mmol) in an n.m.r. tube at -78°C. The temperature was

- > 1

. o 1 N - .
raised to 20 °C and "H n.m.r. after 2. h showed that no reaction had

.

3 3

occurred. The decomposition of the diene was complete in 72 h and the

[o o

reaction mixture was worked-up to give, by n.m.r. and g.l.c.-m.s.,

.

.
-

1,4-dinethyl-2-nitrobenzene {56%, m/e 151), 1;4-dimethyl-2,3~-dinitroben-.
zene (35%, m/e 196) and 1,4 —Almetnyi -2,6-dinitrobenzene, (8%, m/e 196).

- RN

iilar conditions, the diene 12 rearomatized to give

nvl-2,3-dinitrobenzene (27%, =/e 196), 1,4-dimetvhyi-2,5-dinitre-

benzene (5%, m/e 196), 1,4-dimethyl-2,96- dl?lt;@b@ﬁZeﬁ“!{ 1%, m/e 1995) -
and. 3,6-dimethyl-2-nitrophenyl acetate (22%Z, m/e 209).
(43 5% Sulfuric Acid in Methanol .

Cold 5% sulfuric acid in methanol (w/v, 2 cmg) was added to the
iy . o .
diene AOA (200 mg, 0.78 mmol) at 0°C. The temperature was raised to 2QOC

and the solution stirred for 18 h. The product was thenkﬁissélved in--

N 3, , ’ f . 3,
ether (75 cm”), washed with saturated sodium bicarbonate (2 X 10 c=”) and
water (2 X 20 cm ) The ether extract was dried over anhydrous magneéium

. , v ) ) '
sulfatre, filtered and the solvent removed at 15 C to gilve one diastereo-
H . 9

mer of 1,4~dimethy1=2,A-dinitracyclohexa—z,S-dien—l—or (QJA) i.r.

(CDC1,) 3550 e L omy, 1548 em™! 0,);, Ly nom.r. (90 iz, COCLy

(s,3,1-CH,), 1.88 (s,3,4-CH;), 3.55 (s,1,0H), 6.60,€dé,1,’§—§), 6.12 ‘(d,l,

> 4 1.68-

Y -

. ) o - .13
6-H), 7.32 (d,1,3-H4), J56 = 10Hz, JBS = 1.5 Hz; Cn.m.r. (CDC13, ppn)

5 26.2 (1-CH ), 27.8 (4-CH ), 6.2 (C- 1), 85.8 (C- A}, 122.9 (c-6),

IP"‘

»

= . +
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=

-
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i
Under similar conditions, &he diene %g gave one diastereomer

P

. .

of*3 6—dimethy1;2s6—dinitrocyclohexa:2‘&—dien—l—ol (%%) which, afrer

%
x

s
”Ebry5£ai;izat10n from etﬁer at -20°C, had .92°C; 1i.r. (KBr) 3490

«1 e -1 1
and 1040 ¢m (OH), 1545 cm 1 (307); H n.m.r. (90 MHz, CDC13) 8§ 1.67 (s,

3

3,6-CH,), 2.28 (s,3,3-CHy), 3.25 (s,1,08), 5.16 (d,1,1-H), 6.10° (d,1,4-0)),

6.78 (4d,1,5-H), J,¢ = 10 Hz; J = 1.5 Hz; Be nmer. (cocl,, ppm) e

20*8 (5~cﬂ ), 23.0. (3-CH ) 69 3 (1), 90.9 (C-6), 128.1

ot

»

(u—&}, 133.4 (C 5), 140.8 4C- -3), 142.7 (c-2
v il 3 .
(5) ;rx}iuoromethanesui: nic Acid,
14 £ 4rm " £ s T SN . -
‘Cold ‘trifluoromethangsulfonic acid (450 mm™) ‘was added to the

B

O N = : TN s © 1

diene 10A (64 mg, 0.25 mmol) in an n.m.r. tube at -78°C. The temperature
‘ L& On' 1o o . ;

was raised:.to 0 C and.,the mixture.worked-up after 10 min to give, by

1k WY and'ggi.c.—m.sﬁ, l,&—dime;hy1—2—ni£:obenzene (212, m/e 151),
-, ( o P M i

\. o .
1,é—dimethy&-z,ﬁ-digitrobenzen& (45%, m/e 196), 1,4-dimethyl-2,6-dinitro-
benzene (BOZj?ﬁ/e 196) and a. conpound of mass 209, ~vdérresponding to a

&

dimeth}l—nittophenyi acetate {(4%). . -

tUnder similar cBndit%ons, the diene %%‘rea%omatized to give,
by 1'H!ﬂ.m.r and g.1. é.-m.s., 1 4=dimethy}.—-.?—nitz:obenzene-(152g m/e 151),

1 4 dlmethyl =2 Bﬁdinltrdhenzene (387 wm/e" 196) and 1.4-dimethyl-2,6-di-

Y - .
nltrobenzéne (27%, m/e 196) . : ’ - T
.(8) Acetic Acld . K » ' T L c ¥

3

’ Acetxc acid (430 mm ) waseadéed to the diene 10A (64 mg, D 25

x
x , =

'm§cl)!ét*20 C. *lH n.m.r. of the reaction m1 ture, afteﬁ 30 days at 20 C

» 2

«showed the absence of any'reaétion. The sglgtion'?as heated for 60 min
. \ 0" .\ ) . . ¢ . ; v . . - .‘l 1
at, I00°C when brown fumes were evolved from the.feaction mixture. H

“n.m.r. of the product indicated that the rearomatizatioh was complete.

B - . -
A R . .+
- e
. . - ’ # . B Y .
- - ’
o P a : *
- . = ‘o
H
.
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. After work-up, thé product composition by "H p.m.r. and g.l.e:-m.s.
& ~ .
was found to be 1,4-dimethyl-2-nitrobenzene (80%, m/e 151) and 1,4-di-

methyl-2,6-dinitrobenzene (20%, m/e 196).
€

The reaction was carried out’on-the diene A2 under similar - . ’

I 1 g ) X ’ .
conditions. As before, H m.m.r. of the reaction mixture after 30 days

0 ¢ - R : :
at 20 C showed the absence of any reaction. When the reaction mixture

. .

. o~ Tvad & . : . .
was heated to 100°C, brown fumes were ‘evolved from the reaction mixture.
The sdlution had to be heated for 90 min before the decompositfon was

’ S oL 1 s e P
- complete (by "H n.m.xr.). ft r work-up, the composition of the product,

.
-

; 1 o . .
as determined by H n.m.r. and g.l.c.-m.s. was | 4—dimetnyl—2—nitrobenz—

ene (37%, m/e 151), 1,4-dimethyl- 2 6~Ain1trﬂbeﬂze1e (47%, m/e 196) and

-
a

3,6-dimethyl-2 -hitrophenyl acetate”(l&%, n/e 209).. : ' .o . -
(i1) Reacti&né with nucleophiles: géactions of'the dienes %QA and 12

‘ . - Y

Bgith ) ’ o . . ‘ '
(1) Pyridine-d, o ’ R

Cold pyridine- d (21 mm ) was added to’ a solution of the dlene :

l@A (6L mg, 0. 25 mmol) in cnloroxorﬂ-dl (315 mm ) ag_\BQ C. The temper-

i * e
. y

-ature of the mixture was raised to 0 C and H n.m.r. of the mixture, -

after 24 h, showed no evidence of reaction. The mixture.was warmed to

o 1 ' ) ‘ . o .
20°€ and "H n.m.r., after 24 h, showed that ca.” 80% of the diene was .

"

N - i ) .
sg#TI-present., The reaction mixture was uorkedjgp after one week at ZOFC
/ ™ : : 3

1 s oot : .
and H.n.m.r. showed that the rearomatization was complete and a mixture

) 1 : '

of compoumds was present, among which were 1dentifled é-ﬁéth"l 7—nitrc—

e

benzyl alcohol (ééb) and (4-methyl- Z—nitrophenyl)nitrcmechane (Aée) in

the ratio 4:3.* T@ese two compounds wete almost glways obtailned in the -
. .- . . , Lo
reactions of the dienes with various nucleophiles. .
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; €§§§ The reaction was carried out on the diene 12 under similar

N
LY -
3 3 I - + & O %
conditions. As before, the decomposition was quite slow {(one week, 07°C)

x -
and a mixture of products was obtained, in which the compounds éég and
. l X . Py Vi
44e were present in the ratio 5:1 (by "H n.m.r.).

N

(8) Sodium Methoxide in Methanol
) ’ g

Sodium methexide (42 mg, 0.78 mmol) was added to a solutiop

. L
e ; ‘Ao N o .
of the diene ]0A (100 mg, 0.39 mmol) in methanol at 0°C. The mixture -
» - - N ;,
=z s H -, ) H they
mixture was stirred for 24 h dnd then worked-up to give, by "H n.m.r., a
aixture of aromatic‘compounés (2g. 60%Z) and-the diene-10A (ez. &04). The

4 * ' 1 7 » A 1 s 9 3 . * P
reaction was repeated under similar conditions and the mixture worked-up
. . 0. 4 S A4 . s
after one week at 0°C to give, by H n.m.r., i,4~dimethyi-2-nitrchenzene

(19%), 1,4-dimethyl-2,3-dinitrobenzene (33%), 1,4-dimethy

; LI - . s
benzene (8%), 4-methyl-2-nltrob

2-nitrophenyl)nitromethane (Lée,
V] S .,
. . - ¥ - ~ *
The reaction was carried oyt under similfr-.conditions on the

- P * ’

. . . . i) . s P .
diene 12 and, after 24 h at 6.C, a significaét amount of' the diene was

still present - (cd. 50%). After one week, the decompbsition was complete

L4 @ .

s T L, . 1 e
and the,product composition by 'H n.m,r. was i,4-dimethyl-2-nitrobenzene

e

. - ’ . \ *
(27%), 1,4—_ai3nethyl—;,3-ﬁdinitirobe§1zener (23%), L,ﬁ—diﬁyi—Z,S—dinitrom

benzene (l117).and 4—methyi~2—nitrobenzgl alcohol (39%).
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v

(9) Potassium Acetate. * L .

EN
- . ‘.
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A mixturé.of potassium acetate (37 mg, 0.38 mmol) ,and 18-crown-

6 (99 mg, 0.38 mmol) in‘ééetcniizile—dg CAGO‘HHB) was warmed to 5&%6,

cooled to 0°C and the diene %QA (64 mg, 0.25 mmol) added. The decomposi- & & -

. Co . Co : .. 1 R
tion was complete in 18 h and the product composition, by "H n.m.r., was
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1,4-dimethyl-2-nitrobenzene (36%), l,4—dimethyl~2,3—dinitro§enz%pe (41%)
4-methyl-2-nicrobenzyl alcohol (23%).

Under similar conditions, diene ]2 rearomatized to give 1,4-
AN, < 4

@

dimethyl-2-nitrobenzene (33%), l,4-&Gmethyi-2,3—dinitrobenzene (53%)

’

and 4-methyl-2-nitrobenzyl alcohol (14%).

#

{10) Potassium Nitrite L

. « 3 ; . s e e s
Methanol-d, (315 mm™) was added to a mixturé of the diene A0A
2 A

-
(64 mg, 0.25 mmol), potassium nitritef (32 mg, 0.38 mmol? and 18-crown-6

aa = . . ; o o, 1
(99 mg, 0.38 mmol) at -78 C. The temperature was raised to 0 C and

jas

s
by H m.m.r.,

-

~ . *
.

Under similar eonditions, the diene iZ also gave' 1,4-diméthyl-

i,4-dimethyl-2,3-dinicrobenzene (100%).

L
. vl e
2,3-dinitrobenzene as -the on

)

ty product (by lﬂ n.m.r.).

‘. - - - * _ 2 w
. (1) Potassium Cyanide A .
' ety 1, — :
. “%petonit:ile-dB (350 mn™) was added to a mixture of potassium

®

r a e

cyanide 223!mg§35‘38 mmol) .and 18-crown-6 (99 mg, 0.38 mmol). The mixt-

: ] S\
ure wag warmed to SOOC, cooled to 0°C and the diene %QA £64 mg, 0.25.
# - v :
mmol) added. After 30 minj the reaction mixture was worked-up to give

he following products (by 1H n.m.r. and g.l.c.-m.s.): 1,4-dimethyl-2-

o\l trobenzene izz; m/e 151), 1,4-dimethyl-2,3-dinitrobenzene (33%, m/e 196)

And 3,é-diméthyl-%-nit;obEQZQnitrile (65%, m/e 176). The reaction was

1Y

repeated under similar conditions and the mixture worked-up after-2 min

o . i Lt P .
at ‘0 C when a similar product composition was obtained. However, -when

the reaction was carried out in a diluted medium facetonitrile, 5 cm3)#

~

%,
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under similar conditions (OOC, 30 min), the only product by "H n.m.r. was

~—
2

3,6-dimethyl-2-nitrobenzonitrile i.r.‘tCC14) 2225 cm—1 (CN), 15ﬁ§ and

1360 cm-l (NOZ); 1H n.m.r. (90 MHz, CDClB) § 2.3 (3,3,6—C§3), 2.55 (s,3,

3—C§3); 7.42 (s,2,4-H and 5-H).

The reaction was carried -out under similar conditions (aceto-

-
.

N 3y 50 the di | the mi ' ]
nltr;;e-GB, 315 mm”) on the diene 12 and the mixture worked up after 30
. 0 . I, . o )
min at 0°C to give l,4-dimethyl-2Z-nitrobenzene (3%), 1,4-dimethyl-2,3-

dinitrobenzene (49%), 3,6—§imezhyl—Z—nitggbenzcniirile (35%), 4-methyi-

).

B

2-nitrobenzyl glcohal (4%Z) and (4-methyl-2-nitrophenyl)nitromethane (9
(B) Reactions of Dienols 37A and 39 with
(12) Methyl Iodide and Moist Silver Oxide

A mixture of moist silver oxide (1190 g, see p.84), methyl iod-
ide (7 cmg); potassium hydroxide (0.0l g) and the diene %{A(Ol52 g) was
stirred for 5 h at 0°C. After work-up, the product was found to be one
diastereomer of 1,é—dimeéhy1—2,&-dinitrocyclohexa~2,S—dienyl'methylfether
(%éA) which was recrystallized from ether at -2009 and had m.p. 770C, i.r.
(KBr) 1550 Qm’l (N0,), 1100 el (C-0-¢); 8 n.m.r. 5 1.68 (s,3,1-CH),

m ¥ )
1.90 (s,B,A-CEB), 3.07 (5,3,0CE3), 5.90 (d,1,6-H), 6.22 (dd,1,5-H), 7.22

(d,1,3-0), J =10 Hz, J,_ = 2 Hz; 13C n.m.r. (CDClB, ppm) Sc¢ 26.2

56 35
(1-CH,), 26.5 (4=CH,), 52.8 (OCH,), 71.8 (C-1), 85.2 (C-4), 126.0 (c-6),
131.1 (¢-5), 136.2 (c-3), 152.6 (C-Z):
Anal, Caled. for 69H12N205: C,47.37: 3,5.30; N,12.28
Found : C,46.85; H,5.33; N,}I.QS
Attempts to convert the diene 39 to the corresponding methyl

ether by a similar method resulted in rearomatization. Reaction of the

oo . 3.
diene 37A (or 332) with thionyl chleride (30 mm3) and pyridine (70 mm™)

&
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for 5 min at -20°C (using 0.25 mmol diene) resulted in Eggifmafizatipn.
(13) Pyridine—d5 and Acetic Anhydride ~

- Cold pyridir{e—dS (40 mm3) was added ;o a’solution of the diene

%% (70 mg, 0.33 mmol) in acetic anhydride (300 mm3) and the temperature

1

. o ; W P u :
raigsed to 0°C. The progress of the reaction was monitored by 'H n.m.r.

c — . - . . e
at 0°C. The acetylation was complete in 1l min and the product, after
3 . sea . 1
work-up, was identified as diene ld." "H n.m.r. showed that partial

rearomatization to benzylic products 44b and 44e had &lso occurred (157).

© -

Under similar conditions, the diene %ZA did not react. whéﬁ///
a longer reaction time was employed, products resulting from rearomatiz-

s

ation were obtained (—QOOC, 1h).

() 1,2-dimethyl-3-nitrobenzene

1)y 5% Sulfuric Acid in Methanol

Cold 5% sulfuric acid in methanol (wyv, 1 cmB} was added to the

-

.

the diene 9A (50 mg, 0.19-mmol) at 0°C. The temperature was raised to
Zéoc and the solution stirreg for 18 h, After work-up, the product was
identified as one diastereomer of 3,A—dimethyi—é,4~dinitrocyclohe%a-
2,5-dien-1-o1 (40A) by 'H n.m.r. (90 Miz, CDCL,) 6 1.80 (s,3,4-CH,),

1.94 (d,B,BJCEB), 3.50 (s,1,0H), 5.15 (broad,l,1l-H), 5.96.(dd,1,5-H),

6.25 (dd,1,6-H), J ¢ = 3.5 Hz, = 1.3 Hz.

56 3

= 10 Hz, Jl

s 3-cn

(2) Eyridine—ds

Cold pyridine—ds (21 mm3) was added. to a solution of the diene
9A (64 mg, 0.25 mmol) in‘cﬁl‘orbform—d1 (330 mm3) at -78°C. The temperg-
ture was raised to 0°C and g n.m.r. after 24 h showed that no reaction

) ' A .
had occurred:” The reaction was repeated using pyridine (350 mm3) when

//-m—



the diene slowly reafomatized (48 h, OQQ) to give mainly benzylic

.
e * *

products, ) ‘ . ) AR

(d) ~ 4-Methyl-2-nitrophenol

The following reaction waf¥Tarried out on the adduct 4-methyl-
% ‘ 2o *

5-mefhoxy-4,6<dinitrocyclohexa-2-entl-one (42). in an attempt to convert

it to the nitrodienone (%%) or the nitrodienol (37).

A solution of the adduct é% (0.23 g, 1 mmol) in ether (50 cm3)
“ <
was cooled to —780Ca A solution of methyllithium in ether (2.2 mmol)

~ -
Q > Py . . : 1
was added at -78 C and the mixture stirred for 1 h in an atmosphere of .

argdn. A 1% solution of acetic acid in ether (v/v, 10 cm3) was then
adde&'and the solution stirred for 10 min at -40°C. The mixture was then
transferred to a prechilled separatory funnel and treated with methylene

Cnlcrlde (2(6 cm ) at -5°C. The methylene chloride extract was washed\
i |
with saturated sodium chloride (2 X 40 cm ) and water (2 X 25 cm ) “at

0°c. After drying over anhydrous magnesium sulfate, the solvent was

<
-—

removed at 0°C. The product obtained was partially soluble in chlorofo-

rm—dl (0°C) but more soluble in acetbne—ds. lH n.m.r. of the product

showed that a major amount of the adduct was recovered, although a minot’
- . . #

amount of the nitrodienone %% (ea.5%) was observed. A-significant amount
of rearomatized products (including 4-methyl-2,6-dinitrophenol)’ was also

formed. +
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’(e) kReactions oﬁ adducts obtained from ché% sy;tems with
: (1)  Thionyl Chloride 2
. “ - A sol%ifon of trans—l,4~dZmethxl—4-nitrocyc1%hexa-2,S—dien—l-ol
S . (39b, 84 mg, 0.5 m£§1) inichloroform—dl(BSO mm3) and pyridine—ds
(100 'nm3) was cooled to -40°C. Cold; freshly-distilled thionyl chloride

(50 mm3) was added to the above sblut;on and 1H n.m.r. of the mixture
after 1 min showed that the reaction was complete. After work-up, the

product was identified by- comparison of the lﬁ-n.m,r; spect] with an
authentic sample (39b) as'traﬁs-l—chloro—l,A—d;methyl-é-nifﬁogylohexa_

, 1 . . - s '
2,5~diene (é%?%}lH n.m:r. (90 MHz, CDClB).U ;.73 (5,6,19C§3 ?“de‘C§3)>
5-H). b

. 6.05 (d,2,2-H and 6-H), 6.17 (d,2,3-H and

; . 2 Pyridine-d
- (2) y 5., . S~

exa-2,5-dienyl

acetate (57, Jé mg, 0.30 mmol) in chlorofor@fdl (315‘mm3) was cooled to.

) — A:sélutian of 2-cyano-4,5-dimethyl-4-nitrocycloh

B

0°c:  Cold pyridine-d§ &400 mm3) was added to the above solution and tﬁe

2 e S o + %
. temperature raised to 20°C. The reaction mixture wds worked-up after one
- . o ) ) - '
: week at 20°C aad’lﬁ n.m.tr. of.the residue:showed that.the starting
H .

diene\had been recovered (Z.e. no reaction had occurred) .

Potassium Cyanide . S

- Acetén&tri;e (5 cms) was added to g mixture of potassium

. 'czgnide (40 mg, 0.62 mhol) and 18-crown-6 (160 mg, 0.62 mmol). The mix-

-

“tute .was warmgd‘te 5Q°C, codled to G?C and the adduct Z-cyano-4,5-dimeth-
. e
yl-4-nitrocyclohexa-2,5-dienyl acetate (57, 100 mg, 0.42 mmol) added.

The® reaction mixture'ygs stirred for 10 min and then worked-up to give,

[ ] 3

) by 1H n.@jzéﬁ; hggdl;éaﬁm.s‘, 2=cyane~4,S-dimethylpgeﬁal,GéS%,!ﬁ/e +47)

Y :
- ] e 4
- - . . B

. ¥
[

aad'chyanélé,STdimeﬁhylpEenyl acetate (32%, m/e 189).° The lﬂin.ﬁ.rz

- k3
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of the two compounds‘(in CDBOD) was compared with the spectra for the

authentig samples (57) and the ;aényl acetate had (90 Mﬁz, CDsOD)fé

.2.25 (s,3,4-CH,), 2.28 (s,é,s—cga); 2.30 (5,3,och§3§, 7.06 (s,1,

6-H), 7.40 (s,1;3-H). The phenol had (90 MHz, CDCl,) § 2.12 (s,3,4-CH,),’

2.20 (s,3,5-CH,), 4.80 (broad,1,00), 6.71 (s,1,6°H), 7.14 (s,1,3-H).

(4) Potassium Nitrite 5 ‘ 2 .
Methanol-d4 (315 mmj) was addeé to a mixture of the éa;&Qt

%—cyano—é,5—dimethyl~4—nitrocyclohexanz,5-dien§l acetate (5;, 59 mg,

8.25 mmol) , potassidm nitrite (32 mg, 0.38 mmol) and 18-crown-6 (99 mg; .

0.38 mmol) at -78°C. The temperatur; was raised to 20°C and the mixture

stirred for 72 h. After work-up, lH n.m.r. revealed that the major com-

ponent of the product mixfyre was the unreacted diene. The reaction -

PN

- -

was repeated under similar conditions and the mixture worked-up aftez:

- ¢ ¥
two weeks at 20°C to give, by lH n.m.r., 2-cyano-4,5-dimethylphenyl

acetate (100%). ' -
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‘ ' - - .. DISCUSSION ' *

§ .

of Diene Adducts

]

N " %l  Formation

‘ The

s

s%gdies on the ipso nitration of various nitroarenes

Aanas -s.. . ~ .

showed that bwth\eis and trans diastereomeric 1,4 acetoxynitro adducts
were formed. The adduct formation is associated with an initial bonding
I of the nitronium ion to a suitably-substituted carbon. The resulting
ipso Wheland intermediate (wi ,48) is attacked by nucleophilic acetate
from either side of the newly-introduced nitro group leading to c¢is

e

and trans adducts respectively. The mechanistic details have been

discussed in Chapter I and (for the nitration of 1,2-dimethyl-4-nitro-

B ® .
benzene) the reaction can be represented-by the following scheme:

) . NO, NO,, ;
. - * . o
’ ’ +  AcOH e {_7___'__;.___? '
: N0, NO '
7N f
_ ‘ © W ﬁgacz :

-
. ~
»

o L B®
. . ) 7 .

An unusual feature of the reaction conditions used for S ,

: *
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nitration in/this study is the employment of trifluoroagetic anhydride,

Mw{

4in addition to acetic anhydride, as a solvent for the ipso nitration o

3

,1,2—dimethyl-34*and 4-nitrobenzenes. These substrates are apparently
too deactivated to react with mitric acid in acetic anhydride alcne; ¢.4.

1,2-dimethyl-4-nitrobenzene did not react at all when treated with nitric
. ” o . . ) L
acid (5 mol) and acetic anhydride (10 mol) for 48 h at 0 C (under similar
" 4 ’ '
_conditions, the feactipn with 1,2-dimethylbenzene would be effectivel

instantaneous). Huwever, when trifluorcacetic anhydride-(s mol), acetic
" anhydride (15 mol) and nitric acid (5 mol) per mole of the substrate was

; ! . 0 .
used, the nitration proceeded shoothly to completion (0°C, 30 min) to
give diene adducts (ca. 50%) and nitro derivatives (ea. 50%).

- . 3,4-Dimethylbenzonitrile, which is less deactivated than the

.
&

nitfo-o-xylenes, on nitration with nitric acid-acetic anhydride at 15°C
v

for 24 h gave 4 diene adduct {(ea. 30%) and various nitrobenzonitriles (e4.
g

nig
=g 1

30%), with ca. 40% of the substrate remaining unreacted (57) .- Ey using

-4
trifluoroacetic anhydride (I mol), acetic anhydride (2.5 mol) and

o -
nitric-acid (1.3 mol) per mole of the substrate, the yield of the
: o P . <o
diene adducts, after 1 h at 0-C, was enhanced to 45%, with only_15% of
the substrate remaining unaffected (87). Thus employmentof trifluoro-
acetic anhydride results in a significant improvement, both in the rate
! P

of the reactiton and in the yield of the adducts. obtained (59).

The activation of the aromatic nucleus by the two methyl groups
is reduced significantly by the cyano group and to a greater extent, by

the more strongly electron-withdrawing nitro group. This necessitates

the carrying out of the reactions under conditioms which would normally be *

\

considered drastic for the ipsoc nitration of alkylbenzenes and which

/

. - . j

.
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. " would likely lead to rearomatization of adducts formed from these

3

-

. T substrates. In the nitration of 1,4-dimethyl-2-nitrobenzene, .tri-

e = - .

fluoroacetic anhydride was not used as a co-solvent. , This substrate is
N . - o - . - X .
apparently more reactive than'i,Z-déﬁethylLB— and é—qﬁ!robenzenes since

+

it reacted completely with nitric acid in acetic anhydride over 24 h at

. % LY

v o 3 . - ey : .

N 0°C. Furthermore, when trifluoroacetic anhydfide was used, only one pair
4 . . . . .
of diastereomeric 1,4 acetoxynitro adducts was obtained. Using acetdc

.

’ : anhydride qune, two pairs of diastereomeric 1i4 acetoxynitro adducts,

. -

. together with a 1,2 adduct, were formed.. , -
Nitration by nitric acid in addtic anhydride is different from
; ‘ o

é? o  that in acetic acid:or nitromethane in that the nitric acid is converted
to écetyl‘nitrate (eéuation 5). The addition of trifluoroacetic anﬁyr

dride results ;n a significanf:shift-of ;he equi}ibrium {equatioé 8) to
ghé right which increases. the nitronium ion concentration because of the
effective replacement of the acetate ion by the more ueakiy.nucleophilic

.-

trifluoroacetate ion (equation 9).

LY “ 4

Aczd + ‘HO?SOz : AQONOz + AcOH h (5
. i - +
R i o ACONQz e Ac{ + N'O,) (8)
- N ‘
) . A0 + (CF40))0 S——==== CF,C00Ac + CF,C00™ (9)

. N

The recombination of nitronium ion with trifluoroacetate

. '
Te . . -
= . ‘4

anion is less favoured thangisrthe,recombination with acetate ion

because of the poorer nucleophilicity of the trifluor%%cetaze,
’ i

R

R

By

w




As discussed in Chapter I, studies op the -nitration of

. 4 ¢

reaétive substrates such. as mesitylene show .that the reaction occurs

= ¢

I 0
'

at an ‘encounter rate. In the case of deactivated substrates Iike the

.nitroarenes, this is obviously. not likely. Although detailed kinetic

.. - ’‘studies have not been made, it wpuld seem that the conversion of the :
‘ T g . e . I S
encounter pair to the cyclohexadienyl cation is the’'rate-determining . .

. 7
. .

step of the reaction. Thus, the increase in the equilibrium -concentra- 7

the nitronium ion brdught about by addition of trifluoroacetic

s

tion o

-

anhydride leads to an increase in the.rate of the reaction.
- ¢

. w
s

(aj) Products from addition of nitronium ion to nitroxylenes
i -

Nitration of 1,2-dimethyl-é4-nitrobenzene gives the following .

products: - ‘ a .
YO,
. —_— .
- - = v ? " \I
NO,, ) NO, 0,87 NO,
4 135 (162) : . le 1)

s Yo ,
E "'A{:‘(II -
/
(& - A (40%)
. \\_ﬁ\’,l' .
\ : 78 (102)




products:

products:

‘s

¢

-

)

v
3

106+

Nitration of l,2—dimethyl—3—gitrobenzéne gives the follewing

—_—
0 - o.N N
.02 2 \02
prgere
L
Ozh
NO

18 (18%)

A0A (177%)

108 (72)

w3

(2]

D (9%)

ALE (5%)

94 (28%)

98 (12%) -

X2 (212

>
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-Addition of the nitronium' fon to any of§thefnit

. - 1

can' lead to six distinct cyclohexadienylications. In ‘the case of.

1,b—dimethyl~4-nitrobenzege, these are shown bélow: :

se @ 4

R “107

roxylenés ”

-

QA 'Ei }

. ) ~
5 -
48 % R
. PR . Wi
- + } {s - i
: 302 gzg
. N : O
5O _— q NO 02 i 2 .
. \‘ 2 191 2 ’ -
R A , %
B * s
) . A

’

2

"Ions 55, 57 and 38 formed by addition of the nitronium ion

to an unsubstituted position are-apparently extremely rapidly

deprotonated to form the corresponding dinitro-o-xylenes, which were

i N .
pr%sent in the product mixture. The remainming ions are those formed

+

by zpso attack. Ton 56 is a cation with two, powerful electron-withdrawing

[

substituents attached to the same carbon atom. ‘It may not-be formed to any
» %

B

significant extent since in the transition state, the nitronium ion would be
&

repelled by the positive centre of the substituent nitro group. Hence

no products are obtained which can only be attributed to the intermediate

1

formation of 26. Tons 48 and 34 are férm%d by addition of the nitronium
. T2V YL VL . . .

X
B



<, A .
N Ce M - *
L ompt . . . )
. ion Zpssc to a methyl substituent. Ion %ﬁ,(resulcing frolm attack rara
] R - N i - 'A‘.';
‘ to the nitro group)” should be fofmed much less readily than the ion
—_ g 48 (attack meza to the nitro group). The partial rate factor for
« <o A% s o B
. ‘ attack pgra to .the nitro group (discussed later) is only 4% of the
3 ig ,' ] . .
. s ; f . . N B
Wt attack mefa to the nitro group. Therefore, it is not unexpected that
* Vd - ) *
the only adduyct obtained is 7. - ‘ )
] > . A
- ¢ ;‘ 5 " ' =
L 3 + E3
= o- = 7 ‘ . - ®
& > =
- 1 - l‘!‘
. . Similar analysis of
explains the formation of the
, 0N :
v 3 . . 2 .
Y . - Vi
N NO,
A7 N S
‘ ) ' »
‘ 5 a - ' .
‘ However, 1,4-dimethyl-2-nitrobenzene gives the ipgo adducts
-~ - < . s - h -
. s . . ‘“ 'l y Y
40 and }l indicative of the intermediate formation of the twd
D e ) - . ’ ) -
. cyclohexadienyl catians 29 and é%. The occurrence of ipso attack at
. AT 5=’ s . =

w

position orth in agreement with

he high 2:p ratios observed in'the nitra
1 a

.

tion of nitrobenzene (29.

¥

"

AcO
NO
. 2 3
N )
0 0 - ! u
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"It is useful to examine the rdsults of nitratiop of the ”

nitroxylenes in terms of the partial rate factors and the additivity

s
.

sprinciple. The partial rate factory for substitution in these compounds

1

r . - . . .
can be calculated by considering thet partial rate factors for y
QL\Substitution in toluene and nitrobenzene. -lsomer distribution can '
- »
thus be predicted for further substitution. The ratio of partial rate

actors for nitration of toluene in acetic anhydride have been determined

1y

3 - 14 I3 = 5 k3 1 - ' I .- 1
(88) and found tc be in agreement with the values obtained in other

soivents (89). These ratios.(o. : m_ : p, : 1.7 20.8 1 :25.61:2.2)
f A f

were then used to calculate the product distribution expected on

nitration of various polymethylbenzenes. The pgrtial rate factors for

v
s

nitrobenzene were estimated (2) but these values were

h

tne nitration ©

reviged (90) on the basis of more accurate values for
[ 4 =

gtive to benzene). The revised values for the nitration

& ¢ .’ 1 . . : = L Y' ‘8
of nitrobenzene in nitric acid-sulfuric acid are o, =.1.08 X 10 °,
3 <o . '
Y z v 1 -8 N h 4 =+ v -8 Ie v \ . ¢
. T, 16.2 X 10 ~ and p_” = 0.726 X 10 (where T = NO,) . By using 1
i M + . L 4 . &

s 3 -~ . ) 3 s 1 or ‘3; ol
the ratio” of partial rate factors and assuming that (a) the effect of
: substituents is additive and (b) the abpve values for nitration of -
nitrobenzene do not change significantly in acetic anhydride, the product
; . , - ]

composition can be calculated. It.is expected that the nitro group would

~ * » " 1 ! ° 1 -
strongly deactivate the position ¢pso to it. Table 3.1 shows the

.

the various nitroxylenes., ' ’ - ]
. . i

* . .

4 - A
.
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POSITION

C-1

OVERALL
IBS0
ATTACK

TABLE 3.1 -~
CALCULATED (A) AND OBSERVED (B} PRODUCT DISTRIBUTION IN THE

NITRATLON OF NTTROARENES

NO, . N, No,
2 3 4
A . B A B A B
sy 14% 59% 40% 3% -
- - 4% - 63% 50%
2% 23% - - 2% 16% ]
2 "
67% 45% 2% 143 - - -
1% 5% 33% 28% 3% 12%
25% 13% 1% 18Y 29% 229
72% 59% 63% 40% 662 50%
b=
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The extent of overall Zpgo attack observed: in all three
zases is less than expected. The results obtained al§o seem to
indicate a higher degree of attack at positions oréno to the nitro
group in the substrate, especially when these positions are non-
substituted. ﬁence, though the additivity principle can be employed to
advantage to predict isomer distributioms, the obéerve& values iddicate '
tha; these predictions should be attached qualitative, and not
quantitative, importance.

Marked deviations from the additivity principle have been
observed in bromination and (to a greater extent) in nitration of
aromatic substratés carrying a methyl substituent and a‘deactivating
substituent (91). Product comp&sitions obtained from the nitration
of methoxy- or dimethyl-substituted anilinium ions also show a deviation
from the additivity prigciple {52). - The results of the work on nitro-
arenes and the above results can be understood if the presence of an
activating substituent influences the directing effect of the deactivat-
ing substituent through mutual interéctién. In this event, thé effects
of the substituents are not independent, vitiating a necessary condition
for the additivity principle to apply.

Once the-ipSQ—cyclohexadienyl cation (éé to é%) is formed,

2 - £ 6 1 3
nuclkophilic attack can take place either at para or ortho to give a
A‘g'

1,§h6r a 1,2 diene adduct respectively. The formation of the 1,4 rather
than the 1,2 diene adduct in various systems may be attributed to the
uneven distribution of the positive charge in the cyclohexadienyl cation

(4). Nuclear ‘magnetic resonance studies on pentamethylcyclohexadienyl
: g ylcyg y

cation indicate, a"greater concentration of the positive charge at the
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para’ than in the ortho position. The higher degree of positive charge

-

at the para position indicates a greater contribution to 63 from ééethan

from&éé or ég. Hence, nucleophilic attack at.a para pesition is gene-

rally preferred.

H, 6 E - H_ E " H E H E
55 + +
<095 -
+ . ) 7!

62 63 64

Y

Ny
G
.
[\¥]

e
.
o)

<
N

S

<

—~

Even 1f the three forms wefe to contribute equally, the
preferential formation of 1,4 diene adducts may-be rationalised in terms
of the Hines principle of least motion (93), according to which "those
elementary reactions will be favored that involve the least change in

atomic position and electronic configuration". This principle can be
< ; .
~ applied in a simplified manner to the present case. The valence bond

% orders for the six carbon-carbon bonds are (going around the ring) 1,

PR
173,

1 1 2 '
1/3, 173, 1 é, 1.. On conversion of the cyclohexadienyl cation to a

dierre, the bond orders change as follows:
Y ety




. (ca..ElZ) of a 1,2 diene adduct.arising from éQ: along with the expécted

. of 1,4 diene adducts, no 1,2 diene adducts were obtained. In this case,

. | - - 113 L

The two bonds whose bbnduérder is 1 are'unéhanged in the two products 59 ,%

S

and 39' Wheh the 1,2 adduct 39 is formed the change in bond order is . -

0+ 2%s + %3 + Y3 + Y3 + 0 whereas for the J,4 adduct 39, the change is -
. v .

0+ Y%+ 4+ %+ Y+0. Since fater change is required to form

]

, the 1,2 adduct,. the principle of least motion predicts formation of the,

1,4 adduct. Thus, in the absence of steric or other factors, the forma-

L T

tion of the 1,4 adduct is preferred and this is indeed the case for
catibns‘€§ and é? and seems to be generally true for almost all substrates

(see Chapter I). Steéric factors would also inhibit nucleophilic attack

at C-2 in 49 whereas in 48, the buttressing effect of the methyl at C-6

A

on the SubS§EEUEﬂtS at C-1 reduces the prospects of nucléophilic attack

»

at C~2, which is flanked on the other side by the nitrp-substituted C-3.

~ . N
These-effects are absent in é? in which addition at C-4 would experience

a certain degree of steric hindrance by the adjacent nitro group. Hence,

v

nitration of 1,4-dimethyl-2-nitrobenzene results in a significant amount

1,4 diene adduct (ca.24%)-as a pair of diastereomers resulting from the . .

'game cation. From the cyclohexadienyl cation 2} leading to another pair

addition of the nucleophile to the para position is not hindered. These
arguments regarding steric influence are in accord with previous
observations regarding the absence of such 1,2 diene adducts inm-%lje ipso

nitration of p-xylene (38) and the formation of such. an adduct?ﬁﬁ;;he

cases of 4-te¥t~butyltolqene (41) and (to a lesser extent) 5-tert-butyl-

1,2,3-trimethyl benzene (44). In the case of tert-butyltoluenes, 1,2

*

adducts have been obtained but not positional 1somers .and in the

¥
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, rd

nitration of p-ethyltoluene (39), diasterecdmeric 1,4 positional isomers
- LY

(éorresponding .to ipso attack at -Me at -Et) have been obtained, but not

. 1,2 adducts. The nitration of l,é—dimethél—Z—nitrobenzeﬁe represents the
first case whereiﬁ both a 1,2 diene adduct and structurally isomeric 1,4

diene adducts, each of the latter as a pair of diastereomers, are

Y
3

& c

obtained. R

= - §‘
& et
3

(b} Products from the additiongbfgéitronium ion to nitrocresols.

&

Nitration of 4-methyl-2-nitrophenol at 0% gave the exgzcted

nitrodienone (ca. 55%) and d—methji—%g6—dinitrophenol (ca. 45%). The

5 v

nitrodienone was stable in acetic %ﬁhydride so;utlon (0°C) but décbmposed

on work-wp to 4-methyl-2,6-dinitrophenol. ' . SR

¥ -

& Nitrodienones have been }solated by low-temperature

. L - = i
égrystallizat;cn of thq§¥eactiom product from methanol (63). Attempts to
érystallizé the nitrodienone obtained from &émethyi—z-nitrodienone resul-

_ é ' = : o
ted in its conversion to highly insoluble é%.i This transformation is

x

attributed to formal, acid-catalyzed 1,4 addition éf solvent methanpl to

.
s,

the nitrodienone as shown in the!folloging scheme:

-

¥ |
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OH

0N o.N
0,2 . N
OMe .
- H ——
’ NO
0 2

4

£

‘Nitration ;f é—methyl—B—nitroéhenol gave the expected

nitrodienone (ea. 30%) which decdmposed on work-up with ammonia.

Y

nitrodienone, being in sucq low yield, could not be crystallized

methanol at —7§?C. !

o)

OH.

H

H
+0Me

N
N

The

from
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s
3.2 Structural Assignment of Diene Adducts

The diene adducts optéined by the ipgo nitration of the various

nitroarenes were quite labile under both acidic and basic conditions.

Since they also undergo thermal decomposition to aromatic compounds,
¢

mass spectral data were-of little use in structural assignments.

‘As a
X . ‘ , 13
result, ultraviolet, infrared, "H and C nuclear magnetic resonance

spectra, together with elemental analysis were used in the characteriza-

ETS
tion of the diene adducts. The exchange reactions with different nucleo-

philes were studied by lH n.m.r.
&

Mixtures of the rearomatized products

s

were usually analyzed by "H n.m.r. and gas-1iquid chromatography in

conjunctidh with mass spectrometry.

-

40 n.m.r. spectral assignments are given .in Table 3.2

ot data in Table 2.2 and Figures 3.1 to 3.9.

- ’ :
- 3.2.1 Diasteréog%;s {A and /B: 4,5-dimethyl-~2,4-dinitrocyclohexa-2,5-

dienyl acetate.

The presence of nitro and acetoxy groups in the diene 1A was
& Vv

established by the absorptions at 1560 cm-l (NOQ) and at 1238 and 1742

_— (ococug). Similar absorptions at 1560 — and at 1240 and 1750 i

. 3
were recorded for the isomer 7B.
» s

U.v spectroscopy (zA, 225 nm; ZB’ 227 nm) showed that the,
ispmers were 1,4 addycts.

e
>
&

. The l~H and~13C n.m,r. spectra both indicated that in the

formation of ZA.(and ZB), the aromatic ring had been conwerted into a

diene system i.e. JA was an adduct as was JB.

g,



117

The 1H n.m.r. spectrum of both the gdducts could be suitably

interpreted. For.such 1,4 diene adducts, six pairs of diastereomers can

be envisaged. The six structural isomers can be sub-classified into

, , e . ) . N
three pairs of "positional’ isomers. In members of each pair of positi-

onal isomers, the lgcation of the double donds with respect to the

original substituents is the same. The location of the double bondb is

- ‘

¥

different in m2mbers of different pairs.

%
X Y
NO NO
Z 2
y” H ,
J: X = N0, Y = Ohc ,@é:x=xoz,¥=ofxc 78t X = N0, Y = OAc
37X = OAc, Y = NOZ 1t X = 0OAc, Y = §02 J3: X = 0Ac, Y = NOZ

In the case of structures z@ and J7, a 10 Hz coupling between
the two adjacent vinylic ring protons would be observed. For structures

28 and 79, the proton resonance at the lowest field (5-H) should be

i
- LS

houp;ed°to an a?jacent ring ﬁéoton. In the 1H n.m.r. spectrum of the
adducts ;A and QB; the maximum coupling ob;g;ved is 4 Hz and the absorp-
t;anlat the lowest field is a sharp singlet. These observatiénsirule out’
structures lé!%ll= Zé‘aﬂd 79 and show that™the 1,4 diéne addiets canrbe
adequately represented by the strﬁctu:es.z or J3: Structure (3, repres-
enting a ‘secondary mitro compound is chemically unlikely since it would
eliﬁimate acetic acid readily on exposure to base to form 1,2-dimethyl-
4,5-dinitrobenzene.

. Ring protons in the diene adducts obtained by previous workers
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a

.

(38, 39},typically absorb in the region § 5.5- 6.5 ppm. The very low

. . field sing1¢®cion in the spectrum of 7A at & 7.44 ppm is assigned

-

to 3-H»' The corresponding absorption in diastereomeric /B is at § 7.34
4 ' .o * e

(s,1,3-H). The hitro group attached to the other end of the double bond

moves this proton to.a low field.

~ o

" Absorptions at § °6.4H6 and 5.98 in the lH n.m.r. spectrum of JA

are assigned to thé other two ring protons. The acetate absorption

occurs at § 2.06 whereas the doublet at & 1.88 and the singlet at 4 1.95

are assigned to S-CH3 and Q—CHS respectively. Similarly, for the adduct

JB, absorptions at 3 6.34, 5.96 and 2.04 are assigned to 1-H, 6-H and

3 3

absorption at & 1.86. Irradiation techniques enabled the®spectrum to be

acetate respectively. The ring methyls 4-CH. and 5-CH. show an identical

assigned~without ambiguity, In the lH n.m.r. spectrum of the diene 7A,

irradiation at 4 1.88 collapsed the peaks at § 5.98 and at 3 6.46 to

two doublets (J, = 4 Hz). On a 300 Hz expanded spectrum, both 1-H and

16

6-H appeared as multiplets and S-CH3 appeared as a triplet (overlapping

L 3

=

doublets) . Irradiation at either & 5.98 or & 6.46 resulted in the

collapse of S—CH3 to a doublet (J6,5-C53 = 1,5 Hz, Jl,S—CH3 = 1.3 Hz).
Thus, by simultaneous expansion and double resonance studées,‘the assignfg
ment and eoupling constants were verified (Table 3.2). T
0N ¢
- 2 02N
NO.. NO
B Oac ? AcO” H 2 E_
A {B

offy

v

T T
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L L .
A similar approach was adopted for intérpreting the H n.m.r.

speég&um of 7B, though in this case, the absorptiéns due to é—CH3 and
5-CH, overlapped. S o

4

Shift reagent Studies were employed to determine the stergeo-

‘

chemistry of the diene adducts /A and JB. Induced shifts can be attri- *
buted to a pseudo-contact or dipolar interaction between the shift
reagent and the nucleophile (94) and the magnitude of the paramagnetic

shift is inversely proportional to the cube of the distance .between the

proton in question and the lanthanide ion. _In both the diastereomers,

[as

he induced shift for the acetate methyl protons is higher than that

“the ring methyl groups (Table 2.2) since the europiym ion is complex-

Py

o

&

.ed at the acetate functionality. The magnitude of downfield shift is

much higher for 1-H than for the other ring protons since it is closer
to the complexing site. The induced downfielﬁishift of 6-H is higher
than that for 3-H. This observation may be attributed "to the fact that
6-H is closer to the si&e of complexation than. 3-H. Addifion of the

shift reagent, which complexes with the acetate function, should shift

7

the 4-CH, protons in the trans isomer (in which OAc is eig to 4-CH,) more

3

rapidly downfield than in the ¢is isomer. On the basis of this observa-
tion, the diene JA (m.p. 95°C), which is eluted prior to’ the diene /B

from the column, is assigned the frang configuration and diene JB is

 assigned the e¢ig configuration. A comparison of the relative in@hced .

*

shifts of the various protons in both isomers can be made by plotting the
observed shifts against the shift of the acetate protoms (Figures 3.1

. S ke
and 3.2 and -Table 2.2). 1In both the adducts, the absorptions move down-

" field in:the ozder 1-H > 6-H > 3-H > 4-CH, > ffCHq consistent with 7.

[y
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3.2.2 Diene g: 5,6-dimethyl-2,6-dinitrocyclohexa-2,4-dienyl acetate

120

1.r. bands at 1555 cm—liand at 1753 and 1210 em | showed the

presencé of nitro and acetoxy groups in the diene.

U.v. spectroscopy (325 nm) showed that a cyclohexa-1,3-dienyl

system (with a nitro group in conjugation) was present.

-~

-

For a 1,2 adduct, twelve pairs of diastereomers are envisaged.

There are six pairs of positional isomers which differ in the location

of the double bonds with respect to the original nitro and methyl subs-

tituents.

X

’5:.X = NO Y = 0OAc

BS: X = N0y, ¥ = OAc

[
Con
[

1]
o
=
o
-

i

= NO

éé: X

#

They can be represented as showir below:

X

B1: X = N0, ¥ = OAc

88: X = OAc, Y = NO

-

H
éé: X
B4 X

%g: X
2%: X

1}

[}

Y OAc

Y = NO
2

3

Y = QAc

Y = N02

*

Only structure 8 (or QQ) can accommodate the requirements of

a fully conjugated nitrodiene system =and the 1H n.m.r. gpeetrum (Table

“

3.2). ~Structure gg, being a secondary nitro compound,is chemicéily

H

[
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unlikely since it would readily lose acetic acid to.give 1,2—dimethy1;

*3,4-dinitrobenzene. .

' Z

1 <
‘In the "H n.m.r. spectrum, the low-field proton (& 7.48 ppm)
is assigned to 3-H, whith is attached to the same double bond ‘as the

~  nitro group. This proton has an adjacent (coupled) proton which itself

has an, adjacent (coupléd),meahyl group. The remaining ring methyl éroup

and.-the proton are not coupled. Structure 8 uniquely meets the require-=  —
] ; s .
ments imposed by the "H n.m.r. gpectrum.

o,N

2

QAc

1
a¥

: - R

v

The absorptions at' § 6.93 and 6.35 are assigned to 1-H and 4-%

-

3

1.78 is*due

P

respectively. The acetate methyl occurs at ¢ 2,08.: The 5-CH, is observed

as & lower-field doublet (% 2.1;)*whereas the singlet at

to 6-?33. T L .

*

. '\‘
Decoupling techniques were.used to verify the assignment.
g% >

6.35 7

(&)

When the decoupler frequency was set at & 2.12, the absorption at

collapsed to a doublet (J,, = 7 Hz). Isradiation at 6 7.48 also colldpsed

~

-
3

_the peak at & 6.35 to a different doublet (Jé scH. ~ 1.5 Hz). “Thus, the
= y 2= 3 //',' )
1H n.m.r. spectrum is compatible only with 8. /f/f ’ .
Shift reagent studies lent further suppar;ffé theAassigﬁed a .,

- £

=

A

structure. Addition of shift reagent and cb§2f§a§10n5 of the:aechyl ¥

" absorptions showed that the dcwnfigig,gﬁfft is of the order OAc > 5;€§3
’ // > 3 ’
> 5—CH3.(Figure 3.3). As in othler secondary adducts (7), the shift of

-~ .
-

2
¢o 1-H 1s the greatest since it is closest o the site of complexation.

r 4

L3 ’
. . 3 '

-

I&.. JOE
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That the ghift of 3-H is greater than that for 4-H may be attributed to
. ] és -
weak complexation of the lanthanide ion with the C-2 nitro group result-
&£ , '
ng Ain its being located closer to 3=H than to 4-H. Thus, the

-

ot ¥

.

"‘observed order of induced shifts Z.2. 1-H > 6~C83 > 3-H > 4-H > 5-CH, is

satisfactorily explained,

Since only one of the two diastereomers corresponding to 8 was
1 e
- A

obtained, its stereochemistry could not be ascertained. However, the

. 2y

substantial diffarence in the induced chemical shifts between 6-CH. ahd

3

ht -~ - r - rd k3 ¥
thyl—B—néfrobenzene} were determined from the u.v:, i.r. and H n.m.r.

-
1

spectra and following arguments (which will not be repeated in detail)

.similar to that employed for dienes 7A and {B. The adducts-have .

- o
structures 9A and 9B.
—

WK
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In both the adducts, the ring proton ipso to the acetatg group

.

-

(I-4) absorbs at the lowest field (Table 3.2). A 10 Hz coupling is

? - :
observed between the two vinylic protons in 94. The ring proton 1-H is
v . .

field than

N
(=Y
Mot

Y, N : s
also coapl%? to 3-CH which itself occurs at a lowe

"
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the 4-C ﬁ {s) in both a

6.0-6.6 ppm which rendered irradiation studies difficult. Frequently,
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provided the relevant coupling information.

’

was set at the 1-H absorption in a shifted spectrum, the absorptions due
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to 5-H (dd), 6-H (dd) and H, ]

single; respectively. This shows that 1-H is coupled to 3-C v"3 and tc‘thé
two vinylic protons as expected and c¢o : nsistent with the structures IA

and 3B.

On addition of shift reagent, the magnitude of induced shifts

for the ring protons was found to be of the order 1-H > 6-H > 5-H. The

Ity
"t

s for thﬁ aethyl groups decreased in the order QAc > 3—§§3 > é-CH3

- ‘ x

shi

(Figures 3.4 and 3.5)._ The gradient for the 4~CH

3
ted prior to 9B in column_chromatography) is higher than in B (Table

2.2). Hence 9A is the irme adduct and 9B is the ¢iz adduct.” .

in theelsomer ?& €€1UH4‘
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3.2.4 Diastereomérs %QA and %VB: 1,4-dimethyl~2,4-dinitrocyclohexa-2, 5~
dienyl acetate; diastereomers %}D and %}E: 1,4-dimethyl-3,4-dinit-
. rocyclohexa-2,5-dienyl acetate

Four 1,4 adducts were obtained from the nitration of 1,4-dime-~

~

thyl-2-nitrobenzene and were generally recognised as such by (i) the

appropriate microanalysis for carbon, hydrogen and nitrogen; (ii) charac-
‘

teristic peaks for NO, and OCOCH, in the i.r. spectrum (iidi) u.v. 2
-

]

max
1
- N .\ = N . + 4
< 254 nm and (iv) presence of three vinylic protons in the "H n.m.r.
spectrum. All of the possible 1,4 adducts from l,4~dimethyl-2-nitro-

benzene arg encompassed by the structures shown below:

10: X = %0, Y = OAc 94: X = NO,, Y = OAc 93: X = ¥0,, Y = OAc
1l: X = OAc, ¥ = No, 92: X = OAc, Y = %2 94: X = OAc, X = NO,

Each of the six structural isomers of the 1,4 adducts can

occur as a pair of diastereomers. Of these, two pairs were observed in

~

5 . U : ;
the nitration under study. The "H n.m.r. spectrum of all the adducts

H
3

isclated showed a 10 Hz coupling showing the presencé of adjacent,vinylié
protons and écth the ring. methyl groups (iﬁ-all adducts) appeared as
sharp singlets (Table 3.2). These observations indicate that tée adducts
obtained correspond to the structures 40 and 11.

;n all the adducts, the absorption 2T the lowest %ieléﬂis a

doublet and is assigned to the ring proton ”csdjug?ted” with the vinylic

/
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/ nitro groué. The other two ring protons c;n be easily differentiated
_since one appears as a doublet (6-H in A9, 3-H in l1) and the other
préton appears as a doublet of a doublet (5-H in %8’ 6-H in %%). The
methyl absorptions of the adducts were assigned by comparison with_otﬂZ;\7
1,4 adducts and analyzing the data from shift reagent studieé (fable 3.2).
On addition of the shift reaéent, the magnitude of shift for

the acetate methyl was the highest. The shift of the ring methyl ipso
‘to the acetate (l-CH3) was larger than the shift for the_é-CEB (Figures
3.6, 3.7, 3.8 and Table 2.2). 1In the diastereomers %QA (eluted prior to
%QB) and %QB, the inéuced downfield shift follow the order 6-H > 3-H ;>
5-H. In the adduct LiD, the induced downfield shift follow the order
2-H > 6-H > 5-H.  The magnitude of in@ucéd shift for the 2-H in é%ﬁ

is much greater than for the corresponding proton (3-H) in 10A or %QB‘
lending further support to the assigged structures: The greater
’dognfield shift of the 3-H in %% (2-H inﬂgé) relative to 5-H (6-H in %%)
can be attributed to weak complexing with the C-2 (C-3) nitro group
which results in 3-H (2-H) being closer to the complexing site thanv

5-H (6-H). In view of the higher gradient of the 4-é83 in 10A relative
tof%QB, %QA is assigned the trans configuration and %QB is assigned the
cts configuration. Because of the small difference in the grad%ént and a

- greater difference in gradients for the other protons, the assignment .

. is,-at best, speculatives.-

O N AcO_ AcO
:“ * ,
NO "2 / %02
B 1
2 Ozh
ARA - %QB %&D %éﬁ

&
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Irradiation techniques were successfully employed to obtain

b

the information about. coupling between the ring protcné. When ' the
decogpler frequency was set at thé doublet at the lowest field (3-H
in %2, flﬁ in %%), the doublet due to 6-H in %QA and éQB (5-H im %%D)
7was unaffected whereas the doublet of a doublet dué to 5-H (6-H in
. v -

1D) collapsed to a doubiet. Thus, the IH n.m.r. spectra iﬂ all the .
v Y Py p
i A -

-

adducts can be unambiguously assigned,

Since 'the diene %&E, formed in minor amounts (5%), could not

be isolated, the stereochemistry of the diastereomers'llD and LlE cannot
be ascertained. However, 11D is most likely to be the-frans isomer -

since it is formed to a greater extent than, and eluted prior to, %}E,
< « + <

These observations are in agreement with the results obtained with the

' o
diastereomers in other systBms in thé‘present study.
i ¥y b :

t

5
%

3.2.5 Diene }

12: 3,é-dimethyl-Z,&gdinigrocyclohexa-Z,Andienyi acetate .

U,v. spectroscopy (295.1m) and 1H n.m.T. (fable 3.2) showed -
. g
.that the major isomer from the nitration of 1,4-dimethyl-2-nitrobenzene
is a 1,2 adduct.
_ The i.r. spectrum shows peaks at 1550 cm * and at 1760 and
1200 ;;_Efigdicaifng the presence of nitro and acetoxy groups.
For a 1,2 adduct, there are twelve possible structures consist-

ing of gix pajrs of positional isomers, as represented in the following

diagram:_
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X H
. Y =
i Y
b .
NO, )
12: X = N0,, Y = 0Ac  95: X =N0,, Y =0Ac  97: X =1N0,, Y = OAc
105: X = OAc, ¥ f NO, 96: X ="0Ac; ¥ = N0, 98: g = OAc, Y = NO,
) Y
e NO, X
J
. v ¥ NO,

k-3

99: X = N0,, Y = OAc 19 X
NO, 1Q2: X

In compounds 95 to %Qé’ an allylic coupling between a,ring
/ o

NOz, Y = QAc %Qé: X NOZ, Y = QAc

Sy
(-
(oo ]
L]

0
O
>
)
-

]

)
2
(=]

OAc, Y NO,  104: X = OAc, Y =

proton and a ring .methyl would be expected, in’analogy with the diene
adducts %A and ZB. In the adducts g; to gg, one of the ring protons
("conjugated" with the nitro group) should absorb in the region § 7-8

ppm. In the IH n.m.r. sPectrum éf‘the adduct obtained, the three methyl

- ‘ .
resonances appear as sharp singlets and there is no ‘absorption in the
.. \ .

region { 7-§ ppm. Hegée, sﬁrut:ureé'gé tg %Qé can be rejected. 7Str§cta

ure ggé{ gbrreéponding to a secondary nitro cémpaund, can alsé be

rejected far reasons discussed earlier (see 3.2.1) = . S

*

f~}T\The IB n.m.r. spectrum of the diene hag an absorption‘at § 6280

s £
S =

(dd) cé;fes?gnding to 5-H. - The other “ring proton absorptions occur at §

.
F]

.
. -
H

s : 0
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6.25)(d) and 6.14 (d) and are assigned to 1-H and -4-H respectively (J45 . .

= 10 Hz, J,. =" 1.46 Hz). The absorptions at § 1.81 and 1.96 are assigned

15
to 6—CH3 and the acetate w@Fhyl respectively;‘ The io;—field abserption .
at & 2.26 is assigned to the‘3=CH3 (which is "conjugated" with the C-2

'/ .
nitro group). . : *

On addition of the 'shift reagent, the acetate methyl moves

downfield more rapidly than the ring méthyl groups, whose relative sﬂifts
- ' ? - *

are the same (Figure 3.9 and Table 2.2). The shift of 5-H is hééyer

a4
o

than that for 4-H. Jhus, all these obéervations are 1n-accord with the

A

structure L% for the 1,2 adduct.

0O.N JH-
< OAc

NO
3.2.6 nianonea%é : 4-methyl—2,4—dinitrocytlohexa42,S—dieﬁ—libne;
7 Adduct—%%: S—methonyé-methyl-é,6—di§it;oc;CLShexa-Z;enIl—one. -

The- nitrodienone obtained by the ips? nitration of 4-methyl- - . ;;) i
2—nicropﬂenol w;s quite‘unstagle and -usually decomposed on work-up to ‘
4-methyl-2,6-dinitrophenol. N
i . The lﬁ n.m,x, spectrum of the dienone 1h‘acetic anhydriée (in
" the reaction mixture) is easily gnterpreted. The low-field abscrption )

at § 7.87 (d) is assigned to 3;§Eand the absorption at § 6.45 (d) is
assigned to §-H. The doublet of a doublet at & 7.36 1is assignéd to 5-H.

The coupliﬁé information‘(JSG = 10 Hz; J,. = 2 Hz ) supports these

35
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~

- - - = Y N
obse®ions. On crystallization from metganol, a white, crystalline

compound was obtained which was assigned the structure 42 on the basis

of fhe following. observations:

o
N

4
P

The i.r. spectrum of the adduet showed the presence of nitro

and carbonyl groups as evidenced by absorptions at 1550 cq_l and at 1710

>

v - *
cm ~ respectively. The compound is'insoluble in chloroform and methanol.

*

lH n.m.r. spectrum of the adduct ih acetone—d6 shows "a 10 Hz coupling

for the adjacent, ¥vinylic protons and a 11.33 Hz coupling'for the other

L

-

twe protons. Among the ring protons, the absorptions at & 7.14, 6.53,

, 5.93 and 4.89 ppm are assigned to 3—H; 2-H, 6-H and 5-H respectively.

iy

The singlet at § 3.60 shows the preaence,oi’the.ﬁgfhoxy group and the -
k. = -

]
singlet at 6 2.10 is assigned to the 4—CH3. The adduct decomposed during

130 n.m.r. studies (OOC, 4 h) to 4zmethyl~2,6-dinitrophenol., The phenol

"was also obtained when the adductﬂwaS‘reaéted with methyllithium at -78%¢.

-

N " Arguments similar to those used for .]3 could be extended to

el

- interpret the spectrum of 4—methy1-3,é—dinitrocyclohexa—Z,S—dienfl—one_ :

(Z%),eobtaihed from the nitration of Z—methyl—3=nitrophen01.
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TABLE 3.2

§ VALUES OF ACETATE AND OTHER SUBSTITUENTS -IN THE ADDUCTS OBTAINED

WWWMM

ADDUCT 0Ac C-1 C-2 c-3 C-4 C~5 c-6 COUPLING CONSTANTS (Hz) ASSIGNMENT
7A2.06 6.46 - 441,95 88 5.98 J . =4, I =1.5, J,=1.3 tras
‘B 2,06  6.34 - .34 1.86 .86“ 5.96  J o= 4, I = 1.5
| ' ’
a
}
02“* H '
Odc 8 2.08 6.93 - 48 6.35 12 1.78 J., =7,d .=1.5
NO 34 45 -~
1] 2 -~
/‘; .
) 2 . . — . U . N O, = = -
94 2.05 6 ;f 03 1.92 05  6.26 J . = 10, Jig = 3-4, J)5 = 1.5, trans
N . Ji4 = 1.3
9B 2.07  6.33 - .07 1.85 04 6.19 Jg, = ).5,4116 3.4, 3,5 = 1.5, cis
| I = 1.3
1A 2,02 1.72 - .43 1,92 .15 ° 5.94 J_ .=10, J._ = 1.76 trans
\ , 56 35
NO B 2.00 1.67 - .57  1.86 .30 ) J_, = . g
oaa Oz A9 P 30 5.98 Tsg = 105 Jyo = 1.75 eis g



X i ’ P
-« V-
; OAc ’
D 2.04 1,62  7.60 - 2.04  5.89 7 6.01
. AN .
W E 2.00 1.70 » 7.70 - 1.89 5.85 6.05
No, L 1 ¢
2
6.25 - . '2.26 6.14 6.80° 1.8l
. rom.
- - 7.8], - 7.36  6.45
3
- 6.53 7.14 2.09 4.89 5.93
- 7.47 - oy 7.15  6.58

3

(1) The spectra of the dienones §

(lock: acetic anhydride & 2. ppm)

(11) 'The spectrum of 4¢ was recorded in CDBCOCDS; all other spectra were recorded inLCDCJ.3 -

1

i

¢

JS

J

Is56

= . = 4
45 ;O, J 1.46

6 = 10, Jy =115

(not isolated) °

15

R

= 11.33, J.. = 10 :

; 23 ‘y

and 7% were obtained from the reaction mixtures

N -
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Figure 3.1: Plot Showing the Chemical Shifts of Protonms in

Diene JA v/s the Chemical Shift of the Acetage;?:étens on

the Addition of gu(fod)B—d27 Shift Reagent
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Figure 3.2: Plot Showing the Chemical Shifts of Protons in-
Diene /B v/s the Chemical Shift of the Acetate Protons on
the Addition of Eu(fod)B-d27 Shift Reagent ‘
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Figure 3.3: -Plot Showing the Chemical Shifts of Protons in

L

"

(ppm) SHIFT OF OTHER PROTONS

\

Diene é v/s the Chemical Shift of the Acetate Protens on
the, Addition of Eu(fod)3-d27 Shift Réagent
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Figure 3.4: Plot’Showing the Chemical'Shifts®of Protons in

Diene‘gA

-

- -

v/s the-Chemical Shift of the Acetate Protons on

the Addition of Eu(fod).-d,., Shift Reagent
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‘Figure 3.5: Plot Showing the Chemical Shifts of Protons in

[?-

Diene 3B v/s the Chemical Shift.of the Acetate Protons on
L * =

the Addition of Eu(fod)3-d27 Shift Reagent™
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owing' the Chemical Shifts of Protons in
Diene 10A v/s. the Chemical Shift of the Acetate Protons on
. Vi

the Addition .of zucéod)3-d2;~5hifc Reagent

- :ix;; 2 =
/
o) 3-H
Q y I-Me
-2
G
. Qﬁ§ .
5%
‘ 4-Me
A0 5-H
© I/
—_ 0.0
_//
= , L 7 a ) . R
0.1. 0.2 0.4 0.5 0.6

(ppm) SHIFT OF THE ACETATE PROTONS



(ppm) SHIFT OF OTHER PROTONS

0.24

0.1¢

138
Figure 3.7: Plot Showing the Chemical Shifts of Protons in
Diene‘%gB v/s the Chemical Shift of the Acetate Protons on

- . the Addition of Eu(fod}3—d27 Shift Reagent
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Figure 3.8: Plot-Showing the Chemical Shifts of Protons in
Diene %AID v/s the Chemical Shift of the Acetate Protons on

the Addition of Eu(fod)B—dz7 Shift Reagent
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Figure 3.9: Plot Showing the Chemical Shifts of Protons in
Diene %% v/s the'Chemical Shift of the Acetate Protons on

the Addition of Eu(fod)a—dzj'Shift Reagent -
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3.2.7 Diastereomers lA and:%B: 1,4-dimethyl-4-nitrocycloheka=2,5-dienyl

i
-

acetate

Shift reagent studies were also employed as a useful aid in
assigning the 136 n.m.r. spectra of the various diene adducts in this

study. The studies were especially usefulin distinguishing the proton- '

carrylng vinylic carbons from each other. . ' - -

-

: A model compound 1,4- dlmethyl—é—nitrocyclohexa—z 5- dlenyl -

acetate (39) was chasen for the study 138 n.m.r. of this compoqnd, 4B

(m.p. 57-58°C) showed aBso;ﬁgions at §c 126.3 and 132.7 ppm due to the -

-

. : .
vinylic carbons. On addition of the shift reagent, the magnitude is»._~

expected to be higher for the carbons closer to the site of complexation 5
1.e. absorptlons ,due to C- 2 and C—6\should move downfleld more rapldly
than those due tolgh3 and C-5. On this basis (Flgure 3.11), the high-
field abscrptio; at Sc 126.3 in 1B vas assignedito C-3 and C-5 and

the signal at 132.7 was assignéd to C-2 and C—6: Iﬁese assighm%nfs

are in agreement with the results obtained on-the di-deutero analogue
of 1B (81). but in conflict with the assignments made previously (39b).
5 carbon in 1A (m;p. 46-47°C) s higher than in
4B (Figures 3.10 and 3.11) support the obsgervation .that LA is trang and-

The gradient of the 4-CH

4B is the c18- isomer. However, the plot corresponding to l—CH3 in 1A

did not pass through thé origin (contrary to expectations) but a linear

-relationship with,the shift of the acetate §§3 wds exhibited, L
Ozﬁ . OZN N =,
OAc AcO

-
AN
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N
f‘iéure 3.10: Plot Showing the Chemical Shifts of Carbons in
yarbon (QHB)

on the Addition of Eu(fod),=d,- {ft Reagent
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[

. Figure 3.11: Plot Showing the Chemical Shifts of Carbons in

Diene ]B v/s the Chemical Shift of the Acetate Carbon (gﬁa)

on the Addition of Eg(fod)j—&27 Shift Reagent
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3.3 Reactioms of the Adducts g

The dienes obtained by the.ipso nitration of various nitro-

.,

arenes undergo a‘variety of exchange (diene jnterconversion) and

rearomatization reactions. The nitro%ylene adducté are more stable- and
resistant to rearomatization than the adducts of alkylbenzenes (38,39).
The acef;te functionality could be formally replaced by other'nucleo—
philes under suitable conditions. The reactions ;f the secondary
acetatés obtained from 1,2fdimeﬁhyl-é—nitgcbenzene were remarkaﬁly

different from those of the secondary and tertiary acetates obtained from
& -

1,4-dimethyl-2-nitrobenzene.
»
The products obtained by the rearomatization of the adducts
were dependent on the ;onditions employed. Consideration of the rearoma- .
tizaéion pathways invoking the acetoxy- and nitrécyclohexadiegyl cations

indicates that introduction of the nitro substituent should favour

formation of the latter,

NO

' NO ’ — NO
H QAc

0 4.

Formation of él would involve the placement of.a formal

—_—

positive charge at a nitro-substituted carbon. Formation of ég.involves
2?3 generation of a formal positive chgrge at 'a carbon adjacent to that

carrying the nitfo group and is energetically favoured. Hence, 4B is the
p:eﬁerrgd'intermediate and its formation constitutes the principal route

to the formation of rearomatized products.

[N
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The main reaction pathways are represénted schematically at

the end of this Chapter and the product distribution obtained in the

"reactions of the adducts are shown In Appendix II.

¥ z LY

3.3.i Reactions under Acidic Conditions

The diene adducts JA'(B) on tr.eatment with borontrifluoride-
etherate or with trifluo;oacetic>acid gave l,2-dimethyl—4—nitroﬁenzene
as the*main product (70-80%). Products which could arise from 1,2
nitro shifts in an intermediate nitrocyclohexadienyl cation (r{:é) were

1'+ .
)
: N
4 ,
)

also obtained in nearly equal aﬁounts.

=

NO

BFB-etherate

NOz or TFAA
H OAc

&

v

{
] -
OZN . .
102

| . |

.5 L

1,2 nitro@ifts
H

)

NO,

NO,
0,

02 S

v
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That an intermediate nitrocyclohexadienyl cation was involved

was shown by rearomatizing the diene in the presence of mesitylene when

the biphenyl 22 was obtained as thermajdfigggaucf372§§i§fh’”*'*f S

\
kY
\

1
\
i

22 (99%)

The rearomatization of the adducts %QA and %% from 1,4~dimethyl-

2-nitrobenzene was similar. H n.m.r. studies showed that in the
case of the adduct ]QA, partial isomerization (ca. 15Z) . to"the diene*%%

occurred prior to rearomatization. In the case of the secondary adduct

Since ipgo nitration of 1,2-dimethyl-4-nitrobenzene gives ca.
50% diene adducts and the conversion of the adducts to the biphenyl is
quantitative, this i1s an excellent method for the formation of such
compounds. The diene route is much superior to obtaining 22 by nitrating
the suitable pentamethylbiphenyl, in which substitution would be prefer-
red in the ti}alkyl- rather than the dialkylbenzene ring.
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12, an aryl acetate resulting from lossg of nitrous acid was alsc obtained.

With both adducts, a minor product (l,4-dimethyl-2,6-dinitrobenzene)

arising from renitration was also obtained. The absence of such renitra-

tion products under.similar conditions in the case of the adducts 7A (B)

could be related to the lower reactivity of 1,Z;dimethyl~4—aizrobenzeae,

nitration of which required more drastic conditions than 1,4-dimethyl-2-

nitrobenzene.

Rearomatization of the adducts A0A and )2 with BFB;etherate in

mesitylene gave, along with the expected dinitroxylenes, the biphenyls
%% and %3 in the ratio 4:1. Formation of the biphenyls from 10A is
. .

vy

unusual since similar products have-been generally obtained from secondary

y

adducts (54,82) and only one biphenyl is formed. The electronic effect
of the (original) nitro group should ‘make the adjacent unsubstituted

position in the cyclohexadienyl cation more positive and favour the

formation of '24. However, attack at this position should be more

.

hindered and, on this ground, 23 should be favoured. Evidently, the

A

steric effect is more important.

.

megitylene .
. r
92§ in
oY OAc
RO NO
0OAc 2 2

‘
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The adducts JA (B) were stable to acetic acid at room temperature.but
£

Y

rearomatized on heating to give 1,2-dimethyl-4-nitrobenzene and 1,2-
dimethyl~3,5-dinitrobenzene in nearly equal amounts. The latter product
is obtained by a formal 1,3 shift of the nitro group. Such 1,3 shifts
have also been observed in the rearomatization of other diene adducts
(555 gut the mechanism is not established. The 1,3 shift cannot inse
from consecutive 1,2 shifts since an initial 1,2 shift to an unsubsti-
tuted position would give the cyclohexadienyl cation precursor of 1,2-
dimethyl-3,4~dinitrobenzene. As discussed earlier, the Teaction gith
BFB-etherate gave produc&s,arising-from 1,2 nitro ghiftg in nearly
;qugl amounts, The-absence of any 1,2-dimethyl-3,4-dinitrobenzene in
the rearomatization in acetic acid indicates that the observed dinitro
product does not arise either by comsecutive 1,2 nitro shift or by
ajprocess of rgn%tra;ion. ;;n the“presence of a raéic§1 scavenger, the
amount of 1,2-dimethyl-3,5-dinitrobenzene is.reduced (32%) and a greater
amount of.1,Zadimethyl—&—nitrobenzene (68%) 1is obtained. These results
suggest that'a radical dissociation-retombination mechanism, similar:;
to that observed in the decomposition of nitrddiénones (see Chapter 1),
is likely.

‘\\\A 1,3 nirro shift was also observed in the-zhermal decomposi—
tion of the adducss‘égA and %%‘in acetic acid. By analogy with the
results obtained from {A (B) and nitrodienones, the fcrmai 1,3 shife
across an unsubstituted pasitién can occur through a gZée radical .
mechanfsm.!

Since 1,2-dimethyl-4-nitrobenzene was obtained as the major

product when the adducts {A (B) were rearomatized under weakly acidic

®
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conditions (BF3—etheraté or trifluorocacetic acid), the rearomatizations
5 ~

under strongly acidic conditions were studied and the }roduct composition
detgrmingd. The decomposition in trifluoromethanesulfonic acid was
complete in 5 min at -20°C. Product anéiysis by IH n.m.r. and:g.l.c.
showed a depletion in the amount of l,2—dimethyl-4-nitrebenzene'gnd

the formation of all the three dinitro-o-xylenes in signéficant améunts.

Comparison of these results with those obtained in the reaction

with BFg-etheraie indicated that renitration had occurred. The calecula-

ted values for the product distribution, taking into consideration

that renitration would result in .the formationm of L3, 16 and 17 in the

ratio 1.33:1.80:1 (from this work) are 297, 29% and 11% respectively.

my

These values are in agfeement with the product distribution actually
obtained in the reaction with trifluoromethanesulfonic acid. The
fgrmation of 1,2-dimethyl-4,5-dinitrobenzene and the close ccrresponéence
of the observeé product, distribution with the calculated values showed

that renitration had accompanied the process of 1,2 nitro shifts in the

rearomatization of the adducts 7A (B) in trifluoromethanesulfonic acid.
¥

i ;02
) ) it 2
c 2 4 15 16 %)
BF ,~Etherate 78% 14% 8% -
GFSSGBE .
. (a) Observed 31% 1 25% 312 132 "
- (b) Calculated - 29% 207 . 112
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A similar drop (50-70%) in the amount of 1,4-dimethyl-2-nitro-

enzene was observed when the rearomat

.

3

ization of the adducts 10A or i;
Uy Uy

.

etherate was compared with the result obtained in trifluorometw

anesulfonic acid, The product distribution showed an enhancement of

B

he dinitro-p-xylenes. The absence of significant amount of 1,4-dimeth-

yi-2,5-dinitrobenzene (detectable limit, 3%) may be attributed to the

Q

o

o
o

y4-dimethyl-2-nitrobenzene.

On treatment of the adducts

v

ree of substitution para to th

A (B) with acidified methanol, an

Y

\,~2 transesterification to form 33A (B) is preferred to an A, 1 exchange

AL L3

of 'OAc for OMe which would otherwise be expected through the intermediate

-
ii

1itro-substituted phenonium ion (38).

The adducts }0A and ]2 were also

converted to the corresponding nittodienols in nearly quantitative

yields.

A A R

14
&1

-
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An interesting feature of the rearomatization reactions was

the absence of any benzylic products under various conditioms of. acidity.

1)

Benzylic products are usually obtained when the deprotonation of an

1

- .
alkyl substituent of the cyclohexadienyl cation is an effective competing

process with rearrangement and nuclear deprotonation ( see Chapter I).

.

These products are obtained from tertiary.acetoxynitro adducts of 1,4

disubstituted arenes, such as

"3

-xylene, whose adducts rearcmatize in

acetic acid or nitric acid to give substantial amcunts of benzylic

prcéuct; (38).g

In the reactions of the diene adducts obtained from the nitro-
arenes, the absence of benzylic products under various conditions of
acidity indicates that migration of the nitro group and deprotonation,

. . ]
or alternatively, loss of nitro group (to.regenerate the nitroarene) is

preferred to deprotonation. Consequently, it is expected that with the

increase in basicity of the reaction medium and the availability of
suitable nucleophiles, nucleophilic exchange or formation of benzylic

products would be an effective competing pathway. Therefore, the

reactions of the diene adducts with various nucleophiles was inveéti- '

-

gated.

i

3.3.2 Reactions with Nucleophiles

.

i

An unusual feature of the diene adducts obtained from the
nitroarenes is their ability to undergo exchange and rearomatization
reactions with nucleophiles. This was first observed in the attémpted
acetylation of the dienols 33A (B) with the acetic anhydride-pyridine

reagent, conventionally employed for acetylation of hydroxy groups (86d).

2
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Addition of acetic anhydride to a solution of the diastereomeric dienols

in pyridine gesﬁlted in the rapid formation of 1,2-dimethyl-4,5~dinitro~

benzene (%Z) as’ the only product. The dienols gg;msélves were stable

to pyridine, indicating that acetylation preceded rearomatization. This

was confirmed by reacting the acetoxynitro adducts zA (B) with acetic

anhyéri#e and pyridine, when 17 was ogtained'in nearly quantitative

yvield. Sinée ipso nitration of 1,2-dimethyl-4-nitrobenzene gives ca. 507

diene ;déucts (and 127 of A7) .and the reaction of the adducts with pyri-
\ * B

dine givgf a high yield of %2= this route-is of synthetic importance in

the preparation of 1,2-dimethyl-4,5-dinitrobenzene (%Z).

pyridine
5

Ac,0
NO 2

NO

4 ’ —~

)
S
[N

-

The mechanism shown in scheme 3.1 is proposed for the formal

‘1,4 migration of the nitro group (95). The mechanism involves consecu-

tive SSE' processes as shown in the scheme. For each substitution, the
normally unreactive vinyl carbon is activated by ccnjugatioé of the
double. bond with the non-migrating nitro groyp. The proton a ég the
nitro group in éé is acidic and is readily removed in the basic medium
to fo;m an anion: ‘The anion in turn should rapidly lese the nitro
group 4s4 nitrite anion (which is thus regenerated) to give 17. The
small amount of nitrite ion initiaglly required in the second step can

arise from the loss of elements of nitrous acid from { in the basic medium.

o
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Nu' = Nucleophile

Scheme 3.1 Reaction of the adduct ] with a nucleophile

The acetate jon released in the .first step of the reaction

%‘
- - can compete with pyridine as the effedtive nucleophile so that the conju-

- ¥ -+
. Bated dienyl infermediate 41 can have ﬁun+1 = QAc or Nun+l =C H5¥. ‘

:

5

If é% and éé aie indeed intermediates in the above transformation, then

(1) It shouldfbe possible to isolage and characte{ize analogues of é&

using‘suiCable nucleoéhiles; )

(ii) These analogues could, under suitable ccnd{tionsz undergo S§2’
attack with various nucleophiles to give compounds analogous to

diene $8 or thé rearomatized product A3

(111) Use of a sterically-hindered nucleophile ghould retard the rate of
e »

. H

P ' .
¢ . 'r.ghettransformation; and
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(iv) _In the adducts 94 (B) and %QA (B), the methyl groups would hinder

nucleophilic substitution in the first and second steps - -
"respectively. - .
02N : 02N

NO, N0, ; NO,
B 0Ac ‘ OAc o,

9A (B) VS (B) 8 ,

A detailed investiéation of the exchange and rearomatization 7
reactions lent support to the above observaéiqns.‘ Rearomatization of the
adducts %A (B) in pyridine is cg. five times as ;épid as in 2,6-dimethyl-
pyridine. In the latter case, thé,reaction mix;ure was worked-up before
completion to give a significant amount (15%) of the diene é; along wigh
JA (B) (70%) ;;d %Z (1;%). This 1s attributed to attack by‘the acetate
(Scheme 3.1, nucleofuge from the first step) on the diene z to give
the isomerized, conjuéaged diene é (é%,'Nun+l = QAc). That the product
A7 also arose from 8 was shown b? allowing the reaction to proceed té
completion, when 1,2-dimethyl-4,5-dinitrobenzene (%g) was obtained in
quantitative yield.

Regctioﬁ o@g&?a adducts 10A, %%rand %AF(B) with pyridine under
similar conditions were quite slow and résulted in the formatioh of
benzylic pfoducts. Clearly, uni;ke the adducts %A‘(B) which reacted
rapidly..and cleanly to give a single product, thé adducts'IqA, %% and

gA gave a mixture of benzylic products. Deprotonation of the alkyl

function, with formal loss of the elements of acetiec.adidy.occurs-ii:

-
il

N

i /
N v

/
f

conjunction with §,2' atfack. The intermedfﬁfe triene undergoes
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rearomatization to give benzylic products,

-

0N
+Y~
OAc————————% —-—j;-fr‘?
—-AcOH -NO .
No, 2 NO,
| CHyH CH, _ CHY a
- A2 ) : : ¥ = N0, or OF:

Further evidence that the reactions of A (B) proceed by S 27

attack was adduced by reacting the diene JA (B) with sodium methoxide in

methanol when a conjugated, dienyl methyl ether (%é) was obtained as the

sole product,

-0 N

0 § - 2 OMe ’ |
- H .
Me(Q /MeQH X o -
. NO, ’ NO,
H 0AC '
78 (B) 36 .

The reaction was complete in 5 min at OQC.giReactions of the .
adducts %QA, %% and QA (B) with sodium methoxide wege quite slow (ODC,
one week) and,-as in the reaétion with pyridine, a mixf%re of benzylic
products was,g%}sined. :

The reactions of the adducts with othersnucleophiles were also

»

inVEStigaEed. When the adducts ZA (B) were treated with poﬁassium

k=3
=

cyanide, the major product obtained was 2,3-dimethyl-6-nitrobenzonitrile
(%é), along with a small amount of A sﬁz' attack by the cyanide
nucleophile on the diene {A (B) would give £3, in which the proton a to:.

the nitrile group is acidic and is:therefore rea&i}yélost to,f?rm an.anion

i

[




> o

, aceggnltrile gave 1, asdimethyl -2,3- dinitrobenzene Q%g) and 2 5-dime:pyl~

&

. , . 5 ‘ 156

which ‘in turn leses-the nitro group as nitrite to form 22 'Fur%hggmore,;
} B4

-=cyanide(is a poore; leaving group and this is another factor which makes

3

‘the process §9 > 2 more fa%itfqble than the normal §9 -+ l7 pathway.
A . . 1] -* A i

4

‘.‘ . GZN'\/

Reactions of the adducts AQA and 12 with cyanide anion in &

LY L]

- 5; itrﬂbenscnitrile (%g) as che .major prsduCCS. However, -when the

*
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s * .

In all the abq%e reactions leading to %z and {2’ it is expected

that added nitrite should facilitate the reaction., Reaction:of the

adducts .JA (B) with potassium mitrite resulted in the rapid formation
of 1,2-dimethyl-4,5-dinitrobenzene (%z) in a quantitative yield.  The
nitrite ion is subject to greater steric hindrance than the linear -

cyanide and this is the most likely reason for its apparent failure to

attack at the severely hindered uiﬁylic pésition'Bf zA (3). Similag&&,

© reaction of 10A or 12 with potassium nitrite gave 19 as the sole product.

There is obviously a fine balance between steric and electronic factors

in these rearomatization reactions.

)\
; i
_ No,
= N 2
0N OAc
NO, . .
0. . Z 302
he 2 i .
. \
- ‘:{;;‘

'71 That a strongly alectnoéewitﬁdr§uing gfaup‘f&ike:tﬁe'nitrcf
facilitates the reaction was shown by reaction of the cyano-analogue of

{ with potassium cyanide;whgh(a mixture of 2—cyano%é,S-dimeth?iphenyl
acetate (28) and. the gérrespﬁnding phenol (27) was ébtained, ‘

N

L

5

28 (3;.2)

® ” * f i = &



»

#

‘acid to give 32.

]

2 o

With potassium nitritek %§ was obtained as the only product. gliminat—
ion of the elements of nitrous deid supersedes SN2’ processes. fh thé"
reaction with cyanide, the phenol was probably formed by hydrolysis of

the acetate precursor because of the bgsi;ity of the medium. &

-

Thus, in the reactions of the adducts from the nitroarenes,

the acetate functionality eould be replaced formally by other nucleophi-

=

les to give dienyl or rearomatized products. The reaction was extended
to sulfur nucleophiles. Reaction of the adduct JA (B) with sodium

thiophenoxide resulted in the formation of 4,S—dimethyiTZ;nitrophen§l

phenyl sulfide (32) as the sole product. § 2' attack by the thiophenoxide

N

releases the ace}ate (Scheme 3.1, Nun‘= Céﬁ‘S_) which competes effecti-

%+

vely with the bulky thiophenoxide to give a conjugated cyclohexadienyl.

n+l

intermediate (41, Nu = OAc or SC6H §,,2' attack by thioghenoxide

).
5 N ]

on the conjugated diene is followed by loss of the elements of nitrous

4

0 N\\/? ~ - - 8,

1 - Y A €129

Since, in the reaction” of the dienes -7A (B) with pyridine, an

intermediate é% (ﬁun+1 = Oz %E) was believed to be an intermediate, the
E -e, ' ; €

. $
reaction was repeated with tert-butylamine, If the analogue of é%

(Kun+1

4

* N
(- : s ‘

A 3 * ’ "’ = f 7 N
: 4 (N
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-+ . -
= teftaﬁuﬂﬂz) is formed in 2 significant amount, deprotonation ..

L

g

My
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should be faster than attack by nitrité and an amino analogue of the

. R
diene %& (Nun L. tert-BuNH) may be expected, However, if the released

-

acetate competes effectively with the bulky tert-Bupylaminé as a nucleo-
phile in thé\first step (Scheme 3.1),, then the diene 8 will be preferen-
tially formed . The diene § can then undergo Swz'.attack by nitrite

d T

anion or tert-butylamine to form, after rearomatization, %Z or the

corresponding amino analogue (31). Reaction of the dienes JA (B) with
. .

tert-butylamine resulted in the fgémation of 17 as the major product -

(60%). A minor product (20%) of mass 222 was also .obtained and this

~

is assigned the structure %& in accord with the observation that the

%

2?

-

rearomatized products obtained with 5u%ky nucleophiles (e.g. NO,’ CéHSS) !

-
are l,2-dimethyl-4,5-disubstityted. benzenes.

02\ " -,
-t OAc
' NO
NO, a2
: NHC(Me)3

A

Rezection of the adducts ZA.(B) ;itb various oxygen nucleopﬁ—

-

<@ : )
iles 1like hydroxide, phenoxide and tert-butoxide resulted in the formation ~
of 17 as the main product (60-100%).

Reaction of the adaucts ZA (B) with jodide, bromide, cplo%ide

7

or fluoride resulted in the formation of %1‘5; the main product (>90%). -

H

In the above }eactions, a 50njugéted cyclohexa-1,3-diene was ‘

. . .
‘%Sstulated as an intermediate and in the reactien of the adduct ZA (B},

with methoxide,>a conjugated diene‘Q%g) was isolated and characterized,
Since in the reaction with 2,6~dimethylpyridine, a conjugated diene Cg)

. B S ..
was observed’as an Intermediate, it was hoped that the isomerization
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of the diene'zA (B) cbuld be enhanced to provide a method of preparation

of diene él Reaction with added aceia;e did result in the.formatién of

1
+ ESUE
O

8 though extensive rearomatization also occurred. = 7

When the adducts JA (B) wé%e allowed to react with bromide
or fluoridé in éZthanol and>the ;éact;on mixture worked-up before
complete rearomatization had occurréd, a‘mixtur% %f Q, %Z, and 4,5~
éimeth2152,4-diﬂitrocyclchexa—2,S—dienyl methyl ethe; (%é) was ggtained,
Apparently, acetate anion released by nucleophilic attack on the dﬁéne
%A (B) brought about isomerization to diege é' Solvent methanol competes
effectively as a nucleophile with the'nitr;te anion for 832' attack |

ntl_ Br), resulting in the formation of

on the conjugated diene (é;, Nu
éé and %Z respectively. Reaction with iodide gave %é and %Z as the only

products, =

2 : Efi::;L\ 0N
: NO
H Toac 2 2 H, No, 2
4 N n+l _ B 2
{ R =0 + - +
1 -H', -NO, -H
é,*ﬁun = OAc
0.N
- 0 NO
2 2
Egg H OMe
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%

In metHanol- or acetonitrile as the solvent, abstraction of

a proton a to the .acetate functionm in %A (B} is. followed by loss of ;

the nitro group és nitrite anion, which is involved in S¥2‘ attack on

i

Ezéiconjugated diene §. Acetic anhydride proved to be a solvent of

choice for optimum formation of the diene §. Treatment of the dienes
w

{& (B) with bromide in acetic anhydride resulted in the formation of §

(75%), the product %ZHF&S not formed under these conditions. Presumably,

>

‘bromide in acetic anhydride is not sufficiently basic to deprotonate

£

the diene Z,which, in.turn, would release nitrite anions, Thus, isomer-—
=
ization is preferred to rearomatizggionvéhen the reaction is carried

out in acetic anhydride. ' 3

[ 8 5%
i -f’ﬁ;
3.3.3 Reactione of Other Addpicts
2 B /. ) ‘
“ Having isclatedighd characterized the dieme adducts obtained

-

by formal exchange of the acetate f3§¢tion with other nucleophiles, the =

> i
. -

reactions of these adducts were studied.
- Fa

. . 5 ) ) !
_ Acetylation of the-dienols 334 (B) with acetic anhydride and
2,6=dimethylpyridine gave the dienes JA (B) and 8, along with 7. The )
dienols could be converted to the corre%ponding methyl erthers on

treatment with methyl iodide and moist silver oxide. The dienol obtained

from %gA was also converted to the corresponding methyl ether in a

i
P

L
i
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¢imilar manner. Attempted acetylation of the dienols from JQA and 12
resulted in extensive rearomatizatiom.

Dienol 43a (obtained from p-xylene addﬁct) was converted to

4

the corresponding chloro-diene (é%b) on treatment with thionyl chloride -
and pyridine. A similar reaction with the dienol %}A resulted in the

formation of tgaromatiiéd products. ,

0,8

SGClzlpyridige

-0OH ¢

=

-~ Reéactions of the conjugated diene B with various nucleophiles

L2' attack. With cyanide ion, the

resulted in products which arose from S}‘g

the major product was 4,5-dimethyl-2-nitrobenzonitrile (%é). With
methoxide, the products were ég (237%) andég%'(772), The latter product

was obtained as a~mixture of trems and cis isomers in the ratio 9:1.

“The stereochemistry of .these 1,4 adducts could be related to the
]

*

corresponding acetoxynitro adducts from which they could be obtained

with retention of stereochemistry. ’ .

023\3“ -
. i §62
» : '
8 26 (872) 17 (132)

E

L




O.N

2 H
: OMe
. @2 J” N X
. %aég OMe .
£ 4 (77%) 36 (237) -
" s
9:1

5% HZSGé/ﬁeOH

-7
%
AC
{A 334 34A -
B 33B ., 34B ¢ '

. TV v
,
Ed

The minor product {36) could result from S¥2‘ attack by the

-

. ¥
methoxide on 7, which can be obtained by the isomerization of 8.

v
’

Reaction of g?e methoxy diene é%éi with BFB-eghe%ate éroved
quite interesting. 1In this case, complexation apparently occurred ?t
bct? the methoxy and nitro functions to give % and Z,B-dimethyl-é-;itro—
anisole in the ratio 3:2, Formation of the two products is due to loss
of nitro and methoxy groups to generate methoxy- and nitrocyclohexadienyl

cations respectively. Deprotonation of the former and loss of nitro

group from the latter gives the products 46 and 4.

e
,02
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The methoxy diene éé on treatment gith nitrite anion gave
%%!and é, the former arising from éhe now-established SSZ' attack.
Reaction with cyanide with the diene 36 gave the expécted.product 26
(70%), along with another compound of mass 156. IH n.m.r. spectrum
of the la£ter product showed that the compound was sym&etric. These
observations led to the assignment of structure 29 for the minor
product. This product was not obtained in the reaction of the diene
é with cyanide. Since it was obtained in the methoxy analogue of 8
Si.e. 39) s the differences in behaviour are perhaps related to differen-
ces in nucleofugic .abilities. Since OMe is a poorer leaving group (than

oaé), competition between OMe and %02 could allow for the following

competing pathways: . [

No,

CN

§ 28 (707)
CN

' 29 (30%)
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This dissertation describes<Ehe formation, isolation,
characterization and reactions of products arising from ipgso attack in

the nitration of 1,2-dimeth¥l-4-nitrobenzene, 1,2-dimethyl-3-nitrobenzene,

N

1,4-dimethyl-2-nitrobenzene, 4-methyl-2-nitrophenol and 4-methyl-3-nitro-

phenol. T

These products are formed by iZpgo attack of the nitronium ion

at an activated,position followed either by addition of nucleophilic

acetate at a para (or ortho) position or by deprotonation at a remote

position. In the case of 1,4~dimethyl-2~nitrobenzene, two pairs of
diastereomeric 1,4 adducts, along with.a 1,2 adduct, are obtained., 1Im

the nitration of é—methyi-anitrophenol, crystallization of the reaction
. . - j

/

mixture resultg in a 1,4 addition of the sclvedt;gg;ﬁgﬁcl to the nitro-
dienone. This represents the first example of such an adduct ffom the
nitrodienones. -

The acid-catalyzed rearomatization of the adducts provide an
interesting contrast. Depending on the conditions, products arising from

:

either a 1,2 migration of the nitro group or loss of the elements of

acetyl nitrate are obtained. Under strongly acidiciconéitions, products
arising from renitration are also observed. Acid-catalyzed nitrative
Eaupling o} the secondary adducts of 1,2-dimethyl-4-nitrobenzene and
the s€condary and tertiary adducts of 1,4~dimethyl-2-nitrobenzene gives

pentamethylnitrobiphenyls.

+

%

The acetate function cam be formally replaced by other nucleo-
philes in single or ‘sequential ng' reaction (8). The dienes or redroma-

rtized products formed from such an exchange could be ohtaﬁneé*in
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quantit:ai:ive yields under suitable conditions. The dienes obtained

&
from a single S%EZ! exchange can also be further isomerized or rearomati-

zed-under suitable acidic or nucleophilic conditions.

One of  the more prominent features of the react—io%s ié’ this
study is the observation that the nitro group migrates l,Zg-under acidic
conditions, 1,3 under free radical conditions and 1,4 under nuc}::eophilic
conditions. These results, combined with the fact that the acetate group

can be conveniently replaced with other nucleophiles, exemplify the

utility of these adducts as versatile intermediates in organicd synthesis.

0

——
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SCHEME 3.2: MAIN REACTION PATHWAYS FOR THE ADDUCTS FROM 1,2-DIMETHYL-4-NILTROBENZENE

02N

’KNaOMelMeOH Pw.

W NO.

j= =4

: Cp
O.N \ .
P oQ 2 OMe ¥
CF,S0,H \C H SNa .
1 KCN
M M
NO NO

“

O 2
, . "Q/ ‘ . CN
BF3*ethera£e
Mo "
NOs, |

£91
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SCHEME 3.3: MAIN' REACTION PATHWAYS FOR THE ADDUCTS FROM 1,4-DIMETHYL-2-NITROBENZENE ‘ »
N02

'3 2 ’
cH " MBI/Agg o
ﬁ& 7 NO, oMe 2

Y

)]

%\“

pyridine or
NOZ“—_‘_““”“”T—-¢

QAC NaOMe
CH on

‘ CH,NO,,
49

NO

NO

. 2 ’

NO

o™

20
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. APPENPIX II: REACTIONS OF DIENES

A -
Reactions of diene z

i

% a:16o

LI

a.ll
2.12

é! 13”

" a4

a,iS

Experipgent Reagent:-
No.
a.l BF3—Etherate
a.2 BF,~Etherate/
mesitylene
a.3 TFAA
a4 5% H2?Q£/MeOH
= gUS CFBSGBH
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a.7 (1)  AcoH (20°)
7 (11) AcOH (100°C)
- (141) AcOH/Hydroquinone
o (100%¢)
a.8 Pyriéiue-ds
a.9 (1)  2,6-Digethyi-
) . pyridine
Z;S-Dimethyi-
pyridine/CDCl3

téﬁt—Butylaminer
NaOMe/MeOH "~
éﬁ&/ CBBCH
t—BﬁGKZCE3cB -

CQHBQH§/CD3CH

 CgHsONa/CDON -

b~

78

72

31

95

68

Product Composition (%)

14 8- -
15 13 =
25 °31 13

- - 5

No Reactiﬁn

- 51 -

- 32 -
3 - 95
FY
4 - 94
4 J—
- - 15
10 7 60
- - 100
z:;) 12 60
3 3 77 -

Y
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Experiment
No.

a.lé

a.l7

a.l8 (i)‘

3;19

a.20

a.21

KC§7CD3OD
KCN/CD ,CN

KCN/pyridine-d_/

KBr/CD3OD

KCl/CD3OD

KBr/CD%CH?(lB h)

KBr/CD,ON (5 h) °

KBr/50% A€ ,0-CD

BSCN/ED,CN -
KSCN,/CD 10D o
Py:oiﬁsis (g.1.c.) -78

Heﬁ?f%zb s

S

82

Ny
Iy

6

30

42

58

22

100

28

100

.95

32

77

86

100

18

?rdduct Composition/(%)
%é %szi Others

/)
VA 1/0 0

100

25 (94)
25 (70)

25 (58)
34 (42)

4 (45)
% (33)

# 61
¥ (15)

8 (68)
8 (23)

a3

(75)
.(25)

8 (14)
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a.25

a.26
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a.3l1

a.32
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a.34

Reactions of diene %%
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4% H,50, /Ac,0

S0

Pyrldlne—dsjAc2

2,6-Dimethyl-
pyridine/Aczo

MeI/moist Agzo

Reactions

BF3—Etherate

PyrldlneedS/CDCl3

KI/CDacﬂ

KN?Z

B
KCN

Pyrolysis (g.l.c.)

S

i

180

Product Composition (%)

R
82 7
of diene
58 -
44 -
98 -

Reactiong of diene

a

5?ﬁ§ZSD4/MeOH

KCN

NaOM&/MeOH

rww/{/’..

oo

11 -
- 100
- 3
- 100
- 100
- 56-
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6 (70)
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4 (2

T

35 (90)°

26 87
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éﬁ {%%} ﬂé

N
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Experiment
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b.1

b.2

b.10

b.11
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<b.1

b.2

L
b3

@
(1)

(1)
(ii)

Reactions of Diene 10A

Reagent

BES—Etherate

BF_ -Etherate/

- mesitylene-

TFAA

5% 32504/ MeOH

CF,80,i
AcoH (20°%C)
AcOH (100°¢)

Pyridine=d5 (1

62
27

56

21

80.

week)

Hé@&eiﬁeeﬂ (l)week) 19

KOAc

5

F

KNo, -

KCN/CD,CN (350:

KCH/C&BCN (5 em>)

.mm3) 2

I

Diene %z'+ Mei/moist"

=

Agzo

Product Composition 63

R0
29 - 7 2
26 - 7 2
35 - 8

45 - 30 -

No Reéaction

Reacsiqng of diene %%

BF3-E§§erate

BF .~Etherdte/
mesitylene

i,

TFAA -

21

33

33 8 -
41 - -
100 - -
33 - -
490 6 13
26 5 8

20

I

15

22

Others

(31)
4 (7)

37 (100)

181

- (658

30 (100)

28 (100)

3 (28)
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b.6 (1) AcoH (20°C) - No Reaction _
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b.7 »Pyridine-ds (1 week) o ; %é :r{{/%e /\
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" b.8 NaOMe/MeOH (1 week) 27 23 11 - - 44b (39)
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