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INTRODUCTION.

The synthesis of many benz-fused nitrogen heterceycles
involves reduction of am aromatic nitro-compound containing an
grtho-side—chain, and ring closure by cendensation of the resulting
amine with a suitable substituent in the side-chain. An increasingly
large number of reactions is comimg to light, however, in which the
nitre-group appears te asct as such with an ortho-side-chain, giving
as a rule N-oxygenated heterocycles. Such reactions have been
reviewed by Tennant 1 , and have sttiracted a considerable amount of

attention at Glasgow over the past few years 1.4.

Continuing the study of the mechanism of one such reaction,
the suthor was led to examine the possibility of similar ortho-
group interactions in substituted diaryl sulphoxides. The unususl
and interesting problems which arose in the course of this investi-
gation, end the novel reactioms: which were revealed, form the main

subject of this thesis.



CHAPTER 1.
ORTHO — GROUP INTERACTIONS IN

SYBSTITUTED NITROBENZENES.
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ORTHO-GROUP INTERACTIONS IN SUBSTITUTED NITROBENZENES,

In the course of his research at Glasgow several yéara 880,
Wellings - found that comdensation of o-nitrobenzaldehyde with
ethyl acetoacetate in presence of dry hydrogen chloride gave the
6~chloro-1-hydroxy-4-quinolene derivative (1), which is tautomeric
with the 6-chloro—-4-hydroxyquinoline~l-oxide (2). Similar reactiom
of o-nitrobenzaldehyde with acetylacetone and diethyl acetonedi-
carboxylate gave the corresponding products (3) end (4), but with
ethyl benzoylacetate under the same conditions only the g-nitro-
bengylidene derivative (5) and with acetone only the di-go-nitro-

benzylidene derivative (6), appeared to be formed.

The novelty of these cyclisations, and the problems of
establishing a satisfactory mechanism, prompted further inquiry.
Tennant 1 showed that ethyl cyanoacetate and benzyl cyanide gave
with e-nitrobenzaldehyde and hydrogen chloride only g-nitro-
benzylidene derivatives, and drew attention to similsr products
already reported for reactions of g-nitrokenzaldehyde and

5 and desoxybenzoin 6 « Cyclisation did occur,

dibenzyl ketone
however, with benzoylacetone as the reactive methylene compoment

in the condensation, and the product was assigmed structure (7).

It was further shown by Tennant 1,4 that, when hydrogen

bromide was used as condensing agent instead of hydrogem chloride,



halogen-free l-hydroxy-4-quinolones were obtained: thus g-nitro-
benzaldehyde and ethyl acetoacetate yielded (8). Cyclisation
without entry of halegen was alsc observed with hydrogen chleride
in presence of hydroquinone. 5-Chlaero- and 5-bromo—2-nitrecbensz-
aldehjzdes and ethyl acetoacetate gave with hydrogen chloride and
hydregen bromide@the 6,8-dihalogeno-quinolone (9: ¥=Cl or Br)

and the 6-halogenc-quinolone (1) or (1: Br for Cl) respectively.

The exact mechaniam af the cyclisation is unknown, but in
many cases g-nitrobenzylidene compounds are isolated together
with the quinolone derivatives 4 , and also give quinolones by
renewed treatment with hydrogen halide: e.g. (10) —»(1) with
hydrogen chloride. It thus seems likely that o-nitrobenzylidene
campounds, e.g. (10), or simply related compounds, e.g. (11:
X=0H, C1) , are intermediates in the cyclisation. In the course
of the reaction, reduction of the nitro-group and oxidation at
the benzylic carbon atom of the side-chain take place. The

mechanism proposed by Tennant 1 may be represented as follows:—
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An intramolecular oxidation-reduction of the type (11) —
(12), although unusual, is not unknown: for instance, reactiom
of 2-{g-nitrophenyl)oxiran (15) with acid gives g-nitroscbenzoyl-
carbinol (16) T . Tennant has suggested that reduction of the
nitrosoketone (12) te the hyiroxylamine (13) is effected directly
by hydrogen bromide, whereas this is possible with hydrogen
chloride only through entry of chlorine into the aromatic ring,
unless hydraquinone is present to provide alternative reducing

power.,

The oxygen transfer step (11)—»(12) may conceivably

proceed as shown below.

©
X

X H o
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The aunthar's first contribution to the study of this
reaction concerned the effect of an electron-denating substituent
ortho- or para- to the nitro~group in the nitrobenzaldehyde. It
was expected that such electron-release towards the nitro-group
would facilitate the reaction (11)—»(12)—»(13), and hence the

cyclisation step.



5-Methoxy-2-nitrobenzaldehyde 8 reacted readily in ethereal
solution with acetylacetome and dry hydregen chloride, giving the
8-chloro-6-methoxyquinclene derivative (17: R=Me). The position
of the chlorine was assigned by analogy with the reaction involving

5=-chloro~2-nitrobenzaldehyde 1.4 (see p.4). Similar reaction of

9

3-methoxy-2-nitrobenzaldehyde ~ gave the 6-chlorc-8-methaxy-

isomer (18: R =Me). These quinolones gave a red-brown colour with

ethenolic ferric chloride, and were converted, on warming with

acetic anhydride, into N-acetates with characteristic 3.4

absorption in the infra-red at ca. 1800 en.”t,

carbonyl

5-Hydroxy-2-nitrobenzaldehyde 10 reacted still more readily
with acetylacetone and hydrogen chloride, the reection being
complete in 2 hours, compared with the 18-hour period normally
required. The phenolic praduct (17: R=H) was unusual in that
it was obtained as a stable hydrechloride, which liberated the

free base only on treaiment with agueous sodium carbonate.

Owing to the low salubility of S-hydroxy-z;nitmhenzaidehydeu
in ether, no appreciable reaction with acetylacetome and hydrogen
chloride accurred. Tetrshydrofuran, while a much better seolvent,
was unsuitable because af its tendency to react with hydrogen

chleride, giving 4-chlorebutan-l-ol 12

» but dimethylformamide
gave no such side-reactions, and in this sclvent 3-hydroxy-2-nitro-
benzaldehyde and acetylacetone gave with hydrogen chleride the

quineleme (18: R=H).



The simple relatiomship between the hydroxy-— and methoxy-
quinolonmes, e.g. between (17: R=H) and (17: R=Me), wam verified
by methyletion. Treatment of the compounds (17: R=H) and (18:
R=H), or their hydrochlerides, with diazomethane gave the
dimethoxy-derivatives (19) amd (20) respectively, compounds aiso
obteined by methylatiom of (17: R=Me) and (18: R =Me). These
dimethoxy-compounds were assigned the 1,6— and 1,8-dimethoxy-—
4—guinolone structures rather than the possible 4,6— and 4,8
dimethoxyquinoline-l-exide structures (21) and (22), on the basis
of their infre-red spectra, in which strong absorptiom at ca.
1620 en...l is consistent with a 4-quinolome atructure 15 » and
also by analogy with the results of Ochiai and Hayaski 14, who
showed that methylatiom of l-hydroxy-4-—quinelone ( — 4-hydroxy-
quinolire-l-oxide) by diazomethame gave primarily l-methoxy—

4~-gquinolone.

In a parallel series, in which 5-methoxy- and S5-hydroxy-
2-nitrobenzaldehydes were condensed with ethyl acetoaecetate, the
reaction invelving the methoxy-aldehyde proceeded normsily,
afferding the quinelome (23: R=Me). The corresponding hydroxy-—
quinolome (23: R=H) wes aobtained only as its hydrochloride;:
treatment of this compound with base caused & rapid decomposition
from which no recegnisable product could be isolated. Reaection

of the hydrachleride with diazometheme, however, gave the



dimethoxy-derivative (24), identical with the methylation

product of (23: R=Me).

The high reactivity ef S5-hydroxy-—2-nitrobenzaldehyde in
the cyclisation reactiom suggested that it might yield quinoclone
derivatives with a wider variety of resctive methylene compounds
than g-nitrobenzaldehyde itself. The previous report 3 that
o-nitrobenzaldehyde and ethyl benzoylacetate gave with hydregen

chloride only the g-nitrobenzylidene compound (5) was confirmed.
When S5-hydrexy-2-nitrobenzaldehyde was used, however, an unstable
hydrechleoride resulted. It tended to decompose an recrystallisation,
and yielded a very unstable base on treatment with alkali, but
reaction with diazomethane gave a stable derivative, CyoHygCIiNOg,
with infra-red spectrum almost identical with that of (24). The
formation of this compound, assigned the structure (26), was

clear indication that cyclisation had occurred, giving initially

the hydrochleride of (25).

This successful cyclisation, the first involving a benzoyl
group in the side-chain, suggested that other aryl ketones might
react with 5-hydroxy-2-nitrabenzaldehyde giving cyclised products;

the case of acetophenone was investigated. It was known 15

that
condensation of g-nitrobenzaldehyde and aretophenone in presence
of hydrogen chlaride gave anly o-nitreobenzylideneacetephenome

(27: R=H). Vhen the 5-hydroxy-aldehyde was used, the c@.rrespwnding

product (27: R=0H) was isolated.
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Previous findings 3 that reaction of g-nitrobenzaldehyde
with aceteone and hydrogen chloride gave only di-o-nitrobenzylidene-
acetone (6) were confirmed, and it was further shown that, in
presence of an excess of acetone, the compound (6) wes still the
enly isolated product. Cyclepentanone and cyclohexanone react
similarly.

Twe factors can be seen at this stage to contribute towards
facilitating cyclisation of o-nitrobenzylidene compounds:-

(a) Strong electron-withdrawing influence in the side-chain.

(b) Ready accessibility of electrons to the nitrogen atom

originally present in the nitro-group.

The first of these is provided by initial condensation of the
nitrobenzeldehyde with a compound containing a highly reactive
methylene group, and the second comes into play especially when
the aldehyde contains an electron-donating substituent grtho-
or para- to the nitro-group. The high reactivity of 5~hydroxy-
Z~-nitrobenzaldehyde in the cyclisations may be accounted for by
the fallewing reaction path, in which the possible effect of

the hydraoxyl group in facilitating oxygen transfer is shown.

M, C=0v H H céc'\()
H-0 CH=C_ .. 0 Ne M
& , R%-o —_— o c.;i
NZO b
& 6
0 o R
' —— HO A
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While the results described in this Chapter are undoubtedly
relevant to considerationms of the reaction mechanism, amd while
their significance might be increased by further experimentation
along similar lines, it was decided at this stage to seek more
fundsmental information by a totally different approach. The
unexpected add interesting problems which arase out of this
approach are discussed in the following Chapters, and the:
investigafi@m was thus set upon a new, and, as was soon apparent,

a divergent course.




CHAPTER 2.

ORTHO -~ GROUP _INT TIOKS IR

SUBSTITUTED DIARYL SULPEOXIDES.
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CEAPTER

ORTHO-GROUP INTERACTIONS IN SUBSTITUTED DIARYL SULPHOXIDES.

The knewn facts sbout the cyclisation of certain o-nitro-
benzylidene compounds te derivatives of l-hydroxy-4-quinclone, e.g.
(z0) —» (1), 1in presence of hydrogen halides are presented in
Chapter 1. If the reaction proceeds by intramelecular oxidation-
reduction as praoposed (cf. p. 4)1, intermediates of the nitroso-
ketone type would probably be highly reactive and not easily
isolated. In view of the scarcity of analogies in the literature
for such an oxygen transfer, it was of interest to find a system
closely related to that of an g-nitrobenzylidene compound in
which the product of an oxygen transfer might be stable and
isolable. g~Arylsulphinylbenzylidene compounds, e.g. (28), seemed
likely analogues, asnd the possible product of oxygen transfer,
(29), certainly ought to be much more stable than an g-nitroso-

benzoyl compound such as (12).

A search of the literature revealed that sulphoxide-
aldehydes such as (30) were unknown; indeed, the only known
benzaldehydes substituted in any position by an alkyl- om aryl-
sulphinyl group were the compounds (31: R=Ef, Prn.,Pri, Bu®, Bui)le.
They were obtained by controlled oxidation of the corresponding
sulphide-aldehydes with hydrogen peroxide in acetic acid. Their

chemical properties were not reperted.
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The ready accessibility of 5-nitre-2-(p-tolylthio)-

) 17 mede the corresponding sulphoxide (33) the

benzaldehyde (32
first aynthetic objective. Although cenditions were found under
which contreolled oxidation of the sulphide gave reasonably pure
sulphoxide, this procedure was difficult to reproduce on a useful
preparative scale, beceuse of competing oxidation of the aldehyde.
However, the sulphide-~diacetate (34: X=35), formed by reasction of
the aldehyde (32) with acetic anhydride and concentrated sulphuric
acid, was oxidised by hydrogen peroxide in acetic acid, affording,
under suitably chosen conditions, a good yield of either the
sulphoxide (34: X =S0) or the sulphone (34: X=505). These gave
the sldehiydes (33) amd (35) respectively on mild aeidic hydrolysis.
A recent experiment by Mr. H. Clark 18 has shown that the sulphone-
aldehyde (35) results alse by reaction of 2-chlorc~5-nitrobenz-~

aldehyde with sodium p~toluenesulphinate.

5-Kitro-2-p-tolylsulphinylbenzaldehyde (33) is a pale yellow
crystailline solid of m.p. 1787, Significant mexima in its infra-
red spectrum occur at 1680 (.C=0), 1525, 1340 (¥0,), 1075, 1050,
1030, 1010 cem, L (s-02)., It farms an oxime and a 2,4~dinitro-
phenylhydrazone, but attempted formation of the benzylidene
diacetate (34: X=50) by treatment with acetic anhydride and
concentrated sulphuric acid failed, the aldehyde being recovered

unchenged by the additien of the solutien to cold water.
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Unlike g-nitrobenzaldehyde, however, the sulphoxide-aldehyde
(3%) rescts with hydrogen chloride. When a solution of the aldehyde

in dimze.thylf@mamidet

was saturated with dry hydrogen chloride

at room temperature and set aside overnight, a bright yellow solid
crystallised out., It was identified as the sulphide-eldehyde ('52‘),
showing that reductiom of the sulphoxide group had occurred.

Addition of the yellaw sclution to ice~water gave a cream-coloured
solid which, from its melting point and behaviour on a chromstoplate,
was clearly a mixture. Fractiomal crystallisation from bengene-
light petrcleum gave a:further crop of the sulphide-aldehyde (32)
(total yield 40%) and a small emount af the eriginal sulphoxide-
aldehyde. Chromatography of the remainder on alumina gave a

cclourless compound, and mare starting materiel (total recovery
12%).

The colourless compound contained nitrogen, sulphur, and
chlorine, and its analysis mrrespondad to the formula
cl4HnClzN04S. On the basis aof this formula, it was produced in
29% yield. It crystallised in twe forms: from ethanol or acetic
acid, it formed thick needles, m.p. 142° , and from aqueous acetic
scid or benzene-light petroleum, fine silky fibres, m.p. 138°,

These two forms had slightly different infras~red spectra; but were

T The aldehyde (33) is sparingly scluble in ether.
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interconvertible by recrystallisation from the appropriate sklvent.
The infra-red spectrum showed no carbonyl abscrptiom, but maxima
at 1530 and 1345 cm._l indicated retention of the nitro-group,

and these at 1320 amd 1155 em.™> suggested the presence of a
sulpheore group. (5-Nitro-2-p-tolylsulphonylbenzaldehyde (35) has
h)

Vnm 1315, 1155 em.

The dichlora-compound was inscluble in dilute alkali and acid.
Neither of its chlarine atoms was present as a chloride ion, since
its salution in acetonitrile gave no precipitate when mixed with a
solutiom of silver nitrate in the same solvent. It was not oxidised
by hydrogen peroxide in acetic acid at 100° y & further indication
that the sulphur in the molecule was probably present as a sulphone
group., It likewise resisted dxidaticn.by alkaline potassium
permanganate, but with sodium dichromate and aqueous acid it was
oxidised to a carbexylie acid, Cj4HqC1oN0gS, which was seen to
result merely from the oxidation of one methyl group to carboxyl.
On the assumption that no skeletal rearrangement of (33) had taken
place, the partial structures (36) and (37) were written for the

dichloro~compound and its exidation product.

: 0,N ¢z COH
0,N c: Me }ZCI 2 @ @/ PP

(36) 37)



ﬂhapt‘ef z,

FIGURE 4.,

?Adﬁg s 1

0N\ CHEY,
SQQ:C‘{J-E@,- QQ:&M (Pﬁ}
(#2)
f N0 wecp e @CHO - rf\!rﬁfi@
AN, M TN TS G M MeCl ST D,
(+3) (64

J/’\rc KO
50 Q&M ;;,M'?/

(&3)

yjfcm
QZVM’K 50, CoHyhc
@7

Qaﬂ ’//]CO- ph
k\ S@: C‘,H@M@

&9

X,
Me Ly, SO SN,

(46
(:aa&
ON 505 Chighe
@) ,.
03& @CC&;J&
X 805, G HaMe
(Se)

SQ: Ceilathe

(1)



~16~

Only the chlorine ateoms of the compound CI4H11‘C]!.2NO4S
remain to be located in the partisl structure (36), possible
p@sitioﬁa being either in the side~chain or in the areomatic
nuclei, All attempts to determine the correct positioms of these
chlorine atoms by hydrelysis failed; indeed, assignment of the
correct structure to the dichloro-compound was complicated by
experimental evidence which was apparently self-comtradictory,
and this is fully discussed in Chapter 3. The true structure
of the compound is given in formula (38). Although the compound
showed an sbnormal resistance towards acid hydrelysis, the
bengzylidene chloride structure (38) was established beyond
doubt on the following evidence:-~

() The compound was formed in high yield by the action

of phosphorus bpenta:chlcmridc on the sulphone-aldehyde
(35), of which it is thus the corresponding dichloride.
(b) The sulphide~dichloride (39), similarly obtained from
the sulphide-aldehyde amd and phosphorus pentachloride,
beha:!ved normslly in regenersting the aldehyde (32) on
acid hydrolysis. In concentrated sulphuric acid, as
expected, furtﬁa reaction occurred, giving & mixture
of 2-methyl-7-nitrothioxanthone (40) and the correspond-
ing thioxamthen (41) 17 . Oxidstiom of the sulphide-
dichleride (39) with hydrogen peroxide in acetic aeid

at 100° gave the sulphone-dichloride (38).
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(¢) The sulphome~dichloride (38) reacted with piperidine
giving sn orange-yellew solid. When this crude material
was warmed gently for a few minutes with concentrated
hydreochloric acid, the sulphone-eldehyde (35) wae
precipitated. (The reaction of (38) with piperidine
is discussed more fully in Chapter 3.)

The direct formatiom of the sulphone~dichloride from the sulphone~
aldehyde (35), as in (a), and the ease with which the aldehyde is
regenerated from the dichloride, as in (e¢), cenvincingly establish

the structure of the dichloride as (38).

The sulphide- amd sulphone-aldehydes (32) and (35) were
unaffected by treatment with hydrogen chleride in dimethylformamide;:
however, reactiom of the sulphide~aldehyde with dry chlorine in
dimethylformamide afforded the sulphone-dichloride (38) together
with the sulphone-aldehyde (35). The two products were obtained
in slmost equal amounts (41 and 44 per cent. respectively), amd

were separated by chromatography on slumina.

The overall result of the resection

0N CcHO 0N @Cﬂo Ozﬂ@ CHCL,
2 —— +
So.CHaMe S.CeHeMe 50, CeHaMe
(33) (32) (38)

38 that some of the sulphaxide molecules suffer reduction to
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sulphide, while others undergo exidation to sulphone, the latter
process being accompanied by replacement of the carbonyl oxygen
atom by two chlarine atoms. No enalogous reactions eppear to be
slresdy known, and se several sulphoxides related to S5-nitro-

2-p~tolylsul phinylbenzaldehyde were prepared and their reaction

with hydrogen chloride examined.

The mixture of 4-nitro-2-(p-tolylthio)benzaldehyde (43)
and 2-nitro-4-(p-tolylthio)benzaldehyde (44), which results from
the interaction of 2,4-dinitrobenzaldehyde and one equivalent of
thio-p~cresol in alkali 17 » was treated with acetic anmhydride
amd ceoncentrated sulphuric acid, end the diacetate mixture
separated by fractiomal crystallisation from acetic acid. This
separation was found to be much more convenient than the

recommend ed 17

separation of the aldehyde isomers. The diacetates
were identified by independent preparation from the appropriate
pure aldehyde. Oxidation of the diacetates followed by hydrelysis

gave the required sulphoxide-aldehydes (45) amd (46).

The reaction of 4-nitre-2-p-tolylsulphinylbenzaldehyde (45)
with hydrogen chloride proceeded in the same way as that of the
5-nitro-isomer (33), the sulphide-sldehyde (43) and the sulphome-
dichloride (48) being formed. The reaction of this sulphide-
aldehyde with chlarine was elso similar to that observed in the

5-nitro-series, the sulphome-aldehyde (47) and its dichloride (48)
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being identified as products, As expected, the dichloride also
resulted by the action of phosphorus pentachloride om the sulphone-
aldehyde. On the other hand, 2-nitro-4-p-tolylsulphinylbengaldehyde
(46), when treated with hydrogen chloride in dimethylformemide
under the same conditions, was recovered unchanged in over 90 per
cent, yield, and 5-pitro-2-p-tolylsulphinylbenzophenone (49),
prepared by careful oxidation of the corresponding sulphide 17,
gave under these conditions only the sulphide~ketone without any

trace of the sulphome-dichloride (50).
MECHANISM.

The conversion of & sulphoxide-aldehyde by hydrogen chleride
into the corresponding sulphide-~aldehyde and sulphome-dichloride
represents an oxidation-reduction of a most unusual type, in which
halogenation accompanies the oxidation and not the reductiom. It
seems likely that the reaction invelves interaction of the aldehyde
and sulphoxide groups, since, when these groups are para- to each
ather, as in (46), no reactiom occurs. Thus in considering the
reaction mechanism, account must be taken of possible interactions
of this type, together with the mechanism of exidatiom-reductienm,

and the method of insertion of chlorine.

It was noted earlier (p. 14) that the yields of sulphide~
aldehyde and sulphone-dichloride obtained in the S5-nitro-series,

while not exactly equal, were of the same order of magnitude
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(in the molar ratio of appreximately 4 : 3), amd so a dispropor-
tionation type of mechanism was considered for the oxidation-
reduction stage. Disproportionation peactions of sulphoxides:

are considered by Szmant 19 to occur in the following way:-—

0 R R 0 R R 0 R
+ + + -
>s/ §/ /0 \s/

N /7
3. —3 S —_— + .S
VRWZIN 2’ R/\\O N

R o
R 0 'Cﬂ\09 " \gr

R R

In the present case, however, it is difficult to see how
& mechanism of this kind accounts for halogen insertion only
in the sulphone fragment. Dispwoportionation ¢f S-nitro-
Z-Q—tmlyisulphi’nyl‘nenzaldehyde (33) would presumably give a
nixture of the corresponding sulphide (32) and sulphone (35).
Both of these are known to be unaffected by hydregen chloride

in dimethylformamide, and yet the latter is not found as a

preduct.

An interesting possibility of a disproportionation
mechanism for the reaction (33) —»(32)+ (38) involved as
intermediate the sulphoxide-dichloride (51), This on disproportion—
ation would be expected to give the sulphide~dichloride (39) and
the sulphone-dichloride (38). It was recalled that the former was
readily hydrolysed to the aldehyde, while the latter was not. The
formation of the dichloride (51) by the action of hydrogen chloride

on the sulphaxide~eldehyde (33) was conceivable by the following




series of transformatioms:-
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A syntheeis of 5-nitro-2-p~-tolylsulphinylbenzylidene
chloride (51) by the action of phesphorus pentachloride on the
sulphoxide-aldehyde (33) was mot possible, the preducts of this

reaction being the sulphide-dichloride (33) (yield 79%) and a:

small amount (3%) of the sulphone-dichloride (38). The sulphoxide-
dichloride was, hawever, abtained in 59 per cent. yield by oxidation
of the sulphide-dichloride (39) with hydrogen peroxide in acetic
acid for 3 minutes s} IOOG . It reacted with hydrogen chloride in
dimethylformamide, but only the sulphide-dichloride (yield 96%),

was isolated; and the sulphide-dichloride, on renewed treatment

with hydregen chleride, was recovered unchanged.

The remaining possible type of disproportionation, involving
oxygen exchange between one malecule of sulphoxide-aldehyde and
one molecule of sulphoxide-dichloride, was quickly discounted. An
equimolsr mixture of the sulphoxide—aldehyde (33) amd its

dichlaride (51) in dimethylfermamide underwent no reactionm when



treated with a Iittle concentrated sulphuric acid, smd with
hydrogen chloride gave the same products as each component gave
individually under the same conditions. No evidence of oxygen

exchange was observed.

In view of these negative results, it thus seemed certain
that the reaction accurred through the direct actiom of hydragen
chloride on the sulphoxide~aldehyde. Treatment of diphenyl
sulphoxide with hydragen chloride is known 20 to giv}e rise to

chloradiphenylsul phenium chloride (52).

+ - HC1 + - = ¥ -
PipS—0 == PhpS—OHE C1 ——Eﬂ—*c___o__pazs-—m cx
2
(52)

The resction is reversible, atmospheric moisture being sufficient
to cause hydrolysis of the salt (52) to the sulphoxide. Chlorination
of diphenyl sulphide alsc gives (52), but this reaction is revers-

ible anly on heating.

These halides are naot readily formed when a nitro-group is pwesent?l,

presumably because the electron—attracting nitro-group will meke

it more difficult for the sulphur atom to bear & pesitive charge.

It seemed likely that, as a result of attack on the sulphoxide-
aldehyde by hydrogen chloride, the following equilibria might be

set up:-
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0,N N\ CHo 0N . CHO
I + 200t @ —— + HEL
X 50.R A A
Ci OH

0, Cdo a,N CHO
———— —
e - $'R +”7_0 <« SR ""az* l-l,_O.
u .

Evem if, in the last of these, between chlorosulphonium chloride

N

and sulphide-aldehyde, the point of equilibrium might normally

lie very much in favour of the former, the consumption of chlorine
in some secondary reaction would be expected to drive the equilibrium
towards the right and so permit isolation of the sulphide. To test
this hypothesis, a solution of the sulphoxide-aldehyde (33) in.
dimethylformamide centaining a little phenol was saturated with
hydrogen chleride and set aside avernight; the sulphide-aldehyde
wag formed in very high yield, together with tiny samounts of
chlarinated phenocls. The sulphide~aldehyde was the only praduct
isolated from the resction of the sulphoxide—aldehyde with hydrogen
chloride in benzene; it is nat clear, however, whether benzene acts

as a chlerine acceptor, since halogenated bemzenes were not detected

as praducts.

It wes significant that formation of the sulphone-dichloride
(38) did not eccur to amy apprecisble extent when chlorine was
remgved (e.g. as chlarcphenols) from the solution. There are two

possible explanations for this. The chlorine may fumctiom as am




24~

oxidising or helogenating agemt, or both, in the dichloride
formation. It may, however, amsist dichloride production in

& different way: if, as is possible, the sulphone-dichloride

is formed yvia one of the intermediates in the above series of
equilibria, a concentration of chlorine in the solutionr may be
necessary to preserve an appreciable smount of that intermediate,
and the displacement of the eguilibria to the right through
removal of chlorine would destroy the concentration of the

intermediate, and with it any chance of dichlaride formation.

Just as chlorine oxidises sulphides te sulphoxides, so it
can oxidise sulphaoxides to sulphanes. It has already been noted
(p. 17) that reaction of the sulphide-aldehyde (32) with chlorine
gave the sulphone-dichloride (38), but that the sulphone-aldehyde
(35) was also formed in significant amount. Treatment of the
sul phoxide-aldehyde (33) with chlorine gave almost entirely the
sulphone-aldehyde (35), and only a very small quantity of the
dichloride (38). Oxidation of the sulphoxide-dichloride (51) to
the sulphone (38) was effected by treatment with chlorine, but
the yield was not quantitative, some unreacted sulphoxide being

recovered.

In none of these experiments involving chlorine, however,
were the conditiens exactly comparable with those of the ariginal

reaction (33%) —»(32)+(38). In the latter, hydregen chleride
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was always present in excess, while in the former it was produced

only by reduction of chlerine as the reaction proceeded.

The effect of hydrogen chloride an the reactiom of the
sulphide-aldehyde (32) with chlorine was therefore studied. When
the aldehyde was allowed to react with chlorine in presence of
pyridine or potassium carbonate, the yield of sulphone-aldehyde .
(%5) was increased, and that of sulphone-dichlaride (38) was
diminished. On the other hand, when the solution of the sulphide-
sldehyde was saturated simultaneously with chlorine amd hydrogen
chloride, the yield of dichloride was increased at the expense

af sulphone-aldehyde.

The above results indicate that the sulphone-~dichloride
results through the joint actiom of chlorine and hydrogen chloride
on the sulphide-aldehyde. p-Toluenesulphonic acid is not an
effective substitute for hydregen chloride. Hypochlorous acid

oxidises (32) to (35) without formatien of (38)..

Unexpectedly, but also significantly, the sulphoxide-
sldeliyde (33), when treated simultanecusly with chlerine and

hydrogen chleride, gave the sulphone-~aldehyde almest exclusively.

Results of the experiments described above are summarised

in Tables 1 amd 2.




~26~

TABLE %.
Reasctions of 5-iitre-2-p-~tolylsul lbenzald d ) -

Expt. . Percentage yield of

No. Resgent(a) (320 (33 () (8 (W)

1. HC1L 40 12 - 29 -

Ze HC1, PhOH a3 - - - -

% MI, 0556 80 4 - - - -

4, BCY, 012‘ - trace 83 2 -

5. Me..CGB4.SO3m, CL, - - 60 +- trace -

6. Cly - - 80 8 -
Hotes.

(=) A yield entered as"60 +" indicates a 60 per cent. yield of
pure compound amd & secomd crop of poorer quality.
(b) The entry "trace" demotes a small amount identified

qualitatively by thin-layer chromatagraphy but not isclated.

Experimental details are given on p. T2,
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TABLE 2.

Reactions of 5-Ni tro-2-(p~tolylthio )benzaldehyde(32).

;

vo.  Reszent(s) (32 (33)  (35)
1. c1, - - 44
2. Cly, K,CO3 - - 71
3. Cly, CgHgN - - 59 +
4. Clo, Me.C6H4.SO3H - - 68 +
54 Cl,, HCL - - 12 +
6. HOC1 - - 77
7. HC1 | 100 - -

Notes. See Table 1 (p. 26).

Experiinental details are given on p.73.

Percentage yield of

(38)

41
trace
trace

trace

60

(39)
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An approximate resction scheme may be drawmn up as follows:-
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The sulphaxide—-aldehyde (53) is oxidised so readily to the
sulphome-aldehyde (35) by chlorine (even in presence of hydrogen
chloride; cf. Table 1) that any sulphoxide-aldehyde formed in the
reasction of the sulphide-aldehyde with chlorine would be expected
to undergo further oxidation and appear in the finsal mixture of
preducts as sulphone-aldehyde. If, then, as seems likely, the
formation of sulphone~dichleoride (38).' represents a departure feom
the normel series of equilibria, this departure must occur before
the sulphoxide stage is reached. Of the three preceding stages, the
sulphide-aldebyde (32) itself is not entirely satisfactory as the
point of devietion, since its reaction with chlorine, with or
witheut hydrogen chloride, always leads to the formation of some.
sulphone-aldehyde, and it will be recalled that, in the reaction
of sulphoxide-eldehyde with hydrogen chloride, the sulphone-—

aldehyde was not formed. The chlorosulphonium chloride seems the

most likely intermediate, since the yield of sulphome-dichloride



is highest when the sulphide-aldehyde is treated with an excess af

both chlorine and hydrogen chleoride.

A plausible mechanism for the formation of the sulphone-
dichloride (38) from the chlorosulphonium chloride is outlined
below. Rearrangement of the salt in presence of hydrogen chleride
could effect the required introduction of halogen at the asldehydic
carbon,
HQ
e g/ >

Cvé_l _ i R
Such an interaction is broadly similar to that recently
2,25

il 0,N

OZN e Z\o 2

\ 4

to account for the unexpectedly high rate of hydrolysis

elec.
Qf;o (ref.22)

The same cyclic intermediate (53) might arise by & different
24

proposed 2
of o-aldehydo— and keto-benzoic esters, e.g.

COPh oH,

Co,Me
Me

reactien path. Leomard and Johnsen have shown that the sulphoxide-
ketone (54) with perchloric acid gives the salt (55); on this basis,
the sulphoxide-aldehyde with hydrogem chleride might give (56),

OH

co )
503 AN

(54) (s5)




which by further resction would give (53). Transformation of this

cyclic struecture inte the sulphome-dichleride (38) could take place

as shown.
0,N CHo 0 N
So.R
(53)
Cl
H
0,N NG O,N e,
[ Ie) ———
4 s,k (39).
Ct’ R

By this mechanism involving an orthe-interaction, the failure
of 2-nitro-4-p-tolylsulphinylbenzaldehyde (46) to give the reactiom
is underatandable. The failure of the benzophenone derivative (49)
to give a sulphone~dichloride may be accounted far in terms of the

dimirnished electrophilicity of the carbonyl carbon stom,

Anzalogy with the results of Leonard and Johnson may account
for the observed failure of the sulphaxide-eldehyde (33) to give a
diacetate with acetic anhydride and sulphuric acid. (The isomeric
aldehyde (46), with the sulphoxide group in the para-position,
resdily forms a diacetate.) Leonard and Johnson found that their
perchlorate salts formed acetates (e.g.(57) ), which were hydrolysed
in water, as shown below. The product of resction of the sulphoxide-
aldehyde with acetic anhydride and sulphuric acid may therefore be

the unstable species (58).
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Although the mechanism outlined sbove for the reactions of
the: sulphoxide-aldehyde with hydrogen chloride and the sulphide-
aldehyde with chlorine has not been confirmed, it is consistent
with the experimental evidence at present available. It &ccounts
also for one significant feature of these reactioms mot hitherto
emphasised: that the only halogenated product obtained from either
reaction was the sulphone-dichloride (38). The corresponding
sulphide (39) and sulphoxide (51) were nmever detected, although
their presence in quite small amounts would be expected to show
on the chromatoplate examinations which were made. Thus if the
formation of sulphone-dichloride represents a departure from &
normal series of equilibrie; it is always associated with am
exidstion. The cyclic intermediate (53) is probably more easily
oxidised thar the chlorasulpheonium chloride;: certainiy the lone
pair ef electrons en sulphur are more readily available for
oxidation in the former, because of the diminished elec‘tmn-

attracting power in the aromatic nucleus.
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This Chapter has sought to present some unusual features in the
chemistry of g-erylsulphinylbenzaldehydes. It appears that abmormal
behavicur of these aldehydes is to be expected in resctions with
acidic reagents (hydregen chloride, phosphorus pentschloride, amd
ecetic anhydride — sulphuric svid, for instamce), amd that this
abrmormality may very well arise through interaction of the aldehyde

group with the grtho-arylsulphinyl substituent.
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CHAPTER 3.
A NOVEL NUCLEOPHILIC SUBSTITUTION.

.It was shown in Chapter 2 that the reaction of S-nitro-
2-p~tolylsulphinylbenzaldehyde (33) with hydrogen chloride in
dimethylformamide gave as products S-nitro-zk(g-toiylthio)benz—
aldehyde (32) and 5-nitro-2-p-tolylsulphonylbenzylidene chloride
(38), the structure of the latter being established by synthesis
and conversion via the dipiperidino-derivative (59) into the
sulphoﬁe-aldehyde (35). Earlier attempts to determine the positions
of the two chloro-substituents through nucleophilic replacement
had given results which, in the light of the structure (38) thus

established, required further investigation.

Reaction of the sulphone-dichloride (38) with priperidine
gave basic material which on hydrelysis yielded the aldehyde (35)
and on crystallisation gave an orange dipiperidino-compound of
m.p. 1540. The latter was expected to be the benzylidene dipiperidine
(59), but such a structure did not account for its colour, since
m-nitrobenzylidene dipiperidine is described by Dilthey and
Stallmann 25 as almost colourless, and the presence of the p-tolyl-
sulphonyl group should have little effect on the colour, When it

was shown that the orange compound was stable towards hydrolysis

by acid, the structure (59) was clearly unacceptable.

Re-exsmination of the crude reaction product showed it to be



& nixture of two basic compounds. One of these was unsteable,
attempts to iselate it resulting in its decompesition to the
sul phone-aldehyde (35); it is probably the benzylidene dipiperidine

(59). The other was the orange base described abave.

The orange dipiperidino-compound disselved readily in
concentrated hydrochloric acid, giving a colourless solution.
Dilution af this solution with water caused a bright orange colour
to develop, but the base was not precipitated until the solution
wag made alkaline. These observations suggest that, of the two
basic nitrogen atoms in the melecule, one is very feebly basie,
its hydrochloride being unstable in dilute acid, and the other
strongly basic; the celour appears to be asseciated with the
former, which is then probably situated grtho— to the mitro-
group (g-nitr@phenylpiperidime is red 26). The other, stromgly
basic mitrogen could well be situated on the side-~chain, since
N-benzylpiperidine is expected te be & strong base. On this
view, two structures, (60) amd (61), are possible for the orange
base. Of the two, (60) is the more likely, as entry of the
piperidino-group into the sromatic nucleus would be expected to
occur more resdily at the less hindered position. Further support
for the structure (60) was abtained by analegy with the series

of reactions described below.

Reaction of 5-nitro—2-p-tolylsulphonylbenzylidene chloride
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(38) with an excess of sodium carbonate in aqueous ethamol gave

& compaound, 01531601N058, this f@rmnl&'carresp@n&ing ta the
replacexment of one chlorine atom by an ethoxyl group, Thet only

one halogen of a benzylidene helide should be replaced under

these conditions was quite extrappdinsry. Benzylidene chloride
undergoes hydralysis to benzaldehyde under very mild alkeline
conditions (e.g. by heating with & suspemsion of calcium carbenate
in wnter-27&), and yields acetels by reaction with sodium alkuxid952§
The chloro~ethoxy-compound could not be the &-chloro-ether (62),
since this should be even more resctive than the dichleride (38),

snd should thus afford the acetal (63) or the aldehyde (35),

depending on the reaction conditioms.

Renewed inquiry into the anomaslous reaction showed that the
compound CIGH1501N05S was formed in approximately 70 per cent.
yield when the sulphone-dichlaride (38) was heated with either
sedium carbenate in aqueous ethanol or one equivalent of sodium
ethoxide in dry ethamol. In each case, the product crystallised
fiom solution as the resction proceeded, The methoxy-amalogue,
C15314CIN058, wae obtained, although in slightly lower yield,
by similar reaction of the dichloride with sodium methoxide im
methanol. Treatment of the dichleride with sodium carbonate in
aqueous methanol, however, gave a complex mixture of preducts,

the nature of which is discussed later (p.42).
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A search of the literature them disclosed thet m-nitro-
benzylidene chloride was found to underge abmmﬂ{macle@philic
substitution when treated with a&: sodium alkexide. Kliegl and

‘"Hgﬂe 29

observed that such a reactiom gave, in addition te the
expected acetal (64), a mixture of prodicts which were stable
towards acid, and they identified these as the 2,5- and 4,3~
alkexynitrebenzyl alkyl ethers (65) and (66). Although the yield
of these abnormal products was very small (about ]‘.0% in all ),hy
comparison with the 70 per cent. yield of chlo:m»-—ethéx:y—ccmpaund
from the sulphone-dichloride, the strong similarity of the twe
reactions led to the proposal of 4-aikoxy-b5-nitro-2-p-tolyl-

sul phianylbenzyl chleride structures (68: R=Et and Me) for the
chloro-ethoxy-compound and its methoxy-snslogue. Agein the
1,2,4,5-tetrasubstituted structure (68) was preferred to the
possible 1,2,3,4-tetrasubstituted isomer (69) on steric grounds.
It is to be noted that Kliegl and Holle did not detect 2-alkoxy-

Ssnitr@-isamers,(&?), from their series of reactions.

The properties of the chloro-ethaxy-compound were consistent
with the proposed structure (68: R=Et). Reaction with piperidine
afforded a mono-piperidino-derivative, which was very‘ pale yellow
in colour and stromgly basic as required f@r the N-benzyl-
piperidine (70: R=Et), and resction with a further equivalent
of sodium ethoxide gave am ethyl ether. The chloro-methoxy-

compound similarly yielded & piperidino-derivative of comparable
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coloeur and basicity, and a methyl ether, which wes further shown
to be non-idemtical with the azetal (71). The ethers: were assigned
the struetures (72: R=Et, Me respectivel’y) because their infra-
red spectra cleosely resembled those of their chlore-alkoxy-

Precursors..

Confirmation of the proposed structures (68: R =Et, Me) was
obtained by unambiguous synthesis of 4-methoxy-5-nitro-Z-p-tolyl-
sulphonylbenzyl chloride (68: R=Me). The route proposed wap as

follows:~

COzR CO R, O,;N CO;R.
'—'——9
S.C6H4_M¢(p-)
COz ,CH0H
_—"’ — (63:R=Me).
502, C6”4MC SOZ Csquz

(R'=H or dkgl)
The preparati«mkf 2,4-dichloro-5-nitrobenzoic acid (73) ana
its simple derivatives has been described in the literature 3 0’51,
The relative mobility of the two chloro-substituents under
nucleophilic attack is important in considering the two-stage
conversiaon of the dichleronitro~acid derivative inte the corre-
sponding 4-methoxy-2-p-tolylthio-compound. Since, in 2,4~dihalo-

nitrobenzenes, the halogen in the 2-position is the mare mobile 32
33

14

and since the carboxylate group is known to be para-ectivating



end ortho-deactivating for replacement of muclear halogen, it
was expected that the 4-chleora-substituent in 2, 4-dichloro-
S5-nitrobenzoic acid would be preferentially replaced by

30 that resction of this

nucleophiles. Villiger's: observation
acid with an excess of aqueous sadium hydroxide gives only the
2-chloro-4-hydroxy-acid (74) is in agreememt with this prediction.
The ortho-deactivation of the carbexylate group, caused by

33}, might tend to

electrastatic repulsion of the attacking anion,
hinder easy replacement of the secomd chlorine atom by thio-p—

cresoxide, and so, to aveid possible complications here, it was
decided to attempt the substitution re‘ac.tioms’dn the methyl ester

rather than on the free acid (73).

Oxidation of the p-tolylthio-group to p-tolylsulphonyl was
not expected to present any problems, but the next stage, selective
reduction of a benzoic acid derivative teo the benzyl alcchol in
presence of nitro- and arylsulphonyl groups, required careful
congsideration. Althaough lithium eluminium hydride mormally reduces
) 34b

nitro-compounds (to azocbenzenes and sometimes reduces

3 4'd, Feﬂ].lﬁ:in3 5

sulphones has shown that ethyl p-nitrobenzoate may
be reduced te p-nitrobenzyl alcohol by adding the calculated amount
of lithium aluminium hydride to the ester, and his methad has

been used ta effect several selective reductions of nitrobenzoic
esters.34°. It was hoped that such a reduction might be successful

here; in any case, however, it was expected that the required
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slcohol would result fram reduction of the srid chloride by
gsodium borahydride, a resgent which daes not normsily reduce

esters 34e or nitro-compounds 5“. The finsal stawe, conversion
of the alcchel into the chloride, was expected to be straight-

ferward,

Nitration of 2,4-dichlorebenzoic scid gave a mixture of
the 3= amd S5-nitro-acids. These were separated, as recommended
ixy Goldstein and Schaaf ﬂ, by frectional crystallisation of
their sodium salts from water, although the salt of the 5-nitro-
acid was rather more soluble tham these authors indicate. The
S-nitro-acid was canverted into its methyl ester by heating it
with methanol and concentrated sulphuric acid; Goldstein and

Schanf obtained the ester via the acid chloride.

The resction of methyl 2,4-dichlore-5-nitrobenzoate (75)
with one equivalent of sodium methoxide in dry methanol afforded
a product CqHgCINO5, m.p. 133", in 63 per cent. yield. This
compound was considered to be the required methyl 2-chloro-
j-methoxy-5-nitrobenzoate (76), by virtue of its hydrolysis in
agueous aslkali to an acid of m.p., 226-228° (2-chloro-4-methoxy-

@ 36)

S-pnitrobenzeic acid has m.p. 235 and its non~identity with

the kmown > 4~chloro-2-methoxy-5-nitrobenzoic eseter (77) (m.p.

107, 50,. m.p. of corresponding acid 160% 3 }. The reactien mother-

liquors gave an concentration a mixture, from which by
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chromatography small amounts of the ester (77) amd methyl 2,4-

dimethexy-5-nitrobenzoate (78) were isolated.

In view of the extremely rapid hydrolysis of the chloro-
nethoxy-ester (76) in aqueous alkali (the reactiom was complete
in 10 minutes), anhydrous canditions were clearly desirable for
the reaction of the ester with a selt of thio~-p-eresol. When
equimol ar proportions of the ester (76) ema thio-p~cresol were
heated together in dry methanol containing & suspension of
potassium carbomnate, the sulphide-ester (79) wes produced im
good yield. Confirmation of the structure (79) wes obtained by
acid hydrelysis of the ester to the correspomding bemzoic acid
(under slkaline conditioms, partial replacement of the p~tolyl-
thio~group occurred), amd cyclodehydration of the scid in het
canceatrated sulphuric acid 17 to 3-methoxy~T-methyl-2-nitro-
thioxanthene (80), which was idenmtified by its amalysis, its
inselubility in alkali amd in most of the common orgamic solvents,

ard its infre~red spectrum (Vmax’ 1630 cm.’l).

Oxidation: of the sulphide-ester to the corresponding sulphone
(81) with hydraogen peroxide in hot acetic acid proceeded almost
quantitatively. An attempt to effect selective reduction of (81)
te the alechol (83) with the calculated emount of 1ithium
elaminium hydride 35 (cf. p.39) wes umsuccessful, an extremely

complex mixture being obtained. Accordingly, the sulphome-ester
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was hydrolysed and the resulting acid (82) converted into its
acid chloride. Reduction of the crude acid chloride with sodium
borehydride in dioxanm (the precedure recommended by Chaikin and
Braown 59) gave the required alcohol (83) in 70 per cemt. yield.
Reaction of the alcchol with phosphorus pentachloride gave
4-pethoxy-5-nitro-2-p-telylsul phonylbenzyl chloride (68: R=Me),
identical with the abnormal substitutien preduct of the sulphone-

dichloride (38).

Reattiom af S5-nitro-Z-p-tolylsulphonylbenzylidene chloride
(38) with other nucleophiles gave results much less well-defimed
than those described abave. Hot aqueous sodium hydroxide caused
reginification. With potesssium cysnide in agueocus dimethylformamide
decomposition to & black solid occurred even at room temperature.
Sodium p~tcluenesulphinate did not react at all., By interactien
of the dichleride and the sodium salt of thio-p-eresol, a mixture

was obtained, the nature of which has yet to be determined.

The mixture (see p.36) obtained by reactiom of the sulphone-
dichloride (38) with sedium carbonate in aguecus methanol was
shown by thin-layer chromatography to contain at least five
cempounds. Chromatography of the mixture on silica gel shawed
ane of the components to be the expected methoxybenzyl chloride
(68: R=Me), but the yield was only 17 per cent., compared with

68 per cent. for the corresponding ethoxy-compound. The only
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by-product identified was 4-methoxy-5-nitro-2-p-tolylsulphonyl-
benzyl p-tolyl sulphone (84), which, as was independently shown,
results from the interaction of the benzyl chloride (68: R=Me)
and sodium p-toluenesulphinate. The abnormal substitution
leading to the formation of {68:sR=Me) was therefore concurrent
with another causing displacement of the p-tolylsulphonyl group.
Mobility of such a substituent was not unexpected, since both
the nitro- and arylsulphonyl groups are known 40 to be mobile in

derivatives of o~ and p-nitrodiphenyl sulphone.

For instance,

o,N CL MeO a

2 Na,ON\e' =z I (ref. 41)
SO Ar X SO, Ar

Y NaSAe N Cl

do. — 02' (ref. 41)
SAr
qﬂq NaOMe OﬂQ
—

Ar S0, ctL MeO Ct (ref. 42)

When the acetal (71) was treated with one equivalent of
gsodium methoxide in methanol, the sbnormal reaction such as was
observed for the dichloride (38) did not occur. Since the methoxyl
groups in the side-chain are much inferior as leaving groups to
the chlorine atoms of (38), the methoxide ions can now effect

replacement of the nuclear substituents. When the ether-insoluble
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portion of the crude reast¢tiom product was dissolved in water and
the solution acidified, an acidic compound wes precipitated; it
‘was identified as di-p-toluenesulphonylhydroxylamine (85) %7, o
product formed by combination of nitrous emd p-teluenesulphinic
acids, and thus indicative of partial replacement of both the

nitro~ and p-tolylsulphonyl groups.

The methoxy-acetal (86), resulting from replacement of
the nitre-group, was cobtained, together with a gum, by evgpcra-tio»n
of the solvent from the ether-soluble fraction. Acid hydrelysis
af the gum gave a mixture ceontaining 5-nitro-2-p-tolylsul phonyl-—
benzaldehyde (35) (from hydrolysis of unreacted acetal) amd
2-methoxy-5-nitrabenzaldehyde (8"{ )‘44”45 , the latter being identified

as its p-tcluidine Schiff base 45 .

DISCUSSION.

The sbnormal reaction of 5-nitro-2-p-telylsulphonylbenzylidene
chloride with nucleophiles is satisfactorily represented by the

- fellowing mechanism:— .

) 0 e B
% 2 CHClZ J}"¢N CH oSN (zu‘c
G Ll = T L — W
S0,R H H SO,R
o 2 ¥ So,R " 0,
0NN CH, CL O;N CH,X
—— | —_—

X s50,R X SO,R -
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It is therefore a-novel amd interesting type of mucleophilic
eromatic substitution, im which attack by the mmcleophile takes
plaze at a: position remote from that eccupied by the leavimg
group., Although saome S,2' reactioms in thezaliph&tic (e.g. (89)
— (90) 46) end heterocyclic (e.g. (91) __'(92)4.!,@(1 (93).48:.
fdmd (9’4)--—-’(95)49 ) fields, are of the seme genersl type, only
aone truly anslogous reaction in a benzenoid system was found in
the literature: Kliegl and Holle's report 29 of the abnormal
substitution of m-nitrobenzylidene halides, reference to which

has already been mede (p.37).

CH
Xz“‘ . qu@,cu(oz), +0;N CH,0R +o,.s CM,0R

OR (o’
(s (69) (60
(X=c1, Br; R=Me, Et, Pr".)

Kliegl and Holle's work has been overlooked in current
surveys of nucleophilic aromatic substitution. There seems little
doubt that their reasction is an analogue of the two-stage subgti-
tution of the sulphone-dichloride,(i.e. (38)—»(68)—>(72), e&nd
that the mechamism dees not involve pricor formation and subsequent
rearrangement of the acetal (64) via either of the intermediates

shown belaw.

0 (or
f;‘ Ay CI" OlN CH-0OR
0 ‘oR or y
~ :

Ra
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The part played by the nitr@Tgroup in these abnormal
reactions is shown in the pmp@sedlme‘chanism. en p.44. That it is
& s8ignificant part may be seen from the fact that abnormal
substitutions of this type are unknewn in the case of benzylidene
chloride itself or of its g~ amnd p-nitro-derivatives. The effect
of the p-tolylsulphonyl group en the course of substitution ef the

sulphone-dichloride (38) must now be considered.

Comparison of Kliegl and H8lle's results with those described
in this Chapter shows a very marked difference in the propertion
of abnormal product formed in each case. The yield of abnormel
products (65) and (66) obtaindd by Kliegl and Hblle was always
small (10 - 20%), but increased with alkoxides in the order Med~
< Et0” < Pr’0”, and was more than doubled when m-nitrobenzylidene
bromide wes used instead of the chloride. Om the other hand, the
yield of alkoxynitrobenzyl chleorides (68) from the sulphone-
dichloride (38) was high (60 - 70%); here also the yield increased
on changing from methoxide to ethoxide. The large difference in
yields must he accounted for by the presence of the p-tolyl-

sulphonyl group.

The effect of the p-tolylsulphonyl group en the course of
substitution is probably twofold. Being & bulky group, it will
hinder the approach of reagents to the halogen-bearing carbom atom,

and so retard the normal reaction sequence. Electrostatic repulsion
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of an attacking anion by the negative sulphone oxygens need not
be invoked, since the rate of hydrolysis of benzylideme chlorides
is independent of the concentration of alkali present 50. Being
an electron-ettracting group, the p-tolylsulphonyl group will
contribute increased electrophilicity to the aromatic nucleus,

and so promote nucleophilic attack there.

The remarkably high yield of the ethoxybenzyl chloride
(68: R=Et) from the reaction of the sulphone-dichloride (38)
with an excess of sodium carbonate in agueous ethanol deserves
further comment. The expected hydrolysis produwect, the sulphome-
sldehyde, was not detected. It is known, however, that the rate
of hydrolysis of benzylidene chlorides in aqueous base is
greatly diminished when &nitre—substituent is present 51, and
the blocking effect of the p-talylsulphonyl group will also
operate against normal hydrolysis. The survival of the ethexy~
benzyl chloride is surprising, and may perhaps be accounted far
by a combination of steric effects and the insolubility of the
campound in the reaction medium., Such imsa;ubility is not a
characteristic of the corresponding methoxy-compound (68: R=He),
and significantly it is obtained from (38) and agueous methanolic

sodium carbonate in only 17 per cent. yield.

Steric hindrance round the halogen-bearing carbon atom may

account for the enhanced yield of abnormal products obtained by
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Kliegl and H&lle vhen m-nitrobenzylidene bromide was used instead
of the chloride., A steric effect may also be responsible for the
increasing emounts of abnormal products in the series Me0™, Et0 ™,
Prgb-, but it is perhaps combined with incresse in the nucleophilic
character of the reagents, and this may not be exerted equally at
the aromatic and aliphatic centres, if the rate of solvolysis of

benzylidene chlorides is independent of the concentration of

anionic nucleophiles.

It seems most probable that the reaction of the dichloride
(#8) with piperidine, giving N~{5-nitro-4-piperidino-2-p-tolyl-
sulphonylbenzyl)piperidine (60) proceeds by a two-step mechanism
of similar type, although the intermediate piperidinobenzyl
chlaride (96) was never isolated. Treetment of the dichloride (38)
with exactly two equivalents of piperidine resulted in a50 per
cent. recavery of the former, and sd it must be inferred that the
second replacement occurs significaently more rapidly than the first.
' Certainly the abnormal reaction appears to involve separation of
charges in some intermediate, such as (97), since the yield of
(60) incresses at the expense of the normal product (35) in
selvents of increasing polarity (see Table 3). It is noteworthy,
however, that with piperidine a normal reactiom product is
always found, whereas with alkoxides this is never isclated. This
provides a paint of contrast between these mucleophilic substitutions

and these of the S,2' type, for which neutral reagents are usually



—49—

TABLE 3.
Reaction of 5-Nitro-2-p-tolylsulphonylbenzylidene Chloride

with Piperidine.

Percentage yield of

Solvent Normal Abnormal
product product
65) 60}
Benzene 43 30
Piperidine 33 43
Dimethylformamide 29 46

more effective than anions.

The possibility that reaction of the dichloride (38) with
piperidine may proceed by a different course cannot be ruled out

at present. A possible scheme:. involving an enamine intermediate

is shown below.

NCsHio
O,N CHE, O,N CH-Ct O,N CH(NCsH), g, CHo
—_— —_—

So,R S0,R So,R So,R

Hf

CH =NCs £CH
O,N ) N Ko 0N CH-NCgH,, O,N CHaNCgH,,

Ny So,R H
CsHhoRH 0,/ Cti 2H So,R CsHioN So,_R‘

Further investigations are in progress with a view to determining

the exact course feollowed. Extensieons of the present work now



under consideration include the study of parallel reasctions in

heteroaromatic compounds.

The sbnormal nmcleophilie substitution of 3-nitrobenzylidemne
halides, described by Kliegl and Holle, showed how the effect of
the nitro-group in activating the ortho- and pare- positions was
strong enough to introduce an abnormal reactiom course in competitionm
with the normal easy replacement of the reactive halogen atoms in
the side-chain, The experiments on the sulphone-dichloride (38)
are even more striking: in addition te providing' a mechanism for
Kliegl and H8lle's reaction, they show how the additiomal effect
of one substituent may alter the situastion to such an extent that
the normal replacement is elmost entirely superseded by the abnormal.
This sbnormal substitution is another novel reaction encountered
in the course of a different investigetion, in a field which

| cantinues to presemt interesting problems,
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EXPERIMENTAL.

Melting points were determined on a Kofler hot-stage apparatus.
Iefra=~red spectra were measured for Nujol mulls on a Perkin—
Elmer Infracord specirophotometer. Chromatographic alumina was
standardised according to Brockmann's procedure. Light petroleum
used for crystallisation was the fractionm of b.p. 60-800. unless

stated otherwise,

CHAPTER 1.

drozy-2-nitrobenzaldehyde.~ Nitration of m-hydroxy--
bemzaldehyde was carried out in cold benzene solution, as
recommended by Hormig 10. The crude nitration product was washed
with hot benzene and recrystallised from water, giving 5-hydroxy-
2_nitrobenzaldehyde, m.p. 168-169% (literature value 167-168)
im 33% yield, Methylatiom with dimethyl sulphate and sodium
hydroside ° geve S-methoxy—2-nitrobenzsaldehydes, m.p. 81-82°
(pit. 83°).

ethoxy—2-nitrobenzaldehyde. — Nitration of m-methoxy-
benzsldehyde according to the procedure of Hodgson amd Beard E
gave 3-methoxy-~Z-nitrobenzaldehyde, m.p. 98—1000 (from benzene;

Tit. 102% ).
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3~Hydroxy-2-nitrobenzeldehyde. - This results from nitration
of m-hydroxybenzaldehyde in very small amount (at most ca, 10%)§2’
and the metheod of Ek and Witkop T wan therefore used. 3-Hydroxy-—
2-nitrotoluene was prepared 53 by sulphonation of m-eresol,
nitration of the resulting disulphomic acid, amd steam distillation
of the nitretion product. Acetylation with acetic anhydride and

o b
equeous sedium hydroxide at 0, 21

» and oxidation of the acetete

with chromium trioxide in acetic anhydride gave 3-acetoxy-2-nitro-
benzylidene diacetate, acid hydrolysis of whieh afforded 3-hydroxzy-
2-nitrobenzaldehyde, m.p. 152'-153@ (from ethanol; literature value

157%).

4-oxoquinolinme (17: R=Me). — A sclution of S-methoxy-2-nitro-
henzaldehyde (1 g.) amd acetylacetone (0.55 g.) in the mimimum
volume of dry ether (cai 40 ml.) was saturated at rcom temperature
with dry hydrogen chleride, cooling being provided by & bath of
cold water. The solutiom was set aside overmight smd the crystalline
product (the hydrachloride of (17: R=MNe) ) collected. Recrystallis-

stiom from ethamol furmished the free base,(17: R Me), m.p. 221°

(decomp.),V___ 2500 (broad), 1690 em.™ (Found: C, 55.45 H, 4eIj
N, 5e2. CysH,,CINO, requires C, 55-4; H, 4-3; K, 5.0%). It
rescted (&) with ferric chloride in ethsmol, giving & red-brown

solution, (b) with scetic anhydride at 100%, giving the l-scetoxy-
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derivative, m.p. 154° (from ethaml),vmn 1800, 1680 cm..

(Found: C, 55-4; H, 4.2, Cy5H) 4C1NOg requires C, 55-7; H, 4-4%),
end (c) with dimethyl sulphate end agueous sodium hydroxide at
20@ or with a sglution of diazemethane in ether, giving the

l-methoxy-derivative, (19), m.p. 173° (from methenal),y n

aXx,.
1680, 1620 cm.™" (Found: C, 5673 E, 4-6; N, 4:6. Cy,Hy,CINO,

requires C, 56.9; H, 4+8; N, 4.7%).

4-oxoquineline (I8: R=Me), m.p. 198% (from ethanol), was
gimilarly obtained from F-methoxy-2-nitrobenzaldehyde and acetyl-
acetone, (Faund: C, 55¢5; H, 4+2; N, 4.9. CyzH; C1NO, requires
C, 55+4; H, 4% N, 5.0%).. It also gave a red-brown colour with
ferric chleride in ethanol. The l-acetoxy-derivative had m.p.
157° (from ethansl),V___ 1800, 1680 em.”  (Found: C, 55-85;

H, 4+4; N,4-6. CygH) C1NO5 requires C, 55-7; H, 4-45 N, 4:3%),
and the l-methoxy-derivative (20) had m.p. 167° (from methancl),
V___ 1680, 1620 cu.”" (Found: C, 57-1; E, 5.03 N, 5-0.
Cy4H74C1N0, requires C, 56+9; H, 48; N, 4+7%).

F—Acetyl-8-chlore-l,4~dihydre-1,6-dihydroxy-2-methyl~4-oxo-
guinoline (17: R=H). — When a solution of 5-hydroxy—2-nitro-
benzaldehyde (1 g.) and acetylacetone (0-6 g.) in dry ether (ca.

40 ml.) was saturated with dry hydrogen chleride, erystallisation



of the hydrochloride of (17: R=H) began slmost immediately. It
was collected after 18 hr. (alfhough a second experiment showed
that resction was complete im 2 hr.), Recrystallised from ethanol,
it had m.p. 173° (decomp.),V . 2450, 1630 em.”™ (Found: C, 47-6;
_ H, 4.03 N, 4+4. Cy,H 101,00, requires C, 47.4; H, 3-65; N, 4.6%).
It dissolved in . dilute sodium carbonate, giving a bright yellow
solution, which, en careful neutralisation with acetic acid,
became green and then blue~violet. Dilution with water precipitated
the free base, m.p. 183° (decomp.) (fzfam ethamol), V max. 3990»
3350, 2700 (m), 1650 em.” . (Found: C, 54-05 H, 3-8; N, 5-15.
Cy7H10C1N0, requires C, 53-9; H, 3:8; N, 5:2%).

Treatment of the hydrochloride with a solution ef diazo-

methane in ether gave the ), 6-dimethexy-derivative, identical

(mixed m.p., infra-red spectrum) with the methylation preduct (19)

of the gquinolome (17: R=Me).

quinoline (18: R=H). - A solution of 3-hydroxy-2-nitrobemz-—
aldehyde (1 g.) and scetylacetone (06 g.) in dimethylformamide
(3 ml.) was saturated with dry hydregen chloride amd the solution
set aside. Crysta:llisaticﬁ began after about 1 hr.. Addition to
water (50 ml.) after 18 hr. gave & yellow solid; this was
filtered off, washed with water, and ecrystallised from acetic

acid, affording the guinolome (18: R=H), m.p. 187" (decomp.)
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(F@und;- C, 54.23 H, 3*9; N, 5.2, ClzﬁloClN04 requires C, 5%.9;
H, %.8; N, 5+2%). It gave a dark green colour with ferric chleride
in ethanol, and was converted, by reaction with diazemethane, into

the dimethexy-derivative (20), m.p. and mixed m.p. 167°.

Ethyl 8-chloro-l,4-dihydro-l-hydroxy-6-methoxy—2-methyl~

4-oxoquinol ine-3-carboxylate (23: R=Me), was obtained from the

reaction of 5-methoxy-2-mitrobenzaldehyde, ethyl acetoacetate, and
hydrogen chloride in ethereal solution. It had m.p. 207° (decomp.)
(from ethanel),V __ 1720 cm.” (Found: G, 54.05 H, 4.7; N, 4.6.
C14B14CINO; requires C, 53-8; H, 4.5; N, 4.5%). It gave a red—
brown colour with ethanolic ferric chloride solution. The 1-
scetoxy-derivative had m.p. 138° (decomp.) (from ethanml),vmm
1800, I720 cm.” (Foumd: C, 541; H, 4+6; N, 3+9. CygH;cC1NOg
requires C, 54.%; H, 4-6; N, 4-0%), end the l-methoxy-derivative
(24) hed m.p. 145% (from ethanol),V 1720, 1610 cn.™ (Found:

Cy 55-2; H, 5+1; N, 4-3. C15H)gC1lNOg requires C, 55.33 H, 4.95;

N, 4.3%).

quineline-3-carboxylate (23: R=H), was obtained as its hydro~
chloride, m.p. 177° (from ethancl), by the action of dry hydragen
chloride on a seolution of 5-hydroxy-2-nitrobenzaldehyde (I g.)

and ethyl acetoscetate (0.78 g.) in dry ether (e=s: 40 ml.).



(Found: C, 46+6; H, 3+55; N, 4.5. Cy3H13C1,N05 requires C, 46:7;
Hy, %93 N, 4.2%). It dissolved in aqueous sodium carbonate,
giving a bright yellow seolution, which, on standing or on
neutralisation with acetic acid, develeped a violet colour. By
dilution aof the neutralised solution with water, omly a tiny
amount of colourless solid was precipitated, and this decomposed
on attempted crystallisatiom, giving a vielet solution, The
viclet colour changed back to yellow on renewed treatment with
sodium carbonate salutiaon.

Reaction of the hydrochloride with a selution of diazomethane
in ether gave the dimethoxy-derivative (24), m.p. and mixed m.p.

145° .

Ethyl 8-chlore-i1,.4-dihydre-1,6-dihydroxy—4-oxo~2-phenyl-
quinel ine-3-carboxylate, (25), was formed as its hydrochloride,
B.p. 211-214% (decemp.) by the sction of hydregen chloride om
a - solution ef 5-hydroxy-2-nitrobenzaldehyde (I g.) and ethyl
benzoylacetate (1.15 g.) in dry dimethylformemide (3 mlJ. The
hydreochleoride was partly decomposed by recrystallisatiom from
dimethylformemide; amalytical data did not correspond to the
Hydrochloride or the free base. Reactiom of the crude hydro-
chlaride with diazomethane gave the l,6-dimethoxy-derivative
(26), m.p. 1657 (from ethanol),V max, 1725, 1620 em. "L,



H, 4.T; N, 3-6%).

The free base (25) was obtained by trestmemt of the hydro-
chloride with aqueous sodium carbonate and them neutralising the
yellow selution with acetic acid, dbut it decomposed readily on

attempted crystellisation.

S-Hydroxy-2-nitrobenzylideneacetophenone.(27: R=0H). -
A solution of S-hydroxy-2-nitrobenzaldehyde (1 g.) and acete-
phenone (0«72 g.) in dimethylformamide (3 ml.) was saturated
with dry hydregen chloride and set aside overnight. The dark
red solution was added to ice-water and the crude so0lid product
extracted with ether. The extract was clarified by filtratiom
through charcoal, and phenolic material removed by washing
with dilute ‘swdim hydrexide solution, Acidificationm of’ the
alkaline extract gave 3-hydroxy-2-nitrobenzylidemeacetophenone
(0.7 g.), m.p. 187° (from methemol), (Found: C, 66.7; H, 4+2;

N, 5¢0. Cy5H;1NO4 requires C, 66+9; H, 4.1; N, 5.2%).

Condensations of o-Nitrobenzsldehyde with Monoketones. —
Resction of g-nitrobenzaldehyde with acetome (ca. 1+5 equivalemts)

in etheresl hydrogen chloride gave di-g-nitrobenzylidemeacetone

(6), m.p. 172% (from acetic acid),\?mm 1670 em.™t (Pound:

54

N, 8.6%). Pfeiffer and Segall °' record m.p. 170:5 - 1T1°,
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2,5=-Di~-o-nitrobenzylidenecyclopentanone was similarly obtained
from o-nitrobenzaldehyde and cyclopentanome. It had m.p. 1727
(from ethanol), andeax. 1690 em, > (Found: C, 6543 H, 4.2;
N, 8-0. Calc. for CygH)4qNz0s5: C, 65.1; H, 4.0; N, 8:0%).
Wallach °° records m.p. 170.5°.
2,6-Di~g-nitrobenzylidenecyclahexanone had m.p. 147° (from
ethanol) emd V 1670 en.” . (Found: C, 66-2; H, 4:6; N, T-6.

Cale.for CopHyely0g: Cp 65.9; H, 443 N, 7-7%). Wallach °°

records m,p.. 142% and Sparatore 56 Do Po 140-1&2";.
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EXPERIMENTAL:
CHAPTER 2.

—Nitro—2-(p-tolylthic)benzaldehyde (32), m.p. 156" (from
acetic avid), was obtained in 94% yield by reasction of 2-chloro—
5-nmitrobenzeldehyde with the sodium salt of thio-p-creseol in

aqueous ethanol 17.

5-Nitro—2~( p-tolylthic)benzylidene Diacetate (34: X=S). -

Concentrated sulphuric acid (0.5 ml.) was added to a suspension

of the sulphide~aldehyde (32) (20 g.) in acetic anhydride (150 ml.)
amd the mixture sheken at room temperature until the aldehyde
dissolved. The solution was set aside for 2 hr., during which time
some of the product erystallised. Additiom to cold water (1°5 1.)

ceumed crystsllisation of the remainder. The diacetate (24.3 g.,
-1

88%) had m.p. 117° (from acetic aecid) andVy nax, 1790 cm.

(Found: C, 57.7; H, 4-%; N, 3-9. CygH,7N0gS Tequires C, 57.6;

H, 4.6; N, 3.7%).

5-Nitro-2-p~telylsul phonylbenzylidene Discetate (34: X=S0p).-
A solution of 5-;itm~2-§—tm1y1thm)b»enzyxidene diacetate (7 g.3
in warm acetic acid (80 ml.) was trested with 30 per cemt.
hydrogen peroxide solutiom (60 ml,). The selution, the yellow
colour of which rapidly disappeared, was heated =t 100% for 45

min,, cooled, and sdded te celd water (600 ml.). The precipitated
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sulphone was filtered off, washed with water, dried, amd crystallised
from acetic acid. It had m.p. 1?50@ (Found: C, 53.0; H, 4°35; N, 3+65.

018H17N08,s require:s Cy, 53.1; H, 42; N, 5’4%)0 Yield 5.3 ge (70%)0

~Ni tro—2~p-tolylsul phinylbenzylidene Diacetate (34: X=S0)., —
A solution of 5-nitro-2-(p-tolylthio)benzylideme diacetate (30 g.)
in awetic acid (900 ml.) was treated at room temperature with
portions of 30 per cent. hydrogen peroxide sclutiom (total volume
120 ml.), and the yellow solution set aside at room temperature,
with occasienal shaking. After 24 hr., the solution, now colourless,
wes sdded to ice-water, (3 1.) amd the precipitate collected,
washed with water, and dried. The sulphoxide~diacetate had m.p.
114° (from methanol) (Found: C, 55°1; H, 4.55 N, 3+5. CygHy7NOqS
requires C, 55.2; H, 4-4; N, 3+6%). The discetate crystallised
from benzene-light petreleum with inclusion af benzene (Found:
C, 58+4; H, 5-0; N, 3:6. C,gH, NO,S. 4C.H, requires C, 58-6;

H, 4+T; N, 3-3%). This compound had m.p. 93-95°. Yield 80% .

5-Ni tro—2-p-tolylsul phonylbenzaldehyde (35). — The sulphone-
diacetate (34: X=502) (5 g.), 6N sulphuric acid (100 ml.), end
acetic acid (80 ml.) were heated together under reflux for 30 min..
The gldehyde (35) crystallised from the cooled selution. It had
m.p. 144% (from acetic acid),,vmx' 1680 (3C=0), 1530, 1345 (NO,),

1315, 1155 cm. > (S05). (Foumd: C, 55-1; H, 3+8; N, 4.7. C14Hy1NO5S
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requires C, 55+1; H, 3<6; N, 4+6%)., Yield 3-4 g. (91%)..

5-Nitro—-2-p-tolylsulphinylbenzaldehyde (33). — Hydrolysis of

~ the sulphozmide~diacetate (34: X=850) as described for the sulphone

(preceding paragraph), and dilution of the resulting solution

with water, gave the pulphoxide-sldehyde (33) im 90% yield. It

hed m.p. 178" (from benzene),V 1680 (3C=0), 1525, 1340 (N0o)®

1075, 1050, 1030, 1010 cm.”t (SO ?) (Found: C, 58+2; H, 4+13 N, 4.8.

Cy4Hy150,S requires C, 58-1; H, 3.8; N, 4.8%). It formed an gxime,

Be Po 15.5@ (from ethanel ; with melting and re-solidification at

ce. 80°) (Poumd: C, 5523 H, 4:0; N, 9+0. Cy,H, N,0,5 requires

C, 55+25; H, 4:0; N, 9.-2%), and an orange 2,4-dinitrophenyl—
drazaone, m.p. 280° (from dimethylformemide — ethamsl) (Found:

C, 5kel; H, 3+9; N, 16+1 . CyHy5N504S. MepN.CHO requires C, 50-9;

H, 4+1; N, 15.5%).

Hydrogen Chloride. -~ A solution of the sulphoxide—aldehyde (33)
(1.16 g.) in dimethylformamide (18 ml.) was saturated at room
temperature with dry hydregen chleride, and the yellow solution
set aside overnight. The yellow solid which crystallised during
this peried was separated by decanting off the supermstant liquid,
emd was identified (mi®xed m.p., infra-red spectrum) &= S-nitro-

2-(p~tolylthio)benzaldehyde (32). Yield 0-13 g.
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Addition of the dimethylformamide mother~liquor to ice-water
caused precipitation of a cream-coloured solid, m.p. 110-116.0.
which was shown by thin-layer chromatography te be a mixture of
three compounds. Fractiomel crystallisation of this solid from
benzene—iight petroleum gave & further crop of the sulphide-
aldehyde (32) (0.31 g.; total yield 044 g., 40%), and & small
amount (0.04 g.) of unreacted sulphoxide-aldehyde. The remainder
of the mixture was chrematographed on alumine (Gr&de I); elution
with bemzene containing a trace of ether gave a colourless
compound (0.41 g.), m.p. 142% (from ethanol), identified as
5~nitro-Z-p-tolylsulphonylbenzylidene chloride (38) by comparisen
with an suthentic sample (see below). Yield 29%. Elution with
methanol afforded further sulphoxide - aldehyde (0410 g.; total

recovery 12%).

5-Nitro-2-(p-tolylthio)benzylidene Chloride. (33). — 4
nixture of 5-nitre-2-(p-tolylthio)benzaldehyde (32) (10 g.)

and phosphorus pentachleride (20 g.) wes heated under reflux
for 5 min.,, cocled, and the semi-solid mass treated with crushed
ice and then with water. The oily proeduct was extracted with
benzene, and the extract ﬁashed with sodium bicearbonmate solution
end then with water, dried (MgSO,) and eveporated. The crude
sulphide~dichloride (39), am @il, was purified by filtratiom of

a solution in benzene through a column of aluminma- (Grade I).
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Evaporation of the benzene afforded the dichloride (7.8 g., 65%)
as a cresm-coloured solid, m.p. 75° (from light petroleum),
(Found: C, 51.1; H, 3+33 K, 4.4. C14H;C1,N0,8 requires C, 5125
B, 343 N, 4-3%).

When the sulphide-dichloride (39) was hydreolysed by heating
w:i.th aqueous sulphuric scid and acetic agid for 3 hr., the
aldehyde (32’) was pegenersted. When cold concentrated sulphuric
acid was used, hydrogen chloride was liberated, and the resulting
dark red solution gave, by addition te water, a mixture of
2-methyl-7-nitrothioxanthone (40) and Z-methyl-7-nitrothioxanthen
17

(41), seperated by fractiomsl crystallisation and identified

by comparison with authentic samples 17 .

5-Ni tro~2-p~tolylsul phonylbenzylidend Chleoride (38). -
(&) 5-Nitro-2Z-p-tolylsulphonylbenzaldehyde (35) (1 g.) and
phosphorus penmtachloride (2 g.) were heated together under reflux
for 5 min., cooled, and the resulting solid trested with crushed
ice, then with water. The crude solid dichloride was dissclved
in benzene, and the washed (NeHCOs, H,0) and dried (MgSO4)‘
solutiom chromatographed on slumina (Grade I). (b) A solutiom
of 5-nitro-2-{p-telylthio)benzylidene chloride (0.1 g.) in
acetic acid (2 ml.) was treated with 30 per cemt. hydrogen
peroxide sclution (1 ml.), and the mixture heated for 1 hr. at

100®, cooled, and added to water. The sulphone-dichloride (38)
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obtained in each case (yield 82 snd 68 per cent. respectively)
hed m.p. 142° (from ethamol or scetic acid) (Found: C, 46.95;

H, 3-3%) or m.p. 138° (from agueous acetic acid or benzene—
light petroleum) (Found: C, 46.55; H, 3155 N, 4+1. Cy,Hy;C1,N0,S

requires C, 46.T; H, 3+1; N, 3.9%).

Reaction of S5-Hitro-2-

Chlorime. — A solution of the sulphide-sldehyde (32) (I g.) in
dimethylformamide (15 ml.) was saturated with dry chlorine at

roon temperature, and set aside overmight. Addition to ice-water
caused precipitation of & colourless solid. This was filtered off,
dissolved in benzene, and the washed (NeHCO3, H20) snd dried
(Mgso,) solution chromatographed on slumina (Grade I). Elution
with 10% ether-benzene gave the sulphome-dichloride (338), (0-54 g.,
41%), and with pure ether gave the sulphome-aldehyde (35) (0-49 g.,
44%).

(2) Oxidation. A solutiem of sedium dichromate (0.4 g.) in water
(1 ml.) =nd comcentrated sulphuric acid (0.5 ml.) was added
to a solution of 5-nitro-2-p-telylsulphenylbenzylidene
chleride (38) (0.1 g.) in acetic acid (3 mli), and the mixture

heated under reflux for 2 hr., cooled, and poured inte water.,

5-Ni tro—2-p-carb¥xyphenylsul phonylbenzylidene chloride (42)
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was precipitated. It had m.p. 250° (from acetic acid) (Found:

C, 43.2; B, 2.3; K, 383 Cl1, 18.2. Cy4Hg C1,NOGS requires C, 43-1;
H, 2.3; K, 3.6; Cl, 18.2%). Yield 69%. The sulphome-dichloride (38)
was not oxidised by hydregen peroxide in acetie acid at 1000, or

by a boiling aqueous selution of potassium permanganate amd sodium
carbonate.

(b) Attempted Hydrolysis. The sulphone-dichloride (38) was recovered
unchanged from attempted acid hydrolysis, as follows:—

(i) A solutiom of the dichleride in concentrated sulphuric
acid was set aside overnight, and was then poured on teo
crushed ice.

(ii) A solution of the dichloride (0+l1 g.) in a mixture of
acetic acid (2¢5 ml.), water(l ml.), and concentrated
sulphuric acid (0.5 ml,) was heated under reflux for 10 hr.,
cocled, and added to water.

(e) With Piperidine, The dichleride (0-3 g.) amd piperidine (3 ml.)
were heated together for 5 min., cooled, and the semi-solid mass
treated with crushed ice. The orange product was dissolved in
congentrated hydrechloric acid (colourless solutiom), amd on
gentle warming, the sulphone-aldehyde (35), m.p. and mixed m.p.

140-142°, was precipiteted.

‘bengylidene Diacetates. - 2,4-Dinitrébenzaldehbyde was treated

with thio-p-eresol and sedium hydroxide in aqueous ethamol
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according to the procedure of Loudon et al .17, giving a mixture
of 4-nitro-2-(p-tolylthic)— (43) and Z-nitro-4-(p-tolylthia)-
benzaldehydes(44). A portion of this mixzture (1-3%6 g.) wes
suspended in acetic anhydride (10 ml.), smd comcentrated sulphuric
acid (0«03 ml.) was added. The suspension was shaken until the
eldehyde had disselved, and the brick-red solution set aside for
% hr., by which time some crystals had formed. The acetic amhydride
wes removed by stirring with water (100 ml.), amd the yellow solid
filtered off and crystsllised froam acetic acid, affording 4-nitro-
Zﬂ k‘ tolylthio)benzylidene diacetate, (1.1 g.), as yellow prisms,
mep. 129° (Found: C, 57.55; H, 4.7%). A second crop of crystals
(0«30 g.) from the acetic acid mother-liquor was of a'much lighter
colour, emd a third crep (0.28 g.) was obtained by diluting the
solution with water. This compound, _Z_ﬂf:_ggﬁ;_&p_-_@ll__g‘thiq)-

benzylidene diacetate, crystallised from ethenol im fine creem-—

coloured needles, m.p.204” (Found: C, 57-4; H, 4-6; N, 3-9.
C3gH17M0¢S requires &, 57+6; H, 4+6; N, 3-7%).

Identification of these discetates was accomplished by
preparation from the correspomding pure aldehydes (43) and (44)
by the process described on p. 60 for the 5-nitre—2-(p-tolylthic)-—

isamer (34: X=8).

in 68% yield by oxidation of the corresponding sulphide with



hydrogen peroxide in acetiec acid under the comditioms described
on p. 61 for the S5-ritro-isomer. It crystallised from methamol
in two forms: rapid coeling of the saturated selution gave

needles, m.p. 144-14&8‘0’; when cooling was slow, the diacetate

was obtained &8s tiny herd prisms, m.p. 14‘00’.('medz C, 55¢1;

H, 4:5; N, 3.75. CygH;7NO7S requires C, 55-2; H, 4¢4; N, 36%).

(45)s - Hydrolysis

of the sulphoxide-diacetate, as described for the S-nitro-series
on pp. 61-62, gave the sldehyde as bright yellow plates, m.p. 211°
(from bemzene-light petroleum) im 92% yield. (Found: C, 58e4;

H, 39; N, 5.0. CI4HIINO4S requires C, 58¢1; H, 3J8; N, 4+8%).

2-Nitro-4-p-tolylsulphinylbenzylidene discetstie had m.p.
143° (from methanol) (Fownd: C, 55:03 H, 4e8; N, 3e7. CygHyqH0,S
requires C, 55-2; H, 445 F, 3-6%), and 2-mnitro—4-p-tolylsulphinyl—
benzaldehyde (46) had m.p. 137° (from bemzene-light petroleum)
(Pound: C, 57+8; H,3+8; N, 5°0. Cy,H, NO,S requires C, 58+1;

H, %8; N, 4-8%).

tolylsul phonylbenzylidene diécetate was prepared

by exidation of the corresponding sulphide as described om p. 60
for the S-nitre-isomer. It hed m.p. 165° (from scetic acid) (Found:

C, 53.1; H, 4-25. C1gfy7N0gS requires C, 53+1; H, 4+25).
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4~Nitro—2-p-tolyl sul phonylbenzaldehyde (47) kad m.p. 181°
(from svetic acid) (Found: C, 55:1; H, 3-8, Cy,H)N05S requires
C, 55«13 H, 3+6%).

4-Nitro-2-p-tolylsnlphonylbenzylidene Chloride (48). - &
mixture of the sulphane-aldehyde (47) (0.2 g.) end phospherus
pentachloride (0.4 g.) was heated under reflux for 5 min., and
the: preduct iselated in the same way as the isomeric compound
(38) (see p. 64). The sulphome-dichloride (48) (0-20 g., 85%)
had m.p. 1457 (from ethansl). (Found:C, 46+9; H, 3.25; N, 4.1,

Cy4H 101N0,S requires C, 46+7; u, 315 n, 3+9%).

Reaction of 4-Nitro—2-p-tolylsulphinylbenzaldehyde {55»)
with Hydrogen Chloride. - A solution of the aldehyde (0+5 g.)

in dimethylformamide (10 ml.) wem saturated with dry hydregen
chloride and set aside overnight. The yellow semi-solid mass
waz stirred with crushed ice, cold water was added, and the
yellow selid filtered off, washed, and dried. Crystallisation
from acetic acid gave the sulphide—sldehyde (43) (0-16 g., 34%),
m.p. and mixed m.p. 147w. The acetic acid mother-liquor was
evaporated, and the residue crystallised from bemzene-light
petraleum, giving the gulphone-dichloride (48),(0.14 g., 23%),

m.p. and mixed m.p. 144-145°,

Reaction of 4-Nitm-—2-&rr—‘eo>lyl thio)benzaidehyde (43) with
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Chlorine. — Under the conditions described for the S-nitro-iscmer

or p. 65, & mixture of gulphone-aldehyde (47) and sulphone-
dichleride (48) was obtained.

5-Nitro—-2-p-tolyl sul phinylbenzophenone (49). - To a solution
of S-nitro-2-(p-telylthio)bhenzophenone 17 (4 g.) in acetic acid
(80 ml.) at 100% was added 30 per cemt. hydrogen peroride solution
(16 ml.), and the solution heated at ]lOOw for 4 min., cooled, and
poured on to crushed ice. The precipitated sulphoxide (49) was
filtered off, washed, dried, and crystallised from ethanol con-
taining a little acetic acid. It had m.p. 154° (Found: C, 65.9;
H, 4.3; N, 4+0. CypH5N04S requires C, 65-7; H, 4.1; N, 3.8%).

Yield 3.66 g. (88%).

Reaction of 5-Nitreo-Z-p-tolylsulphinylbenzophenone with
Hydrogen Chleride. — This resction, carried out in the usual

way (cf. p. 62) on #he sulphoxide-ketone (0-5 g.) in dimethyl—
formemide (10 ml.), gave the sulphide~ketome (040 g., 88%).

A Tittle unchanged sulpheoxide was recavered. The products were
purified by chromatography on silica gel; elution with benzene

gave the sulphide, and with methanol the sulphoxide.

Reaction of itro=-2 tolyl sul lbenzaldehyde

with Phosphorus Pemtachloride. — The aldehyde (0.5 g.) and

phospharus pentachloride (1 g.) were mixed., Heat was evolved,
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'aaxaal~ vigorous reaction set in; when, after a few minmutes, this
subsided, & clear yellow liquid remsined. It was boiled for 5 min,,
then cecoled and treated with crushed ice and water. The yellow
0il was extracted with benzeme, and the extract washed (hEaHCO3,
Bp0), dried (MgS0,), and évap@rated. Crystallisatiom took place
vher the 0il was chilled and tritursated with methsmel; the
product (034 g.) was identified, by comparison with an authentic
sample, &8 5-nitro-2~(p-tolylthio)benzylidene Ghlaride (39).

The: methanol was evaporated, and the residue was dissolved in a
%3 : 1 benzene-light petroleum mixture amd chromatographed on
alumine: (Grade I). A further quamtity of sulphide-dichloride (39)
(0410 g.) was obtained by elutiom with the same 3 : 1 mixture
(total yield 79%) . Elution with benzene caontaining a little

ether gave the sulphome-dichloride (38)(0:02 g., 3%).

5-N3i tro—2-p-tolyl sulphinylbenzylidene Chloride.(51). — To a
solution of 5-nitro-2-(p-tolylthio)benzylidene chloride (39)(4 g.)

in acetic acid (80 ml.) at 100@ was added 30 per cent. hydrogen
peroxide solutiom (16 ml.), and the resulting solutiom heated at
lO.OGD for ¥ min., then cooled and added to crushed ice. The colour-
less solid was filtered off, washed with water, dried in vacuo,
and crystallised from light petroleum (b.p. 100-120%). The

sulphoxide-dichloride (51) (2.47 g., 59% had m.p. 163-166> [ - .

(Found: C, 4865 H, 3+1; N, 4-2. Cy,H;,C1,N03S requires C, 48.85;
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H, 3+2; N, 4+1%). The melting point depemds en the rate of heating
of the sample; slow heating gave a value of 157-166°.

Reaction of the sulphoxide~dichleride (51) with hydrogen -
chloride in dimethylformamide gave the sulphide—dichloride (39)
in 96% yield, and with chlorine in dimethylformamide, the gulphone-

dichloride (38) was produced in 67% yield.

Resctions listed in Tebles 1 and 2 (pp. 26-27). — These

resctions were carried out in dimethylformemide (except for Neo. ¥
in Table 1), according to the method described on p. 62 and p.65.
Products were sepsrated, if necessary, by chromatography, and
crystallised from the appropriate solvents, The variatioms in

the starting materdkals are set out below.

Table 1.

1. Hydrogen chloride. See p. 62.

2. Hydrogen chloride snd phenol. Aldehyde (145 mg.) and phemol (47 mg.,
1 equivalent) in 2 ml. solvent.

%.. Hydrogen chloride and benzene. Aldehyde (145 mg.) dissolved in
benzene (8 ml.)

4, Hydrogen chloride and chlorine. Aldehyde (500 mg.) in 8 ml.selvent
was satursted with a mixture of approximately equal (v/ v) amounts
of hydrogen chloride and chlorine.

5. p-Taluenesulphonic aeid and chlorine. Aldehyde (300 mg.) and
acid (300 mg.) in 4 ml. selvent.



6. Chlerine. Aldehyde (1 g.) in I5 ml. selvent.

T. Phospherus pentachloride. See p. ¥0.

Table 2.
I. Chlarine. See p.65.

2. Chlorine and potassium carbonate. Aldehyde (500 mg.) in 8 ml.

selvent containing in suspension AnalsR potaasium carbonate
(1 e.)

%. Chlorine and pyridime. Aldehyde (500 mg.) in dimethylformamide
(8 ml.) and pyridine (I ml.)

4. Chlorine and p-toluenesulphonic scid. As in Tabdle 1, No. 5.

5. Chlorine and hydregen chloride. As in Tsble 1, No. 4.

6. Hypochlorous acid. See below.
7. Hydrogen chloride. Xldehyde (300 mg.) in 4 ml.solvent.

Reaction af S-Nitm—ng—t@IzlthiazbenzaIdg‘zde with Hypo-

chlgrous Acid. — A sclution of the sulphide-aldehyde (0.3 g.) in

dimethylformamide (5 ml.) and water (0.5 ml.) was treated with &
selution of N-chlerasuccinimide (0+3 g.; ca, 2 equivalemts) in
dimethylformamide (1 ml.). A mixture of concentrated sulphuric
geid (0.2 ml,), water (0.2 ml.), and dimethylformamide (1 ml.) was
added, end the mixture shaken until the initizlly formed yellow
precipitate re-dissolved. The selutiom quickly became celourless;

after 18 hr., it was poured inte ice-water. The colourless product
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was washed with sedium cerbonate solution (to remove s.uccinimide) ’
and then with water, and crystallised from scetic acid, giving
the sulphone-sldehyde (35), (0-26 g., 77%), m.p. smd mixed m.p.
140-142% .




(38) with Piperidire. — The dichloride (38) (0.3 g.) was heated
with piperidine (% ml.) at 100° for 5 min., cocled, and the semi~
solid mass add»ed to crushed ice. The orange-yellow product was
filtered off and washed with water.

() The solid was diessclved in concemtrated hydrechloric acid
(eolourless solution). When the solution was gently hested for a
-nitro-2-p=-tolylsul phonyl benzaldehyde (375), MePe
end mized m.p. 140-142% , was precipiteted. The acid solution,
when mede strongly alkaline, yielded N—{5-nitro-4-piperidine—
2-p-tolylsul phonylbenzyl)-piperidine (60). On crystallisation

from light petreleum contazining & little benzene, it had m.p.

few minutes,

154% (Found: C, 63-1; H, 6.85 N, 8:8. Cp4HxN304S requires
¢, 63.0; H, 6-8; N, 9+2%).

(b) A solutiom of the crude reaction product in benzene wes
chromatographed on silica gel. Elution with benzene gave the
sul phone—aldehyde (35) (85 mg., 33%) and with 10% ether—

benzene the orange dipiperidino~compound (60) (165 mg., 43%).

4—Ethoxy-5-ni tre-2-p-tolylsul phonylbenzyl Chloride (68:
R=Rt). - (&) 5-Nitro-Z-p-tolylsulphonylbenzylidene chleride

(38) (036 g.) was suspended in & solution of sedium ethoxide



(from sodium, 0.023 g.) in dry ethamol (5 ml.), and the mixture
hested under reflux for 1 hr. . (b) The dichloride (38) (0-5 g.),
AnalaR sodium carbonate (0.5 g.), ethanol (40 ml.), and water

(10 ml.) were heated together under reflux for 1¥ hr. .

In eech case the product crystallised out as the reaction
proceeded, and was filtered off fram the cooled solutian, It was
washed with hot water, dried in vacuo, and recrystallised from
benzene-light petroleunm. The chloride (68: R=Et) had m.p. 194°.
(Found: C, 52»2; H, 4+33 N, 4.0, CgH; 6CINO5S requires C, 52.03

E, 4.45 N, 3-9%). Yields: (&) 70%, (b) 68%.

4~Ethoxy-5-nitro~2-p-tolyl gul phonylbenzyl ethyl ether (72:

R= Et), m.p. 126° (from ethanol), was formed by interaction of

the chloride (68: R Et) and I equivalent of sodium ethoxide in
ethanol; a solution of the reagents was boiled for 30 min, =md

cancentrated in vascuc, and the ether purified by chromatography
of a benzene solution on alumins., (Found : C, 56+75; H, 563

N, 37. CygH, N0¢S requires C, 57.05 H, 56; N, 3. Th) o

N={ 4~Ethoxy-5-aitro-2-p-tolyl sul phonyl benzyl )-piperidine
(70: R =Et), produced when the chloride (68: R Et) (0.1 g.)
and piperidine (I ml.) were hested together at 100° for 5 mim.,
had m.p. 136° (from ethanol). (Found: C, 60-4; H, 6+4; N, 6-7.

021_3265[2058 requires C, 60+3; H, 6+3; N, 6'7%)0
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~Methoxy—5-nitro—2-p-tolylsul phonylbenzyl chloride (68:
R=Me), m.p. 160° (from acetic acid - methancl), wes formed in
58% yield by the interactiom of the dichloride (38) and 1 equivelent
of sodium methoxide in methanol under the conditions described on
p. 75 for the 4-ethoxy-snalogue. (Found: &, 50.7; H, 4.0; N, 4el.
Cy5H) 4C1NO5S requires C, 50-6; H, 4-0; N, 3.9%). The derived
benmzyl methyl ether (72: R=Me) had m.p. 104° (from methamol)
(Found: C, 54.4; H, 5.05; N, 4.0. CygHy7N0gS requires C, 54.7;

H, 4.9; N, 4.0%), snd the N-benzylpiperidine (70: R=Me) had m.p.
134° (from methanol) (Found: C, 59.2; H, 5:9% N, T-0. CpnH,sN,058
requires C, 59+4; H, 6-0; N, 6-9%).,

The reactiom of the dichloride (38) with sodium carbomate
in agueous methanol gave a mixture of products; this was chromato~
graphed in benzene on silica gel. Elutiom with benzene gave the
chloride (68: R=Me) im 17% yield. A solid obtaimed by elution
with 10% ether-benzene was identified (mixed m.p., infra-red
spectrum) as 4-methoxy-5-nitre-2-p-telylsulphonylbenzyl p~tolyl

sulphone (84) (see below).

Methyl 2,4-Dichlera-5-nitrobenzoate (75). = A solution of

2, 4-dichlore-5-mitrobenzoic acid 2- (25 g.) in methanol (125 ml.)
end concentrated sulphuric acid (12.5 ml.) was hested under reflux
far 5 hr., and them concentrated until it became turbid. ThHeé
methyl ester, which erystallised from the cooled selutiom, had

n.p. 62° (from methanol). (literature 51 veiue 62°). Yield 23.4 g.
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-nitrobenzoate (76). — A solution

of sedivm methoxide (from sedium, 1.85 g.) in dry methamol (50 ml.)
was added to a warm solution of methyl 2,4-dichloro-S5-nitro-
benzoate (75) (20 g.) in dry methamel (250 ml.), and the mixture
heated under reflux for 1 hr., then concentrated to ea. 200 ml.,
and cooled. The crystalline product was collected, washed with hot
water, dried in vaecuo, and recrystallised from methanol, giving
the required chloro-methoxy—ester (76) (12.4 g., 63%), m.p. 133°
(Found: C, 43.9; H, 3+4. CqHgCINOg requires C, 44.0; H, 3-3%).
The mother-liquors: were combined and concentrated, afferding a
solid of m.p. 60-—78@, g portiom of which was chromatographed in
benzene on alumina (@fade' I). A fraction eluted with benzene ‘md
repeatedly crystsllised from methanol gave methyl 4-chloro-Z-—
methexy-5-mitrobenzoate (77), m.p. 103° (Found: C, 43+9; H, 2.9%).
Goldstein and Schaaf - record m.p. 107.5°. Elution with 25%
benzene-ether gave methyl 2,4-dimethoxy-5-nitrobensoste (78),

Bop. 149° (from methamal). (Founmd: C, 49.8; H, 4.85. Calec. for
C10H1M06: C, 4985 H, 4+6%). Goldstein and Jequet > recard

i 11500.

Methyl : j : 1ylthio)benzoste (79). ~-
To & warm solution of methyl 2~chloro-4-methoxy-5-nitrobemzoste
(76) (12-% g.) and thio-p-cresol (6.2 g.) in dry methamol (200 ml.)
was added AmslsR potassium carbonate (3.5 g.), end the mixture

heated under reflux for 2 hr., and filtered hot. The pale yellow
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solid was washed with hot water, and recrystallised from acetic
acid. The sulphide-ester (79) had m.p. 213° (Found: C, 5Te5;:

B, 4:5; N, 4+3. CygHys5NO5S requires C, 57.65; H, 4.5; N, 4.2%).
Unreacted chloro-methoxy-ester (76) (3.0 g.) crystallised from
the cooled filtrate., It was treated with the sppropriate amounts
of thic-p-eresol emd potassium carbonate, sa giving mere of the

sulphide-ester (79), the total yield of which was 12.7 g. (76%).

4-Methoxy-5-nitro—2—(p-tolylthio)benzoic Acid , m.p. 263°

(from acetic acid), was obtained when the ester (79) (0.5 g.) was

heated with acetic acid (20 ml.), water (10 ml.), amd concentrated
sulphuric scid (10 ml.) for 5 hr., and the cooled solution poured
into water. (Foumd: C, 56-~5; H, 3-9; N, 4-4. Cy5H)3NO5S requires
C, 56¢4; H, 4+1; N, 4-4%). It was cyclodehydrated to 3-methoxy-
7-methyl—P-nitrothiczsnthone (80) by heating with concentrated
sulphuric acid for 15 min. at 100% amd pouring the resulting dark

red solution on to crushed ice, The thioxanthome had m.p. 295o

(from dimethylformemide),V 1630 cm. ™. (Found: C, 5995
H, 3+75; N, 4.7. Cy5H;1N04S requires C, 59-8; H, 3.7; N,4.65%).
Methyl 4-Methoxy-5-nitro-2-p-tolylsulphonylbengoate (81). -

A solution of the sulphide—ester (79) (10 g.) in acetic acid

(300 ml.) at 100° was treated with 30 per cemt. hydrogen peroxide

@
solutiom (100 ml.), and the solutiom heated at 100" for 30 min.



cooled, amd edded to ice-water. The gulphone-ester (81) so obtained
(964 g., 85%) had m.p. 165" (from acetic acid). (Found: C, 52.85;

Hy, 4% N, 4.1, CIGHISNO'TS requires C, 52+6; H, 4.1; N, 3.8%).

4-Methoxy—5-nitre—2-p-tolylsul phonylbenzoic Acid (82). ~ A

solution of the sulphone-ester (81) (& g.) in acetic acid (200 mi.)
water (70 ml.), and concentrated sulphuric acid (80 ml.) was
heated under reflux for 4 hr., cooled, and added to water. The
precipitated geid, crystallised from aqueous acetic acid, had m.p.
242° (Found: C, 51.2; H, 3+93 N, 4-2. C1gHy3NO7S requires C, 51.3

H, %7; N, 4+0%). Yield 7-4 g. (96%).

Thionyl chloride (15 ml.) was sdded to a suspensgion of 4-methoxy-
S5-nmitro-2-p-~tolylsul phonylbenzoic acid (82) (I g.) im benzene

(20 mil.), amd the mirxture heated under reflux until the acid had
disselved and evolution of fumes had ceased (ca. 1¥ hr.). Evapor-
ation af the selution in vacuo gave the acid chloride as &
colourless crystalline solid. Residual thionyl chloride wes
removed by distillation with benzene.

A solutiom of the acid chloride in AnalsR dioxan (30 ml.)
was added dropwise to a stirred suspemsion of sedium borchydride
(1 g.) in AnslsR dioxam (25 ml.). The reaction mixture was then
atirred for a further 30 min. at rcom temperature, hested under

reflux for 1 hr., cocled, amd poured into ice-water.
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Crystallisation of the solid preduct from methemol gave the slcohol
(83) (0.68 g., 70%), m.p. 1577 . (Found: C, 53+25; H, 4+53 N, 4¢2.
C15Hy5NOgS requires C, 534; H, 4«53 N, 4+15%).

A mixture of the alcohol (0+2 g.) snd phosphorus pente~-
chloride (I g.) was heated (violent reaction!) until a clear melt
was obtained. This was sllowed to stand fer 10 min, at ]:OO@, and
was then coeled end added to ice-water. The solid preduct was

extracted with bengene, and the extract washed, dried, amd evepor-

ated, giving 4-metheox

(68: R=Me), m.p. and mixed m.p. 156-158°. Yield 59%.

4-Methexy-5-nitro—-2-p~tolylsul phenylbenzyl p-tolyl sulphone

(84) was formed when a solution of the chloride (68: Rz Me)

(0-18 g.) and sodium P-toluenesulphinate (0°15 g.) in dimethyl-
formemide (2.5 ml.) emd water (0.5 ml.) was heated at 100% for
Z br. . The solution wes diluted with water (1 ml.), and cooled.
The bis-sulphome (84) erystallised out. It had m.p. 166° (from
methanol). (Found: C, 55+3; H, 4+%; N, 3°0. CpoHs NO73y requires

C, 55+63 H, 4.45; N, 2-95%). Yield 0.21 g. (85%).

« K ~Dimethoxy~5-nitro-2-p-telyl sul phonyl toluene (71). -
A suspension of 5-nitro-2-p-tolylsulphonylbenzaldehyde (35) (1 g.)
in methanol (2 ml .) was treated with concentrated sulphuric aecid

(0.3 ml.) . After & few minutes, the suspension became sticky,



8%

and it was rubbed with & glass rod; e crystalline solid gradually
separated. This was washed with sodium carbeonste solutiom and
then with water, dried, and recrystallised from meshanol. The
acetal se obtained (0.70 g.) had m.p. 107°%. (Found: C, 54.8;

H, 4'."7;7 N, 4+4. CIGHI?NOGS requires C, 54‘7;‘ H, 40-9;‘ N, 4.0%).

Reaction of the Acetal (71) with Sodium Methoxide. —

A solution of the acetal (0.35 g.) and sodium methoxide (from
sedium, 0+02% g.) in dry methanol (4 ml.) was heated under reflux
for 2 hr.; the methanol was evaporated, and the residue extracted
with ether. The ether-insoluble solid was dissolved in water, and
scidified. The colourless precipitate was collected and identified
as di-p-toluenesul phonylhydroxylemine (85), m.p. 120~122%( decomp. )
(from methanol) (Found: C, 49+25; H, 4-2. Calc. for Cy,HygNOgSy:
C, 49-3; H, 4-4%). The mixzed m.p. with sn authentie sample *°
(mop. 120-124%: 1it. m.p. 125° (decomp.) ) wes undepressed, and
the two samples had identical infra-red spectra.

Evaporation of the ether extract at room temperature gave
& mixture of colourless crystals and a yellow gum. The former,
washed free from gum with a little ether, were recrystallised
from methanel, giving 5,0M-trimethexy—2-p-tolylsul phonyl-—
toluene (86), m.p. 105%. (Faund: C, 60.2; H, 5¢9. Cy7Hp0055
requires C, 607; H, 6.0%) ..

The gum was hydrelysed by beiling with 6N sulphuric acid

(% ml.) amd secetic acid (2 ml.) for 1 hr., and the products



83—

isolated by addition to water amd extractidan with ether. The washed
(NaHCO5, Hy0) and dried (MgSO,) extract afforded on evaporation

a mixture, one component of which was sparingly soluble in ether.
It was identified (m.p., infra-red spectrum) as 5-nitro-2—

p-tolylsul phonyl benzaldehyde (35). The ether—soluble portion was

extracted with boiling water, and & low-melting solid crystallised
from the cooled extract. Its infra-red spectrum was almost

ijdenticel with that of 2-methozmy—5-nitrobenzaldenyde 44° (a7).
It was converted, by heating for & few minutes with a solution of

p~toluidime in ethanol, inte N-{ Ebmethog:‘j-nitmbﬂgxlidewe)é—

p—toluidine (88) %> , m.p. and mixed m.p. 163-165° (from ethanol).
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