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INTRODUCTION.

The synthesis of many benz—fused nitrogen heterccycles
involves reduction of an aromatic nitre-compound containing an
orthe-s id e-chain, and ring closure by condensation of the resulting
amine with a suitable substituent in the side—chain* An increasingly
large number of reactions is coming to light* however, in which the
nitro-group appears to act as such with an ortho-side-chain, giving
as a rule N-oxygenated heterocycles* Such reactions have been
reviewed by Tennant 1 , and have attracted a considerable amount of

1-4attention at Glasgow over the past few years •

Continuing the study of the mechanism of one such reaction, 
the author was led to examine the possibility of similar ortho— 
group interactions in substituted diaryl snlphoxides. The unusual 
and interesting problems which arose in the course of this investi
gation, and the novel reactions: which were revealed, form the main 
subject of this thesis*



CHAPTER 1.

ORTHO - GROUP INTERACTIONS IN 

SJBSTITPTED NITRO BENZENES.
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CBMT1KJ,

ORTHft-fiRQPP IHTERACTIOHS IK SUBSTITUTED MITROBPttZEMBŜ

In the course of his research at Glasgow several years ago,
XWeilings found that condensation of oniitrobenzaldehyde with 

ethyl acetoacetate in presence of dry hydrogen chloride gave the 
6—chi oro-l -hy droxy—4—quinol one derivative (l), which is tautomeric 
with the 6-chloro-4-hydroizy quinoline-1-oxide (2)* Similar reaction 
of o-nitrobenz aldehyde with acetyl acetone and diethyl acetone di
cer boxy late gave the corresponding products (5) and (4)* but with 
ethyl benzoyl acetate under the same conditions only the g-nitro- 
benzylidene derivative (5^ and with acetone only the di-g-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 o-nitrohenzaldehyde and hydrogen chloride only o-nitrc— 
benzylidene derivatives, and drew attention to similar products
already reported for reactions of o-nitrohenzaldehyde and

5 6dibenzyl ketone and desoxybenzoin - Cy cl is at ion did occur,
however, with benzoyl acetone as the reactive methylene component
in the condensation, and the product was assigned structure (7) -

1 4It was further shown by Tennant * that, when hydrogen 
bromide was used as condensing agent instead of hydrogen chloride,



hal©gen-free I-hy dro>xy-4-quin©I©nee were obtained: thus ©-nitr©>- 
benz aldehyde and ethyl acetoacetate yielded (8) . Cyclisation 
without entry of halogen was also observed with hydrogen chloride 
in presence of hydroquinone. 5-Chlore- and 5-bromo—2-nitrobenz- 
aldehfrdes and ethyl acetoacetate gave with hydrogen chloride and 
hydrogen bromidelthe 6,8-dihaloigeno-quinolone (9: £=C1 or Br) 
and the 6-halogena-quinolone (l) or (l: Br for Cl) respectively*

The exact mechanism of the cyclisation is unknown, but in
many cases o-nitrobenzylidene compounds are isolated together

4with the quinol rate derivatives , and also give quinol ones by 
renewed treatment with hydrogen halide: e.g. (10) — *(l) with 
hydrogen chloride. It thus seems likely that o-nitrobenzylidene 
compounds* e.g. (10). or simply related compounds, e.g. (ll: 
XsOE, Cl) , 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:—

HCl



CoPh (27)
tranS'*),
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An intramolecular oxidation-reduction of the type (ll) — * 
(12)* although unusual, is not unknown: for instance, reaction 
of 2-(ohiitrophenyl)oxiran (15) with acid gives o-nitrosobenzoyl- 
carbinol (id) . Tennant has suggested that reduction of the 
nitrosoketone (12) to the hydroxyl amine (13) is effected directly 
by hydrogen bromide, whereas this is possible with hydrogen 
chloride only through entry of chlorine into- the aromatic ring, 
unless hydroquinone is present to provide alternative reducing 
power.

The oxygen transfer step (ll)— ►( 12) may conceivably 
proceed as shown below.

a
t x  » ?

\ R
N'OII
0

>

o

The author's first contribution to> the study of this 
reaction concerned the effect of an electron-donating 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 (ll)— t(l?)— *(l3), and hence the 
cyclisation step.



-6-

Q5-Methoxy-2-nitroben zal dehy d e reacted readily in ethereal
solution with acetyl acetone and dry hydrogen chloride, giving the 
8-chloro-6 -methoxyquinolone derivative (l7s R = Me). The position 
of the chlorine was assigned by analogy with the reaction involving 
5-chlor©-2-nitrobenzaldehyde (see p.4). Similar reaction of
3-methoxy-2-nitrobenzaldehyde gave the 6-chlora-8-meth©xy- 
isomer (18: R = Me) * These quinol ones gave a red-brown colour with 
ethanolic ferric chloride, and were converted, on warming with

Aacetic anhydride, into N-acetates with characteristic * carbonyl 
absorption in the infra-red at ca. 1800 cm.”'*'.

5-Hydroxy-2-n itrobenzaldehyde ̂  reacted still more readily 
with acetylacetone and hydrogen chloride, the reaction being 
complete in 2 hours, compared with the 18-hour period normally 
required.. The phenolic product (l7t R = H) was unusual in that 
it was obtained as a stable hydrochloride, which liberated the 
free base only on treatment with aqueous sodium carbonate*

Owing to the low solubility of J-hydroxy-2-nitrobeazaldehydê '*'
in ether, no appreciable reaction with acetylacetone and hydrogen
chloride occurred. Tetrahydrofuran, while a much better solvent,
was unsuitable because of its tendency to react with hydrogen

12chloride, giving 4-chlorobutan-l-ol , but dimethylformamide 
gave no; such side-reactions, and in this solvent 3-hydroxy-2-nitro- 
benzaldehyde and acetylacetone gave with hydrogen chloride the 
quinol one (18: EsH).



The simple relationship between the hydroxy— and methoxy— 
quinol ones, e.g. between (17 s R = fi) and (l7t R=Ke), was verified 
by methyl at ion* Treatment of the compounds (17: R = H) and (l8t 
R = H) , or their hydrochlorides, with diazome thane gave the 
dinethoxy-derivatives (19) and (20) respectively, compounds also 
obtained by methyl at ion of (17: R = Me) and (13: R = Me). These 
dimethoxy-compounds were assigned the 1,6— and 1,8-dimethoxy—
4—quinol one structures rather than the possible 4,6— and 4,8—  
dimethoxyquinoline-1-oxide structures (2l) said (22), on the basis
of their infrâ -red spectra, in which strong absorption at ca,

—1 151620 cau. is consistent with a 4—quinol one structure , and
14also by analogy with the results of Ochiai and Eayashi , who 

showed that methylation of 1-hydroxy—4—quinol one ( ~ * 4-hydroxy— 
quinoline—1 -oxide) by diazomethame gave primarily 1-methoxy—
4—quinol one.

In a parallel series, in which 5-methoxy— and 5-hydroxy— 
2-nitrobenzaldehydes were condensed with ethyl acetoacetate, the 
reaction involving the methoxy—aldehyde proceeded normally, 
affording the quinol one (23: R = Me) . The corresponding hydroxy— 
quinol one (25: RsE) was obtained only as its hydrochloride;; 
treatment of this compound with base caused a rapid decomposition 
from which no recognisable product could be isolated. Reaction 
of the hydrochloride with diazomethane, however, gave the



—

4 imethoxy—derivative (24) , identical with the methyl at ion 

product of (23: R = Me).

The high reactivity of 5-hydroxy-2-nitrobenzaldehyde in 
the cyclisation reaction suggested that it might yield quinolone 
derivatives with a wider variety of reactive methylene compounds

3than o-nitrohenzaldehyde itself. The previous report that 
e-nitrobenzaldehyde and ethyl benzoyl acetate gave with hydrogen 
chloride only the o-nitrobenzylidene compound (5) was confirmed.
When 5-hydroxy-2-nitrobenzaldehyde was used, however, an unstable 
hydrochloride resulted. It tended to decompose on recrystallisation, 
and yielded a very unstable base on treatment with alkali, but 
reaction with diazomethane gave a stable derivative, 
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 hydrochloride 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-nitrobenzaldehyde giving cyclised products;

15the case of acetophenone was investigated. It was known that 
condensation of o-nitrobenzaldehyde and aeetophenone in presence 
of hydrogen chloride gave only o-nitrobenzylideneacetophenone 
(27: Rs H). When the 5-hydroxy-aldehyde was used, the corresponding 
product (27: R= OH) was isolated.
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Previous findings that reaction of o-nitrobenzaldehyde
with acetone and hydrogen chloride gave only di-g-nitrobenzylidene- 
acetone (6) were confirmed, and it was farther shown thatr in

only isolated product. Cyclopentanone and cyclohexanone react 
similarly*

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

(a) Strong electron-withdrawing influence in the sido-chain.
(b) Ready accessibility of electrons to the nitrogen atom

The first of these is provided by initial condensation of the 
nitrobenzaldehyde with a compound containing a highly reactive 
methylene group,, and the second comes into play especially when 
the aldehyde contains an electron-donating substituent ortho— 
or para- to the nitro-group. The high reactivity of 5-hydroxy— 
2-nitrobenzaldehyde in the cyclisations may be accounted for by 
the following reaction path, in which the possible effect of 
the hydroxyl group in facilitating oxygen transfer is shown*

presence of an excess of acetone, the compound (6) was still the

originally present in the nitro-group,

iOH
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While the results described in this Chapter are undoubtedly 
relevant to considerations of the reaction mechanism, end while 
their significance might be increased by further experimentation 
along similar lines, it was decided at this stage to seek more 
fundamental information by a totally different approach. The 
unexpected add interesting problems which arose out of this 
approach are discussed in the following Chapters, and the 
investigation was thus set upon a new, and, as was soon apparent, 
a divergent coursê



CHAPTER 2,

ORTHO —  SROUP INTERACTIONS IK 

SUBSTITUTED DIARYL SULEHOXIDES.
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CHAPTER g>

ORTHO-GROUP INTERACTIONS IN SUBSTITUTED DIARIL SULFOXIDES.

The known facts about the cyclisation of certain o-nitro- 
benzylidene compounds to derivatives of 1 -hydroxy-4—quinolone, e.g. 
(10)— *(1), in presence of hydrogen halides are presented in 
Chapter 1. If the reaction proceeds by intramolecular oxidation- 
rednction as proposed (cf. p. 4-)1, intermediates of the nitrose- 
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 o>f interest to> find a system 
closely related to> that of an o-nitrobenzylidene compound in 
which the product at an oxygen transfer might be stable and 
isolable. o-Arylsulphinylbenzylidene compounds, e.g. (28), seemed 
likely analogues, and the possible product of oxygen transfer,
(29)t certainly ought to be much more stable than an o-nitroso- 
benzoyl compound such as (12')»

A search of the literature revealed that sulphoxide— 
aldehydes such as (50) were unknown; indeed, the only known 
benzaldehydes substituted in any position by an alkyl- on aryl- 
sulphinyl group were the compounds (51s R = Et, Prn,,P:r*, Bu11, Bu^)1^ 
They were obtained by controlled oxidation of the corresponding 
sulphide-aldehydes with hydrogen peroxide in acetic acid. Their 
chemical properties were not reported*
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The ready accessibility ®f 5-ni tro-2—(jj-tolylthio)—
ITbenzaldehyde (32) made the corresponding sulphoxide (33) the 

first synthetic objective. Although conditions were found under 
which controlled oxidation of the sulphide gave reasonably pure 
sulphoxide, this procedure was difficult to reproduce on a useful 
preparative scale, because of competing oxidation of the aldehyde. 
However, the sulphide-diacetate (34: X = S), formed by reaction 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-SO) or the sulphone (34: XsSOg)* These gave
the aldehydes (33) and (55) respectively on mild aeidic hydrolysis.

18A recent experiment by Mr. H. Clark has shown that the sulphone- 
aldehyde (35) results also by reaction of 2-chloro-5-nitrobenz- 
aldehyde with sodium p-toluenesulphinate.

5-Nitro-2-p-to>lylsulphinyl benzaldehyde (33) is a pale yellow 
crystalline solid of nup* 178a. Significant maxima in its infra
red spectrum occur at 1680 Oc=0), 1525» 1540 (MOg)* ^075» 1050, 
1030, 1010 cm.“  ̂(s-0?). It foams an oxime and a 2,4-dimitro- 
phenylhydrazone, but attempted formation of the benzylidene 
diacetate (34: X»S0) by treatment with acetic anhydride and 
concentrated sulphuric acid failed, the aldehyde being recovered 
unchanged by the addition of the solution to cold water*



-14—

Unlike o-nitrobenzaldehyde* however, the sulphoxide-aldehyde 
(33) reacts with hydrogen chloride. When a solution of the aldehyde 
in dimethylfomamide^ 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-aldehyde (32), 
showing that reduction of the sulphoxide group had occurred.
Addition of the yellow solution to ice—water gave a cream-coloured 
solid which, from its melting point and behaviour on a chromatoplate, 
was clearly a mixture. Fractional crystallisation from benzene- 
light petroleum gave a: further crop of the sulphide-aldehyde (3?) 
(total yield 40$) and a small amount of the original sulphoxide— 
aldehyde- Chromatography of the remainder on alumina gave a 
colourless compound, and mare starting material (total recovery

1290.
The colourless compound contained nitrogen, sulphur, and 

chlorine, and its analysis corresponded to the formula 
C14H11CI2NO4S. On the basis of this formula, it was produced in 
29$ yield- It crystallised in two forms: from ethanol or acetic 
acid, it formed thick needles, m-p- 142® , and from aqueous acetic 
acid or benzene—light petroleum, fine silky fibres, m-p- 138°.
These two forms had slightly different infra-red spectre* but were

1" The aldehyde (33) is sparingly soluble in ether.
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inter convert ibl e by recry stallisation from the appropriate solvent. 
The infra-red spectrum showed no carbonyl absorption,, but maxima

sulphone group. (5-Nitro—2-p-tolylsulphonylbenzaldehyde (35) has

The dichlora-compaund was insoluble in dilute alkali and acid. 
Nei‘tiier of its chlorine atoms was present as a chloride ion, since 
its solution in acetonitrile gave no precipitate when mixed with a 
solution of silver nitrate in the same solvent. It was not oxidised

that the sulphur in the molecule was probably present as a sul phone 
group. It likewise resisted oxidation by alkaline potassium 
permanganate, but with sodium dichromate and aqueous acid it was 
oxidised to a carbo^iic acid, C^HgCl^NOgS, 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 oxidation product.

and those at 1320 and 1155 cm

V  1315, 1155 cm,-1), max*

by hydrogen peroxide in acetic acid at 100° , a further indication
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Only the chlorine atoms of the compound C^H^^Cl^O^S 
remain to he located in the partial structure (36), possible 
positions being either in the side—chain or in the aromatic 
nuclei. All attempts to determine the correct positions of these 
chlorine atoms by hydrolysis failed; indeed, assignment of the 
correct structure to the dichlarc-compound was complicated by 
experimental evidence which was apparently self-contradictory, 
and this is fully discussed in Chapter 3* The true structure 
of the compound is given in formula (39)* Although the compound 
showed an abnormal resistance towards acid hydrolysis, the 
bemzylidene chloride structure (38) was established beyond 
doubt on the following evidences-

(a?) The compound was formed in high yield by the action 
of phosphorus pentachloride on the sul phone—aldehyde 
(35), of which it is thus the corresponding dichloride*

(b) The sulphide-dichloride (39)> similarly obtained from 
the sulphide-aldehyde and and phosphorus pentachloride, 
behaved normally ini regenerating the aldehyde (32) on. 
acid hydrolysis. In concentrated sulphuric acid, as 
expected, further reaction occurred, giving a mixture 
of 2-methyl-7-nitrothi®xamtheae (40) and the correspond
ing thioxamthen (4l) ^  . Oxidation of the sulphide- 
dichloride (39) with hydrogen peroxide in acetic acid 
at 100° gave the sulphone-dichloride (38)*
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(c) The sulpiiaaie-dichlajride (33) reacted with piperidine 
giving an orange-yellow sal id- 'When this crude material 
was warned gently far a few minutes with concent rat ed 
hydrachloric acid,, the sul phone—aid ehy d e (55) was 
precipitated- (The reaction of (38) with piperidine 
is discussed more fully in Chapter 5*)

The direst f©rmatiom of the sulphone-dichloride from the sulphane- 
aldehyde (35)* as in (a),. and the ease with which the aldehyde is 
regenerated from the dichloride, as in (c), convincingly establish 
the structure of the dichloride as (38)*

The sulphide*- and sulphone-aldehydes (32) and (35) were 
unaffected by treatment with hydrogen chloride in dimethylfarmamide* 
however* reaction of the sulphidê -aldehyde with dry chlorine in 
diwethylfomamide afforded the sul phone*—d ichl or id e (38) together 
with the sulphone-aldehyde (35)* The two products were obtained 
in almost equal amounts (41 and 44 per cent, respectively), and 
were separated by chromatography on alumina-

The overall result of the reaction

o*NY #s?VsrCHO 0in'v^ ' sn'cho

(33) ^  (3?)
is that saute o>f the sulphooride molecules suffer reduction ta>

O a M ^ S ^ C H C l ,
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sulphide, while others undergo oxidation to sulphone, the latter 
process being aecompani ed try repl aee»ent of the carbonyl oxygen 
atom by two chlorine atoms*, if© analogous reactions appear to be 
already known, sand so several sulphnxides related to 5-nitro— 
2-£M;oiylsulphinylbenzaldehyde were prepared and their reaction 
with hydrogen chloride examined*.

The mixture of 4-nitro-2-(p-tolylthio)benzaldehyde (45) 
and 2-ttitro>-4—(2~to)lylthio)benizaldehyde (44), which results from
the interaction of 2,,4-dinitrobenzaldehyde and one equivalent of

17thio-g-eresol in alkali , was treated with acetic anhydride
ftwd concentrated sulphuric acid, and the diacetate mixture
separated by fractional crystallisation from acetic acid*. This
separation was found to he much more convenient than the 

17recommended separation of the aldehyde isomers. The diacetates 
were identified by independent preparation from the appropriate 
pure aldehyde* Oxidation of the diaeetat.es followed by hydrolysis 
gave the required sul phoxide-aldehydes (45) and (46)*.

The reaction of 4—nitro-2-£—taly1 sulphiny 1 benzaldehyde (45) 
with hydrogen chloride proceeded in the same way as that of the
5-nitr©-isomer (35), the sulphide-aldehyde (45) and the sulph.cn e- 
dichloride (48) being formed. The reaction of this sulphide- 
aldehyde with chlorine was also> similar to that observed in the
5-nitro^series, the sulphone-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 pent ach1orid e on the sul phone-
al dehy de. On the other hand, 2—nitr©—4-jf—‘fcolyl sul phinyl bene aldehyde
(46)* when treated with hydrogen chloride in dimethyl formamide
under the same conditions, was recovered unchanged in over 90 per
cent, yield* and 5-nitr©-2-2-talylsulphinylhen2©phenone (49)*

17prepared by careful oxidation of the corresponding sulphide * 
gave under these conditions only the sulphide-ketone without any 
trace of the sulphone-dichloride (50)*

MECHANISM.

The conversion of a sulphoxide-aldefeyde by hydrogen chloride 
into the corresponding sulphide-aldehyde and sulphone-dichloride 
represents an oxidation—reduction of a most unusual type* in which 
halogen at ion accompanies the oxidation and not the reduction*. It 
seems likely that the reaction involves interaction of the; aldehyde 
and sulpfaoxide groups* since* when these groups are para- to> each 
other* as in (46)* no reaction occurs*. Thus in considering the 
reaction mechanism* account must be taken of possible interactions 
of this type, together with the mechanism of ©xidation-reduction* 

the method of insertion of chlorine*

It was noted earlier (p. 14) that the yields of sulphide— 
aldehyde sulphone-dichloride obtained in the 5-nitro-series* 
while not emaetly equal* were of the same order of magnitude
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(in “tiie molar ratio of approximately 4 t 5), so a dispropor—
timaation type of mechanism was considered for the oxidation— 
reduction stage* Dispropertionation reactions of sulphoxides

In the present case* however* it is difficult to see how 
a mechanism of this kind accounts for halogen insertion only 
in tlte sul phone fragment. Dispooportionation of 5-nitro—
2-p—tclylsulphinylbenzaldehyd e (33) would presumably give a 
mixture of the corresponding sulphide (32) and sul phone (55).
Both of these are known to be unaffected by hydrogen chloride 
in dimethyl formamide* and yet the latter is not found as a 

product*.

An interesting possibility of a disproportdonation 
mechanism for the reaction (33) —“♦(52) + (58) involved as 
intermediate the sulphoxide-dichloride (5l)* This on disproportion
ation would be expected to give the sulphide-dichloride (39) and 
the sulpfaone-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 sulphoxide~aldehyde (33) was conceivable by the following

to occur in the following ways

R

R



series of transformations:-
H OHK H Cl

A synthesis of 5-naitro—2— tolyl sulphinylbenzylidene 
chloride (5l) hy the action of phosphorus pentaehloride on the 
sulphoxide-aldehyde (55) was not possible, the products of this 
reaction being the sulphide-dichloride (59) (yield 79$) and a> 
snail amount (5$) of the sulphone-dichloride (58) * The sulphoxide- 
dichloride was, however, obtained in 59 per cent*, yield by oxidation 
of the sulphide-dichloride (39) with hydrogen' peroxide in acetic 
acid for 5 minutes at 100® . It reacted with hydrogen chloride in 
dimethyl formamide,, but only the sulphide-dichloride (yield 96$ ), 
was isolated; and the sulphide-dichloride, on renewed treatment 
with hydrogen chloride, was recovered unchanged*

The remaining possible type of dispropertionation, involving 
oxygen exchange between one molecule of sulphoxides—aldehyde **>d 
one molecule of sulphoxide-dichloride, was quickly discounted*. An 
equimalar mixture of the sulphoxide—aldehyde (55) and its 
dichloride (51) in dimethylformamide underwent no reaction when
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treated with a little concentrated sulphuric acid, amd 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 occurred through the direct action of hydrogen
chloride on the sulphoxide-al dehyde. Treatment of diphenyl

20sulphox&de with hydrogen chloride is known to give rise to 
ehlorodiphenylsulphonium chloride (52)*

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

ible only on heating.

These halides are not readily formed when a nitro-group is present, , 
presumably because the electron-attracting nitro-group will make 
it mere difficult for the sulphur atom to bear a positive charge.

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

set up:-

Ph2S-0 ^ ZC1- Ph2S-0fi Cl’ ^ Wl'r*
H20

PI12S-CI Cl- 
(52)

/■\ Cl - Cl * PhpS — Cl Cl



Even if,, in the last of these* between chlorosulphonium chloride 
and sul phi de-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 
dimethyl formamide containing a little phenol was saturated with 
hydrogen chloride and set aside overnight; the sulphide—aldehyde 
was farmed in very high yield, together with tiny amounts of 
chlorinated phenols. The sulphide-aldehyde was the only product 
isolated from the reaction of the sulphoxide—aldehyde with hydrogen 
chloride in benzene; it is not clear* however, whether benzene acts 
as a chlorine acceptor* since halogenated benzenes were not detected 
as products-

It was significant that formation of the sulphone-dichloride
(58) did not occur to any apprecis&le extent when chlorine was 
removed (e-g- as chiororphenols) from the anlmtiom. There are two 
possible explanations for this. The chlorine may function as am
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oxidising or halogenating agent, or both* in the dichloride 
formation. It may, however* assist dichloride production in 
a different way: if* as is possible, the sulphone-dichloride 
is formed via one of the intermediates in the above series of 
equilibria, a concentration of chlorine in the solution may be 
necessary to preserve an appreciable amount of that intermediate* 
and the displacement of the equilibria to the right through 
removal of chlorine would destroy the concentration of the 
intermediate* and with it any chance of dichloride formation*

Just as chlorine oxidises sulphides to sulphoxides* so it 
can oxidise sulphoxides to sulphones. It has already been noted 
(p. 17) that reaction of the sulphide-aldehyde (32) with chlorine 
gave the sulphone-dichloride (38) * but that the sul phone-aldehyde 
(35) was also formed in significant amount. Treatment of the 
find, phoxide^al dehy de (33) with chlorine gave almost entirely the 
sul phone-al debyde (55), and only a very small quantity of the 
dichloride (38). Oxidation of the sulphoxide-dichloride (51) to 
the sul phone (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 conditions exactly comparable with those of the original 
reaction (35) — *(32)+ (38). In the latter, hydrogen chloride
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w»s always pres ©it in excess, while in the former it was produced 
only by reduction of chlorine as the reaction proceeded.

The effect of hydrogen chloride on the reaction of the 
sulphide-aldehyde (52) 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 
(55) waB increased, and that of sulphone-dichloride (53) was 
diminished. On the other hand, when the solution of the sulphide— 
aldehyde was saturated simultaneously with chlorine and hydrogen 
chloride, the yield of dichloride was increased at the expense 
of sulphone-aldehyde.

The above results indicate that the sulphone-dichloride 
results through the joint action of chlorine and hydrogen chloride 
on the sulphide-aldehyde. psToluenesulphonic acid is not an 
effective substitute for hydrogen chloride. Hypochlorous acid 
oxidises (J2) to (55) without formation of (53).

Unexpectedly, but also significantly, the sulphoxides 
aldehyde (55), when treated simultaneously with chlorine and 
hydrogei chloride, gave the sul phone-al dehyde almost exclusively.

Results of the experiments described above are summarised 
in Tables 1 and 2.
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TABLE 1.

Reactions of 5-i.Mitrê—2-ho>—talylsulohinylbenzaldeh.vde (Ti)

, Bint.  ̂ Percentage yield of
’ (52) (35) ' (55) (38) (39)

I- HC1 40 12 - 29 -
2* HC1, PhOH 88 - - - -
3. SCI, C^®6 80 + - - - -
4. m i p ci2 - trace 83 2

5. MewC^H^.SO^B, Cl2 - - 60 + trace -
6. Cl^ - - 80 8 -

7. PC15 - - - 3 79

Hotea.
(a) A yield entered aaH60 +>* Indicates a 60 per cent* yield of 

pur® comparand a second crop of poorer quality*.
(b) The entry “trace" denotes a snail amount identified 

qualitatively by thin-layer chromatography but not isolated*.

Experimental details are given on p» 72.
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TABLE 2.

Reactions of 5-Nitro-2-(TP^tolylthio)benzaldefavde('32).

Percentage yield ofK£SSent(a) ^  ^  ^  ^

Cl2 - 44 41

CI2# K2CO3 - - 71 trace
CI2# C^H^N - - 59 +  trace

Cl2> Me.CgH^.SO^H - - 68 4- trace
Cl2, HC1 - - 12 + 6 0
H0C1 - 77

HC1 100 -

Notes. See Table 1 (p>. 26)

Experimental details are given on p.73.
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An approximate reaction scheme may be drawn up as follows:-

C HO

S I R

CHQ CMO

S-fc MCI

CHQ

SO.R

The sulphoxide-aldehyde (33) is oxidised so readily to the 
sul phone—aldehyde (35) by chlorine (even in presence of hydrogen 
chloride; cf» Table l) that any sul phoxi de-aldehyde formed in the 
reaction of the sulphide-aldehyde with chlorine would he expected 
to undergo further oxidation and appear in the final mixture of 
products as sul phone*-al dehy de. If, then, as seems likely, the 
formation of sulphone-dichloride (38) represents a departure farom 
the normal series of equilibria, this departure must occur before 
the sulphoxide stage is reached. Of the three preceding: stages, the 
sulphide-aldehyde (52) itself is not entirely satisfactory as the 
point of deviation, since its reaction with chlorine, with or 
without hydrogen chloride, always leads to the formation of some 
sulphane-aldehyde, and it will be recalled that, in the reaction 
of sul phoxi de--ald ehyd© with hydrogen chloride, the sulphone— 
aldehyde was not formed. The chlorosulphonium chloride seems the 
most likely intermediate, since the yield of sulphone-dichloride
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is highest when the sulpfaide-aldehyde is treated with am excess of 
both chlorine and hydrogen chloride,.

A plausible mechanism for the formation of the sulphone- 
dichloride (33) from the chi0rosulphonium chloride is outlined 
below- Rearrangement of the salt in presence of hydrogen chloride 
could effect the required introduction of halogen at the aldehydic 
car?—

The same cyclic intermediate (53) might arise by m different

ketone (54) with perchloric acid gives the salt (55)* on this basis, 
the sulj*oxide--aldehyde with hydrogen chloride might give (56),

H Cl

(S3).

Such an interaction is broadly similar to that recently 
22 23proposed * to account for the unexpectedly high rate of hydrolysis

of o-aldebydo— and keto—benzoic esters, e*g

r O M t

reaction path, Leonard and Johnson have shown that the sulphoxide

OH
■>

(54.) (ss)
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which, by further resect ion would give (53)* Transformation of this 

cyclic structure into the sulphone-dichloride (58) could take place 
as shown.

By this mechanism involving cm ortho—interaction, the failure 
of 2-nitro—4-p—'tolylsulphinylbenzaldehyde (46) to give the reaction 
is understandable.. The failure of the bemzophenone derivative (49) 
to give a sulphone-dichloride may he accounted for in terms of the 
diminished eleetrophilicity of the carbonyl carbon atom.

Analogy with the results of Leonard and Johnson may account 
for the observed failure of the sulphoxide-aldehyde (35) to give a 
diacetate with acetic anhydride and sulphuric acid. (The isomeric 
aldehyde (46), with the sulphoxide group in the nara-eosition. 
readily forms a diacetate..) Leonard mid Johnson found that their 
perchlorate salts formed acetates (e.g.(57) )» which were hydrolysed 
in water, as shown below. The product of reaction of the sulphoxide- 
aldehyde with acetic anhydride and sulphuric acid may therefore be 
the unstable species (58).

(56)
- K  (S)
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Although the mechanism outlined above for the reactions of 
the sulphoxide—aldehyde with hydrogen chloride and the sulphide*- 
aldehyde with chlorine has not been, confirmedr it is consistent 
with the experimental evidence at present available. It accounts 
also for one significant feature of these reactions 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 never 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 sul phone—d i ch 1 arid e represents a departure from a 
normal series of equilibria* it is always associated with an 
oxidation* The cyclic intermediate (53) is probably more easily 
oxidised than the chlorosulphonium chloride;: certainly the lone 
pair of electrons on sulphur are more readily available for 
oxidation in the farmer, because of the diminished electron- 
attracting power in the aromatic nucleus*



This Chapter has sought to present some unusual features in the 
chemistry of e-aryl sulphinylbenzaldehydes* It appears that abnormal 
behaviour of these aldehydes is to be expected in reactions with 
acidic reagents (hydrogen chloride* phosphorus pemtaehloride* and 
acetic anhydride — sulphuric acid, for instance), and that this 
abnormality may very wall arise through interaction of the aldehyde 
group with the ortho-aryl sulphimyl substituent*
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CHAPTER 3L 
A NOVEL NUCLEOPHILIC SUBSTITUTION-

It was shown In Chapter 2 that the reaction erf 5-nitro- 
2^-tolylsulph.inylbenzaldehyde (33) with hydrogen chloride in 
diraethy 1 formamide gave as products 5-nitro-2r-(£-tolylthio)benz- 
aldehyde (32) and 5-nitro-2-]2v-tolylsulphonylbenzylidene chloride 
(38), the structure of the latter being established by synthesis 
and conversion via the dipiperidino-derivative (59) into the 
sulphone-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 piperidine 
gave basic material which on hydrolysis yielded the aldehyde (35) 
and on crystallisation gave an orange dipiperidino-compuund of 
m.p. 154°. 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 as almost colourless, and the presence of the £-tolyl- 
sulphony1 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-examination of the crude reaction product showed it to be
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ar mixture of two basic com pounds- One of these was unstable, 

attempts to. isolate it resulting in its decomposition, to the 
sul phone-al dehy de (35); it is probably the benzyl i dene dipiperidine
(59)* The other was the orange base described above*

The orange dipiper id ino-compound dissolved readily in
concentrated hydrochloric acidr giving a' colourless solution.
Dilution of this solution with water caused a bright orange colour
to develop* but the base was not precipitated until the solution
was made alkaline- These observations suggest that* of the two
basic nitrogen atoms in the molecule, one is very feebly basic,
its hydrochloride being unstable in dilute acid* and the other
strongly basic; the colour appears to be associated with the
former* which is then probably situated ortho- -to the nitre—

26group (o—nitrephenyl piperidine is red )- The other, strongly 
basic nitrogen could well be situated on the side—chain* since 
N—benzyl piperidine is expected to be a strong base- On this 
vieir* two structures, (60) and (6l)* are possible for the orange 
base- Of the two, (60) is the more likely* as entry of the 
piperidino-group into the aromatic nucleus would be expected to 
occur more readily at the less hindered position. Further support 
for the structure (60) was obtained by analogy with the series 

o>f reactions described below-

Reaction of 5-nitra—2-£—tolyl sul phony 1 benzyl i dene chloride



(38) with am excess of sodium carbonate in aqueous ethanol gave 
a compound, Ĉ gĤ gClLNÔ S, this formula corresponding to the 
replacement of one chlorine atom by an ethoxyl group*. That only 
one halogen of a benzylideae halide should he replaced under 
these conditions waB quite extraordinary* Benzyl ideme chloride 
undergoes hydrolysis to benzaidehyde under very mild alkaline
condition's (e*g* by heating with a suspension of calcium carbonate

27 & 28in water }> and yields acetals by reaction with sodium alkoxides .
The ehloro-ethoxy-compound could not be the c<-chi oro—ether (62) p
since this should be even more reactive than the dichloride (38) *
and should thus afford the acetal (63) or the aldehyde (35)*
depending on the reaction conditions.

Renewed inquiry into) the anomalous reaction showed that the 
compound C^gH^gClNO^S was formed in approximately 70 per cent, 
yield when the sulphone-dichloride (38) was heated with either 
sodium carbonate in aqueous ethanol or one equivalent of sodium 
ethoxide in dry ethanol. In each case, the product crystallised 
from solution as the reaction proceeded* The methoxy—analogue, 
CI5Hi4C1N05S, was obtained, although in slightly lower yieldr 
by similar reaction of the dichloride with sodium methoxide in 
methanol. Treatment of the dichloride with sodium carbonate in 
aqueous methanol,, however, gave a complex mixture of products* 
the nature of which is discussed later (p*42)*
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A search of the literature them disclosed th«fc m-nitro- 
benzylidene chloride was found to undergo ahnomadjmicleophilic 
substitution when treated with a sodium, alkaxide* Kliegl send
tt 29vHolle observed that such ar reaction gave, in addition to the 

expected acetal (64), a mixture of products which were stable 
towards acid, and they identified these as the 2,5— and 4,3- 
aikoxynitrobenzyl alkyl ethers (65) and (66)* Although the yield 
of these abnormal products was very small (about 10$ in all),by 
comparison with the 70 per cent, yield of chlaro-ethoxy-compound 
from the sulphone-dichloride, the strong similarity of the two 
reactions led to the proposal of 4—alkaxy-5-nitro—2-j>-t©lyl- 
sulphonylbemzyl chloride structures (68: RsEt and Me) for the 
ehloro-ethosy-compound and its me thoxy—analogue* Again the 
1,2,4,5—tetrasubsti tut ed structure (68) was preferred to the 
possible 1,2,33,4—'tetrasubstituted isomer (69) on steric grounds*
It is to> be noted that Kliegl and Holle did not detect 2-alkoxy- 
5-nitro-isomers,(6?), from their series of reactions.

The properties of the chioro-ethoxy-coffipound 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 strongly basic as required for the N—benzyl— 
piperidine (70: R = Et), and reaction with a further equivalent 
of sodium ethoxide gave an ethyl ether. The chloro-methoxy- 
compound similarly yielded a piperidine—derivative of comparable
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Mci

colour and basicity, and a methyl ether, which was further shown 
to be non—identical with the acetal (71) • The ethers were assigned 
the struetures (72: RsEt, Me respectively) because their infra
red spectra closely resembled those of their chloro—aikoxy— 

precursors.

Confirmation of the proposed structures (63: RsEt, Me) was 
obtained by unambiguous synthesis of 4-melhoxy-5-nitro-2-]>-t0lyl— 
sulphonyl benzyl chloride (68: R = Me) * The route proposed was as 
follows:—

O C0zK '  <

Cl

02H ^ ^ C0Z^' 0 , N ^ \ , C H aOH
 >  | ---- >   Me)

MeO'^^'SOj.CtK.Mt NVcOAi ^ / J'Sor<*U.Me
(fc/ *H k  aJkyl)

The proper ationjof 2*4-dichl©ro-5-nitr©bemzoic acid (75) and
7A T*T

its simple derivatives has been described in the literature * ,
The relative mobility of the two chloro-substituemts under 
nucleophilic attack is important in considering the two-stage 
conversion of the dichloronitro-acid derivative into the corre
sponding 4-methoxy—2-p-tolylthio-compound. Since* in 2*4-dihalo—

•zonitrobenzenes, the halogen in the 2—position is the more mobile *
33̂Anri since the carboxylate group is known to be para—activating
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and ortho-deactivating far replacement of unclear halogen,, it
was expected that the 4-ehloro-eubstituent in 2,4-dichloro-
5-nitro>benz®ic acid would be preferentially replaced by

30nucl eaphiles.. Yilliger's observation that reaction of this 
acid with an excess of aqueous sodium hydroxide gives only the 
2-chloro-4-hydroxy-acid (74) is in agreement with this prediction. 
The ortho-deactivaticBn of the carboxylate group, caused by 
electrostatic repulsion of the attacking anion, , might tend to 
hinder easy replacement of the second chlorine atom by thi©-£~ 
eresoxide, and so,, to avoid possible complications here,, it was 
decided to attempt the substitution reactionson the methyl ester 
rather than on the free acid (73)*

Oxidation of the ̂ -tolylthio-group to p-tolyl sulphonyl was
not expected to present any problems* but the next stage, selective
reduction of a benzoic acid derivative to the benzyl alcohol in
presence of nitre- and arylsulphenyl groups, required careful
consideration. Although lithium aluminium hydride normally reduces
nitro—compounds (to azeebenzenes) and sometimes reduces

34d 35sulphones * Felkin has shown that ethyl p-nitrobenzoate may 
be reduced to p-nitrobenzy 1 alcohol by adding the calculated amount 
of lithium aluminium hydride to the ester, and his method has 
been used to effect several selective reductions of nitrobenzoic 
esters.^c. 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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alcohol would result from reduction of the acid chloride by
sodium borohydride, a reagent which does not normally reduce

34a,- 34cesters or nitro-ccsmpounds * The final stage, conversion
of the alcohol into the chloride, was expected to be straight
forward.

Nitration of 2,4-dichloroben zoic acid gave a mixture of
the 3- and 5-nitro-acids.. These were separated, as recommended

31by Goldstein and Schaaf , by fractional crystallisation of 
their sodium salts from water, although the salt of the 5-nit re- 
acid was rather more soluble than these authors indicate. The 
5—ni tree—aci d was converted into its methyl ester by heating it 
with methanol and concentrated sulphuric acid;: Goldstein and 
Schaaf obtained the ester via the acid chloride.

The reaction of methyl 2,4-dichloro-5-®itrob«i«>ate (75) 
with one equivalent of sodium methoxide in dry methanol afforded 
a product CgHgClNO^, m.p. 135̂ * in 63 per cent* yield* This 
compound was considered to be the required methyl 2—chloro—
4-methoxy-5-mitrobenzoate (76), by virtue of its hydrolysis in 
aqueous alkali to an acid of m»p. 226—228° (2-chloro—4—methoxy—
5-nitrobenzaic acid has m.p. 23501 ^), and its non-identity with 
the known ̂  4—chioro—2—methoxy—5 —nitroben z o i c ester (77) (m*p.

(j. w
107»5®, m.p. of corresponding acid 160 ' )* The reaction mother-
liquors gave on concentration a mixture, from which by
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chromatography small amounts of the ester (7?) and methyl 2,4- 
dimethoxy-5-nitrobenzoat e (78) were isolated*

In view of the extremely rapid hydrolysis of the chloro—
methaxy-ester (76) in aqueous alkali (the ruction was complete
in 10 minutes), anhydrous conditions were clearly desirable for
the reaction of the ester with a salt of thio-g-eresol* When
equimolar proportions of the ester (76) and thio—j»-eresol were
heated together in dry methanol containing a suspension of
potassium carbonate, the sulphide—ester (79) was produced in
good yield.. Confirmation of the structure (79) was obtained by
acid hydrolysis of the ester to the corresponding benzoic acid
(under alkaline conditions, partial replacement of the p-tolyl-
thio-group occurred), and cycledehydration of the acid in hot

17concentrated sulphuric acid to 5-methoxy—7nmethyl—2-nitro— 
thioxanthone (80), which was identified by its analysis, its 
insolubIIity in alkali in most of the common organic solvents, 
and its infra-red spectrum (v 1630 cm* *)*la&X o*

Oxidation, of the sulphide—ester to the corresponding sulphone 
(8l) with hydrogen peroxide in hot acetic acid proceeded almost 
quantitatively* An attempt to effect selective reduction of (81) 
to the alcohol (83) with the calculated amount of lithium 
aluminiim hydride ̂  (cf* p.39) wa® unsuccessful, an extremely 
complex mixture being obtained. Accordingly, the sul phone—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 
horohydride in dioxaa (the procedure recommended by Chaikin aid 
Brown ̂ ) gave the required alcohol (83) in 70 per cent, yield* 
Reaction of the alcohol with phosphorus pemtachloride gave 
4-methoxy—5 - ni tre—2-p—t ol y 1 sulphony! b en zy 1 chloride (68: R s Me) , 
identical with the abnormal substitution product of the sulphone— 
dichloride (38)*

Reaction of 5-nitron—2^-tolylsulphonylbenzylidene chloride 
(38) with other nucleophiles gave results much less well-defined 
than those described above* Hot aqueous sodium hydroxide caused 
resinification. With potassium cyanide in aqueous dimethylformamide 
decomposition to be- black solid occurred even at room temperature* 
Sodium p>—taluenesulphinate did not react at all. By interaction 
of the dichloride and the sodium salt of thic-p—cresol, a mixture 
was obtained, the nature of which has yet to be determined*

The mixture (see p*36) obtained by reaction of the sulphone— 
dichloride (38) with sodium carbonate in aqueous methanol was 
shown by thin-layer chromatography to contain at least five 
compounds. Chromatography of the mixture on silica gel showed 
one of the components to be the expected methoxybenzyl chloride 
(68: SsHe)r 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-]>-tolylsulphonyl- 
benzyl £-tolyl sulphone (84), which, as was independently shown, 
results from the interaction of the benzyl chloride (68s R=Me) 
and sodium £—toluenesulphinate. The abnormal substitution 
leading to the formation of (68:»R-Me) was therefore concurrent 
with another causing displacement of the p-tolylsulphonyl group.
Mobility of such a substituent was not unexpected, since both

40the nitro- and arylsulphonyl groups are known to be mobile in 
derivatives of £- and ]>-nitrodiphenyl sulphone.
Fur instance,

When the acetal (71) was treated with one equivalent of 
sodium methoxide in methanol, the abnormal 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

MaOMe

NckOMe
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portion of the crude reaction product was dissolved in water and 
the solution acidified, an acidic compound was precipitated; it 
was identified as di-j^toluenesulphonylhydroxyl amine (85) ^ * a 
product formed by combination of nitrous and p—toluenesulphinic 
acids, and thus indicative of partial replacement of both the 
ndtro- and j*-tolylsulphonyl groups.

The methoxy-acetal (86), resulting from replacement ©f
the nitro-group, was obtained, together with a gum, by evaporation
of the solvent from the ether-eolubl e fraction* Acid hydrolysis
of the gum gave a mixture containing 5-nitro—2-j£--t©lylsulphonyl—
benzaldehyde (35) (from hydrolysis of unreacted aeetal) and

, v44*452-methoxy—5-nitrobenzaldehyde (87) , the latter being identified
45as its jg-toluidine Schiff base .

DISCUSSION.

The abnormal reaction of 5 —n i t r o-2-p—t ol y 1 sul phony 1 b en zy 1 i d en e 
chloride with nucleophiles is satisfactorily represented by the 
following mechanism:—

%  %  Cb J

* X  X
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It is therefore fir novel and interesting -type ©f nucleophilic 
aromatic substitution, in which attack by the nucleophile takes 
place at a position remote from that occupied by the leaving 
group. Although some SN2* reactions in thejaliphatic (e.g» (39)

— ► (90) and heterocyclic (e*g* (9l)---*>(92)^7.and (93)^»
And (94)— ►(95)^ ) fields* are of the same general type, only 
one truly analogous reaction in a benzemoid system was found in

♦1 29the literature; Kliegl and HoHe'» report of the abnormal 
substitution of m-nit robenzylidene halides, reference to which 
has already been made (p.37)*

CHX

(64-) (65) (40
(X = C1, Br; E = Me, Et, Prn. )

Kliegl and Hollers work has been overlooked in current 
surveys of nucleo>pfailic aromatic substitution. There seems little 
doubt that their reaction is an analogue of the two—stage substi
tution of the sulphone-dichloride, (i*ev (38)— 0(68)— >(72)* and 
that the mechanism does not involve prior formation and subsequent 
rearrangement of the acetal (64) via either of the intermediates 
shown below.

£0
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The part played by the nitro-group in these abnormal 
reactions is shown in the proposed mechanism on p-44. That it is 
an significant part may be seen from the fact that abnormal 
substitutions of this type are unknown in the case of benzylidene 
chloride itself or of its o— and p-nitro—derivatives. The effect 
of the j»—tel yl sul phenyl group on the course of substitution of the 
sulphone-dichloride (38) must now be considered*

Comparison of Kliegl and H&lle's results with those described 
in this Chapter shows a very marked difference in the proportion 
of abnormal product formed in each case* The yield of abnormal 
products (65) and (66) ©btaimdd by Kliegl and E&lle was always 
small (10 - 20$), but increased with alkoxides in the order MeO"
< Etc"* < Prn0~, and was more than doubled when m-nitrobenzyl idene 
bromide was used instead of the chloride. On the other hand* the 
yield of alkoxynitrobenzy 1 chlorides (63) from the sulphone- 
dichloride (38) was high (60 — 70$);: here also the yield increased 
on changing from methoxide to ethoxide.. The large difference in 
yields must be accounted for by the presence of the p—tolyl- 
sul phony 1 group.

The effect of the p-tolylsulphonyl group on the course of 
substitution is probably twofold. Being a bulky group* it will 
hinder the approach of reagents to the halogen-bearing carbon 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
he invoked, since the rate of hydrolysis of benzylidene chlorides

50is independent of the concentration of alkali present * Being 
an electron-attracting group, the j^tolyl sulphonyl group will 

contribute increased electrophilicity to the aromatic nucleus, 
and so promote nucleophilic attack there.

The remarkably high yield of the ethoxy benzyl chloride
(68's R - Et) from the reaction of the sulphone-dichloride (38)
with an excess of sodium carbonate in aqueous ethanol deserves
further comments The expected hydrolysis product, the sulphone-
aldehyde, was not detected. It is known, however, that the rate
of hydrolysis of benzylidene chlorides in aqueous base is

51greatly diminished when as nitro-substituent is present , and 
the blocking effect of the p—tolyl sulphonyl group will also 
operate against normal hydrolysis. The survival of the ethoxy— 
benzyl chloride is surprising, and may perhaps be accounted for 
by a combination of steric effects and the insolubility of the 
compound in the reaction medium. Such insolubility is not a 
characteristic of the corresponding methoxy-compound (68s R = Me), 
rend significantly it is obtained from (38) and aqueous methaaolic 
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



»Kliegl and Holle when m-nitrobenzylidene bromide was used instead
©f the chloride. A steric effect may also be responsible for the
increasing amounts of abnormal products in the series MeO~, EtO~, 
m —Pr 0 , but it is perhaps combined with increase in the nucleophilic 

character of the reagents, and this may not be exerted equally at 
the aromatic and aliphatic centres, if the rate of soivolysis of 
benzylidene chlorides is independent of the concentration of 
anionic nucleophiles.

It seems most probable that the reaction of the dichloride 
(38) with piperidine, giving N-(5-nitr©-4-piperidino-2-£-tolyl— 
sulphonylbenzyl)piperidine (60) proceeds by a two-step mechanism 
of similar type, although the intermediate pdperidinobenzyl 
chloride (96) was never isolated. Treatment of the dichloride (38) 
with exactly two equivalents of piperidine resulted in an50 per 
cent, recovery of the former, and so it must be inferred that the 
second replacement occurs significantly 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) increases at the expense of the normal product (35) in 
solvents of increasing polarity (see Table 3).. It is noteworthy, 
however, that with piperidine a normal reaction product is 
always found, whereas with alkoxides this is never isolated* This 
provides a point of contrast between these nucleophilic substitutions 

those of the S,̂ * type, for which neutral reagents are usually
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TABLE

Reaction of 5~8itrô -HP~tQ>lyl3ulT3faonylbenzvlidene Chloride
with Piperidine.

Percentage yield of
Solvent Normal .Abnormal

product product
$5) $0}

Benzene 43 30
Piperidine 33 43
Dimethylformamide 29 46

more effective than anions..

0,N,

The possibility that reaction of the dichloride (3B) with 
piperidine may proceed by a different course cannot be ruled out 
at present. A possible scheme - involving an enamine intermediate 
is shown below.

y*c$Hio
. CHClz 02N O x ^ ^ ^ y C H O

X s o tH kj/*-SotR *”

0*N
H'

C5H10HH

CHr^ C j V  0lW 1^ \ j ^ C H - N C sMlo 0i»J CHlN °S Hlo

> ” A ^ 0 - so,r.1 * H.-Nh 1 CsH,0N

Further investigations are in progress with a view to determining 
the exact course followed. Extensions of the present work now
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under consideration include the study of parallel reactions in 
hetero aromatic compounds.

The abnormal nucleophilic substitution of 5-nitrobenzyl idene 
halides* described by Kliegl and Holle* showed bow the effect of 
the nitro-group in activating the ortho- and para*- positions was 
strong enough to introduce an abnormal reaction course in competition 
with the normal easy replacement of the reactive halogen atoms in 
the side-chain. The experiments on the sulphone-dichloride (58) 
are even more striking: in addition to providing a mechanism for 
Kliegl and H$>lle*s reaction* they show how the additional effect 
of one substituent may alter the situation to such an extent that 
the normal replacement is almost entirely superseded by the abnormal „ 
This abnormal substitution is another novel reaction encountered 
im the course of a different investigation* in a field which 
continues to present interesting problems.
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EXPERIMENTAL*

Mel ting points were determined on a Kofler Rot-stage apparatus. 
Infra-red spectra were measured for Nujol mulls on a Perkin*- 
Elmer Infracord spectrophotometer. Chromatographic alumina was 
standardised according to Brockmann's procedure* Light petroleum 
used for crystallisation was the fraction of b*p* 60-30°, unless 
stated otherwise.

CHAPTER 1*

5-fErdroxy—2-ni trobenz al d ehvde* - Nitration of m-feydroxy— 
bemz aldehyde was carried out ini cold benzene solution, as 
recommended by Hormig ^* The crude nitration product was washed 
with hot benzene and recrystallised from water, giving 5-hrdroxy-
2-nitrobenzaldehvde* m*p. 168—169° (literature value 167—168°) 
in yield. Methylation with dimethyl sulphate and sodium 
hydroxide c gave 5-methqxv—2-nltrafrenzal dehvdes. m.p* 81-82 

(lit. 83?).

5-Methoxy—2-nitrobenzaldehvde. —  Nitration of m-methoxy—
9benzaldehyde according to the procedure of Hodgson and Beard 

gave ~5-methoxy—2-nitrobenzal dehvde* m*p* 9&-10Q® (from benzene; 

lit* 102®. )*



3-Hvdroxy—2-Hciitrotenzal dehyge— This results from nitration 
of m-hydroxyhenzaldehy de in very small amount (at most ca. 10#)^,

TTand the method of Ek and Witfcop was therefore used* 3-Hydroxy—
532?—ni trotoluene was prepared by sulphonaticm of m-eresol,

nitration of the resulting di sul phonic acid, and steam distillation
of the nitration product* Acetyl at ion with acetic anhydride and

® 27baqueous sodium hydroxide at 0 „  , and oxidation of the acetate
with chromium trioxide in acetic anhydride gave 3—acetoxy-2-nitro- 
henzylidene diacetate, acid hydrolysis of whieh afforded 3-hvdroxv-
2-nitrohenzaldehyder m.p. 152—153® (from ethanol; literature value 
157®).

3—Ac etyl -8-chl oro—1 * 4-dihvdra—l-hvdroxy-6-HBe thoxy-2-methyl- 
4t-oxoQuinoIine (17: R= Me) * — A solution of 5-®ethoxy—2-nitra— 
henzal dehyde (l g.) and acetyl acetone (0* 55 g+) in the minimum 
volume of dry ether (ca}. 40 ml*) was saturated at room temperature 
with dry hydrogen chloride, cooling being provided by a bath of 
cold water.. The solution was set aside overnight and the crystalline 
product (the hydrochloride of (17: R=He) ) collected. Recrystallis- 
atiem from ethanol furnished the free base.(17: R Me), m.p. 221° 
(decamp*) ,V 2500 (broad), 1690 cm*^1 (Pound; C, 55*4; H, 4-IpSl83b«
N, 5-2. C15H12Cl]Sr04 requires C, 55-4;; K, 4-3;; N, 5-0$). It 
reacted (ar) with ferric chloride in ethanol, giving a red-brown 
solution, (b) with acetic anhydride at 100®, giving the I—acetoxy-
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derivative. m.p. 154® (from ethanol),>? 1800, 1680 cm.""̂' max.
(Found; C, 55*4; H, 4*2. C15H14CINO5 requires C, 55*7? H, 4-4$), 
and (c) with; dimethyl sulphate said aqueous sodium hydroxide at 
20® or with a solution of dfcazemethame in ether, giving the
1-aethcxy-derivative. (19), m.p. 173° (from methanol) ,V S8X«.

t
1680, 1620 cm."" (Found: C, 56*7?; H, 4*6; N, 4*6. C^H^CINO^ 
requires C, 56-9; H, 4-8; N, 4.7$).

3—Acetvl-6-chI oro—I. 4-dihvdra—l-hydroxy-8-methoxy—2-methyl-
4!-oxoouinoline (18; R=Me), m»p. 198® (from ethanol), was
similarly obtained from 3-methoxy—2-nitrobenzal dehyde and acetyl-
acetone. (Found; C, 55*5; H, 4*2; N, 4*9. C^H-^OIIK^ requires
C, 55*4; H, 4*3; N, 5*0$). It also gave a red—brown colour with
ferric chloride in ethanol. The 1—acetoxy—derivative had m.p.
137® (from ethanol),V 1800, 1680 cm. 1 (Found; C, 55*85;;max,
H, 4*4; N,,4*6. C^H^CINO^ requires C, 55-7; H, 4*4p N, 4*3$),
and the 1-methoxv—d erivative (20) had m.p* 167® (from methanol),
V  1680, 1620 cm.""1 (Found; C, 57*1; H, 5*0; N, 5*0. max.
C14H14CINO4 requires C, 56-9; H, 4*8;- N, 4*7$).

3—Acetyl-8-chloro—l. 4-dihvdro—1. 6-dihy droxy-g-methyl-d-oxo- 
auinoline (17; Rsfi). — When a solution of 5-hydroxy—2-nitro- 
benzal dehyde (l g.) and acetyl ace tone (0-6 g.) in dry ether (ca. 
40 ml.) was saturated with dry hydrogen chloride, crystallisation
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of the hvdrochlorid e of (17: R= H) began almost immediately. It 
was collected after 18 hr. (although a second experiment showed 
that reaction was complete in 2 hr.), Recrystallised from ethanol, 
it had m-p- 17301 (decamp-),V 2450, 1650 cm-”̂  (Found: C, 47*6;IDfly•
H, 4*0;: N, 4*4* C12H11C12N04 requires C, 47*4; H, 5*65; N, 4-6$).
It dissolved in dilute sodium carbonate, giving a'bright yellow 
solution, which, on careful neutralisation with acetic acid, 
became green and then blue-violet. Dilution with water precipitated 
the free base- m-p- 183° (decomp-) (from ethanol), V   ̂ 5500," BfiXe
3550, 2700 (m), 1650 cm--1 . (Founds C, 54*0; H, 5*8; N, 5.15*

C12?10C1N^4 reQuires c* 53*9; H» 3*8^ N, 5*2$).
Treatment of the hy drochl or Id e with a solution of diazo— 

methane in ether gave the 1.6—dimethoxy-derivative., identical 
(mixed m.p., infra-red spectrum) with the methylation product (19) 
of the quinoloae (17: R = Me)*

3̂ -Ac etvl-6-ch 1 orq>-1..4-dihy dro-1.8-dihy droxy- 2-methyl-4-oxo- 
Quinoline (18: R = E). - A solution of 3*-by droxy—2-aitrobenz- 
al dehyde (l g.) and acetyl acetone (0-6 g-) in dimethyl formamide 
(5 ad-) was saturated with dry hydrogen chloride and the solution 
set aside. Crystallisation began after about 1 hr.. Addition to 
water (50 ml.) after 18 hr. gave a yellow solid; this was 
filtered off, washed with water, and crystallised from acetic 
acid, affording the auinolone (18: R= H), n-p- 187® (decomp-)
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(Found;- C, 54*2; H„ 3*9; N, 5• 2. C^^H q̂CMO^ requires C, 55*9;
H, 3-8:; r , 5*2^)v It gave a dark green colour with ferric chloride 
in ethanol, and was converted, hy reaction with dianomethane, into 
the dimethoxy-derivative (20), m.p. and mixed m.p. 167°.

Ethyl 8-chloro—1.4-dihydro—1-hydroxy-6-methoxy—2-methvl-
4-oxocruinol ine—5 —carboxy1 ate (23: R = Me), was obtained from the
reaction of 5-methoxy—2-nitrobenzal dehyde, ethyl acetoacetate, and
hydrogen chloride in ethereal solution. It had m..p. 207° (decamp.)
(from ethanol),V 1720 cm.’"1 (Found: C, 54*0;: H, 4*7;: N, 4*6.max •<
c14®14^in<̂ 5 requires C, 53* 81 H, 4*5; K, 4« 5$)* It gave a red- 
brown colour with ethanolic ferric chloride solution. The 1— 
acetoxv—derivative had m.p. 138® (decamp.) (from ethanol), V max#.
1800, 1720 cm.-1 (Found: C, 54*1; H, 4*6; R, 3*9* C^R^gCHTOg
requires C, 54*3; H, 4*6; N, 4*0$), and the 1 -methoxy-derivative
(24:) had m.p. 145° (from ethanol),V  1720, 1610 cm. 1 (Found:mar#
C, 55-2; H» 5-1; N, 4-3. C15E1gClN05 requires C, 55.3; H, 4*95;
N, 4-3$).

Ethyl 8-chloro—1.4-dihydro—1*6-dihygroxv—2-methvl-4-oxo— 
quinoline—5-carboxylate (23: R=ff), was obtained as its hydro
chloride. m.p. 177° (from ethanol), by the action of dry hydrogen 
chloride on a solution of 5-hydroxy-2-nitrobenzaldehyde (l g.) 
and ethyl acetoacetate (0«78 g.) in dry ether (ea*. 40 ml.).
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(Found: C, 45*6; H, 3*55; B, 4* 5. CjgHj^ClgKO^ requires C, 46*7;
H, 3*9; N, 4*2$). It dissolved in aqueous sodium carbonate, 
giving a bright yellow solution* which, on standing or on 
neutralisation with acetic acid, developed a violet colour. By 
dilution of the neutralised solution with water, only a tiny 
amount of colourless solid was precipitated,, and this decomposed 
on attempted crystallisation, giving a violet solution. The 
violet colour changed back to yellow on renewed treatment with 
sodium carbonate solution.

Reaction of the hydrochloride with a solution of diazomethaae 
in ether gave the dimethoxy-derivative (24)» m,p, and mined m,p. 

145® .

Ethvl 8-eblpro—1, 4-dihvdro-1, 6-dihydrorv~4-oxo—2—nhenivl-- 
fpinaaine—3-carbox.vlate, (25)# was formed as its hydrochloride, 
nup, 211—214® (decomp,) by the action of hydrogen chloride on 
a solution of 5-hydr©xy-2-mitr©benzaldehyde (l g,) and ethyl 
benzoyl acetate (l*15 g«) in dry dimethylformamide (5 ml*)* The 
hydrochloride was partly decomposed by recrystallisstiom from 
dimethylformamide; analytical data did not correspond to the 
Hydrochloride or the free base. Reaction of the crude hydro
chloride with diazomethane gave the 1,6—dimethoxv-derivative 
(26), m,p, 165® (from ethanol),V 1725, 1620 cm.13. cut a-
(Found: C, 62*2; H, 4*9; B, 5*7. C2oHjigClK05 requires C, 61*9;
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H» 4*7; K,
The free base (25) was obtained by treatment of the hydro

chloride with aqueous sodium carbonate and then neutralising the 
yellow solution with acetic acid* but it decomposed readily on 
attempted crystallisation,

5-Hydroxv—2-nitrobenzy 1 i d eneace tohhenone, (S7: R=OH). —
A solution of 5-hydroxy—2-nit robenzaldehyde (1 g,) and aceto- 
phenone (0-72 g,) in dimethylformamide (3 ml,) was saturated 
with dry hydrogen chloride and set aside overnight. The dark 
red solution was added to ice-water and the: crude solid product 
extracted with ether. The extract was clarified by filtration 
through charcoal, and phenolic material removed by washing 
with dilute sodium hydroxide solution. Acidification of the 
alkaline extract gave 5-hydroxv —2-nitrobenzy 1 ideneacetonheno>ne 
(0*7 g» )f m,p, 187® (from methanol), (Founds C, 66*7; H, 4*2;:
N, 5*0. C1 5 H1 1 NO4 requires C, 66-9;; Hr 4*1; N, 5*2$).

Condensatioins of o-Nitrobenzaldehyde with Monoketones, — 
Reaction of o-nitrobenzaldehyde with acetone (ca, 1*5 equivalents) 
in ethereal hydrogen chloride gave dl-o-nitroben zylideneacetone 
(«). m,p. 172® (from acetic acid),V 1670 em.~^ (Founds 
C* 62-7; H, 3-9; S, 8*5. Calc. .f?*;C17H12N205: C, 63*0; H, 3*7;
R, 8*6$). Pfeiffer and S eg all ^  record m.p, 170*5 — 171°.
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2 ,5—M-o-nitrohenzylidearner clooentanone was similarly obtained
0)from o-nitrobenzaldehyde and cyclopent anone. It had m.p, 172 

(from ethanol), andV 1690 cm.(Founds C, 65• 4; Hr 4*2;BSZe
I, 8*0. Calc, for C19H14N2O5S C, 6-5*1? Hr 4*0; N„ 8*0$).

5 3 ©Wallach records nup» 170* 5 .
2.6-Di-o-ni trobenizy 1 idenecycloh exanome had m.p* 147® (from 
ethanol) and V  1670 (Founds C, 66*2; H* 4*6; N, 7*6.10i8X«
Calc.for 5̂ 2055 C, 65*9; H* 4*4; K# 7*7$). Ballach ^

© 5 S O 'records m.p, 142 and Sparatore m.p.. 140—142 ,

a  a  ■ ‘ -t;- ~c- : p  t f c & v - *■ £ v*■» & i. r
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EXPERIMEHTALs 

CHAPTER 2*

5-Nitro—2—(n—tolyltbio)benzaldehvde (32)* m*p. 156® (from
acetic acid), was obtained in 94$ yield by reaction of 2-chlora—
5-nitrobenzaidebyde with the sodium salt of thie-jb-cresol in 

17aqueous ethanol

5-Hitro—2—( o—toivlthia.) benzylidene Pi acetate (54s Xsz S). — 
Concentrated sulphuric acid (0*5 ml*) was added to a suspension 
of the sulphide<-aldehyde (352.) (20 g*) in acetic anhydride (150 ml*) 
and the mixture shaken at room temperature until the aldehyde 
dissolved* The solution was set aside for 2 hr** during which time 
some of the product crystallised. Addition to cold water (l*5 1.) 
caused crystallisation of the remainder* The diacetate (24*5 g. r 
88$) had a*p. 117® (from acetic acid) andVmo_ 1750 cm. *!u8X t
(Pounds C, 57*7; H* 4*5; N, 3V9* ci8H17H^6s re?u:*jrC8 57*6;- 
H, 4-6; N* 3.7$)*

5-Nitro—2-n—tolvlsulphonylbenzylidene Diacetate (34: Xs SO2) *—  
A solution of 5~nitro—2-^-tolylthio)benzylidene diacetate (7 g*)- 
in warm acetic acid (80 ml*) was treated with 30 per cent, 
hydrogen peroxide solution (60 ml*). The solution* the yellow 
colour of which rapidly disappeared, was heated at 100® for 45 
aim., cooled* and added to cold water (600 ml*). The precipitated
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sul phone was filtered off* washed with water, dried* and crystallised 
from acetic acid* It had sup* 150° (Found: C* 53*0; H* 4*35? N* 3*65* 

C18H17N08S requires C* 53-1; H* 4-2; H* 3*4$). Yield 5*3 g. (70$).

5-ffitro—2—b—tolylsul ufainylfrenzyl idene Diacetate (34s XsSO). — 
A solution, of 5-nitre-2-̂ ;ĝ t©lylthio) benzylidene diacetate (30 g*) 
in acetic acid (900 ml.) was treated at room temperature with 
portions of 30 per cent* hydrogen peroxide solution (total volume 
120 ml*)* and the yellow solution set aside at room temperature, 
with occasional shaking. After 24 hr*, the solution* now colourless* 
was added to ice-water* (31.) and the precipitate collected* 
washed with water,, and dried* The sulphoxide-diacetate had m.p*
114° (from methanol) (Pound: C* 55*1; H* 4*5?' N* 3*5. CjgHiyNOyS 
requires C, 55*2; H* 4*4; N* 3#,6$). The diacetate crystallised 
from, benzene—light petroleum with inclusion of benzene (Found:
C, 58-4; H, 5*0; N* 3*6* C18H17N07S. IC^Hg requires C* 58*6;
H, 4*7; N* 3*3$). This compound had m*p* 95-95°. Yield 80$ .

5-Hitro—2-n>—tolyl sulphonyl ben zal dehvde (35). — The sulphone— 
diacetate (34: X= SO2) (5 g.)* 6N sulphuric acid (100 ml*)* and 
acetic acid (80 ml*) were heated together under reflux for 30 min*. 
The aldehyde (35) crystallised from the cooled solution. It had 
m.p* 144® (from acetic acid), .V mrar 1680 ()C=0)* 1530* 1345 (N02)*
I.315, 1155 cm."1 (S02). (Pound: C* 55*1; H, 3*8; N, 4*7. C14Hn N05S



requires C, 55*1; H* 3*6; R, 4*6$). Yield 3*4 g. (91$).

5 -H itro-2-p—tol y 1 sulnhiny 1 benz al dehyde (55) * — Hydrolysis of
the sulphoxide—diac etate (34: X = SO) as described for the sulphone
(preceding paragraph)* and dilution of the resulting solution
with water,, gave the sulnhoxide-aldehyde (33) i® 90$ yield. It
had m*p. 178® (from benzene)*V 1680 0c=o)* 1525, 1340 (NOo)ttmax.  ̂*
1075, 1050, 1030, 1010 cm*’1 (SO ?) (Pound: C* 58*2; H* 4*1; N* 4*8. 
^14HI1^4^ 58*1; H* 3*8; N* 4.8$). It formed an oxime.
m*p. 156® (from ethanol ; with melting and re-solidification at 
ca. 80°) (Pound: C* 55*Z\- H, 4*0;; N, 9*0. C^H^NgO^S requires 
C, 55*25; H„ 4*0; N, 9*2$)* and an orange 2.4-dinitronhenyl— 
hvdrazone. m. p* 280® (from dimethylformamide — ethanol) (Pound:
C* 51*1; H, 3*9; N* 16-1 . C^H^N^S. Me^J.CHO requires C* 50*9;
H* 4-1; N, 15*5$).

Reaction of 5-8itro—2—n—tolvlsulphinylbemzal dehvde with 
Hydrogen Chloride* — A solution of the sulphoxide—aldehyde (33) 
(l*l6 g.) in dimethylformamide (18 ml.) was saturated at room 
temperature with dry hydrogen chloride* and the yellowr solution 
set aside overnight. The yellow solid which crystallised during 
this period was separated by decanting off the supernatant liquid, 
and was identified (mixed m»p** infra-red spectrum) as 5-nitro—
2—(jg—toly 1 thio) bemzal dehy d e (32). Yield 0*13 g*
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Addition of the dimethylf©mamide mother—liquor to ice—water 
caused precipitation of a cream-coloured solid, m.p* 110-116°, 
which was shown by thin-layer chromatography to> he a mixture of 
three compounds* Fractional crystallisation of this solid from 
benzene-light petroleum gave a further crop of the sulphide— 
aldehyde (32) (0«31 g.; total yield 0*44 g*, 40$), and a small 
amount (0*04 g.) of unreacted sulphoxide-aldehyde. The remainder 
of the mixture was chromatographed on alumina (Grade i); elution 
with benzene containing a trace of ether gave a colourless 
compound (0#41 gv)» m.p* 142° (from ethanol), identified as 
5-nitro—2-p>-tolyl sulphonyl benzylidene chloride (38) by comparison 
with an authentic sample (see below). Yield 29$* Elution with 
methanol afforded further sulphoxide — aldehyde (0*10 g*;■ total 
recovery 12$).

5-ffitro—2—(n-tolvlthio ) benzyl idene Chloride* (39). — A 
mixture of 5-aitr©-2—(jg-tolylthio)benzaldehyde (32) (10 g.) 
and phosphorus pentachloride (20 g*) was heated under reflux 
for 5 min., cooled, and the semi-solid mass treated with crushed 
ice and then with water. The oily product was extracted with 
benzene, and the extract washed with sodium bicarbonate solution 
and then with water, dried (MgS04) and evaporated* The crude 
sul-phide-dichloride (39), an oil, was purified by filtration of 
a solution in benzene through a column of alumina (Grade i).
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Evaporation of the benzene afforded the dichloride (7*8 g** 65$) 
as a cream-coloured solid* sup* 75° (from light petrol earn) * 
(Found: C* 51* 1;- H* 3-3;; N* 4.4- C^H^jC^KO^S requires C* 51*2; 
1* >4?- If* 4»3$) +

When the sulphide-dichloride (59) was hydrolysed by heating 
with aqueous sulphuric acid and acetic acid for 3 hr** the 
aldehyde (52) was regenerated. When cold concentrated sulphuric 
acid was used* hydrogen chloride was liberated* and the resulting 
dark red solution gave, by addition to water, a mixture of
2-methyl-7-nitrothioxanthone (40) sand 2-methyl -7-nitrothioxanthen

T 7(4l)» separated by fractional crystallisation and identified
17by comparison with authentic samples *

5-Kitro-2-n-tolyl sulphonyl benzyl idend Chloride (58)* —
(a?) 5-Kitro—SB̂ -tolylsulphamylbffliza'ldehyde (35) (l g*) and 
phosphorus pemtaehloride (2 g*) were heated together under reflux 
for 5 min** cooled* and the resulting solid treated with crushed 
ice* then with water* The crude solid dichlorlde was dissolved 
in benzene* and the washed (NafiCÔ , H2O) am* dried (KgSCty) 
solution chromatographed on alumina (Grade I). (b) A solution
of 5-nitro-2—(^-tolylthio) benzyl id ene chloride (0* 1 g.) in 
acetic acid (2ml*) was treated with 50 per cent* hydrogen 
peroxide solution (l ml*)* and the mixture heated for 1 hr* at 
100®, cooled* added to water* The sulnhone-dichloride (58)
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obtained in each. case (yield 82 and 63 per cent, respectively) 
lead m*p* 142°’ (from ethanol or acetic acid) (Pound: C, 46*95;;
R, 5*3$) or rn.p* 138s (f*©m aqueous acetic acid or benzene- 
light petroleum) (Found: C, 46*55; H, 3*15r R* 4-1. C ^ H ^ C l ^ S  
requires C, 46*7;; K, 3* 1; N, 5*9$).

Reaction of 5-Mtro>—2^n—tolylthio)benzaldriiiiyde (32) with 
Chlorine, — A solution of the sulphide-aldehyde (52) (l g.) in 
dimethyl form amide (15 ml*) was saturated with dry chlorine at 
room temperature, and set aside overnight* Addition to ice-water 
caused precipitation of aa colourless solid* This was filtered off, 
dissolved in benzene, and the washed (liaHCÔ , H2O) and dried 
(MgSÔ ) solution chromatographed on alumina (Grade i). Elution 
with 10$ ether-benzene gave the sulphone—dichloride (38)* (0*54 g*„ 
41$), and with pure ether gave the sul phone—aldehyde (35) (0* 49 g*» 
44$)*

Reactions of 5-jgitro—2-n-tolyl suluhonyl benzylidene Chloride,
(a) Oxidation. A solution of sodium dichromate (0*4 g*) in water 

(l ml*) and concentrated sulphuric acid (0*5 ml*) was added 
to a solution of 5-nitro-2-p-tolyl sulphonyl benzyl idene 
chloride (38) (0*1 g*) in acetic acid (3 mi;), and the mixture 
heated under reflux for 2 hr., cooled, and poured into water.
5-Ritro—2-o-»earbbxyuheg3ylsulnhonylbenzylidene chloride (42)
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was precipitated* It had m*p* 250° (from acetic acid) (Pound:

C * 43#2>; H, 2*5;; K* 3*8;; Cl, 18*2* Cl^O^S requires: C, 45* I;
H, 2.3; H, 3*6; Cl, 18*2$)* Yield 69$. The sul phone*-dichl ©ride (38) 
waB not oxidised by hydrogen peroxide in acetic acid at 100®, or 
by a boiling aqueous solution of potassium permanganate and sodium 
carbonate*

(b) Attempted Hydrolysis* The sulphone-dichl©ride (38) was recovered 
unchanged front attempted acid hydrolysis, as follows:—

(i) A solution of the dichloride in concentrated sulphuric 
acid was set aside overnight, and was then poured on to 
crushed ice.

(ii) A solution of the dichloride (0»1 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*, 
cooled, and added to water*

(c) With Piperidine. The dichloride (0*3 g.) and 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 
concentrated hydrochloric acid (colourless solution), and on 
gentle warming, the sul phone—aldehyde (35)* m.p. and mixed m*p* 
140—142°, was precipitated*

4-Hitro-2j-( n—tolyl thia )— and 2-ffitrc-4-( p-tolyljhio)- 
bewjgyi -tdeme Diacetates. - 2,4—Binitrdbenzaidehyde was treated
with thio— cresol awd sodium hydroxide in aqueous ethanol
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17according to the procedure of Loudon et al» * giving a mixture

©f 4-nitr©-2^£-tolylthi©)- (45) and 2-nitro-4-(p-tolylthio)~ 
benzaldehydes(44). A portion of this mixture (l»36 g*J was 
suspended in acetic anhydride (10 ml*)* and concentrated sulphuric 
acid (Q*.03> ml*) was added- The suspension was shaken until the 
aldehyde had dissolved* and the brick—red solution set aside for 
3 hr*.* by which time some crystals had formed. The acetic anhydride 
was removed by stirring with water (100 ml*)* and the yellow solid 
filtered off and crystallised from acetic acid* affording 4-nit ro- 
2—(p-tolylthio)benzylidene diaeetate. (l.ll g*), as yellow prisma* 
m*p* 129® (Foundi C* 57*55; H* 4* 7̂ ). A second crop of crystals 
(0*30 g.) from the acetic acid mother—liquor was of a much lighter 
colour* and a third crop (0. 28 g.) was obtained by diluting the 
solution with water* This compound* 2—nitro—4-(p—tolvlthio)— 
benzyl idene di acetate, crystallised from ethanol in fine cream- 
coloured needles* m.p.104® (Founds Cr 57*4; 1* 4*6; N* 3*9* 
C^gEiyNOgS requires 0* 57*6;- H* 4*-6; N* 5*7$).

Identification of these diacetates was accomplished by 
preparation from the corresponding pure aldehydes (45) and (44) 
by the process described on p* 60 for the 5-nitro—2u(j»—'tolylthio)— 

isomer (34: X=S).

4-ffitro—2MD»-tolvl sul ohigvl benzyl idene diarcetate. was formed 
in 68$ yield by oxidation of the corresponding sulphide with
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hydrogen peroxide in acetic acid under the conditions described 
on p. 61 for the 5—nitro—isomer* It crystallised fro* methanol 
in two forms: rapid cooling of the saturated solution gave 
needles* m*p* 144—148°;: when cooling was slow* the diacetate 
was obtained as tiny hard prisms:* m*p. 140° (Found: C* 55*1;
H* 4-5;; 5*75* requires C* 55*2? H, 4*4* N* 5 -6j$).

4-Mitro-2-n-tolylsttl shiny 1benzaldehvde (45)* - Hydrolysis 
of the sulphoxide—diacetate* as described for the 5-nitro—series 
on pp. 61-62* gave the aldehyde as bright yellow plates* m.p. 2L1° 
(from benzene-light petroleum) in 92$ yield* (Found: C, 58*4;
E» 3-9; 8r 5-0. CI4Hn N04S requires C, 58.1;; H* 3>8;; H* 4*8$)*

2-Mi tro—4—p—tol y 1 sul nhinarl benzyl idene diacetate had m.p*
143° (from methanol) (Found: C, 55»0; H, 4.4* M* 3-7. C18H17H07S 
requires C* 55*2; H* 4-4; 8* 3* 6$)* and 2hb1 tro-4-P-toly 1 sulphinyl- 
benzaldehyde (46) had m*p* 137° (from benzene-light petroleum) 
(Found: C* 57-8; 8,3*8; N* 5-0* C^H^NO^S requires C* 58* 1;;
H* 3-8; H* 4*8^)*

4-Mi tro—2-n—tolyl sul nhonyl benzyl i d ene diacetate was prepared 
by oxidation of the corresponding sulphide as described on p* 60 
for the 5-ni tro-isomer* It had m*p* 165° (from acetic acid) (Found: 
C, 53*1; E* 4-25. CiflHxyMOgS requires C* 53*1;; 1* 4-2$)*
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4-Hitro—2-n—tolyl sul •phony 1 benz al d ehv d e (47) had sup. 181° 
(from acetic acid) (Found: C* 55* 1 ; H, 3*8* C^H^NO^S requires 
C* 55-1;? H* 3*6$).

4-Mitre—2—n—t olylsul ohomvlbenzyl idene Chloride (48). — A 
mixture of the sul phone—aldehyde (47) (0*2 g.) and phosphorus 
pentaehloride (0.4 g.) was heated under reflux for 5 win,* and 
the product isolated in the same way as the isomeric compound 
(58) (see p. 64). The sulphone-dichloride (48) (0*20 g.* 85$) 
had m.p. 145° (from ethanol). (FoundsC, 46*9;; H* 5*25;; M* 4*1. 

Ci4%iCI#04s re9ulres c* 46*7; n* 3*1; R* 3*9$).

Reaction of 4-Mitro—2—Tfr-tolylsulnhinylbenzaldehyde (45) 
with Hydrogen Chloride. — A solution of the aldehyde (0*5 gr.) 
in dimethyl fcrmamide (10 ml.) warn saturated with dry hydrogen 
chloride and set aside overnight. The yellow semi—solid mass 
was stirred with crushed ice* cold water was added, and the 
yellow solid filtered off* washed* and dried. Crystallisation 
from acetic acid gave the suluhide’-aldehvde (43) (0*16 g.* 34$)* 
m.p. arrfl mixed m.p. 147°. The acetic acid mother—liquor was 
evaporated, and the residue crystallised from bmxzene—light 
petroleum, giving the sulnhone-dichloride (43)*(0*14 g., 23$)*

CDm.p. and mixed nup. 144—145 .

Reaction of 4-Mi tro—2-fc—tolyl thio) benzal dehyde (45) with
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Chlorine. — Endear the conditions described for the 5—ni tro—isomer 
on p. 65, a~ mixture of sulnhome-aldehyde (47) and sulphone— 
dichloride (48) was obtained.

5-Mi tro—g-o-tolyl sul nh invl benzonhenone (49). — To a solution
T 7of 5-nitro—2—(pj-tolylthio) benzophemone (4 g.) in acetic acid

(80 mi.) at 100° was added 30 per cent, hydrogen peroxide solution 
(l6 ml. )* and the solution heated at 100° for 4 min. * cooled* and 
poured on to crushed ice. The precipitated sulphoxide (49) was 
filter®! off, washed* dried* and crystallised from ethanol con
taining a little acetic acid. It had m.p. 154° (Found: C* 65*9;
H* 4*5; H* 4-0. Ĉ oH-ĵ NÔ S requires C* 65*7; H, 4*1; N* 3*8$).
Yield 3*66 g. (88$).

Reaction of 5-Mi tro- 2-̂ c—tolyl sul phinylbenzoTahenone with 
Hydrogen Chloride. — This reaction* carried out in the usual 
way (cf. p. 62) on the sulphoxide—ketone (0*5 S-) in dimethyl— 
formaadde (10 ml.)* gave the sulphide-ketone (0*40 g.* 88$).
A little unchanged sulphoxide was recovered. The products were 
purified by chromatography on silica gel; elution with benzene 
gave the sulphide* and with methanol the sulphoxide.

Reaction of 5-Mitro-2-H>-tolvl sulnhinylhenzal dehyde (35) 
with Phosphorus Pentaehloride. - The aldehyde (0.5 g.) and 
phosphorus pentaehloride (l g.) were mixed. Heat was evolved*



asaa vigorous reaction set in;: when* after a few minutes* this 
subsided*., a clear yellow liquid remained. It was boiled for 5 min, * 
then cooled, and treated with crushed ice and water* The yellow 
oil was extracted with benzene, and the extract washed (NaHCÔ * 
®^0), dried (MgS04)> and evaporated. Crystallisation took place 
when the oil was chilled and triturated with methanol; the 
product (0*34 g.) was identified* by comparison with an authentic 
sample* as 5-nitro—22-4 o-tolyl thio) benzyl idene Qhloride (39).
The methanol was evaporated* and the residue was dissolved in a 
3 s I benzene-light petroleum mixture and chromatographed on 
aluminâ  (Grade I). A further quantity of sulphide-dichloride (39) 
(0-I0 g.) was obtained by elution with the same 3 s 1 mixture 
(total yield 79$) . Elution with benzene containing a little 
ether gave the sul phone—di chi pride (38)(0*02 g.* 3$).

5-Mi tro—2—n—tol v 1 sul nh invl benzvl idene Chloride. (5-1)» — To a 
solution of 5—nitro-2—(^—t©lylthdo)benzylid€n© chloride (39) (4 g.) 
in acetic acid (80 ml.) at 100° was added 30 per cent, hydrogen 
peroxide solution (l6 ml*)* and the resulting solution heated at 
100® for 3 rnin., then cooled and added to crushed ice. The colour
less solid was filtered off* washed with water* dried in vaeuo, 
and crystallised from light petroleum (b.p* 100—120°). The 
sulpboxlde^dichloride (5l) (2*47 g.* 59$̂ -had m.p* 163—166 -
(Found. C* 48*6; H, 3*1; M, 4*2. C-^Hj^C^NO^S requires C* 48*85;'
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E, 3*-2; Nr 4*1$). The melting point depends on the rate of heating 
of the sample; slow heating gave a value of 157-166°.

Reaction of the sulphoxide—dichloride (5l) with hydrogen e 
chloride in dimethylf©mamide gave the sulnhide-dinhTm»i de (39) 
in 96$ yield* and with chlorine in dimethylformamide* the aul•phone— 
dichloride (38) was produced in 67$ yield.

Reactions listed in Tables 1 and 2 (op. 26—27). — These 
reactions were carried out in dimethylformamide (except for No. 3 
in Table l)* according to the method described on p. 62 and p.65. 
Products were separated* if necessary, by chromatography* and 
crystallised from the appropriate solvents. The variations in 
the starting materials are set out below.

Table 1.
1. Hydrogen chloride. See p. 62.
2. Hydrogen chloride and phenol. Aldehyde (145 mg.) and phenol (47 mg.* 

I equivalent) in 2 ml. solvent.
3. Hydrogen chloride and benzene. Aldehyde (145 mg.) dissolved in 

benzene (8 ml.)
4. Hydrogen chloride and chlorine. Aldehyde (500 mg.) in 8 ml.solvent 

was saturated with a mixture of approximately equal (v/v) amounts 
of hydrogen chloride and chlorine.

5. p—Toluenesul'ohonic acid and chlorine. Aldehyde (300 mg.) and 
acid (300 mg.) in 4 ml. solvent.
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6*. Chlorine. Aldehyde (l g.) in 15 ml. solvent.
7 • Phosphorus nentachloride. See p. 90.

Table 2.

1. Chlorine. See p.65.

2. Chlorine and potassium carbonate. Aldehyde (500 mg.) in 8 el. 
solvent containing in suspension AnalaR potassium carbonate 

(l £-)
3. Chlorine and pyridine. Aldehyde (500 mg.) in dimethylformamide 

(8 ml.) and pyridine (l ml.)
4. Chlorine and n-toluenesulnhonac acid. As in Table 1, No. 5*
5. Chlorine and hydrogen chloride. As in Table 1, No. 4.
6. Hynochlorous acid. See below.
7. Hydrogen chloride. Aldehyde (500 rag.) in 4 ml.solvent.

Reaction of 5-Nitro—2-4b—t ol y 1 thio)benzaldehvde with Hvuo— 
chlorous Acid. — A solution of the sulphide—aldehyde (0*3 g.) in 
dimethylformamide (5 ml.) and water (0*5 ml.) was treated with ar 
solution of N-chlorosuccinimide (0**3 g.; ca* 2 equivalents) in 
dimethylformamide (l ml.).. A mixture of concentrated sulphuric 
acid (0.2 ml.), water (0.2 ml.), and dimethylformamide (l ml.) was 
added, and the mixture shaken until the initially form®! yellow 
precipitate re-dissolved. The solution quickly became colourless? 
after 18 hr., it was poured into ice-water. The colourless product
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was washed with sodium carbonate solution (to remove succinimide), 
and then with water* and crystallised from acetic acid* giving 
the sulnhone-aldehivde (35)* (0-26 g.* 77$)* m.p. and mixed m.p. 
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EXPERIMENTAL?

CHAPTER ^

Reaction of 5—Nitro—2-n-tolyl aulnhanvlbenzvlidene Chloride 

(33) with Piperidine. — The dichloride (58) (0*3 g.) was heated 
with piperidine (3 ml.) at 100® for 5 min. * cooled* and the semi— 
solid mass added to crushed ice. The orange-yellow product was 
filtered off and washed with water.
(a) The solid was dissolved ini concentrated hydrochloric acid 
(eolourless solution). When the solution was gently heated for a 
few minutes* 5-nitro-2-n—toly 1 sulphonylbenzaldehyde (35)* m.p* 
and mixed m.p. 140—142® * was: precipitated. The acid solution* 
when made strongly alkaline* yielded R—(5-nitro—4—uineridino—
2—p—•tolvl sulphonyl benzyl) —nineridine (60). On crystallisation 
from light petroleum containing a little benzene* it had m.p.
154® (Founds C* 65* 1» H* 6*8? N* 8*8. 0241133̂ 3043 requires 
C* 63*0; H* 6*8; N* 9-2$).
(b) A solution of the crude reaction product in benzene was 
chromatographed on silica" gel. Elution with benzene gave the 
sulphone-aldehyde (55) (85 mg. * 33$) satd with 10$ ether— 
benzene the ©range dipiperidino—compound (60) (165 mg.* 43$)•

4—Ethoxy-5-ni tro-2-n-t ol vl sul phony 1 b enzv 1 Chloride (68; 
Rslt). — (a) 5 -N i t ro—2-£-tol y 1 sul phony 1 b en zy 1 i d en e chloride
(38) (0* 36 g.) was suspended in a solution of sodium ethoxide



(from sodium, 0.023 gv) in dry ethanol (5 ml.),, and the mixture 
heated under reflux for 1 hr. (b) The dichloride (38) (0• 5 g.) 
AnaiaR sodium carbonate (0-5 g.)', ethanol (40 ml.), and water 
(lO ml.) were heated together under reflux for l£ hr. .

In each case the product crystallised out as the reaction 
proceeded, and was filtered off from the cooled solution. It was 
washed with hot water, dried in vacuo, and recrystallised from 
hertz®te—light petroleum. The chloride (68s R = Et) had m.p. 194°. 
(Found; C, 52-2; H, 4*3r 4*0. C^gH-^ClNO^S requires C, 52*0?
E, 4-4? N, 5-9$). Yields; (a) 70$, (b) 68$.

4—E thoxy-5-ni t ra—2—n-tolyl sul phonyIben zvl ethnrl ether (72; 
R= Et), m.p. 116° (from ethanol), was formed by interaction of 
the chloride (68: R Et) and 1 equivalent of sodium ethoxide in 
ethanol; a solution of the reagents was boiled for 30 min. and 
concentrated in vacuo, and the ether purified by chrcaatography 
of a benzene solution on alumina. (Found : C» 56*75? H» 5*6?

H, 35-7. Cj;gH2iH06S r®*!11*1,08 57*0; H, 5*6; N, 3*7$).

N—( 4-Ethoxy-5-nitrQ)-2-H3-tclyl sul phony 1 benzyl )-piperidine 
(70s RcEt), produced when the chloride (68: R Et) (0*1 g.) 
and piperidine (l ml.) were heated together at 100° for 5 min., 
had m.p. 136° (from ethanol). (Found; C, 60*4; E, 6*4? N, 6*7. 

g21h26h2°5s requires C, 60-3? H, 6*3; N. 6*7$).
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4-Methoxy-5-mitro-2—p-tolvlsulnhonvlbenzvl eMmria» (68;
R=Me), m.p. 160® (from acetic acid — methanol), was formed in 
58$ yield by the interaction of the dichloride (58) and I equivalent 
of sodium methoxide: in methanol under the conditions described on 
p. 75 for the 4-ethoxy-aaalogue. (Found; §, 50*7? H, 4.0; N, 4*1. 
C15I14CIRO5S requires C, 50*6; H, 4*0; N, 3*9$). The derived 
benzyl methyl ether (72: R = Me) had m.p. 104® (from methanol)
(Found: C, 54-4; H, 5*05; N, 4»0. C^gH^ROgS requires C, 54*7?
H, 4*9; R, 4*0$), and the R—benzyl piperidine (70s RrMe) had m*p. 

154° (from methanol) (Found; C» 59*2; H, 5*9? R» 7*0. CggB^NgO^S 
requires C, 59-4; H, 6-0; R, 6*9$).

The reaction of the dichloride (58) with sodium carbonate 
in aqueous methanol gave a mixture of products; this was chromato
graphed in benzene on silica gel. Elution with benzene gave the 
chloride (68; R«Me) in 17$ yield. A solid obtained by elution 
with 10$ ether-henzene was identified (mixed m.p., infra-red 
spectrum) as 4—methoxy—5—nitrtsi—2—-x>—-tolyl sul phony 1 benzy 1 n—tolyl 
sul phone (84) (see below).

Methyl 2.4-Diehl oro-5-nitrobenzoate (75). —  A solution of 
2,4-dichloro—5-nitrobenzo)ic; acid ^  (25 g.) in methanol (125 ml.) 
and concentrated sulphuric acid (l2>5 ml.) was heated under reflux 
for 5 hr., then concentrated until it became turbid. The 
methyl ester, which crystallised from the cooled solution, had 
m.p. 62® (from methanol), (literature value 62 ). Yield 25*4 g.
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Methyl 2-ChlQro-4-m.etho!xy—5-nitro)'benzo*ate (76). — A salution
of sodium methoxide (from sodium, 1*85 g.) in dry methanol (50 ml.)
was added to a warm solution of methyl 2,4-dicblero—5-nitro—
benzoate (75) (2D g.) in dry methanol (250 ml.), and the mixture
heated under reflux for 1 hr., then, concentrated to ca, 200 ml.,
and cooled. The crystalline product was collected, washed with hot
water, dried in vacuo. and reerystallised from methanol, giving
the required chloro-methoxy-ester (76) (12*4 g., 63$), m.p. 133®
(Founds C» 43*9; H, 5*4. CgHgClRO^ requires C, 44*0; H, 3*3$)*
The mother—liquors were combined and concentrated, affording a
solid of m.p. 60—78®, a- portion of which was chromatographed in
benzene on alumina (Grade l). A fraction eluted with benzene and
repeatedly crystallised from methanol gave methyl 4—chi pro— 2—
m e f h —mltrohemzoat e (77), m.p. 103^ (Founds C, 43*9; E, 2»9$)«
Goldstein and Schaaf ^  record m.p. 107* 5°. Elution with 25$
benzene—ether gave methyl 2.4—dimethoxv—5—nitrobenzoate (78),
m,p„ T49° (from methanol). (Founds C, 49• 8;: H, 4*85. Calc* for

38CioSiiNOgj C, 49*8? S, 4-6$). Goldstein and Jaqmet record 
om.p. 150 .

Methyl 4-Methoxr-5-Mtro-2-fu^-tolylthio)benzoate (79). - 
To a warm solution of methyl 2—chloro ■ 4—metboxy—5—ni trobenzoate 
(76) (12*3 g.) and thio-p^cresol (6*2: g.) in dry methanol (200 ml.) 
was added potassium carbonate (3*5 g.)» and the mixture
heated under reflux for 2* hr., and filtered hot. The pale yellow



-79-

solid iras washed with hot water* and recrystallised from acetic 
acid- The sulphide-ester (79) had nup- 213° (Founds C* 57*5;;
K* 4*5; M* 4 *-3. Cjgtt̂ lJÔ S requires C, 57.65;- ff, 4*5;; K* 4*2$). 
TTnreacted chl®ro-nteth®ry--ester (76) (3.0 g-) crystallised from 
the cooled filtrate. It was treated with the appropriate amounts 
of thio-jg-eresol and potassium carbonate* so giving more of the 
sul phi debater (79)» the total yield of which was I2V7 g- (76$)*

4-Met boxy—5-nitro--2--(o-tclyl thio) 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-), and concentrated
sulphuric acid (10 ml-) for 5 hr..* and the cooled solution poured
into water. (Found: C, 56-5; H* 3*9; N, 4*4. C^H^^NO^S requires
C* 56*4; H, 4*1 r N, 4*4$)* It was cyclodehydraicd to 3-»etho3Ey-»
7—methyl—2— trothioranthome (80) by heating with concentrated
sulphuric acid for 15 min- at 100° and pouring the resulting dark

ored solution on to crushed ice- The thioxan theme had m-p* 293 
(from dimethylformamide)* V___ I63D cm- (Found: C, 59*9;BL6Xi«'
H* 3*75; N* 4*7- C-^H^NCtyS requires C* 59*3;; H, 3*7r N*4*65$).

1
Methvl 4-Methoir-5 -ni t ro-g-n-tcly 1 sulphonylbenzoate (8l)- —  

A solution of the sulphides—ester (79) (10 g*) in acetic acid 
(300 ml..) at 100® was treated with 30 per cent- hydrogen peroxide

CPsolution (IOO ml-)* and the solution heated at 100 for 30 min-
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cooled, and added to ice-water* The sulnhome-ester (8l) so obtained 
(9.-64 88$) lead m.p. 165® (fro® acetic acid)* (Found: C, 52*85;:
K» 4*3* N, 4*-l. CjigHĵ NÔ S requires C, 52*% H, 4*Ip N, 3*8$).

4-Methoxy—5—nitre—2—n—tolvlsulphenylHenzoie Acid (82). — A 
solution of the sulphone-ester (8l) (8 g.) in acetic acid (200 ml.) 
waiter (70 ml*.), and concentrated sulphuric acid (80 ml.) was 
Heated under reflux: for 4 Hr.* cooled* and added to water. The 
precipitated acid, crystallised from aqueous acetic acid, Had m.p. 
242®. (Founds C, 51 • 2; H, 3*9*’ N, 4*2. C]_BjHĵ N0yS requires C, 51*35p 
I, 3*7; E, 4*0$). Yield 7*4 (96$).

4Mffethow-5-nitro—g-n-tolylsulphcnylbemzyl Alcohol (83)* 
Thiomyl chloride (15 ml.) was added to a suspension of 4-methoxy—
5-nitro—2-p—tolyl sulpheny lbenzoic acid (82) (l g.) in benzene 
(20 ml.), awifi the mixture Heated under reflux until tHe acid had 
dissolved and evolution of fumes had ceased (ca* I-j hr.). Evapor
ation of the solution in vacuo gave the acid chloride as a 
colourless crystalline solid* Residual thionyl chloride was 
removed Hy distillation with benzene.

A solution of the acid chloride in AnalaR dioxan (30 ml.) 
was added dropwise to a stirred suspension of sodium borohydride 
(l g.) in AnalaR dioxan (25 ml.). The reaction mixture was then 
stirred for a further 30 min. at roam temperature, heated under 
reflux for 1 hr., cooled, and poured into ice-water.
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Cry stall is at ietn of the solid product from methanol gave the alcohol

(83) (0.68 g.„ 70$)„ ®..p. 157® . (Found: C, 53*255= H* 4*5r N, 4*2. 

C15H15N06s retires C, 53-4; H, 4-5* 4-15$).
A mixture of the alcohol (0*2 g.) and phosphorus pent a— 

chloride (l g.) was heated (violent reaction!) until a clear melt 
was obtained.. This was allowed to stand for 10 min. at 100®, and 
was then coaled and added to ice—water. The solid product was 
extracted with benzene, and the extract washed, dried, and evapor
ated, giving 4-methoxv—5-nitr o—2—o-toly 1 sulnhonvl benzyl chioride 
(68: RsMe.), m.p. and mixed m.p. 156—158°. Yield 59$*

4-M e thoxy-5-ni t ro—2-p—tol.yl sul phenyl benzyl p-tolvl sulohone

(84) was formed when a solution of the chloride (68: RsMe)
(0• 18 g.) and sodium toluenesulphinate (0*15 g-) in dimethyl— 
fomamide (2«5 ml.) and water (0*5 ml.) was heated at 100° for 
2 hr* . The solution was diluted with water (l ml.), and cooled.
The bis-sulnhone (84) crystallised out. It had m.p. 166° (from 

methanol). (Found: C„ 55*3* Hr 4-3; M, 3*0. C22$21m 732 requires 
C, 55*6;- H, 4*45; 1, 2»95$)* Yield 0.21 g. (85$).

tCjpi —Dimethoxy-5-mitro-g-n-tolvlsulrhonyltoluene (7l). - 
A suspension of 5~uitro>—2—p—tolyl sul pH ©nylbenz aldehyde (35) (l 8*) 
in methanol (2 ml. ) was treated with concentrated sulphuric acid 
(0-3 ml.,) . After a few minutes, the suspension became sticky.
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and it was rubhbd with a glass rad; a crystalline solid gradually 
separated. This was washed with sodium carbonate solution 
then with water, dried, and recrystallised from methanol. The 
aeetal s® obtained (0.-70 g.) had m.p. 107®. (Founds C, 54«8;:
H„ 4*7; N, 4*4. C^gH^NOgS r®-<I®i3res C, 54*7;: H, 4-9? N, 4*0$).

Reaction of the Aeetal (?l) with Sodium Methoxide. —
A solution ®f the aeetal (0 • 35 g.) and sodium methoxide (from 
sodium, 0-023 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 
acidified. The colourless precipitate was collected and identified 
as di-n-toluenssulhhonvlhvdroxvlamine (85), m.p. 120—122®(decamp.) 
(from methanol) (Found: C, 49*25; H* 4*2. Calc, for C14H15H05S2:

ATC, 49-3; H, 4*4$). The mixed m.p. with an authentic sample 
(m.p. 120-124®: lit. m.p. 1.25® (decamp.) ) was undepressed, and 
the two samples had identical infra-red spectra.

Evaporation of the ether extract at rcram temperature gave 
a mixture of colourless crystals and a yellow gum. The former, 
washed free from gum with a little ether, were recrystallised 
from methanol, giving 5 trlmethoxy—2—n-tolyl sul phony 1—

toluene (86), m.p. 105®. (Found: C, 60.2; H, 5*9.

requires C, 60*7; H, 6.0$).
The gum was hydrolysed by boiling with 6N sulphuric acid

(3 ml.) acetic acid (2" ml.) for 1 hr., and the products
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isolated by addition to water and extraction with ether* The washed
(NaHCO^, BgO) and dried (MgSÔ ) 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-nltro-2—
o—tolvlsulphonylbenzeldehvde (35). The ether-eoluble portion was
extracted with boiling water, and a low-melting solid crystallised
from the cooled extract. Its infra-red spectrum was almost

44.45 f \identical with that of 2-meth©xy-5-nitrobenzaldehyde ' (87).
It was converted, by heating for a few minutes with a solution of 
p—toluidine in ethanol, into N—(2Mmethoxy—5-nitr©benzylideme)4 
n—toluidine (88) ^  , m.p. and mixed m.p. 163-165® (from ethanol).
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