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':,.BS TRACT 

The 1.)botoche: .,stry cf non-cro::;atic and 

ara_:.atic nitro-coiounds is revie-ged. Ionic 

and therzial reactions of orto-substituted 

nitro-coounds are also ,Tesanted. 

raniatic sulok1288 hve been -22%:Rared by 

the -thotolysis of 2,4-dinitrobenzenesulphenyl 

acetate -ith aromatic c012ounds. These reactions 

are  tyDical electror) ilic substitutions, that 

is, a ..)hoto-Friedel-Crafts reaction occurs. 

The reaction is 17;eileral and is found to 

proceeC, with aroraatic hK62ocarbons and 

heterocyclics. 7ith bases suc-h as.indole and 

skatole, he reaction occurs in the absence 

of liEht. 

The photol:rsis of 2,6 initrodihenyl 

disul)hl 	:)roceeds 	 The suic'qur- 

oxyL: en bond an esters, suc as 2henyl 

nitrobenzenesulhenate cleaves rartlT by a 

ir_iECt102, but redox reactions also 

occur. EviJence is accuulated for the foroation 

of a nitrene int RsZaate, or its )recursor, 

in the reox reactions of certain salphenic 

esters and 1111,6S. 
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Introduction  

The photochemistry of nitro compounds has 

received relatively little attention in recent 

years compared to that given to photochemical 

reactions of ketones. 	This is somewhat surprising 

since the older literature describes a number of 

intriguing photochemical reactions of nitro compounds 

and the nitro group is known to undergo an n 	>7r 

excitation analogous to that of ketones. 	In this 

section two areas of nitro group photochemistry 

will be reviewed, i) the photochemistry of non-

aromatic nitro compounds, ii) the photochemistry 

of aromatic nitro compounds. 

Because of their relevance and, in some cases 

close comparison to photochemical reactions, the 

ionic and thermal reactions of ortho-substituted 

aromatic nitro compounds will also be surveyed. 



2. 

The :photpchemistry of non7aroLastic nitro 

con-oounds 

The high reactivity of the nitro-aihanes 

and their comple:: photolytic oroducts orig-

inally complicated the ratilonalisation of 

the photochemical oaths involved. 

The photolysis of the simplest nitro-alane 

nitromethane has been thoroughly e:camined. 

•. Hirschlaff and Norrish1  photolysed nitromethane 

in the 	phase using radiation of 200 to 

300nM . They suggested the molecule fragments 

after an intramolecular rearrangement, the 

overall process being, 

1 j 

CH NO
2 
— -- CH, NC 

2 

CT-I NO - 3 
several steps 

CH
2
0 (NOH) 

 

The same mechanism has been suggested by 

Hillenbrand and. Kilpatrick2 for the thermal 

decomposition of nitroethane. '2aylor and 

Vesselowsi3 	sufgr,ested that 

pyrolysis involves the free radical mechanism 
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as follows, 

o 

CH3E02 	CH
3 

4- NO2  

The decomposition of __ethyl nitrite has also 

been studied in detail. Thompson and Purkis-

studied the has phase photolysis of methyl 

nitrite and proposed a -zrechaniso 

proton nisration and subsequent or simult-

aneous .FraG_ilentation. 

Lfter similar studies but using monochromatic 

lic;ht of T.7avelen:Na 365irip , 	and Style-5  

pro-oosed that the ipriaery process is one 

of fragraentation to radical S•DeCi6S. 

ICI-170 TO 	CH
3
0* + NO' 

Levy investi&ated the normal cl3con.])osition 

of ethyl nitrite and the effect of added nitric 

oxide. He interpreted his results on the basis 
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of a third zlechanisz:, involvin the saLLe 

pr 	y process, followed by a. 	dr oen 

abstaction step, thus, 

• -1- NO. --- 	_r. OHO 	H 

nitro=thane 7:las photolysed in 

, solid argon, z,iethyl nitrite was obtainea7  , 

further photolysis of the me•:-,hyl nitrite 

under tle sane  conditions eventually have 

fcri-2.aldehyde and nitroxyl, i C) 3  the latter 

identified by infrared spectrosco-oy. 

2 

CH3ONO 

OH ONO 
3 

CH 0 + ITN-0 
2 

 

In nitro coolands containins hydroc,-on 

ato= on a /3-c-rbon, intra=lecular 

fori-aation of olefin and nitrous 
	

id also 

appears to be an Lili:)ortant reaction pLth, 

07 NO
2  '- 

1 0n  



Some syntheses involvinG; nitro compounds 

have also been reported. 2ecently Chapinan°  

studied the photo-addition of unsaturated nitro-

compounds to olefins. Irradiation of /3-nitro 

styrene (I) in cyclohexenc solution gave, in 

good yield, the adduct (II)(two isomers 60%). 

The cyclo-addition also occurred when (I) 

was photolysed with cyclopentene, styrene, 

11l-diphenylethylene or tetramethylethylene. 

0 N 
2 

ih 

-+- 
NO
2 

I 	 II 

However, when a-phenyl-p-nitrostyrene was 

used the photoaddition did not occur. This 

was thought to be due to a steric effect 

but aan equally well be e::plained by 

participation of the )henyl zrouD. 

Irradiation of --:cethyl-p-nitrostyrene(III) 

in styrene save the rearranc;ed -aroduct(IV) 

and not a cyclic adduct. 

A vinylocous rcarranLament was encountered 

in irradiation of 6-nitro-cholesta-3, 5- 



Ac0 

NO 
2 

6. 

h) 	190I-I 
MOH CH

5 ) NO COCI-I 213.0 — 2 3 
TTI IV 

V 

-2h0H=C(0H )ONO -- 000H 
3 

rhCil -------- 0( CH ) 0 	NO. 
.11 

diene(V) in acetone under nitrogen10 The 
"Product, 3-oxirainocholest-4-en-6-one( VI) 

ryas obtained. 6-Nitrocholest-5-en-31'3-y1 
acetate(VII) gave a 1:1 raxtul'e of 61,- 

1 
and 601.-nitrocholest-4-en-3p1 acetate, (VIII, 
525) , 6-oxo-cholest-4-en-3p-':1 acetate 
(IX, ',.7a and 3-oxiTainocholest-4-en-6-one 
(X,  

/6) 

HON 
NO2 

V 	vz VII 

Ac0 

VIII 
0 
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The - )hotochelaistry of arotic c=ounds. 

Nitrobenzene Dhotcchozlistry 

The ultraviolet s-pectru:: cf nitrobenzene 

shows discrete absorPtion in the rec,ion of 

260z1v.
11 

s _."pis OCCL=LCC of t::o ccntinuun 

su,:„ests tat -)hotodecoposition cE-:n t:Le 

place. Sheleova
l2 

obtained a :Tellow tarnish on 

the wells of leis photoce:lical reaction chamber 

a, ,ter 	ni-3robenzen, but he did 

not discover 7.hat this as due to. 	avoid 

sutsequent reactions w-z)ich produce this tar, 
17  Hastiar.:. and 1Tatson ' used short irradiation 

tii-aes and used nitr 	as a carrier Gc,s 

oassin t.rou 	t_ ou.L:rtz cell. Tho 

crystalline solid obtain c:1 on tile wall of 

the reaction chalabor was coz 	f Iposed o 

nitrosobenzene 511. -.)- lietrophenol. 

NO 	v 	 C j -1, O -,- 0 
'o. 2 	0 5 

77-  NO + 0 	... -,:::-T-I0C H. NO .-, A 2. 

ey suc4ested tht notolysis taLes place 

throu3h the rupture of an N-0 bond. This 



/2 No, tCI CIIhOh  / 
---\\ ( 

- No 

Et0 

rE3:2 	0H.3C:.0 

2311:12'as tns e:Lcitatiori 	r):.2t11;J local- 

isec-:. in the nitor chromoOloze, as has also 

peen suggssted by Leightor 

L a tIle photosis o2 solutions of 

rit2o1Lene difL:erent p:I:ouets ra]:e 

the natu5::: of whicb aepend on th., 

solvent mp1oys. PO2 examps, f_radiLtion 

of nitrobenzen in ethanol - a.epoi'ted 

to give quinin:3, anilin .nc. other 

iiC C0ADOUJaf,8. 	Alt::,eugh no a16.olv L WES 

c.tecte(: 	this photolysis it is 

possible that aniline' and acetaldehyde 

are beinil, formed which subsequently condense. 

proo_ucts are formed vi:ien the nitro-

tolueass are -,3hotolysec, in etnanol. The 

zicta-isoLier cave the hizhest yeJd. of methyl-

c2uiaa1dine. 3ubsecuently it has been reorted 

cuinel,Jine is not a.eo,auced durin,s te 

7)notolysis but only by conensation durin 

the subseuent acidic :.or::-up.
16 



ue mechanism 

0- 

+ CI-13  77 0:0 
0 1:i 

'Z`3 

9 

OiaLiicin and Si_lbe-0 isoleted 	ne-:! 

2oduct froil the phctolys 	cf nitrobenzene 

in Jacohol. This was -D-,7.inophc...,ol, i2cst- 

ulate to arise froi.2. 	rearrancHelit 

of )A6,-, 	dr 	 1t ,elf obtE,ined by 

the reftactioii of nitrobenzene.17 

 

r 
/6) 

NO„ 

 

 

 

  

ecent17 Sten-ca... :7-0 1-43 	S 077e d 

plicto-induced coaltensetion of either 

1 3-fj.nitro- or 1,5,5-tr'initrobeazone(LI;  

to give., , fro 	et12.aJo.7. t7.7. 

The trinitrobenzene 	:,et tei yields. 

Trinitobenzoils 	al S 0 photo 2.62,i Cr;. y 

reduced Iii etr 	:17cfma..1 



10 

es yet, unlmown it is likely to -proceed. via 

interacJiatc for.rilation of the nitroso 

caz,pound since nitroso conpounds theliselves 

are capable of photoreduction to azox,benzencs 

Durin the photolys 
	

the solvent acts 	the 

arent, ethanol, for excle, beinEi 

oxidised to acctalde le. 2ossibly the inter- 

Lediate nitroso conpound diLlorises(e. 	to 

XIII)2°, befor furt:lor rerJ.uction occurs. 

Interaction of the primry )hotoproducts occurs 

when nitrobenzene is irrafiated in the -?resence 

of be=1dehydc21. The initially famed 

nitrosobenzene and benzoic acid eventually 

for'fa benzanilide, ci- and i-,Ionobenzoyl-E-

-Lihenylhy roxyline, dibenzoyl-p7aminophenol, 

h-benzoyl-o-aminophenol, azo:ybcnzenc, and 

o-hydroxyazobenzene. 

Vecchiotti and Ficcinini22-24 carried out 

several investiretions on the o::idisinr,: 

1.)ro -parties of nitrobenzene in sunliL7;ht 

upon arailatic Eclino colapoiinds. In each case 

the ori=y process was a rodox reaction, 

1photocheical in nature, the initial products 



-NHOH 

CH3  

XV 

CH3  

-0 
N = 

XIV 

ON 

CH3  

+HONH 

CH3  

-0 	
CH3 

N= N 

11. 

being nitrosobenzenes and the corresponding aryl- 

hydroxylamine. 	These products then underwent 

further reaction and condensation. Thus, nitro-

benzene and m-methylaniline gave m-methylazoxy 

benzene (XIV) and 2-hydroxy-3'-methyl azobenzene (XV). 

In this case neither any 2.-aminophenol nor the 

azoxy compound (XVI) could be detected. 

Vecchiotti and Piccinini25  could not offer any 

satisfactory explanation for the lack of 

E-aminophenol. 	However, in an investigation on 
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Photoce::iic,:a reactions of or :rho-substitutes  

nitrotenzenes  

o-JAtrobenzal(Jey(Th 
20 	. 

Ciamician 	Silber 	d:,_scovered that when 

crystalline 2-nitrobenzale: - was exl2ose 

to 	its pale 	llow colour chan 	t77.‘rourh 

	

reen. to Alie. The ,;roduct 	ienticl to 

o-nitrocobenzoic 	This irlt -rao.olecu 

J,isproportiontion reaction also occurred in 

ther acetone, or ',2.fanzcne solabions. This 

-g.i.ouct itself is -1.g7t sensitive anC, slowly 

gives rise to azoxybonzenc-2,2'-dcrboxylic 

tid .7:V71) 29 , 

 

1 PO / 

0 
01H 

002  0 

11 

 

00!.-1 L .  

 

XVII 

De mechanism of this reaction has been 

aiscusse(J by 'oc Myo30  . iLie first ste) is the 

abstrLction of 	droen,fro;:_ 

by the photo-activte nitro group, to ivc 

a socies w7aich 	represented as (X VIII) 

Electron rei-'listribution then -)_cE:as to the 

kc,tbno ;XT2L, frolyt which o-nitrosobenzoic 



acid is obtained, as Indicated in (ILL:. 

0 	 0 
<,":--

1 	
1! 

.AA° 	,.., ,.....NOH 	4--,'-,,,5,N-OH: 
1/ 	

• 	..........._>. 	I II 
 

--,.. 	 '--- )--Co 	-- 	--.-- o ---.... 	.- 	t...,=  

XVIII 	XIX 	- 

	

0 	 '‘ 	
--1 

I 	(-- N., v ,,. 

11 .. 

	

-----

T",,,,,t-a.,.  
-•"--- i I 	k. 

,,-•" 	
! • *, 	)-.002  . 	I 	s/

I  . ."-- - 	 'l, I. 	''' 0 „, -.nc 
When ethanol was used as solvent the course 

of the reaction was slir_,htl: dif:erent, 

SOYAC ethyl o-nitrosobenzo,,te as well as the 

acid -produced above were fori:e. l'he ester 

was not for:]e,f by i=aCiation of o-nitroso- 

benzoic acid and ethanol. On prolon2cd e.71Dosure 

to lirlht t e init:aly for .ed crystals dis- 

e,);ec.rec, the firs product underr4oinT. 

ftirt;ler ohotociccl oxidon-roduction re?ction. 

	

The new -product as diet: 	sz=ybenzoic acid 
ci together with sozie free ,:zo::ubenzo:_c acid. 

The solvent was not c.,JDrecicbly oxadiseC. in 

t: is reaction. A lethanolic solution gave a 

si:]ilar result but vi- en Isoprofanol w,s used 

it belac-ve as e reducin 

6ilber assu_aed that 	heiiiacetal was 
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first  forzLed which then rear ' an_ed and dehyd-

rateC to ,slve the ester. Bamberer and 
0 

to isolLrte scvas of the 

costal from the reaction :::ixture. The 

seuence is probably Js follo75, 

   

CO --V 
(- 	NO 

41 -C°;Lt  ro „7-CO,Et 

Zurthe=ore these photochc.:._ica. reactions 7i7cre 

found to proceed only in blue 	but not.  

in the red reion of 	vlsib)e - ectru:::31. 

o-yi 'obe7viiCtene arylalaines 

S'171ol-tly after 	dlscover7 of t7.1e Dhoto- 

chetical reaction of o-nitrobenzaleh:7de, 

aryl It.ne derivatives were also found to 

-mot sensitive. Many such derivatives are  

phototropic, that is che.ngc colour on 

iation but therma: 	change back to the 

st,F:rtin matefia)32. 



.1\1 ph 	 c 

I 	I 	• 	------- m%°  16--  

_COvh , 

ZO 

m 

6 

Sacks 	 Lez.pf notice t:lat crystals of 

2,A-clin:trobenzylienen1line (XX1, PL i C; 2 
rapiday turnea red on 6=OSU20 to sun l at l 33. 

o-Nitrosobenzanilic]le was forme6, 	 Hi  

from o-nitosobenzanilide 	2= IH) 34- 
iv 0 

CONTI-Th 

XII 	 XXI I 
A similar reaction occurred, for 2-nitro- 

4-c:aorobenzyli_eneaniline (I00_, H = Cl)in 

toluene so1-ution35 . fries c reactions cc a be 

readily 0::plaine(1  by co_ixrison to o-nitro- 

benz,71f nyde. 	 czo-)enzene-o-carboxyl- 

ic acif, 	 also foiet'36  

A
2 

 .4.2. 	NO 
0 

i 	

AZ 11 	r 	' 1 

2
I-1 
MI I 

7-1TPh 
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The situation with 2, 4.-dinitrobelazylden -4 _ 

aniline is _lore complicated. After four 

wee'..:s irradiation equal quantities of 

2,e--dinitrobenzaldchyde and o-azoborizene- 

p-nitr obenzanilide • ( ..ILL -I,11— NC)2; were- fors  od37. 

The: :precipitate- secaratinL, froz.1 this reection 
_ 3L. was not identifiec.. 

I i _ 
A) 	r ---... -CONI'LPh 	•••C°1-\ii.:P'1.--. CHO 

.. 	+ U 
R. 	--<:--- 	"--. ----'..---3.,'0 	.2 - „,... ----iti i \E'.11 R"-..,,-;'-'•-2\TO2 NO2 	-7" ' - 

I ,R-1cG2  

In. the laresence of added aniline, o-nitro- 

benzylidene aniline 	R ---,-14) Yielded 

o-azob,enzenebenzanilide (XxV) on exposure 

to sunlie;lit. 

 

4i; C 
, an 1 a. TO 

C 0 Din/ 

LJ = \iPh 
XXI ,.11. -= 

 

  

YJCV 
On the basis of the siz.i7er .ohoto- 

cheLlical behavior of o-nitrobenzaldo 	and 

its condensation product with aniline, Sachs 



and Hilport formiate the ce=alisation that 

all aromatic colIpounds havia;: 	nitro 

in the ortho-- position to 	carbon-

nydroc;en bond are 11,7!ht sensitive.38 

o-Nitrobenzylidene acotals 

roue 

    

Tanc.scscu and anasescu39 confired that 

the ethylene hotel of o-nitrobenzadchyde 

satisfied the rule of Sachs and 

7. -i_pert. As anticipated, exwsure of (=I; 

to sunlisht :a-,ve a 	solid w:lich fored 

a srsen 	 the :)resence 

of a nitroso ',:coup in the product. 

Hydrolysis cleaved. t,c- product to .slycol and 

o-nitrosobenzoic acid 

 

1NO 
002H 

  

  

HO] 

  

XXVI 
Simlarly Tanasescu °  showed that the action 

of sunlit ht on di-o-nitrobenzyli.denepenta-

erythriloi (XXVII) for ten (,,ays produced a 

coloration and 	drop in t 	moltin[„; aoint. 

Chaning:, the reaction sovent had little effect 

on the course of the photolysis. In benzene 

solution 46 	ohotolys7s 1:Jas 	ticularly 



If 

HO 

( 

intsconv=tib farms of tho -!product 

0 0 

I 

OOH 

2 
ria 

19 

,cocto uitin fiften 12.su, 	ILL, 

zianuts. it was found that ia .n.e reaction 

-Drodilcil only one of tTie two iiitro c,,rotips 

1,aeJ. -0eacte, to for_:. (=Jill). AJAaline 

saponification of (=III' _;Five o-nit2oso- 

bsilzoic acic1 and 	 coul ,f. be 

convertG into (: = b furt]aea: i=ailation. 

. 41 
e:74.st , both ivc the sane bcnzoyl derivative 

and both h7dro1yse to p-nitrobenzylideno- 

pentaerythritol. The 	e::planation 

of -Vie :2- istence oft-.3 two fors is on the 

basis of two tauto;:lcric for=s. 



i 
I 	i 
I`0,.1 ,,,,- IX. ‘_, 	2 
MI 

41) 

ID,Yr 	 P1.1. 
Il 9 

20 

The open-chain structure is supposed to 

be the zore stable onc.4  It shoulC, be noted 

that only one nitro (Tro,ap reacts in 

photolysis. The photoche:lical product 

(=VIII) Corns only a ::.ono-azo derivative witi 

aniline, 

..,naloGous reactions have been observed  

with nany o-nitrobenzylidenc acetals of 
W,A

' 
 4.2 

polyhydric alcohols 	- and also 

carooaydrates 66  
. 

c _ 	and tolanes 

idnay o-nitrostilbenas can be photo- 

eneJically transfo=c7, into derivatives of 
L5 

isatosen. Pfeiffer -  obtained red cystals 

of 6-nitro-2-phenylisatoen 	froon a 

pyridine solution of 2,6-dinit2o-lt-chloro-,  

stilbene 	7::hich had bean irradiated for 

one Joy. 



21 

for=la of the product corres -oonds 

to 2,4-dinitrotclane (=XIII). This tolanc, 

however unroes photo-ison.crisation 
/:,5 A6 

bo the same isatosen. ' 	Other tolanes 

; analogous jro ucts f 7  ana were thoursht 

to be interT!:iedites in the reaction of 

the stilbons. Pfeiff -0 e -  obtained. 

2- -ohenylisatoen froril en irradiated solution 

of o-nitrostilbene (. 1chloride, as well as frev:,, 

zionochlorostilbene and tolane. 

CHCI-CHC1Ph r-- 
2 

„,-.5-,-;; ,̀,,C01=CHPL /A )  
0 

L 

  

  

A basic solvent ap-Jeers to be required 

since no reaction was observed when benzene 
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acetic aci_ or ethanol was used. The 

p-nitro croup 	be replaced by other .;roups 

to aive a ran7:e of isator:ens.' -:  Pfeiffer 

assuz.ed tIlat it was essential for the 
48 ethylene bridsc to be substituted , since 

it Tied been shown that 2,4-dinitrostilbene 

7„ave only a saall a=unt of a dier when 
<1,9 irradiated. T-lowever Stoer 	obtained a 

yield of an isatosen fro. 2-nitro-4--cyano-

stilbene. 

Liter on it was shown that basic Groups 

in the d'-position sreatly inc-;'ease the rate 

of the reaction.50  The behaviour of 2,4,6-tri-

nitro-41 -diethylarainostilbene (XXXIV) 

irraiatod in benzene which satlsfies this 

reQuireiaent, has been studied in detail.51 

The followin products are obtained, 

   

0 

  

  

    

    

AC 2, 

0 	
0 - 

2 	At
t
. 

0 

   

NO2  

0 

   

      

     

      

      

      

I) -3 2 
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f 
0 

L02  

N 	• 
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In. all cases the stilbeno had co_:2:::letely 

a-.D:cared before Lluch isatoen had formed. 

isatoLen forzation then continued in darlmess 

elthough the rate was increased by furthmr 

irradiation. A coloound which J:j.€;ht be 

expected to -Jaye a di-isatoen, the tetra-

chloride of 1,3-di tyryl-,6-dnitrobenzene, 

(5ave only the Llono-isatoen. 

CC1 
..., 

C)2N 	U0, • 77' 0 

Isatoenc 1-.1e.y also be ',prepared by the 

photolysis of 2_Dyrid'•niu ethanols in acetic 

acid solution. 	rapid transfor:TLation is 

illustrated by 	-h:7drox7-o-nitro-a- 

p'.:leny1)- -jyneneth 
	

tyr'o;lide.53  

;i 	:•• 

..-- 

  

  

_-_c014 	'N' 

  

  

    

    



o- Nitr otoluene 

22-, 6-trinitrotoluene (T.i-„ i  - 

brown, and its nelting 	drops when it 

is exposed to sunlihtfor lon,s periods.
5z1 

Schultz and G.-.nuly55 proved that only the 

nitro 1;roups ort7:lo to the raethyl r;rou..) 

were responsible for the reaction. 2,6-Di.nitro-

toluene save an analoous reaction, but rauch 

Lore readily than for T.N.T. whilst 2/2,-di-

nitrotoluene was less photosensitive than T.N.T. 

and -o-nitrotoluene was stable to light. 

They isolated 	the solid 7)roduct a red 

dye which t 
	

separated into two fractions 

by crystallisation fro:1 acetone. Both iso=s 

s 	co-flposition as 	and the 

reactiozi c:,ave the se _e -,proucts in the -presence 

of oxygen, hydrosen, nitroEen ,or in a 

vacuul,... Both isa-,Lers ( 'Dr_V 1  ;11d. (XKITNI) 

the sane diacetate, 4-nitro-2,6-dinitroso-3- 

acetoxybenzylacetate. The reaction can 

be discussed in tern_ s of t:1 -; “3neral photo- 

, the 	affect of ortho-nitro coupounds, 
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CH, 

2 

JON 
cH2oH 

xxxv 

	

	 .LA 0 
NO?  

OH2OH 
NO2 

NC2 

It has boon observed that the rea cti on 

occurred in solution In alcohols and in acetone 

but har(:.ly at all in benzene, amyl acetate, 

ether or chlorofarla.
56 

Recently Chaplaan reported that irradiation 

of 2,3-dithyl-l-nitro-nahthalene (XXXVII) 

in acetone or ethanol gives 2,3-dinethyl- 

1,4-na-)hthoquinone 	a-faonst a 

variety of other products 

Davi 

t) 0  
IS 	 

 

NO2 
hi) 

   

     

other compounds 

    

4-- 

 

     

Cri7  
fJ 

 

      

=X VII 
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o-ntrophenyldihydropyridines 

The effect of ultraviolet light on a series 

of 4-(nitropheny1)-1,4-dihydropyridines was 

earefgily studied by Berson and Brown57 . The 

compounds of the 3 1  and. 4? series 7020 stable 

to irradiation by a mercury la D. However, 

in the 2 1 -nitro-phenyl series (XXXIX the 

dark-stable compounds underwent rapid 

chanes even when they were exposed to 

diffuse lboratory light. The relation between 

th,:; 'photosensitivity and the orientation 

of the nitro croup im'Dlied that the reaction 

wcs intramolecular. Ultraviolet spectroscopy 

indicated that the - hotochemical product was 

(XL). 

o-hitrobenzyl alcohol 

Crystalline o-nitrotenzyl alcohol rapidly 

becomes brown on e-xaosure to light38. The 

almost instantaneous formation of a green 
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colour in an irradiated benzene solution 

indicated the for-ation of a nitroso 

colapound. Secondar7 reaction occurred on prO-

loned 	with forration of a dal 

:00c4.0 tate, soluble in ronia and s..ao-vin to 

be azcbenzoic aced. Then the alcohol was 

irradiated in acetic acid containing two 

,Joles of phenylhydrazine, nitroLen as was 

rapidly evolved. This confirued the priory 

for:Lation of a nitroso col:1pound which was then 

condensing with the phenylhydrazine before 

loss of nitrogen; phenylhydrazine irradiated 

alone in acetic acid does not liberate nitroc,ea. 

Closer study of the precipitate foracrly obt-

ained showed that it was not entirely azo-

benzoic acid, but also contained polyo_eric 

Eariber6ser
58 

 , usias other as solvent for 

this reaction, 	to isolate froz. the 

-2reci:)itate both o-nitrobeazldehyde and traces 

of aritmrani3. To account for these products 

he pro -posed that the inital photoproduct 

uuderwcnt further oxidation-reduction reactions 
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suc..;estins that o-azoxybenzaldehyde and indaz-

olylbenzoic acid were interiaediates. 

l-(2-ntrojphenyl-3-keto-butan-l-ol (XL1) 

Photolysis of this copound, prepared by 

the condensation of acetone with o-nitro-

benzalehyde underr::oes rapid rearrangement 

upon photolysis in benzene solution39 . The 

photoproduct is of interest because it is 

probab1:7 an intermediate in one synthesis of 

indiFo. When this product is exposed to 

a=orila indio is for:aed far _:lore rapidly than 

treatrrient of the starting nitro-

co .pound (XLI). The photoproduct is clai=C1 

to be 2-nitrosobenzcylacetone (XIII )  

which is then condenser7, to the co .wound 

(XLIII, this on hydrolysis gives rise 

to indiso. 

Q 
CIICH2COC11 /  

74V  

2 
7/,I  

OH 
C CH,)0001k)  
\c, 

ti 

  OH 
1 

  

c0c7.3 

NO 

  

  

tcocH3___4„._ 

XLIII 

indio 

XLII 
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-( N2,4-Dinitroi'ohenylaino 
;7,0 Dlackburn observed that solutions of 

N-2,4-dinitrophenyl=ino acids in chloroform--

produced new coi:Ipounds after e:,:posure to light. 

60 
Alzabori 	showed that :Tiany such derivatives 

of amino acids undergo .2.hotodecoosition 

with smiler _etas, su,_,ustin, that a 

co=on reaction apparently occurs. He also 

notice_ that the 2,4-,J.tntrohenyl derivative 

of an 6-ayJino 	v:as not narticularly 

_photosensitive, suLestin7_; that thee reaction 

:aay be specific for Y-aino 

Pollrz Inc von .Lorff 61 further showed 

that t7?in 	”ers fo solid 2,4-dinitrophenyl- 

afl0 J.cids 	 or 	decrboTA:ylation when 

=posed to tri7use 	. 	rate of the 

reaction was observe to increase wit increasi 

lid-;ht inteJsit. 	product: ;:ere 

carbw:y1 	 vv+ere used, labelle 

carbon . ioxi de was isolated. In f.,: 	,ibsonoo 

of 1 
	

1 no reaction occurred. Russell 

showed that a different reaction occurs 



NO 

NO, 

± CO_ e., 

1\111- 
NO2  Xv 

when solutions of the dinitropenyiaLino- 

CH3CAO2H 	 01:12CH7 

rz0 

acids were irradiate ,!4. A-Nitro-2-nitrosoaniline 

7Jas forEed al lost c.uantitatively . to ether 

e frorn the side chain, 

—0 CC -C12C-4 	2 CO 71 - 2 	 - 

2  ,h0  NO 
1 	4 OCECY CT - -2 -2 

NO f. CO 
2 	 NO2 	 2  

The dinitrophen:71 derivatives of all azfliile- 

acids excezA tryDtophan are ra .,-)idly 

6eco=;osed by liht, 7Ihcreas ia,, and E- 

ai:dno acids 	derivatives which are 

=oh =re stable to light. Asparaine, 

cystine, cysteic acid 	7roliae ,-7.erivatives 

are also rapidly decomposed, but for these 

cases the products have not been identified. 

o7-Arsenic  02 sulphur containic  nitro colnpounds 

The exposure to sunlight of o-nitro-

Pllenylarsenoxide (XLIV) e.;ave rapid intra- 

ivzi2 
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oxidation-reuctLon reactions witi-1. 

fortion of 	yello-brc:In crystalline colex, 

o-nitsosop::leny123alc acid (XLV) 0 
• 

Asa 

 

AsH203 

I 

XLV 

 

  

  

  

   

Kaluza and 2crold67 obtaiJad 

nitrobenzene sulpholiic ecid (XLIX; by sun-

liGt )_llumintion of 2,4-Cinit-2obenzene 

sul 	cloride (XLIV In acetic acid 

solution for 70 hours, The i.nternediate 

2-acetoxy ino derivatv (XLVII) was 

isola 	and shol:m to :Ayarol::se to 

o.c.?tic acid alit. tlie 2- vdTorzyaaa.ao 

irradition of (X.-VIII) Eave (XLVII). 

(XLIX). 

Sc'

r% r r T
2 	 

J 	Acaa.  

XLVI 	SO 
(=- 

XLIX NO, 

I 	. 
	If 

NO 
SOAc XLViii 

0 



The over&11 reaction - involves intrazIolecular 

transfer of 	atom f2o2.:. 	nitro urouo 

in t'2.e ortho .)osit on. .J 1: 	 (XLIX) wc.s 

obtained by potolysis of a solution of .  

2,4,-dinitrobenzenesulphenyl acetate (L
63 

In addition hi: yields of the correspondins 

carboylic acid was obtained. This reaction 

illustrates the photocenical renoval of a 

protecting :_-,:roup. 

Miscellaneous reactions 

Ficrioacid j,!.1 a solution of rH 13 

rpidly becozaes brown on exposure to 
. Tne products of the reaction are . 

reported to be picr=ic acid (LI, 

isopurpuri..; acid (LII), nitrous acid, 

aaLonia, 	 ydrof;en cyanide, alt7:iou6h 

products ..ave not been confi:med. 

PH 	OH 

2 	 , 
I 	 + fraL.;i....ents 

•••••i) 	LTC 

LI 	LIZ 

ChaEcan sus.-estof, tat irradiation of 

nitroanthracene :aye 10,j0'-bianthrone (LIII) 

and anthroouinone via anthraclainone rion- 
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Ionic reactions of ortho substituted 

0 
LIII 
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nitro coT.,...„)ound, - 

Catalysed reactions 
70  Muth. et al ' 71  - noticed that the biphenyl- 

ester (LIV) underwent cyclodehydration wren 

brie- l: heater:, with sodiuE. hydroxide in 

:.ethanol. When the ally 1 side chain ,:as 

replaced by H, Oh,  Br, 1-2., or CO, 
IJ 

corrliparbile reaction was bloc1-_ed and could not 

occur. hen the aZino side chain YES 

Used, 	in 2 1 -aLlino-2-nitrobienyl (LVI 4 , 

c7c1isation did occur with base to yield 



LV 

0 0 _ 

LVII 

the benzocinaolinc (LVII), 

3z- 

L. 	 CO-Tle 2 

NO2 

LIV 
Such reactions were soon extended to 

ortho-aitro aceto henone c id its erivatives  / 
wherein the -1-r‘ethylene activity is enhanced. 

The :,)roducts, however,are cncra117: 

coziplex and in the exaz es reported in the 

er c. turs the exipecte,, Iproucts, the istoens 

arc Vic:selves sensitive to 

treat.Lent wi , base. o-Nitroenacyl 

(LVIII; 	:,hen heated 	a - ueous 

sthanolic ',Dotass: 	. (1270Xii.6, y elds 

ant7.1renil-3-carboxi- c 	(LXI) , end. a 

tional cours.e of t;. reaction reaction is the 

fm.Ldation and no:11 	of 

1-hydroxylsctfm (LX). When o-n,trobenzoy yr 

acetone is treated sizilarly isatin is fo=ed, 

-.Possibly by • roxide attack on the - ydrated 

form. (L II of 2-acetylisatoea,72 
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LVIII LIX 

N9  
LXI 

LX 

C/Z 
Y 

.LE 

L.-ar 	L-70  

... - 4., „ i --N" - • . ,.../ C/ Q. n- • .-_,
(•.' 

LJNO2 h° ,2 	
L',,,,,, 1 .-42--  --c 

.....--- 	.1.,i 
LXIII 	LXIV 0 

Cor,Ipourids of type (LXIII) are converted 

by cold aqueous soiuz,. bicarbonate into 

isatosen de-r'ivatives.73  

In a classical synt;:lesis, T-Jaeyer and Drewsen 

-,..-J.rpared indio (LXVI) froLl the aldol (LXV) 

02 it's fo=ative Dli-ztul7e of o-'.i.trobenzehyde 

and acetone ,:xita a:Tueous sod= 7droxide ri',=: 

	

:..0 	 m6") --, 	o 

	

r--- ,r 	C;I: CaLle  
i
•----7--. 

I F 
li 

0 	(OH 	C;H 
LXV  0 

g_ 	--... 
/ ---. 1  -."-::, 

..TeC01 \ 	1 
./'-. 

	

,...-- 	/ 	-- 
	- i  

// 
-4/ 

	

..,... 	---• ,..N , ,/ 
.de 

C: COR 

2 



0 	0 

- -14 

I OX + 
---,---------i'' 	NC_Hr j 

i 	
Th ----,,p:, 

':-YJ0, ., 

4  
N05 15 

(I.  0 

0 

0 
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LXVI 

-Zriihni.:e et al have shown that aldols of 

type (LXVII) underLo retroaldol scission when 

treated with strong base.' °  Hoever, treatment 

with sodi= carbonate tends to give isatosens 

(0.6. LXIX) , )resuably via the derived 

styrylpyrldinium salts (=all). 

LXIX 

Duri n a study of the 71olff-Kishner 

raction Seibert76 noted the for=tion of 

antlIranil (LXX) as well as tile e=oected o-nitro- 

toluene, by the action of dilute ar:ali on 

the hydrazone of o-altrobenzaidehyde. A 

sinilar course of reaction, initiated by 
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CH -2 r:77 

44,7, 

t-  /0 
2 

.116 

• 

LYuY 

r 	o 
14 

OH 

Si 	T 

1%.10 

-41w- 
1 

extraction of an (X-proton can explain the 

conversion of 31 4-diriethoxy-2-nitrophenyl-

acetic acid by alkali into the corresponding 
'77 

anthrani1-3-carboxylic acid(LX1I). 

CO H 2 H 	OH „/„. Co 
,2" 

Me0' 1  
' 

/0  CO 2 n /0 

Oi 0He 

LXXI 
Cor.pounds such as (LXXII,, Drepared by 

helosenatinc, arylhydrazones of o-nitrobenzald-

ehydes, readily eltninate Tlydroien halide 

yielding Droducts78, 	Lre regarded by 
79 

Gibson 	as anthranil-l-oxides (LXXIII). 

LXXII 

Froton rez-:loval 

inore likely to  

fronl o-nitrophenylacetone is 

occur at the doubly activated 

  

NNCvz 
D_L 2  

 

 

 

 

  

LXI II 
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methylene 12;1'011D than at the terminal rfiethyl, 

and a condition as sholm (L=V, R= CH3) 

may help to explain 	there is no record 

of cyclisation to a cuinoline derivative. 

Yet a closely similar compound (L:a.V) 

undergoes cyclodehydration. 	and Islander 

expected (L< VII) instead of (L=VI) .80 

co2'6 0 _ 
I 	I 	

" 	u00 .a 
I NO2 

LXXIV LXXV 

o-hitrophenylacetamide 

under ;o cyclodehydration, 

OH 

.o 
LXXVI 

lihe'iise does not 

but here the 

nucleophilic potentialities of the amino 

group should be releases. in the anion 

(L=IV, R = 1E-12) and indeed the more activated 

o7nitrophenylcyanoacetailide (L=VIII) is 

cyclised to 	cinuoline (LXXIX) by 

-vrarm aqueous sodia.:1 ayd-oox';.de. 81 

NO
N  CN 	

2 	
O  

0 0 IALL 	0 	,.,,,.--):.,,, cH, 
2 	

,. 

NO_ 
L=IX 	-0 

LXXVIII 
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In the follov,ring nitro co r. 	under 

consideration each of the CL- and 13 -carbon 

ator.is of the side chain carries a hird.rogen 

atoia which is acidic, but although t:',e degree 

of acidity at the res-Dective centres varies 

widely, the coripounds are rer,arkably 

consistent in their ability to yield 

derivatives of 1-hydro::yindole (L)XX) 

cots 'pi- L• 
Oc.017._ 

ile (L=7,1 ; is readily 

cyclised by sodiurl urbonate to the 

(LM.-11; 85  and shares this 

behaviour with a. nu fiber of its derivatives86. 

As previously z:entioned (pa7,e 15), o-nitro-

benzylideneanilines (rLI, R -;:=) are thezilsc.,,lves 

isomerised to o•-nitrosobenzanilides (2=1,R = :1) 

by light, but not by purely chenical ineans. 

On the other hand raore 	,hay activated analogues 

R 	NO2 ) are isoiaer ised by 

sodiun carbonate in ethanol, and although 



IS 	i  

Lrxxvii? 

A0 

the products have been "7:3..ven heterocyclic 

structures such as (L=II, R NO2 ) 87  

t:ierc is an Llplie(7 close relationship to 

o-nitrosobenzcanilid.es 	maa: , 	NO ), 
2 

Lill:0 0 	in-C11E2.in. tautozzorisLa. 

C N 

,,---:,------> I 
!N,.-<-  8r a  .,-._ ,/ -- -----R \ )-=_-• 

.1:J 	 • .,'" 

LECZI 	LEI I 	 6H 	6- .. 

=II 
The prototype of the o-nitroaniline derivative 

reaction '. .as c',',.iscovereff: by Nietzki and 

Br aulas chwe , who s owed3d  that tr eat-zient 

Oi o-n1tro',Dien7lhydrazine, (I=XTV) with 

acucous 	gave the salt of 1- -;vdro:zy-

benzotriazole (LMV). 

1\E.L-12 

NO 2
i.  

LXXYJV 

rE„ CO 

•02 PL-T 2 

  

LMV 

  

     

0 	 OH 

- 



(ILaT2MI)(Pt-:1 

is forv,ed rapids :T and alzost cu.antitatively 

when o-nitrophenyl,Iunidine (1)=XVI (R.' X) is 
wa:, ed with dilute 2.11,:.114 Cyc1isatitn of 

the an?loous tuoc, derivative, (L:=1:fl to 

L:uoryin , 	s S 462 11,7. ika i • These 
•• 	, reactions were discovered by .4,.rnc,_ a 	e.ncc•. 

were later e::tended to irielude cjolisation 

of the :luanidine derivative (1.,:aaVi t•til 1Ph), 

the.  urea (1.:=V10,!ita S instead, of DR) 

and various aryl substitute (suanidines 
O 

(as L=1:VI, 	;_•.) 	. Re.;uoval of the 

:proton .=y as:,ist cyclisation as in the 

nitr ephenyla star:A de (LraVIII) The 

folloin::. two reactions72'`Ta w 	illustrate cztension 

Of the Nietzki and .Arlidt cyclisations 

to cases where the side chain ::.;rovides 

the nacleop::Iii_e in the for. of a carbanion. 

CO-;:;.1 

LN,„ NO2 
•-) 

 

C01:11 
C.;:13  

6.7-1 
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H=7 1!"----- 	--"\ 	OH- 
ICO 	 .. 

,_____.. ,i,
VC  , 	...... 9 

I
......- 

- 	-C3 \ ' 	--'1/4 1:T -! COP.o. 	'-- ----,'''. \ 1, 
-6 	 ._ , C  

AlthouT. 	'°2  to .:lave isolated 

ant -:iranil a , its precursor, o-nitroso-

benzyl a1 cohol, fra:__ the reaction with o-

nitrotolusne 7:iave been c,u_estioned(23, 

experiaents usiLL `'O-labelle ,f. copounds 
9z- 

indicate 	that on 	one of the two acid 

o::ysen atorls in ant: ranilic acid colilos 

fror?. the reaction ediuz:. It is essu=d 

t: at the second 	en atoL', is internally 

transferrec: frail 	nlAr o 3rou. 

CH2  

6- 

I 	0 

0 

 

 

  

	=3. 



1\.14611ouL71 fairly stable, o-aitroben7y1 
ry 

alcohol is converted by alkali 	into 

products whichinclude 1.thi'aail, o-aTlino- 

benzaldehvde, ants nilic 	azo- 

cozipound,s 	= 	CO 2 	and, (7,1.C, 	, 

CO 	and te (7r=TVG, 	,La6azo7es of 

tToe 

o-itroDhenyle thane thiol 

reacts viorously 	s6rong base forEanr,: 

thioautbranil (XCI1I) tone they witll the 
c)6,  

disulDhide XCIV). 

Z.3 

  

0 CO, 

I 	I 
Y -2 

XC 

 

 

CI 

  

I 	I 
No2  

XCII 

 

XCIII 2 

It "z is. been aentIone previously that 

o-nitrobenzaY lj 	is conve-2ted ..plioto- 

che:lically into o-nitrosobenzoc 	C'qemical 

reo.ction by the joint action of ar-E!aonia, 
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c7aa29c,  and h'droxi.J:e on the aidedyde in 

acueovs etanol is also Ve2T effective. 97 

Sinons
'.=„2 -

neatod o-nitrotiophenol (XCV, 

sodiuFt a:Eloxide in EI2.:71  alccol. 

resultinG pink product indicated that the 

reaction had. sto22e& at the azo stage, 

that is, as sodian azobemene-2,2T-di-

sulr)hinate (XCVI, 

-7.\ SR 

NO2  

XCV 	 XCVI 
	SO2R 

o 	ob',;ained 

acid by heatn, 4, --Initrodiphenyl-

isu-1)12 de (:),TCVII) with alkali and bcnzyl 

chloride. 

0 pv 

 

 

  

  

0 

Lnder basic conditions the nothyl tr_.ioether 

= C77f. 	a iiiixtur e of reduction 
3 

products, 	in wilick no o:,:idation of the 



Sad 0, 
S 

0 

2.2,._  

=via 

2 

in ziethanol the followins products forF, 

4 .33 

ND 2 

2hCH(0::L.)002-z 
PhCO2CH3(5 

2 

SH 

1i0,,, i NO2 
---j-LS-S --,-- 

1 	j 
----- 	-,..,,, 

ilS.7,: 

4:5 

sullDhar 3toLl was reported. This result is 

very sus -pect. 

In alkaline edia 2-aitrohenylthio-

2cetic acia is relatively stable, w:iereas 

the o-nitropl,_enacylsulphide 

substantial :71:Lount of 2-benzoyl- 
, 100 benzothiazole (=IX). 	Thus with base 



•N.-- SO-2 

SiElh 

NO2  
------ "-L-V1  ' 

I\ 
TO OH 

- 0 

C 

Tha isac:lerisation oftTobenzene- 

sulDhenanillcie 	to 	azobenzenesuDJ 

inic aci_d (CI) is an exale of a b7.1anced 

o;:idation-2efs.uction 	Vie followin 

postulate mechanasn, 

Cl 

Acic: catalysed sactions. 

The action of OOIO Oil o-nitrobenzyl- _ 

co]::)ounf.s ofteli .„yroduces 	Dro(f.ucts 

to those forzlea by base treatnent, e::ce'ot 

tAat ant"Aranil ,jerivatives are often -products 



A0,0 

-002 

CII 

and not Just intermedates in the reactions. 

Antranil itself is pro,:uced by treating 0- 

nitrobenzyliene 	 wl , 

e antranil (LXX) is an interraediate 

the conversion of o-Litroenylacetle cid 

into the anhydride of 1.1-acet 

aciC1.(CII). ►-03  

LD: 

Anthranils are also inter e'diates of theral 

or acid catalysed reactions which lead to 

acridones (CIII). The altlini= chloride 

catal7ses cyclisc,tion of o-nitrodi-

phenethane to a -J2roduct, vflic:i is 
10A 

as acridone-10-oxide (CI ), 
1 05 whereas ter.Llai'cuclistion- 	affords 

acr done, possib - -u 3-vpen 

plausible coursz for t:.lo reaction 

OCC'L:Lra 'oeteen o-nitrobenzalcachyde 



' 

0 

CIV 

0 
! 

i\10 
0 

CV 

A B 

0 

11 

CIII 

and benzene in the 1-:resence of concentrated 
106 sull,Dhuric acid 	is ;given 	In this 

0110 

 

NO_ 

it 	be noted that the ster) fro_:, 2-

nitrosobenzophenone to 3-Dhenylanthranil 

requires a reducin adent 	Llay Well be 

raethanol, since in the reaction o-nitro- 

benzo,,Dhenone is also isolated. 

The 3-aryl anthrnils (CV) arc 

converted into acridones (CIII) by traces 
10? of nitrous c-acid. 
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Lnthranils are all-Jost exclusively the 

heterocyclic products Then o-nitro- 

benzaidelvde condenses 	the ],.ore 

reactivc types of aroi.la'6ic raaT;ent. Thus 

aniline the reaction effected by zinc 

chloride is r 	d 

	

reported 
	
to give 

mixture of the triaryinethane (CVI, 
2 

and the -arylanthranil (CVII) yri 

CATI 

Hydro ;en chloride reacts with o-nitro-

benzaldehyde an ethyl acetoacetete to 

forrl the 8-chloro-1 

(CVIII).
109 

Cl 

r 'CO 
,) 

ITC1 

Isatcv,ens, which can be'pre-cared by either 

photolytic or base catalysed reactions, nay 



50 

also for by the reaction of concentrated 

SLIT Jhuric acid on the acetylenes (CIX, 
110 

= CC
2
Et) and (CX) . 

 

 

C 

 

 

nc; derivatives of o-nitroaniline, a 

tye of interaction is represented 

by the followinE reactions which arc effected 

by zinc chloride in hot acetic anhydride.111 

CH,.,;  
,5',.--\

1 
 H( CU-) 2 	

-,,, __. L' 

- 	--.'-) 	----   , 	h c7.,,,  
.) 

	

C p l.  --„,,, H00 	 .,,, 	-. 

	

L../ 	 Ac 	Et 
PEA1.N 

0

2 

 .C.̀,! 	 NO

2 

 

..--- 	 , i 	0, 1 2 1. 	• 
00,1,..,...---'-- i__..- C \I 

Ac 

 

An intrinin exaraplo of an orth 

interaction is also arovided try the 

hydroLenation of o-nitrobenzonitrile over 



XL.  Vi 
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a platin= or -.:„.11adit,1:1 cata] 
	

in methanol. 

The product is o-aminobenzide, which, 

hOWC722, c,7Innot :rise by reThction vith 

incidental hydrolysis since therc is no 

incorporation of 'JO in enriched mater, 
112 

The o-2:yr n of tic amde function must 

thrcfore cow from th ortho nitro 

r'POU-D. 

- 2 

The hydrolysis of 2,4-dinitrobenzerie-

sul-.7)hcnyl chloride (XLVI) in acetic acid 
3 

yiels a variety of ':,roducts- 	i - ncludinG 

2,4-dinitrobenzene sulnonic acid (CXI1I), 

2-=ino-z—nitsobenzone sulonic acid  

(XLIX) and (CXIV), 

1L2SCI 	(ArSOH)  S0,71 
i 

0,;- 1, NH 
XLIX 

0 
S- \ J.\ 
Cal V 

i 	ny 1 



give azobenzne sulphenyl fluoride 

nil 

SO F 

0 71,  
2j- 	---"" 

J2 

Coroound (1 ,IX) is the Eajor product and 

can be isolated in 	yielc'l frau the 

racth71 sulphenate (XLVI, R.,:CH, not Cl). 

o-hitrobenzene sul-)henyl chloride (CXV) 

dives a viorous reaction witil hydrogen 

fluoride to 
114 

(CXVI). 

SC 3_ 

CXV 	 CXVI 

So= theT2Imal reactions of orthe substituted 

nitro conDoun(Th 

fel:: reactions have b een 	cibcd 

which occur on heatinc, ortho substituted 

aromatic nitro co_lpeun6,s. Thus o-nitro-

diphenylaraine yields - enazinc (CXVII) and 

-benzyl-o-nitroaniliae yields 2- . nyl- 

benziElinazole (CXVIIIt on 72eatin to .--Teater 

than 220
0115 
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J. 1. 

I ---- 
14 

Fc0 

CXVII 

I 

Sin ilarly, N-cyclohe:v1 o-nitro-

anillne (CflX) on hcatinc, to 220°  Gives 

the benzininazolc (CXX). 	 an 

can:e in the coin se of the 

rcactior, occurs whc_i (CXIX) is 1.1c,.tce. with 

fearou.s o=1-tc and 1 	shot. :.:11c.n tb3 h.c.::a- 

hydro)h.cnazin:, (C2X1) Is fc2=et. 

11 
isT 

CXI X 

A 

C)O 

II 	I 
- ,-.)- 1,TO 2 ' 

0= I 



0 
r \ 

CIr C 7ria 

JIttempted cyclistion of the compounds 

( CX-Ja , X S , SO, or 0) fa ilod.115 t rith 

fcrzous oxide tho sulp 	(CM1, 

,ave the 2,2'-bis(phenTrmrcaoto;-azobenzono 

Carbaxole was ,. -e- parc fo.L1 2-nitrobi,)hcny1 

on heatin with ferrous o=latc. 2-Amino-

biphenyl 7:7as isolate as a side 7)roc:Aict, thos 

latter cor,Ipound can also Eive carbazoic 

on heatiA,7: with ferrous 	late. 11? 

Finally, thor:iolysis o2 o- 	.i' nitopbcnvl 

azidc (C=IV) aye as p)roC,uct benzefuroxans 
113 

O=r) 	interELaiate for=t ion of nitronc 

(CL-a-1) bein!::,1 one of several 1.)atways. 119 
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DISCTISSIOICT 

Compounds nentioned in this section have 

been 206.esinated with Roman nuerals which 

22c r3f322ed to in the e::poriz,entall soction. 
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Introduction. 

Ruch modern chemistry involves the 

synthesis of sensitive and labile naturally 

occurring corDounds. In order to achieve such 

syni1OSes it is essential to have available 

selective reagents which can raask functional 

grouiDs but which can readily be removed 

under extremely Gild conditions IJithout 

endancring the existence of the substrate. 

Recently some experiments on the use of 

rhotoscnsitivc protecting groups have 

been studied. 

The readily prepared2 2,4-dinitro-Dhenyl-

thio-derivatives of cerboxylIc acids (I) on 

irradiation under nitro en in benzenc 

solution in a pyrex flask ad using a high 

 mercury arc lamp, readily 2G encrote 

the corres-pondini: carboxylic acid in high 

yields. 

, For GXELTD Cz)3  , the acetoxy(1;2 CH3), 

hexanoyloxy(I;R-C) :ad g22 z1- 

acctoxy(I;i PhCH2) derivatives gave 

correspondind acids in C30, g8, and 88 per 
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cant yields rasp ctivoD , uith no docarboxyl- 

aton (titration with base for carbon 

dim=idc cvolution). 

K02 -NO2 

I
r' 11 

SOgl 

11 

NO0 

r 
hO, 

IV 

V 

Durinc7; photoisis a :Drccipitatc aD)carcd 

ch contain d 2- aino—l-nitrobonzanosulphonic 

acid(II)(qq. 20%) and 2,2',/1,4,'-tctranitro-

di7ihonyl disulphidc(III)(ca. 1, and also 

2,4-dinitrodiohcnyl sulphidc(IV;R ,-11,(70-30; ) 

Both (II) and (I 1) cr c also forEc by 

photolysis of 	,1-dinitro-Dhcaylsulphonyl 

chloridc(V;-.R ,=C1) . Coli:pound (II) is fornod 

by intramlccular partici-Dation of tha 

orto-nitro roue. The for=tion Df 	2,-

dinitrodi2hcnyl sul')hidc (IV) was at first 
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surDrisins. Its 2orat2Lon can bo rationalised 

by assulAnc that in t,-1 initial 2hotocha3ical 

DrOCCSS 11:,terolytic fison of (I) OCC= 

with fornatien of 2,4-dinitrobenzone sulp-nenyi 

cations and acylatc anions; for cxan Le for 

tho acetate del'ivativc: 

i  ----\
bCOR 

, 
0  I/ \\_ 1\17/ \)socoR  reji 2 •\ 	, 	C)2i'J\ 	/ 	-`• 

\ -- / `,..=_/ 
110 2 	ED 

2 

The abscence of carbon dioxide during 

Lthotolysis of the 2,4-dinitrobenzenesulphenyl 

acetate and phenylacetate rsters orecludes 

the )rosence of any homol:;tic clavac:;e. (If 

this were so the carbowy radicals formed 

would radily fzecarboxylate with liberation 

of carbon diox .0 .) 

Further evidence for the above conclusion 

was ob ainod by the Photolysis of (I;3 013) 

in benzene contoinin: 1/1400 of anisolc. Tho 

major Dhotoproduct 
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nitrodipheivi sulhide(IVOCH)(74:1, 

no 2,r2,-dinitrodipAcny1 sa1a.. 7,as isolated. 

This result aL'rrecs with 	„uaown 1c-dative 

ease of eloctrophilic attack on anisole 

colapare to benzei].e, found to be at least 

In this thesis soine photo-Friedel-Crafts 

reactions of the 2,4,-dinitrobenzenesuiohenyl 

cation are described followed by a section 

on the :Thotolysis of derivatives of 2,4-di-

nitrobenzene sulp72enate ot:ler than those of 

earb=ylic acids. The latter section is 

divided 	tllose, which a DC 32 

to be 2(;02: reactions and tT,, chose 	Lch are 

hoziol7tic in nature 



Photo-F2 Crafts 	ctipqs.  . 

69 

it gas con.1.12 u( that tho photolysis 

of 1-. 7 
	suiThc. ,i a cet:tt 	;:.:1= 	rz in bcnzonc 

22oces2C@ by ai ciectroj&i1ic aroila.tio 

substitution reE.ction., t2,:; sco -  of this 

acw 71.oto-action vias cxo1o2cd. 

r ..alativc rates of reaction 

of substituted benzzics toTiards halo- caation 

nave 	bc.un reaDortL,J,(so(: 	r2able) 

Ortho-par_a directints 	directing 

	

Oat 	/2o as 
X- 	Relative eats 	X 	Ro1.ativ 	rate 

2( 	)25x1013 	 T_I- _ 1. 	1 

OH 	121011 	 COPh 	2210-3  
q 007_, 	1-2:10 	CO C,H, 	2x10-3  

J 	 2 	;-) 

K 	H, HCOC 	22:10 -i 
 

CO H 	8x10-4  
2 

riT: 	
3X 1C 2 	 OK 	2310-°  3 

14...=NPI-1 	21.6 	 NO
2 	

2x10-6  

1,2 

1.0 

01,-13.2,I 	0.1 

X of C,H X. 0 5 
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Interest was or iciirially focuss d 	the 

ease of substitution on substituted bCazG25s. 

Irradiations of t":10 	acetate 	CH ) 

in the pr:7:sc;nce of anisolo, benzene, and . 

chorobenzene 7:fora carried out. 

float anisola irradiation Gave tic 

expectcd product(EV;R,  0C11 „ 	lod 

by its infrared behc.vaur and ]-..ii:Ked Qcitint 

point withauthentic .zatorial, in 98 par 

cent yield. -Ifith benzene tha parent cozioound 

(I2;3, was obtainec_ in 73 acr cent 

yield whilst neat chlorobenzene ;save the 

compound rIV;-.R = C1 7  in -L4-.5 par cant yicl d. 

Those results dornonstratod that the ease 

of photorcaction was consistent with the 

!mown case of reaction of substituted 

bcnzoncs, 

Furthermore , competitive reactions were 

also carried out with solutions of 

anisolc in horizon° and chlorobenzene 

solution of 4-7  WI C sulpharly1 acetate (I:lits CH3) 

and, 1.5 equivalents of onisola dissolved in 

owccss benzene or chlorobenzeno was used. 
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In the case of the benzene solution 70 per 

cent of the enisole ac7.duct 	s obtained, 

and an alieost identical yield e:as obtained 

for the chlorobenzenc solution (66 	r cent). 

Thus, as exected for an eloctrophilic 

reaction, anisolo is substituted at a far 

csreater rate than benzene or chlorobenzene. 

The effective clectro-Qhilic reaEent in 

those substitutions laust be the sul-oheniva 

ion, which c-:in be resonance stabilised by 

participation of the nitro sroup. In the 

absence of a suitable substrate wllich can 

readily react with the sulphepium ion 

complete ox,T7:,en transfer' eventually occurs 

to yield t7Ae amino-sulphonic acid (II) (see 

also p.02 ). 

COR 

0 

132  hl) 	
I 

	
. 

BO 
411., 	• 

\!. substrste 

sulphide 

0 
S f
\ 

y=0 
_.,-----. 
L 
1.! 

,152  

0-transfer 

airdno sulphonic 
acid 
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To se whether the substrate may be attacked 

in the orthq--.Dosition by the bulky suliphenium 

cation its reaction with 1,4-dimethoxy- 

benzene was investigated. 'jith benzene as 

solvent, the sulphonyl acetate(I;-:R=CH ) 3 
and dimethoxybenzehe gave 2 /1--dinitro- 

phenyl-2,5-dimethoxyphenyl sulphido(VI) in 

55 per cent yield. The n.u.r. socctruu of 

(VI) showed that the two illethoxy Groucs, 

at 16.18 and 6.23, wore intact; the aroiaatic 

region contained six protons. No reaction 

of the substrate and the acetate occurred 

under similar conditions in the dark. 

re t, the acetate was subjected to 

photolysis in the presence of dimethylaniline. 

A dark reaction on this system indicated that 

a slow reaction did occur; after several 

hours at reflux the corresponding sulphide 

could be isolated. However -.)hotolysis increased 

the rate of reaction substanti:2,11y, all 

the acetate being consumed within fifteen 
minutes. Isolation of the products from the 

'.)hotolysis reaction gave the sulphide (IV; 
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R=N-(OH3 ) 2) in 27 Per cent yield, 

this was identical to material prepared from 

the sulphenyl chloride (V;R=--. 01), dimethyl-

aniline and anhydrous alurilinium chloridc.7  

CH30 

\:\ 
OnIN 	S 

NO2  

VI 

During the photolysis of dinethylaniline 

with the acette the colour of the reaction 

mixture turned a deep blue. Careful work-up 

(see experimental section) led to the isol-

atiom of a blue-purple coloured compound. 

Thin layer chromatora:)hic exanination 

revealed that this was essentially a single 

compound, only traces of other coloured 

impuritics being present. As yet no 

structure has been assigned to this 

material, eventually isolated in yields 

of less than 1 per cent. It is readily red-

uced to a leuco compound which has an infra-

red absorption at 3450 cm . riAlS 1CUCO- 
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compound is readily air oxidiscd back to 

the blue compound.8  Oa furthcr photolysis 

tho b u.c corIooand is decom)osc.d. 

infrared sp,:ctru:a of th.s dyc indicates that 

it is a nitro sul;D:ionc and that a dincthyl 

aniline group is -present. he compound 

aI)) ars to contain free radical socci s 
10 
 

since no n.m.r. spectrum could bo obscry d 

and an electron spin resonance soectrun 

gave a strong absorotion11, but which had 

no hyperfine structure indicatinc; a non-

localised unpaired. cicctron. Attempted 

reductive acctylation ,..;avo a mi xture12. 

The ultraviolet spectrum showed a stron 

absorption with Liax at 595m., wlaich 

disapoearcd on reduction. This lohaviour 

is comparable to that of riethylene blu. 

No further work on the structu;oe of this 

compound has best attemotcd, althou 	att-

empts to pr:;',:fc it by tho photolysis 

of the dimothlanilinc adduct (IAT;-,-.N(CH3) ) 
2 

or dimethylanilinc on its own did not 

produce it althou3h an attempted reduction 
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of (IV;P, 77  N( CH3Y with zinc dust in 

glacial acetic acid an2,cared to give small 

amounts of the same blue co=)ound. 

Then N,N-dimethyl-b-toluidine ras 

photolysed with the sal-phenyl acetate no 

comprable blue dyes wore forraed and only 

the expected sulphidc(VII) was obtained, 

in 23 per cent yield. The latter substance 

was again 7)repared by reaction of the toluidine 

and the sulr)henyl chloridc(V;2=C1) in the 

presence of anhydrous alumini= chloride, 

and again this reaction afforded a hi6h 

yield of the sulphide (VII(945). 

Reactions with aromatic  h7drocarbons and 

heterocycles. 

Electrophilic substitution reactions with 

homolo,74-ues of benzene, such as naphthalene, 

occur nbre readily than with benzene. The 

isomeric -possibilities also increases with 

the increase. of ring numbers. It was of int- 

erest to determine the .i. ositions of attack 

in the photo-Friedel-Crafts reactions. 



1 
a 	1 
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Nal)hthalcne 
Rcsonancc cncry, 
61 kcal/mole. 

10 

8  
711 

Anthracenc 
Resonance onergy, 
84- kcal/moic. ,  

0 

Thenanthrenc 
Rcsonance encry, 
92 iccal/molc. 

Thus in naphthalnnc thcrc arc two positions 

for attac1: noryL!al cicctrophilic attack bcina 

prcfc=cd in the K.-position. 202 anthraccnc 

throe positions of attack arc, p2cs:- nt, thG 

casist bcirs t is 9-,position. Finally, for 

phenanthronc fivo diffcront sites arc 

availablc, the. 	bcing thc 

usual position for clectrophilic attack. 

In no cvont, thc irradiation of thc 

acetate with naphthalene in chlorobenzcnc 
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as solvcnt Savc a ii )cI2 cent yiald of a yclloir 

solid. In its n.n.r. s;,ct-run this :::ate2icl 

h-d a bane for mac «z 	t10 rc ion 'ihich was 

comol=, but it had one iroton lick occurr,„d 

ate 5,35, Th]s b,haviour Ss t'aacal of 

the cx2cot,,C, a-substitutcbd naohthal_nc, '3- 

substituted nabtlAalcncs 	showing 

no absorptions above 1 3.1. licacc tLo photo-

orcduct has boon assiLncd structurc (VIII). 

Mon plic.nanth,' nc was us,d c3-(2,4-dinitro)oL.n- 

n:Lsul-c,hcnyi ph,:,nantlionc(122:) -rornod in 

86 par cent yicld, this finbci'ial being idc,,t- 

ical to that fornod from a no 	Fridc1-02ofr,s 

rcaction bctvitccn T.)hcnanthronc and the slap- 

cnyl chlorido.7  

Similarly, Dhctolysis 	the acctato with 

onthraccnc 	su1 hibc with. struct=c 

(3) in 74 )C coat yicld. 
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S 
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As Curt 02 substIntition of the .;enerality 

O2 the photo-Friedel-Crafts r action 

exai-zales of attack on heterocyclic com)aounds 

were studied. In thioahone preferential 

electro,)hilic attacl: occurs at tn. 

aosition and the ratc of rcaction is 

eirlanceti coif c2 to ti=t of benzene. 

VIlth tie sulphenyl chlorie.c (V;1-,,=Ca) and 

tl-lioahene zinc chloride catalyscd the 

formation of 11c c=oectel ex-substitutecl 

sulP1-,ide (XI).
13 

Photolysis of the sulphenyl 

::.cetate 2±th thiolphone also pave (XI). 

Similarly, ahotolysis of tIle acetate with 

furan have the correspondinE C.,-furan dcrivativc. 

(XII). inc oricntation of ne latter 

sulphide gas dcduced fron its n.m.r. 

spectrum. This showed the tyDical -aattcrn 
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for tho thrcc dinitrobonzAlc protons and 

also thruc jrotons cluo to th furan ring at 

2.22,3.00 and o.36, Sinco the frcquoncics 

of tho a-protons in t' an rins arc 

invariably bclowT2.814  th, product must be 

the ck-sulphido. Dark reactions for all those 

,xamplos showod no rcaction. 

  

02N- 	S 	
s 

NO2 
XI 

0211(/ 	S 

NO 
XII 

,:ntion i7as than dircctod to-crards the 

rcaction of the sul:ynonyi acotato with indolo 

in bcnzcnc solution. How.cvaT the initial dark 

rcactioL snowed a fast for.Lation of uric 

corrospondin 3-(2,z1-dinitro)bonzcnosulphcnyl 

indolo(XIII), this bcin isolatcd in better 

than 80 par cant yicid.Thc adduct could also 

be easily forilid by tho dark reaction of tho 

sulDhonyl chloride and indolc. In ordor to 
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SCN 

H 
xiv 
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confirm the structure of this coy:: ound 

an authentic synthesis' was performed I5  

3-Thiocyancindole(IIV) was .,:xrc faroC. from 

)otassiu,m t1-.to- 

cyanate and bromin in 17lethanol solution. 

Hydrolysis of th,:, ti-Liocyanato V 	flu];:inc-, 

with aqueous sodiun hyrJzo:Kide 5olution [:.ave 

After Tcduction 

with lithium alLrainiu hydrid.o addition of 

base and 2,4-dinitrochlorobonzene ave tho 

saLL sulphi c(:=1.) idontical to the abov,  

condensation product in its -,?aysical 7ooperties. 

XI II 



Inter-c'tiw;ly, reduction of the sui:Dhide 

(laii) with lithium aluDinium hydride in 

THF 1vo, as the, major product, the d-isulphide 

(XV). 

7nen satolc as asoc'.. instead of indolc, 

a similar reaction occurred to give V2,4-

dinitrobenzenesulphenyl skatole (XVI). 

in n.m.r. spectroscopy was used to determine 

Vac position of substitution. In shatolc the 

methyl frequency Occurs as a (loubct, being 

cou.olcd to the hydrogen atom in -)osition 2. 

However in the sulT)hide (XVI) the iacthyl Group 

occurred as a sialet, indicatilid that 

substitution had occurred at position 2. 

CH3 	 

XVI 

Irradiations with 2-nitrobenzonesulphoul 

acetate(XVII) 

By shaking L. suspension of 2-nitrobenzene 

sulphenyl chloridc(XIX) and anhydrous sodium 



+ 
S 	OCOCH3 

2 

acctato ir 	vi na chlorid'a thc corrospondins 

acctatc(XVII; form•:,d. It -::;:t6 of intLrost to 

coilparc to i%activit- of this co:apound with 

th.osa of 	f„initro Co wound. Irradiation 

of (KvII) in b,:nzcnc did not :ivc normal attac 

on tha solv:,;nt but instoad tho 	J 

7.2oduct 	24 -hisnitro 	nyl disul)hidc.16 

Irradiation 7:iith dimothylanilina in b - nzone 

`;avc a very small amount of the corrcspondin 

substitution product 	= CH3  ) (6) . 

using tho razor.: activatcd anisolc as solvent 

avc, by photolysis, filo anisola adduct 

(XX;R......00H,)(27(A. 

Thcso rcsults indicatc tl)at 2-nitrobenzene 

sulphanyl acatatc (XVII) fo= the correspcn- 

inE sulphonyl cation (XVIII) far loss rc dily 

than the dinitro co=ound. This difference 

riust lic in tha aaso it l ,jaich thc dinitro 

compound absorbs an-r -:vc tho 

soocics which then frar7mants. 

SOCOCH3 

2 
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SC1 

NO 

ax 

t iv.. st. bi1os• 	of 

2r s b 	in VA 

duo it33.r :to 

int ornod 	su1:  

cto.ciovitod stotc. it is 

ion C.-_-o to tho 	3tiV 

r 
	 '11-1UP. cation CELCC, 

it Os forzacd 	 saibility is 

or2. o . 

°2 1. \ 

NO2 

> Ci  S -SR > 

00N 	 SR 

It hss bean :,:cpartcd 

it y 	 0 ion (and other 

auciccr'r' 	 05 i1i.cL1:7 	SO:: lOS 

of d s 	 ov:n bc:Loyi , 	 R is tic 

less cc 	7:7 D._ t.1.1.6.:? raw i 	 oa7tho 

nit2 	771 rcup.17  In this co. so tio 

obs:-.32 -vocT, orc7.1.._.r of TactivitL.s is duo to tho 
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irradidtion of s7lr;ar71 esters . 

Tho irradiation of 2, 	trobenzencsulrih- 

cnyl b e °ate( 	. 	in b:nzonc »se also 

carr icd out, ihis &sir was made by shaking 

the sulrfac nyi chi or ide(V;Cl ) (71 	sliver 

benzoate in metlly71 ene chlcnidz in tic dark. 

bonzonc solution of a a) phenyl acetatc ( I; 

R = CH
3
) when. tr catcd with an cuuivalent of 

benzoic acid also Savo the benzoate ( I •R =1)11 ) 

in vcry huh yl.ld. Photolysis of th.-..6 astor 

in b 	one' Gaye the salihido (I7;2H) in 

ield( laY)) r ;lative to tho acetate. These 

must 2 eflect the diffor ,-,nccs in stabilities 

and hence the IGEvi&y power of the acetate, 

and bcnzoatc ions, 

Homo1,7t is Scicalcn of 2 z- 2\\22r  )12 .cal 

su])hidc der ƒvet  ves 

induced hcsolysis r- r the sul 

Bond in dial' +l and diaryl dl sul -ohidcs 

is wall know to 	thiyl radicals .16-21 

Thotolysis can De ro-or es cntcd thus,  

13.0 	RS' 
	Q • 
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Haloson or nitro substituoots on the aro-

matic nucleus Droflotes dissociation of 

unsym=trical diary' %is l liens in ultra- 

2 
violet liEht.2  Thus it was -pertinent to 

z7 	2c the nature or the 	otolysis of P 

dinitropheny 	nyl disulphide (X]a), 

tecole 	in the hope of dete=ini - 	thor 

tic photo-reaction occurred by e hoinn- 

lytic or hctorol1tic cloavac of the sul har- 

suan',1ur bond. 

Trradiation of (=I) in benzene  for 150 

minutes 	-;]-17 chromatoE;raDhy, 

deohehyldisul§bids, in 021 oer cent yield, 

toEcther with the bisdinitrophoayl disulphide 

(III). e 	benzene adduct (I7;2=-11) was not 

observed, oven by thin ioycr chroraatorany. 

This resalt indicat - d thet honolytic fission 

to Givo the symyaetrical qisa1phide22occurrod, 

end that no, 02 VLry little, sulphenium ion 

gas for=d. « further reaction was carricd 

out to try te,  decid anothr the direction 

of the photolysis is affected by solvent. 

In Llixtures of benzene and inis -c only 
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'.7ere 	7ith nat anisole 

uas still t7„, =jor 72cduct 

(70rj-  but a sn:.11 anount of tho anisolo aae.1,uct 

(1v also for.acd. This lattor conDoland 

could 	dotcctJ.', only by thin 

chroLatorahy. It is reported in the litcratur 

that polar solvonts induco hotorolytic cicavagc 

of disul-ol1ides.23  Thus dithiosalicylic acid 

(XXII) in benzene in the presence of a little 

sulphuric acid c;ivcs ortho crboxy 

diphonyl sul-phidc(HXIV) and thiosalicylic 

acid via thc conjugate acid(HXIII). 

* 

00211  00911 
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Possibly thc, fornation of a sn 11 amount 

t 	dTh .2Cajofho anisolo act(IV;-0 	is partly 

due tc polarisation induced b7 	polarity 04' 

the solvent, A minor product of thc  phc,tolysis 

of the disulphide (=a) u:2.s the,27aminosul)..a-

onic acid (II). 

Since the diaryl disulphide was liurao-

lys d u7)on. irradiation it was considered 

lioly that sulphenyl este-1s of )hoilCls, which 

contain a sulphur-oxy n bond, should also 

liomolyse upon irradiation. In order to 

detect any homolytic cleavae it would be 

expected that use could be made of radical 

trap-!Dins aLents. Thus the irraiation of 

diphenyldisulphid'e with phenyl 

nit-robenzene sulphonatc (=T;P:;m11) was 

carrion out in ardor to SCO if any of the 

thiophenol derivative is produced. In 

practice irradiation of a mi:7turc of the 

two c=pouns n benzene did sive sons 

of the disulphide (=) (1CA. 

it 7 this provisional evidence for 

homolyticcleavae of the sulphur-oxyEen 

bond more convincini evidence was sought. 
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NO, ,., 

Since phonoxy T3iicz±s shouii be formed upon 

homolysis, products of radical couplins of 

these-  BDCCiGS ShoOld ho formcd. It is 

known that radical cou)linG is not 

dependant on pH-it has boon obsuvod in 

acidic, an.,ailino and neutral media-and 

hence should also be 2ossiblo in non- 

auec..us media. 

Ii=diation of the ihonyl est0r(1.17.) 

for 30 minutes in bonzeno Java a dork 

Itetc and c 2:_;4 solution. Thu -procipitate 

behaved similarly in its physical ro-Dertics 

to that of the disul-phide (III). The rod 

filtrate was evaPorated to dryness to Eive 

a sticky solid wIlich had o '.)henolic snell. 

Tho infrarod spectrum on this fraction 

showed a stron, bread absorption at 3350 cm-1 1 
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typical of 	r.nd it also shgvied 

L. vcry 	•=ic 0711oriJL test. 

Zttc7-cts to 	pnrte 	frotien into its 

constituents filc because Of its coT:11211Tity. 

Since 1D-crsyl rndc71 	known to coaplL 

rLadily to C116, 	_ZUCtS, 

PU=2 	li tone (1i V1) 	product of 

o-7) cou7)1L-  - the cor2es)onding cresyl aster, 

(iaV;2=--CH3) was also precared and photolysed. 

rl 

XXVI 

After irradiation for 20 winutes the 

reaction was seTaratec7.. into the insolables 

and Citrate. The reci,)itate ap.)eared to 

contain both disulpj a and aiiinosulphonic 

acid (II and III). The dark filtrate was 

evaporate down, dissolved in chloroform 

and its iiaf=eC, sDectram run 	in a 
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strong absorption occ=ed at 330 cm , 

but also a 	band at 1660 on-1. The 

former must be due to the h,jdroxyl 

absorption of phenol F,roups whilst the latter 

was due to an Cy-unsaturated carbonyl 

function sch as in Puamerer's l',:etone. By 

thin layer chromatoraiDhy a small amount of 

1-aterial of identical f  to authentic 

:?umiaerer 's ketone was shown to be -Or eSent 

owever, since the amount of ketone formed 

was small it was not posse to isolate 

pure 7naterial for a Ojrect comparison. 

As a final atteL132t to deonsti,!ate 

conclusively that nenolic coupling could 

occur an attempt was made with the 

vanillyl derivative (=VII) since 

radicals 	couple read 	to give as the 

major product, dehydi'ovanillin (=VIII). 

Preparation of this derivative proved difficult 

(see experimental section). After ;photolysis 

of (=VII) for it hour the reaction i::ture 

was filtered. The precipitate 	treated witil 

an acidifieJ methanolic solution of 
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yll,ydrazine =d then exained 

by thin layer chroJiato - .1. 	in evidence 

for th 7resence Of de,lydrovanllin was 

found, althou:lh 	only a swAll amount 

cf thie dieter was 'present. 

Thus evidence that phenolc di:lars are 

Produced from all the shove three derivatives 

has been obtained, but in no case conclusively. 

The low yields of dimers reflects the number 

of side reactions occurring during the 

reaction including the large amount of 

duenchin o2 the -.Dhanoxy radicals to the 

phenols. In alternative oxidative cou-Dling 

reactions an excess of oxidant is used so that 

any cuenched radical is eventually oxidised 

in the required a:iirler. In the wescat 

instance such use of excess oxidant is 

precluded and hence this reaction is of 

little use in the 7ire-)aration of j:,henoxy 

radicals and radical cour)linis. 
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Redox reactions 

As ]Tientioned in the :26-View section of 

this thesis, ortho-nitro groups are Ca able 

of o:zidising the or_tho-substituent, itself 

being reduced. Irradiation of the sulphenyl 

acetate(I;2=CH ) or chlorid,c(V;2=C1) 
3 

always 1,11,7es some of •16 -1(3 ortho-amino- 

sulphonic acid(II) as one of the products. 

The 	oxygen atons of the. nitro 1.'0U -D transfer 

to the sulphur atom. The resulting speci 

must gain a hydrogen ,ator,1 and a molecule of 

water to ive the observed anino-suInonic 
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acid. 

The aminosul-ohonic acid ts insoluble in 

non-olar solvcnts and is rcadily isolated 

bp filtrtion fro th.c reaction lic.dor. It 

ias at first considercC, that azinosulDhinic 

acid raisht be 	product 	aotolysis. 

Haucvcr, a scar; plo of tho -)22cci-oitato 	ovid 

in its idaSS SCtrnin a 1-.) 	at H/c 218, but 

no pcah at 202 eras obscrvcd. 

In ordcr to exaraino Lie consoquences of 

thc redox roaction on oxaLiination 71as =de 

of the c= feats of prolonLcd. -ohotolsis 
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on the init (T. . photo oduct s , the dinitro-

pb cnyl suit -ohides . The rlost cony nient 

sul)hiCos to examine v:er c tliose that had boon 

-previously jrcparc,C. 

:Mot olys is of  aniline  der I vatj vcs • 

Irradiation of :of- ( 2,4-d initr o benzene- 

s ulphe 	( LL. 	 , 

R = CH 
3
= 	in benzene solution gave a -  

slo:i )hot or c.act ion in which an oran"o  

photo-product formed. This showod absorptions 

in the infraredspectrum at 3500 and 3400 cm 

indicative of an aromatic amino zrouD. The 

spectrum of this m und showed 

bands at 1- 6.71 ( 3 H, sinslet 

4.62 ( 2 sinLlet ar on tic amino) and a 

broaC band at cc a. 2.3-2.3(x;3 a-oi 	o) 

The mass spectrum show.: that the 	cular 

	

5.,2,ht was 307, hence the structur e ass 	(1  

to this compound must be (-)=;R-1 ,_ 

CI-17c.),R 	H) . Thus this coi=o und is the. 

result of intramolccular oxTscia transfer 

fror, the nitro 'TT ou -,.-) to t, 	, To 

confirm that the or oduct was a sulphonar,lide 

-1 
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this pioduct was hydrolysed with acid 

and tho sul]?honic acid iibcratcd isolatod 

as its ,S7buzy1-iso-thicuronium salt. This 

11;as idcnticai to material isolatod from 

authentic acid. 

SimilErly tho )2otolusis 01' 11--(2,,:-dinit2o-

bcnaonusul,-)hc,hyl-i\l-nothyl toluidine(=H; 

) 	and.  of A-- ( 2- ni tr 

b on?. 	s ul„)?1 c 	1 - 

31==,;11,R2=7.01131  1==H) 	conoounas corros-

;DoLdin' to (X=.). Sot had. aninc absor -Dtions 

at 3500 an. 3400 cm 1, and t;h:, expected mass 

spectral and n.m.r. fcaturcs. 

Mun L-(2 1„-dinitrobc.azone suaohen:71- 

anilinc(=;R1=NO
2

,271 = 2
3= H) was 2hotolyscd 

an un,x0ectcd oroC.uct was for=d. Azo- 

benzonc was observcd to be forged, 
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111D011 7.)hotolysis. 	 start in 

atcrisi was stTlble. After only 1 hour 

hotolyss afforded 36 er cent of 'IZO-

bc.nzci-ic ae c iaixture of cis-trans  isoners. 

Unfor'i,unately tire did not '-)ernit an e tensve 

exa:;iinatLon of this reaction. It is 

interestiar:. to speculate that the reason for 

this difference in behaviour fromthe 

N-311Q,71 derivatives can only lay in the 

Dresence of a hydroen atom on the 

nitroien. This must be lost before 

cozi.o_t_ete transfer of oxygen frozi the nitro 

to the sulph.ur 'aas occurred, since 

the expected product, the ortho-amino-

sulphonic acid (II) should be stable to 

further photolysis. 'Rcarranseilient of the 

to 

sulphide Mai:,  did not occur.2  Me only 

coliparable reaction described in the 

liter.-Iture occurs by the action of 

ethanolic sadjula hydroxide on 2-nitrobenzene- 

sulDhenyl aniline R 	R 	11). -I- 	 — 
After refluxinE,, for 3 hours -ohcnylazobenzene- 



acid(=XII) was forme1.25  

SOoli 
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Photolysis  of phenol derivatives. 

DurinG the photolyss of the 	deriv-

atives, described above, photo)roducts 

were obtained ':!hich vice not tic result Of 

cleava,se between the o::y3cn and sully bonds. 

Thus diiring tho photol:c7sis of the phonyl 

derivative(=V;Ii.= small amounts of two 

yellow compolinds sera obtained from 

chromatoLYraphy. The =jar -.product showed a 

5.1cd.itriaabsorpton at 3350 az,-  in its infra-

red s-pectruu. At first it was considered that 

this was the product of e photo-Fries 

rearranc;ezient to the phenol sulphide( 	C). 

However this co 
mound did not dive the expected 

colour with ferric chloride. To check this 

point en authentic safile of (XXXV) was made 

S? r 
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folThws 	ir:70f.'liatjon of benzul 

aenyl ether ( XXXIII ) with 	-dinitro- 

benzonesulDhenyl acetate bc, 	sulpniJc  

(XXXIV) , 7ihich, with h iidr oen broi:Adi.3 in 

acetic acid raoidly cleavo(': to the lenol 

( 	) . 
NO2  

+ 	222 	- SO 1,_,c 
r, 

  

Al)   - 0 
/ 

)0DaV 

I'LBr/HOAc // \-\ 
110 	 1-  NO2  

0 21\1------7  

Y. XXV 

This was sot i&cntica1 to 	yellow 

compound from the previous photolysis. 

closer examination of the infrared 

spectruil showed bands at 1365 and 1175 cm-1  

characteristic of the sulphone moiety. 
Similar resultS were obtained' by  irradiation 



, of the '1-crest' l derivativeriaV;R.uli3 ). 

The COTT CS:J011, 	 liotoproduct 

solied it to 	ii/c 30- ES its Jlolecular 

A fra';_ientation - Tith loss of 34 units 

indicated loss of sul.)hur dioxide from the 

soccics . Treatment of ()QVIII;=-1.,-. cH ) 
3 

with sod iura methoxide rave, after worilin;,, 

the compound (=X) presumably by a typo of 

Smiles rearrangement reaction. The /712P-or 

yellom photo-product proved to be the 

usual type of redox product, the amino- 

sulphonc, 	showed the infrared absorption 

bands at 3500 and 3400 cl)-1 , indicative of 

aromatic 

7 T hen the reaction was carried out in eth-

anol an increased yield. of (=VIII) forLaed. 

_Llthou -,h none of the benzene adduct (=VII) 

-,;as formed in these reactions, small amounts 

of the anlino-sulphone( z=VI) could also be 

isolated by c_ro:latograYsiy. Further 

photolysis of the photo-adduct(=i) and of 

(=VIII) in benzene save a darn preci-Ditate 

C1  0 J 



SO, 

09N 

vTtI I 

\-80, 
0 

0,N 

\ 

SO v 
II 

1 Na0, C116  

100 

which was uainly the amino-sulphonic acid 

(II). 

5-0--(/ 
\_777.4 	\  —/  XXV 

NO2 

The incorporation of the reduced nitro 

function into the phenolic ring to Give. the 

seven 1,erlbored heterocyclic rin,7, pust be due 

to an electrophilic species fron the nitroGen 

and could involve a nitrcne typo of inter-

ucdi,:2, te.26 Thal:, further photolysis of the 
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XL 

I 	SO, Me0H 
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XLI 
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sulphonate esters can occur is not 

sur,,Drising. In related work do Hay() and Xing 

showod that heterocyclic sulphonates 

such as (XL) can cleave to give 'Leto-

sulphonic esters (XLI) 

As an extension of those reactions 

bonzyl 2,(:,-dinitrobonzonosulphenate (XLII) 

was irradiated in benzeric solution. It was 

anticipated that if the nitro function 

could interact with the benzylic hydrosons 

oxidation to benzoic acid would occur. 

'4"hon t e ex'periiiont was performed, however, 

no benzoic acid was forLd. The principal 

product was the acmino suiphonic acid (II) 

together with a large amount of diphenyl-

nothanc. The reaction, which was rapid, must 

have arisen via a prior intraLiolocular redox 

reaction,to give the bcnzyl tosylate (XLIII) 

or its precursor. Such tosylates are well 
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knovIn to re;2.et rapidly by nucloophilic 

attack, in this cos() with the solvent. 

Besides -Lies° products SeVCr31 =02 yellow 

eorapounds LT,TC fOri.a. Those did not show 

any al.,ine absorption in th:'ir ilifrared 

s:Dectra. The :or one of these products had 

a i:lass and n.ra.r. spectra consistent with 

structure (YLIV). No reasonable mcclaaniszL for 

the formation of this corlfound has been 

fo=ulated althouGh it appears to be the 

result of interaction betvccli the diphenyl-

mthanc and (XLII). 

NO, 

 

0 so,ocH, _ 

XLI V 

o confi= that solvent Darticipation 

was the source of the: diohcnylzaethane the 

benzyl cstcr (XLII) was photolysed in anisole 

solution. This cave  a raixture of 2- and 
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methoxydiphenylmethancs. Finally, from 

these two reactions smc11 amounts of the amino- 

sulphonc (=T11) was isolated. 

Further redor reactions. 

Since the phenyl esters .savc a small amount 

of cyclisod products, similar products should 

be forilc,:d frau. aryl sul:Dhidcs ith an ortho 

substitucnt. 2, .-Dinitrodiphenyl sulphide 

(IV;11.=H; v:as reasonably stable upon irradiation. 

After 33 hours irradiation in benzene, 92 per 

cent of the starting material uas recovered. 

The remainiry; products included amino- 

sulphonio acid and a small amount of a 

yellow solid. This latter material had a 

molecular weight of 276 from its mass spectrum. 

The product also showed a band at 3420cm-1  

imlicative of a diarylamine. Thus the product 

must be the desired. cyclisation product (HIN). 

This reaction is therefore siuilar to the 

observed cyclisation of the ortho-nitroaryl 

compounds with triethyl phosphite26  or with 
9 ferrous oxalate.2  

     

     

02N 

   

XLV 
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1-==T__3 

Unless oter,::ise statz. 	:AoltinL, points 

arc uncorrected and 9C:12C: detinod on a 

Kofler block. Infrared spectra were recorded 

on an SP20C spectrophotor,leter and ultra-

violet spectra z,..easured on an S270C ztachine 

for ethanolic solutions. Luclear naanetic 

resonance scectr were obtained on a Varian 

260 instruI,Ient for ,,utcrochloroforn solutions, 

usinc tetra othylsilanc as internal 

reference. Ilicroanal7ses Jere .carried out 

by the Oranic Weroanalytical L:Thoratory of 

Ii ace ial Colic§c. Fetroleuz,  ether refers to 

the fraction of b.p. ,'0-60°. For photolyses 

benzene T:Ric distilled over sodi= and stored 

O7C2 so§iwn before use. C1120at0ECa-phy of 

the photolytic reaction mixtures vies noriml 

carrier.: out over ,Trade III alums vie, with a 

loading ratio of 1:50. 
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Genoral orocedurc for irrDl.ltions. 

soDation 5»a 	Ea 	oS the coound 

(usually 250-5001-1 	a 	y, oxy en and 

peroxide fro 	 benzeno, 

shout 15021) in a 250m1 round bottomcd flas- 

pity z sti=er, a nitro 

inlet and, < reflux condnser. Bencatb the 

flask(5an -was situatec:, a 7hillips 125w1ett 

pressure 1232. 

At intervals darin 	photolysis, 

samples wore withdrawn in order to 

follow the course of the reaction by either 

ultraviolet or infrared neasurements or 

by detection of products by thin layer 

chrolatoraphy(T.L.C.). For the ultraviolet 

measureents the sample was properly 

diluted with the solvent in which the 

reaction was bein;::, carried oat. In the case 

of the iufrareK =asureents, the sauple 

was evaported under vacuuzl, the residue 

dissolved in 2 	alflount of chloroforz.: 

ind drled with a ydfaus soJiu sulpha te 

before filter, n.-, and usi 
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131,,,n2_ recations were run by refluxia, the 

co ],-)o 22G In tie sane so] eat for s ,i1c2 

)er -;.eds as for the 210tolybic runs. Exceft 

w:len note,', the ultraviolet en /or ii]f ,ared, 

s)ecbra and 	Y.L.C. of the solutions fron 

the dark reactions were found to to idecin_c_l 

to those of the startinf, 

\ƒ/i/2 oj..,-'.1.ency.l. 	 hi 	(128) 

IA Sixttu7e of 2, 	oc-'1cr obonzene- 

,n4 . 50.52© )(d0\,0.2 	;'et::cnol(OC 11), 

benzyl JercEn(20 2 0.17 dole), and ,)721622e 

( ±7. #l, 0.2 dole; •as St' ce< and :le •-• 

to reflux for 1 7 hours, before cooling to 

00 , -),?.shilT, witl- col - , -ctM-no-1_, FILLI 

and 	v 	ne )rodc-1, gas obtained as 

7ellow 	±m »S. 	 62 . 3g, 0.16 

(95a ), 1a2. 128-9°(lit. y,2. 1280 ) ?)i) . 

Din_i_tl'obenzenesuldhen71 e'lloride(y;;;_7-7 C1) 

(;.i128) 

To a sus )ension of dry 2, 21-dinitrophenyl 

benzyl sul hide (23.2\, 80-L'ole) in dry 

methylene chloride (4,01-11) was added, at 

rooLa te.igerature , 	 chloride 
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( ? .13E.1, Bil.L.lo le ; . A Till day ellotl-Ler .,iic 

reaction set in raisinE, t:.1.3 te:aper?ture by 

10-15°. 'Tie solid dissolvec'. 21 262in 1-2 

inutes. The clean yclioT solution which 

reouited was caacontrated to 2.n oil by 

b_eatinc, on , steam tat. unC or asp ir tor 

17:. C a UZI . Aft 	coolin;:„ to roof," tam.23)2 21; ur e, 

oetroieuj ether was aclded(301; to the res-

idual oil which raDid1 crystallised. T:le 

.';rellow, cryst.-_- 111ne solid was collected, 

,:lashed. wit::,. -•2etroleu, ether, and drieJ ::.t 

roan t.T:..iperatua'e under vc,,cuuii.(17 .4-L 1  n 	
, 

J..-i.p. 55-7°(lit. m.p. C;60)31. 

2, 4:  .D.i9. i to obzenesu.l.'pe,nyl.... aceSte_(;JRF7qiiT„ 

(1_1120) 

To a solution. of 2,4-dinitrobenzene- 

su1ph221 chlor "le ( 1 .0,1 , 4 , 3 1.g 1 e ) in dry 

:,',1etylene clor i(i, e ( 20 21 Tias cr' ddeci-. silver 

acetate(1. 	:ole). The slurry gas 

shaken at room ter.'.perture in the 'f.eJ27• for 

15 hours. '1'116 silver salts a.n.-  2,,2;4'-tetra- 

altrod1)Jenyl Cnsulphide(III) Were f c:aoved 

by filtration en: the filtrate 'w..s ev,:'-i)orated 
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to dryness in vacuo wiy ut heatin,,  and In 

the 422 2, The brir.t yell ow solid had A,2 ,  

8°  ( dec 	( 	y5.), 1;_a•x(1.4uicl) 1780cra
-1 

(lit. .1.-!)..p. 25-50°( (1, e 	. 2  

Irradiations with an: so] e 

1. _La neat _ai sole 	7; 

Acetate ( 1;2 	(12610 -2,, 0 	) 

dissolved in anisole ( 2.5z1) ucts irrad iated 

b& e usual way' for 1 hour T:ie reaction 

'ixt u c 1.7E. s 	 over alumna 

( 	ade III, 50/).   21ut ion yith oetroleuill 

other ci,,ve un.reacte.1 an-sole; elution with 

benzene 	ye 2,4-6 _l_dit:_- o-A 1 -2..et'i.oxidipl'.enyl 

sul)hici e ( IV:11 = COT )(130£x, 0 .63 « oIe,R j, 

Iich after cryst llis, tion f of ben2.- cde- 

Detrorni, ether have yellow /r 	, 

115°  ( lit 	. 115'; """; 	i\.u_jol; 1530, 

1350(140 ) ,1250 , 1050 ( ether ) 	J.. 
2 

2, 	In chlor 0 b e 112: e lie • (....](327 

The irradiation of the acetate(1;2 CI ) 
3 

( 5061.).c.:; , 2. Orh-liole 	in chl or obe 	e ne ( 100E11 ) 

was carried out as usual. Aft3r 10 iqinutes 

the reaction was corl)lete and so the 5212 
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of tho roLction mixt e was eve.]Dor a teC._ to 

se, 	loi -L1 1!•.: a nc.-  chr 	tor,ra;e2 on 	Jtin 

( 	a 	III , 50,s 	_Lf ter e1Utiii the unreactoci 

EUlliSOle and ch1orobeizene uith Dotr o1euJ  

ether , the sul-,)h -i(e( 	= 0CIJ:3)  vr el ut 

benzene- pe Lro1eu 	tiler ( 3 .90...- „ 

. 	. 115°  

Irradiation with chlorobenLene (h333) 

The irradiation of ( I ;IR CH3 ) (220E1E, 0.35 

in ch1or ob enz en° 	) for 1 hour 

followed ychromatok.:,rally Over a1wiinu 

rade II, 5Cj 	ive 2 , -;'J. 	itr o- 4 ' - 

ehlorodinenyl 	IV;R Cl) 30.mg, 0.12 

, 14 5: • ) , oluted vith benzene fro.:: the 

after washin;7. Out C::CESS ch1.orobenzeie  

with petro1cu• 	FLeerystallisat ion fro: 

bc:,, n.zerie gave L,.-! pa lc: 	sotid_ uiich ha/ 

• 1 70-123°(lit. 	123° ) 7 01  ) 

1550,1'350 

	

rIrr.a 	t.i n ith 	 :,,enzerie 22'56 

The irr iltioia of the a C e tate ( I = CF 

( 50 01.:• 73' 	1. 92,1%?.016 j with I, 

elizen.e ( 2 	, 1.9 niTiole ) in benzene (100rdl 
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for 20 ainutes gave, after isolation in 

the usual zlanner, 2_,A7dinitro:_2!„. 51.7di-

pethoudiphenyl sulpaic-1 e ( VI ) ( 360i-dg,1.1mole, 

55, m.p.179-1810; i)max(Nujol) 1530,1370(NO2 ) 

1235(ether)cm-1;2 max 203.5 2.12t (E 37,600); 

n.n.r. bands at --/- 6.21(3H,sinjet„6.28(3H, 
singlet) and arotic protons in the roion 

3.07-1.03(6H broFd multiplet). (Found: 

0,49.97;H,3.52;N,8.42. CiA2N200 requires 

C,50.0;H,3,60;N,8.35 

1 A-Diretlio-vbanzene (E255) __. 	 ._. 

In a 230ml-three neckeii flsfitted with 

a reflux condenser, stirrer, and reparatory 

funnel, a solution of hydroquinone(7.9g, 

72 rmole) in water (28m1.; was heated to boilinE, 

whilst adding a solution of sodium 

hydroxide(15g) in ater(70m1). 1:ethyl 

sulphate(16m1 was then added to the 

solution dropwise during 1 hour. After add-

ition the reaction Ifixture was heate(':, to 

reflux for 50 minutes. An additional 

portion of pethyl sa1,7)hate(8m1 was added 

after 1011inutes. Th reaction iilixture was 

rendered slir7Jitly alaline by adding Fiore 



sodiu hydroxie(ca_ am.4_,411) anc; a portion 

of J-J.enyl sul:/nate(1 :Ili 17B added and title 

solution oc,;ain left until it became 

acidic. This latter -.procedure was repeated 

a :Curt :Ler three tiz.ies before the solution 

uas finally ziade strongly al7:Jaine. The 

reaction ::)roduct was extracted with ether( 

3x1Am1), dried over anhydrous i:,lagnesium 

sulph„Ttc, filtered and evaporate'.' down 

,a.p. 54-6°  

(lit. 	.0. 550 ) 34 ; ti nax(Nujol) 1235( ether ) 

zi-Dinitr 

sulphide ( IV • R = N( CI-13  ) 2 ) 

1. By irradiation ( -_L2/.'.0, 

Tie.,cetate(I;:-:-I =)(512Lag, 2.OIn_ Tole; 3 
and dinethylaniline (0.5m1, il.ammole) dissolved 

in benzene(150m1) were ]photolysed in U2.16 

usual way for 70 ilinutes. After washing 

the reaction xlixture with hydrochloric 

acid(3x100ral, 1N), the organic layer 

was dried over anhydrous filarieSillla sulphate 

before filterincf, and evaporating to small 
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bulk befor chroinatogra 	tut in, with 

1:1 benzene-petroleu[ ether. On ev.,poration 

red cr -jstals of (IV;1i=J:f(G1_:3 ) 2 ) Vlere obtained 

(170I-14:„ 0.5z,l-L'o1e, 27%) . 	 ILion 

:Cron. benzene ,?• -vr_.• 	. 177°(lit. 111)-1760 ) 7 ; 

V ma x ( u jail, 1520,134-0(110, , 11130 ( N- 	) c.1 ; 

. bands at fr 7.02( 	sin:,1;let )) a 

the aromatic re,.7L,ion at 3.40-1.00(71-I,. 

Calculated for ClAii13 	zi.  N,O 4 S N3.25;3,10.03. 

Found: N,13.58;8,10.13'„)). 

2. By thermal reaction (E321) 

A solution of sulphenyl chloride(V;PL= C1) 

(1.7g, 7.3 Ellaole and dimethylaniline 

(1.8m1, 14.6n mole) in benzene ( 2oral;,  was 

shaken at room temperature for 10 minutes. 

The reaction mixture was filtered to remove 

disulide(III) and the filtrate was 

purified by column chrorDato:lraphy. The 

fraction eluted with benzene ave a red 

oil upon evaporation of solvent. Tritur-

ation with petroleum ether afforded red 

needles(1.3g, 	 ra.p.177°. 
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Irradiation of 2,4-dinitrpbejizeqesul_p:neny..1 

NO2  , R2  = 0H3  , R3  = H)  

(E230,283) 

A solution of the anilide(626m, 206.mole) 

in benzene (150.m1) was irradiated for 45 

minutes. The reaction mixture was evaporated 

to small bully Gnu.chronato(xapheC„. Elution 

with benzene affords(' 2-aluino-4-nitro-

benzeno-N-methylsul hone nilide ( XXX.; R1  NO 

R = C73 R D= H) ( SaoaL , 0.27 qmole , 13;J) . 

Recivstallisation fral benzene-)et:.7olaucci 

eb:Ler gave 	orElne solid, 2a.p.lt, 6°; 

v Lox ( 1411j ol ) 3480,3380( NH2 ) 4340,1150 

(SO2 ) ,130,1540( -1:L2 )cm-1; Aluax205.c.vi  ( E 

33 200),237(E 30,700); n.m,r. bands "1-

at 6.70(311, singlet), 4.80(2H, singlet), 

and aromatic protons at 2.70-2.30(0-f, 

multi,21e). TT's mass spectrum sliowed a 

parent ion at Ile 307 and also a lar -,e peal: 

at 1../e 139 (due to loss of -SO2  N(C'T3  )C6 5 ) — • 
(Found: 6,51.13;H,4.40;ii-,13.57;S,10.62. 

C131113 304S reouires C,50.82; ,4.27; 

N43.67 ; S , 10.44 S) 

2' 
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,XJ 2 4-Dinit-oobenzenesulohenvl 

anil i(L10(XXIX°
'
R - NO 	-, CH 	= 11; (E278) 1-  2'"2- 	 ' 3 

A mixture of the sulphenyl chloride(V; 

= Cl) ( 3081 	) and N.-methyl- 

aniline (300m, 2.8a-.1o1e) in benzene ( 50m1) 

was shaken at room temperature for 1 hour. 

After filterinc the reaction mixture, the 

filtrate was evaporated to small bulk and 

chromatorapl:ed. The red oil, isolated by 

benzene elution from the colmn, deposited 

yellow-  aris.,J1s on leaving at 0°  for 24 hours. 

These crystals( 400wc, 1. aanole , (7;3) had 

C,2-96°; OI1ax(Nujol) 1525,1345(NO2 )ciq-1; 

2max206// (e 36,100), 244nyv (E 24,000 

n .m.r . bands at T 6.51 ( 311, singletcud 

aromatic protons at 3.1-1.6( eg, z;m1t iplet ) . 

It showed no .N-Z band in its infrared or 

spectra. 

S-Benz73-isothiouroniuin salt of 2-a no-4-

nitrobenzenesulhonic acid( II) 

1. Fr.e2arationortutentic  acid  (E21)35  

This experiment was carried out 

according to the method of Vogel. To a 
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solution of (11)(0.56 dissolved in ';,rat'er(101-111) 

was added one dro of .phenollDht7:Lalein 

indicator and the solution then neutralised 

with 1N sodiuri hydroxie. 3 Dros of 

0.1N jdrochloric acid =e then added to 

3ive the solution a faint pink colour. To 

this solution a 1'3% ar,ueous solution of 

S-benzylisothiourachu:la chloride was ad,led. 

The mixture 1:J.7.s cooled. in in ice loth 

the crystalline derivative 	collecteC, and 

recrystallised fro i1 1:1 a uoous alcohol. The 

salt was obtained as 	white needles, 

c;z1-96°. 

2. -Pr epar at ion  from sul ( -LID:7R  =102 ,  -L  

P 	= in (:291)35  

The sulphanilide(10mg) was dissolved_ in 

80 per cent sulphuric acic:1(0.5m1) and 

heatedto 165°  in iqetal bath for 5 minutes. 

After coolinc; to rooil tarlDerat;ure the 

solu bion was 7our ed. into water (1111) . The 

solid Iprec!pitate was 20_ ]0VG:', by filtration 

Elnd the filtrate neutralised with. sodiair, 

'hydroxide solution to dn.  7. _Lfter addition 
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of a 15 Der cent acucous solution of 

S-bcnrzylisothiouroniu chloride to t1.c  

solution a white crystalline preci-pitato 

forneJ:. This vlas collected and

s 

 arie in vacuo 

for 12 hours. The precipitate(.7

-  

L1,) had 

c_5---960. A nixed 	wit]) the previously 

obtained salt had m.p. 93-60, a.nd 1' critic 1 

infrared spectra. 

2-Amino-4-nitrobenzenesu1Phonic acid(II) (:-3420) 

Into a 1:1 aqueous Dethanol mixture(1501711) 

was placed :aethyl 2,4-dinitrobenzene 

sulDhcnte(3.1, 11.7 J-;]01e). Concentrated 

h7drochloric acid (5n1 was added and the 

solution heated to reflux for 12 hoUrs. The 

resultin suspension was hot filtered to 

re dove insolubles, and the filtrate was 

concentrated to sz.L.,11 volunc by aspir.:itia 

the solvent. A pale yellow precipitate of 

tic acid(II) was collecteJ and driedl.'oc, 

7.3ardiaole,63A, ra.D.305-300(dec.)(lit. 

z1.p.305-3100)36. 

Idetbv1 2
0  

0—dinitroben7onesullplienate(V°R...0(171,) 

(Z419) 
A solution of the sulphenyl chloride 
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( 	(j).) 	3.6 	 _cnol.(1Criul) 

stiz:fe 	 e. )eTa tux < for 10 

z.inutos. Aftr 	 z]rixtuTo 

throul 	 bonzono as olu::Int, 

cluto as ovawrateC don to f,ivo 

t]..c as tor 

Rocryst 	frail nethe.nol.-bsiinz:,ne 

"0, 	, 	-o,37 ;:cave 	12o 0_1u. m. D. 	. 

N 	e th,71 ) a 

sulohide ( 

1. By inrdiation (E270) 

/3•._ solution of the acetato(I;P. = CET3
) 

( 252.raE O. 	) an, 

p-toluidino(450z,s, 3.33i:1(1.013j in dr y 

benzene (1501x1) was irradiated for 40 

ainates 	, aft or olarornato•srEphY, 

elutin - benzene, cl sul-,phio( 

( 	27 mmole, 	J . Recr -jstallise f7on 

benzene this coE.)ound 	 as rod 

noodles, la.b. 145-1480; Vi.,_ ,:x(1\11.1.jol) 
1 1530,1345(0 

2
),1450(N-CH7) CT.

-1 
 ; /L 

(E 57,000) ; 	bands at I-  7.27(6H, 

sinlet), 	sinslet), 2.72-2.67 
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3.06(17c1, doublet,J---C%cps), 

1.92( 1H,quartet,,T 2.5,9c)s) ,0.06(1H, 

The ZIOSS s- )ectram 

showed tie parent ion at Ile 333. 

(Found: C,54.03,4.2012.31,S,'3.36. 

C1515IX04S re..uires C 54- 05T: A 54; 

N,12.60;S,0.61(A 

2. 	Friedel-Crafts  reaction (E465) 

A iliixture of the sulphonyl chloride (V; 

R= Cl) (1.0g, 4.3 mmole; and thetTaylene chloride 

(15m1) :;as cooled to 5°in an ice-ban. 

After ode in anhydrous aluniniurd cloride 

(1.Cr,i, the mixture was stirred for 7,0 ;,inutes. 

in metylenc 

e:Aloride(15m1) vlas 	 dJ20)WiSC OVOT 

10 Flinutes. After ad.di'Gion, zuld 1:.ee'D7_nL the 

temperature below 30°, stirrinL; was continued 

for a furt.:1(3 30 :.:11nutes. The mixture was 

WEshed with 1124 hydrochloric acid(5011) 

t:len water(3x5Omli to remove unreacted 

amine and &laplinium chloride. After dryinc:, 

over anhydrous sodium sulphate the ors2nic 

p_IJ:se Was concentrated to 	bulk and 



c7.-IroiitoLrapJ d over a"_uin, Rein.';)  benzene 

as solvent. . 	 )oration of 	eluc-Ite 

:.776 a 'Led, oil 1:11c (162osited 'red neo(ace 

(1.161olo, (y ) on coolina in on ::cetone- 

dry ice bath. ReorystellisLtion frcEm 

benzne nave la.T). 150°. is z2 terra± 

identical to th1t prepared by photel'isis. 

orh on the r)ur -ele dye (E240) 

The irradiated reaction riixturc of the 

din ethylTnilinc -sulf)henyl acetate rua(150ial; 

w.as extracted with hydrochloric acid (3x 

100zil, 1N). After carefully neutralisinL the 

Acidic aucous solution with sodium 

c:::rbonate solution, re-extraction ±ith benzene 

Savo a )UrpiC solution 	was dried over 

hydrous  naLncsiuzA suJ hate and concentr6tua 

to snail bilk. After e&Jition of -,petroleari 

otaer, pur.d.c solids »c c obtained(c.0.5%) 

Vnax 	 5c)5J17) 

EVe 373; nitroon ,::nalysis 11.25 

Irradiation wit - 	(E330) 

A solution of the sulphonyl ict to 

T3 )( E; 
	

2 no:1 	dissolved in 
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chlorobenzonc(100A1) and n -1-ithalenc(272, 

2.1 An le sias irracUated for 15 minutes. 

The reaction iii::turc -705 cva-porated to sAa11 

bull and chroato 	-Ded , eluting with 

benzene. On eva2cw7tion of the cluate, 

2,4-dintroo nyl 1-naphthyl sul)'I 

(VIII) sas obtained as a dale yellow 

solid(272EG, 

Cr -7stallisation from honzcno Lave .9,211, 

?ale :iello;T neCles 	h d w.p. 174-GO  

(2±t. -.Q. 176°).7 	1 530,1550 

1 / (2O2)c:.‘ Calculated for C16 -1_0 204S 

C,52.8,3.31;3,8.37, 5,9.C3. Found: 

.23,24,8.1;S,0.47;)); n.n.r. sllowee, 

a broad arorlatic ircton rodion of 

3.39-0.00(all )rotons). 

Irradietion with „D3lenantlareno (3 342) 

solution of acc 5ate ( I ,R CH
3
)(2'.J7rar_;, 

1 In_lole) and phenanthrene(1331T„1 _alole) 

clissolvc6 in cilOorobonzene(15 -a) gas 

lrraf.iatc0 for 10 ilinutcs. 'le reaction 

lixture was o'ir lato'xc -the,f in tho usual 7  ay. 

rc10 vi 	tho chlorobenzene wit h 

)etroleu-1 et or 	elateci 
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b 	Tile  yellow sul 	( IX) ( 32' 

86\) vies recrustalliset 	benzene '60 L;ive 

. 2500( lit. 	. 251°  ) 7  ; 	. bands 

at caTO . 32-3 .21 ; 1)2ax( -11\fujol) 1525,1350 

( i\TO 2 )c 11. 

Irradiation 1AT ith anthr agcy ( &78) 

solution of the ace:tato ( I ;R CH, ) 

( 257mg , 1 moles)El 	a ad a ntbr a c ene ( 179.mg 

1 	 le)=Do 	dissolved in chlorobenzene ( 15ral 

gas irradiated for 15 ,:.,iinutes. The reaction 

mixturegas chr o t o cir a ph d ( over c;12 a d e III 

aludaina). After Glut ion of tic excess 

chlerobenzeno and antlira cone Sit» petroleum 

ether, benzene elution afforded 2.,4-di- 

• -376,1v. sul.oqiac nitropheny_ 

.7/-1 	, 	cr 2Sta1lisation fr om 

bell2 C11C Eavc c,J . 2u/10 	( JJ1) J 

15‘35 ( or 0.71Ft 	1350( i,10 ) 	1 ; 	x 256 

(E. 9/00); 	bands at 3.20-0.82. 

0,63.92;3,3.63;/ ,7.15;3,0.50. 

320H12£20¢8 requi es C , 3 32 ;H,3.21 ; 

_1,7 .15 ; S , 8 . 53p. ) 
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24:pinitr.o1::henyl thiopon-2---;71 su 	de(XI) 

1. 37 ti=adiatiOR (E 169) 

solution of the acctato(L;2= -3' 
(502:d,s, 2.0 Es.aol , and thiopene(9m1) 

dissolved in dr 7 benzene ( 1 .:0m1 ) Sas 	ted 

for 65 rainutes. The reaction Laixturo was 

nor 2e& u.2 in t13.a usuLl viLy to vivo, aft - 

Clroillatcy,ra I2 the sul 	( 	) as a Dale 

yo 11077 solid (7a -._a, 0.26 	, 13.4/)  

20crysta11iseC, froz1 bcnzonc this 72_,71(9. 

D. 117-11 ":3°( lit. 	• 110-120© )38; 
-1 

1.aax 	 ; 	 at 

2 . 82(1H, doublet, J= 9c ) , 2.69(1H, §Eartct  

r 
•"1- 	)COS) 2 0-0, (1- 	CRIa"tGli d =‘?-.,0*-DCDS) 

2.20 ( 	civartct,J= 2,5cos) , 1.172 (1T-I, cluartot 

.= 2.5, 	,0.86(3_71, doublet, 	2.5cps ; . 

2 P'7moledel-C-,-fts re2et)on (2208), 

s u 	:ay 	( V ; 	Ca) ( 	, 

4.3 illinole ) arid t:aio lc no( 	) 	c /laced 

in a 50C2:11 three-nec3d flash fitted wit 

a wator C 0 rid C 	nits or n inlet and 

dr op ;.-2, 	fanncl. iftci slow addition of 

boron tr if luor Ido st71 -2? at e ( 	the,  mxtu.-2 

7as &catsd to ',L.! gentle reflux, Gith Sty  
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under n tro\ea, for c_:0 minutes. The reaction 

product was dissolved in e 	nol(10a1) 

followed by chroi.latoly to give as 

liht yellow crystals the sulphide (XI) 

(1.1c, 4.1 aaole,(.;5%); w.2, 117-9°; 

Aired in.?, with the photocheaical 
0 

-product, 117-9 . 

Irradiationwith //ran  (2a43) 

A solutiOR of (I;R=.-: CH3) (518s, 

2.0 amole) and furan(ler.11) dissolved in 

benzene(100m1) 
	

irradia ted to the usw:il 

After 1 ho UT the reaxtion -Tas complete; 

the reaction JJ.j_xture Sae evaporated to 

aT,-, a 21 aziount and Chiorqato - raphed. Pale 

yellow needles of the 	de (XII I 

(10O 	0.58 	, 28%) formed. Fr oz. 

benzene-petroleuLul ether these had m..p. 110-L10; 

Sax(ilujoi) 1530,1350 ( -1.10 
2

) 1010,890( ether , cm 1  

2234,t(£ 1,500); n.a.r. bands at 

3.34(1H.quartet,I=3. ,3.0cps), 3.06 

(12,doublet,J = '--;.0cj)s) , 3.00 ( 1H, doublet , 

3.5cps) , 2.22(11I,cloublet,7= 2.0c/s), 

1.75 (1H,quartet, = 2.5,00ps)20.90(1H,doublet 



12/1  

(Found: 2.60;5,12.6. Ciol.T._N OS requires 
0  2 _  

. .;30 ; S , 12.3% . 

2 4-Dinitr o b en7 one s ul e ,-1 - indole ( 	) 

1. Initial ,?rocedare ('J: 159) 

S 01',Zt ion of ( I; =1-• 	) ( 	, 1.0 0 
naole ) dissolved in dry benzene( Nail") 

with indole,( D..1312{;7, 1,0 . 	mle) vas heated with 

stirrini, in the dark for 1 hour . After 

this tine to solvent was evapo atet off 

and the residual oil cromatoc,;raphe. 

froLl benzene-petrol ealiL ether 

afforded'.rat yellow crystals(2531Fs. 

90 	Cole, ay,), 	75 _1- 1 . 	JD . 175°  ) 	. 

ida-.17. ( Nu jol ) 3330 ( 	2  13.50, 530( -1\102)c-i-1 1  ; 

n 	. 	band s at /7- -1. 9 7 ( 1H, s irk.;.1 et; and 

an the arai.iatic re ,:,ion at 3.02-1.07( SH) 

(Calculated for C14-9  N 0§S
, 

C, 33.20 ;H,2.03. 

Found: 0,52.9 •.'"- 2.7 	) 

2. Alternative procedure (:-.3 202) 

A solution of the sul:.:::1.en•z1 chloride 

( 	; 	=.-  01) (70/Ina, 3.05 rwole ) , indole 

OnJole a n.1 e nz one (100rol ) was 

Feat}/ refluxed with stirr ing for 50 

minutes. „ ador tion of the filtered 
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reaction aixtvie cave a yelloi.%: solid 

which, after f iltr a 	2 	d 	, 

followec,. by recr:,/stalisation from 

benzene-petrolc.ium ether (have pale ;;.7e,11ow 

needles(q4,7m:SI  3.0 mi-aole, 7'7'; 	i:1 	.172--5o. 

3. Alternative synthesis (1.:]1C4) 

susaension of lithiwa aluTil.inium hydride 

(160311g) in dry tetrahydrofuran(5m1) was stirred 

under an atmosphere of ni-troL.en and a solution 

of 3,3'-indole disu1.1)11i_ e(1.0 `_; ) in tetra- 

.1yd.r'ofuran(5T2.3 was slowly added. The reaction 

aixture becazle warm, a el after stirrin  

for a further 30 Llinutos, 

so:l..ution(237.-.Z.,511) .iac a‘.7:- ed. A solution of 

the Sal-phenyl chlor it7Le ( V ; = Cl (10 01-47, 

e 	7 	o f ur an ( 2hiJ v.'es :.dded 	±-ixtuure 

te(,-  to 	on a stea.:i at for 

15 minutes. A yello precl ltEte 1720.u. te-) 

reaction mixture was removed and the filtrate 

evaporated to give a dark red wi. .(3.f,j_tion 

of ethanol precipitated a yellow solid 

(10L-if:,5j which ;as LT if ieC. -Liar ouh alumina, 

and recrystallised from benzene-petrole, /:a 

ether . This material was identical to the 
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oduct 2ro:1 tile •IN DOVO experirients by 

T.L.C., 	- 

in rare6 spectra. 

Ei (1. .1 .p. ancf., superiaposible 

3-Thioc7anoinThie 7  191) 

suspension of potassium thiocynnate(101) 

in absolute illethanol(12.aral) was viorouslv 

stirred and cooled in a dry-ice bath. A 

solution of brofaine(-,.,) in absolute 

rdethanol(37,5]n1), 'Jhich had been siE.ilarly 

cooled, .Jas slow-1:7 added at -30°. 

solution of indole(5. 	50 no le) in 

absolute fiethanol(37.5 1) at -700  was 

rapidly added. After stirrin(:, for 1 hour, 

the m.ixture was allowed to waria to roorl 

teiliperature and poured onto ice(100.). 

3-Thiocyadoindole w s collecteds,25 

51(;;), m.f). 75-77°(1tt. w.p. 780)15; 

.-iax(Nujol) 2160cm-1(thiocanate). 

1. Syntesis (2=191)  

A sodiucyl hydroxide solution(10H, 60.1:11) 

of 3-thiocyanoindole, 25r]nole)(XIV; 

was refluxed for 1 hour. The 3,3c-indole 

disulphide that forged was filtered off 
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from the .E.ixture e2R 2ecrysta1lised frop 

ethancl-water(3.0g 10 1 w-' ±e , 80) 

m.D.211-21A°(lit. n.p. 217-2130)15. 

2. Reduction of (XIII) 	20d) 

The sulphide (XIII)(40Llms, 1.3 a'::.ole) 

was dissolved in anhydrous tetrahyarofuran 

(10m1; in a 100m1-three necked flask 

equiDpe6 with a condenser, a nitro/ea inlet 

and a 	op inc funnel, protectin, outlets 

with calcium chloride dryinu, tubes. Lithium 

alunlinium hydride(1c) was suspended in 

hydr 	and the suspension added 

slowly, under nitrogen, and with stirring. 

,:,fter addition the iaixture was heated to 

a gentle reflux for 2 hours. 7:4671y1 acetate 

(1E1) 9es addef, follo ed followedafter a f then 30 

iqlinutes by water(lml and then 2N hydrochloric 

dela ait2± p 2 7 	 -A:;:troction of 

mix'6ure with ethyl cloctate(3x50::11 

rave a darL solid(48,26A. riecrystallisation 

frolii benzene'-petroleu other gave 3,31 - 

indole disulphide(XV), kL.D. 217-218o(lit. 

a.p. 217-2130)1 
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2- 	be nz one s 	sta tole ( 

ITP7 ,7r2N 

A solution of the acetette(I;R=CH,) 

(5096L,,, 2 iT:ole; 320 satole(230n,2mole) 

an benzene(100m) - Jas refluxed in the olzrk 

for CO minutes. The kiixture gas evaporated 

to sLiall bulk before ehronatophin6;. Frola 

the calve = there was obtained the sul2hide.  

(XVI(380-17!,, 
	Recrystallisat on 

22a71 et7.71 aeetc.te-benzene 
• • 	-1 203 ; 1,/,•Tax(Nujol; 3/150(),1535,1345(N07;cia 

AzIx 2221t (E 	000);n.3.r. bands et 

7.33(33, sinr4st) and 3.2-0.9(7). 

(Found C,5/-1.73;3 3.79;N,12.341;8,9.41. 

015H11hr30S reoui-fes J,5, /1- * 9'-`  71' 1 3•9 62°N 12.76; - 7   

S,0.73h.) 

2-Nitro-oenvl benzyl sa37lide (302) 

2otassiam hydroxide(7.1s,0.13 mole) was 

dissolved in e solution of benzyl :'lercatan 

(1511, 0.13 mole) in ethanol(501,11) before 

addri the solution to a solution of 

2-nitrochlorobenzeue(20, 0.13 nole) in 

ethano1(73:,:11). The nixture 2as ref lured for 
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3 hours ujth stirrin„ ander a nitrogen 

atos:aere. The reaction 	Idas then 

cooled to roar: telaperture before adinfs to 

benzene(100rol) and water(5c11). The benzene 

layer was se,)arate, washed with water and.  

dried over anhydrous sodiva sulphate. After 

filtering and evaporation the residual oil 

was recrystallised from benzene--getrolculd 

ether to give yellow prisms of the 

sulphide(22.6g, 03 auo1e , 173:), m.1). 
n 39  

(lit. ill.p.83.5-) 

2-N1trobenzenesulDb.en1 chloride(=)(303) .._...._ 

2-Eitroo;lenyl beurzyl sulphide(33, 

12.3 

	

	was dissolved in Cry ethylene 

chloride(5m1) before P&Cin',, sul)huryl c'qloriC, e 

12.3 P_ elle; to the w.ixiTure. This 

was then heated on a sta- .. bath until t' 

ori,inal crrstuls all disappeared. The 

solvent as then r2l'ove-' under reduced 

)ressare. Addition of DeGrolenid ether(10F1) 

followed by c-qill_nr, in on roe Gone--dry Joe 

bath at -70° gave a precipitate of yellow 

needles. 21_17ter filtration the product was 
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washed with „petroleua ether and dried(2.3h, 

12.2 i;lole, (), 	2.D.75.5-?6 (lit. 

73-75o ) *-1.0 . 

2-Nitro1enzenesullen71 acetate(XVII) (E463) 

J:owdered anhydrous sodiulil acetate(1.zig, 

'jab' sus.-,:)ended. in Jilethylene 

chloride( 20.m1) containing, in solution, 2-

n itr ob enzenesul)henyl chloride ( 40012r,, 

2.1 filrilole si. The SUSIDEHISiOn was shaken in the 

dark. at roofc,  tclaperature for 12 hours. The 

reaction raixture was filtered and washed 

with 1:iethylene chloride(lOral). The 

filtrate was evaporated down to dryness 

in vacuo at room teraperatare. The br ic;ht 

yellow solid(43611,-:„ 2.06 .alole, 

had II.). (;4 °( lit. 3.g. (5-100°  ( dee .)) 41; 

:lax- (Nujol, 1730cla(acetate). 

2--NitrooheD73 phenyl sul9dide(:::/:;2 

2-ivitroc.'1orolpenzene(2.0r-, 12.3 roziolr) 

dissolved in encnol( 20.al) vas t2 ea ter witit 

an ethanol solution(107-1) of thiophenol 

(1. 	, 12.8 	ole) and sodiuz.. hydr o2ide 

(G.5L,, 12.8 .1.1.o1e ) . Vne «ixtue was heated 
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to reflux for 1 hour 	stirrin. The 

reaction mixture was :2oured into a mixture 

of benzene (50.n 	and water(50A1). The 

benzene layer was uric: 1 over sodium sulhate 

and hen filtered through alumina. The 

filtrate was evaporated down and the 

c:ystalline residue was recrystallised from 

benzene to r,ive the sulide as a 	r,  itht 

solid(2., 12.7 riole, 9 i,:13etore recrystal- 

lisation, m.p. B2-83°( lit. 	82-33°)V- 

2 Pf-Dintro 	,y1 	(A-.7]) 

In iilcohol(95:',50m1) w::;s added sodium 

sul)hide(3.6, 15 mz:,ole and the _mixture ten 

:leated. until the surphido dissolved. Finely 

:)ouad sul;-.)hur(0.8g, 15 mmole was added, 

nd the mixture Ileated .':ently until no 

sul)hur issolved, 	f_n(; a red-brown solution 

of sodium dlsul±. ide. 	a solution of 

2-nitrochlorobenzene(3._ 	20 mole) in 

alcohol(55 	100m1) the above solution was 

slowly added. The mixture was heated gently 

for 2 hours. ILfter cooling the mixture wa-

filtered and washed with water (10:11; and 
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alcohol(lOra1). Crystallisation fro:1 

benzene cave pale yeilow 	isns( 

, T]..p 1G2-193°( lit 	152-±S5© )}2  

0-4 	i-Dhen71 s 	(.:0',".;7:-; 	OCH, ) 

1. B.'7 
	

(1z67) 

5:he su.1:)heny1 cetate XVII 	1.73 

, dissolved in ,:lnisole(20E11) was 

irradiated_ in the usual way for 10 Liinut es . 

Half of the reaction F:ixtur e was then 

chr oraato,c;rapied over aluraina. Elution of this 

with petroleu ether cave unreacteh anisole , 

vihilst elution with benzehe rave 2-nitr o- 

/2, 	thoxydi ]Dhenyl sul-Thide(X {;3 = OCIt ) 
3 

followed by 2,2`-dinitzodiphenyl disulphide 

evrporatin the solution of 

the sulliide it was tl_turated with bonze:Jo-

Tetrole u.d ether and filt e2. The filtrate  

was az ystealisec' fral benzene( 242!_m;', 0.'5 

35/), p . 1 t S6° )&3 . 

ol ) 1525 , r,  0 ( NO
2 ) , 1250 ( C 3 ) 	C 1; 

raax 2°‘:LYA (t ,3001 , 	2341,1/4 (E 	28,600) 

37071 	4,380) ; n.n.r. bands at T 6.12(3«, 

singlet ) , and 3.10-1.70(811) 
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2, By Friedel-Crafts raction (3670) 

(-).. Friedel-Crafts reaction of 2-nitro-

benzenesulphenyl chloride(1.0) and anisole 

(1.0L) uas carried out in Elethylene 

chioeidc(2O 	us in anhydr oils al Ojai UE1 

chloride in the usual uay. The sulphide 

(=;R = OCH ) was obtained (10b:mj,) end shown 

to be identical to the above !product by 

T.L.C., 	and its supeI'lLiposible 

infraro0. sflectr 

Irradiation of the sulTpcnyl acetate(=II) 

in benzene (; 307,5c;) 

L solution of tic su )henyl acetate(200 

in benzene(100m1) was irradiated for 

I hour. At intervals aulf.n.L the Alotol7sis 

sai)les wer e withdrawn end checked by T.L.C. 

for the formation of phenyl 2-nitrophen71 

suipinde 	= H). hone of this sulpide was 

detected by com:oarison with authentic nLterial. 

The major -product uas disulehids, accompanied 

with 2-aminobenzenesulphonie acid. 

Irradiation of (XVII) with dim.e iylanil ine (Eme) 

A solution of the sulDhenyi acetate(500, 
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2.36 ME101 ) and d inet hy la nili ne ( 2E11, 16 Elio le) 

in benzene ( 100i-LL1 wasir2adiate2 in the 

usual way for 1 hour. After I.7ashins the 

reaction 3ixtu_:20 with hydrochlorlc acid 

( 3-x100E11, 1N) the orLanic 1)1-lase was 

ied ( anhi dr ous sodiozi sulphate), filtered 

and evaporated to snail bulk. Chronatoc,raphy 

afforded yellow crystals of /1-N,N7sli.- 

raetlivlarainaohenvl 2-nitronlienyl sul .Dhide 

( 	; R = N( CH
3 

 ) 
2

) ( 	 ;.p.   168© ; 

riax ( 	o 1 ) 1520, 1340( NO cra-1  ; 	mar 205 m 

( 35,800), 235(! 25,700 :2.nd, 2731/1 (f. 32,70C); 

Ja.za.r binds  at fr 6.90(35, 	 Let;sin 	a 

ar 	ot one 	3..5--L.7(8L) 

( Found : C 61.37 ;1-1,5.3_6; N, 10. -.IA, ; S , 11.76 . 

e ;uir e s C , 	 ; N, 10.21 ; 

S , 3_1.69 	) 

Irradiation of 2 11--uini urooenzene- 

sul,Dhenyl benzoate ( I = 

A solution of ( I ;R = 	( 661B3 , 2.07 

in benzene ( 100111) wasirradiated in 

the usual way for 1 hour. The reaction 

IniXt Ur e was chr ozda toff ague on alumina, 
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elutin with b nzene. On evaporation of the 

e 1 u;.:; is the Eal131-l1dr ( "V ;P, 	1S 

as a 2Ci127 	CrystallisJ. tion 

froin benzene :;ave tri 	yellov7 

n.c,'). 121-1220  add sli.o:JC, no depression with 

naterial. 

2--7-initrobenz--nesul,)Tlenv1 benzoate (1; 

R = :11) (E 2 

)!o 2,4-- dinitr obenzenesul)henyl chloride 

(1.0g) in dry illethylene chloride(20m1) v.Tas 

aCded silver benzoate(1.6g). The nixture was 

shal:en at room temperature in the Jar for 

12 hours. The silver salts and, disulphide 

(III) were   removed by filtration and -Li.e 

filtrate was ewl-Dorated to 42 ynessaacuo, 

w'ithout teatint; and still in the dark. 

The benzoate was obteined as J brj*ht 

solid 	m.p. 800(lit. m.p.82°deo.)4 
l 

(1.03c,, ? ;) ;max.( ITu.:Jol 	l720c):-.71( benzoate- ) 

1530,1350cD-1 -- 

Silver benzoate 	2 

This compound was pre'yare(7 by the same 

65 
method as silver acetate. 	To a solution 
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of benzoic acid(1.0,;-,) in distilled 7:ater 

(50E11 	added 	 4207:10,0 

solution until excess ar.Lionia was just present. 

The mixture gas stirre;f: and heated until 

all excess.ammonia ha...7  evaporated. After 

cooling and diluting(to 75ral), a 10 per 

cent solution of silver nitrate(1.4s) 

pas added. Siver benzoa te precivcitated out 

and was collected, washed with water (20E11 

and dried at room tei:Deratare(1.1,s, 

2 4-Dii tr giphenyl phenacvl sulDhid_e( 

CT COQ: 2277) 

The sulphenyl chlor ide(AT;11 = cl)(1.6G, 

3.85 racaole) 1.7as dissolved in chlorofor:,_ 

(SGT ),acetoghonone(f.5 	was added and 

the 	*La'  e gas heated to 	for 

12 "-lours. After filtering the hot reaction 

mixture, the coaled fait ate deposited briiht 

yellow needles. These were collecb 	ied 

at 500  to live the sulDhide(1.86g, 5.8 

raLiole, 	. After rear ystallisation fron 

benzene. those had 3. 3. 155-168
o  (lit. m.p. 

168q6  , ti raax ( 	) 1680 cra- 1 ( car bonyl ) . 
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Irradiation of -br; 
, 

	

(v ;7 (L-12CO21:1 ; 	-2198) 

A solution of 	CH260Thi(1.00.;71.:,) in 

dry benzene(100:a) was lri. adiated in -iic 

usual we'. _Liter 1L') ;Aoars 	stron 
-1 _ at 1.530c!J 	s:iowed 1 it1c 	 in 

intensity, but T.L.G. so-i,ied a snail 

aramnt of a less polar colorless materif:a. 

After ,;:orkin;--;  up 95:2 of the stc.rtin(-,: 

material was recovered. 

2 ii-Dinitro-.-benul Phenyl disul 	 (:•:339) 

.in 	nnvc1rous e33.1.' solution( 50u1 ) of 

ho suirhenyl chlor c ( V ;33. C.1) ( 2. Orj vas 

aced in a thrce-noced 100E11-flash 

fitted_ uith a conCenser, a iairoGoii inlet 

and a dTOID:iri funnel. A solution of thio-

i-inol ( 1. Ora, 8.5 

was s-lowly a.ded to the stirred. solution(over 

5 zainutes) before hoatiia th rai.-_1:ture to 

rcfluu for 2 hours . The reaction ..i_ -_,‘T_tirce; 

vas evaporated down and dissolve -  in benzene-

ethanol(1:1, 10m1). Addition of petroleua 

other c,ave a yello7: precipitate of the 



(-..isulphido (La ) (2. 

Crystallisation fron benzene r vc 

88o( lit . ra..p 	) 	iiiiiax(Nujol) 1525, 

1355cia-1( DI0
2 ) .• 

Irradiation of the  djsul ,-)hide (XXI) _ 	. 	_ 

1. In benzene C34,1) 

A solution of (X1I;(400, 1.5 =lc) 

dissolved in benzene(100A.1)  was irradiated 

for 150 minutes. After filterin tho reaction 

Elixture, the filtrate was evaporated to 

bulk and then chrotosraphed. Elution with 

petroleua ether cave diihcny1 disulphide 

(120.1a, 0.55 	 p.p. 50-6:10  
0,A8 

(lit. ra.p. 60-61 ) 	, andepresscd on nixed 

2. In benzenc-anisole (E34_3) 

A solution of (r1i)(250, 0.8 mmole), 

anisole(10n1) and benzene(q0m1) was irradiated 

for 30 1-ainutes. The reaction mixtur: was 

concentrated and chro=toraned throuh 

aluiaina.Illution with petroleuia ether ,save 

dil)henyl dmsulThido ( S8ni , 0.2? miaole, 63%) 

and the elution with benzene cave unreacted 

scartin 	 t Or a :1.. ( 7/Cia ) 60E13, 25,). No 
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2,4-dinitro 	i 

could • 	f,otecter:,, in the reaction 

Lixturc„ 

:acieatin this reaction, but usin neat 

ariisole as solvent :;c:ve tiie diphonyl disulo de 

(70 	unreacte2. startin 

by T.L.C., a very  sziall anount of the sulphide 

00H3). 

Diaen71 disuliphide 

Lead tetr a.-acetate(8.2(3c;, 13.6 ramie) 

dissolved in benzene (10011) was placed in a 

2505il-conicol flask fitted with a drooin,s 

containin thfLopDenol(5.561^a, 30 =ole) 

in benzenc(10m2). The ltter WAS addee. over 

10 .11-i 11 t 	, T.7 i 	stir 
	

Aftar c. farn.e2 

20 1-Anutes thextlIrc 	M -Ltere4 The 

colorless filtrt 	eve9orated down and 

-:cur_fiect by cola =i chronato 	y. The yield 

of di:2henyl disulphide was 3.61r-,(99. 

6C-61. 

P A 2' .1-'-Tet1'2nitr0den,71  
(.. :i151) 

A solution 01 sodiuso sul=phide(3,6L_,) in 

alcoho1(15m1; was heated on a steaa bath and 
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finely sroand sulphur(0.5, added. After all 

the Sulphur "lad dissolve 2,4-dinitroc21oro-

benzeneV.5L1 in alcohol(1051) was added and. 

the mixture heated c. nt17 for 2 ho S, After 

concentrtin and ceolinE:, the solution, 

disulp'aidc(III) was obtained as e yellow 

solid(2.g, 6C), n.p.270-280°(dec.) 

(lit. n.-o. 2800dec.)4  

en73 2 Adinitr obenzonesulDhenate(=• 

":1 	384). 

A solution of (V;2=C1)(1.4, 6 ilolo), 

phenol(1.7, 13 zi2o1c, Jyridi C, i, cliad 

dry methylene ehloride(100:n1) was sail led and 

heated gently for 30 minutes, The reaction 

.],i::tare was than washcci with hydrochloric 

acid(2x50m1, 11;), then with dilutc, sodium 

bicarbonate solution(2x50Ye2) and finally 

water(6x50m1. The organic layer vlas dricd 

over arfayf.reus sodium sulphate, filtered, 

end evaporated, to give a ref oil. Ether(10m1) 

and benzene(5a) ware added and the mixture 
0 

cooled down to -70 ,'Jrnc,n the y,:onyl aster 

1:vas obtained 	 an unstable yellow solid 
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(1.1c, 5z1:3) 	Recrystallisation from 
0,50  b -nZene .;,.., 0 w.2. 	2°  ( iit . 1:1.1). 125-4 ) 	; 

tilaax(Nujol) 153 ,1350(NO ,-,),1065c1-:11.(c.t cr ). 

The n.]u..r. sTioki,ied bands atit-  3.58(511), 

3.00(13, doublet .)= 9c5s , 2.41( 	clu.c.rt et , 

2.5 `-.;cps), 	 d,oublet,J=2.5c)s) 

he Irradiation of (XXV•Ti= 	wit]l di/ nyl-

disulDhide (1:2.381) 

A solution of (7_17T;R:-.-- 	(252.41.6 , Lmmole) 

and ohenyl disulphide (d3 	 2,0 	) in 

benzene 7;as i=diateL for 40 minutes. After 

_lc reaction mixtux. 7CS evaporated 

to snail bulk, followed §2 (-3:'roTlator:r pAy. 

Taution with petroloun at-cr gave unreactor:. 

S artina Llaterial( 	( 

utlon T„'Jlt:h benzene- etxoleum ether 

(.=)(22,J 	10%), a,2, and =Lod 

a.j. 33-85°. 2inal 	 us:J_i1. benzene, 

cve back the star tin(:: Estes (200, r1ro), 

6 mix0d m.p. 1220. 

The rest of the startin J-.1aterial was con- 

verted, to the sul-Dhonic acid (II) and disul7)h- 

ide(III). 



the Irradl tionf o 	est-  CT • 77) 

solution of 	c 	.13,, 0.33 	) 

dissolved in bcnzcnc-(iDCnl1  was irra::.i-7tu(7. 

in the usual Lander for 30 	After 

filter 	, the react :c)ii ;Ai-1:tur c was CW:.?02 abed 

to s.i7a:J1 bulk and chroTltora -,)hed. Taution 

iiith benzone-a cctone (1: 1 ) c;avc, the sulphonatc 

; 	( 481(16 , 0.1? irinio le , 20,), 

129°; 	Nujol) 3375( 	,1370, 

1170cill-3 (SO ) . Elution iiith acetone Gay° 0 

another coripo Iliad(cVI ; = IT) ( 	0.0? Jairlole , 

3.3), Vraax( Nujol) 3500,3400( 
2
) 1370, 

1170cli 1(S02) . 

solution of ( 	= 	( 400111L; 

1.3? fyiole ) was irradiated in benzene (1001111) 

for 30 rainutes , disulnide ( III) ( 2? 	, r70) 

was collected. The residue was evDorated 

to .317.7e a 3,.121.Dy r cd solid (103,1r) 	hich 

szaciled phenolc ::11.d which had a broad, 

stronEi absorption in tile infrared spectrul: 

it 3330am -1. Io phenyl su] hide(IV;R 

and 2, 4-dinitro 	1!:-Jaydrox7?:leny_1. sulDhl de 

( -=i'V could be detected in the reaction 
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Gixcu o by T.L.C. 

2-3 4-Diro-:)be-)71 	0 dr 	1iz. S 12L 	U)i1.1 - 	—it 	 - 

(XXXV) (i-f, 377) 

To a solution of 2,4-dinitronenyl 4- 

benzyloxy -phonyl sulphid G ( 	 IV):LI:L 	( 415 .31113 , 

0.12 	in acetic 2eid(2 au) was 

added a solution of hydrogen bromid(.. in 

acetic acid( 45%w/v, 0.5L11). The solution 

wos g cntly 5eated to 50°  wit stirring 

for 30 :Anutes. 	its (501; and eter(50i-J11) 

sera added and the uner later se)arated. 

2f5cr dr,yin(sodiufa sulhate), and 

filterin, evpor.:.tion Jffordcd 

phenyl 4-hydroxyphenyl sul -Qhide (3'„, 

2ccr7stallisation fratil benzene-petroleum ether 

ve yellow needles, d,3. 1 67-16 °; 

( Nujol) 3675( 01:1) , 1520,13/15c -1  (NO2 ) ; 

,71ax. 202,(£ 21,500), 2331J:u (t 23,700). 

The n.n..2, in acetone, showed a sib ,let et 

'T 0.6( 	and also 2.54(2H, quartet = 2,3.5ci)s; 

2.84(11l, doublet, J- = (Th -os),2,50(21::1:, quartet, 

2,8.5cDs), 1.70(171  quartet,,T= 2.5,'7)cps), 

and 1.04(11, douhiet, Jim 2.5c)s). 



DinitrolD onul -bon27Jo2/25c:271 

sul J. id c 	(2225) _ 

solution of ho sulhonyl a cots to 

( 	;I-1 -CH3)(5201:1-,, 2 	ol 	nc-1 	onyl 

b r-17:y 1 c th',13r ( 357EIL , 2 	in 	c nc ( 10 Oriel ) 

was i radiated for 30 ninutcs Tho r °action 

=taro was filter a2 and crol-.7:tosz aphod. 

-..aut ion with bcnzono 6avc a iaiy.:tur s of 

and (=IV) , as i2Ricat0 5y T.L.C. 

Rechroiraato,sr 	of this L. -,tur c ,avo pub 

sulphido(X=IV)(1.(301-116, 0.5 r=lc, 25 • 

Crystallisation from b-,-;nzona &etc m,2, 135-. 

V 	Nujol) 1530,1350(1\1.02 ) 1240( othcr ) 	 1;\  

.-.Ln 	soctr 	s how c J. a s n7,10 t at 

/f 4.87( 2.11, and »ro atie 	otons at 3.5- 1.0 

( 	ot ons . 

n y 	cnzyl 3 \ / III±)(2372 )  

Yhonol( 	and potassiuri hyd:o:idc 

( 2.8r- ) wore AcatcC, and 	nitro/c£, to a mc 1 t 

crt 150°, 	 tho welt to 100°  

honzyl 	( 	was slowly aG\ef over 

2 hours ,with stirria, 	mixturc hcatc2 

to r °flu:: for 16 hoar . 511.1C r cotton J7dxturo 
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.:'as ov ',Dor toC. down to sA.all bulk 1Dcfor 

coolinG an.d 	othr 20E11) and wftc;.: 

Tha other Lay= wL.s dr iod OVO2 so(-11).-171 sulphate , 

f 'to:23d , :._1/Tr.-.)orted to =all bulk c.nd the 
0 

aistilled; tho fraction of b.p. 12o-130 at 

O 
72E7Li 	s colic ctad ( 5.53, 	, il.p 3 ( lit. 

c;
0
)
, 51

; 	I) 7!),7!1:( 'fiujol) 1270( c 	760, 
1 

750c i-1. (=nosubstitatcd phenyl). 

dinitr o riz ona 

rz00or /l  -,  

	

L solut ion of ( 	( I., 	-7.1olo) 

437..1.1 ,)ole),77"(Anc(D 
	

a n(f. 	y 

zzc67./ 	idc 501-:11 was sti= 

hc at inr„; to a ,,antic r 	for 50 frl)_natc:s. 

Tho  -action lixtur w.cls as ,1:::,, with yGy o 

ic 	( 2x100-.11 , il) and finally vi..itcr 

6-1:10Cral) . The 	1 	was dr ica over 

anliy0,rous 	arc., Sul  	c nd ovaport:-J':, down 

to .an. oil. After acacfYi ti on of other ( 10n1 ) 

and bonzon 51-11L , 	ar e ,:ras loft at 

0°  w:13n cllow I cd1c,s s l ow1 3,  forrio 

Thc ostor (x:o.  ) 	s obtaincd s y 

cr Ystals (1. 	, 	. 	-,L,c le , 84?) . 



T7Zocrystf21lisation fro:: bcriz,,,nu—Lt7._anol 

. 122 ; V.:=( JJujol; 1 30,7_50c1-  -1  ( 

211:,u (E 	300) , ---'''mv( 	1 7  100); 

bonds 	 2-1, a ic7 2.1 

(di,s1iit), .17 (1- , 0 	c)s ) 

1.50(1H, cluLar -c 	2.5,c3 C)S , 	. 9r, (E.L, 

doublc,,-„ J=- 2.cps) . 

(Founf C,50.?1;:1 ,3.4;2;L ,I.02. C15'710U2055 

ccaircs 

12-0 iPtion 	to171 ,storSYJPJ4 

(]3C5,t_,4C) 

A solution of th j-toly1 est,2 (252r 

0.82 _7_ c3.1) in _cn7cnc,(1C011) 	aS corcC2—td 

for L',C L ,InutL.s. .J1-1-1c r 	CtlCil 	s 

(- va o': -(1 to s F'l bulh and oborato and  ,52 

Ilution 	boL-1,7L,ne -pet;o2 _Jul ether g.D.vc 

startin'; material( 19,8,0, 7::111st 

bcnzL,c elution ,etvc t1 .5.ine(=XVI;2=0H ) 

(1.7,ca 

(jo11  3500,34,00(Y:T 	1360,1100en 1(802). -2' '- 
mlao Iss spoctruz. of this comollad shoed 

laolccular ioli at M/e308 as w;11 as ior tant 

e.= at m/c201(loss of OC 	end 0 - 11 —6 

c 137(loss of S020 3H4,0H3). 

14:6 

) 
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2 2 	V6 -0 	,5t3 
	352) 

	

") • 	C S 01 ( 5. :,3C mole) in b3nz.cn•-(100L.1.1) 

was oxidised with leaJ:. tetra-acetato(11:;), 

added in :ortions (f/22111C; 15 oirutos. Tho 

Liiy..turo was st ir20(7. for a furthor 2 hours. 

-Rcz.loval of tho solvent 	darl: rosoduc 

frog which 	was l'CLIOVC'f„ by steam 

distill Lion. The 2GT',2,inin solid was 

oxtractod with hot 7muc:.7(3x50m) and, on 

coolinr.; colorless no -d1(..s of dell-:dro-p-crcsol 

(0.1:,;) ucro 	±55-155°  (lit.  

m.p. 153-1540)52; 	3400(0E). 

zone sulhcnato 

7.1351) 

	

solution of thz sulph. 	chloride; 

	

( V ;113. 	C1)(1.3,, 	Dyr 	, 

C.SAL„ 5.5 filiolc;  , and methylene 

chlo2ia.:(201-11) 	stirr3C 

at 12 0 OM to' C.2 at Ili' C, for 2 hoars. iho mi-Lture 

was filterc5. to 2C O V 	j7i al :2, 23110/ 

-9r col- 	to of disulic",c(III)(25Eing. inc 

filtrate was washod with watcr(4250m1) to 

romovc pyridine. After dryin;:„ with sodium 



1A-2 

sulphto, t7le 	,;:as concent:::ate to 

as v nil 1  I- 
- 

, . Crystallisation fl'om 

m.c;Lliylenc chlorid.,.-benzene 	220--2220. 

i[aa::(Hujol) 1'375(CHO;,1330 7 - 135 	? 0(0,) 

10i5(00T )c1-1-1. 	7  _ T lis co2yDou- 	-n!--, .:as 	y _  

insoluble in car=on oranic solvents. In 

dirlethylsulphoxido its n.m.r.spctrum showed 

a tanc. at 7.0.14(1H), and 	broac7:. b:Ad. in '1  

aro=atic reE;lon(6H. For analysis,se,; 

,  .1.,c1_,,,Lon o f 	 er-itel'()XVII)(E352; 

	

IL suspension of te cster(20L7 	in 

benzone(100m1) 	L_,raiatod in t7.-.0 usua2,  

_'„,,inner for 1 110L12. 	r:-:action z...::tuire was 

filtred and Olsul)ii 	(III)(70p,,$) was 

coil otc. 	 v)_s 	 ;''Lown 

undt.r 	pressnre. Lc'c'lition of 

clllorofor(101; 	. 	,at:, of 'Oe 

nterial 	 .2,e,ition of 

(,t112 '6o V_. l: rosalt.1 	chloroform 

drovanillinr,55as,32,1 Tho 

2,4-,-initroftylAyearazono f,erivativ:, of this 

fraction show 	an idc,Itoal R-2  to authontic 

dohydro copoun had 
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V 	chi 02 o forza) 3500( OH) 1 2850 (iliet 
-- 1 	 1 ( C.H.0)  

Analysi s on the vanilly1 est c,r ()Tavii 

Found:(7 , z-7.61 	3.11 ; iq, 7.39. 014.„.3.07207S 

r ecuir e s C 	;1=1,2.65;1'1,7 . 

rov:anil1in( 	) ( .E21z-) 

solution of v:.nillin( 	 .oLe ) 

iact -Lanol( 100E1 ) wa s irr adiator.--1 for 365 oi -)n s 

The reaction Ai2t urc was conc entr to3 and 

saparatcd, by filtration to !-:,ive 	fAle brown 

solid( 602-.1,:-. 

and drying his had I.a. 283-296°  (3 it . 

302-303°  ) 53  ; "Ala ( Nu ) o 1 ) 3350 ( OH ) , 1675 ( 01:10 ) , 

and. 1050cm-1  ( other ) . The Ea ss spec t2 

the -par cat ion at Lie 302. The n.m.r 	ctr 

of =clic drivc6 acetate showed 	7. ( 6H) , 

6.07 ( GH ) , 2.4,5( 2H, .7T,, o ub 	t , 	2 c ) , 2. .61 

( 21-IldoubL;t, Z =2cs ) , 0.05( 2H) . 

1-T 	2-nitr ob °Jaz enc. F u17)lionat 

This comound was also Dre332 	in a 

soliler 	to the i)-toly1 ester(=V;Rt-- 07 ) -3 , 

A mt:tur of 2-£ it tr °bonze/J.0 sulp1' nyl chlor 1,13 

( 1. 	S.5 	2012), 	csol ( 7 . J•,„ , Dyr id n (1:11 ) 
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and pothylono chlorido(20]-11 	sty god with 

for 2 hours. .orkin up 	t: 

tolyl 2-nit2obonzonosu1-Dhonato(0. r 2  6•6 

=o1c, 	163-146
o
. 1)=.(NUjol) 

1 520,1 /1,0crl-] -(TNO ). 
2 

0-1'017 2-nitro--chlorobonzcnosulDhonato _ 	_ 	_ _ _ _ _ _ _    

(343.5) 

ihis coirl)otind was 2lso DrC2 TOO,  in a 

fashion to -51-1. ostor(YaV,2= CH ). 2-Nitro- 
3 

&-ohlorobonzoncsul)hc3nyi ch1orido(2.0, 

3.S 1-=lo) a2C p-crosol(75.0) thus r.avo tic 

2-nitro-4-ch1orob , nzonosu1phonatc 

(237 	Pcoorystallison frail bonzonc 

Ea 7c n.D. 210-214°; V:z:d 	ol) 1520,10oa-1. 

A-C'lloro-'-ultrobonzonosulonvi foridc  

(431 

20 2 solution of /.-ch1oro-2-nitro22 nyl 

bonzyl 	o4.8g, 17.8 nfoolo; in dry 

z_othylono chlori2c(2011, was a dod 

salp.iuryl chloridc(1.52_1, 18=o1o). Aftor 

tic mi.-ztur c on a steam bath, tho 

solvont was r3=VCd undor 2CMCO;  Drossaro. 

AZ.dition of )ctrolour::. othor to tho :?osiuo 
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.c,avo& y.i11ow crystalline 

_LL,.;z fr,,ItLon 	0 	1 	of t21. -; 

ws.shcf, 
o, 

4--C:D1oro-2-nitro -Dhl t-n771 	(-,]410) 

hydroxifo(7.1.; 0.13 ziolc) was 

dissolvo in solution of buazyl =captan 

(15m1, 0.13 molo) in cthanol(50m1) bcfore 

tho solation to a solution of 

2,5-dich1oronitrobcnzon.o(15c;, 0.13 zAolo) in 

othanol(802a). Tho .,-,Iixtaro was roflu'xoC. for 

3 hours with stirrila undo 	Litroch 

atrioscro. Th3 o'action z,lil:taro was coolod 

to :coon tc:2:,)oratul 	to c;ivs-J 

crystals. .:4..ft= filtration tho c:]ystals wra 

vrac with watcz and a sri_all a:iount of ot;Aor 

and dricH andor v,,-.cua:1 at roof ' 	. -)ortu2c 

(32.&,---;, 0.12 zaolo,92 ); 

2 z---.Dinitroconz.i,osi).171 	,t7.1u1-n-tOlUidid0 

(X=X;Rl= E02,52= 1 3= CH3)(1E468). 

A E=turo of tha 	chlorido(V; 

UriCiCT 

c  
''7 	). 



R = 011(1.172, am.olc) an( 

touidin,:( 1 . 21s,1C 	in uotl-i.ylono C21oriac 

( 2 Orril wa s shako n at roar t 11) or at 	. Aft cr 

1 hour the nixtur o was -. -)oar o6 into hydrochlor ic 

acid( 50m1 1-10 to raC.I.OVO =COOS baso. Thc 

cr,-.:arLic lc jar was was:icd with 7.7at....:r ( 50m1) 

dried with Sodiu salpilato and ov,:lporatod 

down to a rod oil. Aftor r.,.dait ion of Setholousa 

otliar ( 10m1) the oil th-,-.)ositod rod crystals 

of . 	4:d initr '§nzcasulDhonyl 

p-toluiiidc(1.56c;, 4.9 yiraol;..,, 99\).  

23orystallisation froix bonzono _,:z•Arc rod 

. 150-152°  ; 	jai; 1530 ,1350cr1-1  (  NO2); 

/1 :lax 203 . 5 ry.,/ 	36 , 100 , 266.5 , 500 ) , 

n 	b 	s at ƒ 7.70(53, sinsiot), 

50 ( 	, s 	t ) , 2.. 92 ( 	s aLT:1 t ) , 2 . 	, 

doubli ct , 	, 	60 	, qui:Irtot , = 2,5,9cps)  

.3:5(11:, 	 2.5cDs) 

( Found.. : C , 5 . S1 ; "21', 	13. 27 ; , 10 . 22 . 

Cii2i131\1301:3 r co uiros C , 	. 66 ; h .10 ; N, 13 .1C) ; 

) 
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Irraalation of tlio anilidc- (2 I/;21  == 1 

	

Ro:= R = 	469) 
3 

A solution of th(_, an-i143(50071:7; 1.57 :=Jolc) 

in bcnzfinc(1001) 	-1J -td for S hours. 

_Lftcr c;w'portin;:, to sz:11 c7,..ount t\c a%aotion 

m22turc, wzs ollro=t 	rl CE Elution 

with 5nz-acc4on(1:1) affodo 2—alalino- 

-4-nitrobc,2z3sisulDhan-if 

((;R1 	,R2= 	CR_ 	, rd.p. 

137-170 ; 1=(Nujol) 3500,3400(1
2 ) 

1540,1355c3-1(NO2); 	207.111i) (C 22,300), 

236.5iyi(E 24,500); n.n.r. Lands at 

7 7.66(3Z), 6.70(31), 4.81(2A) and a 

r_lultilot at cc:i 2.5(7 protons). 

2Nitrobonzoncsuiphonyl N7Inothylani1id 

	

( 	;Rif R2= 3, 3  = 	E4:5 0 ) 

This corloan WTS 2222 	in sinilar 

2a or to 	 7 of 2-£it2o- 

cz22ctcSJ1 	1,71 017._1ori.(1.0, 7.3 	 olo)  

and 	14- 	ill iric( 0 	borz6(5011) 

vos obtain/ 	 117IX.P1  R2  7 

	

-'" 	-' 



t i" .31 

) . 

10.58;S,12.72. 
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= C1.i3  ) ( 1 . 	3.1 	0, 	,2J• 3 

	

1,;Gc) ; 7).:13x( 	132,13,"_,C(i40 ) , 140H-CH 3j ei-71 
2 

	

Taax 207( 	600) 25,-;(E 20,7 	and 

36619) (E 4,150) ; n.o.r 

(3) 	lid at cz 

(1Tound: C 'D .6,, 	- • 

C13— NO2  Sre7:aircs C 12  

10.75;S,12.52 :. ) 

Irr, „uion of' t:-JJ 	Cl .3 	= -R 3= -  

	

7 	-.— A31,A54) 

A solution of the anilide(5001- _ 	in b6nzcnc, 

(10Cl l_) Was irr ia t 	1 or 3 I:lours . 	saric 

wor=„7_, , 	ur.; 	asek ebov6 	vc 

( 

3 3 )(68. "2 	 ), __.2. 1000, 

2 	13'10,1160(80 ) c-,71
-1
. Nujol 3490,330( 

2 

	

.]L.r bands occurs - 	T 6.72(3H), 4.83 

( 2: 	a brod band at 2.4-3.1(9 "protons) 

Its m.,Ass spectrum s_ owe.:'' 	1par z.;nt ion at 

a/c 262, also a band at ac 10G( loss of 

N-H
2
C
6
H
4
S 
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2,\ - D ; 006112 '1' 	• 1-- 

 

idc (MX.; 

R = NO 
1 

= 3e= 

 

s olu t ion of ( V ;2, = 01)( 1.0 , ‘-1 • 3r. "-I,101 ) 

and a 	( 0 .9 , 0 . 6 . mmolc) in 	( 10:11 ) vias 

for :00 _Iinut es at 20011 teLiDor turo and 

f ilt or e t2 oK§ 5 Cua]  u.E.1 na . _Lhe f iltrte 

,1,avc; oranc, eyyst22s of the sul.)onar il :,C2; 

3.2 	 Rocrystallisation 

of the cry. st:ls from bonzcne potrolowl ether 

7  C 110w 	s 	.113-118°  ( lit . 

P . 	11  6-11 80  d 	. ) OJ 7.,/ max( NUJ o 1 ) 3320( NH; , 

1525,150cm (INC ); 2,5.2, 	rds at 
2 

.81(1\, sin1et),2.21(1H -.oulDet,J=S ps 

1.7( 1H, g ua2 t t , 2= 2,5 gods)0,55 ( 1,  

oub 	t , = 2 . C 	) a n :T. a 

. 	( 	. 

12 	t i on ( 	NO 0 

(=A: 

Solation of '6:1.; st, 	anilid ( 500:" 

1.7 s. 13, in b cnzonc 	122a.alatca for 1 

Goy . Th; r (la ct ion zaxtura was ,:-,va)or at 	to 

Lu-Lh and filtor ed thr ou'r alumina. 

2±2t ion with 1:1 bodzcno--,Dotroloum 

6ave azotonz:;no(55LLs; 35,), 6.2.63-68° 
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, 
zaixod 	35-6b

0 
 ; 7.2 	( 	o 1 ) 196,1076 , 

782,700 c 	; 	1= 313:.zu (E 20,000). 

	

--11271 2 L-dinitrobazo 	• / 

Lip:turo of t3 sul)hcnyl chlor id c(7;/*Cl)  

( 1 . 	),by1 a 1 co h o 1 ( . 	, 	15o 1 o 

yr d nc ( 117,1 ) , ar mothyLJnc chlor id ( 20:11) 

i:Jas Isontly hcatcd to r (1,11= for 30 z,inutos 

r action mixt ur es w c wasl ,C with hydro- 

ch 1 or 3_ c i71 c id ( 	Oral , 1N, 2nd 	( 2x5Oral 

Thc, or ,,anic layor was cvapoted do un and th0 

yollow .or ocipitatc was collo ct ca and washccl 

with a srfia 11 amount of cth 	to hive t.c 

star (nu) (.1.7%, 5.? 1 5o1 , S3. ) . 

Cr ystLa3.1 isation 2209 3onzcnc Lavo ra.r, 

160-14_2°  ( 1 t 	36, 1) flay: ( Nujol) 

1530,1350 ( 	) , 925 ci1-1  ( 	) . 

Irradiation of -Lac 	2371 - 	 Lill) 

1. LI b,-,rizcn -., 	(2306) 

solution of th3 b nzyl cotY: 	1.5 

riLlo 1 ) l2 .b c Jaz 	( 	rr diato.f' for 

12 hours. Tho 2cact2on zi2tti-20 was 

a L.-par at od froi sulD:Thnic a cid (II ( 2672.(-;) 

filtration. c filtr t. 7:as ova7orEtod 
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to small bulk follou, by e ron:to 

ct ,r ulutLo.i 	 L:1 

(L) 	 ,'ass s)ect'ou_:. con- 

fir.,c2, this as i ,11r1C1!6,S101 _Liar a 	arent :Loa 

at 	16C: tc, „, 	s;.,c3ru_ - 

on1:7 	:_'xiCs at 3.03 an,.' 2.3(2,?t10 2:10). 

Benno is ,litton EaVO o yollow solicK144n„ 

0.33 	27, 	(-2he mass 

s;:ctrui of this 1...ttc„r 

par,nt Ion at n/, 365. 	o 	s.oc,ctral 

Oii t - is oacc_)ounC s io7,,d a lealr. at 5.93 c:nC 

2.2t-0.1z, ratio 1:13, 7 

1550ci.7(1\102 ). 	 t 

	

_latJ2 - 1 	va a posit -_vc 

sul7hil2 tes', and h s tont_tiv,ly bc:,n 

asst s ,d structure 

2. IL...c11soc 

	

solution of (=1)(502]- 	1.64 ri_cle) 

irradiated for 12 

hours. Thc roaction mixturo was se2aratcd from 

the dark prcci -oitate, 	was minly tlao 

sulphonic acid(II)(28Lis, 0:). he filtratc 

was filtered ti.-irou,:h alurlina initially 

usinr, 2etroleum oth,--r as cluant. L mixture of 

il-mothoxydiohonylmethanc anC:, 2-rdethoxyd 



17.-3,c; 

1Dhonyl,Aotlianc(215 an(;. 65 mg ros -,Dootivoly) to- 

thor wit'._ unrcaot 	anisolc. 1)_antitativo 

analysis on this 1-ai::taTa was :),:.rformad by 

s liquid chro=toc,r ,)hy. 	furthcr 2rodact, 

yollou in co oar, vu_ls also obtained by caution 

bonzono—th s co:a:pound al)2caTcd. to 

corres)ond to (XLIV) isola.tod frorl abovo, 

altiaousb tho 	o con-ooune, w:ro not ieLontioal. 

2-- and 4--Leth_yd7:nonyllacthancs (E430) 

Anisolc,(101-11) ::rid boron trifluorido 

(13m1) worc .olaood in a 100p11-flask fittod 

with 	droppin fun,aal, nitrocn iniot and 

stirroT. Bonzyl broLid;11.21:.1, 

'as a(2.dcid drop7ris ovq- 15 minutos. The m=turc 

Was 	n ,7cnt17 'carl-,lod to Tcflux for 1 :Jour, 

ford cooling, and -; - ou_rin onto crushC,  

ice. ' 	11-2)= • 	,!;as 5,1yDarate, 

ava-ooratod eo-vIn to „Ivo an oil, usinc; 

acc 	and tc; residual oil 

disti110,a 	roduo.,e, pr assure. 

fraction of b.D. 1"8
0 	

colloctd, 

(6111,32 .) 
	

this to bc, a 

13:20 ratio of 2-/4- isol-lars;TL - E,x(fiaJa) 

28.50(00:1 ) 
3 ' 

1 
1250,1040(otTen . 



160 

n-Butvi 2 -dinitrobnzenosull)honatc 

(V,P, = 0E11) (3 432) 

A solution of the sul,:honyl chloride 

(V;201) ( 1.4a, 6 =olc ) and A-butEaol 

(10L-11) 
	

7o22c(3. ail then stirr 	for 20 

Ininutc,s 	reaction .2. -.1i-±:tur a -.Jos 

to r 	 an.£iltrato  

eva por 	 ,ivt t\c cst (1 . 	5.3 

71201 	. Crystallistion froz_ binzdno  

r,„,.11, a 	3°(1it. m.p. 23-6°) 6  

Cyelo2Cz2I C.., 	teo1Cl  

( V ; 	( 	461 

This cor.ii?ound Tm: s pre rC3 in silaiL-3,r 

-.Jannr 	butyl JS2i72tiv 	2ho 

oro2uct(50,) act G,/. 133i( lit . ra.p .133°) 

?,.,..2 4,-Dinitrodipher2lsu 	idc,( I_V;:2 H) 	638) 

1. 2:_v_a::L1141i 

2 , 	 ( 2. 	12.3 

d..isselvc..- cl in hot 	no1( 201711) 

and thin IGno1(1.211 , 12.8 iaLlolc; ) 

Sod iu:::_ hyclro7;7.- idG( 0 . 	n ( 20r_11 ) 

wc,s added. 	 :,n2 a ,,J31101:1 

"tats foriacd. Thz, 	 -Hi a colletcd 
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L.,,,;fore -Jashin:11, it with 	 n3.nol end 

cstin 	it\ co d QatL2 to rcz-Lovo 

vias reTcyst- 

etlisc2 £202 al2eso 1- %»23322, fi1t; i2§ 

1.dsolub1e froz;. the 	solution. 

On 2052232 thc, filta7tc 

nccd1.3s of nc: saL)hido fo:121(2.) 	72A, 
, 121-1 22°(1-it. 	11 0 

	A A 
7 ) --;,/x(Nujol) 

1530,1 :50cD 1(3O
2
); n.m.r. bands at ir 

3.O6(1H,doub1et,J ,= 	, 2.3(53,sin 

1 „23(13, guc,]:‘tet, ,T= 2.2,2c1-)s), 1.03(1H, 

doublet, Jr: 2.5c:2s). 

2. laY irraiation 

This W. 	:yf)::.:at of tic ,,lothod of Cox. 

Op 	 so516 of 230n .;.-f, a yielC, of 73 

was obtained, w.2, aLC. faiNG:.  5,3. 12:"122°. 

of ,) A 4., 	41±u2e 1 sul .  ide 

(z159) 

solution of VI s 1i12deC500.6i 6isso1ved 

in bcnze.1, was : 2a\SatsJ in the norlual 

for 	hours. Since no 	nc::;c in too T.L.O 

was :-.et,.;oted aft.,,2 this ti Ic wat b:.,nzenc was 

adoc..(501) anc tho photolysis continued 

t 
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for a far 	hoLizs. The r eection. mixturo 

was filtc;:o 	off and sulonic 

(1:3 	CC, 0/4 
	 its 

su)riuposj_bl.:3 	spot: an to authentic 

acid) .ChTomatoraphy of 	rs.;=inin matoriF.3 

back strtinf,; co_pounC (227= 

w7::111st1ation of 	coluria 

instcad of th 	troJ.uj ,- tr-benz(3no, 

a -\TI'y 	ar:lou_nt of a nw 

(c show_cl n infraroC band ,in 

,, chloroforra at 4,20c.-1  (ni__), and a arnt  ion 

in its iAass a crwu a -,-,1/o 27o as 2COU12 Ca 

for 3-nit2o)]icnothiazlne-9-dio::ido(1V). 

That th clio.-Lid function ars to ha 

pr(3sont is also indicated by th loss of 

110 :lass units(loss of NO
2 

and.S0
2
) in th3 

nass spc. ctruia. 
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