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ABSTRACT 

Tho biogenesis of some groups of natural produots 

io roviowod with particular reforonoo to the Barton and Cohort 

concopt of phonol oxidation° Photochemistry is also rovievied 

generally° 

An invostigation has been carriod out of nothods 

for gonorating phenoxide radicals photochomically, with a viow 

both to dir,covoring photosonsitivo protecting groups for 

phenols, and also to performing coupling exporiments with 

these radicals, thetas  imulation at least in principlec  

the biogenesis of those groups of natural products which aro 

thought to arise by a phenol oxidativo mechanism° 

Xn addition, a study of the photochemistry of the 

aromatic sulphenyl carboxylates has boon made° 
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EIOGEVES XS AND PHENOL OX IDAT ION 

The purpose of this review is to correlate the 

structures of various natural products with one unifying 

reaction mechanism by which they have been produced; thin 

mechanism is the coupling of phenol radicals . The variety 

of products obtainable when phenols are oxidised by one 

electron transfer oxidising agents such as ferric chloride, 

potassium ferricyanide, silver oxide, lead dioxide, lead 

tetracetate and manganese dioxide is clearly indicated by 

examples from the classical work. of Dianin, of Pummerer, of 

Erdtman and by more recent work 20:-4.“:,5 . 

While phenol radicals in general are very unstable 

species, the presence of large substituents, for example 

t-butyl groups or phenyl residues, at the ortho and pars 

positions stablises the primary oxidation products i,e. the 

free phenoxy radicals. Some of those free radicals form dark 

coloured crystals, for examples  (1) Goq °  and (2) ;10 
 oo 

others, however, undergo association in the crystals to form 

colourless dimeric quinol ethers which in solution dissociate to 

varying degrees into radicals, for oxample (3)2b43pand (4)5).Y Ft 
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Once phenol radicals have been generated they will 

in general undergo further reactions very rapidly leading 

ultimately to stable molecular speciess  it being assumed that 

the radicals' are not of the "stable" type discussed above, This 

object may be accomplished by several processes° Reduction 

gives back the patent phenol 6l is146,220 2N2 Ara  ag s  coupling with 

reactive molecules, for example, oxygen and bromine, affords 
22 6, non-radical products 60# 	9 self coupling furnishes dimers, 

The latter can be formed by C(-C (ortho-orthot  ortho-para 

or parac'para) or Ct'.0 coupling° The first named process is 

the most important, pertinent examples being discussed in the 

sequel, 

However, before doing this, it will be convenient at 

this stage to distinguish in principle between the coupling 

process, tacitly assumed above, and the possibility of a 

substitution process° Both mechanisms predict o -p type 

substitution4 2, 26, in the final product but have different 

Implications for biogenesis, Generally, C-C or C -0 bond 

formation can occur in one of two ways° Two radicals can 

dimerise (A) to give the cyclohexadienone (9) which in the case 

of the 206-t-butyl compound, can be isolated and which 

rearranges in methanol to the dimeric phenol (10)t4 2/, 



o 
°It 

\ff.—net  

0 .IIIM,L.1), 

(a) 

— 



o 6 - 

Alternatively, when oxidation is slows  dimerisation 

is less likely to occur because of the low radical concentration° 

Under these conditions in particulars  it is possible that 

phenoxide ions or phenol molecules which are present in high 

concentrations undergo electrophilic substitution by the radical 

03)t  the radical (11) being dehydrogenated further to give the 

ditnone or diphenolo However, we have shown that if p-cresols  

a phenol whose oxidation has been thoroughly studied 2 a)" 

be oxidised in the presence of a ten-fold excess of veratroles  

no -Me residues can be detected in the phenolic products "° o 

Similarly, oxidation of the monohydric phenol (12: R=Bz) gives 

no monomeric coupling product whereas the corresponding dihydric 

phenol (12: R=11) is smoothly cyclised 31  0  In so far as -0Me 

and -0Bz can be equated with -OH for the process of radical 

coupling, a substitution mechanism seems improbable, However 

radical substitution into a phenolate anion" cannot as yet be 

oxeluded, 

OR 
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Phenol coupling cans  oE courses  bo carried out in 

neutral or acidic pH and under thooe conditions the anion 

substitution process can hardly be important, or the remainder 

of this discussions  radical coupling will be accepted without 

further qualification° 

Carbon-carbon coupling° 
111=C.111 

(i) 	ortho-ortho 

Examples of this tyre of coupled product are afforded 

by 6ohydrodivatillin (13) "D", dohydrodl-o-cresol (14) a  and 

dehydrodi-Vnaphthol (15) "0 

(1.3) 

(15) 



(ii) 	ortho',para 

Examples of this type of coupling are not very 

numerous and possibly the best authenticated .,nse is afforded 

by the oxidation of pe'cresol 57g ";" which gives a relatively 

high yield of the crystalline ketone (16) 2 6v  the sor'called 

"Pummerel)s" ketone v  formed as outlined below°  

(iii) para -cara 

Examples of this type of coupling are 

404-dihydroxybilohenyl (17) " t  the diphonoquinone (18) P5t, ”) 

and the quinone (19) "1,42 0 



C17) 	 6_8) 

0 

(19) 

Garb - oNygen coupling 

Oxidation of dohydrodi-P-naphtho1 by potascium freNryalvtdra 

givris (20) rAnd .(2a) 

(2,o) 
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Sinilarlyt  oxidation 4 e of the methylene-bivhrnaphthol 

(22) affords the epiran (23). 

(22) 
	

(23) 

FinallyT  oxidation 44  of trimethylphloroglucinol (24) 

yields ”cedronon (25)6 The mechanism of formation of ”cedronen 

requires either two successive diradical couplings or one 

tetraradical coupling. The first scheme (illustrated) is 

acceptable nrovided that enolised 103-diketones can be oxidised 

like phenols. The radical resulting from such an oxidation is 

of coursed  resonance stabilised like the phenoxy radical. 
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It was stated at the outset that the object of this 

review was to attempt to correlate the structures of certain 

natural products under a unifying reaction mechanisno Having 

dealt with the mechanism, attention will now be turaed, therefore, 

to the structures and, with this mechanism in mind, the biogenesis 

of some groups of natural products discussed° Only a few of 

many exauples will be Given to illustrate the general scope of 

this process° 

1, Alkaloids 

As early as 19110  Gadamer " attempted to explain the 

biosynthesis of glaucine (27) by assuming that laudanosoline (26) 

was dehydrogenated in the plant cells° 

01K 

11111.111100•1"••••- 

26) 

Later, Robinson "P''7P 4a  attempted to simalate Natures  s 

pathway to the morphine alkaloids by mild oxidation of laudanoseline 

(26). The product of reaction was, however, dehydrelaudanesoline 
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(270prostmably ?  formed by the mechanism indicated, and not a 

compound possessing the morphine skeleton° 

(26) 

 

	 110 

110 
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HO 

In the years following these proposals, many mechanisms 

for the oxidative cyclisation :Leading to tho morphine skeleton 

ha ve been put forward e) 46,49 50  but only ono scheme, namely 

that of Barton' has stood the test of experiment, This echo= 

is outlined in its most recent 50  form, 
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The benzylisoquinoline on oxidation by a one electron 

transfer process gives the diradical (29). Coupling of this 

diradical gives dienone (30) which exists, peculiarly enough, 

in the "openn. form Reduction with sodium borohydride affords 

two stereoisomeric alcohols (3i) Both of these alcohols under 

extremely mild acid conditions (aqueous solution at pH 3 to pE 4) 

are. converted spontaneously at room temperature and in fair 

yield into thabaine (32). Simple changes then give codeinone 

(33)v codeine (34) and morphine (55). All the steps in this 

scheme have now been firmly established 153 b 1520/0 	with the 

one exception that the intermediacy of codeione has to be 

demonstrated. 

The majority of the aporphine alkaloids 96  can be 

derived from the same type of precursor by interchange of the 

coupling positions, Thus an ortho-ortho coupling of the 

laudanosoline (26) skeleton would give rise to alkaloids of the 

corytuberine family (36)9  whilst ortho-para coupling would lead 

to the glaudine type skeleton (37). Alkaloids such as crebanine 

(39) whose biogenesis is not immediately obvious can also be 

incorporated in the general scheme by a series of reactions 

involving a dienone-  phenol rearrangement of an intermediate 

such ac (38) 
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The amaryllidaceae alkaloids constitute a large 

group of naturally occurring compounds which have been the 

subject of intense investigation over the last few years 57 0  

They are of widely diverse functionality and structural type 

but can be divided into three nain classes based on (a) a 

dibenzofuran system, for example, galanthamine (39), (b) a 

pyrrolophenanthridine skeleton for exanple„ galanthine (40), 

and (c) an ethanophenanthridine skeleton, for example, 

haemanthamine (400 

In principle the other classes of these alkaloids 

can be derived from these by cleavage, rearrangement and 

recyclisation., Oxidative cleavage of type (40) at the indicated 

position could lead to alkaloids based on a benzpyranoindole 

skeleton/  for example, homolycorine (2) and oxidative cleavage 

of the hnemanthamine type/  followed by internal oxidation-

reduction and recyclisation can give the tazettiae (43) type 50, 
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Another rearrangement with migration of the methylene-

dioxyphenyl ring can give rise to alkaloids based on the 

methanomorhenanthrSdine skeletons  for examples  montanine (44) 590 

It can be seen that all these alkaloids are closely related in 

that they contain a coamon hydrearomatic CG -02 and an aromatic 

C6 "Cu  -unit° Againe  it has been suggosted °P 59  that all these 

alkaloids arise by an oxidative coupling of a prenursor of 

general typo (4&?  where R=I1 or suitable blocking groups which 

could be cakyl or part of an enzyme surface. Var:l.ations of 

para-sara and ortho c'para coupling reactions give rice to 

three main types of alkaloid° 
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(46) 

Para -para coupling in the precursor (45 .  gives • rise 

to the haeinntharaine skeleton and. ortho"-- para coupling of the 

saizte precursor (45-.146) the lycorine skeleton* It should be 

stressed, however that one of the oxygen 'atoms in the phenyl- 

ethylaiaine fragent illight be introduced 'after coupling.. 

Further, oxidation of (47), a deoxy fort of the precursor 

(45), to the diradical (48) followed by radical' pairing would 

give• the dienone (49). Arotiatisation of the lower ring, 

followed by addition of the hydroxyl group across the unsaturated 

system (50) leads to the oxide bridge in narWeeline (51). 

Galanthanine • (52) is. obtained by reduction. 
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2. Fungal :ictabolites 

Lxamination of the structures of a series of depsidones 

(parent shcleton 50 reveals that hydroxyl or :.lethoxyl croups 

arc never present ortho or para to the ether linhace in ring A, 

but there is always one of these groups in this relationship in 

rind; B. The i:ost probable node of biogenesis of the depsidonos 

is, therefore, phenol cou)linc of the depsidones (parent 

sh.eleton 

0 

°H 

B 

0— 

( 

This suggestion can be illustrated hyconsidering 

the case of olivetoric acid (55) and plAy2odic acid (56). 3oth 

of these metabolites occur in the sane genus of lichens. The 

relationship between the: is such that thenol couplinC as 

indicated should convert (55) into (56) and thus represent the 

final step in the biosynthesis of (56). 
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Another class of lichen substances is that based on 

the dibenzofuran skeleton, the most well known member being 

usnic acid (57). In 1556 a spectacularly simple synthesis of 

this substance was published 28  by Barton, Deflorin, and Edwards 

using a route that is undoubtedly the one employed in Nature. 
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- 

(57) 

Similarly, the mould metabolites criseofulvin (58) 

and picrolichenic acid (59) arc also derivable by this type of 

phenol oxidation, 
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Recentlye  Scott and his coworkers have published "?61  

biogonetically patterned syntheses of both of nose substancos 

3. Plant Products other than Alkaloids 
41•110•11.0,-,11".. 	.31311016.2=31.11.E.Ciati="11=1..CCACIISitil.• 

Very many examples could be cited and or this heading 

but for the sake of brevitys  howover9  only a few will be mentioned, 

Protchypericin (62) has boon synthesised 62  from 

HO 	0 

HO 

=2..:11V-‘11.-S9 91.1714. 
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eiodin anthrone (60)9  and protohyporicin on irradiation yields 

hypericin (63); both of these substances occur in association 

in Nature. The funGal metabolite penicilliopsin 63  has the 

constitution (61) and thus represents the first step in the 

oxidation sequence. 

Another croup of natural nroducts of interest are the 

tannins 64. They possess structures based on Glucose esterfied 

with Gallic acid (64) or with acids clearly derived frogs Gallic 

acid by phenol couplinc;. The simplest of the latter are (65), 

(66) and (67). 
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PHOTOCHEMISTRY 

1. Introduction 

By 1900 it had become realised that organic molecules 

could be induced to react under the influence of radiant energy. 

However, examples of such reactions were few and those that were 

known were not very well authenticated. The reasons for this 

are numerous. Firstly the availability of light sources was 

strictly limited and their design somewhat primitive. Secondly, 

most of the reactions which had been investigated gave rise to a 

complex mixture of products, often difficult to separate. And 

finally, many of the reactions induced photochemically could be 

carried out more simply and more cleanly by other means. 

Organic photochemistry had thus the tendency to be 

regarded as the alchemical interest of a few sophisticates and 

to have no real synthetic usefulness. Recently, however,0  there 

has been a surge of interest in the field and the literature has 

become flooded with new and interesting reactions. This revival 

has been largely associated with the work. of Barton, Buchi, 

Schenk and Schonberg and if one were called upon to justify the 

study of photochemistry other than in. an "ars gratia artis" sense, 

the citation of the Barton reaction 658 66  as the solo example 

would surely suffice. 
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2. Mechanistic Approach 

Before any photochemical reaction can take place, energy 

has clearly-to be absorbed by the substrate. Tnmediately, 

reactions fall into three groups, those which obey Einstein's 

Law, those which have a quantum efficency greater than unity 

and those which have a quantum efficiency less than unity. *  

Reactions of the first type aro such that one molecule reacts per 

quantum of energy absorbed. Reactions of the second type are 

self-perpetuating, that is to say they are chain reactions; 

while in examples of the third type, energy is lost by processes, 

for example, collision, other than by chemical reaction. 

The early organic photochonists contented themselves 

with a non-mechanistic approach to their work and have discussed 

photochemical reactions purely in terms of starting materials, 

conditions and products. However, due to the pioneering "work 

of Zimmerman in particular a mechanistic approach seems to be 

emerging. First, reasonable descriptions of the excited states 

i.e. the species which are actually undergoing the reaction, 

are presented, and secondly, the principle that molecular 

transformations proceed by "continuous electron redistribution 

prooessesr is employed. What is meant by this last statement is 

that reacting species follow the energy valleys and avoid the 

energy maxima. This approach will now be described briefly 
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in terns of the two •electronic excitation processes most 

.frequently encountered.• in organic photOche.miotry 

(i) n excitation 
•1201•93ftro 

The extinction band in the 280-360 y region of the 

U0V, spectra of aldehydes and ketones has been attributed to 

the promotion of a nonbonding electron (ice ."n0 to an anti- 

TA 
bonding rir orbital 67  . This: is called an n a 01 4  process .and 

is conveniently depicted an:- 

GROUND STATE 

(1) 

n 	 

(2a) 	 (2b) 



The representation implies that one of the non- 

bonding electrons in a p orbital on oxygen is promoted to a 

pr  orbitals  this being the cane (by convention) that is associated 
with the electron on carbon in therr electron framework, 

Species (2a) is thus obtained. ClearlYe  this is only one 

of a pair of canonical forms, the other being (2b)0  • 

A more convenient notation for the gnne process which 

allows depiction of a three dimensional species in two dimensions 

is shown below, 
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•• 

C—Ot 

 

   

   

     

GRCUUD STATE 	 -• 	EXCITED STATE 

(k) 
	

(52) 	(5b) 

Structures (2b) and (50 imply a reversal of the 

northal .polarisation'of the carbonyl group, That this is 

• actually:the case has' been recognised for Some time and:' has 

both expei'imental and theoretical support 60,6900,7v. 

• The application of these ideas to a sPecific-example, 
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namely the photochemical rearrangemont of 41,4A4diphonyloyclo 

honadionone (6) will now be considered° It has boon shown /'21,” 

that irradiation of this compound in aqueous dioxan affords the 

bicyclic kotono (7) which on further irradiation gives 

20-diphonylphenol (8)1  3t4-dipheny1phonol (9) (a minor 

byproduct) and the carboxylic aoid (10). 

(io) 

Reminiscont of the santonin photolysist  it vas further 

show= 74  that on irradiation.  in 50°4 aqueous acetic acid the 

amounts of 2t3-diphenylphonol and 3,4rdiphenylphenol became 

approximately the same° 
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The approach to a rational mechanistic interpretation 

of this rearrangement is as follows:- 

(a) n -e excitation 

This excitation proceeds as below:- 

(b) A continuous electron redistribution process of 

the n-11-  state i,o. "bond alteration". 

The most reasonable bond alteration process is as 

follows:- 



(n) 

00 
0 I 
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Two factors favour the formation of (12) in preference 

to other structuros. The first is that there are four resonance 

forms contributing to it (other possible structures have less 

than this), and secondly it involves a minimum of electron 

localisation. It should be pointed out, however, that bond 

alteration processes 	the type depicted above are in direct 

competition with raaiationless transitions leading back to the 

ground state of 4,4-dipheny1cyclohe:adienone, and ground state 

formation with radiation. If the transition is from the n  

singlet, thin radiation is fluorescence and if from the n Tr* 

triplet it is phosphorescence. 

(c) Tr i&n electron demotion. 

The demotion process is as follows:- 
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(la) 
	

(13) 

In this connection it is important to note that (12) 

and (13) are different species and not simply different resonance 

forms°  and secondly, that theIT electron system includes the 

oxygen atom,, Thus demotion does not involve a large movement of 

the electron in space. 

(i) Continuous electron redistribution processes of 

the species formed. 

The mesionic species (13) now collapses smoothly to 

give the bicyclic ketone (7), This takes place by conventional 

electron redistribution processes. 

 

0 

 

 

(13) 
	

(7) 
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Application of the same type of processes allows for 

the formation of the other products viz:- 
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One must now enquire why 2,3-diphenylphenol is the 

predominant product in aqueous dioxan whereas in aqueous acetic 

acid approximately equal quantities of a,5-diphenylphenol and 

5,4-diphenylphenol are produced. Considering intermediate (14)„ 

it is clear that a second resonance form (15) is possible, and 

that it is this form which leads ultimately to 504-diphenyl-

phenol. 

Ph 

(14) 	(15) Ph 

 

 

0 

 

Ph 

(16) (17) 
0 

Inspection of the phenonium ion intermediates in the 

migration of the phenyl Group to C2 (16) and in the migration to 

C3  (17) shows that there is greater electron delocalisation in 

the former than in the latter, hence 2,5-diphenylphenol arises 

as the major product. 
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In aqueouS acetic acid, however, electron delocalisation 

from the oxygen atom is largely suppressed and consequently 

neither form (16a) nor (17a) is appreciably more favoured than 

the other, As a result, the yields of 203.-dil)henylphenol and 

3,4-diphenylphenol are roughly the same. 

Ph 

(16a) 

(ii) 	IItransformations 

Calculations have shown ?5  that the electron densities 

for the ground and first excited states of a pair of-substituted 

benzenes, one containing an electron withdrawing group, -CH243', 

and the other an electron donating groups  -Crf2C? are as 

follows:- 
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E, 
CH2  1...0 

a1
10.00 

04,7,0 

0,750 
...0 

let excited 
states 

0 
cF2  op428 

1:11)1:1  
10000 

0.857 

loom 
0,8,7 

 

ED 
CR2 10  571 

10000 
1.1113 

10000 
1.1113 

Ground states 

 

The numbers refer to nrelectron densities. 

(g1mi1ar charge distributions can be compiled for other electron 

withdrawing and electron donating groups.) 

In contrast to the ground states which show the typical 

orthov  para electron withdrawal by -C1I29  and orthov  pare 

electron donation by -C1120  the first excited states show an 

orthov  meta transmission. 

For general use it is found to be more convenient to 

adopt an approximate form of the MO results as embodied in the 

valence bond structures (13) and (19). 
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(19) 

Experimental support for the results of the MO 

calculations has been forthcoming and is tabulated below, 

COMPOUND PHOTOLYSLD QUANTUM 
YIELD PRODUCT DISTRIBUTION 

4-Methoxybenzyl 

acetate in aq. 

dioxan 

3-Nethoxybenzyl 

acetate in ago 

dioxan 

3-Methoxybenzy1 

acetate in aq. 

ethanol 

3,5rDimethoxybenzyl 

acetate 

0.016 	Mainly free radical products, 

Ar.CH2  .CH2 oAr, Ar,CH2 -dibxan, 

dioxanyldioxan 

0.13 	Somewhat greater quantities of 

3-nethoxybenzyl alcohol than 

free radical products 

0.10 	3-Nethoxybenzyl alcohol and 

3-methoxybenzyl ethyl ether 

plus free radical products 

0010 	Cleanly 3,5-dimethoxybenzyl 

alcohol as only isolable 

product 
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The mechanism of the solvolytic reaction is formulated 

as follows:- 

G 
CH„ 	4,, 	ake,  

OCHE 
 

   

   

Howevort  for the p-methoxy derivative there is no 

such high electron density on tho bensyl carbon as is snot's 

in structure (20)0 



- L2- 

cu2—alw 

(20 

Experimental support for the calculations has also 

been Given "P" for the case of the electron withdrawing 

groups For example, it has boon found that in the dark 

p-nitrophenyl trityl ether solvolyses smoothly in 900/0  aqueous 

dioxan while the meta isomer is recovered unchanged. Conversely, 

on irradiation under the sane conditions m-nitrophenyl trityl 

other is smoothly solvolysed while the solvolysis of the p-isomer 

is scarcely altered. 

These solvolytic reactions may be formulated as 

follows:- 



0 0 

OG 
Electron distribn. fA,Vourablo 
for heterolytic fission. 

HOCFhs  

He  0 

 

CP11.7  

N 9 	'o 0 

h& 

0 

0 o 

i43 

Electron distribution unfavourable 
for heterolytic fission. 

"OPhs  

CPhs  

Electron distribn. favourable 	Electron distribno unfavourable 
for hotorolytic fission. 	for heteroZytic fiesimna 
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3, General Survey 

Attention will now be turned to giving a general 

survey of organic photochemical reactiens. The'scope will, of 

necessity, be limited and the treatment inexhaustive. 

(i) 	Saturated Ketones 
40110,[r. 

On irradiation, saturated ketones can be induced. to 

undergo a-cleavage 78  as exemplified below by the photolysis 

of nenthone (21). 

 

 

aHo 
or 

   

   

Sometimes, however, recyclisation of the intermediate 

radical 'takes place often in a different stereochemical sense 

ns in the epinerisation " of androsterone 

These ketones will also undergo —hydrogen transfer. 

Thin can be particularly useful in the steroid series where it 

can constitute a method of direct attack on the Cjo-methy/ 

group, For example, irradiation of 3p.mcetoxy-20.0=1:-.5a-prognane 

(23) gives the alcohol (24). (6o°/0) and the alcohol (25) (20V0)0 



0 
0 

(22) 

Lke0 

(23) 

ADO 

4) (25) 
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Extrusion of carbon monoxide can also take place, 

often leading to unusually strained systems as in the 

case of the formation of bicycloD..2. hexane (26)0  

hy 
CO 

(26) 

(ii) 4-Unsaturated Carbonyl Compounds 
c=eassamece,=•••  	 notari....xrear. 	 

One of the most interesting examples is the photo-

chemistry of cantonin (27), Depending upon the conditions, 

lumisantonin (28). .ehotosantonic acid (29) and the hydroasuleno r  

isophotosantonic lactono, (30) are all produced ". °DI ".05,1311r 57 



(27) (28) 

htif 
armonvw.awed > 

Et OH 

(30) (2 9 ) 

11.-V 

Hz  0/11 abi. 
Ro flumine 
Ff2 OirS.,CAC 

47 



Pito11H2 112  0 

Ht.'1 C 
PhoNii 

0kc 

Et2 0 

no(ok0)4  

450 
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21 4-Cyclohexadienes also undergo photochemical 

reactions 80  

A nest interesting example of a photochemical 

rearrangement of a 2v 4-cyc1ohexadiene is the transformation 

soon belawo Anhydride (51) on treatment vith lead totracetate 

theft gives 14  IlDevary benzene. 

(31) 
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Heterocyclic analogues such as the sultones (32934) 

give 90  sulphonic acids (33035). 

 

„so, 

 

(32) 
	

(33) 

 

H 

  

(3 4) 
	

(33) 

Cyclohoptadionones are also photosensitive. Irradiation 

of 5-acthoxy-2,4-cycloheptadienone (36) gives 91 the bicyclic 

ketone (37). 

 

Yi 

OCH 

 

(36) 
	

(37) 



by 

=0 	Ph 

02  CII3  

1,1 ca, 

(39) 
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Conveniently considered here is the photochemical 

enolisation of o-benzylbonsoylbenzene (38)c Irradiation of 

this coml'ound 	nethanol-O-D Gives rise to incor-noration of 

104 to 1.09 doutc:2ium atoms per molecule (39), The inter-

mediate erica (j10) can be tranped 92  by irradiation.  in the 

presence of acetylonedicarboxylic dimethyl ester civinc first 

41), and subsequently, on dehydration, the naphthalene 40. 

COoPh 

*N 	Pb 

4a, fi 

OGT  

(42 ) 	 Ph. 



h 

/ 
(46) 

0 

- 

IntrafLolecular photoaddition can also be induced, the 

fi7st authentic e=role re-oortod being the conversion of cavone 

(43) to carvone car.lphor  

  

  

 

Et0H 

 

(43)  

(iii) TropoLoid Systems 

Simple troDolones such as 7-trol)c1onc nethyl ethey. 

(45) photoisomorisc 5"e z.eadily to give the bicyclic ketone (46). 

Vic10 



r- tv 

CHO 00115, 

.1. 52 Ye 

This presumably occurs by way of the mechanism 

In the case of P-tropolone methyl etaer, however, 

such a pathway would involve the formation of a three membered 

-in and as is to be expected, no bicyclic products have been 

founds  Indeed, the product consists of a highly complex 

mixture of substances "0 

In addition to the simple structures discussed 

above, the alkaloid colchicine (47) is also photosensitive 

in a similar way. Aqueous solutions of this uaterial on 

exposure to sunlight give 96,97  varying quantities of three 

photoproducts a-,p- and Y-lumicolchicine (48049,50 respectively). 



Ot 

%IR 

NH& @. 

(1f7) ( 49 ) 

A cNil 

Mo 0 	bMo 	( 48 ) 	 Moo 

Mao 

Mc 0 

o 
NHA c 

kiLc 

5 ) 
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(iv) 

Investigations into the photocheMistry of the 

vitamin D series have been extensive 99-6°7, The more significant 

results are summarised in formulae (51) to (61) Inclusive. 

Irradiation of previtamin D2  (52) gives as initial 

products tachysterol (53) and ergosterol (51). Tachysterol 

(53)v  on irradiation gives lnminterol (54)6  which itself can 

be transformed back into previtamin D2  (52)p and ergosterol 

(51). Likewisev  ergosterol (51) also affords provitamin D2  (52)0  

Provitamin D2  (52) is equilibrated thermally with 

vitamin D2  (55). Furthorg  on treatment with iodine, a gee'` 

metrical isomer (56) which can be reconverted into V4taMin D2  

by irradiations  is obtained. Irradiation of vitnriitn D2  itself 

produces suprasterol I (not yet characterised) and suprasterol II 

(57)0 

Vitamin D2  is converted thermally 1,7.n the absence of 

oxygen into a mixture of pyrocalciferol (58) and isopyrocalci-

ferol (59), Irradiation of pyrocalciferol (58) gives a 

pentacyclic valenoo tautomer (60) and similarly, irradiation 

of isopyrocalciferol gives (61). These were the first 'reported 

examples of the cyclisation of a 10-dione to a cyclobuteno. 

It is to be noted, that while 9,10-cis-stereochemistry 

(58v 59) leads to valence tautomers, 9,10-trans-stereochemistry 

Olefinic and Aromatic Systems 



HO"..* ".• 

(59)  

H 

HOv 

(58) 

Supraoter a I 

(56 ) ( 55 ) ( 57 ) 

HO HO 

C 911,. 

"
4-4) 

1 

u G5 ea 



by 

HO 

by 

(51) 
	

(54) 

(51254) leads to ring cleavage. 

Apart from the reactions described above, dienes and 

trienes are photosensitive generally. For example6  methyl 

dehydroursolate acetate (62) undergoes photochemical opening 

to structure (63) followed by thermal isomerisation to (64) e" 

Alloocimene (65) gives a -pyroneno (66)2  the reaction being 

reversible, 



Lc0 
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h V  

 

   

    

    

    

(65) 
	

(66) 

1,5-cycloHeptadienos undergo some interacting reactions. 

Irradiation of 1,3-cycloheptadiene itself(67) gives bicyclic 

photoisomer (68). 



- 

(67) 	 (68) 

Many other and analogous photocyolipations have boon 

roportedt  often leading to compounds difficult  to synthesise by 

alternative routes. Some oi these are illustrated below. 

 

h rs9  

 

   

Thiv roprosonts a potentially general synthesis of 

cyclobutanone derivatives. 

b 

(c69) 
	

(7o) 
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Formulae (69) to (70) show an elegant synthesis of eis-3-oyelo-

butene-l92-diearbcxylie acid 

Benzene and its homologues have been believed until 

recently to be stable to photochemical excitation. Howevor o  

it has been shown 9 °r that irradiation of benzene in the 

presence of uialeic anhydride (71) gives rise to structure (72), 

produced formally by 1,2-addition followed by a Diels-Alder 

reaction. 

4- 

(72 

Similarly, from the irradiation of benzene in the 

Dresetce of acetylenedicarboxylic dimethyl ester (73), either 

structure 074) or (75) is obtained Mpg". 



(74) (75) 

CO2  CIT.3  

h?,/ 
.1........MMAN.1.9•••earrow•Irw~t1•4' 

(73) 

h 

or. 

I- 6o - 

The irradiation of benzene itself has been reported " 2  

to give small amounts of fulvene (76). 

(76) 

Irradiation of aryl esters leads to products analogous 

to those obtained in the Claisen rearrangement Pi. 



CH 

00 OC 
r."  

HO 

61 

pit! 

The Fr•es rearrangement also has its photochemical 

parallel. Irradiation of 2-hydroxyphenyl acetate (77) gives t 

o-dihydronybenzene (78), 20."dihydronyacetophenofte (79) and 

3,4-dihydronyacctophenone (80). 

	

Oil 
	

OH 

HQ 	COCH,t; 	OH 

ti 
COCE?, 

(77) 	 ( 7 8 ) 	 (7 9 ) 
	

(80) 

Phenyl acetate (81) similarly produces 2-hydroxy-

acetophenone (82) and 4-hydroxyacetophenone (83) 



h td 

OH 
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(81) 
	

(82 ) 
	

(83) 

This reaction has been found usoful in the griseo-

fulvin synthesis 115. 

CH9 0 
Etai 

°CH?, 	0 	°CHB  

cna, o 
1 

The photochemical, rearrangements of phenolic acetates 

have boon studied in general and their synthetic possibilities 

revealed "Go 
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Recantly, the photochemical rearrangement of N-acyl- 

anilines has been reported n 7  viz:- 

NUCOR 
	

NITa. 	 N4.  

 

OCR 

    

     

      

      

      

      

      

      

COR 
Vo 	Vo 	/ 0 

R = CHi 20 25 li 
R e Et 22 2' 2( 
R 18 23 21 

(v) 
	

Nitrite Photolysis and Related Reactions 

Nitrite photolysis is a long established reaction 

and has recently boon reviewed 610  by Nussbaum and Robinson 

The real potential of nitrite photolysis, however, was only 

realised by the elegant work of Barton61'. If an organic 

nitrite is photolysed, a hydrogen atom in a Y-relationship 

to the nitrite exchanges position with the nitroso grow). 

is called the Barton reaction. For example, irradiation of 

n-octyl nitrite (84) gives " 9  principally 4-nitroso-l-octarol 

(85). The reaction involves fission of the N-0 bond to git3 

an alkoxy radical and nitric oxide , followed by shift of the 

Y-hydrogen to the alkoxy radical, thus generating a hydroxyl 
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group and an alkyl radical, The nitric oxide then combines with 

the alkyl radical givinc nitroso derivative (85). 

NO 

0 

.1.m•mmele•mftIMIMIN•mr•O:P 

( 84) 

0 °NO 13.v 

  

OH 	0 NO 

   

The mechanism of the Barton reaction has recently 

been the subject of some elegant nork by Akhtar and Pechet e". 

Perhaps the most spectacular use of this reaction 

has been in the synthesis of aldosterone acetate 0 1̀  9  Irradia-

tion of corticosteronel°21'mcetate-1113-nitrite (86) gives, inter 

alia, aldosterone oxime acetate (87) in 2l°/ yield, From this 

on hydrolysis can be obtained aldosterone acetate (88), 



(86) (87) 

A 0 - 65 - 

(88) 

Tho photolysis of azides has also been invezticated 

and has been drorntically used in the synthesis "2  of one of 

the major structural units in many diterpene alkaloids (C9), 

(89) 

Irradiation of 1a-dimethyl-trans-docalin-10-car1ion;r1 

azide (50) results in a 100/0  yield of the lactan (1) 

corresponding to this unite 
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Y 	lac ;;am. 

(396 or 8) 

10°/0  

(90) 	(9!) 

 

VCO 

 

4  

350/0 
	 10V0  

(vi) Diazoketones 

Diazolzetones are photosensitive and often their reactions 

may be interpreted as proceeding through a carbeneo Thus 

rearrangements similar to the Arndt-Eistert reaction aro 

frequently found d2.1;0 424. In some cases, the intermediate ketone 

may be trapped. 

Ph 

Ph."'  

 

Pb.  

 

Ph 
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If this reaction is carried out in tetrachloro—o4' 

quinone, a lactone (92) is formed g2 0 

Cl Ph; 

"•-44 Cl 	 0 

Cl 
(92) 

In contrasts  diazoesters undergo addition reactions 

with unsaturated systems to give cyclopropane rings and 

further transformation products of these "6 0 

(vii) Diazoalkanes 

Of considerable synthetic usefulness has been the 

photolytic decomposition of diazomethane in a benzenoid solvent. 

This technique has been used in the synthesis of certain seven 

membered rings, for example, tropones, azulenes "7  and terl)enese 



S — C O — 

(viii) Oxygen Transfer Reactions 
128,129 

Uitronoz photoisoacrise to oxaziranes which themselves 

often undergo thermal isomorisation to amides. In some cases, 

thereforeo  the amide is isolated directly froa the irradiation. 

For example 128  

09 
h CH 	N— Ca 14 	o2  N 

T 

0 
CH .N 

The enolic amide is occasionally isolated 1 90. 

0c 

13. 	
Sye". C111  

N 
0 C9 	 0 e 

Azoxybenzencs undergo photoisoucrisation to o-hydro;:yazo-

benzenes 6i. 



Br 

Ph 
® N 	 II 

Ot  
r 

1•6•011larEMILITM 

=N —Ph 
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0 

—Br 

The most likely mechanism / 1  for such rearrangements 

is shown below, 

Br 

On irradiation /  o-nitsobenzaldehyde (93) undergoes 

an intramolecular disproportionation to o-nitrosobonzoic 

acid (94)0  



h 
4.111.11•Miwimas•••••••••••••••••••••...ntran....04.....mil> 

ti(j  

(93) 
	

(94) 

Similarly, the dihydropyridine (95) affords 6” 

structure (96). Interestingly, if circularly polarised light is 

used, the phenylpyridyl (96) produced is optically active "4. 

CH CO CH CO 

(95) 
	

(96) 
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DISCUSS ION 

The object of this research project was twofold. 

The field of photosensitive protecting groups was to be 

investigated generally, and an attempt vas to be made to 

simulate the biogenesis of certain alkaloids' arising by a 

phenol oxidative mechanism, for example, the amaryllidacae /D 5f; 

and morphine8 D 50  alkaloids. This vas to be done by prenaring a 

suitably protected phenol which on irradiation would cleave to 

give phenoxide radicals. If this protected uhenol were held 

frozen in a glass, it was hoped that the radicals would couple 

preferentially in an intramolecular fashion, thus Giving rise 

to the desiked oxidation product. Such a photochemical 

procedure was obviously to be prefered over the more customary 

chemical procedures in that the yields of intramolecularly 

coupled products would be expected to be much higher, inter-

molecular reactions being kept to a minimum in the solid. Phase. 

Clearly, therefore, in any project whose ultimate aims are those 

stated above, it was necessary at the outset to establish that 

a phenoxide radical would preferentially couple with another 

such radical, rather than attack a phenol molecule or phenolate 

anion. Such an experiment is very difficult to devise since ono 

is attempting to distinguish between two mechanisms, which in 
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the case of a simple phenol)  give the same product") 27. 

The method used here was to oxidise "PC55  p-cresol 

with potassium ferricyanide in the presence of a large (x10 

Molar) excess of veratrole and to look for methoxylated 

products which had arisen from the radical substitution process, 

by the Zeisel method "G in the usual way. Since negative 

evidence was being sought it was obviously very important to be 

quite sure that the procedures used were capable of giving results 

to the right degree of accuracy° 

Initially, therefore, the Zeisel determination vas 

calibrated by carrying out the deternination on a representative 

sample of a mixture of p-cresol and x10' its weight of voratrole0 

A positive result was obtained showing that the' analysis was 

accurate to at least 1 part in 1,000. Next, the extraction 

procedure to be used to obtain the phenolic oxidation products 

free from unchanged veratrole was calibrated. p-Cresol was 

dissolved in Na2CO3,  solution (a definite volume of standard 

solution) and a x10 molar excess of veratrole added. To this 

mixture was further added water (the volume later used tp 

dissolve tha ferricyanide) and ethanol (a definite constant 

volume) to make the mixture homogeneous. The mixture vas now 

poured into a large volume of water and extracted with ether. 

The weight of extract was found to be exactly eaual to the sum 

Of the weights of the p-cresol and veratrole used. 



The extract was now partitioned between 1011 ITaOH and 

ether, the aqueous layer being thoroughly washed several times 

with the organic solvent. A total recovery of 44°/ of the 

p-cresol was made. The reason for this low figure is that the 

mixture consistently ,formed an indefinite interface and since it 

vas essential to be sure that the aqueous layer was quite free 

from veratrole, inevitably this resulted in a poor recovery. 

A Zeisel determination on the P-cresol recovered from 

the basic extract gave a negative result. Finally, the mixture 

of p--cresol and voratrole (1:10 molar) was oxidised with 

potassium ferricyanide using the same volumes of solvents and 

solutions as above and the phenolic fraction found to be 

entirely free from —cue residues. 

All the experiments in this series were repeated twice 

and identical results obtained in both cases. 

Thus, in so far as - Cq•Ie could be equated with - OH 

for the process of radical coupling, a substitution mechanism 

seemed improbable. However, radical substitution into a 

phenolate anion could not be excluded. 

with this established, it was then necessary to have 

a suitable phenol available for use as a model compound in 

the photochemical coupling experiments. To this end, 2,4 -di-

hydroxybibenzyl (9) was synthesised. This synthesis is outlined 

below. 
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Salicylaldohyde (1) was condensed 15? with p -hydroxy 

phonylacotic acid (2) in the presence of acetic anhydride and 

triethylanine in the hope of obtaining 204 -diacetoxystilbene 

p -carboxylic acid (3), However, while some of this compound 

was in fact obtained (stereochemistry was not investigated) the 

bulk -of the product was 3 -(p-mcetoxyphenyl)colimPrin (4). 

The salicylaldehyde was thus converted 1 ")"9  to its 

bonzyl other () and this condensed in the same way t91  with 

p-hydroxyphenylacetic acid. The product, a mixtuxe of cis-and 

trans -4-acetoxy -21  -benzyloxystilbene -p-varboxylic acids(6) was 

obtained as a crystalline solid which analysed correctly. 

Treatment 04° of this mixture with "copper chronite catalyst ge" 

in quineline at 210° for 1°25 hours gave a brown oil which could 

not be crystallised and whose X,R. spectrum indicated that 

decarboxylation and also partial deacotylation had occurred. 

Accordingly, the crude mixture was roacetylated using acetic 

anhydride in pyridine to give 4-acetoxy -2' -hydroxystilbene (7) 

of unknown stereochemistry. This product which again could not 

be crystallised was hydrogenated over palladium charcoal and 

4-acetoxy -2°  -hydroxybibenzyl (8) obtained, Hydrolysis with dilute 

alkali afforded 2,4°  -dihydroxybibenzyl (9). 

Another successful but nore elegant route to this Phenol 

was also investigated. 
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p-Hydroxybenzaldehyde (10) on treatment /1",142  with 

excess benzyl chloride in ethanvlic alkali gave P-benzyl-

oxybenzaldehyde (LI) which was reduced '0  by potassium bore-

hydride in suspension to give the alcohol (12). Treatment of this 

alcohol with thionyl chloride in boiling benzene containing a 

little pyridine gave the benzyl chloride (1'3). 

At this point, two alternative pathways were investi-

gated. The benzyl chloride (13) was treated with triphenyl-

phosphine in benzene and p-benzyloxybenzyltriphenylphosnhonium 

chloride (14) precipitated almost quantitatively. A Wittig 

reaction was now carried out g44  on this material using 

salicylaldehyde benzyl ether (5)b  and 2,41-dibenzyloxystilbene 

. (15) obtained. Hydrogenation then gave 2,4 -dihydroxybibenzyl 

(9), identical in all resnects with the material obtained by the 

earlier route. 

The second pathway involved carrying out 10.4"61 

a Michaelis-Arbuzov reaction on the benzyl chloride (13) by 

treating it with triethylphosphito at 1600. The p-benzyloxy-

benzyl diethyl nhosphonate (16) produced was treated °" with 

salicylaldehyde benzyl other (3) and sodium mothoxide in DNF, 

and 2,4.f-dibenzyloxystilbene (15), identical in all respects 

with the material described above, obtained. Hydrogenation of 

this substance gave 2,L(-dihydroxybibenzyl (9) identical in all 



HO 
empaxgrsamaspoesn=cran--,avezs > 

(6) 

oc ocH3 	 cog!, 

OB 	(7) 

cis and trans 
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respects with the material obtained by the first procedure, 

Oxidation of this phenol with potassium ferricyanido 

in dilute sodium hydroxide solution gave a colourless crystalline 

solid mop, 135-136° in 11°°/0  yieldv Vmax.1665 cm-1. It was thus 

concluded to be the cross conjugated ketone(17). 

cis and trans 



(17 ) 

OBr, 

CL 

(14) (13) 

CHO 

(17,) 

O3 

./\ 

CH2  OH 

(12) 

C11?  

OEt 

OH 

CHO  

( io ) 

OBz 
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With this phenol now available, attention was turned 

to discovering a photosensitive group. Diagramatically, the 

object was to accomplish the transformation (18) to (19). 

Ar0 °^X 	hte 	Ar0 X 

(18) 	(19) 

It was first inquired, however, what factors would be 

likely to favour this process and also what factors would be 

likely to favour its reversal so that Ar and X could be astutely 
0 

chosen. Clearly, the more stable the radicals Ar0 and X were, 

the more readily would the photolysis proceed. However, such 

conditions would equally well favour the reverse reaction since 

the longer the radicals existed as such, the greater the chances 

of recombination taking place between them. To circumvent the 

difficulty, X was chosen so that it readily fragmented into two 
0 	0 

stable species y and Z. The transformation then became, 

hv 	. 
Ar0 - X 	Ar0 4- X 

 

• 0 	0 
	 Ar0 	Z 

 

Obviously, the difficulty was not completely resolved, as 

products such as Ara and ArOZ could arise, but at least it 

would be possible to say that some reaction had taken place. 

As a first stop it was felt that a suitable choice for 

X would be a carboxylic acid residue since the fragmentation 

process would then almost certainly involve the formation of 

carbon monoxide (a stable molecular species) and an alkyl radical 

(which could be chosen so that this would be stable also). 
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Moreover, a whole variety of aromatics esters were readily 

available with which to work. 

The first carboxylic acids chosen was trichioracetic 

aCide P-NaPhthyl trichloracetate was prepared t" by acylating 

13-naphthol with trichleracetyl chloride i 490=1°. Irradiation . 

of the ester under standard conditions in a quartz flask and 

using ether as solvent gave pe.naphthol in 22V, yield as the only 

identifiable produote This presumably meant that the process 

CHI. . 	711;  

S- 	CH 	;$1>,  A.r OH 4 CH 

0 -C2  H5 	 "' (12 E[ 

Diners? 

Ar p-naphthol 

was more highly favoured than the process 

Ar0 CC4 	 Ar0 CUD  

Ar 13-naphthol 

at least at the dilution and temperature employed. Since the 

yield of p-naphthol was low, the reaction time long, and since 

a quartz flask was necessary (the photolysis failed completely 

in Pyrex) it was felt that a radical more stable than trichloro-

methyl was required. Attention was, therefore, turned to 

tripheny/methyl. 
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P•Taphthyl triphonylacetate was prouared by 

unexcentional means / 5(J IDD 4 Irradiation of this ester under 

standard conditions in a quartz flask for 1 hour gave P-naphthol 

in 390 0 yield. 

The use of another acid, fluorene-9-carboxylic acid 

was now investigated. It was prepared 156 by carrying out an 

internal Friedel-Crafts reaction on benzilic acid using 

aluminium chloride as catalyst. Treatment 45T of the acid with 

thionyl chloride gave fluorene-99carbonyl chloride which 

readily acylated p-naphthol. In 4 hours in ether solution, 

3naphthyl fluorene-9-carboxylato photolysed in a pyrex flask 

to give a 60Voyield of pure poliaphthol. 

In an exactly analogous manner, p-naphthyl xantheno-

9-carboxylato was prepared from xanthene-9-carbonyl chloride 05° 

and p-•naphthol. Irradiation of this ester again in other 

solution and in a pyrex flask, gave, in I+ hours, a 60°/, yield 

of P.Pnaphthol. 

The reaction undergone by those esters on irradiation 

could, therefore, be represented by the scheme 

0 	0 
Ar 0 C Alk 	h Ar 0 + C w Alk. 

1 0 	0 

Et2 0 
0 

Ar OH ~ C0 4. ilk 

Pcvnaphthyl 
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Having estinnted and characterised the p-naphthol it 

was now desirable first to prove that carbon monoxide van in 

fact being produced, and secondly to estimate it. These two 

experiments were combined as follows 159 0 The exit gases from 

the apparatus were passed first through a U-tube containing a 

quantity of 1205  maintained at 1200  and then through two 

Dreschel bottles each containing saturated barium hydroxide 

solution. The free iodine liberated by oxidation of the carbon 

monoxide by the iodine pentoxide was estimated by titration 

giving a figure of 930/0  and then the carbon dioxide estimated 

gravimetrically as barium carbonate (87°/a). 

Two other phenolic esters of fluoreno-9-carboxylic 

acid were also prepared, namely the p-crezyl ester and the 

guaiacyl ester and from a study of their U.V. spectra in 

conjunction with that of the corresponding p-naphthyl ester, and 

their behaviour on irradiation, a most interesting fact emerged. 

Neither of these two esters would pbotolyse in A pyrex vessel, 

but both of them cleaved readily in quartz (2 hours irradiation 

in each case gave about 600/a  of the pure phenol). Moreover, 

it appeared from their U.V. spectra that neither of them had 

any absorption in the pyrex region° In contrast, p-naphthyl 

fluorenei-9-carboxylate had. Those spectra are reproduced below. 
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The dotted lino represents the pyrex "cut out", 

Thus it seemed reasonable to conclude that it was 

the phenolic fragment o:e the molecule which was responsible for 

determining whether those esters would photolyse in a pyrex 

vessel or note 

In order to carry this investigation luTther, both 

cholesteryl fluerene-9c"carboxylate and cholesteryl xantheno-9- 

carboxylate were prepared and irradiated. Now, wnile neither 

of these esters had absorptions in the pyrex region, both did 

have maxima at about 290 mildue to the acid fragment, but 

surprisingly, neither ester would photolyse, recoveries of 

about 95V0  being made° In order to guard against the possibili:74( 



of cleavage taking place, followed by recombination of the 

radicals before they had left the solvent "cage", refluxing 

methylcyclohexane (b.p. 1440) was used as solvent, but the esters 

were still recovered unchanged. However, the experiment did 

reduce the weight of this possibility. Similar results were 

found in the case of methyl fluorene-9Rvcarboxy1ate 16 °:". The 

results of the photolysos carried out so far are summarised 

in Table I. 

TABLE I 

IRRAD. 	BASE 	PURE 
SOL. 	PHEITOL TIME 	
(c/o) 	( c/o)  

3Q 	40 	22 

1Q 	66 	39 

4P 	74 	Go 

41) 	52 	60 

2Q 	71 	58)  

2Q 	67 	58  

ccuPouND 

p-Naphthyl 
trichioracetato 

p-Vaphthyl 
triphenylacetate 

• P-Naphthyl fluorene" 
9-carb oxylate 

P-Naphthyl xanthene-
97carboxylate 

p-Cresyl fluoreno.-
9-carboxylate 

Guaiacyl fluorene-
9-carboxylate 

Q indicates a quartz flask was used. 

P indicates a pyrex flask was uned. 

XIsolated as 3,5-dinitrobenzoate. 
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On the basis of the results so far, it is to be 

concluded that the energy responsible for photochemical break-

down is absorbed by the phenolic fragment, and the acid moiety 

then determines the ease with which this break-down takes place. 

Two other points are worthy of comment. Firsts  

fluorene.69-carboxylic acid has emerged as an excellent photosen-

sitive protecting group for phenols. Moreovers  in addition to the 

selectivity possible between phenols and alcohols, by varying 

the typo of reaction vessel (either pyrex or quartz) a high 

degree of selectivity is possible between mononuclear and 

binuclear phenols. 

Secondly, it has been suggested "2  that the methoxyl 

group can act as a source of the methylenedioxy group in 

alkaloids and direct evidence has been put forward 1" in 

support of this. One possible mechanism is. via the generation 

of a phenoxide radical adjacent to a nethoxyl group as i.n (20), 

Hydrogen abstraction from the methoxyl group would give the 

methylene radical (21)s  which by a further one electron 

oxidation could result in the methylenedioxy group (22). 

(20) 
	 (21) 

	 (22) 
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During the experiments on the photolysis of guaiacyl 

fluorene-9-carboxylate a search was made for methylenedioxy-

benzene in the reaction mixture by means of the chromotroDic 

acid test and also by examination of the n.m.r. spectrum of the 

crude reaction mixtures  but unfortunately no positive evidence was 

found. Chemical oxidation 1" of suaiacol has also met with no 

success in bringing about this cyclisation. 

In view of the recent work by Martin and Bent-rude °" 

it was thought likely that the rate of homolysis of the C-0 

bond in an aryl ester could be considerably enhanced by the 

anchimeric effect of a sulphur or iodine atom attached to a 

methylene group in the ortho position relative to the ester 

carbonyl. 

Thus an attempt was made to synthesise p-naphthyl 

o-(benzylthiomethyl)benzoate (27). This projected route is outh 

lined below, 

Phthalide was treated 1 " with benzyl mercaptan in 

quinoline at 210° for 4• hours in an attempt to convert it to 

o-(benzylthiomethyl)benzoic acid (24), However, the organic 

base proved ineffective in catalysing the conversion and the 

phthalide vas recovered unchanged. Accordingly, Nall in DID was 

used in place of the quinoline and the substituted benzoic acid 

(24) obtained cleanly and in high yield. Reaction of this acid 

with oxalyl chloride at room temperature gave a yellow compound 



) (26) 

(25) 
0 

P10AISE/11sE  

DMF 

(24 0 

4;031)2  

which after recrystallication from petrol had M.D. 59-600, the 
ml  

I. R. spectrum showed a broad band at 1695 cm 7. These facts wore 

consistent with the deduction that the acid chloride (25) had 

undergone an internal cyclisation to give thio-ohthalido (26) 
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a compound already known 169  in the literature and molting at 

60°0  This reaction was again repeated, this time at 0°, but 

the same result was obtained, However, it was clearly a simple 

matter to strengthen the S-C bond which was being broken and 

at this stage it certainly appeared that the possibility of 

obtaining the anchimeric assistance that was hoped for vas a 

very real one, 

Thus, the above experiments wore repeated using 

thiophenol in place of the benzyl niercaptan and p-naphthyl 

o-(phonyl-S-methyl)benzoate (28) obtained. 

C28) 

A sample of this ester was irradiated under standard 

conditions in a pyrex flask but found to photolyse only slowly. 

Men a quartz flask was used, however, the photolysis was very 

rapid but unfortunately, only about 100/0  of the theoretical 

amount of the 13-naphthol was produced. 

In order to investigate this reaction in a little more 

dotailo  a sample of benzyl phenyl sulphide was made by treatment* 8 
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of a mixture of benzyl chloride and thiophenol with NaH/DUF as 

above and this Irradiated. It was found to photolyse rapidly 

in a quartz though not a pyrex flask to yield a tar which smelt 

very strongly of thiophenolo This clearly suggested that fission 

of the bond between the benzyl carbon and the sulphur atom was 

probably taking place and consequently, such a process would 

also have been occuring when ester (28) was irradiated. 

Tho possibility of obtaining anchimeric assistance from 

an iodine atom was now investigated. P-Naphthyl o-iodobenzoato 

was synthesised by treatment 1  G 907° of o-iodobenzoyl chloride 

with p--naphthol. 

A sarrele of this ester was irradiated under standard 

conditions and a high rate of homolysis observed. However, the 

yield of 13-naphthol was only 3.40/0. 

The results of these photolyses are sumnrised in 

Table 

COMPOUND 

TABLE II 

IRRA.D. 
TIME 

BASE 	PURE 
SOL, 	PHENOL 
Co,)o 	(o/o) 

P-Naphthyl o-(phonyl-
thiomethyl)benzoate 

0•5 81 	10 

P-Naphthyl 
coeiodobenzoate 

4 	99 	14 
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Of the esters discussed so far, the one which gave 

the highest yield of --naphthol on Photolysis in a pyrex vessel 

and in the shortest time was found to be p-naphthyl fluorone-9-

carboxylate. Now as it has been pointed out, the phenolic fraction 

was the moiety concerned with absorption of the energy by the 

molecule and hence for activation of the molecule, while the 

acid fragment played little or no such part, Since it was clearly 

desirable to attain maximum efficiency in generating the phenoxide 

radicals, it was decided to investigated the possibility of 

photolysing a diphenolic carbonate (29) which it was expected 

would split according to the scheme 

/ 	0 	0 / 
Ar 0 - C - OAr - Ar 0 - C + 0Ar 

II 	P 
1 0 	0 

0 
ArO 4. CO 

0 
Ar0 was the radical required for the intramolecular coupling 

reaction and Ar a highly photosensitive species, The method for 

finding the best fir unit was simply to take a series of phenols, 

esterify them with fluorene-9-carboxylic acid and then irradiate 

as before, The one giving the best result would then be 

reacted with p-naphthyl chloroformate to give the mixed 

carbonate (29), 

(29) 
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The esters selected and the results of the photolyses 

are cminn  rised in Table III. 

TABLE III 

COMPOUND 

p-Acetophenyl 
fluorene-9-carboxylate 

p-Benzoneazophenyl 
fluorene-9N•carboxylate 

p-Iditrophenyl 
fluorene-9-carb oxylate 

p-Dimothylaminophonyl 
fluorene-9-carboxylate  

BASE 	PURE 
IRRAD. 	SOL. 	PHENOL 
TIME 	(V) 	02/0)  

al 	112 	40 

4Q 	33 	15 

4Q, 	90 	10 

4Q, 	86 	9 

Q indicates a auartz flask was used. 

All were made by treating fluorene-9-carbonyl 

chloride with the appropriate phenol, which with exception of 

the last one, prepared according to the scheme els shown below, 

were readily available. 

As can be seen from Table III a choice of phenols 

1)ossessing both electron attracting and electron releasing 

groups was employed, but no dramatic effects were observed. 
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ma 
../0•212.••••=4, 

Having discussed the homolysis of the C 0 bond in 

some compounds containing the fragment (30), attention 

was then turned to the study of compounds containing the unit 

(31). 	
:0 
	

0 0 
° 15 

Ph 	OtC 
	

Ph — .t.-• C NH 

(3'0) 
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These too after cleavage should readily decarbonylate as the 

0 
species 4•NH -CO crass expected to be very unstable. P-Naphthyl 

N-phenylurethan and p-naphthyl N-a-naphthylurethan were both 

prepared in the usual my from the appropriate isocyanates  and 

P-naphthyl NOT-diphenylurethan from diehetylcarbamyl chloride. 

The results of photolycing these .urethans are summarised in 

Table IV. 

TABLE IV 

COMPOUND 

(a)  
P-Naphthyl NsN-diphonyl- 
urethan 

IRRAD. 
TIME 

BASE 
SOL. 
(0/0)  

73 

PURE 
PHENOL 
0/0)  

67 

(b)  14Q 56 47-5 

(a)  3P 83 75 
P-Naphthyl N-a-naphthyl-
urethan 

(b)  3P 71 64 

Q indicates a quartz flask was used. 

P indicates a pyrex flask was used. 

(a) Solvent:-  Et2 0/Et0H 	(b) Solvent:- Dioxan, 

From Table IV it appears that while urethans of the 

typo discussed above are excellent photosensitive protecting 

groupss  particularly in the presence of ethanol as solvent®  they 
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are of no use for generating phenoxide radicals which were 

required for the intramolecular coupling, reaction. 

It was now felt that having carried out irradiation 

experiments on some compounds containing the system (52) with 

only moderate success a more drastic variation in substitution 

pattern ought to be made and the carbonyl group replaced by 

the thione group tp give the system (33). 

o 
r2 

C X 	G -X 

(52) 	(33)  

This group has pronounced ultraviolet absorption and 

thus could reasonably be expected to servo as a centre for energy 

absorption leading eventually to bond fission. The simplest and 

most obvious first choice of compound containing this group was 

the 0-aryl xanthate (54). 

C 

S 

.0 
(310 

Accordingly, following the original literature, 

potassium cresoxido was treated with carbon disulphide in ethanol 

at 50° for 6 hours. An orange coloured solid was obtained which 

was ill-defined and could not be recrystallised. A method of 



- 94 - 

sulphur assay was, therefore, worked out which was capable of 

giving within W. of the theoretical value for the sulphur 

content, potassium 0-ethyl xanthate being used as the reference 

material. Determination of the sulphur content of the compound 

produced by the action of Potassium p-cresoxide on carbon 

disulphide, indicated that there was less than 10V, of the 

theoretical amount of sulphur present. 

The reaction between p-cresol and carbon disulphide in 

the presence of triethylamine was carried out and the product of 

this reaction analysed as above for sulphur. Again a value of 

less than 10V, of the theoretical was obtained. 

A more rigorous investigation of the reaction between 

potassium cresoxide and carbon disulphide was carried out in 

the following way. The U.V. spectrum of potassium 0-ethyl 

xanthate was first measured and a peal: at 30,1t, (4.25) was found. 

The U.V. spectrum of potassium cresoxide in water was measured 

and a peak at 295 mlk (3042) found. On saturation of the 

solution with carbon disulphide, a net; peal at 313 mm (1073) 

appeared, which  Gradually disappeared as the solution was 

aspirated. Aspiration of a solution of potassium 0-ethyl 

xanthate produced no chance in its U.V. spectrum. The experiments 

showed that the 0-aryl xanthates of the type (34) though 
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present in solution, were thermodynamically unstable and their 

investigtion was, thus, discontinued. 

The next step was clearly to make an ester of a 

thiobenzoic acid. The monothiobenzoic acid. itself was of no use as 

it exists mainly in the thiol rather than the thione form. 

Ph 	C SH 	 Ph - C 011 
0 

Indeed. all known reactions of this acid give rise to derivatives 

of the thiol tautomer. Accordingly, dithiobenzoic acid was 

prepared 41,2  by reacting phenyl magnesium bromide with carbon 

disulphide. The free acid itself is far too easily oxidised to 

be isolated and so it vas always used as its etheretO solution. 

This. solution has an intense purple colour. 

It is reported /V3  that this ethereal solution of 

dithiobenzoic acid on treatment with thionyl chloride can be 

converted to the corresponding acid chloride, thiobenzoyl 

chloride. Following Staudingers method, the reagent and substrate 

were simply refluxed for 7 hours under nitrogen, after which 

tined complex mixture, said to consist of products of the 

type 
Cl 	Cl C?. 	Cl 

S "S°'0 -Ph 	and 	Ph-C.-5-S -  -S-C-Ph 
bC1 	tai 	 LC1 	IC1 
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was produced. The solvente  the unchanged thionyl chloride and 

the sulphur tonochloride (32012), generated in the reaction wore 

then distilled off and then the apparatus set up for distillation 

under vacuum (0®2 um), The temperature was gradually raised to 

150° and then very cautiously to 240°. From about 200° upwards, 

a quantity of a deep purple material began to distil, the 

distillation being complete at 240°. On redistillation, the 

substance was founddto have b.p. 6065° /002 mm„ This material 

underwent reactions consistent with its formulation as thio-

benzoyl chloride e73'1751  ViZ:— 

Ph. -C -C1 

S 

Ph2CHOH 

Ph C NIT2  
19 
S 

Ph2  CII0 C w  Ph 
11 
S 

Howevore 'in the hands of the present author and 

another previous worker in this laboratory, the pyrolytic stop 

necessary to crack the intermediate complexes was found to 

be unroliablee  polymerisation to an unidontifyable brown tar 

often taking place. Consequentlye  an alternative method.  of 
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synthesising the desired thione ester was sought. 

Recently, Overberger and Sarle have prepared "6  

several mixed sulphonic-carboxylic anhydrides such as benzoyl 

benzenesulphonate, and have found them to be active acylating 

agents, affording the acylated product in good yield and under 

mild conditions. Moreover, in no case was any suiphonylation 

observed. 

Bearing this work in mind, the lead salt of dithio- 

benzoic acid (a dark reddish brown solid, m,p. 204-2050, 

recrystallisable from toluene) was prepared and this treated zith 

tosyl chloride in relluxing DM' for 3 hours in an attempt to 
- 	- make the dithiobentoic .°.toluenesul-ohonic mixed anhydride , (350N  

It Was then hoped to treat this with a phenol and so obtain the 

ester (36). 

Ph 	q 	s 	s Qa 

S 

(3 5 ) 

0 

S 
(36) ACR 

In the event, however, it was found that the lead 

dithiobenzoate and tosyl chloride did not react, the forme 

being recovered almost quantitatively, 
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The reaction was now repeated using an ethereal solution 

of the free acid and triethylamine as base. On addition of 

this latter reagent, a white precipitate (triethylamine hydro-

chloride) was immediately thrown down. This was filtered off 

and the resulting dark reddish brown solution divided into two 

equal parts. To the first, an ethereal solution of aniline was 

added and an orange precipitate immediately formed. This was 

shown to be thiobenzamide. To the second, an ethereal solution 

of Wnnaphthol was added; no change was observed, The work up 

procedure simply involved removing the solvent (room temperature) 

followed by measurement of the I.R. spectrum° In all runs 

under a variety of conditions (reaction times of up to 3 hours 

in the refluxing solvent) a dark reddish gum vas obtained which 

showed intense hydroxyl absorption. The thione ester was thus 

not being generated, 

The conclusion to be drawn from these experiments is 

that the phenolate anion is a much weaker nucleophile than is 

the aniline molecule, This is, however , a well established 

phenomenon. 

Since the procedures tried so far had not resulted in 

a satisfactory method of synthesising compounds of the type (36) 

and since ionic xanthates such as (37) had been shown to be 

thermodynamically unstablel  the next most obvious series of 



(39) PhS11. Ph011 

PhO ‘C 0-C1 
(40) 	it (43) 

Cl -C c-SPh 

S PhOH 

Ph11112  
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S 

(4a) 
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compounds to try was the diaryl xanthates (38). 

5 
•-• ti 	 e ph - 0 " C -1k-r 	Ph-O-C-S 

(36) 	 (37) 	(38) 

Thiophosgene (39) vas treated I" with phenol in the 

presence of sodium hyaroxide solution and phenyl chlorothionP 

formate (40) obtained in good yield. A small portion of this 

was converted IV 9  to its an 	derivative phenyl N-phenylthion- 

urethan (41), while the rest, by reaction with thiophenol and 

sodium nethoxide in methanol, gave CT7  diphonyl xanthate (42) 

as a golden yellow solid, mo)c, 49-51°. 

Cl -C -C1 

S 

PhO-C lillPh 
	 P121111 ^' C SPh 

S 
	

S 

(La) 
	

(40 
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Another route to this compound was also investigated° 

This was done by treating di p  thiophosgene with thiophenol, phenyl 

chlorodithiofermate (43) being obtained. As in the case of the 

Monothio derivatives, this was characterised g" as its urethan, 

phenyl dithio-N-phenylurethan (44). Treatment "" with phenol 

gave diphonyl xanthate (42). This route was investigated as it 

was clearly more desirable to use ?phenyl chlorodithieformatc as 

a reagent rather than to convert the phenol required for the 

coupling reaction first to its bis-chlorothionformate and hence 

to its corresponding bis(diphenyl xanthate), The results of 

various photolytic experiments involving dinheny/ xanthatc are 

summarised in Table V. 

TABIS V 

COMPOWD 

Diphenyl xanthate. 

Diphonyl.xanthate 

Diphonyl xanthate 
-:- 1 mol. Ph2C0 

Diphonyl zanthate 
1 nol. Ph2C0 

IRRAD. 
TIME 

3P 

32 

3P 

3Q 

BASE 
SOL, 
(o/o) 

2 

10 

5 

11 

UNCHANGED 
'STARTING 
MATERIAL 

( V0 )  

76 

25 

67 

20 

P indicates a pyrex flask was used 

Q. indicates a quartz flask was used 
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Clearly, the thione moiety alone did not appear to 

absorb sufficient energy for the photolytic process that was 

required and so it was decided to construct a molecule in which 

the carbonyl group, a group which had hitherto proved to be 

useful for this type of reaction, was incorporatede Accordingly, 

thiobenzoic acid was prepared 1 79  and the potassium salt allowed 

to react 80  with phenyl chlorothionf ornate at -45°. Attempts 

to isolate the expected product, S-benzoy1-0-phenyl xanthate (45), 

however, failed as it decomposed thermally at -15° into CS2  

(detected "a  as its piporidine derivative) and phenyl benzoate 

(46) (920/0 ). 

0 
18 

PhO 	C - Ph 

( 46) 

Pli0 	C-Cl 

PhO 	CS2  

St 

PhO-C D 

0* 
Be 
C - Ph 0 
—3.5° 

0 
-S -C -Ph ph ocpesK 

h 
"45°  (45) 

thbo 

Ph0 	CS2 	4.°C - Ph PhO 	5  4. 3.0 -Ph 
0 0 

1+102  COI 
11e2  CO 

PhO - 5. Ph (50) PhOli + CS 

0 	 Phe -S-i'S'uC -Ph + Ph -C eaSH 
11 (47) 	 II 	II 

0 	0 	0 
(48) 	 (49) 
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Irradiation of the reaction mi=ture at -60° • 	3 

hour gave phenyl benzoate (47) (78°/a) and a small amount of 

dibenzoyl disulphide 018) (by ccmparioon with an authentic 

specimen ".0. Thiobenzoic aoid (1i9) and phenol (0) were 

probably also' produced. 

A similar reaction between phenyl chlorothicnformate 

and the potassium salt of thioacetic acid gave "0  a less well 

defined results  the IORO spoctrum of the crude reaction product 

showing absorptions at 1770 cmtl3  41 1740 cm. oV 1710 CM

*41o t  and 

1690 cm . Tho 1770 cmf*1 peak could reasonably oo assigned to 

:phenyl acetate and the 1730 cm- . peak to diacotyl disulphide. 

Further weight foz this conclusionwaSacquired from a study of the 

n.m.r. spectrum of the crude reaction product which showed a 

comrlex aromatic multi plot at about 1 208 and sharp singlets at 

1-7°52 (d? acetyl disulphide by comparison with an authentic spec- 

imen ea) and 7078 (thonyl acetate by comparison with an 

authentic srocimen). 

The reaotion between phenyl chlorothionformate and 

potassium 0-ethyl xanthate under the same conditions "13  

followed a rather different course, however, diphonyl thion- 

carbonate i'VT (1.) being the only product characterised. This 

presumably arose In the following way:- 
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0 
So Cs-OEt 

ED 
C r. 0Et ------ • ........o % Pao 4 os2  4 EtO-Cf-S..C-0Et 
n  Ct 	II 

s 	s 

(52) 

Then, 

PhO 
V 	 E) 

--i›(Ph0)2CS S -C OEt PhO-CS Ce.0Et 	 

(51) 

A deep yellow gum was also obtained which probably 

consisted largely of S-ethoxythiocarbonyl 0-ethyl xanthato 

Attempts to crystallise this material failed the likely 

contaminant being ethyl phenyl thiocarbonato (53). 

PhO 
47),  

PhO Cyyy   7,S C OEt 	PhO 0S2 	PhO C OEt 

( 53 ) 

The next step was to ring the changes once again on 

the disposition of the oxygen and sulphur atoms in the molecule 

and prepare an 0-ethyl S-aryloxycarbonyl xanthate such as (56)0 
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r*Cresyl chloroformate (54v  Ar = p-crosyl) was first 

prepared. e63  by treating a benzene solution of p-cresol with 

excess, phosgene in the presence of pyridine as base Along 

with the desired product a small quantity of di-p-cresyl 

carbonate (55, Ar = p-cresyl) was also obtained, the former 

comnound being readily separated by disti/lationo 

The purified p-cresyl chloroformate vas then reacted$5° 

with sodium 0-ethyl xanthate "4  in acetone at *50° to give a 

yellow oil showing a strong -peak in the 1,R, spectrum at 1750 cm 

This vas presumably 0-ethyl S-p-cresyloxycarbonyl xanthate 

(56, Ar = n-crosyl). All attempts to crystallise this material, 

however, failed and it was thus decided to work with compounds 

higher in the homologous series which it vas hoped would be 

more readily crystalline. To this end P-naphthyl chlorofor mate 

(54, Ar = P-naphthyl) was prepared "5  in the manner described 

above for p-cresyl ehloroformate. Reaction g" of this substance 

with sodium 0-ethyl xanthate gave 0-ethyl S-13-naphthyloxycarbonyl 

xanthate (56, Ar = p-naphthyl) as a yellow crystalline solid° 

Ar011 	CCC12 A n rn ol 

(54) 

-.30o 

Ar0o00.01kr 

(55)  

C) Na 	SoCS.02t 

krO,C00S,CSo0Et 
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A sample of 0-ethyl S-p-naphthylox,:fearbonyl xanthate 

-vas irradiated under standard conditions in a pyrex flank and 

found to photolyse smoothly to give p-naphthol in 24°/0  yield. 

Tho non-phenolic part of the product was a dark brown tar e  the 

nature of which vas not investigated. 

It was now hoped to carry out an irradiation on a 

similar derivative of a binuclear dihydric phenol in order that 

the feasibility of the coupling concept could be tested. 

this end, P,p-dihydroxydinaphthylmethane (57) vas synthesised t86  

by treating P-naphthol with formaldehyde in the presence of 

Sodium acetate, The next step was to make the dichIoroformate 

(53) 	However, treatment 68D of a toluene solution of 

P0P-dihydroxydinaphthylmethane with phosgene in the presence 

of quinoline did not give the desired compound but rather a 

complex mixture) of products showing a strong but broad band at 

1765 om-1. and a much weaker band at 1780 cm
..-
. The general 

nature of the likely products consistent with these 'data is 

shown below. 

Variations in the experimental conditions failed 

to give any substantially different result. 
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An attempt was nor/ made to obtain the dichlorofo:'aato 

(58) by phosgenating. 04-dihydroxydinaphthylmethane in benzene 

solution but using potassium carbonate as base. In this 

experimento  a white crystalline solid m.p.235-235-5° was readily 

isolated. Its I.R. spectrum showed an intense band at 1765 cm-1. 

This strongly suggested that the cyclic carbonate (59) had been 

produced. Confirmation of this was obtained from the molecular 

weight determination which gave a value of 34303 (calculatad 

value 326). 

A further attempt to prepare the dichloroformate (58) 

was made by phosgenating the dihydricphenol (57) in boiling 

benzene solution but usfmg collidine (it was found in subsequent 

runs that quinoline was just as effective) as base, This babe 



,L
1  

0,C.00(11 

(58) 
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vas selected selected as it was felt that it would be unable, on steric 

grounds, to generate a large concentration of phenolate anions 

and so favour the formation of the dichlorofcrmate. The Droduel 

of this reaction showed two intense bands in the carbonyl rogior 

of the I.R. spectrum, one at 1765 cm-1. and one at 1670 cm-1. 

Chromatography on allmita readily effected a sepa:mtion into 

two crystalline solids. The first was identified as the cyclic 

carbonate (9), while the second, a yellow solid, mop. 171 "l72.(  

surprisingly enough turned out to be the oxidation product " 

(80) of plidihydroxydinaphthylmethano, This conclusion vas 

unambiguously confirmed by comparison (m.p., mixea m.pe and 

superimposable 	spectra) with an authentic sample prepared 

by oxidation of the phenol with potassium ferricyanide. 



COCi 	 

K2  CO-. 

   

0 

(59) 
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+ (59) 

  

   

  

Z Fe (C17)6 

     

     

(60) 

At this stage it was felt that if aa: great improvemeni 

was to ba made in the photolytic generation 	phonoxide radlcal 

their a completely different series of compounds he.d to be 

investigated. So far all the work had been concerned with 

homelysing C .° 0 bonds, the carbon being variously present as a 

carbonyl or thiocarbonyl group and Irariously substituted with 
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a carbon, oxygen or sulphur atom, 

Now since diary' disulphides (61) were well known in 

the literature, and since diary' peroxides (62) were known to 

be unstable, it was considered likely that the mixed monothio-

peroxides (63) i.e. the phenolic esters of sulphenic acids should, 

if it were possible to rake them, homolyse readily on Irradiation, 

Ar -S -S -Ar 
	Ar 0 - 0 -Ar 	Ar- 0 -S-Ar 

(61) 	(62) 	(63) 

The relevant literature on these compounds was, 

however, confused MI 108, one group of workers appearing to 

make a claim for the existence of such compounds and another 

finding no evidence for them. In order to attempt to clarify 

the position, therefore, the following experiments were carried 

out, 

Phenol and P-naphthol wore separately treated with 

2,4-dinitrobonzenesulphenyl chloride 189 for periods ranging 

from 15 minutes to 6 hours and the reaction products, obtained 

simply by removal of the solvent under vacuum, always showed 

intense phenolic hydroxyl absorptions in the I.R. spectrum. 

Bases, pyridine and triethylariine, yore used in a 
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second series of experiments and in a third the mixtures were 

refluxed using either carbon tetrachloride or benzene as solvent. 

In all cases, the product, obtained as above and usually a 

non-crystalline yellow oil, showed intense phenolic hydroxyl 

absorptions in the I.R. spectrum. 

In each case also, after the T.R. measurements had 

been taken, the product was dissolved in ether and quickly 

extracted with dilute sodium hydroxide solution. After removal 

of the ether, the base insoluble residue was found to be non. 

crystalline, all attempts to induce crystallisation failing. 

It thus appeared that the phenolic esters of 2,4-ai-

nitrobenzenesulphenic acid could not be formed. However, since 

the carboxylic/sulphenic mixed anhydrides (64) were well known 

it vas decided to carry out an investigation of these compounds 

as they ought to cleave readily on irradiation. 

2,4-Dinitrobenzenesulphenyl acetate (65, R = H) was 

prepared 49°  by stirring a suspension of silver acetate in 

methylene dichloride containing 2,4-dinitrobenzenesulphenyl 

chloride at room temperature for 18 hours in the dark. The 

phenylacetate (65, R = Ph) and caproate (65, R = CHI  C112  )13 ) 

0 

(64) 	ArS 0 C CH2  R 	0:4 TI 

0 
- 0 C CH2R (65) 



TABLE VI (WV° data) 

in EtOH 330(4006), 259(4.0), 209(4.12) 

in EtOH 333(4.13), 270(3.87), 207(4.4a) 

in Et0H 329(4°05), 260(4011), 209(4.17) 

in CHC1; 525(4.05), 269(4°26) 

14D0-2 

Nos  

PlICH,2  0S 

OB:55 CO2-77- 

were similarly prepared. 

In order to establish the structures of these mixed 

anhydrides unequivocally, the U.V. and n.m.r° spectra of the 

acetate have been measured. These are to be found with the 

corresponding spectra of some similar compounds, synthesised 9." 

in an unambiguous way, in Tables VI and VII 

NO2  

Along with Table VII these results show that 2,4-dinitro-

bonzenesulphenyl acetate is correctly formulated as (65, R = H)0 
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TABU; VII 

n.m.r. Data. 

. Ph0112 S 

H Hb 

NO2 

H(a). Doublet 2.12 
H (b ) . Quartet 1 -52 

(i= 9) 
= 9t j = 2) 

(c )0 Doublet 0.96 = 2) 
Us 	Singlet 6.06 

H.(a)0 Doublet 2.5 (j. 9) 
H(b)° Quartet 1.8 (T= 9t 	.:1= 2) 
H (c ) 	Doublet 1.08 (J. 2) 
Phenyl Singlet 2°69 

CH2 	Singlet 5.72 

CHg COg S 

NO2 

Ha (J. 9) 
(J=9t j = 2) 

= 2) 

H(a)0 Doublet 2°36 
H(b). Quartet 1.54 
H(c). Doublet 0°94 

"2 C11,7, 	Singlet 7°59 

/Ma 	H6  

On irradiation in benzene solution, the acetate is 

rapidly photolysed to give a mixture of products consisting of 

acetic acid (about 90°/o) identified as its p-bremophenacyl 

ester, 2,4-dinitrodipheny3. sulphide e9' (tpee ixod mop. and 

I.R. spectrum and by conversion to Vie corresponding sulnhone Q 

e 
2,4,2,4.-tetranitrodiphenyl disulphide a91'.z $95 and a brown amerpheus 

solid. 

The I.R. spectrum of this brown solid was found to be 



Hr 
4 

Bra /Ha.51; 

(66) 
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similar to that of 2-amino-1initrobensenesulphonic acid (66), 

an authentic specimen being prepared C96  by the action of 

methanolic HC1 on methyl 2,4-dinitrobonsenesulphenate, and further- 

more, on treatment 497  with bromine in 50V, sulphuric acid 

cave a flocculent precipitate which was identified as 2,4,6-trfc" 

bromo-3-nitroaniline (67) (m.p., mixed m.p. and superimposable 

I.R. spectra). 

Thus it can be concluded that the material generated 

in the photolytic reaction is an impure form of the material 

generated by hydrolysis. This result was also indicated when 

the two compounds were run side by side on silica gel plates; 

the first streaked badly while the second moved as a single 

spot. Confirmation of this was obtained by treating both 

materials with bromine in acetic acid. While the substance obtained 

in the hydrolytic reaction took up 	of the theoretical 

amount of bromine the "photolytic" consumed only 25°/00 (In 

this context the word "theoretical" refers to the bromine uptake 



- 114 - 

when 2-amino-4-nitrobonzenesulphonic acid is treated with this 

reagent in 50°40  sulphuric acid on the steam bath for 1 hour. 

Obviously, such a procedure could not be used when a quantitative 

estimation is required as loss of bromite would occur giving 

rise to a spurious result.) 

Furthermore, titration of the authentic sulphonic acid 

with standard NaOH gave a figure of 95°/0  purity, while the 

material obtained from the photolysis gave a figure of only 

560/0. 

A cognate experiment was carried out to determine 

whether p-toluenesulphinic acid could be oxidised to the sulphonic 

level by treatment with bromine in acetic acid. In the event, 

the reaction was instantaneous and quantitative, 

In view of this result, it was clearly necessary to 

attempt to prove that the product of the photolysis was in fact 

the sulphonic and not the suiphinic acid. To this end, 

p-toluenesulphinic acid was irradiated in benzene in the presence 

of an excess of m-dinitrobenzene in order to attempt to oxidise 

it to the sulphonic level, After carrying out the experiment, 

95°40  of the m-dinitrobenzene was recovered unchanged showing 

that such a conversion was not possible, The question of the 

oxidation level of the sulphur atom in the product is, therefore, 

still in doubt. 
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A further experiment was carried out.to try to decide 

whether the product of the reaction was a mixture Of the free 

suiphonic and carboxylic acids or their mixed anhydride, In 

order to determine this, dry cyclohexylamine was edded to the 

total crude ritaction nroduCt and the mixture warlacd for 10 

minutes. After this time the free acetic acid was isolated and 

found to amount to 890/0  of the theoretical, showLag that no 

acetylation of the cyclohexylamine had taken :?lace, and hence 

that the free acid was present at the time this rcagent was 

added. 

The next problem to be considered was that of the 

mechanism of the reaction, T,Tlediately, the isolation of 

2,4-dinitrodiphenyl sulphide as a product, suggested an ionic 

mechanism of the type 

Benzene 

11.00211 



This was an attractive scheme since the existence 

of the 2,4-dinitrobenzenesulphenic cation and its tendency 

to undergo Friedel-Crafts reactions is well established 

and moreover, the generation of the acetate anion would 

nicely account for the high yield of acetic acid. 

The photolysis was, therefore, carried out again 

in the presence of 1 mol. of anisole and 2,4,-dinitro-e- 

methoxydiphenyl sulphide isolated (74 cyd. This is conclusive 

proof that the mechanism is ionic since the rate of electro- 

philic attack on anisole is about x100g faster than on benzene, 

whereas the rate of radical attack is practically the same I Fa, 

This mechanism, however, cannot account Tor the 

formation of the sulphonic acid, and so a second mode of 

break-down must be operative. One reasonable suggestion 

for this second neehanism is illustrated below. 

Obviously such a process depends upon the presence of 

the o-nitro substituont and so in order to test the mechanism, 

it was clearly desirable to synthesise a suiphenyl halide 

not possessing this group. 



S 

• R 0C 03 

= 0 	 9=0 
) 

14.11," N••.,01, 	F 

„ I 

E?3.2 

 

Q= 0 

NO 

1 
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NCI? 
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To this endsthu following series of reactions has 

boon carried out. o-Dichlorobenzeno (68) was nitrated 199  to 

give 1,2-dichloro-4-nitrobenzene (69) which on treatment 199  

with sodium disulphide gave not the desired organic disulphide 

(70) (which was to have bean converted to the suiphonyl halide 

(71) by chlorinolysis 200) but rather the raonosulphido (72). 

Accordingly, the 112.,dichloro.*4-nitrobenzene was treated 2" 

with S-bonzylthiouronium chloride in alcoholic KOH to give the 

bonzyl lc*chloro-4-nitrophonyl sulphide (73). This on treat-

ment "9  with suiphuryl chloride in methylene dichloride gavz 

the desired 1p'chloro".4.-nitrobenzenesulphenyl chloride (7l). 

After purification as far as was possible by recrystallisation 

from petrol, estimation by titration 2" showed it to be only 

730/0  pure. All attempts to raise this figure failed. 

This sulphonyl halide was then reacted with silver 

acetate in methylene dichloride in the way already described 19° 

in order to convert it to the mixed sulDheniciacetic anhydride, 

However, none of the desired product was obtained, a resinous 

material and a small auount of a yollow oil containing no 

carbonyl band being the only products0 



ql qi 
Cl 
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(72) 

,==/—SCH2  Pia 	
14 	
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EX PER IME NTA L 

Unless otherwiso stated, molting points wore determined 

on a Kofler blocks  infrared spoctra measured on a Unicam 

SP 200, ultraviolet spectra on a Unicam SP 500 or SP ?O0 

spectrophotometers  and nuclear magnetic resonance spectra on 

a Varian A60 instrument. Microanalyses were carried out by the 

Organic Microanalytical Laboratory of the Imperial College° 

Petroleum ether re ors to the fraction of b.po L1-0600. 
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Attempted substitution of the p-crosyl radical into voratrole6W 56 

1. Calibration of the Zoisel Method 

(a) p-Crosol (100 mg.) was thoroughly admixed with 

veratrole (1 mg.) and a Zeisel determination carried out on 

the whole. A positive result was obtained. 

(b) The above experiment was repeated with the same result 

using p-cresol (100 mg.) and veratrole (0°1 mg.). 

2. Calibration of the extraction procedure 

p-Crosol (0001 molpe  1008 g,) was dissolved .in Na2C0.,1  

solution (100 ml. of M/5) and veratrole (Ool molos  13°C g.) 

added. To this mixture was further added water (30 ml.) and 

ethanol (50 ml.). 

(a) The mixture was poured into a large volume of water 

and extracted with ether. The ether was dried (Na2S011 ), the 

solvent removed and the weight (i4°88 go) of extract found to 

be equal to the sum of the weights of the 15-cresol and the 

veratrole used. 

(b) This extract was strongly basifiod. (10 N NaOH) and 

repeatedly extracted with ether. The basic layer wac then 

acidified extracted with ether, the ether dried (Na2SO4) and 

evaporated. The weight (00324 g.) of the phenolic material so 

obtained was found to be equal to 50°/0  of tho p-crosol used. 
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(c) The ether washings from. (b) we 	then :)xtracted with 

sodium hydroxide solution (10 H), acidified, extaci;od with 

other, the other dried (Na2 ,904 ) and claporated. The weiGht 

(04119 g.) o: phenolic material so obtained. was .found to be 

equal to a fl=ther 11°/, of the weight of the p--;resel used. 

(d) A Zeisel determination on 100 mg. of to combined 

phenolic fmotions was carried out and a neGativ) result 

obtained. 

3 . 	Oxidation of p-oresol in the presence of tmratrole 

p-Cresol (0001 mol.) was disso1ve6 in .11200 solution 

(100 ml. of N/5) and veratrole (0c1 xnol.) a6ded. To this was 

further added ethanol (50 ml.) and then the whol) oxidised by 

running in an aqueous Isolution of peassium ferricyanide 

(6058 e. in 30 mlv of water), Procedures 2.a), 2(b) and 2(c) 

were then reneated. .1.1;ain a negative Zeisel dot)rmination 

was obtained. 

All the oxp erinonts in this series woro repeated 

twice, identical reoul- :s being obtained in both oases. 

3-(p-Aestoxypheny1)couularin and 2t 4-diacete::ystilbene-13- 
(jewilla•M=1•••••ff 	 •••••••••10A.). 

carboNylic acid  M  

p-Hydrexypho:aylacetic acid (1E124 go) ;aid redistilled 

sclicylaldehyde (0°576 ml.) were dissolved -:•.11 actift anhydride 
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mi.) and triethylamine (068 ml.) added, the whole was 

rofluxed for 5 hours, 

On cabling, a compound separated out, 'hid vac 

collected at the pump and on recrystallisation from an ethanol/ 

acetone mixture gave 5-(p-aeetoxyphenyl)coumarin as needles, 

m.po 181-18205° (7o/o)st'lmx,  1720 and 1770 cm-1. 

(round: Cs  75.19; He  4617. CivH,204  requires: C, 72c9; H, 4°28°/0), 

The filtrate obtained after separation of the above 

crystals was poured into water and extracted with other. The 

ethereal solution was extracted with sodium bicarbonate solution, 

the extract acidified and extracted with ether, Evaporation 

of the dried (17a2s0h) ethereal solution gave a colourless solid 

which on reorystallisation from aqueous ethanol gave 

2,4-diacetoxystilbene-p-carboxylic acid (of unknown sterow4  

chemistry) as needles, m,p, 177-178°  (14°/0)0max.  1695 and 1760cm - 

(Found: Cs  66659's  Hf 5°320 Ci9H,606 requires: CT  67*1; Hs 447°/0)0 

Salicylaldehydo benzyl other 

This compound was prepared by the method of Hey and 

Hobbs "P.  and obtained as needles from ethanol, m.p, 46-47° (87°A), 
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4-Acetoxy-2-benzyloxystilbeno-a-carboxylic acid (" 
Sylais./Mmemalameasawr. 

p-Hydroxyphenylacetic acid (0.75 g.) and salicyl-

aldehyde bonzyl ether (1005 g.) yore dissolved in acetic 

anhydride (3.2 ml.) and triothylamino (0°7 ml.) added. The 

whole was refluxed for 5 hours. 

The reaction mixture was cooled and poured into a 

largo volume of water. The product was extracted with other and 

then the ethereal layer washed with sodium bicarbonate solution 

and water, and dried (Na2SO4), Evaporation of the solvent gave 

a crystalline product which on rocrystallisation from petrol/ 

ethanol gave needles, m.p. 165-175°1(540/ )1.  V' 
xe 

 1770 and 1670cm es  ma 

suggesting that a mixture of the two possible stereoisomors had 

been obtained 

(Found: Ce  74042; Hd  5.10. C2411200b requires: Cr  74921; 5019°4). 

Copper Chromite catalyst 

This compound was prepared by tho method described 

in Organic Syntheses 141 0 

4,-Acetoxybonzyloxystilbene(4°  

4-Acetoxy-21°benzyloxystilbene-mcarboxyac acid 

(236.1k mg.) was dissolved in redistilled quinolino (2°5 m10) 

and ilcopper chromite" catalyst (25.6 mge) addede This mixture 
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was heated at 210-220° for 1.25 hours and then cooled and 

poured into dilute HC1 solution. The product was extracted 

with ether, dried (Na2SO4) and the solvent evaporated. A 

brown oil was obtained whose S.R. spectrum showed weak bands at 

1770 and 5590 cm-10 and total absence of a band at 1670 on-10, 

indicating that docarboxylation had taken place together with Come 

deacotylation. Both trituration with solvents and chromatography 

on alumina (grade 5) using benzene as oluant failed to induce 

crystallisation. 

The material was, thereftre, dissolved in dry pyridine 

(10 m10) and acetic anhydride (5 ml.) added and the mixture a 

allowed to stand overnight at room temperature. 

The whole was poured into water, extracted with other 

and the ethereal layer washed successively with dilute HC1 

solution, sodium bicarbonate solution and water and then dried 

(3da004). Evaporation of the solvent gave a gum whose I.R0  

spectrum showed a strong band at 1770 cm*-10 and absence of a 

band at 3590 oma'1 ., indicating that roacetylation had taken 

place, Both trituration with solvents and chromatography on 

alumina (grade 3) using benzene as elwant failed to induce 

crystallisation. 
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irlicotoxy-2-hydroxybibenzyl 

Crude Iracetexy-2-benzy1oxystilbene (110 mg.) vas 

dissolved in ethanol (25 ml.) and hydrogenated over a 10V0  

palladium/carbon catalyst (10 mg.). After 5 hours all absorption 
of hydrogen had ceased and the total uptake corresponded to 

2°27 double bond equivalents. The catalyst was removed by 

filtration and the solvent evaporated. iocrystallisation of 

the solid residue from petroloum.ether/benzono gave noodles, 

m.p. 93-95° (910/0). 

(Found: C, 74.98; H, 6°51. C10100  0$  requires: C, 74°98; H, 6029°43). 

2,1plOihydroxybibenzyl 

-Acetoxy4-hydroxybibenzyl (250 mg.) was boiled under 

reflux with 10°/0  aqueous sodium hydroxide solution (50 ml.) 

for 1.5 hours, at the end of which time all the solid had 

dissolved. 

The reaction mixture was poured into cold water 

(100 ml.) and acidified with dilute HC1 solution. The product 

was extracted with other and the ethereal aolttion washed 

successively with dilute sodium bicarbonate solution and water, 

dried (Na2 SO4 ) and finally evaporated.. There remained a white 

crystalline solid which on rocrystallisation from benzene/patrol 

gave colourless neediest  in,p0 132-1330  (930/0). 



127. - 

(Found: Cs  77°41; Ht  6.48. c goi:02  requires: C, 78.48; lit  60590/0). 

pBonzyloxybenzaldehyde 
••••••••••••••••••••••••111. 1.....C.W.. 

This compound was prepared by the method of Hey and 

Hobbs e" and obtained as needles from aqueous ethanol mop. 72° 

(7313/0),  

p-Benzyloxybenzyl alcohol 

This compound was prepared by the method of Shelton 

of aloWand obtained as plates from benzene/petroleum ether s  

m.P. 87°88°  (930/0)0  

p-Bonzyloxybenzyi chloride 

This compound was prepared by the procedure due to 

Taylor (Ph.D. Thesias  London, 1.962) and obtained as plates 

from petroleum others. m.p. 78-79° (70°4). 

p°Tenzyloxybonzyltriphonylphosphonium chloride 

p-Benzylexybenzyl chloride (0082 g.) was dissolved in 

benzene and treated with a solution of triphenylphosphine 

(0'83 ge) in benzene. D-Benzyloxybonzyltriphonylphosphonium 

chloride was immediately precipitated It was separated at the 

pump and rocrystallisod from benzene and obtained in a micro- 
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-crystalline state, m.p. 21:2-243°,in almost quantitativo yield. 

(Found: ionic 01, 740. C32112001019 requires: ionic 01, 742°/0). 

2,Aibensyloxystilbone 144045  

To a solution of sodium (040/6 g.) in ethanol (50 ml.), 

P-benzylexybenzyltriphonylphosphonium chloride (0499 go) was 

added under nitrogen. A yellow colour was produced. Salicyl- 

aldehyde bensyl ether (0.424 g.) in ethanol (25 ml.) was now 

run in and the minturo stirred for 24 hours. The precipitate 

was removed at the pump and rocrystallised from petrol /benzene 

to Give noodles, m.p. 12405-12305° (530/0). 

(*Bound: C, 85431; H, 6°10. C28112402  requires: Ce  8.68; H, 6416°/0). 

2,4%i1 ydroxybibenzyl 

21 4-Dibenzy1ozystilbene (250 mg.) was dissolved in 

ethanol (50 ml.) and hydrogenated over a 100/0  palladium/carbon 

catalyst (25 mg.). After 5 hours all absorption of hydrogen 

had ceased, the total uptake corresponding to 3413 double bonds. 

The catalyst was removed by filtration and the solvent evaporated. 

Recrystallisation of the product from bensene/petrol gave noodles, 

n.p. 132-1330  (930/0), identical in all respects with the material 

obtained by the earlier procedure. 
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134)Benzy1oxybonsyldiethy1 phosphonate Its, J 	14? 

A mixture of p-bonzyloxybensyl chloride (0067 6,) 

and triethyl phosphite (0.472 ml.) yore heated at 160° until 

the reaction was complete as evidenced by the cessation of the 

ethyl chloride evolution (about 90 minutes), Distillation 

under reduced pressure gave a colourless liquid, b.p. 18°/ 

(85°40). 

2,4-Dibenzyloxystilbene I 4D 

u-Bonzyloxybonsyldiothyl phosphonato (0.345 g.) was 

treated with salicylaldohyde bensyl ether (00219 g.) and sodium 

methoxido (00796 g.) in dry DNP and left to stand overnight at 

room tomperatume. 

The mixture was poured into ice/water and the solid 

obtained filtered at the rump. Recrystallication from petrol/ 

benzene gave noodles, m.p. 132-133° 075%). The material was 

found to be identical (m.p., mixed m.p. and superimposable I.R.) 

with the material made by the alternative procedure previousli 

discussed. 

Oxidation of 2,44•dihydroxybibenzyl 

A solution of 2,4-dihydroxybibenzyl (0.533 g.) in 2g 

NaOH solution (300 ml.) was added dropwiso over a period of 
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90 minutes to an agitated mixture of ether (200 ml.) and wator 

(600 ml.) in which had been dissolved potassium forricyanido 

(6 g.) and which was maintained under an atmosphere of nitrogen. 

The other was separated, dried (Na2SO4) and evaporated. 

Chromatography of the residue on alumina (Grade 3) using bonzeno 

as oluant gave a crystalline product which aE0or rocrystallication 

from petroleum other/benzene was obtained as noodles, m.p, 135-136° 

0.1.50/d t, 
(Found: C t  79050 He  5°92. CI4Ht2A requires: Ce  790224 H, 5070G/0). 

Trichloroacetyl chloride 
AN•20:1111.1=1.1101. 

This compound was prepared according to the method of 

Brownt5 p e  and obtained as a colourless liquid b.1). 116-119° 
(5Lo/0).. 

P-Naphthyl trichloroacetato 

This compound was prepared according to the method of 

Houben and Fischer t" and obtained as noodles from bonzono/petroll  

m.p. 86-87° (67°/c),Ymax. 1775 cm.1  ° 

General Procedure for Irradiation 
...erseummwma 

A solution was made up from the compound (usually 

.about 0e5 millimoIo) and a dry oxygen and peroxide free solvent 
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(usually other, cyclohexane or dioxan - about 125 ml.) in a 

250 ml. round bottomed flask (pyrex or quartz) equipped with 

a Herschberg stirrer (Fieser, ',Experiments in Organic Chemistry" 

3 rd. Ed., Heath and Co., Boston, /955, p. 263.), a nitrogen 

inlet and a double-walled reflux condenser, Immediately beneath 

the flask was situated a Phillips 125 watt, high pressure mercury 

arc lamp (57236F/21). 

At intervals during the photolysis, samples were with.-

drawn and U.V. and/or I,R, spectroscopic measurements taken to 

follow the course of the reaction. For the U.V. measurements 

the sample was properly diluted with the solvent in which the 

reaction was being carried out. In the case of the I.P. 

measurements, the sample was evaporated under vacuum and the 

residue dissolved in a finite amount of chloroform, 

Blank reactions were run by rofluxing the compound in 

the same solvent for about 5 hours in the dark. In every case 

the U.V. and/or I.R. spectra of the solutions were found to be 

identical to those of the starting material. 

The solvents were freed from peroxides by washing 

with alkaline ferrous sulphate solution or, in the case of 

dioxan, by treatment with stannous chloride. They were dried 

by distillation from sodium and then stored in the dark over 

sodium, Immediately before use, they were boiled for a few 
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minutes under vacuum to remove any dissolved oxygen. Solvents 

more than two wooks old were always repurifiod before use, 

Irradiation of P-naphthyl trichloroacotate 

P-Naphthyl trichloroacetate (0.5 millimolo) dissolved 

in dry other (125 ml.) was irradiated in the usual way in a 

quartz flask. Aft©r 3 hours the reaction was complete (as 

evidenced by the disappearance of the strong band at 1775 cm-10) 

giving a deep yellow solution. 

The other was extracted with 213 NaOH solution, the 

basic layer acidified, extracted with other and then the ethereal 

solution washed with water and dried (Nas SO4 ). The solvent vas 

romoved giving a brown solid (29 mg,, 40.3°/0 ) which after 

chromatography on alumina (grade y)t  using benzene/20°/0  other 

as eluant) gave colourless plates (20.9 mg., 29°/0 ), This 

material was then recrystallised from bonze= and shown to be 

P-naphthol (120/0) (mop" mixed m.p, and superimposable I.R. 

spectrum). 

Triphonylmethyl chloride 

This compound was prepared by the method described 

in Organic Syntheses 15/  0 
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Triphonylacetic acid 

This compound was prepared by the, method of Schmidlin 

/92, 8570 "4  and obtained as colourless plates from acetic acid 

mop. 264-265° (80°/0). 

Triphenylacetyl  chloride 

This compound was prepared by the method of jones and 

Hurd 155  and obtained as prisms, m.p. 127°, without recrystall-

isation, in almost quantitative yield. 

P-Naphthyl triphenylacetate 

Triphenylacetyl chloride Cl millimolo) was dissolved 

in dry benzene (15 ml.) and a solution of 0. naphthol (1 millimole) 

in dry benzene (10 ml o) added. Dry pyridine (1 ml.) was added 

and the mixture boiled under reflux for 3 hours. The whole 

was poured into water, washed with 2U NaOH solution, dilute HCl 

solution, dilute Na2 CO3  solution, water and finally dried (Na2SO4), 

Evaporation of the solvent followed by filtration 

through an alumina column (grade 3, benzene as oluant) gave 

P-naphthyl triphenylacetate which on recrystallisation from 

benZene/Petrol gave needles, m.p. 16905-'170'5° (5605°40), 

3 750 cm . 
Pmax. 

(Found: C, 86.8E4 Hy 5069. C”H2“)2 requires: 0, a6.93: H, 5*35°/0) 
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irradiation of pe3naphthyl triphenylacetate 

This compOund was irradiated in a quartz flask for I 

hour as already described for P-maphthyl trichloreacetatos  and 

P-naphthol obtained (9°/0). 

Fluorene 9-carboxylic acid 

This coMpound was prepared by the mothod described in 

Organic Syntheses t 56.  

Fluerene-9-carbonyl chloride 
r This compound was prepared by the method of Stolle anti 

aOlf t" and obtained as needles from other. m.p. 77° (64°/)%  

tr ma X * 17 85 m  

P-Naphthyl fluorene-9-carboxyathe 

Fluorene-9-carbonyl chloride (136.2 mg.) was dissolved 

in dry benzene (15 ml.) and a solution of P-naphthol (86.4 mg0) 

in dry benzene (10 221.) added. Dry pyridine 	ml.) was added 

and a white precipitate immediately formed. The mixture was 

allowed to stand for 1 hour. The whole was poured into water, 
IP? 

washed with 2N NaOH solution ?  dilute HC1 solution, dilute Na2C0p 

solution, water and finally dried (Na2 SO4). 

Evaporation of the solvent followed by filtration. 
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through an alumina column (grade 3t  benzene as oluant) gave 

P-naphthyl fluorenee"9-carboxylate which on recrystallis-,ation 

from petrol/benzene gave noodlosl  m.n. 1,45-144° (65°/0)f  

Y 	.1755 cm . max. 

(round; C, 85676; H, 415. C24Hp602  requires: C, 

Irradiation of fr'uaphthyl fluorene-9-carboxylato 

This compound was irradiated in a pyrex flask for 4hours as 

already described for p—awohthyl trichleroacetato and (3-naphthol 

obtained (60°42). 

In a further experimonti  the exit gases were passed 

Y irst • through a U-tube contdining a quantity of I2 OD  maintained 

at 120°, and then through two Droschel bottles each containing 

saturated barium hydroxide solution (100 ml.). 

The free iodine liberated by oxidation of the CO 

generated in the photolysis was estimated by titration giving 

a figure equivalent to 930/0  of the theoretical amount of 

carbon monoxideo  and then the carbon dioxide estimated gravi- 

metrically as BaCOD  (87°/0). 

Xanthene""9-carbonyl chloride 

This compound was prepared by the method of Cusic 

and obtained as needles from ethers  m.n, 81° (61°,4)0, 	1785 cm 
Max. 

,F3e69; El II°79V0). 
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P-Naphthyl xanthene-9carboxylate 

This compound was prepared as already described for 

P-naphthyl fluorenem9-carboxylate and obtained as needles from 

acetone, repo 168-169°50  (680/0)t 	
. 

1760 cm- . 

(q'ound: C $  81°72; Et  ka/17. C22,11,605  reauires: C, 81°804 li t  4%58°,70)0 

Irradiation of P.bnaphthyl xantheno- carboxylate 

This compound was irradiated in a pyrex flask for 

4 hours as already described for P-naphthyl trichloroacetate, 

and p-naphthol obtained (60°/,). 

p-Cresyl flunrene-9-carboxylate 
1.1KMIIIMMIMV.R.M.W.1••••••••11111EILN,  

This compound was prepared as already described for 

P-naphthyl fluorenc-9-carboxylate and obtained as prisms from 

cyclehexanc$  m.p. 11/i-115° (67°/0), 	1755 cm M1. max. 

Ce  83.95; H, 5024. C21  H1602  requires: C7  83°98.1 Hw 5°3[°! 0) 

Irradiation of 1)-cresyl fluorene-9-carboxy1ate 

This compound was irradiated in a quartz flask for 

2 hours as already described for P-naphthyl trichloroacetatel  

and p-naphthol obtained (58°/at  as 3$5'-'dinitrobonzoate). 



X 137 `'  

Guaiacyl fluorone-9-carboxylate 

This compound was prepared as already described for 

P-naphthyl fluoreno.'9ecarboxylato and obtained as large prisms 

Iv= carbon to 	other, 

Y x.1760 cm
Eq  

ma 
(Found: C, 80.13I H  5.03, C21  H160;  requires: C, 79.73; H 5.10clo). 

Irradiation of guaiacyl fluorene9-carboxylato 

This compound was irradiated in a quartz flask for 

2 hours as already described for P-naphthyl trichloroacetaito, 

and P-naphthol obtained (58°/)). 

In another similar experiment the crude reaction 

mixture was evaporated and the n.m.r. spectrum of the residue 

measured. No peak about 6•O was observed indicating absence 

of any mothylcnodioxy rosidue. 

Cholosteryl fluorone-9-carboxylato 
N 	 

This compound was prepared as already described for 

p-naphthyl iluorono94.carboxylato and obtained as needles fo 

from petroleum other/benzono, m.p. 17T-1800  (610/0)T  

1730  cm
-I

0 
max. 

(Fceund: C, 35.07; Hy 9050. Coliv402  requires: C„ 85.07; H, 9.400/a). 

m.P. 116*117° (660/0 )1  
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Irradiation of oholostoryl fluorene-9-carboxylato 

Cholecteryl fluorone-9-carboxylate (289 mg.) dissolved 

in dry ether (125 ml,) was irradiatod in the usual way in a 

quartz flask. After 6 hours the strong band at 1730 cm. 

showed no dimAnution in its intensity and so the bulk of the 

reaction mixture was evaporated, Recrystallisation of the solid 

obtained from petrol/benzene gave unchanged starting material 

(m.p,, mixed m.p. and superimposable 10R.) (96°4). 

This experiment was now repeated using dry methyl-

cyclehexane as solvent. Again no photolysis took place and the 

starting material was recovered (94°A3). 

Cholestoryl xanthene-9-carboxylse 

This compound was prepared as already described for 

prnaphthyl fluorene-9-carboxylate and obtained-as plates from 

ethyl acetate, mop. 165t.166° (630/0)0  max a 
L720 cm . 

(Found: Co  82.75; lie  9000. C4,1 H1;407, requires: C o  82078 H  9015V0). 

Irradiation of cholesteryl xanthenee-9-carboxylato 
.11119119.7.  

Cholosteryl xantheneel-carboxylate (297 mg.) dissolved 

in dry ether (125 ml,) was irradiated in the usual way in a 

quartz flask. After 6 hours the -strong band at 1720 cm
-1. 

showed no din4uution in its intensity and so the bulk of the 
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reaction mixture was evaporated, Recrystallisation of the 

solid obtained from ethyl acetate gave unchanged starting material 

(93G/0)0 

Methyl fluorenec°9-carboxylate 
nomis.1.1. 	 

This comnound was prepared by the method of Tucker 

e 0, 160 and obtained as needles from methanol;  mop, 65° (91O/0);  

x. 1730 cm
mi 

 ma 

Irradiation of methyl fluoronc-9-carboxylato 

Methyl fluorene-9-'oarboxylato (117 mg0) ,dissolved in 

dry ether (125 ml.);  was irradiated in the usual way in a quartz 

flask, After 6 hours;  the strong band at 1750 cm-1, showed no 

diminution in its intensity and so the bulk of the reaction 

mixture was evaporated, Rocrystallisation of the solid obtained 

from methanol gave unchanged starting material (map .; mined m,p. 

and superimposable I.7t,) (9 ;/° 

Attempted preparation of o''(benzyl-S-mothyl)bensoic acid 166  
40^ 

Pbthalide (307 mg0) was dissblved in cjuinoline (15 ml.) 

and benzyl mercaptan (003 ml.) added. The mixture was rofluxed 

for 4 hours, 

After cooling, the solution was poured into water and • 
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extracted with ether. This extract was washed with dilute HC1 

solution, Na2C0:1  solution, water and finally dried (11a21104). 

Evaporation of the solvent gave a brown solid which after 

rocryetallivation from water gave noodles, m.p. 75°C Mixed 

m.p. with an authentic specimen of phthalide showed no depression° 

o-(Eanzyle•S-methyl)bonzeic acid 

Fathalide (297 mg.) was dissolved in dry DMF (25 mlo) 

and sodium hydride (106 mg.) added. Bensyl mercaptan (0.3 ml.) 

was then run in and the mixture refluxed for 4 hours° 

After cooling, the solution was poured into water and 

extracted with ether. This extract was washed with dilute HC1 

solution, /1a2CC solution, water and finally dried (Na2 SO4). 

Evaporation of the solvent gave a brown solid which on 

rocrystallisation from petrol (80-1000/C014  gave large colourless 

prisms, m.p. 108-110° (73°/ 	max. ). e 	1710 cm . 0  

(Found: C, 69.77; ut  5.42e  C.,H1402S requires: C, 69.841 Hs  5-24°/0). 

Attempted preparation of o-(bonzyl.,Srmethyl)benzey1 chloride 

o..(Benzyl-Svmothyl)benzoic acid (46.5 mg.) was dissolved 

in dry benzene (2 ml.) and oxalyl chloride (0,0465 ml.) was added 

at room temPeraturo, An immediate effervescence took place which 

subsided after about 15 minutes. The mixture was then heated 
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on the ?later bath for a further 15 minutes. Removal of the 

solvent afforded a yellow cheese-like solid which on recrystallisa- 

tion from petrol (80-100°) gavo pale yellow needles, m,p, 5960°, 

V 	1695 cm«1p (broad). This experiment was then repeated at max 
00  and the same result etained. 

ce-(Phenyl°S-methyl)bonzoie acid 

Phthalide (108.7 rig.) was diosolved in dry DID (25 ml.) 

and sodium hydride (6o mg.) added. Thiophonol (0.089 m10) was 

then run in and the mixture refluxed for 4 hours. 

After cooling, the solution was poured into water and 

extracted with ether. This extract was washed with dilute 1101 

solution, Va2CO3  solution, water and finally dried (11a2SO4). 

Evaporation of the solvent gave a brown solid which 

on recrystallisation from cyclohexane/potrol (60800) gave plates, 

m.p. 109110° (710/0)$  Vmax,1710 cm-1. 

(Found: CI  68.05; H$ 4°910 Cs41112 02S requires: C, 69.07: H, 5001°/0). 

wo(Phonyl4iSemethyl)benzoyl chloride 

o-(Phenyl-S.mmethyl)benzoic acid was dissolved in dry 

benzene (2ml.) and oxalyl chloride (0.05 ml.) was added, The 

whole was refluxed on the steam bath for 30 minutes. 

The solvent was evaporated to give a non-crystalline 
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product ( 0max,  1765 cm-I.) indicating an aromatic acid chloride. 

The material was not further purified. 

P-Naphthyl om(phenyl-S.'mothyl)benzoato 

This comuound was prepared as already described for 

P-naphthyl trichloroacetatu using a reaction time of 12 hours, 

and obtained as needles from cyclohoxano/petrols  m.p. 8485° 

(690/0)1  Ymax,17110 

(Found: C, 78.114 H,  46790 C2471 18012 S requires: C, 77.84; 111  4.790/c). 

Irradiation of P-naphthyl o-(phenyl-S-mothyl)benzoate 

This compound was irradiated in a quartz flask for 50 

minutes as already described for P-naphthyl triohloroacetate, 

and p-naphthol obtained (9V0). 

Benzyl phenyl sulphide :68  

Sodium hydride (567.8 mg.) was added to dry DAB' 

(20 ml.) and benzyl chloride (101 ml.) and thiophenol (L.5 ml.) 

run in, The mixture was refluxed for 2 hours. 

The whole was poured into water and extracted with 

Tho ether layer was washed with dilute FIC1 solutions  

Nat  CO3  solution s  water and finally dried (Na2 SO4 ). Removal of 

solvent followed by reorystallisation of the rosiduo solid from 
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alcohol gave leaflets, m.n. 44° (87°/). 

Irradiation of benzyl phenyl sulphide 

This compound was irradiated in a quartz flash for 

30 minutes as already described for P-naphthyl trichloroacetate, 

Evaporation of the solvent gave a brown gun which smelt strongly 

of thiophenol and from which no benzyl phenyl sul/ohido could be 

isolated by chromatography, 

o-Iodobenzoyl chloride 

This compound was prepared by the method of Raiford 

and Lankelma 169,'" and obtained as colourless needles, 

m.p. 35-38° (92V0). 

P-Naphthyl coaiodobonzoate 

This compound was prepared by the method already 

described for P-naphthyl f1uorene-9-carboxylate and obtained 

colourless prisms from ethylacetato/petrol, m.p. 85. 86°, 

V max 017140 cm-1 0 

(Found: C$  54.19; If, 2.92. Win  102  requires: C, 54°54; H, 20940/0) 

Irradiation of P-naphthyl o-iodobonzoate 

This compound was irradiated in a quartz flask for 
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4. hours as already described for P-naphthyl trinhenylacetate 

and p-naphthol obtained (14°/0)0 

p-Acetophenyl fluorene-9-carboxylate 

This compound vas prepared by the method described for 

P-naphthyl fluorene-9-carboxy1ate and obtained as needles from 

cyclohexano/benzehet  m.p. 156-157° (72°/0)t  m 	1.745 end 1680 cm-10 max, 

(Found:'C, 800617 Ht•°800 - 2 2 	n 	4 requires: et  80.47; Ht  .91°/0). --. C  

Irradiation of p-acetophonyl fluoreno-9-carboxylate 

This compound was irradiated in a quartz flash for 

6 hours as already described for P-naphthyl trichioroacotato 

and p-hydroxyacetophenone obtained (40°/0). 

p-Benzeneazophenyl fluorene-9-carboxylate 

This compound was prepared as already described. for 

0-naphthyl fluorene-9-carboxylate and obtained as orange needles 

from acetone'  mop, 177-178° (700/0), m:x.1760 cm-10 

(Found: et  79.71; H, 4-43, C20 16N2 02  requires: et  79098; H, 466543/0)0 

Irradiation of p-bonzeneazophonyl fluoreno-9-carboxylate 

This compound was irradiated in a quartz flask for 4 

hours as already described for P.Npaphthyl trichloroacetate and 
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p-hydroxyazobenzone obtained (15°/0)° 

p-Nitrophenyl fluorene-9-carboxylato 

This compound was prepared by the method described 

for P-naphthyl fluoreno-9-carboxylate and obtained as needles 

from cyclohexane/benzene, mei,. 152-'1550  (690/0), Pmax 1745 cm . 

(Found: C, 72.85; H, 5098, C20He N04  requires: C, 72.51 H, 5.96Vdo 

Irradiation of p-nitronhenyl fluorene-9-carboxylate 

This compound was irradiated in a quartz flask for 4 

hours as already described for P-naphthyl trichloroacetate and 

p-nitrophenol obtained (10°/0). 

Isolation of N-p-methylaminophenol from metol 

No tot (N-p-hydroxyphenylmethylammonium sulphate) was 

simply converted to its free base, N-p-methylaminophenol, by 

treating the salt with an excess of Na2 CO3  solution and extracting 

with ether The ethereal solution was dried (Na2504) and 

evaporated to yield the free base which on recrystallisation 

from benzene gave colourless needles, mop. 87Q. 

Attempted preparation of N-p-hydroxyphonyl-N-methylformamidoh ǹ  

N-p-Nothylaminophonol (0.105 6.) vae treated with ethyl 
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formate (0.07 m10) and dioxan (5 ml,) added° The mixture was 

refluxed for 1 houro 

After this time the solvent was evaporated to yield 

a colourless solid, the I0R, spectrum of which was measured. No 

band at about 1680 cm-1. was observed, indicating the absence of a 

formamide. Furthermore, recrystallisation of the solid from 

benzene gave colourless crystals which wore shown to be Identical 

with the starting material (m.p., mixed m.po and superimposable 

I.R0 spectra). 

Nt.Carbethoxr.N-methyl-p-aminopheaol 

N-p-Methylaminophenol (104 rag.) was dissolved in dry 

benzene (10 ml.), treated with ethyl chloroformate (0.0815 mio) 

and the whole refluxed for 2 hours, The mixture was cooled and 

extracted first with dilute HC1 solution and then dilute NaOH 

solution. This latter extract was acidified and extracted with 

ether, the ethereal solution dried (Na2SO4) and then evaporated 

to yield a colourless oil. The I.R, spectrum showed an intense 

band at 1670 cm-1. indicating the presence of the grouping 

›N-00.0, However, repeated chromatography on alumina failed 

to crystallise it. 
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-DimethylRminophonol 
12.,•661 

Lithium aluminium hydride (1.5 go) was dissolved in 

dry ether (250 ml.) and crude N-carbethoxy-N-methyl-n-aminophonol 

(200 mg.)5  dissolved in dry other, gradually added. The mixture 

was then heated under reflux for 3 hours. 

After "carefullydestroying any excess lithium aluminium 

hydride with ethyl acetate, water was added and then the 

precipitated aluminium hydroxide filtered off. The ethereal 

solution was dried (Na2s04) and the solvent evaporated to yield 

a white crystalline solid which on recrystallisation from benzene 

gave p-dimethylaminophenol, m.p. 74-76° (87°/). 

p-Dimothylaminophenyl fluorone-9-carboxylate 

This compound was prepared as already described for 

D-naphthyl fluorene-9-carboxylate and obtained as a colourless 

oil (67°/0), gMaX01740  cm
coa 
 . which could not be 

Irradiation of p-dimethylaminophenyl fluorene-9-carboxylate 
teadz•eroa:p‘Tirr..rtre.. 

This compound was irradiated in a quartz flask for 4 

hours as already described for P-naphthyl trichloroacetate and 

p-dimethylaminorhenol obtained (9°/0). 
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P-Naphthyl N-phonylurethan and pnnaphthyl IT..a.-naphthylur o than 

P-Naphthol (0.01 mol.) was dissolved in Phenyl isocyanate 

(0.01 mol.) and dry triethylamine (1 drop) added, The mixture 

was heated on the water bath under anhydrous conditions for 5 

minutes and then cooled, Colourless crystals auickly separated 

which were then filtered at the pump and extracted with hot 

carbon tetrachloride, The crystals which subsequently separated 

on cooling, were recrystallised from the same solvent to give 

needles, rap. 155-156°. In an exactly analogous manner, P-naph- 

thyl 	N -a-naphthylurethan Was prepared. from a-naphthyl 

isocyanate (m.p. 157-158° ex CC14). 

P-Naphthyl NO N-diphenylurethan 

P-Naphthol (0.01 mol.) was dissolved in dry triothyl-

amine (3 ml.) and dipheny/carbamyl chloride (0°01 mol.) added. 

The mixture was heated under reflux for 1 hour and then poured 

into water. The product was filtered, washed with Nat  C00  solutioLe  

dried and finally recrystallised from carbon tetrachloride/ 

petroleum ether (60-80°) to give needles, m.p. 1111-142°. 

Irradiation of P-naphthyl N-phonylurethan 

P-Naphthyl N-phonylurethan (131 mg.), dissolved in dry 

dioxan (125 ml.) was *Irradiated in the usual way in a quarts flash, 
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After 6 hours, the strong band at 1730 cm 1. showed no diminution 

in its intensity and no the bulk of the reaction mixture was 

evaporated, Recrystallisation of the solid obtained from carbon 

tetrachloride gave unchanged starting material (9413/0). 

irradiation of P-naphthyl Ntli-diphenylurothan 

This compound was irradiated in a quartz flask for 

11. hours using other/ethanol 9:1 as solvent as described for 

p-naphthyl trichloroacetate and j3-naphthol obtained (67°/d. 

After base extraction of the reaction mixture, it was 

then extracted with dilute HC1 solution, the acidic layer made 

alkaline, extracted with ether, and then the ethereal solution 

washed with water and dr:Led (Na2s04). The solvent was removed 

giving a brown solid which readily formed a tosylate (580/0), 

m.p. 1420  (diphenylamine tosylate m.p„ 142°, mixed 711•De showed 

no depression). 

This photolysis was repeated in dry dioxan (125 m10) 

giving pure {3-naphthol (47.50/0) and pure diphenylamine tosylato 

(460/0). 

Irradiation of P-naphthyl H-arnaphthylurethat 

This compound was irradiated in a pyrex flask for 

3 hours using ether/othanol 9:1 as solvent as described for 
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0-naphthyl trichioroacotate and 0-naphthol obtained (75V0). 

After base extraction of the reaction mixture, 

evaporation of the ether gave a brown solid, (111 mg. 97VD)  

which after chromatography on alumina (grade 3, using benzene/ 

100/0  ether as eluant) followed by recrystallisation from carbon 

tetrachloride gave colourless prisms (4.mgo, 64.3°/0) m.p. 790  

(ethyl N-a-naphthylurethan m.p.79°, mixed m.p. showed no dopresr-

sion). 

This photolysis was repeated in dry dioxan (125ml.) 

giving 0-naphthol (64°/0). 

Attempted preparation of potassium p-cresyl xanthate 

(Chem. Abs., 1949, 10, 8604g.) 

A mixture of potassium hydroxide (90 g,), ethanol 

(200 mlo, 95°f), p-cresol (a5 go) and carbon disulphide (25 g.) 

were boiled under reflux for 5 hours. An orange/yellow solid 

was quickly produced. This was filtered at the pump, washed with 

ethanol, dried and analysed for sulphur by the method later 

described and vas found to contain only 8°90/0  of the theortical 

amount, a result in direct contrast to that in the literature 

cited. 
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General procedure for estimation of sulphur in xanthates 

The xanthate (about 0•5 g.) was dissolved in water 

(15 ml.) and potassium hydroxide pellets (1 g.) added. After 

boiling the mixture under reflux for 30 minutes it was acidified 

with 500/0  IIC1 and nitrogen passed through until all the 

hydrogen sulphide liberated had been swept out of the reaction 

flask and slowly bubbled through three Dreschel bottles each 

containing 12/KI solution 0.00 ml. of 0•1 	The unreacted 

iodine was then estimated by titration with 0•1 N sodium 

thiosulph,..te solution. In all cases the titre obtained for the 

the third bottle corresponded exactly to the amount of iodine 

present in it initially. 

The procedure was standardised by using potassium 

0-ethyl xanthate and was found to be capable of Giving a 

value within 5°/a  of the theoretical amount of sulphur present. 

Attempted preparation of potassium p-cresyl xanthate 

p-Crosol (1 g.) was dissolved in dry dioxan (10 ml.) 

and redistilled tTiethylamine (2 ml.) and carbon disulphide 

(1 ml,) were added. A yellow colour was produced and the mixture 

refluxed for 2 Lours, 

The s:lvent was evaporated to give a dark orange oil. 

11 sulphur estinttion vas carried out on this on this material 
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and a value of only 7°9°/0  of the theoretical was obtained. 

Thermodynamic instability of potassium p-cresyl xanthate 

The U.V. spectrum of potassium 0-ethyl xanthato was 

first measured in the usual way in ethanol and a peak at 

305 myL(4.25) found. The U.V. spectrum of potassium cresoxide 

in water was measured and a peak at 295 rap. (3.42) found, 

Five drops of carbon disulphide were then added to 

the solution of potassium cresoxide to saturate it, and a new 

peak at 313 m. (i'73) appeared in the U.V. This gradually 

disappeared as the solution was aspirated° 

Aspiration of the solution of potassium 0-ethyl 

xanthato produced no change in its U.V. spectrum. 

Dithiobenzoic acid 

An ethereal solution of this compound and also its 

lead salt (purple needles from toluene, m.p. 204205°, 70°/0) 

were prepared by the method described in "Houben-geyl" 72 4 

Thiobenzoyl chloride 179  

A mixture of dithiobenzoic acid (53 g.) in ether (50 ml.) 

and thionyl chloride (8 g.) was refluxed on the steam bath for 

7 hours. The ether and unchanged thionyl chloride were distilled 



153 - 

off and then the apparatus set up for distillation under vacuum 

(opa mm.). The temperature was gradually raised to 240°, when 

the thiobonzoyi chloride began to distil. The product was 

redistilled to give a violet liquid bop. 60-650/o.2 mm., (570/0). 

This preparation was found to be unreliable, polymerisation 

often taking place at 200-245° before any product had been 

obtained. 

Thiobenzamide 

This compound was prepared by the method of Staudinger 

and Siegmant 179  and obtained as orange prisms from cyclohexane, 

m.pa 96-970 (670/0). 

Benzhydryl thionbenzoate 

This comnound was prepared by the method or Smith c74) e79  

and obtained as yellow needles from petroleum ether, map. 68-69° 

(59o/o)  

Attempted preparation of the tosylate of dithiobenzoic acid a76 

TOsyl chloride (56 mg.) was dissolved in acetonitrile 

(20 mid) and lead dithiobenzoate (513 mg.) added,. The suspension 

was stirred for 2 hours at room temperature. After this time 

no dissolution of the lead salt had taken place, and accordingly, 
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DNF (30 ml.) was added. A clear dark rod solution resulted, 

This was stirred at room temperature for a further i hours. 

The solvent was removed under vacuum and the residue 

washed free from tosyl chloride with ether, There remained 

lead dithiobenzoate in almost quantitative recovery. 

The above experiment was repeated using the same 

weights of starting materials in ref luxing DNF for 3 hours. 

Again the lead salt was recovered unchanged. 

Attempted preparation of the tosylate of dithiobenzoic acid 

‘)( i Dithiobcnzoic acid (69 mg.) n solution in ether was 

treated with tosyl chloride (85 mg.) and triethylamine (4505 mg.). 

A white precipitate was produced. This was filtered off and 

the solution divided into two equal parts. 

To one half of the above soliltien was added a solution 

of aniline (50-mg.) in ether (10 ml.) and the precipitate of 

thiobenzamide which was immediately formed, isolated and 

characterised as in an earlier experiment. 

To the other half was added a solution of P-naphthol 

(6405 mg0) in ether OM ml,). After 90 minutes, the solvent 

was removed at room temperature and the I.R, spectrum of the 

product (a dark reddish gum) showed intense hydroxyl absorption. 

3'4  The solution of dithiobenzoic acid was obtained as 
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follows:- lead dithiobonzoai;e (900.5 mg.) was suspended in other 

and dilute 1101 solution added. The mixture was vigorously 

agitated until all the orgairic acid had been liberated. Tho 

ethereal layer was separated and made up to 140 ml. In the 

above experiment, 20 ml. of this solution were used. 

Phenyl chlorothionformate 

This compound was prepared by the method of Rivier 

and obtained as a pale yellow liquid, bon. 91°/10 mmo,(66°/0)0 

Phony/ N-phonylthionurethan 

This compound was prepared by the method of Rivier e77  

and obtained as colourless needles from ethanol, mop. 140141° 

(760/0), 

Diphenyl xanthato 

This compound was prepared by the method of Rivier "7  

and obtained as golden yellow prisms from ethanol, mop. 49-51° 

(690/0). 

Phenyl chlorodithioformate 

This compound was prepared by the method of Rivier (70  

and obtained as a pale orange liquid, bop. 135°/l mm., (75°/do 
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Phenyl dithio-N-phenylurethan 

This compound was prepared by the method of Rivier t" 

and obtained as colourless prisms from ethanolo  m.p. 116-117° 

(71°4). 

Diphonyl xanthate 

This compound was prepared by the method of Rivier c" 

and obtained as golden yellow prisms from ethanol, m.p. 48-;500  

(560/0). 

Irradiation of diphenyl xanthate 
optr....•••1151.1a2.1.31.•••••21.12.. 

Biphenyl xanthate (123 mg.), dissolved in dry cycle_ 

hexane (125 ml o) was irradiated in the usual way in a pyrex 

flask for 3 hours. 

The cyclohoxane was extracted quickly with 2N NaOH 

solutions  the basic layer acidified, extracted with chloroform 

and the chloroform solution washed with crater and dried (11a2s0h ). 

The solvent was removed giving a brown tar (2°/0). 

The cyclohexane solution was dried (Na2SO4 ) and 

evaporated to give a light brown gum which after chromatography 

on alumina (grade 5 using 40-60' petrol as eltlant) gave a non-

crystalline yellow compound (76°/0) whose LEI. spectrum was 

superimposable on that of diphenyl xanthate. 
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The experiment was then ropeated using a quartz flask. 

In this case, the yield of the phenolic material was 10°A and 

that of unchanged starting material 25cja. 

Both the above experiments were repeated with the 

addition of benzophenone (1 m 	 Withol.) to the reaction mixture, 

o r/ the use of a pyrex flask the yield of phenolic material was ),, 

and that of unchanged starting material 67°A, while with a quartz 

flask, the yield of phenolic material was 14°A and that of 

unchanged starting material 20°/a  

Thiobonzoic acid 

This compound was prepared by the method described in 

Organic Syntheses "9 0 

S-Benzoy1-04phonyl xanthate COt 

Potassium thiobenzoate (176 mg.) dissolved in dry 

acetone (100 m10) was gradually run into a solution of phenyl 

chlorothionformate (172 mcsG) in dry acetone (50 m14) at -45° 

over a period of about 30 minutes. The mixture was then allowed 

to react for a further 30 minutes, at the end of which time a 

deep yellow colour had developed. 

The solution was gradually allowed to warm to room 

temperature and at about -15° it was observed that the yellow 
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colour was rapidly discharged to give a practically colourless 

solution. 

Evaporation of the solvent at room temperature gave 

a mass of almost  .colourless needlese  m.p.. 64-65° (ox Etal) (920/0), 

0 	1730 cm-1  . Nixed mope with authentic phenyl benzoate max. 

showed no depression and the I.R. spectrum of the two substances 

were superimposable. 

This o=eriment was then repeated and as the colour 

began to fade at 1.5°6  the solution was gently aspirated with 

dry nitrogen. The exit gases were passed into an ethereal 

solution of piperidine and a precipitate gradually formed. This 

precipitate was identified as its 1-dithiocarboxy derivative 

(mop., mixed m.p. and I.R. spoctrum). It was thus concluded 

that CS2  had been evolved. 

Irradiation of S-benzoyl-OtThonyl xanthate 

S-Benzoy1-0-phenyl xanthate was prepared as described 

earlier from phenyl thiobenzoate and phenyl chlorothionformate 

(53G mg.) in acetone at -60°. The deep yellow solution vas then 

irradiated at this temperature EitnY 1 hour at the end of which 

time it was almost colourless. 

The solution was allowed to warm to room temperature 

and evaporated. The residue was extracted with ether to separate 
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the organic material from 73otassium- chloride and then the ethereal 

solution extracted with NaCU solution. The basic layer was 

acidifie(1s  extracted with Other, the ethereal solution washed 

with waterl  dried (Na2 SO4) and the solvent evaporated to gave 

a non-crystalline brown tar t,  i1 	which smolt strongly
. 
 of 

.thiebenzoic acid. The I.R. sDectrum showed strong bands at 

3600 cm . and 3350 cm 1.?and a weaker band at 1660 cu 1. 

indicating it to be a mixture of phenol and thiobenzoic acid. 

Tho base insoluble fraction was dried (a7  s0,,) and 

evaporated to Give a pale yellow Gum. Chromatography on alui2ina 

(Grade 5) gave on elution with a 500/, petroleum ether/benzene 

mixtures  phenyl benzoate (333 mg., 78Q/0) (m.p.s  mixed m..o. and 

X.R. comparison), and on elution with benzene alone ge:ve dibonzoyl 

d:Lsulvhido (5 rig., 70/0) (m.p.s  mixed m.n. and I.R. comparison) 

Dibonzoyl disul-ehide 

This co pound was 'ore.oared by the method described 

in Organic Syntheses leg and Obtained as prisms from ethanol, 

1.3 .'P. 1280  (730/ o) y r 	1690 cm  -1. moz. 

S.6L.cotyl•m0-phenyl xanthate v" 

Potassium thioacetatc (192 mg.), dissolved in dry 

acetone (100 ml)s  vas gradually run into a solution of lohenyl 
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ehlorothienformate (172 mg.) in dry acetone (50 Ell.) at -45° 

over a period of about 30minutes. The mixture was then allowed 

to react for a further 30 minutes, at the end of which time a 

deop yellow colour had developed. 

The solution was gradually allowed to warm to room 

temperature and at about -25° it was observed that the yellow 

colour was, rapidly lost to give a practically colourless solution. 

The mixture was filtered to remove notassium chloride 

and evaporation of the solvent at room temperature gave a 

yellow gum whose I.R. spectrum showed absorptions at 1770 cm-10, 

-1 	-1 	-1 	-1 174o cm .0  1730 cm c t  rao cm . and 1690 cm . The 1770 czn 

'peak could reasonably be assigned to phonyl acetate and the 

1730 cm . peak to diacetyl disulphide, Further weight for this 

conclusion was acquired from an examination of the n.m.r. 

spectrum of the crude reaction product which showed a complex 

aromatic nultiplet at about T 2°0 and sharp singlets at 1: 7°52 

(diacotyl disulphide by comparison with an authentic specimen) 

and T 7°78 (phenyl acetate by comparison with an authentic 
specimen), 

Diacetyl disulphide C2  

Potassium thioacotato (700 rage.) was dissolved in water 
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(50 rn10) and an othanolic solution of iodine addod until a 

slight permanent brown colour porsisted. Tho mixture vas 

poured into a large volume of water and the product extracted 

with ether. The other layer was washed with an aqueous solution 

of sodium thiosulphato, water and finally dried (17a2s0d. The 

solvent was removed to give a colourless gum which crystallised 

with difficulty and which on recrystallisation from aqueous 

ethanol gave needles, m.p. 20-21° (63V) 

0-Ethyl S-phonyloxythiocarbonyl xanthato c CO 

Potassium 0-ethyl xanthato (333 mc.) dissolved in 

dry acetone (200 mi.) was gradually run into a solution of 

phenyl chlorothionformate (400 mg.) in dry acetone (100 ml o) 

at -450  over a period of about 30 minutes. The mixture was 

then allowed to react far a further 30 minutes;  at the end of 

which time a deep yellow colour had developed. 

Tho solution vas gradually allowed to warm to room 

temperature and then the solvont ovaperated at room tenporaturs 

to vivo a deep yellow gur.i This gum vas extracted with boiling 

petroleum ether (40-600) and afforded an almost colourless oil 

(insoluble) and a deep yellow solution® On trituration with 

ethanol, the colourless oil crystallised;  and recrystallisation 

from the same solvent gave colourless noodles;  m.p. 106-107° 
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(25°/0). This wan shown to be diphcnyl thioncarbonato 60a.p., 

mixed m.p. and I.R. spectrum) 

Evaporation of the petrol fraction gave a yellow oil 

which failed to crystalline. Chromatography on alumina (grade 5 

using petrol/benzene 921 as eluant) also failed to induce 

crystallisation. 

Diphenyl thioncarbonate 

This coupound was prepared by the method of Rivior C 77  

and obtained as needles from ethanol, m.p. 106'107° (67°/0). 

p-Creoyl chloroformate "51; 

Dry benzene (500 ml.) was saturated with phosgene and 

a solution of p-oresol (50 g.) in benzene (100 ml.) and pyridine 

(40 ml.) gradually added. The mixture was allowed to sand for 

30 minutes and then the solvent removed. The residual liquid 

was distilled under reduced pressure, the major fraction 

b.p. 460/0.6 mm. being obtained in 610/0  yield, V 	.1780 cm 1. 

Aftor distillation, there remained in the flask a 

solid which on recryatallisation from ethanol had m.p. 111-111.5° 

(210/0). This was di-p-cresyl carbonate (lit. mop. 112°) 

0 	1770 cm."1. 
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Sodium 0-ethyl xanthatc 

This compound was prepared as described in :Toga" 

and obtained as fine yellow needles from ethanol. 

0-Ethyl S-p-cresyloxyearbonyl xanthate 130  

Sodium 0-othyl xazithate (0.337 g.) dissolved in dry 

acetone (25 ml.) was gradually added to p-crosyl chloroformate 

l0e4 g.) in dry acetone (25 ml.) at 4300  with stirring. After 

1 hour, the mixturo vas allowed to warm to room temperature 

the solvent removed in vacuof  water (50 ml.) added to the residue 

and the product extracted with mothylono dichloride. The 

extract was washed with aqueous /1a2  CC solution (LVD)f  and 

water and finally dried (Na2 SO4 ). The solvent was removed at 

room temperature to yield a yellow gum (84V0), Ymax,  1750 cm , 

which could not be crystallised. 

P-Wa hthyl chloreformato 

This compound was prepared by the method of EL-thorn 

and Rothlauf 05  and obtained as prisms from petro/eum ether, 

m.p, 6.5-660 (620/0), 1,m0,.1780 cm- . 

0-Ethyl S-p-naphthyloxycarbonyl xanthate 

Sodium 0-ethyl xanthato (0e132 g.) dissolved in dry 
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acetone (25 m1.) was Gradually added to P-naphthyl chloroformate 

(0.238 G.) in dry acetone (25 ml.) at 30° with stirring. After 

1 hour, the mixture was allowed to warm to room temperature, the 

solvent removed in vacua, water (50 ml.) added to the residue and 
••••••• •••••••11/011.4.0. 

the product extracted with methylene dichloride. Tho extract 

was washed with aqueous Na 2C0:, solution (1.°/0) and water and 

finally dried (Na2SO4 ). The solvent was removed at room temper-

ature to give a yellow crystalline solid which on reerystallisation 

from petrol cave needles, m.p. 73-740  (870/0), Vmax.1750 cm"1. 

(Found: C, 57.44; H, 4.411 SI  21.690 	 S2  requires: C, 57.50; 

H, 4612; SI 21090°/0) 

This experiment was repeated at room temperature and a 

yellow Gun was obtained which could not be crystallised. The 

I.R. spectrum showed intonse bands at 3.750 em 1. and 1700 cm-10 

presumably due to the phonyloxyformie thioanhydriZe and a much 

weaker band at 1770 cm . presnnably due to di-P-naphthyl carbonate. 

Irradiation of Oi•ethyl S-P-naphthyloxycarbonyl xanthate 

This compound was irradiated in a pyrex flack for 2 

hours as already described for P^naphthyl trichloroacetato and 

P-naphthol obtained (24V )0 
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P,OLDihydroxydinaphthylmethane 

This compound was prepared by the method of Trios and 

aber and obtained as needles from glacial acetic acid, 

m4.196-1 98° (7 W o ). 

Attempted preparation of mothylene-bis-P-naphthyl chloroformato 1°5  

Dry toluene (3.00 ml.) was saturated with phosgene and a 

solution of methylenee-bis-P-Aaphthol (1078 g,) in dry toluene 

Co5 ml.) and quinoline (1078 g.) gradually added with vigorous stir-

ring°  The mixture was allowed to react for 30minutes and then the solvent 

removed, The solid residue obtained was all defined and. attempts to 

rocrystallise it from nonhydroxylic solvents failed. Its 

spectrum showed a strong but broad band at 1765 cm
-1  and a much 

weaker band at 1780 cm 0 This experiment was repeated using a 

reaction time of 3 hours with an identical result. 

sPhos,enationofmeene-tis—*namhthol usinp: K°Ca.,  as base  

Methylene-bip-p-naphthol (0e25 g.) was dissolved in 

dry toluene (100 ml.) in which vas suspended anhydrous E2COD  

(1 G.), The mixture was rofluxod for 5 hours with the continous 

passage of phosgene, Removal of the solvent gave a crystalline 

solid which on rocrystallisation from benzene gave prisms, 

m.p. 235•235.5° (67c/doe m,x.1765 cm-1. A molecular weight 
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determination by the freezing point method gave a value of 

343'3. 

(Found: C, 80.63; H, 4.23. C2211140;  requires: C, 80.97; H. .4.30.°/0) 

Molecular weight by calculation 326. 

This compoundLwas thus concluded to be the cyclic 

carbonate, 2,8-dioxa-314„6,7-dinaphthot2,312,3)octan-1-oneo  

Phosgenation of methylene-bis.T-naphthol 

Dry benzene (75 ml.) was saturated with phosgene at its 

boiling point and then a steady stream of the gas continuously 

bubbled through. A solution of methylone-bis-Praaphthol 

(201.8 g.) and collidine (0.1735 ral.) in dry benzene (50 ml.) 

was gradually added. After the addition of the phenol/collidine 

mixture the reaction was allowed to *proceed for a further 15 

minutes. 

The solution was filtered and evaporated to dryness on 

the steam bath. Chromatography of the product on alumina 

(grade 5 using 50°/, petrol/benzene as eluant ) gave a white 

crystalline solidq, m.p. 255-235°5°  (ex. benzene) (460/0), and, 

using benzene as eluant, a yellow solid, m.p. 171-172c (ex 

ethanol) (24°/0). 

On admixture with authentic 1-oxaspiro1. 1 5) -6,7-

benzoi-213-naphtho(41)-decan-&.en..10-one this material showed no 
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m.p. depression and further, the T.R, spectra of those compounds 

were superimposable. 

The former compound on admixture with authentic 
,f I fit 

20 8-dioxa 416,7g"dinaphtho k2,3,2,3Joctan-l-one showed no m.p. 

depressionland the 1.11. spectra of these compounds were also 

superimposable. 

Oxidation of methylene-bis-P-naphthol 

This compound was oxidised by the method of Ptmmerer 

and Chorbuliez 4' and the product obtained as yellow needles 

from ethanol, m.p. 171-172° (1.30/0), 	em-10 

Attempted preparation of phenyl esters of 2 4-dinitrobenzene 

sulphenic acid  "7 00  

Phenol (94 ng0 dissolved in dry carbon tetrachloride 

(100 ml.) was treated with 2,4-dinitrobenzenesulphenyl chloride 

(235 mg.) for 15 minutes at room temperature. After this time, 

the solvent was removed at room temperature to give a non-

crystalline yellow residue. The I.R. spectrum showed strong bands 

at 3610 cm-1. and 3320 cm'-10 This experiment was repeated with 

reaction times up to 6 hours with the same result. --Naphthol 

also gave the same result. 

In each case after the Z.R o measurements had boon taken, 
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the product was dissolved in ether and quickly extracted with 

dilute NaOH solution. After removal of the ether, the base 

insoluble residue vas found to be non-crystalline, all attempts 

to induce crystallisation failing. 

In a second series of experiments, pyridiuo (79 mg.) 

or triethylamine (101 mg.) were added to the reaction mixture, 

but the same results were again obtained. 

In a third and final series, the solvent/  either carbon 

tetrachloride or benzene, was refluxed but again the same result 

was obtained. 

Benzyl 2,4-dinitrophenyl sulphide 

2,4-Dinitrochlorobenzene (20.2 g.) dissolved in hot 

ethanol (100 gal o) was treated with benzyl meroaptan (12.4 g.). 

Dry triethylamine 0.001 g.) was now added and an imrediate 

precipitation of a mixture of the benzyl 2,4-dinitropheny1 suiphido 

and triethylanine hydrochloride' took place. This was filtered at 

the pump and then digested with cold water in order to remove the 

salt. The insoluble material was collected/  dried and recrystal 

lised from CHOWpetrol to give large yellow prisms, m.p. 128° 

(80°/0). 



2.4-Dinitrobonzenesulphenyl chloride 

This compound was prepared by the method of•Kharaoch 

and lancford "9  and obtained as yellow necdloo from carbon 

tetrachloride?  m.p. 95-960 (86(10). 

2,41Dinitrobonzenesulphenyl acetate 
	..11••••••• 	 

This compound was prepared by rho method of Putnam 

and Sharkey as  and obtained as bright yellow noodles, m.p. 89- 

900  dec. (86°/0)? 	1780 cm°,1 max. 

Methyl 2s trdinitrobonzenosulphenate 

This compound was prepared by the method of Perold 

and Snyman ef" and obtained as yellow needles from methanol, 

m.p. 124,-125° (630/.), 

Irradiation of 2,1rdinitrobonzeneoulphonyl acetate 

214-Dinitrobenzonesnlphenyi acetate (250 ms:.) dissolved 

in dry benzene (125 ml.) was irradiated in the usual way in a 

pyrox flask. The outlet of the condenser was attached to two 

washbottlos connected in series and each containing 01177NaGif 

solution (25 ul.). After .1 hour, the reaction was complete (as 

evidenced by the disappearance of the band at 1780 cm"16) givins 

a pale yellow solution and a (lark brown precipitate. The 
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pracipitatowas filtered and freed from a small amount of 

admixod yellow material by dissolution in ethanol followed by 

filtration and subsoquent•reprocipitation with benzonol  to 

give a dark brown amorphous powdor (19V). The 	spectrum 

of this compound was found to be very similar to that of 

authentic 2-amino',Ii.-nitrobenzenesulphonicacie..liowevertthin layer 

chromatography on silica gel plates (0/50 Et0H/Et0A0 as solvent) 

showod the material obtained in the photolysis to be imnuro. 

Confirmation that it did contain some 2 ..amino'4,,  

nitrobensenesulphonic acid was obtained by treatment with bromine 

in 50c10  sulphuric acid t" when a flocculcn:i; precipitate 

Identified as a54:6-tribromo-5-nitroaniline (m.p.t  mixed m.-0. 

and sunorfumposablo 	spectra) was obtained. 

Further:  treatment of an authentic specimen'of the 

acid with bromine in acetic acid at room, tomperature showed by 

back titre tion of the CNCCOV bromino in the usual way that 57°/0  

of the theoretical amount was consumed. The material obtained 

in the photolysis f  however:  consumed only 25°/0  in an identical 

oNperiments 

Estimation of tho total acid content by titration with 

001N EaCH solution garzo figures of 950/0  and 56% for the 

authentic and 73photolytict,  materials respectivoly.' 

The IX. anectrum of the aforementioned yellow 
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precipitate (60/0) wan found to be suporimposablo on that of 

authentic 2,4,2,4totranitrodiphenyl disulphide. 

The pale yollow solution vas extracted with 2N ITaOII 

solution, hooted briefly on the otoam bath to free it from 

dissolved others  acidified with sulphuric acid and finally steam 

distilled until about 200 ml. of the distillate had boon obtained. 

This distillate was divided into two equal parts, and each part 

titrated with 0.1N MOH solution using phenolphthalein an indicator. 

The combined titres (which vero equal) were found to bo equivalent 

to an 37°/0  yield of acetic acid. 

To the neutralisod solution was added a few ml. of 45 

NaOH solution and the whole concentrated to about 10 ml, A 

p-bromophenacyl ester was prepared in the usual way and found to 

have n,p. 84-86°, identical with that of p-bromophenacyl acetate 

(m.p. and mixed m.p.). 

Titration of the MOH solution throush which the exit 

gases from the photolysis had passed, against 0•lIT UC1 solution 

showed that there had boon no evolution of carbon did:aide° 

Evaporation of the filtrate after separation of the 

2-amino-4mitrobonzonesulphonic acid gave a yellow solid which 

after chromatography on alumina (grade 3 using 500/0  petrol/ 

oenzone as eluant) followed by reorystallisation from ethanol/ 

benzene gave bright yellow noodles, m.p. 121•'122° (73°/a). Its 
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I.R. spoctrun was superimposable on that of authentic 2,4,'dinitro-

diphonyl sulphide and its n.m.r. spectrum showed a singlet 

= 2.39g 5 protons)„ two doublets (7. = 3.01r. J.= 9, 1 proton and 

= 1°03, J= 2, 1 proton), and a quartet (Z = 1.914 = 9, J= 2, 

1 proton). 

Another irradiation experiment performed in the presence 

of anisole gave identical results except that the compound isolated 

on evaporation of the filtrate after separation of 2*'anino-1;-

nitrobenzonesulphonic acid was 2,4-dinitro-4-methoxydiphonyl 

sulphide (m.p., nixed n.p.). The n.m.r. showed a singlet 

(I:= 6.o.5, 3 protons), two doublets (l= 3.05, = 9v  1 proton and 

1.cel  J 2.5, 1 proton), a double doublet 	= 2°98, .JrI 90 

= 2-51, J= 9, J=28 9  4 protons) and a quartet ( it= 1.°90e  = 9, 

J=265, 1 proton). 

In another exPerinent in this series, the acetate was 

irradiated as above in benzene for one hour and then excess 

cyclohoxylamino added. The mixture was gently warmed for 10 

minutes after which time the acetic acid was isolated and estinnted 

as aboue. It vas obtained in 89(3/0  yield showing that it had 

been present originally as the free acid and not as a mixed 

carboxylic/sulphonic anhydride. 
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2 4-Dinitrodinhony/ sulphide '92  

2,1-Dinitrochlerobenzeno (15•3 g.) was dionolved in 

hot ethanol (100 m10) and thiophenel (7,25 ml.) added. Dilute 

Na011 solution (33 ml. of 211) was now gradually added with vigorous 

stirring and a yellow precipitate thrown down. This was collected 

at the puup, washed with a little ethanol and then digested with 

cold water to remove the NaCl. The insoluble material was 

filtered off and rocrystallised from an ethanol/benzene mixture 

to give bright yellow needles, m.p. 121-122° (84°/0 ). 

p-Anisyl mercaptan 

Thin conpound was prepared according to the method of 

Suter and Hanson "9  and obtained as a colourless oil (67°/0). 

2,4-Dinitro-4-methoxydiphenyl sulphide 

p-Anisyl mercaptan (3.84 g.) was dissolved in ethanol 

(50 ml.) and a solution of 204'"dinitrochlerobenzone (5°55 c.) in 

ethanol (50 ml.) added. Dilute NaOH solution was now added 

dropwise with agitation until the solution became just all:aline, 

followet: by 1 drop of dilute HC1 solution. 

The yellow precipitate was filtered and digested with 

cold water to remove the NaC1 and then dried, Recrystallisation 

from benzene/ethanol gave noodles, m.p. 116-117° (84°/.). 

(Found: Cs  51040: H$  3038. C1311$02053 requires: C, 50098; Ht  ,ic29V„). 
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2, 4,2, 4.*TO tra.nitro d iphe nyl disulphide 

 

This compound was 1)ropared by the method of Claasz 

and obtained as a bright yellow microcrystalline solid, 

mop. 240-200° doc. in almost quantitative yield, 

t9/21  195 

2,4Dinitrodiphenyl suiphone 

This compound was prepared by tho method of Gilman and 

Broadbent "I and obtained as colourless needles from ethanol/ 

benzene, m.p. 157-1500  (95v0). 

2-Azino-4-nitr obonzenesulphohic acid 
WM. 

This compound was prepared by tho method of nharasch 

• et al. I 96 , and obtained as almost colourless noodles (70m/d. 

Action of bromine on sodium p-toluenosulphinato 

Sodium p-toluonesulphinate (392.3 mg.) was dissolved 

in water (WO ml.) and an excess of a standard solution of 

bromino in acetic acid added. The mixture was allowed to stand 

for 10 minutes. 

After this time, an excess of a standard 12/KI solution 

was added and the oxcess iodine estimated by back titration with 

0°1N lia2 S2 05  solution. The estimation shorted that the oxidation 

of the suiphinato by bromine was quantitative. 
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A cognate oxperiment vas carried out in which a dilute 

solution of bromine in acetic acid was added dropwiso to a 

solution of sodium p-toluonesulphinato in water. Decolorisation 

took place immediately showing that the oxidation was instant-

aneous. 

Irradiation of p-toluenosulphinic acid in the prosonco of 

m-dinitrobonzono 

A solution of p-toluenosulphinic acid (37208 mg.) and 

m-dinitrobenzeno (400 mg,) in dry benzene (125 ml.) was irrad-

iatod for 90 rrtnutos under standard conditions. 

After this time, the solution was extracted with 

saturated Nall% solution, washed with water and dried (a2SO4), 

Evaporation of the solvent followed by recrystallisation of the 

solid from ethanol gave m-dinitrobonzeno (n.p., mixed m.w. and 

I.R. spectrum), 

3,4,Sichloronitrobonzene 

This compound was made by the method of Hodgson and 

Kershaw 6 99  and obtained as colourless needles, m.p. 43' (67°/0)0 

Attempted preparation of 2,2-dichlorog°41 4-dinitrodiphenyl 

disulphide 699 
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Crystalline sodium sulphide (8.27 G.)  was dissolved 

in 95(j, ethanol (30 mi.) by Gently warminG:  and finely powdered 

sulphur (1'14 G.) added. The heatinG was continued until all 

the sulphur had dissolved to Give a brown/red solution of sodium 

disul-ohido. 

This mixture was then Gradually added to a solution of 

3,4"xlichloronitrobenzone (8.82 G.) in ethanol (20 pl.). A violent 

reaction sot in. After the addition was complete, the whole was 

refluxed for 2 hours on the steam bath and then the product 

separated by filtration. It was washed with water to remove NaC1 

and thou rocrystallised from methanol to Give noodles:  m.p. 176- 

177° (100/0).(2-Dichloro-4,1t-dinitrodiphenyl sulphide:  
m.p. 176-1770:  mixed m.p. showed no depression.) 

(Found: C, 41.75  A, 1p74. Calc. for C121% Cie  002 C, 41.86; 

Hs  1.85°/0)  

Benzyl 2-chloro-1emitronhenyl sulphido 

This compound was prepared by the method of Baker 

et 02.201, and obtained as yellow needles from ethanol, m.p. 110•• 

111° (81°/0). 

2-Chloro-4-nitrobenzonesuiphony1 chloride 

This comnound was prepared by.the method due to 
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Kharasch W e  and obtained as yellow needles Which after 

rocrystallisation froze petrol had ra.p. 77-82u (84P/0), 

Repeated recrystallisations failed to raise the moltinG point. 

The coupound was thus estimated for active chlorine 2 02 and a 

figure of only 730/0  of the theoretical obtained. 

Attempted proparation of 2**ohloro-4-nitrobennenesul-oheny/ acotate 0" 

2-Chlorow-Imitrobenzenesulphonyl chloride (0.448 g.) 

was dissolved. in dry methylene dichloride (10 ml.) and silver 

acetate (3034 Go ) added. The mixture was chaaen in the dark for 

18 hours. 

The precipitate of silver salts was removed by filtration 

and found to contain a quantity of resinous matter. Evaporation 

of the solvent yielded a small amount (32 mg.) of yellow gum 

which possessed no carbonyl absorption in the 4R. 
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