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ARETRACT

The biogenesis of some groups of natural products
is revicwod with particulor xeference %o the Bavitcon snd CGoken
concopt of phenol oxidatlon. PFPhotochenisisy is aloo roviewed
generally.

An invesgtigation has been carricd out of nothoda
for gonerating phenoxide radicals photochanically, with a viow
both to discovering photosensitive protecting groups for
phenols, and also $o performing coupling oxperiments with
theso radicale, thuwe sinnlating, &b letst in principlo;
the blogenesis of those groups of naturel producis whilch axe
thought to arise by o phenol oxidative mechanisite

In addltion, o study of the photochenlstyry of the

aronotic sulphenyl carboxylates has boen uadee
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The purpose of this review is %o govrelate the
structurcs of various natural products with one walfying

reactlon mochanism by which thoy have been produced this

&
- L3 L) L3 = ‘
nochanism is the couwling of phenol radicals . The vagioty
of products obininable when phenols arc ¢xddilscd by omo
electron translor oxidising agenis such as Jerrle chloride,

rotassiun ferricyanide, silver oxide, lead dioxide, lead

etracetato and menganese dioxide is cleaxly indicated by

42

oxamples from the classical work of Dianin, of Pummerer, of
Erdiman and by more xeceni worlk 2 3%: &:5

While phenol radicals in general ore very uustable
spseies, the presence of large suvbstituents, for oxample
t=butyl groups or phenyl residucs, at the ortho and para
positions stablises the primary oxidation products i.e. the
free phenoxy radicals., Some of theso ixec vadicals form dark
coloured crysiels,for example, (L) 6295¢ and (2) &, 00 08
others, howaver, undergo asscciation im the cryoials o foxm
colourless dimeric guinol ethers which in solution dissoclate to

- = )82,93,38 35,96,89
varying degroes into radicals, foy oxatple (32329380008 (475G
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Once phenol radicals have been generated they will
in general undergo further reactlons very rapidly leading
ultimately to stable molecular species, it being assumed that
the :adicals‘are not of %he “stable" type discussed above, This
object nay be accooplished by several'processcso_neduction
gives back the parent phenol 6§ #%,76,22, 2% 2425 céupling with
reactive molecules, for exauple, oxygen ond bromine, affords

non=radical products S+ % 822

o self coupling furnishes dimere,
The latter can be formed by C=0 (ortho*°ortho, ortho = para
or para‘apara) or C =0 coupling. The first pamed process is
the‘most inporfant, pertinent exanples being discussed ia the
sequcio

However, before doing this, it will be coavenient at
this-staga to distinguish in principle between the coupling
process, tacitly assumed cbove, and the possibility of a
substitution process. Botih mechanisms predict o~p type
substitution® 22 26 4n the final vroduct but have different
inplications for biogenosis, Generally; € =C or C =0 bond
formation can occur in onc of two ways. Two radicals can
dimerise (A) to give the ecyclohexadicnone {9) which in the case
of tho 2,C=t=butyl éompound, can be isolated and which

rearranges in nethamol to the dimeric phenol (10Xt 27
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Alternatively, when oxidation is slow, dimerisation
is less likely to occur because of the low radical concentration,
Under these conditions in particular, it is possible that
phenbxide ions or phenol nolecules which are present in high
concentrations, undergo elecirophilic substitution by the radical
(B), the radical (11) belng dehydrogenated further to give the
diesnone or &iéhenolo However, wo have shown that if p=cresol,
a phenol whose oxidation hasc been thoroughly studied 2 ®2°%
be oxidised in the presence of a ten=fold excess of veratrole,
no = (Me residues can be detected in the phenolic producis 90,
Similarly, oxidatlon of the monohydric phenol (12: R=Bz) gives
no monomeric coupling product whereas the corresponding dihydric
phenol {12: R=8) is smoothly cyclised 3! , In so far cs =OMo
and = OBz can be equated with ~OH for the process of radical
coupling, & substituticn mechaniem seems improbable., However,
vadicel substitution into a phenolate anion 32 cannot as yei be

oxeluded,

(12)
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Phenol coupling can, of course, bo caryied out in
nountral or acidic pH and vrnder these conditions the anion
substitation process e¢an hardly be impoviant, For the remaindew
of this discussion, radical coupling will be accepted without
further gqualification.

Carbon < cerbon couvpling.

(1) ortho = ortho
Exemples of this type of coupled product are afforded
by cohydrodivapillin (13? 22095 dehydvedd-c=cremol (14} ¥3 and

dehydrodi~f=nsphthol (152 28,

CGH: O \er/ " Uledly
1]

S (13



(53 ortho « para
Exdnples of this type of coupling are anoct very
nuzerous and possibly the best authenticated sase is afforded
by the oxida%ioﬁ of p=cresol *% 2 €32 which gives o relaotively

nigh yileld of the crystalline ketonme (16J 28, the so=calied

"Punmeres? st ketone, formed as outlined below,

(iii)  para =~ paora
Exanples of this type of coupling are
4Q4£dihydroxybiphenyl (17) 5%, the diphonoguinone (187 ¥5)27;40

and the quinone (192 4§32
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O
Czybon = oxygen coupling

Cxidation of debydrodi~fepophthol by potessium ferricyanmids 32

gives (20) ppa (213
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Sinilarly, oxidation %} of the methylene-bis~B=naphthol

(22) affordas the spiran (2330

{22)

Finally, oxidation %% of trimethylphlorogiucinol (24)
yields Ycedrono! (253¢ The mechanism of formation of Mcedrone'
roquires either two successlve diradical COuplings.or one
ﬁetrafadical coupling. The first scheme (illustrated) is
acceoptable provided that enolised 1,3~diketonos can bs oxidised
ilike phenols, The radical resulting fron such an oxidation is,

of coursey resonance etahilised like the phenoxy radical,
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Iz was éﬁated at the outset that the objest of this
review was to attenpt to correlate the siructures of certain
natural products under a unifying reaction mechanisa, Having
dealt with tue nechanism, attertion will now be turaed, therefore,
to the structures and, with this mechanism in aind, the bilogenccis
of soue groups of natural products discussed, Only a few of
many exanples will be given to illustrate the general scope of
this process,

1, Alkaloids

As sarly as 1¢1l, Gadamer *% attempied to explain the
biosynthesis of glaucine (273 by assuming that lauwdanosoline (26)
wage dehydrogenated in the plant cellso
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Later, Robinson %% %%;%® attempted to simalate Wature® s

pathway to the morphine alkaloids by mild oxidation of_laudanoscline

(26)° The product of resctlon was, however, dehydrolaudanosoline



:‘;‘3)3 =
{2%a) prosumably, formed by the mechanicm indicated, awnd not &

coupound possessing the morphine skeloton,

-(26}‘ N

In the years follqwing theae proposals, many nechenisme
for the oxidative cjclisation leading to tho morphine skoleion
he ve been put forward’d %6 4% 50 pug only one acheme, nenely
that of Barton' has stood the test of exparinent. This schome

15 ouvtlined in itse most recent %' formo
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The benzylisoquinoline on oxidation by a onme electron
transfer process gives the diradical (293D Coupling of this
diradical gives dicnone (30) which exists, pecullarly enough,
in the Yopon'" form., Reduction with sodium borohydride affords
two stereoisonmeric alcohols (3130 Both of these alcohols under
extrenmely nild acid conditions (aqueous solution at pH 3 to pE QJP
are. convertcd svontaneously at room temperature and in fair
yleld into thabaine (32)¢ Simple changes then give codeinonc
(33)9 codeine (34) and wmorphine 535)0 All the steps in this
schenme have now been firmly established 3%y 52 9%, %% 3% with the
one excepiion that the intermediacy of codeione has to be
demonstratod

The majority of the aporphine alkaloids ¢ can be
derived from the same type of precursor by interchange of the
cﬁupling positiors. Thus an ortho =ortho coupling of the
landanosoline (26) skeleton would give rise to alkaloids of the
corytuberine fendly (36)9 wvhilst ortho = para coupling would lead
to the glaucine type slieleton (37)° Alkoloids such as crebanine
(39) whose biopgenesis ic not immediately obvious can also bo
incorporated in the gencral scheme by a ceriles of reactions
involving a dienone™ phenol rearraageuent of an internmediate

such as (382,



He=Me

(z7)

N-—lio
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The amaryllidaceae allkaloids constitute a large
group of naturally occurring coupounds which have been the
subject of intense investigation over the last few years 37,
They arc of widely diverse functionality and structural type
but can be divided into three main classes based on (2) a
dibenzofuran system, for exanple, galanthanine (39)9 ) a
pyrrolophenanthridine skeleton, for exanple, galanthine (40),
and (¢) an ethanophenanthridine skeleton, for exanple,
hacmanthamine (41),

In principle, the other classces of these allkalodids
can he derived fron these by cleavapge, rearrangenent and
recyclisation., Oxidative cleavage of type (40) at the indicatead
position could lead %o alkaloids based on 2 benzpyranoindole
skeleton, for exanple, homolycorine (i2) and oxidative cleavage
of tie huemanthanine type, followed Ly internal oxidation=

reduction and recyclisation can give the tazettiae (43) type 59,

200
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Another rearrangement with migration of the metnylone=
dioxyphenyl ring can give rise to alkaloids based on the
methanomorphenanthridine skeleton, for example, montanine (4h) 59,
It can be seen that all these alkaloids are closely related din
that thsy contelin a common hydrcaronatic G =C; and an aromatic
Ce =C, unit, Again, it bhas been suggosted ® %% that all these
alkaloids arise by an oxidative coupling of a nrecursor of
generai typo (3%5), where R=H or suitable bloclking groups which
could Dde alkyl or part of an enzyme surface., Variations of
para © gayre. and oxrtho ® para coupling reactions give rize to

three main tyves of alkalold,



OR
RO ~ RO
RO N
RO/
CR
(46

Para »~ para coupling in the precursor (45?'gives'rise
to the hazeuunthamine skeleton cond. ortho=para coupling of the
same precursor (457246) the lycorine skeletom. It should be
stressed, however, that one of the ouygen ttoms in the phenyl=
ethylamine fraguent oight be introduced after coupling.

Further, oxidatior of (47), a deoxy form of the precursor
(45), to tue diradical (48) followed by radical pairing would
rive the dicnone (49). Aronatisation of the lower ring,
followed by addition of the hydroxyl group across tic unsaturated
systen (50) leads fo.the owide tridge in narwecine (51).

Galanthanine (52) is obtained by reduction.
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2. Fungal lietabolites

Dxoamination of the structurcs of & series of depsidones
(parcnt sizeleton Sh) reveals trhat Lyarozyl or uethoxyl roups
arc never preseat ortho or pora to the cther linlnaze in riang A,
but there io always one of {flicce groups iu tids relaticnsihiy ia
ring B. The nost probable node of biojenesis of the depsidones

is, therefore, picnol couzling of the depsidounes (parcnt

siceleton 53).

0
|
= ! N %
A l OH ‘ = g

~~
1]
N
@

{54]

This suggestion can be illusteated by considering
the case of olivetoric acid (55) and phyuodic acid (£6). 3oth
of these netavolites occur in the same genus of lickens. TYhe

relationship Letween thenm is such that rheaol coupling as
indicated should convert (55) into (56) and thus represent the

final step in the biosynthesis of (5€),



CyH—CO—CH, g

HO

Cy H, ~——CO0——Cl;

il0

Another class of licnea suvstadces is taat basced on
the dibenzofuran sieleton, the most well known aeuber being
usnic acid (57). 1In 195€ a opectacularly simple syathesis of
this substance weo published ?® by Barton, Deflorin, and Edwards

using a route tact is undoubtedly the one cuployed in Nature.



H

'Similarly, the mould netabolites griseofulvin (58)
and picrolichenic acid (59) arc also derivable by this type of

phenol oxidation.
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Resontly, Scott and his coworkers have published 69,0
bilogonetically patterned synthoses of both of these substancos.

3, Plant Products other than Alkaloids

Very many oxamples could be citod undsx this headiang

but for the salke of brevity, however, only a fow will be nentioned.

Frotehyperiecin (62) has veen oynthesised 42 from




—26_
eaodin anthrone (60), and protohypericin on irradiation yields
aypericin (€3); both of these substances oceur in association
in Nature. The fungal metabolite penicilliopsin 8% has the
. constitution (61) and thus reptesents the first step in the
oridation sequence.

Another group of natural products of interest are the
tannins 6%, They possess structures based on glucose esterfied
with galliec acid (64) or with acids clearly derived from gallic
acid by phonol couplins. The simplest of thé latter are (€5),

(66) ana -(67).

CoH
=
20" A oH
L _
(64) (65)
co,
o) .
/ CO H
HO A ~o0—" OH
OH OH

(e6)
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(67)



PHOTOCHENISTRY

l. Introduction

By 1200 it had become realised that organic olecules
could be induced to react under the influence of radiant energy.
However, exanples of such reactions were few and those that were
known were not very well authenticated., The reasons for this
are nunerous. Firstly the availability of light sources was
strictly limited ané their design somevhat primitive. Secoadly,
most of the reactions which hed been investigated gave rise to @
complex mixture of products, often difficult %o separate. And
finally, nany of the reactions induced photochemically could be
carried out more sinply and more cleanly by other mneans.

Organic photochenlstry had thus the tendency to beé
reserded as the alchemiéal interest of a few sophisticates and
¢ have no real synthetic usefulness. Receatly, howover; there
has been a surge of interest in the field and the literature has
become flooded with umew and interesting reactions. This revival
has bheecn largel& ascociated witk the work of Barton, Bgchi,
Scheni: and Schgnberg and if one were éalled vpon to Jjustify the
study of photochemistry other than in an Yars gratia artis! sense,
the citation of the Barton reaékion 63,66 55 the sole exauple

would surely suifice.



2. Hechanistic Approach

Before any photochenical reaction can take place, energy
has cloarly to be absorbed by the substrate, Iomediately,
reactions fall into tﬁree groups, those which cbey Einsteiﬁ's
Law, those qhich have a quantum efficency greater than unity
and those which have a quanfuﬁ efficiency less than unity,
Reactions of the firct 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 examplos of the third type, energy is lost by processes,
for exanple, collision, other than by chemical reaction.

The early organic photochenists contented themselves
with a non-mechanistic approach to their work and have discussed
photochenical reactions purely in teras of starting materials,

_conditiéns and products, However, due to'the piogeering'work
of Zimmerman in particular a mechanistic approach seens to be
energing. First, reasonable descriptions of the excited states
i.e. the species which are actually uadergoing tke reaction,
are presented, and secondly, the principle that nolecular
transformations proceed by Yecontinuous electron redistribution
processes" is employoed. What is meant by this last statenent is
that reacting species follow the energy valleys and avpid the

energy maxima. This approach will now be described briefly
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in terms of the two electronic excitation procesces most
.frequently encountered  jin oyganic photochemistry.

-
1 ot
(1) n-f excitation

The extinciion band in the 280 = 3€0 mfn‘region of the
U.V, spectra of aldehydes and letenes has besn abizibuted o
the promotion of & non<bonding electron (i.¢."n") to an anti~
o . 4 -
bonding 7 oxrbitel 67, This is called an n~T process.and

.is conveniently depicted as:i-

GROUND STATE
(1)

(2a) (2n)



-] .
The reprecentetion implies that one of the nom~
b;nding electrone in a py orbital on oxygen is promoted to &
P, orbital, this being the one (by convention) that is associsted
with the electron on carbon in the ¥ electron framework.
Species (2a) ic thus obtained. Clearly, this is only one
of a pair of ¢anonical forms, the other being (2bl,
A more convenient notation for the sane process which

ellows depiction of a three dimensional species in two dimensions

1z showin below.

®
,n\ n\ R\
/c:-_-—.. o Wy €83 > € 08
Y
R B/ R/
GROUID STATE 2 = 7" EXCITED STATE
) (za) (55)

Structures (Ab) and (5b) imply a reversal of the
normal polaéisation-of tho carbonyl group. That this is
- actualily .$he case has been recogﬁised for some %ime and has
‘poth expepimentel and theoretical support §818% 70,7

The application of these idoas to & specific example,



® 32 o
namely tho photochemisal reayrangemont of 4,#¢diphenylcyclo@
hexadienone (6) will now be considered, It has been shown 72 73
that irradistion of this conpound in aqueous dioxan 2ffords the
bicyeclic kotone (7) vhich on further irradintion gives
2,3=diphenylpkencl (8), 3,4=diphenylphencl (9) {a minor

byproduct? and the carboxylic acid (10).

o a

~,

= =

N \\\ ‘
“Br . Ph
Piy
(o)
Minoy’
byprﬁduct

Ly
g afoxe d;a

LOOE

N

CPH,
(2.0)
Roniniscent of the santonin phobtolysis, it wae furthexr
showa 7% {hat on irradiation in 50°/, aqueous acetic acld the
epovats of 2,%-diphonylphenol and 3,4-diphenylphencl became

approximnately the sanmg.
3 7
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The approach to a rational mechanistiec interpreteation
of this rearrangenecnt is as follows:-—
= . .
(@) ne=T* excitation

This excitation proceeds as belows=

o
0%
1
hv5
Ph Ph
(6)

Ph h on” en

(11)

(b) & continuous electren redistribution process of
the n =" state i,0. "bond alteration®,
The most reasonable bond alteration process is. as

follouss=



[~ )~

gaoo Yy coV
/ ©
N
7
[ ]
p ~
Ph Pn Ph on

(11> (12)

Two factors favour the formation of (32) in prcference
to other sitructures., The first is that ithere are four resonance
forms contributing to it (other possible structures have less
than this), and secondly it davolves a minimum o0f electron
localiisation. It should be pointed out, however, that bond
alteration processes of the type depicted above are in direct
competition with rediationless transitions lecading back to the
ground state of 4,4-diphenyleyclohexadienone, and ground state
formation with radiation, If the transition ie from the n =T ™
singlet, this radiation is {luorescence and if iroﬁ the.n==TT%&
triplet it is phosphorescence.

(cd Trﬁk'n electron demotion.

The demotion process is as follows:~



T4

(12) (13)

In this connection it is important to note that (12)
and (13) are different species and not simply different resonance
forns, and secondly, that the ¥ electron system includes the
oXygen atom. Thus demotion does not ianvolve a large movement of
the electron in space,

(a) Continuous electron redistribution processes of
the species foraned,

The mesionic species (13) now collapses smoothly to
glve the bicyclic ketone (7)., This takes place by coaventional

electron redistyribution processes,

&%

%%if S )

7

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

the formantion of the other products vizi-
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One nmust now enquire why 2,3~diphenylphenol is the

predominant product in agueous dioxan whereas in agueous acetic

acid approxinntely equal quantities of 2,3-diphenylphenocl and

3y 4~diphenylphenol are produced. Considering internediate (l&),

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

that it is this form which leadg ultimately to 3,L4~diphenyl-

phenol.

Ph

H
¥

(14) (1

(16) (17)

Inspection of the phenonium ion intermediates in the
nigration of the phenyl group to C, (16) and in the migration %o
Cy (17) shows that there is greater electron deloecalisation in
the former than in the latter, hence 2,53=diphenylphenol arises

as the major producta.
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In aqueous aecctic acid, however, clectroan delocalisation
from the oxygen atoxz is largely supprecced and coasequently
neither form (16a) nor (17a) is appreciably more favoured than
the other., As a rcsulit, the yields of 2,Z=diphenylphenol and

5¢ 4~diphenylphenol are roughly tkhe same.

o

(162)

(i1) 7 = T transformations

Caleculations have shown 7% that the electron densities
for the ground and first excited states of a pair of substituted
benzenes, one containing an electron withdrawving group, ~CHQG®,
and the other an electron donating group, °-CE;Ei are as

follows =



©
%2 1,000 Cil, 1,000
1,000 1,000
0.750 250
1st excited 1025
states
00750 10250
1,000 1,000
®
0,857 10143
Ground states
1,000 1,000
00857 1011_}3

The nunbers refer to W electron densities,

(similar charge dictributions can be conpiled for other electron
withdrawing and electron donoting groups.’

In contrast to the ground states wvhich show the typical
ortho, para electron withdrawal by ﬂCH,@ and ortho, para
electron donation by "CHQG% the first excited states show an
ortho, meta transmission,

For general uce it is found to be more convenient to

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

velence bond structures (18) ana (19).
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(1.8)

(19l

Experincntal support for the results of the RO

calculotions nas heen forthcoming and is tabulated below,

COMPOUND PHOTOLYSLD Sy’
h-liethoxybenzyl 0+016
acetate in aq.

dioxan

3-Hethoxybenzyl 0el3
acetate in aq,

dioxan

3=llethoxybenzyl 0-10
acetate in aq.

sthanol

3, 5=Dinethoxybenzyl 0010
acetate

PRODUCT DISTRISUTION

Mainly free radical products,
Ar ,CH; .CH; Ar, Ar.CH, =dibxan,
dioxanyldioxan

Somewhat pgreater guantities of
3-nethoxybenzyl alcohol ¢than
free radical products
3=liethoxybenzyl alcohol and
3-nethoxybenzyl ethyl ether
plus free radical products
Cleanly 3, 5~dimethoxybenzyl
alcohol as only isolable

product
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The mechanism of the solvolytic reaction 4o formulaged

as follows:t-

CHy & Qle
|
LY
s >
aqs dicxan O
%0333
%

However, for the p-methoxy derivofive there im no
such high electron deasity on the benzyl carbon as is saown

in structure (20),



(20)

Experimental support for the caleculations has also
been given 75,?7 for the case of the electron withdrawing
groups. For exanple, it hasc been found that in the darik
p-nitrophenyl trityl ether solvolyses smoothly in 90°/, aqueous
dioxan while tae meta isoner is recoverced unchanged, Coniversely,
on irradiation under the sane coaditions m"nitrophenyl trityl
cther is smoothly solvolysed while the solvolysis of the p—isomer
is scarcely altered,

These solvolytic reactions may be formulated as

follows:t~
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3. General Survey

Attention will now be turned to giving a general
survey of organic photochewmical reactions. The scope will, of

necessity, be limiged and the treatment inexhausiive.

(i) Saturated Ketoncs

On idrradiation, saturatcd lictones can be induced to
undergo o~cleavage 72 as excmplified below by the photolysis

of nmenthone (21).

J L L
e ~ T
e (L - (L= ()
ECOE/H 0 © - ¢om \[ HO . cmo
\ . ~ ‘ /'/‘\\.

Someéimcs,‘howcver, recyclisation of the intermcdia%e
radical takes place often in a different stercochenical sgnee
2c in the epimerisaticn T2 of androsterone (227, |
These_ketones will also undergo Vehydrogen transier,
This can be particularly useful in the steroid series where it
can constitute a methed of direct atiack on the C,y~methyl
- group.  For example, irradistion of 3b*acetoxy"ZOvoxaﬁ5m~pregmane

(237 gives the alconol (24).(609/,) and ihe alconol (25) (20°/.),
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Extrusion of carbon nmonoxide can also toie place,
often leading to unusuvally strained systenms as in the

case of the formetion of bicyclof2.2.{ hexane (26€),

(36)

(1)  o«p-Unsaturaited Carbonyl Compounds

One of the most interesiing exanples is the photo-
chenistry of sontonin (27), Depending vpon the conditions,
lumisantonin (28)t photosantonic acid (29} and the hydroazuleone,

isophotosantonic lactone, (30) are all produced 6%, 83, 84, 85,08, 87



(27) 28) o

Refluwing
H, O/20h¢
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2, i=Cyclohexadienes also dndergo photochenical

88
°

reactions

QQ%& Me
>R Ry

e

5O

Ph ) k/\x N s U e

c be

A nopt inteoresting example of a photochemical
rearrangeucnt of a 2, U-cyclohexadiene is the transformotion
soen below . Aphydride (31) on treatment with lead tetracctate

then gives %7 vDewar? benzene,
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Heterocyeclic analogues such as the sultones (SZQBQ)

give ?° sulphonic acids (33,35).

=0 “hY

N /S% \\q//SQg =

Y

pyseaad §1

Phuz{i

SO
h)s
L =% m(/
x

N
A | \&i

(z4) (35)

Cyeloheptadicnones are also photosensitive. Irradiation
of S=aethoxy-2,4~cycloheptadienone (36) gives ® ¢he bieyclic

zetone (37),

nyY 3

L)
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Convenicantly considered here is the photochenical
epolisation of o—benzylbcnzoylbehzene (38)e Irradiction of
this compound a metinanol~0-D gives rise to incorporation of

10k to 1-09 deuteriun atoms por rolecule (39)¢ The intex-

redinte enol (40) can be itravped 90 by irradiation in the

e

acciylenedicarvoxylic dimethyl ester giving first

o]
>
Q
€]
o
3
[y
0
[o]
]

(hl), and subsequeutly, on dehydration, She naphthalene (42),

’/”4:\‘;/00‘):‘?11 / ",

N I s~ CHD oPh
V\CE? »Fh > °

7
/ CHy 0D
il % 2 -
EO Bh,

Ph
PN J\ N
ZINF T 4"\2} Bl B

~, 'j A
PN NN o

. N
Ph
. Ph_§ (.0
(40) :
‘j” Fa
o i . -
P o “a " \*‘::‘_. _—r"c (.T! '.)C’I:"S
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. ¥
(L2 Dh.



rodecular photoaddibion can algso be induced, the

e i
dagran

nzzmple reporiued being the counversion of camvone
2 (L),

first authentic e

(I3) to carvone cauphor ?

o,
- e . 4;;0 . . i 5 w
ik ' -
- - 2 N
E{Q Ol.‘ (l:ﬁ-,«-/’ \\ f
= S,

-

f'.' ~ (]
{iidi)d Troponasld Systems

Simpliec tzopolones such as ¥—iropolone aeituyl ethewn
readily to give the bicyclic Xketone 6,

a

(45) photoisomcrisc *

g

5

o i | i et

" hy .
[ i“!
/

0
i

ﬂ £
Loy -
Nesmend
10
(46)
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This presunably occurs by way of the mechanisn

o
e Q)
©

In the case of B~tropolone netuyl etuer, however,
such a patihway would involve the Formation of a three menbered
»ing and as is to be expecied, no bicyeclic products have been
found. Indead, the produci consists of a highly complex
nixturce of substances 9%,

In addition to the simple structures discussed
above, the allkaloid colchicine (47) is also photosensitive
ir a silmilar way. Aqueous socluticns of this material on
exposure to sunlight give 96 97 varying quantities of three

photoproducts a=,f~ and Y-lumicolchicine (AB,Q9,50 raspectively).
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{49)

Mal

1

g%

Mo 0 tite (48)
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(iv)  Olefinic and Aromatic Systems

Investigations into the photochenmictzy of the
vitanin D series have been extensive ?9~i97 | The more significant
resulis are summarised in formulae (5L) %o (61) inclusive.

Irradiation of previtamin D, (52) gives as initial
products tachysterol (53) and ergosterol (51),  Tachysterol
(537, on irradiation gives lumisterol (54), which itself can
be transformed back into previtanmin D, (520, and ergosterol
(2. Likewise, ergosterol (51) also affords provitamin D, (52),

Provitamin Dy (_525 is equilibrated thermally with
vitamin Dé (55)° Furthar, on treatment with ivdine, a geo=
motrical isomer (56) which can be reconverted into vitamin D,
by drradistion, is obtained, Irradiatlion of witeamin D, itsel?
| produces suprasterol I (not yet characterised) and suprasterol IIX
(572,

Vitawmin D, dis convertod thermally &m the absenco of
oxyren into a nixture of pyrocaleciferol (58) and isopyrocalei~
fe:ol (59), Irradintion of pyrocaiciferol (58) gives a
pentacyclic valence tautomer (60) ana sinilarly, drradiation
of isopyrocalciferol gives (61). These were the first reportcd
exanples of the cyclisation of a ly3~diene to a cyclobutene.’

It is to be noted, that while 9,10-=cis~-stereochemisiry

(58,59) leads to valence tautomers, 9,l0+~trans-stercochemistry
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SN\ .
X € N
HO =
(53)
(52)
hy by
10)31

CyHy 5

(51,54) leads to ring cleavage.

Apart from the recactions demcribed above, dienes and
trienes are photosensitive generally. For example, methyl
dehyitroursolate acetate (62) undergoos photochemical opening
to structure (63) followed by thermal isomerisation to (64) ¢ 06
Alloceimene (65) gives a~pyronene (66), the reaction being

reversible,
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.
~ CO, CH, ~ l 0, CH
BY o =
AeO AcO
(62) (63)
N
] CO, CH,
LeO
(64)
|~
%,M
(65) (66)

l,3=-cycloHeptadienos undergo some interesiing reactions,
Irradiation of 1,3-cycloheptadiene itself (67) gives bicyclic

photoisomer (68).
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ey

(672 {68)

Many othey and analogovs photocyelisations have boon
reported, often leading to compounds difficult Lo synthesise by

alternative routes. Some of these are illustrated below.

\ . //‘ \\\
s ‘ "y CH
A £
ocgz 0 ¢ \s/
¥
3 v}l w:aumb

This represcnts a poteatially gemeral synthesis of

cyclobutanone derivatives.
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Forrulae (69) to (70) show an elegant synthesis of cis~j~cyclo=
butene~l ,2-dicarbexylic acid,

Benzone and its homologues have been helieved until

rocently to be stable to photochemical sxcitation., However,
i1t has been shown !9% ¢hat irradistion of benzene in the
presence of maleic anhydride (71) gives rise to stzructure (72),
produced formally by l,2=addition foillowed by a Diels=Aldes

reaction.

Q
= "o

{71} (g2)

Simliariv, from the irradiztion of benzmene in the
presegee of acciylenedicarboxylic dimethyl ester (73)ﬂ either

structure (74) or (75) 4s obtained 00 ,0%,
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CO, CH,
= . vy | A N— £ OB
e ! |E v l,‘ 'U
G, CE; Xy B
€0 CH;

(h) (752

The irradiation of beazene itself has been veporited '!?

to give small ancunts of fulvene (76),

(76)

Irradintion of aryl estors leads to products analogous

to those obtained in the Claisen rearrangement 105



The Frries rearrangement also has its phnotochemical
parallel, Irradiation of 2-hydroxyphenyl acetate (77) gives !¢
o-dihydroxybenzene (‘78)o 2y.3wdihydroxyacetophenone (79> and

S, &dibydroumyacetophenone (80),

H0 st OB O
| 0COCH; /j\ /OH HO\ ,4”/&\/ Pt ,fg\, //03
+ +
LU U
- - GocH,
{7 ) (78) {79) (802

Phenyl acetate (81) sinilarly produces 2-hydroxy-—

acetopnenione (82) and 4<hydrowyacetophenone (83)
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%K 0}24
_AOCH;
hy 5 - = I
RN
EcocHg
(81) (82) (83)

This reaction has been found useful in the griseo-

fulvin synthesis 19,

The photochemical rearrangements of phenolic acefates
have been studied in genersl and their synthetle possibilities

revealed 16,



Recently, the photochemieal rearrangement of H-acyl=-

anilines has been reported ! ? viz:-

NHCOR I?ﬁ. gr@ ?Eé
' ~3
by . / l COR = l o )
\ \\ \
GOoR |
o/a D/o Q/I o
R = CHy 20 2% 11
R = E 22 25 2(
R = n=Cy By 18 25 23

(v) Hitrite Fhotolysis and Related Reactioans

Nitrite photolysis is @ long established reaction
and has recently been rewiewed !? 0 by Nussbaum and Robiason
The real potential of nitrite photolysis, however, was only
realised by the elegant work of Barton®®, If an organic
nitrite is photolysed, & hydrogen aton in a Y~relationsnip
to the nitrite exchanges position with the nitroso group. ~his
is ecalled the Barton roaction. TFor example, irradiatiocn of
r-octyl aitrite (84) gives !!? principally 4~nitroso-l=-octerol
(85)., Tho reaction involves fission of the N =0 bond to gita
on alkoxy radical and nitric oxide, followed by shift of the

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

the alkyl radical giving nitroso derivative (85),

NO

' |
0
()\/\/ * [0;
i ‘ c4 HO
NN
(8t T (85)
o NO | mv '
0 0B o NO
:
o —

The mechanisn of the Barton reaction bhas recently

been the subject of soue eclegant work by Akhtar and Pecaet 29,
Perhaps the most spectacular usce of this reaction

has been in the synthesis of aldosterone acctate !4! , Irradia-

tion of ecorticosterone~2l«acetate~l1f=-nitrite (86) gives, intex

alia, aldosterone oxime acetate (87) in 219/, yield. From this

on hydrolysic can be obtained aldosterone acetate (88),



ONO

(86) 0 {87)
o HO\\% !\

0z (88)

Tho photolysis of azides has also becn investigated
and has been dranatically used in tho synthesis 27 of one of

the major structural units in many diterpene'alkaloids (e),

{89
Irradiation of l,l-dimethyl=trans-decalin=10-carlionrl
azide (S0) recults in a 10°/, yield of the lactan (c1)

corrcsponding to this unit.
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(vi) Diazoketones

Dinzoltetones are photosensitive and often their reactions
may be interpreted as procecding through a carbene, Thus
rearrangenents similar to the Arndi-tistert reaction are
frequently found 2%,%2%_ 1In sone cases, the internedia¢e ketenc

way be trapped.




If this reaction is carried out in %tetrachloro~o+

quinone, a lactone (92) is Fformed F25,

%l Pn
Cci = ! 0%,% Ph
- _
ci Sy o,%“%ho
i
(g2

In contrast, diazoesters uandergo addition reactions
with unsaturated systens to give cyclopropane rings and
further transformation products of these 126,

(vii) Diazocailanes

0f considerable synthetic usefulness has been the
photolytic decouposition of diazomethane in & benzenoid solvent,
This technique has been used in the synthesis of certein seven

pettbered rings, for oxample, tropoies, azulenes 827 and terpenes.

oF, — TN
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(viii) Oxygen Transfer Reactions

l2g lag
ilitrones paotoisomerise to oxosziranes which thenselves

often undergo thernc] isonerisation to anides. In some cascs,
therefore, the amide is dsolated directly from the irracdiation.

Tor exanmple €28

0
0, He 7\ -mCH:E‘ETMCgU,:; Y oW /4 \ .,c'éffnrmcg i
£

—r—— ————

The enolic anide is occasionally isolated ¢%°0,

hl‘J \) -~ ‘
0

Azonybenzencs underge photoisounerisation to o-hydroxyazo=

henzcnes 154,
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The most likely mechanism !?! for such rearrangements

is shown below.

Ph
@
\Nm N

o

@

On irradiation, o=niltrobenzaldehyde (935) undergoen 132
an Intremolecular disproportioanation %o o*nitrosobonzoic

acid (o4),
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CHO CoHLH
o~
= hy N e ’d/f
\ NG \ "\NO
(g3) (94)

Similarly, the dibydropyridine (95) affords !93
structure (96), Interestingly, if circularly polarised light is

used, the pnenylpyridyl (96) produced is optically active #34,

\NOQ
' hy .
L4
CHy CO GG, CH;
l I/ CH; CO l \/\l/cozwg
g ~ SETN

(95) (o6)
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The object of this research préject was twofold.
The flsld of photosensitive protecting groups was to be
investigated generally, and an attempt was to be nade to
simulate the biogenesis of cortain alkaloids arising by a
phenol oxidative nmechanisn, for exanple, the amaryllidacoe '» 55
_and morvhine!» ¥ alkaloids. This was to be doae by prevaring a
suitably protected phenol which on irradiation would cleave to
give phenoxide radicals, If this protected phenol werc held
frozen in a glass, it was hoped that the radicals would counle
preferentially in an intrawolecular fashion, thus giving xise
to the desited oxidation product. Such a photochemical
procedure was obviously to be prefered over the wmore custowary
chiecuical procedurcs ia that the yields of intramolecularly
coupled products would be expected to be nuch bhigher, inter=
nolecular reactions being iept to a minirun in the colid vhase.
Clearly, therefore, in any project whose ultimate aims are those
stated above, it was nccessary at the outset to establich that
a phenomide radical would preferentially couple with anotner
such radiecal, rather than attaclk a phenol molecule or pacnolate
anion. Such an experinent is very difficult to devisc since ono

is attenpting to distinguish between two mechanisms, which in
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the casc of a simple phenol, give the same product H s 27,

The nmethod used here was to oxidise 372655 pw-cresol
with potassium ferricyanide in the presence of a large (10
molar) excess of veratrole and to look for methoxylated
products which had arisen ffom the radical substitution PLOGOSE,
by the Seisel method 156 in the usual vay. Sincc nepgative
ovidence was beinpg sought it was obviously very important to be
quite sure that the procedures used werc capable of giving resulis
to the right degree of accuracy.

Initially,., therefore, the Zeisel determination was
calibrated by carrying out the determination on & zepresentative
sanple of a mixtvre of p=cresol and x10°? its weight of veratrole.
A positive result was obtained showing that the analysis ves
accurate to at least 1 part in 1,000, Wext, the extraction
proccdure to be used to obtain the phenolic oxidation products
free Irom unchangcd veratrole was calibrated. p-Cresol was
dissolved in Na, CO; 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 to
dissolve the ferricyanide) and ethanol {a definite constant
volune) to make the mixture homogencous. The mixture was now
poured into a large volume of water and extracted with ether.

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

of the weights of the p—cresol and veratrole used.
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The extract was now partitioned between 10U :lalH and
¢ther, the agueous layer being fhoroughly washed several tines
wvith the organic solvent., A total recovery of L4°/, of the
preresol was nade, The reason for this low figure is that the
pixture consisfently .forncd an indefinite interface énd since it
was essential o he sure that the agueous layer was quite free
from veratrole., incvitably this resulted in a poor recovery.

A Zedsel determination on the p—crescl recovered fron
the basic extract gave a negative result. Finally, the nixture
of p=cresol and veratrole (1.:10 nolar) was oxidised with
potassiun ferricyanide using tho sane volunes of solvents &nd
solutions as above, and the phenolic fraction found to be
entirely free Irom +« Cile residues.

411 ihe exporiments in this series were repeated twice
and identical results obtained in both cases.

Thue, in so far as < Gle could be equated with = O
for the process of radical coupling, a substitution mechanism
cseened improbahle. However, radical substitution into a
phenolate anion could not be excluded.

Jith this established, it was then necessaxry %o have
a suitable phenol available for use as 2 nodel compound in
the photochemical coupling experiments. To this end, a,l!“di"
hydroxybibensyl (9) was synthesised. Thie synthesis is outlined

bhealovie
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Salicylaldehyde (1) was condeased '37 with pehydroxy-
phenylacetic acid (2) in the presence of acetic anhydride and
triethylanine in the hepe of obtaining Zol{-ﬁiaceﬁoxystilbene~
fecarboxylic acid (3). However, while some of this‘compound
vas in fact obtained (stereochemistry wag not investigated> the
bulk of the product was 3-(p*acetoxyphenyl)coumarin (),

The salicylaldehyde was thiis converted {3529 o its
bonzyl ether (5) and %his condensed in the same way 7 with
p=hydroxyphenylacetic acid. The product, a mixture of cis-and
trans«hfucetoxy-al-henzyloxystilbene"B*carboxylic acids (6) was
obtained as a erystalline solid which analysecd cqrrectlyo
Treatment ? %% of this mixturc with Yecopper chronite" catalyst f&!
in quineline at 210° for 1°25 hours gave a brown oil which could
not be crystallised and whose I.R. spectrum indicated that
decarboxylation and olso partial deacotylation had occurred.
Accordingly, the crude mixture was reacetylatcd using acetic
enhydride in pyridine to give h—acetoxy-a"hydroxystilbcne (7)
of unknown stereochemistry. This product which again eouid not
be crystallised was hydregenated over‘palladium charcoal and
&'acetoxy°2ﬂ'hydroxybibenzyl (8) obtained. THydrolysis with dllute
aliali 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 /39,47 with
excess benzyl chloride in ethanslic allali gave p~benzyl~
oxybenzaldehyde (11) which was reduced !9 by potassium boro-
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 (13),

At this point, two alternative pathways were investi-
gated. The benzyl chloride (13) wag treated with triphenyl-
phosphinég in benzene and p“beﬁzylozybenzyltfiphenylphosphonium
chloride (14) preclpitated almost guantitatively. A Wittig
reaction was now carried out ‘%% on this material using
galicylaldehyde benzyl ether (5), and 294'~dibenzyloxystilbene
(15) obtained, Hydrogenation them gave Z,AK“dihydroxybibenzy
(9), identical in all respects with the paterial obiained by the
earlier route,

The second pathway involved carrying out 45 a6y 47
a Hichaelis-Arbuzov reaction on the benzyl chloride (13) by
treating it with triethylphosphite at 160°, The p—=benzyloxy*
benzyl diethyl phosphonate (16) produced was treated ?%°% wigh
salicylaldehyde benzyl ether (5) and sodium nothoxide iun DI,
and Bﬂkf"dibenzyloxystilbene (1.5), identical in all respects
with the material described above, obtained. Hydrogenation of

this substance gave 2,U-dihydroxybibenzyl (9) identical in all
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respects with the material obtained by the first procedure,
Oxidation of this phenol with potassium ferrileyanide

in dilute sodiun hydroxide solution gave a colourless crystalline

6013id mop, 135-136° in 11°59/, yieldevmax.1665 cmnl° It was thus

corcluded to be the cross conjugated ketone (177,

’ OCOCH;
CE, CGH d
=
‘ {2)
X
CE >
CHO
Q o
* 0Bz

(6)

¢is and trans

0COCH;

OBz (72

gls and trans

(8)
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WVith this phenol now available, attention was turncd
to disecovering a photosensitive group. Diagramatically, the
object was to accomplish thé transformation (18) %o (192,

ArO=~X mmw}hy Arg Ee }{e
(18 (29)

It was first inquired; however, what factors would be
likely to favour this process and aléo wvhat factors would bhe
likely to favour its reversal so that Ar and X could be astutely
chosen. Clearly, the more stable the radicals.Ar6 and‘f werao,
the more readily would the photolysis precoed. However, such
conditions would equally well favour the reverse reaction pinco
the longer the radicals existed as such, the greater the chances
of recombination taliing place between them., To circumvent the
difficulty, X was chosen so that it readily fraguented into two
stable syecies f’and ii The transformation then becane,

Ar0~X —  Ar0 s ¥ e 3 AXC 4 T 5 2
Obviously, the difficulty was nct compleltoly resolved, as
products such as ArOY and Ar0Z could arise, but at least it
woula be possible to say that some feactioﬁ had taken place.

As a first step it was felit that a suitable choice for
¥ would be o carboxylic acid residue since the fraguentation
process would then clmost certainly involve the formation of

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

(vhich could be chosen so that this would be stable also).
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Moreover, a whole variety ox aromatics csters were readily
available with which to worlk.,

| The first carboxylic acids chosen was {richloracetiec
acid, P-Haph{hyl irichloracétate was prepared (28 uy acylating
fenaphthol with trichisracetrl chloride #%9;190, Tyradiation
of the eéter under standard coaditions in a quartz flask ana
using ether as solvent pave Benaphthol ia 22°/, yieold as the only

identifiable product. This presunmably wmeant that the process

CH, . Cli;

N g I

ArOV  HCE ~ 3 ArOll ?h
Dimers?

Ay = @enaphthol

was more highly favouvred than the process
galy E

Lr0 + CC1, ey A0 < CCLy

Af = Benaphithol
at least 2t the dilution and temperature emplo:féd° Sinca the
vield of QSnaphthol vas ldﬁ, the reaction time lowg, and since
e quariz llask was necessary (the.photolysis failed completely
in pyrex) it was felsd that a radicol more stable than trichloro-

iethyl was required, Abtention was, thereiore, turned to

triphenyluathyl .
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p=Naphthpl triphonylacetate was prepared by
unexﬁeptional means f50-#35,  Irpadiation of this ester under
stendard conditions in & quartz flask for 1 hour gave B=naphthol.
in 399/, yield.

The use of snother acid, fluorene~9-carboxylic aecid
wae now investigated. Tt was prepared '?5 by carrying out an
internal Friedel~Crafts reaction on benzilic acid using
aluminium chloride as catalyst. Treatment 57 of the acid with
thionyl chloride gave fluorene=9=carbonyl chloride which
readily acylated Benaphthol. In 4 hours din cther solution,
B-naphthyl fluorene=9~carboxylate photolysed in & pyrex flack
to give a 60%/_yiecld of pure f=naphthol.

In an exactly analogous manner, p=naphthyl xantheno=
O=~carboxylate was preparod from xonthenc=9=carboanyl chloride 39
and Benaphthol, Irradiation of this ester agzin in ether
solution and in a pyrex flask, gave, in L hours, a 60°/, yield
of P=naphthol.

The reaction undérgdne by these ecters on irradiation
could, therefore, be represented by the scheue

Az0=g - A1k 2 aro 4 ¢ - R
0

Et, 0
, @
AyCOH « CO + Al

‘Az = Brnaphthyl
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Having estinated aﬁd characﬁeriséd the p-naphthol it
was novw désirable first to prove that carbon nonoxide was in
fact Being produced, and secondly to estimate it. These %two
experinents were combined as follows *%79, The eﬁit gases from
the apparatus were passed first throupgh a U=ftube containing =
quantity of I, 0, maintained at 120° and then through two
Dreschel bottles each containing saturated barium hydroxide
solution. The free iodine liberated by oxidation of the carben
monoxlde by the iodine pentoxide wap estimated by titration
giving a figure of 93°/, and then the carbon dioxide ésﬁimatcd
gravimetrically as barium carbonate (87°/.).

Two other phenolic esters of fluorene=g=carboxylic
acid were also prepared, namely the p=cresyl este% and the
guaiacyl ester and from a study of their U.V; spectra in
conjunction with that of the corrcéponding b*naphéhyl ester, and
their behaviour on irradiation, a nost intereéting‘fact erernedo
lleither of these two esters would photolyse in a pyrex vessel,
but both of thenm cleaved.réadily in quartz (2 héurs‘ irrodiation
in each case gave about 66°/°'o£ the pure phénol). Horeover,
it appeared from their Uo.V. spectra that neither of them had
any absorption in the pyréx region. In contrast,.ﬁ;népﬁthyl

fluorene=~9-carboxylate nad. These spectra are reproduced below,
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Thus it scenmed reasonabhlo o conclude that it was

the phenolic iragment of the molecule which was responsible

deternining whether these esters would photolysc in a pyrex

vessel or not.

In ovrder to cavry this investigation fwether, both
cholesteryl fluorenc=9-carboxylate and cholesteryl xanthens* g~
carboxyiate were preparced and irradiated. How, wiaile neither
of theso esters had absorpiions in the pyrex repgion, both did

have maxine at about 290 mp, due to the acid fragment, but
(&)

surprisingly, neithor ester would photolyse, recoveries o

bty

about 95°/, being made. In order to guard againsi the possibilily



pf cleavage taking place, followed by recombination of the
radicals bofore they had left the solvent "cage', refluxing
meth&léyclohexame (b.p. 144°) vas used as soivent, 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 fluérene“9~carboxylate 60, LEE  mpe
results of the photolyses carried out so far are suvamarised

in Table I,

TABLE I
BASE PURE
CCLPOUND xD. SOL, PHENOL
(o) (o)
B=Naphthyl -
trichloracstaie 3@ ho a2
p=llaphthyl . -
%piphenylacetdie Q 66 39
. p~Haphihyl iluorone= L 24, 60
g~carboxylaie ’
f-Naphthyl xanthene-~ 1 52 6o
O=carboxylate
p*Cresyl Iluorens® 2q 7 58>§
O~carboxylote
Gualacyl fluorenc~ 2q 67 58
g=-carhoxylate

Q indicates & guartz flask was ussd.
P indicatés a pyrex flask wos uzsed.

)flbolated as 345~dinitrobonzozate.
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On the baéis of the resuvlis so far, it is to bo
concluded that the energy responsible for photochemical bresl~
down is absorbed by the phenolic fragment, and the acid roiety
then dezermines the ease with which this break=dowa takes place,

Two other points are worthy of comment. TFirst,
flubrena~9°carboxyiic aqid hes onerged as an excellent photosen«
sitive protecting group for phenols., Horeover, in addition to the
selectivity possible between rhenols and alcohols, by varying
the type of reaction vessel (either pyrex or quartz) a high
degree of selectivity is possible betgween mbnonuclear and
binuclear phonols,

Secondly, it has been suggesited *6? {hat the methoxyl
group can act as & source of the nethylenedioxy group in
allkaloids and direct evidence has been vvit forward f6% in
support of this, One possible mechanisn is via the poeneration
of a vhonoxide radical adjacent to a methoxyl group as in (200,
Hydrogen abstractioﬁ from the nethoxyl group would give the
methylene radical (21), which by a further one electron

oxidation could result in the nethylenedioxy prouwn (22).

(20) {23) (22)
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During the experiments on the photolysis of guaiacyl
fluorene=9~carboxylate a search was made for metbylenedloxy-
benzene in the reaction mixture by means of the chromotropic
acid test and also by examination of the n.n.r. specirum of the
crude reaction mixture, but unfortunately no positive evidence was
found, Chemical oxidation !®?% of puaiacol has also met with no
success in bringing avout this cyclisation,

In view of tho recent worl: by Maritin and Beatrude 9659
it was thoupght likely that the rote of bomolysis of the €+~ 0
bond in an aryl ester could be considerably enhanced by the
ancpineric eoffect of a sulphur or iodine aton aitached to a
methylene group in the orthae position relative to the ester
carbonyl.

Thus an attenpt was made to synthesise pB-anaphihyl
o"(benzylthiomethyl)benzoate (27}, This projected route is outk
lined below.

Pathalide was treated !8% with benzyl mercaptan in
quinoline at 210° for & hours in an attempt to convert 1t to
o~(benzylthiomethylbenzoic acida (24), Howaver, the ozganic
base proved ineffective in catalysing the conversicn and the
phthalide was recovered unchanpged. Accordingly, lall in DIF 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 rocm temperature geve a yellow compound
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which after recrystallisation from peirol had m.p. 59-60°, the

- . =1 o
IR, speojrun showed a broad band at 1695 em —, These facts wers
consistent with the deduction that {he acid chloride (253 had

.vadergone an internal cyclisetion Lo giwve thiophihalide (26)?
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a compound aiready known '$7 in the literature and melting at
60°, This reaction was again repeated, this time at 0°, but
the sanme reosuit was obiained., However, it was clearly a sinmpla
ma.tter ¢o strengthen the S~=C bond which was being broken and
at this stage it certainly appeared thet the possibility of
obtaining the anchimeric assistance that was hoped for was n
very real one,

Thus, the above cxperimenis wore repeated using
ﬁhiophénol in place of the benzyl mercaptan and fL~naphthyl

o~ (phenyl<8+methyl)benzoate (28) obtained,

(28)

A sample of this éster was Jrradiated under standard
conditions in a pyrex flask but found to photolyse only slowlya
tYhen 2 guartz flask was usedg howvever, ﬁﬁe rhotolysis was very
rapid but wnfortunately, oanly about 10°/, of the theoretical
anount of the PB=naphthol was produccd.

In order to investigate this reaction in a little wore

deteil, o sample of benzyl phenyl sulphide was made by treatment?ts s
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of a nmixture of benzyl chloride and thiophenol with HaH/DIF as
above and 'i:his.irradiated° t was found to photolyse rapidly
in a quartz though not a pyrex flask, to yield a tar uhich smel$
very strongly éf thiophenol, This clearly supgested that fission
of the bond betiween the benzsyl carbon and fhé sulphur atom was
probably talking place and consequently, such 2 process would
8loco have been occuring when ester (28) was irradiated.

Tho pdssibility of obtaining anchimeric assistance {rom
an dlodine atom was now investigated. PB~Naphthyl o«iocdobenzoate
was synthesised by ftrcotment 169170 of o-iodobenzoyl chloride
with B-naphthol,

A panple of this ester vas irradiated under stiandard
conditions and a high rate of honolysis observed., However, the
yield of P=naphthol was only 14°/,.

The results of these photolyses are summarised in

Table II,
TABLE II
TRRA BASE PURE
COHPOURD e SOL, PHENOL
(0/ 0) (0/ o)
B-Naphthyl o=(phenyl~ . o o
thiomethyl Jbenzoate 02 &1 1
p-Naphthyl L 00 .

o=lodobenzoate
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Of the esters discussed so far, the one which gave
the highest yield of pP-naphthol on photolysis in a pyrex vessel
and in the shortest time was found to be P-naphthyl fluorene~9~
carboxylate. INow as it has been pointed out, the phenolic fraction
was the molety concerned with absorptlion of the ensrgy by the
holecule dnd 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
radiecals, it was daci&ad to investigated the possibility of
photolysing a diphenolic carbonate (29) which it was expected
would split according to the schene

V4 ] ° 4
ArQ~(C - CAr Aro'—g 4 Ohr

]
0 j, 0
(29)

ArQ ¢ CO

Ami;was the radical required for the intramolecular coupling
reaction and Af'a highly photosensitive speeies., The method for
finding the best Aé'unit was simply to talie & series of phenols,
esterify them with fluorene—g-carboxylic acid and then irradiate
as before, The one pgiving the best result would then be

roacted with P~nophthyl chlorofiormate to give the mixed

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

are punnorised in Table III.

COMPOUID
b~Acetophenyl
iluorene~9~carboxylate

P=Benzeneazophenyl
flvorene~9~carboxylate

p~Hitrophenyl
fluorene~9~carboxylate

p*Dimothylaninophenyl
fluorene~9=carboxylate

Q indicates a quartz flask was used.

All were made by treating fluersne~Y=-carbonyl

TABLE IIX

IRRAD ,
T

&

&

=)

i

50

86

PURE
PHENOL
(ey,)

40

chloride with the appropriate phenol, which with exception of

the last one, prepared according to the scheie ¢? shown below,

were readily availableo

Ap can be seen from Table IXII a choice of phenols

vossessing both electroa atiracting and electron releasing

groups was employed, but no drawmatic effects were observed.
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Having discussed the honmolysis of the C -0 bond in
some compounds containing the fragment (30), attention

wag then turned to the study of compounds containing the unit

(1), : 0 ' 0
i '8
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Thesce too after cleavage should roadily decarbonylate as the
shecies "HH-EO vias expected to be very uastable. D“Haph%hﬁl
N=-phenylurethan andéd P—naphthyl H=-e-napiatiuylurethan were both
prevared in the usual way fror the aporopriate isocyanate, and

p=naphthyl N.il-diphenylurethan from diphenylecarbaumyl chloride,

The resulis of photolysing these -urethans are surmiarised in

Table IV,
TABLE IV
BASE FORE
CQMPOULD IRRAD, 50L, - FPHENOL
TIME (or,) CY
&2 Iy 73 69
B-liophthyl H,W-diphonyl-
urethan
() Ly . 56 k.5
(a) 3P 83 75
p-Nophthyl N-w-naphthyl<-
urethan A
: ) 3P 71 6L
Q indicates a gquartz flask was used.
P inddcates a pyrox flask was used.
(2) Solwent:- Ety O/EtOH Y:l. (b) Solvent:- Dioxan,

From Table IV it appears that while urethans of the
type discussed above are excellent photosensitive proteciing

groups, particularly in the présance of ethanol as solvent, they
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are of no use for generating phonoxide radicals which were
required for the intramolecular coupling reaction,

‘It was now felt that having carried out irradiation
experinenfs on soue conpounds containing the systen (32) with
only moderate success a pore drastic variation in substitution
pattern ought to be made and the carbonyl group replaced by

the thione group itp give tie systen (33),

g i
MO~C~X fa0=C =X
(z2) (z3)

This group has pronbunced ultraviolet absorétion and
thus could reasonably be expected to sorve as a ceantre for energy
absorpti&n leading cventuélly to bond fission. The simplest and
nost obvious fiyrst cholice of compound containiag this group was

the O-aryl xanthate (34),

NC)
0 —— G =S5 K

|
Gy

Accordingly, following the original literature,
potassiun cresoxide was treated with carbon disulphide in ethanol
at 50° for 6 hours. An orange coloured solid was obtained which

ttas ill-defined and could not be rec;ystallised. A method of
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sulphur assay was, therefore, worked oul which was capable of
giving within 5°/, of the theoretical valuc for the sulphur
content, potassium O~ethyl xanthate being used as the reference
materinl, Deternination of the sulphur content of the compound
produced by the action of potassium p=cresoxidec on carbon
-disulphide, indicated that there was less éhan 10?/, of the
theoretical amount of sulphur present,

The reaction between p=cresol and carbon disulphide in
the presence of {riethylamine was-carried out and the product of
this reaction analysed as above for sulphur., Again a value of
less than 10°9/, of the theoretical was obiained.

A more rigorous investigotion of the recaction between
potassiun cresoxide and carbon disulpaide vas carried out in
thg following way. The U.V. spectrum of potassi O~etﬁyl
xanthate was firoct measuredéd and a pealk at 305%“ (4025) vas Ifound.
The U.V. spectrun of potassium cresoxide in water was measured
and a pealk at 295 mﬁg(B'ha) found. On saturation of the
solution with carbon disulphide, a new peak at 313 1A (173
appeared, which gradually disappeared as the solution was
aépirated. Aspirafion of a solution of potassium O-ethyl
wanthate produced no change in its U.V. spectrum. The experiments

showed %hat the O-aryl xanthates of the type (34) , though



-95_
Present in solution, were thermodynamically wnstable and their
investigption was, thus, discontinued,
The next step was clearly to make an cstef of a

thiobenzoic acid, The monoghiobenzoic acid itself vas of no use as

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

PheC=-SH —===> Ph~C-~OH

o=
@

Indead all known.raactions of this acid give rise to derivatives
of the thi;l éautbme;o Accordingly . dithioﬁenzoic acid was
prepared 192 by reacting phenyl magnesium bromide with carbon
disulphide, The frec acid lisell ié faxr too easily éxidised to
be isolated and so it was always used as its ethaeretld, solution.
This solution has an intcense purple colour.

Tt isc reported ¢75 that this ethereal solution of
dithiobenzoic acid on treatment with thionyl chloride can be
converted to the corresponding ocid chloride, thiobenzoyl
chloride. Following Staudingcr’s nethed, the :eagent and substroto
were sinply refluxed for 7 hours under nitrogen, after which
tine 4 conplex nixture, sa2id to consist of products of the
type
Cl -CL cli cl

{
i ]
Ph’i*S“S”G"El and Ph=C*5=5-5~S~C~Ph

Cl gCl Cl Cl
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was produced. The solveni, the unchaﬁged‘thiouyl chloride cud
the sulphur monochloride (33012), generated in the reaction were
then distilled off and then the apparatus set up for distillotion
ugder vocuum (02 nml), The %emperatﬁrc vwas gradually raized to
150° and then very cautiously fo 240°, From abouit 200° uprarda,
a quantity of a deep purple matexial began to distil, the
distillation being complete at 240°, On redistiliation, the
substance was founddito have b.p. 60*65° /0-2 mm, This ga%e:ial
underwent reactions coasistent with its formulation as thio-

benzoyl chloride V77=075  yig:i-

Ph~ G ~C1
| Y, 5
P, AN Fh, CHOH
& Y
P < G = I Fip GO~ € = Ph
S S

Eowever, 'in the hands of the present auvthor and
another previous worlker in this laboratory, the pyrolyitic siep
necessary to crack the intermedinte complexes was found to
be unrolioble, polymerization to aun unidentlfyable brovn tar

often taking place., Consequently, an alterpative method of



eynthesising the desired thione estor woo sought.

Recently, Overberger ond Sarlo have prepared 096
seveyral nixed sulphonic”cqrboxylic anhydridéb such as benzoyl
benzenesulphorate, and have found them to bhe active acylating
agants, affording {he acylated product in good yield and undsr
mild conditiocas. MNoreover, in no coge was any sulphoaylotlon
observed.

Boaving this worlt in mind, the lecad salt of dithio=
benzoic ccid (a2 darik reddisa browan solid, m.p. 20k<205°,
recrystallisable from toluenc) vas prepored and this treated with
tosyl chloride in rcfluxing DIF for % houxrs in an attempt to
make the dithiobenZoiC/%*ﬁcluonesulphonic nixed anhydride (353,
It was then hoped %o treat this with a phenol and so obtain the

estor (36},

(z5) (z6)

Tn the event, however, it was found that the lead
dithiobenzoate and tosyl chloride did not react, the formez

belng recovered almost quantitatiively.
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Tho reaciion was now repeated using an ethereal soluilon
of the freec acid and triethylanine as base, Oa addition of
this latter reagent, a white precipitate (triethylamine hydro-
chloride) was immediately thrown dovn. This was filtered off
and the resulting darl reddish browun solution divided into tuo
equal parts. To the first, an ecthereal solution of aniline was
added and an orange precipitate dmmediately formed., This was
shown to be thiobenzanide., To the sscoand, an ethereal solution
of PB=naphthol was added; no change was observec, The work up
procedure sinply involved removing the solvent (room temperature)
Zollowed by neasurcnoendt of.the T.R. spectruns In all zuns
uader a varicty of conditions (reaction tinmes of up to 3 hours
in the yefluxing solvent) a dark reddish gum was obiained waich
showed intense hydroxyl absorption. The thioae cster was thus
not being generatede.

The conclusion to be draun fron {hese experimeats is
that the phenolate znion is a nuch weaker nucleophile than is
the aniline nmolecule. This is, however, & well established
rhononenon .

Since the procedures tried so far had not resulted in
a satisfactory method of synthesising compounds of the type (36)
and since ionlc xzanthetes such &s C57) had been shovn to be

thernodynamicolly unstable, the next ost obvious seriss of
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compounds Lo Ly was the dioryl xanthates (38).

S S
-l ! © . ¢ !
Ph=QwC~Ar Pn"’O"C*SOI Ph'—"’O'-"gCr'S‘”A:'
(61 (z7) (38)

Thiophosgene (3§) wag treated {9Y with phenol in the
presence of sodium hydroxide solution and phenyl chlorothion=
fornate (40) obtained in good yield. A small portion of this
was converdod {7 Lo its aniline derivaiive phenyl N~phenylthiou~
nrethan (Y1), while the rest, by reaction with thilophenol and
godiun methoxide in methanol, gave ¢77 diphonyl xanthate (42)

25 o goldon yellow solid, m.p. 45-51°.

Ci1-C-=Cl

PhITE, i

S
e {12}
PhQ = g = WEFh Phili ~ G <= SFh
S S
(32 (45)
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Another route to this compound was also dnvestigated,
This was done by treating 7P thiovhosgene with thiophenol, phenyld
chlorodithiofornate (43) being obbained. As in the case of the
ttonothio derivatives, this was characterised 7% as iis urcthan,
phenyl dithio~H=phenyluvethan (). “reatment '7 % with phonol
cave diphenyl xanthate (42), This route was investigated as it
viap clearly moro desirable $o use vheanyl chlorodithioformate ac
a reogent rather thon to couvert the phenol xoquired for the
coupling reaction first to its bis-chlorothionformate and hence
to its corresponding Qgg(diphenyl xanthate), Tue results of
various photolytic expercinents involving diphenyl xanthate are

swneoriced in Table V.

TABLE V
UNCHANGED
' BASE
. IRRAD , STARTING
CarouD T THE f’o?}’ Y HATERIAL
- (e/.)
Diphenyl xanthatc %P 2 76
Diphenyl xmanthate 50 10 25
Diphenyl santhate -
+ 1 mol. Py GO 3P 5 67
Diphenyl xzanthate 7 14 20

+ 1 nol., PhCO

P indilcates a pyrex flask was used

Q indicates a quartz flask was uscd
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Clearly, the thione moiety alome did not appear to
absorb sufficient.energy for the photolytic process thai was
required and so it wos decided to construct a molecule in which
the carbbnyl group, a group which had hitherto proved to be
useful for this type of reaction, was incorvorated. Accordingly,
thiobenzole acid was prepared 7?2 and the potassium salt allowed
to react 2% with phenyl chlorothionformate at =45°, Attempts
to isolate the expected product, S-ﬁenzoyl-ouphenyl xanthate (45),
howcver_0 failed as it decomposed thermally at ~15° into CS;
(Getected 980 ag its piperidine derivative) and phenyl benzoate

(46) (920/03.,

0 0
i © [}
mO"'C -P:ll @-——-—n—- PIIO 4 Cs:_) o S-P}l
(46 ‘E.lsc
S % 0
i } it
PO~ b =c1 Fh.C058 o PmO~C=S~C=Pn
o
P1O + CS, +°c - Fh PhO"ﬁ + eﬁ-Ph
O S (0]
MBQCO‘L
lle, CO
PhO"g"Ph (50) PhOR + CS
Ph?."S“S"%'"Ph + Ph"ﬁ@SH
(47) 0 0 0

(48) (49)
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Trrodiotion of {he vcactiou mixiture a% ~60¢ for 1
“hour gave pheny1 benzoaie (47) (?8°/Q3 ﬂnd a soall amount of
dibenzoyl disulphide (48) (by comparison with an authentic
specinen €50}, mTpiohonzoic acid (49) andé phenol (SO) were
rehably alsd produced,

A pimilor recciilon boetween phenyl chlorothioniormate
and the potassiun sali of thiococetic acid gave f00 o icos well
gdefined rosult, the I.R. spoctrun of the crude weactlon product

~ l .'-1
showing absorptions al 1770 cm es Y740 crn "oy 1710 e o, and
~1 ) ot X . -
1690 cn —, Tho 1770 cn . petk could reasonably be assigned to
phenyl acoctate and the 1730 cm 1° peslk Lo dwaccuvl disulphide.
Turther weight for this conclusionwas acquired Irom a study of the
NoMl.To Bpectrun of the crude reactiion product whigh showed =2

o . . P A - O
complex aromatic muliéiplet at about it 248 and sherp singlots ¥

yulphide by comparicon with an aubhoentic spec—

=
\]
a
B

N
f=d)
12
[0
o
[a}
cf.c
Q,q
)
N
35
8

fmen %9 ) and T 7078 (phenyl acetate by comparison with on
authentic SPOCiﬂGﬂ)n

The ¥ ion boiween phenyl chlorothioniormate and
potessiun O-ethyl xonthate under the sane conditions ¢°0
Ffollovwed o pather different course, howevdr, diphenyl thion~™

cazbonate 77 (5L) being tho only product charactorised. This

presunably avrose in the following vays+
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L
S = CS = 05
Fi0 %G =S *C e OBt e, PRO + C8y 4+ ELO=C » S = = OB
I P 2 ¢ BBOTE TS T Ost
S S S S
(z2)
Then, _
& )
Phd
t ton0) ©
PhO=C 8 = C = 0T Ph0), C8 + 8 ~C « OBt
i \Mj'ﬁ e “ :
S s S

& deep yellow gum was also obtained which probably
consisted largely of S+sthoxythiocaxbonyl O<wethyl xanthate (52).
Attenpts to crystellise this moberial failed, the likely

contaminani beinpg othyl vhenyl thisccarbonate (53).

G
Pho o
W
G
PrOo<eC =S "'(af = QL% PhQ 4 CS; -+ PhO *"g w QB
P\ ¢
(53)

The next B8tep was to ring the changes ounce again on
the disposition of the oxygen and sulphur atoms in the molecule

and prepore an O-ebthyl S—oryloxyearbonyl xanthate such as {55)_n
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peCresyl chloroformote (545 Ar = p"cresyl) vas first
prepared (& Ly treating a benzene solution of pcresol with
excess phosgene in the presence of pyridine as base, Along
with the desired product & small gquontity of di-p<wcresyl
carbonate (555 Ar = p“cresyl) vas also obtajuned, the formexr
compound belnp readily soparated by distillationo

The purified p=croesyl chloroformate was Then weacted #89
with sodiuvm Owothyl xanthate 8% in acetone at *30° %o give &
vellow oil showing a strong peak in the I.R. spectrum at 1780 cmhlo
This was prasumably O—ethyl S“p~cresquxycarbcnyl xanthate
(56, Ax = pvcrosyll., A1l attenpts to crystallise this matorialc
however, faiied and it was thus decided ¢o work with compéunds
higher in the homologous series which it was hoped would be
more reoadily crystalline. To this end f-naphthyl chloroformate
(SQW Ay = B-nephthyi) was prepared %% in the manner described
above for p-cresyl chloroformate. Reaction P8 of this subsiance
with sodium O-ethyl xanthate gave O-e¢thyl S=Brnapathyloxycarbonyl

xanthate (56, Ay = B-naphthyl) as a yellow crystalline solid,

B0 22, 120,G0,C1 + Ax0,CO,Chr
(s54) (557

~50° @ & cs.omt

\20,00,5 «CS 0B (55)
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A panple of O=othyl S—f-naphthyloxycarbonyl xanthate
mas irvpadiated under standard conditions in a pyrex £lask and
found to photolyse smoothly to give p-naphthol in 24°/, yield,
Tho non-phenolic part of the product was a darik brown tar, the
nature of which was noi investigated,

It vap now hoped to caryy out an irradiation on &
sinilor derivative of a binuclear dinydric phenol ia order that
the feasibility of the coupling concept could be testeé. To
this end, B,didihyﬁroxydinaphthylmethane (57) was sy;theéised ceb
by treating ﬁfgaphthol with formaldehyde in the presence of
godium acetato, The next step was to male the dichloroforaate
(58) -, However, treatment 185 of a foluvene solution of
B,6ldihydroxydinaphthylmethane with phosgene in the prosence
of quinoline did not give the daesired compound but rather a
coniplex mixture of producté ghowing a strong but broad band &b
1765 cm_l. and a mueh wealker band at 17380 cm“l0 The general
nature of the likely producits consistent with these ‘data is
showtn below,

Variations in the experimental conditions falled

to give any substantially different result.
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An attempt was now made to obtalin the dichloroformate
(58) vy phosgenating‘ﬁ,Bidihydroxydinaphthylme%hane in benzene
solution but using potassium carbonéte as base. In'this
gxperinent, & white crystalline solid m.p.235-235°5° was readily
isolated. Ifs I.R. spectrun showed an intense band at 1765 cmnlo
This strongly suggested that the cyclic carbonzte (59) had beon
produced., Confirmaiion of this was obtained from the moleculay
welght detornination which gave & valua of 34303 (calculatud
valua 326).

A fuythqr attempt to prepare ths dichloroformdte (58)
was made by phosgenoting the dihydricphenol (57) 4n boiling
henzeﬁe solution bult using collidine (it was found.in subsequent

rune that quinoline was just as effective) as base., This base
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was selected as it was felt that it would be unable, on stoeric
grounds, to generate o lLarge concentration of phenolate anions
and se favour the formation of the dichlorofcrmate. The product
of this reaction showed two intensce bands in the carbonyl rogior

of the I.R. spectrum, one ot 1765 cmnlo and one at 1670 cm“l°
Chrouatogrophy on aluniva readily effected o separaiilon into
twuo crystalline solide., The first was identlfied as the ecyclie
carbonate (59), while ¢he socond, a yellow sclid, m.p. 171 <=Ll72°¢
surprisingly enough turned ovi to be the oxidation product i
(80) of B,Bidihydroxydinaphthylmethano° Thiz conclusion was
unanbiguously confirmed by compsrisen (mnpo, mixed m.p. and

superinposable I.R. spectra) with an authontic sample vrepared

by oxidation of the phenol with potassium ferricyanide,

N 000,00

/Aﬂ'i\\ 0600401
AN AN~
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A% this stage it was felt that if aay great improvemeni
iias to b2 made in the photolytic generation of phenoxide radical:
then a eonplebely different series of conpounds had %o be
investigated. So far all the woris had beean concerned with
homolysing €C = O bonds, the carbon being variously present as =

carbonyl er thiocarbonyl group and wvariously suvbstituted with
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a c¢arbon, oxygen or sulphur atom.

Now since diaryl disulphides (61) were well known in
the‘literatdre, and since diaryl peroxides (62) were known to
be unstable, it was considered likely thot theé nixed monothio=
perozides-(63) i,e. the phenolic esters of sulphenic acids should,

if it were possible to nake them..homolyse readily on irradiation.

Ar =5 ~8 ~-Ar Ar=0=0~Ar Ar =0« S =Ap
(612 _ (62) (63)

The relevant literaturc on thesc compounds was,
however, confused {67y 188 one group of worloers appearing to
nake a_oiéim for the existence of such compounds and another
finding no e?idence for.them. In order to attempt to clarify
the pogition, fherefore, the following experiments were carried
out.

Paenol and f-naphthol were separately treated with
2, 4=dinitrobonzenesulpnenyl chloride 87 for periods ranging
from 15 ninutes to 6 hours and the reaction products, obtained
sinply by removal of the solvent under vacuum, always showed
intense phenolic hydroxyl absorptions in the I,R, spectrun.

Bases, pyridine and triethylanine, wore used in a
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second series of experinmeats 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. spectrun.

In sach case also, after the I.R. measurements had
been taiten, the product was dissolved in ether and qﬁickly
extracted with dilute sodiumrhydroxide.SOlution° After renoval
of the efher, the base insoluble residuc was found <o be none
crystalline, ail attenpts to induce crystallisation failing.

It thus appeared that the phenolic esters of 2,4-Gi~
nitrobenzencsulphenic acid could not be formed, However, since
the carboxylic/sulphenic nixed anhydrides (64) were well known
it was decided to carry out an investigation of these compounds
as they oughkt to cleave readily oa irradiation.

2, 4-Dinitrobenzencsulphenyl acetate (€5, R = 1) was
prepared 7% by stirring a suspension of silver acetate in
nethylene dichloride containing 2, k~dinitrobenzenesulphenyl
chloride at roou temperature for 18 hours in the daric, The
phenylacetate (65, R = Pn) ond caproate (65, R = CH;(CHQ)S)

| /N O,

¢] . W/w 0
As 1 N
(64) ArS ~0~C - CHR on / \\ms-»o-»c:acnga (65.



we;é sinilarly prepared.

In ordexr to establish the structurcs of these mixed
anbhydrides unequivocally, the U.V, and n.m.r. spectra of tge
acetate have been neasured., These are to be found with the
corresponding spectra of sone similar'compounds,.synthesised h9¢

in an unanbiguous way, in Tables VI and VII

TABLE VI (V. datal

350(4.06), 259(L-04), 209(412)

PhOH, oS~ o, din BeoH 333 (4e13), 270(3.87), 207(L4el2)

in EtOH 329{4°03), 260(4011), 209(4-17)

OH; COrerms= in CHCOL; 323 (4005), 269(4e26)

10y

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

benzenesulphenyl acoetate is correctly formulated as (65e R = HJ,
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TABLY VIX

NelloePo Dota °

#(a). Doublet 2-.12 (J=9)

EM). Quartet 152 (=9, g=2)
Hlc), Doublet 0-.96 (o= 2)

CHy;  Singlet G°06

H(a). Dovblet 25 {5=09) )
#(b), Quartet 108 (G=9, d=21
5(c). Doublet 1:08 (T=2)
Phenyl Singlet 2°69

CH, Singlet 5072

#la), Doublet 236 (J=9)
(), Quartet 154 (5= 9, J=27
H2(c}, Doublet 0°9&4 (G=2)
CH;  Singlet 7°59

On irryadiation in benzene solution, the acciate is
rapidly photolysed to give a mixture of products consisting of
acetic acid (avout 9O°/0) identifled as its p~bromophenacyl
ester, 2,4~dinitrodiphenyl sulphide ¥ (au,p., mixed m.p. and
I.R2. spectrum and by conversion to the corresponding sulphone 195 ),
2,h,éZQLtetranitro&iphenyl digulphide %3 9% gpd o brown aporphous
solid.,

The I.R., spectrunl of this brown solid wac fouand to be
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similar to that of 2-amino=-i=nitrobenzenesulphonic acid (66),
an authentic specinen boing prepared 5% by the action of
nethanolic HC1l on methyl 2, L4-d8initrobenzenesulphenate, and furthor=
nore, on treatuent 97 with bromine in 50°/, sulphuric acid
gave a flocculent precipitate which was identified as 2,4,6-tri~
brono~3-nitroaniline (67) (m.p., nixed m.p. 4nd superinposable

I.R. spectral.

SOy H
Zav
Bry fHa 80, .
\\ r;
e(eY (65)

Taus it can be concluded that the material generated
in the photolytic reaction is an impure form of the material
goenerated by hydrolysis. This result was also indicated when
the two compounds were run side by side on silica pel plates;
the first streoaked badly while the second moved as o single
spot. Confirmation of this was obtained by treating both
materials with bromine in acetic acid. ihile the substance obtained
in the hydrolytic reaction took up 57°/, of the theoretical
apount of bfomine the *'photolytic! consumed only 25°/,. (in

this context the word "iheoreticall refers to the bromine uptake
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when 2~amin0”h’ni€robenzehesulphogic acid is treated with this
reagent in 50¢/, sulphuric acid oan ths sieaum bath fér 1 hour,
Cbviously, such o procedure could not be used whenia quantitative
esﬁiﬁation is'required as loss of brouine would occur giving
rise to a spurious resuli.)

Furthernore, titration of the authentic sulphonic acid
with standard NaOH gave a figure of 95°/, purity, while the
material obtained Irom the photolysis gave a filgure of only
36°/ 0.

A cognate experiument was carried out to deteririne
whgther p-toluenesulphinic acid could be oxidised to the sulphonic
leve; by treatment with bromine in acetic acid, In the event,
the reaction was instantareous and qguantitative.

In view of this result, it was clearly nccessary to
attenpt to prove that the product of the photolysis was in fact
the sulphonic and not the sulphinic acid, To this end,
p-toluenesulphinic acid was irradiated in benzene in the precsence
of an excess of m—dinitrobenzene in order to attempt to oxldise
it to the sulphonic level, After carrying out the experiment,
95°/, 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, thorefore,

still in doubt.
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A further xperiment was capried out. to {ry to decide
whether the product of the reaction was a mixiure of the free
sulphonic and carboxylic acids or their mixed anhydride. In
order to deternine %this, dry cyclohexylamine was zdded to tho
total crude reaction produdt and the mixture waiwed for 10
ninutes. After this time the free acetic acid war isolated aund
found to amount to 89°/, of the theoretical, showing that no
acetylation of the cyclohexylarmine had taken place, andé henco
that tho free acid was prosent ;i she time this reagent was
added,

The anext problem o be considered was that of the
mechanism of the voaction., Imnmediately, the dlsolciion of
2,4 dinitrodiphenyl sulphide as a product, suggescted an ionile

agchanisn of the type

NO2 /NQE’.
o] — 0
7\ 0 by 7T @ @& g
0 N [ RPN o PUIE o CHy & 19;'-=-</' Vymm 3 Qe==C

Wl

RLOGH
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This was an atiractive schemp since the existence
of the 2, 4-dinitrobenzeneaulpuenic cation and iis tendency
to undergo Friedel«Crafis reactions is well established
and noreover, the generation of the acetate anlon would
nicely account for the high yield of acetic acid.

The photolysis was, thersfore, carried ont agalin
in the presence of 1 mol. of anisole aad Z,APdinitro’HL
meﬁhpxydiphenyl sulphide isolated (7u#2/o)o Tals is conclusive
roof that the pechanism is ionic since the rate of eleciro~
philic attack on anisole is about x100% faster than on benzene,
whereas the rate of radical attack is practicolly the sane 99,

This mechanism, however, cannot account fLor the
fornation of the sulﬁhonic acld, and so a second mode of
break-down must be operative. One reasonable suggestloa
for this second meshanisn is illustrated below.

| Chviously such a process deponds upon the presence of

the o-mitro substliuvent and so in order to tesﬁ the nechanisn,
it was clearly desirable to synthesise a sulphenyl halide

not possessing this group.
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To thiz end.the Zollowing series of recactions has

boon carvied out. o-Dichlorobenzeno (68) was nitrated '?? %o

5

give 1,2-dichloro-&~nitrobenzeone (69) which on treatment '°
with sodlun disulphid9 gave not the desired organic disulphide
(?O) (which was to have been eonverted to the sulpheonyl halide
(72) by chlorinolysis 29%) bui rathor tho monosulphido (72).
Accordingly, the 1,2~dichloro=i~nitrobenzene was treated 20!
with S-benzyl%hiouponium chloride in alcoholic KOH to give the
benzyl l*chloro"hpngtrophenyl sulphide (73), This on troat>
ment °89 with sulphuryl chloride in mothyleme dichloride gave
the desired l=chloro=4*nitrobenzenesulphenyl chloride (7l)o
Aftor purification as far as was possible by recrystallisation
from petrol, estimation by titration ? 92 showed it to be only
73°/o pure. All attempts to raise this figure failed,

This sulphenyl halide was then reacted with silver
acetate in methylene dichloride in tho way already describoed 99
in order to convert it to the mixod sulphenic/acetic anhydridoe.
Howovor, none of the desired product was obtalned, a resinous
material and a smoll anount of & ycllow oll conialning no

éarbonyl band boing the oanly producis.
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EXPERIMENTAL

Unless othe:wise stated, wmeltlng points were determined
on a Koflexr block, infrared spoctra measured on & Unicam
SP 200, ultraviolet spectra on a Unlcam SP 500 or SP 700
spectrophotometer, and nucleor magnetic resonance specira on
e Verlen A60 instrumont. Microanalyses wero carasied out by thoe
Crganic Microana;ytical Iaboratory o£ the Imperial College.

Petroloun other refers %o the fraction of b.p. 40=60°9,



Attenpted substitution of the p-crosyl radical in%o vorairolelFs;!s6

1, Calibration of the Zeisel Meihod
| (a) p~Cresol (100 mg.) was thoroughly admixcd with
veratrole (1 mg.) and e Zeisel determination carprioed 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. Calib?ation of the extrgction procedure
p=Cresol (001 mol., 1°08 g,) was dissolved -in No, COy
solution (100 ml. of M/5) and veratrole (0+1 mol., 13°8 go?
added., To this mixture was further added, wator (30 ul.) and
othanol (50 mi.).

(a) The mixture was poured into a largs volume of wator
and extracted with ether. The ether was dxied (Nazsoh), the
golvent removod and the weilgh® (l&°88 go) of oxtract found to
be egual ¢o the sum of the welghts of the p~cresol and the
veratrole used,

(b) This extyact was svrongly basifiod (10 N NeOH) and
ropoatodly extracted with ether, Tho basic layer was then
acidified, extracted with other, tho ether dried (Ne; 50,7 aad

evaporated, The welght (O°32é g.) of the phenolic material so

obtainod waas found &0 be equal to 350°/, of the p=eresol used,
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{¢) The ether wanhings frenm. (b} wewe theon suirasted with

Le]

sedivm hydroxide olutuon (o w} » acidified, sxitrscted with
athor, the ether dried oy 80, ) and evaporated. The weight
fO‘nm9 g.) ol phonolkc natorial so obtained was Jound te bo

equal to a further 119/, of the weight of the p-srosol used.

(a2 & Zoisel

£
0
s
N
&
i
=
1%

nation on 100 mg. of tho combined
phenolic fractious was ceyried cut and & negativa resuli
obitained. '

5. midatdlon of preresol dn the presecunce of vavatirole

peCresol (0001 mol.) wae dissolved in i, ¢ solubilon

(ueo mi, of H/5j and. veratroie (0l K01n} addel. o this ves
further added ethansl L50 ml.? ané then the whols oxnidized by
running in an cqueous solubtion of potassivm ferzicyenide
(6°58 o 4n B0 #L. of waterl), Preoedures 2ied, 200 and 20
were then repeated. L,a¢a & pegative Zoisel detrmimation

K

vas obtalined,
417 the experiments in this pexies wora roepeated

ftwice, identlcal resuiis boing obizined .in bvoth cases..

‘l
ﬁwqpﬁﬁcatoxyphonyTB in and 2, k~diacetonystilbene=p~
corboxylic acld (29
“Hydpoxyoheayl wic acdd (Led2d ga} and redistillied

solieyloldehyde (00576 ml.)
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(32 m2,) ond triethylamine (048 ml.) added., Tho whole vas
refluxed for‘5 hoursé
On ccblin@, o compound separated out. Thi€ wag
collected at {he pump and on reprystallisation from an othanol/
acetone mixture gave 3°(p-acetoxyphenyl)coumarin an needles,

L

m.po 28L-18205° (579/,),¥ _ 1720 and 1770 cm ©.

18

(Found: C, 73919; H, 4*17. C3H20, rvequires: C, 72:9; H, 4e289/,).
The filtrate obtained after mepayatlon of the above

crystals was poured into water and extractad with ether. The

ethereal solution was extr&cteé_with sodium bicarﬁonate solution,

the extract acidified and extracﬁed with ethexr, IEvaporation

of the dripd (Nagsoh) ethereal solutlon gave a colourless solid

which on ;ecrystallisation from aguveouz ethanol gave

23Qidiacgtoxyatilbene“B“carboxylic acid (of unknovin Bterao™

=3

chomistry) as needles, m.p. 177-~178° (lh°/°)°b’max. 1695 and 1760cm "o

(Found: G, 66°59% Hy 5520 C,eHys0; roquirest C, 67:1% H, Lagos ),

Splicylaldebyde benzyl other

This compound was propaved by the medhod of Bey and

Hobbs 2% and obtained as needles from ethonol, mep. L6479 (8797,
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v
L-Acotoxy-2~benzyloxystilbeno~a~carboxylic acid £57

p=Hydroxyphenylacetic acid (Oe75 5.9 and splicyle
aldehyde benzyl ether (1005 g.) wore dissolved in acetic
anhydride (3.2 ml.) and triethylomine (0+7 ml.) addeda. The
whole was refluxed for 5 hours.

The reaction mixiture was coolod and poured into a
lergo volume of water. The product was extracted with ether and
then the ethereal layer washed with sodium bicarbonate solutlon
and wator, and driod (Na,S0,), Eveporation of the solvent gave
a crystalliane product which on recyrystallisation from pgtrol/
ethanol gave neodles, mep. 163-175%,(540/ 2, vm%}??o and 1670 cmn-""os
suggesting thet a mixture of the {wo posslble storeoisomors had
been obtained.,

(Found: G, 7h4oli23 H, He10., Cp H, o0y roquives: €, 7he2l} 5019°/,),

Copper Chromite catalyst

This compound wes preparocd by the method described

in Organic Syntheses %',

‘ ‘
bepcotoxy~2=bonzyloxystilbene 140

’
Lefcotoxy=2=benzyloxystilbenc-e~carboxylic acld
(2364 mg.) vas dissolved in redistilled quinoline (2°5 5k o)

and Ycoppoer chromite" catalyst (236 mga) addod., This mixture
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vas heated at 210-220° for .25 hours and thon cooled and
poursd into dlluwie BCL solution. The product wes exitroctod
with ether, dricd (i, SO,) and the solvent evaporated. A
brown oil was obtained whose I.R. spectrum showed weak haads of
1770 and 3590 cmmlg and total abmonco of a band at 1670 cnﬂlo.
indicating that docarboxylation had %aken placo together with poue
deacotylation, Both trituration wilh solveats and chromatography
on alumina (grade 5) using benzene as eluant failod to induce
crystalliszsation.

The materizl was, therefvre, dissolved in dyy pyridinc
(10 ml.’) 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 washod successilvely with dilute HClL
polution, sodium bicarbonate solution and water and thern dried
(N3350¢)o Evaporation of the solveat gave a gum whose I.R,
spectrum showed a strong band at 1770 cm"la and absonce of a
pand ot 3590 em ~., indicating that reacetylation had taken
place, Both trituration with solvents and chromatography on

alunina (grude 3) using benzene as eluant failed to induce

crystallisation.
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, _
d-Acotoxy=2~hydroxybibenzyl

Crude lracetoxyﬂaibenzyloxystilbono (110 rg.) was
dissolved ian ethanol (25 ml.) and hydrogenated over & 109/,
palladivm/carbon catalyst (xo mgo). Aftor 5 hours e&ll absorpiion
of hydrogen had coosed and tho totel upltake corraespounded to
2°27 double bond equivalents. The catalyst vias removed by
filtration and the solvent ovaporated. Recrystallisation of
the so0lid residue fron petroleun. ether/bsnzene gave necdles,
mep. 95-95° (g1e/.),

(Found: €, 74983 H, 6°3L, G, Hs0; moquires: C, 74e98% H, 6:29°/,).

-~
2, 4=Dihydroxybibensyl

4%Acetoxy”éghydroxybibenzyl (250 mgo) was bollsd undey
reoflux Qi%h 1c°/,, aaquoous sodlum hydroxide solutdon (50 L)
for 1+%5 hours, at the end of which time all the solld had
dissolvod.

The ywemctilon mixiure was pouved into cold watern
(100 m1,) and acidified with dilute HCY solution. The product
was oxtracited with ether and the ethereal golutlon washed
Buccessively with dilute sodiuwm bicarbonzate solution and water,
dried (Na,S0,) and finally oveporatod. There romainod a whibe
crystalline solid which on rocrystallisation from beazene/petrol

gave colourless needles, m.pe. 132-1335° (939/,).
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(Found: C, 77°41; H, 6°48, C,,},,0: roquirves: C, 78-48; H, 6°59°/ 47

P=Benzylozybenzaldehyde

This compound wag prepored by the method of Hey and
Hobbs %7 and obtained as needlos from ogueocus cihancl m.p. 72°

(73072,

p=Benzsyloxyhenzyl alcohol

This compound was prepeyed by the method of Shoelion
et ald’and obtained as pletes from benzenofpetroloum ether,

m.p. 87:5~88° (gz0/.),

p-Benzyloxybenzyl chioride

This compound wes prepared by the procodure due to
Tayionr (Fa.D. Thegis, London,'1962) and obtained as plates

from petroloum other, m.p. 76-79° (70"/0)o

peBenzyloxybenzyltriphenylphosphonium chloride

p=Benzyloxybonzyl chloride (0°82 g.) was dissolved in
bonzenc and treatsd with 2 solution of triphenrylphosphine
{0:83 ge) in bensené. p=Bonzyloxybonzyltriphenylphosphoniun
chloyide was lmmediately precipltated. It was separated at the

poup end recrystallised from beonzene and obtainsed in e micro~
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vcrystalline mtates m.pe 242-245%,1n almost quentitative yield.

(Found: fonic Cl, 740, Cyzil; sCLOP roquives: lonic CL, 7-2°/,),

’
2, %Dibenzyloxystilbone 144 #45

Qo a golution of sodium (04046 g.) in othanol (50 ml,),
p“bonzyloxybenzyltriphenylphosphonium chloride (0°99 g°> vas
added under nitrogen. & yellow colour was produced. Salisyl-
aldehyde bonzyl ethor (0el2k g.) in ethanol (25 ml.) was now
run in and the mimture stizrod for 24 hours. The precipitete
vIns rqmoved at the pump and recrystallised from petrol/beazens
to give needles, m.p. 124§5“13§°5° (53°/o)=

(Found: C, 853%f H, 6°20. Cp oll; 4O voquirves: C, 85687 B, 6:16°/,4,

Z,QZDihydroxybibenzyl

a,hiDibenmyloxystilbeno (250 mg.) was dimsolved in
ethanol (50 m1.) and hydrogonated over d 10%/, poldladinm/caxbon
catelyaf (25 m@o)n After 5‘hours 211l absorpilon of hydrogen
hod ceased, the total uptako‘corresponding to 313 double bonds,
The catalyaﬁ vias removed by filiration and the solvent evaporaied.
Recrystellication of the product f£rom benwmene/petrol gave nocdlos,
v 1

R.Pp. 132-1353° (95°/°}, idontical in all respects wilth the waetericl

obtedined by the eorliiler procedure,
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p=Benzyloxybonzyldiethyl phosphonate 135, 136, 187

A mixture of p-benzyloxybenzyl chloride (067 g.)
and ¥riethyl phesphite (C=%72 ml.) were hoated at 160° until
'tho reaction was conplete as evidenced by the cessation of the
ethyl chloride evolution (about 90 minutes), Distillation
under reduced pressure gave a colourless liquid, b.p. 1859/

O<k rm, (859/.),

4
24 b=Dibvenzyloxystilbeno 147

p~Bonzyloxybonzyldiothyl phosphonate (0345 g,) was
troated with salicylaldehyde benzyl'ether (0°219 g.) and sodiuvm
methoxido (00796 g.) in dry DMP and Left to stand overnight e
Toom temperature.

The mixzture was poured into ice/water and the solid
obtainod filtered at the pump. Reerystallisstion from petrol/
benzene gave noedles, m.p. i32"133° (7509/,). Tho materinl was
found to be identical @.p., wixed m.p. and superimposable I.R.)
with the material made by the alfernative procedure previounsly

dlacussed,

Oxidation of 2,4~dihydroxybibenzyl

¢ -
A solution of 2,4~dihydroxybibenzyl (00533 g.) in 28

HaCH solutlon (300 ni.’) was added dropwise over a period of
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80 minutes to an agitated mixture of ether (200 ml.) end water
(600 mi.) in which had been dimsolved rotassiun ferricyanide
6 g,) and, whioh was meintoined under an atmosphero of nitrogon.

The other was separated, dried (Naaso¢) and evapcvpted.
Chrematography of the residue on alumiza (grade 5) uging benzene
a5 eluant gave o cvystalline product vliich afdor rccrystallisation
fron potroleunm other/benzeno was obtoined as nesdles, m.p. 135-136°
(11°59/.2.

(Foundt €, 79°50y H, 5°92. C,4H,s Oy roquires: C, 79°82% H, 5070%/,),

Trichloroacetyld chloride

This compound was propared according to the method of
Browat??, and obtained as a colourless Liquid b.p. 1L6-119°

{510/,).

peNaphthyl tx»ishlorooccetate
This compound was propared according vo the method of
Houben and Fischer 3% and obtiained as neodles from benzeno/petrol,

map. 86-87° (69¢/0), ¥ 1975 em' T,

Goneral Procedure for Irradistion

A solutlon was made uw from the compound (ugually

-abhout 0% milliwole) and & dry oxygen and peroxide fres solvent
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oy
\O|

(usually okher, cyclohezane or dioxan = about 125 ml,) in &

250 ml. round bottoned flask (pyrex or quarﬁz) cquipped with

a Horschberg stirzreyr (Fieser, WExporiments la Organic Chemistry"
3 rd, Ed., Heath and Co., Boston, 1955, p. 265.), a nitrogen
inlet and a double-walled xefiux condensey. Immediately beneath
the flask was situated a Phillips 125 watt, high pressure nmervcuyry
arc lamp (57236F/21),

At intervols during the photolysis, samples were witgh~
drawn and U,V. and/or I.R. spectroscopic measurements talien to
follow the course of the vreactlon. For the U.V. measurcimenis
the sample was properly diluted with the solvent in which {ho
reaction was beinpg carried out. In the case of the I.R.
moasurements, the sanple was evaporated upder vacunn and thoe
rosidue dissolved in a finite amount of chloroform,

Blank reesctions were run by refluxing the compound in
tho sone solveat for abount S hovrs in the dork. In cevery case
tho U.V. and/or I.R. spectra of the solutions were found to be
identical to those of the starting moterial.

The solvents were fread from peroxides by washing
with alkaline ferrous sulphate solution or, in the case of
dioxan, by treatment with staannous chloride. They werc dried
by distillation from sodium and then sto:od in the dark over

sodium. Immedimtely beforo use, they were boiled for a few



ninutes under vacuun to romove any dissolved oxygen. Solvents

more than two weoks old were always repurificd bofore use.,

Izradiation‘of Bnaphthyl trichloroacctate

B=taphthyl trichlorocacetats (0°5 nillimole) dissolved
in dpy ether (125 ml.) was irradiatod in the usual wey in a
quaxrtz {lask, After 3 hours the reaction was cowplete (28
ovidenced by the disappearance of the sirong band at 1795 cmmlo)
giving o deep yellow solution.

The ecther was exiracted with 2H NoOH solution, the
Lasic 1ayef acidified, extracted with eothex and then the ethercal
solution washed with water and dried (Nagsob)o The solvent was
rouoved giving a brown solid (29 MGoy &O°3°/o) which afser
chromatography on alumina (grade 3, using benzens/20°/, ethey
as elusat) gave colourless plates (20:9 mg., 299/,). This
paterial was {hern recrystallised Iwom benczene and shown to be

Pnaphthol (229/,) (m.p., mixed m.p. and superimposeble I.R.

spectrum),

Triphenylunethyl chloxride

This compound was prepared by the method described

in Organic Syntheses 15%¢
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Triphenylecetic acid

This compound was prepexred by the moethod of Schmidlin
and obtained &8s colouricss plates from acetic acid

mepo 264~265° (8po/ ),

Triphénylsacotyl chloride

This compound was prepared by the method of Jones and
Hurd /%% and obteined os prisums, m.p. 127°, without recrystall™

isation, in almost quantitative yield.

p~Nephthyl triphenylacetate

Triphenylacetyl chloride (1 millimole) was dissolved
in dr& benzeno (15 wl.) and & solution of B=naphthol (1 millimole?
in dry benzene (30 mi.) a2dded. Dry pyridine (3 ni.) wes odded
and the mixture boiled under reflux for 3 hours. The whole
vas poured into water, washed with Zﬁ NaQH solution, dilute HCL
solution, dilute Ma,CO; solution, water and £inally dried (He,80,).

Evaporatlon of the solvent followed by filiration
through an alumina column (grade 3, bensene as oluent) éave
p~naphthyl friphenylacetate which on recrystallisation fron
bonzene /petrol gave needlss, m.p. 1695=170+50 (g6e50/ ),

«

=
Y mox. 1750 ¢em —,

(Pound: C, 860883 Hp 5269, C5pHzq 0y vequiress G, 86+93% Hy 5035%/,
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Irradintion of Pe=paphihyl triphenylaceiate

This compound wos irradisted in o guontz f£lask for 1L
hour as already desQrihed for Pramaphthyl trichloroaceiatos aund

p-naphthol obtained (399757,

Fluorsne~9-carboxylic acid

Thic conmpound was prepored by the nathod doscribed in

Organic Syntheses 156 °

Fluorene=CO=carbonyl c¢hloride

Thiz compound was prepared by the method of Stollg?and
ol 5% Bnd obtained as needles fron ether, m.p. 77° B4e/,7,
1785 cn .

&
Y ook b il

pNaphthyl fluorene-~9-carboxylaboe

Fluorens~9-crrbonyl ckloride (136-2.mg°) wan disSolvéd
in dry benzene (15 ml,.) and 2 solution of P-naphthol (86+ L ng.)
in dry benzene (10 m1,) added, Dry pyridine (1. ml.j was added
and o white procipitste jnmediately formed, The nixture was
allowed tp stand for 1 hour, Tho whole was pourcd into waier,
vashed with éﬁ =0l solution, dilute HCL solution, dilute ﬁézccg
solution, vater and finelly dried (Haesoa}.

Ivaporabtion of the molwent followed by filtration
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through an ealunina coluun (grade 3, beazene as cluant) gave
f=naphthyl fluvorene=9-carboxylato which on recryatallization
fzom petrol/bonzenc gave ncedles, m.p. 143-24he (G507 ),

1755 cm“l°
ymh}:b ’ )
(Found: ¢, 85°76; H, 4°95. G, H,40; wequires: G, 854693 B, 4790/},

irradiation of p-naphthyl fluorene~9-carboxylate

This compound was ixyadiated in a pyrex flask for Lhours ao
already described for B-naphthyl trichlovoacetate and f-naphthol
cbtaincd (60°/.),

In u further exporiment, the exit gases were passcd

1y

iret through a U-tube contdining a quantivy of I 0y mginﬁained
at 120°, and then through two Dreschel bottleos cach contiining
saturated barium hydroxide sclution (300 m1.).

The froc iodine libverated by oxldation of the CO
gonerated in the photolysis was esbimated by titration giving
a figure eguivalent to 93%/, of the theoretilcal amount of
carbon monoxide, and then {he carbon dioxide estimated gravi-

netrically as BacQ, (879/,).

Xanthene*g~carbonyl chloride

This compound was prepared by the mothod of Cusic 15

-
and obtoined as ncedles from ether, m.p. 81° <61°/03,5Vm&x. 1785 cm
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BrlNophthyl xanthene=9~carboxylate

This compound was preparsd as already described for
B=nophthyl Zfluoreact9~carboxylete and obtained as neodlos from
acefone, m.p. 168-169°50 (680/0)9&’max 1760 cm *,

(Found: €, 81L°72} H, k°A%. C,,H;40; roquires: G, 8L°807 H, 4+589/.),

Jrradiation of Benaphthyl xenthenc=O-sarboxylate

This compound was irradinted in & pyrex flask for
4 hours as alrcady descyibed for B-naphthyl trichloroacetats,

and Brnaphthol obtained (60°/,7),

p~Cresyl flusrene-9~carboxylate

This compound was prepared as already described for
p~naphthyl Tluvorenc<«9-carboxylate and obtained as prismes from
- ~1
cyclohexane, m.p. AL4-115° (67"/0)e ymam 1755 cm T
d &

{(found: C, 83+95% H, 5e2kL, Cy Hps O voquirest C, 85°98] K, 50379/ 0

Irradiotion of pweresyl flnorcene=Y-carboxylate

This compound was irradisted in a gquaritz flask foz
2 hours o5 olready described for Penaphthyl ¢richloroacotato,

and p-naphthol obtained (5897, & 3,57dinitrobonzoatel.
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Guaiaeyl fluerense~Yr~carboxylaie

Thioc compound woe preporcd as already described for
Pmnaphthyl fluorene~9-carboxylate and obtained as larpe vricns
fpon carbon tetrachlorido/petroleum ether, m.p. 116-117° (66°/,),

(]
1

ymax .1760 e o

(Found: C, 80°13% H, 5-05, Cy HegO; woquires: C, 79:938 H, 5:10¢/,),

Irradiation of guaiacyl fluorene«=fwcarboxylate

This compound was ivradieted in a quartz flask for
2 hours as alyeady described foﬁ Prnaphthyl trichloroacetado,
and P=paphthol qb-z;ai;aed (58e/,).

xn ancther slmilar experimont the crude reactlon
mizture was evaporated and the n.a.r. specirun of the rostduc
measured. Wo peok about ¥ 6°0 was 6bserved indicating abeence

of any methylenedioxy rosiduc,

Cholestieryl fluorene~9+corboxylate

Thiz compound was prepared as already describsd for
f=naphthyl fluovenew9«carboryliate and obtained 23 needles Lo

from petroloum othor/benzene, m.p. 179-180° {619/, ¢

) 1730 cmolc
nax o

(Found: C, 8507% B, 9°30. C,,H;,0 rvequirest C, 85:07% H, 9:40°/.).
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Irradiotion of cholesteryl fluorene~9«carboxylate

Cholesteryl flnorone~g~carhoxylote (289 mg,) diszolved
in dry ether €125 ml.) was irradietod in the usual vay in a
quertz flesk. After 6 hours the stroag band at 1730 cmm*o
showed no diminutlon in its intensity and so the bulk of tho
recction mixture was evaperated, Reerystallisation of the solid
obtained from peidrol/bonzeanc gave unchanged starting material
(m.p., mixed m.,p. and swperimposable I.R.) (960/0>o

Thig experiment was now repeated ucing dry methyl«
cyclohexane as solvoni. Again no photolysis teok place and the

starting notorial was recovered (9ho/.).

Cholestoryl xzanthene+=9-¢arboxyliafe
]

n o

This compound was prepared as alrozdy described foy
p=nephthyl fluorcne~9~carboxylate and obtained as plates from
. =1
ethyl acetote, m.p. 165-166° 680/, ym&y 1720 e “o

(Founds: G, 82¢75% H, 9°00. C;,Hy,0; requiress? c, 32785 X, ge159/,0,

Irpadistion of cholesteryl xanthene=9=carboxylate

Cholosteryl xanthens*9~carboxylate (297 mgo) disgolved
in dry ethor (125 ml.) was irradlated in the usval way in o
: A ~1
quartz flask. After 6 houws the strong band at 1720 cm ~o

showed no diminution in its intensity and so the bulk of the
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reaction mixture was evaporatod. Recrystallisation of the
solld obtalned from ethyl acetate gave unchanged starting material

(955/.),

Metbyl fluorcne<S-=carboxylate

Thig compound was preparoed by the method of TPuckewx
t68, 861 opgd obiained as necedles from methanol, m.p. 635° (91"/0)e
=1

v =
_ol?JO cr e

Ivradiation of methyl fluorene=9=carboryiate

Methyl flucrens=9~carboxylate (117 mgo) dissolved In

o]

dry ether (125 ml.’, was irradiated in the wsual way in a quart
flask, After 6 hours, the strong band at 1730 cm“l° showed no
diminution in its intenszity and so the bulk of the reaction

nixtvro was evapeorated., Recrystallisation of the solld obiained
from methanol gave unchanged stariing matorial (m,po, mixed m.P.

and superimposable T.R.) 940/ ),

Attompted preparaglon of o“(benzylmswmathyl)benzoic aciq 66

Phihalide (307 mg.) was dissdlved in guinoline (15 nl.)
and benzyl mercapten (0°3 ml,) added. The mixture was rofluxed

fox & hours,

After cooling, the solution was poured info water and
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extractad with ethor. This extvact was washed with dllute HCL
solution, He,CO; solution, water snd £inally dried (W2, 80,7,
Evaporation of tho solvent gave a brown solid which after
vecryatallisation from wator gave needles, m.p. 7H%. Hixed

m.p. with an avthentic specimen of phthalide showed no depremsion,

o~ (BenzyleS=methyl)bonzoic acid

Pathailide (297 mg.) was dissolved in ary DMF {25 mi,)
and sodium hydride (106 mg.) added. Bonzyl mercaptan (0-3 mi,)
was them run in and the mixture vefluxed for X houys,

After coouling, the solution was pourad into water and
extracted with etheor. This extract wos washed with dilute HCL
solublon, la;CQ; solution, water and finally dried (NaQSO&)o

Ivaporation of the szolvent gave & brown solid which on
recrystallisatvion frow petrol (80"10003/001a gave large colourloss

; _ s
priems, m.p. L08-110° (730/,7, ”;ax,ITIO cn T

(Foundt C, 69.973 H, 542, C,4H,,0;S roquirest C, 69:845 B, 5:24°/,).

Attonpted prepayration of 0“(benzy1"8"mothyl)benzoyl chloride

o~ (Bonmyl-8~mothyldbenzoic acid (46+5 ng.) was dissolved
in dry benzene (2 ml.) and oxalyl chioride (0-0465 ml.) wao added
8t room temporeiure. An dmmediate effervescence took place which

subsided after about 15 minutes. The mixture was then heated
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on the wator batn for a further 15 minutes. Removal of the
solvent‘afforded a yellow cheesovliko solid whieh on yecrystallisa=
tion from petrol (80-100°) gave pale yollow mecdlos, mep. 59~60°,
vmax.1695 cm'%, (brond). This exporiment wos then repeated ot

0® and the sane result dbtained,

o= {PhenyleS~methyl )bonzoic acid

Phthalids (108-7 mg.) was dissolved in dyy DM (25 ml o ?
and sodiun hydride (60 mg.) added. Thiophenol (0:089 ml.) was
then run in and the mixture refluxed for 4 hours.

After cooling, the solution was poured into water and
extracted with ethor., This extract was washed with dilute HCL
solution, Na,CO; solution, wator and finally dried (Wa, 50,20

Evaporation of the solvent gave a brown solid whi&h
on recrystallisation from cyclohezane/potyol (60-80°) gave plates,
m.p. 109=120° (71°/5), ¥ 1710 cm L,

(Found: G, 68-85; B, 4L, C,,H,s 0:5 requires: C, 69:07; H, 50019/

o= (Phenyl=Semethyl Jbenzoyl chloride

o—(Phenyl-S‘methyl)benzoic acid was dissolved in dry
benzene (2 mi.) and oxalyl chloride (0°05 ml.) was added. The

whole wae refluxed on the steam bath for 30 minutess

The solvent was evaporated to give a noa=crystalline



product ( ymax.l765 en L) indicdating an aromatic scid chloride.,

The moterial was not further purified,

p-Naphthyl o=(phenyl=S=mothylbenzoatoe

Tais compound was prepared as already described for
B"naphthy; trichloroacetate using a reaction time of 12 hours,
and obtained as needles from cyclohoxane/petrol, m.p, S4~85°
(699/.), Y nge 1740 en T,

(Found: ¢, 78414} H, 4299, C;,H,50,S requives: G, 77.845 H, h790/),

Irpadiation of f=naphithyl o~ (phenyl=S=mothyl)venzoate

This compound wos irzradizted in a quartz flask Lor 30
minutes as already described for B-naphthyl trichloroaceiate,

and P-naphthol obtained (9°/.),

‘Benzyl phenyl eulphide 68

Sodium hydride (567¢8 mg.) was added to dry DMF
(20 m1,) ond benzyl chloride (L.l ml,) end thiophenol (L+5 mi.)
run in, The mixturo was refluxed for 2 hours.

The whole was ponred into walter ond extracted with
evliere The ether layer was washed with dilute HCL solution,
N2, G0y solution, water and finally dried (N, 0,7, Removal of

solvent Zollowed by reorystallisation of the rosiduec solid from
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elcohol gave leaflets, m.p. 440 (87°/.),

Ixyadistion of benzyl phenyl sulphide

This compound was irradisted in a quoriz £lask for
50 ninuvtos as already described for B-naphthyl trichloroacetate,
Evaporation of the solvent gave a brown gum which suelt strongly
of thiophenol and from which no benzyl phoenyl sulphide could be

isolated by clhiromztography.

o~lodobenzoyl chloride

This gompound was prepared by the method of Raifoxrd
and Lankelma '69 !%0% and obtained as colourless ncedlss,

m.p. 3558° (g29/.),

B~laphthyl o=lodobeamoate

This compound wog proparcd by the method alwready
describod Tor PB=naphthyl fluorene~9=carboxylate cnd obtzined as

colourloss priems from ethylacetate/petrol, m.p. 85-86°,
V 1740 cmnlo
mnax e

{Found: €, 54192 H, 2-92. C;5H,, IO, requires: C, S5he 548 H, 209#°/°)

Irradiation of P-naphthyl o=iodobenzoate

This compound was irradiated in a quartz Flask Tor
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L hours as already described fox Bronphthyl triphonylscetate

and P-nephthol obtained (L4o/ ),

p-Aecotophenyl fluorene=G~carboxylate

This compound was prepared by the method described for
Benaphthyl fluorene=9=carboxylate end obtained as needles from
cyclohexane /benzehe., m.p. L56-L57° (720/0)s thw 1745 end 1680 cmmlo

. ot o

(Found: €, 80°61% H, L4°89. Cp,H;¢0; requives: C, 80477 H, Legro/.),

Irradiation of pracetophenyl fluorene=~S-carboxylaie

This compound was irradieted in a queriz flask for
6 hours aos already described For PB-nephthyl trichloroacetate

and phydroxyacelophenone obtained (409/,),

p-Benzeneazophenyl fluorene+9=garboxylate
paeny ¥

This compound was prepared as alroady demeribed for
Brnaphthyl fluorene=9ecarboxylate and obtained as orange needles
from acetone, m.p. 177-178° (70°/.), yhax 1760 cm“lo

(Found: C, 79719 H, h4ol3, CysH 5N, 0, requires: €, 7998} H, Loggos ),

Irrediation of p=beonzencazophenyl fluorene~9-carboxylate

This compound was irradiated in & quariz £lask for &

hours as already described for B+=naphthyl trichloroacetate and



p-hydroxyezobenzene obtained (159/.),

p~Nitrophenyl fluorene-S-carboxylaie

This compound was prepared by the method descyibed
for PB-naphthyl fluoreno~O-carboxylate and obialned as needles
from ecyclohexane/benzoene, M.Po L52+L5359 (690/032 vqu 1745 cm”lo
1l e

(Found: €, 72:85! H, 3-98, C; 0H, 3 N0, weguirest G, F205% H, 3:956%/,)

Irradiation of p=pitropheayl fluoreane=~G-carboxylate

This compound was iryadiated in 2 quaris flask for &
hours as already described for B-=naphthyl {richloroacctote and

p-nitrophenol obteined (109/,).

Isolation of N=p-methylaminophenol from metol

Metol (N"p“hydroxyphenylmet ylammoniunm sulphate) Was
simply converted o its free base, N-prmethylaminophenol, by
treating the ealt with an excess of NeyCQO; molution and extracting
with ether, The ethereal solution was éried (Wa, 50, ) and
svaporated to yield the free base which on recrystallisation

from benzono gave colourless needles, m.p. 87%

Attempted praparation of N*p”hydroxyphonyl”ﬂ“methylform&mido“@°

N-p-Methylaminophonol (0-105 ge) was treated with ethyl
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formate (0+07 ml.) and dioxen (5 ml.) added, The mixture was
refluxed for 1l hour,

After thils time {he solvent was evaporated o yield
a colourless solid, the I.R. spectrum of which was neasured, o
band at about 1680 cm.-ln was observed, indicating the absence of a
i‘prmamideo Furthernore, recrystallisation off the solid from
benzene gave colourless crystals which wore shown to be identical
with the starting meterial (m.p., mixed m.,po. =nd suporimposablo

I.R, spectzra).

N-Carbethoxy<N-methyl~p~aminophenol

N-p=Methylaninophenol (loh»mgo) was dissolved in dzy
benzene (10 ml.), treated with ethyl echloroformate (00815 m1,)
and the whole yofluxed for 2 hours. The nilxriture was cooled and
extracted first with dilute HC1l solution ond then dilute NalH
golution, This lotter extract was acidified and exiracted with
ether, the ethereal solution dried (Nazsob) and then evaporaﬁed
to yleld @ colourless oil, The I.R. spectrum showed an intense
bend at 1670 cm-l° indicating the presence of the grouping

,}N°‘CO°0° However, vepcated chromatography on zlumina failed

to cxystallise it,
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p-Dimethylaminophenol

Lithivm aluminium hydride (Les go) was dissolved in
dry ether (250 mlo) and erude N-cavbethoxy~N-methyl-p~aminophenol
(200 mg.), dissolved in dry ether, gradually added. The mimture
wag then heated under reflux for 3 hours,

After carefully destroying aany excess lithiuvm aluminiuvnm
hydride with ethyl ecetate, water was added and then the
precipitated aluminium hydroxide filtered oif. The ctheresl
solution was dried (Nazsoh and the solvent cvaporated to yield
a white crystelline solid wvhich on recyystallisation from beunzeno

gave p-dimethylaminophenol, m.p. 74~76° <87°/°)c

peDimothylaninophenyl fluorone~g-carboxylate

This compound was prepared as already described o
Benaphthyl fluorene—9<carboxylate and obitained ss & colourless

oil (679/,), HmaJ L7L0 cm 1@ which could not be crystallised,
183 o

Irvadiation of p~dimethylaminophenyl fluorene=9-corboxylate

This compound was irzradliated in o quartz fiask for L
hours es already described for Brrephthyl trichloroscetate and

p=dinethylaminophenol obtained (92/.).
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f~Faphthyl N-phenylurethan and Praaphthyl eu=naphthylurothan

p-iaphthol (0-01 mol..) was dissoolved in phenyl isocyanats
(0:01 mol,) and dry ﬁriethylamine 6] drop) added, The mixture
was heated‘on the wéter bath vader anhydrous conditlons fop 5
ninutes and then cooled. Colourlqss erystals quickly separated
which weye thea filtered 2% the pump and extracted with hot
czrbon tetrachloride, The crystals which subseguently separated
on cooling, were recrystalliéed from thé same solvent to give
needles, msp., L55-156°. In an exactly analogous mannesr, Penaph-
thyl N'“a"napﬁthylurethan was prepared from a-naphthyl

isocyenate (m.p. 157=158° ex CGl&).

B-Naphthyl ¥,N~dipheanylurethan

B~Haphthol (0-0L wmol.) was dissolved in dry triethyl-
aminsg (3 ml,.) and diphenylcarbamyi 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 lla, CO; solutior,
dried and finally recryotellised from carbon tetrachloride/

petroleum ether (60-80°) to give needles, m.p., 1H1-142°,

Irradiation of P=paphthyl N-phenylurethan

BeNapbthyl N-phenylurethan (151 m@,), dissolved in dvy

dioxan (125 nl.) was irradiated in the usual way in a quariz flagk.
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Aftor 6 hours, the sirong band at 1730 cm_l° showed no dimiaublon
in its intemsity and so the bulk of the reaction mixture was
evaporated. Recrysitallisation of the solild obiained from caxbon.

tetrachloride gave unchanged sitarting material (94°/°)o

Irradiation of Pramaphthyl N,N-diphenylurethan

This compound was idrradiated in a querts flask for
It hours using other/ethanocl 9:1 as seolvent as described fop
B-nophthyl trichloroacetate and B-naphthol obiained (67°7.) .

Aftor base oxtraction of the resciion mixture, it was
then extractea with dilute HCl_solution, the acidic layer m=de
alkaline, exiracted with ether, and then the etherezl solution
woshed with water and drled (Na,S0,). The solvent was removed
civing e brown solid which readily formed a tosylate (58°/0),
Bope. 1429 (diphenylamine tosylate m.p. 1429, mixed m.p. showed
no depression).

This photolyesis was xepeated_in dry dioxan (125 ml.,)
giving pure Bemephthol (47.59/.) and pure diphenylamine tosylate

460/,

Izrradietion of P=naphthyl N-a—naphihylurethan

This compound wes irradiated in & pyrex flask Iox

% hours using ether/ethanol 9:1 as solvent as described for
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P-naphthyl trichloroacotate and B=naphthol obtained (75°/.),

After base extraction of the reamction mixture,
evoporation of the ether gave a brown solid, (111 mg. 979/,)
which after chromatography on alumina (grada 3, using benzone/
10°/, ether as eluant) followed by recrystellisation {rom carbon
tetrachloride gave colourless prisms (74 mg., 64-30/0) B.p. 79°
(ethyl N=a~naphihylurethan m.p.79%, nixed m.p, showed no dopresr
sion).

This photolysis was repeated in dry dioxan (125 mL.,)

giving P=nephithol (64o/.),

Attempted preparation of potassivm p=eresyl xenthate

(chem, Abs., 1949, 43, 8604z.)

A mixture of potassium hydroxide (00 g.7, ethanol
(200 ml., 95°/,), p-cresol (25 g.) and carbon disulphide (25 g.)
wore 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 was found to contain only 8°¢9°/, 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 Qeg g.) vas @issolved in water
(15 nl.) and potassium hydroxide pellets (lvg.) added. After
boiling the nixbure under reflux for 30 ainutes it was acidifiecd
with 509/, ICl and nitrogen passed through until all the
hydrogen sulphide liberatcd had been swept out of the reaction
flask ond slowly bubbled through three Dreschel bottles each
containinngz/KI solution (100 ml. of 0°1 W). The unrecacied
iodine was then estimated by titration with 0-1 N sodiun
thiosulphate solution. 1In all cases the titre obtained for the
the thirﬁ bottle corresponded exectly to the amount of iodine
present in it inditially.

The procedure was standardised by using potassiun
O~ethyl =xanthate and was found %o be cavable of giving a

value within 5°/, of the theoretical amount of sulphur present.

Attonpted preparation of potassium p~cresyl xanthate

p-Crosol (1 g.) was dissolved in dry dioxan (20 nl,)
and redistilled triethylemine (2 ml.) and carbon disulphide
(1L ml,? were added, A yellow colour was produced and the mixture
rofluxed for 2 Lours,

The gilvent was evaporated to give a dark orange oil.

A sulphur estirntion was carrled out on this on this naterial



and a value of only 7°9°/, of the theoretical was obtained,

Thermodynamig instabdility of potassium p~cresyl xanthate

The U.V, spectrum Qf potassiun O+ethyl xanthate was
first measured in the usual way in ethanol and a peak at
505 mr.(4°25) found., The U.V. spectrun of polasciun cresoxide
in water was measured and a peak at 295 qp.(3°42) found.

Five drops of carbon disulphide wore thoen added to
the solution of potassium cresoxide to saturate it, and a new
peak at 31% mkﬁ(l°73) appearcd in the U.V, This gradually
disappeared as the Bolution was asplrated.

Aspiration of the solution of potassium O-ethyl

xanthate produced no change in its U.V. spectrum.

Dithiobenzoic acid

An ethereal solalion of this compound and also its
lead salt (purple needles fyom toluene, m.p, 204=205°, 70“/0)

were prepared by thoe method described in "Houben~Weyl" 172,

Thiobenzoyl chloride %72

A mixture of dithiobenzoic acid (55 g.) in ether (50 ml,)
and thionyl chloride (8 g,) was refluxed on the stean bath for

7 hours., The ether and unchanged thionyl chloride were distilled
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off and then the apparatus set up for distillation under vacuum
(0°2 mm.), The temperature was gradunlly raised to 2L0°, when
the thiobonzoyl chloride began to distil, The hroduct was
redistilled to give a violet liguid b.p. 60+65°/0+2 mm., (579/.).
This preparation was found to be uanrelilable, polymerisation

often taking place at 200~245° before any product had been

obtained.

Thiobenwanide

This compound was prepared by the method of Staudinger
and Siegnant ‘7% and obteined as orange prisms from cyclohexane,

m.p. 96~97° (670/.),

Benshydryl thionkenzoate

This compound wos prepared by the method of Smith 74 195
end obtained as yollow needles from petroleum ether, m,p. 68-60°

(590/,)

Attompted preparation of the tosylate of dithiobenzoic acid t76

Tosyl chloride (56 mg.) was dissolved in acetonitrile
(20 ml.) and lead dithiobenzoate (513 mge) added, The suspension
was stirred for 2 hours at room temperature., After this tine

no dissolution of the lead sali had talken place, and sccordingly,
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oMy (30 ml.) was aﬂdedo A clear dark red solultion resulted,
This was stirred at room tcmperature for a further 4 hours.

The solvent wes removed under vacuum and the residue
washed free fron tosyl chloxide with ether, There renmadined
lead ditliiobeanzoate in almost quantifative recovery.

The above experiment was recpeated using the sane
waights of stayrting materials in refluxing DHF for 3 hours,

Apain the lead salt was recovercd unchanged.

Attonpted preparation of the tosylate of dithiobenzoic acid

e
Dithiobenzoic acid (69 mg.) in solubion in ethor wes

treated with tosyl chloride (85 mg.) and triethylamine CQ5Q5 mgo)o
A wvhite precipitate was produced. This was filtered off and
the solution divided into two equal parts,

To one half of the above solition was added 2 sclution
of aniline (50.mg.) in ether (L0 ml.) and the precipitate of
thicboenzanide which was immedistely formed, isolated and
choracterised as in an earlier exporimeant.

To the other bhalf was added a solution of B~naphihol
(6435 mgo) in ether (10 wl.). After 90 minutes, the solvent
was removed at room temperature and the I.R. spectrum of the
product (= dark reddish gum) showed intonse hydroxyl absorption.

(Y4

* The poiution of dithiobensoic acid was obtained as
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follows:~ lead dithiobonzoate (90005 mgw) was susponded im ether
and dilute HCl solution added. The nixture was vigorously
apitated until all the orpganic acid had been liberated. Tho
ethercal 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 77

and obtained as a pale yellow liquid, be.p. 91°/10 mm.,{669/,),

Phenyl N-phenylihionurethan

This compound was prepared by the method of Rivier ¢3?
and obtained as colourless needles from ethenol, m.p., LA40~141C

(762/,),

Diphenyl xanthaie

This compound was prepared by the method of Rivier 8 97?
and obtained as golden yellow prisms from ethanol, m.p. 49-51°

(690/,).

Phenyl chlorodithioformate

This compound waag prepared by the method of Rivier {78

and obtained as a pale orange liguid, b.p. 135°/15 mm,, (75“/0)n
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FPhenyl dithio=N=phenylurethan

This compound was prepared by the method of Rivier ‘78
and obtained am colourless prisms from ethanol, m.p, 116~119°

(710/.),

Diphenyl xanthate

This compound was prepared by the method of Rivier 79
and obtained as golden yellow prisms from ethanol, m,p. 48-50°

(s60/,.),

Irrvadiation of diphenyl xaunthate

o

Diphenyl xentaate (123 nmg,/, dissolved in dry cyclo-
hexane (125 nl,J) was iryadisted in the vsual way in a pyrex
flask Tor % hours.

The cyclohexane was extracted quickly with 2% Na OH
solution, lthe basic layer acidified, oxiracted with chloroform
and the chloroform soluvtion washed with water and_dried (Nazsob).
The solvent was removed giving a brown tar (20/0)0

The cyclchexane eolution was dried (Nazsoh) and
evaporated to give a light brown gum which after chromatography
on alumina {grade 5 using 40-60° petrol as eluant) gave 2 non*
crystalline yellow conpound (76°/G) whose I.R. spectrum was

superimposable on that of diphenyl xanthate.
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The ecxperiment was then ropeated uzing a quartz flask,
In this case, the yield of the phenolic maierial was 10°/, and
that of unchanged starting material 25°/,

Both the above experiments were repeated with the
addition of benzophenone {1 mol.) to the reaction mixture. With
the use of a pyrex flask the yield of phenolic material was 5°/,
and that of unchanged starting naterial 679/, while with a quarts
flack, the yield of phenolic material was 14°/, and that of

unchaupged storting meterial 209/,

Thiobenzoic acid

This compound was prepared by the method described din

Organic Synthescs 179,

S=Benzoyl=O=phenyl zanthete ¢°°

Potassiun thiocbenzoate (176 mgo) dissolved in dry
acetone (100 m1,) was gradﬁally run into a solution of phenyl
chlorothionformate (172 mg.) in dry acetone (50 ml,) at =45°
cver a poriocd of about 30 minutes., The mixbture wes then allowed
to react for & Ffurther 30 minuteg, at the end of which itime a
deep yellow colour had developed.

The solution was gradually allowed to wazn to room

temperature and at about -15° it was observed that the yellow
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colour was rapidly discharped to give a prqcticaily colourlass
solution.

Svaporation of the solvcnt at roon temperature gave
a mass of aluost . colourless noedles, m.p. 6h=65° (ox Tiou) (gre/ 2,

Mmax°l750 cm"l. Mixed ma.p. with authentic phenyl bonzoato
shpwed no depression and the I.R. spectrum of the two substances
wvere superimposable.

This experinent was then ropeated and as the colour
began to fade at «<15°, the solution was gently aspirated with
dry_nitrogcn. The oxit gases werc‘passed into an otherecal
solution of piperidine and a precipitate gradvally formed. This
precipitate wag identifded as its l-~dithiocarboxy derivative
Gnop., riixed m.p. and I.R. spoctrun). It was thus concluded

that CS; had been cvolved.

Irvadiation of S5 benzoyl=0-phenyl xanthate

S~Benzoyl—O~phenyl xanthate was prepaved as described
earlier from phenyl thiocbenzoatc and phenyl chlorothioanformate
(5"6 mgo) in acetone at =60°, The deep yollow solution was then
irradiatcd at thisc tcnmporature for 1 hour at the end of which
time it was almost c¢olourless,

The soiution was allowed to warm to room temporaiure

and ovaporated, Tho residue was extracted with ether to separate



the organic nmoterdel from potosslium chloride and then the othoresl
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selution extracted with Halld soluiican., The basic luayer wes

acidified, extracted with &ther, tThe ethorcal solviion tvazhed

» . - .

with water, dricd (Nagﬂﬁb) and the solvent evaporated to olyv
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a non-c rystelline brown tar (Lil mg,? which suoelt str oagw of

. thicbenzoic acid. The I.R. gpectrun showed sironp bands at
-,
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3600 em T, and 3350 e¢m T.yand a weaker band at 16
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indicating it to he a mixturce of pheanol and thiobenvolc acid.

Tho base lacoluble fraction was dried (va?soh) and
cvaporated to glve a pale yellow pum,. Chronatography on alumind
(grade 57 gave on clution with a 509/, petroleun ether/henzene
nizture, phonyl benzoate (383 mg., 789/, (ui.p., mixed m.p. and
i.R. camparison)5 and on elutlon with benzene alonoe gave dilonzoyl

disnlphide (3 AT ad ?0/03 {m.p., mived n.p. ond IR, ummz”migon)

Dibonzoyl disulphide

in Organic Syntheses 8 apd cobiained as pricus ivon ethanol,

- p - -1
m.p. 1280 (7397,), vmav 1690 em —,

Seicolyleo-pheryl xanthate {0
Potassivn thiocacetate (192 mg.), digsselved in dry

acetone (100 MAD), was gradually run dnto 2 golutlon of phenyl
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chlorothionformate (a2 mgo) in dry accione (50 vl,.) at ~L5o
over a veriod of about 3O0minutes. The nixiture was>%hen alloved
to react for a further 30 ninutes, at the ond of which timc a
deop yellow colour haé developed.

.The colution was gradually allowed to warm tae roon
tenperature and at about =25° it was observed that the yellow
colour waag rapidly lost to give a2 practically colourless solution,

Tho nixture was filtered to rexcve potassium chloride
and cvaporation of the solvent at roon tonperature gave a

" =1
yellow sun whose I.Re spectrun showed absorptions at 1770 em o,

1740 en L., 1730 e L., 1710 cm L. and 1690 em ©. The 1770 cm .

‘peal could rcasonab;y be assigned to phenyl acetate and the

1730 cmmlo pealt to diacetyl disulphide, TFuriber weight for this
conclusion was acquired fron an exanination of the n.n,r.
spectrun of the crude reaction product which showed a complex
aronatic multiplet at svout T 2°8 and sharp singlets at T 7052
(dincotyl disulphide by comparison with an authentic specimeu)

and'?'?'?ﬂ (phcnyl acetatec by comparison with an aunthontic

spocimen),

Diacetyl disulpbide

Potaseium thioacetato (700 mgo) vags dissolved in water

,,%
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(50 ml.) and an othanolic solution of ilodino added until a
s1light pernanent brown colouwr persisted., The mixture was
poured into a large voluue of water and the product extracted
with ether. The cther layer was wasched with en agueous solution
of sodiun thiosuvlphate, water and finelly dried CN&250L3¢ The
golvent was removed vo give & colourless gun which crysitallised
with difficulty and which on recrystallication from agucous

ethanol gave needics, m.p, 20-21° (63977

O~Bthyl Se=phenyloxythlocervonyl xanthate *%0

Potagsiun O~ethyl wanthate (353 mge) dizsolved in
dry acotone (200 ml.) wes pradually run inte a pelution of
phenyl. chlorothionfornate (400 mg.) in dry aceteno (300 md,)
at ~L45° over o pericd of about 30 pinvtes. The mixiure wos
then allowed 1o zesct for a further 30 minvtes, at the end of
which tine a deep yellow colour had developed,

The. solution was gradvally alloved to warn to yoom
tenperature and then {he solvent ovaporaitod at room feuperaturs
to givo a Goep yvellow gun, This gun was extrected with beiling
petroleun ethex {Lo=60°) and afforded an almost colourless oil
(inoolublel and & deep yellow selutiorn. On trituration with
evhanol, the colourlecs oil crystallized, and recrystullisation

fron the same solvent gave colourless ncedles, m.p. 106-107%
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(23°/°). This wag shown to be diphenyl thiloncarbonato (m.p.,
mixed m.p. and I.R. spectrum)
Evaporation of the petrol fractlon gave a yellow oil
which failed to orystallise. Chromatography on aluminafgrade 5
using petrol/benzene 9:1 as oluént) also failed to induce

crystallication,

Diphenyl thioncarbonate

This coupound was prepared by the method of Rivier t77

and obtained as noedles fronm ethanol, n,p, 106=1L07° (67°/o)°

p=Crooyl chloroformate !9°

Dry benzene (500 rl.) was satu;atod with vhosgene and
& solution pf p“c:osol (50 g.) in beanzene (100 nl,) and pyridige
(40 n1.) gradually added, The mixbture was allowved to ssand for
30 minutqs and then the solvent renoved, The rosidual ligquid
was distilled under rediced pressure, the major fraction
b.p. 46°/0+6 nm. being obtained in 61°/, yield, Vmax.l780 cm-l.
Aftor distillation, there remezined in the flack a
solid whioh on recrystallisatlion from ethanol had m.p. 111-111-5°
(21e/,). This was di~p-cresyl carbonate (1it. me.p. 112°)

«1
Vmaxl770 el T,



Sodiun O~ethyl zanthate

This compound was preparcd as described in YWogelw (B4

and obtained as fine yellow ncedles fron ethanol,

O~Ethyl S~pvcrescyloxycarbonyl xoenthate 90

Soddun Orothyl xonthate (0337 g.) dissolved in dry
acetone (25 pl,) was pradually added to p-eresyl chloroformate
\0*L g,.) in dry acctone (25 pl.) at -30° with stirring. ﬂfter
1 hour. tho nixture was alloved to warnm to roon tomporatuxe
the solveat renoved in vacuo, water (50 nl.) added %o tho residue
and the product extyacted with mothylene dichloride, The
cxtract was washod with agueous Hap, C0; soluiion (l°/o), and
water and finally driocd (a, 50,). The solvont ves removed afb
roon temperature to yield a yellow gun (8407, yﬁax¢l750 cm b,

which could not be crystallised.

B=Naphthyi chloroformate

This compound wac prepared by the method of Linhora

and Rothlaunf (85 and obtained as prisws from petroloun ether,

n.pe 65-66° (629/,), ¥ 1780 on™

(Y

O~Ethyl S“B“naphthyloxycawbonyl xanthate

Sodium O-ethyl xenthate (00132 g.) diseclved in dry
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acetone (25 ml,) was pradually added to Prnaphthyl chloroformate
(04238 g.) in dry acetone (25 ml.) at =30° with stirring. After
1 hour, the nixture was allowed to warn to room temperature, tho

solvent renoved in vocuo, water (50 ml.) added to the residue and

the product extracted with methylenc dichloride, Tho extract

was wached with aqueous Nz, CO; solutioﬁ (1°/u) and water and
finally dried (Naqso§). The solvent was renoved at rxroon temper*
ature to give a yellow crystalline solid which on recrystallisaiion
fron poetrol pave needles, m.p. 73%74° (87°/0), b;ax.l750 cmwl,
(Founds C, 5744 H, 441y S, 21°69. C,;,H,; 0,5, requires: C, 57+505
Hy 44123 S, 21»902/0)_

This exporiment was repagted at roon tgmperature and &
yollculgum was obtaingd which cquld not Ve crystallised. The
I.R, apectrun showed intense bands at 1750 cm”l. and 1700 cm"ln
presunably due fo tho pheaylorxyformic thioanhydride and a much

weaker band at 1770 cn l. presunably due to di-~B=-naphthyl carbonate.

Irradiation of O~ethyl S=P-napathyloxyecarbonyl xanthate

Thic comnpound was irradiated in a pyrex flaesk for 2
hours as alroady described for Prmephthyl trichlorocecetato and

p~naphthol obtained (240/.),
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B,EQDihydroxydinaphthylmethane

Thisc compound was prepared by the method of ¥Fries and
iilber and obtained as ncedles frow glacial acetic ecid,

map.196-1989 (74°/.),

Attonpied prepayation of methylene=hip=B~naphihyl chlorofornate 185

Dry toluene {100 nl.) was saturated with phosgene and a
solution of nethylene~his~f=naphthol (1:78 g,) in dry toluene
(50 nl.) and quinoline (178 g.) gradually added with vigerous stlr-
ring, The mixture was allowed to react Lor 30nlautes and thon the solvent
removod. The solid residue obtained wos ill-defincd and attenpis o
recryctallise it fron nonhydroxylic solvents failed. Its I.R.
spectyun showed a strong bubt broad band at 1765 cm”lc‘and a uuch
veaker band at 1780 cnul. This cxperinent was repoaded using a

reaction timo of 3 hours with an identical result.

Fhosrenation of methylens~bis=B~navhthel uging K, CO. as base

ilethylene~bis~p~naphithol (025 .) wap dicsolved in
dry toluenc (1,00 1,7 in vhick was susponded anhydraous K, GOy
Q g.), The nixture was refluxed for 5 hours wiﬁh the continous
pagsage of phosgene, Removal of the solveat gave a crystalline
solid which on recrystallisation from benzene gove prisms,

MePs 255723550 5° (67°/a),\i 1765 cm“l° A moleculay weipght

nax,
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determination by the froezing yoint method gave a value of
343f3.
(Founat G, 80.637 H, 425, Cy5H;,0y requires: G, 80.97; H, 430°/,}
lHolecular weight by calculation 326,
lThis compound.vwas thus concludqd to be the cyclic

s 7 Iy 0
carbonate, 2,8"dioxa°3,#.6,7“dinaph%ho(2,3,213)octan“l~oueo

1 Phosgenation of methylene~bls=p-naphthol

Dry benzene (75 ml.) was saturated with phosgene ot its
boiling point and then a steady stremm of the gas continuously
bubbled through., 4 solution of netbylonef§i§“ﬁﬁnaphthol
(20128 g.) and collidine (0°l735 nl,) in dry benzene {50 n1.)
was gradually added, After the addition p£ tho phenol/collidine
nixture the reaction was allowed to proceed for a further 15
minutes,

} ' The solution was.filtered and evaporated to dryness oa
the stean bath. Chromatography of the product on alumina

(crade S5 using 50°/, petrol/benzene as eluani ) pave a white
erystalline solid, m.p. 235-235°5° (ex benzeno? (46°/,), and,
using benzene as oluant, a yellow solid, m.p. 171-172° (ex
ethanol) (@4oy,), |

Cn adnixture with authentic 1—oxaspiro[}35] 6,7

ben20“2,3~naphtho(é;i)“decan"aman“lo-one this naterial showed no
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m.p. depression and further, the IR. spectra of those compounds

were superinposable,

The former coupound on admixture with authenti
2,8~diOXa"5,h,6,7mdinaphthoCi,f,é:gﬁoctan"l"one showed no m.p.
depression,and the IR, specira of these compounds were also

superinposanle .

Ozidation of nethylene=bis=f~naphthol

This compound was oxidised by the method of Pummeror
and Cherbuliez *' and the product obioined as yellow ncedles

from ethanol, m.p. 17l-172¢ (13°/.), Mmar 1670 om +.

Attenptod preparvation of phenyl esters of 2,#~dinitrobenzeno

sulphenic acid (67 88

. Phenol.(9h~mg@) dissolved in dry carbon tetrachloride
(100 m1.) was tveated with 2, d~dinitrobenzenesulphenyl chloride
(235 mg.) for 15 minutes at room temperature. After this time,
the aolvept wae removed &t yoom temperatuzolﬁo give a non™
crysitalline yellpw residuee The I,R. spectrun showoed strong bgnds
at 3610 cmfi. and %320 cmhif This exporimeni was repeated w;th
;oaction tines up to 6 hours with the cane result. B-Naphthol
also gave the same rosult.

In sach case after the I.R. measurements hed boen taoken,
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the product was discolved in ethor and quickly extracted with
dilute NaCH solution, Aftor removal of the ether, the base
insoluble residuo wvas found $0 bo anon=crystalline, all attempts
to induce cryctallisation falling.

In & second series of experineais, pyridine (79 mg.)
or triethylanine (101 mg.> viere added to the wecaction nixture,
but the same results werce agoin obtained,

In a third and f{inal series, the solvont, eithor carbon
tetrachloride or benzene, was refluxed but egsain the sane result

wos obtained,

Benzyl 2,4%=dinlirophenyl sulphide

. Z,AFDiuitroch;orobenzcne (202 g.) dissolved in hot
ethanol (100 ml.) was treated with benzyl mercapion (12+4 gc)o
Dry ¢riethylamino (L0°L g.) was now added and an immediate
precipitakioﬁ of a mixturs of the benzyl 2, l4vdinitrophenyl sulphido
and triethylanine bydrochloride tock place. This was filtered ab
the pump aand then digested with cold water in order to remove the
salt. The insoluble materisl was collected, dried and rcerysital=
limod from CHCly/pstrol %o give large yellow prisms, m.p. 128°

(80°/,).
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2, §*Dinilrobenzenesulphenyl chloride
This compound vac prepared by the method of Kharaceh
and Iengford 89 and obiained as yellow needles from carboa

tetrachloride, m.p. 95-96° (86v/,7.

24 b-Dinitrobenzencsulphenyl acetate

Thig compound was prepared by tho uethed of Puinan
and Sharkey ‘29 and obtained as bright yollow necedles, i.p. OO

90° dec. (869/,), ¥ 1780 en™ T,

Mothyl 2, b~dinltrobonzenecsculphenate

This compound was nreparcd by the method of Perold
and Snymon %' and obtained as yellow needles from mothanol.,

MePo 124"’"1250 (630/0)o

Trrediation of 2,#dinitrobonzenesulphenyl zcetnte

2,1wDiniﬁrcb¢nzenesulphsnyl acotato (250 mg.) dlssolved
in dry bonzene (125 nl.) was drrediated in the usual vay iz 2
pyrox flaglk, The outlet of tho candenser was atieched to two
wash*boﬁﬁiﬁs conaected in sories and each cantaining 01¥ NaoH
solution (25 nl.). After .1 hour, the reaction was complete fas

avidenced by the disappsarance of ﬁhg baud atv1780 cm"ln3 pilving

a pale yellow selution and a dnxrk brown precipliste, The
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pracipiﬁ&éo‘was #iltoroed end freed fron & srell amnunt.of
admixod yellow matcrial by disszolution in ethénclvfollowo& by
filiration and subsequontjraprcci itation with bonzone, te
givg a darl: brovn anorphous powdor QlQﬁ/m), The IQR; spocirun
of tﬁim compound vas found to bo very siniler o that of
aunthontic 2-amino“i-uitrobonzenesulphonic scid. However thin layey
chrome.tography on cilica gel piates (50/50 By /B0 QA0 oo solveﬁta
chowed the materizl obiained in the photolysis o bo dmpure.

Confirmation that it did contein sone 2-aming=i
nitrobemzeneaulphonic acid was obtained by treatment with bromine
in 50°/ sulphuric acld ‘97 whon a flocculeni prenipiiate
1dentified as 2,%,6-~tribromo~Sraltrozniline {B.p.. mixed m.po,
and suporimposable I.R. spoctrel was obtained.

Further, trcaiment of aa authortic specimen of the
acid with bromine in scetic écid et room hompereture showed by
waclk titretion of the excess hrowine in the usuweld wey that 579,
of the theoretilcel aswount wes consuned. The materisl obtalined
in the photolysis, however, consumed only 2%%/, in on ideniicel
oxperinent

Botimation of the total ecid content by titwatlon with
0éi§vmaﬁﬂ soluvion gawe Tigures of 959/ and 369/, for the
autheniic and "photolytich mmteriels rospectively.”

The T.R. spectrun of the aforementioned yeliow
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precipitate (6°/,) was found to be suporimponoblo om that of
authentic 24,2, etobranitrodiphenyl disulphide.

The pnle yollow so;ution uao extracted with‘aﬁ 2011
solution, heoated briefly on the ctoam bath %o free it fron
dicgcolved ectlher, acidified-with oulphuric acid and finally staan
distilled until abpuf 200 nl. of the distillate had beon obitained.
Thic distillato wac divided into two equal partc, and cach part
titratod with O°iﬁ e Ol solution using phenolphthalein os indicator.
The corbined titros (whiqh vero equal?l were found %o bo equivalent
to an 87°/, yiold of acctic acid.

Te¢ the neutraliscd solution was added a fow mle of &ﬁ
Ma0l solution and the whole concentrated o about 10 ml, A
p=bronophenacyl ester was prepared in the usual way and found %o
have m.p. 84~86°, identical with that of p-bronophenacyl acetate
(Ml.p. and pixed Hepele

Titration of the Hall solution throush which the exit
mases from the photolysis had passed, against O-lﬁ HCL solution
showed that thexre had been no evolution of carbon didxides

Evaporation of the filitvate offter meparation of the
2=~anino=h~nitrobonzonesulphonic acid gave a yellow solid which
after chronatography on alumirna (grade 3 using 50°/, petraol/
penzene as eluant; followed by recrystallisaﬁion fron ethanol/

benzene gave bright yellow acedles, m.p. i2l.=i22° (73°/.), Iis
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I.R. spoctrun was suporinposable on that of authentic 2,4°dinitro-
diphenyl sulphide and it5 n..r. spoctrun showved a singlet
(1= 2. tons) 15 (L= 500! :

= 239, 5 protons/, two doublets = 308, d= 9, 1 proton and
el Lid
1= 1°035, §J=2, 1 proton), and a guartet (2 = 194, J=9, d=2,
1 proton).

Another irradiation experiment performed in tho presence
of anisole gave identical regults cxcept that the compound isclated
on cvaporation of the filtrate alfter scperation of 2raninowi=

'
nitrobonzencsulphonic acid was 2, b4~dinitro~f~nethoxydiphonyl
sulphide (m.p.. mixed m.p.Js The ne.m.r. chowed & singlet

o [ - ”

(L= 6+05, 3 protons), two doublets (= 35:05, d=9, L nroton and
o ’ ot

1= 1.02, J= 25, 1 proton), a dcublo doublet (L= 298, J= 9,
"o Licd
l= 2051, =9, J=28, & protons) and a quartet (i= 1.90, &= 9,
Jz=2eh, 1L proton)o

In another oxperiment dn this series, tho acctate was
irradizted 26 above in benzenc for one hour and then cicess
cyclchoxylamine addod. The nmixture was gently warmed for 10
ninutes aftor which ¢imo the acetic acid wes isoleted and estinated
ac abowe, It was obitained in 69°/, yield showing thet 4% had
boen precent originally as the {ree acid and not as a nixed

carboxylic/sulyhonic anhydride.



2, 4Dinitrodiphenyl sulphido €92

o 2y b-Dinitrochlorobenzene (135+3 g.) was dissolved inm
hot cthanol (100 ml,) and thiophenol (7.25 rl.) added. Dilute
HaOl solution (33 ﬁl. of 2I1) was now gradually added with vigorous
stirying and a yollov precipitate thrown down, This was collectad
gt the puup, washed with a2 little cthanol and thon digested with
cold water to remnove the iaCl. The incoluble moterial was
filtered off and rcczystallisqd from an sthonol /benscene mixture

to give bright yellow ncedles, m.p. 12i-122° (84°/. ),

P=Anlcyl mercoptan

Thic conpound was prepared according ¢o the methed of

Suter and Hangen %% and obtained os a colourless oil (67°/,),

s
24 b"Dinitro~h-nmethoxydiphenyl oulphide

p=Anisyl nercaptan (3°8# Go) was dissolved in ethenol
(50 ml.) and o colution of 2,4~dinitrochlorobonzana (555 g.) in
ethonol (50 nl,) added. Dilute HaOH solution was nowr added
dropwise with agitation until the solution bocame just allaline,
followred by 1 drop of dilute HCL solution.

The yellow prccipitate was filtorod and digostod with
cold watecr to renove thq FaCl and then dried., Recrystallisation
fron benzenc/ethanol gave noedlecy m.p. 116-117° (84°/.),

(Found: C, 51°L407 H, 5°38. C,3H,qi% 05 requirest G, 500987 H, 3°29°/,),
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v,
2, 4,2, 4=Totranitrodiphenyl diculphido

This compound was yrepared by the method of Claass 9%, 195
and obtained¢ as a bright yellow microcrystallino solid,

Depo 240-200° dec. in almost quantitative yiold,

2y 4~Dinitrodiphenyl sulphone

Thic compound was prepared by tho nethod of Gilman and
Broadbent ¢%% and obtainod ac colourless ncedles from ethanol/

benzene, m.p. 157-150° (g50/.),

~irino~4~nitrobenzencsulphobic acid

This compound was preparced by the nethod of Lharasch

t al, !%6, and obtained as aluost colourless ncedles (70°/,2,

B

Action of bromine om sodium p=toluenesulphinate

Sodium p=toluocncsulphinate (3923 mg.) was dissolved
in water (100 ml.) and an oxcess of a standard solution of
bronine in acetic acid added. The nixture was‘allowcd to stand
for 10 minutos;

After this time, an cicess of a standafd I, /XTI solution
was added and tho oxcesso iodino estimated by back titration with
0°1% lig; S, Oy solution, The estimation showed that the oxidatilon

of tho sulphinate by bromine was quantitative.
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A cognate oxperinent was carried out in wlich a dilute
solutlon of bromine in acctic acid was added dropuise to a
solution of sodium p=toluoncsulphinate in wator. Decolorisation
tqok.place imnediately showing that the oxidation was instant~

ancous.,.

Irradiation of p-tolucnosulphinic acid in the preconce of

m=dinitrobensenc

A solution of p-tolucncsulphinic acid (3728 mg.) and
m~dinitrobenzene (400 mg.) in dry benzene (lafinaw)Awas irvad-
lated for QO ninutes under standard conditlons.

After this time, the solution was extracted with
saturated RallCQs soluticn, washed with water ond dried (Na, 50,7 .
Evaporation of the solvent followed by recrystallisatica of tho
solid from ethanol pave m“dinitrobonzgn& Qm,p., nixed n.p. arvd

I.R. spectruml,

3, 4Dichloronitrobonzene

This compound was made by the method of Hodgson and

Kerchaw §°? oand obtained @ colourless needles, m.p. 43° (G?G/Q)o

[ 4
Attempted preparstion of 2,2-dlchlorco=d, bt~diniirodiphenyl

disulphide 95
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Crystalline sodium sulphide (8«27 £+) wes dissolved
in 959/u ethanol (30 nlL.) by Gcntly viarning, aad finely powdered
oulphur (1+14 Go? added. The hcating was continued until all
the sulpbur had dicgolved to give a brown/red solution of sodiun
disulphide.

This wixture was then gradually added to a solubtion of
3y4-dichloronitrobonzene (882 .) in ethanol (20 mi.)., 4 violeat
reaction set in., After the addition was conplete, the whole was
re:luxod for 2 hours on the stean bath and then the product
separated by filtration. It was wached with wates to remove HaCl
and then recrystallised from nethanol to give ncodles, B.p. 176=
177¢ (10”/0).(E,éLDichloro~&,ﬁLdinitrodiphenyl sulphide,

m.p. 176-1779, mixed n.p. showed no depression.)
(Founda: ¢, 41+75; H, 1+74, Calc. for C,nH;Cl, 1, 0,8¢ C, 41-86%

Hy, 1-85°/,)

Benzyl 2—chloro~i~nitrophenyl sulphide

This conpound was prepared by the method of Baker

2},20', and obtained as yellow needles from ethencl, m.p. 1L0~

cr

1110 (810/,),

2-Chloro~4-nitrobenzonesnlphenyl chloride

This compound was prepared by .the mothod due to
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Kbavasch !0f, and obtainod ac yellow neecdles vhich afier
rocrystallisation frou peirol had map. gg=g2v (840/.),
Repeated reerystallisations failed to raise the nelting point.

The conpound was thus estinated for active chlorine 20 and a

figure of only 73¢/, of tho theorectical obtained,

Attenpted proparation of 2«chloro~benitrobenzenesulphenyl acobaie?!??

2~Chloro=l=nitrobenzencsulphenyl chloride (0448 ¢,)
vas dissolved in dry nethylene dichloride (1.0 nl.) and silver
acectate (3»3# Gc) added, The nixture was shalen in the dark for
18 houra.

The procipitate of gilver salis vas reonoved by filiration
and found to contain a quantity of ?csinous wmatter. ZIvaporation
of tho solvent yiclded a snall anocunt (32 mg.) of yellow gun

which possesced no corbonyl aboorption in the I.R.
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