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ABSTRACT

" The preparation and photochenmistry of the.thiondbenzoates

of a range of alcohols 1s described.. When the necessary
structural requirements are met, a facile elimination of
thiolbenzoic acid occurs leading to the formation of

| olefins., Evidence for the existence of a biradical
intermediate is produced. Other thionobenzoates potentially
capable of undergoing the photo-elimination reaction were

prepared and their photochemistry examined.
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REVIEW

The Nature of Excited States in the Carbonyl Group
1, 2

A few of the fundamental concepts are as follows
' When light is absorbed by a chromophore, electronic tran31tions
which involve a change in multiplicity are forbidden. Most
organic molecules‘have singlet gnound states (all electrons
paired)., Thus sbsorption of ultraviolet light results in
singlet-singlet transitions. Electronic transitions are
considered to be rapid with respect to frequency of vibration
and thus should occur w1thout change in molecular geometry _
(Franck—Condon principle). If the energy of the rhoton absorbed
by thevmolecule is slightly in excess of that requined to .
exoite the molecule from the ground electronic state, SO,_to :
some upper excited'singlet state, the eioess energvaill‘appear
as vibrational excitation in the upper excited state. In
solution, thermal eqnilibfation of the excited molecule with its
environment will be_very rapid. ConSequently, conversion of.'
upper excited singlet states to the lowest excited,singlet state,
Sl’ is guite rapid. Rate constants for this process_sre‘of the

-1 : _ .
11 to 1013 sec . This conversion is generally a

order of 10
non-radiative process. Conversion of the 51 state.to_the'ground
state So is somewhat slower. Typical fluorescence (emission of
‘light from Si:with return to SO) rate constants for organic
molecules are 10’ to 10° seo—l. This means that the‘lifetime of
even the longest-lived lowest excited singlet‘state is vefy

short. Inversion of spin in an excited state (intensystem-

crossing) leads to the lowest energy‘triplet state, T;. Intersystem-

crossing rstes are of the orden 108 to 1010 gec~l. Typical



phosphorescence (emission of light frem Ty with return to SO)
rate constants are 1 to 103 sec-l. The lowest triplet state,
T,, thus has a lifetime greater than 1073 sec, (lifetimes
measured in seconds are known). The longer lifetime of the
low-1ying triplet is a consequence of the spin forbidden
transition T,—>8;. Reactions of excited states in solution
usually involve either the S; or T; states because of their
longer lifetimes. The fact that T, states have a lifetime 104
or more times that of 8, state strongiy favours the Tl‘state’in

‘intermolecular reactions.

The carbonyl chromophore in simple aliphetic aldehydes and
ketoneS-exhibits'three bands: a weak.band aroﬁnd_280nm.,,e‘more
intense band around 190nm. and a still more intense band around
150nm.3 Theoretical analysis of these-electronic.traﬁsitions
have been made by many spectroscopists notably‘KaShah; Mulliken5
and SidmanG. However, while a reasonably satisféctory treatment
of the nature and energy of the lowest excited states is
available, the status of more complex compounds is derlved mere

- from analogy with formaldehyde and from semi—empirical correlations.

Two molecular orbitals make up the carbonyl band: a o-M.0. and
a TT—M.O. vaokpairs of unshared electrons in the oxygen atom
occupy n-orbitals: one of the two pairs is believed to be in an
sp-hybrid orbital in which’ the electrons are firmly held, the

other pair is in a 2p-orbital from which an electron may be easily

excited;
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The weak long-wavelength absorption band of simple aliphatic:
ketones and aldehydés is thought to be due to the forbidden n,I7*
transitions 3. The second absorption band iélrelated to
~ an allowed n, o * trahsition, while the third strong absorption
band is due to an allowed W, Y * transition. Since the h,TT*
staté in}general has.theilowest energy it is therefore the -
photochemically active singlet and triplet state. In terms ol
M.0'S., both 83 (n, T*) & Ty (n,Tr*) may be pictured ds a
vsystem containing 27Tfelectrons, one n electron aﬁd oné1?* electron.
A simple model which makes the same qualitétive predictioﬁs as
v,the M.0. description may be given in terms of the atomic'orbiﬁals
on the carbon and oxygen on the carbonyl group "7.‘Both of these
descriptions»predict that the n,1T*-state‘8hou1d be a "bipolar"
species in the sensé}that the carbonyl oxygen is é radical-like
electrophilié species which has its main,elegtfon,deficiency és
a half-vacant orbital in the plane of thé carbonyl‘function;'
The carbonyl carbon atom, on the other hand, should behave.as a
‘radical-like nucleophilic species which deriveé its réactivify
from the presence of three electrons in the pi-system whiéhiis
1located above‘and below the plane of the carbonyl functionB,
This is opposite direction to the dipole moment in the ground
state and has been used to explain certain hydrogehfabstfacting

properties of various carbony1 compounds7'v9' 10,

An increése in solvent polarity generally causes a blue shift
in the n,Tr* bands and a red shift in the v, * bandsll, The
reason for the shifts of the}n,Tf* bands is that hydrogen bonding
with the unshared electron-pair lowers the ground-state energy

in polar solvents, so that excitation requires additional energy
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to overcome the hydrogen bond. For example in acetone the n;h*

band is located at 265nm. in aqueous solution, while in

hexane it is shifted to 279nml2. Other causes of shifts may be

due to the formation of charge-transfer complexes or‘Wécomplexes
between solute and solvent. In all cases the net effect is

alteration in effective dipole moment of the solutell,

Effect of Structure on Absorption S8Spectra of Aliphatic Aldehydes
and Ketones

Replacing the aldehyde hydrogen on formaldehyde by alkyl groups
causes the n, Tr* transition to shift to shorter wavelength

(blue shift). For example, in the series formaldehyde,
acetaldehyde and acetone the )hax for the n, 7W* transitions is
3)hnm13 339nm; h and °75nm13 regpectively. The reason being
that as mentioned abovea, the n, T1* transition involves transfer
of negativevcharge from the oxygen to the carbon atom; substituent
groups that donéte charge to the carbonyl carbon raise the energy
of the antibonding Tf-orbital causing a blue shift. Owing to
résonance interaction between Ti~electron syétem and substituent,
the 17,T* absorption is shifted to longer wavelengths, This is
demonstrated by the TT,Tr* absorption for the above series having
Npax at 156nm.16, 165nm.27> 18, ana 188nm.18. Substitution of
the aldehydic hydrogen by'a group such as OH, NHZ' or Cl gives a
shift to shorter waveiengthsvin the n, Tr* transition.  These |
groups ére more electronegative than carbon; and the lone pairs
on the carbonyldoxygen are heid more firmly than they would'be

in the absence of an inductive effect. ; The result is a lowering

| of the n level and thus a blue shift on going from acetaldehyde
(pax = 339nm.) 14 to, e.g., acetyl chloride CK = 2h0nm.)19;
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Effect of Structure on Absorption Spectra of Unsaturated and
Aromatic Aldehydes and Ketones,

If the carbonyi bond is conjugated with a double bond or with

a conjugated system, the n, Tr* transitions will shift to longer
wavelengths (red shift); e.g. the shift is 9.1lnm. for the singlet
Qtriplet transition and 32.2nm. for the singlef-éinglet transition
6n going from formaldehyde to acroleinl3s 20, 21 e ?§1f*
transition is also shifted to longer wavelengths but much more

so than the n,Tr*. This is becauée, as well as the 11# orbital

being lowered in energy, the Worbital is raised in energy.

In general, the model for the n,Tr* state alkyl aldehydes.and
ketones'shoﬁld suffice for the description of the photochemistry
of aldehydes and ketones posséssing lowest n, Tr* states, We
'Should.éxpect that, although thevprimary processes should remain
similar fof'aliphatic and aromatic cafbonyl syétems‘with lowest
nﬂY* states, thé rate constants for these primary processes
should vary with the nature of the aromatic moiety. However,

if an excited state associated with the aromatic group. is
strongly "mixed" into lowest singlet or triplet of the carbonyl
group, we expect the photochemistry typical of the n,l* state

to be modified or disappear entirely. For example, if a r,Tr*
aromatic state is lower in energy than the carbonyl n, 177 state,
reactivity may be more like that of é'ﬁ,TT*hstate of-a carbony1
function bécéuse'of interaction of the T Tr* aromaﬁic and n,r*

carbonyl states.

For aryl ketones the energies of n,Tr* and T, Tr* configuratiohé

are much closer than for alkyl ketones so that the corresponding
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1
either configurations. Indeed for cert=zin substituted benzophenones

or Tl states may not be 80 clearly described in terms of

"and all naphthyl ketones and aldehydes, the lowest triple£ ié_
better classified as MY, This implies that (a) the excited
carbonyl bxygen is not>as electron deficient as it is in the nJT*
state, (b) the excitation energy is delocalised into tﬂe

system and may not he available to overcome activation energies
for réactibn at the carbonyl moiety and (c¢) primary processes

- inveolving the Tsystem may occur, For some aryl ketones possessing
strong electron-releasing grdups, a configuration which involves
nearly complete transfer of an electron from the substituent

to the carbonyl is required to describe the'excited state.. This
has the effect of reducing the electrophilicitybof the carbonyl

. oxygen in the éxcited state and making it nucleophilic. Such |

states are best described as charge transfer states.

Only in the case of n,TT#* states is the triplet excitation

“energy largely localised on the carbonyl groupzz. In figure 1,

the three common types of T; states of aryl ketones'are exemplified
for benzophenone (1), 2-acetonaphthone (2), and h-éminobenzophenone

(3) in terms of major contributing structures.

:o. | . ‘ QOC

(2a) ' (2v)



Pig. 1.

_ +
HoN

Since alkyl ketones do not have the.possiﬁility of the TT#
 electron being delocalised into the ring (e.g. lc), aryl
‘ketones are somewhat less reactive for primary processes which
involve attack by an electrophilic carbonyl oxygen in ﬁhe,n;ﬁ%-
state. Also, ketones with lowest Ty, Vi* states have somé radical
but little‘electrophilic Character on 6xygen-and have a 1arge
contribution from structures such as 2b in which thefﬂ*?és well
as the'“’electron and electronic excitation are deiocélised into
the ring; Further ketones with lowest CT. states are expected
to have both new and différent priméry procesées available

_ (e,g; depfotonation as a strong acid) and low eléctrophilicv(but

possibly high nucleophilic) reactivity at carbOnyi?oxygen.

Primary Photochemical Processes of Ketones and Aldehydes

There are four general primary photochemical processes of the

carbonyl group which are éommohiy encountered.

a) Cleavage of the bond « to the carbonyl function (Norrish
Type 1)23’ 2u.

oy { Ry + Ry 0=0 (a)
Ry - Ry + Ri-6=0  (v)
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This reaction is frequently-followed by elimination of carbon
monoxide (in the vapour phase photolysis), but this reaction

is almost entirely suppressed in solution at room temperature.
This is probably due to the "cagé"’effect in which the newly-
forﬁed radicals are unable to separate because of the solvenf
cage which surrounds them. Consequently, recombination of
radicals occurs faster than elimination of carbon monoxide.

At elevated temperatures, in solution, the Quantum yield of CO
from acetone is still very sma1125, but that of diethyl ketone
is~relaiively }arge26. The difference is prdbably due to the
greater stability of the acetyl versus the propionyl radical
since theidifference in quantum yields df CO also shows upbin
vapour-phase photolyses of these two compounds at 259;, The
radicals present after the decarbonylation step may recombine,
abstract hydrogen or undergo secondary'fission to yieid hydrocaﬁbons
and olefins. If Ry and R, are different then both of the |
alternative processes,of bond cleavage (a) and (b)fcan oceur.
However when R2 is a reactive hydrogen atom (i.e. in aldehydes),
the major mode of free radical decomposition’in the first |

absorption band?3 is:
R.CHO -2 5 R* . °CHO

Photodissociation of acetaldehyde into H® + CH.CO radicals has

3
been only observed in flash photolysisz7, although it may be an
important process at short wavelengths., It is however relevant
to note that the aldehyde hydrogen is easily abstracted by

rad;cals and hydrogen atoms producing RGO radicals in a secondary

~thermal reaction.

For ketones in which Ry and R, are alkyl groups without a
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¥-hydrogen atom, the free radical decomposition is the major
process in the near ultré violet photolysis; This process
becomes relatively less efficient when one of the alkyl groups
contains a hjdrogen atom on the X&caﬁbon and . a type II process

can occur.

b) ¥ ~hydrogen abstraction followed by elimination of an olefin

(Norrish Type T1)2%.
R |
N)tl _R" | ?H : Rgc /Rf
ll< L, ~——— RrR—C=0E . |C|H
R Newy ' l 2

This reaction is a mbde of intramolecular decompositidn common
to all aliphatic aldehydes and ketones having a ¥-hydrogen atom
on the alkyl chain which is.transferrgd to the carbonyl group.
In many cases studied, such transfer apparently occurs through
a six membered transition state29'33. Variations of the type II

process are (i) the bond migration of u”a-unsaturated ketones3“,

A =0 AT = 2T
Aoy

(11) formation of cyclobutanol° from X-hydrogen—contalnlng

carbonyl derlvatlveSBJ' 36
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G 00—
]
H ) A0 R
‘ —C—C— OH
Shd [ s
R | l ‘, or
RS T
R,
-G
1
| | | .
/

' Bither the'intermediate is cyeclic, or ring-closure occurs nuch
faster than rotation about the-Single'bond, whiéh may be seen
- from the fact that the products derived from optically active

xetones display partial retention Qf.opticai activity.

There séems to be some’cohtrovérsy in the literature as to the
nature of the.excited state involved in the type II process.
Brunet and Noye337,.from oxyzen-quenching eXperiments, conéluded
that an excited triplei was not involved in the type IT process.
© In addition, Michael and Noyes3® observed that the addition of
‘biacetyl quenches the tyﬁé II split in'thé photolysis:of methyl
n-propyl ketone and suggested that bbth the energy-transfer
process and the type II process occur via a singlet excited
state of the ketone. ‘On the other hand, Ausloos and.Rebbert39
report that at 313nm. type II process are quenched by the
addition of biacetyl and that the light emitted by various ketone-
biacetyl mixtures containing lmm. of oxygen is identical with
~that emitted by pure ketone alone.' Thus they conclude that the
energy transfer prdcess'gives'only triplet ekcited biacetyl_and
that consequently the type II process occurs via an'excited

triplet state. Their conclusion is further supported by the
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study of the photolysis of ketone-aldehyde mixtures at 313nm,

in which they show that the type II process of n-butyraldehyde

is photosensitised by triplet acetoneuq. However, other
workers*1=43 have shown that both singlet and triplet n,Ti* states
'undérgo the type II elimination, since only part of the reaction
can be quenched by conjugated dienes, which are very efficient
triplet quenchers, bﬁt inefficient singlet qQuenchers. »The |
“percentage of singlet reaction depends on the strength of the'

- ¥-CH bond. Cyclobutanol formation from aliphatic ketones occurs

L1, h3,

~mainly from the triplet state since significant decreases
in the ratio of cyclisation to elimination products occur with

increasing concentration of triplet quencher.

With éromatic ketones, where intersystem crossing quantum

yields are generally unlty, both reactlons occur from the trlplet
::*.tatc—:"m as shown by the fact that pentadiene effectlvely quenches
the photoelimination of Xbphenylbutyrophenoneu5.

8ince both cyclisation and élimination products are formed

together, Yang3?, suggested a 1,4-biradical as the common
intermediate, and there is noﬁ little doubt that triplet ketones

.do, in fact, undergo type II proéesses exclusivelyivia'l,u-biradicals.
- There is evidence that the triplet state type II photoeliminatlon
proceeds via a biradical intermediate, even when energetically

it could proceed concertedly. Irradlat;on of (4) at 365nm.

yields stilbene which is 98-99% transu6:

| S CeHs
, | . ' “hvy N A
CgHy—C—CH,—CH—CH,—Cgly ~ ——> o=

5
() Cefs oo E 6%



The reaction to give stilbene and acetophenone enol is
calculated to be at least 50k.cal./mole exothermic, so that
the system must have sufficient energy for a concerted process.
The concerted réaction-cannot occur however since triplet

stilbene should give rise to a 60:40 cis:trans-mixtureu7.

The actual lifetimes of even theAlongér-lived biradicals
encountered in type II processes are not long enough to be

| trapped by tri-n-butyl tink hydride which wbuld therefofe put
an upper limit of 10~7 sec. on the valerqphenone-derived

‘biradical.

Biradical lifetimes are particularly important when considering

ﬁ the stereospecificity of their reactions, since l,u-biradipals
are apparently not sufficiently ldng;lived to-éstablish coﬁplete
rotational equilibrium. KXinetic analysis of the results obtained
by Bartlett and Porter8 on the biradical obtained from meso or
d,1 (5) indicates that the singlet biradical_readts 30 times
faster than the triplet biradical, with the latter reacting

about half as fast as rotation avbout a 1,2-bond.

N hv >/ - -
| - —_— + +

3ens, ’
v P AN

(5)

Hence, even though spin-spin interactions are expected to be

I

small, the rate of spin inversion is still rate determining in

reactions of the triplet generated biradical. Similar results

exist for triplet biradicals involved in type;II processesu9.
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Ring and ¥-substituents, whilst producing large changes in
-the percent disproportionation undergone by biradicals, do ﬁot
affect the cyclisation: elimination ratio very much. «- and
p-Substituents, on the other hand, do produce marked effects.
because of thevsteric factors which they introduce. Wagnersg
suggests that substituents could affect the ease with which
the bifadicals reach the necessary conformation for cleavage.
Since efficient cleavage requires maximum p-orbital overlap of
the develdpinQ_dodble bond, the best conformation must be thé
one in which the p-orbitals of C; and C) are both parallel to
the Cpo-C3 bond. Both «~ and p-substituents alter the cyclisation:
elimination ratio of acyclic ketonesdl, For exanmple, «}x-
dimethyl—valerophenone undefgoeSFSO% cyclisation compared to
15% for unsubstituted valero?henone. In contrast, p43;dimethy1-.
butyrophenpne undergoes little, if any cyclisation. Models
‘show that considerable 1,2-eclipsing interactions are present in
the most likely confofmation for cleavage which may'exPlain the
retarding effects of x-substituents., Likewise, deVelopmentvof
1,3-diaxial interactions during cyclisation may.explain the

retarding effect of/G—substitution.

iElectronegative groups at_the «~carbon enhance the photoreactivity
of carbonyl triplets. The results of Evans and Leermakefs52

| show that «rketodécanoic acid is 3-5 times moré reactive than

triplet 2-hexanone, and that triplet «=methoxybutyrophenone |

abstracts a ¥hydrogen from its propyl group six times more

rapidly than triplet butyrophenpne itself53.
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c) Additibn to an Unsaturated Linkage.

Carbonyl compounds may form oxetanes onn irradiation in the
presence of olefins. The reaction was first reported by
Patefno and Chieffrid! and first studied mechanistically by
Buchi®® and is thus known as the Paterno-Buchi reaction56.

The reaction is a general one for aliphatic and aromatic ketones
and aldehydes but cyclic and unsaturated ketones apparently do -
not undergo a similar carbonyl addition. The orientation of

tﬁe addition of alkyl aldehydes to oléfin indicates that
ifarkownikoff addition is preferred.l No evidence is available'
to determine whether the addition step is a one step or a
multistep processS7' 58.' At least two mechanisms appear to
'operateiin,thé formation of oxetanes from alkyl ketones and
ethylenes. For electron-rich ethylenes (polyalkyl olefins;

enol ethers, etc.) attack by the n,T* ketone triplet apparently
occurs and a biradical intermediate is produced which then:

. collapses non stereospecifically to product859. Enefgy transfer

to the ethylene usually competes with the cycloaddition process.

| ~CoHg
. H
(CHg)po=0 +  o=c] 03 he | <|) ?
372 H502/ NH ) " (cH 3)9C G
OCH. : CoH
" gl
(CH )G <C. (CH ) o
2 R A > ™ocH;
i oCH | | ’ 58%7213.
| 0———0"’,‘ 3 5 /O. rans .
(CH3)20 C\c i
25
50% cis.

50% trans.,
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for electron deficient ethylenes (dicyanoethylenes, maleic -
anhydride, etc.) the n,Wi* singlet apparently reacts with the

ethylene to yield the oxetane in a stereospecific process53

H

| : _ON

» 2
H _CN 0—C
(°H3)2C==° + ™~ —C _hy ||
No~  \H (CHz),C—C
3727 E Ny
' CN

If the ethylene is not "sufficiently" electron poor, then only

energy transfer to produce cis-trans isomerisation occurs.,

The photocycloaddition of aryl aldehydes and ketones is qualitatively
similar to alkyl aldehydes. The yield of oxetanes from the
photocycloaddition of benzophenone and derivatives'depends

: mérkedly.on the structure of the olefin as well as the structure

of benzophenoneso. ' , H
FI1G., 2 ' 0 Lo O—1—
/\ |\ L, .
| addition S
R H
6), R = H (9) H abstraction : (10) (11)
7’R=CH : » . :
8, R=06é5
12
(12) CH.CH3

HO R

In the case of acetophenone (7) or benzophenone (8),oxetane
formation with (9) is more stereoselective®® than with
benzaldehyde (6), since more than 908 of the oxetanes beloﬁg to
type (10) while, with (6), the ratio of (10):(11) is 1.6:1,

with all four isomeric oxetanes being present. The stereoselective

formation of (10) from (7) or (8) can be explained by considering
the stability of the possible biradical intermediate.
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(15) (16) | (17) - (18)

The most stable biradical should be (15) because of stabilisation
of odd electron centres by the_maximum number of pheny; and |
methyl groups. The next lowest energy biradical should be (16)
while (17) and (18) shoﬁld be of high energy since they involve

alkoxy radicals.

The effect of structure of the olefin is illustrated by comparing
the reaction of (8) with (19) to give (20) and of (8) with (21)
to give (22)60.

. 0—
@ o+ SN 0635-i———- iy
| (19) | | CgH,  (20)
o____‘
| Yield
(8 4+ ﬁl —2 5 gt o
(21)_ | | CGHS- (22)

The results can be explained by assuming the triplet energy of
the unreactive olefiﬁ is below tﬁat of the triplet of the carbonyl,
and triplet-triplet energy transfer from the carbonyl group to

the olefin takes place to the virtual exlusion of oxetane

formation.56.

Both l- and 2-naphthaldehydes react with (9) to give the
corresponding oxetane56. Although<net quantum yield is low,

good overall yields are possible because of the inertness of
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these compounds to:other photochemical reactions. Naphthyl
aldehydes possess Ty (T,W*) states in gersral, and are therefore
expected to be relativel inert to the normal photochemical
reactions of the excited carbonyl function®l. The efficient
oxetane formation may be a reaction of S1 (n,T¥) which is éxpected
to be reactive but short lived, thus offering a possible |

explainations of the low quantum yield.
d) Intermolecular Hydrogen Abstraction or Photoreduction.

The ability of a photoexcited ketone or aldehyde to abstract a
hydrogen atom from good hydrogen donors in the solution phase

has been well known for many yearsGZ.

R,C=0 2 pe—on

H donor
Hydrogen abstraction by benzophenone and its derivatives is one
of the most extensively studied priméfy photochemciél reactionsej'es.
Benzophenone will abstract a hydrogen from nearly any‘molecule
’containing a C-H bond, including benzeneee, although the rate of
- abstractions varies widely dependant on the particular molecule.
The 0-H bond is more resistant to abstraction buth-H,_Sn—Hland
S-H bonds are quite reactive. Factors which tend to weaken a
- C-H bond, or make it more nucleophilic, facilitate the reaction.
The reactive species is again the n,M* triplet state66 and,
although S1 may also be reactive, its short lifetime precludes
efficient hydrogen abstraction. The reaction of benzophenone
with alcohols generally results in formation of benzpinacol.’

hys (CgHg)p .COH
: 7

(CGH5)2.0==0 -—§Eaﬁaﬁ—9 (CgHsg )2 .COH
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~—————> (CgHs).COH.COH. (CgHsg )2

Hydrogen abstraction is often a competing process in other
photéshemical reactions. TFor-example, in the previous section,
_compbunds (12), (13) and (1L) are derived from allylic hydrogen
abstraction by excited benzaldehyde molecules followedibyv
combination of the o-hydroxybenzyl rédical and the allylic

radical or dimerisation of the uphydroxybenzyl radicals.
' Compounds such as l-naphthaldehyde and p-aminobenzophenone
have lowest ,71* triplets and those such as o-hydronybenzophenone

photoenolize and thus do not abstract hydrogen.

Thioketones

Reported photochemical reactions of thioketones are relatively

few and the majority have been concerned with thiobenzophenone.

The difference in chemistry of carbonyl and thiocarbonyl compounds
may be attributed to differences between 2p-2p and 3p-2p
‘hLbohding‘and the importance of resonance forms such as ;-5 and
é-é for the thiocarbonyl group. It appears that the triplet

state is n,7T* but the energy (Ej~uo) is rather low due to an

n,* excitation of sulphur which involves a 3p rather than a 2p

electron on oxygen.

Irradiation of thiobenzophenone in the presence of olefins leads
to cycloaddition elimination to form l,l-diphenylalkenes69 in

good yield and, in the case of terminal olefins,'in roughly

equal amounts,
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o Ph..C—S Ph,_C—S
Ph,C=S + R'CH=CHR" _h» 5 2 2,
‘ _ o,
R'-—?—-—CHR" R"—?——-—CHR'
H H
b hyo
Ph,,C==CHR' | Ph,G=CHR"

Ohno et al,’C- 73 have published several papers on the
photocycloaddition of thidbenzophenone to styrenes to give
either 1,4 dithianes or thietanes depending on the substitution

pattern of the styrene.

3 -
- Ph,C==8 '
L in,T

S/\Ph
The key factor in determining the path taken is believed tb_be
the steric hindrance to the addition of the second molecule of
thiobenzophenone., When thiobenzophenone is irradiated with

electron_deficient olefins, such as acrylonitrile, no

photocycloaddition reaction occurs from the nW* state’H,
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However, when the T,T* band is irradiated, thietanes are formed

in good yield.

Oster et al.’? have shovn that irradiation of thiobenzophenone
in ethanol in the presence of‘oxygen yields benzophenone whereas
irradiation in a helium atmosphere, in the presence of a
‘nydrogen donor solvent gave dibenzhydryl disulphide, benzhydryl
_ mergaptan and a tetrasulphide.
Ph,C=S$ -E%ggav Ph,CHSH + PhéGH—S—S4CHPh2;
- Helium
+  (Pn,CH-8-8-),CPh,
This isvin contrast to benzophenbne which under gimilar conditions
ié converted into benzpinacol. The ihtermédiate radicals in

. the two cases must therefore differ.

- hy

— | ; . coupling _
PhQC—O m Ph200H >

Ph,COH. COHPhy
Phoo—g B2 Ph,CHS. —ooupling , H.S.3.CHPh
20=8  W3omor  FPhaC — Ph,CH.S.8.CHFh,
H donor ~ ThpCHSH

Reduction may involve hydrogen abstraction by the Ty (n,T)
‘state by analogy with benzophenone. The abstraction step may

involve the thiocarbonyl carbon.
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To date, publisheﬁ work on the photochemistry of thionoesters
is due to Schmidt et a1.76’ 7 who have photolysed alkyl
thionoesters in the absence of solvent to yield olefins., The

1,2 dithiacyclobutane is Suggésted as an intermediate in the

photolysis.
OEt | |
S R—}——8 R R
= - -
R—0Z ha =82 o >c=
OEt Et0” “NOEt
R—t—-8 : .
cis and trans
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DISCUSSION

Preparation of thionoesters

Thionpesters may_be prepared in a variety of ways. A
" brief outline, tdgether with the limitations of each method,

is deseribed below.

i)  The action of thionoacyl chlorides on alcohols.

| Several thionoacyl chlorides have been described in
the literatﬁre. These have usually been prepared by
treating the dithioacid with thionyl chloride® or
pyrocatechyl phosphorus trichloride’.

a) PhMgBr |
or  + €8, —>Pn-g-sg 3L Ph-G-C1
65-80%
b) 0 0 1) CHsI, Acetone,A
+ PhCHO + 8 : >
| ii1) H,S, Pyridine
N N .
H » | '

=S

Ph
Ph-C- SH _ Ph-C- Ph-G-
g SCH; NaSH _ Fh c SH S0Cl, . Ph-0-Cl

(55%)

¢) Ph-C-SH ' 0«
g + [::::[: \\?013
o/ |

V
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' o. .S
Ph-C-C1  + \\P47
S (u6%) 0’ c1

There are many exémplésvbf”tﬂé éiébhoiyéisiﬁf Qfématic
thionoacyl chlorides to thionoesﬁerséi 8) 9, The
alcohol in pyfidine or, as its S§dium salt, in bénzene
is treated with-thionoacyl chloride to yield. the
thionoester. Yields of ester are good, assuming that

appropriate precautions are taken to exclude light.

-pyridine o
Ph—ﬁ—cl .+ ROH > Ph-C-OR.

| I
s s
(1) B

The method is limited by thé,difficulty’experienced in
the preparation}of thioécyl chlorides from dithioacids.
The yields are often low and the cémpounds are difficult
to obtain in a high degree.of purity. Thiobenzoyl
chloride (I) should be stored in the dark at low
temperature., With two exceptionsz' 10, no aliphatic

thionoacyl chlorides have been reported, a fact that

must be dque to the instability of such compounds under

the preparative conditionsll,
The sulphydrolysis of imino esters.
Inino esters are readily available by tfeating an
alcohol and a nitrile with dry hydrogen chloride gas
in a suitable inert solvent such as etherl2, The imino

esters on treatment with hydrogen sulphide give the

L]

corresponding t;hionoestez"11 ‘v16
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Ccl
dry HC1, NHQ, HoS, ,
ROH + R’ CN ————————) " RO-C-R ——~————>  RO-C-R
pyridine pyridine Il

S

This method has by far the widest scope of‘thelpubliéhed
bmethods because of the ready availﬁbility of the

starting materials. It is limited by the acid;Sensitivity
of the alcohol. Aliphatic thionoesters'can also be

made by this method. The yields are normally good, but
water must be rigorously excluded to prevent'hydrelyeis

~.of the imino ester;

- iii) Alkoxide dieplacements on thioacylthioglycollic aeide.
| Thiobenzoylthioglycollic acid (112)17 has been known
in the_literature for some time but its use_hae:been'_
'confined'almost exclusi#ely to the preparation of
thionobenzoates of compounds containing the amino _
funct10n189 19, »It occurred to us that treatment ef‘
this“compound}with an alkoxide should give.the,eorres-
ponding thionobenzeate.
. g _ |
‘tph-glgfcﬁzeni;;—-f—;-s Ro-C—Ph_»4"§LCH2-R'_
. RO® | 8 L
© (II) a, R = COOH.
b, R = COOBt.
CONHp.

¢, R

With (11a), tﬁe displacement was foundtto be veryﬁrepid
and with simple alcohels yields were in'excess of'90%
Initially, sterols and some diols presented problems

in that yields were only of the order of 50%, but by
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slightly modifying the procedure, viz., adding
imidazole, yields were gignificantly improved to

70 ~ 80%. The reason for the 1mprovement}in yield
was thought to be that sodium imidazole gave more
efficient formation of the alkoxide than did sodium
hydride, As previously mentioned, the displacement
reaction on (IIa) was extremely rapid and this we felt
, surprisiﬁg"with such a system.> The eﬁhylvester (IIB),
and the amide (IIc)'were,expected.to displace even
more rapidly. However, experiments showed thaf-(IIb)
réactedvmofe:slowly,'and (IIc) did not react aﬁ_all;
It was thougnt then perhaps that the sodium salt of
(IIa) was undérgoing‘anlintramolecular'fearrangementv

to give a small equilibrium concentration of the mixed

‘anhydride(III).
@0__._0,.// ' ' o-—-‘c//;

¢ \ | \
S

C‘. - g'si.-s

RO—C—Ph Ph_ 0O )
| ' y: _ _\\ﬁ/(}\\?49,
8 = Ned
+ ‘ RO S 7 9H2
0 S

SC—CH,—SH - (II1)
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The anhydride (III) would be expected to undergo a
rapid displacement with alkoxide to give the thiono-

benzoate and thioglycollic acid,

The acid (IIa) is readilj available by condensing
sodium dithiobenzoate with sodium monochloroacetateld
and is obtained as a red crystalline solid which is-
indefinitely stable. When the required dithiocacid is
not readily available, another method can be used for
the preparation of the thiocacyl thioglycpllic acids2C,
Treatment of the acyl piperidide (IV) with phosphorus
pentasulphide gives the thioacyl piperidide (V) which
with bromoacetic acid gives the imino ester (VI).
Reaction of the latter with hydrogen Sulphide gives the
 thioscylthioglycollic scid.

PoS5 BrCH,COOH ~
—=23 - L,
N

() T m i v
COR s=C~R  HO0C-CH,-8—C—R

HpS
——2°5 R-G-§-CHp-COOH  (VII)
3

iv) Reaction of Grignard reagents on chlordthionoformatesl3’21‘23.
Chlorcothionoformates are made by the reaction of |
élcohols with excess thidphosgenezu. Reaction of these
with Grignard reagents gives thionoesters.in poor yield.
S R—C<’s + MgICl,

RMgI + cmf
OR’

OR’
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v) From ortho-esters.
Preparation of thionoester from ortho esters may be

"achieved by treatment with boron trisulphide25 or with

H,S in the presence of a Lewis acid catalyst26.
st or
R‘-G-(OR)3 > > R'-C-OR.
ZnCl,/H,S I
2772 3

In our hands, the most suitable methods were those of

(1) - (iii) with the greater emphasis on method (ii)

The photolysis of steroidal thionobenzoates

Cholesteryl thionobenzoate (VIII), prepared by method (i)
or (iii),.was found, on irradiation in cyclohexane using
pyrex-filtered light from a medium pressure mercury lamp,
to rapidly eliminate thiolbenzoic acid to give chblesta- _
3,5-diene (IX) in very high yield. The thiolbenzoic acid,
after oxidation with hydrogen peroxide, was isolated and
identified as dibenzoyl disulphide.

__hy
Cyclohexane

g (VIi1i1) (IX)

Ph.CO.SH
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If irradiation was continued after elimination was complete,
the thiolbenzoic acid added on to the newly-generated diene
system., This could be prevented by addition of triethylaming
to thé system. When the photolysis was carried out in alcohol
sélvent, readdition took place much more quickly. From the
reaction mixture, cholésteryl 3x- and qs-thiolbenzoat;s (x)
and (XI) could be isolated as well as the expected diene (IX)
and thiolbenzoic acid,

NS

o ~ h» Y
| (VIII) TELOR ’\\
» o]
Xy ,
» Ph.CO,SH +
S .
b (xI)
Ph—~=<0

The structure of (XI) was confirmed by preparing an authentic
sample by displacement of cholest-s-ene—jp—ol tosylate with
potassium thiolbenzoate in acetone2’, and from its n.m.r.
spectrum which showed a characteristic peak at Y6.50

Wi = 22¢/s. The strucﬁure of (X) also followed from its
n.m.r, spectrum, which shdwed a peak at V6.11 W3 = 8c/s.,‘
and comparison of its physical constants with those reported

in the literature?!. It was shown that (X) and (XI) were



37.

obtained from a secondary reaction of attack of the thiolacid
on the diene by photolysing a mixture of thiolbengzoic acid |
and (IX) in ethanol. A mixture of all possible isomers was
obtained. Mass spectral analysis of the mixture showed "
at 506, with no higher masses, thereby showing that they were
all mono additibn products. T.l.c. examination showed the
same product distribution as was obtained from the photolysis

of (VII) in ethanol.

Anothef worker28 in this laboratory showed that the elimination
of thiolacid from (VIII) occured in a stereospecific manner,
The compounds L«x-deutero-cholesteryl thionobenzoate (XII)

and up—déutero-cholesteryl thionobenzoate (XIII) were each
photolysed in turn, The former compound showed complete‘
retention of deuterium whéreéé théviattEr showed no retention

of deuterium.

N 2

(XII) 100% retention
1) ] ,

RERIIEEE P

>y

(X111) 0% retention

D==Q
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Since cholest-5—éne—3f-ol thionobenzoate underwent such a
facile elimination on photolysis, the saturated analogue,
cholestan-3g-ol thionobenzoate (XIV) was prepared by methods
(i) and (iii). By analogy with the photolysis of (VIII),
irradiation of.(XIV)‘was_expected to yield perhaps aimixture
of cholest-2-ene (XV) and cholest-jéene (xvI).

\ . N\) o %5
Ph cyclo= +
e hexane | . ‘

g (XIV) (xv) O (xvI)
EtOH| hn
v .
+
Ph\c_'-s\\\\\ ' - Ph\c_s
I (XVII) n (XVIII)

However, on irradiation of (XIV) in cyclohexane, the
reaction proceeded about 70 times slower than (VIII) and gave
rise to a complei.mixture of products in which neither (xv)
nor (XVI) could be detected. When the photolysis of (XIV)
was carried out in the presence of triethylamine, no

triethylamine thiolbenzoate could be isolated.

If the photolysis of (XIV) was carried out in ethanol, a

mixture of (XVII) and (XVIII) could be isolated in low yield.
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The two thiolbenzoates were identified by direct comparison
with authentic samples prepared by displacement of the
corresponding tosylates with potassium thiolbenzoate in

acetone,

Fron these_experiménté, it appeared that it was necessary

to have a double bond'capable of conjugating with the newly
forming double bond and it is this that gives the driving
force for the‘elimination of the thiol.acid. The stefeo- 
specificity of the'reaéticn suggests that the reaction proceeds

through a cyclic intermediate (XIX):

\

by y (1x) ,‘ + Ph,CO.SH

Althoﬁgh cholgstan-%p-ol thionobénzoate (XIV) did not |
photolyse under normal conditions, it was found that, in
benzyl alcohol~lthe disappéaraﬁce of thionoester prbceedéﬁ
smoothly. One could thus predict that perhaps the first
step in the reaction would be abstraction of a hydrogen atom

from the benzyl alcohol by the excited thiondbenzoate group
to yield radicals (XX) and (XXI):



LO.

T hy
(x1v). ~PhCH; on’ Ph\;.___o
- o
Ph—C¥-OH
3
T O SR
L OH, | o
(xxn) SRR € 2.6 6 6 KRN
'@O\T" .
C 0—G—0—0

|
SH sn (XXIV)

jThese could then combine with themselves or with each other
“to form compounds such as (XXII), (XXIII) or (XXIV), or

' "they eould further hydrogen abstract.<

'ﬂhen the reaction was carried out it was found that the

heat necessary to remove the: excess benzyl alcohol from _
.jthe reaction mixture caused deeomposition or the produet

[nxamination of. ‘the telocs showed there to be at least ten

-iproducts. Thus, it was neeessary to use a eompound similar
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" to benzyl alcohol which could be easily removed from the
reaction mixture. One possibility which sprung to mind
'was phthalide (xxv) which could be removed from the

reaction mixture by treatment with base,

OHoOH

NaOH

since_(XXV),was"a solid, the reaction was'carried.ont in

‘2 concentrated solution of (XXV) in dichloromethane.
.‘Howeve?,'no.reaction't¢°k_P1ace._ Itftherefore°became L
'apparent that benzyl alcohol was not responsible for the -
photolytic decomposition of (XIV) but that the reaction was
‘due to some impurity. One impurity is benzaldehyde.
Consequently, a solution of (XIV) in dichloromethane
containing a twenty-five molar excess of benzaldehyde was
irradiated with light from a high pressure mercury lamp.
Photolysis took place quite smoothly. COntrol-experiments,
in which" there were mixtures of benzaldehyde and benzyl
alcohol in varying ratios, showed that the rate of photolysis
iwas dependant on the concentration of benzaldehyde. When
the molar ratio of (XIV)/benzaldehyde was 1 s 2, the

reaction stopped after 20% reaction.

In the large scale reaction with benzaldehyde and dichloro-
methane, the'reaction tended to be messy but one could
isolate cholestanol (xxvI) and benzoin (XXVII) as major

products. The mechanism for this reaction could be
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rationalised in several ways.

Scheme 1 /\»\ ' ’\’\

+
B | H
| 02 ]
Ph—-_ﬁ-——G—-—Ph > Ph—ﬁ—c';—Ph
0 éH 3 0 OH

(xxvII)

Scheme 2 /\'K\ : /\‘K)
QID ' HO

v

o (xxVI)
Ph”” Ss—H - . |
Ph.CO.SH
+
Ph——(izo Ph—GC=0
Ph— /)

Cl’—o Ph—(l}—OH |
H | H (XXVII)



Scheme 3

O~ Ph—C—+5S
p) Ph—f'}——o
Ph—-s-+|c—-0‘5' H
. H
Ph—GC—C—Fh 0  Ph—C—(C— v
Ph—0—0 %2  Ph—0—f—Fh +
OH 0 OH S HO
(XxVII)

(v

To indicate which mechanism was operatihg, the photolysis
was carried out with p-nitrobenzaldehyde instead of
benzaldehyde.'_If scheme 1 is correct, then one of the
products should be (XXVIII). Similarly one of the products
for scheme 2 or 3 should be (XXIX) or (XXX) respectively.

~ Ne—c | - Se—c

o=
o—CQ
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However, when the experiment was carried out, the photolysis
was four times slower and the major compounds were found to
be cholestan—j@-ol (XXVI) and cholestan—@s-ol benzoate
(XXXI). There were at least ten minor components, none of
which were. characterised, The formation of (xxxi) points

to a cyclic mechanism:

s P

Ph ) 0 A - Fh 43
sV, 1] 7 S———?——-Ar
: c : o
g7 Ar R H

Y

Ar—C—H + Ph
: (XXXI)

o=—qQ

although it does not necessitate that the formation of

(XVI) and (XVII) results from the cyclic mechanism.

In the case of benzaldehyde, the carbonyl group is quite
polar and can be written as having a partial negative

charge on the oxygen and a partial positive charge on the

carbon as shown in (XXXII). The excited thionobenzoate on
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the other hand will be polarised in the reverse way as in
(XXXIII). Consequently there is only one course of
addition to form (XXXIV).

H

|$+ &- ' H 1
Ph—C=—0 (XxXX11) ‘ | ‘

) L Ph—C—0

| —_—— | | (XXXIV)

J N\ . Ph—GC—8

Ph—S6—8% (xxxI11) (I)
’ N
0. R
R

However, in the case 6f p-nitrobenzaldehyde, the electron
withdrawing nature of the nitro group makes the carbonyl
group less polar than benzaldehyde., In this‘instancé, there
is no obvious manner éf addition by the excited thionobenzoate

and so two possible intermediates (XXXV) and (XXXVI) can

be formed.

O O

Ph—C—3 _ 8—C——Ph

ooy | C(xvI) |
0—R | | 0—R

As mentioned before, the N double bond is necessary for
the elimination of thiobenzoic acid from cholesteryl

thionobenzoate. In general, therefore, compounds of the type:
Ph—CHz-CHZ-O—CS-Ph

shonld behave in a similar manner to cholesteryl thionobenzoate
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gince the incipient double bond would be conjugated with
the phenyl residue., With this in mind, a series of

substituted 2-phenylethyl thionobenzoates were made.

28 prepared a series of p-substituted 2-phenylethyl

One worker
thionobenzoates and a series of 2-phenylethyl

p-substituted thiondbenzoates. It was found that,'in generél,
thiobenzoic acid was eliminated to give styrene in good
yield. Readdition of the thiol acid to the styrene was

shown to be a thermal process which could be prevented by

the use of triethylamine, p-nitrobenzoyl peroxide or by

carrying out the reéction at low temperature.

30 far, the phenylethyl fhionobenzoates which had been

irradiated had only the phenyl substituent on the ethyl
residue. To gain an insight into the effects of multiple
substitution on the reaction rate and/or products, a

further series of compounds were made.

3~-methyl-l-phenyl-butan-2-0l (XXXVII d) was prepared by the
action of benzyl magnesium chloride on isobutyraldehyde29
or byvreduction of benzyl iso-propyl ketone with sodium
borohydride in methanol. It was converted to its

thionobenzoate (XXXVIII d) by method (iii) in good yield.

| | CH | //CH3
Ph-CHZ—cH—cg\ ———>  Ph-CH,-CH-CH >
o CHj Sibc//o CH
(XXXVII 4) I (XXXVIII a)

Ph
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cH3 CH3
Ph—-cH—-cn——qg\ 4 Ph—CH=—=CH—CH
Ph ﬁ OH CH3 o] 3
S - (oI 4)
(xL a) | | +
Ph-C0-SH

The thioﬁobenzoate (XXXVIII d), on irradiation in
dichloromethane, gave a purple,éolution. Examination of
the solution showed that the'expected styrene (XXXIX) was
formed in L1% yield. The purple material was deduced to
be the thioketone (XL 4) from the u.v. spectrum which
cyclohexane
showed A at 553 and 316 nm., (€=9L4 and 12,650
respecti$2§y) and the i.r. spectrum which showed bands
at 1210 em™t (attfibuted to the C=S bond) and 3400 cm'l
(attributed to the OH group). The n.m.r. spectrum showed
the methyl»groups of the iso-propyl group as a sharp
doublet at T9.0L4 and a hydroxyi group at V3,51 as a broad
singlet exchangeable with Dy0. The phenyl group attached.
to the thiocafbonyl moiety showed two low-field doublets
at T2.06 for the two ortho protons., There was also a
doublet atA?h.ijand'a double doublet at V5.45 aésigned
to the protons of the ethyl residue. Mass spectrum showed
no molecﬁlar ion at 284 but a strong M-lé peak at 266,
Other fragment losses in the mass spectrum were readily

explained on the basis of (XL a).

The thioketone (XL d) tended to be rather unstable on
standing. However, it was readily characterised by forming

an oxathlazole (XLI d) by reaction with p-nitrophenyl
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nitrile oxide (XLII).

OH CH OH CH,
I A
Ph—(I:H—cH—CH > Ph—-,.cH—cH——cH\
ph——«lzl: (I)- CH, | - Ph——?-——? CH3
8 4+ ﬁ»{. | s\c_én
(XL 4) ¢ (XLII) I (XLI Q)
: | Ar
Ar

The reagent was liberated in situ by treatment of the
hydroxamic acid chloride (XLITI) with triethylamine~2.
The hydroxamic acid chloride was prepared by the action
of;chlérine-on a cold solution of p-nitrobenzaldoxime in

anhydrous ethyl acetate.

It seemed rather strange that replacing an «-H in 2-phenyl
ethanol by an iso-propyl group should make such a tremendous
difference in the ratio of styrene to thioketone. To see
if there were any gradual change in the ratio, a series of
aleohols (XXXVII a-f) were prepared and converted to their
thionobenzoates (XXXVIII a-f),

Ph—CHp —CHOH—R N Ph—CH,—CH—R
(xxxviI) | 530

a, R=H |

(XXXVIII)
Ar '

b, R=Me
¢, R=Et
d, R=i-Pr
e, R=t-Bu
£, R=Ph
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Alcohols (XXXVII b-d,f) were prepared by reduction of the
corresponding ketone with sodium borohydride35; Alcohol
(XXXVII e) was prepared by reaction of tert-butylmagnesium
‘bromide with phenylacetaldehyde3u. They were converted to
their thionobenzoates by method (iii) in good yield except
for the tert-butyl compound. ’ |

"Eadh compound Waé irradiated in turn with light from a
medium pressure mercury lamp. (XXXVIII a) was found to
yield only the styrene (XXXIX a) in 71% yield. Compounds
(XXXVIII b-e) gave the ratio of thioketone to styreﬁe as -
15/85, 28/72, 11.5/58.5 and 58/42 respectively. (XL b)
was to00 ﬁnstable.to have a\gdod analysis or have an
oxathiazole derivative made from it. (XL c¢,d) were fairly
stable crystélline s0lids and (XL e) was an oil and, |
although it was analysed correctly and was characterised és
the oxathiazole derivative, it tended to decompose35, e#en
at 0°. Compound (XXXVIII‘f) produced neither thioketone
nor styrene but gave benzaldehyde (XXXIX f£) (65%) and |
desoxybenzoin (XL f£) (10%). | |

At this stage we were able to secure the services of - i
Professor G. Porter and Dr. J. Wirz, who peffdrmed some |
flash photolysis experimenfs‘for'ue.i No transient
absofpiions were observed 5y conientional speétrbécopic

flash photolysis of 106

- lo'hu*eolutions orithiondbenzoéteé
in degassed-cyclohexane. Spectra recorded 5ms after the
peak of the photolytic flash were identical to those

obtained frdm mixtures of starting material and photoproducts.
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Therefore, the products of photoelimination appear within

a period of less!than a few us after excitation. When a
frequency-doubled pulse of a ruby laser was used as an
excitation sourcel’ (output at 347 nm. ca. 50mJ, half-
peak duration 20ms.), all thionobenzoates gave rise to a
transient absorpfion below 526 nm, decaying byvfirst-order
kinetics., In diluté solutions,_lifetimes ranged from

about 50ns for the most reactive compounds such as (XLIV)'>

to ca. lms for the unreactive derivative e.g. (XLV), ¢5§0.02.

MeO @ CHy—CHp—0 ».-Icl:aPh | cH3——cf12——o—‘ﬁ—_—Ph
(mv) o (xwv)

-  The transients
were found to be quenched by the parént thionoben#bates at
rates approaching difquion—controlled. - Thus in low:
viscosity solvents, the self_quenching»process becomes
important at concentrations of starting material higher
than 10~t. Oxygen, piperylene, and tetracene (in benzene)
also quenched thé transients at hear diffﬁsion-controlled
rates. The build-up of,the well—kno_wn38 absorption of the
tetracene triplet was shown to match.fhevdecay of the
transients from thionoesters, clearly establishiﬁg energy
transfer as the quenching mechanism. The absence of
fluorescence from thiondbenzoates‘impiied an upper limit
of 1ns. for the lifetime of’the‘excited singlet state. The
above obéervatibﬂs léave little doubt that the transients
are due to absorption by the lowest triplet state of each

of the parent compounds. The lowest triplet state of
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thionobenzoate esters is expected to be essentially of
npt configuration because of (a) a blue shift of the
phosphorescence spectrum in polar media, (b) the short
lifetime even in the absence of.photoreaction and (¢) an
energy gap of about 8000 cm~l, between the onset of the

v* and.Tgw* absorption bands.

The ratio of triplet lifetimes with and without gquencher
in solution,’t/?’, agreed, within the limits of error,
with the ratio of photolysis rates, ¢°/¢q for ¢ equal

to oxygen, plperylene and thionobenzoate (self quenching)g
It 1s concluded, thereforv, that the triplet state as
dbserved by 1ts transient absorption is identical with
the quenchable photoreactive state and a reaction mechanism
analogous to the one currently accepted for Norrish Type
ITI is proposed. 2he flash photolysis experiments did not
in general_provi&e any evidence for the existence of a
biradical intermediate. However, the fesults of the
photolysis of'comﬁounds such as (XXXVIII a-f) provide
evidence for the existence of a biradical intermediate.

(Scheme U4)

On irradiation, the first-étage of the reaction is
abstraction of a'hydrogen atom frém thejeécarbon by'the '
excited thionobenzoate group. The biradical (XLvI) which
is formed can follow one of two courses. For styrene |
formation, the phenyl group, the R group and the « and
p-carbon atoms must lie’in the same plane so as to provide

maximum overlap between the newly forming double bond and
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the phenyl grouﬁ. However, when R is bulky, there is a
degree of hindrance so that the phenyl group, R and the «
and s =-carbon atoms cannot become planar. Thus the most
likely reaction path will then be cyglisation to form the
oxetahe (XLVII). This can then decompose by either path

(a) or (b) as in scheme 4,

Scheme L

R | R

Fh | pn\\\v//l\\ Ph
) 0 ho -~ - 0 \,
—_— . —_— jp— :
H S"l\‘Ph HS’/l\\Ph R

(XXXVIII a-f) L (XLVI a-f) >(xxx1x a-e)

H8§—1—0

OH

Ph
(XL a-e)

%
Ph-CH,~CO-Ph

(XL £)
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Although the oxetane internediates could not be directly
observed by their u.v, absorption in the reaction miXture,
their lifetimes could however be determined from the first-
order rates of fofmation of the thioketones (XL);by
monitoring the absorption at 550 nm. Appearance half-lives
for the thioketdne (XL e) at room temperature were détermined
~as 30 min., 8 min., 1 min., and 0.5s., in liquid paraffin,
cyclohexane, ethanol and 10'3M triethylamine in ethanol
respectively. The ratio of styrene to thioketone formation

was not significantly affected by base catalysis.

To gain an insight into the stereoselectivity of the
reaction;'a series of trans-styreneé (XXXIX b-e) were
synthesised. 'The most obvious method was the treatment of
the alcohols (XXXVII b-f) with phosphorus oxychloride in
pyridine, since the alcohols had been used to prepare the
thionoesters and the elimination with this reagent is

known to proceed with the minimum amount of rearrangement39.
The styrenes were distilled on a spinning band column and |
checked for purity on an ahalytical g.1l.c. The authentic
styrenes had identical retention times to the styrenes
obtained from the photolyses. The n.m.r. spectra“o were
also identical especially‘at'?3;72 where there was an AB
part of an ABX system with’a coupling constant of 16 c/s.
The i.r. spectra were also identical. The cis-styrenes
.also were prepared.. Cis~(XXXIX b,c) were prepared by the
hydrogenation of the corresponding acetylene using 5%
palladiun on barium sulphate as catalystul. These were

purified in the same way as the trans-isomers but, on the
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- gel.c., the retention times were different to-those of
the trans-isomers. Murther, the styrene from the photolysis
showed nd_peak corresponding to the cis-isomers. Also,
the n.m.r. showed a complétely different AB pattern for
the 61efinic protdns and the infra-red spectra were
different. Consequently, no cis-(XXXIX d,e) were prepared
since they are less likely to be formed from stereochemical

considerations.

To investigate the stereochemistry of the thioketone, it
was decided to degrade (XL 4) since it appeared to be the
most stable and was formed in good yield. The steps in

the degradation are shown in scheme 5.

Ph-CH-CHOH-(i-Pr) Ph-CH-CHOH-(i-Pr)

Ph—ﬁ (XL &) Ph-ﬁ (XLVIII a)

0

1py/BzCl

Ph-CH-CHOBz-(i-Pr)
- Scheme 5
Ph-C

|
0 (XLVIII b)

Ph-CHOH-CHOH-(1-Pr) _ L.A.H. Ph-?H-CHOBz-(i-Pr)
~
(L) '<|>
Ph-C  (XLIX)

J
0
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The first step was oxidation of thiokeione (X, 4) to
ketone (XLVIII). This was followed by treatment with m-chloro
perbenzoic acid to give}a Baeyer-Villiger rearrangement to
a benzoate (XLIX). Both of these steps are known to |
proceed with retention of configuration. (XLIX) was
'convertedAtd diol (L) which was then compared to thfeo

aﬁd erythro-3-methyl-l-phenyl-butan-1,2-diol (LI) and
(LII) respectively. (LI) and (LII) weré both prepared
from the trans-styrene (XxXXIX d4) by treatment with silver
acetate and iodineu2. The ester was then reduced with
l.a.h, to give the threo-diol (LI), or treated with sodium
hydroxide to give an epoXide, which waé,ﬁhen hydrolysed
with formic acid to give the erythro-diol (LII). N.m.r.
of (LI) and (LII) showed that the coupling constants of |
the hydrogen atoms on C-1 and C-2 were 7c¢/s. and 5% c/s..
for the threo and erythro isomers respectivelyul. N.m.r,
of the product obtained from degradation bf the thioketone
(Ix a) showed that the coupling constant was 7c/s. and

was therefore the threo isomer. M.p. and i.r. confirmed this.

There are four conformations (LIII) - (LVI) that are
possible during the hydrogen abstraction stage. Of these,
(LIV) and (LV) have the least stereochemical interference

and so are the most likely to be formed.
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Bither of these can cyclise then ring open as shown in
scheme 4 to yield the thioketone having the threo con-
figuration. By similar considerations, it can be shown
that the most likely styrene to be formed will have the

trans configuration.

In the preparation of large quéntities of thioketone

(XL 4) for the degradation described above, it was decided
to use a high pressure mercury lamp in system B (sée
experimental sect@on). This was primarily because this
set-up was more suitable for larger quantities of material
than system 'A' using a medium pressure lamﬁ. When using
the high pressure lamp, it was found there was a delay of
seferal minutes before there was any appearance of the
thioketone, This suggested that the intermediate oxetane
was more stable than had been originally supposed, so
several 'trapping' experiments ﬁere performed to try and
isolate a stable derivative. PFirst of all, the photolysis
was carried out at -78°. At this temperature it was
found that, after irradiation, the solution remained
colourless for several hours. It was essential, however,
to let the dichloromethane solvent dry for several days

over grade I alumina, otherwise the solution became

purple more rapidly.
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To see if the intermediate could be observed in the

n.m.r. spectrometer, a concentrated (15mg./ml.) solution
of (XL e) in dg-toluene was photolysed at -78°. When

~ the solution became colourless, a spectrum was run at |
-78°, This showed two broad doublets at ¥5.2L4 and t6.09
(5=b4% c/s.). On allowing the solution to warm up, to let
the thioketone form, then re-running the spectrum at -789,
the doublets had disappeared and tio new doublets had
formed at TL.78 and Y5.68 (J=4t ¢/s.) as well as a broad
gsinglet at Y7.03. These results can be éxplaihed in terms
of an intermediate (XLVII e) going to thioketone (XL e).

5,24 T6.09 TLh.78 T5.68
B H H H

(XLVII e) (XL e)
Diazomethane was one reagent used to attempt to trap
intermediate (XLVII d). A solution of diazomethane in
ether at -78° was added to the solution.cbntéining the
intermediate at -78°. On allowing the reaction mixture to
warm up to room temperature, two products had formed.

The first compound was deduced to be 1,2-diphenylvinyl
methyl sulphide (LVII) from the n.m.r. spectrum which
showed a singlet at v2.67 (5H) a multiplet at v2.96 (SH),‘
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Ph H ™
o - _ Se=o0
' _ MeS
- Me8 Ph

(zvir) | (LVIII)

a singlet at ¥3.46 (1H) and a singlet at ¥7.77 (3H).
The mass spectrum showed a molecular ion at 226 with a
fragmentation pattern which fitted a structure sﬁch as
(LVII)u3. The other compound was deduced to be methyl
thiolbenzoaie (LVIII) from the following data: the
n.m.r. spectrum showed a multiplet at v2.01 (2H), a
multiplet at T2.L5 (3H)"and a singlet at T7.53(3H). The
mass spectrum showed a molecular ion at 152 with a
fragmentation pattern which fitted structure (LVIII).
Both of these compounds may be formed in the manner

shown in scheme 6.

Scheme 6
- e
CHoNo
Ph (o) Ph Gg\' 0

SH _ SMe
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or
Fh —/¢ <_
————p +
Ph ’ 0 vPh——-—?::::O
SMe SMe
(LvIII)

To prevent the ring opening on warming up, it was decided
to oxidise the thiol to a sulphonic acid, then methylate
this with diazo-méthane. A series of oxidising agents
were tried., These 1nclﬁded m-chloroperbenzoic acid,
benzoyl peroxide, ‘p—nitrobenzoyl peroxide and ozone.
However, with all of these, the major reaction product

was the ketone (XLVIII a).

Another‘approach was to desulphurise the intermediate with
Raney nickel., This, however, had no effect on the .
intermediate which rearranged to give the thioketone

(XL a).

The use of lodine would be expected to give the disulphide.
However, this reagent gave rise to a complex mixture of

products.

When intermediates (XLVII a—e) were allowed to}warm up to
room temperature, the jields of thioketone were higher
than the room temperature éxperiments, while the yield of
thioketone and styrene was nearer to 100% in this case

showing that, in the room temperature experiment, the
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thioketone must have been either decomposed by the
triethylamine present in the reaction mixture or

photolysed. (If the thioketone was allowed to stand at

room temperature in the presehce of an excess of triethylamine,
1t ﬁas}rapidly decolourised). In the case of 2-phenyl-

eth&l thiondbeﬁzoate thers was}a small amount df thioketong
detected in the spectrophotometer. This reached a
5steady—state' after 30% photolysis. The results are shown

in the table.below with the room temperature results in

brackets.
Yield of Yield of Ratio
(XXXVIII) thioketone styrene (XL)/XXXIX
_ (XL)%  (XXXIX)%

a, R=H | 10* (0) 81 (71) 1.0/8.1 (o)
b, R=Me 32¢ (10)* 61 (55) 1.0/1.9 (1.0/5.5)
¢, R=Et | 45 (20) | 52 (51) | 1.0/1.15 (1.0/2.55)
d, R=i-Pr - 55 (29) 42 (41) 1.0/0.76 (1.0/1.4)
e, R=t-Bu 75 (37) 25 (27) 1.0/0.33 (1.0/7.3)

* Yield as estimated from u.v. spectrum

The next series of compounds to be investigated were the

esters of meso and d,1l-hydrobenzoin (LX a-c) and (IXI a-c)

respectively.
0.CS.Ph
™ m m |
AR, 0.CS.Fh | én
(Lx)a, R=H (IX1)a, R=H
b, R=0.C0.Fh b, R=0.CO.Ph

c’ R=°.CS.Ph- O, R=0.CSoPh
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Refluxing meso or d,i—hydrobenzoin with sodium hydride

in t.h.f.,, then adding thiobenzoylthioglycolllic acid, gave
(1X a) or (ILXI a) as major products. ‘Benzoy;ation of these
in the usual*waj gave (LX b) and (IXI b) respectively.

(ﬁx c) was prepared by method (iii) from meso-hydrobenzoin |
using imidazole. However, (LXI c¢) was not formed at all
using this route. The beét methods for the synthesis of
this ester were from (ILX b) using method (1ii), or from
d,1-hydrobenzoin using method (i1). In either éase, the
best yields obtained were of the order of 7%.

The main reason for irradiating these esters was to compare
the effe%ts of the stereochemistry on the.rate of photoljsis
and on the prbducts formed. The meso-series (LX a-c) were
expeéted to give rigse to a trans-enol whiéh, in the case

of (a), would téutomerise to form desoxybenzoin or, in

"the case of (c), may further photoeliminate to form diphenyl

acetylene as in scheme 7.

Scheme 7

Ph—CO—CHy—Fh  «—(2)
(1Lx11)
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Ph—CO—CH,—Ph  (—(8) R=H Ph>———\/Ph

R=0,CS.Ph
b

\ 4

Ph—C=C—Fh
(IX1V)

In the case of the d,l-series, the first product was
expected to be a cis-enol which, in the case of (a), would
tautomerise to give desoxybenzoin or, in the case of (é)

further photoeliminate to give diphenylacetylene.

(IX a) was irradiated in either cyclohexane or dichloromethane,
in the presence of triethylamine, to give desoxybenzoin

in 65% yield. The reaction was slightly more clean and a
little faster in cyclohexane. Without triethylamine there

was no readdition product formed. However, a small amount"

of dibenzoyldisulphide was observed.,
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(IXTI a) gave essentially the same results as (ILX a).

When (LX c) was irradiated in dichloromethane with 1light
from a high pressﬁre mercury lamp, the photolysis proceeded
at an alﬁost nggligable rate, On addition of triethylamine
to the reaction mixture, the reaction proceeded more
quickly but, even so, the rate of photolysis was about
thirty times slower than phenylethyl thionobenzoate.

There were four major products formed in the reaction. The
first one was deduced to be trans-stilbene (IXVI) from

its n.m.r. spectrum which showed two singlets at T2.75
(10H) and T3.39 (ZH)hh. The mass spectrum showed a mass.
ion at 1§0 and the u.v. showed a characteristic peak at
295 nm.~(£=27,000)u5. It was formed in 51% yield. The
next compound was.deduced to be cis—étilbene (LXVII) from
the n.m.r. which had a multiplet at ¥2.58 (10H) and a
singlet at 12.79 (2H)uh. Masé spectrum showed a molecular'.

ion at 180 and the u.v, spectrum had A ax®b 280 nm,

m
(8=13,500)h5. These and other,physical data were identical
to authentic samples., The identity of the third (IXVIII)
and fourth (LXIX) compound proved a little more elusive.

At first, (LXIX) was formed first then, as the reaction
proceeded, (IXVIII) was formed, appafently at the expensé 
of (LXIX). After a while, however, the concentration of
(LXVIII) and (LXIX) reached a steady concentration relative
to each other. 1In the n.m.r. spectrum, (ILXVIII) had

five aromatic protons in the ratio 2:3 and a singlet at

T4.87 corresponding to 2 protons. The i.r. spectrum showed

a strong absorption at 1675 em.”1 which implied a
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thiolbenzoate. These results suggested that Ph.C0.S-

and an isolated -CHo~ were present in the molecule. Mass
spectrum had a molecular ion at 186. This was 35 units
‘higher than the two grouﬁs mentioned above. Thus (LXVIII)
was deduced to be’éhloromethylthiol benﬁoate which'was
confirmed by synthesis of an authentic sampleus, The

mechanism for the reaction was thought to be as in schemé 8.

Scheme 8
Ph Ph Ph. ~H
15 \i’ * ()
el ILXVI
c=8} *
A :
Ph\;_./Ph
H” ‘H
"~ (LXVII)
+
Ph—(—8—S—C—Fh
0 (LXX) 0
lhv
2 Phr-ﬁ-—S'
(0]

Ph—ﬁ—-s-’\ e Lo, —01 —— Ph—C—8—C1l + CH,CL

Ph~ﬁ~s"\' orpc1 , > Ph—G—8—CHy—C1
o .

(mIII)
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The first étep of the reaction would be for the photo-

- excited thionbenzoate to undergo a cyclic elimination to
form trans stilbene and dibenzoyl disulphide. Under the
reaction conditions, the dibenzoyl disulphide can further
fragment‘tb form thiobenzoyl radicals. One of these can
dbstract hydrogen from the solvent and the other can combine
with the chloromethyl radical to form (LXVIII) as in

scheme 8, PFrom thié it was deduced that (ILXIX) was
dibenzoyl disulphide. The r.f's. on t.l.c. were identical,
the melting points and i.r. spectra were similar but

there were some important differences. In the first
instance, dibenzoyl'disulphide crystallised from ethanol

as plates while (LXIX)‘crystallised as needles.‘» More
important wés the:fact that (LXIX) showed a singlet at
5.30, correspohding’to two protons, as well as ten
aromatic protons split in the ratio 2:3. Purther, the

mass spectrum of the dompound showed a molecular ion‘

which was 14 units higher than that of dibenzoyl disulphide.
From this, it was deduced that (IXIX) was methanedithiol

dibenzoate“7. Its formation can be explained as in

scheme 9.
Scheme 9
Ph—C—8° ¢1*{CH, —8—C—Ph Ph—Q—S8—C1
o 275 —
o o 0+
(IXVIII) -cag——s—-ﬁ-,—-m:
Ph—Q—S* CH,—S—(C—Ph Ph—G—8—CH,—8—C—Fh
: Dt T

(1xXIX)
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The reaction is somewhat more complex than this however,
since irradiation of dibenzoyl disulphide (LXX) under the
same reaction conditions gives only (LXVIII) in 38% yield.

When cyclohexahe was used as solvent, the major products
were the stilbenes (LXVI) and LXVII). There were several
minor products and a lot of polar material. No doubt

the Ph.C0.S radical had reacted with the triethylamine.

Irradiation of (ILXI c¢) was expected to give the same
products as (IX c¢) with cis-stilbene predominating over
trans-stilbene. However,vwhen the compound was irradiated
with cyclohexane as solvent, the major compound was found
to be‘diphenyl.acetylene. This was characterised by mass.
spectrum, infra-red and u.v. then compared with.an authentic
sample. Its formation can be explained by considering the
cpnformationjof}(XLI ¢) in the elimination position as
shown in scheme 7. Here, both thionoester groups are
adjacent to a hydrogen atom so that, if elimination is
faster than rotation about the G-C bdnd,‘ﬁhe acetylene
(LXIV) will bve formed. If the reaction goes through an
intermediate enol thionobenzoate (LXV) then the hydrogen
atom will be on the correct side of the double-bond for
abstraction. This is not the case with the meso esters

since the intermediate enol thiondbenzoate would be trans.

Irradiation of (IX b) using the same conditions as above
producedino reaction. However, on increasing the conceﬁtration

from 2 x 10™OM to 6 x 10'3M, the reaction proceeded as
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before with (IXVI) - (LXIX) as major producte when the
solvent was dichloromethane, and (IXVI) and (LXVII) as

major products when the solvent was cyclohexane.

Irradiation of (IXI b) gave the same ratio of cOmpouﬁds
with trans-stilbene predominating in both cases. This
suggests that the mechanism 1s not concerted, as shown in
schemé 10, but proceeds step-wise so that there is fime
for rotation sbout the G-G bond before the biradical
collapses to the étilbene. On stereochemical grounds the

trans-isomer will predominate.

The concentration dependance of this reaction implies that
+ - the reaction proceeds in an intermolecular fashion as

shown in scheme 10,

Scheme 10
Ph—C C—Ph- Ph H
S N
0 ?) H “\Fn
O)"—fé—Ph Ph—G (zxvr)
\ , ¢
| e
— —_—) . TN
o_t’ci; Fh  Ph—C)-8 H H
0

. S oo

Ph—C————C—Ph
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h»
IXX) s> (IXVIII) + (ILXVIII) + (IXIX) as in
( ) CH2012 ( ) : ( ' schemes 8&9

Dibenzoyl peroxide (LXXI), which is also formed in the
reaction, can also photolyse to give CO» and phenyl
radicalsue.



6.
.~ EXPERIMENTAL

Unless otherwise stated, the following data apply to

experiments described in this section:

Mélting points were taken on a Kofler block and are
uncorrected. |

I.r. and u.v, spectra were recorded on a Unicam SP‘2OO and -
SP 800 respectively. |

Mass spectra were taken with an A.E.I. MS9 double focussing
spectrometer. |
N.m.r. spectra were recorded with a Varian A-60 instrument
and refer to déyterochioroform solutions with tetramethyl
silane as intarnal.standard. The rollbwing abbreviations
refer to the n.m.r. data, s = singlet; d = doublet;

t = triplet; q = quartet; m = multiplet

Rotations were measured on a Perkin Elmerylul polarameter
and are for chloroform solutions,

Analytical g.l.c's. were performed on a Perkin-Elmer F-11
instrument with a 2 metre x " o.d. silicone_gum rubber

E 301 on chromosorb G-AW-DMCS 2%:97%, 80-100 mesh (496-0732)
All solvents were dried by Standard'techniques.
Expefiments.marked thus * were carried out invconjunction
with Dr. P.J. West. | |

The lamps used for the photdlyses were: Philips MBU/U

125 W mediunm preséure blacklight lamp with the dark outer
glass cover removed, and HPK 125 W BA 15 D TYP 5720 3B/00
high pressure mercury lamp.

Two basic systems were used fof the photolyses:
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System A

Pyrex flask

€———Pyrex basin

Photolysis -
solution

olelvle

Lead cooling-coil

Lamp

The ester in degﬁssed solvent was contained in a 3-neckéd
pyrex flask cooled externally in a pyrex water bath
(fitted with cooling éoil) and equipped with an inlet for‘
dry, oxygen-free argon and a condenser fitted with a
drying tube. Aluminium foil lined the box containing the
lamp and was placed over the top of the basin and flask

to act as reflector.
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System B ’ ; ,
Water —> W

=
d b
1T 3

Water-cooled
' jacket

Lamp

Photolysis
solution

Sintered
 glass
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The ester, in degassed solvent, was irradiated in a container
which had a sintered disc at its base through which argon
could be passed., The container was fitted with 2-necks.

One for a condenser and a drying tube and the other for
removing aliquots. The lamp was fixed to the end of a
"prdbe in a pyrex water-cooled thimble which dipped into the
solution. The whole system was wrapped in aluminium foil

to act as a reflector.

Thiobenzoyl chloride (I)

Phenyl magnesium bromide was.prepared in_the usual way
from magnesium turnings (2hg., 1 mole) and bromobenzene
(157g., 1 mois) in anhydrous ether (500 ml.) under argon.
The solution was cooled to -20° then carbon disulphide
(228g., 3 moles) was added dropwise, with stirring.

When addition was complete, the reaction mixture was

allowed to warm up to room temperature overnight.

The red, semi-solid mass was poured on to crushed ice,
acidified with concentrated hydrochlcric acid and
extracted with ether. The ethereal solution was washed.
with water then twice with LN sodium hydroxide solution.
The baslc washings were washed with ether then re-acidified.
The thiobenzoic acid was extracted into ether then

washed with water till neutral. After drying (Na,y80,),

the ether was evaporated to a volume of 500 ml. Thionyl .

chloride (238g., 2 moles) was added dropwise under argon.
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The reaction mixture was allowed to drip slowly into

a 100 ml. flask under vacuum (lmm.) to distill excess

thionyl chloride and ether. When these had been removed,
- the flask was heated at 50-652/0.1 mm. till no more

yellow compound distilled. At this stage, the flask

was plunged into a Wood's metal bath at 160° to distill

the thiobenzoyl chloride (1)6.
B.p. 80°/0.1 mm.  Yield 51g. (32%).

Thiobenzoylthioglycollic acid (1la).

Phenyl magnesium bromide was prepared in the usual way
from bromobenzene (1573., 1 mole) and magnesium turnings
(ng., 1 mole) in anhydrous ether under argon. When the
reaction was complete, the solution was cboled to =209
then treated dropwise with carbon disulphide (228g.,

3 moles) with stirring. The reaction mixture was allowed
to warm up slowly overnight. The red, semi-solid mass
was poured on to crushed ice and extracted with ether
till the washings were colourless. The ethereal solution
was washed with a little saturated sodium bicarbonate

solution and the aqueous solutions combined.

Chloroacetic acid (94.5g., 1 mole) was neutralised with
- sodium bicarbonate then added to the aqueous solution
above., The reaction mixture}was allowed to stand at

0° for 3 days then acidified with ice-cold concentrated
hydrochloric acid. The red precipitate which formed
was filtered.off and the aqueous solution was extracted

with chloroform. The filtrate was dissolved in the
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chloroform extract, dried (Naasou) and evaporated to a
volume of 300 ml., Hot petroleum éther (150 m1. 60-80°)
was added to the chloroform solution and allowed to
cool. The crystals which formed were filtered off to

give thiobenzoylthioglycollic acid (ITa)’ as bright

red needles,

(56g., 26%); Mp. 127-128°

Cholest-5-ene-3s-ol thionobenzoate (VIII). (Method i).

Thionbenzoyl chloride (5 ml.) was added to cholesterol
7.8g2., 0.02 mole) in pyridine (50 ml.) at 0°. The
mixture was left overnight at room temperature then
poured into an excess of 2K hydrochloric acid. The
agqueous mixture was extracted with'ether and the ether
'solution was washed with water, dried (sodium sulphate)
and evaporated. The residue was dissolved in a little
benzeng and chromatographed on acid washed silica gel
(500g.). Elution with 1ight petroleum (L0-60°) gave
cholest-5-ene-3s-0l thionobenzoate (VIII),(S.éOg., 85%)

as yellow needles.

M.p. 164-166° (60-80° light petroleum);

[“]D, -5° (g 1.0);

nujol -
WOl 1007 em. ™Y
Xoyelohexane 256, 228 and h2omm. (€=7,100, 8,000 and

140 respectively);

N.m.r. (), 1.90 (m, 2H), 2 .67 (m, 3H), 4.60 (m, 2H),
7.30-9.25 (m, L3H). |
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The above sequence is illustrative of the procedure
used‘when emplo&ing thiobenzoyl chloride as a
thionobenzoylating reagent. In future preparations,
the phase 'work-up as usual® will denote the isolation
of a thionobenzoate by an exactly similar procedure to

that described sabove,

Cholest-5-ene-3g-ol thionocbengzoate (VIII). Method (111).

Sodium hydride (1g., 50% dispersion in mineral oil,
20mmole) was added to a solution of thiobenzoylthiogly-
~collic acid (2.12g., 10mmole) in anhydrous t.h.f.
(100m1.). When effervescence ceased, imidazole (1.36g.,
20mmolé) was added then the solution was refluxed for
5 mins, Cholesterol (3.86g., 10mmoles) in anhydrous
t.h.f. (50ml.) was added and the solution refluxed for
a further 10 mins. The reaction mixture was cooled and
dilated cautiously with water then extracted with ether.
The ethereal solution was washed in turn with water,
2N HCl, satd. sodium bicarbonate, water, then dried
(sodium sulphate) and evaporated to give an orange solid.
This was dissolved in benzene and chromatogfaphed as

above to yield cholest-5-ene-3s-ol thioncbenzoate (VIII)

(4.5g., 89%) identical to an authentic sample.

The above sequence is illustrative of the procedure uéed
when employing thiobenzoylthioglycollic acid, sodium
hydride and imidazole as a thionobenzoylating reagent,
In future preparatiohs, the phase 'work-up as usual'

will denote the isolation of a thionobenzoate by an
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exactly similar procedure to that described above.

Photolysis of cholest-5-ene-3p-ol thionobenzoate (VIII)

in cyclohexane,

The thionobenzoate (506mg., lmmole) in degassed 'Spectrosol’
cyclohexane (250ml.) was irradiated with light from a
‘medium pressure mercury lamp using system 'A'. The
réaction was followed by observing the disappearance of
the thionobenzoate u.v. peaks at 252 and 288nm. After
20'mins., these peaks had completely disappeared and |
peaks at 228 and 235nm. had appeared. The reaction
mixture was extrﬁcted with 4N sodium hydroxide. The
aqueous solution was treated with 20 volume hydrogen
peroxide (5ml.)_and allowed to stand for 10 mins. The
mixture was extracted with ether then the ether extract
was dried (Nazsoh) and evaporated to give dibeﬁzoxl
disulphide (110mg) as colourless plates, mp. 129-130°

(from ethanol).

The cyclohexane solution wés wéshed with water, dried
(Nazsou) and evaporated. The residue was chromatographed
on grade IIT alumina (100g.). Elution with light
petroleum (40-60°) gave cholesta-3,5-diene (IX) (330mg.,
90%) as fine needles mp. 78-80° (from methanol-acetone)
identified by direct comparison with an authentic sample.

Photolysis of cholest-5-ene-3s-ol thionobenzoate (VIII) in ethanol.

The thionobenzoate (VIII) (253mg., O.5mmole) in absolute
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ethanol (100ml.) was irradiated as above., When the
photolysis was complete, the ethanol waé removed in

vacuo and the residue chromatographed on a 60 x 20 x O.lcm.
silica gel GFZSh chromatography plate, Blution with
petroleum éthér, 40-60°/dichloromethane L4:l gave two

mgjor components. The first was cholest-H-ene-~-3<~thiol
benzoate (X) (42.5mg., 17%) mp. 156-157° (from acetone)
and the second was cholest-5-ene-%p-thiol benzoate (XTI)

(32.5mg., 13%) mp. 147-148° (from acetone).

AEtOH

may 1D each case was 239 and 270nm. (€ =11,500 and

8,300 respectively) _
The cholest-5-ene-3s-ol thiolbenzoate was identified by
| comparison with an authentic sample. The cholest-5-ene-
3«-01 thiolbenzoate was reduced with lithium aluminium
nydride in ether to give the thiol mp. 100-101° (acetone)
whose physical constants were identical to those in the

1iterature27.

ggolest-ﬁrenee;@- hiol benzoate (XI).

Cholesteryl tosylate (1.0g.) in acetone (20ml.) was
refluxed with potassium thiolbénzoate (1.0g.) for 6 hours.
The mixture was poured into water and extracted with
ether, The ether extract was washed with water, dried
and evaporated., The residue was chromatographed on

grade III alumina (100g.). Elution with petroleum sther

40-60°/dichloromethane 1:1 gave cholest-5-ene-3s-thiol

benzoate (XI) (0.60g.) as fine colourless needles.
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M.p. 159-160° (from acetone);
v:giol’ 1680 cm‘l;
nggn, 239 and 27Qnm; (€=11,500 and 8;300 respectively);

K.m;r. (TO,‘é.O (m, 2H), 2.48 (m,'3H); 4.s54 (m, 1H),
7.50-=9.31 (m, L3H).

This was identical to an authentic sample.

Photolysis of cholest-2-ene with thiolbenzoic acid.

A?—cholestené (185mg., O.5mmole) and thiolbenzoic acid
(0.276mg., 2mmole) were irradiated together overnight in
ethanol (SOml,) using a medium pressure mercury lamp.

" The mixture‘was'poufed into water and extracted with
ether. The ether extract was washed with 1IN sodium
hydroxide and water then dried (NaQSou) and evaporated.
The residue was chromatographed on a 60 x 20 x O.lcm.
silica gel chromatography plate. Elution with petroleum
ether, 40-60°/dichloromethane gave four compound all of

 which showed %o in the i.r._ét 1680cm.~1 indicative
of a thiolbenzoate. Mass spectrum shoﬁed a molecular
ion at:510 which dorresponds to mono-thiolbenzoates of
cholestane. The four compounds must have been therefore

2«, 28, 3x and 3p-cholestanthiol benzoates.

Photolysis of'cho;esta—3.5-diene (IX) with thiolbenzoic acid,

Cholesta-3,5-diene (IX) (368mg., lmmole) and thiobenzoic

acid (1.1g., 8mmoles) were irradiated together in
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ethanol (100ml.) overnight. The mixture was poéred

into water and extracted with ether. The ether extract

was washed with 1N sodium hydroxide and water fhen dried
(Naasou), and evaporated. I.r. spectrum of the residue.
showed 1 o at 1680cm.~! and ‘the mass spectrum showed ut
at 508. This indicated a mixture of monothiolbenzoates

which was not characterised further.

Gholestan-;p-ol-thionobenzoate (X1IV).

Sodium hydride (lg., 50% dispersion in mineral oil,
20mmoles) was aﬁded to a solution of thiobenzoylthiogly-
‘collic acid (2.12g., l0mmoles) in snhydrous t.h.f. (100ml.).
When effervescence ceased, imidazole (1.36g., 20mmolés)
wés_added then the solution was refluxed for 5 mins.’
Cholestan-3s-ol (3.88g., 10mmoles) in anhydrous t.h.f.
(50ml,) was added and the solution was refluxed for a

further 10 mins. Work-up as usual gave cholestan-3s-ol

thionobenzoate (XIV) (L32mg., 85%) as yellow needles.

M.p. 141-142° (from petroleum ether 60-80°);
Bdps +3° (€ 1.0);

viudol 1225 ana 12350m.71;

' )pyclohexane

Anax y 251 and 289nm, (€=7,000 and 7,600

respectively);

N.m.r. (v), 1.82 (m, 2H), 2.58 (m, 3H), L.40 (m, 1H)§
7.65-9.33 (m, U6H). |

This was identical to an authentic sample.
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Photolysis of cholestan-38-o0l thionobenzoate (XIV) in ethanol,

The thionobenzoate (XIV) (508mg., lmmole) in ethanol
(250&1,) was irradiated in the usual way with a medium
pressure mercury lamp using system 'A'. The reaction
was folloﬁed by u.v., When the‘thionoester peak dif—
appeared, the solvent was removed in vacuo and the
residue chromatographed on two 60 x 20 x O.lem. silica
gel GFps5), plates. Elution with petroleum ether, 40-60°/
dichloromethane L4:1 gave two major products. The first

wasvcholestanéjxrthiol benzoate (105mg., 21%) m.p.

149-151° (from acetone) and the second was cholestan-;g-
thiol benzoate (86mg., 17%) m.p. 140-141° (from acetone)
identified by comparison with authentic samples.

Photolysis cholestan-3p-ol thionobenzoate (XIV) in the

presence of benzaldehyde,

A solution of the thionobenzoate (x1v) (127mg., O.25mmole)
in dichloromethane (50ml.) containing benzaldehyde
(1.33g., 12.5mmole) was irradiated in the usual way

using a high pressure mercury lamp in System'A'.- The
reaction was followed by u.v. When the thionoester peak
disappeared (21 mins), the solution was shaken with a
saturated aqueous ethanolic solution of sodium bisulphite
then with water., After drying and evaporation of solvent
in vacuo the product was chromatographed on a 60 x 20 x
O.lem, silica gel GF25u plate. Elution with dichloromethane
gave benéoin (xovir) (48.5mg., 93%) as white prisms,
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M.p. 136-137° (from methylated spirit);

nujol
v
max

, 1680, BMOOcm.’l;

N.m.r. (), 2.06 (ad, 2H), 2.64 (m, 8H), L.01 (s, 2H),
5.56 (broad s, 1H, exchangeable with D,0.);

and cholestanol (XXVI) (92mg., 95%) as white leaflets.

!

M.p. 140-141° (from Eton);
[&]35, + 27.69%;
2301 31000,

nax

These constants were identical to authentic samples.

Photolysis of cholestan-3g-ol thionobenzoate (XIV) in the

presence of p-nitrobenzaldehyde.

A solution of the thionobenzoate (XIV) (127mg., 0.25
mmole) was photolysed under identical conditions to those
gbove. The reaction was followed by t.l.c. When the

thionoester disappeared (1lhr 20mins), the reaction

was worked up in the same way to give cholestan-3z-0l
RA

benzoate (XXXI) (53mg., 43%) as white plates.

M.p. 136-137° (from ethyl acetate);

(4 35, + 21.29;

nujol

o ? 1720em."1;

»

N.m.r, (¥), 1.92 (m, 2H), 2.50 (m, 3H), 5.0 (m, 1H),

T.7-9.33 (m, uGH);

and cholestan-3s-ol (xxv1) (4L7mg., L8%), identical to
authentic samlpes.
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1-Phenyl-propan-2-0l {XXXVII b).

Sodium borohydride (7.6g., 0.2 mole) was added portion-
wise to a cooled (water-bath) solution of l-phenyl-

- propan-2-one (13.4g., 0.1 mole)33 in methanol (100ml.)
containing sodiﬁm hydroxide (c.a. 1g.). The reaction
mixture was refluxed for 10 mins. then allowed to stand
overnight. The solvent was evaporatedvto small volume
and the excess sodium borohydride was destfoyed'with ice
and 2N hydrochloric acid. The product was extracted
with ether, and the ethereal soluiion was washed with
saturated sodium bicaﬁbonate solution then water,
Drying (anh. sodium sulphate) followed by evaporation
of the solvent ieft the product as a colourless oil.

This was distilled in vacuo to give l-phenyl-propan-
2-0l SXXXVII‘b) (11.9g., 84%) as a colourless oil.

L3

B.p. 82-83°/3mm. (Literature ~, 95°/7mm.);

ufilm. 3430cm."1;
max :

N.m.r. (¥), 2.74 (s, 5H), 6.04 (m, 1H), 7.30 (4, 2H,
J=6 ¢/s8.); 8.07 (s, 1H) exchangeable with
D,0), 8.81 (4, 3H, J=6 c/s.).

1-Phenyl-butan-2-0l (XXXVII c),

Reduction of l-phenyl-butan-2-one (1L4.8g., 0.1 mole)

with sodium borohydride in: an analogous way to above

gave l-phenyl-butan-2-0l1 (XXXVII ¢) (13.4g., 89%) as a
colourless oil,
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B.p. 75-6°/24mm. (Literature5o, 76-78°/3mn. );

vﬁ;;m, 34,30cm.™L;

Nomorc (T), 2-73 (S’ 5H)’ 6.0’4- (m’ 1H)’ 7029 (ABx‘n’ ZH)’
8.11 (s, 1H, exchangeable with D,0),
8.54 (q, 2H, J=6 c¢/s), 9.04 (t, 3H, J=6 c¢/s8).

3-methyl-l-phenyl-butan-2-o0l (OXXVII 4).

Reduction of 3-methyl-l-phenyl-butane-2-one (L.05g.,
0.025 mole) with sodium borohydride in an analogous waj
to above gave 3-methyl-l-phenyl-butan-2-ol (XXXVII 4d)
(3.158., 77%). '

B.p. 80-85°/Lmm. (Literature2®, 118-122/15mm.);

film e
) ).Jmax » 3’4-306!!1- ’

Nomoro (T), 2.73(89 SH), 6’,“'1 (m’ 1H), 7'25 (m’ ZH),
8.37 (s, 1H, exchangeable with D50),
8.40 (m, 1H), 9.01 (4, 6H, J=6} c/s.).

3,3-Dimethyl-1-phenyl-butan-2-o0l (XOVII e) >+

Magnesium turnings (ll4.4g., 0.6 mole) were covered with
anhydrous ether (c.a. 20ml.) under nitrogen. Tertiary-
butyl chloride (%ml.) was added and the reaction was
started by grinding with a glas rod. When the ether

was refluxing briskly, tertiary-butyl chloride (55.5g.,
0.6 mole) in anhydrous ether (75ml.) was added dropwise

with stirring over 6hrs. The reaction was stirred for

an additional 10mins., then cooled to 0°.
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Phenylacetaldehyde (36g., 0.3 mole) in an equal volume

of ether was added over 2hrs., with stirring and keeping'
the temperature below 5°. The reaction mixture was
decomposed by ice, cautiously, them by 3N sulphuric

acid. The aqueoﬁs layer was extracted with ether, then .
the combined ether extracts were washed in turn with
satd. sodium bicarbonaté solution then water. The
solution was dried'(sodium sulphate) and evaporated

in vacuo. Distillétion of the resulting oii gave
3,3-dimethyl-1-phenyl-butan-2-0l (XXXVII e) (67g., 63%). .

B.p. 66-73°/lmm. (Literaturet, 78.5/2mm) ;

uggim, 3&500m.'1;

N.m.r. (v), 2.74 (8, 5H), 6.59 (44, 1H, J ,=2.25 c/s.,
Jpx=10.5 ¢/8.), 7.33 (m, 2H, Jgp=13.5 c/a.,
Jax=2+25 ¢/8, Jp,=10.5 c¢/s.), 8.49 (s, 1H,
exchangeable with D,0), 9.01 (s, 9H).

1,2-diphenyl ethanol (XXXVII £)

Reduction of deoxybenzoin (19.6g., 0.1 mole) with
sodium borohydride in an analogous way to above gave

1,2-diphenyl ethanol (15.8g., 80%) as white needles.

B.p. 166-169/10mn.5%;
M.p. 64-65 (from ethanol)’?;

»ﬁg§°1, 33100m.‘1;

N.m.r. (¥), 2.68 (s, 5H), 2.77 (s, 5H), 5.13 (t, 1H,
J=6% c/s8.), 3.02 (d, 2H, J=6% c/s.).



85.

2-Phenylethyl thionobenzoate (XXXVIIT a).

Sodium hydride (lg., 50% dispersion in mineral oil;
20mmoles) was added cautiously to thiobenzoylthiogly-
collic acid (2.12g., 1Ommoles) in anhydrous t.h.f.
(100ml.) with stirring. When effervescence ceased;
imidazole (1.36g., 1Ommoles) was added, portionwise, with
care, followed by 2-phenylethanol (1.22g., lOmmoles).
The reaction mixture was refluxed fof 5 mins. then cooied.
Ice was added cautiously then, after dilution with cold
water, the aqueous mixture was extracted with ether.

The combined ethereal extracts were washed with water,

2N hydrochloric acid, saturated sodium bicafboﬁate
solutiﬁn, then water. The solution was dried (Na280u):
then the solvent was evaporated to give a red oil. This
was chromatographed three times on 200g. grade III
alumina, using LO-60° petroleum ether as eluent. With
the aid of a fraction collector, it was possible to
»separate é-ghegylethyl thionobenggate (XXXVIII a)

(2.0g., 83%) as yellow oil from a red impurity;

film -1.

acyclohexane  oug, 288 and L20nm. (€=6,600, 9,600 and

120 respectively);

N.m.r. (), 1.83 (44, 2H), 2.67 (m, 8H), 5.14 (t, J=
3% ¢/8., 2H), 6.86 (t, J=3} ¢/s., 2H).

This was identical to an authentic sample,



86.

1l-Phenyl-propan-2-0l thionobenzoate (XXXVIII b).

Sodium hydride (lg., 50% dispersion in mineral oil,
o0mmoles), thiobenzoylthioglycollic acid (2.12g.,
10Ommoles), imidazole (1.36g., iommoles) and l-phen;l-
propan-2-o0l (XXXVII b) (1.36g., 10mmoles) were reacted
in anhydrous t.h.f. (100ml.) as described above. Work-

up as usual gave l-phenyl-propan-2-0l thionobenzoate
(XCXVIII b) (l.4g., 55%) as a yellow oil.

vgiim, 1250cm. "1 ;

A;g;lohexane, 252, 289 and L17nm. (€£s9,600, 11,530

- and 130 respectively);

N.m.r. (¥) 1.85 (a4, 2H), 2.64 (m, 8H), 3.97 (m, 1H)
6.88 (m, 2H), 8.58 (4, J=6% ¢/s, 3H)

Analysis, found C, 74.93%, H, 6.17%, 8, 12.70%;

1-Phenyl-butane-2-0l thionobenzoate (XXXVIII c).

Sodium hydride (1lg., 50% dispersion in mineral oil,
20mmoles), thiobenzoylthioglycollic acid (2.12g., lOmmoles),
‘imidazole (1.36g., lOmmoles) and 1-pheny1-butah—2—ol |
(XXVII ¢) (1.508., l0mmoles) were reacted in anhydrous
t.h.f. (100ml.) as described above. Work-up as usual |

gave l-phenyl-butan-2-0l thionobenzoate {XXXVIII c)
(1.78g., 66%) as a yellow oil.
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Vpar's 1250cm.71;

agFclohexane, o53, 291 and h2lmm. (£=9,725, 11,250

and 120 respectively);

N.m.r. (¥) 1.82 (44, 2H), 2.64 (m, 8H), 4.05 (m, 1H),
6.89 (m, 2H), 8.23 (m, 1H), 9.03 (t, 3H);

wais, found C, 75.30%, H, 6.72%, S, 11.69%.
C17H1808 requires G, 75.56%, H, 6.67%, S, 11.86%.

3-Methyl-l-phenyl-butan-2-0l1 thionobenzoate (XXXVIII d4),

Sodium hydride (1g., 50% dispersion in minersl oil,
20mmoles), thiobenzoylthioglycollic acid (2.12g.,
10mmoles), imidazole (1.36g., 1lOmmoles) and 3-methyl-
l-phenyl-butan-2-0l (XOXVII 4) (1.64g., lOmmoles) were"
reacted in anhydrous t.h.f. (100ml.) as described above.
Work-up as usual gave §—metgxl-1-2hegxl-butgg:2-ql
thiondbenzoaté (XXXVIII 4) (1.70g., 61%) as a yellow
oil.

»gi%m, 1240cm."1;

Apyclohexane

max , 256, 293 and L20nm. (€=9,930, 11,180

and 128 respectively);

N.m.r. (T) 1.78 (ad, 2H), 2.60 (m, 8H), 4.0l (m, 1H),
6.88 (m, 2H), 7.90 (m, 1H), 8.93 (m, 6H);

Analysis, found €, 76.37%, H, 6.99%, 8, 11.10%.
CygH,(08 requires C, 76.05%, H, 7.0L%, 8, 11.26%.
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by !
3,3-Dimethyl-l-phenyl-butan-2-01 thionobenzoate (XXXVIII e).

Sodium hydride (1g., 50% dispersion in mineral oil,
‘20mmoles), thiobenzoylthioglycollic acid (2.12g.,
10mmoles), imidazole (1.36g., lOmmoles) and 3,3-dimethyl-
1-phenyl-butan-2-0l (XXXVII e) (1.78g., lOmmoles) were
reacted in anhydrous t.h.f. (100ml.) as described above,
Work-up as uéual gave §,}-dimetgxl-1-2hegxi-butan-2;ol
thionobenzoate (XXXVIII e) (1.04g., 35%) as yellow

needles,

M.p. 51-52° (from methanol);

Wiad®t, 1230em.71;

cg;lohexane, 25l, 293 and L421lnm. (g=9,9uo, 10,5C0

and 125 respectively);

N.m.r. () 1.87 (da, 2H), 2.68 (m, 8H), 3.89 (m, 1H),
| 6.95 (m, 2H), 8.93 (s, 9H);

Analysis, found G, 76.60%, H, 7.57%, 8, 11.00%.

1,2-Diphenylethyl thionobenzoate SXXXVIII £).

Sodium hydride (lg., 50% dispersion in mineral oil,
20mmoles) thiobenoylthioglycollic acid (2.12g., lOmmoles),
imidazole (1.36g., lOmmoles) and 1,2-diphenylethanol
(XxxvII f£) (1.98g., lOmmoles) were reacted in anhydroué'
t.h.f., (100ml.) as described above. Work-up as usual
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gave 1,2-diphenylethyl thionobenzoate (XOXVIII f) (2.8g.,

87.5%) as yellow needles,

M.p. 65-66° (from methanol);

nujol'

wPadOL | 1230em.~1;

. ‘ ‘ : i
Agg;lohexane, 250, 294 and L4O8nm, (€=9,700, 11,000 and

120 respectively);

N.m.r. (¥) 1.78 (44, 2H), 2.68 (m, 13H), 3.1k (m, 1H),
6.59 (m, 2H);

Identical to an authentic sample.

Photolysis of 2-phenylethyl thionobenzoate (XXXVIII a).

Anhydrdus dichloromethane (LOOml.) was degassed by
boiling and passing argon for 30 mins. Thionobenzoate
(XXXVIII a) (968mg., Lmmoles) was added followed by
triethylamine (1.0ml., Smmoles). The mixture was
irradiated with light from a medium pressure mercury lamp
using system 'A'. The reaction was followed by u.v.

When the reaction was complete, the solution was washed
in turn with saturated sodium bicarbonate solution;

2N hydrochloric acid and water, then dried (Nazscu).

The solvent was removed by distillation through a short

glass column at atmospheric pressure. Chromatography on

silica gel GFyg), plates with LO-60° petroleum ether
gave styrene (XXXIX a) (300mg., 71%), identical to an

authentic sample.
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Photolysis of l-phenyl-propan-2-ol thionobenzoate (XXXVIII %)

The thionobenzoate (XXXVIII b) (1.02Lg., Lmmoles) was
irradiated in degassed dichloromethane (4oOml.) containing
triethylamine‘(0.7ml. 1.2mmoles) using the conditions
described above, After washing, the solvent was femoved
by distillation through a short column of acid-washed
silica gel. Elution with 40-60° petroleum ether gave
trans-l-phenyl-prop-l-ene (XXXIX b) (255mg., 55%) as a

colourless oil, identical with an authentic sample, and

unchanged starting material (153mg., 15%). Elution with

dichloromethane gave 1,2-diphenyl-3-hydroxy-butan-1-
thione (XL b) (10% from absorption maximum at 550nm. in

reaction mixture) as an unstable purple oil.

film
Ynax °?

1225cm.™1;

acyelohexane 559, 23y, 248, 316 and 553mm. (€=8,L00,

7,600, 4,600, 12,600 and 76 respectively);

N.m.r. was rather inconclusive, especially in the

methyl region which showed a multiplet.

Mass spec. showed a weak peak at 256 and a strong M-18
' peak at 238.

The ratio of thiokeﬁone/styrene = 15/85,

Photolysis of l-phenyl-butan-2-ol thionobenzoate (XXXVIII ¢).

The thionobenzoate (XXXVIII c¢) (1.08g., Lmmoles) was

irradiated under the conditions described above. Work-

up in the same way gave trans-l-phenyl-but-l-ene (XXXIX c)
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(270mg., 51%) as a colourless oil, identical with an

authentic sample, unchanged starting material (10lmg.,
9.5%) and 1,2-diphenyl-3-hydroxy-pentan-l-thione (XL c¢)

(248mg., 20%) as purple needles,

M.p. 4-77° (from degassed 30-40° petroleum ether

under argon);
yiudoel, 1220, 3300em.~1;

AﬁZ;1°h°X&ne, 229, 23k, 250, 316 and 553nm., (£=8,100,
7,600, 4,600, 12,650 and 94 respectively); -

N.m.r. (Y) 2.05 (a4, 2H), 2.67 (m, 8H), 5.00 (4, J=9 c/=.,
1H), 5.43 (m, 1H), 7.23 (broad s, exchange-
‘sble with D0, 1H), 8.63 (m, 2H), 9.06(%,
J=6§ c/8., 3H); |

Analysis, found C, 75.36%, H, 6.47%, S, 11.87%.
C17H7808 requires G, 75.56%, H, 6,67%, S, 11.85%.

Ratio of thioketone/styrene = 28/72.

Photolysis of 3-methyl-l-phenyl-butan-2-0l thionobenzoate

(XXXVIII d)

The thiondbenzoaté (XXXVIII.d) (1.136g., Lmmoles) was
irradiasted under the condition described above., Work-
up in the same way gave}Qggps-}-methxl—l—ghégxl—but-l—
ene (XXXIX 4) (2uOmg., 42%), identical with an authentic
sample, unchanged starting material (180mg., 17.5%)

and 1,2-diphenyl-3-hydroxy-4-methyl-pentan-l-thione (XL d)
(33umg., 29.4% as'purple needles.
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M.p. 72-74° (from degassed 30-40° petroleum ether under

argon);

Dg:%ol, 1220, 3450cm.”3;

_‘A;§:1°hexan9, 229, 234, 247, 316 and 553nm. (€=9,000,
8,500, 5,050, 12,650 and 102 respectively);

N.m.r. (%) 2.06 (ada, 2H), 2.66 (m, 8H), 4.83 (4, IJ=9% c¢/s.,
1), 5.45 (ad, J=9% c/s., and 2} c/s., 1H),
3.51 (broad s, exchangesble with D,0, 1H),
8.48 (m, 1H), 9.04 (d, J=6 c/s.);

Analysis, found C, 75.42%, H, 6.95%, 8, 11.19%.
C18Hp008 requires G, 76.05%, H, 7.04%, 8, 11.27%.

Ratio of thioketone/%tyrene = 41.5/58.5.

Photolysis of 3,3-dimethyl-l-phenyl-butan-2-0l thioncbenzoate

(XXXVIII e)

The thionobenzoate (XXXVIII e) (1.192g., Lmmoles) was
irradiated under the conditions described above. Work-up

in the same way gave trans-3,3-dimethyl-l-phenyl-but-l-ene
(OXIX e) (177mg., 27%) as a colourless oll, identical

with an authentic sample, unchanged starting material
(250mg., 21%) and 4,h-dimethyl-1,2-diphenyl-3-hydro
pentan-l-thione (XL e) (Lh3mg., 37%) as a purple oil.

»film

o3P, 1215 and 3460cm.”;

)chlohexane

\nax ’ _230’ 235, 247, 31,4 and 554nm, (£=890009

7.550, 5,100, 10,000 and 99 respectively);



93.

N.m.r. (%) 2.12 (a4, 2H), 2.67 (m, 8H), L.57 (4, J=8 ¢/s.,
1H), 5.66 (4, J=8 c/s., 1H), 6.88 (broad s,
exchangeable with D,0, 1H), 9.14 (s, 9H);

Analysis, found G, 76.51%, H, 7.38%, 8, 10.7L%.
C1gH,,08 requires C, 76.ui%, H, 7.18%, 8, 10.81%.

Ratio of thioketone/styrene = 58/L2,

Photolysis of 1,2-diphenylethyl thionobenzoate (XXXVIII f£),

The,thiohdbenzoate (xxvIIr £) (1.272g., bmmoles) was

| irradiatedyundeb_the conditions described above. When
"photolysis was complete, the solvent was removed in vacuo
and.the residue was treated with excess of methanolic
2,h—dini£ropheny1hydrazine. After warming for 5 nins.
then éooling to 0%, the 2,4-dinitrophenylhydrazone
precipitate was filtered off to give.orange.ﬁlatelets
(0.63g., 65%) m.p. 236° (from ethyl acetate). This was
identified ss bengaldehyde 2,li-dinit§ophenylhydrazone

by direct comparison with an authentic sample.

The filtrate from dbove waé éoncentrated then chromato-
graphed on silica éel GFash;} Elution with.dichloromethané
gave a second 2,u-din;trophenylhydrazone (1uhmg.,>10%)
m.p. 199° (froﬁ ethyl'acetate).'.rhis was identified

as deéo;xbenzoin 2,4-dinitrophenylhydrazone from the mass
spectrum (M* 376) and by comparison with an authentic

sample,



9.

p-Nitrophenylhydroxamic acid chloride (XLIII).

p-Nitrobenzaldoxime (3.5g) in dry ethyl acetate (20mi.)
was treated with dry chlorine gas at 0° for 2 hours. The
ethylacetate was removed in vacuo to give p—nitropheny14‘

hydroxamic acid chloride (3.0g) as pale yellow needles.
M.p. 126-128° (from chloroform);

youdel 870, 955, 1015, 1600 and 3280cm.”t.

Oxathiazole (XLI 4),

Triethylamine (0,06ml., O.4Smmoles) in anhydrous ether
(1ml) was added over thr. to a stirred suspension of
thioketone (XL 4) (128mg., d.h5mmoles) and h&droxamic |
acid chloride (XLIII) (90mg., O.45mmoles) in anh..ether‘
(5ml.). The mixture was dissolved in chloroform and
washed thoroughly with water, After drying (Nazsou),

the solution was reduced in volume then chromatographed
on a 20 x 60 x O.lcm. silica gel Grzsu»plate. Elution
with dichloromethane/L0-60° petroleum ether 1:1 gave
oxathiazole (XLI 4) (122mg., 60%) as fine white needles:

M.Dp. 149-151° (behzene/60-80° petroleum ether);

ujol 715, 875, 1290, 1360, 1390, 3450cm.™1;

AEtOH |
max » 281 and 337am. (€=14,500 and 4,370 respectively);

N.m.r., () 2.0 (44, J=25, 9¢/s., LH), 2,7 (m, 8H), _
3.23 (m, 2H), 4.03 (m, 2H), 7.81 (broad 4,
J=l ¢/s., exchangesble with D,0, 1H), |
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8.55 (m, 1H), 9.16 (44, J=7%, & ¢/s., 6H).

Analysis, found G, 67.18%, H, 5.57%, N, 6.3u%, 8, 7.10%.
C5Hp,0, SN, requires C, 66.96%, H, 5.36%, N, 6.25%,
8, 7-13%5

and another compound as fine yellow needles (80mg., 39%)

which had similar pr0perties.
M.p. 153-157° (benzene/60-80° petroleum ether);

»::iol’ 715, 760, 770, 865, 880, 1025, 1290, 1355,
11385, 3570cm.”Y;

MBLOH 280, 335 and 377nm. (€214,700, 4,180 and 567
respectively);

N.i.r. (¥) 1.99 (dd, J=9%, 27 ¢/s., LH), 2.65 (m, 8H),
' 2.95 (m, 2H), 6.07 (m, 2H), 7.19 (d.vJsth/bQ,
exchangeable with D0, 1H), 8.66 (m, 18),
' 9.20 (a4, J=6%, 9 c/e., 6H);

Analysis, found C, 66.25%, H, 5.36%, N, 6.30%, 8, 710%.
02532u0h3N2-requires ¢, 66.96%, H, 5.36%, N, 6.25%,
8, 7.13%.

Trang-l-phenyl-prop-l-ene (XXXIX b)),

Phosphoryl chloride (20ml.) was added dropwise, with
stirring, to a solution of iAphenyl-propan—z—ol (13.6g.,
0.1 moles) in pyridine (200ml.). The reaction mixture -
was heated under gentle reflux till analytical g.l.c.

showed no chloride present, The solution was cooled
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and poured on to crushed ice and the product was.extracted
with ether. The combined ethereal layers were washed
-with 3N HCl, saturated NaH003 and water. After drying |
(Na2sbh) and evaporation of solvent, the‘crude product

was distilled on a spinning band column to give trans-1-

phenyl-prop-l-ene (XXXIX b) (7.9g8., 68%).

Bob. 73"7“—0/2%0“1;

wflln go), 736, 812, 9u8, 962, 980, 1hb5, 1495, 1502,
160hcm.'1;

XEVOR, 250 (17,300);

N.m.r. (V) 2.73, (s, 5H), 3.66 (m, Jyp=16 c/s, 2H),
8.11 (4, J=U4.5 ¢/s., 3H);

@.l.c., retention time (column temperature, 100°;

flow rate, 100ml./min.), 7.6mins.

Irans-l-phenyl-but-l-ene gxxx;g c),

In a analogous manner to that described above, trans-

phenyl-but-l-ene (XXXIX c) ﬁas prepared in 57% yield.

B.p. 91-92°/23mn.”>;

vgﬁ“‘, 701, 727, 753, 780, 979, 992, 1080, 1385, 1458,
1467, 1502, 1600;

\EtOH

ax » 250mm. (€x=16,700)3Y4;

N.m.r. (T) 2.71 (s, 5H), 3.65 (n, J,p=16 c/s., 2H),
| 7.7 (m, 2H);
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G.l.c;, retention time (column temperature, 100°,

flow rate » 100ml ./miﬂ. ) ’ 11 ou’mins .

Trans-§~metgxl-l-phegxl—but-l-ene SXXXIX d},

In an analogous manner to that described above, trans-
3-methyl-l-phenyl-but-l-ene (XXXIX d) was prepared in
52% yield as a colourless oil.

B.p. 90—910/13mm. 55 ;

vEilm, 704, 761, 982, 1394, 1460, 1477, 1502, 160k;

xﬁ:gﬂ, 250nm. (€=16,800)°7;

N.m.r, Ct)'2,70 (s, 58), 3.74 (m, J,p=16 c/s., 2H),

7.57 (m, 1K) 8.90 (4, J=7 c/s., 6H);

G.l.c., retention time (column temperature, 100°,

flow rate, 100ml./min.) 14.0 mins.

Trans-3,3-~dimethyl-l-phenyl-but-l-ene QXXXIX e).

In an analogous manner to that described above, trans-—

3,3-dimethyl-l-phenyl-but-l-ene (XXXIX e) was prepared .
in 43% yield as a colourless oil. |

B-P. 90-910/10mm' 55 ;

£11 | R |
umaxmp 695, 748, 970, 1270, 1368, 1452, 1467, 1480,
1498, 160ucm.-1;
EtOH

ax » 25lnm. (€=1L,400);
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N.m.r. (T) 2.82 (m, 5H), 3.72 (m, J,p=16 c/s., 2H),
~ 8.89 (s, 9H);
G.l.c., retention time (column temperature 100°,

flow rate 100ml./min.), 15.6 mins.

Cis-1-phenyl-prop-l-ene.

Quinoline (.1l0ml,) was added to a suspension of 5%
palladium on barium sulphate (1.5g.) in ethyl acetate
.(300m1.).' l1-Phenyl-prop-l-yne (11.6g., 0.1 moles) was

added and the mixture was hydrogenated in the usual way.

Absorption of hydrogen ceased abruptly when 0.l moles

had been taken up. The solution was filtered to remove

the catalyst and the solvent was evaporated in vacuo.
Distillation of the residue on a 1l5em. Vigreux Column
gave cis-l-phenyl-prop-l-ene (8.9g., 76%).

B.p. 69-700/28mm.u1’ 57;

film

Yhax s 702, 769, 808, 917, 1372, 1445, 1495, 160kcm.™t

AEax y 242nm, (€=13, 800)“1;

N.m.r. (T) 2.80 (s, 5H), 3.52 (m, J,5=12 c/s., 1H),
4.22 (m, Jpp=12 ¢/s., 1H), 8.13 (44, Ix=

14 o/s., Ipg=? ¢/s., 3H);

G.l.c., retention time (column temperature 100°,

flow rate 100ml./min,.), 5.2 mins,

.
i
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Cis-l-phenyl-but-l-ene.

Using an analogous nmethod to above, cis-l-phenyl-but-l-
yne gave cis-l-phenyl-but-l-ene (69%) as a colourless oil.

B.p. 84-85°/23mm,””;
| _”ﬁxlm: 712, 771&{782, 813, 932, lohl, 1080, 1458,
1470, 1502, 160Lcm.”};

\EBtOH ., .. 58,

,\mu , guzmn.- (€=11,800)°°;

K.m.r. (T) 2.78 (s, S5H), 3.62 (m, Jp=12 c/s;, 18),

” b.39 (m, Jyp=12 c/e., 1H), 7.67 (m, 2H),
8.99 (t, J_:?e} c/s., 3H);

G.l.c., retention time (column teﬁperature 1009,

flow rate, 100ml./min.), 7.6 mins.

oxidation of 1,2-d1phenyl-3-hydroxy-u—methy1-pentane-l-
thione (XL 4).

The thione (XL d) (986mg., 3mmoles) in anhydrous
dichloromethane (500ml,) was treated with ozone at room
temperature. When the purple colour disappeared, the
golvent was removed in vacuo. The residue was chromato-
graphed on two 60 x 20 x O.lem. silica gel GF,g), chromato-
graphy plates to give 1,2-diphenyl-3-hydroxy-4-methyl-
pentan-l-one (XLVII a) (573mg., 62%) as white prisms.

M.p. 120-123° (CH,01,/60-80° petroleum ether);
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nujol
. J

30T, 1678, 3300cm.~1;

‘N.m.r. (T) 2.01 (a4, °2H), 2.65 (m, 8H), 5.20 (4, J=8% c¢/8.,
1H), 5.73 (a4, J=2%, 8% c/s., 1H), 6.83 (s,
exchangeable with D,0, lH), 8.54 (m, 1H),

9.04 (44, J=23, 6% c/%., 6H).

This was then benzoylated with benzoyl chloride (1lml.)

and pyridine (5ml.) in the usual way to give 1,2-diphenyl-
3-hydroxy-L-methyl-pentan-l-one benzoate (XLVII b)

(565mg. , 71%5 as white needles.

M.p. 162-165° (methanol);
w20l 1675, 17150m.71;
“max

Nem.r. (%) 1.96 (m, LH), 2.64 (m, 14H), 3.86 (a4, J=2%,
10 ¢/s., 1H), L.85 (d, J=10 c/s., 1H), 8.25
(m, 1H), 9.01 (44, J=6 c/s., 6 c/s., 6H);

Analysis, found C, 80.38, H, 6.53
025H2h03 requires C, 80.64, H, 6.L5.

Baeyer-Williger rearrangement of (XLVII b).

Ketone (XLVII b) (372mg., lmmole) and m-chloroperbenzoic
acid were heated overnight in anh. dichloroethane 10ml.
at 100°. The reaction mixture was cooled and the solid
mass which formed was dissolved in a small amount of
chloroform. This was then chromatographed on two 60 x 20 x
O.lcm. silica gel GFps5), plates. Elution with dichloro-
methane/L0-60° petroleum ether (1:1) gave 1l-phenyl-3-
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methyl-butan-diol dibenzoate (XLIX) (188mg., L9%) es a

colourless oil.

wehloroform 1710, 1720em.71;

- N.m.r. (¥) 2.07 (m, LH), 2.62 (m, 11H), 3.76 (4, J=8 c/s.,
1H), 4.39 (a4, J=4, 8 ¢/s., 1H), 8.18 (m, 1H),
8.89 (ad, 6H).

This was then treated with lithium aluminium hydride in_
anhydrous ether in the usual way to give threo-3-methyl-

1-phenyl-butan-1,2-diol (L) (67mg., 77%).

M.p. 74-75° (hexane/ether).

This was identical to an authentic sample.

Threo-3-methyl-l-phenyl-butan-1,2-diol.

A suspension of silver acetate (1.84g., llmmoles), trans-
3-methyl-l-phenyl-but-l-ene (0,73g., 5Smmoles) and iodine
(1.27g., 1lOmmoles) wére stirred vigourously for 1% hours
at room temperature in acetic acid (33ml.). The mixture
was treated with water (0.2ml.) in acetic acid (5ml.) .
and heated under reflux for 1 hour. After cooling'and.
filtering, the volatiles were removed at 100° under vacuunm,
The residue was dissolved in cyclohexane and the solution
filtered and stripped of solvent to yield 1.36g. of |
amber oil. This was dissolved in anhydrous ether (20m1.)‘
and stirred while adding l.a.h. (0.5g.) in small portions.
After stirring for a further 10 mins., the excess reagent

was destroyed with ethyl acetate and the crude product
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isolated in the usual way to give an oil which, on treat-

ment with hexane/ether, afforded threo-3-methyl-l-phenyl-

butan-1,2-diol (0.64g., 71%).

Mopo 714-750 .

Erythro-3-methyl-l-phenyl-butan-1,2-diol,

The intermediate amber oil described above was cleaved
with 2N NaOH in water to give a non-hydroxyllie oil,
probably an epoxide. This was stirred overnight with
0.3ml. formic acid in 10ml, water. Extraction with ether

then drying (MgSOy,) and evaporating solvent gave erythro-

3-methyl-l-phenyl-butan-1,2-diol (0.52g., 58%) which
crystallised on standing.

M.p. 102-103° (ether/hexane).

Photolysis of thionobengzoates (XXXVIII a-e) at -78°.

The thlonobenzoate (lmmole) in anhydrous degassed
dichloromethane (LOOml.) at -78° was irradiated, using
system 'B', with light from a high pressure mercury lamp.
The apparatus was arranged so that the cooiing jacket of
the lamp did not 4ip into the éoiution. The reaction was
followed by u.v. When the reaction was complete, formation
of the thioketone was induced by letting the solution

warm up. The reaction was monitored by u.v. and as soon

as the 550nm. peak showed no further increase, the

solution was washed with sodium bicarbonate solution and
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water. Work-up as previously described for the room

temperature experiments gave the following resulté.

XXXVIII | . Yield of Yield of

: thioketone % styrene %
(a) R=H 10%* | 81%
(v) R=Me 32%% 61%
(c) R=Et 145% 52%
() R=1-Pr 556 S 2%
(e) R=t-Bu 75% 25%

* Estimatéd from u.v. spéctfum of reaction mixture,

Attempted trapping of intermediate (XLVII d) with diazomethane.

Thionoester (XXXVIII a) (1.3g., L.5mmoles) in anhydrous
diéhloromethane (800ml.) was irradiated at -78° as |
described above, When the reaction was complete, a
solution of excess idazomethane in ether was added to the
colourless solution which was then allowed to warm up to
0° overnight. Removal of the solvent in vécuo at room
temperature gave an oil which was chromatographed on

four silica gel GF,;), plates. Elution with dichloromethane/
40-60° petroleum ether 1:3 gave gtyrene (XXXIX &) (450mg.,
67%), 1,2-diphenylvinyl methyl sulphide (LVII) (1l2mg.,
11%), identical to an authentic sample, and methyl
thiolbenzoate (LVIII) (259mg., 35%).
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Meso-hydrobenzoin-mono-thionobenzoate (IX a).

Sodium hydride (3.0g., 50% dispersion in mineral oil,
0.06 moles) was added to a sblution of meso~-hydrobenzoin
(2.1ug.;.o.01 moles) in anhydrous t.h.f. (250ml.) under

dry nitrogen. The mixture was refluxed for 2 hours then
cooled. Thiobenzoylthioglycollic acid (2.4g., 0.011 moles)
was added portionwise with stirring. Wheﬁ addition was
complete, the reaction mixture was warmed for 10 nmins.,
cooled and cautiously diluted with water.  The solution

was extracted ﬁith ether, then the combined ethereal

layers were washed with water. After drying (Nay80,), the
solvent was evaporated in vacuo to give an orange oil. -
This was chromatographed on grade V alumina (200g.).
Elution with 40-60° petroleum ether gave meso-nydrobenzoin-
‘bis-thionobenzoate ng‘c)_(o.55g., 12%). Elution with

dichloromethane gave meso-hydrobenzoin-mono-thionobenzoate

(ILX a) (2.20g., 66%) as fine yellow néedles..

M.p. 107f109° (032012/h0-60° petroleum ether);

p32i°1, 1227, 3500cm.”3;

AcyClohexane

max » 256, 286, 292 and 419nm. (€=8,400,

9,400, 9,700 and 108 respectively);

Nom.r. (T) 1.83 (m, 2H), 2.68 (m, 13H), 3.15 (4, 1H,
J=5% cps.), 4.64 (4, 1H, J=5% cps.), 7.9k
(broad s, 1H, exchangeable with D,0);

Analysis, found C, 75.27%, H, 5 ’46/", 8, 9.27%.
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CpqHy 80,8 requires G, 75.40%, H, 5.39%, 3, 9.58%.

Meso-hydrobenzoin-mono-benzoate-mono-thionobenzoate (IX v).

Benzoyl chloride (213mg., 0.18ml., 1.52mmoles) was added

‘ drdpwise to a stirred solution of meso-~-hydrobenzoin-
mono-thionobenzoate (L60mg., l.38mmoles) in anhydrous
pyridine (2.5ml.). When addition was complete, the

~ reaction was stirred for 30 mins. Work-up in the usual
way ylelded a yellow-orange oll which was chromatographed
on a 60 x 20 x O.lcm, siiica gel GFyg), preparative
plate (dichloromethahe/h0-60° petrol, 1:3) to give
meso-gxdrdbenzoin—mononengpate-mono-tgggnobénzoateAggg;gl_
(4L52mg., 75%) as yellow needles.

M.p. 205-206.5° (methanol);

pBudol 1225, 1710cm.-1;

)ﬁiglohexane’ 252, 277, 286, 293 and ulgnm.,(8=8,850Q-.

8,850, 10,500, 10,700 and 123 respectively);

N.m.r. () 1.92 (m, 48), 2,70 (m, 16H), 2.85 (4, 1H,
J=5 cps.), 3.32 (4, 1H, J=5 cps.);

Analysis, found C, 76.71%, H, 5.09%, S, 7.25%.

C,ogH,038 requires G, 76.75%, H, 5.05%, 8, 7.31%.
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Meso—gxdrobenzoin-bis-thionobenzoate (IX ¢).

Thiobenzoylthioglycollic acid (1.7g., 8.0Ommoles) in
anhydrous t.h.f. (50ml.) was treated with sodium hydride
(800mg. , 50% dispersion in mineral oil, lémmoles). .

When effervescence ceased, imidazole (1l.lg., 8mmoles)

was added followed by meso-hydrobenzoin (856mg., Lmmoles).
The mixture was refluxed for 10 mins. then diluted with
~water. The matérial which separaied was filtered then
washed with water. The filtrate was extracted with ether
and the ethéreal layer was washed in furn with water,

6N HCl, satd. bicarb., water, then dried (anh. Na,S0y,)
and evaporated. The residue was combined with the
filtered material then dissolved in chloroform. The
éolution was pre-adsorbed on to grade IIvalumina then
chromatographed on a 200gm. column of grade IIT alumina
usingv60-80° petrol as eluent. This gave meso-hydrobenzoin-

bis-thionobenzoate (IX ¢) (1.2g., 65%) as yellow needles.

M.p. 193-195°, resolidifies at 197° then remelts at
259-263° (from methanol);

vgg%°1, 1215cm."1;

'Apyclohexane

o x , 254, 282 and 420mnm. (€=16,900, 22,200 and

265 respectively);
Nem.r. () 1.90 (m, LH), 2.78 (m, 17H), 3.36 (4, 1H);
Analysis, found C, 73.82%, H, L.8L%, 8, 13.93%.

CogHyn0,8 requires ¢, 7.4.00%, H, 4.88%, S, 1u,08%.
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D,1-hydrobenzoin-mono-thionobenzoate (IXI a).

D,l-hydrobenzoin-mono~-thionobenzoate was prepared in a

similar way’to the meso-isomer in 6L% yield.

M.p.'9h-96° (aé fine yellow needles from GHQGIZ/LO-GO0

petroleum ether);

wEadol 1230, 3u00cm.=1;

xcyclohexane o3, 252, 255, 283, 292 and L20 (€=7,500,

8,300, 8,050, 9,500, 10,600 and 120

respectively);

N.m.r. (?) 1.76 (a4, 2H), 2.67 (m, 8H), 3.21 (4, J=7 c/s.,
1H), L.75 (a4, J=3, 7c/s., 1), 3.40 (4,
J=3 c/s., exchangeable with D,0, 1H).

Analysis, found C, 75.37% H, 5.3L%, 8, 9.50%.

Cy1H,g0,8 requires C, 75.4L0%, H, 5.39%, 8, 9.58%.

D,1-hydrobenzoin-mono-benzoate-mono-thionobenzoate (IXI b).

This compound was prepared in an analogous mannér to thé
meso-isomer in 72% yleld from d,l-hydrobenzoin—mono- |
thionobenzoate. The product crystallised in yellow
needles from petrol (60-80°).

M.p. 125-126.5°;

”3&%01' 1215, 1712em.~1;
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ncyelohexane 50, 257, 276, 286, 294 and L20nm.
(e=9,700, 9,300, 9,300, 11,400, 11,800 and

138 respectively);

N.m.r. (¥) 1.90 (m, LH), 2.63 (m, 16H), 2.33 (4, 1H,
J=8 cps.), 3.3 (4, 1H, J=8 cps.);

Analysis, found C, 76.61%, H, 5.29%, S, 7.2L%,

028H22033 requires C, 76.71%, H, 5.02%, S, 7.31%.

D,1-hydrobenzoin-bis-thionobenzoate (IXI e).

D,l—hydrdbenzoin—mono-thionobenzoate ﬁas prepared from
d,l-hydrobenzoin (L28mg., 2mmoles), as already outlined
above, except the product was not recryStaliised but
pﬁssed on to thé next stage: Sodium hydride (zoomg., |

. 50% dispersion in mineral oil, lmmoles) was added to
thicbenzoylthioglycollic acid (42Lmg., 2mmoles) in
anhydrous t.h.f. (20ml.). When effervescence ceased,
imidazole (272mg.; 4mmoles) was added followed by d,l-
hydrobenzoin-moﬁo-thiOnobenzoate. The reaction was
refluxed for 10 mins, then diluted with water. Work-up
in the usual way yielded d,1l-hydrobenzoin-bis-thiono-
benzoate (IXI ¢) (55mg., 6% from d,l-hydrobenzoin) as
yellow prisms (petfoleum'ether, 60-80°),

paadol, 1220em.71;

);Zilohexane’ 253, 290 and 419nm. (€=16,500, 21,600

and 419 respectively);
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N.m.r. (¥) 1.77 (m, L4H), 2.61 (m, 17H), 3.25 (4, 1H);
Analysis, found C, 7L.03%, H, L.93%.

CogH,,0,8, requires C, 7h.00%, H, L. 88%.

Photolysis of meso-hydrobenzoin-mono-thionobenzoate,

Thionoester (ILX a) (33Lmg., lmmole) was dissolved in
dichloromethane (1lml.). The solution was diluted to
300ml., with cyclohexane, then triethylamine (1ml.) was
added. After degassing the solution, the mixture was
irradiated in the usual way with light from a higb
pressure mercury lamp using system 'A'. - The reaction
was followed by t.l.c. When starting material had
disappéared, the solution was washed with water, 2N
hydrochloric acid and water.v The solution was dried
(Nazsou)'and the solvent evaporated in vacuo. The‘
residue was éhrométographed on a silica gel GFQBM plate.
Elution with dichloromethane/L0-600 petroleum ether,

1:2, gave desoxybenzoin (IXII) (127mg., 65%) as white

plates.
M.p. 55-56° (methanol);
wiudol 1695¢m.~L;

Nem.r. () 1.71 (m, 2H), 2.45 (m, 8H), 5.50 (s, 2H).
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Photolysis of d,i—gxdrobenzoin-mono-thiondbenzoate.

The thionoester (IXI a) was irradiated in an identicsl

manner to above to give desoxybenzoin (IXIT) in 60%

yield.

Photolysis of meso-hydrobenzoin-bis-thionobenzoale,

The thionoester (IX c) (0.45Lg., 0.001 mole) was
" photolysed in anhydrous deoxygenated dichloromethane
(500ml1.) containing triethylamine (2ml,) using a high
pressure mercury lamp using system 'A' with pyrex
apparatus. The reéction was followed by t.l.c. to
compietion. The golvent and triethylaminé were removed
in vacuo at room temperature on a rotary evaporator to
yield a brown sémi-crystalline oil. This was chromato-
graphed on two 60 x 20 x O.lem. silica gel GFop), plates.
Elution with dichloromethane/40~60° petrol (1:3) gave

trens-stilbene (IXVI) (92mg., 51%) as white plates.

M.p. 124° (éthanol);
ADLOH, 295nni. (€=27,000);
N.n.r. Cf)‘2.75 (s, 10H), 3.39 (8,‘23);
Mass specﬁrum, n* at 180;}
cis-stilbene (LXVII) (21lmg., 11%) as a colourless oil.

ASOH - 280nm. (€=13,500);

Nem.r. (7) 2.58 (m, 1011)_f;a 2.79 (s, 2H);
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Mass spectrum, M* at 180;

chloromethanethiol benzoate (IXVIII) (160mg., L1%) as
a yellow oil.

vfilm

Moax ? 1675cm.”L;

N.m.r. (¥) 2.04 (ad, 2H), 2.50 (m, 3H), L.87 (s, 2H);

Mass spectrum, MY at 186, Mt + 2 at 186 MM + 2 = 24/1

and methanedithiol dibenzoate (IXIX) (8Lmg., 15%) as

white needles.
M.p. 120-121° (ethanol);

1 -
voudol | 1666cm. ™1

N.m.r. (T) 2.01 (ada, u4H), 2.51 (m, 6H), 5.30 (s, 2H)§

Mass spectrum, M at 288.

‘Photolysis of d,l-hydrobenzoin-bis-thionobenzoate,

The ester (LXI ¢) (L5.4mg., O.lmmole) in degassed
cyclohexane (50ml.) containing triethylamine (0.2ml.)
was irradiated in the manner described above., Work-up

in the same way gave diphenyl acetylene (IXIV) (llmg.,
62%). |

M.p. 61-62° (ethanol);
*ﬁiﬂﬁ, 26l4, 278 and 296 (€=14,100, 14,800 and
14,000 respectively);
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Mass spectrum, M* = 178.

‘Photolysis of‘meso—hydrobenzoin—mono-benzoate—mono-

thiondbenzbate.

The ester (XL b) (4L38mg., lmmole) in anh. degassed
‘dichloromethane (15Qm1.) containing triethylamine (2ml.)
was irradiatedvas above. Work-up in the same way gave
trans-stilbene (IXVI) (LOmg., 22%), cis-stilbene (IXVII)
(8mg., L%) chloromethanethiol benzoate (IXVIII) (58.5mg.,
0%) end methanedithiol dibenzoate (IXIX) (72mg., 26%).

Photolysis of d,l-hydrobenzoin-mono-benzoate-mono-

- thionobenzoate.

Photolysis of (XLI b) gave essentially the same results
as (XL b).

Chloromethyl thiolbenzoate (IXVIII).

Thiobenzoic acid (12.2g., 0.1 mole) and paraformaldehyde
(300mg., 0.1 mole) were heated at 100° under nitrogen to
give Ph-CO-S-CH,OH (10.5g., 62%). M.p. L6° (Bt O/iigroin)
This was added to PCly with cooling. The reaction
mixture was stirred 1} hours at 40°/0.05mm. The still
.residue at 0° was shaken with ag. NaHOOs, extracted with
ether then the ether extract evaporated to give |

chloromethanethiol (7.0g., 60%).

B.p. 92°/0.05mm.
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