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1,3,2-Dioxavhospholene-Sulfenyl Chloride Condensation.

ABSTRACT

1,2~Diketones react with trivalent phospnorus compounds
to form 1:1 adducts (or substituted 1,3,2-dioxaphospholenes).
These 1,3,2~dioxaphospholenes undergo facile condensation
with sulfenyl chlorides. The na*ure and the number of products
depend on the structure of 1,3,2-dioxaphospholene. The 1:1
adduct from benzil and trimethyl phosphite, condenses with a
wide variety of sulfenyl chlorides to form o~benzovl- cl=chlcr
benzyl sulfides and trimethyl phosphate. In addition, the 1:1
adduct from benzil and tris(dimethylaniIno)phosrhine, vcacts
with p-toluene sulfenyl chloridz affording dof-benzoyi- d.~=cn’oro
benzyl-p-tolyl sulfide and hexamethyl phosphorecmide. In
contrast, the adduct from biacetyl and trimethylpheschite
ccndenses with benzene)and ethane stulfenyl chlorides to form
a mixture of oroducts identified as X-acetyl- a~chloronetbyl-
phenvi (or ethyl) sulfide, trinethyl phosphate, L-acatyl- & -
phaenyl (cr ethyl) thio -ethyl=-dimethyl rhosphatz #nG methyl
chloride.

The condensation is rationalized in terms of a "rul-

fenivm chioride”™ mechanisn.



Trichlorosilane and tri-n-butylamine dechlorinate
d=chloro- ﬁ-ketosulfides to the corresponding /3-ketosu1fides.
o-Benzoyl- cdl-chloro benzyl sulfides react with potassium

thiocyanate to give 4-thio-substituted-5,5-dipheny1-3-oxazoline-
2(1H) -2~-thiones.

The mass spectra of a variety of oC-chloro-ﬁ-ketosul-

fides, P-ketosulfides and 4-thio-substituted-5,5-diphenyl-

3-oxazoline-2(1H)-2-thiones are discussed.
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Chapter T

Introduction

(Throughout the text substituted 1,3,2 - dioxaphospholenes
are referred to as 1:1 dicarbonyl-phosphine adducts for

clarity. The nomenclature is discussed on page 9.)




INTRODUCTION

Bonding for carbon.can only be described in terms of s
and p orbitals, because the 2s —»> 3d promotional energy for
carbon is too high for effective use of d-orbitals. However,
for phosphorus the 3s — 3d promotional energy is relatively
low; consequently a greater contribution of 3d energy levels
is anticipated in its bonding. This leads to a reduced electro-
negativity and greater polarizability in phosphorus and these
two properties are mainly responsible for the different struc-
tures and reactions of the compounds of phosphorus and those
of carbon.t?’?

Considering the structure of phosphorus compounds,
the ability of phosphorus to form 5 and 6 co-ordinated com-
pounds (for example, ;?,gf, g?, and g?) with central shells of

10 and 12 electrons suggests strongly that at least two 3d

orbitals may be used in their bonds.

% oNg @
e d@
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HCO | “OCH,
OCH




Furthermore, the reactions of most phosphorus compounds
(trivalent vhosphorus compounds in varticular) display the
"amphoteric'" or "biphilic'" characteristics of phosphorus.

This phenomenon was first recognized in the coordination
chemist;y of phosphine complexes.7 The < ~-donor and A ~acceptor
properties of phosphines in coordination compounds led Pearson8
to describe them as "biphilic reagents'. According to him

the term '"biphilic reagents'" refer to ligands which can donate
electrons to a substrate to form a & -bond and simultaneously
accept electrons at the same centre to form a A=-bond. This
dual role is attributed to the relatively high polarizability
of phosphorus which means that the atom can be deformed easily
by both electrophiles and nucleovhiles. The greater radius

of phosphorus compared with that of carbon leads to a con-
siderable reduction in repulsion energy on the approach of a
nucleophile.

Some new reactions of trivalent phosphorus comobounds
demonstrated that the "biphilicity" of phosphorus could also
" be described by the & -donor and & ~acceptor properties.

This led Kirby and Warren® to extend the definition of biphilic
reagents to include these new reactions. The term "biphilic
reagents" is now modified to describe compounds which can don-
ate electrons to a substrate to form a & -bond and also accent
them at the same centre to form a second < or A bond. The

following examnles illustrate the various types of biphilic

reactions of nhosvohorus.



& -donor— X ~accentor svstems.

(a) Donor-acceptor stages simultaneous.

Phosphine~-carbene reaction.

. i
'R3P= + :CHR' —> R3P-——CHR' _— R3P=CHR'

Phosphine-azide reaction.

P=—=N—N=NATr

- + +
RBP: + N=N=NAT —w——s R3

(b) Donor-accentor stages sebarate.

Michaelis-Arbusov reaction. 12

R,POR' + R—C1 —-’RBP-—[-)—R' ¢t &, RyP=0 + R'—Cl
Wittig reaction.l3
-+
R P=CHPh R,P HPh RL,P=O0O
3 \> 3 3
O _— X — +
O=CH, O)—CHZ PhCH==CH,

S ~donor~ & -accentor svstems.

Donor —accentor staces sepnarate or concerted.

Chlorine-phosphorus trichloride reac*l:i.on.14

+ -
:PC13 + (:12 —> PCl, clT — PC]S

Trialkylphosphite-1,2-diketone reaction.

R’

|  + :p—OR _— —OR
C— “OR /)
=0 \o OR



Reactions of trivalent phosphorus compounds with JK-dicarbonvl

comnounds.

16 found that triphenyl-

In 1955, Horner and Klupfel
phosphine readily reacted with o-benzoquinones to give 1:1

adducts for which the authors favoured a phosphonium enolate

structure 5.

//}) ‘/Ph
Pler), —— H_Ph
X0 o h
s
Later, Schenk et, al.17 obtained a 1:1 adduct by both a
photochemical and a thermal reaction of 9,10-phenanthrene-
quinone with triphenylphosphine. They assigned this adduct

a cyclic structure 6 based on spectroscopic studies.

—Ph
o’ Ph

6

—

- . . 18
In a series of papers starting in 1958, Kukhtin et, al.

studied the reaction between phosvhites and 1,2-dicarbonyl
compouncds and vostulated several structures for intermediates

and final oroducts.

R
:P(OR)3 —— 5 several produ.:s
R0



About the same time, Birum and Deverl?® reported a variety
of 1:1 adducts from 1,2-dicarbonyl derivatives and trivalent
Phosphorus compounds. They assigned a cyclic structure Z

to these adducts based on 31P nmxr studies.

R.__O R R
=
PR, s '\lro\P/_ R
R0 RN’ R

In 1960, Ramirez et, al.20 started an in depth study of the

reaction between trialkyl phosphites with l,2~dicarbonyl com-
pounds and the structures of the final oroducts so obtained.

These workers considered the following possible structures

for 1:1 adducts.

R =4
R‘cog_—F(OR), - R'co é\?P(O R),

8 9

r O '
R'CO(E—P/fOR)z Z>c=c<R' o

4
R R 0-P(OR),
10 n
AN R R %
\C— \C.._—c _
nooo\ 0\ Y
L O > O, 0 N
RO~ | NOR RO” | “OR RO | “OR
OR OR OR
13



For structural studies, the adduct formed between
biacetyl and trimethylphosphite (ie; R=R'=CH3:) was consid-

ered in detail.

Infrared Spectrum:

The ir spectrum of the biacetyltrimethylphosphite
adduct showed no absorption due to a carbonyl group. This
excludes structures 8, 9 and 10 from further consideration.
The P=0 stretching vibration in phosphate esters givés rise
to a strong band in the region 7.42-8.00 M (1350-1250 emn™ly,
but the shape and intensity of the bands of the adduct in this
region are not those of a typical phosphate estgr. Also,
the P-O-CH3 group of trimethylphosphate absorbs very strongly
at 9.55 fL(1045 cm-l). The strongest bands of the adduct
are at 9.18 (1090) and 9.30 (¢ (1075 cm™'), significantly
lower than the band of the trimethylphosphate. Structure 11,

which is a methylphosphate ester, is inconsistent with the

infrared spectrum of the adduct.

31? nmr spectrum:

The 31P nuclear magnetic resonance signal due to the

adduct is at a higher field (+ 53 ppm) than 85% phosphoric
acid, which is used as external reference. This observation
indicates that ohosnhorus is more shielded in the adduct

31? nmr signal is split into

than in vphosvphoric acid. The
ten lines indicating that phosphorus is counled to nine

protons. In structures 12 and 132, the phosphorus nucleus 3s



in the environment of nine methoxyl protons which could be
counled to phosphorus giving rise to ten lines. So, the
chemical shift becomes the deciding factor to determine the
structure of the adduct. Even though at present, one cannot
relate chemical shifts to molecular structure in all valence
states of phosphorus, some comparisons with related compounds
can be made (see Table 1 on page 8.). From the Table 1, it

is observed that there is a positive chemical shift as oxygen
atoms are introduced on phosphorus. The large positive chemical
shifts observed in the adducts strongly suggest an oxyphosphor-

ane structure 13 rather than an open dipolar structure 12.

1
H nmr_ spectrum: _

The 1H nmr spectrum of the 1:1 adduct showed a doublet
at low field 6.56 T (Iyp = 13 HZ) and a singlet at 8.25 T .
The doublet at low field is assigned to the CH3O groups,
in which the proton signal is split by the phosphorus. There
is one doublet only, therefore the three methoxyl groups are
either equivalent or indistinguishable. The essential fea-
tures of the spectrum are not altered when the adduct was
dissolved in carbon tetrachloride. The methoxyl protons of
trimethylohosphate show the doublet at somewhat lower field
6.30?(JHP = 13 HZ) that the doublet of the adduct. The
methoxyl protons anpear therefore to be more shielded in the
adduct than in trimethylphosphate. Also, the position of the
high field methyl singlet (8.25 T ) in the adduct is very clos«

to that of a methyl grouo attached to a carbon~carbon daible



Table 1

3p nmr__Chemigal Shifts ( 531?1 of Some Phosphorus Compounds in Different Valence States,

Compound 531Pa Compound 531"3 Compound 831Pa Compound 831?a
(Cit;0) 4P -140.0°  (CHj0);P=0 - 5,2° (Cﬂao):PBp‘i - 1.9 ) -

(C41150) 5P 1137.0°  (CHO)P=0  + 1.0° (C2H50):PBFZ +24.0°  (CHg )P +70.7°
(Calls0) 4P =126.0°  (CHSO) 4P=0 +17.0% - - (CHO) 5P +85.6°

(a)
(b)

(c)
(d)

(e)

The chemical shifts were revorted in ppm using phosphoric acid (85%) as external standard.

"Topics in Phosphorus Chemistry", Vol. 3, Interscience Publishers Inc., New York, N.Y. 1967,
Chapter 5.

Finley, J.H., Denney, D.Z. and Denney, D.B., J. Amer. Chem. Soc., 21, 5826 (1969).

Denney, D.B., and Relles, H.M., ibid., 86, 3897 (1964); Denney, D.B., and Gough, S.T.D., ibid.,
87, 138 (1965).

Ramirez, F., Bigler, A.J. and Smith, C.P., J. Amer. Chem. Soc., 90, 3507 (1968).




bond. The 1H nmr spectrum of the adducts is compatible with
structure 13. The equivalency of methoxyl protons in the
adduct. could be explained as due to the pseudorotation of the
P-O bonds, by which the methoxyl groups can be interchanged
without rupture of P-O bond.21 The possibility of a rapid
equilibrium between the oxyphosphorane 13 and very small
amounts of a dipolar structure 12 whexreby the methoxyl groups
can exchange positions, has also been suggested to account foxr
the equivalency of the methoxyl protons.

Other 1:1 adducts of dGdiketones and o-quinones
with tertiary phosphites displayed similar characteristics
in their ir, 31P nnr and lH nmr spectra.zo These similar-
ities strongly suggest that all the adducts have the same
tyoe of cyclic unsaturated oxyrhosphorane structure 13.
According to the nomenclature, structure 12 is regarded as
a derivative of the 2,2~dihydro-1,3,2~dioxavhosvholene 14
system. For example, the 1:1 biacetyl-trimethylphosphite'
adduct 15 is named as 4,S-dimethyl-z,2,2-trimethoxy-2,2-

dihydro-l,3,2-dioxaohospholene.22

Rl CH3 /CH3
— Cam— —
1 a0 O
o_ o o>,: ) el
RO” T\OR | H H,co” | SOcH,
OR OCH,
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Further confirmation on the cyclic oxyphosphorane
structure 13 of 1:1 adducts was provided by single crystal
X-ray diffraction data. Studies on 9,10~-phenanthrene-
quinone-triisopropylphosphite adduct 16 indicated that the
vhospholene ring is in an .apical-equatorial plane of a

trigonal-bipyramid l16a as shown below.23

(o] i-P
\ p or o\
| —OQi-P —
O/P\Oi-Pr r o/l’ Q
O o/

16

Some of these adducts have been synthesised recently
via a different route which tend to confirm the cyclic
oxyphosphorane structure 13. For example, phosphite 17
reacts with diethylperoxide to give oxyphosphorane 18, which
is identical to the one obtained fronm 1,2-nanpthoquinone and

triethyvlohosphite. 24
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Extended studies by Ramirez et al,25 on the 1:1
adducts formed from 1,2-dicarbonyl compounds with cyclic

and acyclic tris(dialkylamino)phosphines indicated that

(i) the structure of the adduct depends on the steric
hindrance of the groups attached to the phosphorxus of
the phosphines.

(ii) the stability of the adduct depends on both the steric
hindrance of the groups and the electronegativity of
the element attached to the phosphorus.

For example, the compound made from 9,10-phenanthrene-

quinone and tris(dimethylamino)pﬁosph;ﬁe 19 is an open

dipolar ion 20 both in the crystal and in solutions ?6

whereas, the adduct made from the same quinone and the cyclic

aminophosphine 21 has been assigned an oxyphosphorane struc-

ture 22,27

@Weap93P= A . =E<ff:]
19 %e 21
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This difference in the structures of the adducts 20 and 22
is attributed to the enhanced steric hindrance of the methyl
groups in the acyclic tris(dimethylamino)phosphine (19) over
those in the cyclic aminovohosphine 21.

The tendency of phosphites to give stable oxyphosphor-
anes and the reluctance of the acyclic triaminophosphines
to do so, is in part due to the larger steric requirements of
the dialkylamino groups. These effects can be illustrated
with benzil. The adduct with trimethylphosphite is a stable
oxyphosphorane gg?o and the product with the cyclic amino-
phosphine 21 is a somewhat less stable oxyphosrhorane g&,za
The compound formed with tris(dimethylamino)phosphine @A2) .how~

28 The metastable one is

ever, can be isolated in two forms.
the open dipolar ion 25a and the stable one is the oxyphos-

phorane 25b. In solutions both forms are in equilibrium. The

nature of the solvent and dilution affect the position of the

equilibrium and hence the value of the 31? chemical shift.
Ph Ph Ph Ph
o
> -
—NMe
MeO I\OMe 2
Me Me
OMe
€3lp = +49.5 pem 3P = +36.9 ppm

23 24
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Ph Ph Ph Ph
JE—.
o A ;4';/
N ~N
MeN | “NMe, MeN | “NMe,
NMe, . NMe,
25a 25b
$31p = +30.2 pom in 1.0 M hexane.
531P = +13,0 ppm in 1.0 M methylene chloride.

Some Prooverties of 1:1 Adducts.

The most characteristic property of the adducts is
their tendency to undergo ring opening with a variety of
reagents. Some of the reactions are summarized in Scheme I
on the next page. With water, the adduct 15 forms }3-keto—
phosphate 26 and an alcochol (cf reaction 1.).29 On heating
the adduct 15 rearranges to form of~alkoxy- P-ketophosphate

30

27 (cf reaction 2.). With oxygen, the diketone 28, the

anhydride 29 and the phosphate are formed (cf reaction 3.).31
- With diketone 28, the 1,3,2~-dioxavhospholane 30 is formed
(cf reaction 4.).32
The above reactions represent the possible side reac-
tions in the preparation of 1:1 adducts if certain precautions
are not taken. Water and oxygen are excluded by carrying out
the reaction in an atmosphere of dry nitrogen. Excess heat

formed in these reactions can be regulated either by ~stcernal

cooling or by dilution with a suitable solwent or both. The



Scheme 1

Some Renctions of 1:1 Dicarbonyl-Trialkyl Phosohite Adducts.

R /0 Rl Rl
, RCOCOFOR), + ROH <22 dcoﬁ L cor
H
2 A Np”
RO J)\OR
R
Rcoéor' 30
/23
e
R /O A
2 R'cod:P(OR)2 <
OR
27
RCOR"
. 3
O |
3 RCOCOR'+ RCOOCOR + [R0)P=0 «——! RoOR
28 29 | R'coé——-fn
o\P/
RO” | Nor
OR

32

4

148
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formation of the diadduct can be avoided by adding a mole of
dicarbonyl compound to slight excess of a mole of phosphite.
In this way there is no free dicarbonyl compound left in the
reaction mixture to react with the 1:1 adduct, thus avoiding
diadduct formation. However, if the dicarbonyl compound is
not very reactive, the diadduct is formed either as an impurity
or as the main product.33

With carbonyl compounds 31, the condensation has been
carried out both thermally and photochemically (cf reaction

5.y.34535

In both cases the end product is the same 1,3,2-
dioxaphospholane 32, in spite of significant differences that
exist between both types of condensations.

Thermal condensation with a variety of carbonyl com-
pounds has been reported.34 Aliphatic acyclic ketones were
found to be unreactive. Acetone for example, failed to react
in 3 months at 20° and furthermore, butanone gave no product
in 48 hrs at 80°. The yields from this condensation are
somewhat limited, in some instances by the thermal decompos-
ition of the product 1,3,2-dioxaphospholane 32. On the other
hand, the photocondensation of 1:1 biacetyl-trimethylphosphite
adduct (15)with acetone, benzophenone, and acetophenone nro-
ceeded in good yield.BS Thus, photocondensation seems to be
more gencrally apnplicable to ketones than the thermal counter-

part. Also, photocondensation can be carried out at room

temperature and its scooe is under investigation.
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Récently, Bentrude36 observed a ;ignificant stereo-
chemical contrast between thermal and photochemical conden-
sations of biacetyl (TH3COCOCH3) and 1:1 biacetyltrimethyl-
phosphite adduct (15). The thermal reaction gave 6:1, cis:-
trans mixture of the product, whereas, in the photochemical
reaction, the cis:trans ratio increased from 13:1 at 15%
conversion to 19:1 at 75% conversion.

These differences indicate that the photo and thermal
condensations proceed via different mechanisms. The suggested
mechanisms are described on page 17. The formation of oxetane
intermediate 33 in photocondensation of acetone with the adduct
15 has been observed by nmr at low temperatures(-—75°).36 Stu-
dies appeared to be in progress to gain more information on

the mechanism of this photocondensation.

Some reactions of 1:1 biacetvl-trimethylohosphite adduct (15).

The adduct 15 was used to study other synthetically
important reactions of 1:1 adducts. These are summarized
in Scheme II on page 19. With systems having cumulated double
bonds, the nature of the condensation seems to depmend on the
type of campound. With ketene, the adduct 15 reacted to give
the 1,3,2-dioxanhospholane 34 (cf reaction 1.).37 A concerted
mechanism (see page 29) has been suggested for this conden-

sation. The adduct 15 also reacted with two moles of isocy-

anates (R=I\=C=0) to form the S5-acetylhydantoin 25 and tri-
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methylphosphate (cf reaction 2.).38 The favoured mechanism
is described on page 20. The condensation of 15 with carbon
disulfide led to a substituted 1,2,4,5-tetrathiin 36 (cf
reaction 3.).39 The mechanistic rationalization for the form-
ation of 36 is described on page 21. With bromine,40 acid
chlorides41 etc., the adduct 15 condensed to form :p-keto~
phosphates 37a and 27b (cf reactions 4 and 5.). Mechanistic-
ally, the reaction is interpreted as involving a phosphonium
intermediate 38 which undergoes an Arbusov reaction to give
the products (see page 21).

The ability of the adduct 15 to undergo free radical
addition was demonstrated by the light induced reaction with
bromotrichloromethane (cf reaction 6.).42 The major identified
product 39 was isolated in 83% yield. Mechanistically, this
reaction is also of interest beéause of the reasonable explan-
ation in terms of a novel ring opening sequence involving a
phosphoranyl radical intermediate 41. The most favoured
reaction series to explain the formation of the product 39

is described on page 22.

Prenaration and Pronerties of Sulfenvl Chlorides.

Sulfenyl chlorides are chloro derivatives of sulfenic
acids (RSOH) and are repnresented as RSCl. The groud R may

be one of a large number of alkyl or aryl grouds or some



Scheme II -

Sone _Reactions of 1:1 Biacetyl-Trimethyl Phosphite Adduct (15)
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Mcchanism of _ketene condencztion.37
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Mechanism of carbon disulfide cnndensation.39

CH,
i \ P i GHa +
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- Mechonism of bronine, acid chlorid~ condensation.
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Mechanism of bromotrichlorometnane photocondensation.

BrCCl, , Br- + CClg
CHs /CH3 CH; CH;,
[—={ CCl, T CCh
\ >
O>P/ >
cHO | DocH, cHo | >ocH,
OCH, OCH,
15 ag
CH,
CH,COCCCl,
4—0 ) .
AN
CH,O | OCH;,
3
21
CH,
CH . COCCCI,
41 + BrCCl, > +P/o Br— T -CCl;
cH [ MocH,
OCH,
42

CH;COgCCls + CH,Br

>
(cHO),P=0
39



23

other moiety such as (RO)2PO- etce. Ever since the first
fully characterized sulfenyl chloride, trichloromethane
sulfenyl chloride (CC13SC1) was reported by Rathke43 in 1870,
the number of definitely known aliphatic sulfenyl chlorides
has increased steadily. Similarly, the known aromatic examples
which were first reported by Zincke44 during 1909-1918 have
also increased manifold. Furthermore, since sulfenyl chlor-=
ides are key synthetic intermediates for the preparation of

a number of sulfenyl derivatives, the active development of
their chemistry led to the preparation of a variety of sul-
fenyl chlorides. Another reason for this proliferation of
sulfenyl chloride chemistry is that the physical and chemical
properties of different members of the same group vary widely.
For example, chloromethanesulfenyl chloride (ClCHZSCI) which
is unstable at room temperature, adds to olefins under ionic

conditions,45

whereas, the stable trichloromethanesulfenyl
chloride (CC135C1) adds to olefins undcr free radical con-
ditions.46 This makes it desirable to synthesize the different
structural types, since varying behaviors may be expected of
them.

Different methods for the preparation of sulfenyl
chlorides have been reported. Since a number of rcviews47-51
have anpearcd recently, only important asnects of the prep-~

aration of sulrfenyl chlorizes will be discussed herc. Basic-

ally., sulfenyl chloriries nay bo orenarced by the action
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of chlorine or other chlorinating aggnts on mercaotans,
disulfides and certain other compounds containing divalent
sulfur. The aromatic sulfenyl chlorides are much more stable
than the alinhatic members.52 The high stability of the
aromatic sulfenyl chlorides have been attributed to the res-
onance stabilization of the aromatic ring and also to the

absence of hydrogens oGto the sulfur atom.

(e @m s Q%-C.H e

Aliphatic sulfenyl chlorides with o6 hydrogens will react
with excess chlorine, especially at higher temperatures to

give do~chlorosulfenyl chlorides(43) as indicated below.53

RCH25C1 + Cl2 _ RCH2$C13 > RCHSC1 + HC1

Cl
(43)

In the case of aromatic sul fenyl chlorides, excess chlorin-
ation leads to the formation of the corresponding sulfur-
trichloride (ArSClB) without further decomposition to other
byproducts. The aliphatic sulfenyl chlorides were found
to be more stable in solvents of low polarity and at low
temperatures. The major decomposition products have been
shoun to be the disulfide and hydrogen chloride.s2 The

purity of the sulfenyl chlorides can be determined by the
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following methods.

Assav of Sulfenvl Chlorides.

(i). Gas-liguid phase chromatoaranhy (Gloc) method.52

This technique makes use of the following reactione.

\ /o o~
R"SC1 + H > RSN, + ClH,

44

A known amount of sulfenyl chloride is converted to the
sulfenyl-morpholide 44 by adding it to a benzene'solution
of excess morpholine containing a known concentration of an
internal standard (dibenzylether or divhenyl sulfide). The
concentration of the sulfenyl chloride is obtained from the

concentration of the sulfenyl-morpholide determined by Glpc

analysis.

(ii). TJTodometric method.s4

This method is based on the oxidation of iodide ion by the

sulfenyl chloride and a subsequent titration of the free

iodine by thiosulfate.

2 RSC1 + 2 KI ——> RSSR + 2 KC1 + i

The linitation of this meothod is that other oxidising agent:n
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will interfere with the results.

{(3dii). NMR method.

In our studies on the chlorinolysis of aliphatic disulfides,
we observed a significant change (0.4-0.5T) in the chemical
shift of the protons oG to the sulfur atom as the sulfenyl
chloride is formed. This change in the chemical shift is
used to assess the amount of sulfenyl chloride formed during
chlorinolysis and the technique will be discussed in detail

in the next section.

Sulfenvl chlorides from mercantans (RSH).

When chlorine is used the mercaptan is first converted
into the disulfide which is then chlorinolysed to give the
sulfenyl chloride.48 The formation of disulfide is exothermic
and nearly all of the mercantan is converted into the disulfide

before the second reaction is initiated.

2 RSH + Cl? —% RSSR + 2 HC1

RSSR + 012 —% 2 RSC1l

2 RSH + 2C1 —> 2 RSC1 + 2 HCl

2

Hydrogen chloride is formed as a byproduct and may cause
side reactions. This method works well for aromatic sul-
fenyl chlorides. However, for aliphatic sulfenyl chlorides
extreme care should be taken to prevent any side reactions,

such as oC-chlorination ctc. In general, alinhatic sulfenvl
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chlorides are prepared at very low tempe;atures (-20° to —30°)
in non polar solvents.

A process for the preparation of sulfenyl chlorides
by the action of N-chlorosuccinimide and other N-chloro
ccmpounds on mercaptans has been patented and claims to be
useful for preparing aromatic, benzylic,carbomethoxymethane,
and substituted cysteine sulfenyl chlorides.55

Sulfuryl chloride has also been used to prepare
sulfenyl chlorides from mercaptans. For example, trityl
mercaptan reacts vigourously with sulfuryl chloride to

56
form the sulfenyl chloride 45 in quantitative yvield.

CgHg)3CSH  +  SO,Cl, —3 (CgHg)3CSC1  + HC1  + SO,

45

sulfenvl chlorides from disulfides (RS3R).

Several sulfenyl chlorides have been prepared by the

chlorinolysis of the corresponding disulfides.48
RSSR + C12 ———> 2RSC1

This is essentially the second step in the preparation of
sulfenyl chlorides from mercaptans and chlorine. However,
hydrogen chloride which is a side product in the chlorin-
ation of mercantans is eliminated in this case. This lecads

to a considerably nure sulfenyl chloride if certain precautions
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are taken. The reaction conditions employed in the chlorin-
olysis depeﬁd on the nature of the disulfide used. The chlor-
inolysis of certain aliphatic disulfides with oL~-hydrogens

must be done at very low temperatureé (-20° to -300) in non
polar solvents to prevent any dcl-chlorination. Whereas,

in tertiary alkyl and benzyl disulfides chlorinolysis at low
temperature leads to cleavage at S-C bond rather than at S-S
bond. However, at higher temperatures S-S bond cleavage occurs
giving the sulfenyl chlorides. For tertiary butyl disulfide
the course of the chlorinolysis at different temperatures are
as follows.>’

00
(CH3)5CSSC(CHgz) 5 + Cl, — > (CH3)5CSSC1  +  (CHz) 5CC1

320

(CH3) 3CSSC(CHz)3 + Cl, » 2(CHz) 5CSC1

Certain aromatic disulfides, on the other hand require very
drastic conditions for chlorinolysis. For example, the
chlorinolysis of di-o-nitrophenyl disulfide was effected
by passing chlorine into a suspension of the disulfide in
carbon tetrachloride at 50-60° in the presence of catalytic

. . 58
amounts of iodine.

- Ci
@) + Cl > ? O
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Sulfuryl chloride has been used fgr the preparation
of sulfenyl chlorides from disulfides. This method has an
advantage in that the amount of sulfuryl chloride can be
weighed accurately. Benzenesulfenyl chloride is obtained
in good yield by the action of sulfuryl chloride on phenyl

disulfide.>®

CeHsSSCgHg + 302C12 —_— > 2CgHgSCl + 302
The other product of the reaction is gaseous sulfur dioxide

which can be removed very easily.

Sulfenyl chlor-ides from other divalent sulfur compounds.

Sulfenyl chlorides can bz prepared by selective cleav-

age of certain C-S bonds in sulfides by either chlorine or

61

sulfuryl chloride. Benzyl,éo tertiary butyl sulfides have

been cleaved by halogens to form sulfenyl halides. For
example, benzyl-o-nitrophenyl sulfide undergoes benzylic
‘cleavage on chlorinolysis to give o-nitrophenylsulfenyl

chloride and benzyl chloride.éo

_SCH,CH; ci
+ Cl, —> + C4HsCHCI
02 02
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Divalent double bonded sulfur compounds have been
used in the preparation of sulfenyl chlorides. O,0'-Dimethyl-
phosphorylsulfenyl chloride (46) is prepared by the action of

sulfuryl chloride on trimethylphosphorothionate.62

CH3O\ CHO //o
CH.,O0—P=S .+ SOCl, — > P _ SO, { CHLCI
P v/
CHO CHO cl
a6

Trichloromethanesulfenyl chloride can be obtained in good

yield by chlorination of thioohosgene.63
Ci
I):as + Cl, ————>  CCISCI
C

Sulfur dichloride (SCl,) ﬁndergoes electrophilic
substitution reactions with a variety of substrates and
this property is utilised for the preparation of sulfenyl
chlorides. In 1961, Kluiber64 prepared some previously
unknown chelate sulfenyl chlorides 47 by the action of

sulfur dichloride on metal chelates.

-
R
:>-—o —Q
n</ \)w + sci, > cus// \JVI + HCI

o —

L. an . 0N
47

—
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Results and Discussion Part T.

Reaction of 1:1 dicarbonvl-phosphine adducts with sulfenvl

chlorides.

The reactivity of 1:1 dicarbonyl-phosphine adducts
towards electrophilic centres is attested by their ready
. . . 40 34 -
condensation with bromine, carbonyl compounds, acid chlor-

ides,41 isocyanates38 and ketene.37

Although several electro-
philic substrates have been used, up to date no reaction with
a sulfur electrophile has been reported. This prompted us to
explore the behaviour of 1:1 dicarbonyl-phosphine adducts
towards electrophilic sulfur compounds. We selected sulfenyl
chlorides in our investigation because these were known to be
very reactive electrophiles under certain conditions.soa It
was found that the 1:1 dicarbonyl-phosphine adducts condensed
exothermically with a variety of sulfenyl chlorides. The
nature and the number of final products depend on the type of

1:1 adduct used. These aspects are discussed in detail in

the following section.

Prevaration of 1:1 diketone-phosphine adducts.

In this investigation, the following two diketones
were used.
(i). benzil (PhCOCOPh), a typical aromatic diketone.

(ii). Dbiacetyl (CH3COC031 a typical aliphatic diketcne.

3
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The following two trivalent phosphorus compounds with different

hetero atoms adjacent to phosphorus were selected for adduct

formation.

(i). trimethylohosphite (CH30)3zP: .

(ii). tris(dimethylamino)phosphine (Me,N) 3P (19) .

Of the four possible 1:1 adducts, the following three were
prepared according to reported procedures.zoa’ 28

(1). 1:1 benzil-trimethylphosphite adduct (23).

(ii). 1:1 benzil-tris(dimethylamino)phosphine adduct (25) .

(iii). 1:1 biacetyl-trimethylphosphite adduct (15).

Ph Ph Me /Vie
= =
MeO | "OMe MeO I\O Me
OMe OMe
23 A5
Ph Ph Ph Ph
/
B
-—

o
b~
Me2N>i\N '“92 MezN/l\N Me2
NMe, N Me,



Me Me
; —_— N -
o) ~— le
Me N | Dnme, Me,N Me
NMe, Me,

In our hands the preparation of the 1:1 biacetyl~tris(dimethyl-
amino)phosphine adduct (48) was not successful. A black

tarry product was obtained. For the preparation of the other
three 1:1 adducts, the literature procedures were somewhat
different for each adduct, however, in all of these reactions
oxygen and water were excluded by use of a dry nitrogen atmos-
phere. Benzil-trimethylphosphite adduct (23) was prepared by
mixing the phosphite with benzil. No cooling was necessary
even though the reaction was exnthermic.zoa wWhereas, for

the preparation of the biacetyl-trimcthylphosphite adduct
(15), external cooling was employed in the initial stages of
the reaction. Finally, the benzil-tris(dimethylamino)phos-
phine adduct (253) was prepared by adding the aminophosphine
19 to benzil dissolved in a suitable solvent (hexane or
methylene chloride) with external cooling.28 In this case,

the reaction was moderated considerably by both dilution and

cooling. Tris(dimethylamino)phosphine (12) is a very rcactive
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phosphine and adduct formation is complete within a few minutes.
In addition, this adduct is not very stable at elevated temp-
eratures. Further details of the preparation of these compounds

are given in the experimental section.

Preparation of sulfenvl chlorides.

A variety of sulfenyl chlorides were used in this study
and some of them were prepared by modification of reported
methods. New procedures were developed for others.

(i). Aromatic sulfenvl chlorides.

Benzene (49), p-chlorobenzene (50), and p-toluene (51)
sulfenyl chlorides were prepared by treating the corresponding
thiols with N-chlorosuccinimice in benzene.55 Succinimide
was removed by filtration and the sulfenyl chlorides were
isolated after solvent removal by distillation under reduced

» ¥
pressure. The sulfenyl chlorides were obtained in good yield.

(ii). Aliphatic sulfenyl chlorides.
The following sulfenyl chlorides were prepared by
chlorinolysis of their corresponding disulfides.
(a) . ethanesulfenyl chloride (Qi3CH,SC1l) (52).
(b). benzylsulfenyl chloride (C6H5CH25C1) (83).

(c). carbomecthoxymethanesulfenyl chloride (CH302CCHZSC1) (54).

»n
See experimental section.
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Ethanesulfenyl chloride (52) was best prepared by
pPassing the theoretical amount of chlorine over neat ethyl
disulfide (55) at -30°. The experimental procedure adopted
was similar to that reported by Douglass65 for methane sulfenyl
chloride. The apparatus used for the chlorinolysis of disul-

fides is described in fig. 1. (on page 36).

-30°
CHCHpSSCHoCHy  + Clp —————> 2CH,CH,SCL
55 24

Even though benzyl disulfide (56) undergoes C-=S bond
cleavage at low temperature (-400),53 it was found that at
o
O in carbon tetrachloride only S-S cleavage occurred giving

benzyl sulfenyl chloride (53).

-40° 2CeHsCH,SSC1  + C H CH,C1
CgHgCH,SSCH,C H, + C1,
56 53\\\32c6uscuzsc1
23

Similarly, carbomethoxymethyl disulfide (57) gave the
sulfenyl chloride 54 on chlorinolysis in carbon tetrachloride
at Oo.

o°
—> 2CH

CH302CCHZSSCH2C02CH3 + C1 3

27 34

° 0,CCH,5C1
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The chlorinolysis of the disulfides were followed by
nmr at different intervals. This technique was also used to
assess the purity of sulfenyl chlorides. As the sulfenyl
chloride was formed a significant change (0.4 - 0.5 T) was
observed in the chemical shift of protons o to the sulfur
atom. In the case of ethyl disulfide (55), as the methylene
quartet of the disulfide at 7.30 T disappeared, a quartet at
6.90T due to the methylene protons of ethane sulfenyl chloride
(52) appeared. The complete disappearance of the quartet at
7.20T indicated the completion of chlorinolysis. Similar
downfield shift (with respect to external TMS) in the chemical
shifts of the -methylene protons in benzyl (36) and carbo-
methoxymethyl (57) disulfides were observed. These are sum-
marized in table 2 on page 38. The sequence of nmr runs at
different stages during the chlofinolysis of carbomethoxy-
methyl disulfide (57) is illustrated in fig. 2 on page 39,
This method has several advantages over the other methods
(see page 25) used to assay sulfenyl chlorides.

(a). the assay of sulfenyl chlorides is rapid and convenient.

(b). the sample is not destroyed whereas in the other two
chemical methods no recovery is possible.

(c). very labile sulfenyl chlorides (eg. aliphatic sulfenyl
chlorides) can be analysed by use of a low temperature

noar spectrune.



Table 2

Chemical shifts of methylene protons <Cto suflur in some disulfides and

sulfenvl chlorides,

Disulfide Chemical shift () Sulfenyl chloride Chemical shift (7T)
(0-138{_2_5)-2, 55 7.30 magi_z_sm, 52 6.90
(061{5&57-2, 56, 6.ASO Ceﬂsffiz_sm’ 53 5.73
(C}l302CS:lZS)-2, 57 6.33 cx~x3ozcgiz__sc1, 54 5.97

8€
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Fiaqure 2: NVMR data on the ~hlrrinolvsis of carbonethoxy—
methvl di<ulfide (57).

(a) The disulfide 57. (b) Partially chlor-
inolysed 57. (c) Carbomethoxymettane sulfonyl
chloride (51) .
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(iii). 2-Benzothiazolecsulfenyl chloride (583},

The sulfenyl chloride 58 was prepared by the action
of sulfuryl chloride on 2,2'—dithiobis(benzothiazole) (59)

in methylene chloride at room temperature.

-
O b\l W‘ + SOLlL, — 2 O il + s0,

In our hands, the chlorinolysis of the above disulfide (59)
failed to produce pure sulfenyl chloride 58 , although this

process has been claimed in patents.

Benzil-trin~ethvlvhosnhite adduct=-sulfenvl chloride condensation.

Benzil~trimethylphosphite adduct (23) reacted with a

variety of sulfenyl chlorides to give oG—chloro-B-ketosulfides

* %
60 and trimethylphosphate according to the following equation.

Ph
-

23 + R'SCl —— PhCO(éSR + (MeO)p=0
|

60

*
A preliminary account of this work has been published:

D.N. Harpp and P. Mathiaparanam, Tetrahedron Letters, 2089 (1270) .
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The yields, melting points and nmr data of the L-chloro-B-
ketosulfides 60 are summarized in table 3 on page 42 . The
adduct 23 was prepared in situ and dissolved in a suitable
solvent(carbon tetrachloride, benzene or methylene chloride).
A stoichiometric amount of sulfenyl chloride was added slowly
to the ccoled solution of 23. As the addition continued, the
deep red colour of the sulfenyl chloride disappeared with
evolution of heat. At the end of the addition only a slight
tinge of red colour remained. This colour change was used

to follow all the reactions studied. The progress of the
reaction can also be monitored by nmr if carbon tetrachloride
is used as a solvent. In the nmr, as the addition of sulfenyl
chloride progressed, the doublet at 6.35 T (JHP = 13HZ) due
to the methoxyl protons of the adduct 23 diminished in inten-

sity as the doublet at 6.307T = 13HZ) due to the protons

Uyp
in trimethyl phosphate appeared with increasing intensity.
Once the addition of sulfenyl chloride was over, the doublet
at 6.35T had disappeared completely. The trimethyl phosphate
was identified by gas chromatography (see experimental section)
with an authentic commercial sample. The formation of products
appeared to be quantitative, although the isolated yields
were somewhat lower.

The infrared spectra of the =-chloro- [3-ketosulfides

60 showed the carbonyl band near 1685 cm-l. The mzss co20<ra

generally revealed a weak parent ion M+, along with (M-C1)+,
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-+ . +
C6H5CO and R''S as the major peaks. The fragmentation
patterns of the chloro ketosulfides 60 will be discussed in
detail on page 70. The methylene protons g .to the sulfur

are observed to be diastereomeric67 even though they are

separated from the asymmetric centre by a sulfur atom.

Table 3

Physical and nmr cata of L -~benzovl=- KX~-chlorobenzvyl sulfides (60).

Ph
23 + R"-S=Cl —> Ph-C-&-S-R" + (Me,0)_P=0
= &1 3’3
60
R" in 60 mp of 60  yield NMR DATA

(°c) %

51 118-120 80 2,10~-3.20(14H,m), 7.72(3H,s)

@
(o> 62 113-115 82 2.10-3.00(m)
c1<0)-

62  122-124 83 2.10-3.00(m)
<:)P-CH2 64 109-110 80 2,0-3.0(15H,m),6.15(2H,AB,
J = 12HZ)
b
CH,CHy- 65 oil 60 1.80-3.10(10H,m),7.30~7.90
(2H,m),8.60-9.20(3H,m)
b
CH50,CCH,, - 65-67 75 1.90-2.65(10H,m),6.34(3H,s),
66_ 6.53(2H,AB, J = 16i7%
N
oT i1 67 135-126 93 1.80-2.9C(m)
-E N

———

a . .
Satisfactory elemental analyses were obtained for th~oso
compounds.

fnalyses were performed on the corresponding benzyloxy-kotc-
sulfides.
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The methylene protons of d}chloro-f3-ketosu1fide 65 from the
ethanesulfenyl chloride (52) condensation showed a complex
multiplet instead of a quartet, thus indicating ABX3 rather
than an AyX3 splitting. In the case of benzyl (64) and carbo-
methoxymethyl (66) chloro ketosulfides, AB quartets with coup-
ling constants 12 and 16 HZ respectively were observed. The
values of the coupling constants indicated that the AB quartet
was derived through vicinal coupling.68

The chloro-ketosulfides (61, 62, 63 and 67) from
aromatic and 2-benzothiazolesulfenyl chlorides were found
to be reasonably stable. They can be stored at 0° without
any appreciable decomposition for several months. The benzyl
(64) and carbomethoxymethyl (66) analogs showed signs of de-
composition after two weeks at 60. The chloro-ketosulfide
65 from ethanesulfenyl chloride is an oil and it can be stored
in dry ice for one day without any decomposition (checked by
nmr). Satisfactory analyses were obtained for the stable
(aromatic and 2-benzothiazole)chloro-ketosulfides whereas the
aliphatic members were characterized as their benzyloxy-keto-

sulfide derivatives.

Benzil-tris(dirmethvliamino)phosphine adduct-sulfenyl chloride

con?-nention,

Benzil-tris(dimethylamino)phosphine adduct (255 ws
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8 and a stoichio-

prepared in situ in methylene chloride2
metric amount of p-toluenesulfenyl chloride (51) was added.

An exothermic reaction occurred and gas chromatographic anal-
ysis of the reaction mixture indicated the presence of hexa-
methyl phosvhoramide (§9) and oAL~benzoyl- K-chlorobenzyl-p=-
tolylsul-ide (61) (checked with the retention times of authentic
samples). In addition, the chloro-ketosulfide 61 was isolated
and was shown to be identical with an authentic sample (pre-

pared from the adduct 23 and 351 ) by mixed melting point and

ir. Thus, the condensation can be represented as follows.

Ph
] )
25 + CH3—©-SC1 —_— Phcogj 3 * (MezN)3P=o

51 61 69

Biacetvl=-trimethylohosphite adduct-sulfenvl chloride condensation.

Biacetyl-trimethylphosphite adduct (15) reacted with
sulfenyl chlorides to give the «~chloro- P-ketosulfides
70, trimethylphosphate, p-ketophosphates 71 and methyl chlor-

ide according to the following equation.
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o?'la GH3
i5 + R"SCl ———> CH,COCSR" +  CHZCOCSR"
1
o=i-ocn3
rioX CH3
71

CH_0O) ,P=0 + CH,C1
3773

The reaction was carried out in carbon tetrachloride with
benzene and ethanesulfenyl chlorides. The reaction mixture

was analysed by nmr and the results are tabulated below.

Table 4

vields of X-chloro- B-ketosulfide (7Z0Q) and B-ketoohosohate
L4 [

(7Z1) in _the 1:3 biacetyl-trimethvlphosohite adduct-sulfenvyl-

chloride condensation.

Sulfenyl chloride Yield (%)
R A-chloro—- B-ketosulfide ﬁ-kpto nhosnhate
CbHs- 93 72 7 73
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The changes in nmr spectra before and after the addi-
tion of benzene and ethanesulfenyl chlorides are illustred in
figs. 3 & 4 resbectively in the following pages. In both
cases, the singlet at 7.007 was identified as the methyl

.68 on

signal of methyl chloride (reported value 6.957T)
evaporation of the solvent at room temperature this singlet
disappeared showing that it was probably due to a volatile
product. The doublet at 6.30 T (Fpy = 12HZ) was due to tri-
methyl phosphate by comparison with an authentic sample.
Also, addition of few drops of trimethylphosphate to the
reaction mixture increased the intensity of this doublet with
respect to other peaks.

Considering the reaction between benzenesulfenyl chlor-
ide (49) and the 1:1 biacetyl-trimethylphosphite adduct (15)
in detail (cf fig. 3), the singlets at 8.32 and 7.637°C are
due to the CHz- and CH5CO- protons of the &L£-chloro- B -keto-
sulfide 72 by comparison with an authentic sample (prepared
from azibutanone and benzenesulfenyl chloride as indicated
below).

3
> GizCOCSCHs + N
1

T3
CHZCOGN, + CgHgSCl 5

49 72
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The singlets at 7.80 and 7.67 T and the doublet at 6.22 ©

(JPH = 12HZ) are assigned to the CH3-, CH3CO~ and ~0CH3 protons
of the l%-ketophosphate Z3. All attempts towards the unequiv~
ocal synthesis of the ﬂ-ketophosphate 73 were unsuccessful.

The following synthetic schemes were tried.

Scheme IIT

Attempted synthesis of l-acetyl=- d-phenylthioethvl-dimethyl-

phosphate(73). Method I.

(CH,0) 28c1

CH3g
CH,COCOCHg  + CgHgSH ——— ax3co$:céns

76
&
ofs?
+
CHBC/DSCGHS HC1
0=§ “00‘13
3

73

This scheme is based on the reaction between thiols
and carbonyl compounds. It has been shown that thiols react
with carbonyl compounds to form an equilibrium mixture ccntain-
ing mainly <£—hydroxy sulfides.7o In this case, the reaction

was extended to oi-diketones. Bizcetyl reacted exothermic:lly
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with benzenethiol to form an equilibrium mixture containing
80% of the do-hydroxy-[}-ketosulfide 76 (analysed by nmr) .
When dimethylphosphorochloridate was added to this mixture

at room temperature, no reaction was observed after 2 days.

On heating, extensive decomposition occurred. In another
attenpt, the above procedure was repeated in the presence of
pyridine as hydrogen chloride scavenger. The analysis of the
reaction mixture by nmr indicated the presence of biacetyl as
the main product. Thus, pyridine seems to shiff the equil-
ibrium towards biacetyl by removing the acidic benzenethiol as

a pyridinium salt.

Scheme IV

Attenpted svnthesis of L-acetyl- Hd-phenvlthiocethvl-—dimethyl-

phosphate (73). Method II.

3 . -9 CH3
CHZCOCSCHg  + M o—g--ocn3 ———> CHCOCSCHg +  MC1
: 1 -

o=F-ocH
3
72 73

+ + M
M = Ag’ or H,oN=CSCH,
NH,
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In this scheme, the nucleophilic displacement of chlor-
ine in 72 with the dimethylphosphate anion was attempted in
acetonitrile. The anticipated ﬁ—ketophosphate 73 was not
obtained; instead a complex mixture of intractable decompos-
ition products was observed.

Owing to the low stability of the products of the
sulfenyl chloride condensation separation of the P-keto-
phosphate 73 by either fractional distillation or by pre-
parative vpc was not achieved. However, the mass spectrum of
the reaction mixture revealed a weak molecular ion of 73 at
m/e 304 and two other ions of medium intensity at n/e 126
and 127. While the molecular ion at m/e 304 is too weak fox
an exact mass measurement, ion fragments at n/e 126 and 127
were carried out. The exact masses, chemical formulae and the

probable structures of ions are summarized in Table 5.

Table 5

 Mass spectra data on _ions at m/e 126 and 127.

Exact Mass Chemical Possible
Calculated Found formula structure
126.0082 126.0083 CH.04P (Qi30) ,POH

127.0160 127.0164 CoHgO,P (CH,0) ,P(O) ,
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These ions were not present in the mass spectra of
pure samples of the d}chloro-f%-ketosulfide 72 or trimethyl
phosphate. Thus, they appeared to be derived from the P-keto-
phosphate 7Z3. The mass spectra of several organic phosphates
has been studied in some detai1.71 A distinct difference in
fragmentation patterns was observed between phosphates with
and without J-hydrogens with respect to phosphorus. For
example, the presence of ions at m/e 126 and 127 in triethyl
phosphate (ZZa) and their absence in trimethyl phosphate.(zzg)

could be attributed to the availability of $-hydrogens in

772,
(CH,CH,0) ;P=0 (CH40) ;P=0
o5 ﬁ by fs @

773 77b

Here, the essential difference between trimethyl phos-

phate (Z7Zb) and the P-ketophosphate 73 is that the latter has
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three 'K-hydrqgéﬁé. Therefore, it is reasonable to suggest
that these ¥ -hydrogens are involved in the formation of ions
at m/e 126 and 127 in the P -ketonhosphate 73. The ion (m/e 126)
is probably formed by a McLafferty rearrangement of the mol-
ecular ion 73a as described below. Also, the formation of ion
(m/e 127) could be rationalized as follows. The ion 73b formed
by &l-carbonyl cleavage,72 probably undergoes two hydrogen
shifts with elimination of phenylthioacetylene to form the

ion at m/e 127. A weak molecular jon indicates that the sug-
gested processes for the formation of ions m/e 126 and 127

are highly favourable. This has been the case with the mass

spectra of certain reported phosnhates.73

+

COCH3 ‘{
Gl §~SCeHs

H 3’ Eéb

oérg-oc:{ ‘1
CHg j

73a m/e 126

-

—_— s ‘;HOP(OC}I3)2]
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- o+
[ ]
OCH3 + +
_CHpC-SCels|  =(CHaCO:) CH,GrSCeHg /Cﬂzcigceffs
H > H Q“,i;o <> H P
O=E&OCH3 o<F=0ocH 5 o=gc-}ocm3
i 13 OCH 3 15
73a 73b
I}
CH=C~SC H
2 6ts
~ (HCEESCH) H ot
(CH,0) ,P(OH) ,| < HO-F~=0CH 5
3
m/e 127

On mechanistic grounds (see next section), the following
products could also be expected from the sulfenyl chloride

condensation.

H3
CH3COCSCgH 5
&1
z 25
15 + CgHSCl —> + CH ,COCCL
(Q1,0) 4P=0
=P-OCH 3
+ 1
C_H_SCH 3
5
6 3 79,
78

The nmr signals associated with trimethyl phosphate
and the dJd~chloro~ B ~ketosulfide 72 have been identified.
The absence of products 78 and 79 was conclusively demon-

strated by comnaring the nmr spectrunm cf the reaction mixture
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with those of the authentic samples of 78 and 79. The singlet
at 7.730due to the methyl protons of (commercially available)
methyl-phenyl sulfide 78 did not correspond with any of the
peaks in the nmr spectrum of the reaction mixture. Furthermofe,
addition of a few drops of 78 to the reaction mixture produced
a new singlet at 7.737, Authentic d~chloro- B-ketophosphate

79 was prepared according to a reported procedure4o byAthe

action of chlorine on the 1:1 biacetyl-trimethylphosphite adduct

(15).
15 + Ccl, — 29 + CHyCl

Again, the singlets associated with CH;- (7.93%C) and
CH3CO~ (7.59 ©) of 79 did not correspond with those of the
reaction mixture. This was further checked by addition of
79 to the reaction mixture.

Before cntering upon a detailed consideration of the
mechanism of these sulfenyl chloride condensations, it would
be useful to summarize the findings so fax. The 1:1 benzil-
trimethyl phosphite adduct (23) reacts with a variety of sul-
fenyl chlorides to give substituted -benzoyl- £-chlorobenzyl
sulfides 69 and trimethyl phosphate. The 1:1 benzil-tris(di-
me thylamine)phosphine adduct (23) reacts with p-toluene sul-

fenyl chloride (51) to give &-benzoyl= <« ~-chlorobenzyl-p-
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tolyl sulfide (61) and hexamethyl phosphoramide (62). The
l:1-biacetyl-trimethylphosphite adduct (15), with ethane (52)
and benzene (49) sulfenyl chlorides gives «L-acetyl- ({=-chloro-
ethyl-ethyl (or phenyl) sulfide 70, -acetyl-<%-thioethyl (or
phenyl) ethyl~dimethylphosphate 71, methyl chloride and tri-

methylphosphate.

Mechanism of 1:1 dicarbonyl=-phosohine adduct-sulfenvl chloride

condensatione.

Several mechanisms can be advanced for the 1:1 di-
carbonyl-phosphine adduct=-sulfenyl chloride condensation based
on the chemistry of both 1:1 dicarbonyl-phosphine adducts and

sulfenyl chlorides. These are discussed in detail below.

(a) Free radical mechanism.

A free radical mechanism has been proposed for the
reacti@n of 1:1 biacetyl-trimethylphosphite adduct (13) with
bromotrichloromethane42 (see page 22). By analogy, one may
postulate a similar mechanism (see Scheme V) for the sulfcnyl
chloride condensation. The 1:1 benzil-trimethylphosphite
adduct-p-toluenesulfenyl chloride condensation was used to

test this mechanism. The condensation proceeded in the dark
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Scheme V.

Free radical mcchanism.

" ’———_—_—-—> - "
g1 + R'SCI 4;(0 of +R'S
RO" | OR
OR
82
R R
R'COCSR" + RCOCSR’
2 % RO o
8—- > 8_:_’ )2P=0
g4

(RQ);,=0 + RCI
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and in the presence of a free radical inhibitor (1,3,5-trinitro-
benzene) with no appreciable change in the rate. Furthermore,
gas chromatographic analysis (see experimental section on pagel24)
of the reaction mixture revealed the absence of p~tolyl disul-
fide, indicating that formation of the p-tolylthiyl (p-CH3CgH4S")
radical is not important. In other free radical reactions

74

involving thiyl radicals, disulfide is formed as a byproduct.

These observations make such a mechanism unlikely.

(v) Cartene mechanism.

A carbene mechanism has been suggested for the form-
ation of ¢f-chloro- B-ketosulfides 83 by the action of sulfenyl

chlorides on d?diazoketones.75

R' -Ng . R"SC1 R
R'cO&iy ——» (R'COCR') —-———)R'CO%‘:SR“
&1
85 83

Also, the 1:1 biacetyl~trimethylphosphite adduct (15),
when irradiated in cyclohexane, gave trimethylphosphate,
trimethylphosphite and biacetyl as products.76 The formation
of trimethylphosphate indicates that a ketocarbene 86 might

have been generated on photolysis. Thne mechanistic details
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of this reaction have not yet been published.

15 + _h» | (cHz0),P=0 + (CHZ00CCH,)

6

Furthermore, mechanisms involving ''carbene" (87,88)

78

by elimination of a phosphate group77 or a thiophosphate groub

have been suggested for several reactions. Two examples are

given below.
(i) Phthalic anhydride~triethvlphosphite reaction.77

Thionocarbonate-triethvlohosnhite reaction.

(ii).

—-é-—O —C—0
_c{_}=s + EaH OGP —-—’,%__()m + (:H;0)P=S
88

k4

88 ' > || + CO,
C
/7 \
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From these studies, it is therefore reasonable to
propose a carbene mechanism for the sulfenyl chloride con-
densation. The mechanism proposed is described in Scheme VI.
Several experiments (see theme VIiI on page62) were designed
to demonstrate the validity of this mechanism. Benzoyl-
phenyl carbene (90) obtained from benzoylphenyldiazomethane
(21) reacted with p-toluenesulfenyl chloride (31) to give
the oC-chloro- P ~ketosulfide 61 in good yield (93%). Also,
the ketocarbene 90 has been trapped by styrene to give the

cyclobutanone 22,79

In this case, ketocarbene 90 rearranged
to diphenylketenec (Ph2C=C=O)80 before addition to styrene.

The assignment of the structure 92 for the cyclobutanone was
confirmed by ir, nmr spectra (see éxperimental section on
page1l25). However, under identical conditions, the adduct

23 did not give 2,2,3-triphenylcyclobutanone (22) when treated
with styrene. Thus, the possibility of a carbene mechanism

seems remote for the 1:1 dicarbonyl-phosphine adduct-sulfenyl

_chloride condensation.

(c). lonic mechanism.

Any ionic mechanism for the sulfenyl chloride conden-
sation should take into account the two possible modes of
polarization of sulfenyl chlorides, namely,

+ -
(i) *"sulfeniuma chloride" mode R'"S—CI1



Scheme VI

Carbene mechanism,

RH
% 1
o > RCOER «
8
RO | “OR 23
CR
13

C' S
B' ,\\_"/ 5\0 R

5 L/ 3 1 o
-RCOC‘\}OR ——> RCOCSR" + RcCI

o R
(Ro),pP=0

84

Ro)p=0

61



Schene VII

Experiments on carbene mechanism,.

' R - . R
—__\/ Rcoglsa
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(ii) '"chloronium mercaptide' mode R'g ~CI

Even though, sulfenium chloride polarization has been
favoured in most of the rxreactions of sulfenyl chlorides,81
the chloronium mercaptide dissociation has been shown to occur
in some reactions of strongly electrophilic sulfenyl chlorides
(eg, p—nitrobenzenesulfenyl chloride). The reaction of ethane

and benzenesulfenyl chlorides with trialkylphosphite382 illus-~

trate the sulfenium chloride polarization.

: o)
(RO)gP:  + R"SCl ——s R"sf3(0R)2 + RC1

R" = CZHS- or C6H5~

Mechanistically, this reaction is analogous to the
Arbusov reaction12 and the phosphite attacks the electrophilic
sulfur to form the phosvhonium intermediate 92. The chloride
ion is sufficiently nucleophilic to dealkylate the phosphonium

intermediate 932 by preferential attack on an alkoxy carbon

to form the energetically favoured P=0 bond.

+ - Q
(RO)3P:  +  R"SC1 » (RO) 3PSR" Cl —(RO) ,PSR"  +  RC1

93

An alternative mechanism would involve an initial atinck
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of the phosphite on the halogen similar to that observed with

t—butylhypochlorite.83

+ + -
rrSic1 Léﬁp(oya) > (ROLP-C1 R"S > (RO) ,PSR"  C1
: 3 & 3
k//////// =
Q
(RO) ,PSR"  + RCl

In this case, the attack on the halogen seems less
likely, because the thiolate ion (R"S-) would itself be
strongly thiophilic and would be expected to react further
with the sulfenyl chloride. This chloronium mercaptide pol=
arization of sulfenyl chlorides, has been observed in the reac-

tion of p-nitrobenzenesulfenyl chloride with triphenylphosphitc.84

+ -
P-NO,-CgH,S-C1l + :P(OPh)z — (PhO)zP-Cl S-C.H,-NO,-p

P-NO,-CgH,S + p=NO,~CgH,S~C1 — (P-NO,-C¢H,S ¥, + Cl

24
-+ -
(PhO) ;PC1  + Cl1 ———— (PhO)5P(C1),
s

p-Nitrophenyl disulfide (24) and the dichlorophosphorus com=

pound 95 were isolated in good yield.
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Based on these analogies, the following mechanisms can
be proposed for the 1:1 dicarbonyl-phosphine adduct~-benzene-
sulfenyl chloride condensation (see Schemes VIII and IX' on
pages 67&63)e These two mechanisms can be distinguished by
product analysis., In the 1:1 biacetyl-trimethylphosphite
adduct-sulfenyl chloride condensation (R=R'=CH3 and R"=C6Hs),
the following set of products would be expected by the two

proposed mechanisms.

The expected products from “sulfenium_chloride' mechanism.

Gtz 13 _
c{3coiic6H5 , CH3COCSCeHg 5 (CHZ0) 3P=0 and CHC1.
I3
72 73

The expected products fron "chloronium mercantide mechanicm.

CH Ciiz
obca obe
R 3
CH3C E;véﬂs 5 CH3C 'C- ’ (CH3O)3P O and C6HSSCH3
0=P=0CH 4
3 78
72 70

'y

It has been shown earlier (sce pages 44-55) that the
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products formed in the condensation corresponded to those
predicted by the '"sulfenium chloride"™ mechanism. Thus, it
appears that the condensation in this case proceeds in this
manner. The absence of phenyl disulfide in the reaction
mixture (gas chromatography) makes the chloronium mercaptide
mechanism unlikely, because the strong thiophilic nature of
the mercaptide ion (C6HSS-) should lead to at least some
disulfide formation.

In the 1:1 benzil-trimethylphosphite adduct-sulfenyl
chloride condensation (R'=Ph and R=CHgz), the only products
formed are the d{~chloro- P-ketosulfide and trimethyl phos=
phate. Although, these products can be accounted by both
mechanisms, the sulfenium chloride pathway is preferred because
there is no disulfide formation. It seems that in this case,
path i is preferred exclusively to path ii. This could be
rationalized as follows. In path i, the tertiary carbon
undergoing nucleophilic attack is not only benzylic but also o€
_to the carbonyl group and to sulfur. All these characteristics
accelerate the substitution at the carbon.85 Morcover, addi-
tional driving force is introduced into path i by the elimin-
ation of the very stable trimethylphosphate through energeti-
cally favoured P=0 bond formation. In path ii, even though
there are three primary carbons which can undergo nuclcophilic
attack, the only driving force available is P=0 bond form-

ation. In the biacetyl=-trimethylphosphite adduct=-sulfonyl



Schemoe VITT

The "eulfenium chloride! mnechanism.
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Scheme TIX

The "chloronium mercaptide! mechanisme
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Scheme X

Sugaested mechanism for benzil-~tris{dimethvlamino)lphosnhine

adduct-sulfenvl chloride condensation,

R R R R’
N ( AN
‘4>s/’ | k

HO,NT | nleR,) (HONT S NCH,),
NE 2 NECH
2
252 250
R'sci
R'cocsﬁ
(”3‘7)2”/'\”(0”3)
NCcHy),
99
RCOGSH" (o, Np=0
¢l - b0, I
60 69

R'= C¢H;



70

chloride condensation (R'=R=CH3), which lacks the benzylic
group path ii competes with path i to a significant extent
(see Table 4).

The condensation of sulfenyl chlorides with 1:1 benzil-
tris(dimethylamino)phosphine adduct (25) can also be ration-~
alized on the basis of sulfenium chloride mechanism. This
condensation is similar to that of 1l:1 benzil-trimethylphos-
phite adduct and sulfenyl chlorides, except that path ii is
elininated. The mechanism is described in Scheme X on page 69 .

All attempts to trap the intermediate 82 (see Scheme
VIII) as 2,4,6-trinitrobenzene sulfonate (TNBS-) 100 and
hexachloro antimonate (SbC16') 101 to obtain additional evi-
dence for the '"sulfenium chloride'" mechanism, were not
successful.

In summary, all the 1:1 dicarbonyl-phosphine adduct-
sulfenyl chloride condensations studied, appear to follow the

sulfeniun chloride mechanism.

Mass snaoctra of AL -chloro- B -keto=sulfides.

The o~chloro-~ f-ketosulfides showed certain similaritics
in their fragmentation patterns in spite of the structural

differcnces in them. The following fragmentations seems to
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be common for all the <ﬁ~chloro~’3-<etosu1fides studied so
far.
+ R! +
R'CZ0 <—— R'COSSR" ——> R'C=S
1

83

Like other carbonyl derivatives,71 the chloroketosul-
fides 82 undergo df~carbonyl cleavage to give rR'czot., The
ion R'CES+ has been shown to occur in the mass spectra of

s 86 _ . +
some sulfides. When R' = C6H5, the ion CgHgCO undergoes
further fragmentation to C6H5+ ard then to C4H3+. These
processes are substantiated by the metastable peaks'at m/e

56.5 and 33.8 respectively.

. #56.5 . #33.8 .
-
CgH5CO > cgigt ———>  CyHj
m/e 105 m/e 77 m/e 51
(i) . L~prnzovli=--chlorobenzvl sulfides.

Considering the (i-benzoyl—<£-chlorobenzy1 sulfides
(60), their node of fragmentation appears to depend on the
nature of R". When R" does not have hydrogens oL to sulfur
(R" = p~CGH5CgH4 -, CgHg—, p-C1CgH4~ and 2-benzothiazolyl), the
formation of various ions can be rationalized according to

Scheite XI on the follewing page.
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The main fraamentation nathvay of X -bonrovl= {~chlorchenzyl culfides,

4

60h “mic1ss

-

—

% 1381

1

N

@-co PSR! : R's’
@

] 60

™

60+

Q..
O

60c ¥ s0e*
-

© ™~
@1‘: ¥ 1724 @:?%@

609 ¥ m/e 197 60f T m/e 225

QL

cL



73

+

The ions 602, 60§#and 60d*are formed by benzylic cleav-

age of a, b and ¢ bonds respectively. The ion gggfat m/e 194,
is assigned as diphenylketene jon and this is confirmed by
exact mass measurements (see Table 6). When R" = C6H5, the
formation of ion gggffrom Qgéfis substantiated both by a
metastable peak at m/e 249.5 and by exact mass measurements.

¢ -3
The ions 60ff 60at and 60hT scemed to be formed from 60c’ as

indicated in Scheme XI and these are substantiated by both

metastable peaks and by exact mass measurenents. These data

are summarized in Table 6.

Table 6

Exact _mass _data on L-benzovl- -chlorobenzvl=-phenvl snlfide (62).

BExact mass

ion Chenical formula calculated found

60d . C14H100 194.0729 194.0732
60¢e Clgulss 275.0896 275.08394
601 C14H908 225.0372 225.0374
60a C13H95 197.0420 197.0425
60h Cl3H9 165.0706 165.0704

When R'" has hydrogens o&to sulfur (when R'" = CgHgCliy~
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and MeOZCCHé-),Athe fragmentation patterhs are somewhat dif-
ferent. The main difference being the elimination of HC1
instead of Cl~ from the molecular ion gﬁf This process seemed
to be so favourable that the molecular ion Qﬁ?is absent in
these chloroketosulfides. The ion at m/e 226 is formed most
probably from ion ggif but this cannot be confirmed by

metastable peaks.

) -+
- -+ °
SeHls . OiéHs
CgH5COCSTH R ' > | CeHl5COCCHR
c1 S
gg? 68a¢
&
EO". s Z _‘. . =t
CgHsC CeH5COCSCeHs | ———> CgHs5CZS
m/e 105 m/e 226 m/e 121
When R" = p-CHyCgHy=- or CgHgCH,-, the ion at m/e 91 due to

C7H7+ (tropylium ion) is also observed. This breaks down

further to give CgHg® at m/e 65 (metastable at n/e 46.4).

+ —_—
cH, > C.Hg
m/e 91 m/e 65
(ii) AL-pcetvl=cl-chlorocthvl sulfidas.

The main pathways of frag-ontation of K-acetyl- K-chlou---

ethyl sulfides (Z0) are summarized in Schene XIT on next naze.
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The main froanentation nathways of L-acrtyl= K-chloroethyl sulfides.
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In these chléroketosulfides the molecular ion is much
more intense than in the case of d~benzoyl- d~chlorobenzyl
sulfides. Not only c1” but also HCl is eliminated from the
molecular ion Zg%to give ions 70d and 70e. . The ion R"s¥
is formed by d=thio cleavage. The elimination of ketene
(CH2CO) which is characteristic of some acetyl (CH3CO)
groups,71 occurs in the molecular ion as well as in other ions

containing the group. The ketene elimination may proceed

via a four centre mechanism as follouws.

+ T
H Hag
— SR H-C gR"
n,cl 7 G- —_— 5 |u=t-
2" & 1
70t 70a;‘:

H CH3 _
CA" S g > H EH%’R"
H C=5- -t=G -
2 b—i>//
\co
70d* 70g*
When R" = CHB-CHZ-, ethylenc elimination is observed from

ions containing ethyl group.72 For example, the ion at

m/e = 123 eliminates ethylene to give fragment m/e = 95.
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This is substantiated by the presence of a metastable peak

at m/e = 73.3.

H—CHZ .
cH ,»\ H
3 + # 73-3 3 +
~g=8-CH, > c\c=s-H
cr cr
m/e 123 m/e 95
The aromatic ring participates when R" = C6H5, the

following fragmentation leading to the ion at n/e = 110.

-+ - +

s/

m/e 110
A four centre fragmentation can also be advanced to rationalize

the formation of the fragment at m/e = 110.

//4§§>

-~ 2% H [

HS—\/
m/e 110

The six centre fragmentation is preferred to the four centre

process although definitive experimentation is lacking.
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Results and Discussion (Part TII).




Results and Discussion Part TT

Rezctions of of-chloro- B -ketosulfides.
RS

The versatility of o-chloro- B-ketosulfides as useful
intermediate is illustrated by their conversion to l-hydroxy
acids, of~-ketoaldehydes, L~hvdroxyaldehydes, methylketones,

87,88 Besides

aldoses and a variety of heterocyclic compounds.
the 1:1 dicarbonyl-phosphine adduct-sulfenyl chloride conden-

sation, there are two other methods available for the prepar-

ation of d}chloro—fa-ketosulfides.

The decomposition of d~diazoketones with sulfenyl chlorides.75

R R'
rRcoln, + R"SCl ——> RCOS;SR" + N,
1

The action of thionyl chloride on fl-ketosulfoxides.88

3 2 3 2

RCOCH , SCH + soCl, —————3 RCOCHSCH + SO + HC1
o) 1

In these methods, the reactants ( «-diazoketones or
ﬁ-kctosulfoxides) must be prepared separately. However, in
the 1:1 dicarbonyl-phosphine adduct-sulfenyl chloride conden-
sation, the chloro ketosulfides can be generated in one stewn
from readily available compounds. Furthernmore this condensa-

tion vields a new series of <£-chloro~/3-kctosu1fidn< in whic.o
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carbon bearing the chlorine is tertiary.
One would expect that the chlorine atom in the ¢&é~-chloro-
ﬁ—ketOSulfides should be very reactive, due to the sulfur

participation (as shown). -

R M R
RCOES=5R" < > RCO&=ER"

Gér c1

This can be substantiated by fact that K~benzoyl~- K-chloro-
benzyl-p-tolyl sulfide (61) was converted within few minutes to
oL-benzoyl~ L -methoxybenzyl-p~tolyl sulfide (102) in good
yield (80%) by heating with methanol and silver carbonate.
PhCOCSC H,-D—CH, + CHgOH —— PhCOCSCH,~p~CHg
1
3
61 102
In this study, some new reactions of <£rch]oro-/3-keto—

sulfides were investigated.

Rerction of «L=chloro-_O-ketosulfides with trichlorosilane -

g

tri-n-butvinmine.

Silicon hydrides 1032 reduce a number of organic func-

tional arouns, presumably because of thc hvdridic nature of the
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hydrogen attached to silicon.89

- R
) s- g7
ie, H—Si—R
‘\\R
103

Their use as synthetic reagents is on the increase
because of their ready availability and efficient mode of

reaction.go

Trichlorosilane (105) for example, has been shown
to be superior to lithium-aluminum hydride in the reduction

. . . 1
of phosphine oxides to phosph1nes.9

p=0 + 2HSiCl }P + Cl.SiosicCl, + H
//P— iClg > H 3 i0Si 3 2

105

——

23 using trichloxo-

Reductions of amine oxide592 and sulfoxides
silane have also been reported.

The effectiveness of organic bases as catalysts for

s - . . .. 94
the addition of trichlorosilane to acrylonitrile and
phenylacetylenegs has added another dimension to the rapidly
expanding field of organosilicon chemistry. Recently Benkeser

96 . . . .

ct al found that in the presence of tertiary.amines trichloro-
silane (105) effected dchalogenation with a variety of organic

halides. The nroducts so obtained, were considered to be

significant from both synthetic and mechanistic standnoints.
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Foxr example, 1,1,1-trichloro-2-propanone (106) gave 1,1~
dichloro-2~propanone (107) in high yield (80%) when treated

with trichlorosilane (105) and tri-n-butylamine (108).

C13CCOCH3 + HSiCl + (n-C4H9)3N:-—j.HCCIZCOCH3 + SiCl4
106 105 108 107

* (n-C4H9)3N:

108

Physical evidence which substantiates the existence of the
trichlorosilyl anion (109) in the reaction has been reported.97

This anion has been shown to be formed by the following

mechanism.

+ -
R_N: + HSiCl —————— R3N———SiC1

3 ° 3 s 3
105 H
Xusici : No---8iCl
R 3! et S ——— R 31\\:-- j i 3
109 H

¥

The trichlorosilvl anion (129) offers a striking parallecl to
phosphines in view of the isoelectronic relationship bz tween
them. The isolation of 1,l-dichloro-E—trichlorosilyloxy-

propcne (110) freca the 1,1,1-trichloro~2-propanone (195) and
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trichlorosilane-tri-isopropylamine reaction and subsequent
hydrolysis of 110 to the product 107 jllustrates its close

similarity to 111 in the triphcnylphosphinechloral react:i.on.98

_ L c1_ /oslc13 + -
Cl.CCOCH + SiCl,RgNH ——> +  R_NHCl
3 3 3
3 1/ \:H 3
106 109
110
*
c1 OP(Ph) 5
cijccocH, +  :P(Ph), s Sc=cl c1
i
111

Prompted by the clean and selective dehalogenation
work of Benkeser,96 the trichlorosilane-tertiaryamine
combination was used to dehalogenate ¢C~chloro- f;-ketosulfjdes
83. For exanpnle, oC—benzoyl—oC-chlorobenzyl-p—tolyl sulfice
(61) was reduced to «L-benzoylbenzyl-p-tolyl sulfide (112)

in quantitative yield (by nmr).

Ph (i) HSiClsz, (n=CgHg)gN: Ph
PhcOSsCgH 4 ~p~Cilg > PhCOCSCgHy-p-Cliz
é1 (ii) NaOH H
61 112

In a serics of experiments, the ;,{,-chloro—ﬁ-ketosulfides

60 were aenerated in situ by the 1:1 benzil-trimethylphosohite
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adduct-sulfenyl chloride condensation and dehalogenated using
trichlorosilane (103) and tri-n-butylamine (108). The results
are summarized in Table 7 on the following page. In the
aliphatic series, the dC-chloro-[B-ketosulfides 70 were also
generated in situ by the 1:1 biacetyl-trimethylphosphite
adduct-sulfenyl chloride condensation and dehalogented by
trichlorosilane (103) and tri-n-butylamine (1C8). The dehalo-
genation proceeded in good yield (61%) with &-acetyl= -~
chloroethyl-phenyl sulfide (72). Owing to its low thermal
stability the dehalogenation of A~acetyl— £-chloroethyl-
ethyl sulfide (7Z4) 1led to extensive decomposition. When a
pure sample of 72 (prepared from azibutanone and benzene-
sulfenyl chloride, see page 120) was used, L~acetylethyl-
phenyl sulfide (113) was obtained in higher yield (80%) .
However, d~acetylethyl-ethyl sulfide (119) cannot be obtained
frcm pure 74 owing to the low thermal stability of 74.

A1l dehalogenation reactions were carried out in dry
1,2~dimethoxyethane. The workup was initially alkaline in
order to eliminate any side reactions arising from the hydrol-

ysis of the probable intermediate 120.

R' t
A + -, . _ :"" -
R'COCSR"  + (n-CgHg)Nil SiCl, ric=c]  +  (n-Cllp) gHC]
Cl O\ SR
SiCIB
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Table 7

Phvsical and spectroscopic data of ﬁ-ketosulfides.

(i)HSiClg, (n=-Cy4Hg)3N: Ph
23 + R"SCl > PhCOCSR"
(ii)NaOH H
115
R" in 115 . M.P.(°) Yield (%) ixr (CO) nmr data (7T)
band in cm”
p-Cig-CeH,~,112  94-6 80 1670 1.80-3.10(14H,m),
4.12(H,S8)7.73
(3H,S).
CeHg~CHp~, 113 70-2 60 1670 2.10-2.80(15H,m),
4.62(H,S)6.33
(2H,AB) J=14HZ.
CH,CH,~, 114 78-80 62 1670 1.80-2.90(10I1,n),
4.37(H,S)7.50
(2H, Split AB ,
J=7Hz)8.83 (2H,t,
J=7HZ) .
(1)HSiClz, (n=CgHg)N: CH3
15 + R"SCl > CH,COCSR™
(ii)NaCH H
116
R' in 116 B.P °/mm Yield ir (CO) nnr data (7T)
()  band in cm”t
C.H_.-, 118 78-80/0.003 61 1720 2.30-2.85(5H,n),

6'5
L20(H,q,J=7H2),

7.80(32i,8), 8.62
(3H,d,J=71T4) .

Cotlg=, 1190 deccmposed - - -
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This intermediate 120 is not only an enol ether but also an
enol thiocether. Consequently, acidic hydrolysis would lead

to the cleavage of both these groups.

] ]
=l o H,O0 —> R’CO!‘%SRMR“5H+R'cccc""+4:3io L
© sRr" 2 B R R B
“sicl, + HCI
129 J21

Basic hydrolysis however, would only lead to enol ether

cleavage giving the }B-ketosulfide 121 as shown below.

1l

R > R
k»-: C 1] 1 R‘ 1

ofJ TSR ———> RCOCSR'+ NaCl + NasSio,
sic, H

Na OH 121
120

The ir and nmr data of these ﬁ-ketosulfides 121 are

summarized in Table 7.

Mass svoctra of 3 -ketosulfides.

In the mass spectra, all p—ketosulfides 121 showed

rRrczo* 1219, nrrcsst 121-F ncszs?t

+ *

the molccular ien M 121,
- + -

121d and [M - R'cso] 1217 (see Scheme XIII on the following

prage). When R' = Cells, the C6H5CEO+, m/e 105 apparcently
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undergoes further fragmentation to C6H5+ m/e 77 and then to

C4H3+ m/e 51. These latter pathways are substantiated by the

presence of metastable peaks at m/e 56.5 and 33.8 respectively.72

. £ 56.5 ' + ¥ 33.8 +
cgHgcz0" 2222, cgHs C H,
m/e 105 m/e 77 m/e 51
When R" = CglisCH,- or p-CH5CgHy=, an intense peak at m/e 91

due to C7H7+ (tropylium ion) was observed. This ion frag-
mented further to C5H5+ m/e 65, which was confirmed by the

presence of a metastable peak at m/e 46.4.

+ 4 46.4 . +
C7H7 > CSHS
m/e ol m/e 65
When R' = CgHg, the peak at m/e 121 was assigned to CéHSCES+.

Similar ions (RCZS*) have been observed in the mass spectra
of other sulfur compounds.sc Sinilarly, the peak at m/e 59,

when R' = CHB was assigned to CH3CES+. When R = C6H5 and

R" = CgligQi,~ or CH,CH,-, the ion 122 at m/e 196 appears to

be formed by a Mclafferty rearrangementgg as shown in Schene

XIV on noxt page. The fact that ion 122*is not formed from

+ R
112 sucaests that one of the hydrogzens of the methylene group ¢C

to sulfur participates in the rearrangement. Certain peaks

wnich r.~Ilect their unique struciural features are also
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observed in the mass spectra of some ﬂ-ketosulfides. The

molecular ion llétundergoes a benzylic cleavage and a possible

*

rearrangement to give the ion 1l13e' at m/e 227.

Th Fh,
PhCOCS{CH,Ph _— PhCOC=S-H
H
1123% m/ec 318 113a" m/e 227
+

Also, the ion 114c’ at m/e 151 undergoes further fragmentation
with elimination of ethylene to give an ion 114€#at m/e 123.
Similar olefin eliminations have been observed in the mass

spectra of other alkyl sulfides with ﬁ-hydrogens.s6

n_ HISH: o
I_FC-%CHz —_— H>C=S~H
naé" m/e 151 me""m/e 123

This olefin elimination was further confirmed by the bpresence
of a metastable peak at m/e 100.1. The ion ;;Q?undergoes

fragnentation to the ion at m/e 110 presumably because of the
proximity of the phenyl and methyl groups. Several analogies

. 2
to this ty»e of rearrangement hiave been reDorted.7
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. _ +
”2?)1‘ /§] P
<, >
c“*é:?¥224 N S;j‘ _
ns* m/e1so m/e no

A four centre fragnentation mechanism can be proposed for the
formation of the ion at m/e 110. The six centre fragmentation

is preferred in most of the reported systems, although defin-

itive experimentation is lacking.72

- -t

H,C-H
<\ > .
cHEOCS H
H
ns¥ mse 180 m/e no

Reaction of A -chloro- B -ketosulfides with potassium thincvanoice.

The reactions of metal thiocyanates with a number of
organic substrates have been widely used for the preparation

100 Recent rescarch with

of various heterocyclic compounds.
metal thiocyanates has been concerned not only with cxtending
their applications, but also with »roblems of structure cf

. . 101 .
the products and reacticn mechanisms. In nost orgaanic re-=

actions, sodium, potassium and ammcnium thiocyanate were uscd

because of their high solubilities in polar organic solvents.
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The effective agent, thiocyanate ion, exhibits "ambident"
character since the negative charge is delocalized over

sulfur and nitrogen as shown below.

S—C=N S S=C=N

The thiocyanate ion is regarded as a resonsance hybrid of
123 and 124, where the disposition of charge over the ion
varies with its environment in a crystal, a solvent, a stable
complex or a transition state complex of a chemical reaction.
For example, the infrared absorption and X ray diffraction
data for solid potassium thiocyanate have been interpreted

in terms of a resonance structure to which form 123 contrib-
utes about 70 percent.102 Considering the metal complexes
which contain thiocyanate ligands, metal-sulfur bonds have
becn found in some and metal-nitrogen bonds in others.103
Furthermore; the important featuxe of the reactions of in-
.organic thiocysnates with an organic substrate is that the
product is frequently an isothiocyanate (R-iN=C=S), instead
of, or together with a thiocyanate (R—S—CEH)}O4 The mech-
anistic details of these reactions are complicated by the

following factorse.

(a). the structure of the organic compound. e.g. whaether the
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reaction occurs on a primary, secondary Or tertiary
carbon atom.

(b). the structure of the reagent.

(c). the intexroplay of structural and environmental factors
in the formation of a transition-state complex.

(&). the inherent thermal instability of some thiocyanates
or the effects of catalysts on them leading to their

isomerization.

In the reaction of & -haloketones 125 with potassium

-
thiocyanate, the thiocyanoketone 126 is formed.IOJ

RCOCH2C1 + KSCN @—m2 RCOCHZSCN + KC1

125 126

in contrast, d-chloro- P -ketosulfide 127 with potassiun

. . R . 10
thiocyanate 1s reported to give the oxazolothione-2 128. 6

e

H
R-C—C-SC;H;,  KScN ——— Rog =
o Ci N d

127 N

C,SC2H5

128

Thesc contrasts in the behaviour of thiocyanate ion

. . - 107 .
have been raticnalized as follows. In the dchnlor oke Lar..
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thiocyanate reaction, the carbon atom undergoing nucleophilic
attack is primary and the reaction has been suggested to fol-
low an SN, mechanism. However, in the c,{.-chloro-ﬁ-ketosulfide—
thiocyanate reaction the carbon is secondary. Moreover, the
carbon-chlorine bond is muéh more loosened by the influence
of odi=sulfur (see page 79). These factors would be expectced
to favour an SN1 mechanisme. In an SNl reaction, the incoming
nucleophile attacks the carbonium ion intermediate largely
because of the gain in electrostatic stability fesulting from
the neutralization of charge. So in an ambident nucleophile,
the approcach of the atom having the highest concentration of
negative charge would be favoured on energetic grounds. For
the thiocyanate ion, nitrogen being more electronegative than
sulfur, would have the greatest electron density. Thus, in the
d-chloro~}3-ketosulfide—thiocyanate rcaction, the thiocyanate
ion would attack the carbonium ion centre through nitrogen
forming an isothiocyanate 130. This isothiocyanate 130 likely
cyclized to give the oxazolothione-2 128 as described in path
._.1 on Scheme XV. These rationalizations should be considered
critically, because the isothiocyanate 130 could also be
formed via path b (see Schen2 XV) by isomerization of thio-
cyanatc 131. Such a possibility has not yet beoen ruled out.

In this investigation, the reaction of thiocyanate
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Minchsnicm of K ~acvl- K -chloroncthvl-ethvl sulfide-thio-
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i ) -
R-G—E—SCaH, _a Rnﬁ-—é—scsz‘__, R-6—C=5C,H,
G ClI o) o o
127 129
KSCN 'b a KSCN
v
~ 'Tl b i"'
R‘"ﬁ‘“‘"?“SCZA ig —_— R—ﬁ*C’—SCZHS
|
O SCN o
v
131 S
130
[
R\C_C/SCZHS
o/ \NH
\‘ﬁ/
S



jon with a number of drchloro- P-ketosulfides (72, 74, 6L

and 64) having a tertiary carbon adjacent to sulfur was

studied.
GHs n
Git;COCSPh PhCOGCSCH, ~p~Cily
¢ ¢1
72 61
i3 Ph
Cli5COLSC,H PhCOCSCH,Ph
1
74 64

The chloro ketosulfides 72 and 74 reacted with potassium thio-
cyanate but the precducts from the reaction decomposed during
workup in spite of several attempts (by distillation under
reduced pressure, column chromatography etc.) to isolate them.
However, two other chloro ketosulfides 61 and &4 reacted

with potassium thiccyanate affording 4Z-substituted-5,5-di-

pheny1-3-oxazoline-2(1H)-2-thiones 132.

[

Ph Ph oo
Ph-C—C-SR" + KSCN ——> PhL—(C
o / \
e
o0 3
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When potassium thiocyanate was added to the solution
of the chloro ketosulfide 60 in anhydrous acetone, it dissolved
completely and potassium chloride precipitated out as a
white solid within a few minutes. Workup and column chroma-
tography provided a syrup.which gave satisfactory elemental
analysis and was homogeneous on tlc {(thin layerx chromatography) .
The yield, uv and nmr data are sunmarized on Table 38 on page
97. The ir spectrum of the products 132 had no carbconyl,
thiocvanate or isothiocyanate bands.

On mechanistic grounds, the structure 135 can also be

assigned to the product of this reaction.

Ph CH.Ph EBh Ph Ph Ph
| A~ .

Ph-C—C Rs¥é—c  phcH,sC—C
d N /N [\
N o) N o] N

\\1:/’ \\(:,/
S g
134 135 136

The structure 135 for the product was ruled out by the follow-

’

€7

ing rcasoning. The two possible structures when R" = C6H5CH2~
are 12! and 136. In 134, the benzylic protcns are enantiomeric
an<d therefore would be expected to Ggive a singlet (2H) in the
nmr. However, in 136 the benzylic protons are diastereomeric67

because of their proxinity to the asymmetric centre. Iin

these svstems such diastereonmeric benzylic nrotons give an



Table 8

Phvsical and spectroscopic data of 5,5~-diphenyl=-4-benzyl (and p-tolyl) thio=3-

ovazoline=2{111)~2~-thiones 132,

60 + KSCN ~———> 132 + KC1
. . *
R" in 132 Yield (%) uv max m (£) nnr data (C)
n-tolyl-133 82 232 (2920) 2,10-2.90(14H,m)
295 (1543) 7.60 (3H,s).
benzyl-134 90 228 (3483) 2,10-2,90(15H,m)
296 (1711) 5,77 (2H,s).

*
ether was used as solvent.

L6
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AB pattern in the nmr spectrum. (see page42 for other examples
of diastereomeric protons.). The product from the thiocyanate
reacticn showed a singlet (2H) for the benzylic protons.
Therefore, the structure 134 is favoured for the product.

The UV spectra of the products from the reaction of potassium
thiocyanate with 61 and 64 are similar. Since, 134 is the

is the favoured structure for the product from 64, therefore

a similar structure 133 is assigned to the product from 6l.

The mass spectra of 133 and 134 are discussed in detail in

the next section.

Mechanistically, the reaction can be considered to
follow the pathway as shown in Scheme XVI on page 99. The
isomerization of tertiary thiocyanate 140 to isothiocyanate
139 undexr the reaction conditions can reasonably be expected
to occur. Similar isomerizations of tertiary thiocyanates
have bzen reported.lo1 The isothiocyanate 139 can cyclize
to the product 132 with concomitant phenyl migration. The
possibility of sulfur migration (path b ) was ruled out on
the basis of the structure of the product (nmr analysis).
This mechanism involved a nucleophilic push, electrophilic
pull involving phenyl migration to give the cyclized product
132.

A similar mechanism has bocn suggoested for the reaction

. . . . 1on
of O=tolylnagnesium bromide with benzil,
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Scchome XVI
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5"
-MgBr [::::L~ CH, 7 —
2 (O) SN (@) . L
Tl
O O

5

CH

g
141 r'
cH3© cH, (\,
559 2s0
, o H O ONg3r
142

It is likely that this rearrangement is facilitated'by chel-
ation with magnesium atom as in 141, which increases the
electrophiliic character of the carbonyl group. The phenyl
group migrates to give the rearranged < ~hydroxy ketone 1:.12.

e

Mass sm~ctra of 5.5=-dinkenvl=4-benzvl (and p-tolvl) thin~2~

oxnzolin2~2(11l)-2-thiones.

The main fragmentation pathways in the mass spectra of
133 and 137 are illustrated on Scheme XVITI on the following
page. These mass spectra are vaery similar. The molecular

*

jon 132 m/e¢ 375 abpears to undergo an d-thio cleavage and

a nossibdle shenyl shift to give ion 122F /e 252, This is
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C’7H5+ i - CdH:- Cs;i:
m/e 77 m/e s1 m //’e 65

R'= C,HCH, or P CH,C4H,
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confirmad by exact mass measurements (see Table 9). The ion
132éf m/e 123 is also formed by the above process. The ion

at m/e 192 can be obtained by two pathways. The molecular

-t fed

ion 122 may lose benzophenone to give 132¢ or it can eliminate

*

COS and R2"S with hydrogen transfer to give the ion 132b.

When R" = PhCH,-, the two pathways are as shown below.

.t—-
CeHs g 1e
C"Hsf_b/—“‘/‘ f\;\/(b,/\CHcéHs |
s - Iy X s/bA/
oMt
.
+ “1a2
,SCH42C6Fh q(// b —+
= ﬁ & CeHs 1
S \\, N | SC=C=NH |
N CoH, |
132¢T 132b*

*
Formation of 132b and not 132£$is astablished by exact mass

measurencnts (sce Table 9). In the case of 1325% the cal-

culated ~nd found exact masses are not in agreement. Holecular
de

b
ke . . P - . .
2" can also give the ion 1327 by ring opaning with a

ion 137

phenyl shift (this DProcess occurs in other analogous systems

09 This ion 1324 can underco further

eg. cyclic sulfitcs).l
fragmentation to icns at /e 121, 105, 91, 77, 65 and 51 as

shown in Scheme XVII. The vathways are discucsed in detail



Table 9

Exact mass data on S.5-dinhonv1-4-benzv1(D~tolv1)thio-3-oxnzoline-2(}H)-Z-thiones.

Exact Mass

Ion Calculated Found for 133 Found for 134 Chemical formula
132%  375.0752 375.0726 375,0739 CppHy ,NOSy

130aF  252.0483 252,0463 252,0504 Cy 5l oNOS

1326 193,0891 193.0874 193.0013 Cp ey N

132¢%  193.0020 103.0874 193.0913 CoH7NS,,

£0T
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in the previous section on the mass spectra of tﬁ-chloro-ﬁ -

ketosulfides (see pages 70-74 ).

Thermally stable ol-chloro- P -ketosulfides 83 are
converted to the corresponding p-ketosulfides 121 by tri-
chlorosilane (105) and tri-n-butylamine (198). This reactiocn
can be carried out in one step by generating the chloro keto-
sulfide in situ (from readily available compounds), and thus,
provides a convenient method for the preparation of ﬁ~keto~
sulfides.

d=Benzoyl- ol-chloro benzyl sulfides 60 react with
potassium thiocvanate to give 4-thio-substituted-5,5-diphenyl-
3~oxazoline~2(1H)-2-thiones 132 in high yield. The ready
availability of d-chloro=~P -ketosulfides 83 and the clean
reaction with potassium thiocyanate, provides a convenient
synthetic réute to this new hetcrocyclic system 1772,

Mechanistic rationalizations of these reoactions and
ths mass spectra of B -ketosulfides 121 and 4-thin-substituted-

5,5~dinvhenyl-2-oxazoline-2(1li) ~2~-thiones 132 arc¢ discussad.



Chanter TV

Experimental




Exnerimental

Melting points were obtained con a Gallenkamp melting

point apparatus and are corrected.

Infrared spectra were recorded on a Perkin-Elmer (Model
257 or Modal 337) Grating Infrared spectrophotometer.
Spnectra of sclids were obtained using potassium bromide
pellets and a film technique was used for liquid samples.
Snectra were calibrated with the 1601.4 cm-1 band of a

polystyrene film reference.

Ultraviolet spectra were recordad on a Unicam SP-800

ultraviolet spectroohotometer.

Nuclear magnetic resonance snectra were recorded on
Varian Asscciates A-60 or T-60 svectrometers. All pro-
ton spectra are reported in tau () units relative to
tetramethyl silane (TiiS). Abbreviations used in reporting
nmr spectra are: s, singlet; 4, doublet; t, triplet; g,

quartet and m, nultiplet. Unless otherwise stated,deutero=

chloroforum was used as a solvent.

fass pectra were reocorded on an ALZI-MS-502 mass apectro-
1]

[

meter cquinned with a direct insertion »nrobe.
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6. Gas chromatographic (VPC) analyses were performed on an
F and M (Model 5750) Research chromatograoh. Two 6' x
1/8" stainless steel columns were used: 10% silicone gum
rubber UC-W98 on Diatoport=S (UC-W98 column) and 10%

Apiezon=- L. on chromasorb W/AVI-MCDS (Apiezon- L column) .

7. Crganic microanalyses were performed by Scandanavian
Microanazlytical Laboratories, Herlev, Denmark, and

Organic Microanalyses (Dr. C. Daessle), Montreal, Canada.

8. Trimethyl phosphite (Aldrich Chemical Co. Ltd.) was
purified by prolonged treatment with molecular sieves
vl inde" Type 34(1/16") followed by fractional distillation.
Tris(dimethylamino)phosphine (Eastman Kodak CThemical Co.
Ltd.) was used without further purification. Carbonyl
compounds (benzil, biacetyl etc.) were freshly distilled
or recrystallized from aprotic solvents. The solvents
were purified according to the procedures described in
" aboratory Techniques in Organic Chemistry"', by K.B.
Wiberg, »cGraw=Hill Book Co. Inc., MNew York (19692), pp.

240-252,

Prewaration of ar~matic sulfeonwvl echlori-deoc,

The procedure used was a modificaticn on the mnethod

. 55 - . C . .
of H. Emde. Iin a 509 ml. flas, fitted with a drooping
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funnel and a reflux condenser carrying a drying tube, was

placed N~chloro succinimide (0.2 mole, 26.7 g).

Benzene

(120 m1) was added and the contents of the flask were stirred

magnetically to form a slurry.

A solution of the aromatic

thiol (0.2 mole) in benzene (50 ml) was Added dropwise with

the flask being cooled by ice water (temperature about 10°).

An orange-red colour developed after 5 min. and it deepecned

as the addition continued.

the reaction mixture was stirred for 24 hrs.

eraturec.

After the addition was complete,

at room temp-

The white solid (succinimide) was removed by fil-

tration and the deep red filtrate was concentrated under re-

duced pressure.

red oil to precimitate the last traces of succinimide.

Carbon tetrachloride (30 ml) was added to the

After

filtration the filtrate was concentrated and the residual red

0il was distilled under reduced pressure.

ing points are tabulated below.

Iable 10

The yield and boil-

Physical dnta of some aromstic ~ulfenvl chloricddoa.,
Sulfenyl chloride Yield (¢ B.P. (°/mm) Recported B.P.
(©/mm)

/ P . P2y
cug—\g)~551 51 70 44/0.3 77.5=78.5/2.5
C1—< 0 »-SC1 30 86 20/0.4 94/a.ob

<§>b;c1 40 73 8/0.8 7%-75/9.0"

Honorie,

Py (1975) . ()

1907y,
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Reaction of Aromatic Sulfenvl chloarides with the l1:1-beonzil -

trimethy] »hosphite adduct (23).

In a 50 ml three necked round bottom flask fitted wit
a dropning funnel, gas inlet tube and a condenser connected
to a marcury trap, was placed benzil (2.10 g, 0.01 mole). The
flask was flushed with dry nitroasn for 15 min. Trimethyl
phosvhite (1.24 g, 0.01 mole) was added; an exothermic reaction
occurred immediately and the pale yellow viscous liquid was
stirred for one hour. Benzene (10 ml) was added to dissolve
the syrun. This was followed by the aromatic sulfenyl chlorid=
(0.01 mole) in benzene (10 ml). As the addition continuad,
the dezen red colour of the sulfenyl chloride changed to pale
yellow. Once the addition was ccmnlete, the reaction mixture
was stirred for one hour at room temperature. The solvent
was remov~ed on a flash evanorator and n-hexane (15 ml) was
added 1o the residue. A white cryvstalline solid sevaratecd on
cooling and wnas filtered and recrystallized from n-hexano-—
benzene. The melting points, yields, and analytical data of
the aromatic chloro ketosulfides are summarized in Table 11.
The reaction mixture showed the bresence of trimethyl vphosnhato
wheon commared with an authentic semnle by aas chromatocaramhy

using an Aniezon L column. No aronatic disulfides were detrce<oc
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Table 11

Physical and analytical data of of-benzoyl- d-chlorobenzvl sulfides 60.

Fh
)
23 + R"SC1 -————-> PhCOCSR" +  (CH30)5P=0
1
60
R" in 60 M.P. °C Yield(%) Analytical data
Calculated " Found
o H S c1 c H S cl
cna-@-gl 118-20 80 71.47 4.86 9.09 10,05 71.32 4.86 9.04 9.82
<§>—§j_ 113-15 82 70.88 4,46 9.46 10.46 70,94 4.52 9.35 10.02
C1—0)— 63 122,24 83 64,34 3.78 8.59 18,99 64,31 3.86 8.57 19.04
¥

Sen Table 3 on page 42 for nmr data.

GOT
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Reaction of benzvlsulfenyl chloride (53) with 1:1l-benzil-

trimethyl phosphite adduct (23).

The adduct 22 was generated from benzil (2.10 g, 0.01
mole) and trimethyl phosphite (1.25 g, ~20.01 mole) as des-
cribed previously. Benzylsulfienyl chloride (53) was obtained
by the chlorinolysis of benzyldisulfide (35) and the progress
of the reaction was monitored by 1H nnr. As the chlorinolysis
progressad, the benzylic proton singlet at 6.50 T (due to
benzyldisulfide) (55) disappeared and a singlet (due to the
benzylic protons of benzylsulfenyl chloride) (53) appeared at
5.73 T . Benzyldisulfide (55) (1.23 g, 0.005 mole) in caxbon
tetrachloride (10 ml) was cooled to 0-5° and chlorine (0.36 g,

~0.005 mole) was bubbled through the solution. The resulting
yellowish red solution was stirfed for 20 min. at 10° and added
dropwise to adduct 23 in carbon tetrachloride (10 ml). The
yellowish red colour was discharged as the addition progressed.
After on=z héur at room temperature, the solvent was removed
on a flash cvaporator under reduced pressure; last traces
were removed using a vacuum pumb. The resulting white d.-chloro-
B—ketosulfide 64 was recrystallised from n~-hexane-benzena.
vield 2.8 g (80%). m.p.:- 109-110°. ir, 1685 cn~t (co)s
namr, 2.00-3.00 (15, n); 6.15 (21, AB, J = 12 4z). Owing to
the low ntability of the &L-chloro- p-tetosuliice 03, it was

converied to the xi-benzyloxy—fa~ketocu1fide for elenental
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analysis. To the reaction mixture obtained by adding benzyl-
sulfenvl chloride (52) (0.01 mole) to adduct 23 (0.01 mole)

in benzene (10 ml) was added benzyl alcochol (1.10 g, 0.01 mole)
and silver carbonate (1.50 g). The mixture was stirred over-
night at room temperature. Silver salts were removed by fil-
tration and the filtrate was concentrated. The ~benzyloxy-
p~ketosu1fide so formed, was recrystallized from methanol.

yield 3.0 g (71%), m.p.:~- 99-100%; ir, 1685 cm T

(<O);
nmr, 1.74-2.84 (20H, m), 5.34 (2H,AB, J = 11 HZ), 6.60 (2H,
AB, J = 12.0 HZ).

Analvtical data

Calculated for C28H24025: C, 79.21; H, 5.703 S, 7.55;

Found: C, 79.19; H, 5.76; S, 7.53.

Reaction of cthane sulfenv] chloride(52)with 1:1-bhenzil-

trimethv] phosphite adduct (23).

The 4dduct 23 was generated frem benzil (2.10 g, 02.01
mole) ar.d trimethyvl phosphite (1.25 g, 0.01 mole) as described
previously. Ethane sulfenyl chloride (52) was obtained by
the chlerinolysis of ethyl disulfide (55) at -20°. This
reaction was monitored by nmr. As the chlorinolysis nro-

aressed the methylene quartet of ethyl disulride (55) ~t

7.30 T disanpear~e and instecad a quartet at 6.90 T due to the

methvleons nrotons ol ethane sulfanyl chlordcae (Do) i ol
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The disapoearance of the gquartet at 7.30 C indicated the
completion of the chlorinolysis. Chlorine (0.40 g) was allowed
to evaporate into ethyl disulfide (55) (0.61 g, 0.005 mole)
at =-20°., The reaction mixture was stirred to dissolve the
precipitated ethanesulfur trichloride. The resulting homo-
geneous red solution was added dropwise to l:l-benzil-trimethyl
phosphite adduct in methylene chloride (10 ml) with external
cooling. As the addition progressed, the deep red colour of
ethane svlfenyl chloride (52) disappeared. Once the addition
was complete, the reactién mixture was stirred for 30 min. The
solvent and trimethyl phosphate were removed under reduced
pressure. The crude d~chloro- B-ketosulfide 65 was obtained
as an oil. It was purified to some extent by repcated extrac-
tion with n-hexane and concentration of the n-hexane extracts.
Yield 1.72 g (60%). ir, 1685 cm T (CO); nmr, 1.80-3.1C (104, m),
7.30-7.90 (2H, m), 8.60-9.20 (2H, m). For analysis, the
d-chloro- B-ketosulfide 65 was converted to the ol-benzyloxy-
P-ketosulfide. To the reaction mixture cbtained by adding
ethane sulfenyl chloride (52) to the adduct 23, was added
benzyl alcohol (1.20 g) and silver carbonate (1.50 g). The
reaction mixture was stirred overnisht. Workun as before
gave the ol-benzvloxy-f ~ketosulfide which on recryst.lli-
zatien from ne<hanol melted 2t 104-6°.  Yield 2.19 a (H00%).

ir, 1535 cm ©~ (CO); nmr, 1.70-2.75 (151, n), 5.23 (2i,L8,



113

J = 11.5HZ), 7.37-8.27 (2H, m), 1.00 (3H, t, J = 8 HZ).

Analvtical data

Calculated for C93H2?OZS: c, 76.21; H, 6.12; S, 8.85;

Found: C, 76.06; H, 6.12; S, 8.90.

Reaction of carbomeothovv methanesvilifenyvl chloride (54) with

1:1-henzil=-=trimethvl phosvhite adduct (23).

The adduct 23 was prepared from benzil (2.10 g, 0.01
mole) and trimethyl phosphite (1.25 g, ~v0.01 mole) as des-
cribed previously. Carbomethyoxymethanesulfenyl chloride (54)
was a2nerated by chlorinolysis of carbomethoxymethyl disulfide
(57). As before, this reaction was monitored by nar. As
chlorinolysis progressed the singlet at 6.33 © due to the

methylenc protons of the disulfide 57 decreased in intensity

while the sinaglet at 5.97 T due to the methylene protons in
the sulfenyl chloride 54 increased in intensity. Carbometho::y-
methyl disulfide (57Z) (1.05 g, 0.C05 mole) was dissolved in
carbon totrachloride (10 ml) and the solution was cooled to
0-10° by an ice bath. Chlorine (0.80 a) was bubbled into the
solution. As chlorinolysis procecded, the soluticn turncd
oranje and thie colour decpened. The deen oranae solution

aof the sulfeonvl chloride 51 was added dronwise to the 1:1

adruet 22 in methylens chloride (19 nl) with external coclinrm,
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The deep orange colour was discharged as the addition contin=-
ued. At the end of the addition, the reaction mixture was
stirrxed for 30 min. Then, solvent was removed under reduced
pressure and n-hexane (10 ml) was added to filtrate. On
cooling overnight, the <$-chloro-]3-ketosulfide 66 crystallized
out. (Sometimes scratching was necessary to induce crystal-
lization). Yield 2.5 g (75%), m.p.:~ 65-7°, ix, 1685 cm
(CO); nmr, 1.90-2.65 (10H, m), 6.53 (2H, AB, J = 16 HZ),

6.24 (3H, s). For analysis, the d-chloro- P-ketosulfide 66
was converted to the d;benzyloxy-;3~ketosulfide by treating
the above reactién mixture with benzyl alcohol (1.20 g) and
silver carbonate (1.50 g). Workup as before and recrystal-
lization from methanol yielded pure &-benzyloxy- B-ketosul-
fide. vield 2.5 g, (60%). m.p.:- 106-8°. ir, 1685 cm~1(CO);
nmr, 1.70-2.80 (154, m), 7.03 (2H, s), 6.55 (3H, s), 5.32

(24, AB, J = 11 HZ).

Analvtical daxta

Calculated for C_H, O, S: C, 70.91; H, 5.46; S, 7.88.

24 4
Found: C, 70.76; H, 5.57; S, 7.86.

Rraction of 2=hkeonzothinzoliesilionvyl chlnride (53) with 1:3-

brnril—=tri~athviohnanhite adduct (23).

2-Denzothiazolesulfenyl chloride (53) was nrodared



by the action of sulfuryl chloride on 2,2'-dithiobis(benzo-
thiazole) (59). To a suspension of freshly recrystallized

2,2 ~dithiobis(benzothiazole) (59) (1.65 g, 0.005 mole) in
methylone chloride (20 ml) at room temperature was added sul-
furyl chloride (0.68 g, 6.005 mole). As the reaction pro-
gressed. the suspended disulfide 592 dissolved and the solution
turned deep red. After 1 hr at room temperature, it was

added tc¢ the adduct 23 prepared as before.from benzil (2.10 g,
0.01 mole) and trimethylohosphite (1.25 g, 0.0l mole) in
benzene {10 ml). As the addition progressed the deep red
colour of 2-benzothiazolesulfenyl chloride (58) changed to
pale yellow. Once the addition was complete the reaction
mixturce was stirred at room temperature for 1 hr. The sol-
vent was removed under reduced pressure and the resulting pale
yellow solid was recrystallized from methylene chloride-n-hes:-—
ane. The d-chloro-'ﬁ-ketosulfide 67 crystallized out as
white plates. Yield 3.7 g (93%). m.p.:~ 125.6°., ir, 1680
cm™ (cO); rmr, 1.80-2.90 (m).

Annlvtical dnata

Calculated for C21H14OSEUC1: C, 63.70; H, 2.56; N, 2.54;
S, 16.223; C1, 8.96. Found: C, 63.25; H, 3.506; N, 3.37; S, 16.2

Cl, 9.

o
~N
.
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Reaction of p-toluenesulfenvl chloride (51) with 1:1-benzil-

tris(dinmetbyvlomino) vhosvphine adduct (25).

In a 50 ml, three necked round bottom flask fitted
with a dropping funnel, gas inlet tube and a condenser con-
nected to mercury trap was placed benzil (1.05 g, 0.005 mole).
Dry methylene chloride (10 ml) was added to dissolve the ben=-
2zil and the solution was cooled to 5°. The reaction.system
was flushed with dry nitrogen for 15 min. Tris(dimethylamino)
phosphine (0.8 g, A2 0.005 mole) was added dropwise with stir-
ring. The yellow colour of the solution turned deep red and
stirring was continued for 320 min. at 5%, after the addition
was complete. p-Toluenesulfenyl chloride (51) (0.8 g, 0.005
mole) in methylene chloride (10 ml) was added to the adduct
25. Afticr one hour at room temperature, the solvent was re-
moved under reduced pressure and n-hexane (10 ml) was added
to the residue. On cooling, a yellowish white solid precipi-
tated out. 'Yield 0.8 g (45%). Recrystallization frcm n-
hexanc qave white needles melting at 117-12°. This product
was shown to be identical to the &-chloro- P-ketosulfide
61 obtained from the l:l-benzil-itrimethylphosphite adduct-
p-toluen~sulfenyl chleride reaction by mixed melting Doint and
ir. Chromatograniic analysis of the nmother liguoar, using an

Apiczon L colunmn revealed the nresence of the i—ch]cro—f3—khta—

bae

annlfidn 61 and heuanethvlehoasdhoroni-ie (69), In D-toluidicul-
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fide was detected.

Preparation of 1:]-biacetyl-trimethviphosphite adduct (15).

This adduct 15 was prepared according to a reported

2

procedure. Biacetyl (14.8 g) was added dropwise to tri-

methylphosphite (27.0 g) under dry nitrogen, with stirring

and external cooling. The mixture was then kept at 60° for
15 min. and submitted to fracticnal distillation. The col-~
ourless l:l-biacetyl-trimethylphosphite adduct (15) was

collected at 46°/0.6 mm. Revorted b.p., 45-47°/0.5 mm.

Yield 33.5 g (86%).

Reaction of benzencsulfenvl chloride (49) with 1 :1-biacelyl -~

trimethvlnhosnhite nadduct (15).

Biacetyl-trinethylphosnhite adduct (15) (2.10 g, 0.01
mole) was dissolved in carbon tetrachloride (10 ml) under dry
nitrogen. The solution was cooled to 5°., Benzencsulfenyl
chloride (£7) (1.45 g, 0.01 mole) in carbon tetrachloride
(5 ml) was added dronwise. An exothermic reaction occurresd
with a disappearance of the red colour of sulfenyl chloricde

ER)

. At tho end of the addition, the reaction mixture wWas

stirred ror ten minutes. T~ pnmr stectrum of the reaction
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misxture showed the following; 2.30-2.90 (5H,m), 6.30 (3H, d,
J = 12 HZ), 6.22 (3H, 4, J.= 12 HZ), 7.00 (3H, s), 7.63 (31, s),

7.67 (3H, s), 7.80 (3H, s), 8.32 (3H, s).

reaction of ethane sulfenvl chloride (52) with l:l-biacetyl-

trimethviphosnhite adduct (13).

The above procedure was repeated using ethane sulfenyl
chloride (52) (0.01 mole) instead of benzene sulfenyl chloride
(49). The nmr spectrum of the reaction mixture showed th=
following:~ 6.30 (3H, d, J = 12 HZ), 6.24 (3H, 4, J = 12 HZ),
7.00 (31, s), 7.62 (3H, s), 7.67 (3H, s), 7.82 (24, s), 8.07

(24, s), 7.10-7.90 (Z2H, m), 8.40-8.93 (3i, m).

Prevnaraticmra of biacetvimonohvrdrzzone.

The reported procedure for the preparation of biaceiyl

monohvdzazoﬁello has been modified as follows. A solution of
biacetyl (10 ml) in benzene (10 ml) was cooled in an ice

bath and anhydrous hydrazine (3.87 g) was added dromwise with
stirring. About ten minutes atter the alddition was cennlete,
a white solid vpreciusitated cut ithich was filtered. The crude

monohydrazone WAS discsolued in Kot benzene and this layers

desanted. Cn coolina, biacety] nonahyarLzone crystallizaoed



119

o 116
out. Yield - 7.5 9 (65%) . MeDs " 64-65°, reported m.p. 67”.1 v

Preoaration _of azibutanone.

Two procedures were used to prepare azibutancne from

biacatyl menchydrazone.

Procedure It using silver o¥ide.

RBiacetyl monohydrazone (6.0 g) in methylenenghloride
(20 ml) was added to vigorously stirred suspension of silver
oxide (20 g) and anhydrous sodium sulfate (20 g) in methylene
chloride (80 ml). After the initial reaction had subsided,
1the mixture wWas stirred at rTroom temperature for 24 hrs. The
inorganic salts were removed by filtration. The residue was
washed with saveral portions of methylene chloride until the
washings were devoid of yellow colour. The washings were
combined and ~oncentrated on & fiash evaporator. The residual
recd oil was distilled under reduced pressure using a watcr

aspirator. The product boiling at 32°/7 mm was collectec .

: X o 110

Yiclad 3.0 g (51%). Revorted b.D. 45°/12-13 mm. ,

1650 cm L (CGY, 2070 em~l(-N=N); nmr, 7.85 (3H, <), 8.22(3H,:).
Pro-psiur’ (R waina morcuric il (vollow) .

2incc1yl nonchydrazona (12.0 ) in methylone chloricd~



(50 nl) was added to a vigourously stirred suspension of
yellow mercuric oxide (22 g) and anhydrous sodium sulfate

(30 g) in methylene chloride (150 ml) containing two drops

of alcohclic sodium hydroxide. After the initial reaction

had subsided, the mixture wias stirred for 24 hrs. Azibutanone
was isolated by a similar workup as in Procedure I. Yield

9.0 g (95%).b.p. 32°/7mm.

Prenaration of i-acetvl=-d ~-chloroethvl-phenvl sulfide (z72).

Benzenesulfenyl chloride (49) (1.45 g, 0.01 mole) in
carbon tetrachloride (10 ml) was added dropwise to a solution
of azibutanone (0.928 g, 0.0l mole) in carbon tetrachloride
(10 m1) at -10°. As the addition continued, the deep red
colour of the sulfenyl chloride 49 and the orange colour of
azibutanone turned lighter with vigourous evolution of nitro-
gen. At the.end of addition, a light yellow colour was ob-
tained. The solvent was removed and the residu:l oil distilled
undar reduced pressure. Thetﬁ~chloro-f9-ketosu1fidn 72 dis-
tilled at 120°/2.095 mm as a pale yellow cil. Yield 1.7 a

(8055). ir, 1725 cm * (CO); nar, 2.20-2.79 (51, m), 7.62

-

(31, <), 2.21 (3H, =s). mact nans data:r calculated for

Cipif10EC, 214.0219.  Founrd; 214.0001,



Prenaration of o} ~acetvl=- =chlornethyl-cthvl sulfide (Z4).

Ethyl disulfide (55) (2.44 g, 0.02 mole) was reacted
at -30° with chlorine (1.42 g, 0.02 mole). The decp red
ethanesulfenyl chloride (52) was added dropwise to azibutanone
(3.95 g, 0.04 mole) in carbon tetrachloride (30 m1) at -20°.
As the addition continued, the colour of the reaction mixture
becane lighter and was accompanied by the evolution of nitxro-
gen. After the addition was complete, the solvent was removed
on a flash evaporator and the residue yellow oil was distilled
under reduced pressure. The d-chlcro~ P -ketosulfide 74
distilled at 44°/0.1 mm as a pale yellow oil. Yield 5.6 g
(84%). Owing to its low stability at room temperaﬁure, the

product was stored in dry ice. ir, 1730 crn'_1 (CO); nmr,

"

7.30 (2H, AB, J = 7 HZ), 7.59 (3il, s), 8.03 (3H, s), 8.75

o]

(31, split t, J = 7 UZ). wact mass data: Calculated for

Cglly 10SCT, 166.0219. Found, 166.0204.

ProuAaratinon of Nimethuvlnhosthorochloridiato,

Trim~thyl phosnhite (7.4 a) in banzence (15 nil) was
cooled in an ice bath. Chlarian gas wis bubbled throuqgn the
solution until it turned nale vellow. The solvent and olhor

valatile oroducts ware renoved on o flasn ovadorator and the
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residue was distilled under reduced pressure. Yield 7.2 g

(85%), B.P.:- 66°/10 mm. Reported b.p. 75-80°/20-25 mm, T 11

Preparation of S-methvl isothiuronium dimethvl phosphate.

This compound was prepared by a modification of the
reported ‘procedure.l12 in a 150 ml flask, fitted with a reflux
condensexr carrying a drying tube, was placed trimethyl phosphate
(14.0 g), thiourea (7.6 g) and acetonitrile (35 ml). The
reaction mixture was stirred and refluxed. The thiourea dis-
solved on warming and after 1 1/2 hrs a white solid precipi-
tated out from the clear solution and refluxing was continued
for another 2 hrs. The reaction mixture was cooled and white
crystals of S-methyl isothiouronium dimethylphosphate were
filtered out. Yield 17.7 g (82%), m.p. 129-41%; recported

m.p. 136°. 12

Attenpted orenaration_of A -acotyl-= A —vhenvlthioethvl

dimethyl phosphate (73).

Procedure T: usina dimethy]l vhosthorochloridate,

Benzencthiol (1.10 g, 0.0 mnle) was added 1o neat
biacetyl (2.2¢ g, 0.01 nole) in a 15 ml flask fitted with &

condoenser and drving tube. Onece tha oxotnarnic resction had

cul sided, dinethvl phosvhorochloridate (.45 a, .01 mele)



was added and the reaction mixture was stirred for 2 days at

room temperature. Analysis of the reaction mixture by nmr

indicated no reaction. On heating, extensive decomposition

occurred.

Procedure TI: using ditrethvl phosnhorochloridate and nvridine,

To the mixture of benzenethiol (1.10 g, 0.01 mole) and
biacetyl (0.86 g, 0.01 mole) vprevared as in Procedure I, was
added dimethyvl phosphorochloridate (1.45 g, 0.01 mole) and
pyridine (0.80 g, 0.01 mole). The reaction mixture was
stirred at room temperature for 2 days. Analysis of the re-
action mixture by nmr indicated the presaence of biacetyl as

the major product. Extensive decomnosition occurred on heatinge.

Procodure TTL: using S-methyvl isothiouronium dimerethvl nphosthate.

Jd~hcetyl- A4 -chloro ethyl--phenyl sulfide (72) (2.15 g,
0.01 mole) was dissolved in acetonitrile (10 ml). S=Methyl
isothiouronium dimethyl ophosohate (2.16 g, 0.01 mole) wAas
added and the reacticn mixture was warmed to 69° rfor 2-3 hrea.

The mixture was cooled and filtered. /Nfter removal of acotc—

-+

nitrile, a black tarry pnroduct was obtained. Annlysis of

this obroduct by nar indicated ~ comvlex nixture.
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Procedure IV: using silver dimothv]l ophosphate.

Silver dimethyl phosphate was prepared according to the

113 Silver dimethyl phosphate (2.33 g,

reported procedurce.
0.01 mole) was used instead of S-methyl isothiouronium dimethyl
phosphate in Procedure ITIY. A complex mixture of decomposi-

tion products was obtained.

Reaction of w-toluene sulfenvl chloride (51) with 1:1-bonzil-

trimethyl phesnhite addnct (23) in the presunce of 1,3.5-

trinitrebenzene as free radical inhibitor.

The adduct 23 was generated as described previously from
benzil (2.10 g, 0.01 mole) and trimethylphosphite (1.25 g,
0.01 mele). It was dissolved in benzene (10 ml) and 1,3,5-
trinitrobenzene (0.2 g) was added. The colour changed to
deep red. p-Toluenesulfenyl chloride (31) (1.58 g, 0.01 mole)
in benzene (5 mi) was added dropwise. At the end of the addi-
tion, th~ yellow reaction mixture w2s stirrecd for an addiZional
10 min. Benzere was renoved on a Tlash evaporator and the

residue recrystallized from n-hexane-methylene chloride saisx~-

L O
.

ture. Yield 2.8 g (8077, m.n.:- 120-12: This product

\

. . . /’
was shovm to be idontical with of-bermzoy) - W-chlorobonzyl -

p=tolyl nsulfide (1) by niiad molting noint ~nd ir soHecira.,



Gas chromatographic analysis of the mother ligquor on Apiezon-L
column showed the presence of trimethyl phosphate and < -chloro-

‘P—ketosulfide 61.

Penction of p=-toluenesulfenvl chloridse (531) with azibenzil (21)

In a 50 ml erlenmeyer flask equipped with a magnetic
stirrer was placed dry monoglyme (10 ml). Azibenzil (91)
(2.22 g, 0.01 mole) was added with stirring and the resulting
orange solution was cooled in an ice bath. p-Toluene sulfcanyl
chloride (51) (1.59 g, 0.0l mole) was added dropwise to the
azibenzil solution. As the addition progressed, the orange
colour of the azibenzil solution became lighter with evolution
of nitrogen. Once the addition was complete, the pale yellow
solution was stirred for 10 min. at rocm temberature. The
solvent was removed and the residue was recrystallized from
n-hexane-nethylene chloride. The yicld of white crystaliine
product was 3.2 g (93%). m.p.:- 120-122°. This product was
shown to be icdentical with :ﬂ—benzoy]—cﬁ—chlorobonzy1~p~
tolyl sulfide (£&1) by mixed melting voint and ir specira.

Poancticn o

£ Azibonzil (91) with sturerne.

A wolution of azibenzil (91 (4.4 g, 0.02 anls) nLnil
styrene (2.1 g, 0.92 anle) centaining fow crywtals of 1,7%,5-

trinitroboncene (molymerizas ion inhioitor) in cother (17, 1)
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was heated under reflux for 41 hrs. At the end of the reflux
period, the solvent was removed under reduced pressure and
the residual orange viscous o0il was dissolved in acetic acia
and cooled. The yellow crystals were separated by filtration
and recsystallized from éthanol. Pale yellow crystals (3.1 g,
52%) of 2,2,3-trivhenyl cyclobutanone (92) melting at 136-8°
vere obtained. This product on further recrystallization from
n-haxanc-methylene chloride yielded white crystals melting at
137-8°. Reported m.p. 132-6°.72 ir, 1775 cn” ! (CO); nmr,
2.20-2.20 (15H, m), 5.47 (2H, split t, J = 9 HZ), 6.50 (2H,

d, J = 9 HZ).

Attennted reaction of 1:1-benzil-trizethviphosnhite adduct

(23) with stvrenc.

The adduct 23 was generated as described previously
from benzil (2.10 g, 0.01 mole) and trimethvlphosphite (1.25 q,
5.01 mole).' It was dissolved in dry ether (10 ml) and sty-
reae (1.05 g, 0.01 mole) containing a few crystals of 1,3,5-
trinitrobenzene were added. The resction mixture wa= rofluxed
for 41 hrs and monitored by gas chroaatogravhy using Aviezon L
and Ul -98 colunns and by tlc on silica gl usine l1:1~methylaon:.

chiozide~hexans as eluent. The analwsis of the reactiosn niv-

tura showed the absence of 2,2,2-irishenyloralobutanca.o (923 .

w



Preparation of 2.4.6=trinitrobonzene sulfonic acid.

The reported procedure114

was slightly modified for the
preparation of this sulfonic acid. To picryl chloride (10 g,
0.04 mole) in absolute ethanol (100 ml) was added anhydrous
sodiun metabisulfite (10 g, 0.053 mole). The mixture was
heated under reflux with vigorous stirring for 3 hrs and then
cooled to below 5o and filtered. 7The crude sodium salt was
washed with s=veral portions of cold absoclute ethanol until
the wash solution was colourless. After the solid was air
dried for 15 min., it was mixed with reagent grade acectone

(30 m1l). Then concentrated hydrochloric acid (10 ml) was
added with swirling over a 5 minute period. The precipitatcd
sodium chloride was removed by filtration and washed with
acetone (10 ml). The acetone solvent and excess water were
renoved at reduced pressure with gentle henting on a water
bath. The light vellow vproduct so formed was recrystallized
from acetone-chlioroform. The sulfonic acid woas dried for

3 hrs, at 800, under 1 mm pressure over dheooohorus pentoxide,

-0 114

Yield 10.6 g (90%). m.p. 189-93"7, Roenorted m.D. 19

O]

Pron-srarion of silvery 2.0 . 6-trinigraiharuone oo

) .. . . . 1141 .
A nmodification on the renortad wrocedere? vi faedeinnt
for tho nronariation of this sile: s0lt., A ocelutios o7 nileses

nitr..to> (6.2 a, D008 made) dn wors woater (U0 i) voae neiiie d



in one portion to 2,4,6-trinitrobenzene sulfonic acid (8.8 g,
0.02 mole) in warm water (20 ml). The mixture was cooled
and the product was collected by filtration. The silver salt
was washed with cold ethanol (25 ml) and ether (25 ml), then
driecd over vhosphorus pentoxide at 80° and at 1 mm pPressure

overnight. Yield 9.4 g (78%).

Attemntrd Dronaration of  Z-benzovli- L -p-tolvlithicbenzyvloxve

trimethovy phosphoniuvm~ 2.4,6-trinitrobenzene sulfonate (183).

Silver 2,4,6-trinitrobenzene sulfonate (4.00 g, 0.01
mole) was dissolved in acetonitrile (10 ml), and the solution
was cooled to 0°. p-Toluenesulfenyl chloride (51) (1.58 g,
0.01 mole) in acetonitrile (10 ml) was added dropwise. An
exothermic reaction occurred atvonce and silver chloricde was
precinitated as a white solid. Once the addition was complete,
the reaction mixture was stirred for 10 min. at 0° anad silver
chloride waé filtered out. The filtrate was added dronwise
to a soluticn of l:l-benzil-trimethylphosohite adduct (23)
predared from benzil (2.10 g, 0.0 mole) and trimethyl phos-

phita (1.25 7.01 mole) in acetonitrile (10 nl) at 0°
a,

und>rr
nitrogen. A dark red soluticn was obtained. Acetonitrile

wis renoved vnder redened prossure. Nor annlysis of the ros-

idue indicated that a connlax miztturs of wrofincts were Hreos.t,
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Attempnted preparation of %~benzoy1—oc-D—tolvlthiobenzvioxyr

trimrthoxy phosphonium hexachloro antimonate (101).

p-Toluene sulfenyl chloride (51) (1.58 g, 0.0l mole)
in methylens chloride (10 ml) was added dropwise to a solution
of ontimony nentachloride (2.99 g, 0.01 mole) in methylene
chloride (10 ni) at 0° under nitrogen. An exothermic reaction
set in and ihe soluticn turned green. This solution was added
drovwise to a solution of 1l:l-benzil-trimethylphosphite adduct
(23) gencrated from benzil (2.10 g, 0.01 mole) and trimethyl
phosphite (1.23 g, 0.01 mole) under nitrogen in methylene
chlorijdr (10 ml) at 0°. The colour of the reaction mixture
turned frcm grecen to dark red. At the end of the addition,
the reaction mixture was stirred for 10 min. at 0°. Methylene
chloride was remncved and the residue showed a complex mixture

by nmr.

Reaction of A -benzovl- Yd-chlorchanzyl-n=tolyl sulidae (1)

with nothann:

d}"nnxoyl-(ﬂ~chlorobonzyl—p—tolyl sulifide (01) (C.5 «j

Anc silver carbenate (2.5 g) were added to methanol (17 ml)

. . . . o T . .
and 1the reaction mixture was kKe»nt at 69 Tor five minutes,

ation, Thne filtrate on

[*N

Silunr ealts were removed by il or
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evanoration yielded & ~-benzoyl- Ld-methoxybenzyl ~p-tolyl sul -
fide (102). Yield 0.4 g, (80%). m.p.:- 107-9° after re-
crystallization from methanol. ir, 1675 cm-l (CO); nmr, 1.93-

3.13 (14 H, m), 6.43 (3H, s), 7.75 (3H, s).

Analvtical dnta

Calculated for C22H20025 : C, 75.82; H, 5.79; S, 9.20.

Found: C, 75.86; H, 5.89; S, 9.25.

Reaction of & -benzovl~ &~chlorohenzvl-n-tolyl sulfide (61)

with trichloreosilane (103) and tri-n-butvliamine (1e8).

In a2 50 ml flask, fitted with a condenser carrying a
drying tube and a dropping funnel, was dissolved d-~benzoyl-
&-chlorobenzyl sulfide (61) (0.70 g, 0.02 mole) in dry 1,2-
dimethoxyethane (10 ml). Tri-n-butylamince (123) (0.37 g,
0.02 mole) was added, followed by trichlorosilane(1Q3) (0.26 g,
0.026 mole). The reaction mixture was refluxed for 2-3 hrs.
At the =nd éf the reflux pDeriod, it was cooled and poured into
a cold solution of 2N sodium hydroxids with stirring; The
sodium bydroxide solution was extracted with sevcoral portriors
of methylene chloride. The methylenz chloridz extriacts were
combined and washed successively with water, dilute acid anc
then water ~nd dried over anhydrous seoiium sulfate.,  Tie

solvent was removed under reduced oressure and the resicusl
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solicd recrystallized from ethanol (95%). Yield 0.62 g,
(98%). m.p.:~- 91-3°, See Tables 7 and 12 for spectroscopic
and analyvtical data.

- -7

Rencticon of A ~henzovl=:d-chlorobenzvl sulfids 60 pronared

in_situ with ixicshleroailanc (105) sad tri-n-butvlamine (108).

1:1-Benzil~trimethyliphosphite adduct (23) was generated
as described before from benzil (2.10 g, 0.0l mole) and tri-
m2thyl phosphite (1.25 g, 0.0l mole). Dry 1,2-dimethoxyethan=
(10 ml) was added, followed by sulfenyl chloride (0.01 mole)
in the same solvent (10 ml). The pale yellow solution was
stirred for 15 min. Tri-n-butylamine (108) (1.85 g, 0.01 molc)
and trichlorosilane (105) (1.80 g) were added. The rcaction
nixture was refluxed with stirring for 2-3 hrs. The rcaction
mixture was worked up as in the previous experiment. The
product crystaliized out from ethanol (95%). The yield, m.p.,

analysis znd spectroscopic data are summarized in Tables 7 ond 1.

Ronmt s of &iﬁrpt"1~iﬁ-chloromthwl vhenvl =vlfide (72) with

chiorm.ilane (105) nnd 4ri-n-batvlosine (109

[ QAN

s

tr

In 50 ml round beottom flazb, fitted with A condnaer

carrying a drying tube an'l a2 droemsingg Canmned . was e, el
pd 7 S L by



*%
Table 12

—

Phveical and analvtical data of I’-'-ketosulfides.

(i) R"sCl Ph
23 > PhCOC-SR" + (CHz0)4,P=0 + Sicl,
" (ii) HSiClg,(nBu)gN: H :
11
Moin 115 m.p. (O) . Yield (%) Analysis data
Calculated Found
C H S C H S
CHB—-@— 112 94-6 80 79.21 5.70 10.07 79.16 5.72 9.98
0)—{1h- 113 70-2 60 79.21 5.70 10,07 79.02 5.75 ,9.97
G, 114 78-80 62 74.96 6.29 12.51 74.85 6.33 12.43

XY

5
So2 Table 7 en nage 84 for ir and nmr data.
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d~acetyl~ ¢b-chloroathyl-phenyl sulfide (72) (1.20 g) in 1,2-
dimethoxyethane (10 ml). Tri-n-butylamine (108) (1+10 g) and
trichlorosilane (105) (1.40 g) were added and the reaction
mixture waes refluxed overnight with stirring. Then, the cooled
reaction mixture was poured into 2N sodium hydroxide solution
and extracted with methylene chloride. The extract was washed
successively with water, dilute acid and water, dried over
anhydrous sodium sulfate. The solvent was removed on a flash
evaporator and the residual oil distilled under reduced pres-
sure. dgl-Acetyl ethyl-phenyl sulfide (118) distilled over
at 78-80° at 0.003 mm. Yield 0.80 ¢g (807%7). 4dr, 1720 crn"l
(CO); nur, 2.30-2.85 (5H, m), 6.29 (H, q, J = 7 1IZ), 7.80
(3, s), 8.63 (3H, d, J = 7 HZ). Cxact mass data: Calculated
for C10H1205,18O.0609; Founad, 180.0608.

Analvtical d=+ta

CAalculaterd for ClO”lZOS: S, 17.79. Fcund: S, 17.85.

Attonotodl rescticon of A -ncotri- A=chloronthyl-evhal sulfide

(7)) wivh trichlorosil:ne (1GE) ~2nd tri-n=batwelamine (108).

The Drocedure describnad in th~ hrevious cxner iment
was renaatoed with L-acetvyl- i—chlcrow1hy1—ﬂthy1 sulfide (7:2)

(1.66 a), trichlorasilane (1735) {1.89 g) ~nd tri-n=-butyl~rmine
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(1028) (i.85 g). A black tarxry product was obtained, probably

due to decomposition of the starting material.

Reactint nf A=ncetyl= d-chloroethvl sulfides (Z0) nrenarad

sn_situ with trichlorosilane (103) and tri-n-butylaning (1023).

Benzenesulifenyl chloride (492) (1.45 g, 0.01 mole) was
added to & solution of l:l-biacetyl-trimethylphosphite adduct
(15) (2.10 g, 0.01 mole) in 1,2-dimethoxyethane (10 ml) under
nitrogen. Once the exothermic reaction was over, trichloro-
silane (105) (1.80 g) and tri-n~-butylamine (102) (1.85 g)
were added and the reaction mixture was refluxed overnight.
The cooled reaction mixture was poured into cold 2N sodiun
hydroxcide solution and extracted with methylene chloride.

The estract was washed with water, dilute acid and then water,
dried over anhydrous sodium sulfate. After the removal of
solvent under reduczed pressure, the residual oil was chroma-
togramhed on florisil using methylenc chloride. Pure “=icotyl-
ethyl-nnonyl sulficde (118) was obtained after concentrating
the methviene chloride fractions. Yiold 1.10 g (61<).
gractroscnnic data were identical with the samle prepared
previoust:.

trion othane sulfonyl chlaride (52) was ured incofond

of bonzoneasulfenyvl arlorids (42 in iho abova prosodare, wn
anFeenenu 211 . o3+ AN in in bewve proscodn :

P ’

(44

intractnole



Renction of di~honzovl- d-~chlorobonzyl sulfides (62) with

potassivmn thiosvaenate, Formation of 5.5~dinhenvyl-4-n-

tolvl {(or bonzvl) thio ~ 2=-oxnzoline-2(1H)-2-thiones. 132,

Potassium lthiocyanate (0.530 g) was added to a solution
of d -benzoyl=- F~chlorobenzyl sulfide 60 (0.05 mole) in an-
hydrous acetone (10 ml) at room temperature. After few min=-
utes the potassium thiocyanate completely dissolved and the
solution turned cloudy. A white solid appeared on the walls
of the flask and the reaction mixture was stirred overnight.
The whi*e solid (motassium chloride) was filtered and washed
with several portions of dry acetone. The acetone washings
were combined and concecntrated undnr reduced pressdro. The
resulting dark red oily residue was dissolved in ether and
the ether solution was filtered to remove any inorganic salts.
The orange oily residue obtained After remcving the cther
was purified by column chromatocranhy on florisil using 1:1-
hexano-moth?lenc chloride as eluent. The yellow o0il obtained
after conzentrating the fractions was homogencous on tle
(solven®t: l:l-~hexane-methyilene chloride). The yields and
analytic~l data are summarized in Table 13.

Attormsi~r rooscticon of domrretole Aernlaroetthel ~ullicd e T it

pHotassiun thincm—ito,

Amicetyt= A=chloyesthol 2ul7i-te 77 (5,05 mole)
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used instead of «-benzoyl=- &~chlorobenzyl sulfide 60 and
the same procedure was remeated. The crude product obtained
after workup decomposed cn attempted purification by column

chronatography and on distillation under reduced pressure.



‘hvaical and analivtical data of

Tahle 13

5.5=dinhenyl~4-btenzvl (and p-tolyvl) thio-3-

¥
oxazoline=2(111) =2=thion~s.

Ph . SR"
Ph Ph -~
PhCOCSRY + KSCN > ‘-ﬂ + KC1
¢1 \g/N
60
132
R" in 132 Yield (%) Analytical data
Calculated Found
C H N s C H N s
G, 0> 133 82 70.37 4.56 3.73 17.08 70.24 4,61 3.63 16,94
/\(‘}‘fﬁ?;z‘ 134 20 70.37 4,56 3,73 17,08 70.34 4,70 3,70 17.02
¥
See Table & on nage 96for nmr and uv data.
-]
(8]



CONCLUSTOMNS AND CLATHS TO ORTGTNAT, WORK.

I+ has been demonstrated that 1,3,2-dioxaphospholenes
undergo facile condensation with sulfenyl chlorides. The
‘he number of products depend on the structure of
the 1,3,2-dioxaphospholenes. The 1:1 adduct from benzil and
trirmethyl phosdhite condanses with a wide variety of sulfenvl
chlorides to form o-benzoyl~ d~chloxobenzyl sulfides and
trimethvl phosnhate. Tn addition, the 1:1 adduct from benzil
and tris(dimethylamino)6hosphine, reacts with p-toluene
sulfenvl chloride affording d&=benzoyl- L-chlorobenzyl-r-—
tolyl sulfide and hexamethyl rphosnhoramide. In contrast,
th~ 1:1 adduct from biacetyl and trimethyl phesphite con-
denses with benzene and ethane sulfenyl chlerides to 7orm a
mixture of products identified as fL-acetvl-d-chlercothyl-ohenvl
{or ~thyl) sulfide, trincothvl phosphatn, ¢Z~5cefy1—oé-phﬂny]
(or ethyl) thio~thyl=-dinethyl nhnsmwhate and methyl chloride

in c=n~ral, this condensaticon ros~tion rrovides a crnwventent
. ’ . - - -
reurns U arnerate In one staen, L=chloro=- C-~ketorullides in

hi~h wvield frem readily available conmounds,  Tre onrn denantfon

1 Fatirnalizeed din irrra of o Voalienium ahloricds” moechand wn.,
Thornslly stable  d-chloaro-= A ekt anul Tides e cons

voreod to the ooryesmondding [ARSA PR TP AT EE A SR PR i s BN TR STANL TN I

by trichlora.iians oo ri-n-bhutoionine, TRi oroticn on



d~Boenzoyl—~ d-chlorobenzvl sulfides were shown to react

with motassium thiocvyvanate to give 4-thiosubstituted-5,5-

et

dishnnyl-=3-ciinzoline~-2(3H)-2~-thiones in high yield. The

- . - i - .
ready availability of A-chloro- P ~ketosulfidas s theix
cluan reraction with notassium thincyanate nrovides a cenoral

synthaetic rcute to tha new heterocyclic system.

The m

"y

1ss snectra of a variety of -chloro- fi-koto-
-

sulfides, fi~ketosulfides and 4-thivsubstituted-5, 5-dinhepyl-

3~oxazoline-2(1H) ~2-thiones arce rfdiscussaoc, Several frag-

)]

mentation npathways are suggested and rotionalized by exact

1)

masse nmeasurcments and metastable noeaks.

Durina the course of this investioation scusral nurce
sulfrnvl chlorides wore prevared for the {first time by moed-

ified nrozedures. The use of nmr to assav the? purity of

labile culfonvl chlorides is introduced sind the advantages

over the othor assnay mathods are discussaed,
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