THE UNIVERSITY OF MANITOBA

4 Study of the Reactions of Thiolchloroformates
with Dimethyl Sulfoxide
by

Kenneth Robert Preston

& THESIS
SUBMITTED TO THE FACULTY OF GRADUATE ESTUDIES
TN PARTIALL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE

OF MASTER OF SCIENCE

DEPARTMENT OF CHEMISTRY

LT RIYE D
WINNIPEG, MANITOBA P C7 ANETOBA

“«‘ Q 1,"’
A ¢
R e
g (i:_ \‘“\!\) W"/

k3. o
.

FEBRUARY, 1972



TS

WY WIFE



ACKNQWIEDCENMENT

T would like to thank Dr, Queen for his guldance and

assistence during the past two years. I would also like

to thank Dr. Paddon Row for his supervision and advice as

well as providing g majority of the conclusions reached

in this work,




ABSTRACT

4 study of the reaction of alkyl and aryl thiolchloro-
formates with DMSO was initially undertaken with the hove
that the corresponding alkyl or aryl dimethyl thiolsulfonium
salts could be isolated, However the reaction led to the
formation of the corresponding disulfide and/or the corres-
ponding thiolsulfonate, dimethyl sulfide, carbon dioxide and
dimethyl sulfur dichloride, & study of the reactlon was
undertaken and a mechanism has been proposed to account for
the formation of these products,

A trapping agent, isopropyl mercaptan showed the initial
formation of the corresponding alkyl (or aryl) dimethyl
thiolsulfonium ion (32), Further reaction of this lon with
thiolchloroformate and DMSO leads to the formation of dimethyl
sulfur dichloride, dimethyl sulfide and the corresponding
disulfide, The formation of the corresponding alkyl alkyl
thiolsulfonates (R= n-propyl, ethyl, methyl) was shown to
be the result of the oxidation of the initially formed disul-
fide by DMSO and dimethyl sulfur dichloride,.

& study was also undertaken of dimethyl sulfur dichloride,
which had not been isolated previously. Its potential
synthetic use as an oxidizing agent in combination with DHSO
was investigated, Phosphines, disulfides and thiols were
oxidized rapidly at low ftemperatures with almost guantitative
yields of the corresponding phosphine oxides, thiolsulfonates

and disulfides,
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INTRODUCT ION

General

frt

Dimethyl sulfoxide (1) was first prepared by Saizew
(1866), &lthough it attracted relatively 1little attention
,,,,,, for a considerable length of time, it has in recent years
been recognized as a remarkably useful dipolar aprotic
solvent capable of accelerating a wide variety of chemical
reactions. Moreover it has been found to participate in
2 wide range of useful chemical reactions. In subsequent

discussions the compound will be referred to by the abbrev=-

iation, DMSO,

DMSO has a pyramidal structure with sulfur, oxygen
and carbon atoms at each corner. The sulfoxide bond is
highly pnolar, a feature that probably reflects the ineff=
iciency of the d-p pi bonding (Crumper and Read: 1956}, As
a cansequence)the oxygen atom remains electronegative compared
to the sulfur atom, The major resonance structures of DMSO
are shown below:

+
CHySCH3 €-=? CH3?CH3

-
0 o”



Chemical Features of DMSO

DUSO has three different reactive sites as chown

below:

T [

. b
CH,=8=CH CH,-S4CH CH,+54CH
3.4-3 32 3573
IO}L 0 0

The polar sulfoxide group of DMSO is a highly vercatile
reaction site. Due to the intermediate oxidation state
occupied by the sulfur atom, the group is casily oxidized
or reduced, &s a result of free electron pairs on both the
sulfur and oxygen atoms, either atom may act as a basic or
nucleophilic centre. The polar sulfoxide group also confers
low but significant acidity on the methyl groups, Stewart
and Jones (1967) reported a pK value for DMSO of 32.9,

Reaction_at Carbon

In the presence of a strong base, DMSO is converted
to the corresponding conjugate base (methyl sulfinyl carbanion)

as shown below:

a0 ) L R
CHSCHy + Base 3 CL3<‘3‘CH2

|
0 0

&s expected the anion is strongly basic, a fact that
has led to a wide variety of synthetic applications, For
example, aromatic end aliphatic esters that do not undergo

facile proton transfer react with the methylsulfinyl,



3.

carbanion to yield the corresponding B-keto sulfoxides as

shown below:

RCOLR + 2CH.8CH, ==-3 (RCQCHSQCHq)é F QRIn + CH,SCH
3572 3 3“ 3
o 0

(RCOCHSOCHB)* ———— RCOCHZSOCH3

Sincé the methyl sulfinyl group is easily replaced by
hydrogen in the presence of aluminum amalgam - water -
tetrahydrofuran, these B-keto sulfoxides are valuable

synthetic intermediates for the synthesis of ketones (Becker,

Mikolsand Russell; 1963).

Relatively inert halides also react rapid{y'%ithdtﬁgnwhﬂw
imefhyl carbanion in DMSO, For example Corey and Cﬁéykovskxﬁggﬁ
(1965) found that ¢hlorobenzene reacts with DMSO in the
presence of an excess of base to give methyl benzyl
sulfoxide, At lower base concentrations methyl benzhydrol
sulfoxide was also isolated in considerable amounts,

&n important application of the methyl sulfinyl
carbanion is the preparation of phosphonium ylides from
phosohonium salts. The ylid can be generated ver? rapidly
iﬁ»DﬁéO in the presence of the carbanion. Furthermore it
appears that in general Wittig reactions proceed ﬁ%re )
réoidly and with higher vields in DMSO than with customary
solvents, By this method., Greenwald, Chaykovsky and
Corey (1963) obtained an 86% yield of methylenecyclohexane

from cyclohexanone,



Reaction at Sulfur

The reaction of DMSO with alkyl halides or arene-

sulfonates leads to the corresponding S-alkyl derivitives

from the reaction of DMSO and methyl iodide is of value

since it can easily be converted to the corresponding ylid

kovsky:

The dimethyloxosulfonium methylid (3) acts as a strong
nucleophile and transfers methylene to unsaturated linkages
_including C=0, C=N, C=S and C=C. For example the ylidg (3)

/ith ketones and aldehydes yielding epoxides as

of (3) with 4-t-butylcyclohexanone produced the corresponding

oxirane which could be reduced to yield trans 4=-t-butyl-1-




methyleyclohexanol, free of the cis isomer,

Reaction at Oxvgen

The polarization of the oxygen-sulfur bond in DMSO
effectively places a negative charge on the oxygen atom.
Reaction of DMSO with a wide variety ofvelectrophilic
reage

(4},

+

‘nature of the electrophile (E) and |
reaction éénditions, the oxysulfonium ion (4) can undergo

a variety of reactions. .The oxysulfonium ion may be

attacked by nucleophile at the sulfur displacing "OE" and
forming another sulfonium ion (%) or a base may attack yield-

ing the sulfur s i ium ion (6)

(CHz)oS-Nu + OE
(5)

(CHz ),S-0OE
572 Base +

(L) ———3 CHg-5=Cil,
()

The formation of these ions is usually followed by

Pummerer type rearrangements yielding synthetically valuable

‘sulfides. For example treatment of dimethyl methoxysulfonium

fluroborate - (7) with sodium acetate in DMSO yields




acetoxymethyl methyl sulfide. The mechanism proposed by

Johnson and Phillips (1969) involves initial displacement
of the methoxy group by acetate ion yielding the acetoxy-
sulfonium salt (8) followed by a ?ummerer type rearrange-

ment yielding the sulfide product as shown below:

(CHz),S-0CH3 BF,~ + NaOAc --=3 (Gil5)58-0Ac

’(73‘ : o (8)

(8) | ~—~3 CH;SCHy-OAc
9
The reaction of DMSO and acetic anhydride also yields

acetoxymethyl methyl sulfide, The mechanism proposed by Oae
and Kise (1968) involves the initial formation of the
acetoxysulfonium salt (8) followed hy proton abstraction
yielding the sulfur stabilized carbonium ion (10) via the

Nucleophilic attack at

(CHz)p8=0 + Ac20

(8)

a~—-§ CI{BSCszOAC

+

(10)




Recently the ability of DMSO to yield sulfonium
salts has been utilized for the oxidation of a wide variety
of organic and inorganic compounds, For convenience these
oxidations will be discussed in two sections, depending on
whether the oxysulfonium salt is generated by protonation
whereby DWSO acts primarily as a base or by a general Lewis

acid in which case DMSO acts primarily as a nucleophilé..




Oxidations Denendent_on_the Basic Properties of DMSO

In DHSO oxidations where the sulfoxide acts primarily
as a base, the initial step involves the protonation of the
basic oxygen atom (Eg-1) usually followed by the formation
of a tetra-coordinated sulfur intermediate (Eq-2}, Subseqg-
went attack by a nucleophilic reagent  (Nu) usually occurs

at this stage Bag-3),

+
(CHy ), S—0H

)0

(CHB)QS—OH I\ (CH3)2?~OH

Nu

(CHz ) »S-OH (CHz),S + Hp0 + Nu-llu

In all cases these oxidations are acid catalized, the
rate of oxidation being dependent on both the stability of
the tetra-coordinated intermediate and the nucleophilicity
@f the substrate, Either step may be rate determining.
| For example DMSO is completely reduced to diméthyl
sulfide in‘the presence of excess hydriodic acid., The
mechanism for this reduction proposed by Landini and

Montanari (1964} is shown below:




. ) +
(Ciz)p8=0 + H  -=-3 (CH3)pS-0H

+ - st
(CHB)ZS-OH + I ——— (CHE)QS-OH

YI.

5t

(CH;)5S-0H + I  ~—=3 (CHz)2S8-0H
2 | ,

¢
1 Tel

CH ~0H S )

( BDZU 3 (CHz),8 + Hp0 + I
Tel

The rate determining stev nvolves nucleophilic
attack by iodide ion resulting in electron transfer from
i0dige to sulfur, However Mislow and co-workers (1964)
found that optically active sulfoxides are rapidly
racemized but not reduced by hydrochloric acid, The rate
of racemization was shown to be sterically controlled,
For example (+) phenyl p-tolyl methyl sulfoxide gave a

rate constant at 25°C of 3,7x105 sec! while renlacement

of the methyl group

-+
R,8=0

_t,
RZS—OH Cl™ + HCL
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With hydrobromic acid sulfoxides are both reduced.
and racemized (Landini and Montanaris 1964}, These results
agree with the fact that the reducing power of halide lons
follow the order I> Br>Cl while the stability of the
sulfur-hailide bond follows the order C1>Br>I" ., Thus
the weaker sulfur-iodide bond in the tetra co-ordinated
intermediate and the greater reducing power of I~ enhances
reduction while the stronger sulfur-chlorine bond and lower
«reducing ability of the chloride ion favors racemizations
Tn other words chloride ion prefers attack at sulfur while
iodide ion prefers attack at iodine,

& uyseful vreparation of disulfides involving the
oxidation of thiols by sulfoxides has been réported by
Wallace (1964), The reactivity of the thiol depends upon
its. acidity (ArSH>ArCHaSH 7 alkyl ) and the basicity of the
sulfoxide (TMSO »DMSO 7 &r,50), The oxidation mechanism
proposed by Wallace and Mahon (19653 1964) is analogous
to the reduction of sulfoxides by hydriodic acid (Landinij
1064), Initial protonation of the sulfoxide is followed by
“the rate determining formation of the tetra co-ordinated
sulfur intermediate (11), Reaction of (11) with another

molecule of thiol leads to the formation of the disulfide,
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iy +
(Ch3)2D=O + RSH —--y (CH3),5-0H SR~

+
(CH3)2S~OH + SRT ——es (CHB)ZS—OH
(11) SR
(11) + RSH —--> Ry8, + (CHB)QS + Hy0

proposed for the reaction of trimethylsulfoxonium iodide

with thiols (Wallaces 1965) which yield the corresponding

methyl aryl sulfides as shown below

+ _ HI +
(CHB)BSO I + ArSH ~=-> (CH3)3SO SAr~

-+~
(CHz )5S0 SAXT ---» ArSCify; + (CHz),5=0

In contrast to the example cited, the acid catalized
 2oXidation of phosphines (Szmant and Coxj 1966) by DMSO is
believed to be brought about by the'rate determining
nucleophilic attack of the phosphine upon the protonated
sulfoxide (12) yielding the unstable phosphonium ion (13),

Loss eof a nroton yields the corresponding phosphine oxide.




A}

+
~==3 (Ci3),S-0H
(12)
-+
———— ") = ) ’
> k\.BP-'-Oﬂ + (CHB } 26

(13)
——=» RzP=0 + H*



Oxidations Dependent on the Nucleophilic Properties of DMSO

One of the most useful applications of DMSO has been
i1ts use in oxidizing suitably activated organic compounds to
the corresponding aldehyde or ketone, This class of resctions
may be divided into two groups depending upon whether the
oxygen of the resulting carbonyl group is/derived from the
compound being oxidized (Class-1) or from DMSO (Class=-2),
The first class as shoﬁn in Eq-4 involves reaction of DMSO

with an intermediate activating electrophilic species (E)

R'RCHX  ———s

displacement of a leaving group (X=C1,Br,I,S0 etc.) by DHSO

resulting in direct formation of the dimethyl oxysulfonium
ion (14). 1In the vresence of base (l4j yields the corres=-

ponding carbonyl product and dimethyl snifide.
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Class 1 Regctions

Activating agents that have been used to great advan-
tage are dicyclchexylcarbodiimide (DCC) and acetic anhydride,
With mixtures of DMSO and DCC, commonly referred to as the
Pfitzer-Moffatt reagent, a wide variety of hydroxyl compounds
are readily converted to the corresponding carbonyl products,

The proposed mechanism for the Pfitzer-Moffatt oxidation is

shown belows:

H H
(CHz)p8=0 + CgyW=C=NCgHiq ~-u> 06H11N~?=NC6H11

(15) 08{Ci5)

+
(415) + RR'CHOH —— (CHB)QS—OCHRR' +
(156) CgHy 4 WHCHHCH, ,
+
(16) + Base ——— CHSS—OCHRR’
,‘ _
CH,  (17)
M/ ¥%¢ ™
(17) —_— (CﬂB)QS + RR'C=0

&cid catalized nucleophilic attack by DMSO on DCC.leads to
the adduct (15). The activated sulfur of (15) then enhanceé-
the following displacement reaction with a suitable hydroxyl
compound leading to the'dimethyl oxysulfonium salt (16),

Reaction of the dimethyl oxysulfonium salt (16) with base

(NN'dicyclohexylurea) yields the corresponding carbonyl




product and dimethyl sulfide. In the presence of deuterium
labelled alcohols, labelled dimethyl sulfide was detected
(Fenselau and Moffatt; 1966). This evidence supports the
intermediate formation of the sulfur ylid (17) followed by
;intra molecular hvdrogen transfer yleldingz the products,
Compounds that have been oxidized by this method include
alcohols, nucleosides, nucleotides and carbtohydrates. Tor
example the oxidation of p-nitrobenzyl alcohol by this method
gave a 92% yield of p=-nitrobenzaldehyde (Pfitzer and Moffattj
1965 while l-octanol yielded 100% octanal, Nucleotides
possessing a free 3' hydroxyl group react with DMSO and
DCC resultineg in the cleavage of the glycosidic and the 5!
phosphate bond (Pfitzer and Moffatt; 1965), However in the
ahsence of a 3' hydroxyl or in the case of the 3' Ow-acetyl
derivative the 5' position of the nucleoside 1is oxidized
5 the 5'aldehyde. The imporftance of this product is the
faet that other oxidative methods lead to the corresponding
5' acid (Moss et.al; 1963). The high yields under mild
conditions with this technique has also been found useful
for the oxidation of carhohydrates and sterolds to the
corresponding carbonyl compounds, For example cholestanol
is converted to 2«~cholestanone in 80% vield with mixtures
of DHMSO and DOC (Pfitzer and Moffatty 1965).
The acetic anhydride method developed by &lbright and
Goldman; (1965) utilizes mixtures of DMSO and acetic anhydride
to oxidize primary and secondary alcohols., Yields of the

corresponding carbonyl products with this method are generally
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lower than those obtained using DHMSO and DCC but are
superior when the reaction site is subject to marked

steric hindrance, The mechanism for the oxidation using

DMSO-acetic anhydride is shown belows

CHaSOTCH

+  RR'CHOH ~==

Ladradl bceﬁ 1ﬁVblVéé the féaétion of DMSO and acetic
aﬁhydride to yield the adduct (18), followed by a displace-
ment reaction with alcohol leading to the corresponding di-
methyl oxysulfonium salt (19). Reaction of (19) with base
lééds to thé products as shown. For example the reaction

of K or 4 yohimbine with DMSO and acetic anhydride leads to
an 85% yield of yohimbinone while a 75% yield of p=nitro=-
henaldehyde is obtained with p-nitrobenzyl alcohol (Albright
and Goldmany 1965),

& major disadvantage of this methed however is the for-

mation of methyl thiol methyl ether (21) as a side nroduct
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The DMSO-acetic anhydride adduct (18) loses acetate giving
the sulfonium ylid (20) which can also react with the
alcohol substrate yielding the corresponding ether (21).

Class 2 Reactions

Displacement of a suitable leaving group by DMSO
usually leads directly to the formation of the dimethyloxy-

sulfonium salt (22)., Treatment of the salt with base then

yields the corresponding carbonyl product and dimethyl

sulfide.

+ -
(CHB>,.)S=Q +  RR'CHX ———3 (cz—z.s)zso?m%' X

(o) H
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This technique has been found synthetically useful
for a variety of organic halides and tosylates since oxid-
ation yields only the carbonyl product, while other functional
groups generally remain inert, The order of reactivity
toward oxidation follows the order TsO »I>Br> Cl so that
in general chlorides and bromides are converted to the
corresponding tosylates in situ and then oxidized., The most
common application of this technique is the oxidatlion of
A~halo esters (Hunsberger and Tienj; 1959), phenacyl halides
(Major and Hessj; 1958), benzyl halides (Nace and Monagle;
1959), orimary sulfonates (Nace and Monagle; 1959) and
primaty iodides (Johnson and Pelters; 1964), TFor example
octyl iodide is oxidized by DMSO in the presence of sodium
carbonate giving a 77% yield of octanal (Johnson and Pelter;
1964), while p-bromobenzyl bromide gives a 76% yield of
p~bromobenzaldehyde. In comparison to the above, octyl
tosylate yields 74% octanal (Kornblum et.al; 1959) while
p-bromobenzyl tosylate gives a 65% yield of p=bromobenzald-
ehyde,

A1kyl chloroformates react rapidly at room temperature
in neutral solution, yilelding the corresponding di-methyl
oxysulfonium salts, A&ddition of "triethyl amine then yilelds
the corresponding aldehydes or ketones, The mechanism
proposed by Barton, Garner and Wightman:(1964) involves
tnitlal displacement of chlorine by DVSO yielding the
unstable adduct (23). Repid collapse of (23) with extrusion

of carbon dioxide leads to the di-methyl oxysulfonium salt

s
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(24), Under basic conditionsg (24) decomposes via the ylid

to give the final product as shown belows:

ke

(CHz),3=0 + RZ?—O—COCI ¢~=3» R,0-0-CC8(CH,),

(23) — RQ?—OS
H

The formation of the dimethyl
oxysulfonium salt is analogous to the formation of nitrate
esters from the reactionof alkyl chloroformates with silver
nitrate (Boshanj; 1959) and the formation of nitramines from
dimethyl carbamyl chlorides and silver nitrate (Norris: 19593,
By labelling the chloroformate with 018 oxygen, Boshan
demonstrated the collapse of the adduct (25) to occur with

cleavage of the unlabelled carbon~oxygen bond.
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A .
Rg?-O-COCl + AgNO3 ——-3 Rg?-dig-?

H

(25)

s)
(25) H NO,

-3 RQ?-ONOQ + 0O,
H
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THE REACTION OF ARYL THIOLCHLOROFORMATES WITH DMSO

Introduction

Dialkylalkyvl thiosulfonium ions, 32§SR', are thought
to be important intermediates in a number of alkyl sulfide
catalized reactions of disulfides and thiolsulfinates (Kice
end Larges; 1968). The preparation of dimethyl methyl thiol-
sulfonium 2,4,6 trinitrobenzene sulfonate (26) by the treat-
ment of tri-methyloxonium 2.4.6 trinitrobenzenesulfonate
with methyl disulfide (Helmkamp et.alj; 1965) has made it

possible to study these important intermediates.

+
(CHz),8-8CHz  80,~CgH,(10,) 5

(26)

However the difficulty in the preparation of trimethyloxonium
2,4,6 trinitrobenzenesulfonate is a disadvantage in the pro-
cedure, Since Barton, Garner and Wightman (1964) have
previously shown that the reaction of alkyl chloroformates

and DMSO lead to the corresponding dimethyl alkyl oxysulfon-
ium salt (27), it was thought that the reaction of thiochloro-
formates with DMSO might lead in an analegous manner to the
corresponding dimethyl alkyl or aryl thiolsulfonium salts

(28) as shown:

R-X-C0C1 + (GH3)25=0 —— (CHB)ZS—XR c1-™ COs

(27) %8
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However the corresponding thiolsulfonium salts could not.be
isolated and this led to an investigation of the reaction more
fully,

Reaction of DMSO with Phenyl Thiolchloroformate

When phenyl thiochloroformate and excess DMSO were
mixed at room temperature in carbon tetrachloride, a
vigorous exothermic reaction took place with evolution of
carbon dioxide and dimethyl sulfide. &n extremely hygro-
scopic white solid and a yellow solution resulted and were
separated by filtration and separately investigated,

The yellow soclution was evaporated to dryness and the
resulting solid purified by column chromotography and re-
crystallized from methanol, The white crystalline product
was identified as phenyl disulfide by its melting point (597¢C)
and by comparison of its infra red and nmr spectra with those
of an authentic sample of phenyl disulfide.

The white hygroscopic sclid was insoluble in a variety
of organic solvents including carbon tetrachloride, methylene
chloride, ether and cold methanol. However addition of water
to the solid resulted in a strongly acidic solution, Further-
more hydrolysis of the white solid in deuterium oxide resulted
in the formation of an oily organic liquid identified as DMSO
by comparison of its nmr and infra red spectrum with an
authentic sample.

The mass spectrum of the white solid is shown in Table 1.




The Kase Spectrum of Dimethyl Sulfur Dichloride

m/e Peak Intensity Proposed Ion
62 100 (CH3)QS
63 77
48 71 CHSCI
46 67 CH,8

1
97 9 (CH3)2SCl
47 L3 CH3S
36 38
o8 30
99 19 (033)2501
45 8

The splitting pattern obtained for the solid is similar to

the splitting pattern of dimethyl sulfide (Cornu and Bassoly
1966) which has intense peaks at m/e 62,46 and 47. There-
fore the peak m/e 62 was attributed to the dimethyl |
sulfide ion., The peaks at m/e 99 and m/e 97 were then
assigned to the dimethyl sulfur chloride ion on the basis that
the ratio of the peak intensities (m/e 99 vs m/e 97) were

in the coprect ratio considering natural isotopes where:

m/e = 97 C2H68320135

m/e = 99 = CoHg834c13%; CoHgs320137

0

Furthermore the loss of a chlorine atom from the dimethyl
sulfur chloride ion is consistant with the formation of the

dimethyl sulfide ion, On the basis of the evidence presented
the white solid was tentatively identified as dimethyl sulfur

dichloride (26).




.1_
(CH,)pS=-Cl €17

(26)

The mass spectrum of the solid can bhe eacsily
explained on the basis of the proposed structure since
loss of a chlorine would result in the dimethyl sulfur
chloride ion. The absence of a parent peak would vprobably
reflect the low bond dissociation energy of the sulfur-
chlorine bond, The formation of DMSO and an acidic solution
on hydrolysis of the solid is also consistant with the
proposed structure. Hydrolysis of dimethyl sulfur dichloride
would conceivibly lead to the formation of DMSO and hydro-

chloric acid as shown:
(CH3)28012 + HQO --~3 DMSC + 2HC1

Hvdrolysis of a weighed sample of the solid followed
by titration for hydrochloric acid using standardized sodium
hydroxide led to an equivalent weight of 65 per chloride ion
in agreement with the proposed structure of the solid
(CoHESC1lo = 132)., Infra red and nmr spectra of the solid
were also consistant with the proposed structure (dimethyl
sulfur dichloride), The infra red spectrum gave a strong
absorption at 880 cm"le characteristic of sulfur-chlorine
stretching vibrations. The nmr spectrum of the solid in a
mixture of deutero-chloroform and methyl methyl thiol-
sulfonate (3:1 v/v) gave a single peak at 3.1 P.P.M, The
low field absorption of the methyl groups is consistant with

the expected deshielding effects of the electronegative

chlorine atonms,

24,



Although an elemental analysis of the solid could
not be obtained due to its instzbility., conclusive proof
for the proposed structure (dimethyl sulfur dichloride) was
obtained by the synthesis of dimethyl sulfur dichloride by
an alternate route, Slow addition of excess thiophosgene
to DMSO in ether at 0°C in an inert atmosphere of nitrogen
resulted in the formation of a hygroscopic white solid
with identical vroperties to the white hygroscopic solid
isolated from the reaction of phenyl thiochloroformate and
DMSO, The infra red of the solid gave a strong absorption
at 880 cmmf1 while the rmr spectrum gave a singlet at 3.1
P.,P.M. The mass svectrum of the product shown in Tabhle 2
was also identical with the solid isolated in the DMSO-

thiolechloroformate reaction,

m/e Peak Intensity
62 100

63 73

48 70

46 61

97 46

47 46

36 36

28 28

99 18

45 12
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Although dimethyl sulfur dichloride has previously
been postulated an intermediate in a number of reactions
(Truce,Biran and McBeej 1952,Fislow et al; 1964, Tsuchiya
et aly 1964, Lampert and Smithj 1964), ite isolation has
heretofore not been reported, The synthesis of dimethyl
sulfur dichloride from thio phosgene and DHMSO now makes it
possible to undertake studies with this compound. Due to
its potential importance as a facile oxidant in combinaticn
with DMSO a discussion of the studies undertaken with this
compound has been placed in a separate section,

Tn order to determine the stoichiometry of the
reaction of phenyl thiolchloroformate and DMS86, various
ratios of the reactants were mixed and the resulting products
analyzed., Table 3 shows yields of phenyl disulfide obtained
when phenyl thiolchloroformate and DMSO were mixed in various
ratios., Two methods, shown as & and B in Table 3, were
employed to isolate the disulfide voroduct., In method A,
DMSO and phenyl thiolchloroformate were allowed to react in
carbon tetrachloride at 0°C and the resulting solution was
neutralized with aqueous sodium bicarbonate followed by
removal of volatile vroducts and solvent under vacuum, The
resulting yellow solid containing phenyl disulfide was
purified by column chromatography and weighed. In method B
DMSO and phenyl thiolcholoroformate were allowed to react
as in method & and the resulting solution was neutralized
and the volatile products and solvent were removed., The
resulting product was then redissolved in carbon tetra-

chloride and excess di-isoprovnyl amine was added in order




to convert unreacted phenyl thiolchloroformate to the less

reactive amide derivative, N-di-isopropyl-S-phenyl:thiol=

carbanate ((iF3H7)2NC0806H5)° Attempts to separate the

disulfide and thiolcarbonate quantitatively were unsuccess-

ful, However it was found that the ratios of disulfide to

thiolcar%amate .could be estimated accurately from the nmr

spectrum of the mixture by integration of the peaks, This

procedure was tested by treating known amounts of phenyl

disulfide and phenyl thiolchloroformate with excess

di-isopropyl amine and isolating the product as in method B,

The nmr method gave excellent results in comparison to the

expected product ratios while separation of the products

by column chromotography gave poor results as shown in

Table 4,

o o s S s s

Isolation of Phenyl Disulfide from the Reaction of
DMSO and Phenyl Thiolchloroformate

PhSCOC1*  DUSO*  PhoSo#

0,02 0,03 0.0089(89%)
10.028 0.10 0.012 (86%)
0.02 0.10 0.0097(97%)
50.02' 0.0 0.0085(85%)
0.02 0.02  0.0076(76%)
0.02 0.02 0.0078(78%)
0.02 0.01 0.0048{L8%)
0.0L 0.01 - 0.0038(19%)

53

gram moles

PhSCON(iPr)o* liethod
A
A
A
A
A
0.0022(11% B
0.010 (50%) B
0.032 (80%) B

27,




Comparison of nmr vs Chromotography Method for
Disulfide=Thiolcarbonate Product Ratios

PhSCOC1%*  PhoSo%  PhSCON(iPr)o% PhoSo* liethod
0.0054L 0.0052 0.0054(98%) 0.0052(100%) nmr
0.00560L 0.0052 0.0038(62%) 0.0048(9L%)  column chrom.

% gramn moles

The results from Table 3 clearly indicate that the
formation of 1 mole of phenyl disulfide resulted from the
reaction of 2 moles of phenyl thiolchloroformate and 2
moles of DMSO,

In order to identify the volatile products from
the reaction, phenyl thiolchloroformate was allowed to
react with an excess of DMSO at 40°C in carbon tetra-
chloride and the volatile products were trapped in an
acetone-dry ice bath followed by a liguid nitrogen trap.
The product obtained from the liguld nitrogen trap was
identified as carbon dioxide by its characteristic
absorption at 2350 em™1l, The product obtained from the
acetone-dry ice bath was identified as dimethyl sulfide
by its boiling point (38°C) and comparisen of its infra
red and nmr spectra with those of an authentic sample,

On the basis of the yields of -dimethyl sulfide shown in
Table 5 it appears that 1 mole of dimethyl sulfide is

produced by the reaction of 2 moles of phenyl thiolchloro-

formate with an excess of DMSO,




Isolation of Dimethyl Sulfide from the Reaction of
DMSO and Phenyl Thiolchloroformate

PhSCOCL™ DIS0* (CHz)pS%

0.02 0.10 0.0097(97%

0,02 0.10 0.0096(95%)
* moles

Yields of the hygroscopic white solid, dimethyl
sulfur dichloride,obtained by rapid filtration following
reaction of equimolar amounts of phenyl thiolchloroformate
and DMSO are shown in Table 6,

Table 6

i i L sat s v

Isolation of Dimethyl Sulfur Dichloride from the
Reaction of DMSC and Phenyl Thiolchloroformate

PhSCOCL#% DiISO% (CHz) 551, o*

0.02 0.02 0.0056(56%)

0.02 0,02 0.0059(59%)
G moles

Due to the instability of the dichloride it was assumed
that a large percentage of this product was lost, However
the fact that only four products, phenyl disulfide,
dimethyl sulfide, carbon dioxide and dimethyl sulfur
dichloride, were isolated from the reaction of phenyl
‘thiolchloroformate with DMSO and that 2 moles of phenyl
thiolchloroformate were shown to react with 2 moles of
DMSO yielding 1 mole of phenyl disulfide (Table 3) and

1 mole of dimethyl sulfide (Table 5), led us to the

conclusion that 1 mole of dimethyl sulfur dichloride must

29.
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also be formed., This conclusion is consistant with the
results shown in Table 6 if the instability of the
dichloride is considered, In order to balance the reaction
2 moles of carbon dioxide must also be produced. From

the data presented the stoichiometry of the reaction of

phenyl thiolchloroformate with DMSO was determined as:
2 PhS-COC1t2DMSO ===y PhpSp + (CH3)pS + (CH3)2SClpt 2 CO2

Reaction of DMSO with p-Chloropvhenvl Thiolchloroformate

The reaction of p-chlorophenyl thiolchloroformate
with DMSO gave products similar %o those obtained from the
reaction of phenyl thiolchloroformate and DMSO, Reaction
of p-chlorophenyl thiolchloroformate with DMSO in carbon
tetrachloride led to the evolution of carbon dioxide and
dimethyl suvulfide, A&n extremely hygroscopic white solid
and a yellow solution also resulted, The white solid was
identified as dimethyl sulfur dichloride by comparison of
its infra red and nmr spectra with those of an authentic
sample orepared by the action of thiolphosgene on DMSO,

The yeéllow solution was evaporated to dryness and the solid
product was purified by column chromotography. The white
crystalline product, recrystallized from methanol, was
identified as p-chlorophenyl disulfide by its melting point
(72°C), by comparison of its infra red spectrum with
published values and elemental analysis. Yields of p-chloro-

phenyl disulfide obtainted when various ratios of DMSO and



31.

p-chlorophenyl disulfide were mixed as shown in Table 7.

et = it e st ot

Reaction of p-Chlorophenyl Thiolchloroformate
with DMSO

0-C1PhSCOoC1# DI S0% p=C1PhoSo

0.012 0.015 0.0098(82%)

0.0102 0,020 0.00L2(85%)
# . moles

&1lthough a stoichiometric study of the reaction of
DMSO and p-chlorophenyl thiolchloroformate was not under-
taken, the fact that the reaction yielded the same products
(dimethyl sulfide, dimethyl sulfur dichloride, carbon dioxide
and the corresponding disulfide) as the reaction of DMSO with
phenyl thiolchloroformate indicates that the stoichiometry of

the two reactions are ldenticals
2 p-C1PhS-COC1l + 2DMSO ---3 p-ClPhoSs + (CHz)oS+(CH3)o8CLy + 2C0,

2 PhS-COC1 + 2DMSO ---> Ph232 + (CH3)28 T—(CH?}QSCJ_2 +.2002

Results in table 7 also support this conclusion, since 1 moles
of p-chlorophenyl disulfide are produced by the reaction of
2 moles of p-chlorophenyl thiolchloroformate with DMSO,

From the data presented the stoichiometry of the reaction
of p-chlorophenyl thiolchloroformate or phenyl thiolchloro-

formate with DMSO can be summarized as;

- ! S )8
2 RS-COC1 + 2DMSO > R T’(CH3)2SCIE'T (CH3)2 + 2C02

S
272
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&1though the reaction of a wide variety of aryl thiolchloro=-
formates with DMSO was not attempted, there appears to be

no reason why the analogous reactions should not proceed,

Tf this is true then the reaction of aryl thiolchloroformates
with DMSO should prove a valuable synthetic route to a varlety
of aryl disulfides.

The reaction of DMSO with aryl thiolchloroformates or
the action of thio phosgene on DMSO have also been found to
be easy routes to the synthesis of dimethyl sulfur dichloride,
an important intermediate in a number of reactions. Thus a
direct study of the compound can now be undertaken since

previous workers were unable to isolate it,
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&s in the case of the aryl thiolchloroformates,
the reaction of alkyl thiolchloroformates with DMSO were
gxpected to yield similar products (dimethyl sulfide,
dimethyl sulfur dichloride, carbon dioxide and the
corresponding disulfide), In all cases studied the
addition of DMSO to en alkyl thiolchloroformate (alkyl=z
CHy, CpHg, n-C3Hgp, 1-C3Hp, £-Cylg) led to a vigorous
exothermic reaction with the evolution of carbon dioxide
and dimethyl sulfide. 1In all cases the hygroscopic white
salt, dimethyl sulfur dichloride, could also be isolated,

&s In the case of the aryl thiolchloroformates,
the reaction ¢f t-~butyl thiolchloroformate or i-pronyl
thiolchloroformate with excess DMSO in methylene chloride
at room temperature led to the formation of the corres-
ponding disulfide, The corresponding disulfide products
were identified by comparison of their boiling points,
infra red and nmr spectra and their refractive indexes
with authentic samples prevared by the method .of Vogel and
Conan (1943), Yields of the corresponding disulfides
obtained from the reaction of t-butyl and i=-propyl

thiolchloroformate with DMSO are given in Table 8,
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Reaction of t-Butyl and i1-Propyl Thiolchloroformate
with DMSO, Isolation of Disulfides

R RScOCl S0 RySo Time (hr.)
t-CyHg .03 .05 .013 (84%) 3.0
1-CyHy .1 .2 .041 (82%) 10.0
1-C3Hy .1 o2 .038 (76%) 3.0

* moles

The yields of disulfide shown in Table 8 and the
fact that carbon dioxide, dimethyl sulfur dichloride and
dimethyl sulfide were isolated from the reaction of t-butyl
or i-pronyl thiolchloroformate and DMSO indicates that the
stoichiometry of these reactions are the same as the

corresponding aryl thiolchloroformates:
2 RS=COC1l + 2DMSO w~w-s RoS, + 2C0, (CHB)QSClz-f(CHB)QS

VariatioA of the reaction time as shown in Table 8 did
not have any effect on the reaction products,

When n-propyl thiolchloroformate and excess DMSO
were mixed in methylene chloride, vacuum distillation of
the resulting solution yielded two higher boiliqg'products,
The lower:boiling-product (bp:4d%/0°4mmHg)was identified
as i-pronyl disulfide by comparison of its infra red
spectrum, nmr spectrum, boiling point and refractive index
with an authentic sample prevared by the method of Vogel
and Conan (1943),

The infra red spectrum of the higher boiling

component (bp:965/034mmHg) showed characteristic sulfone



absorptions at 1140 and 1350 cm=L1 while the refractive
index and boiling voint were consistant with those
obtained by Boldyrev, Litkovets and Trofimora (1956) for
n-nropyl n-pronyl thiolsulfonate, A&lthough evolution of
carbon dioxide subsided after 15 minutes, leaving the
reaction for longer periods of time resulted in higher
yields of n-~propyl n-pronyl thiolsulfonate and lower

yields of n-propyl disulfide as shown in Table 9,

Iable 9.

Reaction of n-Bropyl Thiolchloroformate with DMSO,
Isolation of Higher Boiling Products

* . #* '
n-C3HpSCOCY" DHSOY (n-C4Hrp) oS5 (n=CqHo),80,8" Time (hr.)

0.1 0.2 L,013 (25%) L0331 (61%) 1.0
0.1 0.2  ,0054(12%)  ,036 (78%) 10,0

These results indicated that n-propyl disulfide
was being converted to the corresponding thiolsulfonate,
probably by a slow oxidative process in the presence of
DMSO.,

When ethyl thiolchloroformate and excess DMSO
were reacted in methylene chloride, ethyl ethyl thiol-
sulfonate was the only higher boiling product isolated
as shown in Table 10. Examination of the products by
vapor phase chromatography did not indicate the presence

of ethyl disulfide,

35.
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Tahle 10

Reaction of Ethyl Thiolchloroformate with DMSO,
Isolation of Higher Boiling Products

E I X : ¥ 703 - *
EEH5SCOC1 DUSO (CQH5)2S2 EEHSSOQSCZHS CEHSSCOR(l C%H7)2

.0415 L0830 ,015 (72%) - -
o1 o2 .035 (70%) - - e
.075 .15 .038(100%) - -
.1 .1 L0136(28%) ,0107 (22%) L0262 (26%)

* moles

When equimolar quantities of DMSO and ethyl
thiolchloroformate were mixed (see Table 10}, both
ethyl ethyl thiolsulfonate and ethyl disulfide were
isolated, Unreacted ethyl thiolchloroformate was
converted to N-di-f-propyl-S-ethyl thiolcarbamate by
treatment with di-i-propyl amine in the same manner as
was done in the reaction of phenyl thiolchloroformate
and DMSO,

The reaction of methyl thiolchloroformate with
excess DMSO yielded methyl methyl thiolsulfonate as the
only high boiling voroduct, When ecuimolar amounts of
methyl thiolchloroformate and DMSEO were reacted, methyl
1methyl thiolsulfonate and unreacted methyl thiolchloro-
formate were isolated. No methyl disulfide could be
detected in the product by means of vapor phase chromo-

togranvhy. Results are shown in Table 11,



Table 11
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Reaction of kethyl Thiolchloroformate with DMSO,
Isolation of Higher Boiling Products

Ciypcocr”  mso™
0.1 0.2
0,1 0.13
0.1 0.1

¥

PP & S O ———

047 (94%)
031 (62%)
,018 (36%)

moles

¥

[P v D p—

.030 (30%)
048 (48%)

Studies were initiated to determine the stoichio=-

metry of the reaction of methyl thiolchloroformate and

DMEO,

Results in Table 11 indicate that 2 moles of DMSO

react with 1 mole of methyl thiolchloroformate, yielding

0.5 moles of methyl methyl thiolsulfonate,

Yields of

dimethyl sulfide and dimethyl sulfur dichloride are

shown in Table 12,

able 12

Reaction of Methyl Thiolchloroformate with DMSO,
Isolation of Dimethyl Sulfide and Dimethyl Sulfur

Dichloride

CH38COC1£ miso ¥
017 036
.01 ,02

0

*

.013(87%)

. moles

¥

L006 (75%)

From the data obtained the stoichiometry of the

reaction of DUSO and methyl thiolchloroformate was

determined asj

2(CH;),8=0 + 20HzS5C0CL ---3 CHzSO,SCH3 + (CHz )55C1,

+ 2(CHz)pS + 2C0,
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Discussion

It is vossible that the products of the nresent
reactions (disulfide or thiolsulfonate) are formed by two
sevnarate pathways., However it is significant that in the
case where n-propyl thiolchloroformate was reacted with
DMSO (Table 9), the ratio of n-propyl p-propyl thiol-
sulfonate to n-propyl disulfide increases with time, This
suggests that the thiolsulfonate is formed from the
disulfide by an oxidative vrocess that releases dimethyl
sulfide, The isolation of ethyl disulfide when equimolar
amounts of ethyl thiolchloroformate and DMSO are reacted
further supports the hypothesis., The fact that only methyl
methyl thiolsulfonate is 1isolated when methyl thiolchloro-
formate and DMSO were reacted suggests that the rate of
oxidation of methyl disulfide is much faster than its rate
of formation, If the oxidation of the disulfide to the
thiolsulfonate is a sterically controlled process as the
results above would appear to indicate, the relative rates

of oxidation would follow the order shown below:

CHy > CoHy > n-C3Hy P 1-C3Hy = t-C4Ho
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DISCUSSION

MECHANISTIC STUDIES OF THE REACTION OF THIOLCHLOROFORMATES

WITH DMSO
Introduction

Thiolsulfonium lons are believed tc be important
intermediates in a number of alkyl sulfide catalized
reactions of disulfides and thiolsulfinates (Kice and
Markved, 19643 Kice and Large, 1968a), Studies by Kice,

.i.
RpE-SR RSSR RSOER RS0O5SR

Thiolsulfonium Ton Disulfide Thiolsulfinate Thiolsulfonate

Vernier and Heasley (1967) have shown that the rate of

reaction of thiolsulfinates with sulfonic acids is dramatically
increased by the addition of small amounts ( 10~5M) of n-alkyl
sulfides, The catalytic effect of the sulfide is believed

to be the result of the formation of the di-alkyl aryl

thiolsulfonium intermediate (29) as shown below:

Il
0 OH

+ +
C6H55m5C6H5 + H ~-x3 C6H5|S—SC6H5

+ +
Celigh-SCeHy + RpS ---d R,S-SCgHg + CgHsSO0H
OH (29)

(29) + ArSo,H mm=) B780,-SC,Hr 4+ BRoS + H
2 2=Pb g s 2

Intermediates such as (29) are knowhto undergo
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extremely rapid nucleophilic substitution at sulfenyl sulfur,
This point was dramatically demonstrated by Kice and
Favstritsky (1969)., The rate of exchange of dimethyl

sulfide with the dimethyl methyl thiolsulfonium ion (30)

. 5. - - o, .
was shown to be approximately 10°M lsec 1 at O C in aceto-
nitrile,
+ + . -
(Cﬁj‘gs + CH3S—S(CH5)2 g==2  (Ci»)o3-8CHz + (Cidz)o3

(30)

Mechanistic Studies of the Reaction of Thiolchloroformates

with DMSO, Formation of Disulfides

In the present studies the formation of the disulfide
products from the reaction of aryl (or alkyl) thiolchloro-
formates with DMSO can be rationalized by proposing the
initial formation of the corresvonding dimethyl alkyl
(or aryl) thiolsulfonium intermediates. Initial nucleo-
philic displacement of chloride by DMSO would result in the
formation of the unstable intermediate (31), Extrusion of
carbon dioxide wounld then yield the corresponding dimethyl
thiolsulfonium ion (32), as shown in Scheme 1, The
thiolsulfonium intermediate (32) would then be expected to
undergo rapid nucleophilic substitation with another molecule
of thiolchloroformate, yielding the unstable intermediate (33),
The formation of (33) could conceivably involve either direct
attack by the lone pair electrons on the gulfur atom of the

thiolchloroformate with extrusion of dimethyl sulfide



Scheme 1

(CHz)o8=0 + RSCOC1 =3
(31) _—3
////-439

(32) + RSCOC1
\__%
(33) + (CHz)p8=0 ---3
———s

Scheme 2

(CH3)28=0 +

hi.

+
RSﬁ-o-s(CH3)2
o (31)

+
RS-S(CHz)p + COo
(32)

+
RS?—COCI C1™ +

R (33)
I

RS-?(CH3)2

(CHz ) 58

RS?O
C1

+4
RSSR + (CH3z),S0C0C1 C1~
RSSR + COp + (CHz)oSClo

. |
CHzSCOC1 ---» CHzSS(CHz)p Ci~ + C0p

(34)
(34) + 1-C3H,SH ---» CH3S8i-CzH; + (CHz)oS
+ HC1
~ DMSO

(34) + CH3SCOCL  ---» (CHz)oS, + CH3S80,SCH3+ COp

+ (CH3)28012 + (CHB)QS

) .
(CH3)28C1ly + i-CzH7SH -~wy (CHz)pSSi-CzHy €17 + HCL
(35)

(35) + i-C3H7SH =---3 (1-CzH730Sp +HC1 + (CHz),S
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(pathway a) or a cyclic pathway involving initial nucleophilic
attack by carbonyl oxvegen followed by an intra molecular
rearrangement (pathway b) as shown., Either pathway would be
equally favored by the ability of dimethyl sulfide to act
as a facile leaving group. Nucleophilic attack by DMSO on
(33) would lead to the products as indicated,

This mechanism is consistent with the stoichiometry

of the reaction of phenyl thiolchloroformate with DMSO

as shown on page 31,

&1though the dimethyl thiolsulfonium intermediates
could not be isolated, Kice and Large (1968b) have previously
shown that di-alkyl aryl thiolsulfonium ions are "trapped" by
n-alkyl mercaptans, yielding the corresvonding n-alkyl aryl
disulfide. In the present studies, when DMSO and methyl
thiolchloroformate were mixed in the presence of i-propyl
mercaptan, the products obtained were i-propyl methyl
disulfide, methyl disulfide, i-propyl disqlfide and methyl
methyl thiolsulfonate, The formation of i~-propyl methyl
disulfide strongly suggested the presence of the dimethyl
methyl thiolsulfonium ion (34}, It is suggested that these
products arise as shown in Scheme 2,

The dimethyl methyl thiolsulfonium ion (34) formed
by the reaction of DMSO and methyl thiolchloroformate can
react with either i-pronyl mercaptan or can further react
with methyl thiolchloroformate and DMSO yielding the product
as 1lndicated. In a separate experiment it was shown that the

reaction of 1l-propyl mercaptan and methyl sulfur dichloride
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yielded 1i-vropyl disulfide, This reaction probably involves
initial nucleophilic attack by mercaptan resulting in the
formation of the dimethyl i-propyl thiolsulfonium ion (35)
which reacts with another molecule of mercaptan to yield
i-propyl disulfide as shown in Scheme 2,

Mechanistic Studies of the Reaction of Thiolchloroformates

with DUSO, Formation of Thiolsulfonates

It was suggested previously that disulfides are
precursors of the thiolsulfonates that are formed when
primary alkyl thiolchloroformates react with DMSO, Depending
on the reaction conditions used., mixtures of the corres-
ponding disulfides and thiolsulfonates were obtained from
the reaction of DMSO with ethyl or n-propyl thiolchloro=-
formate, but no direct evidence for the formation of methyl
disulfide was obtained when DMSO and methyl thiolchloro-
formate were reacted. However methyl disulfide was obtained
at the exbense of methyl methyl thiolsulfonate when i-prooyl
mercaptan was introduced, ‘Since dimethyl sulfur dichloride
1s also formed as a product of these reactions and since
i-propyl mercaptan reacts rapidly with dimethyl sulfur
dichloride, it seems 1likely that the thiolsulfonates were
produced by an oxidative process dependant on the intervention
of dimethyl sulfur dichloride. Further evidence for this
view will now be presented,

It was demonstrated experimentally that in the presence
of dimethyl sulfur dichloride, methyl disulfide was oxidigzed

rapidly by DMSO to methyl methyl thiolsulfonate at room



temperature., It was also found that no appreciable change
in the concentration of dimethyl sulfur dichloride occurred
during the oxidation, However in the absence of dimethyl
sulfur dichloride the oxidation did not take place under
similar cenditions, In fact oxidation of methyl disulfide
by DMSO did not take place at 80°C,

Three methods were used to generate dimethyl sulfur
dichloride, 1In the first method, excess DMSO was added to
a solution of methyl disulfide containing small amounts of
methyl or i-propyl thiolchloroformate, Results are shown
in Table 13, The second method involved the isolation of
dimethyl sulfur dichloride from the reaction of phenyl or
methyl thiolchloroformate and DMSO, The isolated salt was
then added to a solution of DMSO and methyl disulfide in
methylene chloride, Results are shown in Table 14, In the
last method the salt was generated by the action .of excess
thiophosgene on DMSO and added to a solution of methyl
disulfide and DMSO, Results are shown in Table 14,

It was also found that when methyl disulfide was
added to a solution of DMSO and anhydrous hydrogen chloride
in methylene chloride, methyl methyl thiolsulfonate was
produced as shown in Table 15, This ig not surprising since
Tsuchiya, Iriyvama and Umezama (1964) have proposed the
formation of dimethyl sulfur dichloride from solutions of

DMSO and hydrochloric acid as shown below:

+ - +
(CH3)5S20 + HCL ¢--5 CH3TCH3 c1- 481, CHB?CH3 C17+ Hp0
OH c1



Oxidation of Methyl Disulfide by DMSO in the presence
of Thiolchloroformate

RSCOCL

.065
.02
.01

R

i—C3H7

CH5

CH3

Table 13
DMSO (CH§)232
26! 0.1
022 001
$ 22 0.1
* moles
Table 14

GHz80,SCH

.098 (96%)
103 (94%)
101 (91%)

Oxidation of Methyl Disulfide by DMSO in the presence
of Dimethyl Sulfur Dichloride

EEEE
21
21
.10

21

(CH3)252
.05
.05

(i3 )58,

0.1
0.1

0005

0.1

DMSO

(CHz)SC1,

.0060
.006L
<0136
.0057

moles

Table 15

Oxidation of Methyl Disulfide by DMSO in the presence
of Hydrochloric Acid

HC1
trace
01 L

. moles

CHzS0,5CHz

.096 (96%)
<094 (9u%)
«0L6 (92%)
092 (92%)

CHzS0,SCHz

.0L8(96%)
.0L9 (98%)

L5.
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In the absence of DMSO, dimethyl sulfur dichloride
was found to react rapidly with methyl disulfide in methylene
chloride at room temperature., The reaction wgs characterized
by the formation of a white insoluble solid, with extrusion
of methyl sulfide., Attempts to characterize the solid were
unsuccessful, However addition of DMSO to the solid followed
by immediate neutralization of the solution with agueous
sodium bicarbonate resulted in the isolation of equal amounts
of methyl methyl thiolsulfonate and methyl disulfide., Results

are shown in Table 16,

Tahle 16

P e 1 it Bt i st

Reaction of Dimethyl Sulfur Dichloride and Methyl Disulfide

(cHy)25C1o*  (cHp) o8 Duso¥  (cHy)osy™  cmasonscHy
.015 .015 05,0048 (32%) .0049 (33%)
¥ moles

On the basls of the evidence presented, a mechanism for
the oxidation of disulfide by DMSO in the presence of dimethyl
sulfur dichloride is proposed as shown on the following
page (Scheme 3), The initail step involves nucleophilic
attack by disulfide on dimethyl sulfur dichloride, leading
to the disulfide dichloride adduct (36)., Attack by DMSO
on the adduct (36) could lead to the unstable oxysulfonium
intermediate (37) which would then decompose resulting in
the regeneration of dimethyl sulfur dichloride and formation

of the corresponding thiolsulfinate ester (38) as shown,



Scheme 3 L7

+ +
RS-SR + (CHz)oSCl C1™ =—-—=3 RS-?R c1~
(CHz)58-C1
+ N +
RS-?R c1- - RS—?R C1~ + (CHz),S
E* .
(CHz )28=C1 1
= (36)
c1
(36) + (CHz)pS=0 ——=2 RS-SR C1~
Iy e
(37) 0-s(CHz),
+
(37) ---3 ES-SR + (CHz)5SC1,

(38) 0

(38) --—3 4RS0oSR + £RSSR
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Disproportionation of the thiolsulfinate ester results in the
formation of the corresponding thiolsulfonate ester and
disulfide,

Methyl disulfide dichloride (36) has previously been
prepared by Schneider (1951) by slow addition of a cold
solution of chlorine in carbon tetrachloride to methyl
mercaptan in carbon tetrachloride at ~-15°C, Initial oxidation
of the mercaptan to methyl disulfide followed by chlorination
was proposed for the formation of the salt. When excess DMSO
was added to freshly vprepared methyl disulfide dichloride
(prepared by the method of Schneider) in methylene chloride
at OOCs a violent reaction took place with the evolution of
methyl sulfide, The product was identified as methyl methyl
thiolsulfonate, In a separate experiment the regeneration
of dimethyl sulfur dichloride was also demonstrated, When
DMSO in anhydrous ether was added slowly to methyl disulfide
dichloride at 0°C and the solution left for 10 hours at -1OOC,
a large percentage of dimethyl sulfur dichloride could be

isolated., Resnlts are shown in Table 17,

Table 17
DUSO ¥ (CHR)2S50C1o* CH2S008CHR*  (CHR)osClo™®
.01 .02 .017 (85%)
.05 .025 014 (56%)
%

moles
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These results suggest that the initial formation of
the ‘disulfide dichloride adduct (36) is rate determining.

On formation, = methyl disulfide dichloride reacts rapidly
with DMEO giving the products. These results are also
consistent with the fact that the ccncentration of dimethyl
sulfur dichloride is constant. The dimethyl sulfur dichloride
reacts initially with the disulfide with formation of methyl
disulfide dichloride (36} Reaction of(36)with DMSO followed

by decomposition of the zdduct (37)leads to regeneration of
dimethyl sulfur dichloride,

When reactions of methyl disulfide, DMSO and dimethyl
sunlfur dichloride were monitored by nmr, no abhsorptions
corresponding to methyl methyl thiolsulfinate (CHBSOSCH3)
could be detected., This evidence suggests that the dispro-
priation of methyl methyl thiolsulfinate 1s rapid. Several
workers (Kice, Venier and Heasley, 1967; Barnard, 1957)
have shown that in the presence of acid, aryl thiolsulfinates
rapidly disproprionate to the corresponding disulfide and

thiclsulfonate as shown,
gt
4rS0S&r --=3 &rSO0,84r + ArSSér

Catalytic amounts of methyl disulfide dichloride,
dimethyl sulfur dichloride or hydrogen chloride added to
solutions of methyl methyl thiolsulfinate caused violent
reactions at room temperature in methylene chloride, Equi~
molar amounts of methyl methvl thiolsulfonate and methyl

disulfide were isolated as shown in Table 18, Methyl methyl
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thiolsulfinate was prepared by the slow addition of an equi-

molar amount of MCPA (meta~chloroperbenzoic acid) in chloro=-

form to methyl disulfide in chloroform at 0°C,

Table 18
Dispropriation of Methyl Methyl Thiolsulfinate
CH350CH3* Catalyst CH380,SCH3¥  (CHq)oS, 7
.038 (CH3)pS,Clp  .0l4 015
.05 HC1 023 022
.05 (CH3)QSC12 .022 .023
.05 DMSO no reaction
.05 CH3SOESCH3 no reaction
¥ moles

Kinetics of the Oxidation of Methyl Disulfide

Kinetic studies of the system methyl disulfide~DMSO=~
dimethyl sulfur dichloride were chosen as a model system for
the oxidation of disulfides to thiolsulfonates by DMSO in
the presence of dimethyl sulfur dichloride., Rates were
measured by following the rate of disappearance of methyl
disulfide and the rate of avrpearance of methyl methyl thiol-
sulfonate by nmr as a function of peak height, Results in
Table 19 show that under the conditions, the rate of disapvear-
anceof -methyl disulfide and the rate of appearance of methyl
methyl thiolsulfonate yield first order kinetics. Furthermore
the rates of formation of methyl methyl thiolsulfonate
and disappearance of methyl disulfide within experimental
error are identical, This fact implies that the initial step

is rate determining, That the reaction is first order in



51.
disnlfide is evident by the fact that the rate constant does
not vary with changes in DMSO concentration, The kinetic
order of dimethyl sulfur dichloride must be zero since it is
conserved during the reaction., However changes in initial
concentraetions of dimethyl sulfur dichloride do effect the
rate (Table 19) and must therefore take part in the rate
determining step. The experimental first order rate
constant (kl) therefore must contain a term for the concen-
tration of d&imethyl sulfur dichloride, The true rate constant
(ki) then is the experimental rate constant (ki) divided by
the concentration of dimethyvl sulfur dichloride as derived

below,

|

kq[( CH4) 8
fios)zsgLon3)25013

rate = « d (CHB)QSQ

joF
ct
i

Attempts to determine the true rate constant however,
were unsuccessful, This was probably due to the fact that
the salt, dimethyl sulfur dichloride, was decomposing slowly
during the reaction in methylene chloride., A&ttempts fo find
better solvent systems were hindered by the fact that dimethyl
sulfur dichloride was unstable in most polar solvents,

The kinetics of the reaction of methyl disulfide and
dimethyl . sulfur dichloride show second order kinetics in
the absence of DMSO as shown in Table 20, These results are
consistéent since in the presence of DMSO, di-methyl sulfur
dichloride is regenerated as in the proposed mechanism

(Scheme 3), In the absence of DMSO the kirnetic order of
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13

able 19

Kinetics of the Reaction of Methyl Disulfide WithODMSO in
the Presence of Dimethyl Sulfur Dichloride at 40-C,

(CH3)psp®  (CH3)pSC1p™  DMSO™ k3&(min=1) k1P(minl) ky (pinu™)
. 0043 .0043 0086 ,013%,003 ,0167 002 37
.0043 . 0062 .0086 .072 % ,003 0707 ,002 11
. 0043 . 0073 L0086 (11 * ,02 12 * 02 16

2 rate of disappearance of methyl disulfide

b rate of @ppeprance of methyl methyl thiolsulfonate

able 20

Kinetics of the Reaction of Methyl Disulfide with Dimethyl
Sulfur Dichloride at 40°C,

(CH3)p85 ™ (CH3)pSC1p ¥ ko® (1 ™Y min™hy
,015 015 6515
.005 . 0076 219 % 14

© rate of disappearance of methyl disulfide

. moles
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dimethyl sulfur dichloride must change from zero to first
order,
ummary

& mechanism has beer proposed to account for the
formation of disulfides from the reaction of the correspond-
ing thiolchloroformates with DMSO as shown in Scheme 1, The
proposed mechanism involvas initial nucleophilic attack by
DMS0O on the thiolchloroformate leading to the corresponding
dimethyl alkyl (or aryl) thiolsulfonium ion (32), which
undergoes further attack by thiolchloroformate and DMSO
yielding the corresponding alkyl (or aryl) disulfide. Support
for the proposed mechanism was obtained by "trapping® out the
dimethyl methyl thiolsulfonium ion with i-propyl mercaptan,
Futhermore the stoichiometry of the reaction of phenyl
thiolchloroformate with DMSO was consistant,

4 mechanism has also been proposed to account for the
formation of the corresponding alkyl alkyl thiolchloroformates
from the reaction of less sterically hindered alkyl thiolch=-
loroformates with DMSO involving the oxidation of initially
formed disulfide by DMSO in the vresence of dimethyl sulfur
dichloride., The proposed mechanism involves initial attack
by disulfide on dimethyl sulfur dichloride leading to the
formation of the di-alkyl disulfide dichloride adduct (36),
Replacement of chloride ion by DMSO followed by decomposition
of the adduct leads to the corresponding thiolsulfinate and
dimethyl sulfur dichloride, Dispropriation of the thiol-

sulfinate then leads to equimolar guantities of the corres-
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ponding thiolsulfonate and disulfide, Evidence supporting
this mechanism is listed below:

(1) The stoichiometry of the reaction of methyl thiole
chloroformate and DMSO was consistant with the proposed
mechanism,

(2) Methyl disulfide was rapidly oxidized by DMSO to
methyl methyl thiolsulfonate in the presence of dimethyl
sulfur dichloride, In the absence of the dichloride no
oxidation took place,

(3) Dimethyl sulfur dichloride and methyl disulfide
reacted rapidly to yield a white solid. &ddition of DMSO
to the solid followed by immediate neutralization of the
solution yielded equimolar amounts of methyl methyl thiol-
sulfonate and methyl disulfide.

(4) Methyl methyl thiolsulfinate in the presence of
acid, yielded equimolar amounts of methyl disulfide and
methyl methyl thiolsulfonate,

(5) &ddition of DMSO to methyl disulfide dichloride
resulted in the formation of methyl methyl thiolsulfonate

and dimethyl sulfur dichloride,
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DIscUssION

Studies with Dimethyl Sulfur Dichloride

The presence of dimethyl sulfur dichloride as an
intermediate in a number of reactions has been postulated,
For example Truce, Birum and McBee (1952) postulated the
presence of dimethyl sulfur dichloride as an intermediate
in the chlorination of dimethyl sulfide with sulfuryl and
thionyl chloride., The racemizgtion of sulfoxides in the
presence of hydrochloric acid is also believed to involve
initial formation of the corresponding sulfur dichloride

intermediate (40) (Mislow et al, 1964; Tsuchiya et al, 1964),

L ———
28 + HCl g=== R28C12 + HQO

Lampert and Smith (1964) indicated that the reaction of
sulfoxides with group 3 and 4 halides leads to the corres-
pording sulfur dihalide product while Copley et al (1964)
indicated the formation of dimethyl sulfur dichloride from
the reaction of niobium pentaflouride and DMSO, However
neither of these workers attempted to isolate the products,

Preparation of Dimethyl Sulfur Dichloride

&1though dimethyl sulfur dichloride could be isolated
from the reaction of alkyl or aryl thiolchloroformates and
DISO, the method of choice for the preparation of the compound
was by the slow addition of excess thiolphosgene to DMSO in

anhydrous ether under a nitrogen atmosnhere as previously
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decscribed, Yields of dimethyl sulfur dichloride by this
method were of the order of 75%.

Exchange Reaction of DMSO and Dimethyl Sulfur Dichloride

Nmr studies showed that the addition of dimethyl sulfur
dichloride to DMSO in a solution of deutero-chloroform and
methyl methyl thiolsulfonate led to the collapse of the
separate resonances of the methyl protons of DMSO and dimethyl
sulfur dichloride into a sharp singlet. Turther studies showed
that the position of the singlet was directly proportional to
the ratio of DMSO and dimethyl sulfur dichloride., This fact
indicated a rapid exchange reaction rather than the formation
of a complex was taking place between the two species., Low
temperature nmr studies were undeértaken (37°C to -60°C) and
it was found that no peak splitting took place even at -60°C,
Results are shown in Table 21, From the data the rate of
exchange of DMSO and dimethyl suvlfur dichloride must be at
least 3X10—2 sec"l under these conditions, This figure was
obtained from the eguation shown below where T is the exchange
rate and Vame is the difference in chemical shift between the
two species at the coalescence temperature, Since the
coalescence temperature was below —GOOC, a minimum exchange

rate could be obtained by using values obtained at -60°C,

The mechanism of the exchange reaction probably involves

nucleophilic displacement of chloride by DMSO followed by
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Tow Temperature nmr Study of Exchange of DMSO and Dimethyl

Sulfur Dichloride
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backside attack by chloride on the intermediate ss shown helow,

. . t
(CH)pS-Cl €17+ (CH,),S%0 F222 (CHE)E%—O—S(CHB)Q c1

c1
) /CH 3 )
(CH2>O?»515 ThCLT R (CH,),820  t (CHg),S-C1 €17
2 = '\\/ i — .
C C
1 H,

Synthesis of Deuterated Dimethyl Sulfide

The prohibative cost of producing deuterated dimethyl
sulfide is probably the major factor in preventing this
compound from becoming both a useful nmr solvent and a precurser
for related deuterated compounds. The present work suggested
a relatively inexpensive and rapid method for the preparation
of this compound.

Deuterated dimethyl sulfide was prepared from the reaction
of deuterated DMSO (Merck, Sharp and Dohme Canada Limited)
and methyl disulfide in the presence of dimethyl sulfur
dichloride, The sulfide was ftrapped in an acetone~dry ice
bath and purified by distillation (bp=z=2380C) through a column
containing glass beads. The infra red spectrum showed absorp-
tions at 2240 and 21.0 cm’1 charactoristic of carbon-deuterium
stretching vibrations while the mass spectrum gave a gplitting
pattern similar to dimethyl sulflde considering the difference
in mass between hydrogen and deuterium with m/e = 68(100),

50(85), 51(32), 45(29), 42(27), 30(19) and 15(9),



59.

Exchange with Deuterated Dimethyl Sulfide

When deuterated dimethyl sulfide and dimethyl sulfur
dichloride were mixed in equimolar quantities in methylene
chloride and methyl methyl thiolsulfonate, after five
minutes only one peak was visible at 3.2 PPW¥ correspdonding
to the methyl protons of dimethyl sulfur dichloride, A&fter
one hour two peaks were visible in a 121 ratio at 3,2 PPV
and 2.1 PPM corresponding to the methyl protons of dimethyl
sulfur dichloride and dimethyl sulfide., The ratio of the
peaks did not change thereafter, From this data it appears
that a very slow exchange reaction is taking place between
the two species,

The mechanism for this exchange reaction probably
involves initial nucleophilic attack on deuterated dimethyl
sulfide by dimethyl sulfur dichloride resulting in the
formation of the intermediate thiolsulfonium ion, &ttack on
this intermediate by chloride ion would them be expected to
yield deuterated dimethyl sulfur dichloride and dimethyl

sulfide as shown belows

s ‘ ) + _
(CH4)p8-C1 €17 4+ (CD3)pS g==3 (CH3)2?—S(CD3)2 cl
. C1l
+ ) ‘ T -
(CH3)2$—S(CD3}2 c1L” §¥=2  (CH3)oS + (CD3)p8-C1 C1

Cl
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Oxidation of Phosphines

Szmant and Cox (1966) have renorted that triphenyl-
phosphine is oxidized to triphenylphosphine oxide at 100°C
in the presence of glacial acetic acid., In our laboratory
it was found that addition of dimethyl sulfur dichloride
to a solution of trivhenylvhosphine and DMSO in anhydrous
ether gave high yields of triphenylphosphine oxide at room

temperature as shown in Table 22,

Table 22

Oxidation of Triphenylphosphine by DMSE0O and Dimethyl Sulfur
Dichloride

DHSO®  (CH3)pSCLy  (CgHe)qP"  (CgHe)yPe0

et st ot e e o e e e s st At et it it et et it ot et P A P —

.025 025 .02 .018(92%)

moles

Conceilvably this technique could be useful for the facile

oxidation of phosphines at low temperatures,

Attempted oxidation of Alcohols
Kornblum et al (1957) showed that dimethyloxysulfonium
salts (43) decompose into a carbonyl compound and dimethyl

sulfide under basic conditions., The possibility that the

K
Rg?—ouq(CH3)2 basg RoC=0 + (CH3)pS

B (43)

reaction of dimethyl sulfur dichloride with an alcohol could

lead to the formation of the corresponding dimethyloxysulfonium
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salt (44) was investigated., However no reaction took place

Af-
(CH3)pSCly + RoC-0H - RpC-0-S(CH3)p €17 + HCL

; b e

when dimethyl sulfur dichleride was mixed with isopropyl
alcohol, anisyl alcohol or 2-hydroxy methyl-5-norbornene
under a variety of conditions.

Oxidation of Thiols

Addition of thiols (R=02H59 CH3, 1_03H7? C4H9) to
dimethyl sulfur dichloride in anhydrous ether resulted in
the oxidation of the thiols to the corresponding disulfides,
Complete reaction was over in fifteen minutes at 0°C, The
mechanism probably involves initial nucleophilic attack by
thiol on the dichloride yielding the dimethyl alkyl
thiolsulfonium intermediate (45) which rapidly reacts with

another mole of thiol yielding the corresponding dieulfide,

+ +

(CH3)28a01 Cl™ + RSH ---2 (CH3)28~S-R Cl1™ + HC1
(45)

(45) t+ RSH ---> (CH3)p8 + HCL + RpSp

Results are shown in Table 23,



Table 23
Oxidation of Thiols by Dimethyl Sulfur Dichloride at 0°¢
R RSH (CHy)pSC1p ¥ RoSo #
CHy .051 .025 .011 (65%)
CoHg .05 .025 014 (75%)
1-C3Hy .05 ,025 L021 (79%)
C4Hg .05 .025 .20 (80%)
#*

moles

2o
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£11 melting points given were determined on a Fisher-Johns
melting point apparatus and are corrected,

Infrared spectra were obtained on a Perkin-Elmer Model 337
Grating Infrared Spectrometer,

Ultra violet spectra were obtained on a Perkin-Elmer
Model 450 UV=Visible - NIR Spectrometer,

N,m,r, spectra were obtained on a Varian &4=56/60L Spectro-
meter, A1l solutions or neat liquids contained tetramethyl-
silane as the internal standard,

Mass snectra were vnerformed by Mr., D, Lin on a Hitachi
Perkin-Elmer RMU-6D Mass Spectrometer,

Vapour Phase Chromatography was performed on a Varian
ferograph Series 1520 Gas Chromatograrh,

Silica gel used in Column Chromatography was supplied by
Fisher Scientific Company, 60-200 mesh for gas chromatography,
Grade 950,

Thin layer Chromatography was performed on silica gel
DSF-5, made by Camag, obtained from Mondray Ltd,, 4180 de
Courtrai, Montreal,

Elemental analyses were performed by &-Bernhardt, Micro-
analytical Laboratory, 5251 Elback uber Engelakirchen, W,

Germany,

63,
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Reaction of Phenyl Thiolchloroformate and DMSO:  Method A

In a typical example 0,1 moles of dry DMSO in 5 ml
of carbontetrachloride was added slowly (5 min.) to 0.02 moles
of phenyl thiolchloroformete (K and K} in 10 ml of carbon-
tetrachloride at 0°C, The reaction was stirred at room
temperature for 0.5 hours and the resulting yellow solution
was nentralized with agueous sodinm bicarbonate, The pnroducts
were extracted with carbontetrachloride and the extract was
washed with aqueous sodium chloride and dried over sodium
sulfate, Removal of the solvent under vacuo gave a yellow
solid., The solid was passed thru a 1 ft, silica gel column
(95% petroleum ether/5% chloroform) yielding 2.12g of a white
solid with a melting point of 59°C, The infra red spectrum
of the nroduct in nujal gave absorntions at 2950,1460,1370,
740 and 680cm™% The nmr spectrum of the nroduct in carbon-
tetrachloride showed peaks at 7.5 P,P,M, in the aromatic
region, The compound was identified as phenyl disulfide
(yield=96%) by comparison with results obtained by Cymerman
and Willis (1951).

Reaction of Phenyl Thiolchloroformate and DMSO: Method B

In a typical example 0.01 moles of dry DMSO in 5 ml
of carbon tetrachloride was added slowly to 0,02 moles of
phenyl thiolchloroformate in 5 ml of carbon tetrachloride
at 0°C, The reaction was stirred for 1 hour at room temperature
and then filtered to yileld 0.416g of a hygrosconic white
salt, The salt was identified as dimethyl sulfur dichloride
(yield=70%) by its mass spectrum (m/e=62,63,48,97,47,36,

28,99345)5by the strong absorption at 880 cm~1 characteristic
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of sulfur-chlorine stretching vibrations, and by the nmr
which gave one absorption at 3.2 P,P,M, when disolved in
a mixture of methyl methyl thiolsulfonate and deuterated
chloroform (1:3 v/v),

The carbon tetrachloride layer was washed with acueous
sodium chloride and dried over sodium sulfate, 0,13 moles
of di-i-propyl amine was then added to the carbon tetrach-
loride solution and the solution was stirred for 0.5 hours
at room temperature., The solution was filtered and the
solvent was removed under vacuo yielding 3.51 grams of a
grey solld, The so0lid was passed thru a one foot silica
gel column (100% chloroform) yielding 3,49 grams of a
white so0lid. Nmr integration of a solution of the products
(identified as phenyl disulfide and N-di-i-propyl -S-phenyl
thiolcarbamate) showed the products to be 0,0048 moles (48%)
phenyl disulfide and 0,01 moles (50%) N-di-i-pronyl-S-phenyl
thiolcarbamate,

For identification the products were separated on a
one foot silica gel column (85% petroleum ether/15% chloro-
form) yielding 1.041 grams phenyl disulfide and 1.041 grams
N-di-i=-prooyl-S-phenyl thiolcarbamate, The thiolcarbamate
in nujol showed infra red absorptions at 3000,1660,1300,1040,
820,700 and 640 em™l and melting point of 93°C after
recrystallization from methonal. &nalysis showed: %C= 65,99
FH=8,07,%N= 5,71, %S =13,53,

C1l3HI9NSO requires: %C= 65,77, #H= 8,08, %N= 5,71,

%5 =13.53,



Criteria for nmr Intergration Technigue to Identify Ratio

of Phenyl Disulfide and N-di-i-nronyl-S-phenyl Thiolcarbamate

1.1lg phenyl thiolchloroformate and 1,13g phenyl disulfide

were disolved in 15ml of carbon tetrachloride and 4g of
di-i-propyl amine was added slowly (10 min.) at 0°C and

the solution was left stirring for 0,5 hours at room tempera-
ture, The solution was filtered and the filtrate was
evaporated down to give 2,61lg of a grey solid, The solid was
put thru a 1 ft, silica gel column (100% chloroform) yielding
2.55g of a white solid. Nmr integration of a solution of

the products in earbon tetrachloride gave values of 1.,lg

(100%) phenyl disulfide and 1.43g (96%) N-di-i-propyl S-phenyl

thiolcarbamate,

The products were separated on a 1 ft. silica gel
column (85% petroleum ether/15% chloroform) yielding 1.04g
(94%) phenyl disulfide and 0,89g (61%) N-di-i-propyl S-phenyl
thiolcarbamate,

Enalysis for Volastile Products from the Reaction of Phenvl

Thiolchloroformate and DMSO

0.1 moles of dry DMSO was added slowly (5 min,) to

0.02 moles phenyl thiolchloroformate in 10ml carbon tetra-
chloride at 0°C and the reaction stirred for 1 hour at room
temperature, Volatile products were trapped in an acetone-
dry ice bath followed by a liguid nitrogen trap. 4An infra
red spectrum of the gases trapped in the ZLiquid nitrogen
trap showed the characteristic absorption for carbon dioxide
at 2350cm"1a The product from the acetone~dry ice bath was

distilled thru a 1 ft., column packed with helical glass beads
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yielding .0097 moles (97%) methyl disulfide,

0.026 moles of thiolphosgene in 10ml of anhydrous
ether was added slowly (15 min.,) to 0,013 moles of dry DMSO
in 10ml of anydrous ether at 0°C, The reaction was left
stirring for 0.5 hours at 0°C., The solvent was removed with
s Tilter stick and the white salt was washed 3 times with
anhydrous ether under a stream of dry nitrogen. The hygro-
scopic white salt was dried under vacuo vielding ,01 moles
(76%) of dimethyl sulfur dichloride, The infra red spectrum
of the salt in Kel-F grease #90 (3M Company) showed a strong
chlorine absorption at 870 em~t, The mass spectrum of the
salt showed peaks and relative intensities at 62(100),
63(73), 48(70), 46(61), 97(46), 47(46), 36(36), 28(28),
99(18) and 45(12), The instability of the salt at room
temperature prevented an elemental analysis,

Hydrolysis of Dimethyl Sulfur Dichloride

0.0012 moles of freshly prepared dimethyl sulfur
dichloride was added to 25ml of water and the solution stirred
at room temperature for 0.25 hours. The solution was titrated
for acid using 0,001 molar standardized sodium hydroxide, The
titration showed 0,0023 moles of chloride ion present,

Hydrolysis of Dimethvl Sulfur Dichloride in Deuterium Oxide

00,0041 moles of freshly prepared dimethyl sulfur
dichloride was added to 1ml of deuterium oxide iIn an nmr tube,
The nmr spectrum showed a singlet at 2,6 P,P.M, A&ddition of
DMSO to the sample still showed a singlet indicating the

presence of DMSO, The infra red showed characteristic sulfone
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absorptions at 1330 and 1135cm”L.

Reaction of p-~Chlorophenyl Thiolchloroformate and DMSD

0.02 moles of dry DMSO in 5ml carbon tetrachloride
was added to 0,0102 moles of p-chlorophenyl thiolchloroformate
(K&K Laboratories) in 5ml of carbon tetrachloride at 0°C,
The reaction was stirred for 0.5 hours at room temperature,
A white solid product was obtained using the same method
used to isolate phenyl disulfide from the reaction of phenyl
thiolchloroformate and DMSO (Method &), The product was
ldentified as p-chlorophenyl disulfide (yield =,0042 moles
(85%)). The product gave a melting point of 72°C and the
infra red spectrum in nujol showed absorptions at 2980, 1480,
1400, 1090, 1010, and 830cm™%, |

Reaction of t-Butyl Thiolchloroformate and DMSO

0.05 moles of dry DMSO in 2ml of methylene chloride
was added over 5 min, to 0,03 moles of t-butyl thiolchloro-
formete in 3 ml of methylene chloride at 0°C. The reaction
was stirred for 3 hours at room temperature. The solution
was nentralized with aqueous sodium bicarbonate and the
products were extracted with methylene chloride and dried
over sodium sulfate, Removal of the solvent under vacuo
yielded 2.8g of a yellow liquid, The liquid product was
purified by vacuum distillation (bp=130°/150mmHg) yielding
2.24g (0,013 moles; 87%) of t-butyl disulfide, Refractive
index (n020=l°4901), infra red absorptions at 2960, 1450, 1350
and lléocmmland nmr in carbon tetrachloride gave a singlet at
1.3 P.P.M, were consistant with an authentic sample of t-butyl

disulfide,
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Preparation of Authentic t-Butyl Disulfide

t-Butyl disulfide was prevared by the method of Vogel
and Conan (1943), Distillation of the product gave a boiling
point at 139°/150mmHg, infra red absorptions at 2960, 1455,
1345 and 1165cm™%, n,°0 at 1.4900 and nmr singlet at 1.3 P.P.H,

Reaction of i=-Propyl Thiolchloroformate and DMSO

The reaction of i-prooyl thiolchloroformate and DMSO
was carried out under the same conditions as the correspond-
ing reaction with t-butyl thiolchloroformate. The crude
product from the reaction was distilled.yielding i-pronyl
disulfide (bp=174°/750mmHg). The product gave infra red
absorptions at 2900, 1450, 1350, 1240, 1160, 1050 and 870cm™ T,
n,°%21,4904 and nmr peaks at 1.2 and 2.9 P.P.M. in a 6:1 ratio.
Vapor phase chromotography of the crude product showed the

absence of any other high boiling products,

Preparation of Authentic i-Propyvl Disulfide

i-Propyl disulfide was prepared by the method of Vogel
and Conan (1943), Distillation of the product gave a boiling
point of 123°/150mmHg, infra red absorptions at 2900, 1450,
1150, 1240, 1155, 1050 and 865em™  and n,” = 1.4912,

Reaction of n=Pronyl Thiolchloroformate and DMSO

In a typical example 0,1 moles of dry DMSO in 5ml
of methylene chloride was added to 0.1 moles of n=propyl
thiolchloroformate (K & K Laboratories) at OOC, The reaction
was stirred at room temperature for 1 hour and the crude liguid
product (6,45 grams) obtained using the same method as in the
case of the reaction of t~butyl thiolchloroformate and DMSO,

Vacuum distillation gave 5.95 grams of n-propyl n-propyl
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thiolsulfonate (bp=96°C/0,4mmHg) and 1,87 grams of n-propyl
disulfide (bp=192°C/750mmHg), The thiolsulfonate showed
infra red absorptions at 299, 1750, 1140 and 960 cm™t,
n920:184943 and nmr peaks in deuterated chloroform at 1.1,

1.8, 2.3, and 3.3 P.P.M. in the ratios 3:2: 1:1, Boldyrev (1956)
gives values for n-propyl n-propyl thiolsulfonate of n020m1.4
935 and bp=z112°C/2mmHg. The disulfide showed infra red

20_1.,4973 and

absorptions at 2960, 1480, 1300 and 1240 cm™L, n,
nmr absorptions at 0.9, 1.6 and 2.5 P,P,M, in ratios 3:2:2,

Preparation of Authentic n-propyl Disulfide

n-Propyl disulfide was prepared by the method of Vogel
and Conan (1943), Distillation of the crude product gave a
boiling point of 123°C/150mmHg, n,2%21.4981 and infra red
absorptions at 2960, 1480, 1305 and 1240 cm™1,

Reaction of Ethyl Thiolchloroformate and DMSO Method &

0.2 moles of dry DHSO in Sml of methylene chloride was
added over 10 mins. to 0,1l -moles of ethyl thiolchloroformate
(K & K Laboratories) at OOCe The reaction was left at 0°¢c
for 0.5 hours then at room temperature for 1 hour. The
reaction was worked up as in the case of the reaction of
t=butyl thiolchloroformate and DMSO, The crude liquid product
was distilled yielding .,035moles of ethyl ethyl thiolsulfonate
(bp=83OC/Oo3mmHg),The product showed infra red absorptions
at 1140, 1320, 780 and 2950cm™ ", ultra violet absorotion with

max in 100% methanol at 240mu and n920=1349’74e No ethyl
disulfide was detected by vapnor phase chromotogranhy,

llethod B

A e 3 R s m 0

Reaction of Ethyl Thiolchloroformate and DMSO

0,1 moles of dry DMSO and 0.1 moles of ethyl thiolchloro-
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formate in 5ml of methylene chloride were reacted as in
Method &, Distillation of the crude liquid product yielded
.0136 moles (27%) ethyl ethyl thiolsulfonate (bp=82°C/0.3mmHg)
and a lower boiling fraction trapped in liguid nitrogen during
the distillation,15g of di-i=-propyl amine in 50ml methylene
chloride was added to the lower boiling fraction and the
reaction stirred for 0.5 hours at room temperature, Following
filtration and removal of solvent and excess di-i-propyl amine
by vacuum distillation, the crude products (5.28g) were put
thru a 1 ft., silica gel column (100% chloroform) yielding
5.18g of a liquid product. By nmr integration, yields of
.0107 moles (26%) ethyl disulfide and ,0262 moles (26%)
N-di-i=-propyl-S-ethyl thiolcarbamate were obtained., For
identification the nroducts were separated on a 1 ft silica
gel column (85% petroleum ether/15% chloroform) yielding 1.2g
ethyl disulfide and 3.8g N-di-i~propyl-S-ethyl thiolcarbamate,
The disulfide gave infra red absorptions at 3000, 1450, 1380,
1200, 980 and 760 cn™t, n,°"= 1.4916 and bp=176°C/757mmie.
The thiolcarbamate cshowed infra red absorptions at 3000, 1450,
1380, 1260, 980 and 760 em™ T, bp=1520C/757mmHg, n,°0=1.8069
and nmr peaks in deuterated chloroform at 1.3 and 2.6 P,P.M,
in a 3:2 ratio, FElemental analysis showed: %C=57,22, %H=10.25
IN=7,57, %5=16.95,

COH19S0N requires: #C=57,10, %H=10.14, %N=7.40, %S=16.91.

Preparation of Methyl Thiolchloroformate

Methyl thiolchloroformate was prepared from methyl

mercaptan and vhosgene by the method of Reinschneider and

Lorentz (1953),
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Reaction_ of lMethyl Thiolchloroformate and DHSO

& typical examrple is as follows: 0,1 moles of dry

DMSO in 2ml of methylene chloride was added over 10 mins., to
0,1 mole of methyl thiolchloroformate in 8ml methylene chloride
at 0°C, The resction was left stirring for 1 hour. Workup as
in the case of the reaction of t-butyl thiolchlorformate and
DMSO gave a yellow liquid, Distillation yielded .048 moles
(487) methyl methyl thiolsulfonate, The thiolsulfonate gave
bp=74°C/0,4mmHg, infra red absorptions at 3010, 2940, 1200, 1135
and 955 cm“1,7xmax=240mu in 100% methanol, nmr peaks in
deuterated chloroform at 2,6 and 3.2 P,P.,M, in & 1:1 ratio

and NDQO:lQSIZIe No methyl disulfide was detected by vapor

phase chromotography.

Prevagration of Authentic Methyvl Methyl Thiolsulfonate

Methyl methyl thiolsulfonate was prepared by the method
of Douglas et al (1959}, The product gave bp=73°C/0.4mmHg,
infra red absorption at 3010, 2940, 1300, 1135 and 9595 cm*17

20:1@5112 and nmr peaks in

max=240mu in 100% methanol, n,
deuterated chloroform at 2.7 and 3,3 P.P, M, in a 1:1 ratio,

Reaction of Methyl Thiolehloroformate, DMSQ and i-Propyl

0.2 moles of dry DMSO in 5ml of methylene chloride was
added over one hour to 0,1 moles of i-propyl mercavtan and
0.05 moles methyl thiolchloroformate in 5ml methylene chloride
at 0°C, The reaction was stirred for 2 hours at room
temperature and then neutralized with agueous sodium bicarbon-
ate, The products were extracted with methylene chloride and

dried over sodium sulfate, The solvent was taken off in vacuo
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and the product distilled to give 005 moles methyl methyl
thiolsulfonate (bp=70°C/0,.2mmHg) and 5.8g of lower boiling
product, The lower boiling products were separated by vapor
phase chromotography on a 5 ft. x 0,5 in., 20% carbowax M on
chromosorb W column at 160°C, Ratios of products were
obtained by pneak asreas, Results showed 0,0042 moles of
methyl disnlfide (ret, time =4.60 min, at 60cc He/min.),
.0173 moles of i=-propyl disulfide (ret, time=9,44 min.) and
.0233 moles i-propyl methyl disulfide (ret., time=6.73 min.).
Methyl disulfide was identified by ite infra red absorptions
at 2900, 1400, 1350 and 970 cm™F and ny U=1,5092. I-propyl
disulfide gave infra red absorptions at 2900, 1445, 1350,

20

1240, 1160 1,050 and 870 cm™* and n,” "=1.4906, I-propyl

methyl disulfide gave infra red absorptions at 2970, 1420,

20

1370 and 1020 em™' and n, "=1.5049,

Preparation of &uthentic i-Propyl Methyl Disulfide

0.02 moles of i-propyl mercaptan and 0,02 moles of
methyl mercaptan were dissolved in 50ml of 15% aqueous sodium
hydroxide, 0,035 moles of iddine was added over 0.5 hours
at 0°C to the solution, and the solution was stirred for 1
hour., The products were extracted with benzene and the organic
layer washed with aqueous sodium chloride and dried over
sodium sulfate, The solvent wags removed and the crude products
were separated by vapor phase chromotography using the same
conditions as previously described, The retention times of the
products were 4,88 min, (60cc He/min.,) for methyl disulfide,
9,48 min, for i=-propyl disulfide and 6.78 min, for i-vrooyl

methyl disulfide, I-propyl methyl disnlfide gave infra red
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absorptions at 2970, 1415, 1370 and 1020 cm=1 and n ,20=1.5047,

Reaction of Dimethyl Sulfur Dichloride and i-Propyl Mercaptan

in the Presence of Methyl Thiolchloroformate

0.05 methyl thiolchloroformate and 0.05 moles i-propyl
mercantan in 10ml methylene chloride was added over 10 min. %o
0.025 moles of freshly prepared dimethyl sulfur dichloride,

The reaction was stirred for 1 hour at room temperature and

then neutralized with agueous sodium bicarbonate, The products
were extracted with methylene cloride and the organic layer
washed with agueous sodium chloride and dried over sodium sulfate,
The solvent was removed under vacuo and the crude liquid products
distilled to yield .046 moles methyl thiolechloroformate
(bp=48°C/150mmHg) and .021 moles (84%) i-propyl disulfide
(bp=25°C/150mmHe ).,

i=Propyvl Mercantan and Methyl Methvl Thiolsulfonate

0.05 moles i-propyl mercaptan and 0,05 moles methyl
methyl thiolsulfonate in 15ml methylene chloride refluxed for
2 hours. No reaction took place.

i=Propyl Disulfide and Methyl Methyvl Thiolsulfonate

0.1 moles of i-propyl disulfide and 0,1 moles methyl
methyl thiolsulfonate in 10ml methylene chloride were refluxed
for 2 hours. No reaction took place,

Methyl Disulfide and DMSO

0.1 moles of dry DMSO was added to 0.05 moles of methyl
disulfide and the solution left at 80°C for 3 hours. No reaction

took place,
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Reaction of Methyl Disulfide. DMSO and i-Propyl Thiolechlor-

formate

0,065 moles of i-propyl thiolchloroformate in 5ml of
methylene chloride was added over 10 min. to a solution
containing 0,265 moles DMSO and 0,1 moles of methyl disulfide
in 10ml of methylene chloride., The reaction was stirred for
3 hours at room temperature and then neutralized with aqueous
sodium bicarbonate., The products were extracted with
methylene chloride and the organic layer washed with aqueous
sodium chloride and dried over sodium sulfate, The solvent
was removed under vacuno and the crude liquid produce distilled
yielding 0,098 (98%) methyl methyl thiolsulfonate and 0.025
moles (78%) of i-provyl disulfide,
Reaction of Methyl Disulfide., DMSO and Methyl Thiolchloroformate

0.22 moles of dry DMSO in 5ml methylene chloride was
added over 10 mins. to 0.1 moles of methyl disulfide and 0,02
moles methyl thiolchloroformate in 5ml methylene chloride at
0°C, The reaction was stirred for 3 hours at room temperature,
The products were isolated as in the reaction of methyl
disulfide, DMSO and i-propyl thiolchloroformate to yield
0,103 moles (94%) methyl methyl thiolsufonate,

Reaction of Methyvl Displfide. DMSO and Dimethyl Sulfur Dichloride

Method &

Dimethyl sulfur dichloride was di&olated from the reection
of an alkyl or aryl thiolchloroformate and DMSO as previously
described, 0.036 moles of dry DMSO in 2ml methylene chloride
wags added to 0.017 moles methyl thiolchloroformate in 5ml

methylene chloride at 0°C, The reaction was left 1 hour at 0°C
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and then 10 hours at =10°C. The solution was filtered yield=
ing 0,8g (72%) dimethyl sulfur dichloride., The dichloride

was added to 0,1 moles of methyl disulfide and 0.21 moles of
D¥SO in 15ml methylene chloride and the reaction left at

room temperature for 3 hours. The solution was neutraligzed
with agueous sodium bicarbonate and the products extracted

with methylene chloride. The aqueous layer was washed with
aqueous sodium chloride and dried over sodium sulfate, Removal
of the solvent in vacuo and distillation of the crude liguid
product yielded .096 moles (96%) methyl methyl thiolsulfonate,

Reaction of Methyl Disulfide, DMSO and Dimethyl Sulfur Dichloride

Method B

ok ekt s et et et it

Dimethyl sulfur dichloride was prepared by the action of
thiophosgene on DMSO as previously described, 0.0057 moles of
freshly prepared dimethyl sulfur dichloride was added to 0,1
moles of methyl disulfide and 0,21 moles of dry DMSO, The
reaction was stirred for 1 hour at 80°C and the products
extracted as described in Method 4, yielding 0,101 moles (91%)
methyl methyl thiolsulfonate,

Reaction of Methyl Dignlfide, DMSO and Hydrogen Chloride

0.014 moles anhydrous hydrogen chloride was dissolved
in 0,1 moles of dry DMSO in 5ml methylene chloride at 0°C,
The exothermic reaction was cooled at 0°C for .05 hours and
then 0.05 moles of methyl disulfide in 5ml methylene chloride
was added to the solution. The reaction was left 3 hours at
room temperature but no reaction took place. The solution was

heated to 80°C for 1 hour and the products extracted as in
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Method &, yielding .049 moles (96%) methyl methyl thiol-

sulfonate.

Reaction of Methyl Disulfide and Dimethyl Sulfur Dichloride

015 moles of freshly prepared dimethyl sulfur dichloride
and ,01%5 moles of methyl disulfide were dissolved in 8g of
methyl methyl thiolsulfonate and 8g deuterated chloroform and
stirred . 15 min. at room temperature., A& white unstable
precipitate was isolated but could not be characterized.
Addition of ,09 moles of DMSO to the precipitate in 10ml
methylene chloride resulted in a vigorous reaction which was
immediately neutralized with aqueous sodium bicarbonate, The
products were extracted with methylene chloride and the organic
layer washed with aqueous sodium chloride and dried over sodium
sulfate, Distillation of the crude liguid product yielded
.0049 moles (32%) methyl methyl thiolsulfonate and ,0048 moles
(31%) methyl disulfide,

Preparation of Methyl Disulfide Dichloride

Methyl disulfide dichloride wasg prepared by the method
of Schneider (1951), VYield was 14,9z (91%),

Reaction of Methyl Disulfide Dichloride and DMSO

0.1 moles of dry DMSO in 10ml of methylene chloride was
added over 10 mine to 0.02 moles of frechly prepared methyl
disulfide dichloride in 5ml methylene chloride over 10 min,

& vigorous reaction took place immediately, The products
were extracted by the same method as the reaction of methyl
disulfide and dimethyl sulfur dichloride fo yield 0,017 moles

(85%) methyl methyl thiolsulfonate,
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Isclation of Dimethyl Sulfur Dichloride from Methyl Disulfide

Dichloride and DMSO

0,05 moles of dry DMSO in 195ml anhydrous ether was added
over 1% min, to 0,025 moles methyl disulfide dichloride at 0°c,
The reaction was left .05 hour at 0°C and 10 hours at -10°C,
The solution was filtered and the filtrate was distilled to
yield .024 moles (97%) methyl methyl thiolsulfonate, The
precipitate from the reaction was identified as dimethyl
sulfur dichloride with a yield of ,014 moles (57%2),

Preparation of Methyl Methyvl Thiolsulfinate

0,2 moles of meta-chloroperbenzoic acid (MCP&) in 200ml
of chloroform was added over 15 min, to 0,2 moles methyl
disulfide in 100ml chloroform at 0°C. The reaction was left
at room temperature for 5 min, and the solution filtered, The
filtrate was neutralized with aqueous sodium bicarbonate,
washed with agqueocus sodium chloride and dried over sodium
sulfate., The solvent was removed in vacuo to yield 10g of
liquid, The liguid product was dictilled, yielding ,086 moles
(43%) methyl methyl thiolsulfinate (bp=58°C/IlmmHg), The
product gave infra red absorvtions at 3000, 1400, 1250, 1080
and 770 em™! n,°%21.5557 and aAmax=250m1 in 100% ethanol.
Small, Bailey and Corallito (1947) list values of methyl
methyl thiolsulfinate of :n025213§481,:kmax:248mu in 100%
ethanol and bp:64OC/O°5mmHga

Reaction of MMethyl Methvl Thiolsulfinate and Dimethyl Sulfur

Dichloride

A& catalytic amount ( 0,1g) of dimethyl sulfur dichloride
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was added to 0,05 moleg of methyl methyl thiolsulfinate in
10ml of methylene chloride at 0°C, & violent reaction took
place, The reaction was immediately neutralized with agueous
sodium bicarbonate, and the products extracted with methylene
chloride, The organic layer was washed with aqueous sodium
chloride ard dried over sodium sulfate, Removal of the solvent
followed by distillation of the crude liqguld product yielded
0.023 moles (45%) methyl disulfide and 0,22 moles (44%) methyl
methyl thiolsulfonate,

Reaction of Methyl Methyl Thiolsulfinate and Methyl Disulfide

Dichloride

& catalytic amount ( 0.1g) of methyl disulfide dichloride
was added to 0,038 moles of methyl methyl thiolsulfinate in 5ml
methylene chloride at room temperature, & violent reaction took
place, The products were isolated as in the reaction of methyl
methyl thiolsulfinate and dimethyl sulfur dichloride yielding
0.015 moles (44%) methyl disulfide and 0,014 moles (43%) methyl

methyl thiolsulfonate,

Reaction of Methyl Methvl Thiolsulfinate and Hydrogen Chloride

& catalytic amount of anhydrous hydrogen chloride was
bubbled into a solution containing 0,05 moles methyl methyl
thiolsulfinate in 10ml methylene chloride at room temperature,
% violent reaction took place, The products were isolated as
in the reaction of methyl methyl thiolsulfinate amd dimethyl
sulfur dichloride yielding 0,022 moles (44%) methyl disulfide

and 0,023 moles (45%) methyl methvl thiolsulfonate,
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Methyl Methyl Thiolsulfinate and DMSO

0.1 moles dry DMSO in 5ml methylene chloride was added
to 0.05 moles methyl methyl thiolsulfinate in 5ml methylene
chloride, The solution was 1eft at room temperature for 3
hours and at B0°C for 3 hours. No reaction took place.

Methyl Metnhvl Thiolsulfinate and Methyl Methyl Thiolsulfonate

0.05 mnoles methyl methyl thiolsulfonate in 5ml methylene

chloride was added to 0.0%5 moles methyl methyl thiolsulfinate

in 5ml methylene chloride. The solution was left at room

temperature for 3 hours and then at 80°C for 3 hours. No

reaction took place,

Kinetic Studies of Methyl Disulfide, DMSO and Dimethyl Sulfur

Dichloride
In a typical example 0,0042 moles of dimethyl sulfur
dichloride was added to 0,0086 moles dry DMSO and 0,0043 moles
methyl disulfide in 3Iml methylene chloride, The rate of
disappearance of methyl disulfide and the rate of formation
of methyl methyl thiolsulfonate was followed at 40°C by nmr
by measuring their respective peak heights as a function of
time, The reaction showed 1st order kinetiecs calculated from
the equation:

k = 2,303 log (pesk height) U=0
T (peak height) t=X

The rete constant for the disappearance of methyl disulfide

was 0,013 &« ,003 min~+ at 40°C while the rate constant for

o

the appearance of methyl methyl thiolsulfonate was 0,016 % ,002

min“lﬂ
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Exchange Reaction of DMSO and Dimethyl Sulfur Dichloride

2,70g (,020 moles) dimethyl sulfur dichloride was
dissolved in 10.5g deuterated chloroform and 10.5g methyl methyl
thiolsulfonate, & few drops of methylene chloride were added
and some of the solution was put in an nmr tube. The solutionn
showed a single peak of 137 cps from the standard methylene

chloride at 370°C, The peak position at 370, 0°

s =20°, -400°
and -60°C were determined, Similar experiments were run at
the same concentration of dimethyl sulfur dichloride with the
addition of ,795g (,010 moles), 1.590z (,020 moles) and 2,385g

(.020 moles) DMSO at the above temperstures,

Reaction of Dimethyl Sulfur Dichloride and i-Propyl Mercaphan

3,3g (0,025 moles) dimethyl sulfur dichloride was put in
a 100ml flask in 25ml anhydrous ether with drying tubes and
stirrer, 3.8g (C.05 moles) i-propyl mercaptan in 10ml anhydrous
ether was added over 15 min, at 0°C 2nd the reaction was then
stirred for 1 hour at room temperature., The solution was
neutralized with agueous sodium bicarbonate and the products
extracted with ether, The organic layer was washed with
aqueous sodium chloride and dried over sodium sulfate, The
ether was removed under vacuo and the crdue liquid product
distilled yielding .021 moles (79%) i-propyl disulfide,.

Reaction of Bimethyl Sulfur Dichloride and t-Butyl Mercantan

Using the same method as zbove, 0,05 moles of t-butyl
mercaptan and 0,025 moles dimethyl sulfur dichloride yielded

0,20 moles (78%) t-butyl disulfide,
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Reaction of Dimethyl Sulfur Dichloride and Ethyl Mercantan

Using the same method as above. 0,05 moles of ethyl
mercaptan and 0.025 moles dimethyl snlfur dichloride yielded
.014 moles (75%) ethyl disulfide,

Reaction of Dimethyl Sulfur Dichloride and Methyl Mercantan

Using the same method as above, 0,05 moles methyvl
mercaptan and 0,025 moles dimethyl sulfur dichloride yielded
.011 moles (65%) methyl disulfide,

Reaction of Triphenyl Phosphine and DMSO in the Presence of

Dimethyl Sulfur Dichloride

5.24g (0.02 moles) triohenyl nhOSphiﬁé was added to
3.3g (0.025 moles) dimethyl sulfur dichloride and 1.,95g
(0,025 moles) dry DMSO in 25ml anhydrous ether, The reaction
was stirred for 10 min, at room temperature with formation of
an oily pnrecipitate, The solvent was evaporated off under
vacuo leaving a yellow oil, The o0il was shaken with 50ml of
cold water and a white solid precipitate anveared. The
solution was filtered and the solid washed several times with
cold water yielding 5.12g (92%) triphenyl vhosphine oxide.
The product had M.P.=185°C, infra red absorptions of 1200, 750,
710 and 695 cm™! and the nmr showed peaks at 7.7 PPM in the
aromatic region. Geddes (1957) found M.P, = 156°C and infra
red absorptions at 1200, 755, 710 and 700 cm~! for triphenyl
phosphine oxide,

Triphenyl Phosphine and BMSO

5.24g (0,02 moles) triphenyl phosvhine and 1,95g (0,025

moles) dry DMSO were heated at 80°C for 2 hours, No reaction

took place,
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Dimethyl Sulfur Dichloride and i-Propanol

3.0g (0,05 moles) of dry i-proponal was added to 6.lg
(0,05 moles) dimethyl sulfur dichloride in 30ml of anhydrous
ether, The solution was left for 1 hcur at room temperature
then refluxed for 1 hour, No reaction took place,

Dimethyl Sulfur Dichloride and &nisvl &lcohol

6.9g (0,05 moles) anisyl alcohol was added to 6.lg
(0.05 moles) dimethyl sulfur dichloride in 30ml anhydrous
ether, The solution was stirred for 3 hours at room
temperature., No reaction took place,

Dimethyl Sulfur Dichloride and 2-Hydroxymethyl-5-norborene

6.2g (0.05 moles) 2-hydroxymethyl-5-norbornene was
added to 6.1g (0,05 moles) dimethyl sulfur dichloride in 20ml
anhydrous ether. The solution was stirred at room temperature
for 1 hour then refluxed for 3 hours. No reaction took place,

Preparation of Deuterated dg-Dimethyl Sulfide

16.5g (0,205 moles) dry deuterated dy-DHSO was added to
10.4g (0.11 moles) of methyl disulfide and 0.6g (,005 moles)
methyl thiolchloroformate at 0°C., The solution was heated to
80°C for 1 hour and the volatile products trapped in an
acetone-dry ice bath, The trap products were distilled thru
a 1 ft. column packed with glass beads yielding 9.22g(0.12moles,
60%) deuterated dg=dimethyl sulfide(bp:}BOC)o The infra red
spectrum of the product gave absorptions a*t 2240, 2140, 1040,
840, 750 and 650 cm_l while the mass spectrum gave peaks
m/e = 68 (100), 50 (85), 51 (32), 45 (29), 42 (27), 30 (19),
15 (9).
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Exchange of Deuterated dé-Dimethyl Sulfide and Dimethyl

Sulfur Dichloride

1.6g (0,025 moles) denterated dg-dimethyl sulfide was
added to 3.3z (0.025 moles) dimethyl sulfur dichloride in
4,0g methyl methyl thiolsulfonate and 10g methylene chloride,
The solution was monitored by nmr at '40°C, After 5 min, only
one peak was visible at 3,2 P,P.M., After 1 hour 2 peaks at
3.2 and 2,1 P.P.M, in a 121 ratio were visible, After 2 hours

the peak ratios remained unchanged,
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