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A siuri.¡i o1 the reacti-on of a1'k5r1 a'nci aryl thioleh-1-oro-

formates r¡¡j.th DtíS0 v¡as initiall.,v Llnrie:r:Lahen wi th the hone

that the eorresooniling a1.kyl or aryi di.methyl thio-'l-strlfonium

sal ts cortlcj be isolatecl. Hower¡er the reaeti on led to the

f orma -i on of the collresponciins disu,lf i rle ancl/or the corres-

Ðondjng thiolstrl-fonate, dimet:hyL sulfide. ear:l:on dioxicie and

dineth,y.l su.l f ur d j chl-cri<ie, ê; stud¡r of the reactirrn 
"vas

undertaken and a mechanism has been proOosed to account for

the forniat j on of these proclucts 
"

A trapping agent, ison::op)¡1 mercaptan showed the initial.

formation of the eotlresponding alk,vl- (or aryL) Oimethyl

thiolsulfcnirrn ion (32). Further ::eaetion of this ion rrith

thiolchl-orof ormate and Dt\[S0 leacis to the f ornation of d imethrvl

sulfLr-r dichloride, climeth¡rl sujfi'de anci the eorrespondinr

disu.lf ide " The f ornat j,on of the corresÐonding alkyl- alky1

thiolsul-f onates (R= n-propyl3 eth5r1, meth,vl) was s:hown to

be the result of the o>lidati.on of the initiall¡r forrneci disttl-

fide hy Dl,{S0 anci dirnethyl su.l-ftrr riichloririe'

A stuciJ/'ilras also undertahen of riimethyf sul-fur cìichloride,

v,rhich had not been j solated previously' Its potential

s)¡nthetic use as an oxid Lz.i.ng agent i.n conbi nat j on rq'j th DlrlS0

wa-q investip:ated " Phosnhines " ciis'-r.lf ide-e and thicls vJeJI'e

oxiriizeri ranidly at 1ow tenperaiures r¡¡ith alnost quantitatir¡e

yields of the eorresponcling phosphine oxiCes, thiclsnlfonates

and disu"lfi-des"
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INIB!ÐUsïI-Q"ry

Ççnsre.l-

Dimethyl su.lf oxicie ( 1) I¡ras f i¡st p::epareri b"y S aLzew

(l-866). AlthoLrgh it attracted relatively little ettent j-on

f o:: a considerable l-ength of time, it h.as jn recent years

been recognizecl as a rernarkably usef ul d ipolar aprotte

solvent capable of accelerating a wide variety of chenical

reactions, l,{oreover it ha*. been found to partieipate in

a wide range of usef ul chemical- reactions " Tn strbseql-rent

discussj.ons the compounci rn¡i1l- be::eferred to by the abbrev-

iat j on, DII{SO.

CH"
_1

CH"
,l

S=0

'/ (1)

DI'.nS0 ha s a pyramicial structure rivith sul-f ur r oxygen

and carbcn atoms at each col:ner. The sulf oxide honC is

hightSr polar , a f eatu.re tha t probably ref lect s the inef f -

iciency of the ci-p pi bonriing (Cru.'rnper and Rea<i z L956) " A-s

â eonseqìl-encerth.e oxygen atcm remain-c electronegative compared

to the sulfur atom" The najor t:esonance strt¡ctlt,res of DIvISO

are shown below:

t
CHISCHl É*-à CHISCHl

'rl -r 'l -')

oo-
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I h. e pi ge t* Içelg-rcs-sf .-lUE"9

Dl.lso has three different reactive sites as shown

be lov¡:

"f
CH^ -S-CH^J-J- J

ll 
'rOi

lt

tnr- 
rr"t:?
a

ri
| .l ..*
. ï I '__I

'ii' )
\J

clÏ.
J

The polar sulf oxide grouÐ of DlfSO i s a high.ly vel?satil-e

reection site. I)ue to the i-nterneriiate oxi dation state

occu-pied by the sulf ur atom, the gl?oup is ea -"ily cxi ci ized

or reduced n ås a resrrlt of free electron pai-rs on both the

SUlf ur and ox.ygen atorns, either atom may act aS a basic or

nucleophilic centre. The polar sulf oxi de group a'l-so eonf ers

low hut s ignif ica.nt acid ity on the methyl grouÐs , Stenrayt

and Jone s (1-967) reported a pK value for Dll"{SO of 32"9'

Bçec! iç!-e!*Çerþ-ç¡

fn the J-rresenee of a strong base, D]'''/IS0 is converted

the eorresoonding conjusate T¡ase (meth.y1- sulfinyl carbanion)

sho.lryn be ]-ow:

to

âS

I\LÎ C ATJUII?\rr/rr ?
'll J

0

Base ---+ Cll?,gCHr-
'll

0

As expected the anion is strongly basic, a fect that

has led to a r¡¡ide variety of synthetic appl ications. For

examþ] e, aromatic and a1-iphatic esters that <1o not underso

facj l-e pr.olon transfer reae-t in¡j-th the meth,lrl.sr:"lf inyl'
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carbanion to yie1.d the eorresponCing R-keto sulfoxides as

shorvn be I ovl:

/RCO2R' t 2CH3F¡CH2- ---+ (RCr)CliSOCi{a)+r nR/-t cH3scFI3

,,00

(RCOCi{s0cH3)- ---à RCOCH2socH3

::'::

Sincejr': the methyt sulfinyl group is easily replaced by

hydrogen in the presence of aluminum amalgam - water

tetrahydrof uran, these þketo sulf oxides are valuable

synthetic intermeciiates f or the synthesis r:f ketones (Becker,

UIikol,,and Russell; 1963 ) "

,, Relatively inert halides aJ.so react rapidty with tíá"'"''"' ''

methyl carbanion j-n Dl"'{s0, For examn.l-e Corey anc Chaykovsky

(L965) found that èhlorobenzene reacts rvith DILiSO in the

presence of an excess of base to give methyl benzyl-

sulfoxi<le. At lovuer ba,qe concentrations methyl benzhydrol

sulfoxide uias also isolated in considerable amounts"

.An important apnlication of the methyl sulfinyl

carbanion is the preparation of phosphonium ylides f'rom

phosphonium sa-'l-ts. The ylid can be generated very rapidly
aa:i ':: ': '

in, Dli{SO in the presence of th.e carbanion. Furthermore it

aÈjpears that in Feneral ïIittig :reactions proceed *ã"" 
I

rattidl"v and r¡+j th higher r¡ j elds j.n DÌ,'IS0 than with customary

solvent s. By this m.ethod , Greenr,riald , Chaykov.sky and

Corey (1963) obtained ân B6f, yield of methylenecyclohexane

from cyclohexanone,
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Reaction at Sulfu-r::z:;:ã-

TÌie reaction of Dl'{so with alkyl hal.ides or arene-

sulf onates leads to the corresponcling S-a1"kyl derivit j ves

fíom't¡é""íè'action of DIr,ISO and methyl iodide is of value

since it can easil.y be converted to the corresnonding.ylid

nucleophile anC transfers methylene to unsaturated linlçaqes

incluciing C4, C:N: C=S and C=C^ For exanple the ylid (3)

r*,â*å,*:,,,v/ith ketones â"nd aldehydes yielding epoxides as

:

/\

of ( 3 ) with 4-t-butylcyctohexanone produceci the corre sÐondin,q

oxirane which coulC be reduced to yield trans 4-t-bu-tyl-l*
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meth¡rlc5zclohexanol, f ree of the cis isomer.

Ree-?!.! 
"q n._e! - 

o xyg.ç n._

The nolarLzation of the

effec'iively nlaees a negative

Reaction of D\risc with a wide

oxyqen-su.,!-f ur bond in DIISO

eharge on 1-:he oxyg'en e,tom.

variet.y of electrophilic

(cHr)rso + E ---à (cH3lr-{on

r4,3

reaetion condi-tions, the oxysulfonium ion (+) can undergo

a variety of reactions" The oxysulfonium ion may be

attacked by nucl-eophile at the sulfur ciisnlacing rrOÌ4rt anrl

forming another sulfonium ion (5) or a base may attack yielcl-

( cH¡ )rs-on
(tr )

'.. . 
... : ".... a: :::: :.,..::' :. ::: 2,,.,, . ¡.1";,. 1,L 

t:: :-.:

'..',.' ,'. :;:,i,:::::::::::.::'::Lt:t;':::;:,.:'t..:irl.tt:t :':."::::"

. ,:.:::,:: The f orn

ï)r¡nmo¡a¡ trrng{ qjltlrlur vr rr.Y P

suIfiCes. For

fluroborate (

+
CII3-S=CH2 +

¿ f a\
\b/

.:4.1..:...4).... .a.
ì.i:r1:..) ....'... ::...::.

.l:t ::.a: ::. :::.::,,.aatta.a.: ::

Lr.s ua .l-

o c rzntq JJ r¡ u

ci imeth

in DIt{

Base
---+ ].TOE

...: ... . .: a.'.a:aa:

'...... a..r-.:::.

a'::...,..'...t,,t | .ati.t.

I v\:a:a.a ,: a:...:.,:,t,_ ..;;),.:1,:;:t

a ¡.- '6.::.'a/,a;,..r'l::t.,'.:,7)L1i:,:lt:,

: : : :,,1.:l : : :' :t: ?¡ i: -ii.
'... a a.:.:. :. L: ::.::jai.

.r', :^ 1/; ' '" 1.,/ ç\ -
I ì.\. tt i
'. Y ¡-.q i.i \ '^-1
'1 \

'\...t:aaar'ta irt'
tt>Pa,:'t,.1¡1Í:.ta

a, a t.'r).:..t t:;*:t a./'/al i
t.'.a|.:a':.. :44:;-.4* :.r :'

htz

a luab le

ulfoni um

., .. _. 
t.;.;.,;;:::.;,::l: 

l:, 
,::, :-1,,::,.,:,:,,.:::: .:

at ion o-fl these ions is

rearrangements Yielclin

example treatment of

7) rvith sodiun: acetate

,a...,,t'::::t'r.a :-.|t: :t .: a

r..,..t.....:...,... - .:,:.. .... 1... .'

f o.ì- I owed

tica1l¡' v

methoxys

yields

. ...a. ...

Oepenú,tfu.,*n the nature of the electronhile (E) and;þ#ii.':;::
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acetoxymethy.l- methyl sulf ide. The mechanism proposed by

Johnson anrl Phillj ps (L969) inr¡olves initial di.snlacenent

of the methoxy erou-p by acetate ion vielding the aeetoxy-

s r.:.If onium salt ( B) f ollowed by a Pummerer t.ype l:earrenge-

ment yteLCj.ng'Lhe sulfide produet âs'slio,.\tn bel-ow;

'f
( oHJ )rs-ocit3

{ti
BF¿*' + lt'aoÄc ---ù (cH¡)rå-u,+"

(B )

(s) ---à tr{rSÇfr2-ÛAc

The reaction of D¡"',SO and acetic anhydriCe also yields

acetoxyaethyl methyl sulf icie. The mechanisrn nroposed by 0ae

ancl Kise (L968) involves the initial for:mation of i;he

acetox.ysulfoniurn salt (B) followed hy nroton abstraction

yielding the sulfur stabilized carbonium ion (10) via the

( cr+, ) 2s=o + i\e2-a

+

---+ (CH¡)2s-oae oAc

(s)

(B)
+

---+ ( c;{i'5c12-l Ê+ CH3S=CH2)

(9 ) oÄc

(e)

., :,,:..'::t1,ltt::.!, :- . ..

.: .. . ...t-,..!.:;.a:.... . ...:..a.:.

....'.;,: t)r::44,..:aat ..:: :,,::' ;:,

::4...:.\¡,:.:'.:.r;:.. 44 :t;::...i4::.:
. : . .... :1.:.,':a'....a).:. ::. :,....:.
:.:. t ::,.tr.tl1a)1, ) t) ;. :,a a: :.:: a a :a.:..

.., :, :. :' r.:. il ::' 4r'..,4 :::. :,:,:::t: :)a..:

.:.:.lit: .. :rL:

(r o)
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Re centl.y the ability of DI''TS0 to yield sulf onium

salts has been utilized for the oxidatlon of a wide variety

of organic and inorganic compounCS. For convenience these

oxidations wi l-1 be discussed in tr¡ro seetions, Oepend.ing on

whether the oxysu.lfoniu.m salt is generated by protonation

r.n'hereby Di\ISO acts primari]-y as a. base or by a general Lewis

acid in which ease Dl',riSO acts primai'i"1¡l as a nucleophile" "
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In DI{SO oxidations v;here the srrlfoxicje acts prinnarily

as a base, the initial step involves the protonation of the

basic oxyqen atorn (Eq-l) usu.ally fol lowed by the formation

of a tetra-coorclinated sulf ur intermecliate (Eq-2;) . Subseq-

uent attack b¡, a nucl eophi-l-ic reagent (Nu) usually occurs

at thi-" stage Fq-3 ) "

:..:':.:a:U::..)..::.:-:' +
( e.a-\ rs=o + ä+ ---+ ( cH¡ )rs-oit\ vllÁ / I. ,.,2

',:).:.r. ...,:,.4 .'... .'

',1.: l:¡::.:.1; ;',:: :,'..' :"' : ; :

.,::.)::..:t..:..,...., +
r nx- \oS-oH + Iüu ---à (Cif¡ )tS-cttytt:t)).1* t,=l

/:1.. I :a ::,..a::.'.. :'

i{u
s'-l-

'lL:1,2::.3:::.:,::::. lL

::i,,j,::; ,:;,::: \ura4 i2!-O_H . + Ïi-u --'-+ (CiIl )2S + HZÛ + l{u-itTu
J "t

-u¡u. .

Ecr-2

In all eases these oxldati.ons are acirl catal.izedu the

rate of oxidation being cJepenclent on both the stahility of

the tetra-eoorciinated intermediate and the nucleonhj licit¡r

of the spbstrate"' Either step ma;r be rate determining"

For example DIJiSO is complete 1.y reduced to oimåtnyf

sulf ide in the presenee of excess h¡¡dr iodic acid. The

mechanism for this reciu,cti-on proposed by Landini and

Lrlontanar L ()."964) is shown belows



o/È

+
( crt., ),s-oit

5't
( cH, ),s-oH) "l

!-1

( c[Tz ), s-onr _tl

ïeï
;...'...::.|:..:.'.. :. :..:; .. ..... .. .|

I- ---+

---+

ç+
( cn. ) rs-oH' ;-!

( cu¡ ) 2s-on-t
ïcï

.' .:a.a':,:a:.

---+ ( criJ )2s Hz0

tïc] R2S-ûH cl-

rate

RIS=O

+
Rrs-oä cl-
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1|'/ith hycrobromic acid sulfoxides are both redu-ced

anci racenized (Landini and i,iontanari; 1964) " These results

agree with the fact that tlle reducing polver of halide ions

follorv the oroer f i gricf- whil-e the stability of the

sulfu.r*halide bond foll,orvs the order ct-zFí>r " Thus

the weaker sulfur-iodide bond in the tetra co-ordinated

intermediate and the greater reducing pofiier of I - enhanees

reduction while the stronger sulfur-chlorine bond and lower

redu.cing abil-ity of the chloi:i.cje ion favors racemizgtione

fn other words chloricle ion prefers attack at sulfu:: vrhil"e

iodide ion prefers attack at iodine"

A usef u1 nreparat ion of ciisulf icie-c invol-ving the

åxioation of th j ol-s hj' sulf oxides has been r'èported; by

E$allace (1964), The reacti"vit.v of the thiol- depends upon

its. aciCity (Ar$H>ArCHa-eH 2 alkyl ) ancl the basicity of the

sulf oxrde (TI.{SO 7 DI\[SO > Arr¡SO] " The oxidation mechanism

proposed by WaJ-lace anrl h{ahon OgAri L964) is a.nalogous

to the reduction of sulfoxides by hydriodic acid (Landini;

1964) " Initial- protonation of the sulf oxj-de is f ol loled by

the rate determinÍ-ng formation of the tetra co-ordinated

sulfur interrnediate (11)' Reaction of (f-l) wj-th another

no-l.ecul-e of thiol leads to the f or¡natlcn of the disulf i de"



I n¡:s I ,S-Oi{ + SR- ___g

'- (11)

(c;r")^ç-oHr tl
(11 ) $R

(cH¡)5so r- + Àr$n
Jr

( ff{= ), so sr\r-))
HI

---)

S,{r- ---à ÀrSSfIS

aLLz

:.....:. .:..1.t...4,a.:ataaa
..,.,.,.. - : . 

:: 
a: :a :,:¡,a:..,::: ::.!.:1. ):

',..,! :.',':t'aa....t:l: i.:'::t: t,::ai,
' : a: t t r:. :.. ". : Li: l.L:;.:19.
. :, a.:,i.,/t t¡ ;:: à.a. a) :,1,:t t: : :..:......!.,.!:,....t4:.4t tr¿;?j)a.;

: :;::,',,:.-:,;:-, :. ; :;';;-1.' ::¡.,,1¡ 
;,1 ¡. 1.,,.'

ed

+ RSII ---r %Se + ( C,ïTJ )2S + HZß

or onosed iod i-de

with thiol-s (Wallace; 1965) vrhich yield the corresponciing

methyl .,gry1 sulf !des, as,.sþqurn, bel.ow,

+
( ci{¡ )3so ( cH¡ )rs=o

oxidaticn of phosphines (Sanant and Cox; T966) ¡.y DI'{SO is

believed to be brought abont by the rate deterrnini-ng

nucleophiJ-ic attack of the phosphine upon the protonated

sr-rl-foxide (tZ) yielding the unstable nhosphonium ion (f3)"

Loss of a nroton yields the corresponding phosphine oxj,de"



+
( cH¡ ) rs=o + II* ---à ( cnj ), s-oti

+ 
(te)

(l z) + RjP ---à RjP*ÛÏ{ + ( cn, } 2rr

it;)
(t:) ---à Rjts=û + H+



13"

Qxidalicn s-Ðe-pe.ncre¡!.-q¡-!he-r-Lrs_lco_ph¿Jåç_Tr-aper!¿ce_sÍ_u!{s!

One of the most usefu_], apþ3-ications of Djr,ltSO has been

its use in oxldLzLng suitably activatecl orEanic compouncis to
the corresnoncling aldehyde or ketone, This class of reactions
ma¡z be divided into tlvo groups clepending u-pon whether the
oxygen of the resulting carbonyl gï.oup is deri ved frorä the
compound be i ng oxid ized ( Clas s_lJ or f rom DI\[Sû ( Clas s_2 ) ,
The fi::st class as shown i.n Eq-4 involves reaction of Dlrilso

with an intermediate aetivating eleetrophilic s-Ðecies (E)

,. .,,,,._.. - .ì_-'-::J ":..

., 
"' 

, i.:.C,,ll.,i:

{ci{J)2s=cr

.*-(uHl)2s-or

( cä¡ )2s=ç iìr lìcilx

fl -r-. '-r' ,.:

+
(cH¡)2s-on

+--*+ ( cirJ ),s_clcnnr n

(i ¿r) f ,r*""
( cäJ )2s + Rl RC_O

îu'="rl---+ ( ffi¡ )rs-oclit'.'R

-iln*/ I

Lq-5

ete") ¡y DTJi$û

oxys ul_f on i u.m

the eoTres-

:--+

RI RCHOd

ìË*

ril,¡
,:k{
:i-::ì

.:

:,:i:
:¡,.l'

,.::ìf]!J'-l.:::,'

displa.cenent of a 1ear7!¡g group (f:Cf rBr, f rSÐ

resulting in direct formation of the dimethyl
ion (tq)" fn the presence of base (lq) yields
ponding carbonyl product and dimethyr Èülfide"
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Çlaes*-1-Beaslior]s

Activating agents the^t have been used to great advan-

tase are dicyclchexylcarbodiimide (nCC) and acetic anh¡ziride"

rJTith mixtures of DLiiSO and DCC, commonly ref erred to as the

Pf itzer-i'Iof f att reagent, a wide va::iety of hydroxyl cor:pounds

are readily converted to the corllesponding carbonyl products,

The proposêd mechanism f or the Pf itzer-Ltioffatt oxidation is

shown be 1ov¡:

( üHl ) 2S=o C4Ãlli{=C=}TC¡iI1 1

rI 11

---) CroIJl lld-C=i'TCaI{1 1
I

(r r )" os(cnj )

+
RR' CHCä *--+ ( cH¡ ), s-crcnRn'11, )

(16)

(17)

Base

(15) c6nt t i'rHCi{rio6i{1 .x

+
---å Cil- S-OCIÏRIìr)¡

cHz- ?7)

---à ( cîij )2s uul n-r\aLfL V-v

Acid catali"zed nucleophil-ic attack by Dr.{S0 on ÐCC. ]-eads to

the adciuct (15)" The activated sul-flri: of (1r) then enhanees

the follov¡inB: displacement reactlon with a suitable hydroxyl

cornpound leading to the'l' nimethyl oxysulf oniuni salt ( 16 ) "

React ion of the dimethyl oxysulf onium sal.t ( 16 ) v¡ith base

(lTN'dicyclohexylurea) yiekis the corresponding carbonyl



1 t:,

pt"oduct and <jimethyl sulf ide. In the Ðresence of deUterium

labelled alcohols, labellecl cìinethy.Ì- sr:l-fide uras rleteeted

(Fense,l aLr and 'l,,1of f ait; 1966) ^ Th j s er¡iclence su.pports the

intermecjiate f ormat j on of th-' su'l f ur ylicl (17) f ollowerl by

intra mol-eeu.lar h,,vrlrogen tra.ns,[er .vielci j nl i;he procì'-1cts'

Compçund s th.at have been oxid Lzed by this meihocl i nc-lrrc'le

a-1 eoho.! s, nUeleos i-rles, nucl eot j ries and car boh.t¡rirateS ' For

example the oxiriati on of p-nÍ.troben zyL alcohol by this methoci

Fave a g2/" yielcì of p-nitr.oì:enzaldehyrle (pf itzer anC iliof fatt;

ig6q,\ wh.i le --t.*oetano-[. yietde<1 7.OO/" oetanal " Nucleoti.rles

possessing a free I' hydroxyl grorrp reeet r¡rith DTl/iSO and

DCC resul t i ne in tìre c3-eavage of the glycos iclic ancl the r)t

nhcsohate bond (Ftit zer and ìl'lof f att ; Tq/oi) , Houiever in the

a.hsenee of a -J' hyrìroxyl or j n the ease of the 3t O-acetyl

rierivative the 5t position of'the nLr.cleosjrie is oxidized

1 o the !tal-riehyde. The imnortanee of th j s nrodu.et is the

f act that othqr ox j rjati ve m:thocjs l-ead to the eorresnonriing

5t acici (t'{oss et "a1; 1.963) . The high yielcls uncier mi ld

condit j ons rruith this techni qLre has al so been f ound rrsef ir.-'l-

f or the oxiria.t ion of """¡oh.r/rlrates 
anrl steroicl s to the

corresponcii ng cartronyl eoinÐoundS' For exarnnle eho1 estanol

is converte<i to ?--eholes'lanone in BAf" :¡i elcl with mixtÌ-lres

of Dì{S0 anrl DcC (Ffit,zer anrl .\.toff att; L965) 
"

The a cet i c anhyd r ide nnethotl deve'l operl by Albr i ght and

Golrlman; ¡965) u.til- Lze-., roixtnres of D1'.[S0 and acetic anh5rdricìe

to oxitlí.2-e primar'.y and seconda,ry a-l-cohols " Yields of the

correspondinS ear:bonyl proclucts r¡ith this nethocl are genera'Ì-1-y
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lorver than those obtained using Dir.TSO and DCC but are

superior when the reaeti.on si te is sub ject to markerl

steric hindranee. The meehanism fcr the oridati.on using

Dlt{1,50:acetic anhydrid,e is s}rown helow;

(CL-I
s) zS O îC H^C O:Q :-.,::î11 

t"'l'
f

\ .--..::.:ïtt: .. t:.,..t

,.1.,l..ì1. ..¡ 
,',',...:.'

( cu¡ ) ,s=o
( cirrc=o ) ,o --*+

RIìt 0d0ii

B¿rse

+
( cnr) rs+cca-

(18) o

+

OAc

(1s)
----, (cu,)rsocntr'

(19 ) -ir

--'à R'Rt C=O
( cFii) 2$

t1v /

::,¡ ìììi:'úrai steTl involves the reaction of ÐÙlSO and acetic

anhydrioe to yiel.d the adduct ( f B ), f o-l.Iov¡ed by a ri ispl ace-

ment reaction with alcohol leading to the eorresponding di-
methyl oxyiulfoniu.m sal.t (t9). Reaction of (19) r¡¡ith base

leads to the nrodu-ets as shown" For example the reaction

of d. ov &, yohimblne rvith DI,,4S0 and aeetic anhydride leads to

an B5f" yielci of yohimbinone while a 75{, yield of p*nitro-

benaldehyde is obtained r¡¡j th p*nitrobenzyl- alcohol (At¡right

anci Golriman; 7965) 
"

A major dj-sadvantage of this methad however is the for-
mation of methyl thiol methyl ether Qlj as a sicie ¡rocluct
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eis. * F*mmeger,t,Sope reelrengenent as shotln heJ-ovre
:,:l:

: 
,..'.1 .

!,:;) t

-T
¡ì-,i q_,.',_'líll..i_.
U-;7 J-'Jî r w'- /

| ,'.\ll )*,f - ,- (ta\
11 -'ri-i1 \, \ ' -2 ./

'¿
\.\i j

( zo; RF.r üi{O:í ---} Ç¡iz, Sti1..,ùC.R.? I

-,11
( ?'' r,),-,,,.r.{ ,.

The Dl,{SO-acetic anhydride adduct (18} l-os-es acet'ate gÍ ving

the sLrlfonium ylid (ZO) lvhich can also react with the

alcohol substrate y!eld'i-ng the eorresoonding ether (Zt) 
"

Çfe-ss-?-Beeqlisne

Displacen',ent of a suitable leaving group by DÌ.SO

usually leads directly to the formation of the dimethyloxy-

sulfonium salt (ZZ)" Treatment of the salt with base then

yields the correspondi ng carbonyl product and dimeth"vl

sulfide "
..:':...-.r..l.....:...:........'..,.:,l¡:'.:.......'......,

( cHl ), s=o IìRr CflX *--+

i'rr1 .a-. 
^ a -_-? ?.R1ü=ü

+
( c:i= ), SucRit' x

'iL 
I(p-z) iI

(cn- )rs +
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This technique has been found synthetically useful

for a variety of organic halicles and tosylates since oxid*

ation .yields only the carbonyl prod u.ct, '¡¡hi le other f unctional

grou.ps qenerally r"emain inert " The orCer of rea ctivity

tov¡ard oxidation f ollovrrs the order TsO-> l7g{> Cl-so that

in general chlorides and bromides aT'e converted to the

corresponding tosylates in situ and then oxidized. The rnost

common application of this technique is the oxidation of

d--ha1o esters (HunsberEer anrl Tien t L959) j phenac)'l halicles

(Ma,'ior an'J Fless; IgtB) e benzyl halides (\ace anri lvlonagle;

1959) e orima:e5' sulf onates (Nace and Monagl:; L959) and

primaiy i.odides (Johnson ancl Pelter; L964) " For example

octyl iodide is oxidized by DlviSO in the presence of sociium

carbonate giving a 7fl, yield of oetanal (Johnson ancl Pelter;

L964) t while p-bromob enzyl bromi cie gives a 76ui' yield of

p-bromobenzal-dehyde " In eonrÐari son to the a'trove , octyl

tosyl¿ls yielcì s 7af, octanal (Kornbl-um et"al; L959) while

p-brorobenzyl tosyl.ate gives a 6rq, yielcl of p-bronrohenzald-

ehyde 
"

A1ky1 ehloroformates react rapidl.y at room ternoerature

in neutral solution* yiel.ding the corresponcling di-methyl

oxysulf onium saIts. Addition of 'triethSrl a¡nine then yields

the corresponding aldehydes or ketones" The mechanism

proposed by Barton, Garner and ìJr¡i Ehtman ,(t96+ ) involves

initial. displacenent of ehl-orine hy Dl"-(O yielcling the

unstable adduct (23)" Ranid collapse of (z:) with extrusion

of carbon dioxide leads to the di-methyl oxysulfoni um salt
t.
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(Z+) " Under hasic eondit j-ons (Z+) decomposes via the ylicì

to give the f ina-'l- proou-ct as shown bel ow:

( cH¡ ):ts=t

\T)

R2C-{i-COCI- €-")*l
ti

..t-

P."C-O-C(ìS(C,ir)2
,--l .1 JHtl
(z:, ) u

vu2

(zrr) Þcoa

'_L

---+ lì2 c-o s ( ci{3 ) 2'l
H (zL)

+

---) .lì"c-0sc;i=,-l-l
iL cñz-

---) ( CH= )oS + R2C=O/ \----).t- L

¿

R,-C-OSC.rl'.-fl-
-i õ¡J "
LI W!J.Ô

,...' ...-. ... ì:l .-:.C,- .:" r': I -:

. .:,._..tr,.j .,. -. -.-, :- .-... .:,, ..r,.1
'1 ,--, ==l ..---,-.: -.-, -:

The forrnation of the dimethYl

oxysul f oni.um salt is anglogous to the f orrnation of nitrate

esters froni the reactionof a1-kyl chlorofornates r,vith silver

n j.trate (Boshan; L959) and the f ormation of nitram;ines froin

dirnethyl carbamyl chlorides anrl silver ni.trate (Norris; L959).

By l..abel1ing the chloroformate with o1B 'oxygen, Boshan

demonstrated the coll-apse of the addu-ct Q5) to occur lt¡i th

cleavaEe of the unl-abelled carbon-oxygen boncl"
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n2c-d-cocr + Asnot ---) n2Ç-olç-g
I r I ¿i I

H çzn) H Noa

(zE) ---l n2c-divo, + coz-l
H
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Dia1kyla1k,¡¡1 thiosu,.l-f onium ions, R2SSRr, are thou.ght

to be important intermediates in a number of alkyl sulfirle

catalized reactions of clisu..l-ficies and thiolsulfinates (Kice

a,nd Large; 1968). The preÐaration of dimethyi methyl thiol-

sull-f on vû-n 2 r4 16 trinitrobenzene sulf onate (26) b.y the treat*

ment of tri-methyl-oxoniam 2 "4 ^6 t::initrobenzenesu.lf onate

with methyl disulfide (Helmkamp et.al; fgÓí) nas made it

possibl e to stu.dy these innportant intermediates "

+
( cã¡ ), s-scit3 sorlçr"sr( iuo" ),

(26)

However the dif'f i.cu1ty i n the preparat ion of trimethyloxonium

214,.6 trinitrobenzenesu.lfonate is a oisaCvantage in the pro-

eeCu.re. Since Barton, Garner and !'uightman (t96+) have

previously shown that the reaction of a1ky1 chloroformates

anrl D}{SO lead to the eorresponding dimethyl alkyl oxysulf on-

ium salt (27) E it was thought that the reaction of thioch.loro-

fornates with ÐL{SO might lead in an analegous manner to the

cort'esnonding dimethyl alkyl or aryi- thi.olsu-!-f onium se.l ts

, (?,8) ,as shown:
:...l..'.l...........,..]

.'
T

R-X-OoCl + (cH¡)2s=0 ---l (cHl)2s-xR cL- + ÇoZ
.. . .t: ì:
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Ho'¡'ever the eorresponding thiol-sulf onium salts could not -.be

isolated and this.l-ed to ân investigation of the r"eaction more :

rl'

f ul1y " ,'

Bçcc!i-s¡-.ef --p.UÊ!-u-ijh-:¡-e-4J]-Tb-l 
qJ-cþ-Jç-E of orsìaje

l¡,Ihen phenyl thi-oehlorof ormate and. exces s DlllS0 were
'.

mixed at room temperature in carbon tetrachloride, a i:

viEorous e:,othermic reaction took plaee',¡vith eVol-uition oí
i

carbon djoxj.cle and cìi.meth-vl sulfide. lln extremel-,v hygro-

scopj c r¡rhite solid and a yel-low solution resulted and l',Iere

separatecl by fjl-tratj.on ând separatel-y investisated.

Tb.e ye11ow sc.l-ution was evaÐorated to clryness and the

resulting soliC puri f ied b.y eol umn chrornotography and re-

crystatl-i zed f rom methanol" The v¡hite crystalline product

i¡/as iclentified as phenyl- disulficle by its melting point (5ç"e)

and b¡r comparison of its infra recl and nmr spectra rryith those

of an authentic samole of phenyl disulf ide. 
.;

llhe white hygroscopic sclid vras insol-u.ble in a variety 
,

:

of organic solvents including carbon tetrachloricle, methylene J

chloririe, ether a.nd eold methanol " Hower¡er add iti cn of v¡ater

tc¡ the soli-cl resulted j.n a strongly acidjc sol-uLtion, Further-

more hydrolysis of the v¡hite solid in deuterium oxiie resulted

in the formation of an oil.y organic liquid icientified as Dl,{S0

bjr comparison of its nmr and infra red spectrun with an

authentic sample"

The mass snectrum of the white solid is silo$in in Table 1"



¿a*

Ieþ-lç*f
The I'las s Spectrum of Dime th"vl Su-lf ur Dichl.oride

s/".e lee-h,lnlengÀlJ Pr-ppe-ç-e.d.-lçn

6z loo (cH3)2s

63 77

+8 7L cH3cl

¿,6 57 cn2s

9T 49 (eHr)rsct

47 r$ cH3s

36 38

rR 30LV

gg x9 (CH? )2,SC1

+58
The splitting pattern obtained for the solid is similar to

the spl-itting pattern of dimethyt sulfide (CornLi anC Bassol;

1966) whi_ch has intense peaks at m/e 62)46 and 47, There-

fore the peab n/e 6Z i¡ras attributerl to the dimethyl

sulfide ion. The peaks at n/e.99 and n/e 97 were then

assignecl to the dimeth.yl. sL:,l-ft"r.r ch.l-orí.de ion on the basi s that

the ratio of the peak intensities (n/e 99 vs m/e 97) l.;r¡ere

in the conrect ratio, considering natural Ísotopes v¡here;

m/e: 97 = c2H6s32e135

m/e = 99 = c2H5S'?4cf35; C2116532g137

Furthermore the loss of a chlorine atom from the dimeth;il'

sr-rlfur ch-l-ori de ion is cons j stant r,rrith the f ormati'on of the

climeth.-vl sulf ide ion. 0n the basj s of the evidence presented

the white solio was tentativel-y identified as dimethyl sulfur

dichr oride (26) .
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f
( cHa ) 2s-cl c]-

(26)

The nass spectrLrm of the soliC can'ne easl1y

explained on the basis of the proposed structure since

loss of a chlori ne woul-d result in the dimeth"vl sulf ur

ehloride ion. The absence of a parent neak wou-l-d probably

reflect the l-ow bond dissociation energy of the su.lfur*

chlorine bond, The f ormati.on of Dlr4SO and an acidic sol-ution

on hydrolysis of the solid is al-so eonsistant with the

prooosed structure. Hydrolysi.s of dimeth.-y1 sulf ur dichl-oride

wou"ld coneeivibly lead to tl:rc fornati.on of Dlt[S0 and h.-vdro*

chl-ori.c aciC as shor'¡n;

( cH3 ) 
'sct'

H20 ..*-Ð DhiS0 + 2HCl

Hydroi-ysis of a Freighed sample of the solid f ollov¡ed

by titrati.on for hydrochi-oric acid using stanria::dizeci sodium

h5rdroxicie led to an equivalent r,ueight of 6, per chlori-cle ion

in agreement vrith the proposed structure of the so-l-id

(C2H5Sct2 : 132), Infra red and nmr spectra of the sol-id

were also cons j-stant v¡ith the proposed strueture (ai methyl

sulfur dichl-orioe), The infra red speetru.m gave e strong

absorption at BBO "r-1, characteristic of sulfur-ehlorine

stretching vibrations. The nmr spectrurm of the solid in a

mixture of deu.tero-ehl-orof orm and meth"vl methyl thi o.L-

sulfonate (3:l v/v) gave a sjnqle peak a.t 3.:1 F"P"l'/i" The

loiv field absorption of the rnethyl groups is consistant with

the expecteci deshielding effect*c of the el-eetronegative

chlor iner atoms,



Although an elemen't,af analysis of the sol.id coLt,l.d

not be obtaineci due to its instabilit¡z? eonclusive p::oof

for the proposed structure (climeth.yl sulfur clichl,o:"ide) was

obtained b¡¡ the synthesis of dimeth¡zi. sulfu.r oiehloricie by

an alternate routeo Slorn; adclition of excess thionhosg'ene

to Dl,{S0 i:n ether at OoC in an inert atmosphere of nitrogen

resulted in the f ormat ion of a h\/groseoplc white solici

rryi-th ioentical, nroperties to the rn¡hite hygroscopic soLid

isol-ated from the reaction of nhenyl thiochloroformate and

Dl\1S0" The inf ra recl of the solid gave a strong absorpt ion
--tat BB0 cm '- while th:: rrr speetrum Eave a singlet at 3.1

P"P.l\/i" The mass soeetru-nn of the nroduct shown in Tabl-e 2

ï/as al-so identical- wi.th the sol-io isolated in the Dl"tS0-

thiiol chloroformate reaction 
"

ieþÅe-?

The lvlass Spectrum of Dimethyl- Sulfur Dichloririe

s/e leaE-Inle¡silv
62 100

63 73

48 70

46 6r

97 46

47 46

36 36

28 28

qs 18

45 12
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êlthough ci Í nethyl sr,rlf ur d ichlrrricie has previousl y

been postrrlated an interrnecljate in a nt.r-r'lber of reaetions

(Tru.ce oBiran and licBee; 1912 rl'irislov,r et a1; !964, Tsttchiya

et a1; L964u Larnpert and Smith i Lj6a) e its isol.at j.on has

heretofore not been reported" The synthesis of climethyl

sulfur dichloride from thio phosgene and DTtrlS'O now nakes it

possible to undertake stuciies ln¡ith this cornpound, I)ue to

its potential inportance as a facile oxidant in combination

with DLISO a discussion of the -qtudies undertaken with. this

compound has been placed in a separate se-cti-on"

Tn orcler to determi"ne the stoichiometry of the

reaction of nhenyl thiolchloroformate and Dl,[S0? various

ratios of the reactants rn¡ere mixeci and the resultÍ ng products

analyzeci. Table 3 shor¡rs yields of nhenyl disulf ide obtained

r¡¡hen ohenyl thiolchlorof ormate and DI'{SO were mixed in various

rat ios. Tvro methods , shov¡n as ¿\ and B in Table 3 r vrel:e

employed to isolate the disulfide oroduet. In mêthod A,

DTV|SO anci phenyl thiolchloroformate 14/ere allowed to reaet in

earbon tetrachloride at O"'C and the resulti ng sol-ution was

neutral-ized with aqLleoLls sodium bicarbonate followed by

rernoval- of volatile products anci sol.vent uncier Vacuum' The

resul-ting yellovr solid conta ining ohenyl disulf ide tiras

purified by column chromatography ând weighed. In rnethod B

DlitS0 and phenyl thiolcholoroformate were allowed to react

as in method A and the resulting solution uias neutralized

and the volatile products and solvent ïvere re¡noved" The

resLrlting procluct was then redissolved j.n carbon tetra*

chloride and excess di-isopron¡rl amine was added in order
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to c.onvert unreacted nhenyl thiolchloroformate to the less

react ive anide der ivat ive, N-d i-isopropyl-S-phen.yl r.tliir:l!--

car;ba.¿,ra-te ( { iCrUT) 2}lCOSC 6Hil. Atternpts to sepa rate the

disulfide and thiolcarbonate qu.ant¡.tatively were unsLlccess-

ful" However it irvas four-nd that the ratios of ciisulfide to
.-:thiolcarbaina,-r,e could be e-"timated accu.rately from the nmr

spectrum of the mixture by intesration of the peaks" This

procedure was tested by treating knov¡n amounts of nhenyl

disulfide and phenyt thiolchlorofornate v;ith excess

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

The nmr metkrod geve excellent results in comparison to th.e

expected p::oduct ratios while separation of the products

by eolumn ehromotography gave þoor resul.ts as shov,rn in
Table 4u

Ieþfs-3
Isolation of Phenyl Disulfide from the Reaction of
DI\IIS0 and Phen.yl llhiolchlorof ormate

PhFpqglS ÐLtSo¡r. Ph?1zt"a phSCON(ipT)2'; 4iethqè

0.02 o.o-5 o.oo8g (ag'/r) 
"q.

,,o.o28 o.1o o"o1 2 (g6"ta) ¿

0"02 0"10 0"0097G17i) ¿

.,0 " 02 0.0!. C.0OB5 (Ery,,) ,A"

o.o2 o"o2 0.0076 (l6ií) a

0"02 o.o2 o"cO7B (lA"i") o "oozz(11f") e

-o.02 o"01 o.ooLLB (L¡AI¿,) o.o1o $ofå) n

o.0l-l o.o1 o"oo_59 (tgli,) o.oitz (eoiá) n
;;: grajr rnoles



Leþle-4

Comparison of nmr vs Chromotography i\llethod
Disulfide-Thiolcarbonate Product Ratios

PhSCOÛJ¡, PItZSpv". PhSC0lii(iPr)l¡' EiirSr'11

0. oO6Lr t .oo52 o , oo51 (rSa/,) o " oo5 P-? oo/å)

o . oo6lr o .oo52 o. ooJB (52¡à) o 
" 
oolr8 (gLfi")

t:t î.rT,-^ti:l rnOl e Sâ) ¡ (f,Á¡¡ i

The results from Table 3 clearly indicate that the

forrnation of 1 mole of phenyl ciisulf ide resulted from the

reaction of 2 moles of phenyl thiolchloroformate and ?-

moles of DMSO,

f n order to ident if y the volat l1e piodLrcts f rom

the reaction, phenyl thiolchloroformate was allowed to

react with an excess of DIVIS0 at 4OoC in carbon tetra*

chloride and the volatile rlroducts nrere trapned in an

acetone-dry ice bath followed by a liquid ni trogen trap"

The product obtained from the liquid nitrogen trap \¡ras

identified as carbon dioxide by its characteristic

absoirption at 235O.n-1. The product obtained from the

a cet one-dr5r ice bath wa s ident if ied a s d innethyl s ulf ide

by its boiling point (38"c) and comparison of its infra

red and nmr spectra with those of an authentic sarnole.

0n the basis of the yi.elds of dimethyl sulfide shown in

Table 5 tt appears that 1 mole of climethyl sulfide is

produced by the reaction of 2 moles of phenyl thiolchloro-

formate with an excess of DïI/I*SO.

for

li-ç!þsg

nmr

cohlon chrQnì"
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fsolati.on
DIÍSO anci.

Phscoüt-,r

o "o2

o "o2

fsolation
Rea ct i on

PhSCOCIÉ

o"02

0"02

0.1 0

0"10

sij llol es

o.oog7 ßl'ñ)
0 "0096 ß 7á)

o 
" 
oo5 6(s6fr)

o. oo59 $g%)

!eþ-te-5

of Dimethyl Sulfide from the Reaction of
Phenyl Thiolchlorofornate

Ðìisûr:,

Yields of the hygroscopic tvh j te solici, dimethyl

snlf r-rr d ichloride , obtained by rapid f iltrat j.on f ollovuing

reaction of equimolar amounts of phenyl thj olchloT'of oi:'nate

anrl DMSO are shown in Table 6e

!eþIe-6
of Dimethyl Sulfur Dichloride from the

of Dl,tS0 and Fhenyl Thj-olchloroformate

Di,.{so'};

o "o2

o "a2

moL es

Due to the instabi-lity of the dichloride it 1¡ias assu.med

that a large percentage of this product was lost, However

th.e f act that onl,v f our nroducts u phen.yl d ist-tlf ide '
rlimethyl sulfide, carbon dioxide and dinethyl stilfur

dichloride, were isolated from the reacticn of phenyl

thiolchlorof orrnate irvith DI\{S0 anrl that ?- moles of nhenyl

thiolchlorofornate were shown to react with 2 moles of

DlviSO yielding I mole of nhenyl disul.fi.de (fa¡fe 3) and

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

conelns j.on that I mol.e of ci imethyl sulf ur ci ichlcride must
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also be formed. This eonclusion is consistant s¡ith the

resu,lts shor,ryn in Table 6 if the instability of the

dichloride is eonsj dered. Tn order to bal anee the l"eeetion

2 noles of carbon rii oxj-de must also be produced " Fron

the data pi:esented the stoichiornetry of the reaetion of

phenyl thiolchl-orof ormate with DfuiS0 was determined as:

2 FhS-COC1t2DMSCI **) Fh2S2 I (cttr)2s + (cHr)2sc]-2'r 2 coZ

Ree c!!^a¡_ o f _ DU-89_ gi! h_*p:Q h-l-.çs-Qp heng.]-lh;-e lsb-lprçf-9l"u.a-! q

The reaetion of p-chlorophenyl thiolehlorof'ornate

lryith DMSO geve nrociur-cts similar to those obtained from the

reaction of phenyl thiolchloroformate and DMSO" Reaction

of p-chlorophenyl thiotchloroformate with D¡,{S0 in carbon

tetrachloride lec1 to th.e evoluti on of car:bon dioxide anC

dimethyl su-Ifide. An extremely hygroscopic white solid

and a yellow solut j-on also resulted" The whj te solid 1¡.¡as

icientified as dimethyl su.lfu,r dichloride by comparison of

it s inf ra red anri nmr spectra r¡¡ith those of an authentic

sam.ple orepared by the action of thiolphosgene on Dli{SO.

The yellow solution was evaporated to dryness and the solid

produ.ct was pu-rified, by column chromotography" The white

crystalline product, recrystallized from methanole \{râs

identified as p-chlorophenyt disulfide by its rnelting point

(72oC), ,by compari,son of its inf ra red spectrum r¡¡j th

published values and elenentaL analysis" Yjelds of p-chloro-

phenyl rii sulfide obtainteci n'hen vari-ous ratios of DL{S0 and
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p-chlorophenyl disulfide were mixed as shown in Table 7 "

!aþfe-7
Reaction of p-Chlorophenyl Thiolchloroforraate
w ith DilîSO

i¡-CIPhSCOCl'r'

o.o12

0"0102

DIrlSOr,' n-CIPhrSr

o 
" 
oogg Gz%)

o . ooh2 ßr%)

0"015

o "o20
t¡t mol e s

Although a stoichiometric study of the reaction of

Dl,,[SO and p*chlorophenyl thio]chloroformate lruas not under-

taken, the faet that the reaction yietded the same produ.ets

(dimethyl sulfÍ-rieu dimethyl sulfur dichl.oride, carbon dioride

and the corresponding disulfide) as the reaction of DI'.;IS0 with

phenyl thiolchloroformate indicates that the stoichiometry of

th.e two rea ct ions are id ent ica 1;

2 p-ClPhS-Cocl + 2DI,[SO ---] p-t1Ph2s2+ (C\)zS+( A$)2SC12 +ZCo,

2 PhS-COC1 + 2DllSO ---) Ph2S2 r (cH3)2S t (cH?)rsct, t 2cÐ2

Resul-ts in table 7 atso su-pnort this conclusion, since l moles

of p-chlorophenyl disulfide are produced by the reaction of

2 moles of r;-chlorophenyt thiotchloroformate with DiVÏ.S0.

Ð^sereåY

From the clata, presented the stoichjometry of the reaction

of p-ch-l-orophenyl thiolchloroformate or phenyl thiolch"l-oro-

formate wj-th DMSO can be summâ'rized as;

2 RS-COCI r 2DI{S0 ---) *zr, I (cH3)rsclzt (cH3)rs t 2ct2
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A,.l-though the reaction of a r¡iide variety of aryl thiolehl-ovo-

f crmates w!th DIIIS0 rn¡as not attemnted, there appears to be

no reason $ihy the analogous reections shoul-d not proeeed'

If this is true then the reaction of aryl thiolchloroforrnates

with DMSO should prove a valuable synthetic route to a variety

of a.rY1 disulficies,
The reaction of llnfS0 with aryl th.iolchloroformates or

the action of thio. phosgene on Di\fSCI have also been fou.nd ta

be eåsy routes to the synthesis of riimethyl- sulf u.r dichloride,

an important intermediate in a number of reactions " Thus a

direct study of the compound can now be u-ndertaken sinee

previous ft¡orker s were unable to i solate it 
"
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DI,9CUSS]ON

THE F.EACTION OF ALKYL THIOLCHLOROFORI\ÏATFS WIT].I DIISO

Rç-s-u-l-!s

.4s in the case of the aryl thiolchlorof or.mates,

the reacti.on of alkyl thiolchloroformates lvith Dl,fSO $iere

expected to yield sjmilar nrcducts (dimettryl sulfide,
dimethyl sulfur dichlo::jde. carbon dioxide and the

corresponding disul-fide)" fn all cases studled the

adriition of DlilSO to an alky1 thi olchlorof ormate (alkyl:

CH3: CZH1. o-C3H7, L-C3H7t !-C+Hg) teO to a vigorous

exothermic reaction u'ith the evoluti-on of cai:bon dioxide

and dimethyl sulfide" In all cases the hygroscopte lvhjte

sa I t , dirnethyl sulf u.r ciichl or:ide, could al-so be isolated ,
As in the case of the ar.yi- thiol-ehl,oroforr¡ates,

the reaction Õf t-butyl thiolchloro.l2ormate or i-prolyl
thiolchl-oroforrnate vrith excess Dl\{-q0 in methylene ehlo::icie

ai room tempei'ature led to the formati on of the corres-

ponding disulficleu The corresponding dj.-cr-r.lfide nroducts

ï/ere identif ied by comÐarison of their boiling proints,

inira red and nmr snectra and their refractive indexes

with aLlthent j c samnles Trrerlared by the methori.of Vr:Eel" and

Conan (19+3), Yielrjs oÍl the corresnoncling riisu.l-firles

obtainerl from thg reaction of !-butyl and !-Rropyl
thiolchtorof ormate with DI'{SO are given in Table B,
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leþ-le-B

Reaet j on of !-Buty1 and !-Prooyl Thi.olchl-orof or¡.ate
with Dùi-qO. Isolation of Disulfides

l- 1:!!91 l$9 I¿9a ï::-J!:"1
t-c¿tY9 . 03 .o5 , of 3 ß+/') 3. O

i -c )i1.7 " 
1 "2 . o4l (Bzr/, ) 10. O

JI

i-c2H'7 .1 ,2 "O3B 06%) 3"0JT
^|{'- moles

The yields of disulf ide shovun in Tabl-e B ancì the

fact that cerbon Ci-oxirie , d imeth¡¡l sulf ur ciichloride and

dimethyl- sulf ide r¡rere isol-ated f rom the react j on of L-bu.ty1

or: i-pron;r1 thiolchloroformate and DÌIïSO indicates that the

stoichiomet::y of the se :reaetions alle the same as the

conresnondì-ng aryl thiolchlorofo:rmates :

2 RS-COCI + 2Dl,iSO ---à RzSz .r 2CA2 "t (Cttr)rSCt, .r (CH,)rS

Va::ia'tion of the react:ion ti-tne as shown in Table B did

not have any effect on the reaction nroducts"

\¡ühen n-propyl thiolchloroformate anri excess DMS0

were mixed in meThylene chloricle, vacuum riistil-lation of

the resulting solution yielderÌ two hi.,qher boiling nroduets.

The lower boiling: Þrorluct ftp=nr&/O.4mmHg )was ident i. f i ed

as i-oronyl disulf ide by coulÌlarison of it s inf ra red

spectru.m, nnr spectru.m, boiling point anci ref ract j ve inder

with an authentic sample creoared by the method of Vogel

and conan ( r9+3 ) "

The infra red spectrLln of the higher boiling

component (h p=g6ï/o,4rnnHg) showed characteristic sulfone
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absorÐtions at l-140 and t35O cm-1 !ïhile the refractir¡e

index and boiling point v'rere eonsistant v,rj th those

obtaineci by Boldyrev, l,itkovet s and Trof imor a (L956) f or

n*nrop.yl n-nrooyl thiolsul f onate " A.lthough evolution of

car:bon riioxide subsi rlecl af ter I I minu_tes " leaving the

react ion f or" 1-onger periods of t j me re-qu.-'lted in higher

yields of 4-prop;rl q-proÐJ/1 thiolsr:l.fonate and lov¡er

yi-elds oji q-propyl disulf ide as shor¡,'n j n Tabl.e 9,

Iaþ]e*9-
Reaction of n-Flropyl Thiolchlorof ormate inii th Dl/-lSfi,
fsolation of Higher Boiling Produ.cts

F-caH ZSC0c I
* 

Dií,err* (n-caH ùzs! !l_9:lzlaTa{ T ime (hr. )

0"1

n1

o"2

o "?_

"013 (25%) "O3r rcLr,.)

"oo54(tz5) " o3¿ (78'/,)

1"0

l-0.0

These results indicateci that g-propyl disulfide
was being converted to the corresoonding thiolsu.lf.onate,

probabty by a slow oxirjative proeess in the pl.esence of

DITSO 
"

li,Ihen ethyl thiolchlorofornate ancl exeess DL[S0

were ::eaeterl in meth;'lene chloride u ethyl ethyl thiol-

sulf onate rrva s the only hÍ gher boi.ling product i solated

as shown in Table 10. Examination of the pi:oclrrcts by

vapor phase chromátograph"v did not indica"te the presenee

of ethyl dislilf ioe 
"
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Iaþl-e.-l-Q

Reaction of Sthy.l. Thiolchlorofornate with Dtr{SO"
Isolation of Higher Boiling Products

*t
9ebl9o9l :I'?

. 04l-, . oB3o

(c.H*).s j
a)¿-a--""1rç-1zrl,t

. 03 5 (.2o"/")

" o3B( toor")

.0136 Qer"l
-)t

,1

¡t4

.1

.15

,1 ,0262 (26r,)

llrhen equimolar qLranti.ties of Dl.tSO and ethyl

thiolchloroformate i¡rer:e mi-xed (see Table :1-O), both

ethyl ethyl thiol-sul-:flona+.,e and eihyl cii strl-firie lryere

isolated. Unreaeted ethyl thiol-chl-oroformate \¡Jas

eonverteci to N-rii-$-pronyl-S-ethyl thiolcarbamate b;z

'rreatment ,'¡ri th di.-!-propyl amine in the same nanner es

l¡/as cione in the react ion of nhenyl thiolchlorof ornate

a nd DI\{,q0 
"

The reaetion of methyl thiolchl-oroformate with

excess ÐInS0 yielded methyl rnethyl thiolsulfonate as the

only high boiling nroduct " When eou.imolar amounts of

methyl thiolchloi:of ormate and Dl.. S0 were reacted, meth.yl

methyl thi olsulfonate and Lrnreacted me'bhy1 thiolchloT'o-

f orrnate l¡Jere isolated. llo meth"vl- disul-f ide coul d be

detected in the product by means of veÐor phase chromo-

togra.ohSr. Results are shown in Table 11,

2z\t22zl2z!í 9¿ï :1! 
oï !: -%\z!{

" 
o1o7 Qz%)

mole s
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Ieþle-f]-
Reaction of Ì''iethyl Thiol-chl-orof ornate with D1\tS0 

"Isolation of Hi gher IJoiling Procìucts

thlgggl 
n 

llitg 
* 

9l-il!a191¡* thl9391 
*

0" I O.?- "O47 ßql,) -
o ":t- o " 13 

" 
031 (62,r' ) " 

o3o ßÕr')

o " :l- o, I 
" 
ot B (36r") ,o+B (+8V,7

+ mole *q

Siuoies r¡;ere initiated to determine the stoichio-

metry oi the reaetí.on of methyl thiolchlcrof orma be and

DI/IS0" Resrrlts in Tahle 11 inciieate that 2 mo.l-es of Dl'.{SO

::eact with I mole of methyl thiolchloroformate, yielding

o.l moles of methyl methyl- thÍolsulfonate. Yields of

dimethyl sulfide anC rlimethyt sul,fir.:: dich-1oririe ar:e

shown in Table L2"

!eþ--1-e---12

Beaction of l¡lethyl Thi-olchloroforrrrate with DI',.'iSO"

fsolation of Dimethyl Sulf irle and Dinnethyl Sulf ur
Di ehloride

g.ï¡lggct * lu-=-? 
* 

lgl:lal 
É 

!9ï:leggla 
1

,or7 .036 . 006 Q1t/")

. ol ,o2 , o13 (87r")

4 moles

From the data obtained the stoichiometry of the

r"eaction of DiriS0 and methyl thio1.chloroformate was

determined as;

z(cHl)rs=o + zÇH:]scocl ---å cHSso2scHS + (cH¡)2scr,

+ 2$r\) 2s + zcoz
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It is Dossible that the produ.cts of the nre-qent

reactions (Ci.sul-f j rje or thiolsu-l-fonate) are f ormed bv two

senarate pathways, I{oivever it is signif icant thai in the

case r¡¡here [-propyl thiolchloroforrnate tvas reacted with

DI',ÍSO (Table 9), the rat j o of !-Ðropyl !-propyl thiol-

sulfonate to n-propyl ciisulfide increases with time" This

suggests that the thiolsulfonate is formed from the

clisulfide by an oxiciative Ðrocess that releases dirnethyl

sulf ide, The isolat j on of ethyl d j.sulf i cle tr'rhen equ.imolar

arnou.nts of eth,yl thiolchlorcfornate and DL{S0 are reaeted

f urther su.pports the h¡rpothesis" The f act that onl.Y methyl

meth.yi. thiolsrrlf r:nate is i solated when methyl- thiolchl,oro-

formate and DI'{S0 \¡rere reacteci srrggests that the rate clf

oxiciation of methyl disul-fide is much faster than its rate

of formation" ff the oxidation of the disulfide to thre

thiolsulfonate is a sterically controlled process as the

results above v¡ould appear to indicate, the relative rates

of oxidat ion wou-ld f o1]-ow '1,he order shov¡n below:

cH3 ) tzw'5 g-cal,rZ
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UEçriAIrS-TJç--SIgPJE:1-!I-IEE*384çi]=!ll-ïLiI-q!çLI-!QBpIç3UglE-ç
1,¡ITTH Dii'[S0

Jn.!rsd-qc-t rç¡
Thiol-su-l-foni um ions are be.l,ieverl to be important

i,ntermerliates in a numbe:: of alkyl sL¡-lfirie catalized

reactions of disulficles anri thiolsul-finates (Kice and

i\,,larkved , Li64", Kice and Large, lpóBa). Stud j. es by Kice,

+
R2S"-SR RSSR RS0SR RSO2SR

ThiolsLllfonium fon Disu.lficie Thiol-sulfinate Thiol-sulfonate

Vernier and Ïleasley (1"967) have shown that the rate of

react j on of thiolsu.lf inates with sulfonic ac j-ds is dramatÍ.ca1-ly

increased by the acid it i on of srna.!-1 arnount s ( fO- á¡) of q-a lkyl

s ulf i-des. The catal-ytie ef f eet of the sulf ide is beli eved

to be the resu.l-t of the fo:rmation of the cii*a1k¡il" ary,L.

thio.l-sulfoniu.m intermediate (pg) as shor,,¡n bel-oi¡r:

+i
c6H5-c-sc6H5 + H ---à .rnll-sc6H5

CI 0lI

t
c¿HqF-sc6H5 f'l

OH

Rzs ---t R25-sC5H5 + c6115S0H

( ça\

(zg) f Arso2H ---Ð arso2-sc5H5 + Rzs t H
+

fntermediates su.ch as (.eg) are hnolvnto undergo
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extremel.y rapid nucleophilic st-lbst itution at sulf enyl sr-r.lf ur.

This polnt l¡ias dramatically demonstraied by I{ice anci

Fqvstritsl<y (t969) " The rate of exchange of d imethyl

sulfide v¡ith the dimethyl meth.r¡1 thiolsulfonir-rm ion (30)

lva s shov¡n to be approximately ro5l,t-1r""-1 at Ooc in aceto-

n itr i le,

f n¡t \ .r
\wl-r-j /:)D

+
Cil3S-S( C:tl¡) ¿ çæ=è

iruj

T

( c"i- ).,s*s:;i= .þ 
ç c'{_.i ).r :i

L1çch-anr.e!¿c- Þls-d-t-es-cìf -lb-e--Bee-c!"r. n,--ef*Jb:.s-LsbJer-qÍsnle}ss

si!b*!U'S.Q**-Eq.s,u-a!it"an---qi--Qiqu}!.r.de.s-

fn the present stuclies the formation of the disrrl-ficle

nroducts from the reaction of aryl (or alkyl) thiolchloro-
f ormates with DlltSO can be rationalized b)' prooosing the

initial formation of the eorresponding dimethyl all<yl

( or aryl)l tfriolsul-f onium intermediates " f nitial nucleo-

philic displacement of chloride by DllSO wou.ld re.sult in the

formation of the unstable intermediate (31)" Extrusion of

carbon d ioxicie woi;ld then yield the corre spond ing d irnethyl

thiolsulf onium ion (32 ) , as shor¡¡n in Scheme 1, The

thiolsulf.'oniurn intermediate (32) vrould then be expecteci to

undergo rapid nucleophilic substitution rn¡ith another molecule

of thiolchloroformate, yietding the unstable intermediate (33)"

The formation of (::) could eonceivabl.v involve either direci':

attack b5r the lone pai-r electrons on the sul-fur atom of the

thiolchl"oroformate with extrusion of dimethyl sulfide



41 .Schene I

+
(cH3)2s=o + Rsco0l 1--) Rsc-o-s(cH3)Z

ilo (rrl

3t ) ---) ns-åt cw3) z + coz

ßz)

ßz¡ + Rscocl

+
Rss-cocl cl- + (ctt3 ) 2s

IR (tt)
I

I

,/-"

--þt Rs-s(cil3)2

RSCO
f

c1

+
3s) + (cH¡ )2s=o ---) RssR + (cil¡ )2s0coc1 cr-

'-) RSSR + aaz + (CH¡ )2Sc12

Schen.e 2

(cnl)2s=o + cH3scocl ---l ,or*Ë{*nr), c1- t coz

(J4)

(i¿+) + i-c3E7sH ---l cujssl-ctH7 + (onr)2s

+ HCL

(¡r+) + cn3scocl :f3 (ur¡ )zsz + c'3so2scnS+ Çaz

+ 
-(ery)2sc1r 

+ (cgl )2s

(cH¡)2sc1, + 1-c5lr7sg ---) (cH¡)zËsr-srtt cl- + Hcl

3n)

3ù + i-caHTsH ---) (i-caH7)2s2 +IICI + (cu3 )2s
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(na1!hway a ) or a cyclic nathway involving initial nucl-eophilic

attaclr. T:y carbonyl oxr/r'en follov,¡ed by an intra molecular

rearranEenrent (pathwa,,v b) as -shown" Either nathr,vay t¡uould be

equallv favored by the ability of dimethyl sulfide to act

a s a facil-e leaving granD" IIuel_eophi.li c attack by DI,{SO on

(33) woulri lead to the prodtrcts as inoicatc,:d.

Th j s mechanism is consistent urith the stoichi.ometry

the reaetion of phenyl. thj olchloroformate ',,rith Dl.,IS0

shown on page 31,

Although the dimethyl thiolsnlfonium intermediates

could not be isolated , Kj ce and l,ârge (7g6}h) have Ðïeviorrs l¡¡

shor¡rn that rii-a1-ky1 a.ryl tLri olsrrlfonium ions are tutrappedot by

n-alhyl mereâptans: ,yielding the corliesçronding n-a1k¡z] ar:yl

disulf ide. fn the present stu.Cies, when D-,1lS0 and methyl

thiolchloroformate were mixed in the presence of i-proir^yl

mercaptan, the 6rrccìLr,ct -c obtat neci 1Ãiere t-propyl meth.yl

d isulf ide , rnethyl disulf ide, !-propyl di sulf icle and nrethyl

methyl thiolsLrlfonate, The formation of f-propyl methyl

disulfide strongly suggesteci the presence of the dimethyl

methyl thiolsulfonium ion (34)" It is suggesteci that these

products arise as shov;n in Scheme 2,

The d ime thyl metÌ:y1 thi ols ulf on j um i on ( 34 ) f orned

by the reaction of DL{SO ancl met}ryl thiolchtoroformate ean

react wi 1:h either i-pronyl mercantan or can f urthe:: react

vrith neth"vl- thiol-chlorof ornrate ancl DIVIS0 yiel-d ing the product

as inoicated. In a sep¿rate experinent it was shov¡n that the

reaction of i-propyl mercaptan ano nethyl sul-fur dichloride
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yielded !-oropyJ- disulfide" This reacticn nrobably involves

initial nucleoohilic attack by mercaotan resulting in the

f ormation of the d i nethyl i-propyl thiolsulf oniunt ion ß5)
v¡hich reacts with another molecule of mereaptan tr: yield

i-propyl disulfide as shown in Scheme 2"

U-çc.he¡-ré!-rç-Ê!-udies*pf ths-tseeçliqn-cf-Ih-rplçb-l-ps orps-s-e-!s-g

sl.!b-lUÐ9-o---I'osprc!-rc¡-pI-Ibi.e-ls-slIçnelc-e-

It lras suggested previously that disulfides are

precursors of the thiolsul-f onate s that are f ormed vuhen

pri mary a1k5r1 thiol-chlorofoi:mates react with D1US0, Denencìing

on the r"eaction ionditions used, mixtures of the corres-
ponding disulfiries and thiol-snlfonates v'rere obtained from

the reaction of DI,{SO with ethyl or n-prop.yl thiolchlolîo-
f oi"mate u but no direct evidence f or the f ornat ion of methyl_

disulfide vlas obtained when DllSO and methyl thiolchloro-
f ormate were reaeted. However methyl disul-f ide v¡as ohta j ned

at the expense of methyl methyl thiolsulfonate when ]-Rronyl
mercaptan was introduced. Since dimethyl sulfur riichloride

is al,so formeci as a produet of these reactions ancl since

!-oropyl mercaptan reacts rapidly wj,th dimethyl sulfur
dichloride, i t seens i-ikely that the thiolsulf onates rilel'e

produced by an oxidatj ve process depenclant on the interventj on

of dimethyl sulf ur dichloririe. Further er¡idence f or this

v ieiv wi 1l- now be pre sented,

It i/,ia s demonstrated experimentally that in the pr?esence

of dimethyl sulfur dichloride, methyl- disulfide was oxidLzed

rapidly by DIi,1iS0 to methyl methyl thiolsulfonate at room
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tenperature, It 1.,Tas also f ound that no apprecialt.l-e change

in the concentrat ion of ciimethyl snlf ur dichlor j cie oeeurred

during the oxidatjon" Hol,rrei/er in the absence of dirrreth¡rl

sulfu.r dj-chloride the oxidation diri not taì,<e p1ace. un<ier

similar ccnditions" In fact oxidation of methyf riisulfirie
by Di\tSO di.d not take plaee at BOoC,

Three methods \¡rer:e used to generate dimethyl su._]-fur

drehloride" In the first nethode exces-" ÐllS0 was acìcied to

a solution of methyl disu-lfide containing snall anounts of

metht¡l^ or !--prof'yl thiolch-'l orof ornâte. F"esults are shorn¡n

in Table l:f , The second method involved the isol-at j on of

dimethyl su-lf ur ciichl oride f ron the re acti ¡n of phenyl or

methyl thiolchloroformate and ÐlfS0. The isolated salt v;as

then addeci to a solut j on of DIISO and r"nethyl disu],f ide in
methylene chloride, Results are shown in Tabl-e L4" fn the

last methoci the salt v\ias senerated by the action.of excess

thiophosgene on DlfS0 and adderl to a solution of meth.vl

disulfirie and DilTSO, Re-qul-ts are shoi,vn in Table 74"

It was also founri that n'hen meth"vl disulfide tvas

adderj to a solution of Dl¡lSO and anh.ydrous hydrogen chloririe

in methylene chloride. methyl methyl thi,:lsulfonate was

produced as shor¡¡n i.n Table 71" This is not sìr.rllri si-ng -qinee

T.srrehiya, fri,yarrra and Umezana Oq6q) have proposerj the

formation of dimeth.yl srrlfur dichl-oride frorn solutions of

DI[S0 a.nd hyrirochloric acid as shown below:

++
iCU.)pS:C r F.Cl +--r CH?SCFIt Cl- ËÇl+ CH3SCH3 C1-* H20.) ,l r /

0H cl
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Tab1q 13

Oxid.ation of Methyl Disulflde by DMSO in the presence
of Thlolchloroformate

RSCOCl

.o65

.02

.01

.21

.21

.10

.21

R D&ISO (c$]zs.z

0.1

0.1

0.1

mol es

cilSso2scHl

.o9B 196"/,)

.1O3 ßl+'/")

.101 ery")

:.-C3H7

cH5

cH3

.26'
ooaÇ1

¡11

,,r

Table 1,1+

Oxidation of Methyl Disulfld.e by DMSO
of Diroethyl- Sulfur Dichlorid.e

DMSO (cn- )rsz (c-¡r¡ )escr,
. oo60

.0o64

'0136
,oo57

* moles

TabLe 1 5

Oxid.ation of Methyl Ðisulfid.e by DIdSO
of Hyôr"ochloric AciÖ

( cu" ) osc
---¿-2-=

Dilso ücl

trace

.01 J+

It mol es

0.1

o.1

0.05

0.1

.05 .11

.o5 .10

ln the presence

cHlso2scHj

.096 çg6%)

. o94 ßt+f")

. oh6 (gz%)

.og2 192%)

ln the presence

cHlso2scrb

. o4B ß6%)

.ol+9 eAf")
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In the absence of DI,ISO, dímethyl sulfur dich]-oride

1,4ras fou.ni to react rapidly vrith methyl disulfide in rnethylene

chloride at room tenperature " The i:eaction v¡as charaeterized

by the f orniat icn of a v¡hite insoluble solid , vrith extrus ion

of meth.1.rl sulf j rle. Attennts t o eharacte rize the solid were

u.nsnceessf u1. Horilever additi on of Dit/lSCI to the solid follorred

by immediate neutralizaLLon of the solution with agueous

soCium bicarJ:onate resulted in the isolation of equal anount s

of methyl methyl thiolsulfonate and methyl ciisr.:.1-firle. Results

are shov¡n in Table 16,

Ieþ]e -16

Reacti on of Dimethyt Sulf ur Di.chlor j de and

19gi2d.9þ] Lc-I¡lel 
* 

l,tïg'* !9g:lele*

i'[ethy1 Disr-ilf ide
*

9I":l9el9h'

" 
oo49 33r,).or5 "oL, ,o5 "oo48 ß2{,)

+ moles

0n the basis of the evi-cience p:resenteri, a mechanism for

the oxidation of clisulf j cle by DMSO j n the presenee of dimethyl

sulfur dichloride i-" proposecl as shovun on the following

page (Scheme 3)" The initail step involves nucl-eophilic

attack by disu-lfide on dimethyl sulfu-r dichloride, l.eaCing

to the disulficle dichloride adduct (36)' Attack by DT11s0

on th.e adduct (36 ) eould lead to the unstabl-e oxysul-fonium

intermediate (37) r,rhich would then decompose resu.ltinE in

the regenerat j on of cìinethyl sulfur di.ehl-oride an,:i formation

of the corresnoncling thi r:lsulf inate ester (38) as shor¡¡n,



Scheme u

RS-SR + (CHl )2SCr m- ---+ RS-SR C1-

(cri¡ )2s-cr

+a+
RS-SR Cl- ---t RS-SR Cl- + (CH3)2S

lrl
(cHt )zsdl 

36) 
cI

c1
1J

ß6) + ( cH¡ ) 2s=o ---+ *t-¡f ,,
Gt) o¿s( c\)z

3l) ---+ Rs-sR + (cn¡)2scr2
il(¡a) o

(r8) ---+ fnso2sn + åRssR

47.
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Disproportionation of the thiol-sulfinate ester results in the

formation of the corresponding thiolsulfonate ester and

disulfide.
lilethyl cli sulf ide rLichloride (36 ) has previotr"sly been

prenared by Sehneider (L95L) ¡y slow adCition of a coltl

-colution of chlorine in carbon tetrachloride to methyl

mercaptan in carbon tetrachloride at *l5oCo Initia l- oxi<iation

of the mercaptan to methyl disulfirie followed by chlorinatÍc¡n

waS proposed f or the f ormat j-on of the salt, ''r''/hen exceSS DI,.4S0

vras added to freshly nrepared methyl di sulf ide dichloririe

( prepared b.y the methorj of Schneider ) in methylene chloride
aì

at O"C, a violent reaction took place r¡¡ith the evolution of

methyt sulfide. The product was identified as methyl methyl

thiolsulfonate. In a separate eXperiment the llegeneraticn

of dimeth;i1- sulf ur dichtorirje was al-so demonstrated " vÏhen

Dl,,[S0 in anhydrorls ether i.vas ac]cied s1-owly to methyl disulfide

di.chloride at OoC ancj the sol-u.tion l-eft for 10 hours at -lOoC,

a large percentage of dimethyl su"lfu-r dichloride cotrlcl be

isolated. Results are shotnln in Table L7"

Ielfe-fZ
J{

DMSO (l4g)aÊz 9Lz*- 9H¡l9eg9-lß* (ÇH:leÞ-Çlal

.oL7 ß5r'). 01 ,o2

"o5 ,o25
" 
014 (5611,)

moles
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These results su.geest that the initial formation of

the clisulfide dichlorirle adcluct ß6) is rate deternining'

On formation, methyl disu.lfide dichloride reacts rapiclly

v¡ith DI'{SO giving the prodLrcts " These resu-.l.ts are a-'l so

consistent r,vith the f aet that the ecncentration of d j methyl-

su.lfur di chloride is constant. The dimeth"vl sulfur dich'loririe

reacts in j tiall-5r wi th the rii sul f ide rryith f ormat j.on of methyl-

disu-lfiCe ciichl-oride fi6) Reaetion of (36) i,rj-tlr lrl'{S0 fo-l,L.otreci

by decomposition of the acldu.ct (37) lea<ls to regenerati on of

dimeth"vl sLllfur dichlori.de "

',ühen reactions of meth;21 disu.lfide, DI'ISO and dimeih.yi-

su.l-f'ur cii.chloricle were monitoreri by nmre no absor"ptions

eorresponcii-ng to rnethyl- nethyl thi olsulf inate (CH3SC,çCIl3)

could be detectecl " This evirience suggests that th.e rl ispro-

pri at i-on of r:nethyl methyl thiolsulf inate is rapid, Several

worhers (Ki ee , Veni er a.ncl Hea. s IeY ,t 1967; Barna.rcl , TgrT)

ha¡¡e shoro¡n that in the presenee of acid,, aryl thiol-sul-finates

rapidi-y disproprionate to the corre,<pondi ng dlsrrl-fide and

thi-ol-sul-fonate a s -chor¡Jn.

sf
ArS0SAr --'là ArS02-eAr ArSSA-r

Catalytic anol:,nts of meth.vl ci isrllf i cle clichl-oride t

dimeth,vl sulf ur di ehl-oride or h.,vrirogen chloriCe added to

sol-ntions of methyl methyl th j-olsul f j na l;e caused ¡riolent

reactions at roo-q ternperature in methylene chloride' Equi-

mol-ar amounts of meth.r¡l noeth;zf thiol-stilfonate anci. methyl

disulficle were isolateci as shown in Table 18, lleth¡'f me1;h,,v1
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thiolsulfinate vras prepared by the slow addition of an equi*

molar amount of t'ilCPA (meta-chloroperbenzoic acid ) in chloro-

f orm to methyl d j sLrlf ide in chlorof ora at OoC,

Table 1B

Dispropriation of li,lethyl lr'lethyl Thiolsulfinate

91:t99ho 9*:1ryI ghlge*9h{ !9h)'la#
.O3B (ctta )252_ct2_ ,014 "015

.o5 Hcl
" 
023 "022

^)?"o5 (cHr)2scL2 "o22

"O5 DMSO no reaction

"O5 CH3SO2SCH3 no reaction
il moles

5!¡e t i qs *sI -Jbe- o xide ! isn- qf 
-Uie!by-l- 

Dls-uf f ide
Kinetlc sttidies of the system methyl d i sulf ide-Dl,lS0-

dimethyl sulfur diehloride v,,re-ìre chosen as a nodel sysiem for

the oxidation of disu.lf ides to thiolsulfonates by DlriSO i n

the irl:esenee of'ciimeth,vl su.lflrr ciichloride" Rates were

measnred by following the rate of riisappearance of methy]

disu-lfide and the rate of anpearance of methyl methyl thiol-

sulf onate b.v nmr as a f unetion of peak hei.ght o Re*qu-lts in

Table L9 shoi,',r that u¡der the conditions, the rate of disapoear-

ânce'.of,-rnethyl cii.su".lf ide ànd 1:h.e ::ate of appeel:ance of meth.yl

methr¡l thioll,sLilfonate yield first order kinetics. Furthernore

the rates of f orrnat j on of methyl methyl thiolsr-rlfonate

anri disaÞÐea'rance of methyl disr.r.Ifide within experimental

error are identical" This fact imnlies that the initial step

is rate determininE, That the reaction is fjrst order in
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disnlfioe is e'/ident b"v the fact that the rat3 eonstant does

not vavy with changes in Dll[S0 eoneen'f.ration, The kineti e

order of cl j,rneth.l¡l sulf u.r dichloride must be zeTo since it is

conseni ed ciuri ng the reaction" Horo¡ever changes i n ini tial,

eoneent::ations of dineth5'f sulfrrr dichloride do effect the

rate (Table L9) and nust therefore take part in the rate

deterrnining step, The experimental- first orCer rate

eonstant (kr) therefore must contaj.n a term for the concen-

tration of dimethyl sulf r-r:: d j chl-oride " The true rate constant

(kt) then is the experimental rabe constant (kl) divided by

the concentration of di¡neth.vl. sulfur dichloride as derived

be 1ow,

rate = --d i9!¡lata
dt

r<r[ cn: ) zs ã
r<1$cn3 ) zsd"|(.t¡ ) z-qc r{

A.ttempts to cietermine the true rate constant hovr'ever,

were unsuceessful. Ti:is was nrobabi-y du,e to the faet that

the salt, dimeth"vl sLrlf L¡.r diehlori.Ce, i¡ras decomnosi ng slovrly

du.ring the reaet j on in methylene ehloride. Attempt*< to f ind

better sol-vent systems trvere h j nciered by the f a ct that clinethyi-

su"l-f ur di ch.l oride was unstable in most pol.ar sol.vents.

The kinetics of the reaction of meth.yl disulfide anci

dimethyl su-l.f u-r cli chl-ori de shornr seeonri order ki.neties in

the absence of DI'{SO as shown in Tabl-e ?-A. These resu.lts are

consistent sj.nce in the Ðresence of DMSOr di-methyl sul-fur

ciichloride is regenerated a-c in the nroposed.nechanism

(Scherne 3) " In the absence of DÌ',{SO the kinetlc orcler of
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Ieþ-le-19

Kinetics of the Reaction of lriethyl Dj sr.rlf ide wi.th,ÐI:S0 in
the Presenee of D!¡rethyl Sulf u.r' Dj ehloride at 4OoC,

lgyt2zszr lgh2aggle 
- 

lygg 
* Et'fs¿.!:Ï E¿ll"nll:ij r= -(s,i,,jeL-'J

"0043 .0043 .0086 "013 Í .OO3 "OL6 ! .OO2 37

"0043 "0062 .0086 "o7Z: ,OO3 "o7o ! "OOZ 11

,0043 .oo73 . 0086 " 11 ! .o2 .L2 ! "o2 16
a rate of disaÞpearance of methyl rj j -su.lf j de

b rate of eppeÊrance of methyr methyl thiolsr-rlfonate

Isþlç--?8

Kinetics of the ReactioLr of l.fethSrl Di sulf ide with Dimethyl
S ulf r-rr Di chlor ide a t 4OoC .

!9h.lala ' l91*lel9le 
* 

\z?Lt r¡-r rnin-l)
. 015

"oo5

"o7 5

.oo76

65!5
2rg ! 14

c rate of disappearance of rnethyl dj-su.lfide
+ . moles
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dinrethyl- sulfur dickrloride nlust change from zero to first

ord er ,

Sunqary

A mechanism has been proposed to account for the

fornation of disulfides fron the reaction of the correspond-

ing thj-olchloroforrnates vuj.th DÌ',{SO as shorçn in Scherne 1. Thc

nroposed mechan j sm invol-vcs initial nu.c-'j-eophilic attaek by

Dl'[S0 on the thiolchlorof ormate leadÍ ng to the coT]:espond!ng

dimethyl alk5rl (or aryl) thj olsrtlf oni.um ion (32) r which

undelrgoes further attack by thiol-chloroformate and DI'ÍSO

yieldi.ng the couresponding a1-kyt (or aryl) 0isulfide, -quÞport

f o¡ the proposed mechan j,sm vrp s obta i-ned by rt l.rappingu* out the

dimethyl methyl thiolsulfonium ion with i-propyl mercaptan"

Fu.therrnore the stoichiometry of the reactj.on of nhenyl

thiolchlorof ormate with DI'íSO was eons istant.

A mechanism has also been proposed tùo accou-nt for the

form¿:tion of the corres'0ondine alk¡zf alkyl thiolchloroformates

from the reaction of less sterically hindered all',y1 thiolch-

loroform¿:tes r,ryith DI'{SO invohring the oxidation of initial-ly

formed disulfide by DIt{50 in the Ðresence of dinethyl sulfur

clichloride. The proposed mechanism involves initial attack

hy disulfi.de on ciimethyl su.l-fur dichloricie leacìing to the

formation of the di-alkyl disulfide dichloride adduct (3ó)"

Re'olacement of ehloride ion b5r Di\{SCI followed by ciecomposition

of the ariduct leads to the corresponding thjolsulfinate and

dimethyl sulfur dichloride. Dispropriation of the thiol-

sulfinate then leads to equimolar quantities of the corl:es*
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ponding thiolsulfonate and disulfide" Evidence s'.1þporting

this mechanism is listed below:

(1) The stoichiometry of the reaction of rnethyl thiol-
chloroformate and D[{SO v¡as consistant with the proposed

mechanism"

(2) l\,{ethyl disulfide \¡ras rapidly oxidized by D}.itSO to
methyl methyl thiol-sulfonate in the presenee of ciimethyl

sulf ui: d iehloride, rn the absence of' the d ichlori-de no

oxiciation took pl-aee"

(3 ) Dimethyl srrlf rrr dichloride anri methyl disulf ide

reacted rapidly to .yielcl a r¡rhite solid. Addition of Dl/ls0

to the sorid followed by immediate neutralt-zation of the

solu.t ion yie lded eqrrimolar anoLrnts of methyl methyl thiol-
sulf onate and meth.vl disLrlf ide.

(q) l,[ethy1 methyl_ thiolsulf j nai:e j-n the presence of

acid:.yielderl eqri,imnlar a¡norrnts of methyl disulfide and

methyl methyl th j.olsulf onate,

(5) a,dclition of DIüs0 to methyJ- disurfide dichloride
resulteo in thre fornation of methyr rnethyl thiolsulfonate
¡nd dimethyl sulfur dichloride*
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DISCUSSIOI{

ÊËud-re¡ w.! t h-!-ise-l þ vl- E s -U sr.- D.i c þ-l-ar:-ds

J¡-ds-edgç-ti-a.n

The presence of climethyi- sulfur dichloride a,s an

i.nternediate in a number of reaetions has been nostulated,

For examp.l-e Truce, Birum anci lfcBee Q952) postu]-a.ted the

presence of dimethyl sulfu.r dichloride as an intermediate

in th.e chlorination of dimethyl sulfid.e with sulfuryl and

thionyl chloride. The racemization of sulfoxi<ies in the

presence of hydrochlori c acid is al so believed to involve

in j tial formation of the eorrespondi ng su-lf ur dichlo::ide

intermediate (+O) (l\ilislow et a1: L964; Tsuchiya et al: 7-9()4) 
"

Rzs Hrll ---J R2SC12

(+o)

Hzo

Laml:ert anri Snith i96+ ") :,n0 ieated tha t the reaet ion of

sulfoxides with groun I and 4 haliries leads to the corres-

porldilr-ìB sulfu..''dihalide product vrhlle Copley et al (L964)

incij.cateri the fr:r:nation of dimeth.l'1 sulfur dichloride from

the reaction of niobiu"m pentaflot;.ride and Di"fS0" Hov¿ever

ne ither of the se workers attempted to isol-ate the prodLlcts 
"

F ¡ e p s r a !i o n- -s E - 8i s-q t hv-I- g -s-lÍ"sr - !.åçb ]e -r -L d s

Although,Cimethy1 sul-fur dichl.oride could be isolated

from the reaction of alkyl or aryl thiolchlot'ofor"mates and

D1'{S0, the method of choice for the preÐa.T'ation of the comnounri

l\Ìas by the slo'',: acidition of e.xeess thiolphos6ene to DI{S0 in

anhydrous ether unCer a nitrogen atmosnhere as oreviously
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descr jbed " Yiel-ds of dimethyl sulf ur dichl-oriCe by this

methorl were of th.e or"cle:: of 75f,"

E¡çbe¡es-Ise-aj-i an-pf--!-llÊ-Q- -e!-S-.!-t-qs!hv-r*Êgll-w-!i-ch"1-sr iÊç

I\lmr studies shorved that the addi"tion of climethyl sul-fur'

dichloride to Dl'fS0 in a solution of deutero-chloroform and

methyl methyl thi ol-sr-rLf ona j;e leri to the collapse of the

senarate resonanees of the methyl protons of Ðj\.{S0 and dimethyl

su.lf ur dichloride into a sharp s ingJ et . Further studies showeci

that tþc position of the singi-et 1'vas directly nroportional- to

the rati o of D1'.iI,5û and d imethyl sul-f u,r d ichlor j-de " This f act

indicateci a rapid exchange r"eaction rather than the formation

of a compler{ $,ras takins nl-ac.e betv¡e en the two species. Loriv

tempera.tu.r'e nmï'stu-dies were undertaken ß7oC to -6OoC) and

it was f ounri that no peak sþl.itting took place even at -6OoC.

Resu.lts are shoi¡¡n in Table 2L" F::om the data the rate of

exchange of DII4SO and dimeth.yl sr-r.i-fu:: clichloride mu.st be at
I _llcast -?Xl-O-' sec-'uncier these conciitions" This fj.gu.re $ras

obtained from the eoLlation shown belovr where Ï i= the e-xchange

rate and V*-Vb is the clifference in chernical shift betrveen the

tr,¡¡o species at the coal-eseenee temperature. Since the

coaleseenee tenrperaturre r¡Jas bel-or.,¡ -óOoC, a minimum exchange

rate cou.ld be obtaine<l by us ing val u-es obta j necl at -6OoC "

rtv ¡-7'| " __-!_t-__.___
2 (Vr-V¡)

The mechanism of the exchange reaction probably involves

nu-cleophilic d isp-'l-acenent of chloriCe by Dl\{S0 f ollor.ryed by
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ï"4þfç-,?-I

Lo u _ls.rlÞ.qg a t u- r e * gel* å LgÈy._g!*EX gba neg-s! DU"ç g a"nd"-Ð-r.nçiqhyl

-Ð-B 1-{.u-r* }-içb-l"q:"i.es
* )É'

Temp (oc) 1cH.)p'cri DT\1s0" chenieal shift (e"n.s" f:"ont eH?cT2)
J

1)n

lio
'l r?
1?2
t.zB

r46
-l ¿?
7.42
L4Q
1?g

l.;2.
'r <r
'l Ao
L-' ,/

L4g
lLO

L5B
L57
L56
l_56
t55

L66
lbb
L66
L66
1óB

an
_)/

0

-40
-60

anJ/
0

-20
-¿0
-ó0

atj/
fi

-40
-60

117

0
-20
-d.a
-60

.Di/
0

-20
*40
-60

^a^AIt
Ì¡

It
tl

^ta!).il
t,I

il

o2ô4
t¡

!t
il

(\') (\ lt
tt
fi
ft
lt

#'

n'l a\,
¡l
tf
il
tt

,02Õ4
!t
il
tf
tÛ

.0306

fl
tf
T'

ñ)Õ4
fl

t¡

tl
!t

mole -"
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t1:'.e i nternned iate a. s shov¡n belov¡,backside attack bv chloride on

t(cri.)rs-ct c1- ( cH -, ) .s:o ;::3)r

cH3/
( cH- ) ^i-ðì.r' "- c1-J .ltt \cl .H3

=::* (Cri^ )^s=O\ \'-'-1t2-'

t
( rH i ) rp-o-s ( er13 ) 2 ct -

C1

t
( cH. ) ^Í,-cl_ c1-.)¿

9,.ysilrç,elé.*qI-Ð-q-u!eraïed-"0!mqthvl-E.qf {ide.

The prohibative cost of produclng deuterated dÍ-methyl

su.l-f ide is nrobably the ma jor factor in nreventing thj s

compouncl frori becoming l¡oth a useft-rl- nmr solvent and a precu.rser

f or related der-rterated compounds " The present r¡¡ork suggested

a rela t i'.¡ely inexpens ive ancl rapid method f or the preparat ion

of this compound,

Ijeuteral:ed d imethyl sulf ide rrvas prepared f rom the react ion

of detitera.teci DI'./i$0 (l.lter:ek. Sharp and Dohme Canacla X.,irnited)

anC methtr"l d i sulf j cle in the presenee of d imethyl s u-lf ur.r

ciichloride. The sulfide was tra.oped j-n an acetone-dry ice

bath ancl purif ied by distil-lati on (bn=tBoC) th::ough a column

conta ining qla s s bead s " The inf ra red spectn-rn showed absorp-

tions at zz4o and. 21)+o 
"*-1 ciraractoristie of ea.rbon-deuterium

stretching vibrations vuhile the mass spect::urm gave a sn.l-j tting

patl,ern simj ler to dimethyl sulf ide cr'rnsi dering the dif ferenee

in mass betrn¡een hydrogen and deriteriurn '¡ri tir m/e = óB(tOO),

50(E5), 5t(32), 4r(29), 42(27) e 30(19) and L5(s).
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E¡c be ne ç *y.i! b- !c g-t eseI s d *!: s el hy.l- :1.1+.llr-4s

When cieu.terated ri imethvl sul f ide and d Í meth¡r-1 srr.l-f ur

dichloride r¡¡ere nnixed in eouimol-ar quantities in nethSzfs¡s

chloride and methyl meth5rl thiolsLrl-ionate, after fi-tte

minutes onl-y one peak vras visibl-e at 3.2 PPi"i eorT'esndonciing

to the methyl nrotons of dimethyl sulfur dichloride. A.fter

one hour two peaks were visible in a 1:1 ratio at 3,2 1)PIII

anri 2.1 PPI\{ eoruesnondl,ng to the methvl protons of dimeth.¡lJ,

s u j f ur d ichloride and d imethyi- s u.l-f i.cl e. the rat io of the

peaks djd not change thereafter. I'rom this rlata i"t apÐears

that a very s lot¡r exchange react ion is talri-ng pl-ace betv.¡een

the twc speeies 
"

The mechanism for this erchange::eaction probabl-y

involves initial nucleophilic attack on cieuterated dimethyl

sulfide by dimeth"vl sulfur dichlori-de re*su.i-ting in the

formation of the intermeciiate thiolsrrl.fonium !on. A.ttack on

this j-ntermecì iate by chloride ion i{'oul d them be expeeteri tcr

yiel-d deLlterated d imethyl su.lf ui: dlchl-oride and ri i methyl

snlfide as sholvn belnv.'r:

t*(cH3)2s-c1 c-r - * (cD3.)2s

f(cH,)zÇ-s(crtj)2 c1--l
ct_

ç==è (cHrlzl-,ðfcD3)2 ct-
c1

-r

ç==å (cII3) 2s + ( cor) 2s-cl c1-
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Qx-ide!:qn -çf Phqe-!b-!¡cs

Szmant and Cox (l-966 ) have r:enorteri that tr j nhen.vl -
pho.qphine is oxi-d Lzeð to tr:iphenylphosphine oxtde at loooC

in the p:'esence of glacia I acet ic ac id " In cu,r Laboratory

it s/a-c fou.nd that aclcliti on of dineth)¡l sulf ur dichloride
to a solution of trinhenylnhosphine and Dl\li,S0 in anhydrous

ether gave hieh yiel<is of triphenylphosphine oxide at room

temperatnre as shown in Table 22"

leþ]e-22
TriphenylphosÞhine by DlfS0 and DimethyJ- SulfurOxidation of

Dí.chl ori-de
](

DITSIO "

"025

reaction

lead to

v
( CH3 ) 2SCL2

"l(( c5H 5) ¡P

"02

mol.e s

-t!'
( c6H 5) jP*o

. ol8 (92/,)"025

Conceivably this technique could be useful for the facile
oxidation of phosphines at low 'l;emperatu.res.

4 t lsspJs-d- -ç¿i-d e J jp¡* -qj*Afs pþ s-ls

Kornblum et a1 (I9r7j showed that rl irnethyloxys ulf onium

sal-ts (+:) decompose into a carbonyl compound and dimethyl

sulfide under basic conditions" The possibility that the

+
RrC-0-S(Cn.¡"-l

H (+¡)

basg R2C=0 (CF,r)rS

di..chi-oride wi th an allcohol could

correspond ing d imethyloxys ulfonium

of

the

d imethyl s rrLf ur

formation of the



sal-t (¿,+) was investigated,
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However no reaction took olace

( cH. ) escL2 HCl

r¡rhen dimethyl su--'j*fu"r dichlo::ide 14,Ð.s mi-xed with. isopropyl

alcoholr âhisy1- al-cohol or 2-hydroxy methyl-5-norbornene

under a variet.y of conditions.

-9s*i"de-h-s¡--ql*Iþi-efs
A.cidition of thiols (R=crH-, CHjr i-C3Il7T r+H9) to

dj-methyl su,l-fur dichl.ori.de in anhydrous ether resu",l..ted in

the oxidation of the thiol.s to the corresponding disulfides"

Complete reaetion was over in fifteen minutes at OoC" The

mechanism probably involves init:',al nucleophilic attaek by

thi.ol on the dichloride yie1ding the rl j-methyl a1-kyl

thiolsulfoniu-m interrnediate (45) which rapidly reacts with

another mole of thiol. yielding the eorlresponding di sulf i cie.

f R2C-0H
I

iT

+
R2C-0-S(CU.)' C1- .t

.|J

H (qq)

r
(cir" )..,s-c1 t1-

-1 t

(45)

Re-qu.lts are shown

RS;H

RSH

in Table 23,

+
---ì (cH3 )2s-S-R c1-

(45)

--*) (CH3 )2-q + HC.l-.

f I-ICI

Rzsz
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Iaþle--23

Oxidation of Thiols by Dirnethyl Sulfur Dichloride at OoC

R RSHv (cH3) 2scl2* Rzsz*

czH j
llr

J
. o5t ,o25 . ol.1 (65{')

"o5 .o25 " 014 Qír,,)

i:caH7 ,o5 .A2' . O2l 091.)

, oïg "O5 5 "?-o rcof')
4' moles
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ê1,1, melt ing noints p:iven l¡rere determ.ined on a Fisher-Johns

meiting point apparatus and are eo:Ì1r"eeted 
"

fnfra::eci s¡,ectra wtlrc obtaineci on a Ferkin-E1mer liiodel 337

Grating Infrared Sneetroneter,

Ultra vi olet spectra were obtai-ned on a Perkin-Elmer

l,{odel 450 ITV-Visible - TVIB Speetrometer"

Nnm.r" sneetra were obtained on a Yarian Æ"-56/60!\ SÌrectro-

meter', All solutions or neat liquids contained tetrarnethyl-

s i-la.ne as the internal- standarrl,

lr.{ass snectra vJeT'e net:formeri b¡r iVr" D. l,in on a Hitachi
Perkin-Elmer RiïiU-6D li{ass Spectrometer,

Vapor:r Phase Chroriatogranh.v was nerforned on a Varian

åeroEraph,series 1520 Gas Chr::omatoqrlanh.

S j.1i ca ge l- Lrseri in Colurnn Chronat ogranhy v'la s s r,lnÞl ierj by

Fl sher -Qcientif ic Conrpanye 6o^p-00 mesh f or gas chromatograph,yç

Grarl ¿ ajo 
"

Thi.n la;rs¡ Chronatogr.aphy r.ry¿*e perf ormed on s iliea p:el

DSF-|, made by Camag, obtained from Ïrilonclray f,td 
" e 4tBO de

Courtra i, li/lontreâ.1.

El emental analyses 1¡/el:e þerf ormerl by &""Bernhardt, I'riicro-

analytical- Lahoratory e 525L Elbact ìi¡er Engelakirchen" W"

Ge::many,

uJo
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Bs.a-ç!i"-an--ai-Bh-ç¡yl*Ibrclçl:-l-qr-afgrme Le-a nd-lIiEQ¿ ' l,re!-b-ad*A

fn a typical erample 0"1 moles of drSz DÌrTSO in 5 nl
of carbontetrachloricie was adderì sl-owly ( I mi n" ) to O"O? moles

of nhenyl thiol-chlororol"rn¡ie (K ancl K) in 10 ml of ea::bon-

tetrachloricie ai. OoC" The reac't,ion 1¡iâs stir.recj at room

te rnperature f or 0" f hou-rs and 1;he resrrlti ng yellow sol,uti on

was netrt::a-l-ized with aqueous sotlium bicarbonate, The nrodrrcts

were extraeted with cai:bontetraehloride anci the extract vr¡as

washed r'¡ith aqueous so,:ij.um chloride and drieri ovet sodilrm

sulfate. Removal of' the sol-vent under vacuo gave a yel_tow

solid " The sol-irl i¡ias passed thrrr a -'l- ft,, sil-iea geJ_ col_um.n

O5{/,netrolerrm ether/50/, ehloroforrn) yie-l-ciing 2,12s of a r¡rhite

soliC w j th a nelt ingl point of 5goe" The inf ra recl snectrum

of the nroduct in nujal ga\/e absornt j-ons at 2910 1T460 yL3ZO e

74O ani 680cm-1 tft" nrnr soeetr"urn of the nrodr.ret in carbon-

tetrachloride sho¡.¡reri peaks at 7 "5 ?,P,M, i-n the aronatic
regi.on" The eompounri u/a-c identified a-s phenyr disulfirie
(yield=96f,) ¡y eomþarison v¡j th results obtaj ned by Cymerman

and Willis (L95L) 
"

Ree-c ! r.qr-e -l- l hsË yl-! bi sJ-q h-}_arp{-çspe t e _ s! g*!l{5 9¿ Ue lhp d 
" " Ð

fn a typical exainple 0"01 moles of dry Dli{SO jn 5 nL

of ca::bon tetrachlorirle,,,vas adrieci .19rrr;1-.y to O.O2 mo.l-es of

phenlrl thlol-chloroforrnate in 5 nL of cnrbon tetraehloririe
at OoC" The reaction was stirrerl for t hou.r at rooût tenperatu.re

and then fj:l-tered to )¡ield O.4L6g of a hyeroseonic white

sa.l-t" The -"a1t--rïâs identified as dimethyl sr-rlfu-r Cich-']-oride

(,yiel-d=70,q,) ¡y j ts mass spectrum (n/e=6p 163 u48e97 r4T r36,
28eg9ra5)tby the st,rong absorption at BBo "r-1 characteristic
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of su:l-f ur-chlorine -qtretching v j r¡rations e and by the nmr

r¡lhi ch gave one absorption at 3.2 P,P"l,{. trlhen disolved in
a mixture of meth.,vl methyl thiolsulfonate and cieu-terated

chlorof orm (:. :3 v/v) 
"

The carbon tetrach-! oride layer rras washed r¡j th aoueous

sodiurn chloride and dried ovcr sodium sul-fate, 0"13 mol_es

of di-i-prop.yl amine tr',ras then added to the carbon tetrach-
l-oride solu.tion and the solu.t j.on vras stirrerj for o" I horrrs

at room temperatnre. The solution was filte::ed and the

sol ven L v.¡as removed unrjer vaeuo yielding 3"5L grams of a

pjrey so] iri " The solicl wa -c nes sed thru a one f oot s ilica
gel column OOO",å chlorof oi:m) j¡ielrii ng 3,49 grams of a

lvhite soliri " Nmr integration of a solution of the proc,ucts

(i0entified as ohenyl disrrlfjde and N-di-i-prooyr -s-chenyl
thiolcarbamate) showerj the proclucts to be O.OO4B mole s (q8'1,)

nhenyr disulfide and o"ol- mo.l-e s {. jo,l,) N-di-i-"orooyl-s-nhenyl

thiolcarbamate 
"

For identificatjon the products were separated on a

one f oot s j lica gel column (85% petrolerlm e Lher/Ljd/, chloro-
f orm} yiel-ding L,O4L qraas phen,vl di su]-f irie and l.04l grams

iv-di-i-l?rop)¡l-S-nhen)¡l thiolca::bamate" The thiolcar"bamate

in nujol showed Ínfra red absornl,ions at 3000eL66or13ooero40?

B2o?7OO and 6+o 
"r-1 anri melting point of 93oC after

recrystallization from methonal. Analysis shovredx /,C= 65"g9

frtl = B "oT ,':f,,N = 5 .TL, '/"s: 13 
" 53 ç

C13H19i\Ts0 req uires; Í;C -- 65 "TT , oln = B, OB , o/,w = j ,ZL t,

,r/,s = t3 "i3 "
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-Çr¿!çri-a*fçs*¡.$Ä-J¡Js-qesej;-q¡*rç-cb¡-r.ssç---te-- Idç¡J-rr:*BcË q

pÍ--lhclv]*.Ð-iesl-r;-de*.and*N---d i: !-pl-o.pvl:E;pbeny.L.*Th-iqlcarles_ate

l.'fg nhenyl thio-l.chloroformate and 1"13g phen.vl di.su-lfirie

weT'e d iso.l-ved in LSIL of carbon tetrachloride an<i 4s. of

di-i-n::opyl amine was aclcied sl.owly (10 min" ) at OoC ancl

the solution $ra s lef t stirring f or o, ! horlrs at room tempera-

ture. The sol,-rt j on was f iltered and the f iltrate was

evapor"ated dou¡n to give 2.6rg of a grey solid" The solid was

put thru a 1 ft, silica ge1 column QOO'/" chloroform) vlelding
2"55g of a white solid, Nmr integration of a solution of

the nroducts in earbon tetrachloride gave values cr l".l_g

(,LOOí(') nhenyt d j--"ul.f ide anri 1,43g (çAl,) NT-di--ì -nr:opyl St-nhenyl

thiolcarbamate 
"

The proCucts vrere separated on a 1 ft, sjtica gel

column ß5f" petroleum ethe r/L51, chlorofo.rn) yielding 1,04g

(94"/") phenyl disulf ide and O. 89g (6t{"} U-Ai-i-nropvl S,nhenyt

thiolcarbamate.

4 !e lJs i -"_fp_r_I_eføH_lç_8gad u! t *q_ d-r-gs_ Ihe_Rgec-! iq¡__ellbç¡yf

Ib:ç lsh]-qr-a-{s¡uc-!s-e¡ 4 Ðt'18!

O" 1 moles of cirS' ¡¡¡gt *rr added slowly ( 5 mino ) to

0.02 moles phenyl thiol-chlorofornate in 10ml carbon tetra-
chloricie at OoC ancl the reaction sti-rred for t hou.r at room

temperatu.re. volatile products Iryere trapped in an acetone-

dry iee bath followed by a liqLrid nitrogen trap" An infra
red spectrum of the gases trapÞed in the liqu,i.rl nitrogen
trap shor,n:ed l,he charaeteristic absorntion for carbon dioxide

1at 2l tOcm-', The 'oroduct f ::on: the acetone-dry ice bath l¡ras

distilled'th.r'u a 1 ft. column nacked with helical glass beads
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yielding .0097 nole s 97{,) rnethyl disulf ide'

3r epere!-t-qn--el-D-rse!bvl*Êullur*Ðrg.hlsr-tds

0,026 mol-es of thiolphosgene in lOml of anh¡¡drous

ether 14ras adcled s'l oi¡ly (1-f min. ) to 0,013 moles of dry DIviSO

in 10m1 of anyclrot:.s ether at OoC, The reaction vras left

stirring f o:: O. ! horrrs at OoC, The solvent was rernovecl with

a fi.l-ter stick anci the v;hite sal-t r,¡.ras washed 3 times r¡vith

anhydrous ether trnrjer a stream of rl::y ni trogen " The h,ygro-

scopi c rn¡hite salt rLvås dried under vaeuo ;¡ielding ,01 moles

Q6/q,) of d imethyl- sul.f ur rl ichtortde" The inf ra. red speetrum

of the salt in 1{el-F Erease #9O (3},.{ Company) showed a strong

chlorine absorption at B7O "*-1" The rûass spectrum of the

salt showed peahs anci relative intensities at 62(.1-OO) v

63(23) , 48( Zo) , 46(61) e 97(46) , 4T(46) e 36(36) ? 28(28),

99ft8) and 4l(!ã)" The instabi-!-ity of the salt at room

temperatr-rre nrevented an elernental analysis,

Sydsp-lys j*:-çf 
-!-r-uç!bv1*!-t¿IÍ"ur-!-tçh-1s:¿-de

O. OO12 mole s of f reshly prenareri d i methyl strlf u:"

diehloride was added to 2r1mI of water and the solution stirred

at rloom temperatu-re f o:' O "25 hours. The solution was titrated

f or aciri using 0,001 molar stanclardized sorii um hydroxirie, The

titration showed 0.0023 moles of chlori.de ion present"

Hv"dsc.lvsrs-"ef*Di,relþ,y]-$gfIss-Pr-e,hfs40e--Ln-Ðc!-!çsigrn -Q¡-rds

0.0041 nnoles of freshly prenareri dimethyl st¡,lftrr

dichloride l¡ras added to lml of deu-teriurn oxicie in an nmr tt:.be.

The nmr spectruni showed a sjng;1et at 2,6 P "P.1,{" Adriition of

Dl,äS0 to the sample still showed a singlet inriicating the

pre-sence of DIISOn The inf'::a red shnrveci eharacteri.qtic sulfone
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abso'rptions at l-JlO and 1135cm-1"

IcesÍ:-q-t---q-f*p:Çbl-e_r-ep¡-en.yl !!:_ef,ç_bJqq_e_fcsÆJe__e-!g_U'4$g .

0"02 moles of ory DI,/I-SO in 5nL carbon tetr.qchl orj de

wes addeC t o 0.0102 rnoles of p-ehlorophenyl thiolehlorof or"ma te
(K&¡i l,abroratories) in 5nL of carhon tetrachloricle at ooc,

The reaeti.on was stirred for 0.5 hours at room temperatureo

A urhi r-e sol id proriuct vias obtaineri using the saae method

rrsed to isolate phenyl disul-ficle fron the reaction of nhenyl

thiolchlorof ormate and DllSO (iltethocl A) " The product was

ident j f ied as p-chlorophenyl disulf irle (yield =.0042 moles

(85'/,)), The procjuet gave a rnelting point of TZjC ancj the

j.nfra red spectru-m in nujoJ. shor¡¡ed absorotions at zg\o? 14Boe

l4OOe lO9Oe lOlOe anri B3Ocm-1",

Bseçli -qn- of *!:-Þ u!y]* Tbå-clc b]s-r sf e.r q,s!.ç* a.!d._Ðl{gQ

O"O5 moles of <Jr,.y Ði,4S0 in 2n1,. of methylene chtorlde

was added over I nin" to o,03 rnoles of t-but.vl thiotchloro-
formate in 3 nl of methylene chloride at OoC. The reaction

wa s st irred f or' 3 hou-rs at room temperature. The solution

wâs neutralized r¡vith aqueous sodium bicarbonate and the

products \¡Jere extraeted ¡.0¿i.th methylene chl_oricj.e ancj dried

over sodium sulfate. Removal of the solvent under vacuo

yielded 2,Bg of a yel1ol'¡ liquid, The l iquid nrocl'-iet $ras

purified by vaeuu.rî distill.ation (bp=130o/L5OnnUg),.vielding

2 "?ag ( O. Ot3 moles ; BWò of t-but5rf disulf icje. Ref ractive
i-ndex (nB2o=1"4901) e infra red absorptions at 296O1 1450, f350

anci 11óoen-l"nd nmr in earbon tetraehloricle gave a singret at

1.3 P"P"l,{" were consistant with an au"thentic sample of t-butyl
d i su-lf Íde,
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rls p e r a!¿s¡_"qÍ*ê u! he t!¿ g*! - E-u-!yI_ n i s uJf-lde

t-Butyl disr-r-lficie v,'as prepared by the method of Vogel

and Conan (f9+3)" Distillation of the product gave a boiling

r¡oint at L3go/I5OmnHe, infra red aÌrsorntions at 296Oe I+54 
1

L345 and 7165cn-I , no20 at 1,4,900 and nmr singlet at 1"3 PnP,i\,[,

Eees!å-qn-pl*i.:8repy1.* Ib¿sJ=sbf grsf .er ms.!s-erd*ÐUgg

The reaetion of i*pr"oo.yI thiolchloroformate anrj DI.ÍSO

1ryas carried out uncier the same conditions as the correspond-

ing reaction with t-bu.tyl thiolchl-orof ormate. The crude

pr"odrrct from the reaction nras distilled"yielding i-nronyl
disul-f ide (¡p=t740/7 JOmmlIg). The prorlrrct gave infra red

absorptions at 2goog LaSot L35o, L24o, 11ó0, 1o!o and B7o"*-1,

n f,O=t"4904 anrl nmr peaks at L"2 anci 2,g P.P"M. jn a 6tit raiio"
Vapor phase chromotogranhy of the crude prod r:.ct shor'ved the

absence of any other high boiling products"

3 r q¡ e r aJ_!ç¡__a-I_ Sgjle n t:.ç*_L -L¡-9.py_1_!iss_1É¿-dç

i-Proçryl disr:-lf ide r¿\ras prepared b"v the method of Vosel

and Conan (f9+3). Distillation of the nroduct gave a boiling
poÍnt of Lz3o/t5ommHE, infra red absorptions at 2gooe t45o,

7L5o e L24o , LL55 , 1o5O and Bó 5cm-1 and n ,'n = L .4gL2 .

4s e c -t i -a n.-" e f * n : P r ap J I-i! ht-q] c b-L-a r q-I 
"e-r snl e - a .n d * Pl4fi "Q

In a typical exarnple 0,1 mol-es of dr;,r DI,ISO in 5n1-

of niethylene chloride was acjdeci to 0,I moles of n-nron.yl

thiolchlorofornate (]{ a K Laborato::ies) at OoC, The reaction

was stirred at roonn ternperatrlre f or t hour anci the errrde liquid
n:"odrrct (6,,45 grams ) obtaineci u.sing the same methori as in the

câse of the reaction of t-br-rtyI thiolchlorofor¡nate and Dl"/tS0"

Vacuurn distillation gave 5"95 grams of n-proo;rL. n-propyf
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thiolsulfonate (bn-9óoc/o, mmts',g) anci 1"BT grans of n-propyt

disulfide (bn=192oC/750mmHg)" The thiolsu.lfonate shov¡ecl

infra red absorptions at 299t L75Oe 1140 ancl 960 cm-l.
o^n¡'''=1 "4943 and nmr peaks in cleuterated chl-oroform at 1"1,

1.8, 2"3t and 3"3 P"P.lv:i. in the ratios 3222, l:1, Boldyrev (7956)

g ive s vaf u-e s f or n-propyl n-propyl thiol s ulf onate of n92O *I " 
4

935 and bp=ILZoC/2r;¡.rúIg. The rlisLrlfide shorved infra rsd

absorptions at 2.960? 1480, 1lo0 and ir24o 
"r-1 , n620=L,4973 and

nrnr a'bsorptions at O.9t L,6 and 2.5 P,P"L[" in ratios 7t222"

P r e n s.s q ! _t-e_n_ _qf _ Aglben ! ls_ O 
= 

p g,r p É_!.!e g_Ui-de

n-Fropyl ciisr.llfide was prepared b.y the method of Vogel

anri Conan (19+3)" Distillation of the crude product gave â.

boiling noint of L23oC/I5ommHg, n¿20*1 "498L and infra red

absorptions at 296Oe 1480, l3ol ancl L24O "*-1.
R e.aç!i-a n-sl-E!þy r Ihisl,-qh I p¡-plcl".ss.!e-s nd*!l4g! Uelh-ad-A

O"2 moles of dry DT\iSO in 5n.L of methylene chlori.de vras

adCed over l0 mins. to 0.1' rnoles of ethyl th j-olchlorof or"mate

(K ct K Laboratories) at Ooc. The reacti on ,¡ras left at OoC

for O.! hou.rs then at room temperature f or t hour" The

reaction was r,trorhed up as in the case of the reaction of

t-but.y1 thiol-chloroformate and Dh,ilS0, The erurle liquid produ.ct

was distitlecl yielding.03Snoles of ethyl ethyl thiolsulfonate
ô

(bp=83"e/O.3rnn"rHg) "The produ.ct showed ir,fra red absorntions

at 1140, 1320, 7BO ancì ?,ÇJOcn-L , u.ltra violet absornt i on wi th

max in l,o},q,methanol at 24Omu and ng?-o=L"497+, No ethyl-

d isulf ide lÃ/as detected ì-..'y vaÐor Þhase chromotoeranh.v.

Eçe-q.!i.q!. oi-E!¡v-I*Ib¿ql-cþJ-qr-q!q-rse-!s..-a.n"d*!UË-Q liit-e.!hpd.-E

0"1 moles of rjry Dl..''lSO and 0"1- moles of eth-yl thiolchloro-
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formate in 5nL of rnethyl,ene ehloride were reacted as in
l,[ethod &, Distil]-a+i on of the crude liqu.iC proCu_ct yielded

.0136 rnole s (27'ið ethyl ethyl thiolsulf onate (bp=82oC,/O"3mqrHg)

anri a l,ower boiling fraction trapped in liquid nitrogen rJu.ring

the distill.ation.l!g of di-i-nrop¡rl amine in SOnt methylene

chloride 1ri¿ìs added to ihe lower boiling fraetion and the

react ion st irred f or O. 5 ho'lrs at room remperature " Following

f iltration and remoiral of sol-vent and excess d i-i-nropyl amine

hy vacuum distill-ation, th.e crude proriu.cts (5*PBg) were put

thru a l. ft. sil ica gel colu.mn QOO/, chloroform) yielcling

5,l-Bg. of a 1-iquid product. By nmr integration, yields of

,0107 mole s (26,ri,) ethyl clisulf ide anrJ .0262 mole s (26f,)

N-di*i-nroÞyl--S-ethyl thiolcai:bamate u/ere obtalned, 1¡or

identifjcation the nroCrrcts were separated on a 1 ft silica
gel column (B5f'netroleum elher/I5{" chloroform) yielding L"2e

ethyl d isulf ide and 3, Bg ÌV-d i-i -propyl-S-eth¡zf thiolcarba,nate 
"

The Cisulfide gave infra red absorptions at 3000j I45Oe 138C,

lzcor 9Bo and 760 .*-1, no'n= L.4gL6 and bp=LT6oe/T51nnïg"

The thiolcarbamate sho'¡¡ed inf ra red absorptions at 3000 2 L45O t

13BO e L2602 9BO and 760.r-1, bÞ=l52oc/751nnug, nfO=t.8069

and nml: neaks in deutera+;ed chl-orof orm at 1"3 and 2,6 P"P.l,,l.

in a 3;2 rat j o". Elemental analys is sho¡,'ved a /'C=57 "22 , {LW=IO "ZJ

/,N=7 .57 1 ,f"S=16 "95 "

COHI9SON reqLrires; f"e*57 ,LO, ,6¿H=IO "L4 e /"N=7 "40, "IS=L6 "gj "

?rç-pe-Iej-l-en-"ef-liþJby"LI.þ-!-qf, ç-bl_9å-qlç-r-pe!s

Iifethy-l thiolchloroformate was prepareC rrorn meth¡r1

mercaptan and nhossene by the ir,lethod of Re j-nschne j der and

.{,orentz (t953),
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Bee c! rpr-ç{-'Uc!by.l-Ibrs lqbler gI g:ll'q !e*a! g*Ðllå!

A typical exarple is es f ollovus: 0.1 ¡lol,es of clrv

DlfSO in 2rnL of methylene chl-oride 1¡ras added over 10 n:ins " to

0,1- mole of me ì;hyl thiolchlorof orrnate in Bml methvl,ene chl oride

at Oot" The reactir:n was lef t sti rrins for l. hour" f.iYo::kr;.n as

in the ea.se of the :rleaetj on of t-bu.t"v1 tLriolchl-orformate and

DI'IISO ga\/e a yellorri; liqLri,d. ilisti llati on yí elCert 
" 
04B mol es

{4ef') meth,vl- meth,vl thiolsul.f onate " The thiol.sulf onate gave

Ttp*74oC/O,4mmHg, inf ra reci absorptions at 3OfO , 2940, l -?CO, 1135

- ^¿¿ -land 955 cr,l-r ¡ ã max=24.OmLr in LOO/" methanol , nmr peaks in

cleuterated ehloroforn at 2"6 ancl 3.3 P,F,ryi. in e 1:1 r'a.tio
)(\

and lV¿"-"=l .5L2L, lüo meth.r¡1. cli su..lf ide was detecteci by vapor

pha se chromotograph.v.

P r e Ð c : g ! icr- o.f -ê-s! b el!¿ç - IIç-! !¡-1--l1ls i !vl-I þ: çf s s-}"i a n a ! e

UIethyl methyl. thj ol sr¡.]-f onate 1¡/as prepared by the method

of t\oLrglas et al Q95ü. The proclu-et gave bp=73oC/O.4.mmHg,

inr'ra red absorption at 3O:l-O , 2g4O, 13OO: 1-1-3 5 anO g55 cm*1,

rnax*24Omu- in TOO(, nrethanol- ; n620=L,|LLZ and nmr peaks in

deuterateci chl-oroforrn at 2"7 ancl 3,3 P.P"¡,/i" in a 1:1 ratio,

Rse e-ti-q¡--eI-Uçi byf-Iþ¿ç-r"sh-}-qs-ç Ésgsrc Js" -.IIÞ!--e rg --r: 8r-elyf,

Sçrç.ap!e¡

O"2 moles of dry DI\ISO in Srnl of methylene chloric]e was

adried over one hour to 0,1 mol-es of i-propyl mercaptan ancl

0.05 moles meth¡z! thiolehlorof crrnate in 5n]_ methyl-ene chlori de

at OoC" The reaetion tlras st j rred for 2- hours at room

ternperatu.re and ihen neutralizeci wi th aqueou.s sodiu.m bicarhon-

ate. The prod,ucts 1¡JeT'e extracted wi th meth;'1.ene chl-oride and

drl.ed over -qodiu.rn sulfate, The solvent was taken cff in vacuo
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and the nroduct dist j lled to give ,0O5 rnoles rneth;rl methyl

thiols Lrlf onate (bp=7OoC /A.2nm[g) ancj 5.Bg of lor¡ser boiling
product, The 1ov¡-er boiling ¡roducts werâ seTlar"ateci by vapor

phase ehromotoeranh-v on a.5 ft" x o"5 in" 20Í, carbor¡'air M on

ehronosorb tl''l eolr:.rnn a.t 1óOoC. Rati os of prorìuets lÀlere

ohtai neci by peak- er"eeso Results sho'¡¿ed O"OA42 moles of

nethyl disulfjde (ret, time =4,60 min. at 6jcc He,/nain")e

,0173 moles of i-prcpyi- riisulfide (ret" time=9"44 min.) and

.0233 mole-s i-propyl methyl disul-f icie (ret, t)ney6 "fJ min" ).
Methyl disul,fide was iclentifieri b.y i.ts jnfra red absorotj,ons

at 29aoï 14OO¡ .1.350 ancl 97O em-1 and ne2o=L"5092" f-propyl
disu.lf ide gave inf ra red absorptions at 29OO1 f 445 e 135O,

1240, l-1,6c l-eo5o and B7o "*-l and n¿20=1 ,4906. r-propyl

methyl d isu.lf ide ga\/e inf ra red absorptions at 297C a L42A I

13Zo and 1o2o.*-l'and nf,o=t"5o4g"

lleparc!.i,e-!-eÍ-ês!-henlrc*i:fu ppyl-llç!hy-l*!;gs],{ide

0"02 mole-q of i-propyl mercaÐtan and O"O2 mcl:es of

meth.¡rl rnercaptan \Ârere di.ssolvecl in SOml- of 15% aqueou-s sodium

hydroxide, 0,035 moles of iddine 1üas arldecl over 0. ! hou.r*.

at OoC to the sol-u.tion, and the solu.tion was stirred for I
hou:-r, The nroducts ïrere extracterl wi.th benzene and the organic

la¡'er washed with aqueou.s sodirrrn chloride ancj dried over

socliu.m sLrlfate. The solvent was renor¡ed and the cru,de prodLrets

lvere separateC by vapor phase chromotography uslng the seme

conditions as Prer.riously desetl j bed " The retention times of the

products trvere 4"88 min. (6Oce H.e/njn") for methyl ciisulfirie,

9"48 mjn" for i-propyl disulfirle and 6"78 min. for i-nronyl
methyl di.sul-f j-oe, I-p::onyl methyl disu.l.f ide gave i.nf ra i:ed
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absorntions at ?-97Oe 1.475; 1-l/O and 1O2O 
"n 

-1 and n fO=t"5047 "

Becc!i on-sl*!ine-!b"v]-Ëslfu:-!r.chlsr-ids-,cn-d*i:Br-qp.y1*!'{erçep!.en

j n !h e*P;*q s e, nç e -s 1*UcLhx"l-.Ihrs]çþ l.qlqf-ql nele

0" 05 meth¡rl thio.l-chl-orof ornate and 0"05 moles i.-propyl

mercaptan in lOml nethyJ..ene chloride was adderì o\/er I0 min. to
0"021 moles of freshly prepared dimethyl su.lfur dichloride"
The reaction was stirrecl for t hou,r at room temperature and

then neutralized with aq:u.eous sodium bicarbonate, The proCucts

i¡Jere extracteci wi-th methylene clori-de and the organic layer

v'iasheci rvith aqueolrs sorìium ehloride and dried over sodium sulf'ate"

Th.e sclvent rva.s removecl under vacu.o and the cru-de liquid lrroclu.cts

rii.stilled to yie3-d "Q46 moles methyl thiolchl-orofornate
(br,=+Boc /LTonnng) ana .021 moles (B+fi) i-nropyl disulf i<ie

(bp=z qoC/I5OmmHg ) "

i -P r a p-y]_l'{e r csp ts!_spg-_U"e.!hyJ* Mglb.y-l_Ib¿s}-qs-1,1 .o-ne_!,=e

0.05 moles i-propyl mercaptan and 0,05 mol-e-. methyl

methyl thiolsulfonate in l-5nl methylene chloride refluxed for
2 hours " ltlo reaction took phace 

"

j*Prçpy-l-Ð:s-u-IÍ jdç-e¡d-Usjb¡LLtejbxt_Ihi-af s_uf, Jç¡eJs

O.1 mol-es of i-prop}r1 riisulfide and 0,1. moles methyl

methyl th[,olsrilf onai,e in l0ml meth.ylene ehlor:ide vrere ref J u.xed

for 2 hours, No reaction took place"

!ts"!lqvJ-Ð:sg-Lf -r-ds--c-nd--ÐUS-A

0"1 moles of dry DIIISO was added to 0"05 moles of methyl

disu"lf ide anci the solu.tion left a.t BOoC f or 3 hours, No reaction

took plece"
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Beacïi q-u*sr-UeïhyI*Dr"::¿l"I i.d.e* _ÐUS8-¡¡d-i:Ps-qÐyf,--Ihrpf,sbl=c_r:

formate

0.0óf noles of i-propyl thi.olchloroformate in 5nI of

meth¡ilene ehl oride i¡ras added over 10 min. to a solu.tion

containing O"265 mole-s DIli$0 ancl 0"1 moles of methyl ciisul-ficje

in lOrnl of methylene chl-oride " The reaction v¡as stirred f or

3 hours at roofir ternoeratu.re and then neutral.ized with aqueou.s

sodiurn bicarbonate" The procir.r.cts were extrac'ted u¡ith

methylene chlorirje and the organic l-ayer washed wi th aqueous

sod iurn chloride and dried over sodiu.m sulf ate. The soll-vent

1ilas renroved unoer vaeuo and'bhe crude liquiO produce <listilled
yielding 0,098 OBf,) methyl methyl thiolsulfonate and O.O25

mole s (78'i") of i-propyl disu-l-f ide"

Rees-!ic¡-cI-UsJb"yf--Ðrsgf-!-rd.ei-q}-rË0-e¡d-Uç!!"uf-Iþ:-ar-qh-}-srçI-ers-ale

O"22 moles of dry Ðlt[S0 in SnnI methylene chloride was

aclded over 10 mins. to 0"1 moles of meth.yl- disulfide anci 0"02

moles methyl thj otchlorof ormate in 5ml methylene ch-l-oride at

OoC, The reaction r¡las stirrecl f or 3 hours at roorn ternperature,

The procìucts were isolated es in the reaction of meth.¡21

di.sulfide, DIUSO and i-propyl ihiol-ehlor"ofo::mate to ¡rieId

0.103 mole s G+{,} methyl meth.yl thiolsuf onate"

Eeeclisn__qg Uelbrl*Ðrsuf€irter--ÐUÊg_and_Ðtue!rJf.*åu_1És¡_!¿çht,çr-rd.e

UsJ!-qd-A-

Dimethyf sulf u.r dichloride was d-bolated fþona the rba.nt,iôn

of an aJ kyl oli aryl thj-olehlorof orrnate and DIITSO as previously

described" 0.036 moles of dry DIvISO in Zn1- methylene chloride

tr\Ìa-e adried to 0"017 moles methyl thiolchloroformate in 5nL

methylene chloride at OoC, The reaction was left t hour at OoC
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and then 10 hoLrrs at -lOoC. The solution wa s f il-tered ,yield-
ing O.Bg (lZrl) dinnethyl sulfr-r.r dichloride, ilhe clichloride

trvâ;Ç aclded to 0.1 moles of methyl disulfide and O"Zl moles of

DÌt¡lS0 in 15mt methylene chl-oride and the reaetion _-l-eít at

room temperatu.re f or 3 hours " The solut j on v;as neutral ized

with aqueous soclium bicarbonate anci the proclucts extracted

vrith methylene chloride . The aqueous layer 1{/a s ir/a shecl wi th

aoueoLls sodiLrm ehloi:ide and drred over soclium sur.l-fate. Removal

of the solvent in vacu.o and d j stillatinn of the cru.de l-iqLli.rl

prorluct yielcìed -096 mole s (96,1,) meth¡¡1 metl.iyl thj-o1su.t f onate"l

Reeclr-en-af-.l''{e!hv*1-D-re-E}frde*.-D!499-end-Ð"rgsibyf-ËufI-ur-^Ð:çI^l-ar;-d.e

Uel¡-e-d*E

Dimethyl sr,r.lfur dichloride r¡/as preparecl by the action of

thi ophosgene on Di'iiS0 as pt'evÍ-ously describeri " O"OO57 rnoles of

f reshl;r prenared dimethyl sr-rlf u.r rll chloricle 1ñIas aclded to 0.1

moles of methyl rii sul f ide and 0"21 moles of dry DI!TS0" The

reaction r¡ras stirred for I houi: at BOOC and the p::odu-cts

extraeted as described in ìllethod A" yieldi ng 0"101 moles (gt{,)

me th"v1- methyJ- thi ols nlf ona te 
"

B e.e c! ! sn-pl--Uc !.hyl:Ðr.suflrde¿-El1g9--etd-Hy rl r oe e¡-ghf, s.r;"de

0,014 moles anhydrou.s hydrosen chlori de ïuas disso-l_ved

in 0,1 rnole.s of dry D1,iS0 in 5m1 methylene chloride at OoC"

The exothermic reaction was cooled ¿rt OoC for ,05 hour,s and

then 0,05 moles of methyl rlisulficle in 5m1 methylene chloride

was added to the solution. The ucaetion ¡,r¡as left 3 holirs at

room temnerature but no reaction took place. The soluti.on rryas

heated to BOOC for I hour and the proclucts extracted as in
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lr{ethod A.) yielciing "O49 moles (96{") methyl methyJ thiol-

sul-f ona te 
"

Reccli-an af -Uelhyf,.-Ð i s-u]jiQe*e¡-d*Ð-r r-e!Þy_1*:qgJIgg Ð-r-c lJprrd-e

.OTi moles of f resìrly orenared rl j methyl sulf ur dichl oride

and "OL5 nnoles of methyi- disul-f ide rvere cii-"sol ved in Bg of

methyl methyl thiolsutfonate anC Bg deuterated chloroform anci

-q t i rred 15 mln" at room temperatu.re, A v,rhite unstable

precipjtate 1Ã,ras isolated bu'b could not be characterized"

,tddi.t,ion of .05 noles of lllf'q0 to the nrecipitate in lOml

methylene ehloride re.sulted in a vigorous rea ctÍon which was

immediately neutralized rnri th aqueous sodiurrr bicarbonate " The

products were extracted rryith methylene chl oricie and the organic

layer vrashed v;ith aqueous sodium chlori-de and dried over soCium

sulfate. Distillation of the crude liquid pr"orJurct yielcled

.0049 moles (j2/') r,rethyl methyl thiolsulfonate and ,OO4B mol-es

ßLf,) methyl di sulf icie.

E r e p q r;r trt-0--e-l-l{s!Xyf,-Ðis-8.1 f-r I c D¿ç bþI-t-de

l"[ethy1 disulfide dichloride r¡ias prepared by 1.he method

of schneicJer (1951). Yielcl lvâs L4.gg (.91-ll"

Be,cçlicn*p{-Ule!}ryl-Qisu--ll¿9e-Ð-rçh-}-q:-r-de-.a-!g-ÐLIg-Q

0.1 moles of dry DÌ'JS0 in 10m1 of methvlene chloride l,fras

added over 10 mino to O.02 moles or freshly prepared meth.yl

disrrlfide djchloride in 5n1 methylene chloride over 1O min,

û. viEorous reaction took pla.ce immedi¿te1!, The cr-oriu.cts

lrlere e-xtracted by the same rnethod as tÌ-re reaetion of meth.yl

disul-f ide and dinethyl" sr:.li'ur cli chl ori cie to vield 0,017 rrroles

(85f;) melhyl inethyl th.iol.sulf ona be 
"
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Jsç 1e-!¿.a-n--qI-Ðrqç!þv-1--Ës-1f -q.J-D¿çh.l-srrds-f s-es.-Y eJbyl* nisgf f ids
t)-lc b-l-qs:=ds - c¡d* !UË9

O"C5 moles of dr:,1r DlulS0 j n I5m1 anhyrlr"ou.s ether wa-q adrled

ovrìr L5 min" to O.02l rnoles nethyl d j sulf irle rli chloririe at OoC"

The reaction was l-eft .05 hour at OoC and 10 hours at -lOoC.

The solution was filtered and the filtrate was distilled .bo

yi e3-d ,O?4 mole s Gl/,') methyl meth.yl- thi olsLrl-fonate " The

precipitate f rom the reaction v'ra-q identif ied as dimethyl

sulf ur dichloricle iryith a yield of .014 rnole s (574.,\ 
"

fu,epe r e 3; on oI-l4eIþy I -rielb¿l*I håe.l:uLÍ¿¡el ç

O,2 ,n.oeles of meta-chloroperbe nzo|" o"i¿ (Ìr{CF4r) in 2oOrnl-

of ehlorofo::m r¡¡as added over 1f rnin" to O,2 rnoles meihyl

disu]-fide in lOO¡nl chlorofornn at OoC. The re¡:etion v¡as left
at roorn ternperature f or f min, and the solution f i.itered" The

fittrate wå*c neutralized wiLh aqueous sodiLrm bicarbonate,

washed r¡r'i th âqueou-s sodium chl-ori de anci dried over sodium

srllf ate. The solvent was removed in vacuo to yield 10g of

liqrrid. The licluid product 1,ryas di -"ti11ed, yiel-ding ,08ó mol-es

(+lf" ) methyl methyl th j olsul f j nate (¡p=5Boe./l mmHg ) . The

prodr.rct gave infra red absoroiions at 3000, 1400t 125Oe 1080

-1 2Õ
ancl 77O em--' n p'"=1 ,5557 ancl ¡üâx=2lOmu in lOOd/" ethanol.

'Sma11, Bai.ley and Corallito (tg+Z) l-ist r¡¡¡ll.Lles of meth,vl

methyl- thiol-srilfinate of 2a0 5=t"q081, lflax=24.Bmu in 1-OOf"

ethanol and bp=6 4oî,iO" 5mmHg,

Es-e-ç.!-r-ç¡*-ç:-{çl!¿.1-uçJ-bvl--T-i-çJ-s-+ljj ngjs-¡:3-P:-rysj-þvl-sg}-ilri

Di ehloride

A catalyti.c anount ( O.1g) of ciimethyJ. su.l-fur dichlorio.e
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v/as added to 0"05 moles of rneth.y-l methyl thiol su,'1-f i nrte i.n

,1-Oml of nieth.ylene chloricie at OoC, I-t violent reaet j on took

plaee, The reaction $ra-q immeriiate.!-,1r neutr"allzed wjth åQtlooìJS

-qocìium bi carbonate, and the orodu.cts extracted with methylene

chloricie " The or"Eanie layer was l,ryashed with aqueous sori j um

chloride and clrieci oveT' soclium sulf ate " Rernoval of the solvent

followed by distillation r:f the crude l-iqr-:.iti product yielded

0.023 rnole s (.+5%) me1-hvl cji-sulf icle anC A"2? r.no1e s (qqf") r'nethyl

nnethyl thiolsulfonate.

Bç a qJiq!--aÍ-Ue!l:yl,-[lç!hy-]-I-b-r-e-ls-u-U-r¡e!e--e !r.d*U-elfu-]*!:s:¡-]f-r-de

Di chloride

A cata,lytic arnount ( 0"1g) of meth,vl disr:lfide riichloride

was added to 0"038 moles of methyl methyl thiolsr-r.lfjnate in 5m1

methylene chloride at room ternnel"ature, A violent reaction took

place" The products rrvere isolated 3.s in the reaeti on of methyl

methyl thiolsulf j-nate and cii methyl sulf ur dich]or"ide yielding

0.015 mole s (qql") meth.yl disul-f ide and 0,014 moles (43t/") meth¡'1

methyl thiols ul-f onate ,

Bses$i-a¡-sI-Ue-!¡¡"yf,*Up l:hy-l-3bicfs"q*Uiea!ç---ald.ly"dr-sec n-ÇhJ,o r¿ dç

A catalytic amount of anhydrous hydrogen chl-oride iÀias

bubbleci into a solution containing 0,05 moles rneth.yl rnethyl

thiolsulfinate 1n "l"0m.l meth¡/l,:n-^ ehloi"jcle a¡i room temperel:Lr.re.

4 r¡iolent ::eaetion took p-l.ace. The nr"oducts werd. isolated as

in the reaction of methyl methyl thiolsulfinate e;ud dimethyl

sr:l f trr d j eh.l oride vieldine O"O?-2 mole s (qqf') methyi" clisulf ide

ancl O.023 mol-e s (q5r,/,) methyl meih.vl.- thiol-s ulf onate .
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Up--!hvL--Uclh-vl*!]:içl-eu.]f -lne!e-er-d-ÐliÊA

O" 1 m.o"l-es dry Dlt{'qO in 5ml methylene chlorirje vias addeci

trr 0.05 moles methyl methyl thj.olsulfinate in 5nt methylene

ehloride" The solutí.on r¡¡as left at room i'e,nperatu:re fci: 3

hou::s and at ßooc f or 3 hou.rs, No reaction took pl-aee "

Ue-bby-f,*l4s-1,.r^vl. -Ih!clp*.qlf-!¡elc---e¡É-[q!.bil*l4eJ-bx ].*Ihi s].er¿f.I-an-?!s

0.05 moles meth¡¡1 methvl thiolsul.fonate in 5mll- methylene

chloricie vras acided to 0.05 mo-]-e-q meth.yl meth,vl thio"l-sulfinate

in 5nl- methyl"ene chloride, The solution r¡vas lef t at room

ternperatu-r:e for I hou.rs and then at BOoC f or I hours" hTo

react i on j:cok p1-aee,

linc.tis--Þl-udiss-.sÍ-Usjh-y.l-!:¡-uJ-{i-ds*-!U.19*"es^d-!-lssjby.-1-Ë-u.-},[gs

D-rcbl-q-q¿-d-ç

ïn a typica-r examþl e O,0043 rnoles of dimethyl su.l-f ur

dich-]oricie 1¡/as aclcieri to 0,008ó moles dry Dl.f-q0 and 0.0043 rnoles

nethyl ciisulf icie in 3m1 methylene chloride " The rate of

disappearanee of methyl. disulfÍde a.nd ihe rate of for.mation

of meth.yl methyl thiolsul-fonate r^/a-c foJ-Lor¡re<l at 40oC by nmr

by mea suring the ir re spect ive pea k height s a *s a f u.nct ion of

t ime " The react i on shorvecl lst order ki.netf"es cal-culatec1 f rom

the equation:

k = ?*.3.QJ los -hçe-if--.hc.islll l^o-*T"-* - î;e;"f-iiäì_;Ërl tsx

The rete eonstant f or the disaÐÐeal:ance of methyl d j su.lfi.de

was O.Ol3 È "OO3 min-lat 4OoC while the rate con*qtant for
the aÐpeårance of meth¡r} meth.vl thiol-sutf onate 1¡vas 0.01"6 f .OO2*

nrin-1-
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E xsbene e-.B"eec !åqn*sf -.Ð[8Q-and*! iuelþ.sl-9slls-r*Q-r.çh-]-q rålle

2"7Og ( "020 moles) dimeth.yl sulf ur dichloricle wa-q

dissolved in 10. tg deuterateci chlorof o::m and f 0.5g methyl methyl

thiolsul f onate, P f ev¡ droÞs of methylene chloricie vrere aoded

and some of the solution i¡¡as put in an nar tube. The sol u.'bi on

shorn'ed a single peale of 132 cps from the standa::d methvlene

ehloride ai 37CIC. The peak nosil,ion at 37o, Oo, -2Oo, *4Oo

ancl -6OoC welie ciete::mi necl " Similar experiment-q i¡Jere run at

the same coneentration of dimethyl 5r-11.f Ltr d j ehl_oride with the

acldition nf "795g, ("010 moJ_es), l,59Og. (,OZ_O mo--l_es) and z"3B5g

( 
"O3O moles.) D1'{SO at the above temperst'-tres,,

EeeçJ:på--ef-P:sellul-:s.ïJ-1gr ,"Ð,.r_çh]-ç.ri-dç . a-n-Ç -. i:l_rsp.y.]*ge.r_çe Þi.?r

3"3g (0.025 mol-es) Oinethyl sulfur diehl.orj,de r¡ras put in
a lOOml flask in ?-5n7 anh"v,Ct:ous ether r¡¡ith rir;ri.ng tubes and

stirrer. 3.Bg (C.,Oq moles) Í--prop¡r1_ mercaptan in lOml anhydroLts

ether \uas aricled o\reï'15 min, at OoC anri the reaetion r.ryas then

stirred for t hour at room temperature. The solution vras

neutralized with aqueou"s sodium biearbonate anri the produrcts

extracteci with ether'. The organic 1.ayer was washed wj_th

a queous soci i um chJ oride anci dr ie<i over sorl i um sul-f ate. The

ether was rernorred under vacuo and the crdue liquid nroduct

distilled "yielding ,O2I moles (79,q,) i-r,ropyl disulfide.

3-ç.a-ç!.i"q-n- -ef--E-ilnsJhvf--Ç çlfi+s"-Ð:s"bl_e::.ds-_e.n_d_J*-_Þg-!-yl*lvtçsçe pte¡

UsinE the same method as above: 0"05 noles of t-butyl
mercatrtan ancl 0"025 motes dimethyl sulfurr dichlori,:ie yielcled

O"2O rnole s (ry\'/,) t-t,utVl rjisulf ide 
"
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F-eas$-ion--qf-Q"Lqle-!hyl-9s}!l¿ï Dr-qb].qllde.*en0-E!by]--UercelI"-en

ils ing the sarne melkrorl a s ahor¡e , 0 " O5 n.ole s of ethyl

mercapl,an anrl 0,021 moles dirnethyl sr.r-.if u.r dichloride r¡i el clerl

"014 noles (.f5{,) ethyl clisulfide.
seac!r-an-ç!*Ðr:ne!by-l-Êullsr-ÐrçhJorige-e¡C-U-e,!"hyt_l'{çqqep!-en

Usi ng the sarne nethod as above , O,O5 moles meJ:hvl

me::captan ancl 0.025 noles cìime'rhy1 su.lfur dichloride.yielded

.Ol-1. mole s (.61,{,) rnethyl disulf ide"

Ese-q!¿-a¡*sÍ*!r-Lp.ileuyL--îhe_qt¡ine*alld--ÐUSq-_t!_!h9._Lrçs-eu-çe__-.e-i

Ð i n-e-! þ ¡¿-1- ":1 u ] I qr _.. Qrsþ]arrd g,

5.24g (O"Oe rcoles) triohenyl- nhosphir:e $/as adc.led tr:

3.3g (0.02! moles) climethyl sulf u.r' clichloricle anci L"glg
(0"025 moles.) ciry Dl/rsO in ?-jnt- anhyrjrous ether, The reaction
l,/Tas stirred f or 10 min. at room temperatu.re with f ormation of

an oi-l y nr:ecipitate " The sol vent was evaporaterj of f u_ncier

vacuo leai¡ing a yellow oi1" The oil. v,ras shaìren l';i th 50m1 of

cold v,rater anrj a white soliil Ðrecipitate aÐÐear"eo. The

solution nia s f iltered anci the solicl rn'asherj se¡/eral ti.nes vrith

colci i¡,/ater yield ing 5 .L2g (92-f') trinhenyl. nhosphine oxide ,

Tlre nroclL:ct hacl IV1"P,=18$oC. infra red absorptions of L2.lOr T50,

710 and 695 "*-1 ancl the nrnr shot¡ed peaks at 7,7 PPI[, in the

aromatic region. Gecides (:957 ) f ounci hrÏ"F, = t56oC anC inf ra

red absorptions at 12oo I 7551 710 and 7oo c*-1 for trinhenyl-
phosphi ne oxi<1e.

.T r -i -pbç¡y-l - P-b-qep b¿ t_ç - e n g"- gU*$Q

5"2+g, (0.02 moles) triphenvl ohosohine ancl t.95g (O,oZ5

moles ) dry DI'{SO rrlere heated at BOOC f or 2 horrr*q. l{o reaetion
took place 

"
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l"i-u:"e-!hy l*-Ç:¿f lu-r Ð¿-ç þ }.qrud e er"d*.-i :-fu c percf

3"0g (0"05 mo,l cs) of iìr.y i-p:rononal wes adrjed to ó.1g

(o,05 mo.les.l dimethyl sulfur dichloride in a,om] of anhydrous

ether, The scJ-r-rtion was left for I hcril- at room tenperature

then ref luxed f or I hour. IÌo reaction took place 
"

Ð-rse-!hy,l---Ç-uJÍgs*!"¿c.bJ-q"r_r-dç*end_.$ELÐ:Lt_*41ç-ab.o1

6 "9g (0" O5 moles ) anisyl al-cohol was adderi to /".1g

(0.01 niotes) dimethyl sulfur dichroride in 3oml anh¡idrous

ether " The solution i¡¡as stirred f or 3 horrrs at room

tempera-bure, No reaction took Þlace "

D¿rrelby*1*!-r¿U-sr-D:s¡J-qr¿gç-e¡-d-?--fJy-dlq*x¡$g!!.[1:5--nqxþ-aJqpe

6 "2g (0.O5 rnoles) 2-hydroxymethyl-5-norbornene yras

added to ó,f e (0.0f moles) dimethyl su.l-f rrr dichloricle in 2OrnL

anhydrous e'bher'" The solr-riion v'ras stirred at iioom tenperature

f or 1 hour t,hen ref luxerl f or 3 hor.r.rs " No reaction took Ðrace 
"

*P I g ! " I s !,i 9 I -"9 : - ?9 g ! g 
_r 

g 
-ti : 9 s 

o : l: ry _!_l¿1. _ Is 1 
r i cr 9

16 "5g (0" 20l moles ) clry deuterated dr.-DL{SO vras arided to

10,4-g (0"11 moles) of rnethyl disulf irie and o,6g ( "'oo5 moles)

m.eth.vl thiolchlorof ormate at ooc " The soluti-on was heatecl to
BOoC f or I hour and the volatile proorlcts trappecl in an

acetone-dry ice bath, The tr:ap products were ciistilled thru
a 1ft. co.Lumn packed with glass bearis yielding 9,22g(o.l2moJes,

60/,) deuterated dó-dinethyl. sulf irle i¡p=3BoC), The inf ra red

spectrum of the orocìuct gave absorptions at 2240? 2r4oe 1040,

B+0, 75o and 650 "r-1 vrtii-le the mass sÐeetru.m gave peaks

n/e = óB (roo,l¡ 5o (85), 5t (3a)t 45 Q9)s 42 (27)r 30 (19)r

$ (9].



B¿+.

Excha n ge of D:_g!_g_:g!:1__9A:Plt9_tnyj s,r.1.1,f iri e a nd D ime thyt_

S ulf .u-r -".Pr -c h l-qg¿ dç

1.6e (0,02! mo-les) deu.ter.ated dó*(iimethyl sr,tlficje wå_c

adrlecl to.3"3g (o"025 noles) dinreth.,¡1 sr¡.1-fur. cij.chloride in
4,Og rnethyl nethyl thiolsul-f onate and 10g rnethylene ehlor j-de 

"

The solution was ntonitored b.l¡ nrnr at '+OoC, Af ter 5 min, onì_.y

one neak .¡vas vi sible at 3"2- P,P,tli, Af ter t hou.i: 2 neahs at

3"2 and 2"r P"P'ì\4, in a 1:1 ratio were visible. .after 2 hours

the peai< ratios remaineri unehanged 
"



INFRARED SPECTRA
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