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-This the.~is 

ABSTRACT 

\ 

repor ts t.he s~cceSS"fu r. syn thes i s under mil d 
1 

condltions of a numl)er of cx,-trimEf:thy1silOxy sulfides, 

. Ü.. ' 
dlSul.fldes and thlOls. In addItion, appropriate exp"1!rlmental 

proce"dures have b~en developed for the \!deSilylatlo~ of. the ct':" 

trimetjlylSlloxy sulfides to glve thiols. An investlgatlon of 
. , 

,the synthetlc util~ty ~f these ne~ compounds has b~en 

\ 

commenced. From the a-tr Imet~y,l si 10x}" sul f Ides a novel c lilsS Ofp 
(k-hal'osulqdes, theC(-bronrosulfides, has been prepared. Other 

cla~ses of compounds WhlCh have been synthesizéd from th~ Ct­

tri,methylsiloxy sulfides 'incl,ude unsymmetrical th~oacetals, 

unsymmetrical s'ulfIde~ and symmetrical disulfides. 

./ " , 

• 

, , 

, ï , 
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RESUME 

La pr.~ente thèse fàit ètat d~ la synthèse sous condItions 

modères, de èertain$ 'Q,-trimethylsiloxy .sulfilles, disulfides 

et thiéls. Des proc·édès expérimanta~ adèquatsf o~t ·été 

~eveloppt:s et ,appliquœ à la desilylation de a-trimethylsiloxy 

suifides afl~" de produir.e des thiols. 

L'liItude dès possibi l Us ~'ynth~iques de ces nouveaux composes 

est actuellement en cours. Un, nouveau' genre d 'ct-hal osul f Ides, 

les C1.-bromosulfiQes, ont été prépa.ré à partIr du Œ-

trimethylslloxy ;;ul:fldes. Les -a'Ù1:re~ formes de composés dont 

les synthœes ont: k~ effectues à partir du (),.-tJ;lmethylsilàxy 
. . . 

sulfldes .sont les thloacetais assymétrlques, 
j • ' 

. 
les sulfides 

, 
'" 
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INTRODUCTION 

Organic sulfur de~lva~s of sillcon have been studied for 

many years l - 5 • One 'of the best known reactlons uSlng the,se 

elements i5- Peterson's olefïn syn thes l s 6-8 illustrated 

below(eg.l) • 

1) nBuLi 
-----------------) 

\ 
2) c=o - /" 

H 
\ / 

C=C 
/ \ 

SR 

eg.l 

The ~omblnatlon of a weak sulfur-silicon bond/in th~ starting 

material coupled with a strQng silicon-oxygen bond in the 

product can be used as a drlvl.ng force ln synthesls. ThlS ls 

illustrated by Hooten's preparation 9 of an ~-siloxy sulflde(l~ 

from trlchloroacetoaldehyde(~) and tri~ethylsllyl ethyl 

sul f ide <.~) ; 
(1. 5 days at 

however, requires harsh conditions 

"RS- S1Me 3 + R' 3CCH-SR 
1 

eq.2 

R-Et R'-Cl OTMS 

(~) 

A similar example is the synthesis by Abel and co-workers lO of 

an Q,.-siloxy sulfide(l) from hexafluoroace,tone -CV and 

trimethylsilyl methyl sulfide(~); this reaction aiso requlres 

vlgorous condltlons (eq.3). 

----------) eq.3 

(É.) 

R=CF3 ; R' =Me 

l 

,L-_~ ..... ______ -----...... __ ...... ____ """----·-·~,""'I---------
. '. 
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A ~ignlflcant s~ep forward was mad~ by Evans 12 ln 1974 when he . 
discovered that the introduction of an anionic cata1yst 

" .-(potasslum complex or tetra-n-

butylammonium fluor ide) both increased the yie1d of siloxy 

~ulfide 
.., ",' 

and enabled the reactlon to be carrled out under mild 

conditions(eq.4). Interestingly, a very recent paper 13 on 

"anhydrous" tetrabuty~ammonium ' fluor ide suggests 

compound may act as an enhanced silylatlon catalyst. 

o 
. 'U -
R-T-R I + RhS-SiR3 ._-----------~-> 

.It> 

OTMS 

1 
R-C-SR" 

1 
RI 

that this 

eq.4 

The type of tr~tion" shown in eq.4 has beeri appl iad 

to reactiops with other nuc1eophllic groups such as c~anlde, 
• 

fluoride and azide ions(eq.S). The mechanism proposed by Evans 
1/ 

for these catalyzed reactions is shown ln eq.6. 
, . 

o 
X- ( 0 : a l equ i v • ) 

1c 
1 Il 7 

R-C-R I + Me3SiX ------~----------> R-C-OTMS 
1 x =- CN- F- N-, , 3 R' 

1 igand exchange 

----------------) Me3s0 + 

\ 
o x 
1/ 

X- + R-C-R I
• 

---------------) 
<--------------

( 

1 _ 

R-C-O 

1 

1 

R' 

x f- X 
I 

R-C-O-
1 
RI 

+ Me3s1-X ----~---~-----> 
1 

R-C-OTMS 
I 
RI 

2 

Fi, P , 

X-

+ x-

eq.5 
, . 

eq.6 

• 

, -



p; 

1 
1 

Fi rst, t-he nuc1eophi I-lC ca talyst attacks the carbonyl carbon. 

ThlS i5" foll.,owed ~y re'action of the a)j(oxide oxygen ~i th the 

sillcon atom of Mè3S1X with' concurrent .dl~sp1aé~met)t of X-. When 

a catalyst which i5 different from.~he silicon counter ion is 

used, llgand exchange 6ccurs first, and then the carbonyl 
J 

carbon is attacked.by the anion thus liberated. In the case of 
> 

ÇJ",f3 -unsaturated carbonyl campounds <.§) , the addltion reaction 
, 

shown ln eq.5 does not take plac~. Instead, a 

occurs{eq~7). Triphenylphosphine 15 used as an inltiator. It , 

. is of note that l,2-addition occurs when ~yanotrirn&thylsilane 

.1S used (eg.S). 1 

Ph 3P 

CH2=C.HCOCH3 

(~) j 

~--------"'I~---------> 

<-------------------- . Ph3~+CH2C~=I-O­

CH 3 

Me3Si-X 

--------------------) 
+ 

Ph3PCH2CH=C,OTMS + 

-, C,H3 

CN. 
Ph3P, Me3SïCN 

CH2=GHCOCH3 --------------> 
J . 

CH2=CH-C-OTMS 
. r 1 

CH3 .. 

\ 

.. 

eq.'8 

eq.7 

Chan and On9 14 . reporte~ another preparation of QV-siloxy 
~ 

sulflde '. compounds(!) from- the. cOFrespondln9' ~arbonyl 
-

precursors, thiols, pyridine, and c~oro~rimethylsila?e (eq.9). 

,1 ------------) 
RSH + C6HSN. <------------ + 

3 

1 v ;; ~ ~.5' . 
" 

,/ 
, . 



, 

/ 

\ 

o SR 

Il 
RI -C-R" + 

------------> 1 
(------------ RI-C-O-

1 
Rn 

SR 
Me3S l Cl 

------------> 
1 

RI -C-OTMS 
~ 1 

+ Cl eq.9 

Rit. 

The mechan i sm of the \re~ctlon 1S. 

,. 
thought to lnvolve the 

formatlon of th1olate(1.> from the thiol ahd pyrldlne. ThlS 

.' 
anion 'then \attacf the .carbotlyl carbon; thi5 15 followed by 

sllylàtlon on"the acetal or ketal oxygen. In the absence of 

pyr idi ne, th~oketa 15 or acet~ Ls are formed. Evans 12 proposed 

an alternate mechan1sm for Chanis rea~tlon; , thlS~ 1S formulated 

below (eq .10) 

RSH + 

o 
Il .' 

R"-C-R 1 + 

o 

~yrldine 

----------------> <------------_:...-, 
-

H+ 
RS- S1Me 3 --- ... _..:_> 

<-------

RS-S1Me3 + Py.HCl 

OTMS 

1 1 

'R 1 -C-SR . 

1 

eg.lO 

Rit 

<J;) 

He sU9gested. that the trl!l)ethylsll-yl su1flde(8) could be formed .. -
1 from the, th i01and chlorotr 1methyl silane wi th pyr 1d i ne. The 

tr Imethylsi lyl s~l flde ~ould add to the carbonyl substrate 
.-

since; und'er conditions of acid catalysis, (ZnC12' AlCl3' 1"'- /~' L 

anhydrous Hel in ether, CHCl3' or acetonl trilé) trl\:tlethyls11y1 

sul'fides rapidly ada to carbonyl substrates at Ioom 
J 

, témpera ture. In the presence of another mole of compound 8 

thioketalS(2,) are formed ql,lantitatively(eq.ll). 

4 

---_._-+~. +-~~-..-----!""''''',-""""""""-~---",,,_.-- , ... 

.. 
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, ) 

SR SR 

1 
R'-C-OTMS 

1 

znI2' RSS1Me3 
------------~----> 

1 
R'-C-SR 

1 
R" R" 

(9 ) 

Evans rat10nallzed the absence of thiok~l in 
,,' 
the basls of ~he aCld strength of pyrldlnlu~ 

Chan~4 reported that the ti tle' compound:;; UJ, are 

mlld ba~ ~nd~alcoholS. 
~ 

1 

JI 
'. , 

'cl-S11oxy sul f ldes (];.l are among the mpst useful 

unsymmetr ical sulfides (lQ). These may be obtalned by 

eq.ll 

heat, 

reduction of'l-slloxy sulfldes·(];). uSlng alumlnlum hydnde 

alumlni um chlor l'de~5 (eq .12). For example, benzyl phenyl sul fl e. 

has been succes.sfullY prepared " from 

sulflde(eq.l3) following thlS method. 
.1"\ 

a.-slloxybenzyl "Phe~ 

SR' 
1 LiAlH 4 jAlCl3 

R-CH-OTMS -------------:---------~--> .R-CH 2-SR' eq.12 

(]J U;.Q) 

SPh 

l 
Ph-CH-OTMS 

LiAlH4 1 AlC13 
------------------p-----) eq.13 

• 

Another interesting facet -of the 
{ 

chemlstry of a,-siloxy '. , , 

sul fides has 'een reported by Chan and co-workers 14 , ,who, ln , 
, 

è 
the course of thelF stu~hes of desilylation rnethods, qiscovered 

that the latter cornpounds may be effective1y by 

alkyll i ,thiums (eq .14) • » 

5 
Il 

, 

J 
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Q 

'SR1 

1 
R2-C-OTMS 

1 
R3 

( 1) , 

+ 

o 
, 

R4Li -------) R2_M_ R3 + R4SiMe3 + R1SLl 

eq.l4 

• 
o{-Slloxy sulfldesC!) and related derlva-tlves are useful 

starting materia1s for the preparatlon of o(.-lodosulfides(.!.!). 

Keyser 16 has recentIy teported such a synthesls(eq.151. 

O n /\/5 1 
s_M_e=3.

s
_
i
_
1 ~) rMa3Si -b, .... 5] I---~) We

3
Si 0 "v/ 

L' "-./ eq. 15 

The cyclic ether(g) is treated with lodoto'methylsllane; rlng 

open~ng occurs to glve the <*-lodosulflde(.!.!). CIear1y thlS 

metqod lS 1lmited to a smail number of ~-iodosuifides(ll). 

Anotherc(-lodosu-1flde preparatlon technlque l7 - 27 Involves tbe 

reaction of ~r9anlc sulfldes with lodlne(eq.,l6). ThlS method, 

however l has the disadvantage of lntroduclng halogen lnto the 

reactlve benzylic position. 

.. t NBS or NCS or 1 2 
RCH2-S-R ----------------------> R-CH-SR 

1 
eq.16 

X 
, 

Recently, ~-iodo sulfides(ll) 
& ,. ---

were synt~esized in our 

1 abora tory (eq.l7) 280. The synt'hes 1 s i nvol ves the react ion of an 

o(-siloxy sul't\de(!) with, iodotrlmethyl~ilane in CHCl3 at 

-78 oC. The product is then putlfled by column chromatography 

or GLC.Theadvantage of thlS method is that the iodogroup is 

lntroduced sp~clflcally at the ~-pos~ion of the suifide. 

\ 
.. 

6 . " 
. \ 
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A ' 

R-CH-SR + Me3S11 ------) R -CH-SR + Me3S1-0-S1Me"3 eg.l7 
j 1 

OTMS l 

(1) (ll> / 
Most of the Q',- iodosui f Ides (l.!) prepared- ln thlS way were found 

to be stable ln chlorofo~m at room temperature for only :about 
~ 

one hour, while those ln which thea-iodo substituent was in a 

benzyllc posltlon (see structure 13 below) were found to 

decompose in about 20 minutes. 

The pre,,"ration 

, 
-

• Ph-CH-S-R 
1 
l 

of vlnyl sulfldes(l!) may also be effected 

uSlng a-slioxy sulfldes, aItho~gh, there are severai well-known 

methods 29 - 32 ' which use different prec~rsors. Of ' these, 

Peterson's 

lntroduction) 

method (mentlonéd at the 

is one of the best known. 

beglnning of, the 

It involves treat~nt 

of an ct-trlmethylsilyl sulflde with butyll i thlum followed by 

acetône. V±dyi sulfides(14) resùlt by ellminatlon of thè 

tnmethylsilO){Y mOlety(eg.18). 

Me3SiCH2SR + nBuLi ----------~----> 

.\ 
C = 0 

/ 
~-'-------~--y--~Me3S1-CH-SR 

, '" \ -~-OLi 
----------~> -C=CH-SR 

This concept has been extended by Watt 33 who recently 

. the preparation of' vinyl 'sulfldes as illustrated 

7 

------~,,-;---~--------------------------~-

eg.lB 

repà"t t;,ed 

in the 

.. 



.. 

1 • ..L __ 

fo llow1ng scheme,œq.19 • 

CH SR 
~ \ 1 

CH 2 CH2 

( 15) 

1) s-BuLi 

1) s-BuLl 

-----------> 
1 2) Me3SiCl 

---------------------------) 
2) 'R12C=O 

1) s-BuLi 
---------------------------) 
2) R2

2C=O 

CH SR 
~ \ / 

CH2 CH 
\ 

TMS 

Rl CH SR 
\ 1 \

2 
/ 

C CH =-c· 
Ri \OH \TMS 

RS R2 
\ / 
c=c 

1 \ 
Rl C=C R2 

\ / 
C 

f \ 
Rl OH 

eq .19 

Allyl su1fide(li) is treated wlth sec-butyllithium fol10wed by 

chlorotrlmethylsllane. The product from thlS step, in turn, 15 

re~cted with sec-butyllithium,and ketone followed by another 

mole of sec-butyllithiurn and another mole of ketone to f1nally 

give the viny1 sulfide. 

cl.. - Iodosu 1 fldes (.!.!) W1 th fo-hydrogenS 
1 

to lodlne are very 
~ 

effective oompounds for tne preparation of viny l 
, ' 

sul f ide s (.!!) (e q • 2 0). Pre par a t 1 0 n 0 f the r e qui r e d 0( - l 0 d 0 

su1fides has been effected Vla O\-siloxy sulfides28 • 

11 
l 

-C-C-SR . 1 
Na+OMe- \ 1 

--------~------------> C=C 
/ \ 

eq'.20 

l SR 

(.!]) 

8 , 

J' J - ... _--~--". .... -... --... ~,....--_"""!pt ..... , .... , _. _...." .... ,_ii,...-----__ --''--~ _________ ..;.,-. ___ --_ 



, 
\ 

• 

If 

To synthes12:e vinyl sulfides(.!!) ln this' way requlres the use 

of either iodotrimethyrsilane in aqueous sodium hydroxide under 

phase transfer conditlons, or an anlon exchange res~n to bring 

about the elimination of hydrogen iodide. The vinyl sulfides 

thus prepared have the E conflguration. Under thé" same 
.,JI 

reaction conditions, o(-iodosulfides(ll) without hyd'rogens (3 . - ~~..,,--
to iodine undergo tne reactlon shown in eq.21. , 

R 

1 
R-C-SR 

1 
1 

( 11) 

Na+OMe-
---------~-------------> 

R. 
l ' 

R-C-SR 
1 

~ OMe 

eq.21 . 

, 
Studles on the synthetic ut11lty o'f o(-Slloxy s~lfideS<.!) have 

recently been extend~d to inci ude a ltIethod for th'e synthesis of , 

d...-siloxy ,thlOls(.!.§.)36~~ 

RI OTMS 
\ / 

C 

R~ \SH 

1 (.!) (ll) 

The lat ter co m pou n d s are ,s y n th e"s i z e d, f rom a Ide h y des, 

-" 
chlorotrimethyl~ane, hydrogen sulfide and pyrldine in 

ethér (eq.22) • 

1 

pyridine 
-~----------------> RCH-SH + 

1 
O':fMS • 

(16)-

9 

Py.HCl 

eq.22 

---~ -~··-~-"-"""'--.:-.• ~,"!~~","'·f _____ 4"",a4"'i-~""""-------:,,.;.;----

) 

\ 
Î 

'i 
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ThlS class of comP9unds lS stable and its members p'ossess a 

-very strong, unple!sant odor. They 'are oxidized by Mn02 like , 
- more simple th10ls to,glve C),ct-disiloxy disulfiaes(~7); the 

, 

meso(dl ratio is r~ported as l:1(eq.23)36. 

R-CH-SH 
1 

Mno2 
-----------------) RCH-S-S-CH-R 

1 1 
eq.23 

'OTMS OTMS OTMS 

Another r.eaction of Ot-siloxy thiols(ll) is photochemical 
, 

addi~lon to orefins to give a,-siloxy sulfides(eq.24). 

eq.2~ 

(.!i) 

The chem~stry of (l.-trimethylsiloxy thlOls has been stud'led 
ç 

extensively in our lab 37a ; they may be used as precursors to' 

diiodosulfldes(l!) (eq.25). 

S 
R' CHO / \ 

RCHSH 

JTMS 

Me3SiC1 
---------------)- RCHSSiMe3 

l ' ---------~--> RCH CHR' 
.- CN- 1 1 

OTMS 

1< 
RCH CHa' 

, 
'Me3S1 l 

--------~--------> , 1 1 
TMSO OTMS 

(li) 

10 

s 
/ \ 

RCH CHR' 
1 1 . 
l l 

(.!!) 

TMSO QTMS 

eq;25 

1 

\ \, 
f' _,.;-._ ... ; ........... , -,..,nj,....---~"""'Il"iq,,· .... __:-, .... l'j ......,:c ..... _. :._----~---~---..... ----""----"'--. _.--. _"'-' __ ~ .... __ , 



, 
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First,the thiol group of theo(-,Siloxy thio"l <li) is si1ylated 

'using ch1oratrimethylsi1ane in the presence of pyridiile. 

Addition'Cf an aldehyde to the silylated . ."Q(.-siloxy th~ol in the 
1 

prese,nce of cyanide ion -forms the 0(, «-disiloxy sulfide<.!.~) 

which 'is treated wi th iodotrimethyl sll ane. Si 1 oxy- iodo group 
1 

exchange gives the desired' d.,d -diiodosulfide<'il). 

\ ' 

1 

ri ,0( -Dl iodosul f ides (18) wi th hydrogens ,to iodine can be used 

to prepare ~ivlnyl sulfides(20~37b by elimination"~f two moles 

(', of hydrogen iodide(eq.26). 

s 
1 \ 

RCH2CH CHCH2R ---------------) l ' 1 1 
1 1 

1 

S 
1 \ 

RCH=CH CH=CHR eq.26 

The intermediates, ~/q-disiloxy sulfides(~) (eq.25), are . 
aiso synthetically useful for pre~aIing olefins 38 (eq.27). 

TiCl, /LiAlH4 (4:1) 
RCH-S-CHR' -------------------------) RCH=CHR' eq.27 

1 1 THF 
OTMS OTMS 

( 19') , f 

In the presence of ti.tanium(II) derived from a 4:1'mixture of 

TiCl. and LiAIH4' reduétive aeoxygenation occurs to give the 

product ,olefine The authors suggest an episulfide as, an 

.--- in ter m e dia te for the r e a c t ion ,b e c a à se J:.!!.!!.! 1,2-

diphenylepisulflde reacted under identical conditions with the , . 
titani um reagent to 9 i ve trans" sti lbene quant'i tati vely (eq.27a). 

Il 
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Ph S H Ph H 
\ / \ j Ti (1 1) \ / 

c....:::...c -----------------} CaC eq.27a 
/ \ ç. / \ 

H Ph ti Ph 

In the present work, it was of interest to fUl:ther explore the-

synthetic applications of ct-siloxy thlOls(l:'§). We expected 

these compounds to be of general use as thiol synthesis 
if' 

reagents becausea-siloxy thiol gr,ups can react with sUltable 

reagents (e.g. an olefin (eq.28) or an alkyl halide) to give 

slloxy sulfides which in turn can he converted to'new thiols 

after a final desllylation step, thus transforming the slloxy 

1 SH group. 

\ 1 
+ CaC, --------) 

/ \ 
R' 

i 

( 16) - ~ 

OTMS \ 
J desily1atlon 

R-CH -------------} R'CH2CH2SH ' 
1 
SCH2-CH2R' eq.28 

P~evious. work in our 1ah67 sho'wed that o:.-siloxy thlolates(l!) 

may he effectil1ely ge~erated using sodium hydride in 

dimethy1formamlde at -10 Oc (this is a speciflc example of the 
• 1 

'first step in· the genetal reaction sequence, which appears 

be1ow). AlkY1ati?n would provide the desired slloxy sulfide. 

OTMS OTMS 
1 \ 

(H) (BASE) + R-CH + BASE ------------> R-CH + 
1 / 
SH S-

(ll) ( 21) 

12 
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OTMS OTMS 
1 f 

R-CH ~ 

1 
+ R-CH 

\ 
S- S-E 

( 21) ....-- Cl) 

F-
-~------~-----> E-SH + RCHO + TMS-F eq.29 

The final (and crucial) step in the reaction sequence shawn in 

eq.29 above invol ves desi lyl ation of the a-si lOKy sul fldeC!) 

to give the target thiol. A brief discussion of desilylation . 
methods follows. 

Desilylation of ~llyl ethers may be effected in several ways. 

Mlneral or organic a~lds under aqueous c.onditions often give 

good resul ts 39- 4l (eq.30). 

eq.30 

Alkyll i thiums have also been emplQyed successfully14(eQ.31)'. 

OTMS 
1 THE or ether 

R'-C-R" + R"'Li ------------) 
J 
SR 

(J 

" R'-C-R" + RSLl + R"'SiMe3 eQ.3l 

The hi9h affinlty of }he fluoride anion toward the sillcon atom 

i~ weIl knawn 42 ; this t!!nden,cy ~'as been exploited for 

desilylation.~Cleavage of the si1icon-o~ygen bond (128 , 

kcal/mo1) fo11owed by formation of the stranger silicon-

13 
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fluoride bond (160 kca1/mol) 16 an energetically favourable 

process. This' property was effectively demonstrated by Corey 
~ 

and co-workers 43 for the system.shown ln eq.32. 

) eq.32 

Salts can be used as fluoride anion sources. Since the fluorlde 

anion lS a hard base, large, soft catIons are effectlve counter 

10ns44 • Tetrabutylammonium fluor ide and benzyltr1methylammonlum 

fluonde are often' used for desllylat10n45 ,46. Metal salts of 

the fluoride ion aiso give successful r-esults; potass·ium 

f~uor .. ide and cesiù;m fluorlde are most commonly used 47 ,48. 

Following the principles discussed above for the preparatio~ of 

thlois from Œ-SIIO~y thlois (:!.!! (l-s1IoKy sulfldes), It should 

be possibl~ to synthesize hydrodisulfides Vla -a,,-siloxy 

disulfldes. Hydrodisulfl~es have been proposed ln selleraI 
. 
significant biologlcai systems as products from the reactions 

of cysteine or cystine 49 - 52 • From a chemicai viewpoint, they 

are lmportant precursors or un;:;yrnrnetr ical trisui fldes 53 , and 

aiso flnd appl icatlons in other areas of synthetic 

chem~stry54-62. For example, Field and, co-workers 63 have 

recently developed a synth~tic route to a hydJodlsu~fide 

derivative of DL N-ac~tylpenicillamlne<'ll) (eq.33). 

14 
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aw hi 

>-_-+ __ 5H 

ACNH 

o , Il 
C~oC 
) ,">---+--5 H 

~ __ ~--~SSH --------~ 

AcNH 

( 

eq.33 

.>---+--~SH 

We plan to investigate sorne of the substitutioh reactions of 

a,-siloxysulfidesU) and intend to constr'uct a,-substituted 

derivatives as well as to develop a general synthesis of thiols 

and hydrodislllfides(RSSH) <11). 

d 

lS 
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RESULTS AND DISCUSSION 1 
j 

As has been pointed out ln the previous sectlon, te.hniques 

eXlst for the gynthesls of o{-slloxy sulf'ldes<l) based on 

nucleophillC attack 

carbon l1 ,12,14. Of 

by thiolate anion on 

the se , the Evans 12 method 

a c~boriyl 
, 

requlres the 

relatively expenslve KCN-18-crown-6 complex, and a-longer 
, . 

reactlon tlme than ChanIs method 14 at the sarne reaction 

temper'ature. For this-~eason, a modified version of ChanIs 

method was emp loyed to prepare the star ting mater la l s for the 

present study. 

oC-Si loxy sulfldesU) were synthesized from the correspondlng 

aldehydes, thlols, chlorotrlmethylsilane and pyrldine with 

ether as a solvent. AlI syntheses were carrled out under dry 

nitrogen. The reactlons were exothermic, but not sufficiently 

so ~o requlre the use of acopling bath. Freshly distliled 
\ 

chlorotrlInethylsilane was used as a reactant; it was 

subsequently found that lt was unnecessary to distill the 

reagertt lmmediately befere use and that chlorotrimethylsilane 
6 

stored under a nl trogen atmosphere gave satisfactory reS1fl ts."" 

In this case, however, an extra 0.2-0.5 equiv.of 

chlorotrimêthylsilane was required to obtain a yleld comparable 

to . that obtained by using freshly distilled 

chlorotrlmethylsilane. 

( 

Al though Chan and co-workers14 used pyridine a$ a sol vent,i t 

was found te be better to use only 1.1-1.5° equiv. of pyridine 

so, that the pyridloum sa], t fermed in the reac'tion could be 
" 

16 
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il 

effectlvely remOv~d. Usually this is difflcu1t, but the problem 
, , 

was overcome by uSing a sol v.ent exchange - teèhnique. After the 

reaction, chan91ng~the solvent from éther to hexane caused-the 
}, \ 

pyridinium salt tb precipitate. It could then ~e easi1y removed 
~I~'; q 

by fIltration. Ether was the solvent of 'chOlce for the reaction 
. il' ' / 

because of its low boiling point. If low Loiling a1~ehydes are 

used, exposure of the reactiop mi x ture to vacuum a l ~o removes 

any unreacted'" starting materials. rf unreacted thiol was 

detected in the reactlon milCture, i ~ ~ washed .wi th 5% ~ NaHC03 

solution until na thiol was detectable by TLC~ 

USlng the procedure outlined above pure (GLC ana1ysis) products 
, 

were obtained. Yields and spectral data are collected in 

Tables la and lb respectLvely. 

One example of a cycl-ic (X-sl-loxy sulfide(25) was prepared. -
Initially, the strategy sh~wn in eq.34 wa~ tried 64- 66 ; however, 

i t gave a cyc 1 ic su 1 flde instead of an CÀ-s 110lCy sul f lde. 

~SiMe3 
5 2.5 

o Q 
.1 o 

eq.34 

DeoxYgen~tion of sulfox1des by bromotrime~hylsilan~ or 

iodotr imethy1 si laq,e has been repor ted (eq. 3"'4 a) l10a. In a 1 ~ter 

paper 110b the sarne authors report the d~oxygenation of a 

sulfoxide by ch1orotrlrnethyls11ane in .the pr,esence of sodIum 

iodfde. deoxygenation of a sulfoxide 

ch1orotr1methy1silane, however, i5 a new reaction. 
( 
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eq.34a 

Another attempt was made WhlCh utillzed a sulfu'r ~o carbon 
" 

transfer of the trimethylsiloxy group (eg. 35). 

0 1) nSuL; 

VOSiMej 
eq.35 • ~ 

2) ~e3SiCI 

8 
25 

/ 

ThIS route gave the CycllC o(-\.hloxy sulfide 'in 50 % yleid. Full 

preparatlve detalis are glven ln the experlme"ntal sectIon. 

o(-Siloxy suifides(]) were aiso prepared by alkylatIon of the 

correspondlng o(-slloxy thI01s(l§.). These were syntheslZed from 

the aldehydes, hydrogen sulfide and chlorotrimethylsilane ln 

ethe rat -1 OOC (eq.36) • 
) < 

H2 S / --- -----------) 

Hydrogen suifide was introduced by bubbling it 
~ 

dTMS 
1 

R-C-H eq.36 
1 

SH 

( 16) 

directly 1 nto 

the react 1 on mi x ture. Trappl ng 0 f excess es-capi n9 hydr ogen 
, 

sulfIde and/or formed thlol from the reactlon,mlxtu're ,was 

effected by using, in serles, 2 traps contalqing saturated 

potassi,um hydrox ide sol ution, anp a final one containing lead 

acetate sol utlon 
1 

to indicate the presence of H2S. 

lB 

\~ 

, 
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.'S(:b~ 5 Indlcates, Y,ieIdS of o(-alkyl6(-slloxy thiols wue 

qu ood. All product thiols(l6) were llquids and had 

A SOlld a,-slloxy thlol (li) would be expected to be less 

... 
volatile and hence to have' a weaker odor than than· a liquld 

one. For thiS reason, efforts were made to.- prepare such a 

com'pound so tha. t l t could act as a "templ a te" for' the trans fer 

of the sl.:llfur·-atocn tO the deslred substrate. These, however, 
,- r ~ 

were unsuccessful, or gave unaccèptablyO ~o~ yields. An examp.1e 

appears below (eq.J7). 

Py 
2 H2S + 2 Me3S1Cl---> 

OTMS , 
H:--5H 

. ni 

ra 
1 

HS-CH 
J 
OTMS 

, 

+ 2Py. Hel 

2% ylelà and at least 10 

other pr-oducts 

eq.37 

The Q,- silo x y th i oIs (.!!) w.e r eus e d t ° -6 Y n the s i z e (), - S 1 i ° x y " 

sulflde:s(d). Treatment of the- substrate ln DMF at -600c 

,Wl th n-butyl ]L,i th~um gave the s-110xy thlOl a te, which 1 was then 
.~ . . 

reacted' with an aIk~l. halide. Temperature control of th i s 

,re~ctic;>n, was cr ltica 1. A cooling 'bath prepared from chioroform 

and dry -ice was use? ~lto Iteep the temperature at ca -60o e. 

T·he sol.ùtlon was co1ou;tless during the reaction. After stirrlog 

the reactlon mIxture for lh at -60 oC, tqe th~late was trapped 

19 
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\ • 

, 
with an alkyl 'hallde to 'glve the appropr1ate (l,-s110xy 

sul flde(]). This type of reqction lS closely related te recen,t 

unpubllshed work carrled out - in our lab 67 , WhlCh lS surnmarlzed .. 
ln eq.38. 

R OTMS R OTMS R H R H 

1 1 NaH 1 1 1 1 1) NaH \ / 

H-r-f-H -------) H-C-C-H --------) H-C-C -------) C=C 
DMF 1 1 I~ 2) R"X / \ 

R'SH R' S- Na+ RI S RI SR" 

( 16) ~ (l§.) (.!i) 

eg.38 

The reaction or an a-si 10Ky thiol C!..§) a with sodium hydrlde ln 

DMF at -10 Oc glves a Sllghtly greenlsh coloured Solutlon. 

AddItIon of an alkyl hallde to this solutlon glves a v1nyl 

sulflde(14). One worklng hypothesls for the mechanlsm of thlS 

reaction is as follows. Fl(St, the thiolate lon is formed with 

sodl_um hydrlde. The siloxy group then leaves foz:mlng an 

unstable thioaldehyde (1&,) wi th a,-hydrogens, Wh1Ch reacts Wl th 

alkyl hailde to form the vinyl sulflde(14}. It tS also possIbLe 

that ellmlnation of the s,iloxy group takes place Immediately 

after th~olate formatloq, d1rectly formlng the enethiolate. 

~ . 
In ~he light of tbe results discussed ~n the precedlng 

para.graph, It was O-f loterest in the present work to atternpt to 

trap the th10aldehYge(~) possibly generated from an ct-s110xy 

th 1,0 1 a te. 1 n th i s exp e r ,i men t , a n 01- s 11 0 x y th i 0 1 (ll) wa s 
L 

treated wlth sodium hydr1de in THF at -70 oC. Cyclopentadiene 
A 

was used as a tr app 1 ng agen ti 'the procedure 1 s summar fzed ln 

eq.39 and eq.40 below. 
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OTMS OTMS 
\ 

R-CH-SH + base --------> 1 
R-CH-S-

.... 
------) R-CHS . eq.39 

R-CHS +. 0 ---------) eq.40 , 

After cnromatography,a very small quantlty of product was 

obtajned. From the IHnmr spectrum, It was not possible to 
1 

\ 

determine th~ nature of the compound isolated from the trapplng 

experlment • 

. Although in the present work no thloaldehyde was lsolated, thlS 

h"as recent l y been ach i eved b~ severa l groups 68-73. They were 

successful ln syntheslzlng and lsolatlng variolIs stablllz~d 

thioald~hydes. One exaœple is shawn in eq.41. 

Ph ............ S,..s~Ph ~ 
1 ... 
0-

\ 

+ 
S.::::rPh 

Ph"'sOH li 

+OOO~oq© 
'. Ph 

eq.4l 
'\ 

Q,-Slloxy thiols were used in an attempt ta syntheslze 

hydrodlsul fldes(22). The synthetlc strategy adopted is shown in 

eq.42 below. 

sul fur 
b 

OTMS transfer OTMS 
1 reagent 1 desily1ation 

R-CH-SH ---_ .... _----) R-CH-SS-R' -------,------ .... -> HSS-R' eq. 42 . 

(~) 
<.R-S-N() 

~!~) (22) 

21 
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In order to conflrm the ldentlty of the product, ~n authentlc . 
'sample of hydrodisulfide was prepared by an independent route. 

The method chosen was a modification of Bord~ellis thiol 

synthesis l13 (eq.43). 

+ 

J 

R 
/ 

CH2=C -------> 
\ 

RI 

R 

1 water 
CH3CO-SCH2CH -~~-~--> 

1 
R' 

eq.,43 

TblS reaction involves a radical addition of thioacetic acid to 

an ol.e'fln, followed by hydrolysls. It was modlfied by reactlng 

thioacetic acid wlth a sulfur transfer reagent in place of the 

olefin (eq.44). 

\ 
N-SCH 2Ph --------------) CH3COSSCH2Ph 

/ 

H+ /E'tOH 

CH3COSSCH2Ph ---------7----------> HSSCH2Ph 

(29) 

+ 
\ 

N-H 
/ 

eq.44 

~sing this procedure, benzyl hydrodisulfide(29) was prepar~d 

supcessfully ln 82 % yield. 

To foll'ow the synthetic strategy outllned in eq.4.2 above, an 

efficient sulfur tra~sfer reagent whlch c~n be used under very 

mild c'onditlons wa.s r,gulred. Convenient, (stable and solid) 

sulfuI transfer reagents haye been.extensively studied 74 - B3 • 

22 
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The reac~iv~ty prder of these comp~unds towards nuc1eophi1es is 

shown below. 

> 
In the present work, two types of sulfur transfer reagents were 

us ed (30 / 31). 
- -r- fi 

... 

-Qr)-SR 
Il . 
o 

(30 ) 

~ . 
Q~R-
o 

(l!.) • , 

Synthesis of these interesting reage~ts requires several steps. 

,First, a sulfeny1 chloride(32) lS pret;>ared. There are several 

ways of dOlng this B4- B9 (eq.45-47). 

2RSH + C1 2 ----------------~--------> 2RSCl 

, (32) 

RS-SR + C12 ------------------------> 2RSCl 

RS~SR + S02C12 -------------~-------> 2RSC1, 

eq.45 

eq.46 

e,q. 47 

The ma j 0 r dis a d van ta 9 e o,f the f i r s t met h 0 d ( e q. 4 5) i s th a t i t 

necessltates the handl~ng of thiols with strong, unp1easant 

odors. Using disulfides ~nl5tead 'of thio1s (eq.46), is bett~r, 

but m~asurin9 a precise amou~t of ch10rine is not easy. This 

problem is overcome in the third method (eq.47) ,by using 

sulfuryl chloride (a liquid). There was no carbon-sulfur bond 

cl~avage. In the present work, the third methodrwas use~. 

, 

,23 
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.The suifenyi chlorlde(32) was th~n 

transfer reagent. As an exampIe, N-thiophthal'imides (l.Q) 

will be discussed in detail. .. le, these compounds may 

be prepared f,rom either or potass l um 

phthallmide('.,!!). In prac'tice, because the potassium salt 

requires DMF as a solvent (which leads to a work-up pr6cedure 

wlth more steps, and consequently a Iower overaii recovery), it 

was found to be preferable to use phthalimide(l2) itself 

(eq. 48) • 

\ \ 
NH + RSCI --------------------------) N-S-R eq.48 

/ / 

[ R = Me, t-Bu, Ph, CH2Ph ) (30) 

The N-thiophthallmide(lQ) was reacted with an ~-slloxy 

thiol(16} to give an e>(-siloxy disulfide(n) (eq.49). , 

, 
N-SR + 

/ 

(l.Q.) 

OTMS OTMS 
1 \ 

RI-CH-SH ---------------------) R'-CH-SS-R 

(n> 
[R .. Me, ·t-Bu, Ph, CH2Phi R' = i-pr, t-Bu] 

. ' 

eg.49 .. 

Of the o(-si,loxy thiols(.!!> tried in the reaction above (eg.49), 

only c(-siloxy neopentane thiol(3S) gave a satisfactory yield 

(84%) {in the reactlon with N-benzylthlophthalimide(1!».-TO . 
impr\ve the yield (2%) in the eX-slloxy s:"'bu'tyl t,hiol (12) 

~eact/.lon, a more reactive sulfur transfer J::(eagent, N-

bènzyl thiosuccinimide(38), was prepared. Reaction between this 

24 
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and a-Sl'loxy s-buty1 thiol gave the ~orrespondrng ct-siloxy 

disulfide in only 15% yield (nevertheless an improvernent over 

the prev ious 2% yleld). 

vi 

Because sorne dlfficulty was encountered in flndlng d good 

synthetic route to ct.-slloxy disul fldes <.ll), another approach 

was investlgated whlle the reactlons dlscussed ln the 

preceding paragraph were being attempted. This was reactlon Vla 

a tin sulflde (eq.50). 

OTMS OTMS OTMS 
1 J R'Sel 1 

R-CH-SH + Me3SnCl ------) R-CH-S~SnMe3 ------> R-CH-SS-R' 

(16) --
eq.50 

The inspiration for this approach came from a IIterature90 

dlsul fide preparatlon using a sul fenyl chior lde<'~l) ·and a tIn 
, 

sulflde. In the present work, the tln sulflde was prepared but 

the subsequent reaction wlth R'Sel was not atternpted, malnly 

because no satis~actory desllylation procedure was eventually 

found for the ((,-si loxy dlsul f ldes <'~1). 

A brief review of possible desilylation methods was given in 

the lntroductlon. It was necessary to' try several of tbese 

before satisfactory results were obtained. First., tetra .. n-

butylammonlurn fluoride and then cesium fluorlde were tried as 

desilylation agents. The quantlty of tetra-n-butYlammonium 

fluoride or cesium fluoride was systematically varied from 

0.01-0.20 equiv. (based on si10xy compo\lnd)~ Aprotic solvents 

25 
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such as THF, acetonitrile and DMF were tried in turn. 

unfortunately, very low yields of the desired eompound, an~ 

many by-products were obtai ned (eq.5l). 

OTMS 
J 1)nBU4NF or CsF; 2)H+ 

R-CH --------------~--------> HSR' + at least a by-products 
1 THF, CH3CN or DMF 
SR' eq~51 

Further attempts to desilylate the a-siloxy suifides were 

carr led 'out in THF us i ng potass i um fluor Ide. Agai n, low ylelds 

and by-ptoducts resulted. When potassium fluorlde in methanol 

was used, however, desllylation of the a..-slloxy sulfldes took 

'place at room temperature after l hour and the thlol products 

were obtained in good Yleld (eq.52). 

1) KF; 
-------------------------> HSR' eq.52 

MeOH, RT, 1 hr 

After the reactlon, solvent and aldehyàe were removed ~ vacuo 

and the solution was diluted with aqueous aeid. The product was 

extracted with hexane. Ylelds of a variety of thiols are 

collected ln Table 2. 

Desilylatlon of thea,.-siloxy disulfiÇles(23) uSlng potas~ium 

fluoride in methano1 unfortunately did nôt give good reJiults. 

N o.r d l dan y 0 the r set, 0 f con dit ion;; tri e d for '.0;- silo x y 

sulfides. Sorne of the many unsuccessful attempts are described 

• 
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in the experlmental sectlon. 

In a separate investIgation, the Ct'..-siloxy sulfldesUJ (the 

preparation of which has already been described) were used to 

study the formatlon of CX-bromosul fldes(}1.). Previous work ln 

thlS lab 28 has shown that these reactions may be conveniently 

"' carried out ln an NMR tube, enabling the progress of 

substItuent exchange to be monitored by NMR. In thlS earl ier 

study, the formatIon of ct,-iodosul fldes(..!l) was Investigated. 

Other Ct-haiosulfides are expected to be more stable thanCi 

-io?osulfides and hence more easily Isolable. The(L-slloxy 

sulfldes(l> should have considerable potential as reagents for 

the preparation of a varlet y of a-functlonallzed sulfIde~ ~ a 

one step synthesis using X-SIMe3 type reagents (X~ SR, CN, 

SSlMe3' etc.) (eq.53). 

SR 
1 

R'-C-OSIMe3 + XSIMe3 -------) 
J Rit 

SR 
1 

R'-C-X + Me3S1-0-SlMe3 
1 
Rit 

, 

eq.53 

From the difference in dissociatlon energles be~ween the 

silicon-iodlde bond (77 kcal/mol)91 and silicon-bromide bond 

(96 kcal/mol)91, it i5 predicted that the preparatIon of 

cx..-bromosulfldes<'ll) should require more vigorous reaction 

condltions than those for the U-iodosulfldes(l!). ThlS was 

found to be the casei the preparation of (X-bromosulfldes 

requlred 3 days at room temperature ~hile a-iodosulfides 

were formed after 2 minutes at 0 °C 28 • Yi~lds and spectral 
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data of the O-bromosulf1des prepared in the present work are 

collected ln Tables 3a and 3b. Attempts to synthesize a-
chlorosulfldes(!.Q.) uSlng condltions WhlCh gave good ylelds ofa,. 

-bromosul fides were unsuccessful. Calculation of the bond 

energy exchèlnge on each slde ~f the react10n equation (eq.S4) 

sU9gests that the reactlon should not proceed in the direct1o~ 

shown, but thlS 18 a rather simpllstlc treatment of the,many 

comple~ factors involved. 

Cl 
1 

RI-CH-SR + Me)SlCI ~-----x------> RI-CH-SR + TMS-O-TMS 

(.!Ql eq.54 

The (l-bromosulfldes(l2.) were used to prepare vinyl sulfides(l!) 

(eq.SS) and unsymmetrical th10acetals(!Q.} (eq.S6). 

RS H 
\ / 

-~-~-------------> C=C eq.55 
/ \ 

H RI 

Br SR" 
1 1 

RSCHR I + R"SH -----------> RSCHR I + HCl eq.56 

(!.!.) 

The ct-siloxy sul f ides (1) were aiso used successfully to 

prepare some unsymmètrical thioaceta l s. Thioacetal s and ket~ls 
,. 

are c 9 mm 0 n l y. use d as pro tee tin 9 gr 0 u p s for· car bon yI 
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1 

compounds 92 - 95 • They are normally prepared from acetals and 

ketals under acid catalyzed conditions(eq.57). 

OH 
1 

R-C-OH 
1 
R' 

2R"SH, aCld 

-------------------------) 
SR" 
1 

R-C-SR" 
1 
R' 

eq.57 

LeWIS aClds such as ZInc chlorlde, and BF 3-etherate as weIl as 

hydrochlorlC ac~ and p-toluenesulfonic acid have been used. 

The carbonyl equlvalents ar~ readlly obtained by mild 

hydrolysis as shown in eq.58. 

SR" 
1 

R-C-SR" 

1 
R' 

<t 

HgC1 21 H20 
---------------------) R-C=O 

1 
R' 

eq.58 

The thloacetals and ketals prepared by tradltlonal methoda are, 
.,­

however, always symmetrica196-l02. The route :!,ia o{-siloxy 

sulfides gives access to uDsymmetrlcal thioacetals(iQ) in good 

Yield. Yields and spectral data are shown in Tables 4a and 4b. 
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H 

RI S-J-OTMS 
1 

R 

.. 
. PREPARATION OF Q-TRIMETHYLSILOXY SULFIDES 

compound a R RI y.ield(%) bp(OC/mmHg) 

(,g> lPr PhCH 2 85 111-112/3 

(.!1) Et PhCH2 86 97-98/1 

(!!) npr P~CH2 77 110-112/5 

(.!1) lPr .Ph 74 118-120/7 

(.!§.) nPr ) ( CH 2) 5 CH 3 72 134-135/6 

(il> n,~r' (CH2) 2 SH 47 95-96/4 ' , , 

(.!!) nPr COCH 3 ' 67 39-46/4 

a ~ll compounds were pure by GLC ana1ysls. !\. 

( 

j 
30 
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Table lb 

, compound Shift des~ription assignment 
--------------------------------------------------------~------

( 42) 

ft 

(il) 

( 44) 

( 4S) 

o.~o 

0.93 

1.20 

3.73 

4.80 

7.30 

0.20 

0.93-1.70 

3'.90 

4.30 

7.30 

~ 
0.10 

0.90-2.40 

3.70 

4.70 

7.30 

0.10 

1.10 

2.06 

4.95 

7.30 

1 

~ 

3).. 

9H, S -OSiMe3 

6H, d (J = 6Hz) -C( CH 3)2 

lH, M'I (J = 3Hz,,) -CH 

2H, s - CH2-

cl 
, 

lH, ~ -CHS-

SH, m Ph 

9H, s -OSlMe3 

SH, m - CH2CH3 

2H, s - CH 2-

lH, m -CH-

SH, m Ph 

, 

\h#S$ 

• 1 

l 
1 , 
l 
" 



Table lb (continued) 

( compound shift description 

0.10 9H, s 

0.93-l.40 19H, m 

2.30-2.60 lH, m 

4.40-4.90 lH, br 

0.03 9H,s 

o • (7"G--1. 8 0 7H,m 
(47)* 

2.17 3H,s 

5.47 lH, t (J=6Hz) 

,. 

*IR 1690 cm- 1 ( C=Q ) 

'-

( 

t 
32 

a-ssignment 

aliphatlc 

-CHS-

-CH 

-OSiMe3 

-(CH 2 )2CH 3 

-COCH 3 

-CH-

. 

., 

\ 
\ . , 

ç 

-----~------------\----------_._.~--~.,~,~;.--------------~~----------------------------------~j.~-~ 
\ \ 



Table 2 

DESILYLATION OF arTRIMETHYLSILOXY SULFIDES 

H 

1 1 
R S-C-OTMS KF ---------------) RISH 

J 
R 

/' 

compound R RI Yleld 

(.!!) nPr Ph HSPh (50) 84 a 

(!.!) nPr PhCH2 HSCH2Ph (~) 86 a 

(Q) Et PhCH 2 HSCH2Ph (.?!) 9S a 

(ü) l Pt Ph HSPh ( 7l) 77 b 

(!... ) nPr (CHi) SCH3 HS( CH 2)S CH 3 (.1l.) 69 b 

a The yields " were determl ned by GLC using an lnternal 
standard. • 

b Isolated yields. 

c All product thlols were pure by GLC analysls. 

J 

( 
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( 

f ---

, ... 

~le 3a 

Br 
1 

PREPARATION OF a-BROMO SULFIDES R-C-SR 1 

1 
H 

compound a RI Yleld(%) 

(~) nPr PhCH2 71 

(~) Ph Et 83 

(i.?) nPr Ph 69 

(56) lpr PhCH 2 77 

a Al1 a-bromosulfldes gave one spot by TLC analysls. 

Table 3b 

compound nmr mass 
---------------------------------------------------------------

<.?1l 0.70-l.aO(m,7H) ,3.65(5,2H), 
5.70(t,J=6Hz,lH) ,7.00(5,5H) 

0.80 (t,J=8Hz,3H), 2.10{q, 
J=8Hz,2H) ,4.70(9,lH) ,6.S0 
-7.20(m,5H) 

<12.) O.7)-1.50(m,7H), 4.90(t, 
J-5Hz,lH), 6.90-7.40 (m, 
5H) 

< 1&,) 0.93(d,J=6Hz,6H) ,1.84-2.04 
'(m,1H) ,3.60(s,2H) ,S.50(br, 
1H), 7.50(m,SH) 

a No molecu1ar 10ns were observed • 
... 
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1SlC1-1) ,179 (12.9) ,125 
(5.4) ,123 (45.1) ,91(100.0), 

153(2.7) ,151(41.3) ,77 
(60.7) ,28(100.0) 

165(2.0) ,122(63.7) ,77 
(61.4) ,29{59.6) ,28(100.0) 

181(0.6) ,1~9(12.5),. 
178 ( 49 • 2)., 91 ( 100 • 0) , 7 l 

(30.4) ,43 (19.4) 
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Table 4a 
, , 

H 

1 
PREPARATION OF THIOACETALS RI S-C-SR" 

J 
R 

cornpOU~da R RI R" Yleld(%) 

Ph Et Ph 93 

(..?!) npr Ph Ph 72 

('59) npr Ph 76 

a Ali cornpounds gave one spot by TLÇ analysls. 

Table 4b 

SPECTRAL DATA OF THIOACETALS 

-_ ----~~~~~ ~~~-_______ -~:--------_C ----~~~ -------------------
(~) 1.06(t,J=BHz,3H) , 2.50(q,J=8Hz,2H) , 

4.90(s,lH), 6.96-7.40 (rn,lOH) \ 
(~) d'. 75-1. 77 (m, 7H), 5.00(t,J"6Hz,lH) , .. 

~.90-7.50(m,lOH) 

. 
O.50-1.80(m,7H) , 3.50(s,2H) , 

4.56(t,J=6Hz,lH)~ 6 • 6 0 - 7 • 20 (m , 10) 
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~BL~ 5 

PEŒPARATION OF Ç(·TRIMETHYLSlLOXYTHIOLS 

H 

1 

R-C-OTMS 
1 
SH 

compound R yield (%) b • p. (mm Hg) (1 i t. 3 6b • p. (mm Hg) ) 

-----------------------------------------~------------ --------~ , 

ipr 69 

npr 74 

tBu 70 

36 

58-59/18 

60-60.5/21 

72-73/20 

46/8 

42/8 

61/15 

, 
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, 

EXPERIMENTAL 

~ 

Chem1cal reagents were obtained from commercidl sources and 
, 

used without purlflcation, uniess otherwise noted. 'Melting 

pOlnts were obtalned on a Gailenkamp apparatus, and are 

uncorrected. Acetonitrile and tetrahydrofuran were dr1ed by 

dlstlllatlon from P20S an~ sodlum benzophenone ketyl 

respectlvely. Methylene chlor1de was washed successively with 

concentrated H2S04' 5% NaC03 and ~ater, drled over CaCl2 and 

dlsti11ed from P20S' Ethyl acetate was washed wlth 5% NaC03 and 

water, drled over anhydrous K2C03 and dlstllled from P20S' 

"Infrared spectra were recQrded with a Perkin-Elmer Model 257 

1nstrument elther as neat llqUld fl~ms or as KSr dlSCS, and 

were calibrated ùsing the 1601 cm- l 11ne of po1ystyrene. Proton 

nuclear magnetlc resonance spectra were recorded in COCl3 

solut1on (unless otherwise speclf1ed) on a Varlan Assoclates 

T-60 or T-60A spectrometer. Chemlcal shifts are reported ln 

ppm <0> relative to tetramethy1silane (TMS) eltner as an 

1nternai siandard or as an external, standard. Abbreviations 

used to describe NMR absorptions are: s, singlet; d, doublet; 

t,trlpleti q,quarteti m,multlplet; br,broad. Hlgh resolution 

mass spectra were obtained from a Du Pont 492B instrument uSlng 

a direct insertlon probe. Gas chromatographlc analyses were 

performed on a Varian Model 3700 chromatograph with a 2m x 6rnrn 
~ . 

0.0. glass column packed wlth 3% OV-IOI on Hlgh Performance 

Chromosorb W (80/100 mesh). Preparative gas chro~atographic 

separatlons were accomp11shed with a Varian ASSOC1ates Autoprep 

700 chromatograph equipped with a 1 ft x 0.25 in. 0.0. 
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aluminiCfn cQlumn packed wlth 10 \ SE-3D on chrornosorb W. Thln 

layer chromatography (TLC) was per~ormed OA Merck Silica.Gel 60 

(0.2' mm layer thlckness) contalnlng F-254 fluorescent indlcator 

,on aluminium-backed sheets. Flash chromatography refers to the 

technIque descrlbed by Stlll lli and was carrled out with Wolem 

230/460 mesh silica gel. 

PREPARATION OF OC-TRIMETHYLSILOXY SULFIDES 

Compounds il-42 were prepared 

accordlng to the general procedure 
1 

given below for product.!2. Ylelds, 

-boillngpolnts and lHnmr shifts are 

dlsplayed in Tables la and lb. 

OTMS 
1 

,R-C-H· 

1 
. SR' 

To a weIl stlrred mlxture of 5.00g (69.4 mmol) 

,isobutyraldehyde and 10.5g (96.7 mmol) of chlorotrlmethylsilane 

in 35mL of ether was added d~opwise at room ternperature a 

solution of 7.60g (69.0 mmol) of benzenethiol and 5.l0g (70.0 

mmol) of pyrldlne ln SmL of ether. After stIrrlng at roorn , , 

ten.\Perature ffJr 4 hr, SOmL of hexane was added to the so l ut ion 
A, 

Whlch was then filtered. The flltrate was dlst~lled un·~er._. 

reduced pressure ta gi ve 12.9g (74 %) of thé product (.!?), b.p. 

Il,8 - 12 0 Os: / 7 • 0 mm Hg. TL C ( sIl i c age l, ch 1 a r a for rn) 9 a v e a ne 

spot. 

• 
PRE~RATION OF A CYCLIC a-TRIMETHYLSILOXY SULFIDE 

Method l (unsuccessful) 

To a solution of 1.00g (9.6 romol) of thiolane l-vxlde ln lOmL 
~ 

of benzene was added at room temperature 1.47g (9.6 mmol) of 
• 
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chl'orotrimethylsilane. The reaction mIxture was refluxed 

overnight. WOrk-up procedure was identical WI th that used for 

the acyclic Cl-siloxy sulfides (see above). Instead of the 

expected product ~, the reaction gave 0.479 (55 %) of 

thlolane, identlfled by eompanson (TLC, IR and lHnrnr) with an 

authenttc sample. 

Method II 

To a stlrred solutIon àf 1.00g(9.6 

mmo l )of thiolan,e l-oxide 1.1'\. 15mL 

of THF was added dropWlse at 

- 3 0 0 CS. 8 mL 0 f 1. 6 5 M n - but yI lit hl um i n he x a ne. A f ter 1. 5 

h rat - 3 0 0 C , 1. 4 7 9 (9.6 mm el) 0 f eh 1 0 rot r I met h Y l sIl an e wa s 

added dropWlse at -30 Oc and the mixture was stirred for à 

further hour. It wàs then allowed ta warm te raom ternperature 

and quenched with 20mL of water. After the addItIon of lSmL of 

ether, the mixturewas extraeted (3 x 10 mL ether). The 

extracts were dried over ma9nesium sulfate and concentrated 

under reduced pressure. The erude product was chromatographed 

on silica gel 
~ 

(hexane/ethyl acetate) to 9ive 0.849 (50 %) of 

cC..-trlmethylsiloxythlolane(§l), a co1our-1ess 011. Ttc (sllica 

9 e l, ch l 0 r 0 for m) 9 a v e one s pot; l H nro r : 0 .1 ( s 1 9 H), 0 .9- 1. 7 (in , 

6H), 4.8 (br. lH). ( , 

PREPARATION 2! ~,SYMMETRICAL DISULFIDE FROM 

~~-TRIMETHYLSILOXY SULFIDE103 

To a solutIon of LOg (3.9 mmol) of a,-trlmethylslloxy-n-butyl 

temperdlure 2.479 (9.8 romol) of iodine. The reaction mixture 

was stlrred for 10 hr at room temperature. After washing with 
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.. 

10 % sodIum ~h~osulfate solutlon (2 x 20mL) and water (lOrnL), 

the reactlon mixture was dried over magneslum sulfate. It was 

concentrated under reduced pressure and chromatographed on 

sllica gel (hexane/ ethyl acetate) to glve 0.60g (72 %) of 

dq>henyl dlsulflde, rn.p. 57-60 Oc (11t. l04 58-60 oC); 

Identical (TLC, IR and lHnmr) wlth an authentic sample. 

PREPARATION OF UNSYMMETRICAL THIOACETALS FROM 

QrTRIMETHYLSILOXY SULFIDES 

Compounds ~-~ were prepared using th~ general rnethod detalled 

below. Ylelds are glven ln Table 4a, spectral data ln Tab~ 
4b. 

Ta 1.1g (4.1 mmol) of Q;tnmet.hylslloxy-n-butyl benzyl sulflde 

in 25mL tetrahydrofuran at -5 Oc waS added dropwlse 0.75g (4.1 

rorool) of trlmethylslly1 phenyl sulf1de ln 3mL of 

tetrahydrofuran. Stlrring was contlnued for 2 hr at -5 Oc • The 

reactlon mlxture was then allowed to warm to roorn ternperature 

and stirred for a further 2 hr. Work up was effected by wash1ng 

wlth iOrnL of 5% aqueous sodlum bicarbonate solutlon. After 

dry l n 9 ove r ma 9 n e sium 5 u l fat e , the r e a ct ion m i x t ure wa s 

concentrated and chromatogr,aphed o'n sllica gel to g1ve 0.90g 

(76%) of a colourless oil(~), one spot by ana1ytical TLC. 

DESILYLATION OF ~TRIMETHYLSILOXY SULFIDES 

Method l 

ThlOl's 50 -, E were prepared accordlng ta the procedure 91 ven 

below. 

0.509 

Yie1ds are given in ~ 2. To ~ stirred solution of 

(1.9 rnmol) of a.-trlme~lsiloXy-n-proPYl phenyl sulflde 
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( 
\ 

\ 
. -----,----

in 10mL of methanol was added 0.19g (2.9 mmol) of potasslum 

'f l U 0 r ide a t r 0 0 m te m p e rat ure. S tir r i n 9 wa s con t 1 nue d a t._. r 0 0 m 

temperature for 2 hr. After the addltlon of a few drops of 6~ 

hydrogen chloride solution to the reaction mlxture, it was 

subjected to preparatlve gas chromatography to give, 1.6g (86%) 

of. benzy l thlo 1 (~J;). 

(In al1 cases odor, TLC, GLC, lHnmr and IR spectra were 

identical wlth those of authentic samples). 

Metpod .!.! 

ThlOls 11 and 71 were prepared using Method II. Ylelds are 

given in Table 2. 

To a st l r r e d sol ut 1 0 n 0 f 1. 0 9 (3. 8 mm 0 l) 0 f q,. tri met h Y l s 1 l 0 x y 

su1fide(45) ln 20mL of methanol was added 0.34g (5.7 nimol) of 

potasslum f1uorlde at room temp~rature. Stlrring was continued 

overnight. The reactlon mlxture 'lias then evaporated under 

reduced pressure untll all the solvent had been removed. The 

whIte crysta1s remaining were disso1ved by the additlon of 20mL 

of water. The solutlon thus obtalned was acidlfled and 

extracted with pentane (3 x 20mL). The ex tracts were drled over 
"..,1"'"':;1> 

magneslum sulfate. Removal of solvent gave 0:-'30g (77 %) of 

benzenethio l (13.)." 

(In aIl cases odor, TLC, GLC, lHnrnr and IR spectra were 

identical wlth those of authentlc samp1es)~ 

PREPARATION OF a-BROMO SULFIDES 

Compounds ll-ll were prepared acC"ordlng to the following 

general procedure. Yields are reported in Table 3a , spectral 

data in Table 3b. 

To a solutlon of 0.659 (2.70 mmo1) of OrtrImethylslloxybenzy1 
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( 

ethyl sulflde in 15mL of tetrahydrofuran was added dropwlse 

0.42g (2.70 mmol) of bromotrlmethy1silane ln 3mL of 

tetrahydrofuran at' room temperature. The reactlon mlxture was 

concentrated ~ y~, to glve 0.52g (83 %) of Q,-bromobenzyl 

èthyl sulflde(2!). 

PREPARATION OF A VINYL SULFIDEIROM AN a-BROMOSULFIDE 

A mixture of 0.79g (3.1 mmol) of ~ benzyl a,-bromolsobutyl 

su1flde and 15 mL of 6N potasslum hydroxlde solutlon was 

refluxed for 10 mlnutes. The reactlon mlxture was extracted 

with methylene eh10rlde (3 x 10mL). The comblned extracts were 

concentrated and chromatographed on si1ica gel (helCane/ethyl 

acetate) to glve 0.45g (82 %) of benzyl 2-methylpropenyl 

sUlflde(63) as a colourless 011i one spot by analytical TLC. - \ 

1 Hnmr : 1.63(b, 6H), 3.70 (s, 2H), 5.S"3 (s, 1H), 7.16 (s, 5H). 

PREPARATION OF Œ-TRIMETHYLSILOXY THIOLS 

AlI Cl-trlmethylslloxy thi01s were prapared accordlng to ref. 

36. Details of the procedure are glven below for product li. 

Hydrogen sulflde was bubbled lnto a weIl stlrred mlxture of 

8.78g (0.10 mol) of plvalaldehyde, 11.10g (0.10 mol) of 

chlorotrlmethyls11ane and 8.10g (0.10 mol) of pyridlne ln 200mL 

of absolute ether at -10 oC. After stirring for 1 hr at 

-lOoe lOOmL of helCane was added to the reactlon mlxture. 

The preclpltates were removed by filtration. The flltrate was 

concentrated and dlstil1ed under reduced pressure ta give 

13.529 (70 %) of Q- tri met h Y l silo x y n e 0 pen t y 1 th i 0" 1 a s a 

colour1ess 011, b.p. 72-73 Oc 120mmHg (llt. 36 61 Oc Ils mmHg). 
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· All Q,-tr>methylslloxy thlols were Identlca1 (lHnmr) Wl th 

compounds ~ported ln the literatute 36 • 

ATTEMPTED TRAPPING OF A THIOALDEHYDE 

To 0.60g (3.13 mmo1) of a-trlmethylsiloxyneopentyl t'hIOl ln 

lOmL of DMF was added s10wly at 0 Oc 0.75g (3.13 mmol) of 

sodium hydrlde. After the reaction ml-xture had been stl rred for 
1 

30 mln at 0 Oc 0.20g (3.13 mmol) of cyclopentadlene wa-s added 

dropwlse. "The reaction mixture was stirred for a further l hr 

and then allowed to warm to room temperature. ConcentratIon ln 

vacuo gave 0.32g of crude product (a mixture by analytlcal 

TLCh After chromatography, the fractlons contalnlng the. 

suspected adduct yielded insufflcient materlal for IHnmr. 

ATTEMPTED PREPARATION OF A SOLIO ~-TRIMETHYtSILOXY THIOt 

T 0 a w e l l -' s tir r e d m i x t ure 0 f 0 • 5 9 (3.7 mmol) of 

terephthalaldehyde, 1.1:6g (10.7 nuno1) of chlorotrlmethylsllane 

and O. 8 4 g (1 0 • 6 mm 0 1) 0 f P Y r 1 d 1 ne i n 1 0 0 m Lof eth e rat - 1 0 0 C 

was added hydrogen sulflde. Stlrrlng was contlnued for 2 hr 

at -10 °C •. The reactian mixture was allowed to warm ta room 

temperature. After the addltion af 100mL of hexane It was 

flltered. The filtrate was cancentrated under reduced pressur~ 

and then ,chromatographèd on sllica gel (hexanel Methylene 

chlorlde). ~t gave 0.16 9 of a mixture WhlCh posslbly co~tained 
the deslred compound (by 
without trimethylsiloxy groups. 

JI 

accompanled by many compounds 
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PREPARATION OF AN UNSYMMETRICAL SULFIDE FROM -------- ------- ----
AN ci... -TRIMETHYLSILOXY SULFIDE 

The method of Chan and co~workers14 was used. To a solutIon of 

LOg (3.9 mmol) o.f c(-trimethylsiloxy-n-butyl phenyl sulflde 

• 
was added drOpWl5e at -60 Oc 1.90 mL of 1.65 M n-butyllLthlum 

ln hexane. After stirring for 1 hr at -60 oC, 0.53g (3.9 

mmol) of benzyl/bromlde was added dropwlse at -60 ?C. StirrIng 

was continued for 2 hr at -60 oC. The reaction mIxture was 

then allowed to W'arm to room ,temperature. Stlrring was 

contlnued overnlght, and then the reactIon mixture was washed 

wlth watèr (2 x 30mL) and drled over magneslum sulfate. Solvent 

was rernoved under reduced pressure to glve whIte crystals 

WhlCh we're recrystaillzed from hexane/ methylene chloride to 

glve 0.41g (66 %) of benzyl phenyl sulfide(21), rn.p. 40-41 Oc 

(llt. IOS 41-43.5 oC); identlcal ( TLC, GLC and lHnmr) wlth an 

a uthen t ic sampl e. 

PREPARATION OF 0{ -TRIMETHYLSILOXY SULFIDES FROM 

0( -TRIMETHYLS 1 LOXY 1 SOBUTYL THIOL 

~-Trlmethylslloxylsobutyl Benzyl Sulflde ~ 

To a solution of 0.77g (4.3 mmol) of o(-trlmethylsiloxyisobutyl 

thlol ln 10m~ of DHF was added dropwise 2.6rnL of a 1.65M 

solution of n-butyl 1 i thlum in hexane. The solution was 

s t i rJ e d for 1. 5 h rat - 6 0 0 C and the nO. 7 3 9 ( 4 • 3 mm 0 l) 0 f 

benzyl bromlde in 3mL of DHF was added dropwise. Stirring was 
• 

contlnued for 2 hr at ·-60 oC; the reactlon mixture wa.s then 

.allowed to wàrm to room temperature, and stirred for a rurther 

1 hr. The reaftion mixture was quenched by the addition of lOmL 
, 
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" 
of 5% sodlum hydroxlde solutlon, extracted wlth pentane (3 x 

20mL) and the ex tracts were drled over magnesium sulfate. After 
't, 

~ 

remova1 of soi vent ~ vacuo, the product was chromatographed 

on' silica gel (hexane/ ethyl acetate) to \ give 0.71g of a 

colour less 011 WhlCh was ldentlcal (by TLC, GLC, IHnmr and IR) 

with an authentlc sample of ~. 

Q-Tr l.methyl 511 OXIl sobutyl Hexyl Su l f lde 

USlng the method detailed above, Q-trlmethylslloxylsobuty1 

thlol (0.77g, 4.32 rnm"<; and I-bromohexane (0.77g, 4.32 mmo1) 

ga ve 1.06g (67%) of (. tr imethyl S 11 oxyi sobuty l hexy l sul ~ lde, a 
\. 

colourless 011, identlca1 (TLC, GLC, 1Hnmr and IR) with an 

au thentlc sampl e. 

PREPARATION OF UNSYMMETRICAL ~TRIMETHYLSILOXY DISULFIDES 

Cornpounds 64-67 were prepared 

accordlng to the general procedure 

glven below for product ~. 

OTMS 
1 

R-C-H 

~SR' 

Œ-,Tr lmethy1 s lloxyneopen,tyl Benzyl Olsul f ld~ (~4) c 

To a solutlon of 0.61g (3.4 mmoll of a-trlmet~Y1SilO;yneOpenty1 

thlo1 id 15mL of benzene was added 0.S5g (3.3 mmol) of benzy1 . 
thiophthallmide. !l'he reactlon mlxture was ref1uxed overnlght. 

When lt had cooled tO' room temperature, lOmL of pentane was 

added and the mixture was fi Itered and concentrAted .!.!! ~~. 

The--. erude product was thet'll chromatograpned on slllca gel to 

glve 0.54g , ( 8 4 %) of' a-tr imethyl si,loxyneopentyl benzyl 

dlsuiflde{.§.!), a colour1ess 011, one spot by TLC, lHnrnr: 

0.13(s, 9H ), 0.9(5, 9H), 3.a-{s, 2H), 4.4(5, lH), 7' ... ~(s, 'SH); 

* mass spectrum mie 301(0.1), 29~(O.7l, 196(22.5), 125(3.4), 
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159(55.7), 91(100.0), 81(2(.1), 73i93.9). '" 

." No molecu1ar ion detected. 

-Tnmethylslloxyneopeotyl Phenyl Dlsulflde (65) 

Reaction of 0.34g ·(1.4 mmol) of N-phenyl thiophtbalimlde with 

o • 2 5 g (1. 4 mIn'p 1) 0 f c(-trlmethylsiloxyneopentyl thiol gave 

n 

0.169 (40 %) of the product (65), a colourlegs~oil, one spot by 
\ 

TL C , l H n m r: O. l (s, 9 H), O" 9 (~, 9 H), 4. 5 ( s, l H), 7. 0 - 7 • 4 (rn, 5 H) • 

~ 

-Trimethylslloxylsobutyl Benzyl -Dlsulflde (66) 

ReactlOn of 0.33g (1.85 rnmo1) of q-trimethylSllOXYlSObutyl 

thiol and 0.41g (1.85 mmol) of N-benzyl thlosuccinlmide gave 

0.08g (15 %) of the product (~), a colour1ess 011, one spot by 

l fi .. 
TLC, Hnmr: 0.I(s,9H), 0.9(d, 6H}, 1.2(d, lH), 3.8(s, ~H), 

4.1-4.4(m ,1H), 7.2 (s, 5H). 

-Tr Imethylslloxyneopentyl Methyl Disul f lde 1.§..2l 

ReactIon of 0.799 (5.0 mmol) of methy l th i optha l imide Wl th 

0.81g (5.0 mmol) ofo(-tnmethylsiloxyneopentyl thlol gave 0.699 

(57 %) of the product (il>, a colourless oi l, one spot by TLC, 

'lHnrnr: 0.~9(s, 9H), 0.93(5, 9H), 2.33(5, 3H), 4.57(S, IH). 

ATTEMPTED PREPARATION OF A HYDRODISULFIDE FROM AN -- ---
~ -TRIMETHYLSILOXY DISULFIDE 

-
ALI attempts at desilylatlorl' (which was trl.ed under a vanety 

, 
of conditions) gave unsatisfactory results. The detailed 

procedure for one trlal 

0.179 (0.54 mmol) of 

is glven below. To a solution of l' \ -" 0( -trimethylsiloxyisobutyl. benzyl 

disulflde in ISmL of methanol was added O.lOg (3.0 mmol) \>f 
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potaSSIum fluorlde at -room temperature. Stirrlng was continued-

at room temperature for 29' hr.· S01vent was removed unde.r 

red.uced pressure to 9 Ive wh 1 te cry s'ta l s. They were dl 5s01 ved in 

5mL of water and the resulting solution was acidlfled. It was 

extracted wIth pentane (4 x l5mL). The extracts were 

.concentrated under reduced pressure to 9 1 ve an orange-coloured 

011 ( 8 spots by TLe). lHnmr ana1ysls of the product showed no 

peaks correspondlng to the hydrodisulflde (29) (by comparispn 

wlth the spectrurn of an authentic sample). 

PREPARATION OF BENZYL HYDROD l SULFI DE (29) 

To a SolutIon of 0.429 (2.1 mmol) of acetyl benzyl dlsulflde in 
1 

15mL of ether was added dropwlse 5mL of an ethanolic solution 

of 5N Hel. The reactIon mIxture was stlrred overnight at rOOm 

temperature. vol atlles were evaporated under vacuum. Further 

pur I fic a t Ion 0 f the pro duc t wa 5 n 0 t nec e 5 s a r y (s e e B 6m e and 

co-workers 55). The reaction yielded 0.279 (82 %) of compound29, , 
a colourless 011, one spot by anqlytlcal TLC, IHnrnr: 2.a.0. (s, 

IH), 3.66 (Sr 2H), 7.33(5, 5H), [lit. l06 IHnrnr: 2;75 (s, lH), 

3.80 (s, 2H), 7.50 (s, 5H)]. 

PREPARATION OF ACETYL BENZYL DISULFIDE ~ 

T.his coopound was prepared according to ref.57. 

To a solution of 2.0g (9.0· rnmol) of N-benzyl thiosuccinlmiç1e 

0.76g (10.0 mmol) of thioacetic acid. After stirrlng for 2 days 

at room temperature 1 the reaction mixture was concentrated to 

give a ye110w oi 1. It sol idified on addition of hexane. The 

solid was recrystallized from hexane/methylene chloride to ~ive 
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13.4g (92 %) of the product{~), m.p. 54-56 Oc (1 i t. 60 54-

55 oC), IR: 1690 cm- 1 ( c=o ), IHnmr: 2.3 (s, 3H), 3.9 (s, 2H), 

7.3(s, 5H). 

PREPARATION OF SULFENYL CHLORIDES 

The sulfeny1 ch10rldes were prepared according to the 

procedures glven below. For benzylsulfenyl chlorlde, aIl 

three methods were used. For .phenyl su l feny l ch l or ide, method 

II onl y was used. 

Method I 

Chlorlne was bubbled Into a Sol'utlon of 4.0g (16.3 mmol)of 

di benzy l di su l f ide ln SOmL of carbon tetrach lande at 0 oC. The ( 

reactlon mixture was stlrred for 30 mInutes. Analysls by IHnrnr 

Indlcated that the reaction had taken place to glve'orange 

benzylsulfenyl chlorlde (86 %, estimated by IHnmr), IHnmr 

(CCl 4): 4.25(S, 2H), 7.23(s, 5H). 

Method II 

The same procedure as above was used, but dlbenzyl dlsulflde 

was replaced by benzyl mercaptan. From 0.42g (3.4 mmol) of 

benzyl thiol, 2.6 mmol of benzyl s\11fenyl chlor:ide was obt-ained 

( 7 6 %, est i mat e d b Y 1 H nm r) • 

Method III 

The procedure of ref.89, wfuich uses S02C12' was followed. From 

8.0g (32.5 mmol) of dibenzyl disulfide, 53.1 romol of benzyl 

sulfenyl chloride was obtained (95 %, estlmated by IHnmr). 

---------_.,.-



PREPARATION OF SULFUR TRANSFER REAGENTS 

N-TRIMETHYLSILYL SUCCINIMI DE 

A modified mèthod based on th~ 

procedureSln references 82 and 109 

was used.To a solution of 6.6g (6.7 mmol) succinlmlde and 0.1g 

(1.5 mmo1) of benzlm1dazole in 100mL of THF at room 

temperature was added dropwise 8.0g (5.0 mmol) of 

hexamethyld1s11azane ln 50mL of THF After the reaction 

mlxture had been stirred for l hr at room temperature it was 

refluxed for 1.5 days. It was then dlst11led to glve 7.4g 

(65 %) of .. produl:t, b • P • 105-107 °C/ 7 mmHg 

(lIt. 1 0 9 l 2 0 0 CI 8 mm Hg); 1 H n m r: O. 3 3 ( s, 9 H), 2. 5 5 (s, 4 H) • 

N-SUBSTI TUTED THIOSUCCINIHIDES 

N-Phenyl-Thlosuccinlmlde(69) 

To a solution of 1.17g (s\6'mmOl) 

of N-chlorosucc1nlmlde ln 40mL of 

benzene was added 1.60g (S.76 mmol) 

of trlmethy1s1ly1 phenyl su1flde ln 

o 
Il 

QC\ 
N-SR 

Il 
o 

5mL of ben zène at r oom temper a t ur e. The r ea ct i on m lX t ure wa s 
t 

stlr-=ed for 1 hr at room temperature and then it was refluxed 

for l hr. After the additlon of water (20 mL) the reactlon 

ml~ture was extracted wlth methylene chlorlde. The extracts 

were drled over magnesium sulfate and concentrated in vacuo ta 

.. glve orange crysta1s. Recrys.ta11ization from hexane/ methy1ene 

chiollde gave 1.29 (69 

( 1 1 t. l 0 7 11 5 _ 116 .... oC) ; 
,. 

4H), 7.40 (m,-SH). 

%) of white crystals, m.p. \'114-116 Oc 

\"'IR: 1700 cm- 1 ( C=O ); IHnmr: 2.76 (s, 
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N-Benzyl-Thiosuccinimlde(70) 

This compound 

Harpp1l2. 

was prepared accordlng to the method of 

To a solutIon of 8.3g (48." romol) of N-trImethylsilyl 

succinimide in l50mL of carbon tetrachloride was added 

,., 
dropwise at roam temperature benzyl sulfenyl chloride (48.7 

mmol, estimated by 1Hnmr ). The reaction mixture was stirred for 

2hr at room temperature. Solvent was removed under reduced 

pressure to give white crystals. Recrystallization from hexane/ 
• 

rnethylene chloride gave 7.0g (65 %) of product, m.p. 162-

163 Oc (11 t. 10S 161 -163 oC),, IHnmr·. 2 63 "'s 4H) 4 10 (s . \, ,. , 

2"H), 7. 3 0 ( b r s, 5 H) • 

\ 

N-SUBSTITUTED THIOPHTHALIMIDES 

Method 1 

of DMF was slow1y added (1.5 hr) 

o 

©()-SR 
S· 

To a solution-.\of 12g (75.7 mmol) of 

potassium phtha1imIde in lOOmL. 

". . 
benzy1 SU1fenY:r2ch orlde (75.7 mmo1, 

estlmated by 1 nrnr ) ln carbon tetrachloride at -10 oC. After 

stirring for 1 hr at -10 Oc the teJperature of the react i on 

mixture was warmed gradual1y to 40 oC. Stirring was continued 
, 

overnight. Water (200 mL) was added to the reaction mIxture; 

fIltratlon afforoed whIte crystals WhlCh were recrysta11lzed 

from chloroforrnjhexane tQ give 10.62g (52 %) of N-thiobenzy1 

phtha1lmide, m.p. 167-168 Oc (1it. 74 161-163 oC); 

4.1(s, 2H), 7.1(m, 5H), 7.6(m, 4H). 

',;"1</ 
,li,>f-
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Method II 

T 0 a sol u t ion 0 f 4 • 0 9 (21 • 2 mm 0 I) ph th aIl m 1 d e and 3. 3 9 (3 2 • 6 

mmol) triethylamine in 400rnL of carbon tetrachloride was added 

dropwise at -5 Oc benzyl sulfenyl chloride (28.0 mmol, , 

estimated by I Hnrnr ). The reaction mlxture was stirred for 30 

''': mIn at a oc, a110wed to warm to room temperature, stirred for 

30 min at room temperature, heated to 60 oC, and stlrred for 

20 mIn at 60 oC. Water (150 mL )was added and the mIxture was 
) 

fiitered to glve white cryatais. These were recrystailized 

from hexane/chloroform to glve 5.59 (75 %) of N-benzyl 

thiophthalimide, m.p. 167-168.5 Oc (lit.7 4 161-163 oC). 

SYNTHESIS OF (L-TRIMETHYLSILOXYISOBUTYL TRIMETHYL TIN SULFIDE 

The procedure 15 based on that of 

r e t. 9 0 • To a soI ut ion 0 f O. 3 5 9 (2. 0 

mmo 1) of (l.-tr Imethy15i 1oxyneopenty1 
, 

OTMS 
1 

R-C-H 
1 
S-SnMe

3 

thlOl and 0.20g (2.0 mmol) of triethy1amlne ln 50mL of 

benzene was added 0.40g (2.0 mmol) of trunethy1tin ch100de ln 

20mL of benzene. ~tter stirrlng for 2 hr at room temperature 

the reactlon mixture was fi1tered and chromatographed on 

slllca gel (hexane/ ethyl ,acetate). 1t gave 0.37g (54 %) 

Of<lrtrlrne\hyisll0XyneOpentY1 trimethy1tln sulflde,lHnrnr: 

O.lO(s, 9H), 0.19(s, 9H), 0.95(s, 9H), 4.81(6, 1H). 

( 
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SUMMARY AND CONCLUSIONS 

In this thesis, the syn thes i s of a-tr imethyl.si loxy sul f ides 

• and dlsul fldes, potentla lly useful reagents for the preparatlon 

ofC1-funCtlonalizea monosulfldes and polysulfides under mlld 

condltlons, has been achieved. One aspect of the synthetlc 

utility of these compounds has been illustrated by prepanng a 

new class of compounds, the (l-bromosulfldes, from the 

Œ.-trlmethylsiloxy sulfldes. Further studies based on thlS 

approach may yield good synthetic routes to a number of 

Q,-functionallzed sulfides and polysulfldes WhlCh are dlfficult 

to syntheslze at present. 

The preparatlon of thlOls and hydrodlsulfldes from the tltle 

compounds lS a second area of synthetic applicatlon which has 

been lnve~'tlgated in thlS work. A satlsfactory experlmental 

procedure in which a-trlmethylsiloxy s~lfldes are desilylated 

to give the correspondlng thlol's in good yleld has been 

di scovered. 

"The a-tr imethyl si toxy sul fides mal' aiso be used as reagents for 

the synthesis ~f unsymmetrical sulfides. In this thesis one 

example of such a compound, benzyl phenyl sulflde, was prepared 

f r om 0.- t r 1 met h yI silo x y - n - but y l ph e n y l sul f 1 de. Th i s t Y P e 0 f 

reaction could, with further studX, provlde a route to other 

unsymmetrical sulfides and polysulfides. 

The same compound, <Xt-trimethylsllpxy-n-butyl phenyl sulflde, 

yielded an unexpected product, diphenyl disulflde, upon 

treatment wlth iodine in methanol. This procedure hqs been used 

.. 
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by Olah and co-workers 103 to con vert a-keto acetoxy sul fides to 

the corresponding monoacetals. If the reaction ObSe)ved wlthCi 

-trimethylslloxy-n-butyl sulflde is general for aIl such 

compounds, lt could be useful as a source of symmetrical 

dlsulfldes (eq.59). 

~ H2 S ' Me3SiCl 
RCHO --------------> 

OSlMe3 
1 R'X 

R-CH -----------) 

OS 1Me3 
1 I2 

R-CH ----------> R'SSR ' 
~ Py 1 n-BuLi 1 MeOH 

SH SR' 

eq.59 

Sorne representative members of the ct.-trimethylsiloxy thiols, a 

class of compounds closely related to the <l-trlmethylsiloxy 

sulfides and disulfides, have been synthesized. The generation 

and trapping of the (l.-tr irpethyl si loxy thio l,ates der l ved from 

these thiols are reported ln this thesis. 

/ 

,.. 
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Fig. 1 

The mass spectrum of a,-Trimethylsiloxyneopentyl benzyl disulficle 
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The mass Spectrum of a-bromoisobutyl benzyl sulfide 
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