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. ABSTRACT

- {

-Th;; tﬁ%gié r;ports the successful, synthesis under ﬁ;ld
condltioné of a numbér of Ol-trimethylsiloxy sulfides:
disuLfldes And thiols. In addition, appropriate efglrlmental
procedures have béen developed for the“desilylatlon of thefir
érimethylszloxy sulfides to give thiéls. aAn in%estxéatlcn of

.the synghetlc htility of these newycompounds has been
commenced. From the(1~tr£methylsiloxy sul fides a novel cléss 059
ft-halosulfides, the(x-bronros'ulfides, has béen prepared. Other
classes of éompounds which gave beeh synthesizéd from the Q-
trimethylsiloxy sulfides 'include unsymmetrical thioacetals,

unsymmetrical sulfides and symmetrical disulfides.
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sulfides afin'de produire des thiols. ’ =

RESUME

La pr&sente thése fait é&tat de la synthése sous conditions

'modérbes, de tertains 'Ol-trimethylsiloxy sulfidles, disulfides

o

et thidls. Des procédés expérlmantau.z\ adéguats' ont -&té

developpls et appliquts & la desilylation de O-trimethylsiloxy

:
o

L'ttude dés possibiltés sgynthétiques de ces nouveaux composks
eét actuellement en cours. Un, nouveau-genre d'(J-halosulfides,
les Q-bromosulfides, ont &té préparé & partir du Q-
trimethylsiloxy .sul:fldes. Les autres formes de composés dont
les synthéses ont &b effectubes a partir du O/~trimethylsiloxy
sulfides .sont ‘les t_hfbacet\als assymétriques, les sulfides

assyméti:?des et les Idisu;fi'des sjwmétriques.’w
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* INTRODUCTION

-

!

Organic sulfur derivatlves of silicon have been studied for
many yearsl‘5. One ‘of the best known reactions using these
elements is- DPeterson'’s olefin synthe51$6'8 illustrated

.

below(eg.l) .

1) nBuLi \ /
Me3S1CHySR ==w—mmmmmmememe e > C=C eq.1l

The combination of a weak sulfur-silicon bond’in the starting
material coupled with a strong silicon-oxygen bénd in the
product can be used as a driving force 1in synthesis. This is
illustrated by Hooten's preparation9 of an (Ql-siloxy sulfide(l)

from trlchloroacetoaidehyde(g) and trimethylsilyl ethyl

sulfide(3); _this reaction, however, requires harsh conditions

(1.5 days at °¢) (eq.2).

) RS-SIM83 + Rl odommmmmm e > R'3CCH~SR eq.2

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

R=Et R'=Cl : QTMS

(3) (2) W
i 10 ¢

an Q=-siloxy sulﬁide(i) from hexafluoroacetone 44)  and

i3

trimethylsilyl methyl sulfide(5); this reaction also réqulres

vigorous con&1t10ns (eq.3) . ..
MeS-SiMe3 + CF3COCF3 =—-==-mnmm > R,CH-SR' eq.3
(5) (4) ‘ , oTMS (1)

.
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A significant Qﬁep forward was made by Evaqslé 1n 1974 when he
discovered ‘thét the introduction- of an anioﬁic catalyét
(Sotassium' cyan1de—cr6wn ~ether complex or tetra—-n-
butylammqnimn fluoride) both increased’the yield of siloxy

sulfide and enabled the reaction to be carried out undef mild

‘conditions(eq.4). Interestingly, a vefy recent paperl3 on

"anhydrous" tetrabutyiammonium " fluoride suggests that this

compound may act as an enhanced silylation catalyst.

0 TMS !

J ]

The type of tr;:;;;>mgtion shown in eq.4 has beer applied

to reactions with other nucleophilic groups such as cyanide,

0
R-G-R' + R"S=SiRy ===-========== > R—%-SR" v eq.4
R

fluoride and azide ions(eq.5). The ﬁqphanism proposed by Evans

for these catalyzed reactions is shown in eq.6.

LERY

0 , » X
/ X~ (0.01 equiv.) l ,
R-C-R' + Me3SiX =--==-eo---cece—o—--> R-C-0TMS eq.5
X = CN™, F~, N3~ R*
ligand exchange
Me3Si-X + ¥7  cecccecemeceee- > Me3SifY + X~ eg.6
3 0 . X
T > ]
X~ + R~C-R'. oo R-C-0~
. C
X v : \ X
l I | ,
R-C-0" + Me3Si~X —=--- e ——— > R~C-0TMS + X~
R‘ » .i E|1'

N A R TGRS a5
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First, the nucleophiL{c cataliét attaéks the carbonyl carbon.
This i€. followed by reaction of thé alkoxide oxygen with the
silicon atom of Me3SiX with concurrent dirsplacement of X~. When
a catalyst which is different from‘phe silicon counter ion 1is

-

used, ligand exchange occurs first, aﬁd then the’ 6arbonyl
carbon is a?tacked_by tﬁe a;ién thué liberated. 1In the case of
CL’f3 -unsaturated carbonyl compounds(6), the addition reaction
shown 1n eqg.5 does not take 51ac§. Instead, a l,gfaddltlbn

occurs(eq,7). Triéhenylphosphine 1s used as an initiator. It

"is of note that l,2-addition occurs when cyanotrimethylsilane |

.18 used (eq.8) . . ) /
[N mmmm———— it > o
CH2=CHCOCH3 S A —— ,pngP*cnzcg=f—0' eq.7
(6) J ' ( CH, \
‘ B ‘ +
Me3Si-‘-X + , -
———————————————————— > Ph3PCHCH=C-OTMS + X~ -
Voo = S, CH3 B
l hd -
- » + CNO
PhyP, Me:;S‘iCN . _
" CHy=CHCOCH3 ==~====-wmeee—- > CH=CH-C-OTMS eq.8
) * CH3 . . T
\ - '

Chan and Ong14 _reported another preparation of Q-siloxy
» . .

sulfide . compounds(l) from. the |, cd;respondlng © carbonyl

precursors, thiols, pyridine, and cplo:qgrimeébylsilape (eq.9) .

[
«

RSH + CEHgN <—mmomom—me=e RS™ + CgHgNH'




------------ > |
R'-C-R" + RS~ Cmoman e o e e o R'—C—O_\ -
) lR" ®
SR
: : Me3S1Cl . .
------------ > R'-C-OTMS + Cl eq.9

<

) }L". }

The mechanism of the ‘reaction 1s. thought to 1nvolve the
formation of thiolate(7) from the thiol ahd pyridine. This

anion then { attacks the carbonyl carbon; this 1s followed by

N
silylation on~the acetal or ketal oxygen. In the absence of
pyridine, thioketals or acetals are formed. Evansl?2 proposed

) [}
an alternate mechanism for Chan's re;%tlon; this 1s formulated

&
below(eq.1l0) . ‘P
pyridine :
RSH + 'Me3SiCl ----<--——-------> RS-SiMe3 + Py.HCl
Y
A 8
(__) } \
o OTMS
HY |
R"-C-R' + RS-S1Me3 ——-xu<-> 'R'—?-SR' eg.1l0
{mmrmomm =
o \ Rll
(8) (Y

He suggested that the trimethylsilyl sulfide(8) could be formed
. ] '
from the.thiol and chlorotrimethylsilane with pyridine. The

trimethylsilyl suylfide would add to thé carbonyl substrate
since, under conditions of acid catalysis, (2nCl,, AlCl3,

"&\ Ve

| anhydrous HC1l in ether, CHCl;, or acetonitrile) trimethylsilyl

sulfides rapidly add to carbonyl substrates at room

‘témperature. In the Presence of another mole of compound §

thioketalé(g)'are formed guantitatively(eqg.ll).

o ¢
— -
. f(\ -

4
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SR . SR
| Znl,, RSS1Mej J ‘
R'~?-OTMS meme=foeoo--I-> R'-C-SR
Rll R!“
. ’ (9 .

Evans rationalized the absence of thiokétal in this 1fistance on

»
24

the basis of .the acid strength of pyridinium hydfochloride.

Chanli reported that the title'compounds(l)‘afe stpble to heat,

3

mi1ld bqﬁbe andjalcohols.

0 =,
| L

A T

O-Siloxy sulfides(l) are among the most useful precursors
VY

unsymmetrical sulfides(l0). These may be obtained by hydride

reduction ofQ-siloxy sulfldeslix using aluminium hydride an

aluminium chlorldels(eq.IZJ. For example, benzyl phenyl sulfife.

has been successfully prepared “from Q-slloxybenzyl phe4<i‘—d~;/‘r

sulfide(eqg.l3) following this meERPd.

A

SR' ‘ : ~

| LiAlH, /AlCl, ‘
R-CH-0TMS =-=--=—----—cwoe-Zeooooooo> R-CH,-SR' eq.12

(1) i (10)

SPh ’

LiAlHy / AlCl, ’

Ph-CH-0TMS -~~-=--cremcmsme—me ———— > Ph-5-CHy-Ph eq.1l3

)

Another interestiné facet .of the chemistry of QO -siloxy #
sul fides has éeen reporféd by Chan and co-workersl4, who, 1in
the égursezof their studies of Qesilylation_methods, discovered
that the latter compounds may be effectively é ilglated by

aikylli\thiums(eq.l4). .

A ‘,

%
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gRrl o . !

| i
R2-C-0TMS + RALiI —=-cmen > R2-C-R3 + RisiMe; + RlsLy
]
R3 . eq.14
(1) .

’

O{-S1loxy sulfides(l) and related derivatives are useful
starting materials for the preparation of ¢£-1odosulfides(ll).
Keyserl® has recently reported such a synthesis(eq.l3).
/ﬂ\v//s\\///l

o

Me_Sil { +
eq.1l5

3. 1 —0 - :
————
S Me ;Si \\v//s J | ———— MeSi

The cyclic ether(l2) is treated with 1odotrimethylsilane; ring
opening occurs to give the dblodosulf1de(llL7Clearly this
method 1s limited to a small number of cX—iodosuifides(ll).
Anotherp(-10dosuitfide preparation techn1que17‘27 involves the
reaction of organic sulfides with 10dine(eg.16). This method,

however, has the disadvantage of 1ntroducing halogen i1nto the

reactive benzylic position.

L]

¥ NBS or NCS or I,
RCHp=8-R ======-mmmmmeemmmo S > R-CH-SR eq. 16

* X
Recently, O-iodo sulfides(ll) were synthesized in our
laboratory(eq.rn2&1 The synthes1s involves the reaction of an
o-siloxy sulTide(l) with . iodatilwethylsilane in CHClj3 at
« =78 9c, The'broduct is then purified by column Ehromatography
or GLC.Theadvanfage of this method is that the fodogroup is

introduced specifically at thec(—posf%ion of the sulfide.




4

4

R-CH-SR  + Me3S1l ---~-- > R -CH-SR + Me3S1-0-SiMe3 eq.l7

0TMS ' I
(1) - ~ (11) / )
Most of the O-iodosulfides(1ll) prepare& 1n this way were found
;\“ to be stable i1n chloroform at room temperature for only Eabout

‘

one hour, while those in which the(Q,-iodo substituent was in a

benzylic position (see structure 13 below) were

A

found to

decompose in about 20 minutes.

-

PHL?H-S-R
I [l

(13)

The preg!;ation of vinyl sulfides(l4) may also be effected

using Q-siloxy sulfides, although there are several well-known

"these,

<
Peterson's method (mentionéd at the beginning of, the

methods?9-32° yhich use different precursors. of

introduction) is one of the best known. QIt involves treat&%nt

of anQ-trimethylsilyl sulfide with butylli thium followed by

acetdne. Vidyl sulfides(l4) result by elimination of the

trlmethylsilon'm01ety(eq.18).“”

%

Me3SiCH;SR  + nBuli ------~--- ~===--> Me3S1CHSR
\ L1
cC=0 . '
74—{--—-7-;-7““Me381-CH-SR —eme—e==es2> =C=CH-SR
. ) o o-g-oni (14)  eg.18

This concept has been extended by Watt33 who recently repotted

"the preparation of vinyl "'sulfides as  illustrated in the
£

T ¢

’
+
o
i
!
1 -!i "‘%‘E‘ 2 iﬁé-?%‘a;“t’* il




"give the vinyl sulfide.

following scheme,eq.19.

CH SR 1) s-Bula CH SR
7N/ mmmmmmeme- > 7 N\ /
CH2 CHZ v 2) ME3SiCl CHZ CH
(15) - +  TMS
\ Rl cH, SR
. N/ \ VAN .
1) s-BulLi c CH =71
PO Rttt > { \ \
2) Ri,c=0 R OH TMS
3
RS R2
\ /
1) s-Buli Cc=C
——————————————————————————— > / \ eq.1l9
2) R2,C=0 . rRL c=c R?
\/ - ’
C
/ \
rl OH

Allyl sulfide(l5) is treated with sec-butyllithium followed by
chlorotrimethylsilane. The product from this step, in turn, 1s
reacted with sec-butyllithium and ketone followed by another

mole of sec-butyllithium and another mole of ketone to finally

N 1
o(-Iodoshlfldes(_]:_l_) with B-hydrogens t'o 1o0dine are very

effective com‘pounds for the preparation of vinyl
sulfidés(_l_i)(eq.iO). Preparation of the required o(-lodo

sulfides has been effected via X -siloxy sulfides?8,

. t Na*oMe N/ :
-C-C-SR =====—u- Fem——— e ————— > C=C eq.20
/ 0\
1 SR
(11) (14)

A -




¢
To synthesize vinyl sulfides(l4) 1n this’ way requires the use

of either iodotrimeth§ISilane in adueous sodium hydroxide under
phase transfer co;'aditlons, or an anion exchange resin to bring
about the elimin;tion of hydrogen iodide. The vinyl sulfides
thus prepated have the E configuration. Under the same

/9 !
reaction conditions, -iodosulfides(ll) without hyd‘rogens[g

v .
to iodine undergo the reaction shown in eq.2l.

R R
| Natome~ P )
R-C-SR  ——m=—-mmm P mmm e e > R-C-SR eq.21 °
o ) |
I * oMe
(11)

Studies on the synthetic utility of o{-s1loxy SpifideS(l) have
recently been extendgd to include a method for the synthesis of
P -siloxir thiols(16) 36, -

¢

Rl orMs ., RL orMs
\ / \ /
- C o
\ T \
Ré SrR3 , Ré SH
/ (1) (16)

o«

The latter compounds are synthesized from aldehydes,

chlorotrimethyls$lane, hydrogen sulfide and pyridine 1in

-

ethér (eq.22). ' ‘ -
b4 ) - 1
pyridine
RCHO ' + HpoS + Me3SiC1 e e o e e o > R(lJH-SH + Py.HCl
OTMS eq.22 .
(16
1] 9

Py

[




. kYl
~ .

/fﬂ

‘ ’ I3
This class of comppunds 1s stable and its members possess a

-very strong, unplefisant odor. They are oxidized by MnOj like

’
"moxre simple thiols to.give Q,0~disiloxy disulfides(l7); the

meso/dl ratio is reported as 1:l(eq.23)36.
) Mn02 b .
R=CH-SH  ~wmee-eecciceacan > RCH-S-S-CH-R eqg.23
OTMS . . OTMS OTMS
(16) | A

¢

Another reaction of (Q-siloxy thiols(l6) is photochemical

7

addi't'wn to olefins to give (l-siloxy sulfides(eg.24).

¢

hy .
CH3CHaCH2CH-§H + CHp=CHOCHCH3 -=> QH3CH2CH2?H-S-CH20H20CHZCH3

TMS OTMS
R eq.24
~ (16)
The chemistry of Q',-Qtrimechylsi‘loxy thiols has been studied

extensively in our lab373; they may be used as precursors to’

diiodosul fides (18) (eq.25).

s
Me3SiCl - R' CHO / \ o
RCHSH --=-=w==w- —-—————) RCHSSiMe3 ————————— == RCH CHR" §
' . CNT z
T™S OTMS TMSO  OTMS
(16) Co(19)
1 a
£\ ~ 5. o
\ ' Me3S1I / \ $
RGH QHRT  ==mmoos =erosmmme- > RGH CHR', eq.25 i
‘TMSO  OTMS ' I I
¢
(19) (18)

10

.
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A

First,the thiol group of theg{-siloxy thial (16)is silylateé

‘'using chlorotrimethylsilane in the presence of pyridihe.

Addition'¢f an aldehyde to the silylated-A-siloxy thiol in the
/

presence of cyanide ion forms the ¢, o{-disiloxy sulfide(}l9)

which ‘is treated with iodotrimethylsilane. Siloxy-iodo group

: /
exchange gives the desired ¢f,of ~diiodosulfide(l8).
1 *

/
o(,o(-miodosulfides(le) with hydrogens B to iodine can be used

.
s
>- n
P

hd

to prepare H1v1ny1 sulfldes(20)37b by elimination- of two moles ° ¢

of hydrogen 1od1de(eq.26)

: %

S ’ S
/ \ / \ -
RCHZ?H ?HCHZR ——rm e ——————— 3 RCH=CH CH=CHR  eq.26 -
I 1
(18) . (20

r

/
The 1ntermed1ates, o(,c(-disiloxy sulfides(1l9) (eq.25), are

also synthetically useful for prepanng olef1ns38(eq 27).

%+

TiCly /LiAlH4 (4:1)
R?H—S—CHR' ------------------------- > RCH=CHR' eq. 27

OTMS OTMS ., o )

(19) - g

In the presence of titanium(II) d'erived from a 4:1 mixture of
TiCl, and LiAlHy, reductive deoxygenation occurs to give the
p.roduct olefin. The authors suggest an episulfide as an
intermediate for the reaction becadlise trans 1,2-

diphenylepisulfide reacted  under identical conditions with the

titanium reagent to give trans stil.bene quantitatively(eq.27a). ‘

11

C s eex # o

RS RS Y
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\N/\/ Ti(II) \ /

H Ph ! M Ph

In the present work, it was of interest to further explore the
synthetic applications of (Q-~siloxy thiols(l6). We expected
these compounds‘to be of general use as thiol synthesis
reagentg because (,-siloxy thiol grpups can react with gultable
reagents (e.g. an olefin (eg.28) or an alkyl halide) to give

s1loxy sulfides which in turn can be converted to'new thiols

after a final desilylation step, thus transforming the siloxy

SH group. .
OTMS : OTMS . )
| / ] desilylation
\
R-CH + /cac\ -------- > R=CH =~=ec-mmememceee > R'CHCH2SH -
| :

"SH R' SCHo-CHR' ) eq.28
b 3

(16) :

Previous work in our 1ab®7 showed that Ol-siloxy thiolates(21)
may be effectively gepjerated using sodium hydride in
dimethyl formamide at -10 °C (this is a specific example ofithe

first step in the genetral reaction sequence, which appears

below). Alk§laﬁign would provide the desired siloxy sulfide.

OTMS OTMS
R-éH + BASE  e~m—mee-oa ~> R-CH + (H) (BASE) *

b -

(16) . (21)

12




OTMS OTMS

R-CH §  + E* wmmemeee—====> R-CH

5

| . \ * ’
s- \ S-E f})
(2L) - E (1) '

. am———— > E-SH + RCHO + TMS-F eq.29
The final (and crucial) step in the reaction sequence shownlin
eq.29 above involves desilylation of the (l-siloxy sulfide(l)
to give the target thiol. A brief discussion of desilylation

methods fol lows.
>

Desilylation of Si1lyl ethers may be effected in several ways.
Mineral or organic acids under agueous conditions often give

good results39'4l(eq.30).

N . + N\
79-081Me3 ---------- “>v 7C—OH + HOS1Mejy eq.30’

3

Alkyl 1l ] thiums have also been emplayed successfullylé(eq.3l).

OTMS
THF or ether ,
R'-C=R" + R"'Li =-=--- ~====x=> R'-C-R" + RSL1 + R"'SiMe; eq.3l
SR ' \

The high affinity of the fluoride anion toward the silicon atom
Al

is well known42; this tendency has been exploited for

desilylation.Cleavage of the silicon-oxygen hond (128

kcal/mol) followed by formation of the stronger silicon-

13




fluoride bond (160 kcal/mol) is an energetically fabourable

process. This property was effectively demonstrated by Corey
4

?

and co-workers 43 for the system. shown 1n eqg.32.

”H20$Me3

4+ -
(Cqu)uNi:"

THF

Salts can be used as fluoride anion sources. Since the fluoride
anion 1s a hard base, large, soft cations are effective counter
1ons44, Tetrabutylammonium fluoride and benzyltrimethylammonium
fluoride are often'used for de51lylat10n45'46. Metal salts of
the fluoride ion also give successful results; potassium

f%uoride and cesium fluoride are most commonly used47.48,

Following the principles discussed above for the preparation of
thiols from Q-siloxy ;hlols (via Q-si1loxy sulfides), 1t should
be possiblg to synthesize hydrodisulfides via -"Q-siloxy
disulfides. HydrodisulfLQes have‘been proposed 1in seleral
éignificant biological systems as producﬁs from the reactions
of cysteine or cystine49‘52. From a chemical viewpoint, they
are 1hportant preéu:éors of unsymmetrical trisul fides®3, and
also find applications in other areas of synthetic
chemistry54‘62. For example, Field and- co-workers®3 have -

recently aeveloped a synthétic route to a hydjodisulkfide

derivative of DL N-acetylpenicillamine(24) (eg.33).

]

’ -




HO ' CH,N

SH 2 2 > SH
AcN E AcNH
Q g oﬁ CH og eq.33
CH_OCSSCCH, CH + 3
3 3 MeCH ,
3 > ~ sgn 1 /MeCH SH
AcNf - ‘ ACNH

We plan to investigate some of the substitution reactions of
a,-siloxysulﬁdes(_l_)and intend to construct (fsubstituted
derivatives as well as to develop a general synthesis of thiols

and hydrodisul fides(RSSH) (22). ¢
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RESULTS AND DISCUSSION |

As has been pointed out 1n the previous section, teghniques
exi1st for the synthesis of ¢i—51loxy sul fides(l) based on
nucledphillc attack by thiolate anion on a cqiboﬁyl
carbonll'12'14. 0f these,the 'Evans12 method requ1re; the
relatively expensive KCN-18-crown-6 complex, aﬂd a-longer
reaction time than éhan's m.ethodl4 at the same reaction
temperature. For this reason, a modified version of Chan's
method was employed to prepare fhe starting materials for the

present study.

C(—Siloxy sulfides(l) were synthesized from the corresponding
aldehydes, thiols, chlorotrimethylsilane and pyridine with
ether as a solvent, All syntheses were carried out under dry
nitrogen. The reactions were exothermic, but fot sufficiently
so to require the use of a cooling bath. Freshly distilled
chlorotrimethylsilane was used as a reactant; it was
subsequently found that 1£ was unnecessary to distill the
reagerst 1mmediately’before use and that chlorotrimethylsilane

stored under a nitrogen atmosphere gave satisfactory resdlts.”

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

chlorotrimethylsilane was required to obtain a yield comparable
to . that obtained by using freshly distilled

chlorotrimethylsilane.

{
Although Chan and co-workersl4 used pyridine as a solvent,it

was found to be better to useionly 1.1-1.5 equiv. of pyridine

so. that the pyridinum salt formed in the reaction could be

f
16
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effectively removed, Usually this is difficult, but the problem

was overcome by usin;; a solvent exchange.  technique. After the

reaction, changing<“the solvent from ether to hexane caused- the
: X .
pyridinium salt to precipitate. It could theéen g\e easily removed
ria;(i !
by filtration. Ether was the solvent of '‘choice for the reaction
F 4

because of its low boiling‘ point. If low %oiling aldehydes are
used, exposure ‘of the reaction mixture to vacuum also removes
any unreacted” starting materials. If unreacted thiol was
de’tected in the reaction mixture, it. was washed .with 5% NaHCO,

solution until no thiol was detectable by TLC.

v

Using the procedure outlined above pure (GLC analysis) products

were obtained. Yields and spectral data are collected in

Tables la and 1lb respectively. z

~

One example of a cyclic (K-s1loxy sulfide(25) was prepared.

Initially, the strategy shown in eqg.34 was tried“'“; however,

it gave a cyclic sulfide instead of an (A-siloxy sulfide.

. SiMe3 .
+  MesicCl S 25 eq.34

o’

Deoxygenation of sulfoxides by bromotrimethylsilane or
iodotrimethylsilane has been reported (eq.3““4a)110a. In a later

paper 110b the same authors report the deoxygenation of a

sulfoxide by chlorotrimethylsilane in the presence of sodium

iodide. The deoxygenation of a sulfoxide Dby

chlorotrimethylsilane, however, is a new reaction,
; ¢ \

o s
.

‘




TMSBr or TMSI.

¥
R-TTO)-R" R R > R-8-R’ eqg.34a

Another attempt was made which utilized a sulfur to carbon
* -

transfer of the trimethylsiloxy group (eq.35).

1) nBuli ] % (. eq. 35 s
i . b OSive -
g 2) M_e351CI S 25 3
s

/

This route gave the cyclac O(-\é1loxy sulfide in 50 § yield. Full

preparative detaills are given 1n the experimental section.

o
o(-Si loxy sulfides(l) were also prepared by alkylat‘lon‘ of the
corresponding o -siloxy thiols(l6). These v;:ere synthesized frqm
the aldehydes, hydrogen sulfide and chlorotrimethylsilane 1n
ether‘ at -10°C(eq.36).

. }'_\\ |
drms |
: HyS / | b
R-CHO + Me3S1Cl  + Py  ~-—=csm-oo-e-- > R-(l:—H eqg.36
] SH
(16)

Sl . v

Hydrogen sulfide was iqtroduced by bubbling it directly anto
the :eactlon mixture. Trapplng of excess escaping hydrogen
gulf1de and/or formed thiol from the reactlon',.'mlxtm:e\w‘as
effected by using, in series, 2 traps containing satﬁrated

potassium hydroxide solution, and a final one containing lead

acetate solution to indicate the ﬁ)resence of H,S.

18
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As /Table 5 1ndicates, yjelds of gl~alkyl g{-s1loxy thiols were
qu;te—-ﬁood., all ptohduct thiols(_l_é) were ligquids and had
distinctive, unpleasant odors,

A séi1d Q~s1loxy thiol(lé} would be expected to be less
vo‘latlle and hence to have a weaker odor Fhan than a liquaid
one. For ;:hls reason, efforts were made tor p:epare' such a
compound so that 1t could act as a "template" for' the transfer
of the sulfur-atom to the desired substrate. These, however,
wére unsucceséful; or gave unacceptably L’fogz yields. An example

appears belowv {eq.37).

. . (I)TMS

o HesH
Py
+2 HpS+ 2 Me3S1Cl---> @ ,
1
- : !
HO ,.5_(]:}, + 2Py.HCI1
" OTMS (

2% yield and at least 10

" other products

’ : o . eq.37

The Q~siloxy thiols(l6) were used to synthesize Q-siloxy .

sulfides(l). Treatment of the- substrate 1n DMF at -60°C
with n-l_::utyl l.ithijum gave the s:loxy thlolate,’ which,was t:.he‘n'
reacted’ with an'alky}l‘h'al'ide.‘ Temperature control of this
,reéctionﬁ was critical. A cooling ‘bath prepared from chloroform

and dry ice was used §&o0 keep the temperature at ca -60°C.

The solution was colourless during the reaction. After stirring

the reaction mixture for lh at =60 °¢, the thxolate was trapped -

-
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with an élkyl ‘halitde to give the approprilate Q/—51loxy"
sulflde(_]._). This type of regction 1s closely related to recent

unpublished ygork carried out in our lab67, which 1s summarized

1in eqg.38.
R OTMS R OTMS R H R H
|| NaH || | / 1) NaH \ " /
H-C-C-H =—---e—- > H=C-C-H ==em===n > H=C-C_ —==cm=- > C=C
[ DMF || | N\ 2 rR"X / \
R' SH R'S” Na*t R' S R' SR"
(16) - ©(26) (14)
eq.38

The reaction of an(Q~siloxy thiol(l6),with sodium hydride 1n
DMF at -10 °C gives a slightly greenish coloured solution.
Addition of an alkyl halide to this solution gives a vinyl
sulfide(l4). One working hypothesis for the mechanism of this
reaction is as follows. Flr's‘t,vthe thiolate 1o0on is formed with
sodium hydride. The siloxy group then leaves :foxmlrig an
unstable thicaldehyde(26) with (l-hydrogens, which reacts with
dlkyl halide to form the vinyi sul fide(l4). It 1s also possible
that elimination of the s'il.oxy group takes place immediately
after throlate formation, directly forming the enethiolate.

Y.
In the light of the results discussed in the preceding

' LY

paragraph, 1t was of lnterest in the present work to attempt to

trap the thioaldehyde(26) possibly generated from an Qi-siloxy

thiolate. In this experiment, an Q~si1loxy thiol(l6) was
.

treated w1tp sodium hydride in THF at =70 °C. Cyclopfntadiene

was used as a trapping agent; the procedure 1s summarized in

eq.39 and eq.40 below.

N 20 - R

S l
N SR, LU » SN . —




OTMS - OTMS

R-CH~-SH + base ----=--- > [ R-CH-87 ] -=--—- > R-CHS eq.39

b .
R-CHS +5 @ --------- > R , eq.40 .

After chromatography,a very small quéntlty of product was
obtained. From the lHnmr spgctrum, 1t was not possible to
determine the nature of the compound isolated from the trapping

experiment. .

.Although in the present work no thioaldehyde was 1solated; this
has recently been achieved by several groupses'73. They were
~successful in synthesizing and 1solating various stabilized

thioaldéhydes. One example is shown in eq.4l.

: S.._Ph
- ph~s—SNAPN  phsOH ¢ T
I* .
o- eq.41
A%
" - QOO0— Q0 ‘
4

QrS1lbxy thiols were used in an attempt to synthesize
hydrodisul f1des(22). The synthetic strategy adopted is shown in

~

eq.42 below.

-]

sulfur o
0TMS transfer OTMS
| reagent | desilylation
R=CH~SH ~=w-<ceee=-- > R-CH-88~-R' ==e=wem- - —————— -=> HSS-R' eq.42.
. (R=S-NJ) C ‘
(1) (23) ’ (22)
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In order to confirm the 1dentity of the product, an authentac
‘sample of hydrodisulfide was prepared by an independent route. -
The method chosen was a modificatigon o¢of Bordwell's thiol

synthesisll3 (eq.43). ,

R R R

: : / ‘ | water l
CH3CO-SH + CHp=C --=—==- > CH3C0-SCHyCH -<vr-=--> HSCH2?H
(_2_7) R! . R! R!
’ eqg.43

This reaction involves a radical addition of thioacetic acid to
an ole¥in, followed by hydrolysis. It was modified by react1ng’
thioacetic acid with a sulfur transfer reagent in place of the

olefin (eq.44).

\ \
CH,CO-SH + N-SCHoPh ----—mrmmmee e > CH4,COSSCH,Ph + N-H ’
3 2 3 2
/ /
s .
(27) (28)
’ H*/EtOH
CH3COSSCH2Ph e —————— > HSSCH,Ph eqg.44
(29) ‘ :

H

@ Psing thigiprocedure, benzyl hyd}odisulfide(zg) was prepared
successfully 1n 82 % yield. ‘
‘To folrow the synthetic strategy outlined in eq.42 above, an
efficient sulfur transfer reagent which cqﬁ be used under very 5
mild conditions was r§gu1red. Convenient‘(stable a?d Solid) :

g74-83, :

sulfur transfer reagents haye been.extensively studie

v
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The reactivity order of these compbunds towards nucleophiles is

9 i
\ ‘ O
[:% ~SR :> ' (RN~SR
. : /
I ° G
0 J

In the present work, two types of sulfur transfer reagents were
L 2

used (30, 31). .

fosh 5

(30 (31)

shown below.

~q?/n_o

'VO

Synthesis of these interesting reagents requires several steps.
First, a sulfenyl chloride(32) 1s prepared. There are several

ways of doaing thisa4"89(eq.45-47L

2RSH + Clg —mcemmmmcceme e - > 2RscCl eq.45
© (32)

RS-SR + Clgy m==-==m—m—=m—c—mmoem e > 2RSC1 . eq.46

RS“SR + BSO0,Cly; -=-m--==mecemeceem—eee > 2RSCl. eq.47

» <
.

The major disadvantage of the first method (eq.45) is that it

necessltates the handling of thiols w1th strong, unpleasant

Kodors. U51ng disulfides instead of tthlS (eq.46) 1is bettgr,

)

but measuring a precise amouqﬁ of chlorine 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

cleavage. In the present work, the third method:was used,

.23
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.The sulfenyl chlbr1de{§g) was then uged to prepare the sulfur

transfer reagent, As an example, e N-thiophthalimides(30)

will be discussed in detail. In priRgiple, these compounds may
be prepared f,r;)m either phthalimi e(33) or potassium
phthalimide(¢34). 1In practice, because the potassium salt
requires DMF as a solvent (whi:::h leads to a work-up procedure

with more steps, and consequently a lower overall recovery), it

was found to be preferable to use phthalimide(33) itself

(eq.48) .
\ \
NH + RSCl mmmememmm e e e > N-S-R eq.48
/ -/
(33) [ R = Me, t-Bu, Ph, CH,Ph ] (30

The N-thiophthalimide(30) was reacted with an A -si1loxy

thiol(16) to give an «(-siloxy disulfide(23) (eq.49).

" OTMS OTMS
\N—SR + R'-CH-SH =------ S > R'-CH-SS-R eq.49-
(30) (16) : (23)
(R = Me, -t~Bu, Ph, CHyPh; R' = i-Pr, t-Bu]

' Of the O(-—si'loxy thiols(l6) tried in the reaction above (eq.49),

only o -siloxy neopentane thiol(35) gave a satisfactory yield
(84%) (in the reaction with N-benzylth10‘;3hthalimide(§_§_)).-To
i’mpr ve the yield (2%) in the ({-siloxy s-butyl thiol(37)
;eacslon, a more reactive sulfur transfer reagent, N-

bénzylthiosuccinimide(38), was prepared. Reaction between this

24
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and Q~s1loxy s-butyl thiol gave the correspondrng Q-siloxy
disul fide in only 15% yield (nevertheless an improvement over

the previous 2% yield).

Because some difficulty was encountered in finding a good
synthetic route to (@-siloxy disulfides(23), another approach
was investigated while the reactions glscussed 1n the
preceding paragraph were being attempted. Tﬁis was reaction via

3

a tin sulfide (eq.50).

OTMS OTMS OTMS

| . | R'SCL .
R-CH~SH + Me3SnCl =-=--- > R-CH-S-SnMej ------ > R-CH-SS-R'
(16) (23)

eq.50

The inspiration for this approach came from a lltexature90

disulfide preparation using a sulfenyl chloride(32) -and a tin
sulfide. In the present'work, the Eln sulfide was preparéd but
the subsequent reaction with R'SC1 was not attempted, mainly
because no satisﬁactory’des1lylation procedure was eventually .
found for the (l-siloxy disulfides(23). '

A brief review of possible desilylation methods was given‘in
the introduction. It was necessary to try several of these
before satisfactory results were obtained. First, tetra-n-
butylammonium fluoride and then cesium fluoride were tried as
desilylation agents. The qguantity of tetra-n-butylammonium
fluoride or cesium fluoride was systematically varied from

0.01-0.20 equiv. (based on siloxy compound)., Aprotic solvents

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

Unfortunately, very low yields of the desired compound and

-~ .

many by-products were obtained(eq.51).

’

OTMS
]  1)nBuyNF or csF; 2)H*

R-CH ==-—evceenea—- b—————— - > HSR' + at least 8 by-products
| THF, CH3CN or DMF ‘
SR' eqg.51

Further attempts to desilylate the (J-siloxy sulfides were
]

carried out in THF using potassium fluoride. Again, low yields

and by-products resulted. When potassium fluoride in methanol

was used, however, desilylation of the'(L—51loxy sulfides took

‘place at room temperature after 1 hour and the thiol products

were obtained in good yield(eq.52).

OTMS
| 1) KF; 2) Ht
R-CH  ——cmem TR E L PR > HSR' - eq.52
? MeOH, RT, 1 hr
SR’

After the reaction, solvent and aldehyde were removed 1n vacuo
and the solution was diluted with aqueéus acid. The product was
extracted with hexane. Yields of a variety of thiols are

collected 1n Table 2. o

Desilylation of the Q-siloxy disulfides(23) using potassium

fluoride in methanol unfortunately did nét give good results.

Nor did any other set of conditions tried for (QU-siloxy

sul fides. Some of the manyiunsuccessful attempts are described
. -,
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. <
in the experimental section,

In a separate investigation, the Q-siloxy sulfides(l) (the
preparation of which has already been described) were used to
study the formation of (X-bromosulfides(39). Previous work 1in
this lab%8 has shown that these reactions may be conveniently
c:‘arrled out 1n an NMR tube, enabling the progress of
substituent exchange to be monitored by NMR. In this earlier
study, the form;tlon of Q~iodosul fides(ll) was 1nvestigated.
Other (I -halosulfides are expected to be more stablé thanQ
~iodosulfides and hence more easily 1solable. The(Q.-siloxy
sulfides(l) should have considerable potential as reagents for
the preparation of a variety of (O-functionalized sulfides via a
one step synthesis using X-Si1Me3 type reagents (X= SR, CN,

SSi1Mej3, etc.)(eq.53).

SR SR
|
R'-C-0S1Me3 + XSiMej ------~ > R'-?-—x + Me351—‘0—81Me3 eq.53
R“ R" -~

(1)

- [ 4
From the difference in dissociation energies between the

silicon-iodide bond (77 kcal/mol)9l and silicon-bromi‘de bond
(96 kcal/mol)gl, it is predicted that the preparation of
O-bromosulfides(39) should require more vigorous reaction
conditions than those for the a-iodosulfldes(_l_;)'. This was
found to be the case; the preparation of (-bromosulfides
required 3 days at room temperature while Q~iodosulfides

were formed after 2 minutes at 0 °C28, Yields and spectral

27




"-\ -
s )

data of the (O-bromosulfides prepared in the present work are
collected ;n Tables 3a and 3b. Attempts to synthesize (-
chlorosul fides(40) using conditions which dave good yields of (),
-bromosul fides were unsuccessful. Calculation of the bond
energy exchange on each side of the reaction equation (eg.54)
suggests that the reaction should not proceed in the directlon/'/\i
shown, but this 1s a rather simplistic treatment of the, many

complex factors involved.

5

" cl
R'-CH-SR + Me3SLCl —————— Xememm - > R'-CH~SR + TMS-~0-~TMS
(40) eqg.54

The Q~bromosulfides(39) were used to prepare vinyl sulfides(l4)

(eq.55) and unsymmetrical thicacetals(40)(eq.56).

[N

Br RS H
| OH~ N/
RS-C=CHgR' -==zmmaceceeeo——- > C=C eq.55
/\
H H R!
Br . SR"
RSCHR' + R'SH «waneccaca- > RSCHR' + HCl eq.56
(41)

The Q-siloxy sulfides(l) were also used successfully to
prepare some unsymmétrical thioacetals. Thioacetals and ketals

-~

are commonly used as protecting groups for -carbonyl :

28
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compoundsgz‘gs. They are normally prepared from acetals and

ketals undexr acid catalyzed conditions(eq.57).

OH . SR"
| 2R"SH, acaid |
R-C~0H ~eeemmcrmc e e - > R-C-SR" eq.57
|
é' RI

Lewls acids such as zinc chloride, and BF3-etherate as well as
hydrochloric acid and p-toluenesulfonic acid have been used.

The carbonyl equivalents are_ readily obtained by mild

hydrolysis as shown in eq.58.

| HgClz, H20
R-C-SR" ——— e - > R—Cl:=0 eq.58
g | 1y

b ]

The thioacetals and ketals prepared by traditional methods. are,
6-1 e

however, always symmetrical9 =102, The route via ¢f-siloxy

sulfides gives access to unsymmetrical thioacetals(40) in good

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

29
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"PREPARATION OF (~-TRIMETHYLSILOXY SULFIDES

compound @ R
(42) 1Pr
(43) Et
(ii)n nPr
(45) 1Pz
(46) nPr
(47) nPr
(48) nPr

(CHz) 5CH1
(CHz)zSH

COCH;,

yield(%)

77

74

" 67

a All compounds were pure by GLC analysis.

30

bp (9C/mmHg)

111-112/3
97-98/7
110-112/5
118-120/7
134-135/6

95-96/4 °

.

39-46/4

P



~compound

0.20
0.93-1.70

0.10
0.96—2.40

3.70

4.70

”

Table 1b

31

description
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6H,

1H,
2H,
1H,

SH,

d (J = 6Hz)
m (J = 3Hz)
s

d

m

9H, s

5H, m

2H, s

5H,

9H, s

SH,
2H,
1H,

5H,

9H,

6H,

s

+

d (J=6Hz)

1H, m

1H,

5H, .

assignment

~0S1Me;
~CH,CHj{
~CH,-
~CH-

Ph

-0SiMej3
T(CH2)2CH3
~CHp-

-CH-

-Ph

—OSiMeé

. ;C(CH3) 2

~-CHS~

" -CH-

I PR
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Table 1lb(continued)

compound shift description assignment

i 0.10 94, s -0SiMe;
0.93-1.40 19H, m aliphatic

(46) 2.30-2.60 1H, m - CHS-
4.40-4.90 14, br -CH

0.03 9H, s -0SiMe3
Ccaye 0.76-~1.80 7H,m = (CHy) oCH;
(47)

2.17 3H,s - -COCH4

5.47 1H,£(J=6Hz) - CH- .

*IR 1690 cm~! ( c=0)




Table 2

!

DESILYLATION OF (-TRIMETHYLSILOXY SULFIDES

H
l
R's-c;-o'ms D 3 S > R'SH
R L]
compound R R' HSR'C Yield

(48) nPr ph’ HSPh (50) 842

(44) nPr PhCH, HSCH,Ph (51) 862

(43) Et PhCH, HSCH,Ph (51) 952

(45) 1Pt Ph 'HSPh (74) 77P

(4) nPr (CHy)gCH3  HS(CHp)5CH3  (72) 69P

a The yields were determined by GLC using an 1nternal
standard. ’

b 1Isolated yields.

¢ All product thiols were pure by GLC analysais.
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Table 3a

Br
|
PREPARATION OF Q~BROMO SULFIDES R-?-SR'
H
compound?® R R' Yield (%)
(53) nPr PhCH, 71
(54) Ph Et 83
(55) nPr Ph 69
(56) , 1Pr PhCH, 77

a All ({-bromosulfides gave one spot by TLC analysis.

Table 3b T

-

compound nmr mass (m/z,lntensity)?

g
O - -y - - —— 0 S . - s TR W aws s | > D A D W D S W - A . v s - o -

(53) 0.70-1.80(m,7H) ,3.65(s,2H), 181(1.1),179(12.9),125
5.70(t,J=6Hz,1H) ,7.00(s,5H) (5.4),123(45.1),91(100.0)},

" (54) 0.80(t,J=8Hz,3H), 2.10{q, 153(2.7),151(41.3),77
J=8Hz,2H) ,4.70(s,1H),6.80 (60.7),28(100.0)
-7.20(m,5H)
(55)  0.73-1.50(m,7H), 4.90(t, 165(2.0),122(63.7),77  °
J=5Hz,1H), 6.90-7.40 (m, (61.4),29(59.6),28(100.0)
; 5H)
(56) 0.93(d,J=6Hz,6H),1.84~2.04 181(0.6),1%9(12.5),.
s(m,1H) ,3.60(s,2H) ,5.50 (bx, 178(49.2), 91(100.0),71
1H), 7.50(m,5H) (30.4),43(19.4)

a No molecular 1ons were observed.

a
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Table 4a
h H
PREPARATION OF THIOACETALS R'S-C-SR"
|
R
compouﬁéa R R' R" Yield (%)
(57) Ph Et Ph ~ 93
(58) nPr Ph Ph 72
(39) nPr CH,Ph Ph 76
a All compounds gave one spot by TLC analysis.
Table 4b
SPECTRAL DATA OF THIOQACETALS
compound . ‘ (ff NMR
i
(57) 1.06(t,J=8Hz,3H), 2.50(gq,J=8Hz,2H),
4.90(s,1H), 6.96-7.40(m,10H) |
(_§_8_) 6075-1.77(m'7H) ’ 5.00(t,J=6HZ,lH) ?

6.. 90_7050 (m’lOH)

(59) 0.50-1.80(m,7H), 3.50(s,2H),
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™BLE 5

H
l
PREPARATION OF (f TRIMETHYLSILOXYTHIOLS R-<l:-o'ms

SH
compound R yield (%) b.p.(mmHg) (lit.3%b.p.(mmHg))
:\'" --------------------------------------- b Sndnheeities
(60) iPr 69 58-59/18 46/8
(61) nPr 74 60-60.5/21 42/8
(62) tBu 70 72-73/20 61/15
kY
\ (]
’ i
i
) R ,




EXPERIMENTAL -
AN

I

%
Chemical reagents were obtained from commercial sources and

used without purification, unless otherwise noéed.‘Melting
points were obtained on a Gallenkamp apparatus, and are
uncorrected. Acetonitrile and tetrahydrofuran were dried by
distillation from P,0g anb sodium benzophenone ketyl
respectively. Methylene cﬁlorlde was washed successively with
concentrated HpSOy4, 5% NaCO3 and water, dried over CaCl, and
distilled from P,0g. Ethyl acetate was washed with 5% NaCO3 and

water, dried over anhydrous K,CO3 and distilled from bzos. :

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

instrument elther as neat liquid films or as KBr discs, and
were calibrated using the 1601 cm-1 line of polystyrene. Proton
nuclear magnetic resohance spectra were recorded in CDCl;
solution (unless otherwise spec1f1ed) on a Varian Associlates
T-60 or T-60A spectrometer. Chemical shifts are reported in
ppm (é; relative to tetramethylsilane (TMS) either as an
1nternal sEandard‘or as an external, standard. Abbreviations
used to describe NMR abéorptibns are: s, singlet; d, doublet;
t,triplet; g,quartet; m,multiplet; br,broad. High resolution
mass spectra were abtained from a DQ Pont 492B instrument using
a direct insertion probe, Gas chromatographic analyses were
performed on a Varian Model 3700 chromatograph with a”2m X 6mm
O0.D. glass column packed with 3% 0OV-101 on High Performance
Chromosorb W (80/100 mesh). Preparative gas chromatographic
separations were accomplished with a Varian Associates Autoprep

- -

700 chromatograph equipped with a 1 ft x 0.25 in. O0.D.
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aluminiam column packed with 10 § SE-30 on chromosorb W. Thin
layer chromatography (TLC) was performed on Merck Silica.Gel 60

(0.2 mm léyer thickness) containing F-254 fluorescent indicator

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

technigque described by st11111l and was carried out with Wolem

230/460 mesh silica gel.
-‘

PREPARATION OF O(-TRIMETHYLSILOXY SULFIDES .

“boilingpoints and lHnmr shifts are

Compounds 42-47 were prepared

according to the general procedure ?TMS
giveh below for product 45. Yields, ) 'R'?‘H’

SR!

displayed in Tables la and lb.

To a well stirred mixture of 5.00g (69.4 mmol)

,isobutyraldehyde and 10.5¢9 (96.7 mmol) of chlorotrimethylsilane

in 35mL of ether was added dropwise at room temperature a
solﬁtion of 7.60g (69.0 mmol) of benzenethiol and 5.10g (70.0
mmol) of pyridine in 5mL of ether. After éqlrrlng at room
temperature fpr 4 hr, 50mL of hexane was added to the solution
which was then filtered. The filtrate was distjlled un&%;w
reduced pressure to give 12.9g (74 %) of the product(45), b.p.
118-120°C /7.0 mmHg. TLC (silica gel, chlorofsrm) gave one

spot.

5
PREPERATION OF A CYCLIC (X-TRIMETHYLSILOXY SULFIDE

Method I (unsuccessful)
To a solution of 1.00g (9.6 mmol) of thiolane l-uxide 1n 10mL

of benzene was added at room temperature 1.479 (9.6 mmol) of ,

»
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chlorotrimethylsilane. The reaction mixture was refluxed
overnight. Work-up procedure was identical with that used for
the acyclic (O -siloxy sulfides (see above). Instead of the
expected proauéé 67, the reaction gave 0.47g (55 %) of
thlolane, identified by comparison (TLC, IR and lHnmr) with an
authentic sample.

Method II

To a stirred solution of 1.00g(9.6

mmol)of thiolane 1l-oxide 2n 15mL

of THF was  added dropwise at ‘\*s OSitle

-30 °C 5.8 mL of 1.65 M n~butyl lithium in hexane. After 1.5
hr at -30 °C, 1.47g (9.6 mmol) of chlorotrimethylsilane was
added dropwise at -30 °C and the mixture was stirred for a
further hour. It was then allowed to warm to room temperature
and quenched with 20mL of water. After the addition of 15mL of
ether, the mixturewas extracted (3 x 10 mL ether). The
extracts were dried over magnesium sulfate and concentrated
under reduced pressure. The crude product was chromatographed
on silica gel (hexane/ethyl acetate) to give 0.8;g (50 %) of
-trimethylsiloxythiolane(67), a colourless o1l. TLC (silica

gel, chloroform) gave one spot; LlHnmr:0.l(s, 9H), 0.9-1.7(m,

6H), 4.8(br. lH). , ‘ o

PREPARATION OF A, SYMMETRICAL DISULFIDE FROM

AN (X-TRIMETHYLSILOXY SULFIDELC3

To a solution of 1l.0g (3.9 mmol) of (-trimethylsiloxy-n-butyl
temperature 2.47g (9.8 mmol) of iodine. The reaction mixture

was stirred for 10 hr at room temperature. After washing with
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10 § sodium thiosulfate solution (2 x 20mL) and water (10mL),
the reaction mixture was dried over magnesium sulfate. It was
concentrated under reduced pressure and chromatographed on

si1lica gel (hexane/ ethyl acetate) to give 0.60g (72 %) of

Se—

diphenyl disulfide, m.p. 57-60 ©°c (11t.104 s58.60 ©¢C);

1dentical (TLC, IR and lHnmr) with an authentic sample.

PREPARATION OF UNSYMMETRICAL THIOACETALS FROM

O~TRIMETHYLSILOXY SULFIDES

Compounds 57-59 were prepared using the general method detailed
below. Yields are gl&en in Table 4a, spectral data 1in Tabl
4b. )

To l.1lg (4.1 mmol) of @rtrimethylsiloxy-n-butyl benzyl sulfide
in 25mL tetrahydrofuran at ~5 °9C was added dropwise 0.759 (4.1
mmol) of trimethylsilyl phenyl sulfide 1n 3mL of
tetrahydrofuran. Stirring was continued for 2 hr at -5 °C . The
reaction mixture was then allowed to warm to room temperature
and stirred for anurther 2 hr. Work up was effected by washing
with 40mL of 5% aqueous sodium bicarbonate solutloq. After
drying over magnesium sulfate, the reaction mixture was
concentrated and chromatographed on silica gel to give 0.90g

(76%) of a colourless 0il(59), one spot by analytical TLC.

-4

DESILYLATION OF Q-TRIMETHYLSILOXY SULFIDES .

Method I
Thiols 50 <= 52 were prepared according to the procedure glven—
below, Yields are given in T 2. To a stirred solution of

0.50g (1.9 mmol) of Q~trimethylsiloxy-n-propyl phenyl sulfide
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in 10mL of methanol was added 0.19g9 (2.9 mmol) of potassium

fluoride at room temperature. Stirring was continued at room

temperature for 2 hF. After the addition of a‘few drops of BE
hydrogen chloride solution to the reaction mixture, it was
subjected to preparative gas chromatography to give, 1l.6g (86%)
of. benzyl thiol(51).

(In all cases odor, TLC, GLC, 1Hnmr and IR spectra were

identical with those of authentic samples).

Method II

Thiols 72 and 7% were prepared using Method II. Yields are
given in Table 2.

To a stirred solution of 1.0g (3.8 mmol) of Q;—trimethylsllloxy
sulfide(45) i1n 20mL of methanol was added 0.34g (5.7 mmol) of
potassium fluoride at room temperature. Stirring was continued
overnight. The reaction mixture was then evaporated under
reduced pressure‘untxl all the solvent had been removed. The
white crystals remaining were dissolved by the addition of 20mL
of water. The solution thus obtained was acidified and

extracted with pentane (3 x 20mL). The extracts were drl%? over
ol

—magne51um sulfate. Removal of solvent gave 0X0g (f? %) of

benzenethiol (72).

(In all cases odor, TLC, GLC, lHnmr and IR spectra were
identical with those of authentic samples).

PREPARATION OF (~BROMO SULFIDES

Compounds 53-56 were prepared according to the following
general procedure. Yields are reported in Table 3a, spectral

data in Table 3b.
To a solution of 0.65g (2.70 mmol) of (Q~trimethylsiloxybenzyl
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ethyl sulfide in 15mL of tetrahydrofuran was added dropwilse

0.429 (2.70 mmol) of bromotrimethylsilane 1n 3mL of

tetrahydrofuran at room temperature, The reaction mixture was

concentrated iﬁ vacuo, to give 0.52g (83 %) of Q-bromobenzyl

°

éthyl sulfide(54).

PREPARATION OF A VINYL SULFIDE #ROM AN (-BROMOSULFIDE

A mixture of 0.79g (3.1 mmol) of , benzyl (-bromoisobutyl
sulfide and 15 mL of 6N potassium hydroxide solution was
refluxed for 10 minutes. The reaction mixture was extracted
with methylene chloride (3 x 1l0mL). The combined extracts were
concentrated and chromatographed on silica gel (hexane/ethyl
acetate) to give 0.45g (82 %) of benzyl 2-methylpropenyl
sulfide(63) as a colourless o1l; one spot by analytical TLC.

lHnmr: 1.63(b, 6H), 3.70 (s, 2H), 5.53 (s, lH), 7.16 (s, 5H).

PREPARATION OF (-TRIMETHYLSILOXY THIOLS

All Q-trimethylsiloxy thiols were prepared according to ref.
36, Details of the procedure are given below for product 36.
Hydrogen sul fide was bubbled 1nto a well stirred mixture of
8.78g (0.10 mol) of pivalaldehyde, 11.10g (0.10 mol) of
chlorotrimethylsilane and 8.10g (0,10 mol) of pyridine 1n 200mL
of absolute ether at -10 °C. After stirring for 1 hr at
-109c¢ 100mﬁ of hexane was added to the reaction mixture.
The preciplitates were removed by filtration, The filtrate was
concentrated and dlétilled unéer reduced pressure to give
13.52g (70 %) of (~trimethylsiloxyneopentyl thiol as a

colourless oi1l, b.p. 72-73 °C /20mmHg (llt.36 61 °C /15 mmHg).
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All drtr;methylslloxy thiols were 1identical (lHnmr) with

compounds reported in the literature36. #

L g

ATTEMPTED TRAPPING OF A THIQALDEHYDE

To 0.60g (3.13 mmol) of (-trimethylsiloxyneopentyl tfhiol 1in
10mL of DMF was added slowly at O °C 0.75g (3.13 mmzl) of
sodium hydride. After the reaction mixture had been,stxrred for
30 min at 0 °C 0.20g9 (3.13 mmol) of cyclopentadiene was added
dropwise. The reaction mixture was stirred for a further 1 hr
and then allowed to warm to room temperature. Concentration 1n
vacuo gave 0.32g of crude product (a mixture by analytical
TLC). After chromatography, the fractions containing the

suspected adduct yielded insufficient material for ldnmr.

ATTEMPTED PREPARATION OF A SOLID (Q-TRIMETHYLSILOXY THIOL

To a well-stirred mixture of 0.5g (3.7 mmol) of
terephthalaldehyde, 1l.16g (10.7 mmol) of chlorotrimethylsilane
and 0.84g (10.6 mmol) of pyridine in 100mL of ether at -10 °C
was added hydrogen sulfide., Stirring was continued for 2 hr
at -10 ©C..The re;ction mixture was allowed to warm to room
temperature. After the addition of‘IOOmL of hexane 1t was
filtered., The filtrate was concentrated under reduced pressur?
and then chromatographed on silica gel (hexane/ methylene
chloraide). %t gave 0.16 g of a mixture which possibly contained

s

the desired compound (by nmr) accompanied by many compounds
without trimethylsiloxy groups. -
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PREPARATION OF AN UNSYMMETRICAL SULFIDE FROM

AN ( -TRIMETHYLSILOXY SULFIDE

The method of Chan and co-workersl4 was used. To a solution of
1.0g (3.9 mmol) of ol -trimethylsiloxy-n-butyl phenyl sulfide
was added dropwise at -60 °C 1.90 mL of 1.65 M n-butyl 1t thium
1n hexane. After stirring for 1 hr at -60 °c, 0.53g9 (3.9
mmol) of benzyl,%;omlde was added dropwise at -60 9C. Stirring
was continued for 2 hr at -60 °C. The reaction mixture was
then allowed to warm to room temperature. Stirring was
continued overnight, and then the reaction mixture was washed
w1th‘water (2 x 30mL) and dried over magnesium sdlfate. Solvent
was removed under reduced pressure to give white crystals
which were recrystallized from hexane/ methylene chloride to
give 0.41g (66 %) of benzyl phenyl sulfide(71), m.p. 40-41 oc

(11t.105 41_43.5 °C); identical ( TLC, GLC and lHnmr) with an

authentic sample.

PREPARATION OF A -TRIMETHYLSILOXY SULFIDES FROM

o{-TRIMETHYLSILOXYISOBUTYL THIOL

A -Trimethylsiloxyisobutyl Benzyl Sulfide (42)

To a solution of 0.77g (4.3 mmol) ofc{-tr1methyls;loxyisobutyl
thiol 1n 10mL of DMF was added dropwise 2.6mL of a 1.65M
solution of n-butyl 1 thium in hexane. The solution was
stirred for 1.5 hr at -~60 °C and then 0.73g (4.3 mmol) of
benzyl bromide in 3mL of DM% was added dropwise. Stirring was
continued for 2 hr at -60 °C; the reaction mixture was then
.allowed to wérm to room temperature, and stirred for a further

1 hr. The rea?tion mixture was quenched by the addition of 10mL

EY
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"of 5% sodium hydroxide solution, extracted with pentane (3 x

20mL) and the extracts were dried over magnesiuT sulfafe. After
removal of solvent 1n vacuo, the product was chromaéographed
on silica gel (hexane/ ethyl acetate) to\give 0.71lg of a
colourless o1l which was identical (byITLC, GLC, lHnmr and IR)

with an authentic sample of 42.

(-Trimethylsiloxylisobutyl Hexyl Sul fide

Usi1ng the method detailed above, (-trimethylsiloxylsobutyl
thiol (0.77g, 4.32 mmgl) and l-bromohexane (0.77g, 4.32 mmol)

gave 1.06g (67%) of trimethylsiloxyisobutyl hexyl sul§1de, a
\

- colourless o1l1, identical (TLC, GLC, l4nmr and IR ) with an

authentic sample.

PREPARATION OF UNSYMMETRICAL (I-TRIMETHYLSILOXY DISULFIDES

Compounds 64-67 were prepared

, ?TMS
according to the generxral procedure R—C-—H

given below for product 64. ’ Y

CeTrimethylsiloxyneopentyl Benzyl Dlsulfldb\(64)

To a solution of 0.61g (3.4 mmol} of QFtrlmetJylsi1o£yneopentyl
thiol in 15mL of benzene was added 0.5?9 (3.3 mmol) of benz;l
thiophthallmide. The reacélon mixture was refluxed overnight.
When 1t had cooled t¢ room temperature, 1l0mL of pentane was
added and the mixture was filtered and_goncentréted 1ln vacuo.
The. crude product was ther chromatographed on silica gel to
give 0.54g .(84 %) of Q~trimethylsiloxyneopentyl benzyl
disulfide(64), a colourless o1l, one spot by TLC, lH_nmr:
0.13(s, 9H ), 0;9(5, 9H), 3.8(s, 2H), 4.4(s, 1H), 7.2(s, 5H);

mass spectrum”: m/e 301(0.1), 299(0.7), 196(22.5), 125(3.4),
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159(55.7), 91(160.0), 81(24.1), 73{93.9). _

* No molecular ion detected. L\

~Trimethylsil oxyneopentyl Phenyl Disul fide (65)

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

3
0.259 (l.4 mmpl) of -trimethylsiloxyneopentyl thiol gave
0.16g (40\%) of the product (65), a colnourless“oil, one spot by

TLC, lHnmr: 0.1(s, 9H), 0.9(s, 9H), 4.5(s, 1H), 7.0-7.4(m, 5H).

—Trlmethilszloﬂlsobutyl Benzyl "Disul fide (66)

Reaction of 0.339g (1.85 mmol) of d-trimethy1511oxylsobuty1
thiol and 0,419 (1.85 mmol) of N‘-benzyl thi1osuccinimide gave
0.08g (15 %) of the product (66), a colourless o1l, one spot by
TLC, lHnmr: 0.1(s,9H), 0.9(d, 6HJ, 1.2(d, 1H), 3.8(s, 2H),

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

-Trimethylsiloxyneopentyl Methyl Disulfide (67)

Reaction of 0.799 (5.0 mmol) of methyl thiopthalimide with
0.81g (5.0 mmol) ofo(-—tnmethylsi1oxyneopenty1 thiol gave 0.69g

(57 %) of the product (67), acolourless 0il, one spot by TLC,

'LHnmr: 0.19(s, 9H), 0.93(s, 9H), 2.33(s, 3H), 4.57(s, 1H).

ATTEMPTED PREPARATION OF A MYDRODISULFIDE FROM AN

T T AT A e e — 2 g e o

- o -TRIMETHYLSILOXY DISULFIDE

. : ¥
All attempts at desilylation (which was tried under a varlety

of conditions) gave unsatisfactory results. The detailed
procedure for one trial is given below. To , a solution of
i

0.17g (0.54 mmol) of o{-trimethylsiloxyisobutyl benzyl

disulfide in 15mL of methanol was added 0.1l0g (3.0 mmol)\‘Qf
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potassium fluoride at -room temperature. Stirring was continued
at room temperature for 2Q- -hr.,: Solvent was removed under
reduced pressure to give white crystals. They were dissolved in
5mL of water and the resulting solution was acidified, It was
extracted with pentane (4 x 15mL). The extracts were
.concentrated under reduced pressure to give an orange-coloured
o1l ( 8 spots by TLC). linmr analysis of the product showed no
peaks corresponding to the hydrodisulfide (29) (by comparison

with the spectrum of an authentic sample).

PREPARATION OF BENZYL HYDRODISULFIDE(29)

To a solution of 0.42g (2.1 mmo}) of acetyl benzyl disulfide in
15mL of ether was added dropwise 5mL of an ethanolic solution(
of 5N HCl. The reaction mixture was stirred overnight at room
temperature. Volatiles were evaporated under vacuum. Further
purification of the product was not necessary (see B8me and
co—workersss). The reaction yielded 0.27g (8Q2 $) of compound29,
a colourless 011,‘one spot by analyt1ca1.‘PLC, lnmr: 2.80, {s,
1H), 3.66 (s, 2H), 7.33(s, SH), [1it.10® lynmr: 2:75 (s, 1H),

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

PREPARATION OF ACETYL BENZ,YL DISULFIDE (68)

This compound was prepared according to ref.57.

To a solution of 2.09 (9.0 mmol) of N-benzyl thiosuccinimide
0.76g (10.0 mmol) of thioacetic acid. After stirring for 2 days
at room temperature ,the reaction mixture was concentrated to

give a yellow oil. It solidified on addition of hexane. The

solid was recrystallized from hexane/methylene chloride to give
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13.49 (92 %) of the product(68), m.p. 54-56 °C (1it.50 54-
55 OCc), IR: 1690 cm~! ( c=0), lHnmr: 2.3(s, 3H), 3.9(s, 2H),

7.3(s, 5H). -

PREPARATION OF SULFENYL CHLORIDES

The sulfenyl chlorides were prepared according to the
procedures given below. For benzylsulfenyl chloride, all
three methods were used. For phenylsulfenyl <chloeride, method

“

I1I only was used.

Method I

Chlorine was bubbled i1nto a solution of 4.0g (16.'3 mmol)of
dibenzyl disulfide 1n 50mL of carbon tetrachloride at 0 ©C. The
reaction mixture was stirred for 30 minutes. Analysis by ynmr
indicated that the reacti;n had taken place to give'orange

benzylsulfenyl chloride (86 %, estimated by lHnmr), lnmr

(CCly): 4,25(s, 2H), 7.23(s, S5H).

Method I1I

The same procedure as above was used, but dibenzyl disulfide
was replaced by benzyl mercaptan. From 0.42g (3.4 mmol) of
benzyl thiol, 2.6 mmol of benzyl suwlfenyl chloride was obtained
(76 %, estimated by 1Hnmr). \

Method III

The procedure of re‘f.89, which uses S0,Cl,, was foliowed. From

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

sulfenyl chloride was obtained (95 %, estimated ﬁy linmr).
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PREPARATION OF SULFUR TRANSFER REAGENTS

N-TRIMETHYLSILYL SUCCINIMIDE

A modified method based on the

proceduresin references 82 and 109

was used.To a solution of 6.,6g (6.7 mmol) succinimide and 0.1lg

(1.5 mmol) of benzimidazole in 100mL of THF at room
temperature was added dropwise 8.0g (5.0 mmol) of
hexamethyldisilazane 1n 50mL of THF . After the reaction
mixture had been stirred for 1 hr at room temperature it was
refluxed for 1.5 days. It was then distilled to give 7.4g
(65 %) of ,producst, b.p. 105-107 ©Cc/ 7 mmHg

(11t.199 120 ©c/ 8 mmHg); lHnmr: 0.33 (s, 9H), 2.55 (s, 4H).

N-SUBSTITUTED THIOSUCCINIMIDES

N-Phenyl—Thlosuccinlﬁlde(69) o}

To a solution of 1.17g (8¥7€mmol) C\\
of N-chlorosuccinimide 1n 40mL of

benzene was added 1,609 (8.76 mmol) g

of trimethylsilyl phenyl sulfide 1n

5mL of benzene at room temperature, The reaction mixture waf
stirred for 1 hr at room temperature and then it was refluxed
for 1 hr. After the addition of water (20 mL) the reaction
mixture was extracted with methylene chlorlée. The extracts
were dried over magnesium sulfate and concentrated in vacuo to
give orange crystgls. Récrystallization from hexane/ methylene
chloride gave 1.29 (69 %) of white crystals, m.p.\vll4-116 oc
(116.107 115.116°°C); ‘IR: 1700 cm=L ( c=0 ); lHnmr: 2.76 (s,

~

4H), 7.40 (m, -5H).
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N-Benzyl-Thiosuccinimide(70)

This compound was prepared according to the method of

Harppllz.

To a solution of 8.3g (487 mmol) of N-trimethylsilyl
succinimide in 150mL of carbon tetrachloride was added
dropwise at room temperature benzyl sulfenyl chloride (48.7
mmol, estimated by lHnmr). The reaction mixture was stirred for
2hr at room temperature., Solvent was removed under reduced
pressure to give white crystals. Recrysta}lization from hexane/
methylene chloride gave 7.0g (65 %) of product, m.p. 162-
163 °¢c (11t.108 161-163 ©°C); lHnmr: 2.63 ¢s, 4H), 4.10 (s,

2H), 7.30 (br s, 5H).

N-SUBSTITUTED THIOPHTHALIMIDES

Method 1

(o)
To a solution‘pf 12g (75.7 mmol) of , ]

1
potassium phthalimide 1in 100mL. [::::I::K\~—SR
of DMF was slowly added (1.5 hr) /)J
benzyl sulfenyl chloride (75.7 mmol, B' )
estimated by luﬁﬂgéy‘ln carbon‘tetrachloride at =10 °C. After

stirring for 1 hr at -10 °C the t;;perature of the reaction

mixture was warmed gradually to 40 ©C. Stirring was continued

»
)

overnight. Water (200 mL) was added to the reaction mixture;
filtration afforded white Frystals which were recrystallized
from chloroform/hexane to give 10.62g (52 %) of N-thiobenzyl
phthalimide, m.p. 167-168 ©°C (1it.’4 161-163 °C); lHnmr:

4.1(s, 2H4), 7.1 (m, 5H), 7.6(m, 4H).

Fiad
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Method II

To a solution of 4.0g (27.2 mmol) phthalimide and 3.3g (32.6

- mmol)'trlethylamlne in 400mL of carbon tetrachloride was added

8

dropwise at =5 °C benzyl sulfenyl chloride (28.0 mmol,
estimated by linmr). The reaction mixture was stirred for 30
min at 0 °C, allowed to warm to room temperature, stirred for
30 min at room temperature, heated to 60 °C, and stirred for
20 min at 60 °C. Water (150 mL )was added and the mixture was
filtered to give white crystals. These were recrystallized
from hexane/chloroform to give 5.59 (75 %) of N-benzyl

thiophthalimide, m.p. 167-168.5 °c (lit.’% 161-163 °C).

SYNTHESIS OF (Q-TRIMETHYLSILOXYISOBUTYL TRIMETHYL TIN SULFIDE

The procedure 1s based on that of OTMS
|
ref.90. To a solution of 0.35g (2.0 R"'(-l'—“""
S—SnMe3

mmol) of (¢~trimethylsiloxyneopentyl
thiol and 0.209 (2.0 mmol) C;f triethylamine 1in 50mL of
benzene was added 0.409 (2.0 mmol) of trlmethyltir; chloride 1n
20mL of benzene. After stirring for 2 fxr at room temperature
the reaction mixture was filtered and chromatographed on
silica gel (hexane/ ethyl ,acetate). It gave 0.379g (54 %)
of 0~trimetthylsiloxyneopentyl trimethyltin sulfaide, lHnmr:

0.10(s, 9H), 0.19(s, 9H), 0.95(s, 9H), 4.8l(s, 1lH).
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SUMMARY AND CONCLUSIONS

In this thesis, the synthesis of (Q-trimethylsiloxy sulfides
and disulfides, potential ly useful reagent; for the preparation
ofd-functionalized monosulfides and polysulfides under m1ld
conditidns, has‘been achieved. One aspect of the synthetic
utility of these compounds has been illustrated by preparing a
new class of compounds, the Q~bromosulfides, from the
Ct-trimethylsiloxy sulfides. Further studies based on this
approach may vyield good synthetic routes to a number of
Q-functionalized sulfides and polysulfides which are difficult

to synthesize at present.

The preparation of thiols and hydrodisulfides from the title
compounds 1s a second area of synthetic application which has
been 1nve£t1gated in this work. A satisfactory experimental
procedure in which (rtrimethylsiloxy sylfides are desilylated
to give the corresponding thiols in good yi1eld has been

discovered.

“The (~trimethylsiloxy sulfides may also be used as reagents for

the synthesis of unsymmetrical sulfides. In this thesis one
example of such a compound, benzyl phenyl sulfide, was prepared
from -~-trimethylsiloxy-n-butyl phenyl sulfide. This type of
reaction could, with further study, provide a route to other

unsymmetrical sulfides and polysulfides,

The same compound, Q/~-trimethylsiloxy-n-butyl phenyl sulfide,
yielded an unexpected product, diphenyl disulfide, upon

treatment with iodine in methanol. This procedure hgs been used

»
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by Olah and co-workersl03 to convert (-keto acetoxy sulfides to

the corresponding monocacetals. If the reaction 6bse;ved with(l

-~trimethylsiloxy-n-butyl sulfide is general for all such

compounds, 1t could be wuseful as a source of symmetrical

d15ulf1des(eq.59hi

\ 0S1Me; 0S1Mej
HyS, Me3SiCl | R'X l Ip
RCHO -—==—-oelemme > R-CH —=-=m=mo-un > R-CH =—-~-===e-- > R'SSR'
= Py | n-BuLi l MeOH
SH SR'

eqg.59

Some representative members of the Q{~trimethylsiloxy thiols, a

class of compounds closely related to the Q-trimethylsiloxy

sul fides and disulfides, have been synthesized. The generation

and trapping of the (-trimpethylsiloxy thiolates derived from

these thiols are reported 1in this thesis.
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The mass gpectrum of (l-Trimethylsiloxyneopenty!| benzy! disulfide
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Fig. v
The #'nme Spectrum of 1-Senzyithie-1-phenyithio-butsne (33)
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