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Abstract

Thiosilanes react efficiently with simple aldehydes and ketones

when catalygzed with ZnI, to produce thioacetals and thioketals,

2
Steroidal diketones were thioketalized with yields and selectivity
superior to other methods when allowed to react with thiogilanes
and ZnIz.

The overall thicketalization process proceeds through silyl-
hemithioketal intermediates which can be detected and isolated from
;he reaction mixtures. The isolated silylhemithioketals can be
resubmitted to the thioketalization reaction conditions and be

converted to thioketals,
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INTRODUCTION



Aldehydes and ketones are among the most important functional
groups in organic chemistry, 3Because of the extensive use of
aldehydes and ketones in synthetic work, it has occasionally
become necessary to temporarily limit the reactivity of the carbonyl
group during a segment of a synthetic procedure. For this reason,

a wide variety of protecting groups have been developed of which
thiocacetals and thioketals are important members. Thioacetals have
also been used to extend the reactivity of aldehydes by reversing
‘the normal electrophilic nature of the carbonyl carbon atom to that
of a nucleophilic center., This umpolung (1) or charge affinity
inversion (2) of aldehydes has been studied by Seebach(l) and
others(2’3).

A new, mild and efficient procedure for thioketalization has

been developed in which a ketone or an aldehyde is reacted with an

excess of a thiosilane and a catalytic amount(u’S) of ZnIy (eq. 1),

RS SR

2(CH3)451SR + Znl, (1)

+

TMS20

The presence of amines inhibits the formation of thioketals and if
the thiosilanes are contaminated with amines, only O-trimethylsilyl-

S-alkylthiohemlketals, the suspected reaction intermediates, are



produced (eq. 2).

RS TMS

TMS-SR Znlp
amine (2)
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PROTECTION OF ALDEHYDES AND KETONES

(6-11) are available on aldehyde and

Several excellent reviews
ketone protection; only the most commonly used protecting groups
will be described in this report.

1,3~Dioxalanes are the most widely used carbonyl protecting
groups because they are both easily prepared and stable to a wide
variety of reaction conditions, both basic and mildly acidic.

Structural and electronic differences between various ketones
and aldehydes create differences in the rates of reaction and allow

for selective ketalization, Isler (12)

selectively protected
2,2,6-trimethyl—l,h-cyclohexanedione,\g, at the less sterically

hindered carbonyl to produce the dioxalane derivative, 3, (eq. 3).

o  (CHx0H)2 0
T
. —Fm—> 0 (3)
100% <;/
3

2
~
P
~ McMurray (23) has protected the Wieland-Miescher ketone,’ﬂ,
at the more reactive,vsaturated carbonyl and thus, has illustrated

the use of electronic differences to selectively ketalize carbonyl

groups (eq. 4).
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A plethora of other alcohols have been used to form both cyclic
and acyclic ketals with aldehydes and unhindered ketones., However,
hindered ketones can be ketalized only with glycols(ll).

Acyclic acetals and ketals can eliminate a molecule of the
corresponding alcohol and form enol ethers at higher temperaturesilu)
or under the influence of strong acids\1>), The dicthyl ketal of
isobutraldehyde, for example, loses a molecule of ethyl alcohol wupon

treatment with phosphoric acid (eq. 5)(15).

OEt
OEt ? > QEt

Acetals and ketals are prepared from the parent carbonyl
compound by reaction with the appropriate alcohol or glycol, which

is generally the solvent, and an aclid catalyst such as SnClu(lé),

P_-CH306HQSO3H (17-21) » OT BFB.EtZO (22,23) . The water generated
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during ketalization must be constantly removed to insure complete
reaction, The dehydration has been accomplished by azeotropic
distillation (24'25), molecular sieves (26), and N,N'-dicyclo-
hexylcarbodiimide(27).
Ketals and acetals are most commonly cleaved by itreatment with
aqueous acid (19,20,28) but the specific conditions are often system

dependent., The z&—B—ethyleneketal of 6‘3—hydroxytesﬁosterone—é,17-

diacetate was hydrolyzed by reaction with magnesium sulfate in wei
(29)
\ /

benzene {eq, 6)

OAc

A rurmber of alternale procedures for keial hydérolysis have Zeen
. . (30} ) s .
ceveloped., Djerassi has employed an exchange technicue with
acetone in the hydrclysis of the stersidal ketal, 5.
Pard

converted to 1, ~direthyldioxaiane, 7, and the Xetal ic converied
a4

to progestercl, 1, {(ea. 7).
~



_ O
HO
acetone
TsOH < HO

12 hours” 1 (7)
a4
[\
0 0

PN

Hebart and Gravel (31) have hydrolyzed the axyl nitroc substitu“ec
dioxalane of 5—-pregen-3?, -0l~20-one acetate, /\8,, rhotolytically
(eg. 8J,
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5-Pregen-3 -ol-20-one a.cetate,ﬁl/, was produced in an 83% yield along
with the by-product, « -hydroxy-o-nitroacetophenone,
The bromo substituted ethylene ketal of 4~tert-butylcyclo-
hexanone, 2, was hydrolyzed when treated with activated zinc metal ir
refluxing methanol. The ketone, 4-tert-butylcyclohexane, 10, was

formed in an 89% yield along with the by-product, allyl bromide

(eq‘ 9) (32933).
[__(\BI'
o O 0 (
R ,
‘ Zn__. =
? A, HOCHj + /\] (9)
OH
2 10

The hemithioketals represent a related class of protectilng gruups
which, in general, may be formed under milder conditions than the
thioketals. The hemithioketals are also stable to both basic and
acidic reaction media. ZEstrone acetate, /1\1’, has been converted io
the corresponding 17-cthylenehemithioketal, }é, by reaction with

(34
f-mercaptoethanol ard ZnCl, {eq. 10) \31">.
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N
. HSCH2CH,0H
@ , ZnCly”
dioxane~”

AcO AcO

11 18

Hemithioketals are hydrolyzed by reaction with mineral acids in
alcoholic solvents or dioxane (35).

Dithioketals are stable to most basic and acidic reaction con-
ditions. The dithioketals are prepared from the parent ketone by

reaction with alkyl thiolsand ZnCl, (36,37)  yoy (38-12) BFy*Et,0 A3

( (
or p-CH306Hb$O3H \42). Fieser (43) has converted cholestane-3-one,

19, to the 1,2-dithiolane derivative, 29, in a 92% yield (eq. 11).
P Sd

BFq+Et20 S |
gcgzsﬁ)z;
HOAcC S

92%
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Selective protection is also possible in thioketalization
reactions, Rall(33) has thioketalized progesterone,’ig, to form a
mixture of thiocketals and shown that o, p -unsaturated ketones are more
reactive toward thioketalization than are saturated ketones. The
3-ethylenethiocketal of progesterone, %}, was the major product and
the bis-3,20-ethylenethioketal of progesterone, }3, was the minor

product (eq. 12).

i

P
SW

S

4
2
HSCHpCH,SH (12
p0ac” o
—>
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A novel method for the preparation of dithioketals has recently
been developed by Lalancette (39’40); however, only acyclic thioketals
can be made by ihis procedure. An alkyl orthothioborate was allowed
to react with a ketone or aldehyde to produce the product thioketal
or thiocacetal, 2-Butanone was converted to 2,2-diethylthiobutane

and boric oxide with triethylorthothioborate by this procedure

(eq. 13).

The conversion of thioketals and thiocacetals ‘o the parernt
keteones and aldehydes has proven to be a challenging task. Mercu~i:

i
salis and aqueous acid (41,47)

s although the common reagenis for
thicketal hydrolysis, have often given quite disappointing resulis,
although some mod;iications of this procedure have resulted in im-
proved ylelds (hS). Several new methods of hydrolysis have recently
beer. developed which are milder and more efficient than the mercuri~
sa.% treatment: however, these new methods are ofien not very gener I,
Peracld oxidatlion of the 3-irimethylenethiocketal of 3-keto-17-~
hydroxy~androstane acetate, ;}, to the bis sulfoxide, followed by
treatment with NaCEt gave 3-keto-17-hydroxyandrostane acetate, z;.

\
in a 51% yield {eq., 14) (4@)0
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OAc

MCPBA> NaQrt
90% O2 -

OAc

(14

Several other oxidizing agents have been employed in similar hydrc -

(50-52)

lysis procedures Chloromine T in agueous alccholic seolutions

have been used %o convert spiro [ 1,3-dithane-2,9%'-fluorene’ tc

; (53,54
9~fluorenone in an 86% yield 70, Oxidation of dithicketals *o
the nmonosulfeoxide and subsegquent treatment with a catalyiic amouni of
sulforic acid produces the parent ketone, The dimethylihlocacetal

0f Z2-phenylethanol was converited 1o the menosulfoxide and treated

: g 500
with sulfuric acid, 2~phenylethancl resulied {oc. 15) (49,5 7.

P
ot

v

S

PhCHgCH(SCHB}z MCPBA ., _sulfuric. ~ PhCHzCHC
8.01@. - 88/0

Silver oxide 1n agueous acetoniirile has also been used to hydrolyze
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thicketals in good yields(57). Oishi and Kamemoto (58)have studied
the hydrolysis of thioketals by treatment with triethyloxonium
tetrafivoroborate and aqueous CuSOu. Cyclohexanone ethylenethioketal
has been hydrolyzed by this procedure to give cyclohexanone ir an
81% yield.

EZnol ethers and thioenol ethers represent yet ancther class of
carbonyl protecting groups., EBecause x,g-unsaturated ketones and
&,3~unsaturated aldehycdes form enol ethers more readily than
59)

(
saturated ketones, selective protection can occur. Djerassi:

has prepared the ethylenol ether of androsteredione, 24, in a 60%

vield {(eq, 16).

Lo almost all non-acidic reacilon oore

P
0
2
£
o
! 2
(2]

Enol ethers are
citions butl ithey are readily cleaved by evern mild treatment with
aclds,

m é- & 4T ey Iy e SIS = En,
Timethylsilylcyenchydrin derivatives are easily prepared fron



1k

ketones and aldehydes by their reaction with TMS-CN in the presence
(60-62)

of KCNel1l8—crown-6 complex « Cyclopentanone was converted to
TMSO CN
W KCN
Q +  TMS-CN 18-C=6 (16)
89%

l-trinmethylsiloxy-l-cyanocyclopentane in an 89% yield (eq. 11) by this
procedure. The silylevanohydrins are hydrolyzed by treatment with
AgF., This regenerates the parent carbonyl compound and forms TMS-F
and AgCH,

§umer@us other funtionalities have been used as carbonyl pro-
tecting groups. For example, semicarbazone oximes and hyg:azsnes are
carbonyl protecting groups but their resistance to hydrolysis greatly
restricts their use. The ketals and thicketals are, however, the §0§%
often used protecting groups for ketones and aldehydes and the
thiosilane procedure for thioketalization is a milder alternative for

carbonyl derivatization,



RESULTS AND DISCUSSION
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RESULTS AND DISCUSSION

Sunnary
Aldehydes and ketones have been converted to thicacetals and

thioketals, respectively, in excellent yields when allowed to react
with an excess of a thiosilane and a catalytic amount (63) of

ZnI2 (Table I). Several steroidal diketones have been selectively
protected at the *,f-unsaturated ketone in yields and with selectivity
superior to that previously reported (33). The mechanism of the
thiocketalization reaction has been investigated and the intermediates
ar; believed to be silylthiohemiketals. This thioketalization pro-
cedure is among the most gentle known and should prove useful in

synthetic applications,

Preparation of the Thiosilanes ,

] )
A vwide variety of alkyl and aryl thiotrimethylsilanes have been

prepared by allowing the corresponding sodium thiolates to react

(64,65)_

with chlorotrimethylsilane The ethylthiotrimethylsilane,

2§, used in this report was successfully prepared by this procedure.
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Table I, Preparation of Thioketals and Thioacetals by Reaction

with Thiosilanes?,

RS-TMS ° carbonyl product yield reaction
compound (%) time (hours)

R = Me heptanal n-hexyl-CH(SMe) 2 93 12

R=Et heptanal n-hexyl-CH(SEt) 2 92 24

STHMS S
< | heptanal p_-hexyl——< > 75 24
STMS '8 .

(9]
SMe
R =Ne E><§ 93 20
b Me
0 SMe
R=Me <:>g 92 18
A Me
0 SEt
R=Et Og 98 24
: Et
e o EtS  SEt

Et ><E 91 12
\/u\/ Et £
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Jable I (continued). Preparation of Thioketals and Thioacetals by

Reaction with Thiosilanes?,

RS-TMS P carbonyl product yield reaction
conpound (%) time (hours)
STMS
O _
95 24

STMS Et s
R=Me Phcocr{3 PhC (SMe)ZCHB 78 72
R-Et PhCOCHB PhC(SEt) 20H3 93 24

S
R =Me > CHO >—-<S 85 24
' Me
SEt
R=Et . >\CHO >_g 92 24
STHMS 20 ol
< >;CHO >
TMS
o BtS  SEt
R=Et : /L'\/L\ Xﬂk 92 24
H TMS

X

%511 reactions were catalyzed with ZnIZ. bA 10% excess of the
thlosilane was employed in all reactions.
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EtSH Eﬁigr; EtSNa + Ho TM3013 TMS-SEt (18)

Lithium thiolates, prepared from the thiol and p-butyllithium,
have also been silylated with chlorotrimethylsilane., The thiosilanes
of 1,2-ethanedithiol, 1,3-propanedithiol and methanethiol were pre-

pared by this procedure in moderate yields (eq. 19).

SH ~ SL1 STHS
+ n-Buli Ether. [: IMSCly [: (19)
L:H -0 sLa 60% STMS

Hooten and Allred (66) were the first to report a synthesis of
thiosilane, 26, Methylthiomagnesium iodide was prepared by allowing
methanethiol to react with methylmagnesium iodide. The magnesium
thiolate was then allowed to react with chlorotrimethylsilane to
produce the thiosilane, 26.

The thiosilane, ,2;§, was also prepared by the LiAlH, reduction
of dimethyldisulfide and subsequen£ reaction of the lithium

aluminate, (MeS),AlLi, with chlorotrimethylsilane (eq. 20) (67).
i
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Table II. Preparation of Thlosllanes.

Thiol ‘Silylation Thiosilane Yield Refs,
conditions (%)
EtSH NaH, TMSC1 38 68 68
~ ‘
SH
l: n-Buli, 4o 60
SH TMSC1 ~
SH
B—B\J.Li,
( TMSCL 39 4o
H _
MeSH n-Buli,
TMSCL Eé 60
MeSH MeMgBr,
TMSC1 Eé 33 66
LiAlHu,
(Mes)z’ gé 32 67 .
TMSC1 '
SH
[s TMSZNH,
H imidazole po z 63

TMS,NH ' '
<i:s imidgzoie 22 85 63
H ,
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Although only thiosilane Eé has been prepared by this procedure,
undoubtedly this method is general.

Glass (63) has developed another method for preparing thio-
silanes, Hexamethyldisilazane, g§, and the corresponding thiol were

reacted in the presence of a catalytic amount of imidazole, Egv

(eq. 21)0

N N
AN ._._.__> ~N
HN(TMS)Z + K\— I\? - <\‘ N7 + NH3
| vs
28 29 30
T\LRSH (21)
H

NG oo N
TMS-SR  + <\—N7 . §‘-N7 +  Rs®
X ‘TS
31

~

R = aryl, alkyl

Experiments suggest that imidazole is silylated by the silylamine, §§,
and that this silylated imadazole then accepts a proton from the

thiol (7%, The thiolate then attacks the protonated imidazole to
form the thiosilane and regenerates the catalyst.In order to establish

the intermediacy of 29, Glass has shown that when 29 and a thiol were
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allowed to react, thiosilanes and imidazole were produced (71).

Thiosilane, Eé: was prepared by the LiAlH) reduction of
dimethyldisulfide, and by the reaction of chlorotrimethylsilane
vwith the lithium or magnesium salts of methanethiol. However, the
methylthiotrimethylsilane prepared via the reaction of methylthio~
magnesium lodide with chlorotrimethylsilane, contained an impurity
which catalyzed the thioketalization reaction. This impurity
remained even after repeated distillations and although it was almost
certainly another Lewis acid, the exact nature of this contaminant
is sti1l unknown,

Bis-1,2~trimethylthiosiloxyethane and bis-1,3-trimethylthic-
siloxypropane were best prepared by the Glass procedure (63). This
method has the advantage of noé forming inorganic salts and thus
does not require a Schlenk filtration. Unfortunately, these reaction
mixtures must be very carefully distilled prior to use in thio-
ketalization reactions in order to remove all traces of amine 28.
This amine inhibits the formation of thioketals and only silylhemi-
thioketals are produced when thiosilanes are contaminated ;ith amines,
The sodium thiolates of 1,2-ethanedithiol and 1,3-propanedithiol
could not be formed by reaction with NaH under the usual reaction
conditions, To circumvent this problem, the thiolates were formed
wiﬁh n-butyllithium., This procedure, however, generates solid

LiCl which must be removed by filtration before distillation.
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SYNTHESIS CF THIOKETALS AND SILYLHEMITHIOKETALS

Ketones and aldehydes react with thiosilanes and a catalytic
i\
amount (&) of ZnIZ “o form *thioketals and thiocacetals (Table I).
Cyclohexanone was converted to 1,l1-dimethylthiocyclohexane, 36,
o cd

by reacticn with the thiosilane, ,%,6: in a 92% yield {(eg. 22; and

other simple carbenyls react as efficiently. Eihylthictrimethylsiiane,

_:>:‘D
’.
+3
=
%)
1
o
=
I

FanY
N
N
-

Ether

K\\//) } | Zn%g > k\\//’
36
S~

86

2§, also reacts with cerbonylis %o produce thiocketals and-aceszl
with efficienty egual to that < +the thicsilane, §§ {Table I). ZEnones,

such as cholestenore, fall to fcrm a characierizable set of products

>f these producis.
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Table III. Thioketalization with Bifunctional Thiosilanes®.

Sarbonyl Product Thiosilaneb Yield
substrate (%)

C8Hl7

cholestenone 39 81
cholestenone L0 9(
progesterone Lo g7
androsteredione L0 Ol

a .. . : b
ALl reacticns wers catalyzed with ZniZ, The reactions were
verformed with 1.1 equivalents of the thiosilane,
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Thiosilane, §§, was allowed to react with 2-methyl-2-hydroxy-

pentane-l-one and ZnI2 in an effort to define the mildness of this
thioketalization procedure, 2-Trimethylsiloxy-2-methyl-4,4~diethyl-
thiopentane was isolated from the reaction mixture in a 92% yield.
Although the rapid silylation of the alcohol probably keeps de-~
hydration to a minimum, the absence of significant amounts of
dehydration product demenstrates the mildness of the reactlion
conditions,

Silylhemithicketals and acetals can be prepared and isolated

“ 1

whenr ketones and aldervdes are reacted with ZnI, and a thioesilane

2

which is contaminated with an amine (Table IV). This functional

(24)

group has been investigated by Chan and Ong in an effort to
develeop anothexr reversed polarity carbonyl equivalent and although
they were unsuccessful in generating the reguisite anion, silyl-

hemithicketals ray still be used as carbonyl proiecting groups in

2 Lt =% [ Y e d 3 + . e o
bioyelol 3.2,1) octane. 43, by allewing it to react with the thioslilane,
Vi

D . TnT P T &3 o SR
26, and InI, {eq. 23). Apparently the carbanate nitrogen deactivates

-3 4 4 )
er +hat the amine, 28,
Va4
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Table IV. Formation of Silylhemithioketals with Thiosilane 26a'b.

~

carbonyl product yield reaction
substrate (%) time (hours)
o ‘MeS_ OTHS

R

i\v/J 88 1.5

o MeS OTMS
L
O ORI
- OTMS
n-hexyl-CHC g-hexyL—{éH 60 1.5
He
PnC a0

— y
N 85 2
: S

Mg
CTMS

<

[0

Ma

A

a8 Je)
All reactions were catalyzed with Zn12, The reactions were

performed with 2 equivalents of 26,
A
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PhO PhO

TMS~-SNMe Znl (23)
L\

\6 L/} OTHS
éMe

42 26 43

The thiosilane,’gg, has veen successfully used as a thiocketaliza-
tion reagent with unsaturated ketones. When the cholestencne was
allowed to react with the thiocsilane, 39, the 3-propylenethioketal
of cholestenone, 49, was formed in an 81% yield., The thiosilane, LG,
was also allowed %o react with cholestenone, and the 3-ethylenethic-
ketal, 50, was formed in e 0% yield.

Androsteredione waa selectively thioketalized with the thio-
silane, EQ, to give the 3~ethylenethicketal of androsteredione,

3y, as the major product and the tis-3,i7-ethylensthioketal, 45,

b 1,
P v
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L O

RSCH)CH2SR
o Znlp - (2453

b5

R
R

TM . 91%
42 76% 1g§

Progesterone was also selectively thioketalized with the
thiosllane, ﬁ?, to give the 3-ethylenethicketal of progesierone,
46 as the major product ard the bis-3,20-ethylenethicketal, &Z,
as the minor product {eq. 25), Both the overall yield and the
positionzl selectiviiy of ithis thiocketalization were superior to
the normal thioketalizaticn procedure employing etharnedithiol and

’QZ

U A
;Q, uuBCéH‘J‘SCBH

Some steric hindrance it the g~position of enones may also be

..\

-necessary for successful thicketalization, ¥When cyclohexanone was
allowed to react with the thiosilane, 40 a largely uncharacterized

mixtuce of producis was formed. The main component had an infrared
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RSCHpCHpSR _
acid -

16
R = HY2 35%

R = THS oLg

(24)

47
2%
4%

spectrum and a proton magnetic resonance spectrum consistent with

i s Y :
vis 1,2{3~oxocyclohexylthionyl, ethane, 48,

e
Li

’/\\5

O

48

P~
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MECHANISTIC CONSIDERATIONS

The thioketallzation reaction presumably proceeds through an
O-trimethylsilylalkylthiohemiketal intermediate as illustrated with

cyclohexanone (eq, 26). The first step of this reaction is analogous

0 RS OTMS RS SR
X
) THS-SE, ?ﬁ TMS-SR
v Znlp f\/ Zni, > \/ (26)
¥
(TMS) 20

to the insertion reactions of carbonyl compounds with other organo-
netaliic reagents (64). Experiments indicate that the thloslliane
insertion process is ILewis acid assisted because no reaction occurad
when cyclohexanone and the thicsilane, gé, were mixed and the inter-
mediate, lumethylt&iewl-trimethylsiloxycyclohexane, 22, also did
not react with the thiosiiane,lgé, without added Zniz.

Anionic catalysts, such as potassium cyanide-l18~crown-5-complex,
have been used to form the ihtermedi&ﬁe silylhemithioacetals from
aldehydes bui anionic catalystis will not convert the intermediate
silylhemithicketals and -acetals to thioketals and thloacetals.
These anionic catalysts do not effe¢t these reactions with ketones.

Employing XCN as the catalyst, %thiosilane, 38, was allowed to react
a4

with isobutyraldehyde to form l-ethylthic-l-trimethylsiloxy~2-
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methylpropane, 2&, (eq. 27). Benzaldehyde was allowed to react

with thiosilane, 2§, to form o -trimethylsiloxy-a-ethylthiotoluene,

2; (eq:‘28).

OTMS
CHO - > (
+  TMS-SEt KCN . (27)
SEt

34
OTMS
PhCHC +  TMS-SEt KCN P
N (28)
, SEt
35

Both the amine, g@, ant imidazole inhibit the normal thio-
ketalization process and even with added ZnIZ, only silylhemithio~
kefels are formed. V&ri&fions in the Lewls acld, even aclds as
strong as A.’LCl3 and HCl, cause no change in the product. Heating
these reaction mixtures caused only extensive elimination.

During the course of the thioketalization of cyclohexanone,
gas chromatographic analysis revealed the rapld disappearance of the

ketone and formation of a2 new product at longer retention tinme,



32
The new product had a retention time identical to that of the proposed
intermediate,,l-methylthio-l—trimethylsiloxycyclohexane,‘23. At
longer feaction times this intermediate disappeared and was replaced
by the product thioketal, Zé, Furthexrmore, if the reaction was per-
formed in the presence of the amine, g@, a substance known to inhib<t
the second step, the same intermediate peak appeared and isolation
and structure proof verified that this intermediate was the hemi-
thioketal, 23. The intermediate was then treated with the thiosilane,

£§, and ZnI, and converted to the thioketal, Qé (Scheme I). Thus

2
the proposed intermediate, ;g, has been observed during the reacticn,

isolated from the reaction mixturc and when resubmiited to the

reaction conditions, was converted to the product thioketal, gé.

Scheme I

28
No Reaction

N
oo

‘_e:

Y
5
k4
o
\%

e *

TMS~S¥e \ | MeS SMe
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It 1§ known that oxygen stabllized carbonium ions are more
stable than sulfur stabilized carbonium ions (29). From this data,
it was predicted that if hemithiocketal, 25, was allowed to react
with_hemiketal ,;z; and ZnIz, the reaction would follow path A of
Scheme II and only thiosilane, 2§, would be formed. If, however,
path B was faster than or as fast as path A of Scheme II, then
thiosilane 2§ and l-methylthio-l-ethylthiocyclohexane, 22, would be
formed as a mixture. Unfortunately, the product thiosilanes inter-
convert under the reaction condition and lacking kinetic data, no
conclusions can be made,

A recent report by Chan and Ong (25) described the formation ¢f
O-trimethylsilylmethylthiohemiketals and -acetals by the reaction of
a thiol, pyridine, chlorotrimethylsilane and a ketone or aldehyde.
They noted that if pyridine was omitted from the reaction mixture,
only thiokelals and -acetals were obtained. The mechanism prcposed
for the formation of thiohemiketals is shown in Scheme II, In
light of the results presented here, it is proposed that trimethyl-
alkilsilangs are forred in situ and that these thiosilanes react
with ketones and aldechydes to produce thiochemikeials and -acetals
which in the absence of pyridine and catalyzed by the HC1 produced,
react further tc fooxm thioketals and -acetais. Although no
comparative raie siudlies of the ihiol addition to carbonyl groups

and chlorosilanes are vpresently known, it is not unreasonable to
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Scheme Il

RSH  + @ : RS-+ @
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. ‘
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/U\ - 1—1—
Ry h2 SR
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© —
Bl—{—RZ + TMS--C1 é__. Rl ‘—-L‘Rz
SR R

assume that the thiolates attack the silicon atom (a very electrophilic

atom) fastier than they attack the carbonyl carbon atom,
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CONCLUSICONS

When thiosilanes are allowed to react with aldehydes or ketones
and a trace of ZnIz, thioketals and thloacetals are formed in
excellent yields., These conditions are the mildest and most efficient
available, In addition, several steroidal diketones were thio-
ketalized with yields and selectivity superior to that previously
reported. This thioketalization procedure, however, requires the
additional preparation of the thiosilane and the thiosilane must be
carefully purified before use, In addition, ketones with amide or
amine functionalities cannot be thioketalized by this procedure be~
cause only silylhemithioketals are produced.

The overall thioketalization process proceeds through
silylhemithioketal intermediates which can be detected and isolated
from the reaction mixture. Finally, the silylhemithioketals can be
submitted to the thioketalization reactiorn conditions and be converted

t0o thioketals.
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EXPERIMENTAL
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General. Infrared spectra were recorded on a Beckman IR-4210. PMR
spectra were recorded on a Varian T-60 or A-60-A spectrometer and the
chemical shifts are relative to either tetramethylsilane or methylene
chloride (317 Hz). Gas chromatographic analysis were performed on a
Varian Aerograph Series 1400 gas chromatograph using a 2 meter,
stainless-steel column packed with SE-30 on Chromasorb W. Melting
points were taken on a Blichi model SMP-20 melting point apparatus

and are uncorrected. All solvents were dried by the procedures
described in Perrin, Armarege and Perrin(68).

General Thioketalization Procedure. To a dry, nitrogen-purged, 25-ml,

round~bottom flask was added ca. 0,01 g (0.03 mmol) of anhydrous

zinc lodide, 5.0 ml of anhydrous ether, and 10 mmol of ketone or
aldehyde. To this sclution was added 22 mmol of the appropriate
thlosilane, RS-TMS, via syringe over a 2 minute period. After
stirring at ambient temperature (25%) for 12-24 hours, the reaction
was quenched with water and extracted with ether. The etheral extract
was washed with brire, dried over anhydrous sodium sulfate, and
concentrated ir vacuo. The resuliing thioketal was then purified by
shromatography con 50 g of alumina {Activity III) eluiing with hexane,

ssi=Dimethylthiohepiane. The general thicketalizatior procedure

(1,40 ml, 10 mmol, heptanal; 3.20 mi, 22 mmol, 26) gave, after

chromatography, 1.78 g (93.0%, of the product; ir (neat) 2960-2865,
-1 v ;

465, 1435, 955 cm i nmr (0014; § 3.60 (t, 1, J=7.0 Hz, SCH),

7

2,10 {s, 6, SCH.}, 1.30 {m, 13, CHZ), .95 (t, 3, CHB} PpM.
o

N\
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Anal. Calcd for C : C, 56.19; H, 10,48, Found: C, 56.11;

of20°2
H, 10.58,

1,1-Diethylthioheptane., The general thioketalization procedure

(1.40 m1, 10 mmol, heptanal; 3.60 ml, 22 mmol, 2§) gave, after
chromatography and molecular distillation (90°/0.02 mm Hg), 2.03 g
(92.0%) of the product; ir (neat) 2960-2860, 1450, 1260 cm™ ;
mmr (CCL,) § 3.75 (t, 1, J=7.0 Hz,CH), 2.68 (q, 4, J=7.0 Hz, SCH,),
1.40 (m, 13, CHZ), 1.30 (t, 6, J=7.0 Hz, CHB) DM,

Anal, Calcd for CllHZUSZ: C, 59.93; H, 10.97. Found: C, 59.78;
H, 10.85,

2-Heptyl-l,3-dithiane. The general thioketalization procedure

( 1.40 ml, 10 mmol, heptanal; 3.0l ml, 11 mmol, 22) gave, after
chromatography, 0.31 g (75.0%) of the product; ir (neat) 2960-2862,
1462, 1418, 1274,907 cm™ i nor (CC1,)§ 4.00 (t, 1, methyne), 2.82
(my 4, SCH,), 2.00 (m, 2, scazcga). 1.50 (m, 10, CHy), 0.95 (%, 3,
CH3) DD,

Anal, Caled for C, H, S,: C, 58.76; H, 9.86. Found: C, 58.85;

Hy, 9.79.

1,.=Dimethyithiocyclopentane. The general thioketallzation procecure

7

{ 0.89 mi, 10 mmol, cyclcpentanone: 3,2C ni, 22 mmol, Eé) gave,

afier CMTOMATOZTaDiy. 1.52 g .93.0%) of the product; ir{neat) 296C-
2870, 1435, 1418 cn™3 mmx {CC1,) $2.95 (s, 6, SCH,), 1,90 (m, 8,
GH2> Ppm.

Anal, Calcd for C7H1b52‘ ¢, 51.80; H, 8.,69. Found: C, 52.03;

K, 8.58,
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1,1-Dimethylthiocyclohexane, The general thioketalization proceiure

(1,04 m1, 10 mmol, cyclohexanone; 3.20 ml, 22 mmol, ;é) gave,
after chromatography, 1.62 g (92.0%) of the product; ir (neat) 2978-
2860, 1445, 1010, 755 cm’l; nmr (0014)3 2.05 (s, 6, SCHB), 1.70 (m, 10,
CH2) PPR.

Anal, Calcd for C8H1652= C, 54.49; H, 9.15, Found: C, 54,76;
H, 8.98.

1,1-Diethylthiocyclohexane. The general thioketalization procedure

(1,04 ml1, 10 mmol, cyclohexanone; 3.60 ml, 22 mmol, 2§) gave,

after chromatography, 2,00 g (98.0%) of the product; ir (neat) 2970-
2860, 1442, 1260,1257, 1005 cm™*; nmr (CC1,) § 2,60 (a4 4, J=7.5 Hz,
SCH,)y 1.75 (my 10, CH,), 1.27 (t, 6, J=7.5 Hz, CHy) ppa.

Anal, Caled for ClOHZOSZ: C, 58.75; H, 9.86. Found: C, 58.42;

H, 9.57.
3s3-Diethylthiopentane. The general thioketalization procedure

(1.05 m1, 10 mmol, 3-pentanone; 3,60 ml, 22 mmol, 38) gave, after

chromatography, 1.74 g (91.0%) of the product; ir (neat) 2965-2870,

ac

1450, 1370, 812 cm —; nmr {cc1))§ 2.60 (qy %, J=7.5 Hz, scnz),
1.65 (q, 4, J=8.0 iz, CHZ), 1.25 (t, 6, J=7.5 Hz, CHB), 1,00 (t, 6,
J=8,0 Hz, CHB) ppm,

Anal, Calcd for GQHZQSZ: Cy 56,193 H, 10,48, Found: C, 56.41;
H, 10,28,

2,2-Diethyl-l.3-dithiane. The general thioketalization procedure

(1.05 m1, 10 mmol, 3- pentanone; 3,01 ml, 11 mmol, 39) gave, after
chromatography, .23 g (95.0%, of the product; ir (neat) 2970-2825,

1450, 1418, 903, 877 cm™~: nmr (6C1,) 4 2.75 (=, ¥, SCH,), 1.95 (m, 2,
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CHZ), 1.90 (q, 4, cnz), 0.95 (t, 6, CH3) ppmi exact mass (75 eV)
m/e calcd 176.069, observed 176,069,

#y»~Dimethylthiotoluene, The general thioketalization procedure

(1,16 m1, 10 mmol, acetophenone; 3.20 ml, 22 mmol, 26) gave, after
chromatography and molecular distillation (80°/0.07 mm Hg), 1.53 g
(78.0 %) of the product; ir (neat) 3055, 2975-2820, 1593, 1442, 1259,
990, 860, 845, 695 cn™li nmr (CCL,)§ 7.60 (m, 5, aryl-H), 2,10 (s,
6, SCHB), 2,05 (s, 3, CHB) PPl.

Anal, Caled for CygH,,S,: C, 60.55; H, 7,11, Found: C, 60.64;
Hy 7.05.

»y,2~Diethylthiotoluene., The general thioketalization procedure

(1,16 ml, 10 mmol, acetophenone; 3.60 ml, 22 mmol, gé) gave, after
chromatography, 2,11 g (93.0 %) of the product; ir (neat) 3055,
2965-2930, 1582, 1440, 695 cm™~; nmr (CC1,)§ 7.60 (m, 5, aryl-),
2.62 (qy 4, J=7.5 Hz, SCHZ), 2.10 (s, 3, CHB), 1.30 (t, 6, J=7.5 Hz,
CH3> PR,

Anal. Calcd for C,oH 885t Ca 63,37 H, 8.01. Found: C, 63,41
H, 7.80,

1,1-Dimethylthio-2-methyloropane. The general thiocketalization

procedure (0,91 ml, 10 mmol, isobutyraldehyde; 3,20 ml, 22 mmol,lgé}
gave, afier chromatograrhy and molecular distillation (80°/0.04 mr Hg),
1,28 g (85.0 %) of the product; ir (neat) 2960-2870, 1460, 1435,
767 cm_lg nmr (CClu}S 3.42 (4, 1, J:=6.0 Hz, SCH), 2.11 (s, 6, SCHB),
1.97 (m, 1, CH), 1.15 (d, 6, J=6.0 Hz, CHy) ppm.

Anal, Calcd for 06H1h82= C, 47.94; H, 9.39. Founds C, 47,88;

B, 99“‘.‘2;
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1,1-Diethylthio-2~methylpropane. The general thioketalization

procedure (0,91 ml, 10 mmol, isobutyraldehyde; 3.60 ml, 22 mmol, ;@)
gave, after chromatography, 1,65 g (92.0 %) of the product; ir (neat)
2962-2930, 1450, 1260 cn™ 3 mar (CC1,)§ 3.62 (d, 1, J=5.0 Hz, CH),
2.64 (q, 4, J=8.0 Hz, SCHZ), 2.05 (m, 1, CH), 1.28 (t, 6, J=8.0 Hz,
SCH,CH,
Anal, Caled for CgH, gS,: C, 53.87; H, 10,17, Found: C, 53.69;

), 1.10 (4, 6, J=5.0 Hz, CH3> PP,

H’ 9.87.
2-(1-Methyl)-ethyl-1,3-dithiane, The general thioketalization

procedure (0,91 ml, 10 mmol, isobutyraldehyde; 3,01 ml, 11 mmol, 22)
gave, after chromatography, 0.11 g (70.0 %) of the product; ir (neat)
2960-2820, 1452, 1415, 1272, 905 765 cm"l; nmr (cc14)53.60 (d, 1,
RSCH), 2.80 (t, 4, scnz), 2.05 (m, 1, CH), 2.05 (p, 2, scnzcgz),
1.15 (4, 6, CHB) ppm; exact mass (75 eV) m/e calcd 162.054, observed
162,055,

2,2-Diethylthio-4-methyl-4-trimethylsiloxypentane., The general

thioketalization procedure (1.16 g, 10 mmol, 2-hydroxy-2-methyl-
pentan-b-one; 5,40 ml, 33 mmol,fzg) gave, after chromatography,
2,72 g (92.0 %) of the product; ir (neat) 2980, 2930, 2870, 1445,
1250, 1170, 1035, 858, 840, 750 em™ i nar (CC1,)§ 2.65 (a, 4, J7.5
Hz, SCHZ), 2.05 (s, 2, CHB), 1.70 (s, 3, CHZ), 1.45 (s, 6, CHB),
1.30 (t, 6, J=7.5 Hz, SCHZC_}%), 0.20 (s, 9, SiCHB) ppm; exact mass

(75 eV) m/e calcd 204,101 for C_H..S.,, observed 204,101,
= 1872

9
Reaction of cholestenone with thiosilane 39. The general thioketaliza-

tion procedure (0.193g, 0.5 mmol, cholestenone; 0,31 ml, 1.1 mmol,

39) gave, after chromatography, C.19 g (81.0 %) of the product;
Nr
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ir (CHC1,) 2940-2850, 1638, 1460, 1378, 1110, 908 en™t: nmr (coc15)
§ 5.45 (s, 1,=CH), 2.90 (m, &4, SCHZ), 2.20-1.10 (m, 30, alkyl),
1.13 (s, 3, CHy), 0.95 (s, 3, Cigy), 0.85 (s, 3, CHy), 0.72 (s, 6,
CH3); exact mass (75 eV) m/e calcd 474,335 for CagttgoSps observed
474,338,

Reaction of cholestenone with thiosilane 40, The general thioketal-

ization procedure (0.385 g, 1,0 mmol, cholestenone; 0,28 ml, 1.1
mmol, &9) gave, after recrystalization from acetone, 0.417 g (90.0 %)
of the productimp 110-112 , 1it, va.lue“2 106-107 ; ir (CHClB) 2970~
2850, 1635, 1460, 1433, 1377, 1370, 1272 cn™t; mmr (CDC1,) § 5.40

(sy 1, CH), 3.30 (m, 4, scaz), 2,30-1.00 (m, 28, alkyl), 1.00

(sy 3, CH,)y 0.90 (s, 3, CHB), 0.85 (s, 3, CHB), 0.70 (s, 6, CHB) DM,

Reaction of androsteredione with thiosilane ﬁg. The general thioketal-
ization procedure (0.274 g, 1.0 mmol, androsteredicne; 0.28 ml,

1.1 mmol, ﬂ9> substituting chloroform for ether, gave 0.408 g

of crude product after 24 hours. Chromatography on silica gel (20 g)
eiuting with petroleun ether-benzene (1:2) gave &é in a 5 % yield

(mp 170-17% , 1it. value ,mp 173-174.5)%%; ir (CHC1,) 2962-2850,

1635 (w) (C=C), 1433, 1130, 1105 em™. Further elution with
benzene-ethyl acetate (19:1) gave &3 in a 91 % yield (mp 170.5-

72,5, 1it, value, mp 1?3-174.5}a2; ir (neat) 3000-2850, 1735 (s)
(C=0), 1635 (w) (C=C), 1433, 1370, 1130,1105 cm™L; nnr (e1e1,) g 5.55

(sy 3,=CH), 3.35 (m, &, SCH,), 2.50-1.20 (m, 19, alkyl), 1.08 (s,

3 CHB)o 0.90 (Sv 3, CHB) ppn,

Reaction of progesterone with thiosilane 40, The general thioketal-

ization procedure (0,315 g, 1.0 mmol, progesterone; 0.28 ml, 1.1
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mmol, Qg), substituting chloroform for ether, gave 0.459 g of crude
product after 24 hours, Chromatography on silica gel (20 g) eluting
with petroleum ether-benzene (1:2) gave ﬁz_in al4 % yield (mp 175-
179°, 1it, value, mp l79—181.5°)42; ir (CHClB) 2970-2860, 1635 (w),

1. Further elution with benzene-ethyl acetate (19:1)

1130, 1105 cm”
gave 46 in a 9% % yield (mp 177-181°, 1it. value, mp 183-1860)42;
ir (CHCl3) 3000-2850, 1690 (s), 1130, 1105 cm™~; nmr (cnc13) § 5.50
(sy 1,=CH), 3.28 (m, 4, SCHZ), 2,10 (s, 3, COCHB), 2.50-1.00 (m,
20, alkyl), LOO(s,3,&%),060(5,3,@%)ppm

Preparation of l-trimethylsiloxy-l-methylthiocyclohexane. To a 25-ml,

round-bottom flask with a nitrogen atmosphere was added ca. 0,001 g
of ZnIz, 2,10 m1 (1.96 g, 0,020 mole) of cyclohexanone and 3,20 ml
(2.70 g, 0,022 mole) of the thiosilane, Eé, vhich was contaminated
with ca. 1 % of the amine, Eé. After 1.5 hour, the reaction was
quenched with water, This mixture was extracted with ether and the
etheral extracts were washed with saturated NaCl solution and dried
over anhydrous sodium sulfate, After filtration and solvent removal,
the residue was filtered through alumina (Activity III) with hexane,
Solvent removal allowed recovery of an 88 % yield of l-methylthio-
1-trimethylsiloxycyclohexane; ir (neat) 2950-2855, 1441, 1251, 1244,
1089, 1050, 835, 750 cm‘ls nmr (cc1u)52.1o (sy 3, SCHB), 1.70 (m,
10, CHZ), 0.25 (s, 9, SiCHB) ppm; exact mass (75 eV) m/e calcd

203,092 for C 5180, observed 203.092,

9"1g
Preparation of l-methylthio-l-trimethylsiloxyheptane. To a 25-ml,

round~-bottom flask with a nitrogen atmosphere was added ca, 0.001 g

of Znl,, 2.80 ml (2.28 g, 0,020 mole) of heptanal and 3.20 ml (2.70 g,
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0,022 mole) of the thiosilane, Eé, which was contaminated to the
extent of 1 % with the amine, ;§. After 1.5 hours, the reaction
mixture was quenched with water. This mixture was extracted with
ether and the etheral extracts were washed with saturated sodium
chloride solution and dried over anhydrous sodium sulfate, After
filtratién and solvent removal, the residue was filtered through
alumina (Activity III) with hexane. Solvent removal allowed the
recovery of a 60 % yield of the product; ir (neat) 2960-2860, 1245,
840, 750 em™T5 nmr (CC1,) $4.70 (¢, 1, CH), 2.05 (s, 3, SCHs ),

1.30 (m, 13, CHZ), 0.25 (s, 9, SiCHB) ppm; exact mass (75 eV) m/e

calcd 219,124 for C $is0, observed 219.123.

1023
Preparation of l-methylthio-l-trimethylsiloxycyclopentane. To a

nitrogen-purged, 25 ml, round-bottom flask was added ca. 0.00lg

of ZnI,, 1.78 ml (1.68 g, 0.020 mole) of cyclopentanone and 3.20 ml

2
(2,70 g, 0,022 mole) of the thiosilane, gé, which was contaminated
with the amine, Eé. After 1.0 hour, the reaction was quenched with
with water and this mixture was extracted with ether, The etheral
extractis were washec with saturated sodium chloride solution and dried
over anhydrous sodium sulfate., After filtration and solvent removal,
the residue was filtered through alumina (Activity III) with hexare,
Solvent removal allowed recovery of a 72 % yield of the product:

ir (neat) 2960-287C, 1245, 840, 753 cm-l; nmr (0014)6'2.15 (s, 3,
SCHB), 1.90 (m, 8, cnz), 0.25 (s, 9, SiCHB) ppm; exact mass (75 eV)
n/e calcd 189.077 for Cgil,,S1S0, observed 189.076.

Preparation of 8-aza-8-carbophenoxy-3-trimethylsiloxy-3-methylthio-

bicyclo [3.2.;} octane. To a nitrogen purged, 50 mi, round-bottom
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flask was added ca. 0.010 g of 2ZnI,, 2.45 g (0.010 mole) of the ketone
and 3.20'ml (2.64 g, 0,022 mole) of the thiosilane, 26. After 24
hours the reaction mixture was quenched with water and this mixture
was extracted with ether, The etheral extracts were washed with
saturated sodium chloride solution and dried over anhydrous sodium
sulfate. After solvent removal, the residue was filtered through
alumina (Activity III) with benzene. The benzene was removed in
vacuo to give an 85 % yleld of the product; ir (CHc13) 3010-2930,

1705, 1410, 1330, 1250, 1095, 1055, 868, 842 cm-l

;mm(mn5)5%85
(m, 5, aryl-H), 4.55 (s, broad,2,NCH), 2.50-2.10 (m, 8, alkyl),
2.25 (s, 3, SCHB), 0.35 (s, 9, SiCH3) DM,

Anal, Caled for C18H27NO3SiSz C, 59.14; H, 7.45., Found: C, 59.13;
H, 7.33.

Reaction of l-methylthio-l-trimethylsiloxycyclohexane with thiosilane

38. To a nitrogen-purged, 10 ml, round-bottom flask was added 0,215 g
P

(0.001 mole) of 32, ca. 0,0001 g of ZnI, and 0.485 nl (0,403 g, 0,003

2
mole) of Qéb Gas chromatographic analysis after 8 hours revealed a

mixture of 3 major constituents, thioketalsfzé,’zz, ﬁﬁ, A high
resclution mass spectra confirmed the existance of’ﬁﬁj exact mass

(75 eV) m/e calcd 190.085 for C.H, S.,, observed 190,085,
- 1872

9

Feaction of 1,l-dimethylthiocyclohexane with thiosilane 38, To a
VY d

nitrogen-purged, 10 ml, round-bottom flask was added C.176 g

(0.001 mole) of Qéb ca. 0,0001 g of ZnI, and 0.323 ml (0.268 g,

2
0.002 mcle) of ;§: Gas chromatographic analysis revealed a mixture;

the 3 major constituents were found to be thioketals 36, 37, and 44,
N A/ o
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Reaction of cyclohexanone with thiosilane, 26, and hexamethyl-
”~~n/

disilazane. To a nitrogen-purged, 5-ml flask was added ca. 0.,0001 g
of ZnIz, 0.10 ml (0.098 g, 0,001 mole) of cyclohexanone, 1 a1 of
amine,‘gg, and 0,32 ml (0.264 g, 0,022 mole) of the thiosilane, 26,
Gas chromatographic analysis after 0.75 hour indicated the majority
of the product was 32 with only a trace of ;é.

Reaction of silylhemithioketal, 32, with thiosilane, 26, in the
~ Pacd

absence of ZnIE, To a nitrogen-purged, 5-nl flask was added 0,22g
(0.001 mole) of the hemithioketal,gzé, and 0,16 ml (0.132 g, 0.0011
mole) of the thiosilane,‘zé. Gas chromatographic analysis indicated
no reaction,

Reaction of cyclohexanone with the thiosilane, 26, and imidazole.
[ d

To a nitrogen-purged, 5-ml flask was added 0,001 g of ZnIZ, 0.10 ml

(0.098 g, 0,001 mole) of cyclohexanone, ca. 0,001 g of imidazole and
0.32 ml (0,264 g, 0.0022 mole) of the thiosilane, Eé. Gas chromato-

graphic analysis indicated conversion to the hemithioketal,;gi,

and a trace of the thioketal, Qé

Reaction of the silylhemithioketal, 32, with the thiosilane, 26,
Favd Vo

To a nitrogen-purgecd, 5-ml flask was added ca. 0,001 g of ZnIz.

0.22 g (0,001 mole) of the hemithioketal, 32, and 0.16 ml (0,132 g,
T~

2,2011 mole) of the thiosilane,‘zé. Gas chromatographic analysis

indicated the thioketal, 36, as the only product.
Y

Reaction of cyclohexanone with the thiosilane, 26, in the absence

P
of ZnIE. To a nitrogen-purged, 5-ml flask was added 0,10 ml (0.098 g,
0.001 mole; of cyclohexanone and 0.32ml (0,264 g, 0.0022 mole) of the

thiosilane, ;é. Gas chromatographic analysis indicated no reaction,
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Preparation of the thiosilane, 38, To a nitrogen-purged, l-liter,

S~

3-necked, round-bottom flask, equipped with a reflux condensor, a
mechanical stirrer and an addition funnel was added 300 ml of
anhydrous ether and 48.0 g (1.00 mole) of NaH (50 % dispersion

in oil), Ethanethiol, 62.1 g (1.00 mole), was added dropwise over
6.0 hours, To the resulting slurry was added 125 ml (108,0 g, 1.05
mole) of chlorotrimethylsilane dropwise over a period of 1.5 hours.
After stirring at ambient temperature for 12.0 hours,the mixture
was filtered under nitrogen and distilled to give a 42 % yield of
the thiosilane, 29} bp 128-130, 1it, valueéu, bp 127-131,

Preparation of the thiosilane, 39. Procedure 1, To a nitrogen-purged,
Va4

250-m1, 3-necked, round-bottom flask, equipped with a reflux
condensor, a mechanical stirrer and an addition funnel was added

100 ml of anhydrous ether, 5,00 ml (5.40 g, 0.050 mole) of propane-
dithiol., While the reaction flask was cocled in an ice bath, 50.0C ml of
n-butyllithium (2.0 ¥ in hexane) was added dropwise over a period

of 0.5 hour, After allowing the reaction mixture to warm to room
temperature, 13.0 mi (10.9 g, 0.10 mole) of chlorotrimethylsilane

was added over a period of 0.5 hour with efficient stirring. Afier the
mixture had reacted at reflux temperature for 24 hours a filtration
under nitrogzen followed by a distillation {bp 75°/0.02 mm Hg) gave
the thiosilane, ;3, in a 40 % yield; nmr (0011+)52.60 (t, 4, J=6.0
Hz, SCHZ), 2,92 (m, 2, CHZ), 0.38 (s, 9, SiCHB) ppm; exact mass

(75 eV) m/e caicd 252,086 for C Si,S.,, observed 252,086,
e 42 2

of2

Preparation of the thiosilane, 39. Procedure 2. To a nitrogen-
Iad

purged, 250-ml, round-tottom flask eguipped with a reflux condensor
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was added 0.30 g of imidazole, 79.0 ml (61.1 g, 0.38 mole) of
hexamethyldisilazane and 10.0 ml (10.8 g, 0,10 mole) of 1,3-propane-
dithiol. The mixture was heated at reflux temperature for 24 hours.

A careful distillation gave 21.6 g (85 %) of the thiosilane, 39,
P

Preparation of the thiosilane, ﬁg. Procedure 1. To a nitrogen-purged,
100-ml, round-bottom flask equipped with a mechanical stirrer, a
reflux condensor and an addition funnel was added 250 ml of
anhydrous ether and 8.4 ml (9.42 g, 0.10 mole) of 1,2-ethanedithiol,
While the reaction flask was cooled in an ice bath, 124 ml (0,20 mole)
of n-butyllithium (1.61 M in hexane) was added dropwise over 0.5
hour, The reaction mixture was stirred efficiently during this
addition, After the mixture was allowed to stand at room temperature
for 3 hours, 26.0 ml (21.8 g, 0.20 mole) of chlorotrimethylsilane
was added and the mixture was heated at reflux temperature for 12
hours, A filtration under nitrogen and a distillation (bp 80°/0.3

63

mm Hg, lit. value ”, bp 145-150740 mm Hg) gave the thiosilane,‘ﬁg,

in a 60 % vield; nmr (cc1u)g 2.60 (s, 4, SCHZ), 0.35 (s, 18, SiCHB;

PP,

Preparation of the thiosilaneirﬁg, Procedure 2, To a nitrogen-purged,
50-ml, round-bottcm flask eguipped with a reflux condensor was

added 0,150 g of imidazole, 35.0 ml {(27.0 g, 0.168 mole) of amine,
29. and 4.2 ml (4.7 g, 0,050 mole) of 1,2-ethanedithiol., This was
allowed to react at reflux temperature for 24 hours and then

carefully distilled to give a 32 % yield of the thiosilane, %9.
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