
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

New Chemistry with Silyl Thioketones
B. F. Boninia

a Dipartimento di Chimica Organica “A. Mangini”, Università di Bologna, Bologna, Italy

To cite this Article Bonini, B. F.(1993) 'New Chemistry with Silyl Thioketones', Phosphorus, Sulfur, and Silicon and the
Related Elements, 74: 1, 31 — 45
To link to this Article: DOI: 10.1080/10426509308038099
URL: http://dx.doi.org/10.1080/10426509308038099

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509308038099
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Suifur,,and Silicon, 1993, Val. 74, pp. 31-45 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1993 Gordon and Breach Science Publishers S.A.  
Printed in the United States of America 

NEW CHEMISTRY WITH SILYL THIOKETONES 

B.F. BONINI 
Dipartimento di Chimica Organica "A. Mangini" Universith di Bologna - Viale 
Risorgimento 4 
40136 - Bologna, Italy 

Abstract. A variety of aryl, alkyl and cycloalkyl silyl thioketones have been 
synthesized, including silyl thioketones chiral at silicon or at carbon. The 
multifold of reactions of silyl thioketones allows the synthesis of compounds 
containing the Si-C-S unit, as well as thioaldehyde S-oxides and derivatives. 

INTRODUCTION 

Our interest in the chemistry of silyl thioketonesla$b is associated with the high 
reactivity of the carbon- sulphur double bond in either nucleophilic or electrophilic 
addition as well as in cycloaddition reactions. The various reaction modes allow the 
synthesis of a variety of compounds containing the Si-C-S unit2. A characteristic 
feature of thiocarbonyl compounds is that they, at least in principle, can be oxidized to 
the corresponding S-oxides. In addition, silyl thioketones can serve as synthetic 
equivalents of thioaldehydes, as the silicon can easily be replaced by a proton at the 
stage of the reaction  product^.^^*^*^ 
The multifold of reactions of silyl thioketones is illustrated in Chart 1. 

CARBOPHILIC THlOPHlLlC 
ATTACK ATTACK 

c=s t-- OXIDATION 
\ 
/ 

DESILYLATION HR'3si 'u CYCLOADDITION 

Chart 1 

In the past years we synthesized a variety of silyl thioketones with R being an aryl, 
methyl, tert-butyl group and including silyl thioketones which are chiral at silicon. The 
present review summarizes the advances obtained in our group. 
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32 B.F. BONINI 

AROMATIC AND ALKYL SILYL THIOKETONES 

Of the several methods that can be used to prepare thioketones, the acid-catalysed 
reaction of acylsilanes with hydrogen sulphide is the method of c h ~ i c e . ~ ~ , ~  This 
thionation method when performed at low temperature allows the synthesis of 
thermally labile silyl thioketones (Chart 2). The experimental conditions, however, are 
rather critical. Too long reaction times lead to disappearance of the blue colour of the 
thione due to the addition of a molecule of hydrogen sulphide to the thione, to give 
colourless gem-dithiols. In the case of aliphatic derivatives (R=Me, t-Bu in Chart 2), 
these compounds can be isolated and fully characterized. lb Subsequent washing of the 
ethereal colourless solution with saturated aqueous sodium hydrogen carbonate gives 
back the thione. The thermal stability of aryl silyl thiones is limited and they are slowly 
transformed into trimers on standing.6 The more thermally stable mesityl thiones can 
be prepared from the acylsilanes with Lawesson reagent in boiling toluene. The t-butyl 
derivative can be stored at -2OOC for many months without noticeable decomposition. 

R R R 

c=s 
H2S I HCI \ 
___.) 

\ 

/c=, ether, -2O'C R,3Si / 
R,Si 

yield 40-90% 

R = Ar, Me, 1-Bu; R' = Me, Ph 

yield 66-72% 

Chart 2 

Special mention should be made of the decomposition of the methyl silyl thioketone. 
The products 1 and 2 (Chart 3) could be isolated from the decomposition mixture. Their 
formation can be rationalized by assuming enethiolization and subsequent thiophilic 
addition of enethiol to the thioketone to produce 1 and a carbophilic reaction of 
enethiol to give 2. lb These dimerizations have not been observed before. Remarkably, 
methyl thioketones show no tendency to exist in the enethiol form, such as methyl 
tert-butyl thi~ketone.~ 
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S SH 

____) 
CH, K SiMe, - 

1 

Chart 3 

2 
1 :2=75:25 

Thiophilic addition reactions 
It is well documented that thioketones undergo thiophilic addition reaction upon 
treatment with organolithium reagents. This behaviour is also exhibited by silyl 
thioketones and allows the preparation of a-silyl sulphides in good yields (Chart 4).1b95 
These thiophilic reactions are probably facilitated by the silyl group due to the 
stabilizing effect of the silyl group on the intermediate a-silyl carbanion. The silyl 
sulphides can be used for further synthetic pourposes, especially by making use of 
fluorodesilylation in the presence of carbon electrophiles, such as aldehydes and 
enones. The best results were obtained with aromatic aldehydes and cyclohexenone 
when proper anhydrous conditions were used to minimize protodesilylation.* 

SR" SR" 
CSF A ___) L /I E=ArCHO,RCHO, 

Ph SiMe3 CH$N Ph E 

27-73% 1,4-addition 

Chart 4 
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34 B.F. BONINI 

Cycloaddition with 1,3-dipoles,dienes and heterodienes 
As stated in the introduction thiocarbonyl compounds are prone to undergo 
cycloaddition reaction. Treatment of silyl thioketones with diaryldiazomethanes leads 
to silylated thiiranes in excellent yields5 (Chart S).These products are probably formed 
via an initial cycloaddition to a thiadiazoline which readily looses a nitrogen molecule 
to yield the three membered sulphur heterocycle. Desulphurization of these products 
with triphenylphosphine leads to vinyl silanes as shown in Chart 5. Oxidation with one 
equivalent of mCPBA results in the corresponding thiirane S-oxides in good  yield^.^ 

50-1 00% 80-1 00% 

R=Me ,Ph : Ar=Ph , C6H4Me -p ; At=Ph ,C6H4 OMe -p , C6H4 Me -p 

Chart 5 

Silyl thioketones react also with various 1,3-dipoles e.g. nitriloxides, nitrilimines and 
nitrilylides to give silyl substituted 5-membered heterocycles. lo Heterodienes such as 
nitrosostyrene' and propenoylsilane,12 similarly produced 4-membered cycloadducts. 
[4+2] Cycloaddition of silyl thioketones with 1,3-dienes represents an easy and high 
yielding approach to silyl dihydrothiopyrans (Chart 6).4 A variety of dienes has been 
utilized for this purpose. Protodesilylation of these adducts with TBAF leads to 
products formally derived from thioaldehydes. In the case of aryl substituted 
cycloadducts the desilylation took place smoothly at room temperature, however, alkyl 
substituted derivatives are much more reluctant in this respect;drastic conditions, i.e. a 
reaction temperature of 1 10"C, were required for the tert-butyl compound, while the 
methyl substituted adduct failed to undergo desilylation at higher temperature. lb 

Oxidation of the aryl silyl thioketone cycloadducts using mCPBA at -50°C did not 
produce the corresponding S-oxides but thiacyclohexadienes. This can be explained by 
the initial formation of the expected sulphoxide followed by a thermal Sila-Pummerer 
rearrangement to give an 0-silyl monothioacetal which on subsequent elimination of 
silanol leads to the diene4 (Chart 7). Oxidation of the tert-butyl substituted cycloadduct 
produced however the stable E-sulphoxide and, in addition, 23% yield of 
6-t-butyl-2H-thiopyran derived from a Si-Pummerer rearrangement of the 
Z-sulphoxide.The different behaviour of the two a-silyl sulphoxides with respect to the 
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NEW CHEMISTRY WITH SILYL THIOKETONES 35 

yields > 80% 

R = Ph, 1-Bu, Me; R' = Me, Ph; R" = H, Me 

R = A r  90-100% 

R = M e  0% 
R =  t-BU 30% 

Chart 6 

Si-Pummerer rearrangement is probably related to the conformational properties of the 
thiacyclohexene ring where the presence of the tert-butyl group prevents the interaction 
between silicon and oxygen in the E-sulphoxide. 
Fluorodesilylation of the E-sulphoxide with TBAF in boiling THF leads to a mixture of 
Z(retention of configuration) and E(inversion of configuration) isomers in a ratio of 
2 5 1 ,  implying that this reaction is not stereospecific. The products obtained (Chart 7) 
are the formal adducts of t-butyl thioaldehyde S-oxide with 2,3-dimethyl butadiene.Ib 
The configurational and conformational assignments of these heterocycles as well as of 
the corresponding sulphones and sulphonium salts were secured by 13C and 1 7 0  NMR 
spectral analysis. l3 

Silyl sulfines 
A variety of thiocarbonyl compounds has been oxidized to the corresponding S-oxides 
(~ulfines). '~ In a similar manner silyl thioketones could be converted into silyl 
sulphines (Chart 8) in excellent yields. When the R group is sterically unhindered 
(R=Ph,C,H,CH,-p,C,H4cl-m) only the E-isomers are obtained. In contrast, substrates 
with R= mesityl or t-butyl groups give a mixture of E and Z isomers in a ratio 66:34 
and 60:40, re~pectively.,~ This behaviour is probably attributable to a comparable steric 
size of the tert-butyl or mesityl groups and the trimethylsilyl group implying that there 
is no clear kinetic preference for one S-oxide isomer during the oxidation reaction. It is 
of interest to note that attempted purification of aryl silyl sulfines on silica gel causes a 
partial protodesilylation to the corresponding thioaldehyde S-oxides. 

Mono-substituted sulfines (thioaldehvde S-oxides) 
In the sulphur literature only a few examples of thioaldehyde S-oxides 
(mono-substituted sulfines) have been r e p ~ r t e d . l ~ ~ . ~ $ ~  The oxidative route is not feasible 
because of the instability of thioaldehydes. Desilylation of the silyl sulfines mentioned 
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36 B.F. BONINI 

E 
50 % ; STABLE! 

t-Bu 

23 % 

no + Do i H  

s 1-Bu 

SiMe, H 1-Bu 

E z E 

UE = 2.5 

Chart 7 

R R R 
\ mCPBA \ 

W,Si R,Si R,Si 

E z 

Chart 8 

above offers an unique possibility of preparing mono-substituted sulfines in an indirect 
wayhdeed, treatment of silyl sulfines with an equimolar amount of TBAF in 
THF/H,O at -4OoC, is a mild procedure for the synthesis of mono-substituted aromatic 
and aliphatic thioaldehyde S - o x i d e ~ . ~ ~ ? ~  The stereochemistry of the desilylation process 
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was given detailed attention. It was found that in general the displacement of silicon is 
a stereospecific process, occurring with retention of configuration in the entries 1-3 
(Chart 9). In contrast however, with mesityl substituted sulfine loss of stereochemical 
integrity was observed during the desilylation process. Starting from either pure E or Z 
mesityl silyl sulfine (entries 5 and 6) the same mixture of Z and E thioaldehyde 
S-oxides in a ratio 9 5 5  was obtained. Similar results were obtained with tert-butyl silyl 
sulfine (entries 7 and 8 in Chart 9). 

R 

R R 

Isomers ratio isomers ratio yield% 
I II 

TBAF \ 1 Ph E Z:E=99:1 75 

/ THF/H,O / 2 CeH4-CH3-p E Z:E=99.5:0.5 05 

3 cgH4-CI-m E ZE=99:1 63 

c=so-------) c=so \ 

H 
-4O'C 

Me,Si 

I 
E:Z=66:34 Z:E=95:5 90 4 Mes 

Z:E=95:5 90 5 Mes E 

Z:E=95:5 90 6 Mes Z 

ZE=77:23 69 7 t-Bu E 

8 t-Bu E:Z=60:40 Z:E=70:30 44 

II 

Chart 9 

It has been demonstrated that loss of configurational integrity is attributable to an 
equilibration of thioaldehyde S-oxides in the presence of TBAF, via an 
addition-elimination reaction of fluoride ion. Pure Z-mesityl sulfine in the presence of 
one equivalent of TBAF gives a 9 5 5  mixture of Z and E sulfines (this ratio was also 
obtained during the desilylation), while in the absence of fluoride no isomerization is 
observed (Chart 10). 

Mes Mes 

H H 
* 

H 

Z Z 

95% 

E 

5% 

Chart 10 

The monosubstituted 2-aryl sulfines prepared above were subjected to cycloaddition 
with 1,3-dienes at ambient temperature. Mixture of Z and E cycloadducts were 
obtained in good yields (Chart 1 l).The relative amount of the two sulphoxides depends 
on the initial dienehlfine ratio, the higher this ratio the more Z adduct was 
produced. l6 This finding contrasts with the normal behaviour of unsimmetrical sulfines 
in [4+2] cycloaddition reaction which occurs with retention of stereo~hemistry.'~ 
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38 B.F. BONINI 

The deviant result with monosubstituted sulfines can be rationalized by invoking a Z to 
E interconversion of sulfines under the condition of the cycloaddition reaction and a 
much faster cycloaddition of the E sulfine compared to the Z sulfine. In fact the 
cycloaddition is a typical example of the Curtin-Hammet principle.'* 

R \ ?  + R X  - r.t " ~ 1  + "G: 
H /c=s 

R' R' $ R' 
H 'R 

42-96% 

R )=;7 
H 

2 

RG: R' ',iH 

R 

4 -+ )=?I 
H 0 

E 

kE >> kz 

Chart 11 

SILYL THIOKETONES CHIRAL AT SILICON 

R-(-)-methyl-a-naphthyl-phenylsilyl phenyl thioketone was readily prepared from the 
corresponding carbonyl compound. l9 Reaction with dienes and organometallics were 
carried out in order to establish the ability of transferring chirality from silicon to 
carbon. Appreciable diastereoselectivity (50%d.e.) was found in the cycloaddition of 
this chiral thione with buta- 1,3-diene at -78OC. Protodesilylation of the diastereomeric 
mixture with TBAF gave dihydrothiopyran with 51% e.e.20 A similar 
diastereoselectivity was found21 in reaction of the chiral thione with organolithium and 
Grignard reagents, which gave a-silyl sulphides with d.e. values ranging between 35 
and 76%. The mixture of diastereomeric a-deuterio-a-silyl benzyl methyl sulphides 
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NEW CHEMISTRY WITH SILYL THIOKETONES 39 

(bottom line in Chart 12) gave on protodesilylation a-deuterio benzyl methyl sulphide 
with 45% e.e. These results lead to the conclusion that in both cases protodesilylation 
occurs stereospecifically without loss of induced chirality (Chart 12). 

I J 

R = Me, n-Bu, t-Bu, Ph, p-To1 

E = H , D  

M = Li, MgX 

kSR Ph 
RM E 

Si' 
)=s ++ 

Si' 

35-76% d.e. 

kSMe k s  - si' Li si' D 

Ph MeLi ksMe CD,oDL SMe TBAF 

Si* 

48% d.e. 

Chart 12 

45% e.e. 

CYLOALKYL SILYL THIOKETONES 

The silyl thioketones discussed so far carry an aryl or alkyl substituent. It is of interest 
to include cycloalkyl silyl thioketones bearing a hydrogen atom at C a  in order to study 
the involvement of enethiolization in the reaction of silyl thioketones. An additional 
attractive feature of a cycloalkyl substituent .is that a chiral centre can be introduced at 
Ca or in a more remote position of the cycloalkyl unit. In this manner silyl thioketones 
chiral at carbon can be made available. The selected cycloalkyl substituents are shown 
in Chart 13. The compounds in entry 5 are of particular interest as they are accessible 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
5
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



40 B.F. BONINI 

from natural occurring myrtanol. For the synthesis of cycloalkyl silyl ketones, the 
corresponding cycloalkane carboxylic acid chlorides are suitable starting materials. 
Best results were obtained with bis(dimethylphenylsily1)copper lithium22 as the 
silylating agent, in fact this reagent has not been used before for such a pourpose. 
Thionation was performed as described earlier by using H,S and HC1 at low 
temperature. Good yields were obtained with all the substrates , except for the 
dihydrochrysantemyl case (Chart 13 entry 4). 

(PhMe2Si)2CuLi 

R - - 7 a ~  

entry R 

H2S/HCI 
___) 

R ii SiPhMe, -30ac 

yield % 

1 n 
2 

Me 

69 

40 

71 

59 

65 

R 'SiPhMe, 

yield % 

85 

95 

82 

70 

Chart 13 

During thionation of the cyclopropyl derivative (Chart 14) it was noticed that the 
reaction conditions for this process are rather critical: when an excess of HC1 is present 
ring opening is observed with the formation of a chloro enethiol, which, by 
chromatography on silica gel or with base treatment, cyclizes to a dihydrothiophene 
derivative. In the case of dihydrochrysanthemyl silyl ketone all attempts to accomplish 
thionation failed. Only the formation of an enethiol could be achieved (Chart 14). 
The cycloalkyl silyl thioketones undergo [4+2] cycloaddition with 1,3-butadiene to 
yield a-silyl dihydrothiopyrans. It is quite remarkable that these adducts cannot be 
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SiPhMe, R=R'=H 

COSiPhMe, - Si02 or K$03 1,?1SiPhMe2 

H SH 

R = R ' = H  

R = Me ; R' = iso-Butyl 

70% 

60% 

33% 

Chart 14 

desilylated using fluoride reagents. To solve this problem these adducts were oxidized 
to the corresponding sulphones and then subjected to desilylation conditions. As 
expected, these silyl sulphones (Chart 15) can be readily protodesilylated at room 
temperature for which CsF in CH,CN/H,O is the reagent of choice. The resulting 
desilylated sulphones are formally derived from thioaldehyde S,S-dioxides (sulfenes). 
It should be noted that sulfenes when generated by dehydrochlorination from 
alkanesulfonyl chlorides with base do not undergo [4+2] cycloaddition reaction with 
dier~es.,~ This indirect method is an attractive alternative. The chiral myrtanyl 
substituted silyl thioketone (entry 4) undergoes the Diels-Alder reaction with butadiene 
in an acceptable chemical yield and with an acceptable asymmetric induction (d.e. 
80%). The stereoselectivity was determined by detailed analysis of a 400 MHz 
'H-NMR spectrum. Desilylation of the optically active silyl sulfone in entry 4 (Chart 
13, using CsF in MeCN/H,O at ambient temperature, proceeds with a considerable 
loss of optical purity. Apparently, the intermediate formed on desilylation is not 
configurationally stable (probably a a-sulfonyl carbanion). 
Oxidation of cycloalkyl silyl thiones with mCPBA results in the formation of the 
corresponding E-sulfine, which apparently is the kinetically preferred product (Chart 
16). In spite of the fact that these substrates contain an enethiolizable a-hydrogen, no 
problems were encountered in the sulfine synthesis. Desilylation of the silyl sulfines, 
using an equimolar amount of CsF in MeCN/H,O mixture with sonication, gave 
thioaldehyde S-oxides (monosubstituted sulfines) in a similar fashion as described 
above (Chart 8) for aryl and tert-butyl cases. The geometry of the sulfines is almost 
completely retained in this silyl displacement reaction, in agreement with the 
observation reported above (Chart 9). The myrtanyl sulfine constitutes a special case: it 
is in fact the first enantiomerically pure thioaldehyde S-oxide ever prepared 
[a]D-4O0(C=2 in C,H,,) (entry 4 Chart 16). The assignment of sulfine geometry was 
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42 B.F. BONINI 

R SiPhMe, GR ___) MeOH, oxone O C  GR ___) CH3CN, CsF r.t. (& R 
SiPhMe, Si Ph Me, H 

entry R yield % yield% yield % 

1 n 6o 90 81 

2 0 63 82 86 

3 50 82 

4 70 (d.e.=80%) 70 (d.e.=81%) 84 (d.e.=38%) 

Chart 15 

done on the basis of lH-NMR analysis: the predominant thioaldehyde S-oxide, which 
has a typical low field proton in the range of 7.65-8.35 ppm is assigned the Z-geometry 
on the basis of a comparison with NMR data for aromatic3b and aliphatic15a 
thioaldehyde S-oxides. 
Finally, the reaction of cycloalkyl silyl thiones with organolithium reagents will be 
described. The reaction of cyclopropyl silyl thioketone is taking a deviant course due to 
the involvement of enethiolization (Chart 17). In the presence of methyl iodide the 
initially formed enethiolate could be trapped, otherwise complete decomposition is 
taking place. The reaction of the corresponding silyl sulfine shows a contrasting 
behaviour on treatment with MeLi. The isolated product is a mixed acetal as shown in 
Chart 17. The formation of this product can readily be explained by assuming an initial 
thiophilic reaction at the sulfine moiety to give an a-substituted silyl sulfoxide and a 
subsequent Brook rearrangement to the ultimate product. Apparently this sulfine having 
an enethiolizable a-hydrogen, shows a normal thiophilic behaviour towards MeLi and 
no involvement of the tautomeric vinyl sulfenate. The different behaviour between the 
thioketone and its S-oxide is quite remarkable. 
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0 

SiPhMe, - A  -4O‘C R SiPhMe, sonication 

CSF I CH3CN 
___) 

*S 
m-CPBA 

at r.t. 

R 

E 

entry R yield 

R 

Z E  - 9a:2 

yield Yob 

1 n 
2 

3 0 
4H 4 

a) based on the starting ketone 

b) after chromatography 

RLi 

SiPhMe, 

77 

64 

80 

48 

Chart 16 

27 

42 

60 

too 

[aID=-40 (c=2.0 in C6H1 2) 

CH31 dCH3 
SiPhMe, SiPhMe, 

decomposition 
products 

0 
*S r CH3 

‘so SCH, 
Si-Pummerer -b 1) CH3Li 1 its.--] ob 

-OSiPhMe, 

8 S i P h M e 2  2) H+ H 

Chart 17 
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