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THIOPHENE DERIVATIVES OF 
GROUP IV B ELEMENTS 

E. LUKEVICS, A. E.  SKOROVA and 0. A. PUDOVA 
Institute of Organic Synthesis, Latvian SSR Academy of Sciences, Riga, USSR 

INTRODUCTION 

Aromatic and  heteroaromatic derivatives of group IV B elements ArMR3 (M = Si, Ge ,  
Sn ,  Pb)  belong t o  one of the most interesting classes of compounds from a theoretical 
point of view. The  electronic effects observed in these compounds cannot be accounted 
for  by the positive inductive influence of the MR3 group. The  electron acceptor proper- 
ties of elementorganic substituents with respect to the aromatic ring are  still'poorly un- 
derstood and  are  commonly explained by the interaction between the r-electron system 
of the aromatic ring and  the vacant d-orbitals of the element a tom (p,-d, interaction). 

To date, the results of experiments with ~ h e n y l ' - ~  and  fury14 derivatives of group IV B 
elements have been surveyed in review articles. The  reviews available on  thiophene de- 
rivatives are rather not easily accessible5j8 o r  deal with only specific aspects 
of synthesis and  chemical properties, mainly of t h i e n y l ~ i l a n e s . ~ ~ ~ - ~  At the same time, in- 
tramolecular electronic effects can be conveniently studied in thienylsilanes, -germanes, 
-stannanes, and -plumbanes. Moreover, some organosilicon and  -germanium com- 
pounds have been found to  exhibit specific biological activity. 

Bearing in mind the aforesaid we present here a survey of literature data  and  our  own 
experimental results concerning synthesis, chemical, physico-chemical and  biological 
properties of thiophene derivatives of group IV B elements which had appeared in the 
literature before 1982. 

I. METHODS OF SYNTHESIS 

I .  I .  Synthesis of derivatives with an elementorganic substituent at the thiophene ring 

Thiophene derivatives of group IV B elements are  commonly obtained in the laboratory 
using the reaction of t h i e n y l l i t h i ~ m ~ - ' ~  or  thienylmagnesium  halide^'^-^^ with 
or alkoxysilanes,'3-15.'8,~4~25 halo-14,15,27 and e th~xygermanes , '~  halo~tannanes""~-'~~~*-~~ 
and halo plum bane^.'^-'^^^^^^^ The  reaction proceeds in a n  inert solvent (ether, tetrahy- 
drofuran, hexane) and  in the case of thienyllithium yields 60-80% of the thienyl deriva- 
tive RsMAlk3 (Rs = thienyl). 

In the reaction between thienylmagnesium bromide and  Me4-,MCI,, the transition 
from thienylgermanes to  -silanes and  -stannanes is accompanied by lower yields of prod- 
ucts. The same effect is observed with increasing number of thioDhene rings attached t o  
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178 E. LUKEVICS, A. E. SKOROVA AND 0. A. PUDOVA 

n QMgBr + ClnMMe4-n- (p) MMe4,n + n M g B r C l  
n 

M = Si, Ge, Sn (n = 1-4); M = Pb (n = 1) 

This is contrasted by tetra-(2-thienyl)-germane and tetra-(2-thienyl)-stannane, their 
yields being twice as high as those of methyltri-(2-thienyl)-germane and methyltrk(2- 
thieny1)-stannane and amount to 60%. On the other hand, we failed to  obtain tetra- and 
trithienyl derivatives of silicon in yields above 10% due to  only partial substitution of 
chlorine atoms. Higher yields of tetra-(2-thienyl)-silane could be achieved with excess 2- 
thienylmagnesium iodide16 and by treating 2-thienyllithium with t r i c h l ~ r o s i l a n e ' ~ ' ~ ~  (a) 
and t e t r a e t h o x y ~ i l a n e ' ~ ~ ~ ~  (b): 

S b) Si(OEt)4 S 

Organometallic synthesis provides thiophene derivatives with various functional sub- 

rine18.23.24 or  ethynyl,26 ~ inyl , " '~ '  chloromethyl," and e t h o ~ y ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  groups at  the sil- 
icon atom, thienylgermane with ethoxy groups, l 3  thienylstannanes with and 
vinyl  group^,^'-^^ thienylplumbanes with chlorine attached to the lead atom34 have been 
synthesized: 

stituents at the group IV B element. Thus, thienylsilanes with h y d r ~ g e n , " , ' ~ - ~ ~  chlo- 

I 

S I 
n z  + C1M-X - 

Z = L i ,  M g C 1 ;  M = Si, G e ,  Sn, Pb; 

X = H, C 1 ,  OEt, CH2=CH, HCIC, C H 2 C 1  

Disilyl derivatives have been obtained by treating 2,5-dimagnesium2* and 2,5-di- 
lithium35 derivatives with chlor~silanes: 

BrMg-(-$ MgBr + 2 P h R S i H C 1  - P h R S i a  SiRPh 
H ' S i  

If the thiophene ring contains functional substituents resistant to the action of organo- 
lithium compounds, silyl groups are introduced into the molecule by way of organo- 
lithium ~ y n t h e s i s : ~ ~ - ~ ~  

A similar reaction can be performed using organophosphorus derivatives of thio- 
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THIOPHENE DERIVATIVES 179 

c 
Me3SiC1 

L i  9 CH2NMe2 

Me3SiC1 
L i  -Q cF=cFc1 Me3Si a S CF=CFCl 

A single44-46 or chlorine atoms in perchloro derivatives of thiophene can be se- 
lectively substituted for lithium. It is also possible to obtain trichloro-2-thienylmagne- 
sium chloride from ’tetrachlor~thiophene.~~ The resulting organometallic derivatives 
have been used as starting compounds to obtain thienylsilanes with chlorine atoms in 
the thiophene ring. 

Lithium diisopropylamide, a highly selective metalating agent,49-5’ leads to proton- 
lithium exchange, even in compounds with active groups, resulting in thienylsilanes 
with diverse substituents in the ring: 

( i -P r )2NLi  Me3SiC1 * M e 3 S i e  
S 

X = B r ,  NOZ,  COOH 

A convenient procedure has been developed for the synthesis of thienylchloro- and 
thienylorganochlorosilanes that involves interaction between chloro-, organylchloro- 
silanes, vinyltrichlorosilane, or hexachlorodisilane with t h i ~ p h e n e ~ ~  and its chloro de- 
r i v a t i v e ~ ’ ~ - ~ ~  in the gas phase. Passage of thiophene and trichlorosilane vapors through 
a tube heated to 600°C gives 2-thienyltrichlorosilane (20% yield) together with negligi- 
ble amounts of the 3-i~omer:’~ 

Q- siCl3 i- H2 Q + HSiC13 - 6OO0C 

Trichlorosilane reacts with 2-chlorothiophene along three pathways:52 

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



180 E. LUKEVICS, A. E. SKOROVA AND 0. A. PUDOVA 

Similarly, 2,5-disilyl substituted products are obtained from 2,5-dichloro- 
t h i ~ p h e n e . ’ ” ~ ~ - ’ ~  

The kinetics of the reactions of 2-chlorothiophene with methyldichlorosilane and 
trichlorosilane have been studied by adding initiators and inhibitors of radical reactions 
to the mixture.60 Two mechanisms have been proposed based on the character of the ac- 
tive species formed: silyl radicals or  silylenes. As at 520-580°C no side products are 
formed, the reaction apparently involves SiC12, whereas at higher temperatures the 
.Sic13 radical takes part in the process leading to side products. 

The gas phase method of synthesis conducted at high temperatures can be used to 
prepare a variety of thienyl-containing organosilicon compounds. For example, the 
reaction of halothiophenes with thienyldichlorosilane yields dithienyldichloro~ilane:~~’~~ 

Thienylchlorosilane condensation with chlorobenzene and vinyl chloride proceeds in 

Co-pyrolysis of hexaehlorodisilane with methyl-(2-thienyl)-dichlorosilane affords 
a similar fashion.63 

heterocyclic products containing a disilylmethylene g r o ~ p : ~ ’ , ~ ~  

Pyro 1 ys is  
C 1  3S  is i C 1  c : S i C 1 2  

1 

Dichlorosilylene formed during hexachlorodisilane pyrolysis is believed66 to attack 
the C-H bond of the methyl group at the silicon atom; the following step involves clo- 
sure of the ring. The yield of 4,4,6,6-tetrachloro-4,6-disila-5H-cyclopenta[2,3-~]thiophene 
amounts to 20%. 

Thienyltrichlorosilane and some of its derivatives can be obtained from halothio- 
phenes not only in the gas phase, but also by treating the latter with hexachlorodisilane 

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



THIOPHENE DERIVATIVES 181 

or  trichlorosilane in the presence of a tertiary amir~e.~’ The reaction occurs at the boiling 
temperature of the reaction mixture. 

A convenient method has been devised for thienyltribromogermane synthesis by boil- 
ing a mixture of 2-iodothiophene, germanium tetrabromide, and copper powder:68 

cu eI + G e B r q  - mGeBr3 + 
S S 

Besides the monothienyl derivative the reaction also gives dithienyldibromoger- 
mane6* (13% yield). 

Dithienyldiiodostannane was synthesized from 2-iodothiophene and tin by heating 
them to 150°C in a nitrogen atmosphere in the presence of pyridine and trieth~lamine:~’ 

A dithienyl derivative of lead is formed at room temperature in the solution of an or- 
ganic tetravalent lead salt in excess thi~phene:~’ 

(i-PrCOO)4Pb - ePb(OOCPr-i)3- 

An unstable monothienyl product is first formed which is later converted into a di- 
thienyl derivative. 

1.2. Synthesis of thiophene derivatives with a group ZV B element in the side chain 

Organomagnesium synthesis is equally applicable to the synthesis of compounds in 
which the thiophene ring is separated from a silicon26 or tin7’ atom by a carbon chain: 

CH2MgC1 + FSi(CH3)2C=CH - 0 CH2Si(CH3)2CzCH 
C(CH3)2CH2MgC1 + SnC14 - [(-)--C(CH3)2CH2 1 SnCl 

l-Cyclopropyl-l-(2-thienyl)-ethylene treated with butyllithium yields after subse- 
quent trimethylchlorosilane treatment a vinyl derivative7’ with the cis- and trans-iso- 
mers in the ratio 1.2:5: 

B u L i  
O C = C H 2  

s A  
Me3SiC1 @ZBU - ()-?EEH2CH2SiMe3 

7- CH2CH2Li 
H 

Treatment of 2-(2,2-dichloro-l-fluoroethenyl)-thiophene with two equivalents of 
butyllithium affords lithium acetylides. Further addition of butyllithium lithiates the 5- 
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182 E. LUKEVICS, A. E. SKOROVA A N D  0. A. PUDOVA 

position of the heterocycle to  give a dilithium compound which serves as key interme- 
diate for synthesis of silylated ethynylthi~phenes:’~ 

2BuLi BuLi 
CF=CC12 ____c Q- CECLi - 

S 

CF2=CC12 Me3SiCl 
Li 9- CaCLi - CC1 2=CF a CdXi c 

S 

CzC S iMe 
2BuLi 

CC12=CF-(-)- C=CSiMe3 - LiCrC 
S 

C=CS iMe3 

The reaction of bromoethynyltrimethylsilane with 2-thienylcopper gives a compound 

Me3SiC1 
Me3SiCsC 

where the thiophene ring is separated from silicon atom by an ethynyl 

CsCSiMe3 + CuBr Q- 0 Cu + BrCiCSiMe3 - 
S 

Silylation of unsaturated  ketone^,'^ nit rile^,^^ and a m i d e ~ ~ ~  in the thiophene series 
using the Me$3Cl-Mg-hexamethapol system occurs in position 1,4 with ketones and 1,2 
with nitriles and amides: 

Me3SiC1/Mg 
’ 0 yH-CH=C-CH3 

LiA1H4 * Q~;ccH2-cH-CH3 

1 
0 CH=CH-$-CH3 
S 0 SiMe3 OSiMe3 

0 YH-CH2-C-CH3 I 
SiMe3 8 OH 

Me3SiC1/Mg S iMe 1) CH3MgI 0 cH=cH-c=N 3 #-YH-bH-C.N c 

SiMe3 2)  H20 S 

SiMe3 ---. 0 LH-CH~-C-CH~ 
S u 
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THIOPHENE DERIVATIVES 183 

Treatment of carbonyl derivatives of thiophene with trialkylsilylethynylmagnesium 
bromide leads to thienylsilylacetylenic 

The latter undergo oxidation with manganese dioxide to give ketones or  can be hy- 

Acylation of organosilyl acetylenes with 2-thiophenecarboxylic acid chloride results 
drogenated to vinyl derivatives." 

in ketones79 e.g.: 

0; -C1 + HC=C-C=CSiMe3 - $- C X -  C=CS iMe 
0 S 

A 
A silicon-containing ketone has been obtained by acylating thiophene with y-tri- 

methylsilylbutyric chloride in the presence of tin tetrachloride:" 

0 + Me3Si(CH ) C"' - &C(CH2)3SiMe3 
S 'c1 s ;  

Subsequent reduction of the ketone with lithium aluminium hydride gives 

Acetylthiophene derivatives react with organosilicon amines containing a y-amino 
2-[4-(trirnethylsilyl)-butyl]-thi0phene.'~ 

group with respect to the silicon atom to afford ketimines8' 

C-CH3 + NH2(CH2)3SiMe( OEt)2-c CH30C=N(CH2)3SiMe(OEta 
s '  

CH3 
CH3 s ;  

The resulting ketimines undergo hydrogenation to amines on a platinum catalyst.82 
Triethylsilane and triethylgermane add to the triple bond of 2,5-di-(a-thienyl)-hex-3- 

yne-2S-diol in the presence of Speier's catalyst. However, the reaction is not terminated 
at the addition step, but proceeds further with dehydration and ring closure? 
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184 E. LUKEVICS, A. E. SKOROVA AND 0. A. PUDOVA 

Trichlorosilane in the presence of tripropylamine reacts with thienyl ketones in ace- 
tonitrile to give thienylsilanes with the silicon atom separated from the thiophene ring 
by a single carbon atom:84 

p C = O  + C13SiH - 0 - C H S i C l 3  
S R  

I 
R 

R = Ph, 2-thienyl 

In the presence of hexachloroplatinic acid trialkylsilanes add to the carbonyl group of 
2-thio~henealdehyde:~’ 

m C c i  4- HSiR3 - CH20SiR3 
S 

Under the action of excess silicon tetrachloride 2-thiophenecarboxylic acid is con- 
verted to the corresponding acyloxytrich1orosilaneg6 which upon storage disproportion- 
ates to tetrathenoyloxysilane and silicon tetrachloride: 

In the reaction between triphenylstannane and 2-thiophenecarboxylic acid in equimo- 
lar ratio two products are formed?’ 

Ph Ph 
&OOH + Ph3SnH- Q - q - 0 . ~ -  An-o-c-(-j 
S S b; kh Ah 6 

Synthesis of a thienylaminosilane is effected by treating 2-iodothiophene with hex- 
amethyldisilazanyl copper:’’ 

0 1  + CuN(SiMe3)2 - QN(SiMe3)2 
-CUI S 

To obtain silicophosphorus derivatives of thiophene the Arbuzov reaction between 
diethyl 2-thienylphosphinate and chloromethyltriorganosilanes has been utilized:89 

(-)-P(OEt)2 + R3SiCH2C1- @PCHZSiR3 B + EtCl 
bEt 

Photochemical addition of 2-thiophenethiol and (2-mercaptoethyl)-trimethoxysilane 
to the double bond of vinyltrimethoxysilane or 2-vinylthiophene results in thienylthio- 
alkylmetho~ysilanes:~~ 

0 SH + CH2=CHSi(OMe)3 - 0 SCH2CH2Si(OMe)3 
S S 

& CH=CH2 + HSCH2CH2Si(OMe)3- 0 CH2CH2SCH2CH2Si(OMe)3 
S S 
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THIOPHENE DERIVATIVES 

11. CHEMICAL PROPERTIES 

185 

The reactions of thiophene derivatives of group IV B elements can be classified into 
three  group^.^" The first group of reactions involves the thiophene ring, the second one 
involves functional substituents a t  the element, the third type proceeds with element- 
heterocycle bond cleavage. 

2.1. Reactions involving the thiophene ring 

Compounds with a thiophene ring containing various functional substituents besides 
silyl groups have been synthesized using lithium  derivative^'^^^^*^^-^^ obtained by treat- 
ment of Zthienylsilane with butyllithium: 

R 3 S i o L i -  

B r C H 2 C H ( O E t ) 2  - R 3 S i 0  C H 2 C H ( O E t ) 2  93 
S 

H0 
H- C 

9 0  91 - R 3 S i o - C  
“ M e 2  

s .H 

96 

H20 R 3 S i W  
S N  

_ _  
Li p i c r i c  

a c i d  

C F 2 = C F C l  - R,Si.-(-)- CF=CFC142  
S 

The reaction of butyllithium with dimethyldi-(2-thienyI)-silane gives compounds con- 
taining a lithium atom in one o r  both thiophene rings. The resulting organolithium 
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186 E. LUKEVICS, A. E. SKOROVA 

compounds react with dimethyldichl~rosi lane~~ 
products: 

AND 0. A. PUDOVA 

to yield a mixture of acyclic and cyclic 

S i M e  

M e 2 S i  

\JMe2 

Acylation of trimethyl-(2-thienyl)-silane with acetic anhydride was carried out using a 
mild catalyst (iodine): lo 

( C H 3 C 0 ) 2 0  
> C H 3 3  -&SiMe3 

(12) S 
0- S i M e  

0 S 

The 2-acetyl-5-trimethylsilylthiophene obtained in the reaction is readily oxidizable 
with hypoiodite" to afford an acid or  with selenium dioxide to  give a g l y ~ x a l : ~ ~  

N a O  J 
M e  S i-m COOH 

S 

M e 3 S i r >  i-C:H 
Me3Si*COCHj 4- - 0 Se02 

s o  
Carbonyl compounds have also been employed to synthesize derivatives of 

2-mer~aptoethylamine:~~ 

NaBH4 R 

' S i - 0  . FHNHCH2CH2SH 
' R  

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



THIOPHENE DERIVATIVES 187 

A condensation leading to the thiazolidine is easy to conduct in the case of a silylthio- 
phenealdehyde (R = H) whereas an acetyl derivative (R = CH3) reacts only in the pres- 
ence of catalytic amounts of iodine. Alkylation involving adamantyl halides and thi- 
enylchlorosilanes'OO~lO' takes place at 140-180°C in the presence of aluminium chloride: 

A d  A d  

- S i C 1 3  + Ad-&SiC13 
A1C13 

S S 
e S i C 1 3  + A d C l  

S 

60% 2 6% 

Cleavage of the Si-CtEophene bond is not observed under these conditions. 
Thienylalkylchlorosilanes undergo substitutive halogenation"* with gaseous chlo- 

rine, sulfuryl chloride, or bromine at 60-90°C to give halothienylalkylchlorosilanes. The 
reaction of thienylchlorosilane halides with hydrogen sulfide lo3 and aromatic or hetero- 
cyclic thiolslo4 proceeds in the gas phase at 400-650°C to yield sulfides: 

X o  S i C 1 3  + A r S H  - A r S  0 S i C 1 3  
S S 

It is a well-established fact that halogens on the thiophene ring of thienylsilanes are 
substituted for a phosphine oxide group under the action of phosphinite in the presence 
of a nickel dihalide:"' 

Rn(RO)3-nSi(CH2)m-&X + (R '0)PR' 'R ' '  - 
S 

n = 0 - 3 ;  m = 0 - 2 .  

Tetra-(2-thienyl)-germane nitration was carried out under mild conditions with acetyl 
nitrate at -30"-0°C to afford tetra-(Snitro-2-thienyl)- and tetra-(4-nitro-2-thienyl)- 
germanes in the ratio 3:  1.Io6 

Raney nickel induces reductive desulfuration of thienyl~ilanes.'~ However, the yields 
of end products are low: 

H 
R3S i-& R' .. R 3 S i ( C H 2 ) & R '  

S 

R'  = CH3, S i ( C H 3 ) 3 ;  CH2CH20H 

2.2. Reactions involving the functional groups of elementorganic substituents 

Silicofunctional derivatives of thiophene undergo various reactions at the silicon atom 
without affecting the M-Cthiophene bond and thiophene ring. 

reactions and 
hydrosilylation of the double bond. Dehydrocondensation with aliphatic alcohols takes 

107-111 Thienylhydrosilanes are highly reactive in dehydrocondensation 
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188 E. LUKEVICS, A. E. SKOROVA A N D  0. A.  PUDOVA 

place in the presence of organic  base^'^'-'^^ or  group VIII metals (e.g. palladium"' on 
charcoal support) acting as catalysts. No catalyst is required in the reaction with amino 
alcohols: lo7 

The reaction rate tends to increase with increasing number of thienyl groups in the 
hydrosilane molecule and with increasing electron-attracting properties of the R 
substituent. 

Hydrosilylation of the double bond in unsaturated compounds catalyzed by chloro- 
platinic acid results in various carbofunctional thienyl-containing silanes: 

107,110 

W S i H R ,  + CH2=CH-X - Q- S i R 2 C H 2 C H 2 X  

X = CH2C163,  CH2CN639112, CH2NR2 15,112,113 9 

CH20C6H563,  CN63 

Thienylhydrosilane addition to various vinyl~ilanes,'~-~~~'~~~~~~ takes place at atmos- 
pheric pressure: 

Similarly, disubstituted thiophenes such as 2,5-bis-(methylphenylsilyl)-thiophene and 
2,5-bis-(dimethylsilyl)-thiophene react with allylamine,112J113 N, N-bis-( t rimet hylsily1)- 
allylamine,116 1-~inylsilatrane, '~ vinyl- and allyltrialkylsilanes20.115 to give the corre- 
sponding symmetric derivatives: 

S i H R 2  S i R 2 C H 2 C H 2 X  

4 H 2 P t C 1 6  Q + 2CH2=CHX . 

S i H R 2  SiR2CH2CH2X 

The analysis of the reaction products obtained by the addition of thienylhydrosilanes 
to unsaturated compounds catalyzed by chloroplatinic acid revealed the presence of 
compounds resulting from the addition of disproportionation products of the initial 
hydrosilane. The behavior of thienylhydrosilanes was therefore studied in the presence 
of platinum  catalyst^."^ It was found that under the present conditions thienyldichlor- 
osilane undergoes disproportionation to dithienylchlorosilane and trichlorosilane: 

Treatment of thienylhydrosilanes with sulfuryl chloride leads to substitution of hy- 
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THIOPHENE DERIVATIVES 189 

drogen by a chlorine atom."' To obtain thienylhalohydrosilanes, thienylhydrosilanes 
are treated with tetrachlorostannane at -10°C:119 

Thienylorganochlorosilanes and thienyltrichlorosilanes undergo reduction by lithium 
aluminum hydride to give the corresponding di- and trihydride~:"~ 

R 
J - - S ~ C ~ ~ - ~  4 T J-- ' i H 3 - n  + L i C l  + A 1 C 1 3  

S e ther  S 

The reaction can be carried out with methyldichlorosilane120 in the presence of cata- 
lytic amounts of hexamethapol: 

A homolytic radical-exchange reaction between hydro- and alkenylsilanes and thienyl- 
chlorosilanes is observed at 500-700°C in the gas phase:121 

& S i C 1 3  + C 1 M e 2 S i R  - ( 3 - S i M e 2 C l  + C 1 3 S i R  
S S 

R = H, CH = CH2 

and of the Sn-CI bond 
in tri-(2-thienyl)-~hlorostannane~~~ has been performed. Methyl-(2-thienyl)-dichlorosil- 
ane is hydrolyzed in aqueous potassium carbonate or b i ~ a r b o n a t e , ~ ~  a mixture of tri-, 
tetra-, and pentameric methyl-(2-thienyl)-cyclosiloxanes being formed as a result of the 
reaction: 

23,122-126 Hydrolysis of the Si-CI bond in thienylchlorosilanes 

i -Pf-o- 1 

To increase the thermal stability and resistance of polysiloxanes to organic solvents, 
123,124 methylchlorosilanes are cohydrolyzed with bis-(dimethylchlorosily1)-thiophene, 

the latter amounting to 10-40% of the initial mixture. 
Thienylchlorosilanes readily undergo alcoholysis with lower (methanol,128 ethanol12') 

and higher (l-octan01'~~) alcohols as well as thiolysis with l -de~anethiol . '~~ Methylthienyl- 
dichloro- and thienyltrichlorosilanes treated with r-butyl hydroperoxide in ether at 0°C 
in the presence of gaseous ammonia form organosilicon peroxides:132 

O i i - C l  + t -BuOOH --- NH3 <Q S l i - 0 0 B u -  t 
S l  oo c S i  
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190 E. LUKEVICS, A. E. SKOROVA AND 0. A. PUDOVA 

Treatment of (2-thenoyloxy)-trichlorosilane with organic fatty acids leads to mixed 
acy~oxysilanes: '~~ 

d C O O S i C 1 3  + CH3COOH - (-)--COOSi(OCOC?i3)3 

2- and 3-Thienyltrietho~ysilanes~~~~~~-~~~ and 2-thienyltrietho~ygermane~~ undergo 
transesterification with triethanolamine to form thienylsilatranes and a 
thienylgermatrane: 

S S 

& M ( o E t ) 3  + ( H o C H 2 C H 2 > p  - 
- 3 E t O H  S 

The reaction is particularly facile in the case of 2-thienylgermatrane; no heating is re- 
quired, the germatrane precipitates immediately upon the mixing of the starting 
compounds. 

Organosilicon peroxides containing a thienyl group at the silicon atom are thermally 
unstable: 132,137 

i i-0. + t - B u O '  
I 

i ( i i - O O B u - t  I 
S I  \ 0 - S i - O B u - t  

K2 I 

The influence of various groups on the silicon atom (Me, Et, CICH2, Br, Ph, PhCH2, 
2-thienyl) on the rate and mechanism of the thermal decomposition of peroxides137 indi- 
cates that no correlation exists in Ig Kra* coordinates; hence the peroxide reactivity is 
not entirely due to the inductive constants of the substituents. For thienyl derivatives 
the heterolytic process (K2) predominates, its contribution amounting to 85%. 

2.3. Reactions leading to M-thiophene bond cleavage 

Treatment of thiophene derivatives of group IV B elements with a water-methanol solu- 
tion of perchloric sulfuric acid in acetic a ~ i d - w a t e r , ' ~ ~ - ' ~ '  hydrogen chlo- 

sodium ride,142 potassium permanganate in water,92 bromine,143 acyl chlorides, 
methoxide," a ~ i r i d i n e , ' ~ ~  p y r r ~ l i d i n e , ~ ' ~ ' ~ ~  piperidine15"48 and m ~ r p h o l i n e ' ~ ~  in the pres- 
ence of catalytic amounts of alkali metals's"47 or  b ~ t y l l i t h i u m , ' ~ ~  organolithium com- 
POUndS,97,149-1s 1 iron,152 and p l a t i n ~ m ' ~ ~ - ' ~ ~  complexes is known to lead to element- 
Cthiophene bond cleavage. 

Trialkyl-(2-thienyl)-silanes are slower to  decompose in methanol solution of sodium 
methoxide than the corresponding organotin compounds." The reaction rate is con- 
trolled mainly by the alkyl substituents at the element. For example, the replacement of 
a trimethylsilyl group by triethylsilyl brings about an almost 180-fold decrease in the 
reaction rate constant." The reaction of a platinum c ~ m p l e x ' ' ~  with triethyL(2-thieny1)- 

144-1 46 
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THIOPHENE DERIVATIVES 191 

stannane gives a thienyl-containing complex in 3 1 % yield, whereas triisopropyL(2- 
thieny1)-stannane fails to react: 

[Pt(CO)Cl(PPh ) c104 + &SnEt3 ____c 

21 S 

The reactivity of the Sn-cthiophene bond is higher than that of the Si-cthiophene bond 
towards benzoyl chloride’44 and the cycloocta- 1,5-diene platinum dichloride com- 
~ 1 e x . l ~ ~  Trimethyl-(2-thienyl)-silane undergoes acylation (17%), whereas trimethyl-(2- 
thieny1)-stannane yields phenyl (2-thienyl) ketone (45%): 144 

In the Pt(cod)Clz complex (cod stands for 1,5-cycloocta-diene~, a chlorine atom is 
substituted by a thienyl group (98% yield) upon treatment with trimethyL(2-thieny1)- 
stannane, the yield being only 15% in the case of the corresponding ~i1ane.l’~ 

111. PHYSICAL PROPERTIES 

3.1. NMR spectra 

The general pattern of ‘H NMR spectra of thiophene derivatives is determined by the 
electronic effects of the substituents. A sharp increase in the chemical shifts 6 of the ring 
protons upon transition from alkyl- to silylthiophenes is associated with the strong 
acceptor p,-d,-interaction of group IV B elements which significantly exceeds their pos- 
itive inductive effect. All signals assigned to the ring protons of th ienyl~i lanes ,~~~”  
  germane^,'^''' - s t a n n a n e ~ ’ ~ ” ~ ” ~ ~  and - p l ~ m b a n e s ’ ~ ’ ’ ’ ~ ’ ~ ~  are shifted toward low-field 
values as compared to  thiophene. With increasing number of thiophene rings at the M 

element in the compounds (0) MMe4-, the shielding of the ring and methyl 

group protons (see Table I) is dimini~hed.’~ 
Substitution of methyl groups at the silicon atom for alkoxy group or f l ~ o r i n e ’ ~  leads 

to a decrease of the p,-d,-interaction with the ring. The acceptor properties with respect 
to the n-electron system of thiophene are also diminished when going from 2- and 3- 
thienyltriethoxysilanes to the corresponding silatranes. 136 

The spin-spin coupling constants of the ring protons in 2-substituted thiophenes 
(Rs)4M (Rs = 2-thienyl, M = Si, Sn, Pb) have been found to correlate with the elec- 
tronegativities of the substituents. 164 

In the 13C NMR-spectra the signals of the carbon nuclei in the thiophene ring of 
(Rs)nMMe.+n compounds are shifted to lower fields compared to thiophene. 14’15 With 
increasing number of thienyl groups at the element M the shielding of the C(2) nuclei 

159-161 . 

S n  
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TABLE I 

The 'H, 13C, 29Si, '19Sn, '07Pb Chemical Shifts of Compounds 

6 'H, ppm 6 13c, ppm 
6 M, 

n M ppm H(3) H(4) H(5) CH3 C(2) C(3) C(4) C(5) CH3 

1 Si 
2 Si 
3 Si 
4 Si 

1 Ge 
2 Ge 
3 Ge 
4 Ge 

1 Sn 
2 Sn 
3 Sn 
4 Sn 

1 Pb 

-6.00 
-15.03 
-24.14 
-34.07 

-27.46 
-63.91 

-104.53 
-148.61 
-42.1 

7.27 7.17 7.61 0.34 
7.33 7.20 7.62 0.68 
7.42 7.23 7.70 0.96 
7.53 7.26 7.76 - 

7.20 7.19 7.55 0.48 
7.26 7.20 7.59 0.80 
7.35 7.22 7.65 1.03 
7.43 7.27 7.69 - 

7.15 7.19 7.57 0.35 
7.30 7.26 7.66 0.66 
7.40 7.28 7.72 0.92 
7.48 7.32 7.78 - 
7.19 7.20 7.40 1.08 

139.9 
137.4 
135.3 
134.0 

140.0 
138.1 
135.7 
133.7 

136.7 
134.8 
132.8 
131.3 
140.9 

134.1 
135.5 
137.2 
138.4 

132.7 
134.0 
135.3 
136.5 

135.0 
136.1 
137.1 
137.8 
134.8 

128.2 
128.4 
128.5 
129.3 

128.0 
128.2 
128.3 
128.4 

128.0 
128.3 
128.4 
128.5 
127.8 

130.5 
131.5 
132.4 
134.0 

129.6 
130.5 
131.3 
132.1 

130.8 
131.5 
132.2 
132.8 
130.4 

0.5 
0.5 
0.8 
- 
0.1 
0.3 
0.6 

-7.8 
-7.0 
-6.3 

0.6 

and deshielding of the C(3), C(4), C(5) carbon nuclei in the ring and of the methyl 
are observed. Moreover, the chemical shifts of the ring carbons and the 

number of heterocyclic substituents show almost a linear correlation. 

- p l ~ m b a n e ' ~ ~ "  by a 2-thienyl group shifts the silicon, tin, and lead signals to  higher 
fields (Table I)  supporting the assumption of p,-d,-interaction in these compounds. 
The increase in the number of thiophene rings at silicon and tin atoms is accompanied 
by a parallel increase in their   hi el ding.'^^" 

group 14,15,165 

14.1 5,166 The replacement of one methyl group in t e t r a m e t h y l ~ i l a n e , ' ~ ~ ~ ~  -stannane, 

3.2. Spectra of charge-transfer complexes 

To assess the electron density distribution of thienylsilane, -germane, and -stannane 
molecules in an  excited state their charge-transfer complexes (CTC) were studied using 
UV-spectroscopy . 16'-' 69 

The CTC frequencies of silyl derivatives of thiophene with tetracyanoethylene are 
shifted to  higher as compared to the bands of the corresponding carbon 
analogs (Table 11) indicating strongly electron-attracting properties of silyl substituents. 

The transition from 2-t-butylthiophene to 2-(trimethylsilyl)-thiophene is accompa- 
nied by an increase in the VCT value by 650 cm-1.168 Upon further transition from silicon- 
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THIOPHENE DERIVATIVES 193 

TABLE I1 
Frequencies of Charge-Transfer Complexes of 
Thiophene Derivatives with Tetracyanoethylene 

CH3 24400 19600 
S 

S i H 3  24950 
S 

C 1  G C H 3  
S 

26000 

21750 

19300 

C1- S i H 3  28400 21650 
S 

containing compounds to germanium, tin, and lead derivatives a regular decrease in the 
YCT frequencies (Table 111)16' is observed, which is due to stronger electron-donating 
properties on one hand and diminished p,-d,-interaction of the MR3 substituents with 
increasing atomic numbers of M on the other. 

3.3. Infrared spectra 

The analysis of the IR spectra of thienyl~i lanes , '~~ -germanes,I7' and -stannanes17' re- 
veals some characteristic changes in the stretching and deformation frequencies of the 
C-H bonds of the thiophene ring,170 the skeleton vibrations of the thiophene ring, 
and the vibrations of the elementorganic s u b ~ t i t u e n t s . ' ~ ~ ~ ' ~ ~  

of the Si-H bond stretching are essen- 
tially determined by the electronic effects of the substituents on the silicon atom the IR 

170,17 1 

174,175 Since the f r e q ~ e n c y ' ~ ~ " ~ ~  and intensity 

TABLE I11 
Charge-Transfer Frequencies (v, cm-I ) of Complexes 

Formed by Thiophene Derivatives 

(0) meqen with Tetracyanothylene 
S n  

Si Ge Sn Pb 

1 19800 20450 20240 20040 19840 
2 20900 20700 20240 
3 21140 20900 20450 
4 21400 21140 20700 
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194 E. LUKEVICS, A. E. SKOROVA AND 0. A. PUDOVA 

spectra of thienyl substituted hydrosilanes have been studied. In compounds showing 
no p,-d,-interaction the Y ~ ~ - ~  values appear linearly related to  the sum of the inductive 
constants of the substituents. However, in thienylsilane spectra this value is lower than 
its estimated value, i.e. the inductive effects in this case are diminished as a result of the 
electron donor activity of the thienyl ring towards its silyl substituent. For the same rea- 
son the experimentally found intensities of the v ~ ~ - ~  vibrations exceed their estimated 
~ a 1 u e s . l ~ ~  The dipole moments and effective charge values on atoms adjoining the Si-H 
bond have been found on the basis of the intensities of the stretching in the IR 
spectra. 17' 

The thiophene ring acts as a rr-acceptor in hydrogen bonding with proton do- 
nors. 177,178 The basic properties of the rr-system are evident from the shifting of the 
stretching frequency of the 0-H bond of free phenol (3909 cm-') after hydrogen bond- 
ing with thienyl derivatives (Av).  The comparison of A v  values found for organosilicon 
compounds and their carbon analogs provides evidence that the electronic effects in 
thienylsilanes are composed of opposed inductive effects and p,-d,-interactions 
(Table IV). 

-0-H 

177,178 

In compounds containing an alkoxy group at the silicon atom a hydrogen bond of the 
0-Si type is predominantly formed. 17' This property is useful when 

R 
studying the relative oxygen basicity in the silane R R R SiOEt series and for the deter- 
mination of the inductive constants u* of R1R2R3Si substituents from the Av(0H)-a*  
relation~hip. '~ '  It has been found for the (2-thienyl)-dichlorosilyl group that 
u* = 1.38 f 0.12. 

I 
1 2 3  

TABLE IV 

Shifts of the Phenol VOH 

Stretching Frequency upon 
Hydrogen Bonding with 
Thiophene Derivatives 

Compound Av, cm-' 

0 CH3 
S 

0 SiH3 
S 

53 

64 

44 

C H 3 a  CH3 74 
S 

H 3S i o -  S i H 
S 

40 
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THIOPHENE DERIVATIVES 195 

3.4. Chromatographic behavior 

Thienyl-containing oligocyclosiloxanes and linear siloxaneslgl lend themselves to 
chromatographic identification and separation despite high boiling points and high mo- 
lecular mass. It is interesting to study the relationship between the chromatographic pa- 

Adsorption gas rameters and the structure and other properties of thienylsilanes. 
chromatography can be applied to assess the variation in electron distribution over the 
thiophene ring upon introduction of silyl substituents,lg2 since the heats of adsorption 
on hydroxylated silochrome (Q ads.) change as a function of the chemical shift of the 
proton in position 3 of the ring and, consequently, of the electron density.'*' 

A chromatographic study of thienyl~ilatranes'~~~'~~ and 2-thienylgermatrane lg5 
showed a sufficiently high vapor pressure and thermal stability to allow their chromato- 
graphic analysis on polar and nonpolar stationary phases using silanized chromosorb 
support. 

The difference between the retention indices on polar and non-polar phases A1 
amounts to 1200-1500 units for silatranes (Table V) exceeding by far the A1 values of 
such chromatographic reference substances as butanol, nitropropane, and pyridine. 

The additive scheme used to calculate retention indices for silatranes containing thi- 
enyl groups gives values which are by 200-1400 units lower than the experimentally 
found ones. The observed differences between experimental and calculated retention 
index values are due to the presence of a silatrane fragment with a transannular bond 
N - Si and are related to the nature of the substituent R and the element M in 

182-185 

3.5. ESR spectra 

The addition of ~ i l y l , ' ~ ~ - ' ~ ~  germy1,'88,'89 and ~ t a n n y l ' ~ '  radicals .MRj to the nitro group 
of n i t r ~ t h i o p h e n e s , ' ~ ~ ~ ' ~ '  the pyridine nitrogen atom of 4-(2-thienyl)-py1-idine,'~~ and the 
carbonyl group of thienyl ketones"' results in fairly stable paramagnetic products 
which have been investigated by means of ESR spectroscopy. 

Analysis of the ESR spectra of some 2-thienylnitroxide radicalslg6 

0' 

S ' 0 -S iE t3  

X = H ,  Me, Ph, C1, CN, NO2,  Ac, CHO, SMe, C02Me 

shows that the hyperfine splitting constants are correlated with Hammet's constants cr- 
of the substituents X. The splitting is enhanced by electron-donor groups and dimin- 
ished by electron-acceptor groups. Compounds of this type contain no rotamers at 
room temperature. However, at lower temperatures the ESR spectra show signals which 
can be assigned to conformers with the nitroxide oxygen in cis- or trans-position relative 
to the sulfur atom of the thiophene ring."' The rotational barrier amounts to 11.8 and 
9.7 kcal/mole, respectively, in 2- and 3-substituted triethylsiloxynitroxide thiophene 
radicals. 

The replacement of a silyl group by a germyl group in the radicalIs8 
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M = Si, Ge 

affects only the hyperfine splitting constants of the hydrogen and nitrogen atoms in the 
pyridine ring whereas the thiophene ring constants remain unchanged. 

At the same time dithienyl ketone  radical^'^' show decreased hyperfine splitting con- 
stants upon transition from silicon to germanium and tin derivatives (Table VI). 

3.6. The 35Cl NQR spectra 

The 35Cl NQR spectra of 5-substituted 2-chlorothiophenes including trimethylsilyl and 
trichlorosilyl  derivative^'^' have been studied. A single narrow band at Y~~ = 36.321 
MHz is observed in 2-chloro-5-trimethylsilylthiophene. The NQR frequencies Y'? ap- 
pear to be correlated with Hammett's up constants: 

Y~~ = 36.872 + 0.878~~ (r = 0.963) 
Such a relationship is not observed in the trimethylsilyl derivatives (up = -0.072) 

where a significant deviation is evident. 

3.7. The Mossbauer spectra 

The Mossbauer spectra of tetra-(2-thien~l)-stannane'~' show a singlet band with the 
isomeric shift 6 = 1.10 mm sec-'. The considerably decreased isomeric shift 6, as com- 
pared to tetraphenylstannane (6 = 1.26 mmssec-'), is associated with a greater induc- 
tive effect of the heterocycle leading to diminished s-electron density at the tin atom or  
with increased p-electron density as a result of p,-d,-interaction. 

TABLE VI 

Hyperfine Splitting Con- 
stants of Hydrogen Atoms 
in Thiophene Ring Radicals 

(($i tOMPh3 

a, Gs 

Si 5.18 1.08 4.34 
Ge 5.19 1.08 4.24 
Sn 5.03 1.03 4.10 
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3.8. X-ray studies 

193 The structures of tetra-(2-thienyl)-~ilane,’~~ -germane, - ~ t a n n a n e , ’ ~ ~  and - p l ~ m b a n e ’ ~ ~  
have been analyzed. These compounds are characterized by identical molecular symme- 
try and crystal packing. Their structures are orientationally disordered due to the pres- 
ence of two thiophene ring conformations spaced at 179” relative to the M-C bond. 
The bond lengths Si-C, Ge-C, Sn-C, Pb-C in tetrathienyl derivatives amount to 
1.89 A, 1.94 A, 2.15 A, and 2.20 A, respectively. 

The structure of 5,5’-bis-[dimethyl-(2-thienyl)-~ilyl]-2,2’-bithienyl:’~~ 

CH3 C H 3  

contains a planar bithienyl moiety. The angles between the thienyl groups and the bi- 
thienyl group are about 90”. 

The bond lengths Si-C (thienyl) (1.855 A) and Si-C (bithienyl) (1.852 A) are 
somewhat smaller than Si-CH3 (1.881 A). 

IV. BIOLOGICAL ACTIVITY 

113,197,198 Thienyl-containing silatranes, 15,19,135,l95.196 germatranes,” aminoalkylsilanes, 
their hydrochlorides, 151’13p1959197 and methyl-(2-thienyl)-silane l9 have been tested for psy- 
chotropic activity and toxicity. 

The results of experiments with thienylsilatranes demonstrate that the highest acute 
toxicity is possessed by compounds with the heterocycle directly associated with the sil- 
atrane moiety (Table VII). 

The acute toxicity of thienylsilatranes in white mice following intraperitoneal admin- 
istration is comparable to that of 1-phenylsilatrane. Introduction of a methyl group 
in position 5 on the thiophene ring in 1-(2’-thienyl)-~ilatrane’~~ increases the toxicity 
whereas the separation of the thienyl group from the silatrane moiety by the Si-C-C 
group (compound 4 and 5) results in a significant loss of toxicity. 

1-(2’-Thienyl)- and 1-(3’-thienyl)-silatranes exert opposite psychotropic effects.” The 
3’-substituted isomer acts as a sedative agent in animals and inhibits orientational reac- 
tions and locomotor activity, the 1-(2’-thieny1)-silatrane eliciting a stimulatory effect. 1- 
(2’-Thieny1)-germatrane also possesses stimulating properties, but its toxicity is 50 times 
as low as that of the corresponding silatrane.” 

It has been found that 1-(2’-thienyl)-silatrane elevates the cycloguanosine monophos- 
phate content in cerebellum whereas the c-AMP concentration in several regions of the 
rat brain remains unaffected. 19‘ 

The psychotropic activity exhibited by thienyl-containing aminoalkylsilanes113 and 
their hydrochlorides’ 13~195~’97 is of the deprimating type. In the a-, p- and y-substituted 
perhydroazepinoalkylsilane  hydrochloride^'^^^^^^ 

19,135 

0 SiMe2(CH2),N 3 ‘HC1 
S 
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the largest effect is observed with dimethyl-(2-thienyl)-(~-perhydroazepinoethyl)-silane 
(m = 2), with a therapeutic index of 23. The above hydrochlorides show a similar toxic- 
ity in white mice after intraperitoneal administration (70-78 mg/kg). 

The spasmolytic properties of morpholinoethylsilane (I a), its iodomethylate (I1 a)  
and their carbon analogs (I b, I1 b) were compared on isolated guinea pig ileum.198 

o i C H 2 C H 2 N ,  OH n ,O 0 $ : H 2 C H 2 N ,  n ,O CH31 

Ph 

I I1 

a, M = S i ;  b , M = C  

At a concentration of mol/l compound I a was 7 times more effective against 
carbachol than I b and I1 a was 6 times more effective than I1 b. 
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