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THIOPHENE DERIVATIVES OF
GROUP IV B ELEMENTS

E. LUKEVICS, A. E. SKOROVA and O. 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 to 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 MR; 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 sr-electron system
of the aromatic ring and the vacant d-orbitals of the element atom (p.-dx interaction).

To date, the results of experiments with phenyl'™ and fury!l® derivatives of group IV B
elements have been surveyed in review articles. The reviews available on thiophene de-
rivatives are rather outdated,”” not easily accessible>® or deal with only specific aspects
of synthesis and chemical properties, mainly of thienylsilanes.>*™® 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
1.1. Synthesis of derivatives with an elementorganic substituent at the thiophene ring

Thiophene derivatives of group I'V B elements are commonly obtained in the laboratory
using the reaction of thienyllithium®™'? or thienylmagnesium halides”** with halo-"%*
or alkoxysilanes,?™"*!8%243% hajo-'*1%?7 and ethoxygermanes,'® halostannanes'"!'¢ !¢
and haloplumbanes.'*'%**** The reaction proceeds in an inert solvent (ether, tetrahy-
drofuran, hexane) and in the case of thienyllithium yields 60-80% of the thienyl deriva-
tive RsMAIlk; (Rs = thienyl).

In the reaction between thienylmagnesium bromide and Mes-nMCla, 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 thiophene rings attached to
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O—MgBr + Cl MMe, — (0) MMe,_ + nMgBrCl

M=2Si, 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 methyltri-(2-
thienyl)-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 iodide'® and by treating 2-thienyllithium with trichlorosilane'*"® (a)
and tetraethoxysilane'*" (b):

4 @_Li a) HSiGCl, (f/ \5 )4 si
S N e s

b) Si(OEt)4

Organometallic synthesis provides thiophene derivatives with various functional sub-
stituents at the group IV B element. Thus, thienylsilanes with hydrogen,'>'""?* chlo-
rine'®**** or ethynyl,? vinyl,">*' chloromethyl,"® and ethoxy'*'**** groups at the sil-
icon atom, thienylgermane with ethoxy groups,'® thienylstannanes with chlorine®** and

vinyl groups,’'™? thienylplumbanes with chlorine attached to the lead atom™ have been

synthesized:
I |
@_z + CIM-X — @—M-X + zCl1
i S i

s
Z = Li, MgCl; M = Si, Ge, Sn, Pb;

X = H, Cl, OEt, CH,=CH, HCsC, CH,Cl

Disilyl derivatives have been obtained by treating 2,5-dimagnesium?®® and 2,5-di-
lithium®® derivatives with chlorosilanes:

Bng—O—MgBr + 2PhRSiHCl —— PhR?i—U—SiRPh
1

s H S wm
CH,

CH CH CH
3 . 31 s
LiULi + 2Me,5iCl — Me3sl:l S C SiMey

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 synthesis:**™*

OR'

OR' 0
Ve R.SiCl ﬂ_ -~ /
Li-@—(;.—-OR' ——  R3SI ¢ ~or’ 50 rysi-d 3w
57 lu R" s

R

A similar reaction can be performed using organophosphorus derivatives of thio-
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phene,***® N,N-dimethylaminomethyl-thiophene,*' (1,2-difluoro-2-chlorovinyl)-thio-
phene** and cyclotetrathiophene:**

i C1CH,SiMe ,C1 Me = 3

Liﬂ.P(OEt)z ClcH,s1 P(OEL),

s b s
Li—O— CH,NMe —_ Me Si-(_)_ CH.,NMe

. 2Me; 3 s 2NMe;

Me,SiCl

Li ﬂ- CF=CFCl ~ ——4—=  Me 351—@- CF=CFCl

s s

SiMe3

A single*™* or two?’ 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 'tetrachlorothiophene.*® 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,*™' leads to proton-
lithium exchange, even in compounds with active groups, resulting in thienylsilanes
with diverse substituents in the ring:

(i-Pr) NLi Me ,SiCl
[}X il ik Li—@"x ke Meﬁi--[}x

S S S
X = Br, N02, 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 thiophene® and its chloro de-
rivatives’>®? 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-isomer:*

: 600°¢C
[\ +Hsicl; ———» @_31013 + H,
s

Trichlorosilane reacts with 2-chlorothiophene along three pathways:*



13:21 25 January 2011

Downl oaded At:

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

/

/) + Sicl 29
U——Cl + HSiCLy; T s T (2
S \
C%Si@ §iClg + HCL + H, (6%)

Similarly, 2,5-disilyl substituted products are obtained from 2,5-dichloro-
thiophene.’>%¢%

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.®* 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 SiCl,, whereas at higher temperatures the
+SiCl; 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 dithienyldichlorosilane:**>%*

Q—smaz + Q—cl — (@)2 siCl, + HCl

Thienylchlorosilane condensation with chlorobenzene and vinyl chloride proceeds in
a similar fashion.®

Co-pyrolysis of hexachlorodisilane with methyl-(2-thienyl)-dichlorosilane affords
heterocyclic products containing a disilylmethylene group:*>%

N

§iCly + HCL (67%)

Pyrolysis
C13SiSiCl3 —_— :Si(‘.l2
. Ccl Ccl
:SicCl ! 1
@SiMeClz — U—Sli-Cst‘iH —
S S aa a
L ol
Sl\
a” Da

Dichlorosilylene formed during hexachlorodisilane pyrolysis is believed® 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-b]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
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or trichlorosilane in the presence of a tertiary amine.*’ 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:®

Cu
@I + GeBr, —*> @—GeBr;a + ((/ \5 ) GeBr,
S 2

S

Besides the monothienyl derivative the reaction also gives dithienyldibromoger-
mane®® (13% yield).

Dithienyldiiodostannane was synthesized from 2-iodothiophene and tin by heatmg
them to 150°C in a nitrogen atmosphere in the presence of pyridine and triethylamine:®

2 D—I + Sn Nt (O—)Z Snl,

S

A dithienyl derivative of lead is formed at room temperature in the solution of an or-
ganic tetravalent lead salt in excess thiophene:™

é:;§ (i-Pr€00),Pb [;3L_Pb(OOCPr-i)3——+ Q{;}L&ZPb(OOCPr-i)z

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 IV 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 silicon®® or tin’' atom by a carbon chain:

\ i = / \ i =
Q_CHZMgCI + FSl(CH3)2C..CH — ‘ - CHZSL(CH3)2C_CH

[;}L-C(CH3)ZCH2Mgc1 + snCl, — [[T}L_c(cu3)20H2]3 sncl
S

1-Cyclopropyl-1-(2-thienyl)-ethylene treated with butyllithium yields after subse-
quent trimethylchlorosilane treatment a vinyl derivative”® with the cis- and trans-iso-
mers in the ratio 1.2:5:

1 BuLi $HyBu
[TjLC=CH2 —_— / Y _cLi —o
A N
CH,Bu Me ,SiCl CH Bu
R S M A
[:i>—-c\\ ¢= =GHCH,,CH,S 1Me 5
s \\?-CHZCHzLi S

Treatment of 2-(2,2-dichloro-1-fluoroethenyl)-thiophene with two equivalents of
butyllithium affords lithium acetylides. Further addition of butyllithium lithiates the 3-
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position of the heterocycle to give a dilithium compound which serves as key interme-
diate for synthesis of silylated ethynylthiophenes:”

CF=CCl 2 —_— C=CLi _—
S S

CF,=CC1 Me.SiC1
i V-cscLi —2 "2 CleCF@CECLi —
s s

CC12=CF C=CS iMe3 —> LicC=C CECSiMe3
S

s
Me,SiCl
— Me3SiCEC©—CECSiMe3

s

The reaction of bromoethynyltrimethylsilane with 2-thienylcopper gives a compound
where the thiophene ring is separated from silicon atom by an ethynyl group:”

D— Cu + BrC=CSiMe; ~— D_CECSiMe3 + CuBr
S S

Silylation of unsaturated ketones,” nitriles,”> and amides’® in the thiophene series
using the Me;SiCl-Mg-hexamethapol system occurs in position 1,4 with ketones and 1,2
with nitriles and amides:

Me3SiC1/Mg /
O—CH—CH CH3___‘ (l‘.H CH_(i: CH3
SlMe3 OSJ.Me3

LlAlH4
O—CH ~CH,=C~CH O—CH CH,~CH~CH
SlMe3 SlMe3 OH
\ Me 3S1C1/Mg ) 'SiMe3 1) CH3Mg:
CH=CH=-C=N ‘CH-CH-CEN —————————
S .
SiMeq 2) H,0
?iMe3
— ) CH-CH,-C-CHy
S 0
1) Me351Cl/Mg
CH= CHC NH2 O—CH CH2 C NH2
O 2) H 20 SlMe3 0
LiAlH4
EE—— O—CH-CH -CH,NH,)

SlMe3
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Treatment of carbonyl derivatives of thiophene with trialkylsilylethynylmagnesium
bromide leads to thienylsilylacetylenic alcohols:”””®

: 0 1) R%SiC=CMgBr
'\ .7 3 - AR Ccin
R C — H R CH-C=C51R3
S I

2) H20 S OH

The latter undergo oxidation with manganese dioxide to give ketones or can be hy-
drogenated to vinyl derivatives.”

Acylation of organosilyl acetylenes with 2-thiophenecarboxylic acid chloride results
in ketones” e.g.:

0
I
ZT}L—C —Cl + HC=C-C=CSiMe, —> éfi§-%-CEC-CECSiMe3
s
0

S
N.H,*HCL /S\ 7
—24 N N\ _c=csiMe 3
N
N
i
b

A silicon-containing ketone has been obtained by acylating thiophene with ~y-tri-
methylsilylbutyric chloride in the presence of tin tetrachloride:*

/) ; 20 @_ .
+ Me351(CH2)3C\\Cl-——* q %(CH2)3SLMe3
0

S

Subsequent reduction of the ketone with lithium aluminium hydride gives
2-[4-(trimethylsilyl)-butyl]-thiophene.*

Acetylthiophene derivatives react with organosilicon amines containing a ©y-amino
group with respect to the silicon atom to afford ketimines:*'

B . g .
CH3—4C;)L-%-CH3 + NH2(CH2)381Me(OEt)f*'CH3 ¢ ?—N(CH2)381Me(OEté
0 CH
3

The resulting ketimines undergo hydrogenation to amines on a platinum catalyst.*

Triethylsilane and triethylgermane add to the triple bond of 2,5-di-(a-thienyl)-hex-3-
yne-2,5-diol in the presence of Speier’s catalyst. However, the reaction is not termmated
at the addition step, but proceeds further with dehydration and ring closure:®

Et 5MH GH3 H MEE 3 CHg \
Z?i)—-c c=C — c-(ji} c-—-c c-———g —
2PtCl6

H MEt 4

CHBL:tz:::TQi:,CH3
[zzs// ‘\0// \\Q[;§
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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:*

Q_c=o + Cl3SiH — O—-CHS‘1013
] s 4

R
R = Ph, 2-thienyl

In the presence of hexachloroplatinic acid trialkylsilanes add to the carbonyl group of
2-thiophenealdehyde:®’

Q—C\H + HSiRy —— (O CH,08iRy

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

/N . I /\ . .
4 Zsﬁ—cooslc13 <Q—COO)451 + 3sicl,

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

0 Ph Ph
i N\ | | 7\
[/S\S_cooH + PhySnH—> { S\Lc-OSnPhs + Q%-O?n—— Sn—O-%-Z S&
O Ph 1Lh 0
Synthesis of a thienylaminosilane is effected by treating 2-iodothiophene with hex-
amethyldisilazanyl copper:®

[Yr s cuN(siMes), —— { YN(siMey),

S -Cul

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

0
3 i
/Y _P(OEt), + R,SiCH,Cl—> (Y _fensiv, + Eccl
2 351iCH, 2SiR3
5 S bEt

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

[ s+ anyromsconer, — b sangns
Q—SH + CHZ—CH31(OMe)3 s SCHZCHZS:L(OMe)3

Q—CH—CH2 + HSCHZCH281(OME)3'-—> S CHZCHZSCHZCstl(OMe)B
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II. CHEMICAL PROPERTIES

The reactions of thiophene derivatives of group IV B elements can be classified into
three groups.®’ The first group of reactions involves the thiophene ring, the second one
involves functional substituents at 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 derivatives'®***'™" obtained by treat-
ment of 2-thienylsilane with butyllithium;

+
1) €O, 2) Hs0
, 2 3 R3Si—®— coont0s 94
5
CH,— CH,
D ¥ 2 ) uyot \
R Si@— CH,CH, 0137291
, 3 R 2CH)
i
C1SiR
3 . R3Si—@—SiR391’92
s
BrCH.,CH(OEt)
2 2 Rﬁiﬂ— CHZCH(OEt)293
s
ClP(X)(OEtL) P
2 - R3Si—U— P(OEt), > (X=0,8)
S %
R331-QL1— AP
H-C L0 o1
RSN W
. _ \H

ArC=N
—O— CAr —2—s R381—D— (IT'.Ar 95
S
0

w —-—DR351/ Vi
N

picric
acid

CF,=CFCL
; 2 RBSi-—@— CF=CFC1%2

S

The reaction of butyllithium with dimethyldi-(2-thienyl)-silane gives compounds con-
taining a lithium atom in one or both thiophene rings. The resulting organolithium



13:21 25 January 2011

Downl oaded At:

186 E. LUKEVICS, A. E. SKOROVA AND O. A. PUDOVA

compounds react with dimethyldichlorosilane®® to yield a mixture of acyclic and cyclic
products:

 Me . : Me Me Me
Uéi(/ \> 1) Buli ﬂ_s'iﬂ-sli—@- Slﬂ +
S b!/[e S S I'/}e S Vie S b'ie 5

2) MeZSiCl2

Me Me Me Me- - N{e
DEDIDIDID D -
5 Me 5 Me S Me J Me S Me s

f\
S
MeZSi SiMe2
MeZSi SJ‘.Me2
\\\\\\ S
\ /

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

(GH,CO0) ,0 :
{ N simMe — 2L -c—O—SiMe
s 3 (1) TE 3

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 glyoxal:”

Me3Si-—O—COOH
Me3Si—@-—COCH3 —
S SeO2
Me Sl—(‘ ¢- c

Carbonyl compounds have also been employed to synthesnze derivatives of
2-mercaptoethylamine:*

0

s 3-& g
:Sl_(s)‘ CLg + H,NCH,CH,SH —= —51 \A:‘
-Sl—O—-CHNHCHZCH SH

NaBH
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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 adamanty! halides and thi-

enylchlorosilanes'®'*! takes place at 140-180°C in the presence of aluminium chloride:
Ad Ad
, AlCL, _
[T}L—SiC13 + AdCl [N siciy + aad M-sici,
S S S
60% 26%

Cleavage of the Si—Ciniophene 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'®® and aromatic or hetero-
cyclic thiols'™ proceeds in the gas phase at 400-650°C to yield sulfides:

x—éii&—-31013 + ArsH —— Ars sicl,
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—Q—X + (R'0)PR"R"

Rn(Ro)3_n5i(CH2)m—4{;}l-P(o)R"R"

Tetra-(2-thieny!)-germane nitration was carried out under mild conditions with acetyl
nitrate at —30°-0°C to afford tetra-(5-nitro-2-thienyl)- and tetra-(4-nitro-2-thienyl)-
germanes in the ratio 3:1.'%

Raney nickel induces reductive desulfuration of thienylsilanes.”’ However, the yields
of end products are low:

R Si-*{T}L-R' : R,S1(CH,), R’
3 3 24

S

R' = CHy, Si(CHs)3; CH,CH,OH

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.

Thienylhydrosilanes are highly reactive in dehydrocondensation reactions and
hydrosilylation of the double bond. Dehydrocondensation with aliphatic alcohols takes

107-111
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place in the presence of organic bases'®”''° or group VIII metals (e.g. palladium''! on

charcoal support) acting as catalysts. No catalyst is required in the reaction with amino
alcohols:'"’

({;}L‘)nSiH(CH3)3_n + ROH — Q[;}L)nsiOR(CH3)3_n + H,

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:

/ \ i = - —_— / \ 2
Q—-S:LHRZ + CH2 CH-X l s - SlRZCHZCHZX
63 63,112

63

X = CH,C1°7, CH,CN 15,112,113
63
CH,0C.Hs%, N

, CH,NR,

Thienylhydrosilane addition to various vinylsilanes,'*"2%!!41!3

pheric pressure:

takes place at atmos-

H,PtCl
R‘@—SiHR/z + CH2=CHSiRg ____'2 6 R /S\ SiRéCHZCHZSiRg

Similarly, disubstituted thiophenes such as 2,5-bis-(methylphenylsilyl)-thiophene and
2,5-bis-(dimethylsilyl)-thiophene react with allylamine,''>'"® N, N-bis-(trimethylsilyl)-
allylamine,''® l-vinylsilatrane,” vinyl- and allyltrialkylsilanes’®'"* to give the corre-
sponding symmetric derivatives:

SiHR SiR,CH,CH,X
2 H,PtCl, 22T
s + 2CH,=CHX ——
oy 2 .
SiHR, SiR,CH,CH,X

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 catalysts.""” It was found that under the present conditions thienyldichlor-
osilane undergoes disproportionation to dithienylchlorosilane and trichlorosilane:

H2PtCl6

2 Z/S\S—Siﬂmz —_— (Q_)zsmcl + HSiCl,

Treatment of thienylhydrosilanes with sulfuryl chloride leads to substitution of hy-
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drogen by a chlorine atom.'"® To obtain thienylhalohydrosilanes, thienylhydrosilanes

are treated with tetrachlorostannane at —10°C:'"®

[ $ ether /R %
(j}L—SiHZ + SnX, (ij—Sin + 2Et,0-HSnX,
S S

Thienylorganochlorosilanes and thienyltrichlorosilanes undergo reduction by lithium

aluminum hydride to give the corresponding di- and trihydrides:'"

R R
R | LiAlH, R n
\f§73—31c13_n-———————* MosiH, _ + Licl + Alcl,
S ether S

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

R
\\7§?}L-SiCl + MeSiHCl, — \éFXL—SiHC1 + MeSiCl
3 2 S 2 3

S

R

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

FA\ s D A .
[;;X—slcl3 + ClMe,SiR Ls ) 5iMe,Gl + C1,SiR
R = H, CH = CH,

Hydrolysis of the Si—Cl bond in thienylchlorosilanes*'**™'? and of the Sn—Cl bond
in tri-(2-thienyl)-chlorostannane'?’ has been performed. Methyl-(2-thienyl)-dichlorosil-
ane is hydrolyzed in aqueous potassium carbonate or bicarbonate,” a mixture of tri-,
tetra-, and pentameric methyl-(2-thienyl)-cyclosiloxanes being formed as a result of the
reaction:

- Mle
~Si-0-
H,O
O siape 2 )
S B
n = 3-5 L in

To increase the thermal stability and resistance of polysiloxanes to organic solvents,
methylchlorosilanes are cohydrolyzed with bis-(dimethylchlorosilyl)-thiophene,123"24
the latter amounting to 10-40% of the initial mixture.

Thienylchlorosilanes readily undergo alcoholysis with lower (methanol,'*® ethanol'?®)
and higher (1-octanol'*®) alcohols as well as thiolysis with 1-decanethiol.'”' Methylthienyl-
dichloro- and thienyltrichlorosilanes treated with 7-butyl hydroperoxide in ether at 0°C
in the presence of gaseous ammonia form organosilicon peroxides:'*?

N NH v
{T}L-Si-Cl + t-BuOOH -—>- [T}&—Si-OOBu—t
7 S

0°c
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Treatment of (2-thenoyloxy)-trichlorosilane with organic fatty acids leads to mixed
acyloxysilanes:'*?

U_coosm13 + CH4CO0H — @—c0051(ococn3)3
S s

2- and 3-Thienyltriethoxysilanes'>'**™'*® and 2-thienyltriethoxygermane'® undergo
y

transesterification with triethanolamine to form thienylsilatranes and a
thienylgermatrane:

1
/
@~M(0Et)3 + (HOCHZCH2)3N _— @—M(OCHZCH2)3N
-3EtOH

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; %%
|
U—Si-o’ + t-Buo’

S i

D‘Sli-OOBu-t e |
57 > Q— 0-51-0Bu-t
2

The influence of various groups on the silicon atom (Me, Et, CICH,, Br, Ph, PhCH,,
2-thienyl) on the rate and mechanism of the thermal decomposition of peroxides'®’ indi-
cates that no correlation exists in Ig Ki-o* coordinates; hence the peroxide reactivity is
not entirely due to the inductive constants of the substituents. For thieny! derivatives
the heterolytic process (Kz) 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 acid,”**"** sulfuric acid in acetic acid-water,"**™*' hydrogen chlo-
ride,'*? potassium permanganate in water,”> bromine,'*® acyl chlorides,'* " sodium
methoxide,"" aziridine,'*’ pyrrolidine,'>'*® piperidine'*'*® and morpholine'*® in the pres-
ence of catalytic amounts of alkali metals'>'*’ or butyllithium,'*® organolithium com-
pounds,””"**™*! iron,'" and platinum'**"*® 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 complex'* with triethyl-(2-thienyl)-
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stannane gives a thienyl-containing complex in 31% yield, whereas triisopropyl-(2-
thienyl)-stannane fails to react:

[Pt(CO)Cl(PPh3)2]C104 + QSnEt3 —_

— [Pt(CO) (_Q) (1>ph3)2]clol+

The reactivity of the Sn—Cihiophene bond is higher than that of the Si—Cihiophene bond
towards benzoyl chloride'** and the cycloocta-1,5-diene platinum dichloride com-
plex."”® Trimethyl-(2-thienyl)-silane undergoes acylation (17%), whereas trimethyl-(2-
thienyl)-stannane yields phenyl (2-thienyl) ketone (45%):'**

0
ZB—SnMe3 + PhCT//
S ¢

In the Pt(cod)Cl; complex (cod stands for 1,5-cycloocta-diene), a chlorine atom is
substituted by a thienyl group (98% yield) upon treatment with trimethyl-(2-thienyl)-
stannane, the yield being only 15% in the case of the corresponding silane.'”

—_— /Z__/\\——C-Ph + Me;SnCl
1 S 8

I1II. 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 é 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 thienylsilanes,'“"
-germanes,'*" -stannanes'*'*'*? and -plumbanes'*'>'®* are shifted toward low-field
values as compared to thiophene. With increasing number of thiophene rings at the M

n

element in the compounds (Q—) MMe,_, the shielding of the ring and methyl

group protons (see Table I) is diminished.'

Substitution of methyl groups at the silicon atom for alkoxy group or fluorine®’ leads
to a decrease of the p,—d.-interaction with the ring. The acceptor properties with respect
to the m-electron system of thiophene are also diminished when going from 2- and 3-
thienyltriethoxysilanes to the corresponding silatranes.'”®

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

In the *C NMR-spectra the signals of the carbon nuclei in the thiophene ring of
(Rs)nMMey-n compounds are shifted to lower fields compared to thiophene.'*"> With
increasing number of thienyl groups at the element M the shielding of the C(2) nuclei
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TABLE 1

The 'H, *C, *Si, '**Sn, *’Pb Chemical Shifts of Compounds

( Q> L MMesgn

$ 'H, ppm 3 *C, ppm
3 M,

n M ppm H@3) H@ HG) CH, C@2) CG3) C@ CG) CH;
Si —6.00 7.27 7.17 7.61 034 1399 134.1 128.2 130.5 0.5
Si —15.03 733 720 7.62 0.68 137.4 1355 1284 1315 0.5
Si —24.14 742 723 7770 096 1353 137.2 128.5 1324 0.8
Si —34.07 753 726 17.76 — 1340 1384 1293 1340 —
Ge 7.20 7.19 7.55 0.48 140.0 132.7 128.0 129.6 0.1
Ge 7.26 7.20 7.59 0.80 138.1 134.0 128.2 130.5 0.3

735 722 765 1.03 1357 1353 1283 1313 0.6
Ge 7.43 7.27 7.69 — 133.7 136.5 128.4 132.1 —

Sn —2746 7.5 7.9 757 035 1367 1350 1280 130.8 —7.8
Sn —6391 730 726 7.66 0.66 1348 136.1 1283 131.5 —7.0
Sn  —10453 740 728 772 092 1328 137.1 1284 1322 —6.3
Sn —14861 748 732 778 — 131.3 1378 1285 1328 —

Pb —42.1 719 720 740 1.08 1409 1348 1278 130.4 0.6

—_ bW N =, AW = A WN =
Q
(¢

and deshielding of the C(3), C(4), C(5) carbon nuclei in the ring and of the methyl
group'*'>!% are observed. Moreover, the chemical shifts of the ring carbons and the
number of heterocyclic substituents show almost a linear correlation.

The replacement of one methyl group in tetramethylsilane,'*"® -stannane,
-plumbane'*'’ 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 shielding.'*"’

14,15,166

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.'®’ %

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

The transition from 2-z-butylthiophene to 2-(trimethylsilyl)-thiophene is accompa-

nied by an increase in the vcr value by 650 cm™."®® Upon further transition from silicon-
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TABLE 1

Frequencies of Charge-Transfer Complexes of
Thiophene Derivatives with Tetracyanoethylene

Compounds vi, cm’’ v, em |
@- CHj 24400 19600
Q SiH, 24950 21750

cl Q— CHj 26000 19300

01@~51H3 28400 21650

containing compounds to germanium, tin, and lead derivatives a regular decrease in the
ver frequencies (Table IIT)'® 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 thienylsilanes,'”® -germanes,"”' and -stannanes'”' re-
veals some characteristic changes in the stretching and deformation frequencies of the
C—H bonds of the thiophene ring,'” the skeleton vibrations of the thiophene ring,'”*'"!
and the vibrations of the elementorganic substituents.'’®!"!

Since the frequency'’>'”* and intensity'’*'”* of the Si—H bond stretching are essen-
tially determined by the electronic effects of the substituents on the silicon atom the IR

TABLE III

Charge-Transfer Frequencies (v, cm™') of Complexes
Formed by Thiophene Derivatives

(@-) MMe,__ with Tetracyanothylene
S n

M
n C Si Ge Sn Pb

19800 20450 20240 20040 19840
20900 20700 20240
21140 20900 20450
21400 21140 20700

HW N e~
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spectra of thienyl substituted hydrosilanes have been studied. In compounds showing
no pr—dn-interaction the vs,_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 vs_y vibrations exceed their estimated
values.'” 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 vs_y stretching in the IR
spectra.'’®

The thiophene ring acts as a m-acceptor in hydrogen bonding with proton do-
nors."””'”® The basic properties of the w-system are evident from the shifting of the
stretching frequency of the O—H bond of free phenol (3909 cm™) after hydrogen bond-
ing with thienyl derivatives (Av). The comparison of Ay 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).

In compounds containing an alkoxy group at the silicon atom a hydrogen bond of the
—O—H-~--- (')—Si type is predominantly formed.'”® 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 o* of R'R?RSi substituents from the Ay(OH)-g*
relationship.'”” It has been found for the (2-thienyl)-dichlorosilyl group that
o* = 1.38 £ 0.12.

TABLE 1V

Shifts of the Phenol vou
Stretching Frequency upon
Hydrogen Bonding with
Thiophene Derivatives

Compound Av, cm’’
4 s ) 53

I N _cu 64
{ Y=o,
Q—31H3 44

\
CH3Q CH; 74
H3Sil/8 \B-SiH3 40
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3.4. Chromatographic behavior
Thienyl-containing oligocyclosiloxanes'® and linear siloxanes'®' 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-
rameters and the structure and other properties of thienylsilanes.'**"'** Adsorption gas
chromatography can be applied to assess the variation in electron distribution over the
thiophene ring upon introduction of silyl substituents,'® 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 thienylsilatranes'®*'*> and 2-thienylgermatrane'®’
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 Al
amounts to 1200-1500 units for silatranes (Table V) exceeding by far the Al 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

& - 1
RM(OCH,CH,);N.

3.5. ESR spectra

188,189 189
1,818 1

The addition of silyl,**"'® germy and stannyl™" radicals -MR3j to the nitro group
of nitrothiophenes,'®®'*’ the pyridine nitrogen atom of 4-(2-thienyl)-pyridine,'®® 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 radicals

X—D N/O.

—n '
S O-SlEt3

186

X = H, Me, Ph, Cl, CN, NO,, Ac, CHO, SMe, CO,Me

shows that the hyperfine splitting constants are correlated with Hammet’s constants ¢
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 radical'®®
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14 \§_<. _:N—MR3
S
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 radicals'®® show decreased hyperfine splitting con-
stants upon transition from silicon to germanium and tin derivatives (Table VI).

3.6. The **Cl NQR spectra

The *Cl NQR spectra of 5-substituted 2-chlorothiophenes including trimethylsilyl and
trichlorosilyl derivatives'”® have been studied. A single narrow band at »”’ = 36.321
MHz is observed in 2-chloro-5-trimethylsilylthiophene. The NQR frequencies »’ ap-
pear to be correlated with Hammett’s gp constants:

v = 36.872 + 0.8780, (r = 0.963)

Such a relationship is not observed in the trimethylsilyl derivatives (o, = —0.072)
where a significant deviation is evident.

3.7. The Mossbauer spectra

The Méssbauer spectra of tetra-(2-thienyl)-stannane'®’ show a singlet band with the

isomeric shift 8 = 1.10 mm-sec™". The considerably decreased isomeric shift 8, as com-
pared to tetraphenylstannane (§ = 1.26 mm -sec'), 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

/ \_) Comph
({ - cowen,

a, Gs

M a3 a@4) a(s)

Si 518 1.08 4.34
Ge 519 1.08 424
Sn  5.03 1.03 4.10
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3.8. X-ray studies

The structures of tetra-(2-thienyl)-silane,'®? -germane,'”* -stannane,'®’ and -plumbane193
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)-silyl}-2,2"-bithienyl:'**

CH S CH
3 \ 3
4S§%i @ /S #i 4S§
CH3 CH3

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—CHj; (1.881 A).

IV. BIOLOGICAL ACTIVITY

15,19,135,195,196 113,197,198

germatranes,”” aminoalkylsilanes,
and methyl-(2-thienyl)-silane'® have been tested for psy-

Thienyl-containing silatranes,
their hydrochlorides,'>!''*1*%17
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 S on the thiophene ring in 1-(2-thienyl)-silatrane'* 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’-thienyl)-silatrane eliciting a stimulatory effect. 1-
(2’-Thienyl)-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.'*®

The psychotropic activity exhibited by thienyl-containing aminoalkylsilanes'"” and
their hydrochlorides''®'**'*’ is of the deprimating type. In the a-, 8- and y-substituted
perhydroazepinoalkylsilane hydrochlorides'*'”’

@ SiMez(CHZ)mN'Q *HCl
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the largest effect is observed with dimethyl-(2-thienyl)-(B-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 (II a)
and their carbon analogs (I b, II b) were compared on isolated guinea pig ileum."®

OH OH
(/ \S-I‘{ICH CH,N 0 U'I!'lCH CH,N O « CH,X
g7 27025\ S o222\ s 3
Ph Ph
I I1
a, M = Si; b, M= C

At a concentration of 107° mol/l compound I a was 7 times more effective against
carbachol than I b and II a was 6 times more effective than II b.
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