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Abstract 

Bis(Z-thicnyl)silanes and bis[5-(2-bromothienyl)]silanes were synthesized by electrochemical reduction of monohnlothiophcncs (Br.61) 
and 2.5dibromothiophene respectively in the presence of a dichlorosilene in TMF or LME. using an undivided cell. a sacrificial Mp or Al 
mode, a constant current density and tetrirbutylanlmoniunl bromide as the supporting electrolyte. In addition, when dichlorosiluncs were 
used in klrge excess, hiblothiophenes underwent solely u monocoupling reaction lending selectively to thienylchlorosilancs, which reveills 
the vcrsntihty of the clcctmchemica~l method. 

C)rgmosilicon polymers conteininy u regular elternut~ 
ing urrungcment of silrmylene or polysilanylene units 
und :I curbon sr-electron system in lhe muin chuin, such 
IIS mono-, di-. trithienylene [I - IO], phenylene, etheny~ 
lene. ethynylene, diethynylene, enynylene, diynylene, 
napthylene illld furylene sequences, have received in- 
creasing attention [7- IO] because these polymers cun be 
used iIs functional materials [I I] such as photoresists 
[I, 121, semiconducting materials [2-4.7.131 and precur- 
sors of silicon carbide [ 14, I s]. 

Scverul routes to these materinls, and pilrtiCUlNly 10 
polymers with alternating silylene und thienylene units. 
have been described. They generuly involve the sodium 
condensation of bis(chlorosilylI-substituted compounds 
possessing n n-electron system [l] or the coupling 
reactions of dilithioderivativcs of these systems with 
dichlorosilanes or dichlorodisilnnes, The latter method 
leuds to linear poly[2,5-(silyl)thiophenylene] when hex- 

* Corresponding authors. 

m2 is lhe solvent whereus the fmnotion of II cyclic 
trligomer colllrtining four thiophenc units is prcl~rcntial 
in TI=IF, limiting the scope of the rcaetion [2--41. The 
use of the &lithium salts of Me,SiTh, (Th = %-thienyl) 
or ThMe2SiSiMezTh were preferred to the dilithium 
salt of thiophene in the polycondensntion reaction with 
dichlorosilanes [ 161. The advsntrrge is that the higher 
molur weights of the monomers enable u better control 
of the stoichiometry imd consequently higher averuge 
molecular weights of the final products. The key prod- 
ucts Me,SiTh, and ThMe,SiSiMe,Th were themselves 
obti\ined by CondensiUion of 2-thicnyllithium with 
dichlorodimethylsilane and I ,2-dicl~lorotettrrmelhyldis- 
ilime respectively, The dilithium salts of Me,SiTh, and 
ThMe,SiSiMe,‘I’h were reveided to be good precursors 
for alternating (thienylene-arylene-thienylene-sily- 
Icne) polymers by polycondensation with aromatic di- 
bromides using the pulludium-catalyzed coupling of zinc 
derivatives [3,4]. More recently, Me,SiTh,, ThMc,Si- 
SiMe2 h,SiTh, and 2.5-bis(trimethylsilylthio- 
phene) were found to undergo electrochemical polymer- 
ization leading to conducting polymer films similar to 
those prepared from thiophene [5,17]. 
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Bis(2-bromothienylkubstituted mono-, di- and trisi- 
lanes constitute another important class of precursors of 
mono-, di-, and trisilanylenedithienylene polymers by 
dehalogenation with magnesium in the presence of a 
nickel(tI) catalyst (91. These monomers were prepared 
by condensation of dichloromono-, di-. or trisilane on 
2-bromo-Withiothiophene resulting itself from the 
monolithiation of 2Sdibromothiophene. 

Following our results in the selective electrochemical 
trimethylsilylation of arenes. chloroarenes [l&19], 
mono- and polyhalothiophenes [20], here we report the 
electrochemical synthesis of a series of both classes of 
the key products previously mentioned: bis(2- 
thienyl)sikdncs and bis(2-bromothienylsilanes). The 
method involves the cathodic reduction of a mixture of 
a monohalothiophene (Br,CI) or 25dibromothiophene 
and a dichlorosilane. The inexpensive, industrially feasi- 
ble sacrificial anode technique (massive metallic Al, Mg 
bar) involving an undivided cell, a cylindrical stainless 
steel grid as the cathode and a constant current density 
(211, offers a competitive route to these precursors. 

2. Results and discussion 

Electrolyses were carried out at room temperature 
under constant current density (i = 0. I A, j = 0. I f 0.05 
A dm’” 1 using a 70 ml : IO ml THF-HMPA solvent 
and Bu,NBr as the supporting electrolyte at a low 
concentration (0.02 M) compared with that of the en= 
gagled substrate (0.3 MI, The structures of the new 
products obt,tined were establish&l, or confirmed for thr 
others, hy ’ W, ‘IC“, “‘Si NMR, IR, and mass spcctrsB 
sropies, Elemental analyses are also prov i&d fw the 
new compounds, 

After passage of 2.2 F mol _ ’ of’ 2-BrTh, the products 
of the elcctroreductive coupling with dichlorodimcthyl- 
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Scheme I. 

silane were essentially dependent upon the molar ratio 
of the engaged reagents. 

First, a I :0.5 2-BrTh-Me,SiCl, molar ratio led to 
the expected bis(2-thienyl)dimcthylsilane (Me,SiTh,, 
Scheme I, Eq. (1)) with a complete conversion of 
2-BrTh and an excellent yield of isolated product (89%) 
when a magnesium rod was used as tho anode (Table 
I). This result constitutes a real improvement of the 
common chemical route involving the coupling reaction 
of clielrlQrodinrsrlryls~l~~n~ with tPlnnQlithiothiaph~nt:. 
which occurs only in 51)~60% yields. due to side rcac- 
tions such as thy format inn of dilithiatlriol4lr~I\c and 
tlisubstitutcld thiophcnrs IS]. In addition, ths electro- 
chemical method is simple, easy to control, the eon- 
sumption of massive magnesium is less expensive, and 
the use of lithioderivatives is avoided. 

As a comparison, under the same conditions, with an 
aluminium anode, the conversion rate 460%) and the 
isolated yield (30%) were significantly lower (Table I ). 



Table 2 
Synthesis of a variety of bis(2-thienylkilnnes in stoichiometric condi- 
tions 

R,R2SiCI, 2-BrTh R ,R,SiThL Chemical 
conversion yield (SF) routes 
t(P) 

GC isolated Yield (8) Ref. 

Me,SiCI, loo 98 87 67 
ViMeSiCll 100 96 52 t:; 
PhMeSiC; ? 100 96 58 50-60 
PblSiCl, 0” cl 0” tl’ P 

‘BuMeSiCI, loo 97 61 
ClCH,CH2MeSiCI, 100 96 42 b 

a Under these cond.tions. no reaction proceeded with 2-BrTh. but 
formation of polysilane resulting from the electrochemical reduction 
of PhlSiCI, [22] was observed. PhlSiThz can be obtained from 
2.5-dibrornothiophene (see below, Scheme 2). ’ An elimination reac- 
tion occumd after exposure to daylight giving ViMeSiTh,. ’ Yield 
not mentioned. 

The different conversion rates with Mg and Al were in 
good agreement with the observed anodic faradaic yields 
(amount of consumed metal compared with charge 
passed); these were almost theoretical for Al (110% 
Table I ) and abnormally high for Mg ( I45% Table I ), 
showing that a chemical reduction also occurred at the 
anodically scoured Mg. Thus, for Mg, we can assume 
that the chemical participation compensates for the pos- 
sible loss in cathodic current efficiency observed for Al 
due to exhaustion of tlrc substrate at the end of the 
electrolysis. It must bc pointed out, however, that after 
having pnsscd 3 F mol. ’ ot’ electricity with an alu- 
minium anode tlie conversion rate WilS quiintitiJtiVe bn t 

the final yield only slightly improved US%). 
Second. when dichlorodimetl1yIsiliU1e was used in 

large cxccss. 2~IhTli underwent solely I\ monocoupliny 
rcactisn leading selectively to dim~thylthienylchlorosi- 
lane (Scheme I, Eq, W), showing that this product 
results from the first step of the previous reaction, as 
expected. Thus, with ;I magnesium or aluminium unedc 

WKI n I : 20 2-BrTh-Me,SiCI, molar ratio, the 2-BrTh 

conversion was quantitative annd the yield of isolated 
Me,SKTh)CI high (880/c, Table I). Table 1 also shows 
that a lower selectivity was obtained with a lower 
excess of MezSiCl, (1 : IO molar ratio). 

The coupling of Z-BrTh was extended to various 

dichlorosilanes using a Mg anode. Thus, in stoichiomet- 
ric conditions, a variety of bis(2-thienyl)silanes were 

prepared in 42-87% yields, including several new ones 
(Scheme 1, Eq. (3), Table 2). Stoichiometric reaction 
with 1.2-bis(dimethylchlorosilyl)ethane also afforded 
1,2-bis(dimethylthienyl)ethane in fairly good yield 
(65%) (Scheme 1, Eq. (4)). 

The influence of the nature of the halogen of the 
2-halothiophene was also investigated. Thus, the cou- 
pling with Me,SiCl, or PhMeSiCl, was shown to 
proceed with the less expensive 2-CITh as well as with 
2-BrTh, providing the corresponding bis(2- 
thienyl)silanes and (2-thienyl)chlorosilanes (Scheme 1, 
Eq. (5) and Table 3). 

Differences in isolated yields are essentially due to a 
loss of product during liquid chromatographic purifica- 
tion. Conversion rates and GC yields were excellent. 

In order to understand the respective role of the 
reagents in the coupling reaction, a comparison can be 
made with the electrochemical reaction of 2-BrTh or 
2-CITh with Me,SiCl we previously studied under the 
same conditions [20]. In this case, Me,SiCi is known to 
be very cathodically reducible (at a potential inferior to 
- 3 V vs. SCE [22,23]), that is less readily than aII 
organic halides. 2-RrTl1 or 2-Cl’lh are therrforc rcducrd 
first and tl1c anion formed is trapped by Me lSiCI acting 
as the clcctrophile. Knowing that the rctluctian potcn- 
tials 3t’ 2-BrTh and K ,R,SiCl, are of the sitme order. 
the rcspcctivc roles af Ihe rcagcnts in this coupling 
I~:ilCtiOll arc not CICX. (SCVl2t31 valt:m~mstric measurc- 
ments have been made for both series but in different 
conditions of solvent, supporting electrolyte and elec- 
trade, so a fine comparison cannot be efkcted at the 
present time [20,22].) Nevertheless. several arguments 
issued from the synthesis attow clarification of the. 

Tnbk 3 
Influence of the nature of the halogen of the substrate on lhe synthrsls of bis(2-tltienyl)silnlles nnd (2.thienyl)chlorosil;lllcs (Mg anode, 2.2 I” 

GC iSOli\td GC isolated 

l/20 
PhMeSiCI, I /o.s 

l/28 
2aTll MezSiCl, I /o.s 

I /20 
I’hMcSKI z I /0.5 

l/20 

a Conversion was always 100% ’ Mohtr ratio. 



process: (i) no deposition of polydimethylsilane (PDMS) 
occurred with 2-BrTh or 2-CITh. even when Me,SiCl, 
was used in large excess, while the cathode was coated 
with PDMS in the absence of halothiophene i22.241 or 
in the presence of PhBr, which is less readily reduced 
than halothiophenes [25]. Knowing that halothiophenes 
are less electrophilic than chlorosilanes, this means that 
MezSiC12 or PhMeSiC12 are not the reduced substrate: 
(ii) after having passed 2.2 F mol-’ of 2-XTh (X = 
Br. Cl) in the presence of an excess of MezSiCI, or 
PhMeSiCI,. the halothiophene is quantitatively con- 
sumed (anode Mg. Al). So, we can conclude that the 
halothiophene is reduced first and Me,SiCI, acts as the 
electrophile: (iii) this conclusion is also available for the 
other dichlorosilanes studied, except Ph $iCI, which is 
much more easily reduced [22,23]; this shows the pref- 
erential formation of polysilanes. under the same condi- 
tions, with the halothiophene being recovered. In this 
case, Ph,SiCI, is indeed reduced first and also acts as 
the electrophile. 

2.2. Eiectrochemical synthesis of his/5-(2-bPonrothicrr- 
yl%ilanes and S-(2.brotrrothienylklintethylchlorosilane 

As for the previous reaction, the electrolysis of 2,5- 
dibromsthiophene (2,5-Br,T) with an excess (20 molar 
equivalents) of Me ,SiCl, using a Mg or Al anode under 
the conditions mentioned above (i - 0.1 A, j 
0.05 A dm’“, 70 ml: IO ml THF-HMPA, 0.02 M 

AFRFMe isolated yield (%). 6: 
Ad&. RFVI 51 
FbMe. RrPh 55 
R,.RrPh 55 

Scheme 2. 

Bu,NBr) with up to 2.2 F mol- ’ of dibromothiophene 
led to 5-(2-nromothienyl)dimethylchlorosilane, 
Me,Si(TBr)CI, with a good yield (80% Scheme 2, Eq. 
(6). Table 4). 

When 2.5-dibromothiophene (I molar equivalent) was 
electrolyzed with 0.5 molar equivalents of R ,R2SiClZ, 
using a Mg anode, under the same conditions until 2.2 F 
mol- ’ of dihalothiophene was consumed, the sole prod- 
uct formed was not the expected bis[5-(2-bromo- 
thienyl)]silane, R,R,Si(TBr),, but the corresponding 
hydrogenated compound R , R z SiTh, with quantitative 
GC yields (isolated yields after purification by liquid 
chromatography are shown in Scheme 2, Eq. (7). and 
Table 4). In order to limit this undesired reaction, an 
extensive study was carried out with MelSiCIZ as a 
model. Different parameters were investigutcd: natum 



Table 6 
Influence of current density after 2.0 F mot - ’ of chnrge pssed ’ 

Current density 2.5BrlT 
j(Adm-‘1 

Me,Si(TBr), yield (%j 
f (a) GC isoluted 

Me,Si(ThI, yield fg7r) 

GC isolated 

9&m) Icnethiophenr 
oligomers 
GC yield (%I 

0. I -0.2 92 I2 
0.02-0.05 92 84 73 

- 0.01 67 60 51 

’ Mg mode, 70 ml:10 ml DME-HMPA solvent, 0.01 M Bu,NBr. 

40 40 
8 
7 

of the anode, supporting electrolyte, solvent, current 
density. 

2.2.1. Nature of the anode 
With an Al anode un&r the previous conditions, 

Me,Si(TBr)? was formed with a quasi-theoretical an- 
odic faradaic yield, but medium conversion rate and 
yields (Table 4). The latter could, however, be increased 
by increasing the charge passed up to 3 F mol- ’ . As for 
the reaction of 2-BrTh (cf. Section 2.1) the complete 
conversion with a Mg anode for 2.2 F mol- ’ is nssoci- 
ated with a chemical participation of the anodically 
scoured Mg (high rlnodic faradaic yield: 140%) allow- 
ing the reaction to proceed further. 

2.2.2. Supporting electrolyte and charge pussed 
Me,Si(TBr), could also be obtained with a Mg 

anode in THF-HMPA, but in low yield (12%. Table 5). 
provided the concentration of Bu,NBr was decreased to 
0.01 M. and the charge limitsd to 0.5 P mol-‘. 

2.2.3. Solvent und charge passed 
FCW ii charge of 2,O F mol ~’ ’ , 11 Mg anode, and a 0.0 I 

M Bu,NEtr solutioit. Mc,Si(TBr), wits recovered in 
DMB-HMPA oh in a low amount ( I %%I), but not in 
THP-HMPA (Table 5). In fact the process of the 
reaction is complex: silanylenethiophene oligomers were 

inning of the reaction and then disap- 
pared in THF but remained up to 2.0 F mol- ’ in 
DME. This paint is still under consideration. 

2.2.4. Current density 
Current density was varied with a 0.1 A constant 

current intensity using three stainless steel grids with 
different active surface areas in order to get 0.1-0.2, 

2 IIf ar * a,R*sol* 2.0 Fhml 
Ana@ tdg - Br w 
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I.0 02.0 01 Aldd 

RpRpM0 
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Scheme 3. 

93% iaolatod yield 

0.02-0.05 and 0.01 A dm-‘. Table 6 highlights that 
decreasing current density to 0.02-0.05 A dm-’ is the 
main factor for recovering Me,Si(TBr),, our desired 
product, with a convenient yield (73%). Under these 
conditions, the formation of the hydrogenated product 
Me,SiTh, is strongly reduced (8%). From this result, it 
can be assumed that, during electrolysis using the high- 
est current density, Me,Si(TBr), is also reduced in 
conditions where electrophile chlorosilanes (Me,SiCIz 
or MezSi(TBr)CI) are exhausted. A proton or an H atom 
must then be abstracted from the medium. 

These experimental conditions being established, we 
could synthesize a variety of bis[5-(2-bromothienyl)]- 
silanes with yields equivalent to those of the chemical 
routes for the known products (Scheme 3, Table 7). 

3. Conclusion 

In conclusion, we have achieved a successful clectro- 
chemical alternative to the use of lithio-compounds fat 
the synthesis of a variety of bis( -thienyl~sil:mrs and 
bis[5-(2=bron~otl~ienyl)]silunes, precursors of ply- 

[(sil~~nylenc)thiaphe~~e]s, The high selectivity of the 
~iietliur~ ulso allowed the (2-tl~ieiiyl)cl~lorasil~~nes and 
~-(2-brom~tl~ici~y I~dimetl~ylcl~lorosilillle I’ormed in the 
first step to be obtained. 

4. Experimental details 

4. I. Gerleral methods 

The electrolysis of magnetically stirred solutions was 
performed under nitrogen, in a previously described % 191 
undivided cell fitted with a sacrificial magnesium rod as 
the anode, and a cylindrical stainless steel grid iIs the 

Table 7 
Synthesis of r\ variety of bis[S-(2.bromolhienyl)]silanes a 

R,R,SiCI, R,R,SiW3r), Chemical roules 
isolttted yield (o/n) 

Mc,SiCI z 70 72 [71 
ViMeSiCI, 61 171” 
I’hMcStCI, 64 69 171 

a Mg anode, 70 ml:10 ml DME-HMPA, 0.01 M Bu,NBr, _i- u.u2- 
0.05 A dm- *, 2.0 F mol-‘. b Yield not InellliOlled. 
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953 (s); 857 (m); 843 (~9; 813 (s9; 798 (s9; 748 (s); 710 
(m): 497 (~9. 

4.2.1 I. BislS-(2-bromothienyl~l~interhylsilane 
Yield, 70%: b.p. 115 ‘C/O. 1 mm Hg. ‘H NMR 

(CDCI,): S 0.64 (s, 6H, SiMez9; 7.08 (d, 2H. J’ = 3.5 
Hz. thienylene protons); 7.13 (d, 2H. J3 = 3.5 HZ, 
thienylene protons). 13C NMR (CDCI,): 0.0 (P): 118.3 
(Q); 13 1.2 (T); 136.0 (Tk 139.4 (Q9. 29% NMR (CDCl,): 
S - 15.71. MS m/z (rel. intensity, %9: 284 (24); 282 
(49): 280 (22. MI; 269 (51): 267 (1009; 265 (44. 
M -CH,): 195 (279; 152 (13); 127 (14); II 1 (24): 75 
(159; 51 (129; 43 (109. IR (neat): 2947 (m); 1501 (~9; 
1406 (~9; 1278 (~9: 1257 (sk 1205 (~9; 1071 (m9; 1008 
(m); 95 I (s); 902 (~9; 83 l (ml: 799 (~9; 78 1 (~9; 738 (s); 
677 (~9; 650 (m9. 

4.2.12. BislS”i2-brontothicnyl)lntfrhylvinyisila~t~ 
Yield, 61%: this compound was directly purified by 

silicu-gel column chromatography. with pentane as the 
eluent, ‘H NMR (CiXl,): 8 0.72 (s, 3H. SiMe9: 5.99- 
6.43 (m, 3H, vinyl protons); 7.12 (d, 2H. J’ = 3.5 Hz, 
thienylene ring); 7.16 (d. 2H, J’ = 3.5 Hz, thienylenc 
ring). ‘“CNMR(CDCI,9: S -1.9W9: 118.9(Q): 131.6 
(T9: 134.0 (S9; 136.5 (T9; 137.0 CT); 137.6 (Q9, ““Si 
NMR KDCl19: S -23.30. MS nt/z (rd. intensity): 
396 (28); 394 (479; 392 (23, M9; 382 (119: 381 (60); 
,970 ( IOO); 377 (50, M - CH ,9; 369 (22); 365 (11); 355 

); 353 (199; 315 (419; 313 (37); 285 (159; 272 (IX); 
(II): 270 (159: 233 (IO); 207 (129; 203 (13): 191 

(139: IS1 (179; I((3 (179: I07 (12); 53 It093 IR (neat): 
3003 (w); 3049 (m9; 2941 (~9; 991 I t 
lSI)?I (w9: 14!I4(m9: I401 (~9: 1319(m): 
(s9; 10% (Sk W7 (Sk !I53 W; XW (m): 847 (m): H27 
(ml; 787 (Sk 770 ($9; 727 (n); 701 (s); 698 (nlJU 

a 13. BtlS~r2-bP~~rntrthicny~~~~t~thy~~h~t~~y~.si~et~f~~ 
Yield, 65%; this eompamd was directly purified by 

siliaa-gec;l column 
eluent. ‘H NMR 

stography. with penttme as the 
,): 6 0.95 (s. 3H, SiMek 7.14 

ff, J’ = 3.5 Hz, thienylenc protons): 7.19 (d. 2H, 
3.5 Hz, thienylane protunsk 7.49 (m, 3H, phrnyl 

pt’otonsk 7.66 qrn, 2H, phenyi protons). ‘k NMR 
Kxx1\9: s - 3.4 (P): I 19.2 IQ); 128.3 0); 130.5 (T’); 
13 1.7 (T9: 134.6 (T): 134.H (T); 137.6 (6); 137.X (Q). 
%i NMR CCDCl,k 6 - 20.31. MS m/z (rel. intensity): 

1%; 444 (44); 442 ( 13, MI; 431 (43); 429 ( l(X)); 
33, M - CN,). IR (neat): 3061 (w): 3038 (w); 
(WI; 1450 (wk l4Ol (ml; 1.121 (w): I250 (ml; 

1211 (m): 1 I81 (m9; 7 (In): 996 (ml: !%I (s); X43 
fw$: 7% (Sk 777 (s9: W; 937 W: 706 (m). 

42.J4. t .*?-Bi.~iS-ta-Arr4oratl,ia,~~l~l~l~~~~~~~~~~,~~~~i~~~~~~,,~~ 
Yield, 63%: this compound wus directly purified by 

sika-pel column chromatography. with pntane as thr: 
dm. ‘H NMR KXXI,k 6 0.32 (s. l2N. SiMe, ); 0.72 

(s, 4H, SiCH, ); 6.98 (d. 2H, J” = 3.5 Hz, thienylene 
rotons); 7.10 (d, 2H, J’ = 3.5 Hz, thienylene protons). 

pz, NMR (CDCI,): S -2.1 (PI; 8.6 (S); 116.9 (Q9; 
131.1 (T); 134.6 (T): 141.6 (Q9. “Si NMR (CDCl3): S 
- 4.94. MS III/Z (rel. intensity, %n): 470 (1.2); 468 
(2.0); 466 (0.8, M9; 455 (4); 453 (6): 45 1 (3. M - CH ,9; 
389 (16); 387 (119; 361 (24); 359 (209; 306 (79; 225 
(13); 221 (100); 219 (91); 139 (32); 137 (33); 43 (10); 
28 (309. IR (neat): 3094(w); 3029 (w); 2948 (s): 2891 
iw); 2779 (w); 1491 (~9; 1401 (s); 1321 (w); 1247 (~9; 
1211 (s); 1129 (~9; 1077 (s); 989 (sk 979 (s); 953 (s); 
899 cm); 848 W; 832 (s): SO7 (s); 785 (s); 728 (wk 699 
(s). Anal. Found: C, 35.97; H, 4.51; S, 13.22. 
C,,H2,Br,S2Siz. Calc.: C. 36.05; H. 4.29: S, 13.46%. 
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