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Cyclic organosilicon compounds

Reaction of 1,4-dilithium-1,1,4,4-tetraphenylbutane
with organodichlorosilanes
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Institut of Macromolecular Chemistry, lagi, Romania

ABSTRACT
Cyclic organosilicon compounds were obtained by the coupling
reaction of 1,4-dilithium-t 1,4,4-tetraphgn{1butane and ‘organa-
chlorosilanes with general formila R'R°"8SiC = (R =mathyl R’ "=
ethyl , ﬁhenyl ,vinyl , p-tolyl}).The chemical analysis,molecu-
lar weight determination , IR spectra have shown that new com-
ounds have been formed b{ ring closwe through a siloxane
ond . The thermogravimetric analysis indicates a thermal sta-—
bility of compounds up to 3607C.

INTRODUCTION
The organosiliacycloalcanes are starting compounds in the.sxn~
thesis of polymeric silotane bond containing materials wit
interesting propreties.Different methods for the preparation
of 5,6,7 oF more nombered tycles were reported:addition of or-
anohrdrogensilanes to unsaturated organic compounds [1,2]1 or
0 silanes with unsaturated groups in_  the structure (3,61
cyclisation of d1meth¥1(cyclobutoxy)chlor0511ane in the pre-
sence of sodium or lithium (71 , the reaction of (acetoxybutyl)
methylethnxz silanes with alkalis [8,91 , thermal cyclisation
of the reaction products of dimethylchlorosilane with trimethyl
butenoxysilane [10] dehydration of bisl (hydroxybutyl)tetrame-
thylldisiloxane £111 , hydrolysis of bis—(alkyldichlorosilxl)—
propaneg [121 or of bis—(methylchloroethoxysilyl)propane [13]
with agqueous KOH solution , reaction of o-dichlorobenzene with
chlorodimethyl methoxy silane and sodium [143 , reaction of
2,2,6—trimethzl—6—ethoxy~1—mxa—2,6—disilachlorohexane with ace-
tyl chloride [15] reaction of bis~[ (iodomethyl)tetramethylldi-
siloxane with sodium cum?cunds of malonic ester [161 , hydro-
lztic condensation of chlorodimethylethoxysilane with chlorome-
t yl/methyl/diethoxz silane and further processing of the
reaction compounds i73. Frequentlz organosilacycloalcangs are
obtained bg‘use of Grignard reagents.In this manner 1,1,3,3~te-
tramethyl -2-oxa—-1,3~ d1silaczc1mheptane 181 and 1,1-diorgano—
1-sila-2-oxa-cyclohexanes [19] were synthesized .Frevious we
described the coupling of 1,4-dilithium—1i,1,4,4~tetraphenylbu-
tane with diorganodichlorosilane [201 or with trichlorosilane
and organotrichlorosilane [211.This paper deals with the prepa-
ration and with some Ehysicu—chemical characteristics of com—
pounds (11 a-d) resulted from the coupling reaction with di-
chlorodiorganosilane:

CH, CH, Fh= CaHa-
R4= CH:‘:,_
Ph, C CPh, Ri= Ila CaHe-
A ' IIb CH:_- = O -
R, R, Si SiR,R, 11. CeHe-
o 11z p-CHs - CaoHa-

%XPERIMENTAL
—-Diphenylethylene was prepared according to the method

L]
re?orted in the literature £223.1,4-Dilithium-1,1,4,4~tetraphe-
nylbutane (I) was obtained as red crystals b séirrlng of 1,1~
d;phenylethglene in ether solution with small lithium grains.
Dichloromethylethylsilane,dichloromethylvinylsilane,dichlorome—
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thyl (p~tolyl)silane and dichloromethylphenylsilane were ob-
tained by Grignard reactions (23,241 and purified by rectifi-
cation.Diethyl ether was dried over sodium wire L2351 and fresh-—
ly distilled before use. IR spectra were recorded by means of a
Perkin Elmer model 577 spectrophotometer,within the 4000-200
ocm~t region. Samples were pelleted with KBr. DTA and DTG
curves were registered using a MOM Paulik-~FPaulik-Erdey deriva-
t?gggpgoggéh 92/minyheating rate ,within a temperature range

o - .

24 7-Dimethyl~-2,7-diethyl-3,3,6,6-tetraphenyl -i-oxa—
J

$%7—d151lacyclohthaneTTII a) | )
2 synthesis method was described in a previous work [2031.14 g

of freshly prepared 1,1-diphenylethylens,250 ml anhydrous di-
ethylether and 1.9 g lithium were used.This mixture was stirred
20  hrs. resulting 1,4-dilithium-1,1,4,4-tetraphenylbutane
as dark—-red prismatic crystals.The excess of lithium was taken
out and 10.8 g dichloromethylethylsilane was added dropwise to
the suspension,under stirring,during 2 hrs.The reaction was
continued_another 130 hrs. and the white LiCl precipitate was
filtered.The yellow product left after distillation of diethyl-
- ether was purified from acetone-gthylic alcohol system and
dried,resulting 2 8 {yield:10.2%) of yellowish crystalline
substance,M.p.=185"C,socluble in benzene, acetone,carbontetra—
chloride.

Calcd. anal. tor CaxqHan08ia:L,78.463H,7.693581,10.77;

mol. weight:S520

Found:C,78.38;H,7.68;81,10.863mol. weight (cryoscopically de—
termined in benzene):514.

~

2,7-Dimethy]l -2,7-divinyl-3,3,46,6~tetraphenyl-1-oxa~-
g:2—%151lac¥clohegtanei111 b)Y

L&) e suspension o sAd-dilithium—-1i,1,4,4~-tetraphenylbutane
obtained from 14 g 1,l-diphenylethyleng and 1,5 g lithium in
250 ml d1ethylether,i0.b g dichloromethylvinylsilane were added.
After 130 hrs. reaction time and purification, 7.5 g (yield :
8. 6%) of crystalline y yYellowish product It
M.p.=118-125"C,s0luble in henzene, acetone,carbon  tetra—
chloride were obtained.

Calcd. anal. For CxsaHzs08im:1C,79.073H,6.28;581,10,8%;

mol. weight:S516

Found C, 8.72;H,7.04;81A10.78;m01. weight (cryoscopically de-
termined in benzene):522.

E.;~Bimethvl—E.E.Siéjb.7*hexa henyl—-1-oxa-
—disilacycloheptane, (11 C

The same procedure was used startin? from 10 g 1,i-diphenyl-
ethylene,1.5 g lithium and 9 g dichloromethylphenylsilane.After
?0 hrs. reaction time and purification ,7 8 (yield: 48.2%0) of
crystalline, yellowish product,M.p.=118-120"C were obtained
The substance is soluble in acetone,benzene,carbon tetrachlo-
ride, diethylether.

Calcd. anal. for CazHaw085iz:C,81.82;H,6.49;5i,%9.09;

mol. waight:ols . i
Found:C,81.32:H,6.31:81 ,9.30:mol . weight (cryoscopically de-
termined in benzene):b626.

247

247—d gilaczglohep%gﬂetggl dzg
T,4-DilTithium— ~tetraphenylbutane was prepared from 8 g

Y 9 L]
1,1—dipheny1ethr1ene and 1 g lithium_ and reacted for 130 hrs,
with 4.6 g dichloromethyl (p~-tolyl)silane to give atter repeated
gurifications in acetone-ethylic_alcohol system I g (yield:
J5.8%) of substance I1 d.,M.E.=136—138°C.Th15 prodact is so-
luble in acetone,benzene,carbon tetrachlorideydiethylether.
Calcd. anal. for ququoéiz:C,Sl.QQ;H,b.BS;Si,8.67;
mol. weight:b44 .
Found:C,81.673H,6.71:51 ,8.80;mol. weight (cryoscopically
determined in benzene):éSS.




49

RESUL.TS AND DISCUSSION .
The synthesis of the or?anooxasilacycloheptanes proceeds in
two steps [201:the coupling reaction of dichlorodiorganosilanes
to organolithium reagent and the hydrolysis reaction of the re—
sulting chlorodiorganosilyl groups with ring closure.The yield
in solid cyclic products were between 10 and 48%. Similar re-—
sults for organooxadisilacyclohexanes were obtained. The reac—
tivity of dichlorodiorganosilanes with 1,4-dilithium—-1,1,4,4~-
tetraphenylbutane varies as a function ot the nature of the or-
anic substituents to the silicon atom in the silane molecule.
he substitution of one methyl group in the dichlorodimethyl
silane with an electronocacceptor group {(phenyl,vinyl,p-tolyl)
determines an increasing of the yield in cyclic products. The
electronoacceptor substituents makes easiest the reaction with
the organclithium compound because the electropositivity to the
silicon atom becames greater (the influence of the conjugation
effect is greater than the induction effect ~1 influence of the
other substituent).However ,dichlorodimethylsilane reacts faster
with 1,4~dilithium-i,1,4,4-tetraphenylbutane than dichlorodi-
phenglsilane [20]1.This observation was made also by Carraher
and Dommeier [271 in the synthesis of some silicon polyesters.
The substitution of one methyl grou% in dichlorodimetilsi~-
lane with an ethyl group leads to smaller guantity of product
in the reaction with the organolithium compound.Similar obser-
vations were made in the po xmerisation of disilacyclohexanes
[246].This effect was attributed to the increased electronodonor
characteristics of the ethyl group on one hand and to the ste-—
ric hindrance on the other.
The ring closure of the 5-8 nombered siloxane cyclic is

grovide by IR spectra [E,1813.
hus the beBtagyclmsiloxanes asymmetric stretching wvibration
band of Si-0-8i bond appears in cycloheptasiloxanes at 1015

cm™r (2.86) instead of 10689 cm™ (9.44) for linear %olz—
siloxanes (3.18).The organcoxasilacycloheptanes synthetized by
us show this band in the 1100-101% cm™? region (Table
D.As far the case of organooxasilacycloheptanes previously pre
@ared [201,the IR C—H adsorbtion bands (table 1) occur at shor-
ar wavelengths as compared to those of the starting hydrocar-—
bonjan_explanation of this fenomen might be the decrease of
the silicon electronegativity [Z281.

At the same time the little shift of the caracteristic band
for Si-R bond (R=UHx,CaHe,CH=CHz ,Colm , CoHalH %

in_ organooxasilacycloheptanes as compared Wit _oFganosilanes or
poly(organosiloxane) can be attributed to the indGcoctiv effect
of the other groups bonded to the silicon atom ,to the interac—
tion of the vibrations or to the hindrances [291].

Table 1.IR Absorbtion spectra of the new substances

Eibstance Frequency Assignesent " Valued from”
iterature
ca™?
500 Si-0-6i 520 1301
650 C-H 590-710 1311
780 Si-CHs 775 132
950 Si~Lalls 940-970 [29]
1000 Si-Calls 1010-1020 [29]
1025 §i-0-5i 1020-1100 [291
1285 8i-CHs 1240-1280 [331
1 1400 Si-CHz- 1390 [32]
1435 Si-CHy 1390-1440 132]
1585 £-C 1590 1321
2080 CoHanono-
substit, 1750-2000 [32]
2840 C-H 2850-3000 [341
2930 C-H 2962 [31]

3600 C-H aromatic  3000-3100 [gg,
3
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154 Si-CHeCHz 154 [35)
525 8i-0-5i 520 (301
890 C-H 590-710 (31
730 8i-CH=Cha 730 [33)
780 §i-CHs 75 32)
910 Che 950 1371
i 1015 8i-0-5i 1020-1100 1293
1250 5i-CHg 1240-1280 [33)
1400 8i-CHz- 1390 [32)
1435 5i-CHs 1390-1440 (32)
1480 T-C 1475-1525 [38]
1560 8 -CH=CHa 1595 (37
2940 C-H 2962 [31]
3000 C-H arosatic  3000-3100 [29
35}
540 8i-0-5i 520 [30)
690 C-# 890-710 [313
730 Si-Clls 700-740 [39)
780 Si-CHs 775 132)
I 105 8i-0-5i 1020-1100 [29]
WePh 1250 Si~CHs 1240-12680 [331
1395 8 ~CHe- 1390 [32]
1425 §i-Cofln 1428-1440 1293
1480 £-C 1475-1525 [38]
1585 C-C 1580-1600 140)
2930 C-H alif. 2962 (311
3000 C-K aron. 3000-3100 (29
35
493 CHz from hetero-
cycle 430-500 1411
550 8i-0-5i 520 [30,33)
395 C-H £90-710 1313
775 pCHaCetls 800 [42)
910 CHe 950 [37)
v 1015 e 1037043, 44
Me-pTol. 1100 8i-0-5i 1020-1100 1291
1250 Si-Chy 1240-1280 [33)
1380 Si-CHz 1390 [32)
1440 5i-CHs 1440-1390 [32)
1485 -t 1475-1525 138
1580 C-€ 1580-1600 [40]
2920 C-H alif 2962 [35,45]
3010 C-H aron. 3000-3108 (29
35}
710 £-H £90-710 311
760 Chy 740 [43)
1040 C- 1037 [43,841
v 1260 CHz 1300 131
1,1, 4-tetra- 1460 CHe 187 1313
phenylbutane 1500 £-C 1475-1525 [38]
1500 {-€ 1580-1500 403
2900 C-H alif. 2962 [31]
3010 C-H aroe. 3000-3100 [§§i

DTA and DTG curves of compounds Il _a-d show that they are
stable up to temperatures between 360 and 400 *C.Heating be-
ond these temperatures causes weight losses in  three " steps.
¥he firgt and the second steps are transformation reactions by
the splittin% of two and four phen{l groups respectlvel¥ from
the 1,1,4,4-tetraphen 1butaned1z1— +4 chain , with the forma-
tion of double bonds.In tab. 2 the transformation temperatures
t, and t= and the de;omgosition temperature t= are given
together with the weight losses.
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Table 2 .Starting tesperatures t, and t2 for the
transforaation reactions,decosposition
temperature ty and C.He group losses

Substance Teaperature € H Pﬁen¥l group losses
} . 1t ity iMoot TN Zexp. | Ycalcd.
H H i i groups | i
400 2 2% 29.6
1 L3 520 715 3 43.26 43.86
) 5.2 .2
. 400 2 7.5 29.84
1
318 720 4 60.5 59.48
370 2 M5 25
400 3 38.0  37.5
111 440 655 4 9.5 950.0
350 2 n 3.9
v 450 3 35.3  35.87
500 680 4 47.5 47,80

The synthesized compounds were heated for two hdursat 400°C
then IR spectra were registered (tab. 3) .The presence of 1643
cm—* (compound I) and 15660 cm™* (compounds II,III,IV) bands
characteristic for C=C bond and of 730 cm—*,13420 ém—* bands
charecteristic for Si-CaHe bond (compound 111) “demonstrates
that the rearrangement of the molecules takes place by the brea
king of the C-CsHe bonds.

Table 3 .IR Absorbtion spectra of the new cosbinations
before and after a 400 °C heating

““Bubstance! Lold sample ] Reated sasple” "1 "Assigneasnt”
! Frequency {ca™) ! Frequency (ca)
- 600 * * C-H alchene
£90 590 C-#
780 785 8i-CHy
950 350 Si-Calla
1025-1000 1000-1100 C-H;5i-0-5i
1 1245 1230 Si-CHy
1400 1380 §i-CHy-
1433 1440 Si-CHy
1585 1383 c-C
- 1635 L=
2930 2940 C-H
3000 3020 C-H aron.
70 470 Si-CH=CHz
- 395 " C-H alchene
690 695 C-H
730 730 §i-CH=CHy
780 780 Si-CHs
9i0 915 CHy
I1 1015 1010-10135 9i-0-5i
1230 1255 i-CHy
1400 1383 §i-CHp-
1435 1435 9i~CHy
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1580 1585 5i-CH=CHz
- 1650 7 C=C
294 2940 C-H
3000 3000 C-H aros.
590 490 C-H
730 730 " Si-Lalla
780 773 Si-CHs
1025 1005-1115 8i-0-5i; C-H
1250 1260 Si-CHs
1395 1380 8i~CHa-
11l 1423 1420 §i-Colls
1480 1480 ¢-C
1585 1585 L€
- 14650 C=
2930 2920 C-H
3000 3005 £-H aros.
- 505 * C-H alchene
495 550 C-H
175 775 pCHz~Cala
910 910 CHz
1015 1015; 1023 C-H
1100 1010-1100 5i-0-5i
1250 1250 Si-CHy
v 1380 1385 8i-CHz-
1440 1435 8i-CHy
1485 1485 c-C
1580 1383 t-C
- 1650 * ¢
2920 2900 * G-
3010 2993 €-H aroa.

* - strong
**- very strong

From these data and from those_grevimusly reported [201 one can
conclude that the second substituent to silicon atom in organo-
oxasilacycloheptanes influences the thermal stability of the
tetraphenylbutanediyl chain.These compounds are ranged in the
fo%luwigg series in function of the first transformation tempe-—
rature ti:

IV € IIT € I=II

The analytical data,the molecular weight values together with
the IR data of the new compounds support the proposed structu-
res.
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