Journal of Organometallic Chemistry, 389 (1990) 1-22
Elsevier Sequoia S.A., Lausanne — Printed in The Netherlands

JOM 20417

Highly unsaturated macrocyclic silicohydrocarbons
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Abstract

Nineteen 12-, 15-, 18-, 24- and 30-membered, highly unsaturated macrocyclic
silicohydrocarbons containing —SiC=CSi-, ( E)-SiCH=CHSi- and -SiCH,CH,Si-
fragments in the ring were synthesized by the reaction of Me,Si{C=CMgBr), or
BrMgC=CMe,S5iC=CSiMe,C=CMgBr with FMe,SiCH,CH,SiMe,F; (E)-
FMe,SiCH=CHSiMe,F or (E, E)-(ClMe,SiCH=CH),SiMe,; ( E)-BrMgC=CMe,Si-
CH=CHSiMe,C=CMgBr or Me,Si{(C=CSiMe,C=CMgBr), with (E,E)-
(ClMe,SiCH=CH),SiMe,; and Me,Si(C=CSiMe,C=CMgBr),, BrMgC=CMe,-
SiC=CSiMe,C=CSiMe,C=CSiMe,C=CMgBr or. BrMgC=CMgBr with (E)-
FMe,SiCH = CHSiMe, F under conditions of high dilution.

Two 20-membered and one 26-membered macrocyclic silicohydrocarbons con-
taining 6 or 8 silicon atoms bonded by 6 or 8 C=C bonds and an endocyclic
CH,CH, or CH=CH bridge were obtained for the first time by treating
BrMgC=CMe,SiC=CSiMe,C=CMgBr with Cl,MeSiCH,CH,SiMeCl, or (E)-
F,MeSiCH=CHSiMeF,, as well as Me,Si(C=CSiMe,C=CMgBr), with (E)-
F,MeSiCH=CHSiMeF,.

Introduction

In 1970, Fritz and Schober synthesized a cyclic silicohydrocarbon,
1,1,4,4,6,6,9,9-octamethyl-1,4,6,9-tetrasilacyclodeca-2,7-diine {1], containing four
silicon atoms and two triple bonds in a 10-membered ring. Three years later, the
first highly unsaturated macrocyclic silicohydrocarbon, 1,1,4,4,7,7,10,10-octamethyl-
1,4,7,10-tetrasilacyclododeca-2,5,8,11-tetraine, whose macrocycle was made of four
silicon atoms and four C=C groups, was obtained by one of us [2] through the
reaction of calcium carbide with dimethyldichlorosilane in a molten eutectic
LiC1-KCl mixture at 400 ° C. Recently, 8—-24-membered organosilicon macrohetero-
cycles including endocyclic SiC=CSi and Si(CH,),Si fragments (n = 0-4) have been
synthesized [3] and the molecular and crystalline structures of four of them have
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been studied [4]. Macrocyclic systems containing Si-Si and C=C groups have been
prepared from BrMgC=CMe,SiSiMe,C=CMgBr and Cl(Me,Si),Cl [5], as well as
from BrMg(C=CMe,SiSiMe,C=CMe, SiSiMe,C=CMgBr and Cl(Me,Si),CI [6].

Results and discussion

Extending the research in the field of highly unsaturated macrocyclic silico-
hydrocarbons, we have synthesized a series of new 12-, 15-, 18-, 24- and 30-mem-
bered representatives of this interesting class of organosilicon compounds contain-
ing SiC=CSi, ( E)-SiCH=CHSI and SiCH,CH,Si fragments in the ring.

1,1,4.4,7,7,10,10,13,13,16,16-Dodecamethyl-1,4,7,10,13,16-hexasilacyclooctadena-
2,5,11,14-tetraine (1) was obtained by treating bis(bromomagnesiumethynyl)dimeth-
ylsilane with 1,2-bis(dimethyifluorosilyl)ethane in THF [7,8].

Analogously, by the reaction of bis(bromomagnesiumethynyl)dimethylsilane with
( E, E )-bis(2-dimethylchlorosilylvinyl)dimethylsilane, 1,1,4,4,7,7,10,10-octamethyl-
1,4,7,10-tetrasilacyclododeca-2,5-diene-8,11-diine (2) and 1,1,4,4,7,7.10,10,13,13,16,
16,19,19,22,22-hexadecamethyl-1,4,7,10,13,16,19,22-octasilacyclotetracosa-2.5,14,17-
tetraene-8,11,20,23-tetraine (3) were prepared.

2Me,Si(C=CMgBr), + 2FMe,Si(CH, ),SiMe,F —

Me Me Me

| I I
Me—SiC=CSiC= C?i —Me

Cyg HC C H Me H Me C
Me“ISiC=(I?Si—Me Me—Si—C=C—Si— C=C—SiC=C(CSi—Me
M H[ | [ [ |
€ Me Me H Me H Me Me
(2) )
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The reaction of bis(bromomagnesiumethynyl)dimethylsilane with ( £)-1,2-bis(di-
methylfluorosilyl)ethylene leads to 1,1,4,4,7,7,10,10,13,13,16,16-dodecamethyl-1,4,7,
10,13,16-hexasilacyclooctadeca-2,11-diene-5,8,14,17-tetraine (4).

1,1,4,4,7,7,10,10-Octamethyl-1,4,7, 10-tetrasilacyclododeca-2,5,8-triine  (§) and
1,1,4,4,7,7,10,10,13,13,16,16,19,19,22 22-hexadecamethyl-1,4,7,10,13,16,19,22-octasila-
cyclotetracosa-2,5,8,14,17,23-hexaine (6) turned out to be the products of the
reaction of bis(dimethylbromomagnesiumethylsilyl)acetylene with 1,2-bis(dimethyl-
fluorosilyl)ethane.

Me,Si (C= CMgBr), + ( E)-FMe,SiCH=CHSiMe,F — —,

Me Me Me

3 t i
Mew?iCECSiCEC?r-—Me

H— ? I\lf[c lC —H
Me— ?iC—Z—C?iC = C?i* Me
Me Me Me

(4)
Me, ?iC =CMgBr
C
g + FMe,SiCH,CH,SiMe,F ——
I
Me,SiC=CMgBr
Me Me Me Me Me Me

Mc—-%iCE C%i——Me Me—E:‘»iCE CEi‘»iCE C%iCEC%iw Me

CH, CH, Me Me CH,

C
I ! + I |
C CH, CH, Me Me CH,

| | l I | |
Me— ?iCE C?i— Me Me— ?iCE C?iCE C?iCE C?im- Me

Me Me Me Me Me Me
(5) (6)

By treating bis(dimethylbromomagnesiumethynylsilyl)acetylene with (E)-1,2-
bis(dimethylfluorosilyl)ethylene, it was possible to synthesize 1,1,4,4,7,7,10,10-oc-
tamethyl-1,4,7,10-tetrasilacyclododeca-2-ene-5,8,11-triine (7) and 1,1,4,4,7,7,10,10,
13,13,16,16,19,19,22, 22-hexadecamethyl-1,4,7,10,13,16,19,22-octasilacyclotetracosa-
2,14-diene-5,8,11,17,20,23-hexaine (8).



I\l/Ie2 I\I/Ie2 l\I/Ie I\I/Ie
jSiC_ CMgBr F?i Me— ?iC = CiSi —Me
C C—H C C—H
Il + | — l Il +
] o T
?iC =(CMgBr F?i Me— ?iCE C?i —Me
Me, Me, Me Me
(7)

I\I/Ie I\I/Ie I\!/Ie I\I/Ie
Me— ?iC = C?iC =CSIC=CSi—Me

(II-—H Me Me H—(”Z'
H—C Me Me C—H

% | |
Mew?iCEC?icﬁ C?iC:—-t C%imMe

Me Me Me Me
(8)

1,1,4,4,7,7,10,10,13,13-Decamethyl-1,4,7,10,13-pentasilacyclopentadeca-2,5-diene-
8,11,14-tritne (9) and 1,1,4,4,7,7,10,10,13,13,16,16,19,19,22,22,25,25,28 28-eicosa
methyl-1,4,7,10,13,16,19,22,25,28-decasilacyclotriaconta-2,5,17,20-tetraene-8,11,14,
26,29-hexaine (10) were prepared by the reaction of bis(dimethylbromomagnesium-
ethynylsilyl)acetylene with ( E, E )-bis(2-dimethylchlorosilylvinyl)dimethylsilane.

The reaction of (£ )-1,2-bis(dimethylbromomagnesiumethynylsilyl)ethylene with
( £, E)-bis(2-dimethylchlorosilylvinyl)dimethylsilane gave 1,1,4,4,7,7,10,10,13,13-de-
camethyl-1,4,7,10,13-pentasilacyclopentadeca-2,5,11-triene-8,14-diine (11) and
1,1,4,4,7,7,10,10,13,13,16,16,19,19,22,22 25,25,28,28-eicosamethyl-1,4,7,10,13,16,19,
22,25,28-decasilacyclotriaconta-2,5,11,17,20,26-hexaene-8,14,23,29-tetraine (12).

Me, ?iCE"—“ CMgBr

H
C
il + (CIMe,SiC=C),SiMe, ———>
C l
| H
Me, SiC=CMgBr
Me Me
N
H Si
Me 7 C\ Me
ST / s
Me \C H H C/ \Me
N %



MeZ‘SiC =(CMgBr
(”2-— H
H—C

l
Me, SiC=CMgBr

Yo Th Thoye

+ Me—SiC=CSiC= (ESiC = (IZSiC = C?i-— Me

U
Me Me Me ﬁ:,
Me Me
oo Y
Me— 1SiCE CSiC= lCTiC = (‘?TiC =CSi—Me
H H
Me Me Me Me Me

(10)

i
+ (CIMe,SiC=C),SiMe, ——

Me Me
Yo qmoqR Y O
+ Me-—?iCEC?iC=(IZTiC=C|JTiCEC?i—Me
H H _—
C'—H Me MC Me ?': H

I

. Me Me _
R L S
Me— ?iCE C?iC= (‘ISiC: ?SiC = C?i ~— Me

Me Me HMe Hl\[/Ie Me

(12)



The reaction of bis[(dimethylbromomagnesiumethynylsilyl)ethynyl]dimethyl-
silane with (E)-1,2-bis(dimethylfluorosilyl)ethylene afforded 1,1,4,4,7,7,10,10,13,13-
decamethyl-1,4,7,10,13-pentasilacyclopentadeca-2-ene-5,8,11,14-tetraine  (13) and
1,1,4,4,7,7,10,10,13,13,16,16,19,19,22,22,25,25,28,28-eicosamethyl-1,4,7,10,13,16,19,
22,25,28-decasilacyclotriaconta-2,17-diene-5,8,11,14,20,23,26,29-octaine (14).

i
Me,Si(C=CSiMe,C=CMgBr), + FMe,SiC== ?SiMe2 F ——

H
Me  _Me
Sl\
C C
Z
M\e /C¢ §C\ /Me
/Sé\ /Si\
Me C c Me
N\ Y

I\I/Ie I\'/Ie l\l/le Me Me
+ Me—SIC=CSiC= C?iCE C?iCE C?i-“ Me
(HI—~ H Me Me Me H—C

I
H—C Me Me Me C—H

i l | |
Me—?iCEC?iCEC%iCEC?iCEC?i——Me

Me Me Me Me Me
(14)

1,1,4,4,7,7,10,10,-Octamethyl-1,4,7,10-tetrasilacyclododeca-2,8-diene-5,11-diine
(15), 1,1,4,4,7,7,10,10,13,13,16,16-dodecamethyl-1,4,7,10,13,16-hexasilacyclooc-
tadeca-2,8,14-triene-5,11,17-triine (16) and 1,1,4,4,7,7,10,10,13,13,16,16,19,19,22,22-
hexadecamethyl-1,4,7,10,13,16,19,22-octasilacyclotetracosa-2,8,14,20-tetraene-5,11,
17,23-tetraine (17) were the products of the reaction of di(bromomagnesium)acetyl-
ene with ( £)-1,2-bis(dimethylflucrosilyl)ethylene.



Me Me

MgBr FSiMe, Mewéicacéi——Me
¢ - ¢ ¢—n
& tusd T e ned
lgngr FéiMe2 Me— giCE Céi — Me
Me  Me
(15)
LN Yo TR oY
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e g M e
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Me il Me Me Me Hy  Me
(16) (17)

By the reaction of bis[(dimethylbromomagnesiumethynylsilyl)ethynylldimethyl-
silane with (E, E)-bis(2-dimethylchlorosilylvinyl)dimethylsilane, 1,1,4,4,7,7,10,10,
13,13,16,16-dodecamethyl-1,4,7,10,13,16-hexasilacyclooctadeca-2,5-diene-8,11,14,17-
tetraine (18) was synthesized.

Me, Si(C=CSiMe,C=CMgBr), + (E, E)-(CIMe,SiCH=CH),SiMe, ——»

Me Me Me

! } I
Me—-SiCEC?iCEC?i“-Me

Me l(ﬁ
Me
THOH T
Me~?iC:(lj?iC=(‘2?i~Me
H H
Me  "Me Me

(18)

The reaction of bis[(dimethylbromomagnesiumethynylsilyl)ethynyldimethylsilyl]
acetylene with ( E)-1,2-bis(dimethylfluorosilyl)ethylene led to 1,1,4,4,7,7,10,10,13,
13,16,16-dodecamethyl-1,4,7,10,13,16-hexasilacyclooctadeca-2-ene-5,8,11,14,17-pen-
taine (19).



We have also synthesized for the first time highly unsaturated macrobicyclic
silicohydrocarbons containing an endo-cyclic CH,CH, or (E)-CH=CH bridge.
Thus, the reaction of bis(dimethylbromomagnesiumethynylsilyl)acetylene with 1,2-
bis(methyldichlorosilyl)ethane gave 1,4,4,7,7,10,13,13,16,16-decamethyl-1,4,7,10,13,
16-hexasilabicyclo[87,8",2" Jeicosa-2,5,8,11,14,1 7-hexaine (20).

Me Me
Me— |SiC = CISiC =(CMgBr FSiMe,
E e C—h
g Me ’ H—*g T
Me— éiC = CISiCE CMgBr F ,SiMez
I\F/Ie I\|/Ie
Me Me Me
Me— éiCE CéiCE Céi —Me
EoMe om
[(|:|‘ Me H— IC'
Me— ‘:l“:iCE C‘:l“,iCE C‘:l",i —Me
Me  Me  Me
(19)
Me Me Me
Me, ‘SiC =CMgBr (Cl,SiMe Me— éiCE CéiC = Céi —Me
¢ cn, ¢, ¢
2l + | — l I i
T T SRR
Me,5iIC=CMgBr  Cl,SiMe Me—SiC=CSiC=CSi—Me

| l I
Me Me Me

(20)

An analogous reaction of bis(dimethylbromomagnesiumethynylsilyl)acetylene
with (E)-1,2-bis(methyldifluorosilyl)ethylene gave 1,4,4,7,7,10,13,13,16,16-de-
camethyl-1,4,7,10,13,16-hexasilabicyclo[8',8",2" Jeicosa-19-ene-2,5,8,11,14,17-hexaine
(21).

Finally, by treating bis[(dimethylbromomagnesiumethynylsilyl)ethynyl]dimethyl-
silane with (£)-1,2-bis(methyldifluorosilyl)ethylene, 1,4,4,7,7,10,10,13,16,16,19,19,
22,22-tetradecamethyl-1,4,7,10,13,16,19,22-octasilabicyclo[11",11", 2’ }-hexacosa-25-
en-2,5,8,11,14,17,20,23-octaine (22) was synthesized.
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H
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/ | \
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Y
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Si Si
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N H_e /
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Me/| ( \Me
Me Me
(22)

Melting points, yields, and analytical and mass spectral data of the compounds
obtained are given in Table 1. Macrocyclic silicohydrocarbons are colourless,
crystalline substances with high melting points, the latter rising with increasing
unsaturation. Among compounds of similar unsaturation, the highest melting points
are displayed by 18-membered silicohydrocarbons and the lowest ones by 15-mem-
bered. 'H, °C and °Si NMR data are presented in Table 2. The methyl group
carbon atoms in C=CSiMe,C=C are more deshielded owing to the presence of two
electronegative ethynyl groups at the silicon atom. Thus, deshielding of the methyl
group carbons at the silicon atom will increase as the electronegativity of the
remaining substituents decreases:

Me,Si(C=C), > Me,Si(C=CYCH=CH) > MeTiCEC >
(+0.25to —1.0) (~1.68 to — 2.4) CH,
(-2410 —25)
M,Si(CH= CH),

(—3.5t0— 3.8 ppm)
(continued on p. 20)
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Fig. 1. The structure and labelling scheme of 1.

The structure of compound 1 (Fig. 1) was proved by X-ray diffraction (bond
lengths and valence angles are given in Table 3). The molecular structure of 1 in
crystal form shows crystallographic symmetry C,, although its intrinsic symmetry is
higher, C,,; the double axis lies through the middle of the C(8)-C(9) and
C(8')-C(9") bonds, the mirror line lying normally through the Si(1) and Si(1)
atoms. The 18-membered macroheterocycle exhibits the boat conformation, the
almost flat “backs” of which (Si(2) - - - Si(1) - - - Si(3) and Si(2") - - - Si(1") - - - Si(3")
fragments) form dihedral angles of 109.9° with the “chair-bottom” plane, the Si(1)
and Si(1') atoms being +2.61A displaced out of the latter. In general, the 18-mem-
bered macrocycle of 1 is rigid and a change in its conformation leads to consider-
able distortion of either normal tetrahedral or linear coordination of the Si and C
atoms, or makes the SiCH,CH,Si bridges adopt a disadvantageous cis-conforma-
tion.

The average Si—C(sp?) distance is 1.840 A, evidently because no correction for
thermal motion of the atoms (especially that of methyl groups) was taken into
consideration. The C=C bond lengths are 1.202 and 1.207(8) A, which are normal
for this class of compound. Figure 2 shows that there is a cavity 3 A in diameter
inside molecule 1 restricted by the Van der Waals surface. However, the reciprocal

Table 3

Main bond lengths, 4 (A) and valence angles ( °) in molecules 1

Bond d Angle

Si(1)-C(1) 1.842(6) C(1)Si(1)C(4) 106.6(3)
Si(1)-C(4) 1.842(6) C(5)SI(2)C(B) 109.3(3)
S1(2)-C(5) 1.848(6) C(9Si(3)C(12) 109.8(3)
Si(2)-C(8) 1.854(7) SDHC(C(12) 177.1(6)
Si(3)-C(9) 1.875(7) Si(1)C(4)C(5) 176.7(5)
Si(3)-C(12) 1.838(6) Si(2)C(SYC(4) 177.6(6)
C(1)-C(12) 1.207(8) Si(2)C(8)C(9) 155.8(4)
C(4)-C(5) 1.201(8) Si(3)C(9)C(8) 115.2(4)

C(&)~C(9) 1.522(9) Si(3)C(12)C(1) 178.6(6)
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Fig. 2. Space filling model of 1, with Van der Waals radii, showing the 3 A cavity.

orientation of molecules in the crystal allows no through channels to be present in
the crystalline structure. The molecules form layers, with the outer surface consist-
ing of SiC=CSi fragments with C(3), C(6), and C(11) methyl substituents.

X-Ray diffraction analysis: crystals of 1, triclinic, a 5.873, b 10.735(7), 13.970(3)
A; a105.55(4), B102.03(1), y 92.35(4)°; V 823.7(5) A%, d_,,, = 1.01 g/cm’, p=2.59
cem~', Z=1; C,,H,,Si,, space group P1. The intensities of 2028 reflections were
measured at 300 K with a Hilger-Watts automatic diffractometer (A(Mo-K,)
radiation 6/26 scan, 26_,, 61°). The structure was solved by using the direct
method (MULTAN program) and refined by the block-diagonal least-squares
technique to an anisotropic approximation for non-hydrogen atoms and to am
isotropic approximation for hydrogen atoms (located in the difference Fourier
synthesis) to R=0.056 (R, =0.063) for 1228 reflections with I> 2¢(I). All
calculations were carried out with an Eclipse S/200 computer using the INTEXTL
program package [10].

Experimental

Mass spectra were recorded on an MAT-212 (Varian) chromatomass-spectrome-
ter (ionizing voltage 70 eV). NMR spectra were recorded on a JEOL FX 90Q
instrument (15% solution in CDCl,, TMS).

1,1,4,4,7,7,10,10,13,13-Decamethyl-1,4,7,10,13-pentasilacyclopentadeca-2-ene-
5,8,11,14-tetraine (13) and 1,1,4,4,7,7,10,10,13,13,16,16,19,19,22,22,25,25,28,28-¢ico
samethyi-1,4,7,10,13,16,19,22,25,28-decasilacyclotriaconta-2,17-diene-5,8,11,14,20,23,
26,29-octaine (14)

Me, Si(C=CSiMe,C=CMgBr), (obtained from 2.43 g of Mg, 10.9 g of EtBr and
13.63 g of Me,Si(C=CSiMe,C=CH), in 100 ml of THF) and 9.17 g of (E)-
FMe,SiCH=CHSiMe,F also in 100 ml of THF) were added dropwise under stirring
from two dropping funnels to 100 ml of dry THF. A refluxer was replaced by a
descending cooler and the major portion of THF was distilled off. After cooling, the
mixture was diluted with ether and decomposed by a saturated NH,Cl solution,
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After convenient treatment and drying over CaCl,, the solvents were distilled off;
from the residue 2.31 g (11.2%) of compound 13 was isolated by distillation in
vacuum (1 Torr) and then 0.082 g (0.4%) of compound 14 by distillation in high
vacuum (1 X 107> Torr) (Table 1). The compounds obtained were recrystallized
from hexane.

Compounds 1-12 and 14-22 were obtained in a similar manner (see Table 1).
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