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The molecular association of derivatives of the 1-silacycloalkanes
CHy(CHy),-S1XY and their saturated and unsaturated noncyclic analogs
has been studied by cryoscopy in cyclohexane, It has been established
that in this series of heterocycles the tendency to association falls
with an increase in their size and is a maximum in the case of the
silacyclobutanes (n = 4). Derivatives of 1-silacyclobutane are associ-
ated considerably more strongly than their noncyclic analogs
CHz=CH(CH,)XiXY and CH;CH3(CH;)SiXY. The reladonship found
between the degree of association and the structure is in harmony with
the results of studies of molecular association by UV spectroscopy and
also with data on reactivities.

Recently, Voronkov and Deich [1], using cryoscopy
in cyclohexane, have demonstrated the association of
the chloro(organyl)silanes. They came to the conclu-
sion that the main factor determining the degree of
association of compounds of the type RySiX; pn (n=
= 1-3) is the steric effect of the organic substituents
on the silicon atom. In particular, it was found that
an increase in the length of the n-alkyl radicals in the
alkylchlorosilanes substantially lowers the degree of
association. Branching of the alkyl radicals suppres-
ses association to an even greater extent.

In the opinion of these authors [1], the molecular
association of the chlorosilanes in nonpolar solvents
(for cyclohexane p = 0) is due to the partial transition
of the unshared pairs of electrons of the chlorine
atoms into the vacant 3d orbitals of the silicon atom of
another molecule.

Derivatives of 1-silacyclobutane are characterized
by an anomalous reactivity both in substitution on an
endocyclic silicon atom [2—5] and in the case of addi-
tion to the Si—C bond of the ring [6—8]. In our opinion,
this is due to structural features of the endocyclic
silicon atom [9] in the silacyclobutanes and, partic-
ularly, to the favorable conditions in the case of
these compounds for the formation of transition com-
plexes with hybridization of the sp®d or the sp’d? type
{10,11].

In view of this, we have carried outaninvestigation
of the donor-acceptor interaction in strained four-
membered organosilicon heterocyclesby variousphys-
icochemical methods.

Efimova and Babich {2] have studied the capacity
for molecular association of some organosilicon het-
erocycles by UV spectroscopy. The absorption spec-
tra of pyridine in solutions of various organosilicon
compounds show that the greatest bathochromic dis-
placement and increase in intensity are found in the
case of 1, 1-dimethyl-1-~silacyclobutane {(as compared
with 1,1-dimethyl-1-silacyclopentane and some cyclic
tetraalkylsilanes). In the case of the disiloxane

[CH,(CH,),Si(CH)],0, this effect, calculated to one
CH,(CH,),Si(CH;) group, decreases (see figure). This
phenomenon is apparently a consequence of donor-
acceptor interaction of the CH,(CH,),Si<~-NGH; type.
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UV absorption spectra of
pyridine in various sol-
vents: 1) pure solvent;

2) in the disiloxane

[CHz(Cﬂz)z?i]z‘O; 3) in

CH,
dimethylsilacyclobutane;
4) in hexane.

The smaller bathochromic shift in the case of 1-sila-
cyclobutane derivatives, in which there isanelectron-
donating substitutent on the endocyclic silicon atom is
in good agreement with this hypothesis. All the effects
mentioned, although they do lie outside the range of
experimental error, are nevertheless very slight.

In this work we have studied the molecular associ-
ation of organo-silicon heterocycles and some of their
noncyclic analogs by the method used by Voronkov and
Deich [1]. The results obtained are given in the table.

It can be seen from this that the highest capacity
for association in all the serieg investigated (com-
pounds I-IV, VIII, X) are possessed by derivatives of
1-silacyclobutane. At the same time, in contrast to
Voronkov and Deich's results, association is found not
only in the case of the chlorosilanes but to an equal
extent for the silahydrocarbons. In the latter case
there is possibly intermolecular interaction of the
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The degree of associationinthe seriesof 1,1-dimethyl-
1-silacycloalkanes CH,(CH,)p-;Si(CHy), (compounds
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Table

Molecular Weights and Degrees of Dissociation (a) of the Silacyclo-
alkanes and Their Analogs

‘ Molecular
Co weight
m- ° ”
pound Formula C, g/kg A, °C cound calon- a=M/M
™M) lated
o)
I ct, 533 | 0518 208.1 1.48
e Ng 980 | 0955 | 208 141 1.48
\CH Ng 18.30 1.809 210 1.49
2
I - 436 | 0480 183.5 1.3
HL=HO\ A 858 | 0940 | 1848 | 141 131
He' g 15.32 1.664 186 1.32
Il a 500 | 0.387 175 1.23
MafaCaid 715 | 0810 | 1783 | 143 125
ne’ Nl 1322 1.502 178 1.25
v c, 6.10 | 0722 170.3 B 1.41
el Vs ® 1050 | 1252 | 169 1205 | 140
N/ Nen 15.25 1.840 167 1.39
CH, 3
v ) 410 | 0682 1211 1.00
HpC=RO 7.44 1.231 122 120.5 1.01
H,e” NeHy 12.42 2.079 121 1.00
VI CHHC L 433 | 0365 1545 1.26
sid 8.59 1115 156 1225 1.28
He” “CH, 13.25 1.740 154 1.26
VII H.C—CH, 7.15 0.841 172 1.24
S 1190 | 1370 | 176 157 123
na—u, cn, 20.40 2.360 175 1.24
VI SR 431 | 0618 141 141
T T 835 | 1225 | 139 100 139
N\ Neny 1091 1.587 139.8 1.40
C.Hg
y 435 | 0599 143 1.0
X Hsc\gi/CH\’s‘/CHs 819 | 1151 1434 | 144 10
1S, q Sex, 13.70 1814, 144.5 1.0
. 391 | 0675 117 a7
X (CHy) SiCH=CH, 7.73 1.565 118 100 1.18
11.70 1.570 120 20
T X1 ) 410 0.527 157 1.8
X CICH,SI(CH) s 815 | 1057 | 156 122.5 1.97
14.05 1.840 154 1.26
{(CH 6.84 0.710 195 1.24
X ClaCHSICRy)s 1138 | 1192 | 192 157 123
18.91 1.960 194.5 124
X1 HC—e cn, 434 0.630 139 1.22
sl 629 | 0920 | 1378 | 114 1.20
1,e—CH, Ol 14.11 2.055 139 1.22
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Table (continued)

Molecular
c weight
pg::l-d Formula C, g/kg Af, °C calcu- | a=M/M'
found lated
o 1 o

XIv S cu 643 | 0970 | 134 1.10
g S o 603 | oolo | 131 122 116

fe—CH, CHa 18.28 2.740 1346 L1l

XV ooy oM 520 | 0476 220 1.0
¢ s e, 981 | 0891 | 222 224 1.0

s f, 1569 | 1570 | 220 1.0

XVI o cn 473 | 03585 | 1722 1.0
ned s 058 | 1118 | 173 176 10

\CH2 CH,CHy 14.60 1.700 173 1.0

XVII o cn 707 | 0545 | 262 1.0
u2< T I 1283 | 0980 | 265 269 10

cfl, N 1810 | 1380 | 265 10

XVIII cH, 476 | 0541 | 178 1.0
(u g \Si/w‘)o 856 | 0957 | 182 186 10

NS 2 1339 | 1498 | 1802 10

Ch,

XIX , 471 | 0417 | 9298 1.0

JeeHy Si ;N 7.72 0676 | 23] 233 1.0

1430 | 1255 | 230 1.0

XX 483 | 0540 | 180 10
(cHy=cH (CHy),SI]NH 839 | 0047 | 179 185 10

: 1189 | 1330 | 180 10
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VIII, XIII, XIV) decreases with an increase in the size
and dimensions of the ring.

This feature is in agreement with the dependence of
the reactivity on the size of the ring observed in a
number of reactions [2-5].

In all cases, the degree of association of the sila-
cyclobutanes is higher than for their saturated and
unsaturated noncyclic analogs:

CH X CH X CH, x
on,” Ssi” < en,d s> on,” s
CH, Y CH, Y cH, Y
X=Y=CH, C O X=CH, Y=al

In the case of compounds with a well-defined "7 effect"
(silazanes, siloxanes, and compounds with phenyl
radicals on the silicon atoms: XV, XVII-XX), as in
the case of organosilicon compounds containing carbo-
functional groups with & negative inductive effect (XI,
XII, the degree of association depends both on the steric
factor and on the inductive effect and the "7 effect” of
the substituents. However, it is difficult to evaluate
the contribution of each of the effects mentioned by
using the results of only the method described.

EXPERIMENTAL

All the compounds studied were carefully purified by distillation
through a column or in vacuum. Their purity, checked by gas-liquid
chromatography, was not less than 99%, and their physical constants
(bp, np??, d20) corresponded to literature data,

The molecular weights, determined by the cryoscopic method,
were close to the calculated values. Chemically pure cyclohexane
was dried over sodium and was twice redistilled through a column over
sodium. The molecular weight was calculated from the formula M =
= KC/At, where K is the cryoscopic constant (For CgH;p, K = 20.2° C)
[12], C is the concentration of the substance studied in 1000 g of sol-
vent, and At is the depression of the melting point of the solution
(in° C).

The degree of association ¢ was determined from the ratio a =
= M/M', where M is the experimental and M" the theoretical value of
the molecular weight.
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