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However, small amounts of Mn,(CO),, and some phosphorus-
containing species were present. After filtration, the volatiles were
removed and the residue was washed with hexane and dried to
yield impure (cyclenPHy)[Mn(CO);} as a yellow solid (0.18 g).

Reaction of cyclenPH and HWCp(CO),. cyclenPH (0.112
g, 0.559 mmol) and HWCp(CO); (0.214 g, 0.641 mmol) were added
to a flask, the flask was immersed in a =78 °C bath, and 5 mL
of cold THF was added. The mixture was stirred and allowed
to warm to ambient temperature over 1 h, yielding a pink solution
and white precipitate. The mixture was filtered and the solid
washed thoroughly with hexane. The solid was further washed
twice with 1-mL portions of THF (a minimum of THF should
be used since the product is reasonably soluble in THF). The
solid was pumped dry yielding pure (cyclenPH,)[WCp(CO);] as
an off-white powder (0.210 g, 70%). Anal. Caled for
C,eHsNOPW: C, 35.97; H, 4.35; N, 10.49; P, 5.80. Found: C,
36.05; H, 4.39; N, 10.35; P, 6.17.

Reaction of CH;I and (cyclenPH,)[WCp(CO);] (9). A re-
action mixture (in THF) prepared as above using cyclenPH (0.15
g, 0.75 mmol) and HWCp(CO), (0.25 g, 0.75 mmol) was treated
with CH,I (0.047 mL, 0.75 mmol) and stirred for 1 h at ambient
temperature. The solid which precipitated was filtered, washed
with THF, and dried to yield pure (cyclenPH,)I as an off-white
solid (0.18 g, 73%); mp 174~175 °C. Anal. Caled for CgH sIN,P:
C, 29.28; H, 5.54; N, 17.08; P, 9.44. Found: C, 29.06; H, 5.65; N,
16.61; P, 9.16. Removal of the volatiles from the original THF
supernatant left spectroscopically pure CH;WCp(CO),* (0.22 g,
84%).

X-ray Structure Determination. 6 was recrystallized from
THF yielding transparent yellow crystals. A suitable single crystal
was mounted on an Enraf-Nonius CAD-4F diffractometer. A total
of 3080 independent reflections were collected in the 6/26 scan
mode, Of these, 2448 were considered observed with I > 3¢(J)
and used in the solution and refinement of the structure.

Data were corrected for Lorentz and polarization effects. (An
empirical absorption correction was also applied.) The structure
was solved by standard Patterson and Fourier methods. All
non-hydrogen atoms were refined anisotropically. The hydrogen
atoms were placed in calculated positions 0.95 A from their re-
spective carbon atoms and included in the subsequent refinement.
Unit weights were used in the weighting scheme. Final refinement
yielded R = 0.0228 and R,, = 0.0254 with no chemically significant
peaks present in the final difference Fourier map. Complex
neutral atom scattering factors were used throughout.’! All
calculations were performed on a DEC PDP 11/44 computer using
Enraf-Nonius SDP Plus structure solution programs.?

Pertinent crystallographic data are summarized in Table IV
and atomic positional parameters listed in Table V.
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A series of «,w-bis(trimethylsiloxy)polymethylchlorosiloxanes (MD® M) (n = 1-5 and ~35) as well as
MDCDHM have been prepared by the palladium on carbon-catalyzed exchange reaction of MDH, M with
allyl or benzyl chloride. The reaction of these with alkyllithium reagents in ether at —78 °C has been studied.
Alkylation without cleavage of the siloxane backbone is observed with the oligomers MD® M. On the other
hand, MDHM and MDYD¥M undergo facile siloxane cleavage. Some cleavage is also observed with the
polymer MD® _;; M. The spectral properties, in particular !H, 13C, and 28i NMR, of both MDY, M and
MD®, M are reported. The interpretation of the 13C and 2°Si NMR spectra of siloxane oligomers which

are chiral at both Si and C is discussed.

We have been interested in the development of methods
to modify siloxane oligomers and polymers without
breaking Si~O bonds.'® The following abbreviations will
be used: M= (CH3)3Si00'5, D= (CHa)QSi(OO.5)2, DH =
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CH,Si(0y;)sH, and D% = CH3Si(0,;),Cl. While it is
possible to prepare a,w-dichloropermethylsiloxane oligom-
ers and polymers (C1-D,—Cl) by reaction of dimethyldi-
chlorosilane with a limited amount of water (eq 1), it is

nCH,3SiCl; + nH,0 » (CH,CISi0), + 2rnHCl (1)

(4) Patnode, W. 1; Wilcock, D. F. J. Am. Chem. Soc. 1944, 68, 358.
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not feasible to prepare a,w-bis(trimethylsiloxy)poly-
methylchlorosiloxanes (MDC, M) by cohydrolysis of tri-
methylchlorosilane and methyltrichlorosilane since this
reaction yields silsesquioxanes.”” Likewise, sym-poly-
methylchlorocyclosiloxanes (D®,) cannot be generated by
hydrolysis of methyltrichlorosilane.

On the other hand, it is possible to prepare «,w-bis-
(trimethylsiloxy)polymethylhydrosiloxanes (MDY, M) by
cohydrolysis of trimethylchlorosilane and methyldi-
chlorosilane.? Likewise, sym-methylhydrocyclosiloxanes
(DH,) result from the hydrolysis of methyldichlorosilane.?
Hence D, and MD® M could be prepared by converting
the Si-H bonds of D¥, and MDH M, respectively, into
reactive Si~Cl bonds.

The conversion of Si~H bonds of both DY, and MDH, M
into Si-Cl bonds has been achieved by low-temperature
reaction with chlorine in carbon tetrachloride (eq 2).1014

ccl,
[CH;Si(H)0),, + nCl, —— [CH4Si(C])O], + nHCl (2)

This reaction involves the simultaneous formation of hy-
drogen chloride, which can cleave siloxane bonds under
the reaction conditions.’> The use of nitrogen to sweep
the hydrogen chloride from the reaction as it is formed has
been recommended.®

In a similar manner, the Si-H bonds of both MDY, M
and DY, have been converted to Si—Br bonds by reaction
with bromine (eq 3).!2 Pyridine has been utilized to re-

[CH;Si(Ph)0}, + Br, — [CHSi(Br)0O], +Ph-Br (3)

move the hydrogen bromide produced in this reaction.
This serves to protect the siloxane bonds from acid
cleavage. sym-Methylbromocyclotrisiloxane and -tetra-
siloxane have also been prepared by electrophilic cleavage
of silicon-phenyl bonds of the corresponding sym-
phenylmethylcyclosiloxanes at low temperature.!

The Si-H bonds of alkylsilanes have been converted into
Si-Cl bonds by a free radical chain reaction in which
carbon tetrachloride is used as the chlorinating agent.!%17
This reaction has recently been applied to the chlorination
of Si-H bonds in siloxanes (eq 4).*

CClq
(CHz )3Si0——SiHy——0Si(CH3z)3 v
H

(CH3)3Si0—Si—0Si(CHa)s +
|
cl

(CH3 )3Si0 —SiCl, —O0Si(CHz)3 (4)

An alternative approach to convert Si-H bonds into
Si—Cl bonds is a chloroplatinic acid catalyzed exchange of
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Si-H compounds with allyl chloride.’®?® An attractive
feature of this reaction is that a neutral by product,
propene, is formed. This exchange occurs in competition
with the normal hydrosilation reaction as outlined in eq
5.

H,PtClg

H,C=CHCH,CI + HSiCl,
H,C—CHCHj + SiCl, + C1SiCH,CH,CH,CI (5)

A related palladium on carbon (Pd/C) catalyzed ex-
change has been used to chlorinate the Si-H bonds of
pentamethyldisiloxane and 1,1,1,3,5,5,5-heptamethyl-
trisiloxane (MD¥M).%

MD® M oligomers are potential precursors to various
unsymmetrically substituted siloxanes by nucleophilic
substitution reactions with alkyllithium reagents {eq
6).112222 The Si-Cl bond in organosilicon compounds is

CH3

(CH3 )3Si0— Si—O0Si(CH3 )3 =i
Cl
CHz

{CH3)3510 —Si—0Si(CH3)3 (6)
R

usually more reactive toward nucleophilic reagents than
comparable Si-H or Si-OR bonds.?* Since chlorosilanes
are prepared industrially, their reactions with organo-
lithium or Grignard reagents is a standard method for Si-C
bond formation.?®® This reaction has not been widely
explored with chloro-substituted siloxanes. While Si-Cl
bonds are usually more reactive than Si-O bonds, reaction
of organometallic reagents with Si-O bonds have been
reported. Thus alkyllithium reagents have been reported
to cleave siloxane substrates at ambient temperature to
yield lithium silanolates.3'®* For example, hexamethyl-
cyclotrisiloxane (Dg) reacts with n-butyllithium in hex-
ane/toluene to give lithium n-butyldimethylsilanolate (eq
7).343%  Cleavage of hexamethyldisiloxane by methyl-
lithium in ether/THF has been reported to yield lithium
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trimethylsilanolate and tetramethylsilane.®® Triorgano-
siloanolate anions are good leaving groups because silanols
are more acidic than alcohols and in fact more acidic than

There are only a few examples of reaction of organo-
metallic reagents with Si—Cl bonds of chlorosiloxanes.
Among these are the reactions of 1,3-dichlorotetra-
methyldisiloxane or 1,5-dichlorohexamethyltrisiloxane with
alkyllithium reagents at low temperature to yield 1,3-di-
alkyltetramethyldisiloxanes or 1,5-dialkylhexamethyl-
trisiloxanes (eq 8).113%73 Aryl Grignard reagents also react

I |

CI—Ti—O—-—Ti—O—Si—CI + RU e

R—Slli—O—Si—O—%i—R (8)

preferentially with the Si-Cl bond of chloro-substituted
siloxanes to yield aryl-substituted siloxanes (eq 9).3%#

—s:;i—o—s:i—m + \\—Q—Mgm —
——S[li—o——-ili@——// (9)

We wanted to determine if MDY, M (n = 1-5, ~35)
would undergo exclusive nucleophilic substitution of the
internal Si—Cl bonds by primary, secondary, and tertiary
alkyllithium reagents.

Results and Discussion

Preparation of MDC M Oligomers. We have ex-
plored the generality of the Pd/C catalyzed exchange re-
action of allyl or benzyl chloride with MDY, M oligomers
and polymers (eq 10). Palladium on carbon catalyzes the

CHs

Pd/C
(CH3)3Si0——Si—0Si{CHs)3 + PhCH2CI —

H
CHs

(CH3)3Si—0Si—0Si{CH3)3 + PhCH3 (10)

Cl

exchange reaction between allyl chloride and MDEM to
yield 3-chloro-1,1,1,3,5,5,5-heptamethyltrisiloxane
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(MD®M) and propene.? Similar Pd/C catalyzed chlori-
nation reactions of 1,1,1,3,5,7,7,7-octamethyltetrasiloxane
(MDH,M), 1,1,1,3,5,7,9,9,9-nonamethylpentasiloxane
(MDH,M), 1,1,1,3,5,7,9,11,11,11-decamethylhexasiloxane
(MDY,), and 1,1,1,3,5,7,9,11,13,13,13-undecamethyl-
heptasiloxane (MDY, M) as well as MDY _;:M with allyl
chloride were carried out. MD,M which has two Si-H
bonds can be converted to a mixture of 3-chloro-
1,1,1,3,5,7,7,7-octamethyltetrasiloxane (MDC'DHM) and
3,5-dichloro-1,1,1,3,5,7,7,7-octamethyltetrasiloxane
(MD®;M). The ratio of these products depends on the
ratio of allyl chloride to MD¥,M (see Experimental Sec-
tion). Similarly, MD¥,;M, MDY M, and MD¥,M were
converted to 3,5,7-trichloro-1,1,1,3,5,7,9,9,9-nonamethyl-
pentasiloxane (MD® M), 3,5,7,9-tetrachloro-
1,1,1,3,5,7,9,11,11,11-decamethylhexasiloxane (MDC, M),
and 3,5,7,9,11-pentachloro-1,1,1,3,5,7,9,11,13,13,13-
undecamethylheptasiloxane (MDC;M), respectively.
Benzyl chloride was also useful for the conversion of
MDY, M into MD®, M. Benzyl chloride was reduced to
toluene in these reactions.

The structures of MD®M, MDCDHM, MD%%,M,
MDC%.M, MD®, M, and MD®; M are based on their IR, 'H,
13C, and #*Si NMR, and mass spectra and elemental
analyses. The mass spectra of MD®M, MDCDHM,
MD®,M, and MD®,M had significant M* - 15 peaks
characteristic of methyl-substituted organosilicon com-
pounds.® The mass spectra of MD,M and MD®.M were
more complicated. The 'H, 13C, and #Si NMR spectra
were very characteristic permitting differentiation of each
D unit in these compounds (See Table I). Infrared
spectra of these compounds had no bands at 2200 cm™
characteristic of Si-H stretching,*® with the exception of
MDCDEM,

The disappearance of the starting materials: MDHM,
MDH,M, MDY, M, MD¥,M, and MD¥.M was monitored
by GLPC during the chlorination reaction. The conversion
of MDY _4,M to MDY _;:M was monitored by both 'H
NMR and IR spectroscopy. The characteristic Si-H IR
absorption band at 2200 cm™! and 'H NMR resonances at
4.5 ppm disappeared as the reaction proceeded. In both
the 'H and *C{*H} NMR spectra, the terminal M unit was
clearly resolved from the D units in the polymer and
appeared as a single peak. The methyl group signals of
the D unit in '"H NMR of MD®_;.M shift downfield sig-
nificantly from those of MDY _;:M as expected.?’

Reaction of Alkyllithium Reagents with MD“, M
Oligomers. Reaction of primary, secondary, and tertiary
butyllithium reagents as well as methyllithium with
MDCM at -78 °C in ether gave 3-alkyl-1,1,1,3,5,5,5-
heptamethyltrisiloxanes in high yield. The reaction of
MD%M and MD®sM with sec-butyllithium gave 3,5-di-
sec-butyl-1,1,1,3,5,7,7,7-octamethyltetrasiloxane and
3,5,7-tri-sec-butyl-1,1,1,3,5,7,9,9,9-nonamethylpentasiloxane
in 90% and 89% yields, respectively. The reaction of
MD%,M and MD.M with methyllithium at low tem-
perature gave tetradecamethylhexasiloxane (MD,M) and
hexadecamethylheptasiloxane (MD;M) in 76% and 74 %
yields.

The reaction of MDC _;;M with both excess and
equivalent amounts of sec-butyllithium were carried out.
Analysis of these reaction mixtures by gel permeation
chromatography (GPC) showed two components: di-sec-

(45) Kinstle, T. H.; Ihring, P. J.; Goettert, E. J. J. Am. Chem. Soc.
1970, 92, 1780.
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Table I. Spectral Properties of MDY M (n = 1-5)°

'H 13¢ 88i mass, m/e (rel intensity)
M*., 222 (1.1)
MDXM 0.101 (18 H, s) 1.658 (6 C) 9.28 (2 Si) M* - 15, 207 (100)
0.081 (3H,d, J =1.95Hz) 1.546 (1 C) -36.47 (1 Si) M* - 89, 133 (9.6)
4639 (1 H, q,J = 1.95 Hz) 73 (37)
MDH,M 0.112 (18 H, s) 1.878 (6 C) 9.90 (2 Si) M*., 283 (0.3)
0.132 (6 H, d, J = 1.46 Hz) 1.553 (2 ©) -36.01 (2 Si) M* - 15, 267 (19.5)
4.665 (2 H, q, J = 1.46 Hz) M* - 89, 193 (100)
133 (7.0), 73 (48.9)
MDEM 0.104 (18 H, s) M*., 342 (0.2)
0.135 (6 H, d, J = 1.47 Hz) 1.821 (6 C) 10.00 (2 Si) M* - 15, 327 (6.4)
0.1756 (3 H, d, J = 1.47 Hz) 1.548 (2 C) -35.86 (2 Si) M* - 89, 253 (100)
4.620 (2 H, q, J = 1.47 Hz) 1.330 (1 C) -35.70 (1 Si) 193 (7.6), 133 (13.8), 73 (30)
4.660 (1 H, q,J = 1.47 Hz)
MDH,M  0.106 (18 H, s) M., 402 (0.2)
1.137 (6 H, d, J = 1.46 Hz) 1.590 (6 C) 10.22 (2 Si) M* - 15, 387 (3.4)
0.183 (6 H, d, J = 1.46 Hz) 1.210 (2 C) -35.63 (2 Si) M* - 89, 313 (67)
4.656 (2 H, q, J = 1.46 Hz) 0.994 (2 C) -36.15 (2 Si) 253 (100), 193 (35.4), 133 (20.1), 73 (85)
4,703 (2 H, q, J = 1.46 Hz)
MDHEM 0.102 (18 H, s) M* - 15, 447 (0.6)
0.134 (6 H, d, J = 1.63 Hz) 1.590 (8 C) 10.21 (2 Si) M+ - 89, 373 (6.0)
0.158 (9 H, m) 1.210 (2 C) -35.10 (2 Si) 313 (75.4), 253 (80.1), 193 (71.5), 133 (20.8), 73 (100)
4.640 (2 H, q, J = 1.6 Hz) 0.939 (2 C) -35.10 (2 Si)
4.690 (3 H, m 0938 (1 C) -34.76 (1 Si)
e1H, 13C, and #Si chemical shifts are in ppm relative to tetramethylsilane (0.00 ppm).
butylmethylsilanol {13%) and a nonvolatile high molecular Chart 1
weight residue which appeared by GPC as a single Gaus- THzCHs CHaCH3
sian peak whose spectral properties are consistent with
CHz—C—H CHz—C—H

those expected for «,w-bis(trimethylsiloxy)poly-sec-bu-
tylmethylsiloxane (MDsB1_..M). It should be noted that
the MDH_,,M, which was used to prepare MD® _;;M, was
a single Gaussian peak by GPC.

It occurred to us that this difference in behavior of
MDC M oligomers which showed no cleavage and
MDY _,:M polymer which was partially cleaved might
result from the presence of a few Si-H bonds in the
MDY _;:M which had escaped chlorination. D" units have
been previously shown to be very susceptible to nucleo-
philic attack.*® To test this possibility, the reaction of
MDYDHM with either an excess or an equivalent amount
of sec-butyllithium was examined (eq 11). Both reactions

CHs CHs
. . | sec-Buli
(CH3 )3S|O—S|—-O—lSi—O—-Si(CH3)3 —
Ci H

CH3

(CH3)3Si0—Si—sec-Bu (11)
H

gave l-sec-butyl-1,3,3,3-tetramethyldisiloxane as the major
product. Similarly, reaction of MD"M with sec-butyl-
lithium gave 1-sec-butyl-1,3,3,3-tetramethyldisiloxane.
Apparently, a hydrogen attached to silicon facilitates nu-
cleophilic attack which results in cleavage of adjacent si-
loxane bonds. Hence any residual Si-H bonds in the
MD®_,.M would be expected to promote cleavage of the
oligomer chain. Once cleavage has begun apparently it
continues resulting in monomeric products as previously
observed in the reaction of Dy and n-butyllithium.3*
NMR Spectra. The ¥C and °Si NMR spectra of
MD#eeBu M, MD*Bu, M, and di-sec-butylmethylsilanol are
of interest because of the effect of chirality in these sys-
tems. For example, 3,5-di-sec-butyl-1,1,1,3,5,7,7,7-octa-
methyltetrasiloxane contains two chiral silicon as well as

(48) Lee, C. L. J. Organomet. Chem. 1966, 6, 620.

CHa—Si—O0Si{CHz)3 CHz——S8i—08Si(CH3z )3
0 0

(CHz)3S10 —Si~——CHs CHz—Si—O0Si(CH3)3

H——C——CH3z H—C——CHs
CH2CHs CH2CH3
P {CpSigSipCsr) Q(CxSirSisCpr)
(THgCH3 CH2CH3
CHz—C~—H CHz —C—H

(CH3)3S i0—8i—CH3 CH3—Si—0Si(CH3 )3
0 0

CHy—Si—0Si({CHz)3 (CH3z)a3Si0 — Si—CHs

H—-C—CH3z CHz—C—H
CH2CHs CH2CHa
R(C#SisSisCg) S (CxSipSigCs)
(|:H2CH3 CH2CHs
CHy—C—H CHz3—C—H

ﬁ

CHz—Si—0Si(CH3)3 {CH3)38i0 —Si— CHs
0 o

CH3—Si—0Si(CH3)3 (CH3)3Si0——Si—CH3z

CHz—C—H CHz—C—H
CH2CH3 CH2CH3
T (C#SizSisCy) W(C4SisSigCs)

two chiral carbon centers. Chirality affects both the *C
and °Si NMR spectra. These four chiral centers result
in four pairs of enantiomeric (P, Q, R, S) and two meso
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(T and W) stereoisomers (Chart I). The two OSi(CHy),
groups of P, R, T, and W are enantiotopic one with the
other, while those in Q and S are diastereotopic one with
the other. The OSi(CHj); groups in P therefore have the
same chemical shift while the two in R have a different
chemical shift. One of the OSi(CHj,); groups in Q has an
identical local environment (ILE)* to those in P, while the
other has an ILE to those in R. The OSi(CHj); chemical
shifts are independent of the stereochemistry of the chiral
silicon and carbon centers which are four or five bonds
removed, respectively. Therefore, the two OSi(CHj;)4
groups in Q have different chemical shifts one of which
is identical with the shift of the OSi(CHj); group in P while
the other is coincident with the OSi(CH,); group in R. A
similar analysis applies to the two diastereotopic OSi(CHy),
groups of S. Both OSi(CHj,), groups of T have ILE with
those of P, while the OSi(CH,); groups of W have ILE to
those of R. This analysis predicts two OSi(CHy); reso-
nances of equal intensity as observed.

The Si resonances of the CH;Si (sec-Bu) are dependent
on the stereochemistry of the adjacent chiral carbon but
appear to be independent of the chirality of the silicon and
carbon centers which are two and three bonds removed,
respectively. This predicts that both enantiotopic silicons
of CH3Si groups in P are identical while those of R are
identical one with the other but different from those of
P. One silicon in Q has a ILE with those in P while the
other is identical with thcse of R. Similar analysis of
stereoisomers S, T, and W leads to a prediction of two
nonequivalent CH;Si resonances of equal intensity as ob-
served.

The 3C resonances of the CH,Si(sec-Bu) groups can not
be accounted for by the previously employed local envi-
ronment model which considered only adjacent chiral
centers. To account for the spectra, both adjacent carbon
and silicon chiralities must be considered. In sterecisomer
P both the methyl groups in CH;Si(sec-Bu) are in enan-
tiotopic environments and hence identical. Similarly, both
methyl groups of each sterecisomer K, T, and W are
identical but different from each other as well as from
those of P. One of the methyl groups of S is identical with
those of P, while the other is identical with those of R.
Finally, one methyl group of Q is identical with those of
W, while the other is identical with those of T. This leads
to the prediction of four methyl resonances of equal in-
tensity. The fact that only three resonances in a 1:2:1 ratio
are observed near —2 ppm results from the accidental de-
generacy of two signals. Similarly, the 1*C NMR of the
sec-butyl groups can be explained by analysis of the chi-
rality of the adjacent silicon. This predicts two resonances
of equal intensity for the CH; groups bonded to the chiral
carbon. Similarly, the other methyl group “CH;”CH, is
also sensitive to the chirality of the adjacent silicon center.
Surprisingly, the methine and methylene '°C resonances
of the sec-butyl groups appear to be influenced by the
chirality of both silicon centers. This leads to the pre-
diction of four resonances for each. In fact, three reso-
nances in a 2:1:1 ratio are observed. This results from a
fortuitous degeneracy of two of each set of resonances. The
reason for these differences in sensitivity to local envi-
ronments of different carbons is not understood.

Di-sec-butylmethylsilanol also has unique *C and *Si
NMR spectra. Two chiral carbon centers result in four
stereoisomers: A and B are enantiomers, while C and D
are meso compounds. The 2Si NMR is affected by both
adjacent chiral carbon centers. Thus, A and B have a

(49) Pai, Y.; Servis, K. L.; Weber, W. P. J. Organomet. Chem. 1985,
269, 188.
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CH2CH3 CH2CH3
CHz—C~—H H—C—CHg3
HO—Si—CH3 CHz—Si—0H
H—C——CHa CHz—C—H
CH2CH3 CH2CH3
A B
CH2CH3 CH2CH3
CHz3—C—H CH3—C—H
HO—Si—CH3 CHz——Si— OH
CHz—C—H CHz3—C—H
CH2CH3 CH2CH3
c D

unique #Si resonance as do each of the meso isomers C
and D. This results in three #Si resonances near 12.1 ppm
in a ratio of 2:1:1. Similarly, there are three unique signals
in the 13C spectrum for the CH;Si group again in a 2:1:1
ratio.

In the 13C spectra of the sec-butyl groups each carbon
is affected by both adjacent silicon and carbon stereo-
chemistries. Each carbon of the sec-butyl groups in A and
B are diastereotopic, while those in C and D are each
enantiotopic. This predicts eight resonances for the two
methyl groups, four resonances for the methine and four
for the methylene carbons. In fact six resonances are
observed for the methyl carbons near 21 ppm in an in-
tensity ratio of 1:2:1:1:1:2, three for the methine at ~29
ppm in a ratio of 2:1:1, and two for the methylene carbons
at ~32 ppm in a 1:3 ratio. We believe these intensity
patterns result from accidental coincidence of some reso-
nances.

Conclusion

Highly selective alkylation of MD®,M by reaction with
alkyllithium reagents was achieved. Cleavage of siloxane
bonds is important for siloxanes which possess Si-H bonds
and for the polymer system.

Experimental Section

All reactions were carried out under an atmosphere of purified
nitrogen in flame-dried glassware unless otherwise indicated. 'H
and *C NMR spectra were obtained on an IBM-Bruker WP-
270-SY spectrometer or Varian XL-200-15 spectrometer in the
FT mode. Five percent solutions in either chloroform-d or ace-
tone-dg were needed for 'H, while 10-15% solutions were used
for 3C spectra. *C NMR spectra were run with broad-band
proton decoupling or with gated decoupling to determine the
multiplicity. Both chloroform and acetone were utilized as internal
standards. %Si NMR spectra were obtained on IBM-Bruker
WP-270SY spectrometer using 30-40% solution in chloroform-d.
Tetramethylsilane was utilized as an external standard. #Si NMR
spectra were run with gated broad-band proton decoupling with
a 100-s delay in order to suppress the NOE effect.?®

Infrared spectra were obtained on a Perkin-Elmer 281 spec-
trometer. Samples were run as 5% solutions in carbon tetra-
chloride in KBr cells. Absorption bands were calibrated against
known absorption bands of a polystyrene film. Low-resolution
mass spectra were obtained on a Hewlett-Packard 5985 GC-MS
at an ionizing voltage of 70 eV. Voiatile samples were introduced
by a GC inlet equipped with an 100/120 mesh Chromosorb W
column. Less volatile samples were introduced by use of the direct
inlet. GLPC analyses were performed on a Hewlett-Packard F&M

(50) Harris, R. K.; Kimber, B. J. Appl. Spectrosc. Rev. 1975, 10, 117.
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Table I1. Spectral Properties of MD® M (n = 1-5)¢
'H BC 2Gi mass, m/e (rel intensity)
MDCM 0.135 (18 H, s) 1.446 (6 C) 8.71 (2 8i) M* - 15, 241 (100)
0.354 (3 H, s) 1.634 {1 C) -49.544 (1 Si) - Cl, 221 {4.2)
133 (11.6%), 73 (58.2)
MDC12M 0.149 (18 H, s) 1.400 (6 C) 8.35 (2 Si) M* - 15, 335 (10.8)
0.438 (6 H, s) 1.730 (2 C) ~49.16}(9 Si) 227 (100), 207 (20.1), 73 (46.8)
—49.208°
MDClaM 0.1567 (18 H, s) 1.39 (6 C) 8.31 (2 Si) M* - 15, 431 (1.4)
0.457 (6 H, s) 1.50 (2 C) -49,18 (1 Si) 321 (100), 227 (11.7), 187 (67), 73 (54.5)
0.526 (3 H, s) 1.66 (1 C) -49.35 (1 S1)
MD,M 0.335 (18 H, s) 1.39 (6 C) 8.40 (2 Si) M* - 2Cl, 415 (5.0)
0.635 (6 H, s) 1.45 (2 C) -48.90 (2 Si) 287 (11.2), 167 (10.5), 73 (100)
0.722 (6 H, s) 1.67 (2 C) -49.08 (2 Si)
MDY M 0.160 (18 H, s) 8.43 (2 Si) M* - 123, 509 (0.4)
0.461 (6 H 1.374 (6 C) -48.442 (1 Si) 415 (3.3), 287 (8.8), 167 (10.8), 93 (34.2), 73 (100)
0.549 (6 ) 1.427 (2 C) -48.8059 (2 Si)
0.566 (3 H s) 1.655 (3 O -49.0447 (2 S1)

¢1H, 13C, and ?*Si chemical shifts are in ppm relative to tetramethylsilane (0.00 ppm).

700 gas chromatograph using 12 ft X '/, in. 20% SE-30 on 60/80
mesh Chromsorb W column. It is critical that the GLPC column
be deactivated by silylation with hexamethyldisilazane imme-
diately prior to the analysis of MD®, M oligomers. Product yields
were calculated by using n-decane as an internal standard. Gel
permeation chromatograms (GPC) were obtained on a Perkin-
Elmer Series 10 liquid chromatograph equipped with a 30 cm X
7.8 mm Ultrastyragel 100-A gel permeation column, LC-25 Re-
fractory Index detector, 3600 Data Station, and 660 printer. THF
was used as carrier solvent at a flow rate of 0.5 mL/min. The
retention times were calibrated against a known polystyrene
standard of M, = 1900, 4800, and 7600 where M,,/M,, was less
than 1.09. Elemental analyses were carried out by Galbraith
Laboratories, Knoxville, TN.

Methyllithium (ether), n-butyllithium (hexane), and sec-bu-
tyllithium (cyclohexane) were obtained from Aldrich Chemical
Inc. tert-Butyllithium (pentane) was obtained from Alfa. All
alkyllithium solutions were standardized by double titration.*?
THF and ether were distilled from sodium/benzophenone ketyl
immediately prior to utilization.

Allyl chloride was obtained from Aldrich Chemical Co. Benzyl
chloride was obtained from Mallinckrodt Inc. Both were redis-
tilled before use. Pd/C 10% catalyst was obtained from Matheson
Coleman & Bell Inc. and was used as received. Trimethyl-
chlorosilane, methyldichlorosilane, and bis(trimethylsilyl)acet-
amide were obtained from Petrarch System Inc. and distilled
before use.

Trimethylsilylation of MDY _, M. The MDY _;M (Alfa) as
received had bands in its IR spectra at 3200 cm™ characteristic
of Si—OH groups.*® These were silylated by reaction with bis-
(trimethylsilyl)acetamide.?

To 10 g of MDY _3:M in a 100-mL round-bottom flask equipped
with a Teflon covered magnetic stirring bar was added 50 mL of
bis(trimethylsilyl)acetamide. The mixture was stirred at room
temperature for 24 h. The extent of silylation was monitored by
IR spectroscopy by following the disappearance of the Si~OH
absorption at 3200 cm™.*6 Excess bis(trimethylsilyl)acetamide
and (trimethylsilyl)acetamide were removed by evaporation under
vacuum (0.5 mm). MDH _,-M was a single Gaussian peak by GPC
analysis whose retention time was between that of two polystyrene
standards M, = 4800 and 1900.

Preparatwn of MDY M Oligomers.” MDHM, MDH,M,
MDH.M, MDY, M, and MDH5M were prepared by cohydrolysis
of trimethylchlorosilane and methyldichlorosilane as below. A
mixture of trimethylchlorosilane (440 g) and methyldichlorosilane
(60 g) was put in a 2-L three-necked round-bottom flask equipped
with a dry ice—acetone cold finger condenser, Tru-bore stirrer
equipped with a Teflon propelier-type blade, and a pressure
equalizing addition funnel. A mixture of H,0O (27 g) and 200 mL

(51) Gilman, H.; Haubein, A. H. J. Am. Chem. Soc. 1944, 66, 1515.

(52) Turner, R. E.; Altenau, A. G.; Cheng, T. C. Anal. Chem. 1970, 42,
1835.

(53) Klebe, J. F.; Finkbeiner, H.; White, D. M. J. Am. Chem. Soc.
1966, 88, 3390.

of pyridine was put into the addition funnel and was added
dropwise to the chlorosilane mixture with vigorous agitation.
When the addition was complete, the reaction mixture was stirred
for an additional 0.5 h until the reaction had subsided. The
mixture was poured into a slurry of ice and was stirred vigorously
until an oily layer separated from the aqueous layer. The oily
layer was washed twice with water, dried over CaCl,, and filtered.
Careful distillation through a Stedman column of about 30 the-
oretical plates yielded the following: hexamethyldisiloxane, 35
g (100 °C (760 mm)); MDHM, 10 g (141.5 °C (760 mm)); MD%,M,
11.3 g (92 °C (50 mm)); MD¥;M, 13.5 g (85 °C (10 mm)); MDH,M,
9.5 g (107 °C (10 mm)); MD¥;M, 7.5 g (95 °C (2 mm)). In addition
there was 27.4 g of higher boiling residue.’*% For 'H, 13C, and
¥S8i NMR and GC-MS data see Table I.

General Chlorination Procedure. Ten percent Pd/C and
allyl chloride were placed in a 50-mL two-necked round-bottom
flask equipped with a rubber septum and a dry ice-acetone cold
finger condenser. The mixture was heated at reflux for 20 min
prior to addition of the particular MD¥, M oligomer by syringe.
The reaction mixture was refluxed until none of the starting
MDY, M was left (GLPC). Gas produced in this reaction was
passed through a solution of bromine in carbon tetrachloride. In
this way, propene was converted to 1,2-dibromopropane identical
with an authentic sample. The reaction was cooled, excess allyl
chloride was distilled out, and then the residue was bulb-to-bulb
distilled under reduced pressure. Each pure MD®, M oligomer
gave only a single MDY, M as expected. The amount of MD®, M
obtained depended upon the scale on which the reaction is run.
This is due to unavoidable adventitious moisture on the surface
of the glass equipment which lowers the yield of MD®, M when
the reaction is carried out on a small scale. Analytical samples
of MDY, M use for the determination of spectral properties were
obtained by pr :parative GLPC.

Reaction of MD”M with Allyl Chloride Catalyzed by
Pd/C. Allyl chloride (75 mol) and 10% Pd/C (53 mg, 0.5 mmol)
were heated at reflux for 20 min at which time MDHM (25 mmol)
was added. After removal of excess allyl chloride, MD®'M was
obtained in 95% yield.? For 'H, 13C, and 2°Si NMR and GC~-MS
data of MD®M see Table II.

Reaction of MDY,M and Allyi Chloride Catalyzed by Pd/C
in a 1:6 Ratio. MD¥,M (10 mmol), allyl chloride (60 mmol), and
10% Pd/C (1.2 mmol) were reacted as above. The reaction
mixture was refluxed for 4 h. MDCDHM and MD,M were
obtained in 1:4 ratio based on GLPC analysis.

Reaction of Allyl Chloride with MD!®,M in 2:1 Ratio.
MDH,M (30 mmol), allyl chloride (60 mmol), and 10% Pd/C (1.2
mmol) were reacted as above. A substantial amount of MDH,M
was recovered (56%). MDDHM and MDC,M were obtained in
a 5:1 ratio.

MDCDHM had the following spectral properties. 'H NMR:
60.12 (s, 9 H), 0.147 (s, 9 H), 0.170 (d, J = 1.5 Hz, 1 H), 0.3907

(54) Sauer, R. O.; Schreiber, W. J.; Brewer, S. D. J. Am. Chem. Soc.
1946, 68, 963.
(55) Sakiyama, M. Bull. Chem. Soc. Jpn. 1958, 31, 67.
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(s, 3 H), 4.658 (q, J = 1.5 Hz, 1 H). 13C NMR: §-0.656 (1 C),
-0.900 (3 C), -1.060 (3 C), -1.408 (1 C). #Si NMR: 67.33 (s, M
next to D), 5.56 (s, M next to DH), -40.44 (DH), —-40.52 (DH),
-49.53 (s, DC). The two #Si signals, which were observed for the
DH units, are due to the different diastereomers. A similar
doubling was not observed in the 2°Si signals for the D! unit. We
were unable to separate these diastereomers. IR: » 2940 (s), 2150
(s), 1250 (s), 1050 (s) cm™. MS: m/e (relative intensity) 301 (9.0,
M* -15), 301 (9.0), 227 (15.7), 207 (44.3), 193 (100), 73 (23). Anal.
Caled for Si,CgH,;05Cl: C, 30.66; H, 8.04. Found: C, 30.59; H,
8.09.

For 'H, 3C, and #Si NMR and GC-MS data for MD®,M see
Table II. Two signals were observed for the #*Si nuclei. One for
the d,l and the other for meso D units. We were unable to
separate these isomers. IR: » 2950 (s), 1420 (w), 1250 (s), 1050
(s) em™. Anal. Caled for Si,CgH,,04Cly: C, 27.33; H, 6.88. Found:
C, 27.36; H, 6.88.

Reaction of Allyl Chloride with MDY,M in 10:1 Ratio.
MDH,M (10 mmol), allyl chloride (100 mmol), and 10% Pd/C
(2.0 mmol) were reacted as above. MDLM was obtained as the
only product.

Reaction of MDH,M with Allyl Chloride Catalyzed by
Pd/C. Allyl chloride (100 mmol), 10% Pd/C (2.0 mmol, 210 mg),
and MDHF;M (10 mmol) were reacted as above. MDC;M was
obtained in 90% yield.

Reaction of MDY, M with Benzyl Chloride Catalyzed by

Pd/C. Benzyl chloride (100 mmol) and 10% PdéC (2.0 mmol)
were heated at 110 °C for 30 min at which time MD";M (10 mmol)
was added. After 6 h, toluene and unreacted benzyl chloride were
removed by distillation at reduced pressure. MD;M was obtained
in 80% yield by bulb to bulb distillation.

For 'H, 13C, and #Si NMR and GC-MS data for MDC,M see
Table II. IR: » 2950 (s), 1430 (w), 1250 (s), 1050 (s) cm™.. Anal.
Calcd for Si;CyH,,0,Cls: C, 24.23; H, 6.10. Found: C, 24.24; H,
6.16.

Reaction of MDY,M with Allyl Chloride Catalyzed by
Pd/C. MDY,M (5 mmol), allyl chloride (100 mmol), and 10%
Pd/C (2.0 mmol) 210 mg were reacted as above. MDC,M was
obtained in 80% yield.

Reaction of MD¥,M with Benzyl Chloride Catalyzed by
Pd/C. Benzyl chloride (100 mmol), 10% Pd/C (2.0 mmol, 210
mg), and MDH,M (5 mmol) were reacted as above. MDC,M was
obtained in 70% yield.

For 'H, 13C, and #Si NMR and GC-MS data for MD, M see
Table II. Anal. Caled for SigCioH3,05Cl;: C, 22.21; H, 5.59.
Found: C, 22.22; H, 5.67.

Reaction of MD¥,M with Allyl Chloride Catalyzed by
Pd/C. MD¥;M (5 mmol), allyl chloride (100 mmol), and 10%
Pd/C (2.0 mmol, 210 mg) were reacted as above. MDC.M was
obtained in 75% yield.

Reaction of MDY¥,M with Benzyl Chloride Catalyzed by
Pd/C. Benzyl chloride (100 mmol), 10% Pd/C (2.0 mmol, 210
mg), and MDY.M (5 mmol) were reacted as above. MD.M was
obtained in 64% yield.

For 'H, 13C, and #Si NMR and GC-MS data for MD,M see
Table II. IR: » 2960 (s), 1405 (m), 1250 (s), 1050 (s), 800 (s) cm™.
Anal. Caled for Si,C;;H340¢Cl;: C, 20.80; H, 5.24. Found: C, 21.58;
H, 5.50.

Reaction of MDY _;:M with Allyl Chloride Catalyzed by
Pd/C. Allyl chloride (15 mL) and 10% Pd/C (400 mg) were
heated at reflux for half hour at which time MDY _;.M (1.5 g) was
added. The reaction mixture was refluxed until no unreacted
MDH _,;M was left in the reaction mixture. This was determined
by the disappearance of the Si-H band at 2200 em™ in the IR.
The formation of MD® _,;M was monitored by 'H NMR and IR
spectroscopy.

Reaction of MDY _..M with Benzyl Chloride Catalyzed
by Pd/C. Benzyl chloride (8 mL) and 10% Pd/C (200 mg) were
heated at 120 °C for 1 h at which time MD¥_;M (1 g) was added.
The reaction mixture was continuously heated for 24 h until no
unreacted MDY _ ;M is present in the reaction mixture as de-
termined by 'H NMR and IR spectroscopy. Excess benzyl
chloride was removed from the reaction mixture by evaporation
under the high vacuum (0.1 mm). The residue was identified as
MDC_.:M. MD®_;;M has the following properties. 'H NMR:
4 0.155 (s, M), 0.455-0.564 (m, D). 13C NMR: 6 0.560 (s, M),
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1.373 (m, D). IR: » 2960 (m), 1400 (w), 1260 (s), 1050 (s), 800
(s) em™.. Chlorine analysis of MDC _,,M was carried out by
hydrolysis of a freshly prepared sample of MD®!_,.M (0.180 g)
in THF. The HCI generated was titrated against standardized
0.0995 N NaOH solution to a phenolphthalein end point. Anal.
Caled: Cl, 35.73. Found: C, 35.45.

Reactions of MD®M with Alkyllithium Reagents. Me-
thyllithium. In a 50-mL two-necked round-bottom flask
equipped with a pressure equalizing addition funnel and a rubber
septum were placed 10 mL of ether, MD®M (1.28 g, 5 mmol), and
a Teflon covered magnetic stirring bar. The solution was cooled
to —78 °C. Methyllithium (1.25 M) (10 mL, 12.5 mmol) was added
slowly from an addition funnel. After the addition was complete,
the reaction mixture was stirred at —78 °C for 1 h. A sample
withdrawn from the reaction mixture was hydrolyzed. GLPC
analysis showed formation of octamethyltrisiloxane (MDM). The
reaction mixture was quenched by addition of a mixture of
H,0/THF in 1:20 ratio at =78 °C. The mixture was kept at -78
°C for another half hour and then allowed to warm to room
temperature. Water was added and the organic layer separated,
washed till neutral, dried over anhydrous MgSQy, and filtered.
The ether and THF were removed from the filtrate by evaporation
under reduced pressure. GLPC analysis of the residue indicated
the formation of MDM in 80% yield, whose spectral properties
in agreement with literature data.?¢-5

tert-Butyllithium (2.0 M) (10 mL, 20 mmol) and MD®M (1.28
g, 5 mmol) in 10 mL of ether were reacted at 78 °C for 4 h. The
reaction mixture was worked up as above. 3-tert-Butyl-
1,1,1,3,5,5,5-heptamethyltrisiloxane was obtained in 89% yield.
It had the following spectral properties. 'H NMR: 4 0.048 (s,
3 H), 0.170 (s, 18 H), 0.910 (s, 9 H). *C NMR: §-0.3863 (1 C),
1.897 (5 C), 18.170 (1 C), 25.4637 (3 C). IR: v 2980 (s), 1460 (m),
1250 (s), 1100 (s), 850 (s) em™. MS: m/e (relative intensity) 278
(0.2, M*+), 263 (5.9, M* - 15), 221 (100, M* - C,H,), 73 (18.7).
Anal. Caled for SiyCiHyOg: C, 47.42; H, 10.85. Found: C, 47.60;
H, 11.10.

n-Butyllithium (1.6 M) (9 mL, 14.4 mmol) and MD®M (1.28
g, 5 mmol) in 10 mL of ether were treated at —78 °C for 2.5 h.
The reaction mixture was worked up as above. 3-n-Butyl-
1,1,1,3,5,5,5-heptamethyltrisiloxane was obtained in 87% yield.
Although this compound is known,* no spectral data has been
previously reported. 'H NMR: 5 0.075 (s, 3 H), 0.165 (s, 18 H),
0.508-1.436 (m, 9 H). ®*C NMR: §-0.280 (1 C), 1.308 (6 C), 12.823
(1C),17.477 (1 C), 25.462 (1 C), 26.178 (1 C). IR: v 2980 (s), 1450
(m), 1260 (s), 1050 (s), 850 (s) em™.

sec-Butyllithium (1.4 M) (10 mL, 14 mmol) and MD®M (1.28
g, 5 mmol) in 10 mL of ether were treated at —78 °C for 1.5 h.
The reaction mixture was worked up as above. 3-sec-Butyl-
1,1,1,3,5,5,5-heptamethyltrisiloxane was obtained in 94% yield.
It had the following spectral properties. 'H NMR: 6 0.402 (s,
3 H), 0.064 (s, 18 H), 0.844-0.951 (m, 9 H). 3C NMR: 5 -2.024
(1C),1.877 (6 C), 13.137 (1 C), 13.310 (1 C), 23.004 (1 C), 24.088
(1 C). Si NMR: 6 -21.6474 (1 Si); 6.672, 6.6608 (2 Si). IR: »
2975 (s), 1460 (m), 1260 (s), 1050 (s), 850 (s) cm™. MS: m/e
(relative intensity) 278 (0.1, M*.), 263 (6.5, M* - 15), 221 (98, M+
- C4Hy), 207 (22.4), 133 (16.9); 73 (100). Anal. Calcd for
SisCi1Hy0y C, 47.42; H, 10.85. Found: C, 47.27; H, 11.04.

Reaction of MDDHM with sec-Butyllithium in a 1:2
Molar Ratio. sec-Butyllithium (1.4 M) (9 mL, 10 mmol) and
MDCYDHM (1.58 g, 5 mmol) in 10 mL of ether were reacted at ~78
°C for 2.5 h. After workup, 1-sec-butyl-1,3,3,3-tetramethyl-
disiloxane was obtained in 87% yield.

Reaction of MD®'DHEH with sec-Butyllithium in 1:4 Molar
Ratio, sec-Butyllithium (1.4 M) (15 mL, 21 mmol) and MDDEM
(1.58 g, 5 mmol) in 10 mL of ether were reacted at -78 °C for 2.5
h. After workup, 1-sec-butyl-1,3,3,3-tetramethyldisiloxane was
obtained in 92% yield. Although this compound has been re-
ported,®® no spectral data are available. "H NMR: 5 0.067 (s, 9

(56) Smith, A. L. Spectrochim. Acta 1963, 19, 849.

(57) Engelhardt, G.; Jancke, H.; Magi, M.; Pehk, T.; Lippmaa, E. J.
Organomet. Chem. 1971, 28, 293.

(58) Williams, E. A.; Cargioli, J. D. “Annual Reports on NMR
Spectroscopy”; Webb, G. A., Ed.; Academic Press: New York, 1979.

(59) Andrianov, K. A.; Sipyagina, M. A.; Ugarova, T. A. Zh. Obshch.
Khim. 1959, 29, 4059,
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H), 0.107 (s, 3 H), 0.856-0.995 (m, 9 H), 4.429-4.473 (m, 1 H).
13C NMR: 5 -2.7320, -2.6503 (1 C); 1.5876 (1 C); 13.1014 (1 C);
13.1591, 13.1909 (1 C); 22.4972, 22.6357 (1 C); 24.4031, 24.4811
(1 C). #8i NMR: §-3.3634, -3.0455 (1 Si); 9.2727, 9.3182 (1 Si).
IR: » 2960 (s), 2120 (s), 1440 (m), 1265 (s), 1060 (s), 850 (s) em™.
MS: m/e (relative intensity) 190 (2.8, M*.), 175 (5.0, M* - 15,
133 (100, M* - C,H,), 119 (27.9), 173 (16). Anal. Caled for
8i,CgH,,0: C, 50.46; H, 11.66. Found: C, 50.68; H, 11.55.

Reaction of MDHM with sec-Butyllithium. sec-Butyl-
lithium (1.35 M) (12 mL, 16 mmol) and MDHM (1.66 g, 7.5 mmol)
in 10 mL of ether were reacted at —78 °C for 2 h. After workup,
1-sec-butyl-1,3,3,3-tetramethyldisiloxane was obtained in 90%
yield.

Reaction of MD®,M with sec-Butyllithium. sec-Butyl-
lithium (1.4 M) (30 mL, 42 mmol) and MD®,M (1.75 g, 58 mmol)
in 10 mL of ether were reacted at —78 °C for 2.5 h. After workup,
3,5-di-sec-butyl-1,1,1,3,5,7,7,7-octamethyltetrasiloxane was ob-
tained in 90% yield. 'H NMR: 6 0.00 (s, 6 H), 0.0826 (s, 18 H),
0.400-1.600 (m, 18 H). 13C NMR: 6-1.9443, -1.9215, -1.8960 (2
C); 1.8821 (6 C); 13.0875, 13.1015 (2 C); 13.2507, 13.2844 (2 C);
23.2258, 23.2385, 23.2556 (2 C); 24.0850, 24.1288, 24.1357 (2 C).
B8i NMR: §-27.8218, ~27.7874 (2 Si), 1.3398, -1.3063 (2 Si). IR:
v 2980 (s), 1430 (w), 1250 (s), 1050 (s), 830 (s) cm™’. MS: m/e
(relative intensity) 379 (10, M* - 15), 337 (100, M* ~ C H,), 249
(15.2), 207 (76.3), 193 (67.7), 73 (32). Anal. Caled for Si,CigHy04:
C, 48.73; H, 10.66. Found: C, 48.67; H, 10.71.

Reaction of MD®,M with sec-Butyllithium. sec-Butyl-
lithium (1.4 M) (40 mL, 56 mmol) and MD®,M (2.22 g, 0.5 mmol)
in 10 mL of ether were reacted at 78 °C for 3 h. After workup,
3,5,7-tri-sec-butyl-1,1,1,3,5,7,9,9,9-nonamethylpentasiloxane was
found in 84% yield. 'H NMR: § -0.007 (s, 6 H), 0.018 (s, 3 H),
0.068 (s, 18 H), 0.300~1.200 (m, 27 H). C NMR: 4-1.936 (3 C);
1.900 (6 C); 12,918, 13.010 (3 C); 13.283, 13.304, 13.326 (3 C); 22.986,
23.010, 23.037 (3 C); 23.789, 23.878, 23.954 (3 C). IR: » 2940 (s),
1430 (m), 1250 (s), 1050 (s), 830 (s), 770 (m) cm™. MS: m/e
{relative intensity) 495 (1.7, M* - 15), 453 (25, M* - C,H,), 323
(56), 267 (35.3), 133 (53.3), 73 (100). Anal. Caled for SizCy Hs,Oy
C, 49.35; H, 10.65. Found: C, 49.69; H, 10.49.

Reaction of MD% M with Methyllithium. Methyllithium
(1.25 M) (40 mL, 50 mmol) and MD,®™M (2.69 g, 5 mmol) in 10
mL of ether were reacted at 78 °C for 4 h. MD,M was formed
in 76% yield.®% 'H NMR: §-0.002 (s, 12 H), 0.030 (s, 12 H),
0.079 (s, 18 H). MS: m/e (relative intensity) 443 (9.7, M* - 15),
355 (12.4), 281 (21.2), 221 (39.8), 157 (53.9), 73 (100).

Reaction of MD®.M with Methyllithium. Methyllithium
(1.25 M) (48 mL, 60 mmol) and MDV;M (2.84 g, 4 mmol) in 10
mL of THF were reacted at —78 °C for 4 h. MD;M was formed

(60) Andrianov, K. A.; Kopylov, V. M.; Khananashvili, L. M.,; Mitrik,
Z. P. Dokl. Akad. Nauk SSSR 1968, 182, 825.
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in 72% yield.5% 'H NMR: 6 0.003 (s, 6 H), 0.025 (s, 12 H), 0.036
(s, 12 H), 0.074 (s, 18 H). MS: m/e (relative intensity) 517 (1.5,
M* - 15), 429 (1.2), 355 (5.5), 281 (4.2), 221 (29.1), 157 (32.8), 73
(100).

Reaction of MDY _,:M with sec-ButyHithium in 4:1 Ratio.
sec-Butyllithium (1.4 M) (100 mL, 140 mmol) and MD® _;:M (3.47
g, 1 mmol) in 30 mL of THF were reacted at —78 °C for 6 h. After
workup, a colorless oily residue was obtained in quantitative yield.
A volatile product, di-sec-butylmethylsilanol, was obtained by
bulb to bulb distillation (0.01 mm, 50 °C) in 13% yield. It had
the following properties. 'H NMR: 3§ 0.017, 0.006, 0.005, -0.012
(3 H), 0.650-1.70 (18 H). 3C NMR: 4§ 2.0875, 2.2432, 2.4156 (1
C); 20.7894, 20.9449, 20.9661, 20.9742, 21.0103, 21.0195 (4 C);
28.850, 28.8666, 28.9310 (2 C); 31.9802, 32.0375 (2 C). #Si NMR:
6 13.9754, 14.1307, 14.2895. IR: v 3660 (s), 2980 (s), 1450 (m),
1250 (m), 820 (s) cm™.. MS: m/e (relative intensity) 174 (6.4,
M+), 157 (1.1, M* ~ 15), 117 (94.7, M* — C,Hg), 75 (100), 61 (88).
Anal. Caled for SiCgHy0: C, 62.06; H, 12.64. Found: C, 62.13;
H, 12.37. The nonvolatile residue was a single Gaussian peak by
GPC. Its retention time was consistent with that expected for
o,w-bis(trimethylsiloxy)poly-sec-butylmethylsiloxane (Mp = 4200)
on the basis of comparison with the retention time of polystyrene
standards of known M, = 4800. It was purified by column
chromatography on a silica gel column. A 1:1 ratio of n-hex-
ane/methylene chloride was used as eluting solvent. It had the
following properties. 'H NMR: & -0.004 to 0.079 (SiCHj),
0.500-1.400 (Si-sec-butyl). 13C NMR: 5 13.021-13.346, 21.036,
24.015-24.178. °Si NMR: §13.1773, 13.3111, 13.4365. IR: » 2980
(s), 1450 (m), 1250 (s), 1050 (s), 850 (m), 780 (s) cm™. Anal. Caled
for Si37CIBIH438036 (MDSEC-BU~35M): C, 51.44; H, 10.37. Found:
C, 52.01; H, 10.38.
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