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The Grignard reactions of bis(chloromethyl)dimethylsilane (1) with trimethylchlorosilane (2) in THF give both
the intermolecular C—Si coupling and intramolecular C—C coupling products. At beginning stage, 1 reacts with
Mg to give the mono-Grignard reagent CICH-Me»SiCEHMgClI (I} which undergoes the C—Si coupling reaction
1o give MeSi(CI[2SiMes)s 3, or C—C coupling to a mixture of formula Me;SICH(SiMeCILCH )R {7 — 1,
2,3....4a, R~ I[: 4b, R' — SiMes). [n the reaction, two reaction pathways are involved: a) [ reacts with 2 to
give MesSICISiMeaC11,Cl 6 which further reacts with Mg to afford a Me,SiCI1:MexSiCILMgClL{I1) or b) [
cyclizes intramolecularly to a silacyclopropane intermediate A, which undergoes a ring-opening polymeriza-
tion by the nucleophilic attack of the intermediates [ or [L, followed by the termination reaction with H.O and
2. to give 4a and 4b, respectively. As the mole ratio of 2/1 increased from 2 to 16 tolds. the formation of product
3 increased from 16% to 47% while the formation of polymeric products 4 was reduced from 60% to 40%. The
intermolecular C—Si coupling reaction of the pathway a becomes more tavorable than the intramolecular C—C
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coupling reaction of the pathways b at the higher mole ratio of 2/1.

Introduction

Bis(o-chloroalkyl)silanes have been studied as a family of
potential starting materials' for the synthesis of highly ring
strained silacyclopropanes®® and for the preparation of car-
bosilanes.” Seyferth and his coworkers first reported the syn-
thesis of stable silacyclopropane derivatives having bulky
substituents, starting from bis{c-bromocyclopropyl)silanes
and magnesium.” Several derivatives of the silacyclopro-
panes, significantly stabilized by bulky groups on the ring-
carbons,® have been isolated and studied for their reactivi-
ties.>* Bis(chloromethy)dichlorosilane has attracted little
attention as a precursor for carbosilane due to the difficulty
of separation from other chlorination products.® even
though it has been produced as byproduct in large quantity
from the photochlorination®< of dichlorodimethylsilane to
afford (chloromethyl)dichloromethylsilane, known as a
starting material for flusilazole.” The cyclization reaction of
bis(chloromethyl)dimethylsilane (1} with dichlorosilanes or
dichlorogermanes using magnesium or lithium has been
reported by Sevferth to give |.3-disilacyclobutanes or |-sila-
3-germacyclobutanes, respectively, in low yields ranging
from 21% to 24% due to the production of unidentified poly-
meric materials. '

Recently we reported that the reaction of bis(chlorome-
thyljsilanes with Mg at THF retlux temperature gave
poly(silapropanes) in 80-90% yields."! The formation of
poly(silapropanes) was explained by the ring-opening poly-
merization of the silacyclopropane intermediate generated
by intramolecular cyclization of the mono-Grignard reagent
(eq l). This suggests that the polymeric materials obtained
by Seyferth! from the cyclization reaction of bis(chlorome-
thyldimethylsilane with dichlorosilanes were poly(sila-

propanes) derived from the intramolecular C-C coupling
rather than the intermolecular C-Si coupling reaction. The
low yields of 1.3-disilacyclobutanes are consistent with that
the intermolecular C-Si coupling is less favorable than the
intramolecular C-C coupling. [n order to look into the details
involved in the intramolecular C-C coupling and the inter-
molecular C-Si coupling reactions, we studied the Grignard
coupling reaction of 1 with trimethylchlorosilane (2) as a
simple chlorosilane. We wish to report the results and pro-
pose a probable reaction mechanism for the coupling reac-
tions.

R ) R
I 1) Mg in THF
R-Si-cHol TMONTHE, - o b &
CHool  DHDO Me
R = Me, Ph, CHoPh 8~10%

R (1)
! |
Me-~Si-CHa{Si CHp CHalH
n
R R n-123..
80-90%

Results and Discussion

Product Distribution and Reaction Time. To study a
reaction pathway to form the C—C and Si—C coupling prod-
ucts, the distributions of products obtained trom the Grig-
nard coupling reaction of 1 with 2 in THF at reflux
temperature were determined at various reaction time inter-
vals (3. 7. 15, 30. 60. 120, and 240 min}. The reaction gave
the polymeric products of general formula Me:SiCH»
(SiMe2CH>CH:)R! (1~ 1. 2. 3. ..; d4a. R'—H:'' 4b, R' —
SiMes) having the backbone of alternating ethylene and sili-
con along with the intermolecular C—Si coupling products,
2.2.4.4.6.6-hexamethyl-2.4.6-trisilaheptane (3).'? 2,2.4.4-tet-
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ramethyl-2.4-disilapentane (5)."* and [-chloro-2,2.4.4-tet-
ramethyl-2.4-disilapentane (6) as shown in eq 2.

o IR e e e
cliuxIr . . -
CICHy-Si-CHCl ———— = Me-8i-CHz-Si CHa-Si-Me
Me 2. H0 Me Me Me
1 3
Ve Mo Me Mo
+ Me-Si-CHQ{Si-CHg-CHg);R‘ + Me-8iCHz-Si - CHg
1 1 .
Me  Me n=123,. Me . Me @
R'=H4a)
= SiMc; (4b) Me  Me
+ CICH,- i GHo-Si-Me
Me Me
6

The distribution of products is plotted against the reaction
time in Figure 1. As shown in Figure 1, with 32% consump-
tion of starting material 1. the C—Si coupling products, 3
(1%), 5 (3%), and 6 (9%), were obtained along with the
polymeric product 4 (15%) in a 3 min reaction. Within a 7
min reaction. 4 increased drastically to 49%. while 3. 5. 6
smoothly to 5%. 11%, 15%. respectively. with 92% con-
sumption ot 1. These results indicate that the intramolecular
C-C coupling is predominant as observed previously in the
Grignard reaction of 1 without 2.'"" However. tetramethylsi-
lane, the hvdrolysis product of the di-Grignard reagent,
Me>Si(CH-MgCl),, was not detected in the product mixture,
suggesting that the formation of di-Grignard reagent in the
presence of 2 is not significant. The double C-Si coupling
product 3 increased very slowly as compound 5, the hydrol-
ysis product of the Grignard reagent {Il) derived from 6.
decreases. After a 4 h reaction, followed by general workup,
5 was obtained in 13% yield, indicating that the coupling
reaction of II with 2 is slow probably due to the steric hin-
drance of bulky (trimethylsily)methy] substituent on silicon.
Until a 7 min reaction, the amount of 6 is higher than those
of 3 and 5, but they turn reversed soon after. These results
suggest that 3 is produced by the coupling reaction of Il with
2 rather the double coupling reaction of the di-Grignard with
2. To cheek a possibility for the formation of 4 by the C—C
coupling reaction ol CH>-MgCl with ClH,—Cl, the Grignard
coupling reaction of compound 6 with 2 under the same
reaction condition. Besides the intermolecular C-Si cou-
pling products. 3 (87%) and 5 (13%). such C—C coupling
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Figure 1. Product distribution vs reaction time.
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Table 1. Product distribution vs mole ratio of MeSi(CHCa 1 to
Mc;SiCl 2»

molc ratio reaction products
ot 241 time (h) 3 4 5 6
2 3 16 60 19 trace
3 3 23 35 18 -
4 3b 26 20 -
24 33 31 7 -
8 3k 35 20 -
24 42 46 8 -
16 3b 34 20 -
12 47 40 9 -

“The reacuon was carried out at the reflux temperature. ” The vields of
products were determined using dodecane as an internal standard by
Gl1.C in 3 b reaction and then isolated in 24 h reaction,

products were not detected.

Distribution of PProducts vs Mole Ratio of 2 to 1. To
find the optimum condition to obtain 3, the Grignard cou-
pling reaction of 1 with the simple chlorosilane 2 was cartied
at various reaction conditions. In this coupling reaction, THF
was the best solvent among three aprotic polar solvents,
THF, ethyl ether, and dioxane, and the reaction proceeded
smoothly at the reflux temperature. The effect of product
distribution on the reaction mole ratio of 2 to 1 was studied
at reflux temperature in THF. These results obtained by the
reaction using various mole ratios are summarized in Table 1.

As shown in the Table 1. as the mole ratio of 2/1 increases
to 16 from 2 folds, the product 3 increases to 47% from 16%
while the mixture of 4 with silapropane unit decrease to 40%
from 60%. in particular, from 80% in the reaction without 2
and 5§ to 9% from 19%. The sum quantity of both com-
pounds 3 and 5. coming from the reaction with the Grignard
reagent formed trom 6, increases to 56% from 35% as the
mole ratio of 2/1 increases to 16 from 2 folds. Compound 5,
formed by the hydrolysis of the Grignard reagent derived
from 6, decreases from 20% in a 3 h reaction to 7% ina24 h
reaction. These results indicate that the polymeric product 4
can be reduced by using much excess amount of 2 and the
Si-C coupling reaction of the Grignard reagent formed from
6 having bulky trimethylsilyl methy]l group with 2 is very
slow duc to steric hindrance. In these reactions, the higher
ratio of 3/5 as well as the higher yields of the di-Grignard
reagent-trapped products, 3 and 5. were obtained in higher
mole ratio of 2 to 1. These results suggest strongly that the
Si—C coupling reaction of mono-Grignard rcagent ol 1,
which is generated by the reaction of 1 with magnesium,
with 2 is more favorable than the generation of silacyclopro-
pane intermediate, leading to 4, by the intramolecularly ring
closure reaction. when the higher mole ratio of 2/1 was used.

Trapping Reaction of Reactive Intermediates by Meth-
anol-¢;. To trap the reaction intermediates. a mixture of 1:3
Grignard reaction of 1 and 2 in THF at reflux was trapped by
CH:OD in a 10 min reaction. The corresponding deuterated
products of 1-deutero-2,2.4.4-tetramethy|-2.4-disilapentane 5
(12%) and a mixture (62%) of lormula R’CI[:SiMexClIls
(SiMe:CIHLCHLLR! |7-1, 2, 3 ... R2—D;R'-D (4a',
44%) and R' — SiMcs (4b', 18%6): R? — SiMez (trace)'?| were
obtained along with 1-chloro-2.2.4.4-tetramethyl-2.4-disila-
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pentane (6, 11%), 3 (8%%0), and unreacted 1 (4%) recovered.
The methanol-d-trapped products of silacyclopropane inter-
mediates. 3-deutero-1,1-dimethyl-1-methoxy- | -silapropane.

and a di-deuterated product of di-Grignard reagent derived
from 1. Me;Si(CH:D),. were not observed in detectable
amounts {(eq 3). In this trapping reaction, the formation of
trace amount of 4 (R? — SiMe-) reflects that the mono-Grig-
nard reagent formed from 1 but reacts with 2 or CH:OD to
give 6 or involves in the polymerization reaction to 4. How-
ever, 1.1.4.4.-tetramethyl-1.4-disilacyclohexane, the dimer-
ization product of the silacyclopropane intermediate,'* was
not detected probably due to the fast polymerization of the
unstable silacyclopropanes. [t is well known that silacyclo-
propane with no bulky substituent can thermally decompose
to extrude silylenes intermediate that can be inserted to sila-
cyclopropane leading to |.2-disilacyclobutanes™'*'8or poly-
merize to polv(diorganosilylene)s. However, silvlene-trapp-
ed products were not detected in the volatile compounds.
This result seems likely that silacyclopropane intermediate
generated is rapidly polymerized to give a mixture of 4a’
and 4b' in the reaction condition. Silacyclopropane interme-
diates were reported to be highly reactive toward air, water,
alcohols! and polymerized to higher oligomers having sila-
propylene backbone on reaction with methyllithium* and
Grignard reaction condition.

Me 1. Mg/ CISiMe; (2) Me Me Me
10 min at 66 °C

| i 1 1
CICH,-Si- -Si-CHa-§i-CHo-Si-
1 (4% recovered) 3 (8%)
Me Me Me  Me
+ R2CH;-Si-CH{ §i-CHy GHa} R' + Me-Si-CHy-Si- CHaD +
Me Me n=123,. Me Mo 7
RZ= D;R'=D (42", 18%) 5 (12%)
: R = SiMe; (4b', 44%) Me  Me
R? = SiMes:R'=D or SiMey (trace)} C|CH2-§i-CH2—SIi—Me
Me  Me
8 (11%)

Reaction Mechanism. On the basis of our results, the
reaction pathways 1o products. 3. 4, and 6. are illustrated in
Scheme 1. The reaction of 1 with magnesium aflords at [irst
the mono-Grignard reagent I that undergoes C-Si or C-C
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coupling reactions through two pathways to give products;
a) reacts with 2 to give 6 that reacts with Mg to afford a
Grignard reagent 11, b) cyclizes intramolecularly to a silacy-
clopropane intermediate A which undergoes the ring-open-
ing polymerizaition by the nucleophilic attack of Grignard
reagents I and I1. followed by the termination reaction with
H:O and 2 to give 4a and db, respectively. In these poly-
merization reactions, the ring-opening polymerization initi-
ated by the mono-Grignard reagent 1l might be negligible in
the presence of excess amount of 2. The formation of di-
Grignard reagent Me;Si{CH>;MgCl); was not observed in
contrast to the previously reported results.!" As the mole
ratioc of 2/1 increases, the intermolecular C—Si coupling
reaction in the pathway a becomes more favorable than the
intramolecular C-C coupling reaction pathways b and the
formation of silacyclopropane intermediates A is sup-
pressed.

Experimental Section

Reagents and physical measurements. All operations
were carried out in an inert gas atmosphere. Solvents, tet-
rahvdroturan (THF), diethyl ether, and hexane, were dried
over sodium benzophenone ketyl and distilled before use.
Bis(chloromethyldimethylsilane and trimethylchlorosilane
were obtained from United Chemical Technologies. [nc. and
purified by fractional distillation. Other simple chemicals
were purchased from Aldrich Chemical Co. and used with-
out further purification. Products were analyzed by gas-lig-
uid chromatography (GLC) using a capillary column (SE-
54, 30 m) and a packed column {10% OV-101 on 80-100
mesh Chromosorb W/AW, 1.5 mx1/8 in.) on a Varian 3300
gas chromatograph equipped with a flame ionization detec-
tor and a thermal conductivity detector, respectively. The
samples for characterization were purified by a preparative
GLC using a Varian Aerograph Series 1400 gas chromato-
graph with a thermal conductivity detector and a 2 m by 1/8
in. stainless steel column packed with 20% OV-101 on 80-
100 mesh Chromosorb PAAW. NMR spectra were recorded
on a Varian Gemini 300 spectrometer using chlorolorm-o
solvent. Mass spectra were obtained using a Hewlett Pack-

MgClI Me, o M M Me. 1
2 - e, ,—MgCl o~
Me” "—SiMeg Me “—SiMes Mg —SiMes
CI%iMea pathway a & I CISlees 5
MgCly
Me, —ci Mg Me _—MgCl " _
Si Si e " —SiMes
M& —Cl THF Mg “—Cl a
! Me “—SiMes
! 3
pathway b o
Me_ Me ' Me gt
Mack ha Mezsi” 181
i Me n=1,23,.
CIS|2Me3 H.0 R
4b; R' = SiMeg

Scheme 1. Reaction mechanism for the Grignard coupling of 1 with excess 2.
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ard 5890 Serics 11 gas chromatograph cquipped with a
Model 3972 mass sclective detector. Gel permeation chro-
matography (GPC) was carried out on a Waters Millipore
gel permeation chromatograph (GPC) with Ultrastvragel
GPC column scrics (in sequence. 100, 300, 10°. 10* A col-
umns) using toluenc solyvent as an cluent. Molccular weights
were calibrated by polystyrenc standards. HRMS (high reso-
lution mass spectra) were performed by Korea Basic Science
Institute. Scoul. Korca.

General Grignard coupling reaction of 1 with 2, Reac-
tien of 1 (2.73 g. 17.4 mmol) with 2 (3.6 2. 31.6 mmol).
magnesium tumings (1.0 g. 41.3 mmol). and a small picce of
ioding in THF (30 mL) was carricd out for 3 h at reflux tcm-
perature, The reaction mixture cooled down 1o room (emper-
aturc. treated with 10 mL of water. and 30 mL of cthy] cther
was added. The organic layer was separaied and the solvents
were distilled off. The residuc was then extracted with hex-
anc (100 mL). Reaction mixture dissolved in hexanc laver
was distilled 1o give 5 (0.50 g. 18%). 2.2.4.4-Ictramcthy]-
2 4-disilahexane (trace). 3 (0.93 g. 23%) under an atmo-
spheric pressure and a mixture (0.23 g. ca 12% based on Sis
compound) of volatile. which consisted of Siz—Si; com-
pounds. under reduced pressure (0.6 mmHg) at oil bath tcm-
peraturcs  between  room  lemperature  and 250 °C.
Nonvelatile 4 (0.47 g. ca 23%: M. 520. M, 430). consisting
of a 2.5:1 nuxture of 4a and 4b. was remaincd. The insoluble
white powder in hexane was washed with water and the
remaincd white solid was vacuum—dricd to give 0.28 g (ca
18%: M. 3200: M, 2200). Spectroscopic data for volatile
products arc as [ollows. For 2.2.4.4.6.6-hcxamcthy1-2.4.6-
trisilaheptane 3. "H NMR § -0.25 (s. 2H. SiCH-Si). 0.03
(s. 18H. Si(CH1);). 0.03 (5. 6H. Si(CH3)-): *C NMR § 1.43
(Si(CHa)s). 2.36 (SiCH=S1). 3.72 (Si(CH;3)-): mass spectrum
[m/e (relative intensily)] 218 (13%). 217 (51) (M-CH3)Y).
145 (29). 130 (13). 129 (81). 73 (100. Mc3Si*). 59 (18). For
2.2.4.4.7 7-hexamcthy1-2.4. 7-trisilaoctanc: '"H NMR & -0.29
(s. 2H. SiCH-Si). -0.03 (s. 9H. Si(CH3);). -0.01 (s. GH.
SI(CH2)2). 0.03 (s. 9H. SCH3)3). 0.37 (s. 4H. CH.CH»): 3C
NMR § -2.14 (central-Si(CHz)2). -1. 11 (SiCHASi). 1.43. 2,01
(Si(CH2)s). 8.80. 9.09 ((H2("Hz): mass spectrum |m/e (rcla-
tive inlensity)] 246 (2%. M. 146 (16). 145 (100,
Mc:SICH-SiMe~). 143 (25). 73 (37). 39 (10). HRMS:
2461637, Caled. for CyHwSi  246.1635.  For
2.2.4.4.7.7.10.10-octamcthvl-2.4. 7. 10-tctrasilaundecane: 'H
NMR 8 -0.29 (s. 2H. SiCH.Si). -0.06 (s. 6H). -0.03 (s. 9H).
-0.01 (s. 6H). 0.03 (s. 9H. Si(CH1)3). 0.36 (5. 8H. CH-CH-):
13C NMR § <4.36. -2.15 (central-Si(C'Ha)=). -1, 10 (SiCH-Si).
144, 2,03 (Si(CHy)3). 6.71. 8.72. 9.09 ((H~CH-). HRMS:
332.2207. Caled. for CzH4eS14: 332.2207. A mixture of non-
volatile compounds was characterized by method previously
reported. ! In the data of "H NMR spectra for nonvolatile
compounds. a 2.5 : 1 mixturc of 4a and 4b was disclosed by
the micgration ratio of protons of termuinal groups (cthyl
and SiMc; (R") near to -0.03 ppm) appearing at the chemical
shifts diffcrent from other peaks of 4a (R'=H) and 4b (R'=
SiMcy) of formula Mc¢;SiICHA(SiMe-CH-CH~),R' (n=1. 2.
3.0,
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Product distribution s various reaction time, By the
samc rcaction procedure. cxcept for reaction times and
quenching procedure for reactive intermediates. described
above. the reactions were carricd out at reaction time inter-
vals of 3. 7. 13,30, 60. 120, 240, and 360 min. respectively.
10 mL of water was added to cach of rcaction mixtures
obtained from various rcaction times. and general worked
up. The reaction results are plotied in Figure 1. Data for 1-
chloro-2.2 4 4-tetramethy (-2 4-disilapentane 6: 'H NMR §
-0.14 (s. 2H. SiCH,Si). 0.05 (s. 9H. SiCH3). 0.15 (s. 6H.
SiCH3). 2.76 (5. 2H. SICH-Cl): C NMR § -1.93 (CH.).
1.17. 1.26 (CH3). 32.41 (CH-Cl): mass spectrum [m/c (rela-
tive mtensity)] 179 (15%. (M-CH3)*). 153 (20). 151 (33).
146 (18). 145 (100). 73 (39). 59 (13).

Product distributions vs the mole ratio of 2/1. By the
samc rcaction proccdurc. except lor using reaction male
ratios. described above. the reactions were carricd out using
2. 3. 4. 8. and 106 lolds of 2 respect o 1. After 1 was disap-
pearcd. the reactions were worked up. [n the cases of 4. 8. 16
lolds of mole ratio of 2/1. the samples for the analysis of
products were taken in part in 3 h reaction and the reaction
mixturcs were worked up by a procedure described above.
The rcaction results are summarized in Table 1,

Trapping reaction of reaction intermediates by
CH;0D. By a similar rcaction procedure described above.
the rcaction ol 2 (2.68 g. 1 7.1 mmol) with 1 (5.74 p. 52.8
mmol). magnesium turnings (1.01 g. 41,5 mmol) and a small
picce ol iodine in THF (30 mL) was carricd out for 10 min at
reflux temperature. 10 mL of CH3OD and 50 mL of dicthyl
cther were added and stirred for 20 min at room temperature,
The organic layer was separated. The solvents were removed
and the rcaction mixture was fractional distilled to give 1-
deutero-2.2 4 4-tctramethy -2 4-disilapentanc 5 (0.31 g. 12%).
I-chloro-2.2 4. d-tctramethy1-2 4-disilapentane 6 (0.37 g,
1196). 2.2.:.4.6.6-hexamethy -2 4.6-trisilaheptane 3 (0.30 g.
8%). and unrcacted 1 (0.10 g. 4%). Higher boilers 4' (043 g,
30%: M. 5390: M,. 400) soluble in hexane and 4' (0.31 g.
21%: M,. 3100 M, 2000) insoluble in hexane were
obtaincd. Data for 5': '"H NMR & -0.25 (s. 2H. SiCH-S1).
0.02 (t. 2H. Ji.n =2 Hz. CDH-). 0.03 (s. 15H. SiCH3): 1iC
NMR 3 1.02 ((DH-. Jop = 18 Hz). 132 (CH3). 4.33 (CH.):
mass spectrum [m/c (relative intensity)| 161 (1%. M), 148
(16). 147 (36). 146 (100, (AM-CH3)™). 145 (39). 130 (10). 74
(33). 73 (32). 65 (10). 39 (10). Data ol compound 4a' were
characterized by methods described in the previous work., !
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