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ABSTRA

The resction of methyl magnesium ehloride snéd methyl
magnesium iodide with siliecochloreform gave a2 mizture of
methyl dichloreilane, dimethyl chlorsilane, trimethyl silane,
and an unidentified high boiling liquid which gave no
chlorine on analysis,

The eaddition of the grignard resgent to silicoehlorofornm
in & one to one molar ratioc gave & mixture of the methyl
derivatives, The addition of grigneré to silicochloroform
in a two to one molsr ratic gave the di ends-tri methyl
derivatives. The reverse sddition geve nearly asll trimethyl
silane.
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INTRODUCTION

In 1901, Kipping begen his intensive studies of OPZRNRO-
silicon compounds, econtinuing and enlarging upon the work of
such great nineteenth century investigators as Friedel, Crafts,
end Ladenburg 1. However, due to the lasck of simple inexpensive
methods of synthesis, it was not until nesrly 1940 that large
seale stu&;as of these compounde and their properties were
initiated. kLven with this accelerated program of research,
some reactions of organie resgente with silicon eompounds have
been nﬁgleetod or deemed of such little impertence that little
mention of them has been made in the literature. One sueh
reaction is that of methyl megnesiun halide, the well-known
and much used grignard reagent, with silicochloroform, It was
the purpose of this investigation to study the synthesis of
méthyl chlorosilanes using this reagent.

This method of synthesis, first used by ¥ipping £ ana
Dilthey 5, has become the classic preparstion of organce
‘#ilicon ocompounds and may be represented as

NRMgX / mASiCly = RHSICl, £ RpHSIC1 #RLHS1 £ nMgClX
where R is any organic radiecsl such as CHg= or Cglig- and X is
any member of the halogen family with the exception of fluorine,
This resction has the advantages of being essily carried out
&t ordinary temperatures smnd pressures, in a solution of a

suitable molvent, without the need of compliested apparstus,



While trimethyl silsne ¢ and methyl dichlorsilane 5 have
both been reported im the literature, at this writing dimethyl
chlorsilane hes not been isclated as such, Emeleus and Robin-
son 9 attenpted to make this compound using the above reaction
and succeeded in isolating methyl dichlorsilane. However, due
to the lack of an efficient still, they did not succeed in
separating dimethyl ehlorsilane from eilicoechloroform, The
present work attempted to separate and identify thie compound,

The n;buty& ether was obtained from the Eastman ccmpaﬁy,
Rochsstar,‘uvw York. Peroxides were removed by shaking with
aqueous ferroue sulfaete 5, other impurities (predominantly
eleohols and other grignsrd-destroying compounds) removed by
dﬂéitinn of phenyl magnesium bromide and distillstion of tha
ether from the grignsrd, The purified ether was stered over
freshly pressed metallie sodium ribbone.

Part of the silicochloroform was obtained from the
General Electric Company, Schenectady, New York. It was
fractionated on a 27 theorsticsl plate Fenske column, using
2 mixture of dry ice snd acetone to condense the vapor, and
the fraetion boiling from 31.5 to 329C and snalysing 77.4%
chlorine (theoretical 78,6#) was used for experimental work,
The rest of the siliecochloroform wae made from copper-silicon
powders, pressed into bars, by paessing hydrogen chloride gas
over the pressed powders st 306° 7, This process vielded a
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mixture of chlorosilanes whieh was fractionated and the
freetion boiling from 51.5 to 32,59 used for experimental
wOork.

The methyl iodide was msde by the dropwise addition of
dimethyl sulfete to agueous potassium iodide with constant
removel of the methyl iodide es it was formed ©, The product
boiled from 42.1 to 42,5° after having been dried over
anhydrous caleium chloride for two davs,

- The mﬁthyi ehloride was the commercial compressed ges,

obtained from the Matheson Company, Rutherford, New Jersey.

Preperation of the grignard reagent.

The spparatus for the preperstion of methyl magnesium
ehloride from methyl chloride consmisted of a five liter, four
necked flask, ritted with a mercury-seal stirrer, a thermometer,
2 gas inlet tube that reeched to the bottom of the flask, and
& meroury valve. A liquid trep =nd a flow indicetor were
connected to the gas inlet tube, these in turn being connected
to the needle valve on & tank of compressed methyl chloride gas,
The meroury valve served a double purpose; to keep moist,
carbon dioxide-laden sir from entering the resction system and
to inerease the internsl pressure of the system, thus increasing
the solubility of the methyl chloride gas in the solvent,
Pressure tubing was used for ell gless to glases connections,

Some diffieulties were sncountered with this apparatﬁs.

It wae neecessary to contrel the flow of methyl chloride gas

with extreme care in order to meintain & eonstant pressure
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within the system as fluctustions in the internal pressure
caused mercury to be pushed into the resction flask from the
stirrer, Careful control of the temperature of the svstem was
also necessary to minimize the effect of the solvent vapor on
the syatumia internal pressure.

Because of the low boiling points of the products (Table I),
8 high bolling solvent, di-n-butyl ether, was used. However,
because of the seeming insolubility of methyl magnesium chlor-
ide in this ﬁoivnnt, it wﬁg necessary to use large amounts of
solvent and to double the molar amount of megnesium needed,

Table II summarizes the resulte of the grignsrd preparstions.

TABLE I
Boiling Point, ¢ Mol, Wt, % C1 (eale.)
a2 135,45 78,5
42 115,00 61,7
348 94,57 378
12 74.13 0
TABLE II
Rup No, |JMethyl Helide  Vol. Solvent lols iig Mols Grignard
for Grignard
1 CHyC1 1000 ml, 2 * ..
B » 3000 ml. & 1
& - 3000 ml. 2 «®
4 CHgl 1000 ml, 1 1
S o 1000 m1, 1 1

* Unresoted magnesium not we ighed

B



The preparation of the methyl megnesium chloride wag carried
out as follows: with the mercury-seal stirrer off, approxi-
ﬁ&wly one ml. of methyl iodide was added with & pipette to
the butyl ether-megresium mixture in the flask, the tip of the
pipette having been thrust into the magnesium turnings. After
sealing the system and starting the stirrer, the tenperature
of the resction mixture was raised to 100°C and the flow of
ﬂﬁthrl»ehloriﬁc started and adjusted to & moderate rate, After
the reaction was underway, the flow of methyl chloride was
veried to maintain & nearly constant pressure within the systenm
as explained above, After about half of the magnesium had re-
acted, no further resction took pleee., The suspenaion of
grignard was siphoned off and the unreected magnesium recovered
&nd weighed to determine the amount of grignard formed.

Because of the diffieulties inherent in the foregoing
pProcedure, a more convenient method of grignard prepsration
was sought. Mathyi iodide, bvecause of its extreme reactivity
with magnesium, was chosen as the methyl halide, The epsaratus
consisted of a two liter, three-necked flask, fitted with a
mercury-seal stirrer, separatory funnel for dropwise addition
of methyl iodide, and a reflux condenser, cooled with a brine
ice mixture cireculsted with s centrifugal pump. The system
was protected from mcisture and earbon dioxide by & caleium
ohloride-soda lime mixture in a caloium chloride tube at the
top of the condenser tube, B8y using this methed, the amount of
solvent needed was reduced and the reaction proceeded more

rapidly and to a greater degree.
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The methyl iodide was added to the ether-magnesium mixture
over a period of two hours, Initislly, external heat was
applied by a steam bath but 1tvbenama necessary to cool the
reaction mixture with an ice bath as the reaction proceeded
guite rnpiﬁly with the evolution of heat.. When the addition
was completed, the reaction mixture was heated on a steam bath
for one hour efter which only & emall emount of fine megnesium
ynrtialcdzwnra left in the flask. The methyl magnesium iodide
was much more soluable in butyl ether than was the methyl
NﬁananAuﬁ chloride, the former glving & grey solution and the
latter giving 2 suspension of white partieles; The ease of
preparing methyl megnesium lodide mede thie method the desir-

able one to upge.

Reaction of silicochloroform with methyl grignerd.

in order to study the effect of the order of addition,
the first run was maede by adding the silicoehloroforam to the
grignerd reagent while the other four were made by adding the
grignard resgent to silicoehloroform (Table IIX),

TABLE IIX
Run No. G;gggrd zag%fs 2}-'33%;? Addition
R | - - 2 200 ml, H81Cly to grignard
2 2 X 100 ml.  Grignerd to HSICl,
8 o9 .9 100 ml. ” " o
4 100 =ml. o o »
5 1 1 100 ml, b » "
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The grignard resgent was pleced in a five liter, four-
necked rlaak,’ritted with & mercury-seal stirrer, thermometer,
soparatéry funnel for dropwise addition of silicoehloroform,
and & reflux condenser connected to a trsp cooled with a mix-
ture of scetone and dry ice., After the reaction flask and
| grignard had been cooled to 59 in en ice bath, the silico-
chloroform, dissolved in butyl ether, was added slowly with
eonstant stirring. The resction mixture was then heated on a
stesm bath for two hours to insure complete reaction, The low
boiling materials were then driven off by heating the Teaction
mixture in sn oil bath, 411 materisls boiling below 142°C were
collected in the dry ice trap, These low boiling materials
were fresctionated through a 48 ineh Penske column having en
efficiency of 27 theoreticel plates, For a deseription of
this still, see the sppendix, psgel7 . The deta of this run
are given in Table 1IV.

TABLE IV ~ RUN 1

Cut lio, gﬁ?ﬁc Yol.  Wt. é}i ééﬁ:: Product
1 6.,5-11.5 60ml. 44 g, 2.3 0,0 (Clig) 581K
2 11.5-31,6 6 ml, 16 g.
3 31,6-34 30 ml. 26 2. 81015
4 34,0-49,3 S5 ml., 13 g
5 49,3-71 40 ml, 16 g.
8 71-74 8 ml., 9.4 g 0 - -  THigh boiler
7 7476 160 ml. 101 g. 0 - =  figh boiler

*Incomplete bec-use of eveporation of euts through the eaps.
of storage bottles,
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The chlorine analyses were carried out im the following
menner: the sample to be snalysed was weighed in a2 cork-
stoppered gless vial and cooled in a brine-ice mixture to
decrease the volatility of the chlorosilanes, The visl was
then unatéppurad and the ecork, quieckly followed by vial and
sample, dropped into a glass stoppered Erlemmeyer flask con-
taining &n ethyl ether-ice mixture. The contents of the flaek
were then gently swirled for several seconds and the HC1l in the
water layer titrated with standard sodium hydroxide using
methyl red es the indieator. It was found that the initiel
énd point was not the true one as the complete hydrolyeis of
the shlorosilanes did not take place immediately. However,
with slternate shaking and standing of the ether-water mixture,
an end point was reached that 4id not change upon further
standing.

The most interesting of the producte wae eut 7 (Teble IV),
This was & elear 1iquid baving no hvdrolysable ehlorine, It
wag found to be insolusble in water, sodium hydroxide, and
sulfurie acid, while it was soluable in ethyl ether. Active
hydrogen analysis ? gave a value of 0,289% by weight. Several
suggestions have been made as to the identity of this compoung,
the two most logical of these being hexsmethyl disiloxane and
tetramethyl disiloxaene but no coneclusions can be drawn until
an ultimate guentitative analysis of the compound has been

made.
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An effort was made to partially identify this conpound
by mesns of the molsr refraction. The theoretical moler
refraction was celeulated from the data of Sauer 0 and for
tetramethyl disiloxzane, it was found to be 40.22. The
observed value of the molar refraction was 37.0. 7The ealou-
lations were made as follows, from Sauer's data:

| rp (S1CH;) = 7.57
Py (81-0) = 1,75
rp (84-H) = B3.22

4 7(81-CHg) = 4 x 7.57 = 30,28

2 rp(8i=0) = 2 x 1.75 & 3.50
2 rp(Si-H) = 2 x 3,228 ¢ 6.44
| . Total & 40,22
For the high boiling compound, considering it as tetramethyl
8iloxane for a wvalue of the molecular weight

O
ngﬁ = 1,3990

(o]
a®®” . o.877
1 n%.1
a neds

where r ¢ specific refraction

r

n = refractive index
d = density
2

1 1.399)%=1 276

T = = e s
* T {1.59925;2

Moler refraction s Mr = 1354 x 0,276 & 37.0
. These wvalues are not elose enough for positive identifieation

but they do sgree fairly well.

]l Ow



The same spparatus and procedure were useé for the
gsecond Tun as were used for the first rum, with the exzeeption
that the order of addition was reversed (Table III)., The data
of run 2 are given in Table V.

TAPLE V - RUN 2

Cut Ho, 39ge‘ gﬁ? & Yol. Wb gﬁu g_ﬁ;_& Product
1 13-18 12 ml, - - - - 0.0 (0H3)g$13
2 15-2%9.0 15 ml. 15 g, - - - -
3 29,0~34 10 wml. 12.2 g, 46,07 78,5 HS8iClg
4 34«36 8 mi. 11 &, - - - -
5 3638 10ml., 138  33.0 37,5 (CHgz ) p81HCL
6 2845 5 ml, 6.2 8 57.4 61,7  CHgS1HClp
7 45«74 ,8 20 ml, 18 g. 18.2 - - - -

The same apparatus and procedure were also used for run 3
as were used for run 2, However, the resction mixture stood
for an extended period of time from the time of addition until
fractionstion, When finally fractionated, orly @ small amount
of low boiling meterial was obtained, After about fifteen ml,
of trimethyl silane had beeﬁ recatorsd, the boiling point
rose rapldly and pessed completely through the poiling point
range of the desired products to give mostly the high boiling
liguid noted before.

The ssme apparatus and procedure were also used for

run 4, Methyl magnesium iodide was used &8 the grignard
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reagent instead of methyl magnesium chloride, The data of

run 4 are given in Table VI.

Cut No,

B 9 & O B R ne

B@ilié&s

18-19.5
18,5-28.2

B8, B=55.9
334 0wBY
37=58.6
38,6-46.4
£6.,4-66,.2
66.8-112

TABLE VI - RUN 4

vol.

8 ml.
18 ml.

12 ml.
? ml.
11 ml.
7 ml,
4 ml,
14 nl.

Whe

Too2 g.)
14 z.
9.8 g,
13.7 2.
7ol &
de® &4
}16 &e

The same appraratus and procsedure

were used for run 4,

% C1

obs.

B8

67 o3
32.1

i

56,8
16.3

% C1

Calc.

0.0

78.5

37,5

Product
(CHg) 5818

HBiGla
(CHz ) 281HC1

CHgB1HCL ,

were used for ran 5 as

The moler ratio of grignerd reagent to

silicoehloroforn was £ to 1 instead of 1 to 1} (Table III),

The dsta of Tun 5 are given in Table VII.

Q“‘& o,

g e B N M

Boil
Point
B-11,7
11.7-29.1
29,1~30,2
B0+ Rw48

42-80.6

TABLE VII - RUN &

Vol.
30 ml,

7 mi.
13 ml.
10 ml.
13 ml,

«liw

Wts
23 8.

9.1 8.
13.8 g.
14,9 g.
42 g.

% Cl
Obse

|

2.73

28,3
62,0
32.5

9.53

% €1

Cale.
w00
78,5
3.5
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TABLE VIII

' % Grignard % HSiC1
Product Mol Pereent Ace'ted for ﬁoe'tggfggr

Bun 1: (CHz)gBiH 59.4

HB1C1y 19,3 LT S 39,35
Run 2: (CHg)3SiH 10,8

H81iC1y 7 .58

CHgBiHC1y 4.1 :

(CHg ) pS4HCL 13.0 62,54 35,32

Bun 4 (CHg)gSiK 22,5

HSiClg 10,3

CHyS1HC1p 8418

(CHg)g81HCL  10.4 94.48 49,36
Run 6: (CHg)gSiH  51.0

HSiC1y 10.2 108.2* 41,2

* Probably part HSiClg ealoulated as (CHg)zSiH.

Table VIII contains the caloulated molar percent of
producte, tﬁking into aceount only those cute identified by
boiling péintuband ahlerine enalyses, In every case, recovery
of produets based on silicochloroform is not 100%. FHowever,
in sll cases exoept run é, nearly all of the grignard may be
aacauntaﬂ‘rcé. Because the intermediate cuts were of doubtful
eomposition, no effort was made 1o ealeulate their effect on

the total of recovered products.
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By compsring ruas 1, 2, and 4, it ie apparent that the
mddition of eilicochloroform to the grignhrﬂ reagent favors
the formation of trimethyl silame., This is to be expected as
the initial econcemtration of grignard is high for this order
of addition end mh#ula give polysubstitution,

By comparing rune 2 and 4, it is apparent that the reverse
order of addition (1.e., the grignard to the silicoohleroform),
although gtill giving predominantly trimethyl silane, affords
a method of preparing the mono~ and disubstituted products.
%hile the chlorine analyaes}w@re tow in allrcases, there was
good agreement between the two runs as to the formation of the
mono~ end disubstituted products. A definite trend was
noticed in the chlorine analyses in that they were initlelly
low, rose to a maximum for the siliecchloroform cut, them
dropped off for the dimethyl chlorsilane cut, anéd rose sgain
for the methyl dichlorsilane, This indicsted the presence
of the mono- and disubstituted products, Some loss of ehlorime
was noted in the mnﬁnné of analysis when the glass vigl was
unstoppered., A strong odor of HO1 was noticed immediately.
Perhape this difficuvlty could be remedied by using a soivent
 (butyl ether) to decrease the Vvapor pressure of the samples
and thus make tha‘analyaes more éxaot,

An explapation for the low recovery of silicoehloroform
could be the ndnor@tian of thie material on the magnesium
helide formed in the reamction, This seems even more likely

when one considers the reaction noted when water was added

wl



to the ether-megnesium halide mixture after stripping off the
‘low boiling materials. This resction was violently exothermiec
and wes noted in all runs,
SUMMARY

The reaction of methyl grignerd with silicochloroform
was studied. Trimethyl silene wes prepared by the addition
of sillcochloroform to methyl grignard, The mono- and
disubstituted methyl chlorocsilanes were prepered by reversing
this order of addition, An unidentified high bolling 1liquid

wae obtained in a1l runs.
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