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late was redistilled on a 20-plate spinning band column.
When triphenylborane was employed, n-heptane was used as
a solvent.

Preparation of RB[N(CHjs):): compounds. The butylbor-
oxines, (0,033 mole) were allowed to react with 0.1 mole of
trisdimethylaminoalane at 75° for 1 hr. The reaction
mixture was distilled under high vacuum keeping the pot
temperature below 70°. The crude product was purified as
above. When n-butylboroxine was employed, the reactants
were placed in the pot of the spinning band column and
heated to 50° for 15 min. The product was then distilled
directly from the reaction mixture under vacuum. The pot
temperature was maintained at 50-55° in an effort to
minimize the disproportionation of the product.

Preparation of ¢B[N(CH;)s]s. Diethyl phenyl boronate
(0.1 mole) was allowed to react with trisdimethylaminoalane
(0.05 mole) for 1 hr. at 85-90°, Distillation under high
vacuum separated the crude product from the reaction mix-
ture. Purification was accomplished by distillation on a 20-
plate spinning band column, The reaction of ethyl diphenyl
borinite (0.2 mole) with the alane (0.1 mole) was performed
in the same manner.

Preparation of B[N(CHj)yjs. Lithium aluminum hydride
(0.22 mole) was dissolved in 400 ml. of ether in a 3-neck
flask equipped with a stirrer, condenser, and a nitrogen
purge. Solid trimethylammonium chloride (0.2 mole)
wag slowly added. After reaction was complete, gaseous
dimethylamine was passed into the mixture for approxi-
mately 2 hr. Then 0.15 mole of tri-n-butylborate in 200 ml.
of ether was added. The mixture was refluxed 1 hr. and
filtered. The ether was distilled from the filtrate until a
pot temperature of 50-55° was obtained. The system was
evacuated and the product distilled under high vacuum
into a —80° trap. It was necessary to heat the residue at
100° for several hours to obtain good yields. The crude
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product was purified by distillation on a 20 plate spinning
band column.

Preparation of RBHN(CH;): compounds., Trimethyl-
amine-s-butylborane or trimethylamine-i-butylborane, 8 g.,
was added slowly to 5 g. of trisdimethylaminoalane. After
the addition was complete, the mixture was warmed slowly
to 70° and heated for 0.5 hr. The products were distilled
directly out of the reaction mixture under vacuum. Under
these conditions trimethylamine-n-butylborane produced
bisdimethylamine-n-butylborane and other products ex-
pected from the disproportionation of the bisaminoborane.

The reaction employing an excess of the borane did
produce a low yield of the desired material. A 0.12-mole
sample of the borane was allowed to react with 0.04 mole of
trisdimethylaminoalane in 10 ml. of hexane. The mixture
was refluxed for 15 min. and the volatile components were
removed under high vacuum at ambient temperature. They
were then distilled at atmosphere pressure on a Holtzmann
column.

NMR spectra. The B! NMR spectra of the compounds
prepared were obtained on the neat liquids with a Varian
Model V4300 B spectrometer operating at 12.8 megacyeles.

Molecular weight determinations. The apparent molecular
weights of some of the compounds were determined cry-
oscopically in benzene. The apparatus and the method of
preparation of the solutions were described previously.s

Acknowledgment. The author wishes to thank Mr.
R. D. Strahm for the analyses and Mrs. C. P.
Haney for the NMR spectra. The work was per-
formed under contract number DA-01-021-ORD-
784,

HUNTSVILLE, ALA.

[CoNTRIBUTION FROM THE CHEMICAL LABORATORY AT Jowa StATE UNIVERSITY]

The Synthesis of Some Organosilicon Compounds, Particularly Those
Containing Halophenyl Groups
HENRY GILMAN, RICHARD D. GORSICH, ano BERNARD J. GAJ

Recetved August 14, 1961

A series of organosilicon compounds containing halophenyl groups has been obtained by treating the appropriately sub-
stituted chlorosilanes with m-fluorophenyl-, m-chlorophenyl-, and p-chlorophenyllithium. Several new compounds having
either the R;Si(CHa)xSiR,, R,SiCsH,SiR;, or R;SiCeH,CeH,SiR, structure have been prepared.

We are reporting the synthesis and physical
constants for a number of organosilicon com-
pounds and one organogermanium compound.
The tetrasubstituted silanes listed in Tables I
and II were prepared by treating either m-
fluorophenyl-, m-chlorophenyl-, or p~chlorophenyl-
lithium with the appropriate chlorosilane or silicon
tetrachloride. The halophenyllithium compounds
were obtained via the halogen-metal interconver-
sion reaction! employing n-butyllithium and the
proper bromochloro- or bromofluorobenzene in
diethyl ether. The equations depicting the synthe-

(1) For a general discussion and bibliography on the
halogen-metal interconversion reaction, see R. G. Jones and
H. Gilman in Organic Reactions, Vol. VI, R. Adams, ed.,
John Wiley and Sons, Inc., New York, 1951, pp. 339-366.

sis of di(m-fluorophenyl)diphenylsilane illustrate
the general procedure used:

n-C;HsLi + m-FC¢H,Br —ﬂ—> n-C,HyBr -+ m-FC:H,Li
2 m-F05H4Li + Clzsl(CeHs)z —
(m-FCeH,).S8i(CeHj;); + 2LiCl
In Table IIT are listed eight new compounds
having either the RSi(CH,).SiRs RsSiCsHSiRs,
or R SiCH,C¢H,SiR; structure. The first six
were prepared by the reaction of 1,2-ethylenebis-,
m-phenylenebis-, and p-phenylenebis(trichlorosil-
ane) with an organometallic compound; benzyl-
magnesium chloride was employed in the synthesis
of the tribenzylsilyl derivatives, and alkyllithium
compounds were used for the trialkylsilyl types.

6 RLi 4 CLSiCH,CH,SiCl; —>
R;SiCH,CH,SiR; + 6LiCl
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TABLE I
CoMPOUNDS PREPARED FROM M-FLUOROPHENYLLITHIUM
Compound Si

R = m-FCsH, M.P. B.P. (mm.) Yield, 9% Caled. Found
RSi(CeHs)s 207-208% 51 7.92 7.68,7.75
R4Si(CeHs)e 195-196° 26 7.53 7.67, 7.53°
R:SiCeH; 101.5-193¢ 51 7.14 7.04,7.22
R.Si 196-197¢ 62 6.87 6.67,6.64
R:8i( CH,)CHs, 35-377 197-198 (0.02)¢ 62 5.81 5.68,5.81
R;Si(CH, )i;CH, 36-38% 214-217(0.05) 71 5.21 5.21,5.29¢
RsSi(CH,)17CH, 38-40¢ 234-235(0.08) 71 4.95 5.07,4.99

¢ Crystallized from glacial acetic acid. ? Crystallized from petroleum ether (b.p. 60-70°). ¢ Anal. Caled. for CoHsFoSi:
C, 77.39; H, 4.87. Found: C, 77.44, 77.54; H, 4.79, 4.77. ¢ Crystallized from dioxane. ¢ Crystallized from petroleum ether
(b.p. 77-115°). 7 Crystallized on long standing. ¢ n®p 1.5358. # Crystallized on cooling to 10°. * Anal. Caled. for CaHFaSi:
C, 75.80; H, 8.42. Found: C, 75.96, 76.17; H, 8.42, 8.39. ? Crystallized on cooling to 0°.

TABLE II
CoMPOUNDS PREPARED FROM 7~ OR p-CHLOROPHENYLLITHIUM
MR® 8i

Compound? M.P. B.P. (mm.) Yield, % n2%p d% Caled. Found Caled. Found
RSi(CeH;)s 156-157¢ 78 7.57 7.63
RaSi(CeHy)s 110-111° 80 692 692
RiSiCeH, 87.5-89° 43 635 6.44
RSi 148-149¢ 43 592 5 Sé
R4Si(CH.)nCH, 229-230(0.086) 78.5 5.28 g g{
R;Si( CH,)1:CH; 240-241 (<0.01) 65.8 1.5579 1.078 173.7 175.9 4.78 igg
R;:Si(CH,)yCH; 250-255(0.04) 87.4 1.5595 1.035 183 183.5 4.56 igg
R;3'Si(CH,),;CH, 246-251(0.03) 65.6 1.5530 1.071 173.7 175.7 4.78 igg
R;5’Si(CH,);7CHs 255-262(0.001) 76.8 1.5558 1.075 183 183.4 4.56 %zg

¢ R = m-CICsH,; and R’ = p-CIC¢H,. ® Molecular refractions were calculated using the bond refraction values of A. I,

Vogel, W. T. Cresswell, and J. Leicester, J. Phys. Chem., 58, 174 (1954); A, I. Vogel, W. T. Cresswell, G. H. Jeffery, and
J. Leicester, J. Chem. Soc., 514 (1952). ¢ Crystallized from ethanol. ¢ Crystallized from petroleum ether (b.p. 77-115°).

The last two compounds listed in Table III
were prepared from 1,5-pentamethylenedilithium
or 3,3’-biphenylenedilithium and chlorotriphenyl-
silane. 1,5-Pentamethylenedilithium was prepared
in accordance with the procedure of West and
Rochow?; while, a halogen-metal interconversion
reaction between 3,3’-dibromobiphenyl and n-
butyllithium was used to prepare the biphenylene
compound. 1,5-Pentamethylenebis(triphenylsilane)
was also synthesized from triphenylsilane and 4-
pentenyltriphenylsilane according to a reported
procedure.®? It is interesting to note that this
reaction, initiated with benzoyl peroxide, gave a
65%, yield of 1,5-pentamethylenebis(triphenylsil-

Br(CH,);Br -+ 4Li — Li(CH,)Li + 2LiBr
Li(CH.);Li + 2CISi(CsHs)s

(CeHs)sSi(CHa )sSi(CeHs)s

7
(CsH3)SiH + CHy=—CH(CH,)sSi(CeHs)s

ane), as compared to a 4879, yield obtained by use of
the dilithium reagent.

The effect of long-chain alkyl groups on melting
points in these compounds is as expected. All of
the products containing such groups are either
liquids or low-melting solids. Particularly note-
worthy, however, is the low melting point of 1,2-
ethylenebis(tri-n-hexadecylsilane). This compound,
although having a molecular weight of approxi-
mately 1500, melts at 48°. To our knowledge, there
are only two other nonpolymeric tetrasubstituted
silanes containing only carbon, hydrogen, and
silicon which have comparable molecular weights,
namely, p - biphenylenebis(tri - n - hexadecylsilane)

(2) R. West and E. G. Rochow, J. Org. Chem., 18, 1739
(1953).

(3) H. Merten and H. Gilman, J. Am. Chem. Soc., 76,
5798 (1954).

(4) D. Miles, doctoral dissertation, Iowa State Univer-
sity, 1957,



MARCH 1962 ORGANOSILICON COMPOUNDS, CONTAINING HALOPHENYL GROUPS 1025
TABLE III
Compounps Having THE RSi—R’—SiR; SKELETON®
Si
Compound M.P. B.P. (mm.) Yield, % Caled. Found
1,2-Ethylenebis(tribenzylsilane)® 136-137¢ 81 8.89 8.95,8.90
1,2-Ethylenebis(tri-2-ethylhexylsilane )¢ 215-220(0.04) 54 7.35 7.52,7.58
1,2-Ethylenebis(tri-n-hexadecylsilane)? 43-45° 75 3.91 3.83,3.81
m-Phenylenebis(tribenzylsilane)” 155-1577 i 16 8.27 8.35,8.26
m-Phenylenebis(tri-n-decylsilane)* 285-288 (0.03)* 58 5.73 5.59,5.76
p-Phenylenebis(tri-n-decylsilane)* 200-294 (0.07) 207 5.73 5.94,5.86
1,5-Pentamethylenebis(triphenylsilane)* 145-146" 48 9.53 9.70,9.48
3,3’-Biphenylenebis(triphenylsilane)™ 221-223" 69 8.37 8.06,8.07

@ R’ is a difunctional hydrocarbon group. ? Prepared from 1,2-ethylenebis(trichlorosilane) and benzylmagnesium chloride.
¢ Crystallized from petroleum ether (b.p. 60-70°), then from ethyl acetate. ¢ Prepared from 1,2-ethylenebis(trichlorosilane)
and the appropriate organolithium compound. ¢ Crystallized from a mixture of carbon tetrachloride and ethanol after reduced
pressure distillation. / Prepared from m-phenylenebis(trichlorosilane) and benzylmagnesium chloride. ¢ Crystallized from
ethyl acetate. * Prepared from the phenylenebis(trichlorosilane) and the appropriate organolithium compound. * n%p 1.4811,
d®, 0.863, MRp Caled. for CeHisoSia: 323.6. Found: 323.8. / In addition, 10.2 g. of decane was obtained from the reaction
using 0.11 mole of n-decyllithium and 0.015 mole of the chlorosilane. * Prepared from 1,5-pentamethylenedilithium and
chlorotriphenylsilane. * From ethanol-ethyl acetate. ™ Prepared from 3,3’-biphenylenedilithium and chlorotriphenylsilane.

» From aqueous dioxane.

and tetrakis(p-tribenzylsilylphenyl)silane.’ The for-
mer compound was isolated as a slightly impure
liquid, while the latter, is a solid melting at 159°,
and is crystallizable from petroleum ether (b.p.
60~70°). Here also, the pronounced tendency of
long-chain alkyl groups to lower the melting points
is exemplified.

It is evident from Tables I and II that the
m-fluorophenyl group shows a much lesser tend-
ency to contribute toward a melting point lower-
ing, than does the m-chlorophenyl group. All of the
tetrasubstituted silanes listed in Table I, containing
the m-fluoropheny! moiety, are solids at room
temperature. The corresponding compounds con-
taining the m-chlorophenyl group (Table III) are
either lower melting or are liquids at room tem-
perature. Apparently, this difference is partially
due to the smaller atomic radius of fluorine as
compared to chlorine.

EXPERIMENTALS

m-Fluorophenyllithium. To a rapidly stirred solution of
0.05 mole of n-butyllithium? in 170 ml. of diethyl ether was
slowly added a solution of 8.75 g. (0.05 mole) of m-bromo-
fluorobenzene in 95 ml. of the same solvent, while maintain-
ing the temperature below —45°, When the addition was
complete, the mixture was stirred at —40° for 20 min. and
then carbonated. The usual work-up for carbonation
reactions involving extraction of the organic layer with

(5) H. Gilman and O. Marrs, J. Org. Chem., 25, 1194
(1960).

(6) Melting points and boiling points are uncorrected.
The solvents used for the preparations and reactions of
organometallic compounds were sodium-dried. All reactions
involving organometallic compounds and chlorosilanes were
carried out under an atmosphere of dry, oxygen-free nitro-
gen in oven-dried glassware. The infrared spectra of all
compounds reported herein are compatible with the assigned
structures.

(7) H. Gilman, J. A. Beel, C. C. Brannen, M. W. Bullock,
G. E. Dunn, and L. S. Miller, J. Am. Chem. Soc., 71, 1499
(1949).

sodium bicarbonate, boiling to expel the organic solvent,
acidification with coned. hydrochloric acid and erystalliza-
tion from water gave 4.5 g. (65%,) of m-fluorobenzoic acid,
m.p. 123-124°; reporteds m.p. 124°,

In a second reaction employing 0.05 mole of n-butyllith-
ium and 8.0 g. (0.046 mole) of m-bromofluorobenzene, the
mixture was allowed to warm to room temperature after
stirring at —40° for ca. 20 min. Upon attaining room
temperature, the mixture continued to evolve heat and
eventually began to reflux. When refluxing subsided (25
min.), Color Test II® was negative and Color Test I was
positive. Following carbonation and work-up of the aqueous
layer, the crude acid was crystallized from water to give
2.36 g. (37%) of m-fluorobenzoic acid, m.p. 122-123°.

Di(m-fluorophenyl)diphenylsilane. A solution of 0.12 mole
of m-fluorophenyllithium in 200 ml. of diethyl ether was
added slowly to a stirred solution of 12.7 g. (0.05 mole) of
dichlorodiphenylsilane in 80 ml. of the same solvent. The
mixture was stirred at room temperature for 8 hr. and then
refluxed for 2 hr. Subsequent to hydrolysis, separation of the
layers, and removal of the solvent from the organic layer,
the crude product was dissolved in petroleum ether (b.p.
60-70°) and decolorized with Norit A. From this solution
there was obtained 4.8 g. (26%) of di(m-fluorophenyl)-
diphenylsilane, m.p. 195-196°.

Analytical data for this compound and for others pre-
pared by this general procedure are listed in Table I. The
tetrasubstituted silanes containing long-chain alkyl groups
and m-fluoropheny! groups were prepared similarly. These
compounds, however, were purified by reduced pressure
distillation.

Tetra(m-fluorophenyl)germane. This compound was pre-
pared from 8.0 g. (0.037 mole) of germanium tetrachloride
and 0.178 mole of m-fluorophenyllithium in ca. 300 ml. of
diethyl ether. The usual work-up gave 4.1 g. (259%) of
product, m.p. 194~195°, after crystallization from petroleum
ether (b.p. 60-70°).

Anal. Caled. for CpHiFiGe: Ge, 16.03. Found: Ge,
16.11, 15.91.

The compounds listed in Table IT were prepared in an

analogous manner except that m-chlorophenyllithium!! or

(8) A. F. Holleman, Rec. trav. chim., 25, 330 (1906).

(9) H. Gilman and J. Swiss, J. Am. Chem. Soc., 62, 1848
(1940).

(10) H. Gilman and F. Schulze, J. Am. Chem. Soc., 47,
2002 (1925).

(11) H. Gilman and 8. M. Spatz, J. Am. Chem. Soc., 66,
621 (1944).
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p-chlorophenyllithium!? was employed instead of m-fluoro-
phenyllithium. :

1,2-Ethylenebis(tribenzylsilane). Benzylmagnesium chlo-
ride, prepared from 25.3 g. (0.20 mole) of benzyl chloride
and 4.86 g. (0.20 g.-atom) of magnesium turnings in 200 ml.
of diethyl ether, was added to a stirred solution of 5.9 g.
(0.02 mole) of 1,2-ethylenebis(trichlorosilane)!? in 55 ml. of
diethyl ether. The. mixture was refluxed for 12 hr., after
which most of the solvent was distilled and replaced by
xylene. Subsequent to refluxing at 100° for 50 hr., the mix-
ture was hydrolyzed with 5% hydrochloric acid. Filtration
gave 10.9 g. of crude product which was combined with 0.7 g.
of similar material obtained by removal of the solvent from
the dried organic layer. Three crystallizations of this solid
from petroleum ether (b.p. 60-70°) and one crystallization
from ethyl acetate afforded 10.2 g. (819%) of colorless
crystals, m.p. 136-137°.

The first six compounds listed in Table III were prepared
by & similar procedure from 1,2-ethylenebis-,!* m-phenylene-
bis-,13 or p-phenylenebis(trichlorosilane).!* The compounds
having long-chain alkyl groups, however, employed alkyl-
lithium compounds which were prepared by a procedure
“gimilar to that used for n-butyllithium.”

4~Pentenyltriphenylsilane. The 4-pentenyllithium was pre-
pared in 569, yield from 8.0 g. (0.054 mole) of 1-bromo-4-
pentene in 70 ml. of diethyl ether and 0.9 g. (0.13 g.-atom)
of lithium wire in 60 ml. of the same solvent at —30°.

A golution of 7.38 g. (0.025 mole) of chlorotriphenylsilane
in 60 ml. of diethyl ether was added to this reagent at —30°.
Subsequent to stirring at 0° for 15 min. and at room tem-
perature for 11 hr., the mixture was hydrolyzed and worked
up in the usual manner. Reduced pressure distillation at
155-157° (0.15 mm.), followed by ecrystallization from
ethanol cooled by an ice bath, gave 5.6 g. (67%) of 4-
pentenyltriphenylsilane, m.p. 45-46°,

Anal. Caled. for CoH,Si: 8i, 8.54. Found: Si, 8.61, 8.55.

1,6-Pentamethylenebis(triphenylsilane). a. From 4-pentenyl-
triphenylsilane and triphenylsilane. A mixture of 26 g. (0.10
mole) of triphenylsilane, 3.4 g. (0.01 mole) of 4-pentenyltri-
phenylsilane, 0.32 g. (0.0013 mole) of benzoyl peroxide, and
25 ml. of n-hexane was stirred at 80° for 20 hr., after which
the excess triphenylsilane was distilled at 148-160° (0.7

(12) H. Gilman, W. Langham, and F. W. Moore, J. 4m.
Chem. Soc., 62, 2327 (1940).
(13) Kindly furnished by Linde Air Products.
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mm.). A brown, gummy solid remained which was soluble
in common organic solvents. Crystallization from a mixture
of ethanol and methyl ethyl ketone gave 4.18 g. of product,
m.p. 140~143°. Two additional crystallizations from an
ethanol-ethyl acetate pair afforded 3.8 g. (65%) of pure
product, m.p. 146-147°,

b. From 1,5-pentamethylenedilithium and chlorotriphenyl-
silane. To a solution of 1,5-pentamethylenedilithium (pre-
pared from 20 g., 0.087 mole of 1,5-dibromopentane ac-
cording to the procedure of West and Rochow?) in 180 ml.
of diethyl ether was added, at —20°, 17.4 g. (0.059 mole)
of chlorotriphenylsilane in 160 ml. of the same solvent.
The mixture was allowed to warm to room temperature and
to stir overnight. Hydrolysis and the usual work-up gave
8.4 g. (48%,) of 1,5-pentamethylenebis(triphenylsilane), m.p.
145-146°. This product did not depress the melting point of
the material obtained from the preceding experiment. Its
analysis is reported in Table III.

8,3'-Biphenylenebis(triphenylsilane). A solution of 6 g.
(0.019 mole) of 3,3’-dibromobiphenyl in 30 ml. of diethyl
ether was added to 75 ml. of a stirred etherial solution of 0.038
mole of n-butyllithium at —30°. Subsequent to stirring at
room temperature for 6 hr., and at reflux for 15 min., a
solution of 11.3 g. (0.038 mole) of chlorotriphenylsilane in
ca. 100 ml of diethyl ether was added to the insoluble
dilithium reagent. After refluxing for 45 min., 100 ml. of
benzene was added and the mixture was distilled until the
internal temperature reached 53°, at which temperature it
was refluxed for 15 min. and then hydrolyzed. Filtration
and recrystallization from a mixture of dioxane and water
gave, in several crops, 8.85 g. (699) of pure product, m.p.
221-223°,
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Nitrosation of 1-bromocarbazole by conventional procedures led to a rearranged and oxidized product rather than to
1-bromo-9-nitrosocarbazole. Of the possible isomers, 1-bromo-3-nitrocarbazole, was synthesized unequivocally and identi-
fied with a product of the rearrangement-oxidation. Similarly, 1-isopropyl-4-methylecarbazole was nitrosated to 1-isopropyl-
4-methyl-9-nitrosocarbazole, which rearranged readily to a mixture of 1-isopropyl-2 (or 3)-nitro-4-methylcarbazole and 1-
isopropyl-4-methyl-6 (or 7)-nitrocarbazole.

to a study of preparation of asymmetrically substi-
tuted N-picryl-9-aminocarbazyl free radicals.® Two

DISCUSSION

Difficulties in nitrosating l-substituted carba-
zoles in the 9- position were observed incidental
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