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20 hr.; maximum pressure attained was 90 p.s.i.g. The
vessel was cooled and pressured to 200 p.s.i.g. with purified,
dry nitrogen to facilitate removal of the products. The
contents of the vessel were then charged to a distillation flask
held at Dry Ice temperature. Distillation of the product
under purified nitrogen at 10 mm. gave 0.51 mole (71 g.) of
butyldichloroborane, b. +4° (10 mm.), and 0.59 mole
(94.5 g.) of dibutylchloroborane, b. 54° (10 mm.). Both
products are colorless when first distilled and are pyrophoric
in air. Both products hydrolyze violently in water.

Butylfluoroisopropoxyborane. —Butyldifluoroborane (0.25
mole, 24.6 g.) and 0.25 mole (34.7 g.) of dichlorobutylborane
were charged to a stirred flask at —40°. Isopropyl alcohol
(0.50 mole, 35 g.) was added dropwise in 30 minutes. Hy-
drogen chloride was evolved. Distillation gave twb major
fractions: butylfluoroisopropoxyborane, b. 60° (100 mm.),
0.17 mole (24.6 g.), 34%,, and butyldiisopropoxyborane, b.
105° (100 mm.), 0.13 mole (24.8 g.), 279,. The entire prep-
aration was performed under an atmosphere of purified, dry
nitrogen.

Anal. Caled. for C;HOBF: C, 57.5; H, 11.0; B,
7.41; F, 13.2. Found: C, 58.9; H, 11.7; , 7.6; F,
12.5; ClI, 0.0. Caled. for C,Hp0.B: C, 64.5; H, 12.4;

Found: C,64.2; H,12.4; B,6.7; F,0.9.

B, 5.82.
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Butylcyclohexyloxyfluoroborane.—Butyldichloroborane
(0.14 mole, 20 g.), and 0.15 mole (16 g.) of difluorobutyl-
borane were charged to a flask equipped with a stirrer. Cy-
clohexanol (0.35 mole, 33.5 g.) was added dropwise in 30
minutes at about —80° and the solution was allowed to
come to room temperature. During this time hydrogen
chloride was removed with a nitrogen sweep. Calcium car-
bonate, 2 g., was then added and stirring was continued an
additional 2 hr. Distillation gave 0.049 mole (9 g.) of bu-
tyleyclohexyloxyfluoroborane, b.p. 60-65° (10 mm.), 21%,
and 0.12 mole (30.5 g.) of butyldicyclohexyloxyborane, b.p.
156-160° (1 mm.), 50%. Butylcyclohexyloxyfluoroborane
tends to disproportionate to butyldicyclohexyloxyborane
and butyldifluoroborane during distillation. Traces of acid
catalyze this disproportionation. The entire preparation
was performed under an atmosphere of purified, dry nitro-
gen.

Anal.
10.2; B, 5.81.
4.3; Cl, <0.2.
B, 4.06. Found: C, 74.8;
F, <0.5.

EMERYVILLE, CALTF.

Caled. for CiH2OBF: C, 64.5; H, 10.8; F,
Found: C, 65.1; H, 11.4; F, 12.1; B,
Caled. for C,¢H;:0,B: C, 73.7; H, 11.7;
H, 12.1; B, 4.1; Cl, <0.2;
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The Preparation of Some Derivatives of Phenoxasilin, a Silicon Analog of Xanthene

By KatasHI O1TA AND HENRY GILMAN
RECEIVED AUGUST 8, 1956

The dimetalation of diphenyl ether with #-butyllithium yielded 2,2’-dilithiodiphenyl ether.

From the reaction of 2,2'-

dilithiodiphenyl ether with diphenyldichlorosilane, dimethyldichlorosilane and silicon tetrachloride there were obtained

10,10-diphenylphenoxasilin,

10,10-dimethylphenoxasilin and 10,10’-spirobiphenoxasilin, respectively.

10,10-Diphenyl-

phenoxasilin and 10,10’-spirobiphenoxasilin were cleaved by lithium in dioxane to yield o-hydroxyphenyltriphenylsilane and

bis-(o-hydroxyphenyl)-diphenylsilane, respectively.

In a Fisher—Hirschfelder—-Taylor model of 5,5-
diphenyldibenzosilole! the silicon—carbon bonds
which are part of the 5-membered cyclic system
are under a considerable strain. We are reporting
the synthesis of a new heterocyclic system in which
the strain is alleviated by the presence of an oxy-
gen atom in the central, 6-membered, cyclic sys-
tem. The compounds prepared were 10,10-di-
phenylphenoxasilin (I), 10,10-dimethylphenoxasilin
(IT) and 10,10’-spirobiphenoxasilin (III),? silicon
analogs of 9,9-diphenylxanthene, 9,9-dimethylxan-
thene and 9,9 -spirobixanthene, respectively.

In both the dibenzosilole and phenoxasilin syn-
theses the key reaction was that of an 2,2’-dilithium
compound and an appropriate dichlorosilane (sili-
con tetrachloride for the spiro compound). In the
preparation of 5,5-diphenyldibenzosilole the inter-
mediate, 2,2’-dilithiobiphenyl, was prepared by a
halogen-metal interconversion reaction of n-butyl-
lithium and 2,2’-dibromobiphenyl. For phenox-
asilin derivatives the corresponding dilithium
intermediate, 2,2’-dilithiodiphenyl ether, was pre-
pared by the dimetalation of a more accessible re-
agent, diphenyl ether, with n-butyllithium. 2,2’-
Dilithiodipheny! ether may prove to be the reagent
of choice for preparing other diphenyl ether deriv-
atives with substituents in the 2,2’-positions.

In order to prove that dimetalation of dipheny!
cther occurred in the 2,2’-positions, the dilithium

(1) H. Gilman and R. D. Gorsich, Trais JourNaL, 77, 6380 (1955).

(2) The names and the numbering system used herein were recom-
mended by the editorial staff of Chemical Abstracis.

compound was carbonated and the product so
formed was acidified to yield 2,2’-dicarboxydiphenyl
ether, confirmed by a mixed melting point with an
authentic specimen.® The infrared spectra of the
phenoxasilin derivatives synthesized, also sup-
ported, the 2,2’-positions of dimetalation. 10,10-
Diphenylphenoxasilin had strong absorption bands
at 13.2 and 13.5 u, characteristic of an ortho disub-
stituted benzene and a monosubstituted benzene,
respectively, but the only aromatic-substitution
band present in 10,10-dimethylphenoxasilin and
10,10’-spirobiphenoxasilin was that of ortho di-
substituted benzene at 13.2 u.

The cleavage of compounds I and III with metal-
lic lithium in dioxane* to yield o-hydroxyphenyl-
triphenylsilane  and  bis-(e-hydroxyphenyl)-di-
phenylsilane, respectively, is not a rigorous proof for
the assigned structures I and III, but it supports
them. The identity of o-hydroxyphenyltriphenyl-
silane from the cleavage reaction was established
by a mixed melting point determination with the
compound prepared from the reaction of o-hydroxy-
phenyllithium and triphenylchlorosilane’ and by
a comparison of their infrared spectra.

Bis-(0-hydroxyphenyl)-diphenylsilane could not
be isolated from the reaction of o-hydroxyphenyl-
lithium and diphenyldichlorosilane. However, this
is not too surprising since forcing conditions were
used even in the direct preparation of o-hydroxy-

(3) Kindly provided by Mr. S. H. Eidt of this Laboratory.

(4) H. Gilman and D. L. Esmay, THis JourNaL, T8, 2947 (1953).
(3) H. W. Melvin, unpublished studies.
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phenyltriphenylsilane.® The identification of
bis-(0-hydroxyphenyl)-diphenylsilane is supported
by the similarity of its infrared spectrum to that
of o-hydroxyphenyltriphenylsilane, the probable
mechanism of the cleavage reaction employed* and
the structure of compound III.

The elementary analysis and the infrared spec-
trum for each of the reaction products obtained do
not necessarily exclude the possibility of a poly-
meric structure. Molecular weight determinations
proved that compounds I, IT and III are monomers.

For obtaining maximum yields of monomeric
phenoxasilin derivatives the concentration of both
2,2’-dilithiodiphenyl ether and an appropriate
dichlorosilane should be low during the entire re-
action period. In order to maintain this favorable
condition, dilute solutions were used and the two
reagents were added simultaneously. The reaction
mixture was vigorously stirred at reflux tempera-
ture during the addition period. Since the exact
concentration of 2,2’-dilithiodiphenyl ether was
less than that of the dichlorosilane by an unknown
amount, the dilithium compound was added at a
more rapid rate,

Quantitative yields of 2,2’-dilithiodipheny! ether
from the reaction of diphenyl ether and n-butyl-
lithium were not obtained: therefore, a mixture of
silanediols and silanols was present after hydrol-
vsis of the reaction mixture. These products were
removed chromatographically on activated alu-
mina,

Although both 5,5-diphenyldibenzosilole (m.p.
148-149°)' and 10,10-diphenylphenoxasilin (m.p.
178-179°) melted at a lower temperature than
their carbon analogs, 9,9-diphenylfluorene (m.p.
222°)% and 9,9-diphenylxanthene (m.p. 199°)
the melting point of 10,10’-spirobiphenoxasilin
(m.p. 284-285°) was almost identical with that for
9,9’-spirobixanthene (m.p. 283-284°).6

Experimental®

. 2,2"-Dicarboxydiphenyl Ether.—A reaction mixture con-
sisting of 17.0 g. (0110 mole) of diphenyl ether and 0.25 mole
of' n-butyllithium in 194 ml. of an ethereal solution was
stirred at the ether-reflux temperature for 72 hr. The mix-
ture was carbonated by pouring it jetwise upon a well-
(6) R, G. Clarkson and M. Gomberg, THIS JoUrRNAL, 52, 2881
(1930).

(7) A. Schdnberg and W, Asker, J. Chem. Soc., 609 (1946).

(8) All melting points reported herein are uncorrected and all
reactions were carried out in an atmosphere of dry, oxygen-free nitro.
gen.

stirred, ether—Dry Iceslurry, although Color Test IT® wasstill
slightly positive, The carbonated mixture was allowed to
stand until the evolution of carbon dioxide ceased; then it
was stirred thoroughly with water. The aqueous layer was
separated from the ethereal layer, heated on a steam-plate
to remove any residual ether, cooled, acidified and filtered to
yield 19.56 g. of crude 2,2’-dicarboxydiphenyl ether meltiug
over the range 190-209°. The product was purified by
fractional recrystallizations from methyl ethyl ketone and
from a mixture of methyl etliyl ketone and benzene to yield
6.03 g. (23.4%,) of 2,2’-dicarboxydiphenyl ether melting at
224-227°. A purer sample (m.p. 227-228°) obtained by
another recrystallization from a mixture of methyl ethyl ke-
tone and benzene when mixed with an authentic specimen
of 2,2'-dicarboxydiphenyl ether (m.p. 228.5-229.5°)3
melted at 227,5-229°.

10,10-Diphenylphenozasilin (I).—An ethereal solution of
2,2’-dilithiodiphenyl ether was prepared by stirring at the
ether-reflux temperature 42.5 g. (0.25 mole) of diphenyl
ether in 250 ml. of ether with 0.525 mole of #-butyllithium
in 421 ml. of ether. This was diluted to 700 ml. with inore
ether; then a 200-1nl. portion of it was added to 100 ml. of
ether in a 2-liter flask. The contents of the flask were heated
to a gentle reflux and stirred, and during a period of 40 min-
utes the remaining ethereal solution of 2,2’-dilithiodiphenyl
ether and 125 ml. of an ethereal solution of 65.2 g. (0.25
mole) of diphenyldichlorosilaite in 200 ml. of ether were
added simultaneously. The remainder of the diphenyldi-
chlorosilane—ether solution was added in 1 hr. After 10 hr.
of stirring at the ether-reflux temperature Color Test I'® be-
came negative. The reaction mixture was hydrolyzed with
300 ml. of water and the two phases were separated. Tlie
ethereal solution was dried over anhydrous calcium sulfate
and then chromatographed on 80-200 mesh, activated alu-
mina with ether as an eluant. The removal of the ether
from the eluate left a white solid mixed with a viscous oil.
The material was filtered through a sintered glass Biichner
funnel, washed thoroughly with petroleum ether (b.p. 60—
70°) and dried to give 34.2 g. of white product melting over
the range 168-176°, Oue recrystallization from petroleum
ether (b.p. 77-115°) yielded 30.1 g. (34.4%) of 10,10-di-
phenylphenoxasilin melting at 175.6-178.5°. Theanalytical
sample obtained from successive recrystallizations from pe-
troleum ether (b.p. 77-115°) aud ethyl acetate melted at
178-179°.

Anal. Caled. for C,,H;30Si: Si, 8.00; mol. wt., 350.
Found: Si, 7.86, 7.75; mol. wt., 338, 328.

The infrared spectrum determined as a carbon disulfide
solution showed strong absorption bands at 13.2 and 13.5 u,
characteristic of an ortho disubstituted benzene and a mono-
substituted benzene, respectively.

The analytical sample volatilized!* at 420° with no appar-
ent decomposition. At 455° volatilization was complete,
leaving no residue,

(9) H. Gilman and J. Swiss, THIS JOURNAL, 62, 1847 (1940).

(10) H. Gilman and F. Schulze, {bid., 47, 2002 (1925).

(11) Volatility was determined by inserting a melting point capil.
lary containing a small amount of a sample into a copper block which
was heated with a bunsen flame. The volatilization temperature
was arbitrarily taken as the temperature at which approximately one-
eighth of an inch of condensate appeared in the capillury titbe above the
block.
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Cleavage of 10,10-Diphenylphenoxasilin with Lithium in
Dioxane.—A mixture of 7.0 g.(0.02 mole) of 10,10-diphenyl-
phenoxasilin, 0.42 g. (0.06 g. atom) of lithium wire cut into
small pieces, and 50 ml. of purified dioxane!? was vigorously
stirred at reflux temperature for 12 hr. The reddish-brown
reaction mixture, which gave a negative Color Test I, was
poured into ice and hydrochloric acid. The product ob-
tained upon filtration and air-drying weighed 6.93 g. and
melted over the range 200-233°. This material was dis-
solved in benzene and chromatographed on activated alu-
mina. After eluting with benzene the chromatogram was
extracted with methanol in a Soxhlet extraction apparatus.
The methanol extract was concentrated, cooled and filtered
to give 3.74 g. of a product melting over the range 232.5—
237°. One recrystallization from a mixture of ethyl ace-
tate and petroleum ether (b.p. 77-115°) yielded 2.65 g.
(87.7%,) of o-hydroxyphenyltriphenylsilane melting at 236—
239°. Recrystallization from a mixture of ethanol and
water raised the melting point to 237.5~239°. Recrystalli-
zation from carbon tetrachloride did not change the melting
point. A mixed melting point with o-hydroxyphenyltri-
phenylsilane (m.p. 236-239°) prepared from the reaction of
o-hydroxyphenyllithium and triphenylchlorosilane’ was
236-239°. The infrared spectra of these two samples de-
termined in carbon disulfide solutions showed the same ab-
sorption bands. Absorption bandsat 2.9, 3.3, 13.2 and 13.6
u, characteristic of an hydroxyl group, an aromatic C-H, an
ortho disubstituted benzene and a monosubstituted benzene,
respectively, were present.

10,10’-Spirobiphenoxasilin (III).—Into a 1-liter flask cou-
taining 200 ml. of ether was added 100 1nl. of a suspension of
2,2’-dilithiodiphenyl ether prepared from the reaction of 34
g. (0.2 mole) of diphenyl ether and 0.42 mole of z-butyllith-
ium in 500 ml. of ether. The remaining 2,2’-dilithiodi-
phenyl ether suspension and about three-fifths of a solution
of 17.0 g. (0.1 mole) of silicon tetrachloride in 100 ml. of
ether were added simultaneously over a period of 95 minutes
to the reaction mixture. Initially the heat of reaction was
sufficient to maintain a geutle reflux. When the refluxing
subsided, external heating sufficient to maintain the reflux-
ing was applied. Two hours after completion of the addi-
tion of the silicon tetrachloride solution, Color Test I was
negative. The reaction mixture was hydrolyzed by pouring
upon crushed ice and subsequently filtering. The precipi-
tate obtained was digested with water, filtered, digested
with hot benzene, cooled, filtered and air-dried to yield 7.26
g. (209%) of 10,10’-spirobiphenoxasilin melting at 284-286°,
Oute recrystallization froin a mixture of benzene and toluene
gave 6.61 g. of the pure compound nielting at 284-285°.
The ethereal layer from the mother liquor was separated
and the ether was removed. The resulting residue was di-
gested with benzene, cooled, filtered, digested with water,
filtered and air-dried to give 4.04 g. of a product melting
over the range 273-281°. Oue recrystallization from ben-
zene yielded 2.42 g. (6.65%) of pure 10,10’-spirobiphenoxa-
silin, m.p. 284-285°. The total yield of the pure compound
was 24.8%,.

Anal. Caled. for CoH,60:81: Si, 7.70; mol. wt., 364.
Found: 8i, 7.85, 7.80; mol. wt., 362, 341.

The infrared spectrum measured in a carbon disulfide solu-
tion had a strong absorption band at 13.2 g, indicative of an
o-disubstituted benzene, but none in the region of 13.5 g,
thereby showing the absence of a monosubstituted benzene
group in the compound.

The analytical sample melted at 284-285° forming a clear,
colorless melt. It volatilized completely at 460° without
leaving any residue. When the condensate was melted back
into the bottoin of the capillary and remelted, the melting
point was undepressed.

Cleavage of 10,10’-Spirobiphenoxasilin with Lithium in
Dioxane.—A reaction mixture consisting of 3.64 g. (0.01
mole) of 10,10’-spirobiphenoxasilin, 0.42 g. (0.06 g. atom) of
lithium wire, and 50 ml. of purified dioxane was heated to a
gentle reflux and vigorously stirred for 16 hr. The reaction
niixture was cooled and hydrolyzed with a mixture of ice
and hydrochloric acid, and then about one-half of the solvent
was removed by evaporation. The remaining liquid was
separated from the sticky residue by careful decantation.

{12) The dioxane was purified by the procedure of K. Hess and
H, Frahm, Ber., T1, 2627 (1938), as reported in L, F. Fieser, ""Experi-
ments in Organic Chemistry,’”” 2nd ed., D. C. Heath and Co., New
York, N. Y., 1941, p. 369,
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This residue was dissolved in benzene, dried over anhydrous
sodium sulfate and chromatographed on activated alumina
with benzene as an eluant. The zone of the chromatogram
which fluoresced strongly under ultraviolet light was ex-
truded and extracted with methanol in a Soxhlet extraction
apparatus. The methanol extract was diluted with an equal
volume of water, concentrated and filtered to yield 2.11 g. of
material melting over the range 205-210°. The crude prod-
uct was recrystallized twice from carbon tetrachloride and
once from petroleum ether (b.p. 77-115°) to give 0.64 g.
(17.4%) of bis-(o-hydroxyphenyl)-diphenylsilane melting at
206-207°.

Anal. Caled.
7.63, 7.40.

Its infrared spectrum determined as a carbon disulfide
solution was very siniilar to that for o-hydroxyplienyltri-
phenylsilane. Absorption bands were at 2.9, 13.2 and 13.5
u, characteristic of a hydroxyl group, an o-disubstituted
benzene and a monosubstituted benzene, respectively.

The volatilization temperature of this compound, whiclt
formied a clear, colorless melt, was 300°. Tlie pale yellow
color of the condensate and of the liquid residue at its vola-
tilization temperature indicated slight decomposition. At
400° there was still some pale yellow, glassy residue.

Attempted Direct Preparation of Bis-(o-hydroxyphenyl)-
diphenylsilane,—To an ethereal suspeusion (cooled to 0°) of
o-hydroxyphenyllithium prepared from the reaction of 0.4
mole of n-butyllithium and 34.6 g. (0.2 mole) of o-bromo-
phenol!® was added a solution of 19 g. (0.075 mole) of di-
phenyldichlorosilane in 25 ml. of ether. After 2 hr. of stir-
ring at the ether-reflux temperature the ether was distilled
during 8 hr. until a temperature of approximately 60° was
reached. The mixture was stirred at this temperature for
24 hr., then hydrolyzed and the two layers were separated.
Acidification of the aqueous layer resulted in the formation
of a small amount of dark oil possessiug a phenolic odor.
The ethereal phase was concentrated and acidified to give a
product which was filtered and washed with petroleum ether
(b.p. 60-70°) to yield 7.24 g. of a product melting over the
range 150-195°. This material when purified by recrystal-
lizing once from carbon tetrachloride and twice from a
mixture of benzene and petroleum ether (b.p. 77-115°)
weighed 3.12 g. and melted at 158-159°. A mixed melting
point with an authentic specimen of diphenylsilanediol (m.p.
158-161°)' melted over the range 151-156° with shriukage
from 120°.

The percentage of silicon found in this, as yet unidentified,
compound was 11.09%. The calculated values for bis-(o-
hydroxyphenyl)-diphenylsilane, o-hydroxyphenyldiphenyl-
silanol and symmetrical bis-(o-hydroxyphenyl)-tetraphenyl-
disiloxaneare 7.65, 9.60 and 9.759%,, respectively.

10,10-Dimethylphenoxasilin (II).—Into a 1-liter flask
was added about one-third of an ethereal suspeusion (313
1nl.) containing approximately 0.143 mole of 2,2'-dilithiodi-
phenyl ether. The mixture was heated to a gentle reflux
and stirred while the remaining suspension was added over
a period of 35 minutes. The simuiltaneous addition of a
solution of 18.5 g. (0.043 1nole) of dimethyldichlorosilane in
100 ml. of ether required 65 minutes. The reaction mix-
ture was stirred at reflux temperature for 4 hr. and then
allowed to stand overnight. Then it was hydrolyzed with
water, treated with Norit-A, filtered, and the two phases
were separated. The ethereal layer was dried over anhy-
drous sodium sulfate and chromatographed on activated
alumina with ether as an eluant. The oil remaining after
removing the solvent from the eluate was distilled ¢z vacuo.
The fraction weighing 18.99 g., b.p. 90-185° (0.1-0.2 mm.),
was redistilled under atmospheric pressure. The combined
fractions boiling over the range 292-297° weighed 15.85 g.
When an attempt was made to determine the freezing point
of the best fraction by cooling it in an acetone—Dry Ice-bath,
the liquid solidified. This solid was used to induce crystalli-
zation in the other fractions which upon filtration weighed
12.4 g. and melted over the range 69-77°. Successive re-
crystallizations from ethanol and methanol yielded 8.10 g.
(25.1%% of pure 10,10-dimethylphenoxasilin melting at
78.5-79°.

fOl‘ C24H20028i2 Sl, 765 FOlll’le Sl,

(13) H. Gilman and C. E. Arntzen, THIS JoUrNal, 69, 1537
(1947).

(14) Kindly provided by Mr. R. D. Gorsich of this Labora-
tory.
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Anal.’®  Caled. for C, H,,08i: C, 74.5; H, 6.24; mol.
wt., 226. Found: C, 74.20, 74.14; H, 6.24, 6.28; mniol.
wt., 226, 218.

Tlie infrared spectruni deterntined iu a carbon disulfide
solution had absorption bands at 3.3, 3.4 and 13.2 g, indi-
cating the presence of an aromatic C-H, an aliphatic C-H
and an o-disubstituted benzene, respectively. An absorp-

(15) The silicon analyses by ignition with sulfuric acid according to
the procedure of H. Gilman, B. Hofferth, H. W, Melvin and G. E.
Dunn, THIs JOURNAL, T2, 5767 (1950), gave low erratic results, prob-
ably because of the dimethylsilyl group present.

Henry GIiLMAN AND CLARE W. GEROW
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tion baud at 13.5 u, characteristic of a inonosubstituted beu-
zelle, was abseut.
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The Reactions of Triphenylgermyllithium, Triphenylgermylpotassium and
Triphenylgermane with Some Olefins

By HENrY GiLMAN AND CLARE W. GEROW
RECEIVED AUGUST 2, 1956

It has been found that triphenylgermyllithium and triphenylgermylpotassium add to the olefinic linkage in 1,1-di-

phenylethylene to form 1,1-diphenyl-2-triphenylgermylethane, but neither adds to trans-stilbene.
germyllithium reacts with octadecene-1 to form triphenyl-z-octadecylgermane.
germyllithium forms 2-phenyl-2-triphenylgermylethyl phenyl ketone.

In addition, triphenyl-
With benzalacetophenone, triphenyl-
Triphenylgermane, with peroxide catalyst, reacts

with octadecene-1 to give triphenyl-z-octadecylgermane and with triphenylallylgermane to give 1,3-bis-(triphenylgermyl)-

propane.

The authentic preparations of triphenyl-z-octadecylgermane and 1,1-diphenyl-2-triphenylgermylethane are

given as well as the syntheses of previously unreported triphenylallylgermane and triphenylchloromethylgermane,

In connection with studies in this Laboratory to
determine the relative reactivity of triphenyl-
germylmetallic compounds, to find new methods
of introducing germanium into organic molecules
and to compare the thermal stabilities of analogous
organosilicon and organogermanium compounds,
the reactions with olefins were investigated.

We have found that both triphenylgermylpotas-
sium and triphenylgermyllithium add to the ole-
finic bond in 1,1-diphenylethylene to give 1,1-
diphenyl-2-triphenylgermylethane (I).

(CeHs)sGeM + (CgH;),C=CH, Eg
(C5H5)2CH—CH2G3(C6H5)8 (1)
I

However, unlike triphenylsilylpotassium! and
triphenylsilyllithium,? neither triphenylgermylpo-
tassium nor triphenylgermyllithium added to the
olefinic linkage of {rans-stilbene. This failure to re-
act with frans-stilbene may be due to steric factors
because of the larger size of the germanium atom,
It is not believed that either triphenylsilylpotas-
sium or triphenylsilyllithium is more reactive than
the analogous germanium compounds, because tri-
phenylgermyllithium has been found to add to octa-
decene-1, while triphenylsilylpotassium fails to re-
act under the same conditions.? The reaction of
triphenylgermyllithium with olefins is not univer-
sally applicable, however, for this reagent was ap-
parently unreactive toward both cyclohexene and
octene-1.

With benzalacetophenone, under comparable
conditions, triphenylgermyllithium reacted to give
a compound believed to be 2-phenyl-2-triphenyl-
germylethyl pheny! ketone (II).

(1) H. Gilman and T. C. Wu, THIS JOURNAL, T8, 234 (1953).

(2) A. G. Brook, K. M. Tai and H. Gilman, 7bid., T7, 6219 (1935).
(3) T. C. Wu, unpublished studies.

H,O
(CHg)sGeLi + CsH;CH—=CH—CO—CeH; —>

CsH;—CH—CH,—CO—CsH;  (2)

|
Ge(CsHy);
11

Elemental analysis supported this conclusion and
infrared analysis indicated the presence of the car-
bonyl group and the absence of an hydroxyl group.
It is not known whether the product was obtained
by means of a 1,4- or a 3,4-addition, but it seems al-
together probable that 1,4-addition took place.*
If such is the case, then it is possible to determine
to some degree the relative reactivity of triphenyl-
germyllithium as compared to other organometallic
reagents. It has been found that the extent of
1,4-addition to benzalacetophenone might be used
as a measure of the relative reactivities of various
organometallic reagents.® It was found that the
more reactive phenylmetallic reagents such as
phenylecalcium iodide and phenylpotassium under-
went exclusively 1,2-addition to benzalacetophe-
none. Phenylsodium gave mostly the 1,2-addi-
tion product with a small amount of the 1,4-addi-
tion product, and phenyllithium gave a larger
amount of the 1,4-addition product than did
phenylsodium along with 699, of the 1,2-addition
product. Phenylmanganese iodide, triphenyl-
aluminum, diphenylzinc and diphenylberyllium
gave exclusively the 1,4-addition product. Phenyl-
magnesium bromide is reported to give the 1,4-
addition product exclusively.® In the light of this
reaction alone, triphenylgermyllithium would be
classified as being less reactive than phenyllithium

(4) For a discussion of 1,4- and 3,4-additions to conjugated un-
saturated systems see H. Gilman, *Organic Chemistry,” Vol. I, 2nd
Ed., John Wiley and Sons, Inc.,, New York, N. Y, 1943, pp. 511 and

672.
(5) H. Gilman and R. H. Kirby, THIS JOURNAL, 63, 2046 (1941),



