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removed under reduced pressure. The residual acetic acid
concentrate was allowed to evaporate on watch glasses
overnight. Adding water to the oil induced crystallization.
The water-washed crystals weighed 33.3 g. The oily
material in the filtrate was hvdrolyzed with dilute aqueous
hydrochloric acid to yield 9 g. of crude glucuronolactone.
The crystalline mixture was separated into its components
by taking advantage of the differences in ether solubility
of the pyridine salts of the anomers. It was dissolved in 55
ml. of hot pyridine, the brown solution cooled and diluted
with ca. 150 ml. of ether. The crystalline salt of the 8-
anomer separated, wt. 31.8 g. The filtrate was taken to au
oil under reduced pressure, the red oil dissolved in water and
tl}e. solution acidified with hydrochloric acid. The pre-
cipitated oil crystallized to give 20.2 g. of the a-anomer.
The g-anomer—pyridine salt was dissolved in 30 ml. of warm
water, the solution cooled and the salt decomposed with a
small excess of hydrochloric acid; the S-anomer separated
crystalline in a hydrated form which was freed of water by
refluxing in toluene with a water collector. It separated
crystalline from the cooled toluene solution but was con-
taminated by an oil which was removed with ether, leaving
20.0 g. of the B-anomer melting at 146-152°. Theoil, 4.6 g.,
proved to be an «—~f mixture and was separated into its
components by repassage through the pyridine salt. The
B-anomer was further purified by means of toluene and had
m.p. 162-154°, [«]2p +16.3° (¢ 0.5 in chloroform).

Anal. Caled. for C1uH 150 C, 46.41; H, 5.01. Fouud:
C, 46.62; H, 5.20.

By the action of diazomethane in ether this acid gave an
ester which melted at 172-174° and did not depress the
melting point of a sample of methyl tetra-O-acetyl-8-p-
glucopyranuronate, m.p. 173-176°, prepared by acetyla-
tion of methyl glucuronate. For this compound Goebel
and Babers? reported m.p. 178°, [a]®D +8.7° (¢ 1.0 in
chloroform).

The a-anomer was recrystallized from ethanol, and ap-
peared to contain solvent. Dried in an Abderhalden tube
at 80° under reduced pressure, one sample melted at 118-
119°. Under the same conditions another portion of the
same sample melted at 116-119°. Another dry sample
melted at 105-117°, but after moistening with alcohol and
redrying, it melted at 114-118°. More than one crystal-
line form is thereby indicated. The material had [«]“D
+111° (¢ 0.7 in chloroform).

Anal. Caled. for C14H13011: C, 46.41; H, 5.01. Found:
C, 46.28; H, 4.90.

The methyl] ester was prepared as above. The ester like-
wise had a broad melting range, from 113-118°. The melt-
ing point was not depressed by admixture with a sample,
m.p. 117-119°, prepared by acetylation of methyl glucuron-
ate. This compound is reported?® to melt at 111-112° with
[a]%D 4+98° (¢ 1.3 in chloroform).

[The material obtained by the acetolysis of 3-pachyman in
the presence of perchloric acid! melting at 103-107°, [a]*D
+66.2° (chloroform), could be a mixture of the anomeric
acids. Tetra-0O-acetyvl-3-p-glucose on potassium perman-
ganate oxidation is reported to yield an oil consisting mainly
of tetra-O-acetvl-p-glucuronic acid, [a]lp +6° (¢ 1.1 in
chloroform).?)

Tri-O-acetyl-3-p-glucopyranurono-6,1-lactone. A.—A
solution of 13.2 g. of tetra-O-acetyl-3-p-glucopyranuronic
acid in 330 ml. of benzene in a flask equipped with a water
trap was refluxed until all visible water was removed. The
solution was rapidly cooled to 38° and 5.7 ml. of stannic
chloride added. A small amount of flocculent precipitate
formed. The temperature dropped to 29° in 40 minutes,
when it was reduced to 20° and 13 g. of sodium carbonate
in 50 ml. of aqueous solution was added with stirring. The
benzene layer was separated, the solvent removed under
reduced pressure and the crystalline product filtered from an
alcohol suspension. A total of 8.4 g. (76%), m.p. 122~
124°, was recovered. Recrystallized from alcoliol, it melted
at 122.5-124° and had [«]¥D —78.6° (¢ 0.9 in chloroform).

Amnal. Caled. for C2H,405: C, 47.68; H, 4.67. Found:
C, 47.86; H, 4.56.

Under similar conditions 809, of the a-anomer was re-
covered from the agneans solution alter acidification and 109,
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by weight of an unidentified oil was present in the benzene.

B. (Tri-O-acetyl-a-p-glucopyranosyl bromide)-uronic
acid (see below) was heated in pyridine solution for five
minutes. Dilution of the cooled red solution with water
gave the lactone in 8%, yield. The recovery was increased
to 10% by heating the solution for 30 minutes. Identity
with the lactone described above was established by melting
point and mixture melting point determinations.

(Tri-O-acetyl-a-glucopyranosyl  bromide)-uronic  Acid
(IIla).—A suspension of 1.0 g. of tetra-O-acetyl-3-p-gluco-
pyranuronic acid in 2.0 ml. of hydrobromic acid-acetic acid
solution containing 0.11 mole of hyvdrogen bromide wus
shuken for ten minutes to give a yvellow solution. Crystals
began to separate in an hour and after two hours water wis
added to the chilled suspension. The product was removed
by filtration and water-washed, wt. 0.85 g. (80%). Recrys-
tallization was effected by adding petroleum ether (30-607;
to a solution in ethyl acetate. It melted with decomposition
ca. 165°, the temperature of decomposition varying with
the rate of heating; [«]®p 4209° (¢ 0.4 in chloroform).

Anal. Caled. for C2H;sBrOy: C, 37.61; H, 3.93;
20.86. Found: C,37.39; H, 3.87; Br, 21.06.

Under similar conditions this compound was also ob-
tained from the a-anomer and the 6,1-lactonc in ca. 609
vields. The optical rotations and dcecomposition points
were in agreement with the above data but in order to get
proof of identitv the samples were kept separate and in-
dividually converted into the uronic acid described in the
next paragraph.

Methyl Tri-O-acetyl-3-p-glucopyranosiduronic Acid.-
Two grams of (tri-O-acetyl-a-D-glucopyrunosyl bromidei-
uronic acid in a cooled methanolic solution with silver
carbonate reacted in the usual manner to give a crystalline
product. Contaminating oil was removed by cold ether. 1t
weighed 0.83 g. (479%), and was recrystallized by adding
petroleum ether (30~60°) to a concentrated ethereal solution.
After several recrystallizations it melted at 124-127° with
slight previous sinter; [a]¥p —20.3° (¢ 1.0 in chloroform .

Anal. Caled. for Ci3HisOy0: C, 46.71; H, 5.43. Tound:
C, 46.85; H, 5.46.

Samples of this material derived from the anomeric
tetraacetylglucopyranuronic acids and from the 6,1-lactone
were identical as determined by melting points and mixture
melting points.

By the action of diazomethane in ether this acid was con-
verted into methyl (methyl tri-O-acetyl-8-p-glucopyranosid j-
urottate identical by melting and mixture melting point
determinations with a sample prepared from methyl tetra-
QO-acetyl-3-p-glucopyranironate.?®

Methyl (Tri-O-acetyl-a-p-glucopyranosyl bromide)-uro-
nate (IIIb) resulted from the action of diazomethane in ether
on (tri-O-acetyl-a-D-glucopyranosyl bromide)-uronic acid.
It recrvstallized fromn alcohol solution in prisms melting
at 80-82°. Recrystallization from ether gave prisms which
sintered at 80°, resolidified and melted at 103-104°. Goebel
and Babers? reported a partial collapse at 83° with melting
at 104-105°,

Methanolysis of the Lactone II.—The action of hot meth:i-
ol on the lactone in the presence of either pyridine, pyr-
idine-p-toluenesulfouic acid salt or silver carbounate, 11 no
case vielded the product of abnormal ring-opening, namely,
methvl  tri-O-acetyl-g-p-glucopyranosiduronic acid.  Ti-
stead the ring opened normally to give au oil which after
acetylation vielded methyvl tetra-O-acetvl-8-p-glucopyran-
uronate (1h}.
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are reporting the synthesis of additional compounds
in an extension of the study of steric hindrance in
arylsilanes,

Tri-l-naphthylphenylsilane has been prepared?
from diethoxy-1-naphthylphenylsilane and 1-naph-
thyllithium; the reported melting point for this
compound is 160-161°. This compound now has
been synthesized by treating phenyllithium with
tri-1-naphthylchlorosilane, with tri-l-naphthyl-
silane and with tri-1-naphthylethoxysilane; the
pure tri-l-naphthylphenylsilane obtained by these
methods has a melting point of 192-193°.

Tri-1-naphthyl-p-tolylsilane was prepared for
comparative purposes and to provide a means of in-
troducing functional groupings into the molecule.
Another compound of this series, l-naphthyltri-p-
tolylsilane, recently has been reported.?

Tri-1-naphthyl-p-tolylsilane was prepared by the
action of p-tolyllithium on tri-l-naphthylsilane,
-chlorosilane, -bromosilane or -ethoxysilane, but
only thelast of these gave high yields. Probably this
was due to the ease of purification and not because
the other compounds failed to react completely.

Triphenyl-p-tolylsilane,**  diphenyldi-p-tolylsil-
ane*® and phenyltri-p-tolylsilane*® have been re-
ported.® We are describing new syntheses and
corrected melting points (see Table I) for these
compounds. It was not possible to obtain the re-
ported high yields*® of diphenyldi-p-tolylsilane by
the reaction of silicon tetrachloride with two equiva-
lents of phenyllithium and two equivalents of p-
tolyllithium; a method of choice for the synthesis of
this compound is the reaction of diphenyldichloro-
silane with p-tolyllithium.

TABLE 1
M.p.
M.p., prev. reptd.,

Compound °C. °C. Ref.
(CeH;)sSiCeH-Me-p 140-141 134-135  4a
(CeH;5)eSi(CeHi-Me-p): 121-122 176-177  4a
CeH;Si(CeHy-Me-p); 182-183 127-128  4b
(1-C1oH1)sSiCeH, 192-193 160-161 2

Experimental®

Tri-1-naphthylphenylsilane. A. From Tri-1-naphthyl-
chlorosilane and Phenyllithium.—To a solution of 15.0 g.
(0.034 mole) of tri-1-naphthylchlorosilane in 200 ml. of dryv
benzene was added 0.24 mole of an ethereal solution of
phenyllithium? (made in 969, vield in the usual manner but
filtered through a pressure filter? immediately before use).
Most of the ether was removed by distillation and the mix-
ture was refluxed at 54° for 30 hours. Color Test I® was still
positive after this treatment. Following hydrolysis with
dilute hyvdrochloric acid and extraction of the inorganic salts,

(2) A.D, Petrovand V. S, Chugunov, Doklady Akad. Nauk S.S.S.R.,
77, 815 (1951) [C. A., 46, 480 (1952)1.

(3) V. S. Chugunov and A. D. Petrov, Izvest. Akad. Nauk S.S.S.R.,
Otdel. Khim. Nauk, 713 (1953) [C. A., 48, 12716 (1954)].

(4) (a) H. Gilman and R. N. Clark, TH1S JOURNAL, 68, 1675 (1946);
(b) R. N. Clark, Doctoral Dissertation, Iowa State College (1946).

(3) After this work was completed and written up for publication,
an article appeared reporting the preparation of these three com-
pounds; see M. Maienthal, M. Hellmann, C. P. Haber, L. A. Hymo,
S. Carpenter and A. J. Carr, TH1S JOURNAL, 76, 6392 (1954)., These
authors report the following melting points: triphenyl-p-tolylsilane,
141-143°; diphenyldi-g-tolylsilane, 119-120°; and phenyltri-g-
tolylsilane, 185.5-186.59.

(6) All melting points are corrected.

(7) R. G. Jones and H. Gilman in R. Adams, *'Organic Reactions,’*
Vol. V1, John Wiley and Sons, 1nc., New York, N. Y., 1951, p. 333.

(8) A Hormanu laboratory filter was used witli a No, 1 asbestos pad.

(01 H. Gilman and 1°) Sclhinlze, Tars Juurnay, 47, 2002 (1927).
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the organic layer was set aside to crystallize, the solvent
being allowed to evaporate slowly. After seven days, 11.25
g. of white solid melting from 135-150° was collected in two
portions. Recrystallization from benzene, ethyl acetate,
petroleum ether (b.p. 90~110°), and ethanol failed to change
the melting point. Chromatography using the combina-
tion of alumina and petroleum ether (b.p. 60-80°) did not
improve the melting point. This material was finally puri-
fied by exhaustive digestion! of the finely pulverized solid
with four 20-ml. portions of ethanol. This procedure gave a
vield of 8.7 g. (53%,) of white solid melting at 192-193°.

Anal? Caled. for CseHzSi: Si, 5.76. Found: Si,
53.73, 5.84.

This experiment was repeated several times in an ef-
fort to obtain higher yields and to isolate other compounds.
In all cases the crude product melted from 135-150° and
this material resisted attempts at purification by all of the
common laboratory methods except by digestion or crystal-
lization from chlorobenzene (see section D). The yields
varied from 40-609,. Silicon analysis of the low-melting
material indicated it to contain 5.299%, silicon. A sodium
fusion test indicated the absence of halogen. The expected
impurities would contain a higher percentage of silicon
than does trinaphthylphenylsilane.

B. From Tri-l-naphthylsilane and Phenyllithium.—
Ten grams (0.024 mole) of tri-l1-naphthylsilane was dis-
solved in 250 ml. of dry ether and 0.02 mole of phenyllithium
(prepared in 929 yield) was added to the refluxing mixture.
Even after stirring and refluxing for four days, Color Test I
was positive. An additional 0.02 mole of phenyllithium
was added, the ether was replaced with benzene, and the
resulting mixture was refluxed at 60° for three days. Al-
though Color Test I was still positive, the material was
worked up in the usual manner to obtain 12.8 g. of white
solid melting from 140-150°. Purification by digestion with
six 20-ml. portions of ethanol gave 7.3 g. (639,) of crude
product melting at 187-189°. After three recrystallizations
from benzene, a pure sample of tri-l-naphthylphenylsilane
melting at 192-193° was obtained. A mixed melting point
with the product of method A showed no depression. At-
tempts to fractionate the remaining solids by crystallization
were unsuccessful and only impure low-melting solids were
obtained.

C. From Tri-1-naphthylethoxysilane and Phenyllithium.
—To a solution of 5.0 g. (0.011 mole) of tri-1-naphthyleth-
oxysilane in about 100 ml. of dry xylene was added 0.022
mole of phenyllithium in ether. After refluxing for 36
hours, the opaque purple mixture gave a positive Color Test
I. Following hydrolysis and removal of the inorganic salts,
the solvent was removed by distillation to yield a yellow
semi-solid. Digestion of this oil with several small por-
tions of ethanol followed by three recrystallizations from
benzene gave 0.8 g. (149,) of tri-l-naphthylphenylsilane
melting at 189-190°. Identification was made by a mixed
melting point determination.

D. Complex with Chlorobenzene.—Five grams (0.011
mole) of tri-l-naphthylphenylsilane, m.p. 190-191°, was
dissolved in about 40 ml. of hot chlorobenzene and the
solution was allowed to cool slowly. After 4 hours, 2.6 g. of
large colorless crystals melting at 108-109° were removed
by filtration. Recrystallization from the same solvent did
not change the melting point.

Anal. Caled. for C42H31C1Si3
Cl, 5.80; $Si, 4.61.

Three recrystallizations of 1.3 g. of this material from
petroleum ether (b.p. 90-110°) were necessary before the
melting point was constant at 192-193°. A 609, recovery
of material was realized.

Attempts to purify the crude product, melting from 135~
150°, (obtained by the treatment of tri-l1-naphthylchloro-
silane with phenyllithium) by crystallization from chloro-
benzene gave inferior vields to those obtained by the ex-
haustive digestion treatment although some of the complex
was isolated.

Triphenyl-2-naphthylsilane.—An
20.7 g. (0.1 molegJ

Cl, 5.92; Si, 4.68. Found:

ethereal solution of
of 2-bromonaphthalene in 25 ml. of ether

(10) See A, A, Morton, ''Laboratory Technique in Organic Chemis-
try,”” McGraw~Hill Book Co., Inc,, New York, N. Y., 1938, p. 228.

(11) The silicon analyses were carried onl by the procedure of H,
Gilman, B. Hofferitr, . W. Melvin and (5, 15, Dunun, This Jour~al,
T2, STHT (1951)
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was added, at room temperature, to 132 ml. (0.1 mole) of a
0.76 N solution of n-butyllithium.!? After stirring this
mixture for 10 minutes, an ethereal solution of 15.1 g. (0.051
mole) of triphenylchlorosilane was added over a period of 20
minutes. Even after refluxing the resulting solution for 17
hours, Color Test I was positive. The reaction mixture
was poured onto dilute hydrochloric acid to yield consider-
able white solid floating between the lavers. The aqueous
laver was drained off, keeping the solid with the ethereal
layer. Removal of the solvent from the organic material
gave a yellow oil. Digestion of this oil with 50 ml. of
petroleum ether (b.p. 60-80°) gave 12.4 g. of white solid,
m.p. 130-133°, and a second portion of 3.1 g., m.p. 120~
125°. The solids were combined and recrystallized from 100
ml. of petroleum ether (b.p. 90-110°) to give 12.2 g. (32%,)
of white crystals melting at 150-151°.

Amnal. Caled. for CosH2Si: Si, 7.26. Found: $Si, 7.23,
7.22.

Since the melting point of triphenyl-2-naphthylsilane is
the same as that of triphenylsilanol, a mixed melting point
determination was run to furnish additional proof that this
material was not triphenylsilanol formed by hydrolysis of
the triphenylchlorosilane., A large depression of the melting
point resulted.

Tri-1-naphthyl-p-tolylsilane. A. From Tri-1-naphthyl-
ethoxysilane and p-Tolyllithium.—A solution of 110 g.
(0.24 mole) of tri-1-naphthylethoxysilane in 1 liter of dry
benzene was effected by heating, and an ethereal solution
containing 0.34 mole of p-tolyllithium was added. Color
Test I was positive after refluxing the mixture for four
days. The brown mixture was poured onto dilute hydro-
chloric acid, the inorganic salts were removed by extraction
and the solvent was removed from the organic layer. The
hard, brittle brown solid was melted, poured into a large
mortar and, after cooling, pulverized. The material thus
obtained weighed 112 g. (929%,) and melted from 220-223°.
Exhaustive digestion with small portions of boiling acetone
gave 98 g. (80%,) of pure tri-l-naphthyl-p-tolylsilane melt-
ing at 232-233°. The analytical sample was recrystallized
twice from ethyl acetate with no change in the melting
point.

Anal.
5.72,

In another run xylene rather than benzene was used for a
solvent in an attempt to reduce the reaction time. Al-
though Color Test I was negative after 20 hours when
equivalent quantities of silicon compound and organolithium
reagent were used, the mixture turned dark brown and the
final product was difficult to purify with an attendant de-
crease in yield. A check run of p-tolyllithium, when re-
fluxed in xylene for 20 hours, gave the same color change
and a brown to yellow ether solution after hydrolysis.

B. From Tri-1-naphthylchlorosilane and p-Tolyllithium.
—Preparations starting with tri-1-naphthylchlorosilane
gave variable results. The procedure used was essentially
the same as that outlined above (method A). From some
of these runs only the corresponding silanol was isolated,
while in others fair yields (40~-609) of the expected product
were isolated. In all of the instances where the silanol was
isolated the yield of p-tolyllithium was between 50 and 609.
Perhaps the organolithium reagent was consumed by cou-
pling with the unused p-bromotoluene and the starting chloro-
silane was hydrolyzed incidental to the process of isolation.
Here again the use of xylene as a solvent gave colored im-
purities that were difficult to remove. A reaction period
of three days in benzene appeared to give optimal results.

C. From Tri-1-naphthylbromosilane and p-Tolyllithium.
—Equivalent quantities of tri-l1-naphthylbromosilane and
p-tolyllithium reacted in only 2 hours in refluxing ether to
give a 609, yield of the expected product. Again the crude
product, melting from 190-195°, was difficult to purify by
crystallization and this yield was isolated by digestion with
small portions of acetone.

D. From Tri-l1-naphthylsilane and p-Tolyllithium.—
Tri-1-naphthylsilane did not react appreciably with one
equivalent of p-tolyllithium until the mixture, in benzene,
had refluxed for six days. After this treatment the product
was contaminated with colored impurities. The diges-
tion procedure was 1ot effective iu this case probably due to

Caled. for CyyHySi: Si, 5.60. Found: $Si, 5.68,

(12) H. Gilman, J. A. Beel, C. G. Branuen, M. W, Bullock, G, 1:.
Dunn and L. 8. Miller, TH1s Jour~aL, T1, 1489 (1949).
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the extreme insolubility of tri-1-naphthylsilane in acetone.
Only after a long systematic crystallization procedure
using ethyl acetate was a 129, yield of tri-l1-naphthyl-p-
tolylsilane isolated from the colored oils and low-melting
solids.

Triphenyl-p-tolylsilane.—To a solution of 80.0 g. (0.27
mole) of triphenylchlorosilane, m.p. 96-97°, in about 300
ml. of ether was added 0.4 mole of p-tolyllithium in 300 ml.
of ether; the mixture was cooled with an ice-bath during
the 20-minute addition period. After stirring overnight,
Color Test I was positive. The mixture was poured onto
crushed ice, about 50 ml. of dilute hydrochloric acid was
added to dissolve the inorganic salts, and the insoluble
white solid was removed by filtration. The solvent was
removed from the ether laver of the filtrate and the residue,
a white solid, was added to the previously obtained solid.
After drying under a heat lamp for two hours, the crude
product melted at 137-139° and weighed 97.0 g. (1009%).
Recrystallization from ethyl acetate gave 89.0 g. (92%) of
pure triphenyl-p-tolylsilane, m.p. 140-141°.

Although this melting point is higher than that (134-
135°) reported earlier,% a mixed melting point determina-
tion of the two compounds showed no depression. .

Diphenyldi-p-tolylsilane. A. From Diphenyldichloro-
silane and p-Tolyllithium.—To a vigorously stirred solution
of 12.6 g. (0.05 mole) of diphenyldichlorosilane in 300 ml. of
dry ether was added, over a period of 20 minutes, 0.13 mole
of p-tolyllithium in 325 ml. of ether. The mixture was
stirred for 3 hours at room temperature and then poured
onto about 400 ml. of 19, hydrochloric acid. The layers
were separated, the solvent was removed from the ether.eal
laver, and the residual oil was dissolved in 40 ml. of boiling
ethyl acetate. About 80 ml. of methanol was added to 'ghe
refluxing solution; the mixture was filtered hot and set aside
to crystallize. After 6 hours, 14.8 g. (87%,) of white crystals
melting at 118-119° were removed by filtration. Re-
crystallization from ethyl acetate-petroleum ether (b.p.
90-115°) (1:1) gave 13.1 g. (77%) of product melting at
121-122°. This melting point could not be raised by two
more recrystallizations from ethyl acetate. .

Diphenyldi-p-tolylsilane is reported® to have a melting
point of 176-177°; consequently this material was analyzed.

Anal. Caled. for CyeHaeSi: Si, 7.70. Found: Si, 7.70,
7.73.

B. From Silicon Tetrachloride, Phenyllithium and -
Tolyllithium.—This experiment was undertaken to check the
results of the previous report. o

To a mixture of 17.8 g. (0.105 mole) of freshly distilled
silicon tetrachloride and 1.5 liters of dry ether was added 6}00
ml. of 0.35 N phenyllithium (0.21 mole) while the reaction
flask was cooled with an ice-salt-bath. The phenyllithium
solution was added at a rate of 100 ml. per hour. Immedi-
atelv after this addition was completed, 0.29 mole .of p-
tolyllithium!? in 300 ml. of ether was added over a period of
30 minutes. Color Test I was positive after stirring the
mixture for 1 hour under gentle reflux conditions. The
mixture then was poured onto about 1 liter of water and the
organic laver was separated. The solvent was removed
from the ethereal layer and the resulting residue was sub-
jected to systematic fractional ecrystallization.!® ThL}s
there was obtained 3.7 g. of crude diphenyldi-p-tolylsil-
ane, m.p. 111-112°. A mixed melting point with a sample,
m.p. 118-119°, prepared by method A was 112-117°.
Also obtained were several other fractions of widely varying
melting points. No further crystallizations were attempted
since it seems impossible to obtain high yields of the de-
sired compound by existing directions for the stepwise
addition of two organolithium reagents to silicon tetra-
chloride.

This experiment was repeated except that the p-tolyl-
lithium was added first, followed by phenyllithium. Es-
sentially negative results were obtained from the systematic
fractional crystallization. The only identifiable solids
isolated were a trace of p,p’-bitolyl and 6%, of triphenyl-p-
tolylsilane, m.p. 134-136°.

(13) An excess of p-tolyllithium was ased in order to avoid the
formation of silanols which might have complicated subsequent crys-
tallization.

(14) R.S. Tipson in A. Weissberger, **Tecliniqne of Organic Cliemis-
try,”’ Vol, IIf, Interscience Publishers, Inc., New York, N. Y., 1850,
p. 4206f.; A, A, Morton, **Laboratory Technigue in Organic Chemis-
try,”” McGraw-Hill Book Co., Inc., New York, N. Y., 1938, p. 162.
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Diphenyl-p-tolylsilane is reported® to melt at 176—177.°
and the accompanying analysis given is acceptable for this
compound. It is possible that the reported compound might
be a mixture of tetraphenyl- and tetra-p-tolylsilane. If
two equivalents of the first-added organolithium reagent
are mixed too rapidly with silicon tetrachloride, a substan-
tial quantity of the corresponding tetrasubstituted silane
may be formed. This would leave a proportionate amount
of unreacted silicon tetrachloride to react with the second
organolithium reagent forming the tetrasubstituted silane.
The resulting mixture of tetraphenyl- and tetra-p-tolylsilane
might form a eutectic mixture and give a correct silicon
analysis for diphenyldi-p-tolylsilane. In order to check this
possibility, equivalent amounts of the two pure tetrasub-
stituted silanes were recrystallized together from ethyl ace-
tate. Even after three recrystallizations, the melting
point had not changed from that of the original mixture,
which melted at 199-201°.

Phenyltri-p-tolylsilane.—To a stirred mixture of 6.5 g.
(0.031 mole) of phenyltrichlorosilane was added 88.5 ml.
of a 1.13 N ethereal solution of p-tolyllithium (0.10 mole).
No attempt was made to cool the reaction flask and the
addition was made at such a rate as to permit gentle re-
fluxing. After the mixture was poured onto water, the or-
ganic layer was washed well with dilute hydrochloric acid
and the layers were separated. The solvent was removed to
yield 10.2 g. of gray solid melting from 176-180°. Two
recrystallizations of this material from petroleum ether
(b.p. 90-110°) gave 3.85 g. of white crystals melting at 182~
183°.1% This melting point was not improved after two
recrystallizations from ethyl acetate, After removing the
solvent from the combined mother liquors and recrystal-
lizing the residue from petroleum ether (b.p. 60-80°),
an additional 4.5 g. of product melting at 180-181° was ob-
tained. The yield of good quality phenyltri-p-tolylsilane
was 71%.

Since phenyltri-p-tolylsilane has been reported to melt
at 127-128°, the material melting at 182-183° was analyzed.

Amnal. Caled. for CxHpSi: Si, 7.42. Found: $Si, 7.40,
7.39.

(15) The use of this compound for a mixed m.p. was reported by
A. G. Brook and H. Gilman, THIS JOURNAL, 76, 2333 (1954).
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Previously o-fluorophenyllithium had been pos-
tulated as an intermediate in the reaction of fluoro-
benzene with phenyllithium.%? Evidence indj-
cated that the fluorobenzene was metalated in the
ortho position and that the o-fluorophenyllithium
thus formed reacted further with phenyllithium to
give 2-biphenylyllithium which was identified by
derivatization with benzophenone. However, in no
case was any derivative obtained indicating that o-
fluorophenyllithium was an intermediate in the
sequence of reactions mentioned above. Since o-
fluorophenyllithium could not be detected it was
concluded that the fluorine in o-fluorophenyllith-
ium was so mobile that the o-fluorophenyllithium
reacted further with phenyllithium or itself al-
though no evidence was found to substantiate the
latter possibility.

Although o-fluorophenyllithium appears to be a
very reactive compound as correctly stated earlier
by Wittig and co-workers, we have been able to
prepare it in very high yields at —70° by the inter-

(1) G. Wittig, G. Pieper and G. Fuhrmann, Ber., 78, 1193 (1940).

(®) G. Wittig and W. Merkle, ibid., 76, 1491 (1942).

NoTES 3919

action of o-fluorobromobenzene and #n-butyllith-
ium, The o-fluorophenyllithium was treated sub-
sequently with benzophenone to give an 849, yield
of o-fluorophenyldiphenylcarbinol. All the reac-
tions were carried out at about —70° and despite

n-C4H9Li . (CsHs)zCO
0-FCeH,Br ——————> ¢0-FCH,Li ———>
0-FCeHC(OH )(CeHo):

this low temperature the reaction of the organo-
lithium compound with benzophenone was almost
instantaneous as was evidenced by a negative Color
Test 1® immediately following the addition of the
benzophenone.

The o-fluorophenyldiphenylcarbinol was identi-
fied by a mixed melting point determination with a
specimen synthesized unambiguously by the reac-
tion of o-fluorobenzoyl chloride with phenylmagne-
sium bromide.

An attempt to prepare o-fluorophenyllithium at
—15° proved unsuccessful, for only a trace of uni-
dentified acidic material was obtained after carbo-
nating the reaction mixture. Apparently, even at
—15° the compound is too reactive to exist in
appreciable quantities under these conditions. Fur-
ther results concerning the stability of o-fluorophen-
yllithium at higher temperatures and its role as a
possible intermediate in other reactions will be pre-
sented later.

Experimental¢

Reaction of o-Fluorophenyllithium and Benzophenone.—
To a 250-ml., three-necked flask fitted with a mechanical
stirrer, addition funnel and thermometer was added 38
ml. of a 1.315 N zn-butyllithium solution.® An additional
35 ml. of anhydrous ether was added and the resulting solu-
tion was cooled to —70° by means of a Dry Ice—acetone-
bath. To the rapidly stirred solution was added, over a
period of 4 minutes, 8.74 g. (0.05 mole) of o-fluorobromo-
benzene dissolved in 60 ml. of ether, alwavs maintaining
the temperature below —65° during the addition. Immedi-
ately on completion of the addition, a solution of 9.1 g.
(0.05 mole) of benzophenone in 50 ml. of ether was added
while keeping the temperature of the reaction mixture be-
tween —65 and —70°. Color Test I was negative immedi-
ately following the addition of benzophenone. Subse-
quently, the reaction mixture was poured intoiced 5% hydro-
chloric acid. The ethereal layer was separated from the
aqueous layer and then dried over anhydrous sodium sulfate.
The mixture was filtered and the ether was distilled from the
filtrate on a steam-bath. The residue, 13.7 g., was crystal-
lized from a minimum of petroleum ether (b.p. 60-70°)
to yield after air-drying 10.6 g. of o-fluorophenyldiphenyl-
carbinol melting at 117.5-118.5°. Concentration of the
mother liquor gave an additional 1.05 g. of white powder
melting at 115-116°. The total yield of o-fluorophenyldi-
phenylcarbinol based on o¢-fluorobromobenzene was 83.8%.

o-Fluorophenyldiphenylcarbinol from o-Fluorobenzoyl
Chloride and Phenylmagnesium Bromide.—The o-fluoro-
benzoyl chloride was prepared by heating 2.3 g. (0.0164
mole) of o-fluorobenzoic acid and 3.9 g. (0.0328 mole) of
thionyl chloride on a steam-bath for one hour. The excess
thionyl chloride was removed by distillation between 70
and 80°. The product was distilled at 92-93° at 11 mm. to
give 2.0 g. (76.79,) of o-fluorobenzoyl chloride. The boiling
point of o-fluorobenzoyl chloride has been reported as 99° at
13 mm.8

The o-fluorobenzoyl chloride described above was added” to

(3) H. Gilman and F. Schulze, THiS JOURNAL, 47, 2002 (1925).

(4) All melting points reported herein are uncorrected and all reac-
tions involving organometallic compounds were carried out under an
atmosphere of dry, oxygen-free nitrogen.

(8) H. Gilman, J. A. Beel, C. G. Brannen, M. W, Bullock, G. 1¢,
Dunn and .. $. Miller, THis JOURNAL, T1, 1499 (1949).

(6} J. B, Cohen, J. Chemn. Soc.. 99, 1062 (1911).

(7) For a general procedure on a related reaction see H. (ilman,
R. K. Fothergill and H, H. Parker, Rec. irav. chim., 48, 748 (1929},



