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SUMMARY

The purpose of this research was to study the products from the
reaction of 4-chloro-1,1,1-triphenylbutane with various alkali metals
to determine if rearrangements of the carbon skeleton involving 1, 4-

shifts of phenyl occur in the carbanioen.

Ph I -
Ph—;;£CH2-CH2~CH2: ~ Ph-C-CH,-CH,-CH,Ph

Many reactions of organic halides with lithium, sodium and potas-
sium are known, but study of the reactions between the highly reactive
cesium metal and organic halides has been very limited. Therefore, it
was of great interest to study, in addition to the reactions of lithium,
potassium, and potassium-sodium alloy, the reactions of cesium metal with
selected organic halides.

For this research, the starting compound L-chloro-1, 1, 1-triphenyl-
butane was prepared. The réaction of M-chloro-1,1,1-triphenylbutane with
lithium in tetrahydrofuran at -60°, followed by carbonation, gave only a
29 percent yield of acidic material; 75 percent of this acidic material
was found to be 5,5, 5-triphenylpentancic acid. The yield of acidic ma-
terial decreased with increasing temperature. At 0°, the yield of acidic
material, which was mainly 5,5, 5-triphenylpentanoic acid, was only 15 per-

cent; and at 25°, the acidic material constituted only four percent of the
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total product. This acidic material was shown by vapor-phase chromsto-
graphy to contain 46 percent 5,5,5-triphenylpentancic acid and 17 percent
of an acid which was founﬁ to be not 2,2, 5-triphenylpentanoic acid. The
96 percent yield of neutral material at 25° was found to contain 87 per-
cent 1,1, 1-triphenylbutane and 10 percent unreacted 4-chloro-1,1,1-tri-
phenylbutane togetner with three pércent of a hydrocarbon which had the
same retention time as 1,1, L4-triphenylbutane and 1,1-diphenyl-1,2, 3, &-
tetrehydronaphthalene. Therefore, it was concluded that b, b, h-triphenyl-
butyllithiwm produced from the reaction of lithium with U4-chloro-1,1,1-
triphenylbutane at different temperatures does not undergo any appreciable
rearrangement involving 1, ¥-shift of the phenyl group.

The reaction of 4-chloro-1,1,l-triphenylbutane with potassium in
refluxing tetrahydrofuran, followed by carbonation, gave approximately 75
percent yield of 1,1-diphenyl-l, 2, 3, b-tetrshydronaphthalene. This hydro-
carbon results from the intramelecular cyclization of the organopotassium
compound, 4, 4, k-triphenylbutylpotassium, followed by hydride elimination.
This neutral material alsc contained an appreciable smount of 1,1,1-tri-
phenylbutane (14 percent of the neutral material). The approximately 10
percent yield of acidic material from the potassium reaction was tentsg-
tively identified as four percent 2, 2-diphenylpentancic acid, three percent
triphenylacetic acid, six percent 2,2,5-triphenylpentanoic acid, and some
47 percent and 28 percent of two unidentified acids.

When potassium and 4-chlore-1,1, 1-triphenylbutane were allowed to
reflux in tetrahydrofuran for 105 minutes, mostly acidic material was

isolated after carbonation. The recrystallization of this reaction prod-
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uct from different. solvents gave several fractions of solid material with
different melting ranges, but they were not further investigated because
each fraction still contained many compounds according to analysis by
vapor-phase chromstography.

The reacticn of sodium-potassium alloy with 4-chloro-1,1, 1-triphenyl-
butane in the same solvent at ca. 15° gave, upon carbonation, TO percent
yield of acidic material which was tentatively identified as 22 percent
2, 2-diphenylpentancic acid, four percent triphenylacetic acid and six per-
cent 2,2,5-triphenylpentanoic acid together with 39.0 percent, 16 percent
and 12 percent of three unidentified acids. The neutral material contained
15 percent of unreacted Y-chloro-1,1, l-triphenylbutane, 31 percent 1,1-
diphenyl-1, 2, 3, b-tetrahydronaphthalene (and/or 1,1, L-triphenylbutane) and
35 percent of a mixture of two unidentifiéd hydrocarbons.

The reactiorn of cesium with 4-chloro-1, 1, 1-triphenylbutane in
tetrahydrofuran at 35° gave, after carbonation, a 20 percent yield of
acidic material which is tentatively identified as six percent 2,2-diphenyl-
pentancic acid, five percent triphenylacetic acid, six percent 2,2,5-tri-
phenylpentanoic acii together with 26 percent, 35 percent, and 16 percent
of three unidentified acids. The 80 percent yield of neutral material
contained 45 percent 1,1,1-triphenylbutane, eight percent 1,1-diphenyl-

1, 2, 3, 4-tetrahydronaphthalene (and/or 1,1, 4-triphenylbutane), and 35 per-
cent 9-phenyl-9-n-propylfluorene. Reactions of cesium-potassium alloy in
tetrahydrofuran at -25° gave, after carbonation, an 82 percent yield of
acidic material, which contained 28 * 5 percent of an acid with the seame
retention time as 2, 2-diphenylpentancic acid, 7 % 3 percent triphenylace-

tic acid and 17 % 2 percent of an acid with the same retention time as




2, 2, 5-triphenylpentanoic acid. The acid which had the same retention time
as 2, 2-diphenylpentanoic acid was isolated as its methyl ester and puri-
fied tc give a colorless crystalline solid. The structure of this methyl
ester was investigated by nuclear magnetic resonance spectroscopy, ultra-
violet spectroscopy, and infrared spectroscopy together with C,H analysis
and molecular weight determination, but the material has not been posi-
tively identified.

Reaction of cesium-potassium alloy with 4-chloro-1,1,l-triphenyl-
butane at -40° followed by protonation gave ca. 40 percent of 9-phenyl-
9-n-propylfluorene, 20 percent 1,1, l-triphenylbutane, 10 percent 1,1-di-
phenyl-1, 2, 3, b-tetrahydronaphthalene (and/or 1,1, k-triphenylbutane), and
20 percent of a hydrocarbon which is believed to be 9-phenyl-9-n-propyl-
dihydrofluorene because it was converted te 9-phenyl-9-n-propylfluorene
on heating. 9-Phenyi—9-2-propylfluorene was identified by comparisons
of melting point, mixed melting point, infrared spectrum, and ultraviolet
spectrum with an authentic sample.

In conclusicn, there are two significant accomplishments in this
work. First, a technique of carrying ocut the synthesis of organccesium
compounds in tetrahydrofuran solution at low temperature (-40°) was dis-

covered.

THF
RC1 + Cs{K} - RCs

It is hoped that this technique will prove of value in studying the chem-

istry of crganoalkali compounds in homogeneous solution. Gecond, it was
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discovered that the reactive carbanion (II), formed at -40° from the re-
action of thefcorre5ponding chloride (TI) with cesium~potassium alloy is
reasonably stable toward protonation by the solvent (ga_. 20 percent yield
of 1,1, 1-triphenylbutane (III) was obtained); some €0 percent of this car-
banion underwent reaction (3) to give after addition of methancl a mixture
of about cne part of VI and two parts of VII. Compound VI is believed to
have the structure of a 9-phenyl-9-n-propyldihydroflucrene since upon
heating it is convarted into 9—phenyl—9—£-propylfluorene (VII}. Under
these conditions, <arbanion IT alsc gave about 10 percent of 1,1-diphenyl-

1, 2, 3, 4-tetrahydronaphthalene (IX).

-4p”
" - + + -
Ph,CCH,CH,CH,CL + CsK  —  Ph,CCH,CH,CH,: Cs + CsCl (1)
I II
IT + [j - Ph3CCHECH20H3 + CH2 = CHCHECHEOCS (2)
()
I7T
Ph Fh
\C/
Ho -
H AN
@73}@%@;@ QLD
- Fh Ph n-pr n Pr
IV v VI VIIT
Ph Ph Ph Ph

B8

VIIT IX

|
e e - -
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Reaction of 1,1, 1-triphenyl-4-chlorcbutane (I) with molten potas-
sium in tetrahydrcfuran at 65° for some 10 minutes gave after cafbonation
chiefly hydrocarbons {90 percent yield) and a low yield of carboxylic
acids (1C percent). The hydrocarbon consisted of 84 percent of 1,1l-di-

phenyl-1, 2, 3, h-tetrahydronaphthalene (IX) and 14 percent of 1,1,1-tri-

phenylbutane (III).




CHAPTER I
INTRODUCTION

The purpose of this research was to study the reaction products
of h-chloro-1,1,1-triphenylbutane with various alkali metals to deter-
mine if rearrangem=nts of the carbon skeleton involving 1, 4-shifts of
phenyl occur in the carbanion.

Many reactions between the common alkali metals and crganic
halides have been previocusly studied, but analogous reactions between
cesium metal and organic halides have been studied less.

1,

The reactions of 2,2,2-triphenylethyl chloride with sodium,

lithium, potassium, and sodium-potassium alloy have been found to involve
a 1,2-shift of the phenyl group to give, upon carbonation, 2,2, 3-triphenyl-
propanoic acid. A 1,2-shift of a biphenyl group has also been observed
by WEntworthB-in the reaction of 2-chloro-l,g-biphenylyl-l,l-bis(p-
biphenylyl)ethane with lithium.

The reaction of 3,3, 3-triphenylpropyl iodide with scdium in liquid

ammonia followed by hydrolysis has been reported to give triphenylmethane

and it was shown to be due to the molecular rearrangement of the sodium

(1) E. Grovenstein, Jr. and L. P. Williams, Jr., J. Am. Chem.
Soc., 83, k12 (1961).

(2) L. P. Williems, Jr., Ph.D. Thesis, Ceorgia Institute of Tech-
nology, June, 1962, pp. 24, 28, .

(3) Gary Wentworth, Ph.D. Thesis, Georgia Institute of Technology,
. March, 1966, p. 103.




triphenylpropide zccompanied by a spontaneous cleavage:

(C6H5)3CCH20H2 PR (06H5)3C':+CHE=CH2

Pines and S-:haap5 reported that a small amount cf 1,1-dimethylindan
was produced when 3-methyl-3-phenyl-chlorcbutane was treated with potassium
in refluxing cyclchexane. The major product of this reaction was identi-

fied as 2,5-dimethyl-2, 5-diphenylhexane:

CH CH CH
3 3 -+ 3 +
Ph-C— CHECHﬁCl + 2 - Ph-C— CH_-CH.K = Ph-C K + CH.=CH
b € bw, © @ bH £ e
3 3 3
CH CH CH CH
|_3+ ! 3 t 3 ' 3 + -
Pa-¢ K + Ph-C—CH,CH,C1 ~» Ph-C—~—CH,-Cli,-C— Ph + K C1
¥ 2 o] f 2 2 1
CH3 CH3 CH3 CH3

Rogersé has studied a similar reaction in which Ph3CCHECH2NMe31
was reacted with sodium in liquid ammonia and the yields of 67.5 percent
and 12.0 percent have been reported for 1,1, l-triphenylpropane and tri-
phenylmethane, r85pectively.

The reaction of PhBCCHgNMe3I with sodium in dioxane, followed by

(4) C. B. VWooster and R. A. Morse, J. Am. Chem. Soc., 56, 1735
(1934).

(5) Herman Pines and L. Schaap, J. Am. Chem. Soc., 80, L4378

(1958).

(6) L. C. Rogers, M.S. Thesis, Georgia Institute of Technology,
1963, pp. 60-T2.




carbonation, was reported by Rogers to give cnly amine and neutral material.

The yields of PhECHCH Ph, Ph,CCH

5 and Ph_C=CHPh were said to be 4.84 per-

3y 2
cent, 22.02 percent, and 11.95 percent, resPectively.6

From the examples cited above it is of interest tc study the reac-
tions of different alkali metals with the halide h—chloro—l,l,l—triphenyl-
butane, which contains one more carbon atcm than those used by Rogers
and Wooster and Morse,u t0 see whether there will be any rearrangement of
the corresponding carbanion.

In this research, L-chloro-1,1,1-triphenylbutane was reacted with
lithjium, potassium, sodium-potassium alloy, cesium, and cesium-potassium
alloy. The U, 4, 4-triphenylbutyl anicn formed was expected to undergo re-
arrangement through an intramolecular mechanism invelving cyclic inter-

mediates or transition states:

Ph Fh Ph  Ph
Bh s
? ——
'//CHE\ - ke
Fh- ?Ha ///4 M
CHp IT Iv
M+' N Fh_/Ph Ph
- e
M Ph-{~CH,,CH,CE,,Ph
M—i—

I I11 v

The carbaniorn E_should be more stable than the carbanion I due to

the delocalization c¢f the negative charge.

Most of the preducts from the alkali metal reactions were allowed




to react with carton dioxide to convert the organoalkali compounds to car-
boxylic acids except in the case of two of the cesium-potassium alloy re-

actiong. In the latter two reactions, the organocalkali compounds were

protonated by methanol.




CHAPTER II

REAGENTS AND SOLVENTS

Acetyl Chloride

Matheson Coleman & Bell, Inc., practical grade acetyl chloride

(b.p. 50-92°) was used without further purification.

Acetone
Commercial grade acetone was redistilled at 56° from potassium

permanganate.

Ammonium Chloride

Baker reagernt grade ammonium chloride was used without further

purification.

Ammonia
Matheson Company, Inc., anhydrous ammcnia was distilled from the
cylinder through a barium oxide drying tube and condensed in the reac-

tion vessel in which it was to be used.

Benrzene
Industrial grade (thicphene free) benzene was stored over sodium

wire.

Benzophenone

Eastman white label grade benzophenone was used without further

purification.




Benzhydryl Chloride

Matheson & Company practical grade benzhydryl chloride was redis-

tilled at 173° and 1% mm from a Claisen flask.

Benzyl Chloride

Fastman white label grade benzyl chloride was used without further

purification.

Bromobenzene

Unmarked brown-bottled bromcbenzene (recorded b.p. 154%.5-155°, stu-
dent preparation) from the organic stock room of the Georgia Institute of

Technclogy was redistilled at 150° through a 70 cm Vigreux column.

1-Bromo- 3-chloropropane

Eastman white label grade l-bromo-3-chloroprcpane was redistilled

at 140-141° through a 60 cm vacuum jacketed column packed with glass

helices.

1-Bromo-3-phenylpropane

Eastman white lasbel grade l-bromo-3-phenylpropane was redistilled

at 118-119.5° gnd 20 mm from a Claisen flask.

- Carhbon Tetrachloride

Baker analyzed reagent grade carbon tetrachloride was used without

further purificaticn.

Cesium
MBA Research Corporation, 99.9 percent purity minimuwmn, cesium was

used.

- v




1-Chlerc-3-phenylpropane

Columbia Organic Chemicals Company grade was redistilled at 81-82°

and 7 mm through & 60 cm vacuum jacketed column packed with glass halices,

1-Chloropropane

Fisher reagent grade l-chloropropane redistilled at 46.5-47.0° by

Gary WentworthY was used.

Crotonic Acid

Crotonic acid (m.p. 168-170°, student preparation) from the organic

stock room of Georgis Institute of Technology was used without further

purification.

Cyclohexane

Commercial grade cyclohexane was used without further purification.

Deuterochloreform

Merck, Sharp & Dohme of Canada, Ltd., 99.5 percent pure deutero-

chlorcform was used without further purification.

m-Dibromobenzene

Eastman white label m-dibromobenzene was redistilled at 64 and

5 mm from a Claisen flask.

Biethyl Ether

Raker reagent. grade anhydrous ether, stored over sodium wire, was

used without further purification.

(7) Gary Wentworth, Ph.D. Thesis, Georgia Institute of Technology,
March, 1966, p. 13.




Diphenylacetic Acid

A sample prepared by Gary Wentworth was recrystallized from benzene

to give white solid of m.p. 148-148.5°,

Dimethyl Sulfoxide

Matheson, Coleman, Bell reagent grade dimethyl sulfoxide was used

without further purification.

Dimethyl Formamide

Technical grade dimethyl formamide was redistilled at 35° and 24 mm

through a 60 cm spinning-band column.

Diphenylmethane

Matheson practical grade diphenylmethane was redistilled at 136-
137° and 18 mm through & 60 cm vacuum jacketed column packed with glass

halices.

Lithium
Lithium Corporation of America, 0.05 percent sodium maximum,

lithium wire was used,

Lithium Aluminum Hydride

Metal Hydride, Inc., 95 percent, lithium aluminum hydride was used

without further purificaticn.

Methanol
Commercial grade methanol was purified by treatment of a 1000 ml

portion with magnesium at reflux for 40 minutes and then distilled at

6he,




Magnesium

Eastman white label magneéium wag used without further purification.

2-Phenylbutanoic Acid
Eaétman white label grade 2-phenylbutyric acid was used without

further purification.

L-Phenylbutanoic Acid

Eastman white label grade b-phenylbutyric acid was used without

further purification.

Potassium

Baker reagent grade potassium was used without further purification.

Sodium

Baker reagent grade sodium was used without further purification.

Sodium Aluminum Hydride

Metal Hydrides, Inc., pure grade sodium aluminum hydride was used

without further purification.

Sodium Cyanide

Baker analyzed grade sodium cyanide was used without further puri-

fication.

Tetrahydrofuran

Anhydrous tetrahydrofuran was prepared by drying a commercial grade

of tetrahydrofuran over sodium wire.
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Triphenylmethane

Eastman white label grade triphenylmethane was used without further

purification.

Triphenylmethanol

Eastman white label grade triphenylmethanol was recrystallized

from carbon tetrachloride to give white solid of m.p. 162-164.5°,
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CHAPTER IIT
INSTRUMENTAL ANALYSES

Ultraviolet spectra were obtained on the Cary 14 recording
spectrophotometer.

All n.m.r. Spectra were obtained on the Varlan Assoclates Model
A-60 spectrometer using tetramethylsilane as an internal standard unless
otherwise specified,

Infrared spectra were taken on the Perkin-Elmer Grating Infrared
spectrophotometer model 237 B using carbon tetrachloride sclutions with
8 0.1 mm sodium chloride cell and were calibrated with the 6.238 u band
of polystyrene film. In the case of the unknown methyl ester, the sample
was in the form of potassium chloride pellet.

The qualitative ahalyses of most of the reaction mixtures were
accomplished by vapor-phase chrometography on F & M Research Chromatograph
Model 810. The columns were 6 ft long, 1/4 in diameter, packed with 10
percent Silicone Gum Rubber (SE30) on 60-80 Mesh Chromosorp G-AW-DMCS.
(Chromosorp G, acid washed and treated with dimethyldichlorosilane.)

In the case of the last two cesium-potassium alloy reactions, 12
ft long, l/h in diameter columns were packed with 10 percent Silicone Gum
Rubber (SE30) on 60-80 mesh Diatoport S.

In one of the cesium~potassium alloy reactions, a set of 12 ft, 1/2
in columns packed with 20 percent Silicone Gum Rubber on 45-60 mesh Chro-

mosorp W-AW-DMCS (Chromosorp W, acld washed and treated with dimethyl-
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dichlorcsilane) was used for the separation of the methyl esters.

The fellowing two methods were used for the identification of re-
action mixtures by vapor-phase chromatography. In method A, a known
quantity of the authentic sample was mixed with the unknown mixture to
make the peak height nearly twice as big as it was when there was no
known compound added. In method B, the retention time of each component
in the mixture was compared with the retention time of the suthentic
sample under identical analytical conditions.

Compound [4] in lithium run % was identified as compound [4] in
cesium run 2 by vpe method A.

Compound [8] in lithium run 4 was identified as compound [8] in
cesium run 1 by vpc method B.

Compound (8] in potassium run 1 was identified as compound [8] in
potassium run 3 bf vpec method A and was identified as the methyl ester
of 2,2-diphenylpentanoic acid by the same method.

Compound [9] in potassium run 1 was identified as compound [9] in
potassium run 3 by vpc method A.

Compound (10] in potassium run 1 was identified as compound [10}
in potassium run 3 by vpc method A. \

Compound [10] in lithium run 4 was identified as compound [10]
in cesium run 1 by vpc methed B and the latter was identified as compound
[10] above by vpc methed A.

Compound [12] in potassium run 1, potassium run 3, cesium run 1,
and cesium run £ was identified as methyl triphenylacetate by vpc method

A,

Compound [14] in potassium run 1, potassium run 3, cesium run 1,
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and cesium run 2 was identified as methyl 2,2, 5-triphenylpentancate by
vpe methed A.

Compound [16) in potassium run 1 was identified as compound [16]
in potassium run 3 and as compound [16] in cesium run 2 by vpc method A.

Compound [21]) in cesium run 1 was identified as compound [21] in
cesium run 2 by vpc method A. Compound [21] in potassium run 3 was identi-
fied as compound [21) in cesium run 2 by the same method,

Compound [23] in cesium run 1 was identified as compound [23] in
cesium run 2 by vpc method A. This compound [23] was conceivably g-n-
propylfluorene,

Compound [25] in potassium run 3 and cesium run 2 was identified
as triphenylmethane by vpc method B.

Compound [26) in potassium run 1 was identified as compound [26]
in potassium run 3 and as compound [26] in cesium run 2 by vpc method B.

Compound [26] in lithium run &, in potassium run 1, and in cesium
runs 1, 2, 5, and € was identified as 1,1, l-triphenylbutane by vpc method
A. The identification of this compound [28] in potassium run 3 was based
on vpe method B.

Compound [29]) in cesium runs 1, 2, 5, and 6 was identified as 9-
phenyl-9-n-propylfluorene by vpc method A.

Compound [30] in cesium run 5 was identified as compound [30] in
cesium run 6 by vpe methed B. This compound was believed to be 9-phenyl-
9-n-propyldihydrofliorene.

Compound [31} in lithium run 4, potassium run 1, potassium run 3,

and cesium runs 1, 2, 5, and 6 was identified as 1,l-diphenyl-1,2, 3, k-




1k

tetrahydronaphthalene armd/ or 1,1, 4-triphenylbtutane by vpc method A.
Compound [32] in lithium run 4 and in potasgsium run 3 was identi-

fied as 4-chloro-1,1, l-triphenylbutane by vpc method A.




CHAPT'ER IV
EXPERIMENTAL DETAILS

Synthesis of 4-Chloro-1,1, L-triphenylbutane

Triphenylchlorometnane

This chloride was prepared acccording to the method described in

Organic Syntheses.8 The reaction of 254 g (0.977 mole) of triphenyl-

carbinol in 80 ml of benzene with 100 ml of acetyl chloride gave 135 g
(0.484 mole) of triphenylchloromethane (49.5 percent yield), m.p. 1L1-
112.5° (with previcus softening). In another preparation, an 82 percent

yleld was cboerved. A 93-95 percent yield is reported8 in Organic 5yn-

theses.

4-Chioroc-1, 1, 1-triphenylbutane

The synthesis of L-chloro-l,l,l—triphenylbutane was first attempted
by the reaction of itriphenylmethylpotassium with trimethylene chloride.
Into a 1-1 Morton flask fitted with a high-speed stirrer was distilled
from lithium aluminum hydride 600 ml of tetrahydrofuran, which had pre-
viously been dried ¢ver sodium wire., Under an atmosphere of nitrogen,
potassium (16.7 g, C.43 g-atom) was added into the container and the solu-
tion was stirred at reflux. A solution of 55.8 g (0.20 mole) of tri-

phenylmethyl chloride in 100 ml of tetrahydrofuran was added over a pericd

(8) E. C. Hornig (Editor-in-chief), Organic Synthescs: - Collective
Vol. III, John Wiley & Sons, Inc., New York, 1962, p. 9kl.
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of two and one-half hours. The first portion of halide added caused a
red color to appear and the final color was like that of bromine. The re-
sulting solution was stirred at reflux for an additional 40 minutes.
After being cooled with an ice water bath, the red colored contents were
siphoned into a 3-1 three-necked round-bottomed flask containing 700 ml
of trimethylene chloride. No appreciable color change was observed for
this coupling reaction. Methanol (50 ml) was added to destroy any unre-
acted potassium. The next day, 100 ml of methanol and then 100 ml of
water were added. After separation from the organic portion, the agueous
portion was extracted with three portions of ether (a total of 200 ml).
The organic soluticns were combined, dried over anhydrous magnesium sul-
fate and solvents removed in vacuo to give 5L4.66 g of dark brown tarry
material. The attempted isolation of the desired U-chloro-1,1,l-tri-
phenylbutane by the recrystallization of a small sample of this above
tarry material from cyclohexane and ethanol and by column chromatography
failed,
Triphenylmethylsodium was prepared by the procedure of Renfrow and
Hauser9 from powdered sodium amalgam (12.7 g of sodium and 524%.0 g of
mercury) and triphenylchloromethane (69.7 g, 0.25 mole) in 200 ml of an-
hydrous ether. The triphenylmethylsodium was siphoned under a nitrogen
atmosphere from the mercury and added over a ten minute period to 44O ml
of l-bromo-3-chloropropane at 12 £ 3°, The red color of the triphenyl-

methylsodium digappeared almost instantly upon contact of this reagent

(9) A. H. Blatt, Organic Syntheses, Collective Volume II, John
Wiley & Sons, Inc., New York, 1961, p. 607.

B )
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with l-bromo-3-chloropropane and the reaction mixture became warm. The
resulting solution was filtered and solvent was removed in vacuo to give
51.0 g (63.6 percent based on triphenylchloromethane used) of light yellow
crystals of m.p. 125-170°. Recrystallization from acetone and subsequent
sublimation gave 256.29 g of nearly pure 4-chloro-1,1,l-triphenylbutane,

10 .
m.p. 129-131.5° (raported m.p. 130°).

*x
Anal. Caled. for C Cl: C, 82.35; H, 6.60; €1, 11.05.

2otio) '
Found: C, B81.92, 81.89; H, 6.59, 6.53; Cl, 11.29, 11.25.
During the preparation and purifications, 2.28 g of a substance,
m.p. 164-167° and 3.62 g of a substance, m.p. 205-230°, were obtained.
In ancther preparation similar to the above but with 3.4 times the quan-

tity of reactants, 165.9 g (68.7 percent yield) of product, m.p. 115-131°,

was obtained. Recrystallization from acetone yielded 120.50 g of nearly

_pure L-chloro-1,1, lL-triphenylbutane, m.p. 129-131°.

In another preparation, triphenylmethylscdium prepared from 69.7 g
(0.250 mole) of triphenylchloromethane with sodium amalgam (12.7 g sodium,
523 g mercury) in 200 ml of ether was reacted with 400 ml of trimethylene-
chloride. After filtration, the sclvent and unreacted trimethylene chlo-
ride were removed in vacuo to give some light yellow crystals contaminated
by oily material, which was washed withlg-pentane four times to give 23.4

g (0.0731 mole, 29.2 percent yield) of light yellow crystals, m,p. 122-125°

” ((10)) J. C. Charlton, I. Dostrovsky, and E. D. Hughes, Nature, 167,
90b-T7 (1951).

¥ Analysis by Galbraith Laboratories, Inc., Knoxville, Tennessee.
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One recrystallization from acetone gave 15.9 g of colorless crystals, m.p.
123-128.5°, of which a sample of 6.50 g was recrystallized twice from ace-
tone and sublimed at 170 microns and 145° to give 2.16 g of nearly pure i4-
chloro-1, 1, 1-triphenylbutane, m.p. 129-131.5°. This compound was found to
be identical with the compound obtained from the reaction of l-chloro-3-
bromopropane by comparison of infrared spectra {mixed melting point

showed no depression).

Synthesis of 5,5, 5-Triphenlypentanoic Acild

5,5, 5-Triphenylpentanenitrile

This nitrile was prepared following the general procedure of Cope
and Mehta. ' In a typical preparation, 2,00 g (0.00605 mole) of U4-chloro-
1,1, 1-triphenylbutane, 0.471 g (0.00962 mole)} of sodium cyanide and 0.922
g (0.00615 mole) of scdium iodide were dissolved in 180 ml dimethyl sulfox-
ide in a 250 ml round-bottomed flask, and the resulting solution stirred
at room temperature for twenty-five and a half days. After filtration,
the orange-colored reaction mixture was poured into 100 ml water in a
MQO ml beaker. The solid formed was filtered and washed with 100 ml water
to give 1.798 g (95.3 percent yield based on the 4-chloro-1,1, 1-triphenyl-
butane used), m.p. 1%7-149°. Two recrystallizations of 1.622 g of this
crude product from acetone gave 0.930 g of solid, m.p. 149-150° (new com-
pound.)}.

*
Anal. Calecd. for C N: ¢, 88.70; H, 6.80; N, L4.50.

o3floy

(11) A. C. Cope and A. S. Mehta, J. Am. Chem. Soc., 86, 5626

(1964).

% Analysis by Galbraith Laboratories, Ine., Knoxville, Tennessee




19

Found: ¢C, 88.24, 88.06; H, 6.98, 6.82; N, L.71, k.72,
In another run, a yield of 96.7 percent of this nitrile was ob-
served by stirring the mixture at room temperature for ten days.

5, 5, 5-Triphenylpentanoic Acid

The synthesis of this acid was carried out by the treatment of the
corresponding nitrile with base according to the general procedure given

2
in Organic Syntheses.l A solution of 0.615 g (1.97 mmole) of 5,5,5-

triphenylpentaneniirile and 0.34 g (6.1 mmole) of KOH in 20 ml of ethylene
glycol was heated at 220° for six hours. After the solution had cooled

to room temperature, 1t was diluted with 25 ml of water and extracted
with ether. The ether extracts were combined and washed with water., The
combined agueous phases were acidified with HCl and the solid which sepa-
rated from solution was isclated by filtration. This solid was dissolved
in ether and dried over anhydrous MgSOh. After filtration, the ethereal
solution was allowed to evaporate to dryness leaving 0.609 g of light blue
solid, m.p. 220-223° (93.7 percent yield). A recrystallization of this
material from henzene followed by vacuum sublimation gave 0.145 g of white
solid 5,5, 5-triphenylpentancic acid, m.p. 223-224,5° (with decomposition).
An scid with a melting point of 222-223° produced from the reaction of
1,1, 1,6, 6,6-hexaphenylhexane-2-one with potassium hydroxide in methanol

13

was believed by Piehl and Brown
13

pentanoic acid.

1o have the structure of 5,5,5-triphenyl-

(12) Norman Rabjohn, Organic Syntheses, Collective Volume IV, John
Wiley & Sons, Inec., New York, 1963, p. 95.

(13) F. J. Piehl and W. G. Brown, J. Am. Chem. Soc., 75, 5023-6
(1953).
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¥ 0.: C, 83.6 6
Anal. Calcd. for 0231{22 57 G 3.60; H, 6.71.

Found:; C, 84.79, 8L.61; H, 6.92, 6.83.

In a second run, a yleld of 97.3 percent of the desired acid was

observed by hydrolyzing the corresponding nitrile at 200° for 12 hours.

Methyl 5,5, 5-Triphenylpent.anoate

An ether solution of diazomethane was prepared by the method of

deBoer and Beaq.cker.:l'l‘L A sclution of 7.25 g (0.03 mole) of N-methyl-N-

nitroso-g-toluene sulfonamide in 45 ml of ether was added dropwise to

a solution of 1.75 g of KOH in 2.7 ml of water and 8.3 ml of 95 percent

ethanol at 65°. The diazomethane co-distilled with the ether, and part

of the resulting solution was added to a solution of 0.722 g (2.19 mmoles)

of 5,5, 5-triphenylpentanoic acid in 70 ml of ether at 0°. The sclution

was allowed to evaporate to dryness and the residue (0.60k g), after a

recrystallization from MeOH, gave 0.580 g (1.69 mmoles, 77.2 percent

yield) of cclorless crystals, m.p. 91-97°. A sample of 0.0912 g was re-

cerystallized from absolute alcochol to give 0.0417 g of sheet-like crystals,
m.p. 97-97.7° (new compound).
¥
Anal. Calcd. for C, H; 0,: G 83.69; H, 7.02.

Found: €, 83.59, 83.38; H, T.02, 7.06.

Synthesis of 2, 2-Diphenylpentancic Acid

This acid was prepared following the general method outlined by

(195) (14) T. J. d=Boer and H. J. Backer, Rec. trav. chim., 73, 229
1954 ),

*  Analysis by Galbraith ' Laboratories, Inc., Knoxville,‘Tennessee.

— e —
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Hauser,l5 in which the pctassium salt of ethyl diphenylacetate is alky-
lated with an alkyl halide. In a 1-1 three-necked round-bottomed flask
fitted with a stirrer, dropping funnel, and Dry Ice-acetone condenser,
was condensed 400 ml of anhydrous ammonia. Under an atmosphere of nitro-
gen, 1.258 g (0.032 g-atom) of potassium was added in 12 pieces. After
the first piece of potassium had dissolved, a small crystal of Fe(N03)3
.9H20 was added tc catalyze the formation of potassium amide., The blue
color of potassium in ligquid ammonia changed to grey after 25 minutes of
stirring. A solution of 7.041 g (0.0311 mole) of methyl diphenyl acetate
in 40 ml of anhydrous ether was added dropwise over a period of 17 minutes
and the resulting solution stirred for 33 minu?es. A solution of 3.85 g
{0.0313 mole) of l-bromcpropane in 35 ml of anhydrous ether was added
dropwise over a period of 15 minutes and the resulting solution stirred
for two hours. Solid ammonium chloride (2.52 g, 0.047 mole) was added

to neutralize unreacted potassium amide. The ammonia was allowed to eva-
porate from the mixture. The next day, the mixture was extracted with
two 100 and one 15C ml porticns of ether. The ether extracis were com-
bined, dried cver anhydrous magnesium sulfate, and allowed tc evaporate
to dryness, to give T7.77 g of olly material. A sample of 2.30 g of this
crude product was refluxed with 2.55 g of KOH in 50 ml absclute alcohol
for 24 hours. After three-fourths of the solvents had been removed under

partial vacuum, 50 ml of water was added to the residue and the mixture

was extracted with three 30 ml portions of ether. The aqueous fraction

(15) W. G. Kenyon, R. B. Meyer, and C. R. Hauser, J. Org. Chem.,

28, 3108 (1963).
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was acidified with 10 percent HCl and the white solid formed was separated |
by filtration to give 2.53 g of light yellow crystals; one recrystalliza-
tion from absolute alcohol gave 0.91 g of colorless crystals, m.p. 153-

6
157° (reportedl m.p- 155.5°}. A small sample of this acid was converted

to the ligquid methyl ester for vapor-phase chromatography.

x
Attempted Synthesis of 2,2, 5-Triphenylpentanoic Acid

|
Methyl Diphenylacetate

_ |
This ester was synthesized according to the general procedure given

\
in Organic Syntheses.lT The reaction of 9.33 g {C.04l40 mole) of diphenyl- ;

acetic acid with 10C ml of methancl and 5 ml of concentrated HQSOh at |
steam-bath temperature for five hours gave 7.76 g (0.0343 mole) of methyl
diphenylacetate (78.4 percent yield, based on diphenylacetic acid), m.p.
55-59°, One recrystallization from petroleum ether gave 6.10 g of color-

less crystals, m.p. 59.5-60.5° (reported melting point of methyl diphenyl-

acetate: 6O°18). The reaction was repeated at the same temperature for

62 hours; a 9L.l4 percent yield was observed after one recrystallization

from petroleum ether. In another reaction at the same temperature for J

48 hours, the yield was 92.3 percent.

2, 2, 5-Triphenylpentanoic Acid

The synthesis of this acid was first attempted following the general

(16) A. L. Mndzhoyan, ¢. T. Tatevosyan, S. G. Agbalyan, and R. Kh.
Bostandzhyan, Doklady. Aked. Nauk. Armyan. S.S.R., 28, No. 1, 11 (1959).

(17) E. C. Horning, Organic Syntheses, Collective Volume III, John
Wiley & Sons, Inc., New York, 1962, p. 605.

(18) I. M. He2ilbron, "Dictionary of Organic Compounds," Vol. 1,
Oxford University Press, New York, 1943, p. 101k,
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method outlined by Hauser,15 in which the potassium salt of ethyl diphenyl-
acetate is alkylated with & halide. In a 1-1, three-necked, round-bottomed
flask, fitted with a mechanical stirrer, a dropping funnel, and a Dry Ice~
acetone condenser, 600 ml of anhydrous ammonia was condensed. Under an
atmosphere of dry nitrogen, 2.36 g (0.060 g-atom} of potassium was added
rapidly in pieces of about C.2 g each. After the first piece of potassium
had dissolved, a small crystal of ferric nitrate was added to catalyze
the formation of potassium amide. The blue color of potassium in liguid
ammonia changed to grey-green after 100 minutes of stirring. A solution
of 12.02 g (0.0532 mole) of methyl diphenylacetate in 90 ml of anhydrous
ether was added over a period of 30 minutes and the resulting solution
stirred for 55 minutes. A solution of 8.28 g (0.053 mole) of 1l-chloro-3-
phenylpropane in 20 ml cof anhydrous ether was added dropwise over a period
of 20 minutes and the-resulting solution stirred for two hours. Solid
ammonium chloride (3.5 g, 0.065 mole) was added to neutralize unreacted
potassium amide. The ammonia was allowed to evaporate from the mixture.
Some 3.96 g of unreacted methyl diphenylacetate, m.p. 59.5-61°, was re-
covered from the ether extract. Vapor-phase chromatography of the ether
solution after the isclation of methyl diphenylacetate showed the presence
of three major components, two of which were confirmed to be unreacted
1-chloro-3-phenylpropane and methyl diphenylacetate. The third cne,
which constituted 0.6 percent of the mixture, was conceivably the de-
sired methyl ester of 2,2, 5-triphenylpentanoic acid.

In s second run, potassium amide was prepared in 500 ml of liquid

ammonia from 3.23 g (0.085 g-atom) of potassium in the same manner as in

ST T A T R T
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the first run. A solution of 16.9 g (0.0748 mole) of methyl diphenyl-
acetate in 90 ml of tetrahydrofuran (distilled from sodium aluminum hy-
dride) was added dropwise over a period of 30 minutes and the resulting
solution stirred for 30 minutes. A solution of 10.62 g (0.0748 mole) of
1-chlore-3-phenylpropane in 50 ml of tetrahydrofuran was added dropwise
over a period of 12 minutes, and the resulting sclution stirred for 30
minutes at Dry Ice-acetone bath temperature. The Dry Ice-acetone bath .
was removed and ammonia was allowed to evaporate for two hours and then
150 ml of tetrahydrofuran was added to the mixture ¢ver a period of Lo
minutes. The yellowish suspended mixture was heated at reflux for nine
hours and cooled to room temperature in seven and one-half hours and stirred
at reflux again for 89 hours. The mixture was allowed to separaté into two
rhases and then these were separated by filtration. The so0lid portion was
extracted with three 50 ml portions of tetrahydrofuran. The tetrahydro-
furan solutions were combined and filtered again. BSolvents and unreacted
chloride were removed under vacuum to give 4.3 g of a tarry material which
was analyzed by vapor-phase chrematography. This chromatography showed
that it contained approximately seven percent of a new ester, presumably
the desired methyl ester.

In the third run, potassium amide was prepared in 600 ml of liquid
ammonia from 3.89 g (0.0997 g-atom) of potassium in the usual menner and
the Dry Ice-acetone bath was removed as soon as the formation of potassium
amide was completed. A solution of 20.72 g (0.0921 mole)} of methyl diphenyl-
acetate in 70 ml of tetrahydrofuran was added over a period of 45 minutes,

The yellowish grey sclution turned green. The mixture was stirred at re-
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flux for 30 minutes. A solution of 14.89 g (0.0951 mole)} of l-chloro-3-
phenylpropane in 50 ml of tetrahydrofuran was added dropwise cver a
pericd of five minutes and the resulting solution was stirred at reflux
for seven hours. Solid ammonium chloride (5.84 g, 0.108 mole). was added
to destroy the unreacted potassium amide. The next day, the solid ma-
terial was isclated by filtration and the filtrate was subjected to vapor-
phase chromatograrhy and found to contain only two percent of the desired
methyl ester. The solution was added dropwise to potassium amide, pre-
pared from 5.06 g (0.130 g-atom) of potassium in 350 ml of liquid ammonia,
over a period of 18 minutes. The resulting solution was brown after one-
third of the reaction mixture had heen added and it changed to green at
the completion of the addition. A solution of 4.5 g (0.00292 mole) of
l-chloro-3-phenylpropane in 100 ml of tetrahydrofuran was added over a
pericd of 20 minutes and the resulting solution was stirred at reflux for
2k hours. Vapor-phase chromatography of this above solution showed that
it contained seven percent of the desired methyl ester. Solid ammonium
chloride (7.0 g, 0.13 mole) was added to decompose unreacted potassium
amide and the reaction mixture was stirred for 24 hours. This final mix-
ture was subjected to vapor-phase chromatography and found to contain 0.58
percent of the desired methyl ester. (The reason for the decrease in the

percentage of the desired methyl ester was not clear.)

Synthesis of 2,2, 5-Triphenylpentanoic Acid

1, 1, b-Triphenylbutanol-1

To a solution of 3-phenylpropyllithium, prepared from 48.94 g

(0.317 mole) of l-chloro-3-phenylpropane and L.72 g (0.680 g-atom) of
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ilithium in 600 ml of tetrahydrofuran at -50°, was added 19.77 g (0.109
mole) of benzophenone dissolved in 80 ml of tetrahydrofuran. The addi-
tion was made at -5 * 5° over a period of 70 minutes with stirring at
room temperature for an additiocnal seven hours., The reaction mixture was
poured into 500 ml saturated aqueous ammoniuvm chloride with stirring.

The organic layer was extracted with ether and the ether extract gave
49.17 g of amorphous product. One recrystallization from light petroleum
ether gave 21.53 g (65.3 percent) of feather-like crystals, m.p. 73-75°
(T. W. Campbell ani W. G. Young report m.p. 72-73°19; Kharasch and Wein-
O)‘

In another preparation, this compound was made from 3-phenylpropyl-

house reported m.p. Th”g

magnesium chloride and benzophenone according to the general procedure

given in Organic Syntheses.,21 In the usual apparatus for alkali-metal

reactions was placed 7.48 g (0.304 g-atom) of magnesium turnings and a
crystal of iodine. The flask was heated with a flame and swept with dry
nitrogen for 30 minutes. After cooling to room temperature, 50 ml of an-

hydrous ether was added to cover the magnesium. Approximately five percent

of a solution of 47,15 g of l-chloro-3-phenylpropane in 100 ml of dry ether.

was added and the mixture was heated until reflux was attained. After 30

minutes at reflux temperature, no reaction was apparent, and another five

(19) T. W. Campbell and W. G. Young, J. Am. Chem. Soc., 69, 3066-
8 (1947).

(20) M. S. Kharasch and S, Weinhouse, J. Org. Chem., 1, 209 (1936).

(21) A. H. Blatt, Organic Syntheses, Collective Volume II, John
Wiley & Socns, Inc., New York, 1961, p. 606.
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percent of halide solution and 50 ml of anhydrous ether were added and
ﬁhe mixture was svepl with NE' A third portion of five percent of the
halide solution and 100 ml of ether were added in ten minutes and the
initiation of the reaction was attempted by stirring and heating at re-
flux for 90 minutes. As soon as the more vigorous reflux of the solvents
was noticed when heating was discontinued, the remaining halide solution
was added dropwise over a pericd of 50 minutes. After the addition of the
chloride was completed, the mixture was stirred at reflux temperature for
two hours. A solution of 38.63 g (0.213 mole) of benzophenone in 100 ml
of anhydrous ether was added over a period of 40 minutes, and the result-
ing orange scolution was stirred at reflux for five hours. Six hours later,
the reaction mixture was acidified with 500 ml of a mixture of saturated
aqueous ammonium c¢hloride and crushed ice. The mixture was extracted with
three 150 ml portions of ether and the ether extract was allowed to eva-
porate tc dryness. Total weight of product isolated by this procedure

was b9.05 g (0.162 mole, T6&.4 percent yield based on benzophenone used)

of a light yellow solid.

In the third preparation, the mixture of 7.49 g of magnesium turn-
ings with a small ciystal of iodine was heated with a flame under nitrbgen
atmosphere in the usual apparatus and swept with nitrogen for five minutes.
One-tenth of a solution of 60.65 g (0.305 mole) of 3-phenylpropyl bromide
was added and formation of 3-phenylpropylmagnesium bromide was initiated
in 25 minutes. The remaining bromide was added over & period of 45 minutes.
After the addition cof the bromide was completed, the mixture was stirred

at reflux for two and a half hours. A solution of approximately 17 g of
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3-phenylpropyl chloride in 50 ml of anhydrous ether was added over a
perilod of 35 minutes to react with the remaining magnesium. The mixture
was stirred at reflux for 50 minutes. A solution of 40.96 g (0.222 mole)
of benzophenone in 50 ml of ether was added over a period of 35 minutes
and the resulting mixture was stirred at reflux for four hours. The next
day, the reaction mixture was poured into 800 ml of a mixture of saturated
ammonium chloride solution and crushed ice., The ether extract was allowed
to evaporate to dryness, The oily product was washed with petroleum

ether to give 19.80 g of unreacted benzophenone, m.p. 162-170°, 15.05 g

of 1,1, k-triphenylbutanol, m.p.ca. The, and 4.42 g of low melting material,
m.p. 49-65°, One recrystallization of the fraction with m.p.ca, .74 from
pentane gave 8.83 g of material, m.p. T4-75°.

2, & 5-Triphenylpentancic Acid

The 1,1, 4-triphenylbutancl-1 was converted to its methyl ether by

22
the general procedure of Ziegler and co-workers, 1, 1, k-Triphenylbutanol-1

(18.09 g, 0.0600 mole) was dissolved in 85 ml of anhydrous methanol and

0.9 ml of concentrated sulfuric acid was added to this solution. The ether
precipitated at the end of 15 minutes and, after standing one hour at room
temperature, the contents of the reaction flask completely solidified. An
additionél 55 ml of methanol was added and the mixture was stirred and al-
lowved to stand three hours. Then 250 ml of methanol was added and the
ether was isolated by filtration. One recrystallization from methanol

yielded 11.1k g (58.9 percent yield) of l-methoxy-1, 1, 4-triphenylbutane,

| (22) K. Ziegler, K. Richter, and B. Schnell, Ann., 443, 177
(1925).




29

m.p. 80-81.5°. (The purification of this compound was difficult; there-
fore, it was not analyzed.)

When drying of 5.30 g of the ether was attempted at 45 microns
pressure and room temperature for 30 minutes, some substance melting from
T70-73° was obtained. The attempted drying of ancther sample of this ether
at 45 microns pressure and room temperature for one and a half hours re-
sulted in the evolution of a gas and the formaticn of an oily material.
The ultraviolet spectrum of this oily product [e max = 1.55 x 10° (calcu-

lated for C 0) at A max 257 mu] indicated that it contained an appre-

232y
ciable amount of unsaturated compound with conjugated double btonds (there-
fore likely Ph,C = CHCH,CH Ph was formed by elimination of methanol ).

The attempted conversion of this molten substance back into the methyl
ether by reflux with methancl and concentrated sulfuric acid was unsuc-
cessful.

The 1l-methoXy-1, 1, 4-triphenylbutane was cleaved by potassium by a
procedure similar to that of Ziegler and co-worker523 except that, rather
than shaking with Na-K alioy, stirring the molten potassium with the Morton
stirrer was employed. In a 500 ml Morton flask fitted with a high-speed
stirrer, a Vigreux column and a dropping funnel, 250 ml of tetrahydrcfuran
which had_previously been dried over sodium wire, was distilled from 1i-
thium aluminum hydride. The whele system was under a nitrogen atmosphere.

Potassium, 2.91 g (0.0T45 g-atom), was added in pieces of about 0.4 g each.

The mixture was heat=d and was refluxed for one hour with vigorous stirring.

(23) K. Ziegler, F. Crossmann, H. Kleine¥, and 0. Schafer, Ann.,
473, 27 (1929).
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A solution of 9.73 g (0.0308 mole) of l;methoxy-l,l,h-triphenylbutane in
35 ml of tetrahydrofuran was added dropwise over a pericd of 31 minutes.
4 red color appeared in one minute and the final coler was that of bro-
mine. Stirring wes continued for cone and a half hours at the reflux tem-
perature of tetrahydrofuran and then the reaction mixture was forced onto
pulverized solid carbon dioxide. The next day, 200 ml of water was added

to the mixture and the solvents were removed in vacuo at steam-bath temper-

ature. A 3.0 g portion of neutral material was extracted with ether.
Acidification and extraction with ether gave, in the ether extract, 6.66 g
(68.1 percent yield) of acidic material, m.p. 162-168°., One recrystalli-
zation of 6,65 g of this acid from cyclohexane gave 4.51 g, m.p. 164-169°,
1.74 g of which was recrystallized from chloroform to give 1.06 g, m.p.
168-169.5° {with decomposition)({new compound).
* . 6
Anal. Calcd. for 023H2202: c, 83.60; H, 6.7L.
Found: C, 83.63, 83.55; H, 6.63, 6.52.

Synthesis of Triphenylacetic Acid

About half of the triphenylmethylsodium prepared from 72.3 g (0.259
mole) of triphenylchloromethane with sodium amalgam in anhydrous ether

9

fbllowing the method of Renfrow and Hauser,” as mentioned in the preparé-
tien of 1,1, l-triphenyl-U-chlorobutane, was reacted with crushed solid
carbon dioxide in an atmosphere of nitrogen. The next day, 200 ml of
water was added to the mixture and the resulting mixture was acidified

with 10 percent I soh. Some L45.8 g of yellow solid, m.p. 252-253° (with

2

% Analysis by Alfred Bernhardt, Analytical Laboratories, West
Germany.
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premelting) was isolated by filtration. A sample of 15.15 g of this crude
acid was extracted with ether to give 3.89 g of imsoluble material, m.p.
268-270° {with premelting), which was extracted with benzene at reflux.
The residue from the benzene extraction was recrystallized from 95 percent
ethanol to give 3.26 g of light yellow crystals, m.p. 272-275° (with de-
c:om.poE‘»it:’.on)(repor":edei+ m.p. 269-271°),

A small quantity of this acid waé converted into the methyl ester
by the reaction of diazomethane in ether; the methyl ester obtained had an

2
m.p. of 188-189° (with decomposition)(reported 2 m.p. 184-185°).

Synthesis of 1,1, 1-Triphenylbutane

The synthesis of this hydrocarbon was first attempted by reacting
a solution of triphenylmethylsedium with propyl chloride in diethylether.
The remainder of thz sodium triphenylmethane prepared in the synthesis of
triphenylacetic acid mentioned above was reacted with 100 ml of l1l-chloro-
propane under an atmosphere of nitrogen. After removing the solvent and

[
unreacted chloride in partial vacuc, some 18.69 g of oil was cbtained.

The isolation of 1,1, l-triphenylbutane by recrystallization fram 95 per-
cent ethanol was unsuccessiul.
A solution of propylmagnesium bromide in 180 ml of diethyl ether”

was prepared by the reaction of 18.35 g (0.1505 mole) of l-bromopropane

(2k) J. L. Greene, D, Abraham, and H. D. Zook, J. Org. Chem., 2L,
132-4 (1959).

- {25) K. Bowden, N. B. Chapman, end J. Shorter, J. Chem. Soc.,
3372 (1964).
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with 3.67 g (0.1505 g-atom) of magnesium turnings at reflux temperature
under a nitrogen atmosphere. A solution of 29.6 g (0.106 mole) of chloro-
triphenylmethane in 220 ml of diethyl ether was added dropwise to the
Grigna;d reagent at 25° over a period of 40 minutes. After filtration,
the ether solution was washed with water and evaporated to dryness to give

26
L.46 g of 1,1,1-triphenylbutane, m.p. 78-80° (reported m.p. 79°).

Synthesis of 1,1, 4-Triphenylbutane

The synthesis of this hydrocarbon was first attempted by reacting
a solution of 3-phenylpropylmagnesium bromide in diethyl ether with a solu-
tion of benzhydryl chloride in diethyl ether. The resulting solutlcn was
stirred at reflux for one hour. Some 40.4 percent of 1,1, 2, 2-tetraphenyl-
ethane, m.p. 211-213°, was isolated. 1In another attempt to synthesize
the hydrocarbon, the general procedure of HauSerl5 was followed.

Diphenylmethyl potassium was prepared in ligquid ammonia from a
solution of 5.45 g (32.4 mmoles) of diphenylmethane in 30 ml of ether and
potassium amide mads from 1.52 g (0.0389 g-atom) of potassium with liquid
ammonia. The red organopotassium compound was reacted with three-fourths
of a solution of 3-phenylpropyl bromide (6.24 g, 31.4 mmole) in 30 mi of
ether until the red coler of the potassium diphenylmethane disappeared.
After neutralization with solid ammonium chloride and separation from the
aqueous fraction, the ether portion was evaporated to give 7.14 g of a
light yellow oily material.‘ Vapor-phase chromatography of this crude

product showed the presence of two compounds. One of them censtituted

(26) M. Gomberg and L. H. Come, Ber., 39, 2957 (1906).
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84 percent of the mixture and had a longer retention time than the start-
ing diphenylmethane, which constituted the remaining 16 percent. The

isolation of solid 1,1, 4-triphenylbutane was unsuccessful (reportedg?

m.p. 79°).

Synthesis of l,l-Diphenylbutane

The synthesis of this hydrocarbon was carried out following the
general method outlined by HauSer.15

In a 50C ml Morton flask fitted with a high-speed stirrer, a Dry-
Ice-acetone ceondenser, and a dropping funnel, 220 ml of anhydrous ammonia
was condensed. Under an atmosphere of nitrogen, 1.627 g (0.042 g-atom)
of potassium-was acded in pleces over a period of 15 minutes. After the
first piece of potassium had been added and dissolved, & small crystal of
Fe(NO3)3-9H2O was added to catalyzg the formation of potassium amide.
Every plece of potassium was added after the blue color of potassium in
ligquid ammonia had changed to grey-brown. The mixture was stirred at re-
flux for 35 minutes. A solution of 6.11 g of diphenylmethane in 30 ml of
ether was added ove:r a period of 15 minutes. The addition of the first
portion of diphenylmethane caused the solution to turn red. The red solu-
tion was stirred at reflux Ffor twe hours. Approximately three-fourths of
a solution of 4.61 g of l-bromopropane in 30 ml of ether was added over a
period of ten minutes, causing the red color to disappear. The resulting

solution was stirred for two hours. Solid smmonium chloride (2 g, 0.04

(27) F. Bergnann, S. Israelashvili, and D. Gottlieb, J. Chem.
Soc., 2522 (1952).
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mole)} was added to neutralize any unreacted potassium amide and the ammonia
was allowed to evaporate from the mixture. The next day, the mixture was
extracted three times with 150 ml portions of ether. The ether extracts
were combined, dried over enhydrous magnesium sulfate, and allowed to eva-
porate to give 5.78 g of oily material., Vapor-phase chromstography showed
that it contained 89 percent of conceivably 1, 1-diphenylbutane and 11 per-

cent of diphenylmethane. This compound has been reported as s liguid,

b.p. 145° (16 mm).

Synthesis of 1,1-Diphenyl-1, 2, 3, k-tetrahydronaphthalene

This hydrocarbon was prepared by the procedure of Linstead and co-
workers.>) In the first attempt, 1.43 g of 1,1, L-triphenylbutanol was
treated with 12 ml of 85 percent sulfuric acid at ice-water bath tempera-
ture for 30 minutes. At the end of the reaction, the mixture was poufgd
into 5C ml of water and extracted with petroleum ether. The petroleum
ether extract was washed with 85 percent sulfuric acid, followed by satu-
rated sedium carbonate sclution and water. The petroleum ether solution
was evaporated to dryness to give some solid which was washed with abso-
lute alcohol to give a 0.562 g yield of white crystals, m.p. 39-65° and s
0.47 g yield of 1light yellow crystals, m.p. 39-45°.

The preparation of 1, l-diphenyl-1l,2, 3, k-tetrahydronaphthalene was

attempted by the same method except that 92 percent sulfuric acid was used

(28) V. N. Ipatieff, Herman Pines, and R. E. Schead, J. Am. Chem.
Soc., 66, 816-7 (1944).

(29) E. A. Braude, L. M. Jackman, R. P. Linstead, and G, Lowe, J.
Chem. Soc., 3127 (1960).

o
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.insteai of‘85 percenﬁlsulfuric acid. In a typical preparation, a sample
of 0.4396 g of l,l,h-tfiphenylbutanol was treated with 10 ml of cold 92
percent sulfuric ecid and the reaction mixture was worked up as usual to
give 0.1180 g (25 percent yield) of a white solid, m.p. 120-126°. 1In an-
other preparation by the same method, 1.4 g of carbinol was reacted to
give 1.3 g of oil which was recrystallized from sbsolute alccohol to give
0.1458 g of solid material, m.p. 120-125°., Vacuum sublimation at 60 mi-
crons pressure and 100° of 0.2338 g of the substance mei£ing from 120-
126° gave 0.169 g of white crystals, m.p. 122-125°. One recrystalliza-
tion of this hydrozarbon from absclute alcohol gave 0.1198 g of 1,1-
diphenyl-1, 2, 3, b-tetrahydronaphthalene, m.p. 125-126° (q@ported29 m.p.

125°),

Synthesis of 1,1, 2-Triphenylbutene-1

Methyl 2-Phenylbutanoate

This methyl ester was prepared following the procedure given in

17

Organic Syntheses. The reaction of 2k.54 g of 2-phenylbutanoic acid

with 100 ml of methanol and 4 ml of concentrated H,50) at steam-bath
temperature for 24 hours yielded 18.06 g of methyl 2-phenylbutanoste,
b.p. 101-102° (12 mm){reported b.p. 225-226°3O and 228°3%). Attempted
recrystallization of a small portion of this methyl ester was unsuccess-

ful. (A m.p. of 77-78° was reported by Mary M. Rising and Tsoh-Wu Zee.

30)

(30) Mary M. Rising and Tsoh-Wu Zee, J. Am. Chem. Soc., 50, 1211
(1928).

(31) K. Neure, Ann., 250, 140 (1888).
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1,1, 2-Triphenylbutiene-1

The authentic sample of 1,1, 2-triphenylbutene-1 was prepared from
1, 1, 2-triphenylbutanol-1 which was made from phenylmagnesium bromide and
methyl Z2-phenylbutancate following the general method of C. F. H. Allen
and S. Converse.32 In the usual apparatus for alkali-metal reactions was
placed 10.8 g (0.443 g-atom) of magnesium turnings and a crystal of iodine,
and 100 ml of anhydrous ether. A total of 69.1k g (0.442 mole) of bromo-
benzene and 50 ml of ether were added dropwise over a period of 65 minutes
after a tenth part of the bromobenzene had been used for the initiation
of the reaction. 'The reaction was initiated by heating with a small flame
locally. After addition of the bromide was completed, the reaction mix-
ture was stirred at reflux for two hours. Then 18.0 g (0.101 mole) of
methyl Z2-phenylbutsncate in 50 ml of dry ether was added over & pericd
of 16 minutes and stirring at reflux was continued for an additional one
and a half hours. After hydrolysis with an ammonium chloride solution
(20 g of ammonium chloride in 60 ml of water at 25°), the combined ether
extracts yielded 28.3 g of a solid material, m.p. 65-93°. A portion of
11.3 g of the crude carbinol prepared above was heated with 40 ml of 20
percent HESOH at an oil bath temperature of 15C° for one hour. The re-
action yielded 10.8 g (96 percent recovery) of somewhat impure 1,1,2-
triphenylbutanol-1, m.p. 73-87° (identified by infrared spectrum}. Some
2.83 g of this recovered carbinol was vacuum sublimed at 30 microns and

90° to give 2.21 g of white solid, m.p. 85.5-89.2°; 1.74 g was recrystal-

(32) Gilman and Blatt, Crgasnic Syntheses, Collective Volume I,
* John Wiley & Sons, Inc., New York, 1948, p. 226.
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lized from absolute ethahol to give 0.062 g of white crystals, m.p. 9k-
97° (mixed m.p. with the purified starting carbinol showed no depression}.
The mother liquor was evaporated to dryness to give 1.46 g of a solid
which was subjected to vacuum sublimation at 200 microns and 190° to give
1.407 g of a solid, m.p. 91-93° (reported melting point for 1,1,2-tri-
phenylbutanol-1: 93-9h°).33 Some 1.34 g of this sublimate was heated
again with 5 ml of 30 percent H2SOu at a bath temperature of 200° for two
hours. After ccoling to room temperature, 50 ml of water was added to the
mixture and the solution was extracted with ether. The ether extracts
were combined and evaporated to dryness to give 1.32 g of light yellow
erystals; 1.30 g of this material was subjected to vacuum sublimation at
25 microns pressure and 105° bath temperature to give 1.19 g (94.4 per-
cent yield based on 1,1, 2-triphenylbutanol used) of 1,1, 2-triphenylbutene-1,
m.p. 79-82°. A sample of 0.759 g of this was recrystallized from absolute
ethanol to give 0.388 g of essentialiy pure 1,1, 2~triphenylbutene-1, m.p.
83-83.8° (reported33 m.p. 80-81° and 91—92°3M). Two portions of 0.138 g,
m.p. 82,5-83.5° and 0.127 g, m.p. 81-82°, were obtained from the mother

liquor.

Synthesis of 1-Methyl.-2, 3-diphenylindene

1-Methyl-2, 3-diphenylindene was prepared following the procedure of

(33) E. C. Dodds, L. Goldberg, E. I. Grunfeld, W. Lawson, C. M.
Saffer, Jr., and Robert Robinson, Proc. Roy. Soc. {London), 132B, 95 (194k).

(34%) I. A.D'yakonov and N. B. Vinogradove, Zhur. Obshchei Khim, 23,
elh-251 (1953).
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C. F. Koelsch and P. R. Johnson.35

2, 3-Dibrcmebutancic Acid

In a 250 ml round-hottomed flask, fitted with a condenser and a
drying tube, was placed 11.51 g (0.134 mole) of crotonic acid and 70 ml
of anhydrous ether. The mixture was stirred at 10 to 15° and 1i.l ml
{0.134 mole) of bromine was added dropwise cver a period of 30 minutes.
The resulting brown soluticn was stirred at this temperature for 10 min-
utes and then the solvents were removed under reduced pressure. Some
orange semi-solid remained and this was washed with light petroleum ether
to give 21.90 g of light yellow crystals, m.p. 72-85°.

2, 3-Diphenylbutanoic Acid

The above 21.80 g of crude dibromobutancic acid was placed in a 1-1
round-bottomed flask provided with a condenser and a drying tube. The di-
bromobutanoic acid was covered with 200 ml of dry benzene and 28 g of
aluminum chloride was added. The resulting solution was stirred at reflux
for one hour and then poured inte 200 ml of water. After removing the
sclvent with steam, a light yellow tarry material was obtained and, after
extraction with ether, gave 17.66 g of a yellowish semi-sclid. A sample
of 17.31 g of this crude product was recrystallized from benzene to give
4L.47 g of a so0lid substance, m.p. 189-19Q° (reported35 m.p. 182-183°).

3-Methyl-2-phenylindancne

A 446 g portion of 2, 3-diphenylbutanoic acid prepared above was

placed in a 250 ml round-bvottomed flask and covered with 50 ml of benzene.

(35) C. F. Koelsch and P. R. Johnson, J. Am. Chem. Soc., 65, 571

(1943).
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To the mixture was added 4.0 g of phosphorous pentachloride and the re-
sulting mixture was refluxed for 15 minutes. Aluminum chloride (4.0 g)
was added and the resulting mixture was refluxed for 30 minutes. The

reaction mixture was poured into 100 ml of crushed ice and hydrochloric

acid and extracted with two 50 ml portions of ether. The ether extracts

were combined and washed with water and evaporated to dryness to give

4.10 g (0.0185 mole, 99.5 percent yield) of light yellow crystals. One

recrystallization from methanol gave 2.88 g of soft amber crystals, m.p.

83-85° (reported35 m.p. S84.5-86°).

1-Methyl-2, 3-diphenylindene

A solution of 2,85 g of 3-methyl-2-phenylindanone, prepared above,
in 50 ml of anhydrcus ether was reacted with 30 ml of 1.138 M phenyl-
*
magnesium bromide and the resulting solution was stirred at reflux for

15 minutes. After the container had been cooled with ice water, a solu-

tion of 1.5 g of ammonium chloride in 1 ml of water was added. The ether

fraction was isolat=d and the remaining pasty material was dissolved in

a five percent HCl solution and extracted with ether. The ethereal solu-

tions were combined and washed with water and then evaporated to dryness.
The resulting semi-solid was warmed at steam-bath temperature with 20 ml
of one percent HESOA in glacial acetic acid for one hour then cooled with
an ice bath. The sclid material formed was isolated by filtration and

washed with water to give 5.77 g of light yellow crystals, m.p. 99-103°.

One recrystallization from asbsolute alcchol gave 1.25 g of cream cclored

* The author is indebted to Simon Yu for his supply of this re-
agent.
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sof't erystals, m.p. 107-108.5° (reported35 m.p. 106.5°).

Synthesis of 9-Phenyl-9-n-propylfluorene

9-Phenylfluorene

36

This hydrocarbon was prepared following the procedure of Kliegl.
The reaction of 21.04 g (0.0809 mole) of triphenylcarbinol with 47.88 g
of 85 percent phosphoric acid gave 15.31 g (0.0633 mole, 78.2 percent
yield) of orange solid, m.p. 138-14L4° (with premelting at 100°). One re-
crystallization from absolute alcohol gave 2.405 g of pink crystals, m.p.

148-150° (reported melting point for 9-phenylfluorene: 145.5°).

9-Phenyl-9-n-propylflucrene

This hydrocarbon was prepared following a modified genersal proce-
dure of Hauser.37 In the first attempt, to potassium amide, prepared from
0.777 g (0.0199 g-atom) of potassium in 200 ml of anhydrous commercial li-
guid ammonia under nitrogen atmosphere, was added §-phenylfluorene (2.40
g, 9.94% mmole) in 100 ml anhydrous ether over g period of ten minutes.

The orange colored scolution was stirred for 20 minutes and a solution of
3.8 ml of n-propyl chloride in 50 ml ether was added dropwise over a perilod
of 15 minutes. The regulting sclution was stirred for another 20 minutes.
Since no color change was observed, additional n-propyl chloride (10 ml)

was added over a period of five minutes and stirring was continued for an

additional 150 minutes. No obvious cclor change was observable. Solid

(36) A. Kliegl, Ber., 38, 284 (1905).

(37) W. S. Murphy and C. R. Hauser, J. Org: Chem., 31, 85 (1966).
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ammonium chloride {1.07 g, 0.02 mole) was added and the resulting solution
was stirred for 30 minutes. After removing ammonia, 200 ml of water was
added to the residue and the mixture was extracted with ether to give 2.46
g of orange solid, m.p. 133-145°. One recrystallization of this orange
solid from ethanol gave 1.T71l4 g of essentially pure 9-phenylfluorene, m.p.
148-150°, and 0.186 g of less pure material, m.p. 146-148°,

In the second run, & solution of 1.667 g (0.00689 mole) of 9-phenyl-
fluorene recovered from the previous run in 100 ml dry ether was added over
& period of ten mirutes into a solutién of potassium amide prepared from
2.86 g (0.0733 g-atom) of potassium in 200 ml of dry ammonia. The result-
ing brown solution was stirred at reflux ammonia for 55 minutes, while no
evidence of additicnal darkening in color was observable. A solution of
7.5 ml (0.0823 mole) of n-propyl bromide in an equal volume of anhydrous
ether was then addel dropwise over a period of 20 minutes. No obvious
color change was observable. The resulting solution wag stirred for an-
other two hours, and, while there was no appreciable color change, dry
ether {100 ml) was added and liquid ammonia was allowed to evaporate over
a pericd of 55 minutes. Then, 10 ml more of n-propyl bromide was added
and the color of the resulting sclution seemed to gradually disappear
over a period of ten minutes. Stirring was continued for another two and
a half hours. Ammordium chloride (4.0 g, 0.074 mole) was added to decom-
pose unreacted potessium amide. The usual work up gave 1.631 g of light
yellow crystals (83.7 percent yield) which was washed with petroleum ether
to give 0.896 g of white solid, m.p. 112-115° (some melted at 100°). From
the petroleum ether solution was recovered 0.767 g of light yellow solid,

m.p. 45-100°. The above 0.896 g of white solid was recryétalliZed from

i
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ethanol to give 0.716 g of colorless crystals, m.p. 115-116°.

Reaction of 4-Chloro-l,1,l-triphenylbtutane with Lithium at -60°

In run 1, the reaction of lithium with 4-chloro-1,1, L-triphenyl-
butane wag carried out according tc the procedure of Grovenstein and Wil-
1iams.t Tetrahydrofuran (250 ml)} was distilled from NaAlH), directly into
a 500 ml Merten flask equipped with a Morton high-speed stirrer. Under an
atmosphere of nitrogen, 0.63 g (0.090 g-atom) of lithium and 0.1 ml of
methyl iodide were added. After cooling to -15°, about 4 ml of a solu-
tion of 8.86 g (0.0276 mole) of 4-chloro-1,1, l-triphenylbutane in 35 ml of
dry tetrahydrofuran was added. The mixture bturned pink after stirring at
-7 £ 5° for 37 minutes; the solution changed to orange in ten minutes.

The temperature was lowered to -60° and the remainder of the chloride was
added dropwise over a period of 15 minutes. The reaction mixture was
stirred at -60 £ 5° for three hours. The solution was allowed to warm to
-40° and was stirred at this temperature for one hour; then the reaction
mixture was forced onto pulverized solid carbon dioxide. The next day,
200 ml of water was added to decompose the remainder of the lithium and

then the sclvents were remeved in vacuo at steam-bath temperature. The

residue was extracted with ether and ether extract was evaporated to dry-
ness to give 6.23 g of neutral material (approximately 2 g of the neutral
material was lost due to spillage during evaporation), which was washed
with pentane to give 4.06 g of solid, m.p. 126-131° (mixed m.p. with 4-
chloro-1, 1, 1-triphenylbutane 128-130°). Acidification and extraction with
ether gave, in the ether extract, 0.39 g of crude acids, m.p. 212-245°,

In run 2, reaction between L-chloro-1,1, l1-triphenylbutane’'and 1i-
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thium metal at -60° was carried out on the same scale and by the same
technique as in run 1. Approximately half of the chloride was lost during
the reaction because of stopcock loosening. The remainder of the chloride
was added at -50° over a period of 1C minutes. The reaction mixture was
stirred at -58° for three hours and 15 minutes before carbonation. After
removing the unreacted lithium by filtration, 200 ml of water was added
and the reaction mixture was worked up in the same manner as the first rumn.
The yield was 3.03 g of neutral material and 1.22 g of acidic material,
m.p. 180-230°. One recrystallization of the acidic material from benzene
gave 0.864 g of acid, m.p. 222-225° (with decomposition); a second recrys-
tallization from benzene yielded 0.609 g of acid, m.p. 221-224° (with de-
composition). A 0.247 g portion of this acid was recrystallized from 95
percent ethanol followed by vacuum sublimation at 50 microns pressure and
at 180° oil-bath temperature to give 0,139 g of acid, m.p. 221-223,5° (with
decomposition). Another sample of 0.362 g was recrystallized from benzene
to give 0.113 g of the material, m.p. 223-224° (with decomposition).

[Mixed m.p. of this acid with authentic 5,5, 5-triphenylpentancic acid:
223-224° (soften ca. 220°)]

In run 3, a small portion of 7.53 g (0.0235 mole) of UY-chloro-1,1,1-
triphenylbutane in 25 ml of tetrahydrofuran and ¢.20 ml of methyl iodide
were added to 0.51 g of lithium in 250 ml of tetrahydrofuran. After 78
minutes of stirring at -5 + 5°% the solution turned pink and then red.

The stirring was continued at -5° for three hours and 43 minutes. The
reaction temperature was lowered to -60° and the remainder of the chloride

was added over a period of 25 minutes. Stirring was continued for an ad-
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ditional three hours at -60 * 5°, The reaction mixture was then allowed
to warm with stirring to -5 * 5°.and stirred at 0° for two hours before
carbonation; The usual workup yielded 1.28 g of acidic material, m:p.
207-220° and 7.21 g of neutral material. One recrystallization of the
acidic material from benzene gave 0.489 g of acid, m.p. 217-223° (mixed
m.p. of this acid with that obtained in the second run showed no depres-
sion). A second recrystallization of 0.395 g of this acid from benzene
gave 0.249 g of acid, m.p. 217-222°. One recrystallization of the neutral
material from acetone gave 1.35 g of white crystals, m.p. 115-124°,

In run h,* about one-tenth of 10.0 g (0.0311 mcle) of U4-chlorc-
1,1, 1-triphenylbutane in 70 ml tetrahydrofuran and 0.20 ml of methyl
iodide were added 4o 0.644 'g (0.0925 g-atom) of lithium in 250 ml of
tetrahydrcfuran at -10°. The mixture was stirred at -5 * 5° for four
hours and 40 minutes and & pale color appeared. The reaction temperature
was lowered to -60° and the remainder of the chloride was added over a
period of h0 minutes. Stirring was continued for four more hours. The
reaction mixture was then allowed to warm to 25° and stirred at 25 £ 2°
for two hours folleowed by carbonation. This reaction yielded G§.11 g of
neutral material and 0.373 g of acidic material. This 0,373 g of acidic
material was methylated with diazomethane and analyzed by vapor-phase
chromatography. The chromatcography showed that the acidic material con-
tained 45.3 percent 5,5, 5-triphenylpentanoic acid and 11.7 percent of

an acid which was not triphenylacetic acid. Another major component,

% The flask was previously flame-dried under a stream of dry
nitrogen.
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which constituted 17.3 percent of the acidic material, was found not to
be 2,2, 5-triphenylpemtanoic acid. The vapor-phase chromatography of the
above 9.11 g of neutral material showed it contained 86.5 percent 1,1, 1-
triphenylbutane, 10,11 percent &-chloro-1,1,l-triphenylbutane and 3.38
percent l,l;h-triphenylbutane or 1,1-diphenyl-1, 2, 3, k-tetrahydronapthalene
(see Table 1). The identifications are based on VPC method A A sample
of 2.0k g of this neutral material was vacuum sublimed at 10 microns and
103° to give 1.23 g of white solid material, m.p. 55-74°. One recrystal-
lization of a sample of 1.13 g of this solid material from absolute
ethancl gave 0.675 g of colorless crystals, m.p. T4-79°. Second recrys-
tallization of a sample of 0.520 g from absolute ethanol gave 0.433 g,
m.p. 77-79°. This purified hydrocarbon was further identified zs 1,1,1-
triphenylbutane by comparisons of m.p., mixed m.p., and infrared spectrum

with an authentic sample.

Reaction of 4-Chloro-1,1, 1-triphenylbutane with Potassium

and Sodium-Potassium Allocy

In run 1, into a 500 ml Morton flask (previously flame dried under
a stream of dry nitrogen), equipped with a Morton high-speed stirrer, a
Vigreux column, and & dropping funnel, was distilled from lithiuwm aluminum
hydride 25 ml of tetrahydrofuran, which had heen previcusly dried over
sodium wire. To the flask was added 3.44 g (0.0882 g-atom) of freshly
cut potassium metal. The apparatus was kept under a nitrogen atmosphere.

The solvent was heated to the boiling point, stirring was started, and

* Bee Instrumental Analyses.




Table 1. Vapor-Phase Chrematographic Analyses of Products
Resulting from Reaction of 4-Chloro-1,1, l-triphenyl-
butane and Lithium in Tetrahydrofuran at 25° (Run L)

L6

VPC conditions usecd: Temperature,

B. HNeutral Material

1.000 86.52
1.34 3.37
1.87 10.11

[28]

[31]

[32]

anoic Acid

Relative hrea, Code No. Tdentification (Method)
Retention Percent (Method)
Time
A. Acidic Materisl (as Methyl Esters)
0.300 3.70 [4] (A)
0.375" (5] (B)
0.400 [6] (B)
0. 475 17.27 (8] (B)
0.575 (9] ()
T 0.725 2 47 {10l (B)
1.000 11.73 [11] (A)
1.675 17.27 (13] (a) Not 2,2, 5-Triphenyl- (A)
pentanoic Acid
2.075 46.30 [15) (&) 5, 5, 5-Triphenylpent- (A)

289°; Flow 4, 24 mm; Pressure 30 1b/inZ

(4)
(4)

(4)

1,1, I-Triphenylbu-
tane

1, 1, 4-Triphenylbu-~
tane or 1,1-Diphenyl-
tetrahydronaphthalene
h.Chloro-1,1, 1-tri-
phenylbutane

(a)
(4)

(4)

VPC conditions used: Temperature, 272°; Flow A, 33 mm; Pressure 30 lb/inz
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the mixture was refluxed for 50 minutes. A solution of 10.08 g (0.031k
mole) of 4-chloro-1,1,1-triphenylbutane in 70 ml of dry tetrahydrofuran
wag then added cver.a period of 10 minutes. The first portion of the
halide added caused the solution to turn a.deep red which then changed to
a final color, which was like that of bromine. After cooling to room
temperature in ten minutes, the contents of the flask were forced onto

a large excess of crushed solid carbon dioxide. A 300 ml portion of ab-
solute ethanol was added to destroy any unreacted potassium. The next

day, solvents were removed under partial vacuoc and the residue was ex-

tracted with ether. The ether extract was evaporated to dryness to glve
9.49 g of a white semi-solid. Gas chromatography of this neutral frac-
tion showed it contained 83.8 percent of 1,1-diphenyl-1,2, 3,4 tetra-
hydronaphthalene, 14.2 percent of 1,1,1l-triphenylbutane, ©.78 percent
of 1,1-diphenylbutane, and .39 percent of triphenylmethane. The iden-
tifications of the first twe compounds were performed by VPC method Aj
the latter two compeounds were ildentified by VPC method B*V(see Table 2).
The possible presence of 1,1, 4-triphenylbutane cannot be excluded be-
cause this compound has the same retention time as 1,1-diphenyl-1,2,3,L-
tetrahydronaphthalene and a mixture of equal quantity of these two com-
pourds shows only one peak under the VPC conditions investigated.

The aquecus portion was acidified with 10 percent HCl. Ether ex-
traction gave 1.08 g of an oily acid mixture which was converted into
the methyl esters and analyzed by vapor-phase chromatography (see Table

2). This chromatography showed that the acidic material contained only

* See Instrumental Analyses.




Table 2. Vapor-Phase Chromstographic Analyses of Products

Resulting from Reaction of 4-Chlore-1,1, 1-triphenyl-

L8

butare and Potassium in Refluxing Tetrahydrofuran (Run 1)

Relative Area, Code Na. Identification (Method)

Retention Peraent, (Method )

Time

A. Acidic Material as Methyl Esters

0.381 0.76 [5] (a) Diphenylacetic .Acid (a)

0.52k 4.53 (8] (A) 2, 2-Diphenylpent- (&)
ancic Acid

0.583 46,72 [9] {(a)

0.667 5.02 [10] (&)

1.000 2.66 [12] (4) Triphenylacetic Acid (A)

1.618 1.1k

1.785 5.70 [14] 2,2, 5-Triphenylpent- (a)
anoic Acid

2.095 28.50 [16] (a)

2.955 h.ob (18] (A)

VPC conditions: Temperature, 284°; Flow A, 24 mm; Pressure, 30 lb/in2

B. DNeutral Materisal

0.41
0.65
1.00
1.33

VPC conditions:

0.78
0.39
14.23
83.79

(2k] (B)
[26] (B)
{28] (a)
(31] (4)

1, 1-Diphenylbutane

1,1, 1-Triphenylbutane

1, 1-Diphenyl-1,2, 3, k-
tetrahydronaphthalene
(and possible 1,1, 4-
triphenylbutane)

(B)

(A)
. (A)

Temperature, 272°; Flow A, 33 mm; Pressure, 3¢ 1b/in2
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4,5 percent 2,2-diphenylpentanoic acid, 27 percent triphenylacetic acid
and 5.7 percent 2,2,5-triphenylpentancic acid. The identifications were
performed by VPC method A.* A sample of 7.31 g of the neutral material
was vacuum sublim=d at 300 microns pressure and 102° to give 3.71 g of
white solid, m.p. 80-115°. One recrystallization of 1.89 g of this
hydrocarbon from absolute ethanol gave 1.108 g of 1,1-diphenyl-1,2, 3, k-
tetrahydronaphthalene, m.p. 125-126° (reported29 m.p. 125°). This com-
pound was further confirmed by m.p., mixed m.p., and infrared spectral
compariscons with an authentic sample prepared by the method of Linstead29
and nuclear magnetic resonance spectroscopy- Nuclear magnetic resonance
spectrum of the isolated hydrocarbon showed 15.3 hydrogen atoms at 2.88 1
(aromatic), 4.2 hydrogen atoms at 7.3 T (methylene) and 2.6 hydrogen atoms
at 8.3 1 (methylene}.
In run 2, tetrahydrofuran (300 ml) was distilled from sodium

aluminum hydride into the usual apparatus (previously flame-dried under

a stream of dry nitrogen) for organoalkali metal reactions. To the flask
was added 3.3 g (0.0085 g-atom) of freshly cut potassium metal. The
apparatus was kept under an atmosphere of nitrogen. The solvent was
heated tc the beiling point, stirring was started, and the mixture was
refluxed for 45 minutes. A solution of 10.0 g (0.0311 mole)} of Lk-chloro-
1,1, 1-trivhenylbutene in 75 ml of tetrahydrofuran was added dropwise over
& period of 30 minutes. (The first half of the halide added caused the
solution to turn deep red and the final color was like that of bromine.)

The resulting sclution was stirred at reflux for 75 minutes and then al-

* See Instrumental Analyses.
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lowed to cool to room temperature before carbonation. The next day, 250
ml of 95 percent =thanol was added to destroy unreacted potassium. After

removing the solvents in partial vacuo, some brown olly material was ob-

tained which was acidified with 10 percent HCl and extracted with one 250

ml and three 150 ml portions of ether. The ethereal extracts were combined

and extracted with one 150 ml, one 100 ml, and two 70 ml portions of five
percent scdium hydroxide solution. During the extractions some cily ma-
terial appeared between the {wo main phases and was insoluble in either
phase.

The agqueous portion wag acidified and extracted with ether to give
some brown oily material which was recrystallized from benzene and pentane
to give 0.187 g of grey solid, m.p. 263-285° (with decomposition), 0.83 g
light yellow solid, m.p. 130-160°, 0.258 g orange colored solid, m.p. 15L-
160°, and 1.18 g of tarry material. A sample of 0.64 g of the solid with
m.p. 130-160° was recrystallized from benzene to give 0.061l g of white
so0lid, m.p. 285-286° (with decomposition).

The oily material which was between the neutral ether layer and the
acidic aqueous layer was acidified with 10 percent HCl and extracted with
ether to give 4.82 g of brown tarry material. Recrystallizations of this
tarry material from cyclohexane gave O0.40 g of brown solid, m.p. 115-130°,
0.018 g of white sclid, m.p. 285-295°, and 1.1 g of yellow solid, m.p.
ca. 90°. The vapor-phase chromatography of a mixture of equal proportion
of each of these fractions showed that it contained 5.5 percent of tri-
phenylacetic acid, 3.3 percent of 2,2, 5-triphenylpentanoic acid, 16.C
percent of an acid which was proved to be not 5,5, 5-triphenylpentancic

acid, and 38.1 percent of an acid which had a higher retention time than
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that of 5,5,5 triphenylpentanocic acid. The identifications were performed
by VPC method A.*

In run 3, liquid sodium-potassium alloy was prepared in the usual
apparatus** from 10.3 g of potassium and 3.1 g of sodium in 250 ml of
tetrahydrofuran, heated at reflux with stirring. The mixture was cooled
to ice bath temperature (approximately 1%) and a solution of 10.0 g
(0.0311 mole) of k-chloro-1, 1, l-triphenylbutane in 7C ml of tetrahydrofuran
was added over a period of 40 minutes. The first pdrtion of halide added
caused the solution to change from grey to red and finally to a color
like that of bromine. The mixture was stirred at ice bath temperature for
an additional hour and then carbonated. The usual work-up of the reactiop
mixture yielded 3.00 g of a light yellow sticky neutral material and 3.6k g
of an acidic material (sdme 3.4 g of acidic material was lost because of
gpillage during evaporation of the solvents). The above 3.00 g of hydro-
carbon was analyzed by vapor-phase chromatography and found to contain
31.5 percent 1,1-d:phenyl-1,2, 3, k-tetrahydronaphthalene and/or 1,1, b-tri-
phenylbutane, 15.0 percent unreacted h-chloro-l,l,l-triphenylbutaﬁe (vec
method A*); A sample 6f 0.742 g of the acidic material was esterified
with diazomethane snd analyzed by vapor-phase chromatography. This chro-
matography showed that the acidic material contained 21.9 percent 2,2-
diphenylpentanoic acid, 3.7 percent triphenylacetic acid and 5.5 percent

*
2,2, 5-triphenylpentanoic acid (VPC method A ){see Table 3).

*¥ Bee Instrumental Analyses.

¥¥% Previously flame-dried under a stream of dry nitrogen.
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Table 3. Vapor-Phase Chromatographic Analyses of Products
Fesulting from Reaction of 4-Chloro-1,1,l-tri-
rhenylbutane and Sodium-Potassium Alloy in Tetra-
hydrofuran at 15° (Run 3)

Relative Area, Code No. Identification (Method ) [
Retention Percent {Method )
Time |
A. Acidic Material (as Methyl Esters) )
0.16
0.18
0.51" 1.22
0.32
0.39 0.61 (6] (B)
0.45 21.95 181 (A) 2, 2-.Diphenylpent- (A)
anoic Acid
0.52 38,40 (9] (&) ‘
0.62 15.85 (10] (&) :
0.8k ¢.61 i
1.00 5.66 (127 (a) Triphenylacetic Acid (4) ) |
1.96 .49 [14] (A) 2,2, 5-Triphenylpent- (4) i
anoic Acid
2.30 12.19 [16] (A) Not 5,5, 5-Triphenyl- (4) ‘

pentanoic Acid |

VPC conditions used: Temperature, 272°; Flow A, 33 mm; Pressure 30 1b/in®

B. Neutral Material |
0.21 [21] (B) l
0.22} 35-2 [22] (B) !
0.57 2.9 [25] (B) Triphenylmethane (B) |
0.67 1.9 (26] (B) P
0.89 4.8 ~[27] (B) f
1.00 Trace (28] (B) 1,1, 1-Triphenylbutane (B) -
1.3% 31.5 [31] (A) 1, 1-Diphenyl-1, 2, 3, 4- (4) i
tetrahydronaphthalene®
1.77 15.0 [32] (&) 4-Chloro-1,1, 1-tri- (A)
phenylbutane

VPC conditions used: Temperature, 272°; Flow A, 33 mm; Pressure 30 lb/in2

* ' The possitle presence of 1,1, k-triphenylbutane could not be ex-
cluded becesuse this compound has the same retention time as 1, 1-diphenyl-
1,2, 3, b-tetrahydronaphthalene and a mixture of equal quantity of these two
compounds shows only one peak under the VPC conditions investigated.
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Reaction of L-Chloro-1,1,l-triphenylbutane with Cesium

and Cesium-Potassium Alloy

*
The apparatus and general procedure for conducting the reactions

with cesium were similar tco those for the potassium experiments. In run 1,
into 250 ml of freshly distilled tetrahydrofuran was placed 4.09 g (0.0308
g-atom) of cesium metal. The solution was blue when stirring was started.
The solvent was heated to 50° over a 50 minute period and was stirred at
40 + 5° for 35 minutes; 5.0L g (15.6 mmole) of M-chloro-1,1,l-triphenyl-
butane was dusted into the reaction mixture over a period of four minutes
at 33°. The first portion of the halide added caused the solution to turn
brown and finally dark red. The mixture was stirred at 40° for an addi-
tional 11 minutes before carbonation. The next day, 200 ml of water was
added and, the mixture was worked up in the usual manner to give 1.22 g of
acidic material and 3.98 g of neutral product. A sample of 0.14l g of

the acidic materiasl was converted into methyl esters and subjected to
vapor-phasge chrometography. The acidic material contained 6.4 percent

2, 2-diphenylpentanpic acid, 4.8 percent triphenylacetic acid, and 6.1 per-
cent 2,2, 5-triphenylpentanoic acid. The above 3.99 g of neutral material
was analyzed by vapor-phase chromatography and found to contain 45.1 per-
cent 1,1, 1-triphenylbutane, 35.3 percent 9-phenyl-9-n-propylfluorene, and
7.84 percent 1, 1-diphenyl-1,2, 3, 4-tetrahydronaphthalene or 1,1, k-tri-
phenylbutane {(see Table 4}, The identifications were performed by VPC

*%
method A.

¥ Previously flame-dried under a stream of dry nitrogen.

*#¥* See Instrumental Analyses.
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VPC conditions used:

B. DNeutral Materisl
€.

0.21
0.42

1.000
1.050

1.kes5

[y
-

45,
35.

Table 4. Vapor-Phase Chromatographic Analyses of Products
Resulting from Reaction of 4-Chloro-1,1,1-Triphenyl-
butane and Cesium in Tetfahydrofuran at 35° (Run 1)
Relative Lirea, Code No. Identification (Method)
Retention Percent (Method )
Time
A. Acidic Material (as Methyl Esters)
©0.34 1.61 [5] (B) Diphenylacetic (B)
0.40 6.45 [8] (a) 2, 2-Diphenylpent- (&)
‘ anoic Acid
0.66 3.22 [10] (&)
1.00 k. 8L (12] (&) Triphenylacetic Acid (A)
1.61 25. 45 [13] (&)
1.90 5.12 [14] (A) 2,2, 5-Triphenylpent- (A)
anoic Acid
2.25 35.15 [17]
3.08 16.13 [19]

Temperature, 278°; Flow A, 33 mm; Pressure, 30 1lb/in®

65

11

10
30

7.8l

(211 (A)
[23] (A)

Not 1, 1-Diphenylbutane

concelvably 9-Propyl-
fluorene®

1,1, 1-Triphenylbutane

9~Phenyl-9-n-propyl-
fluorene

1, L-Diphenyl-1, 2, 3, k-
tetrahydrongphthalene
(or 1,1, 4-triphenyl-
butane)

(&)

(4)
(4)

(4)

VEC conditions used: Temperature, 273%; Flow A, 31-35 mm; Pressure

30 1b/in2

*  Compound unavailable for confirmation.

k|
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In run 2, liguid cesium-potassium alloy was prepared in the usual
apparatus (previously flame-dried under a stream of dry nitrogen) from
1.16 g of potassium and 3.93 g of cesium in 250 ml of tetrahydrofuran,
heated at reflux with stirring. The solution changed from blue to greenish-
black when the heating commenced. After heating at 33 * 5° for one hour,
the mixture was cooled to 30° and 4.45 g (13.9 mmole) of the chloride in
50 ml of dry tetrahydrofuran was placed in the dropping funnel attached
to one of the side arms of the reaction vessel. The apparatus was swept
with dry nitrogen for five minutes and then the mixture was cooled to -25°
in 16 minutes. Aec the chloride solution was added dropwise over a period
of 30 minutes, the solution turned red and this color developed into a
color like that of bromine. The stirring was continued at -25 + 3° for
an additional 34 minutes before carbonstion. The‘next day, 50 ml of ab-
solute ethanol was added to decompose unreacted metals and the mixture was
worked up in the usual mammer to give 0.78T7 g of neutral material, and
some oily acidic material which gave, after seven hours of drying in a
vacuum desicator, %.15 g of light yellow powder, m.p. 70-160°.

This acidic material and the neutral material were analyzed by
vapor-phase chromatography and the results are given in Table 5. A sample
of 3.7 g of this acidic material was converted into the methyl esters by
diazomethane and subjected to preparative vapor-phase chromatographic
separation to give as a first fraction 0.1 g of an oily material, which
was not further investigated. A second fraction (retention time related
to methyl triphenylacetate: 0.40) of 0.30 g, m.p. 90-105°, was vacuum
sublimed at 60 microns and 67° to give 0.22 g of colorless crystals, m.p.

106-112° (premelted at ca. 93°). Several recrystallizations of this methyl
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Table 5. Vapor-Phase Chromatographic Analyses of Products Resulting
from Reaction of 4-Chloro-1,1, l-triphenylbutane and Cesium-
Potassium Alloy in Tetrahydrofuran at -25 * 3° (Run 2)

Relative Area, .Code No. Tdentification {Method)
Retention Percent (Method )
Time

A. Acidic Materisl (as Methyl Esters)

0.15 8.43 (1] 4-Phenylbutanoic Acid (B)

0.21 11.23 [2]

0.28 3.27 (4] (&) Not diphenylacetic Acid  (A)

0.40 33.35 [7] (&) Not 2, 2-Diphenylpent. (A)
anoic Acid

1.00 10.83 (12] (&) Triphenylacetic Acid (&)

2.02 14.05 [14] (A) 2, 2, 5-Triphenylpent- (A)
anoic Acid

2.45 7.63 (16] (A) Not 5,5,5-Triphenyl- (A)
pentanoic Acid

2.83 2.05 (18] (a)

5.75 G.2L [20] (&)

VPC conditions used: Temperature, 273°; Flow A, 33 mm; Pressure, 30 lb/in2

B Neutral Material

0.21 2.10 [21] (4) Diphenylmethane (B)

0.22 1.15 [22] (&)

0.40 54%.5 [23] (4) Not 1,1-Diphenylbutane (4)

’ Conceivably 9-Propyl-

fluorene®

0.58 L1.63 (25] (B) Triphenylmethane (B)

0.6k L.63 [26] (B)

0.88 0.81 [27] (B)

1.00 21.0 [28] (&) 1,1, l-Triphenylbutane (A)

1.05 8.25 [26] (a) 9-Phenyl-9-n-propyl- (A)
fluorene

1.33 8.94 [31] (a) 1, 1-Diphenyl-1, 2, 3, 4- (&)

tetrahydronaphthalene
(or 1,1, k-Triphenyl-
butane )

VPC conditions used: Temperature, 274°; Flow A, 33 mm; Pressure 30 lb/in2

¥ Compound unavailable for confirmation.

1
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ester [7] from absolute alcohol gave 0.11 g of sheet-like colorless crys-
tals, m.p. 118.5-119.5°. A purified sample of melting point 119.0-119.8°
was analyzed for ,H contents and molecular weight..

Agg;;*'Calcd.for Cth1202: C, 79.23; H, 5.70; Mol. Wt. 212. <(Calcd.
for Cl5H1202: C, 80.3%; H, 5.39; Mol. Wt. 224. Galecd. for C
79.62; H, 6.25; Mol. Wt. 226.

15540° ©

Found: C, T79.43; H, 5.85; Mol. Wt. 20k.

A third fraction (retention time 4.7, relative retention time 1.00, com-
pound [12]) of 0.18 g of glassy material was recrystallized from ethanol-
pentane to give 0.026 g, m.p. 187-189° which after further purification was
identified as methyl triphenylacetate by comparisons of m.p., mixed m.p.
with an authentic sample, and nuclear magnetic resonance. Nuclear magnetic
resonance showed that it had 14.5 hydrogen atoms at 2.6 ¢ (aromatic) and
3.5 hydrogen atoms at 6.0 7 (methoxy). A fourth fraction of 1.18 g of

olly material was subjected to a second preparative vapor-phase chromato-
graphic separation to give six fractions, among which only the last frac-
tion of 0.082 g, m.p. 140-179°, was purified to give 0.018 g, m.p. 192.5-
196°,

In run 3, liquid cesium-potassium alloy prepared as above from L.65 g
of cesium and 1.29 g of potaésium was treated in 250 ml of tetrahydrofuran
at -30° with 4.51 g of solid U-chloro-1,1,1-triphenylbutane by adding the
latter to the solution over a periocd of 10 minutes. The chloride was not

completely dissolved. The stirring was continued at -26 * 3° for an addi-

{ :
¥  Analysis by Galbraith Leboratories, Inc., Knoxville, Tennessee,

i
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tional TO minutes and then the mixture was forced onto crushed solid car-
bon dioxide. The usual work-up gave 0.804 g of neutral material and
1.06 g of acidic material. About two-thirds of the acidic material was
lost because of gpillage during the ether extractions. Vapor-phase chro-
matographic analyses of the neutral material and the acidic material (as
methyl esters) are given in Table 6.

In run 4 of the cesium metal reaction,* 5.80 g (0.0443 g-atom)
of cesium metal in 250 ml of tetrahydrofuran was heated to 48° with stir-
ring for one hour and then cooled to -10°; the solution was blue when the
temperature was 32° and it turned a yellowish green at higher temperatures.
A1.48 g (5.93 g-atom) portion of potassium was added in four pieces at
-10° and the apparatus was swept with nitrogen. The mixture was heated
to 54° and stirred at 46 * L° for one hour and then the temperature was
lowered to -40° in 35 minutes. A solution of 5.93 g {18.5 mmole) of the
chloride in 30 ml ether solution was added over a period of 30 minutes and
stirring was continued at -41 * L4° for 30 minutes before carbonation. The
additicn of the first portion of the halide turned the solution deep red.
Near the middle of the halide addition, some tiny particles of metal were
obgerved. The mixfure was brown and became viscous below -35°. The usual
work-up gave 5.51 g of acidic material and C.846 g of neutral material.
Vapor-phase chromatographic analysis of the acids (as methyl esters) is

given in Table 7.

*
In run 5, the reaction of 6.12 g of L-chloro-1,1, 1-triphenylbutane

*¥ The flask was previously flame-dried under a stream of dry
nitrogen.
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Table 6. Vapor-Phase Chromatographic Analyses of Products Resulting
from Reaction of k-Chloro-1,1, 1-triphenylbutane and Cesium-
Potassium Alloy in Tetrahydrofuran at -26 * 3° (Run 3)

Relative hrea, Code No. Identification {Method)
Retention Percent (Method)
Time

A. Acidic Materizl (as Methyl Esters)

0.20 777 (1] (B) L-Phenylbutanoic Acid (B)

0.22 3.02

0.25 7.34

0.28 1.72 [4] (B)

0.31 0.90

0.37 1.29

0.45 23.73 (71 (a) Not 2, 2-Diphenylpent- (A)
anoic Acid

0.64 0.65

0.75 0.65

1.00 3.89 [12] (a) Triphenylacetic Acid (A)

1.26 2.97

1.82 0.97 |

1.96 19.46 [14) (a) 2,2, 5-Triphenylpent- (4)
anoic Acid

2.36 8.4 [16] (4)

3.18 1.30

3.95 7.1k

5.15 10.72 [20] (B)

VPC conditions upsed: Te?perature, 273%; Flow A, 33 mm; Pressure, 30
' 1b/in?
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Table 6. Vapor-Phase Chromatographic Analyses of Products Resulting

from Reaction of 4-Chloro-1,1,l-triphenylbutane and Cesium-
Potassium Alloy in Tetrahydrofuran at -26 * 3° (Run 3)
(Concluded)

Relative Area, Code No. Identification (Method)

Retention Percent (Method)

Time

B. DNeutral Mater:ial

0.18 1}

0.24 7.86

0.29 2.2k

0.41 47,15 [23] (A) Not 1, 1-Diphenylbutane (A)

_ conceivably Q-propyl-
fluorene™

0.56 3.37 [25]

0.66 16.85 [26] Triphenylmethane (A)

0.88 2.2k (27) (B)

1.00. 6.74 [28] (A) 1,1, 1-Triphenylbutane (A)

1.07 3.37 [29] (B) 9-Ph-9-n-pr-fluorene (B)

1.32 10.11 [31] (&) 1, 1-Diphenyl-1, 2, 3, 4- (&)

tetrahydronaphthalene
(or 1,1, k-triphenyl-
butane )

VPC conditions used: Temperature 273°; Flow 4, 33 mm; Pressure 30 1b/in?

% Compound unavailable for confirmation.
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Table 7. Vapor-FPhase Chromatographic Analysis of the Methyl Esters
of the Acidic Material Resulting from Reaction of 4-Chloro-
1,1, l-triphenylbutane and Cesium-Potassium Alloy in Tetra-
hydrofuran at -41 + 4° (Run &)

Relative Area, Code No. Identification (Method)

Retention Percent (Method )

Time

0.31 0.28

0.40 3,04 2, 2-Diphenylpentanoic (A}
Acid

0.50 0. 41

0.62 0.14

1.00 13.81 [12] (B) Triphenylacetic Acid (4)

1.46 0.14

1.70 1.24

2.1k 27.64 [14] (B} 2, 2, 5-Triphenylpent- (A)
ancic Acid

2.60 32.05 (16] (B)

2.90 5.53 [18] (B)

3.20 1.80

3.60 1.10

L.oo 1.10

4.60 3.87

5.20 1.10 f20] (B)

6.10 6. 77

VPC conditions used: Temperature 275°; Flow A, 33 mm; Pressure 30 1b/in2
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with cesium-potassium alloy made from 5.72 g of cesium and 1.47 g of
potassium was carried out in the usual manner at -4%0°. The deep colored
golution was stirred at -42 £ 2° for 30 minutes and then 50 ml of methanol
was added in one ninute; the red solution cleared immediately. An addi-
tional 4 ml portion of methanol was added to the mixture and stirring was
continued at -50° for 30 minutes. The next day, 100 ml of water was added
to the reaction mixture and the mixture was extracted with ether to give
5.64 g of crude product (92.14 percent yield). Vapor-phase chromatography
of this mixture stowed the presence of eight compounds, among which the
peaks of the four major components overlapped with each other (see Table 8).
Compound [28] was confirmed to be 1,1,l-triphenylbutane and compound [31]
was confirmed to be either 1,1-diphenyl-1,2, 3, 4-tetrahydronaphthalene (and/
or 1,1, L4-triphenylbutane) by VPC method I

One dehydrogenation of 0.257 g of this mixture By heating with 0.029
g of sulfur in 15 ml of dimethyl formamide at reflux for five and one-half
hours was attempted. After #ashing with water, the organic fraction was
evaporated to give 0.194 g of brown tar. This mixture was analyzed by
vapor-phase chromatography and found to contain essentially every compound
in the original mixture‘éxcept [29]. Another attempted dehydrogenation
of the above reaction mixture was carried ocut treating 0.209 g of the mix-
ture in 10 ml of m-dibromobenzene at 215° with 0.16 ml of 2.49 percent (by
volume) bromine solution in m-dibreomobenzene for five minutes, followed by

heating at 215° for two and a half hours. After extracting with 10 percent

¥ See Instrumental Aﬁalyses.
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Table 8. Vapor-Phase Chromatographic Analyses of Products Resulting
from Rzaction of 4-Chloro-1,1, l-triphenylbutane and Cesium-
Potassium Alloy in Tetrahydrofuran at -42° Followed by Ad-
dition of Methanol (Run 5)

Retention Area, Code No. Identification (Method)
Time Percent (Method)
{Minutes )
1.9 1.0
3.1 0.6
4. 6 0.4
S.h 0.2
7.h 1.2
9.2 c.8
10.5 31.8 (28] (A} 1,1, 1-Triphenylbutane (a)
10.9 30.3 [29] (A}  9-Phenyl-9-n-propyl- (A)
fluorene
11.5 20.2 [30] (B) conceivably 9-Phenyl-
9-n-propyldihydro-
fluorene
11.8 8.0 [31] (&) 1, 1-Diphenyl-1, 2, 3, k- (4)

tetrahydronaphthalene
(or 1,1, 4-Friphenyl-
butane)

VPC conditions: Temperature, 250°-% min; 250° to 300° at 10°/min;
300°-12 min; Flow A, 35 mm; Pressure, 50 1b/in®
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sodium bicarbonate and washing with water, the organic fraction was ana-
lyzed by vapor-phase chromatography and it was found to contain the same
major components as prior to treatment with bromine but in a different
composition {most of [29] disappeared). This mixture was again treated
with 0.3 ml more ¢f 2.5 percent bromipne solution in m-dibromobenzene for
an additional two and a half hours at 216°. Vapor-phase chromatography
showed no further change in composition. This mixture was mixed with
another batch of reaction mixture obtained from the treatment of 0.103 g
of the protonation mixture with the same bromination sclution at reflux
temperature for 24 hours. This mixture was evaporated to give 0.288 g
of brown tar. This tar was combined with C.186 g of the reaction mixture
obtained in the sulfur reaction mentioned above. The mixture was vacuum
sublimed at 100° and 50 micrens pressure to give 0.206 g of a semi-solid.
One recrystallization of 0.152 g of this vacuum sublimate from absclute
ethanocl gave 0.036 g of light yellow erystals, m.p. 113.0-113.8° (with
premelting at 105°).

In run 6, a solution of 6.65 g (20.7 mmole) of k4-chloro-1,1,1-
triphenylbutane in 30 ml of tetrahydrofuran was reacted with cesium-.
potassium alloy made from 6.39 g (0.0480 g-atom)} of cesium and 1.61 g
(0.0411 g-atom) of potassium at -45° in the usual manner* except approxi-
mately 10 percent of the halide was accidently added to the container at
room temperature before the reflux of the solvent. The reaction mixture

was stirred at -45 # 3° for 30 minutes and then forced into 110 ml of

* The flask was previously flame-dried under a stream of dry
nitrogen.
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methanol in a Dry-Ice-acetone bath at -55°. The temperature of both the
reaction vessel and the flask containing methanol was increased to ap-
proximately -30° due to the delay in operation. The mixture was neutra-
lized with a five percent HCl solution. The usual work-up gave 4.95 g of
white olly material. This crude product was analyzed by vapor-phase chro-
matography and the results are given in Table 9. A sample of 0.346 g of
this crude product was vacuum sublimed at 40 microns pressure and 100-
130° to give 0.233 g of sublimate, 0.199 g of which was recrystallized
from sbsclute ethsnol to give ¢.0390 g of crystals, m.p. 112.5-113.3°
(premelting ca, 1C¢7°) and 0.0308 g of pale yellow crystals, m.p. 113-115°.
Vaeuum sublimation of another 3.44 g of the reaction mixture at 100° and
10 microns gave 2.69 g of volatile material. One recrystallization of 1.90
g of this sublimate from absolute ethanol gave 0.843 g of a mixture of
colorless and light yellow crystals, m.p. 108-114°. A sample of 0.17k g
of this crystallins material was subjected to vacuum sublimation at 100°
and 10 microns to give 0.163 g of white crystals, m.p. 110-113°, of which
0.156 g was recrystallized from absolute ethanol to give 0.0357 g of
colorless crystals, m.p. 114.5-115.3°. A fairly pure compound, 0.0968 g,
m.p. 114.3-115.3° (with premelting ~ 113°), was recovered from the mother
liquor. A 0.0234 g semple of the material with m.p. 115-115.8° (compound
[29]) was used for C,H analysis.

*
Anal. Caled. for C C, 92.93; H, 7.09; Mol. Wt., 284,

2ef20’

* Anelysis by Galbraith Laboratories, Inec,, Knoxville, Tennessee.
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} Table 9. Vapor-Phase Chromatographic Analyses of Products Resulting
| from Reaction of 4-Chloro-1,1,l-triphenylbutane and Cesium-
] Potassium Alloy in Tetrahydrofuran at -30° tc -45° Followed
by Addition of Methanol (Run 6)
Retention Area, Code No. Identification (Method )
Time Percent (Method)
(Minutes)
1.9 2.6
3.1 1.1
h.6 3.3
7. 1.9
-10.5 9.5 [28] (A) 1,1, 1-Triphenylbutane (A)
10.9 54,7 - [29] )A) 9-Phenyl-9-n-propyl-
flucrene
11.5 15.0 {30] (B) conceivably 9Y-Phenyl-
9-n-propyldihydroifluc~
rene
11.8 10.9 {31} (a) 1, 1-Diphenyl-1, 2, 3, 4- (A)

VPC conditions:

tetrahydronaphthalene
(or 1,1, b-triphenyl-
butane)

Temperature, 250°-4 min; 250° to 300° at 10/min; 300°-12

min; Flow 4, 35 mm; Pressure 50 1b/in®
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Found: C, 93.37; H, 6.76; Mol. Wt., 268. (Molecular weight by
mass 5pectrometer,* 284 )

The nuclear magnetic resonance spectrum of compound [29] showed
a broad unsymmetricel peak at 9.15-9.45 1, which is assigned to an ethyl
group, a peak at 7.6-8.0 1, which is assiéned to the methylene group (a
peak at 7.3-7.5 1 was found in the present work for the methylene group
at C-2 in 1,1, 1-triphenylbutane) adjacent to the 9-phenylfluorene nucleus,
as well as complex absorption of aromatic hydrogens (see Table 10 in Chap-
ter V),

Compound [29] was finally identified as 9-phenyl-9-n-propylfluorene
by comparisons of melting point, mixed melting point (m.p. of a sample of
compound [29]: 114.5-115°, m.p. of a synthetic sample of 9-phenyl-9-n-
propylfluorene; 115-116°, mixed m.p. 114-115°), infrared spectra, and

ultraviolet spectra (see Tables 1l and 12 in Chapter V).

¥ Analysis by Department of Biochemistry and Nutrition, University
of Pittsburgh, Pittsburgh, Pennsylvania.
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CHAPTER V

DISCUSSION

ngtheses

4-Chloro-1, 1, 1-triphenylbutane

This chloride wes prepared in 29 percent yield from the reaction

of triphenylmethylsodium with trimethylene chloride

Na{Hg) .+ c1( cna);3c1

g€l ——— Phy'Na' T, PhCOHCH

Fh 3CCHCH,

CH,CL + Na'cl”

A yield of 63-68 percent was observed from the reaction of triphenyl-

*
methylscdium with l-bromo-3-chloropropane

Na(Hg) . +Cl(CH2)3Br o
Ph,CCL - Phy Na' ———— PhyCCHCH,CH,CL + Na Br

This chloride was further proved by C, B, Cl analysis and by the forma-
tion of 1,1, l-triphenylbutane in the alkali metal reactions.

5,5, 5-Triphenylpentanenitrile

This nitrile was prepared following the general procedure of Cope

and Mbhta.ll The reaction of L-chloro-1,1,l-triphenylbutane with sodium

*¥ This reaction was mentioned by Hughes and co-workers,lo but de-
taills were not given.
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cyanide in dimethylsulfoxide at room temperature gave 95-97 percent yield

of 5,5, 5-triphenylpentanenitrile

Ph..CCH,.CH,.CH tor-

3CCHCH, 2?1 + NaCN — Fh

3CCH2CH20H2CN + Na

This nitrile was further ldentified by C, H, and N analysis.

2; 9, 2-Triphenylpentenoic Acid

This acid was prepared by basic hydrolysis of 5,5, 5-triphenyl-

pentanenitrile. An average yield of 95 percent was observed.

KOH

CCH,,CH,CH,CN y Ph_CCH,CH.CH,C-0H
3 erere Ethylene glycol 3ee 28

Ph

Methyl 5,5, 5-Triphenylpentanoate

This methyl ester was prepared from the reaction of 5,5,5-tri-
phenylpentencic acid with diazomethane in diethyl ether. A T7 percent
yield of methyl 5,5, 5-triphenylpentancate was observed.

Ph3CCHECHEFH2002H + CH Né —_ Ph3CCH Cl CHECQEME + N2

2 2e
Et20

This methyl ester was further identified by C, H analysis.,

2, 2, 5-Triphenylpentanoic Acid
This acid was prepered following the synthetic route shown below.
A 30 percent yield of 1,1, 4-triphenylbutanol-1 was observed from the re-

action of benzophenone with 3-phenylpropyllithium. The reaction of 3-
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phenylpropylmagnesium bromide with benzophenone gave better yields (65

percent) of the carbinol:

PhCHECHecHELi

PhCHECHgCHQCPh2

PhCH,,CH,,CH MgBr ~~ Of

1-Methoxy 1,1, h-triphenylbutane was prepared following the modified general
procedure of Ziegler and co-workers.22 The reaction of 1,1, 4-triphenyli-
butancl-1l with methanol at room temperature gave 58.9 percent of 1l-methoxy
1,1, b-triphenylbutane. The drying of this methyl ether at room tempera-
ture and 45 microns pressure resulted in partial loss of methanol, ap-

parently because of the presence of tracesg of apid catalyst.

MeOH
R
X ],hCHQCHQCHECPh2 ——d PhCHQCHQCHECPh2
H,.50
2P
OH OMe

Cleavage of l-methoxy-l, 1, 4-triphenylbutane by potassium, followed

by carbonation, gave the desired acid in a 68.1 percent yield.

K
PhCHECHECHEfPha-a PhCHecHQCHECPh
Ome 002 |

PhCH CHE H

2

+1°

CPh

2 2] 2

COCH
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Four attempts teo synthesize this acid from the reaction of potas-
sium diphenyl acetic acld methyl ester with 3-phenyl-1l-chloro propane
were unsuccessful. This failure was apparently due to complicated side
reactions, such as the cleavage of the expected product by potassium amide,
rearrangement of the expected product, and the coupling reactions of the

organopotassium compounds with the halide.

Reactions

Reaction of 4-Chloro-1,1,1-triphenylbutane with Lithium

The reaction of lithium metal with 4-chloro-1,1,l-triphenylbutane

in tetrahydrofuran at -10° produced & pink solution which changed to

orange after stirring for another 10 minutes at - 7 + 5°, (A deep red
solution was observed by William52 from the reaction of lithium metal
with 2-chloro-1,1, l1-triphenylethane in the same solvent.) This solution
was stirred at -60° for three hours and, after no obvious color change
was observed, the reamction temperature was increased to -40° and stirring
was continued at this temperature for one hour followed by carbonation.
The acidic material, which had a melting point of 212-245°, constituted
only ca. four percent of the overall reaction mixture. Another reaction
wag run at a temperature of -58° for three and one-fourth hours and then
carbonated to give a 29 percent yleld of acidic material, 7O percént of
which was found to be 5,5,5-triphenylpentancic acid. A reaction of k4
chloro-1, 1, 1-triphenylbutane at -5 * 5° for five hours and at -60° for

an additional three hours followed by stirring at 0° for ancother two hours
gave, arfter carbonation, 15 percent of acidlc material which was mainly

5, 5, 5=triphenylpentanoic acid.
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A similar reaction was carried out at -60° for four and two-thirds
hours and was then warmed to 25° for two hours before carbonation. The
resulting four percent yield of éafboXYlic acids was shown to contain 46
percent 5,5, 5-triphenylpentancic acid and g complex mixture of unidenti-
fied acids. The 96 percent yield of neutral material was shown to con-
tain 87 percent 1,1, 1-triphenylbutane and 10 percent unreacted 4-chloro-
1,1, 1-triphenylbutane. Thus, kI, k-triphenylbutyllithium is decomposed
readily at higher temperatures to give 1,l,l-triphenylbptane before it
rearranges.

Reaction of 4-Chloro-1,1,l-triphenylbutane with Potassium and Sodium-

Potassium Alloy

The reacticn of 4-chloro-1,1,l-triphenylbutane with potassium in
beiling tetrahydrcfuran for a pericd of 20 minutes gave, after carbona-
tion, a 90 percent yield of neutral material. Vapor-phase chromatography
of this neutral materisl showed that it contained 84 percent of 1,1-di-
phenyl-1l, 2, 3, b-tetrahydronaphthalene, which was identified by nuclear
magnetic resonance spectroscopy, infrared spectroscopy, and melting point,
and mixed melting point comparison with the suthentic compound. The neu-
tral material also contained 14 percent of 1,1, 1-triphenylbutane. Ob-
viously, under the reaction conditions, most of the k4, k-triphenylbutyl
carbanion formed from the reaction of potassium and 4-chloro-l,lzl-tri—
phenylbutane cyclized intramolecularly, and the intermediate formed was
unstable and readily eliminated KH to give l,l—diphenyl—l,2,3,h-tetra;

hydronaphthalene.




T3

P
Ph- J: < ey 5
' (

Ph Ph Fh Fh
3 ~
-C'H? M @ -HE ‘ @5
¥ —_ ,
M
H

The remaining 14 percent of l,l,l-triphenklbdtane in .the neutral portion
is due to protonation of the 4, 4 b-triphenylbutyl enion by the solvent.

The reaction of h-chloro-l,l,l-triphenylbutane with potassium in
reflux tetrahydrofuran for 105 minutes followed by carbonation gave mainly
acidic material, but the recrystallization of this acidic material d4did not
give any appreciable amount of single compound. Obviously, the reaction
between U4-chloro-1l,1,l-triphenylbutane and potassium in reflux tetra-
hydrofuran was complicated due to proleonged reaction time.

The reaction of k-chloro-1,1,1-triphenylbutane with 1iquid sodium-
potassium alloy in tetrahydrofuran at 15° for 100 miﬁutes gave a higher
yield of acidic msterial (70 percent), but this acidic mixture was rather
complicated., Vapcr-phase chromatography indicated that 1t contained 22
percent 2, 2-diphenylvaleric acid, 3.7 percent triphenylacetic acid, and
5.5 percent 2,2, 5-triphenylpentancic acid. The neutral fraction contalned
15 percent of unreacted 4-chloro-1,1,l-triphenylbutane and 31 percent 1,1-
diphenyl-1, 2, 3, 4-tetrahydronaphthalene (and/or 1,1, 4-triphenylbutane) from
vapor-phase chromatography.

Reaction of h—Chloro-l,l,l-tripheqylbutane with Cesium and Cesium-Potassium

Alloy

The reaction of cesium metal with bk-chloro-1,1,1-triphenylbutane
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in tetrahydrofuran at 35° produced a deep red solution. This solution
was stirred at 4C° for 11 minutes and then carbonated. This reaction
gave a 20 percent yield of an acid mixture which consisted of 6.4 percent
2, 2-diphenylpentanoic acid, 4.8 percent triphenylacetic acid, 6.1 percent
2,2,5-triphenylpentancic acid, and a complex mixture of unidentified
acids. The neutral material contained 45.1 percent 1,1, 1-triphenylbutane;
35.3 percent 9-phenyl-G-n-propylfluorene and 7.8 percent 1,1-diphenyl-

1, 2, 3, b-tetrahydronaphthalene {end/or 1,1, 4-triphenylbutane). Triphenyl-
acetic acid apparently comes from triphenylmethyl anion which could re-
sult from cleavage of a carbon-carbon bond of the L, k4, 4-triphenylbutyl

anion by intramolecular cyclization of c¢yclopropane

CE,
CH,CH, Cs™ » Phccs’ + | / \

ere 3 CHQ—CHQ

Ph%CCH

, -+ H-0
Ph3C Cs + 002 — Ph3CCOEH
The 1,1, 1-triphenylbutane obviously resulted from the protonation of

L 4, h-triphenylbutyl snion by the solvent.

Further reactions of M-chloro-1,1,1-triphenylbutane with cesium
were carried out at lower temperatures to see if the yield of the acidic
material could be increased and if the reaction mixture could be simpli-
fied. The reaction was studied with liguid cesium-potassium alloy in
tetrahydrofuran at -25 * 3° and gave an 82 percent yield of acids and an

18 percent yield of neutral material. Vapor-phase chromatography of the
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acidic material (as their methyl esters) gave 28 + 5 percent of an acid
which displayed the same retention time as 2,2-diphenylpentanoic acid,

T t 3 percent of triphenylacetic acid, and 17 % 2 percent of another acid
which has the same retention time as 2,2, 5-triphenylpentancic acid. The
acid which has the same retention time as 2,2-diphenylpentanoic scid was
isolated as its methyl ester by preparative vapor-phase chromatography

and purified to give a colorless ¢rystalline solid with a melting point

of 119° and was found to be not 2, 2-diphenylpentancic acid. The triphenyl-
acetic acid was isolated by the same method and identifled as triphenyl-
acetic acid by mixed melting point with an authentic sample and by nuclear
magnetic resonance spectroscopy.

Vapor-phage chromatography of the neutral products in these cesium-
potassium reactions indicates the presence of 1,1, 1-triphenylbutane,
9-phenyl-9-g-pfopylfluorene and 1,1-diphenyl-1, 2, 3, k-tetrahydronaphthalene
in apprecisble amounts.

In order tc try to further simplifyy the reaction mixture, two re-
~actions of cesium-potassium alloy with bochloro-1,1, 1-triphenylbutane in
tetrahydrofuran were carried out at -40° and the resulting mixtures were
then reacted with methanol. Vapor-phase chrbmatography indicated that the
products contained 9-32 percent hydrocarbon [28], 30-55 percent hydrocar-
bon [29], 15-20 percent hydrocarbon [30], and 8-11 percent hydrocarbon
[31]. Hydrocarbons [28) and [31] were identified as 1,1,1-triphenylbutane
and 1,1-diphenyl-1, 2, 3, h-tetrahydronaphthalene, respectively, by VEC

*
method A,  Compounds [29] and [30] were initially believed to be either

* See instrumental Analyses,
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two of

Ph Th Ph Ph Ph Ph

If this assumption is correct, it should be possible to dehydrogenate
any one of them to give i,l-diphen&l-l,E,3,h-tetrahydronaphthalene. Hydro-
carbon [30] was found to disappear after the original mixture was treated
either with sulfur in dimethyl formamide at 12Q° for five and a half hours
or heating the original mixture with bromine in m-dibromobenzene at 215°
for twe and a half hours. The relative amount of hydrocarbon [29] was
found to increase by the above treatments. Therg was no evidence for the
increase of the relative amount of hydrocarbon [31]. Therefore, the as-
sumption made above was proved to be incorrect. The above mentioned
analyses were all performed by VPC method B.*

In a later work, hydrocarbon [30) was more conveniently converted
to hydrocarbon [29] by vacuum sublimation at 100° and 50 microns. Hydro-
carbon [29] was eventually isolated and purified by vacuum sublimation

and subsequent recrystallizations from absolute alcohol.

Identification of the Unknown Hydrocarbon [29] from Cesium-Potassium Alloy
Reactions

The C, H analysis and moleculaer weight determination (see Table 16)
of this hydrocarbcn [20) indicated that this compound could have the mole-
cular formula 022H20, C22H18’ or C21H18; the last one was ruled out be-

cause it is rather unlikely from a chemical point of view to split off

* See Instrumental Anslyses.
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one carbon atom even though it has the most satisfactory C, H analysis
and molecular weight determination. The following chemically interpre-

table structures could be postulated: for the formula C. H

sollogy
Pn  FPh
I. [:::Iijj\ II. h_C-CH. CH=CH IIT. Ph_C-CH=CH-
Ph5C-CH,C=CH, 3 CHy
P i
Iv. PhEC=C-CH2CH3 V. VI. Ph3C~QEgH2
2

C//;He ///CHPh y
VII. Ph,.CH | VIII. 7h,CH-CH | X,
NCH

oY YCH 2
Ph 2 2

Ph

X. O'O and for the formula CpH g XI. Ph
i
3

Pﬁ HECHECH3

among other possibilities.

This hydrocarbon [29] displayed a melting point of 115-115.8°.
The ultraviolet spectrum (see Table 11) of this hydrocarbon showed the
presence of conjugated double bonds and, therefore, the structures I, V,
VI, VII, VIII, and IX were ruled out.

From the nuclear magnetié¢ rescnance spectrum of this hydrocarbon
[29] which did not show any vinyl type hydrogen, structures II, III, and
XIITI could also be ruled cut. XII was alsc ruled out by nuclear magnetic

resonance spectroscopic evidence (see Table 10).
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From the akove argument, there were only three structures, IV, X,
and XI, left to be proved or disproved.

The unknown hydrocarbon [29] had a ﬁelting point of 115-115.8°
(from ethanol) and the melting points of 1,1, 2-triphenylbutene-1 (IV) and
1-methyl-2, 3-diphenylindene (XI) are 93° and 107°, respectively. From the
compariscn of the melting points, the structure of this unknown hydrocar-
bon [29]) could be neither IV nor XI but, in order to make sure, the ultra-
violet, infrared, and nuclear magnetic resgnance spectroscopic data were
compared (see the spectroscopic data for the three hydrocarbons in Tgbles
10-14). Thus, the possibilities of structures IV and XI were also ruled
out as that of the unknown hydrocarbon.

The ultravislet spectrum of this unknown hydrocarbon [23] (see
Table 11) was very similar to the spectrum of fluorene and its deriva-

38, 39

tives. Fluorene itself showed three bands at M max 263 my (log

= 3.80), and A max 300 my (log

€

o 4.31), A max 290 my {log €n

8x

€ 4,00) and 9-phenylfluorene showed three bands at N max 267 mp

max

(log € rax = 4.23), N max 292 my (log € oy = 3.72), A max 303 mp {log

€ax = 3.87). The infrared spectrum (see Table 12) of the unknown hydro-
carbon [29] showed the presence of an ethyl group and the nuclear mag-
netic resonance spectrum of this unknown hydrocarbon had an abnormally

large band in the methyl group region (see Table 10)., These spectroscopic

(38) Charles K. Bradsher and L. U. Wissow, J. Am, Chem. Soc., 68,
2150 (1946).

(39) Robert A. Friedel and Milton Orchin, "Ultraviolet Spectra of
Aromatic Compounds," John Wiley & Sons, Inc., New York, 1955, pp. 311-
318.
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data together with the C, H analysis strongly support the structure of
the unknown hydrocarbon as being 9-phenyl-9-n-propylfluorene. This hydro- |
carbon [29) was finally identified as 9-phenyl-9-n-propylfluorene by the-
comparisons of melting point, mixed melting point, infrared spectra, and
ultraviolet spectra with an authentic sample prepared by a modified gen-
eral method of Ha.user.37

The formation of 9-phenyl-9-n-propylfluorene from the reaction of

cesium-potassium alloy could be rationslized as shown below

Fh Ph
Ce-K ' /CH%H ‘C/CHE\CHE
Ph.CCH,CH CHECJ_ —_—— Ph-C o2 ———— Ph-
1 t

3 et

N

. . CH
~H CH, : 3

11
P H_CH,.CH
Q\c'/ﬂ oCHCHy

Ph CHECHECH3

Attempted Identification of the Unknown Methyl Ester [7] frpm Cesium-

Potassium Reactions

The C, H analysis and molecular welght determination suggested

that the methyl ester [7] with a melting point of 119° from the cesium-
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. potassium reactions could have the molecular formula Cth1202’ 015H1202’

ClSHllLoe (see Table 16). Structures XIV through XXI could be postulated:

Co CH

for ), 505
for ClSHIQOQ’

Ph H
for C 15 luoe, XVIIT. //Q—CO

CO CH

P 02CH3

for Cl6H1602’ XX.- Ph- C -CO CH3 and for C16H1h02, XXT. -

CHy

Any of these structures could have as strong en ultraviolet absorp-
tion as that of the unknown methyl ester [7], except structures XVIII and
XX. The nuclear magnetic resonance spectrum of the unknown methyl ester
showed that a methyl group band slmost of equal size as that of the
methoxyl methyl group, therefore, structures XIV through XVIII were ruled
out. Based solely on the nuclear magnetic resonance spectrum of the un-

known methyl ester, structures XIX, XX, and XXI were considered. Strue-
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ture XX was ruled out as one of the possibilities because of its physical
properties (reported as a liquid, b.p. 144°/1 mm). Compound XXI has a
melting point of 108-109° and its ultraviclet spectrum must be similar

to that of fluorene and dissimilar to that of the unknown methyl ester,.
The structure of the unknown methyl ester could not be identified on the
basis of the infrared, ultraviclet, and nuclear magnetic resonance spec-

troscopic data listed in Tables )0, 11, and 15.
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Table 10. HNuclear Magnetic Resonance Spectroscopic Data*
of the Unknown Hydrocarbon [29] from the Cesium-
Potassium Alloy Reactions, 1-Methyl-2, 3-diphenyl-
indene, 1,1, 2-Triphenylbutene, and the Unknown
Methyl Ester [7]

Compound T Percent No. of - Assignment
ppm Area __Hydrogens
The unknown 3,45 67.7 12,2 13.5 14.9 Aromatic hydrogens
hydrocarbon [29] 7.80 8.5 1.5 1.7 1.9 Methylene
- 9.33 23.8 k.3 4.8 5.2 Ethyl
Total 100.0 18.0 20.0 22.0
1,1, 2-Triphenyl- 3.0 73.0 1k.6 Aromatic hydrogens
butene T+5 10.1 2.0 Methylene
9.1 16.8 3.4 Ethyl
Total 99.9 20.0
l-Methyl-2, 3- 2.85 77.6 13.7 Aromatic hydrogens
diphenylindene 6.10 5.8 1.4 '
8.75 16.6 2.9 Methyl
Total  100.0 18.0
The unknown 1.62 )
nethyl ester 2. 55 62.2 10.0 8.7 5 Aromatic hydrogens
with m.p. 5.8k 18.1 2.9 2.5 2,2 Methoxyl methyl
119°%* [7] 7.67  19.k 3.1 2.7 3

Total 99.7 16.0 13.9 12.0

* Carbon tetrachloride was used as solvent.

*¥ BExternal TMS standerd was used. All other n.m.r. spectra used
™S ag internal standard.




Table 11. Ultraviclet Absorption Maxima of the Unknown
Hydrocarbon [29] from the Cesium-Potassium Alloy
Reactions, 9-Phenyl-9-n-propylfluorene, l-Methyl-
2, 3-diphenylindene, 1,1, 2-Triphenylbutene, 1,1~
Diphenyl-1, 2, 3, b-tetrahydronaphthalene, and

Unknown Methyl Ester [7]
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Compound Kmax Optical Molar Extinction Solvent

my Density Coefficient
The Unknown 266 1.43 x 10* 95% EtOH
Hydrocarbon [29]

29bL 5.31 % 10°

306 8.90 x 10°
9-Phenyl-9-n- 266 1.42 x 10% 95% EtCH
propylilucrene

294 5.33 x 10°

306 8.89 x 1¢®
1-Methyl-2, 3 237 2.26 x 10* 95% HtOH
diphenylindene

2G5 1.86 x 10*
1,1, 2-Triphenyl- 205 1.46 x 10*% 95% EtOH
butene-1

260 9.77 % 10°
1, 1-Diphenyl-1, 2, 3, 4- 258 6.99 x 10% 95% EtOE
tetrahydrcnaphthalene

263 8.h3 x 10%

265 6.13 x 10%

27k 2.93 x 10%
The Unknown Methyl 272 G.75 0.00535 g
Ester [7) with m.p. in cne 1
119° 95% EtOH
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Table 12, Infrared Spectroscopic Data of Unknown Hydrocarbon [29]
Range cm” Intensity Poséible Assignmentuo’ul
900 W -CH2-0H3
910 W ~CH2-CH3
935 W -CH2~CH3
950 W -CHE-CH3
1035 M -CH2-0H3
1045 M -CH,~CH,
1100 W -CH2-CH3
112% )
1165 W
1385 W CH3-C CH2
1450 S CH-C CH,,
1470 W
1600-2000 W Arcmatic
1600-2000 W
2850 W -CH2-
2870 s CH3- (CH Stretching Freguency)
2935 W -CH,,-
2060 S CH3- (CH Stretching Frequency)
3020 W Arometic
3040 W Aromatic (C-H Stretching)
3070 M Aromatic

(40)

John Wiley & Sons, Inc., New York, 195k,

John F. Dyer, "Applications of Absorption Spectroscopy of
Organic Compounds, " Prentice-Hall, Inc., Englewood Cliffs, N. J., 1965.

(41)

L. J. Bellamy, "The Infrared Spectra of Complex Molecules, "
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Table 13, Infrared Spectroscopic Data of 1-Methyl-2, 3-diphenylindene

Range cm™* Intensity Possible 1!'Lssignmen’c;40’[uL
920 1, 2-Substituted Aromatic
1040 1, 2-Substituted Aromatic
1080

1095 W 1, 2-Substituted Arcmatic
1105 W

1150 W 1, 2-Substituted Arcmatic
1350 M CH Deformation -CH-

1370 W C-CH3

1440, 1460 8 C-CH3

1770 W

1870 W

1935 W

2865 M CH Stretching Frequency CH:_3 or

CH2
2015 M CH Stretching Frequency CH2
2950-3050 (four) 8 CH Stretching Frequency CH

3
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Table 1k. Infrared Spectroscopic Data of 1,1, 2-Triphenylbutene-1

Range cm™?! Intensity Possible Assignmentho{hl
700 M Assym. CH out of plane deformation
890 W
910 W

1030 M

1075 M Assym.

1100

1175-1290

1375 M CH deformation, CH3-C

14ho 5 CH3-C

1460 W ~CH,-

1480 M -C=C-vibration in Benzene ring

R, R

1670 W LC=Cy

R R
1750 W
1800 W
1860-1880 W
1925-1960 M
2850 S CH stretching, CH3- or CH,
2510 S CH stretching, CH2
2950 s CH stretching, CH3-
3005 S =C-H stretching vibration of
Benzene

3040 M =C-H stretching vibration of
Benzene

3060 M =C-H stretching vibration of
Benzene

3080 W =C-H stretching vibration of

Benzene
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Table 15. Infrared Spectroscopic Data of Unknown Methyl Ester [7]

Range cm™?! Intensity Possible Assignmentuo |
660 W
700 M Monosubstituted benzene
750 S(Broad) Monosubstituted, ortho disubsti-
tuted benzene
835 M
850 S Para disubstituted benzene
935 W
95C, 970 M Ortho disubstituted benzene
1010 M Parsg, disubstituted benzene
1025 M Monosubstituted, para disubsti-
tuted benzene
1100 S(Broad) Benzoates
1170 W Monosubstituted benzene
1185 W
1195 W Orthe disubstituted benzene
1210 W
1275 S(Broad) Benzoates
1320 M
1350 W CH3-
1370 W
1405 M CH -
1440 M CH 5~
1455 W
1485 M Monosubstituted, orth disubsti-
tuted benzene
1540 W
1570 W
1585 W Monosubstituted, ortho disubsti-

tuted benzene
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Table 15. Infrared Spectroscopic Data of Unknown Methyl Ester [7]

(Corcluded)
Range cm * Intensity Possible Assignmentuo
1605 M Monosubstituted, ortho disubsti-
tuted benzene
1710 S(Broad) Benzoate
2100 W(Broad)
2525 VW
2855 W
2965 W
3005 W
30%0 VW
3070 VW
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Table 16. The Calculated and Analytical Found C, H Contents
end Molecular Weights of Hydrocarbon [29] and
Methyl Ester [7)
Compound Carbon Hydrogen Moleculsasr
Weight
Hydrocarbon [29]
Caled. for C,ok g 93.58 6.42 282
Calcd. for CEQHEO 92.93 7.09 284
Caled. for C, H;g 93.39 6.71 270
Found 93.37 6.76 28k
Methyl Ester ['T]
Caled. for C, . 50, 79.23 5.70 212
Calecd. for C15H1202 80.34 5.39 ozk
Caled. for clStho2 79.62 6.25 226
Calecd. for 016H1h02 80.08 5.88 238
Caled. for C,F, O, 78.37 8.57 2hs
Found 79.43 5.85 20k
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CHAPTER VI
RECOMMENDATIONS

Tt will be of great interest to apply the technigue discovered in
this work of the synthesis of organo-cesium compound at low temperatures
to the studies of some simpler systems like n-butylcesium, L-phenyl-
butylcesium, L4, k-diphenylbutylcesium, or many other similar compounds.

It would also be interesting to study the reaction of potassium
or sodium salt of methyl diphenylacetate with alkyl halides in liquid
ammonia in order to understand more about carbanion reactions since the
author has falled in the preparstion of 2,2, 5-triphenylpentanocic acid

following the general methed outlined by Hauser.ll+
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