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ABSTRACT

It was found that n-butyllithium reacts with diphenyl-
acetylene in ethyl ether at room temperature to form an addi
tion plus ortho metalation product, which when treated with 
H2O yields trans-q-n-butvlstlIbene (I, 39%), and when treated 
with solid carbon dioxide, yields 2-phenyl-3-butylindone (II,
16%) and 2-phenyl-3-(o-carboxyphenyl)-2-heptenoic acid (III, 14%).

ligroine at 80°, 1,2,3,4-tetraphenylbutadiene (IV, 34%), trans- 
stilbene (V, 14%) and two unidentified compounds are formed 
upon h”'4'"'1 — 4 ~

When ,t-butyl lithium is added to. diphenylacetylene in

(I)

COOH COOH
(ID (III)

(Ligroine) J J j J 

(IV)

H,0■— - - > c=c-c=c +

(V)
v



INTRODUCTION

Many studies have been made in recent years of the 
chemistry and structure of organometallic compounds. This 
thesis deals with the addition of alkyllithium compounds to 
diphenylacetylene.

One of the major reasons for recent interest in the 
lithium compounds is the remarkable ability of such substances 
to initiate the stereospecific polymerization of isoprene to 
natural rubber, that is poly £18-1,4-isoprene.

CHo
I RTiCH2=C-CH=CH2 >

A wide variety of other initiators, including the 
other alkali metal organic compounds, as well as free radical 
and cationic types, produce a polyisoprene containing 1,2- 
units, 3,4-units as well as cis and trans-* 1.4-units. ̂ The 
stereospecificity of this reaction is extremely sensitive 
to solvent. In solvents of greater ionizing power than 
hydrocarbons, such as ethers, a polyisoprene of random 
structure is obtained.̂  In a somewhat oversimplified manner

1

CH.
" w "
/  \:h2 ch,

n
Natural Rubber
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one may summarize current thinking concerning the nature of 
this reaction as follows. Organolithium compounds, in con
trast to other organoalkalis, contain a carbon metal bond

2with a high degree of covalent character. In hydrocarbon 
solvents a transition state shown below has been suggested 
for the stereospecific propagation step.^

CHq

CH2; V 2 
\ / 
k- -Li

In solvents of greater ionizing power the organo
lithium compound has been considered to exist as an ion- 
pair with the lithium ion accompanying the growing chain but 
not affecting the stereospecificity of the growing chain.

Our interests were prompted in part by this highly 
stereospecific reaction of organolithium compounds. It was 
of interest to determine if the lithium compounds would add 
to the acetylenic bond and if so what the stereochemistry 
of the process would be.

Organometallic Additions to Acetylenes
One of the most commonly used organometallic reagents,

the Grignard reagent does not add to acetylenic bonds under
3the usual conditions. However it has been found that, using 

a tetrahydrofuran xylene solvent system, phenyl magnesium
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bromide will react with diphenylacetylene^ yielding a small 
amount of hexaphenylbenzene and a dimer of tetraphenylcyclo- 
butadiene later shown to be octaphenylcubane (I).  ̂ (see Fig. 

1.)

CfHc-C5C-C,H

Figure 1

Triphenylsilyllithium reacts with diphenylacetylene 
to form a large amount of polymeric material and also a 
small yield of 1.2-bis-(triphenylsilyl)-l,2-diphenylethane 
(11),^ suggesting that two moles of Ph^SiLi add across the 
triple bond as shown in Figure 2. However with triphenyl- 
silylpotassium, the main reaction product^ is tetraphenyl- 
silane, although this reagent plus trans-stilbene yield the 
simple addition product.

(C6H5)6slLi
C6H5’CH_CH“C6H5

(c6H5^3stK 

(C6H5)4Si

(C6H5)3Si Si(C6H5)3

\/

Figure 2
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QWith triphenylaluminum in diphenyl ether, diphenyl- 
acetylene yields an aluminole (III), by what is probably a 
concerted addition plus metalation reaction as is shown in 
Figure 3.

(C6H5>3A1 + C6H5-CeC-C6H5

C,H

A1 
/  \ 

C6h5 c 6H5

Z c6h5 c

c

(III)

+ C6H6

Figure 3

The reaction of triethylaluminum and diphenyl-
oacetylene at 120°C. followed by treatment with methanol 

and water yielded (Figure 4) 28% 1,2,3,4-tetraphenylbuta- 
diene, plus 24% 1,2-diphenyl-1-butene plus two isomeric 
forms of l,2,3,4-tetraphenyl-l,3-hexadiene. (Figure 4.)

p-c=c-p + (q2h5)3ai

28%

+ HC=C-C0H, +
1 I 0 0

HC=C-C=C-CoHc
i I i I 2 5  
9 9 9 9

(2 isomers)

24%
Figure 4
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Although salts of thiols are not ordinarily considered 
to be organometallic compounds in the usual sense, the addi
tion reactions of such compounds to acetylenes has been 
studied and bears at least a superficial resemblance to 
this work. Truce and co-workers^ found that methyl and 
j>tolylthiol will add to a wide number of acetylenes, includ
ing phenylacetylene, 1-hexyne, and 2-butyne, using a sodium 
ethoxide catalyst in an ethanolic solution. (Figure 5.)
Truce further discovered^ that in each of these cases 
studied, the thiol addition occurred in a trans manner.
Indeed, Truce^ found that there were indications in the

H H
- +. C2H,0H \  Z

C6H5-C=C-H + CH3— < SNa -=-*— > C = C

C6H5 XS'SC7H7 
(cis only)

H CHo
- + C.HcOH \  Z  J

CHo-C=C-GHo + CH-. — -SNa — > C =  Cz \
CH3 SCyHy

(trans only)

H H
- + c2hsoh \  /

C6H5-CSC-H + CH3SNa -=-^— > C = C

C6H5 sch3
(cis only)

Figure 5
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literature prior to his work that only one stereoisomer
rather than a mixture was formed in every case of nucleo-
philic addition^fcp the four apetylenic systems typified by

12phenylacetylene.or ring substituted derivatives, ethyl
13propiolate or p-substituted propiolate, diethylacetylenp- 

dicarboxylate?0 and acetylenic ketones.^ This led Truce 
to postulate the "Rule of Trans Nucleophilic Addition" to 
acetylenes. He has attributed this stereospecificity to 
the fact that in the transition state the negative charge 
arising from the unshared electron pair on carbon and the 
negatively charged attacking nucleophile are as far removed 
as possible> Thus the nucleophilic addition of an ion pair 
to the triple bond leads to exactly the opposite stereo
chemistry which one observes in the addition of the covalent 
orgaholithium compound to isopfene.



DISCUSSION OF RESULTS

This work encompasses a study of the reaction of
alkyllithium compounds with diphenylacetylene and a number 
of ring substituted diphenylacetylenes. Diphenylacetylene 
was chosen because it is easily synthesized and contains 
no allylie hydrogen atoms which might complicate the 
reaction.

temperature yield after hydrolysis trans-a-n-butvl stilbene 
(IVa) in 40% yield. The structure of the product is assigned 
on the basis of empirical formula, molecular weight, and 
spectral data. The nuclear magnetic resonance spectrum 
indicates that the molecule contains 9 aliphatic, 10 
aromatic and one olefinic proton. The stereochemistry 
was demonstrated by photoisomerization of n-butylstilbene 
(IVa) for 72 hours by ultraviolet irradiation to yield 
(Figure 6) a mixture containing 24% of a second stilbene

Diphenylacetylene and butyllithium in ether at room



(IVb)9 which was separated and collected by means of a 
preparatory scale vapor phase chromatography column. A 
comparison of the n.m.r, and ultraviolet spectra of (IVa) 
and (IVb) with values for comparable stilbene compounds 
as shown in Table I allows an assignment to be made.

TABLE I
ULTRAVIOLET AND N.M.R. SPECTRA OF CIS AND TRANS STILBENES

off Olefinic Maxima log e
Proton mp

(IVa) 3.36 2259 268 3.-72, 4.21
(IVb) 3.62 222, 257 4.14, 4.04

IStrans-a-methyl
stilbene - 221, 272 4,15, .4.3

IScis-a-methvl
stilbene- —  222, 260 4.2, 4.1

16trans-
stilbend 3.01 226, 301 4.25, 4.45

cls-l6
stilbene 3,51 223, 280 4.36, 4.13

^Chemical shift ( T ) values are in p.p.m. relative 
to tetramethylsilane as 10.00.

In the ultraviolet spectrum of each trans isomer, 
the conjugation bapd is at a longer wave length and has a 
higher molar absorptivity than the cis isomer band, because
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17of the greater degree of planarity of the phenyl rings.
This indicates that IVa is the trans isomer.

In the n.m.r. spectrum the tau value for the ole- 
finic proton of (IVa). like that of trans-stllbene. occurs
at a lower field than the corresponding proton in (IVb).

'18Curtin, Gruen and Shoulders have shown that the olefinic 
proton resonance in trans-stiIbene occurs at a lower field 
than in the cis isomer because in the latter case the 
aromatic rings are tilted out of the plane and the deshield
ing of the olefinic proton is reduced. Indeed, molecular 
models of the cis and tyrans-a - but y 1 St i Ibene s show that the 
phenyl groups are more nearly (although not completely) 
planar in the trans form, and thus this form should show 
olefinic protott resonance at the lower field. Since the 
phenyl rings are not completely planar in IVa, the tau value 
would not be expected to be at the same low field as that 
of trans—stllbene itself.

Thus, the ultraviolet and n;m.r..spectra.bOth 
indicate that IVa is the trans and IVb the 01s isomer.
This does not necessarily mean that the butyllithium added 
to diphenylacetylene in a trans manner. for the trans 
isomer could be obtained through equilibration. Vinyl- 
lithium compounds, and especially stilbenyllithium 
compounds, are not sterically stable in ethyl ether at
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19ioom temperature, Curtin found that while cis-stilbenvl-- 
lithium is configurationally stable at temperatures of 2-3° 
or lower in hydrocarbon solvents and at -35° in ethyl ethfer, 
there is complete equilibration to the trans isomer at 2-3° 
in ethyl ether and only 29% retention at 27° in .benzenei 
Therefore, only if a reaction would occur between an alkyl- 
lithium and diphenylacetylene in a hydrocarbon solvent at 
moderate or low temperatures, could any stereochemical 
conclusions be drawn about the nature of addition.

For this reason, two experiments were attempted 
with these reagents in a pentane solvent at room tempera- ’ ' 
ture, for five and sixteen hours, respectivelys to determine 
whether any cis-trans mixture could be detected. However, 
only starting material was obtained, and consequently it 
is impossible with the present data to state definitely 
the stereochemistry of addition.

However, the formation of butylstilbenei in the 
hydrolysis experiment does prove that butyllithium has 
added to the triple bond of diphenylacetylene. This result 
further proves that no rearrangement or coupling products 
of any sort are.formed in this reaction, which is important, 
since addition to the triple bond alone does not account 
for the products obtained either from carbonation or deuter- 
olysis, as will be described below.
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Hydrolysis of the n-butyllithium diphenylacetyle#6 
reaction mixture with deuterium Ogcide yielded a trans-g-n- 
butylstilbene in which there are nearly two deuterium 
atoms per molecule„ The n.m.r. spectrum of this stilbene 
revealed the expected loss of an olefinic protony but also 
the loss of one aromatic proton. This indicates that along 
with triple bond addition metalation has occurred (that iss 
an aromatic hydrogen has been replaced by a positive lithium 
ion).

Treatment of the reaction mixture with solid carbon 
dioxide both confirmed this fact and showed the site of 
metalation to be the ortho position.

Upon earbonatlons the major reaction products from 
butyllithium and diphenylacetylene are a red, taffy-like 
neutral ketonic oil and a crystallini acidic material.

The ketone was found to be 2-phenyl-3-butylindone
(Vi) in 16% yield, through comparison with an authentic
sample (Vb), prepared from benzaInaphthalide according to

ona procedure similar to that used for 2,3-diphenyUndone 
(See Figure 7).

Neither of the indone samples (Va) and (Vb) was 
completely pure, but they had identical retention times irt 
the v.p.c. and similar infrared spectra, with a carbonyl 
peak at 1715 cmT^., Ultraviolet and visible spectra of



\
\  n-C^HgMgBr

CH-C,H5

H9C4 -oh
x /

h 9c^ y)MgBr

h2so4

0

0

(Va, b)
Figure 7

the independently prepared compounds were identical, with 
maxima at 253 and 414 mp, respectively. Both indones 
showed proton magnetic resonance at identical tau values, 
and the integration of the spectra of the purer authentic 
sample (Vb) revealed 9 aromatic and 9 aliphatic protons.
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A 2,4-dinitrophenyl hydrazone was prepared from 
each sample. These derivatives had identical melting 
points which showed no depression on mixing, and exhibited 
superimposable infrared and ultraviolet spectra, with an 
ultraviolet maxima at 390 mp characteristic of a,P-unsaturated 
dinitrophenylhydrazones.^

The formation of 2-phenyl-3-butylihdone answers 
the question of where metalation has occurred in this 
reaction, as (Va) could only arise from the dilithio 
compound (VI), in the trans configuration, which alone

h9C4 yC6H5
^ S''' C"=-C\ Li

Li
(VI)

could readily cyclize in the presence of carbon dioxide.
(The formation of ketones by carbonating organolithium

21compounds has long been known. )
The crystalline acidic material is assigned 

structure (VII), 2-phenyl-3-(g-carboxy)phenyl-2-heptenoic

y c6H5
= c

c o o hX coob

(VII)
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acid (14% yield) on the basis of the following evidence.
The empirical formula and equivalent weight pointed

22to acid (VII), which indeed would be expected to arise
along with indone during carbonation. Degradation attempts
indicated only that the double bond is very hindered.

23Osmium tetroxide-periodic acid or potassium permanganate 
catalyzed periodate^ oxidation attempts met with no success. 
Hydrogenation over platinum yielded starting material, and 
a number of copper chromite catalyzed decarboxylations 
failed to produce a hydrocarbon, as evidenced by a carbonyl 
band in the infrared of the tarry product.

However, the methyl ester of (VII) was prepared 
from diazomethane and had an empirical formula and molecular 
weight consistent with the dimethyl ester (VIII) of 2-phenyl- 
3-(o-carboxy)phenyl-2-heptenoic acid. Furthermore, the n.m.r

H9CA yC6H5v  zC = lCv°
och3 Voch3
(VIII)

of this ester shows two distinct methyl singlets, correspond
ing to three protons each, at 6.17 and 6.78 T', respectively, 
indicating a dicarboxylic acid precursor with two distinct
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types of carboxy groups. The n.m.r. of both the acid (VII)
and the ester (VIII) show eight aromatic protons in the
region 2,6 to 2.7 T", and another single aromatic proton
in the 2,0 'Yregion, the latter being split essentially
into doublets and having coupling constants of the order
7-10 cps. Both the chemical Shift and coupling constant
of the latter proton are of the correct magnitude for an

• 25aromatic proton ortho to a -GibQ6- group.
Since the integrated intensity of the low field 

proton indicates only one hydrogen ortho to the -C00- 
group, the -COO- group in turn must be ortho to the ole- 
finie double bond, indicating the structure of the acid .ag
(VII).

In conclusion, hydrolysis, deuterolysis arid 
carbonation products of the butyllithium diphenylacetylene 
reaction all point to the formation of the dilithio cbnm- 
pound (VI). Besides adding to the triple bond the organo- 
lithium compound has metalated the benzene ring. Metalat!on

22of substituted benzene derivatives is a well known reaction.
In the present example both addition and metalation occur, 
reminiscent of the reaction of triphenylaluminum® and 
diphenylacetylene to form the aluminole. However, the 
latter case differs from the butyllithium reaction in that 
one mole of triphenylaluminum was responsible for both 
reactions.
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Metalation reactions, it is generally accepted,^ 
occur through a nucleophilic attach by the anionic species 
(in this case ) of the metalating agent on an activateds
acidic hydrogen atom of the subAirate in a so-called "proto- 
phi lie process." In these reactions6 the -I inductive 
effect of the electronegative activating group stabilizes 
the resulting carbanion and the resonance effects are 
considered negligible* Benzotrifluoride and anisole 9 whose 
respective activating groups have strong -I values* metalate 
easily*^ principally in the hindered ortho position* ’whefe 
the inductive effect is most strongly felt.

The carbon-carbon triple bond is strongly electro
negative, and a -G=C-0 group should be even more so. The 
strong -I value of the acetylenic unit is illustrated by 
the striking increase in acid strength of phenylpropiolic 
acid over similar* more saturated compounds as shown in 
Table II,27

Therefore* the ortho protons of diphenylacetylene 
should be weakly acidic and susceptible to metalation. , 
We do not know whether metalation or addition occurs first, 
but once a partial or full negative charge is established 
in the molecule, it is reasonable that the second negative 
charge will be formed at a position as far removed from the 
first as possible in accord with structure (VI).
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TABLE II
thermodynamically corrected acidity constants

OF UNSATURATED ACIDS IN WATER AT 25°

Acid Formula 105 Ka

Propionic ch3och2-cooh 1.33
3-PhenyIpropioni c (8 ” CH2 • CH2 ° COOH 2.19
trans-Cinnamic 0«CH;CH-COOH 3.65
cis-Cinnamic 0*CHsCHoCOOH 13.2
PhenyIpropiOlic .p*c S- C ° COOH 590.0

Following the n-butyllithium study a preliminary
examination of the reaction of diphenylacetylene tertiary-
butyllithium was conducted5 using hydrocarbon solvents* since
t-butyllithium attacks ethyl ether at temperatures above 

28-40°. ^t-Butyllithium and diphenylacetylene after being
heated to reflux for 9 hours in low boiling petroleum ethfer 
followed by carbonation yielded one unidentified acid. After 
18 hours of reflux under similar conditions a different 
unidentified acid was obtained. After twenty-four hours 
of reflux in ligroine (b.p. 100-110°) followed by carbona- 
tion a brown acidic powder was obtained from the same 
rbadtants. None of these was further investigated beyond 
melting point and infrared spectra.
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Hydrolysis of the same reaction mixture run for 18 
hours in pentane at room temperature yielded a small amount 
(10 g. from 50 g. of diphenylacetylene) of a four component 
oil? which will be discussed below. Hydrolysis of this 
System: run in 110° ligrpihe for 13 hours yielded 1,2,3,4- 
tetraphenylbutadiene in 34% crude yield, plus a larger 
amount of the four component oil (35 g. from 50 g. of 
diphenylacetyIdne) , plus a considerable amount of non-* 
distillable tar-like ptib liquor, which when titurated 
With hexane yielded an unidentified brown powder = Trans- 
stiibene (14% crude yield) was isolated from the four 
component oil.

The tetraphenyIbutadienS was identified by comparison
(mixed m.p. and spectra) with an authentic sample, prepared

29by the method of Hoehn and Smith.
While more study on this complex reaction, is needed 

before any mechanistic speculations are attempted, it is 
plausible that the tetraphenylbutadiene (IX) was formed
by means of the coupling of two ion radicals as in Figure 8.

30This is suggested by a recent report • concerning^ 
the formation of anion radicals from alkyllithiums and . 
aromatic compounds. The authentic sample of (IX) was 
prepared by the reaction of diphenylacetylene and lithium 
metal, which may well proceed by way of an anion radical.



(IX)
Figure 8

In the case of the reaction of butyl lithium and diphenyl- 
acetylene, the formation of this intermediate would have to 
be postulated via the donation of an electron from the 
.t-butyl carbanion (Figure 8).

Turning to the "four component oil," vapor phase 
chromatography seems to indicate that the same four com
pounds were obtained in the two different hydrolysis 
experiments, although in different relative proportions.
The v.p.c. of each oil, at 230° and 240°, respectively, 
show three closely grouped compounds and a fourth 
distinctly higher boiling compound, designated A, B ,
C, and D in order of increasing retention time. The 
relative peak area of each compound is indicated in 
Table III.
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TABLE III
RELATIVE V„P„C. PEAK AREAS OF THE FOUR COMPONENTS OF 

THE OILS OBTAINED FROM t-BUTYLLITHIUM DIPHENYL- 
ACETYLENE HYDROLYSIS REACTIONS

Compound 7o Pentane 
Solvent

%, 110° Ligroine 
Solvent

A, unidentified 49 10
B, diphenylacetylene 30 45
C.trans-stilbene 8 21
D, unidentified 13 24

As indicated in the tables compound B is starting 
material as determined by retention time, and compound C, 
at least in the case of the ligirOine experiment in which 
it was isolated, is trans-stilb&ne^ as determined by com
parison with an authentic sample. Compounds A and D are 
unidentified, although perhaps one or both may be t.-butyl 
stilbene isomers.

The reaction of tertiary butyllithium and diphenyl- 
acetylene is thus temperature dependent and requires more 
thorough investigation.

The reaction between ji~butyllithium and ||~chldro- 
diphenylacetylene, followed by hydrolysis, was tried once 
and found to be considerably more rapid than the reaction 
with the non-substituted diphenylacetylene. A v.p.c. of
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the reaction mixtured showed four compounds * and a sodium 
fusion of the highest boiling component revealed no 
chloride presence.

The products of the reaction of jg-nitro-stiIbene 
and butyllithium were not identified„ but no acidic 
materials were isolated after carbonation.



/ EXPERIMENT AIL

Melting point § ace uneorrected. Ultraviolet spectra 
were determined on a Gary recording spectrophOtomdter9 Model'. 
11, or a Perkin-Elmet spectrophotometer, Model 202, uaing 
ethanol as solvent; n„m„r„ spectra were determined on a 
Varian Model A-60 (60 Me,).speetrometer using tetramethy1- 
silane as internal standard. Mieroanalyses-wepe performed 
by the Micro-Tech Laboratories, Skd|&ie| Illinois. Vapor . 
phase chromatography, unless otherwise noted,,was earried 
out on an Aerograph instrument using a, column packed with 
Dow 11 silicone on fire,brick. Hydrocar bo nsolvents (pen tana, 
ligroine) were purified by stlrilng overnight with sulfuric 
acids followed by repeated washing with water, drying over 
magnesium sulfate and 24 hours Of reflux, over sodium prior 
to final distillation, t-,Buty111thium was obtained in pen- 
tane solution from the Lithium Corporation of America.

n-Buty11ithium was prepared from P-huty! bromide
- 31and lithium in ethyl ether, Prior to use the reaction

mixture WaS filtered through a glass plug, and the conqen-i
t rati on was determined by the double titration: method,
Diphenylacetylene was prepared according to published

33 ■ ■ ■ . ' .  ■■procedures.

22
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r>-Butyl lithium and Diphenvlacetvletiis Hydrolysis
to 0.67 mole of n-. butyl lithium in 440 ml. of ethyl 

ether at room temperature under a nitrogen atmpsphere, 
there was rapidly added 50 g. (0.28, mole) of diphenyl- 
acetylene in 200 ml. of ethyl ether. A slight temperature 
rise was observed and over a perled df two or three minutes 
the solution changed from nearly oolptleM to red. After 
stirring at room temperature for 24 hours the reaction 
mixture was slowly treated with 30 ml. oi water while 
maintaining the temperature at approximately 5° by means 
of external cooling. An additional 5,0 mi. Of water was 
added; the efher layer was separated And after washing 
again with water, was dried over magnesium sulfate. Removal 
of ether left 47 g. Of an oil, which was*shown by vapor phase 
chromatography to contain two compounds,: unreacted diphenyl- 
acetylene (45%) and trans-a-n-butvistilbene (55%). corre
sponding to a 39% yield of product.

Separation of product from unreacted dipheoylacetylene 
was achieved by four distillations through a small Vigreaux 
column to give 4 g. of the buty1stiIbehe, b.p. 143-144° (0.4 
mm.), ng^°^ 1.5878, X max. 268, 225 mp (e 16,200 and 5,200), 
p.m.r. (numbers in parenthesis indicate relative peak areas) 
in CC14, 2,76/r <10); 3.?6 y  (1); 7.34 8.65 T  (4);
9,18 y  (3) .
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Anal. Calcd. for •Q.18S20: •• Q,. 91.47;:H, 8.53; mol. 
wt., 236. Found? C, 91.27; H, 8.63; mol. wt., 232.

Photoisomerization of .trans-a-n^BufiyIs11 Ibene

Trans-abutylstiIbene was irradiated with a Hanovia 
U. V. lamp (temperature about 80°). After 48 hours a second 
component with a shorter retention time appeared in the v.p.c. 
of the mixture. At the end of 72 hours v.p.c. revealed the 
presence of only starting material and one additional compon
ent 5 the new product constituting 24% of the mixture. The 
infrared spectrum of the mixture was identical to that of

■-'Istarting material except for a minor change in the 1300 cm 
region. /

The two components were separated on a preparative 
vapor phase chromatography column (diethyleneglycol succinate 
on firebrick at 190°). The component having the lower reten-̂  
tion time was characterized as cis-a- n-butylstiIbene:. X mex. '257, 
222 mp (s 10s900 and 13,000). n.m.r. (in CGl^), 2.83 and 
3.02 7  (10), 3.62'X (1), 7.54 T  (2), 8.66T (4), 9.12T'(3).

n-Butvllithium and Diphenylacetvlene Deuterolysis
To 50 g. of diphenylacetylene (0.28 mole) in 200 ml. 

of ether was rapidly added 0.368 mole of n-butyllithium in.
300 ml, of ether, and the solution was stirred at room 
temperature for 20 hours. The reaction mixture was then 
maintained at approximately 5° by external cooling as 14,8 g.



25

of deuterium .oxide were slowly added.. This solution was 
then stirred at room temperature for 12 hours s followed by 
the addition of 50 ml. of T^O. The reaction mixture was 
treated as described above in the hydrolysis reaction.
The third distillation of the resultant oil yielded a 
small arriOtmt of pure deuterated qtilbene, b.p. 156° (0.35 . 
mm,); il.m.r. (in CC14); 2,76 'T (9); 7.38 ̂  (2); 8.69T  (4); 
9.20 y  (3).

Anal. Galcd. ibr C^gH-^gD2; D, 10 atom % excess 
deuteiriuirU Found; D, 8.02% excess deuterium.

To 0.32 mole of n-butyllithium in 220 ml. of ethyl 
ether at room temperature and under a nitrogen atmosphere6 
there was rapidly added 25 g. (0.14 mole) of diphenylacetylene 
in 100 ml. of ethyl ether. The reaction mixture turned red 
almost immediately and aftif stirring at room temperature 
for 24 hours was slowly poured over a large excess of powdered 
Dry Ice. The product was adidified with 6N hydrochloric acid, 
and the Organic layer was t^en washed With several portions of 
water. The aqueous layerJWag back-extracted y?ith ether; the 
ether layers were combined and extracted with aqueous sodium 
carbonate. The aqueous layer was made slightly acidic with 
hydrochloric acid and extracted with several portions of 
ether. After drying over magnesium sulfate the ether was



removed under reduced pressure leaving 14 g. of a yellow
oil. Tituration with hexane dissolves the valeric acid 
which is present and causes crystallization of 6.5 g,
(14%) of 2-pheny1-3-(o-carboxypheny1)-Z-heptenoic acid.
Three recrystallizations from benzene Or ethyl acetate 
(needles) afforded pure product, m.p. 176-177°, X max.
209 mp, 221 mp, and 280 m^ (shoulder), (e 20,200, 16,400 
and 2,110, respectively)| CHClg ̂  max, 1705 cm~^| n.m.r.
(in dioxane), 2.68 9^(8), 2,08 and 1,^3 7^ (1, J = 10.4 cps»).

Anal. Calcd, for b^gH^gCCOOH)^? C, 74.65% H, 6.21, 
neut. equiv., 162, Founds 0? 74.35% H, 6;45% o&ut,' equiv., 
166.

The dimethyl ester of 2 - phenyl - 3 - ( o-• ca r boxyph eny 1) -
2-heptenoic acid was prepared by treating 5.9 (0.018 mole)
of an.etheral solution of 2-phenyl“3-(o-carb6xyphenyl)-2-

34heptenoic acid with 0.05 mole of diazomethane in 75 ml. 
of ethyl ether. After standing for two hours, excess 
diazomethane wa6 decomposed with glacial acetic acid and 
solvent was removed under reduced pressure. The residue 
was washed with dilute sodium -carbonate, tdken up in ethyl 
ether^ dried over magnesium sulfate, and after removal of 
ether again there remained 2.9 g, (45%) of a slightly yellow 
oil which"showed a single peak on vapor phase chromatography.

The residue was distilled to give the dimethyl ester 
of 2 - phe nyl--3~ (o-car boxyph eny 1) ̂ 2-heptenoic acid, b.p, 162°
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26(0.2 mmi), 11̂  1.5568% i\i max. 225 m^% 227 m^ (shoulder)*
and 312 mu (shoulder), (s 15,340, 4%110 and 1,640); n.m.r.
(in CC14), 1.96 and 2,09 T  (1)? 2.63 T ( 8 > r 6.17 7^ (3);
6.78 7' (3) ; 7.69 ̂  {£)% 8.83 7* (4)19.32 T'(3).

Anal. Calcd. for Q22^24®4^ G, 74.98; H, 6.86% 
mol. wt „, 352. Fouiids C% 75.20; H 9 6,90; mol. wt., 349.

The neutral layer from the carbonation product of 
n-butyl lithium and dipheny lacet ylene y?as ^ried over magnesium 
sulfate. After removal of the ether theferemaihed 21 g, of 
a red oil. Vapor phase chromatography indicated the presence 
of diphenylacetylene (56%), 5-nonanone (16%) And 2-phenyl-3-< 
butylindone (28%). Distillation through a srtidll column

' . ' i : ■ '
yielded a 6.2 g. (16%) mixture of 2-phdhyl-3-butylindone 
plus a small amount of ah unidentified compound which proved 
difficult to separate; b.p. of mixture, 178-180° (0.3 mm.), 
n^6 1.6039, CC14 l)max. 1715 cm*%  X max. 254 mp (e 22,500); 
n.mvr. (in CGl^), 2.69, 2.82, 7,38, 8.57, 8.76, and 9.12 ?1 
Integration of thd n.m.r, spectra of this mixture indicated 
that approximately 43% of the protons were ardmatic and 57% 
were aliphatic. \$ppctral data of other 2,3-di sub atituted 
indones is as follows t 2-phenyl-3-methylindOne, CHCl^ 
'<̂ax.!«|.710.cmT ;;̂  ̂2-phenyl-3-othylindorie X max. 255 mp '
(« 88,400).36

A dinitrophenyIhydrazone of the ihdone was obtained 
in the usual manner and after recrystallization from 95% 
ethanol-ethyl acetate had a m.p. 176-178°.
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Anal. Calcd. for C25H22N404? c>" 67.86; H, 5.29;
N, 12.66. Founds C, 67.42; H, 5.04; 12.38.

!}A mixed meltidg point with the 2 5 4-dinitrof>herty 1-.■ . 
hydrazorie derivative of an authentic sample (see below) 
showed no depression, and the infrared and pltraviolet 
spectra were identical.,) X max. 250 and 392 mp (e 21,000 
and 20,800).

Benzalphthalide was prepared according to the method
37of "'’Organic Syntheses i11

Preparatidh of 2rPhenvl-3-butvUndone
This compound was prepared by a procedure similar

O z>
to that described for 2,3-diphenyUndone. Using the same
quantities as described in the above reference gave 20 g.
of 2-phenyl-3~butylihdone , b.p, 180-185° (0.3 mm. ), A. max.

,w1 {. • • • ■ ■ ■ '

1715 cm"’ , X max. 254 mp (e 27,000), n-.m.r, (in Cdl^),
2.69 and 2.82 T ( 9) ; 7.38 T(2); 8, 57 Y  (4) ; 9.12 'T (3).
The n9m,r. of the iridone prepared from butyllithium showed
identical T ’ values, but in addition , the maximum at 8. 76 Y
The v.p.c. of this cdmpound and of the preceding product
were identical.

n  ■t-Butyllithium and Diphenylacetylene Hydrolysis

,t-Butyllithium (0.37 mole) in 245 ml. of pentane 
was rapidly added to 50 g. (0.28 mole) of diphenylacetylene 
in 300 ml. of ligroine (b.p. 100-110°). The color of the
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solution almost immediately changed to a deep red. The 
solution was stirred under reflux for 13 hours ? the reflux 
temperaturi increasing from 37° to 70° as pentane was 
removed by a Dean-Stark trap. At the end of this time 
the solution was slowly treated with 125 ml. of water 
(external cooling I ) . The organic layer was separated <, 
dried pvir magnesium sulfate, and after removal of the 
solvent under reduced pressure, there remained 99 g. of 
a dark Viscous oil. A solid which was dispered in the 
oil was collected on a filter (15.9 g.) and after two 
reerystallizatlons from ethyl acetate yielded 5 g. of 
I12,3s4-tetraphenylbutadiene, m.p. 183.5-184° (0.048 
mole, 34% crude; 0.016 mole, 11% pure).

The filtrate was shown by v.p.c. to contain four 
major components, designated A, B, C, and D in order of 
increasing retention time, in the ratio of 10-45-21-24%. 
Component B was shown by retention time to be unreacted 
diphenylacetylene.

Distillation of this oil through a 6mall vigreaux 
column yielded three fractions; b»p. 113-40° (0.5 mm.), 
13.28 g.; b.p. 140-44° (0,5 mm.), 17.17 g,; b.p. 144-45° 
(0.5 mm.), 5.39 g. The first two fractions partially 
solidified and were filtered. A v.p.c. of each solid 
(m.p. 65-103°, 2.67 g.; m.p. 98-113°, 1,22 g,) showed 
two peaks corresponding to diphenylacetylene and component
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C of the original oil filtrate* Numerous fractional
recrystallizations from 100% ethanol removed the more
soluble diphenylacetylene from the mixture to yield
diamond-shaped platelets s m,|». 123* 5-124°, This latter
compound was identified as trans-stiIbene (lit* m.|>.
123-124°;^^ 0.040 mole, 14% crude yield from v.p«d*)
through elemental analysiss and comparison with ah

38authentic sample (mixed m.p* and infrared and ultrdv 
violet spectra).

Anal. Calcd. for C, 93.29; H, 6.71.
Founds C, 93.09; H s 6*73,

A v.p.c. of the filtrates from the first two 
distillation fractions both showed all four original 
components. Accordingly, a 5 g. sample of the first 
fraction was placed on an elution chromatography column 
2-1/2" in diameter, packed With alumina in a pentane 
solvent to a height of 7". The alumina was "Baker Analyzed 
Reagent" grade^ No. 0537, the oil was eluted with 90 ml. Of 
pentane and 140 ml, of benzene, and the fractions were taken 
at 20 ml. intervals. This column separated component A of 
the original reaction mixture fiItrAte, a crystalline solid 
(needleS) which showed only one peak in the v .p„c,, m.p, 
70-82° after one recrystallization from 95% ethanol.

The third distillation fraction (144-45°, 0,5 mm*) 
was shown by v.p.c. to contain component D of the reaction
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mixture filtrate and some material of higher retention 
time.

Preparation of 1.2.3.4-Tetraphenylbutadiene
This compound was prepared according to the method

pq •of Smith and Hoehn. The product had m.p. 183.5-184° (lit.
29 " -m.p. 183-184° ), and a mixed melting.point with the compound

Obtained from the reaction of _t-butyl lithium and diphenyl-
acetylene showed no depression. The infrared spectra of the
two samples (5% in CHClg) were also identical.

t_-Buty llithium and Diphenylacety lene Carbon at ion

Experiment One.--t-Butvllithium (0.0681 mole) in 29 
ml. of pentane was added rapidly to diphenylacetylene (10 g.s 
0.0566 mole) dissolved in 200 ml. of petroleum ether (b,p. 
30-60°) in an anhydrous9 nitrogen flushed 500 ml. flask. An 
immediate bright orange color was noted. The solution was 
heated to reflux and stirred for nine hours9 and then poured 
over crushed Dry Ice. The addition of 5% KOH to the reaction 
mixture resulted in a finely dispersed precipitate in the 
aqueous layer which was filtered* acidified with 3N hydro
chloric acid* and extracted with ethyl ether. The etheral 
layer was dried and solvent removed to yield acidic material, 
m.p. 135-145°. After recrystallization from hexane the com
pound had m.p, 198-199°.
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Anal." c: 80114i H, 7.71; 0, 12.18.
Experiment Two.--t°-Butvllithium (0.0885 mole) in 

46 ml. of pentane was added to diphenylacetylene (13 g.,L
0.0714 mole) dissolved in 200 ml. of petroleum ether (b.p. 
30-60*). The reaction mixture was stirred under reflux 
for nineteen hours. The usual workup procedure -was followed 
as described above for the n-? butyl lithium carbonation reac
tion. The resultant acidic material, an oily yellow solid, 
was triturated with hexane to yield an off-white crystalline 
precipitatef 1.03 g., m.p. 195-196°. This acid was completely 
insoluble in hexane, but was recrysta1line from an excessive 
amount of CHClg to yield white needles, m.p. 214-221°, 
decomposition with effervescence,

Experiment Three.— To diphenylacetylene (10 g., 0.0566 
mole) dissolved in 200 ml. of ligroine (b.p. 100-110°) was 
added t-butyllithium (0,0767 mole) in 40 ml, of pentane.
The reaction mixture was heated to reflux with stirring 
and allowed to continue for 24 hours, and then poured over 
crushed Dry Ice. The n-buty11ithium carbonation workup 
procedure was again followed to yield a brown viscous 
acidic oil. When heated in hexane the oil solidified 
into 5 g. of a brown powder, which could not recrystallize 
from a variety of common solvents and solvent pairs.
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Preparation of benzyl Pifcfenyl Ketone

This synthesis was based on the prbcedure of Allen 
' 39and Mrker for the preparation of de soxyb enzo in $ and Corey 

and Sqhae'f^r3Vs:,procedure^® for th@ preparation of g^nitrb- 
benzyl phenyl ketone.

Phosphorub';trichloride (31.8 ml. 3 0.364 mole) was 
added to g-chlorbpheny1 acetic acid (57.5 g .3 0.333 mole) 
in a'1^liter flask equipped with a mechanical stirrer. The 
solution was hbated to reflux for one hour and 400 ml. of 
dry benzene was added. The resuitapt mixture was decantid 
bff the phosphoric Acid residue into a dry l^liter flask 
cbntaining anhydrous aluminum trichloride (55 g.s 0.467 
mole) and refluxed for -ah additibnal hour.

The Solution was then poured onto a mixture of 500 
g, of cracked ice and 200 g. of concentrated hydrochloric 
acid, : The mixture was fiItered9 and the filtrate extracted 
with 200' ml, of I5I ether-«benzene. The precipitate waSP 
added to the ether^benzene extract, additional solvent was 
added5 the solution heated^ filtered hot and copied to yield 
31.73 g. of white plateletss m.p. 133-135,5° (lit., m.p,^* 
136.5-137.5),

Evaporation of the solvent yielded a second crop 
of crystals, 9 g., m.p. 129-132°, total yield 53% of 
5 -chlorobenzyl phenyl ketone.
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Preparation of ^-Chlorodiphenylacetylene

This synthesis is identical to that of, Newman and
a 2Reid with the exception that the starting material used 

in this reference was chloropheny 1 benzyl ketone. The 
dichloride derivative of the ketone was prepared from 
phosphorus pentachlorides b,p„ 155? (0,5 tnm<) $ • crude nup. 
53^6°? 80,5% yieldo The dichloride derivative was reduced 
to the acetylene in 49% yield by reflux in sodium t-butoxides 
m,p. 80,5-81° (lit, m,p,42 82°).
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