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2-Bromo-l,l-diphenylethylene reacts with butyllithium at —35° by two competing paths; one beginning with attack 
on the vinyl hydrogen atom leads to rearrangement to diphenylacetylene while the other, a halogen-lithium exchange, leads 
on carbonation of the mixture to the formation of /3,/3-diphenylacrylic acid. 2-Chloro-l,l-diphenylethylene and 2,2-di-
bromo-l.l-diphenylethylene give only diphenylacetylene while l,l-diphenyl-2-iodoethylene gives principally halogen-
exchange under the same conditions. Attempts to intercept an intermediate with the structure (C6H6)2C=CLiX have 
failed and the failures indicate that such an intermediate, if it is involved in the reaction, must rearrange at a rate which is 
rapid compared to the initial hydrogen exchange, cis- and /raws-2-Bromo-l-(£-chlorophenyl)-l-phenylethylene have also 
been treated with butyllithium with results which suggest that the ^-chlorophenyl ring favors exchange of that atom which 
is cis to it. 2-Bromo-l,l-di-(£-tolyl)-ethylene reacts much more slowly with butyllithium than does the parent diphenyl 
bromide. 2-Bromo-l,l-di-(£-chlorophenyl)-ethylene and 2-bromo-l,l-bis-(3,4-dichlorophenyl)-ethylene react more rapidly 
with butyllithium than does the unsubstituted bromide but the chlorine atoms favor attack on halogen at the expense of 
hydrogen-lithium exchange. The rate of the rearrangement reaction of 2-chloro-l,l-diphenylethylene is depressed 
markedly by dissolved lithium bromide. 2-Bromo-l,l-diphenylethylene-l-i reacts with butyllithium at an appreciably 
slower rate than the undeuterated bromide to give a lower relative amount of diphenylacetylene formed by hydrogen-lithium 
exchange. The data are not sufficiently accurate to permit the calculation of ku/ko for the rearrangement, however. 

During the course of a study3 of the prepara
tion of vinyllithium reagents by the reaction of 
vinyl halides with butyllithium, the reaction of 2-
bromo-l , l -diphenylethylene (I) with butyll i thium 
was found to be of unusual interest.4 The bromide 
I reacted readily with butylli thium prepared in 
diethyl ether from w-butyl bromide and lithium 
metal. Under such mild conditions as reaction 
for 0.5 hour a t —35° followed by carbonation was 
formed, in a typical run, /3,/3-diphenylacrylic acid 
(IV) in 3 0 % yield; a ketone, probably w-butyl 
2,2-diphenylvinyl ketone (V), in 6% yield; and 
diphenylacetylene (VI) in 4 3 % yield. About 
8% of the start ing material was recovered. The 
amount of the acid IV was determined by isolation. 
The diphenylacetylene was isolated in 2 3 % yield 
bu t the estimate of the total amount formed and 
also the estimate of the amount of ketone V was 
based on an infrared spectral analysis of the residual 
oil. Known mixtures of start ing material I and 
diphenylacetylene were found to obey Beer's 
law in carbon tetrachloride over the range of con
centrations employed. A similar reaction, carried 
out for 2 hours, gave 34% of the acid IV, 57%. of 
diphenylacetylene (VI) and no recovered start ing 
material nor ketone. The reaction mixture could 
be decomposed with methanol instead of Dry Ice. 
In this case the lithium reagent formed by halogen 
exchange was converted to 1,1-diphenylethylene. 
Est imates of the relative amounts of halogen 
exchange and rearrangement (by determining from 
the infrared spectra of the product mixture the 
relative amounts of diphenylacetylene and di-
phenylethylene) agreed with the results obtained 
from reactions which had been carbonated. The 
formation of diphenylacetylene is of particular 

(1) Taken from the Ph.D. Thesis submitted to the Universitv of 
Illinois by Edmund W. Flynn, 1956. 

(2) Rohm and Haas Fellow, 1954-1955. We are indebted also to the 
E. I. du Pont de Nemours Co. for a Grant-in-Aid which supported a 
part of this work. 

(3) (a) D. Y. Curtin and E. E. Harris, T H I S JOURNAL, 73, 2717, 
4519 (1951); (b) D. Y. Curtin, H. W. Johnson, Jr., and E. C. Steiner, 
ibid., 77, 4566 (1955); (c) D. Y. Curtin and J. W. Crump, ibid., 80, 
1922 (1958); (d) D. Y. Curtin, E. W. Flynn and Robert F. Nystrom, 
ibid., 80, 4599 (1958). 

(4) See D. Y. Curtin, E. W. Flynn, R. F. Nystrom and W. H. 
Richardson, Chemistry & Industry, 1453 (1957), for a preliminary 
report of a part of the present results. 

interest since it involves a rearrangement of the 
carbon skeleton and seems to be closely related to 
the rearrangement of vinyl halides to diarylacety-
lenes by other strong bases.5 

As a working hypothesis, it was assumed tha t the 
ratio of the amount of acetylene VI to products 
derived from diphenylvinyllithium (II) is deter
mined by the ratio of the rates of l i thium-bromine 
exchange to l i thium-hydrogen exchange as shown 
in the preceding representation. I t appeared pos
sible, however, tha t the li thium-halogen exchange 
might be reversible and t h a t if the reaction t ime 
were sufficiently prolonged the vinyllithium reagent 
I I might be reconverted to the vinyl bromide I and 
then to I I I and finally, irreversibly, to the acety
lene VI. The ratio of products did not change 
significantly with prolongation of reaction times to 
as much as 8 hours, however. I t is concluded 
therefore, tha t the halogen exchange reaction is not 
appreciably reversible under the conditions em
ployed. The average value determined from a 
number of experiments for the ratio of the amount 
of a t tack of butylli thium prepared from butyl 

('C6H5)X=CHLi (II) > 
+ C4H9X CO, 

/f (C6H6)..C=CHCOOH (IV) 
K-C4H9Li+ / [+(CGH5)SC=CHCOC1Ha(V)] 
(C6H6),,C=CHX \ 

I X = Br * (C6Hs)2C=CXLi (III) ^ 

bromide on the hydrogen atom of the vinyl bro
mide I to the amount of a t tack on the bromine 
atom was 1.4. The ratio did appear to increase 
somewhat (to 3.2) when the reaction was carried 
out for 0.5 hour at 22°, possibly due to some reversal 
of the halogen exchange a t the higher temperature. 

I t was of possible synthetic as well as theoretical 
interest to determine whether the bromolithium 
intermediate I I I could be intercepted. The re
action mixture of I with butyllithium was therefore 
carbonated after about 7 5 % completion of the re
action and a quanti ta t ive bromine analysis carried 
out on the acidic product to determine if the acid 

(5) For a review see T. L. Jacobs, "Organic Reactions," Vol. V, 
John Wiley and Sons, Inc., New York, N. Y., 1949, Chapt. 1, p. 40 ff. 
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IV were contaminated with the bromo acid VII , 
expected from the carbonation of the bromolithium 
intermediate I I I . There was less than 0 .5% of 
halogen present. Since the carbonation reaction 
might be slow relative to rearrangement of VI I to 
diphenylacetylene, another reaction was inter
rupted with deuterium oxide and the separated 
vinyl bromide I analyzed for deuterium. A 
deuterium analysis indicated tha t as much as 7 % 
of 2,2-diphenylvinyl-l-d bromide (VIII) might be 
present, but because of danger of contamination 
with other deuterium-containing compounds it 
could not be concluded with certainty tha t the 
intermediate I I I had accumulated to a pronounced 
degree. 

COOH D 

(C6Hs)2C=C (C6Hs)2C=C (C6Hs)2C=C(Br) 
\ \ 

Br Br 
VII VIII IX 

More definitive results were obtained by treat
ment of the dibromide I X with butyll i thium a t 
— 35° in ether solution. I t was anticipated tha t the 
initial exchange to give the intermediate I I I should 
be accelerated by the presence of the second bromine 
a tom and tha t the concentration of the intermedi
ate I I I should be better able to build up during 
the reaction. After 30 seconds a t —35° I X had 
been 8 0 % converted to the acetylene VI and only 
1 3 % of start ing I X was recovered. Extension of 
the reaction t ime to 1-5 minutes gave VI in yields 
of 90 -99% and no start ing material could be re
covered after 1 minute. No acid fraction could 
be obtained by carbonation of an incomplete re
action. I t seems clear tha t the bromolithium com
pound I I I , if it is an intermediate in these reactions, 
rearranges extremely rapidly and tha t its con
centration does not build up to any detectible 
extent during the reaction of I. 

The possibility tha t the major pa th of the rear
rangement of the bromide I proceeds through a 
second transient intermediate, a symmetrically 
solvated carbene X, has been excluded by the ob
servation tha t cis- and 2ra«s-2-bromo-l-(/>-chloro-
phenyl)-l-phenylethylene (XI) labeled with C14 

(C6Hs)2C=C: 
X 

in the 1-position rearrange stereospecifically, the 
aryl group trans to the bromine a tom being the one 
which migrates predominantly. 3d>4 

The behavior toward butyll i thium of the chlo
ride X I I and iodide X I I I analogous to I has also 
been investigated. The iodide X I I I was prepared 
in 1 1 % yield by conversion of the bromide I with 
magnesium to the Grignard reagent followed by 
t rea tment with iodine. The iodide X I I I , when 
treated with butyll i thium in ether a t —35° fol
lowed by carbonation, was converted in 6 6 % 
yield to the phenylcinnamic acid IV. The in
frared spectrum of the neutral fraction indicated 
that , in addition, there was some 10% of the ketone 
V bu t less than 1 3 % of diphenylacetylene. Sub
stitution of iodine for the bromine a tom in I thus, 
as was anticipated, favors the halogen exchange 
reaction. Related halogen-li thium exchanges are 

known to proceed more rapidly with iodine than 
with bromine.6 The chloride X I I , on the other 
hand, when treated with butyll i thium for 2 hours 
a t —35° in diethyl ether gave no acidic product 
after carbonation and the neutral fraction was 
shown by infrared examination to contain about 
3 5 % of diphenylacetylene (VI) and 5 5 % of un-
reacted X I I . When the temperature was increased 
to 0° the yield of VI rose to 7 3 % and at 22° was 
quanti tat ive. Thus, in agreement with expecta
tion, substitution of chlorine for the bromine atom 
in I favors replacement a t hydrogen by depressing 
the rate of halogen exchange.7 The rates of re
placement at hydrogen (rearrangement) of the 
chloride X I I and the bromide I appear to be nearly 
the same, however, 

A comparison of reactions with the chloride X I I 
of butyll i thium prepared from butyl chloride and 
lithium metal with similar reactions employing 
butyll i thium prepared from butyl bromide and 
lithium metal gave results of particular interest. 
The reaction using butyl chloride was appreciably 
faster than t ha t start ing with butyl bromide. For 
example, in two reactions carried out a t —35 ± 
1° for 2 hours, butyll i thium prepared from butyl 
chloride converted the chloride X I to diphenyl
acetylene in 8 0 % yield and no start ing material 
was recovered, whereas when butyll i thium pre
pared from butyl bromide was employed under 
otherwise similar conditions 54% of the start ing 
material was recovered and 3 4 % of the theoretical 
amount of diphenylacetylene was formed. I t seems 
clear t ha t this is due to the greater solubility in 
diethyl ether of the lithium bromide formed, a 
hypothesis confirmed by adding lithium bromide 
to a reaction carried out with butyll i thium pre
pared from butyl chloride. Under the same con
ditions of time and temperature the yield of di
phenylacetylene dropped from 8 9 % (with no re
covered start ing material observed) to 5 5 % of 
diphenylacetylene and 3 5 % of recovered start ing 
material when lithium bromide was added.8 

I t is tempting to interpret this salt effect as 
evidence tha t dissociated butyl anion is the active 
species in the rearrangement and tha t its concen
trat ion is being lowered by a mass law effect when 
li thium bromide is added. Any such interpretation 
is complicated, however, by the fact t ha t butyl
lithium is associated in solution. A boiling point 
determination of the molecular weight of butyl
lithium in diethyl ether has indicated tha t it exists 
principally as a pentamer.9 

There also appeared to be a slight effect of added 
lithium bromide on the relative amounts of hydro-

(6) See R. G. Jones and H. Giltnan, "Organic Reactions," R. Adams, 
Editor, John Wiley and Sons, Inc., New York, N. Y., 1951, p. 342. 

(7) I t may be noted here that the ratio of halogen to hydrogen ex
change may be greatly influenced by the nature of the lithium reagent. 
I t has been found, for example, that 2-bromo-l,l-diphenylethylene (1) 
with phenyllithium gives essentially completely diphenylacetylene 
formed by initial attack on hydrogen [D. Y. Curtin and W. H. Richard
son, manuscript in preparation; W. H. Richardson, Ph.D. Thesis, 
University of Illinois, 1958]. 

(8) I t was estimated that butyllithium prepared from butyl chloride 
contains about 75 mmoles of dissolved lithium chloride per liter 
whereas lithium bromide was soluble to the extent of about 1200 
mmoles per liter. 

(9) G. Lange, Dissertation, Tubingen, 1960, quoted by G. Wittig, 
F. J. Meyer and G. Lange, Chem. Ber., 571, 167 (1951). 
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gen and bromine exchange in the reaction of butyl-
lithium with the bromide I. That the effect of 
lithium bromide was to lower somewhat the ratio 
of hydrogen to halogen exchange was suggested 
by the fact that the ratio was somewhat higher (2) 
when the butyllithium was prepared from butyl 
chloride. However, these effects were so small 
that they were quite close to the limit of error of the 
method.10 

The effect of substituents on the rearrangement 
of the vinyl bromide I was also investigated. 
2-Bromo-l,l-di-(£-tolyl)-ethylene (XIV) underwent 
both hydrogen and halogen exchange at a markedly 
slower rate than the unsubstituted bromide I. 
In a reaction carried out at —35° for 0.5 hr. some 
74% of the starting material was recovered after 
carbonation of the reaction mixture. An estimate 
of the products indicated that about 12% of di-
(£-tolyl) -acetylene was formed and about 7% of 
2,2-di-(^>-tolyl)-acrylic acid which leads to a ratio 
of hydrogen to halogen exchange of 1.7, a value 
which is not very reliable but not significantly dif
ferent from those obtained with the unsubstituted 
bromide I. Under the same conditions 2-bromo-
l,l-di(£-chlorophenyl)-ethylene (XV) underwent 
complete reaction with a ratio of 0.4 and 2-bromo-
l,l-bis-(3,4-dichlorophenyl)-ethylene (XVI) be
haved similarly with a ratio of 0.5. It seems likely, 
then, that ^-substituents with positive cr-constants 
favor attack on halogen to a slight extent. It is 
of interest also that cw-2-bromo-l-(£-chlorophenyl)-
1-phenylethylene (XI) showed a somewhat smaller 
ratio of hydrogen to halogen exchange than did 
the trans isomer although the latter was known to 
be contaminated with a small amount of cis-XI. 
The ratios were 1.2 for the cis and 1.9 for the trans 
isomer. Again, the difference between them is so 
small that the conclusion must be regarded as 
tentative but it seems probable that the ^-chloro-
substituent aids both hydrogen and halogen 
exchange but aids most exchange of that atom which 
is cis to it. These results argue against a rearrange
ment mechanism in which removal of hydrogen, 
aryl migration and loss of bromide ion are concerted 
since the chloro-substituted phenyl rings aid both 
hydrogen replacement leading to rearrangement 
and halogen replacement but assist the halogen 
replacement more. 

The deuteriobromide VIII, shown by analysis 
to contain 84 atom % deuterium, when treated 
with butyllithium prepared from butyl chloride 
showed a substantial isotope effect since 40% of the 
starting material was recovered under conditions 
in which the undeuterated bromide had reacted to 
the extent of more than 80%. The amount of 
halogen replacement was about the same as was 
obtained with undeuterated bromide I under the 
same conditions, but the amount of rearrangement 
had decreased (from 54 to 35%). These data are 
not of sufficient accuracy to justify the calculation 
of an isotope effect but are certainly not inconsist
ent with a mechanism with a rate-determining 

(10) It may be recalled in this connection that 0-bromostyrene 
undergoes only hydrogen exchange when treated with butyl- or phenyl-
lithium in diethyl ether but undergoes principally halogen exchange 
in petroleum ether [see Ref. 3a and 3d and references cited therein]. 
It is not clear how these salt and solvent effects are operating, however. 

proton transfer as suggested by the other results 
reported here. 

^-ClC6H4 Br (P-Cl 1,C6Hi)2C=CHBr 

\ / xiv 
/ \ (/>-ClC6H4)2C=CHBr 

C6H6 H XV 
cw-XI (3,4-Cl2-C6Ha)2C=CHBr 

XVI 

Experimental11 

2-Bromo-l,l-diphenylethylene (I) was obtained in 76% 
yield by treatment of 1,1-diphenylethylene,12 b .p. 95-99° 
(0.5 mm.), W20D 1.6082, with bromine in carbon tetrachlo
ride. The product solidified after distillation (b.p. at 0.8 
mm. 124-140°) and had m.p. 40-41° (lit. m.p . 49-50°,13 

41-42° 14). This substance has a narrow absorption maxi
mum of medium intensity at 1225 c m . - 1 which was used in 
estimating the amount of it present as unreacted starting 
material in the butyllithium reactions. 

2-Bromo-l,l-diphenylethylene-2-d was prepared in 85% 
yield by the reduction of diphenylacetic acid (21.2 g., 
0.1 mole, m.p. 148-149°) by the method of Nystrom and 
Brown.16 The deuterio alcohol was converted to the 
olefin in 50% yield by formation of the xanthate and thermal 
decomposition of the latter at 250-330° by the method of 
Alexander and Mudrak.16 The xanthate decomposition 
product (b.p. 112-114° at 1.5 mm.) was brominated as 
described previously for the undeuterated compound to give 
2-bromo-l,l-diphenylethylene-2-<2, m.p. 42-43°. The car
bon-deuterium stretching frequency was at 2305 cm. - 1 . 
In addition the deuterio compound had absorption maxima 
at 726 and 865 c m . - 1 which were absent in the undeuterated 
vinyl bromides. Conversely the undeuterated compound 
showed absorption maxima at 1330, 1223 and 937 cm.-1 

which were very much diminished in the deuterated vinyl 
bromide. From the intensities of these absorptions it was 
estimated that there was not more than about 10% of un
deuterated vinyl bromide in the deuterated sample. A deu
terium analysis by the falling drop method indicated the 
isotopic purity to be 84%. 

2,2-Diphenyl-l,l-dibromoethylene (IX), m.p. 84-85° af
ter recrystallization from ethanol, was prepared in 3 1 % 
yield from the monobromide I by treatment with bromine 
in carbon disulfide followed by elimination of hydrogen bro
mide by treatment with 20% aqueous potassium hydroxide. 
The m.p. in the literature" is 83°. 

2-Chloro-l,l-diphenylethylene (XII), m.p. 42-43° after re-
crystallization from methanol (lit.13a 41°), was prepared in 
15% yield from the reaction of 1,1-diphenylethylene with 
chlorine followed by distillation at 1 mm. (b.p. 130-137°). 

l,l-Diphenyl-2-iodoethylene (XIII).—To the Grignard re
agent prepared from 2.4 g. (0.1 g.-atom) of magnesium 
turnings and 15.5 g. (60 mmoles) of the bromide I in 300 ml. 
of diethyl ether under nitrogen was added 28 g. (0.11 mole) 
of iodine dissolved in anhydrous ether. After neutraliza
tion of the reaction mixture with 100 ml. of 20% sulfuric 
acid, washing with 10% sodium thiosulfate solution and wa
ter and drying over anhydrous calcium chloride the diethyl 
ether was distilled and the product purified by chromatog-

(11) All melting points are corrected. Microanalyses were kindly 
performed by Mr. Josef Nemeth, Mrs. Maria Benassi, Mrs. Lucy 
Chang, Mrs. Esther Fett and Mr. Rollo Xesset of the Microanalytical 
Laboratory of the University of Illinois and by the Clark Microanalyti
cal Laboratory. Infrared spectra were obtained with a Perkin-Elmer 
model 21 double beam spectrophotometer in sodium chloride cells by 
Miss Helen Miklas, Mrs. Louisa Griffing and Mr. James Brader. The 
spectra were all measured with 10% solutions in carbon tetrachloride. 
Many of them are available in the Ph.D. Thesis of Edmund William 
Flynn. University of Illinois, 1956, Univ. Microfilms, (Ann Arbor, 
Mich.), Publ. No. 16393; C. A., 50, 11977g. (19S6). 

(12) "Organic Syntheses," Coll. Vol. I, John Wiley and Sons, Inc., 
New York, N. Y., 1941, p. 226. 

(13) (a) E. Hepp, Ber., 7, 1410 (1874); (b) G. Wtttig and R. Keth-
nur, ibid., 69, 2078 (1936). 

(14) P. Lipp, ibid., 56, 567 (1923). 
(151 R. F. Nystrom and W. G. Brown, THIS JOURNAL, 69, 2548 

(1947). 
(16) E. R. Alexander and A. Mudrak, ibid , 72, 1810 (1950). 
(17) G. Goldschmiedt, Ber., 6, 985 (1873). 
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raphy on alumina and repeated recrystallization from meth
anol. There was obtained 2 g. (11%) of iodide X I I I , m.p . 
40-41 °. ia 

Anal. Calcd. for C14HnI: C, 54.9; H, 3.6; I , 41.4. 
Found: C, 55.1; H, 3.6; 1,41.4. 

1,1-Diphenyl-l-hexene was prepared by the reaction of 
phenylmagnesium bromide [from 39 g. (0.25 mole) of bro-
mobenzene, b .p . 153-155°, with 6.5 g. (0.27 g.-atom) of 
magnesium in 150 ml. of anhydrous diethyl ether in a nitro
gen atmosphere] with 18 g. (0.125 mole) of ethyl caproate, 
b . p . 150-153°, M20D 1.4073, added in 25 ml. of diethyl ether. 
The alcohol thus formed was not isolated but was heated 
under reflux for 1 hr. with 50 ml. of 20% sulfuric acid. Dis
tillation of the olefin after neutralization of the acid gave 
19.6 g. (66%) of 1,1-diphenyl-l-hexene, b .p . 108-110° at 2.5 
mm. (lit.21 b .p . 184° at 15 mm.), M2°D 1.5710. 

Anal. Calcd. for C18H30: C, 90.7; H, 9.3. Found: C, 
90.9; H, 8.7. 

Attempted Preparation of Butyl 2,2-Diphenylvinyl Ke
tone.—1,1-Diphenylethylene (1.8 g., 10 mmoles) was added 
to a solution of valeryl chloride (1.2 g., 10 mmoles) in 50 ml. 
of carbon disulfide containing 1.3 g. (10 mmoles) of alumi
num chloride, following the procedure of Bergmann, Israel-
ashvili and Gottlieb22 for structurally similar compounds. 
After removal of the carbon disulfide by distillation and hy
drolysis of the reaction mixture with 50 ml. of ice water 
containing 1 ml. of concentrated aqueous hydrochloric acid 
the organic material was extracted with diethyl ether, 
washed, dried over sodium sulfate and the ether distilled to 
give 2.4 g. of dark red oil which was purified by chroma
tography on alumina using hexane and then ether as eluents. 
Elution with ether afforded 500 mg. of yellow oil having 
strong infrared maxima of equal intensity at 1668 and 1690 
cm. - 1 . Further chromatography gave 100 mg. of oil having 
strong absorption at 1668 c m . - 1 believed to be due to the 
desired ketone, but the spectrum still contained weak ab
sorption at 1690 c m . - 1 and also a weak band a t 1717 c m . - 1 

indicating that there were still carbonyl-containing impuri
ties amounting to as much as 15-20% (calculated with the 
assumption that the extinction coefficients of the compo
nents are equal). 

2-Bromo-l,l-di-(£-tolyl)-ethylene (XIV), m.p. 55-56° 
(lit.23 53-54°) was prepared from l,l-di-(/>-tolyl)-ethylene by 
addition of bromine in carbon disulfide and dehydrohalogen-
ation by distillation of the dibromide under reduced pres
sure, a procedure similar to that used for the synthesis of the 
vinyl bromide I . 

Di-(£-tolyl)-acetylene, m.p. 136-137° (lit.24 136°), was 
prepared from £,£>'-dimethylstilbene dibromide by dehydro-
halogenation with 20% ethanolic potassium hydroxide for 3 
hr. 

cis- and trans 2-Bromo-l-(£-chlorophenyl)-l-phenylethyl-
ene (XI) were prepared as described previously3"1 for the iso-
topically labeled halides. 

2-Bromo-l,l-di-(£-chlorophenyl)-ethylene (XV).-—1,1-Di-
(j!>-chlorophenyl)-ethylene, m.p. 85-87°, prepared from p,p'-
dichlorobenzophenone and methylmagnesium iodide and 
dehydration of the resulting carbinol by treatment with 2 0 % 
sulfuric acid for 2 hr. under reflux, was converted to the bro
mide XV by treatment with bromine in carbon disulfide fol
lowed by distillation, the same method that was employed 
for the monochloro bromides cis and trans-XI.3* The prod
uct XV, m.p. 71-73°, was purified by distillation at 0.3 mm. 
pressure (b.p. 158-162°) and by recrystallization from etha-
nol. 

(18) I t may be noted that subsequently it was found by Dr. John 
Crump" that diiodoacetylene is more satisfactory than iodine for a 
similar conversion. For example, c«'j-2-bromo-l-(£-chlorophenyl)-l-
phenylethylene (cis-XI) was converted to the Grignard reagent which 
on treatment with iodine gave no appreciable amount of iodo com
pound but with diiodoacetylene" a 30% yield of a 2-iodo-l-(i>-chloro-
phenyl)-l-phenylethylene, m.p. 54-55°, was obtained. 

(19) J. W. Crump, Ph.D. Thesis, University of Illinois, 1957 
[C. A., Sl, 11266c (195D]. 

(20) V. Franzen, Bcr., 87, 1148 (1954V 
(21) W. Schlenk and E. Bergmann, Ann., 469, 50 (1930). 
(22) E. Bergmann, S. Israelashvili and D. Gottlieb, J. Chem. Soc, 

2522 (1952). 
(23) O. Fisher and L. Castner, J. trakt. Chem., [2] 82, 283 (1910). 
(24) G. Goldschmiedt and E. Hepp, Bcr., 6, 1505 (1873». 

Anal. Calcd. for C11H9BrCl2: C, 51.8; H, 2.8. Found: 
C, 51.3; H, 2.9. 

2-Bromo-1,1 -(di-(3,4-dichloropheny 1 Methylene (X VI) .— 
l,l-Di-(3,4-dichlorophenyl)-ethylene, was prepared from 
3,4-dichlorobromobenzene, b.p. 64° at 0.2 mm.,*» by con
version to the Grignard reagent and reaction with the ethyl 
acetate and dehydration as with the other chloroolefins de
scribed above. The bromoolefin XVI was prepared by 
bromination as in the previous examples, followed by dis
tillation. After purification by chromatography on alumina 
and recrystallization from ethanol it had m.p. 87-88°. 

Anal. Calcd. for Ci4H8BrCl2: C, 51.3; H, 2.8. Found: 
C, 51.4; H, 3.0. 

Reaction with Butyllithium of 2-Bromo-l,l-diphenylethyl-
ene (I).—The vinyl bromide I (4.18 g., 17 mmoles) in 75 ml. 
of diethyl ether was treated with 19 mmoles of titrated butyl-
lithium prepared from butyl bromide in 35 ml. of diethyl 
ether a t —35° in a nitrogen atmosphere (initial concentra
tions are thus 158 and 173 mmoles/liter). The solution be
came yellow and the temperature rose to —22° following the 
addition. The reaction mixture was held at —35° for 0.5 
hr. and then added to a large excess of Dry Ice. The reac
tion mixture was then neutralized with 100 ml. of 20% hy
drochloric acid and extracted with two 50-ml. portions of 
ether. The combined ether extracts were washed with 50 
ml. of 5 % potassium hydroxide and on acidification of the 
aqueous washings with several drops of concentrated hydro
chloric acid afforded 1.17 g. (30%) of 0-phenylcinnaniic acid, 
m.p. 157-160° (lit.26 m.p. 162°). The infrared spectrum 
of a 5 % chloroform solution of this fraction agreed well with 
the spectrum of the more highly purified material. A quan
titative halogen analysis of a similar crude acid fraction ob
tained after 75% reaction showed less than 0 .5% halogen 
present. Recrystallization of the crude acid from ethanol 
gave 0.87 g. (22%), m.p. 161-162°. A mixed m.p. with a 
sample of authentic /3-phenylcinnamic acid showed no de
pression. 

After being dried over calcium chloride the ether was dis
tilled from the neutral fraction under reduced pressure. The 
residue (2.21 g.) partially solidified in an ice-bath to give 0.72 
g. (23%) of diphenylacetylene, m.p. 60-61°, lit.27 m.p. 60-
62.5°. Recrystallization from ethanol did not change the 
m.p. A mixed m. p . with a sample of authentic diphenyl
acetylene showed no depression. Bromination gave a bro
mide, m.p. 205-206° (lit.27'28 m.p. for diphenylacetylene di
bromide, 205-206°). 

The liquid residue after removal of the solid diphenylacet
ylene weighed 1.38 g. and was shown by comparison of its 
infrared spectrum (10% in carbon tetrachloride solution) 
with spectra of the authentic components to contain 2 1 % of 
diphenylacetylene (based on starting material I) (employing 
the intensity of the absorption at 915 cm. - 1 ) , 8% of the un-
reacted bromide I (using the absorption at 1225 cm. - 1 ) and 
approximately 6% of a carbonyl component (absorption at 
1668 cm. - 1 ) believed to be butyl 2,2-diphenylvinyl ketone. 
Estimates of the amount of this substance were made by 
comparing the intensity of the carbonyl absorption with 
that of the compound purified by chromatography as de
scribed below. Since the substance was never isolated free 
from other carbonyl-containing impurities the extinction co
efficient is in some doubt. However, this uncertainty has 
little effect on the estimates of the halogen-lithium exchange 
in most reactions since the carbonyl product was generally 
fromed in small amount. Infrared spectra of known mix
tures of bromide I and diphenylacetylene obeyed Beer's 
law over the concentration range employed (25-75%). 
Chromatographic separation of the residue over alumina af
forded three fractions consisting primarily of unreacted bro
mide I (0.45 g., 10%, using hexane as the eluent), diphenyl
acetylene (0.43 g., 14%, m.p . 56-58°, using hexane as the 
eluent) and still somewhat impure butyl 2,2-diphenylvinyl 
ketone (0.23 g., 4 % , using diethyl ether as the eluent). 
The infrared spectrum of the ketone fraction had carbonyl 
absorption at the same position as the butyl 2,2-diphenylvinyl 
ketone prepared in an impure form by the procedure previ
ously described. Infrared absorption at 2940, 2960 c m . ' 1 

(25) W. H. Hurtley, J. Chem. Soc, 79, 1297 (1901). 
(26) H. Rupe and E. Busolt, Bur., 40, 4537 (1907). 
(27) H. Limpricht and H. Schwanert, Ann., 145, 358 (1868); P. 

Pascal and L. Normand, Bull. soc. chim. France, [4] IS, 154 (1913). 
(28) G. H. Coleman and R. D. Maxwell, THIS^JOURNAL, 56, 132 

(1934). 
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also showed the presence of a number of aliphatic hydrogen 
atoms in agreement with the assigned structure. An at
tempt to prepare the 2,4-dinitrophenylhydrazone led to a 
small amount of a compound which after recrystallization 
from carbon tetrachloride had m.p. 238-239°. Its analysis 
was not in agreement with that expected for the butyl ke
tone but was fairly close to that calculated for the dinitro-
phenylhydrazone of benzophenone (lit.29 238-239°, 229°), 
possibly formed by cleavage of the butyl diphenvlvinyl ke
tone. 

Anal. Calcd. for Ci9Hi4N4O4: C. 63.0; H, 3.9; N, 15.5. 
Found: C, 62.1; H, 3.9; N, 14.9. Calcd. for C25H24N4O4: 
C, 67.6; H, 5.4; N, 12.6. 
_ The data in Table I, describing the results of other reac

tions carried out in the same way, were calculated bv adding 
to the amount of acid IV the estimate of the amount of ke
tone V if any was evident as a small correction. 

TABLE I 

REACTION OP 2-BROMO-1,1-DIPHENYLETHYLENE (I) WITH 

BUTYLLITHIUM 

Concn. % Rear-
of I, Amount I re- bromide range-

Time, mmoles/ of I, covd., ex- ment, 
hr. 1. mmoles % change % 

Reactn. at - 3 5 ° , 10% molar excess of butyllithium pre
pared from butyl bromide 

0.5° 157 17 5 36 46 
.5" 157 17 8 36 44 
• o6 170 17 19 32 39 1.2 
.5" 141 4 25 22 47 
.5" 69 4 48 16 16 
.5° 47 4 32 22 34 

2.0" 158 17 0 34 57 
8.06 141 20 0 31 41 

H/Br 
attack 

1.3 
1.2 

3.0" 143 
.0" 143 

17 
17 

25 40 
40 58 

2 .1 
1.0 
1.5 
1.7 
1.3 
1.4 
1.5 

Average 1.4 ± 0 . 2 

Reacn. at 0° with 10% excess butyllithium prepared from 
butyl bromide 

0 .5 a 43 4 2 34 57 1.7 

At 22° 

0.5* 47 4 0 23 73 3.2 

Reacn. with 2.2 molar equivalents of butyllithium from butyl 
bromide at - 3 5 ° 

0.5" 120 17 0 41 66 1.7 
.5" 120 17 0 40 58 1.5 
• 56 138 17 6 41 42 1.0 

Reacn. with 10 molar equivalents of butyllithium from butyl 
bromide 

0 .5 a 24 0.9 0 22 59 2.7 

Reacn. at —35° with 10% excess butyllithium prepared from 
butyl chloride 

2a-e 78 4 0 27 
s°'c 154 8 0 27 
2a'c 400 20 0 25 
" Reaction mixture was carbonated. 

57 2 .1 
54 1.9 
65 2 .6 

b Reaction mixture 
was treated with methanol. c Temperature held to ± 1 ° . 

A typical reaction which was completed by the addition of 
methanol is as follows. The lithium reagent after reaction 
with 4.47 g. (17 mmoles) of bromide I was treated with 5 
ml. of methanol and the product chromatographed on alu
mina to give a hydrocarbon mixture shown by comparison of 
its infrared spectra with spectra of the pure components to 
contain 24% of 1,1-diphenylethylene (from the intensity of 
the absorption at 900 cm. - 1 ) , 39% diphenylacetylene (from 

the absorption at 915 cm. - 1 ) , 8% of 1,1-diphenyl-l-hexene 
(absorption at 2930 cm. - 1 ) and 19% of unreacted bromide I 
(1225 cm. - 1 ) , all percentages being based on starting bro
mide. In estimating the amount of halogen-lithium ex
change in Table I the total amount of 1,1-diphenylethylene 
plus 1,1-diphenyl-l-hexene was recorded since the latter 
probably arose from reaction of the vinyllithium intermedi
ate II with butyl bromide formed in the initial exchange. 
A similar displacement was apparently a complication in re
actions of triarylvinyllithium reagents30 at temperatures of 
0° or above but not at lower temperatures. It is also 
possible that the 1,1-diphenylhexene is formed by an addi
tion of butyllithium to the haloolefln I followed or accom
panied by loss of halide ion. I t has been shown, for exam
ple, that 1,1-diphenylethylene undergoes a rapid addition of 
butj'llithium at room temperature in diethyl ether solution.30 

In general the amount of diphenylhexene was too small to 
affect materially the results. It will be noted also that the 
results obtained in the reactions terminated by carbonation 
where no diphenylhexene was determined agreed reasonably 
well with those from reactions terminated by the addition 
of methanol. The results of this and other similar reactions 
are presented in Table I . 

The reaction of bromide I with butyllithium was carried 
out 29 times in all. The speed of the reaction is shown by 
the observation that after only 6 min. at —35° there was 
about 50% reaction. The data presented are representa
tive. It will be noted that only in the last three reactions 
in Table I was an effort made to control the temperature to 
± 1 ° . 

Reaction of 2,2-Dibromo-l,l-diphenylethylene (IX) with 
Butyllithium.—The dibromide IX (1.00 %., 296 mmoles) in 
25 ml. of anhydrous diethyl ether was treated with a 10% 
excess of titrated butyllithium in 11 ml. of ether at —35° 
under nitrogen. The initial concentrations of IX and butyl
lithium were thus 82 and 91 mmoles/1., respectively. The 
temperature rose slightly during addition but was thereafter 
held at —35° for 5 min. and then 2 ml. of methanol added. 
After removal of the lithium salts by extraction with water 
and removal of the ether by distillation under reduced pres
sure 530 mg. (99%) of diphenylacetylene, m.p. 58-60°, re
mained. The infrared spectrum agreed with that of an au
thentic sample. 

A second similar reaction was carried out for one minute at 
—35° after which the mixture was decomposed with 25 ml. 
of water. Extraction of the neutral fraction with ether apd 
removal of the ether as before gave an oily solid, but the in
frared spectrum again indicated that 9 3 % conversion to di
phenylacetylene had occurred. Another reaction carried 
out as before and added to water after 30 sec. gave an oil 
which was shown by the infrared spectrum to contain about 
80% of the theoretical amount of diphenylacetylene and 
13% of unreacted starting material IX . 

Reaction of the Vinyl Chloride XII with Butyllithium.— 
The chloride X I I (1.66 g., 7.72 mmoles) in 34 ml. of anhy
drous diethyl ether was treated with a 10% excess of titrated 
butyllithium (16 ml. of solution) prepared from butyl chlo
ride and lithium metal at —35° in an atmosphere of nitro
gen. The initial concentrations of chloride XI I and butyl
lithium are thus 154 and 170 mmoles/liter, respectively. The 
temperature rose slightly during the addition but the mix
ture was held thereafter at - 3 5 ± 1° for 2 hr. and then 
added to Dry Ice. Xo acidic product was obtaind. The 
neutral fraction was shown by its infrared spectrum to con
tain 5 5 % of diphenylacetylene (absorption at 915 cm. - 1 ) 
and 3 5 % of recovered starting chloride X I I (absorption at 
948 cm. - 1 ) based on the amount of starting chloride X I I . 
Results of the reactions of the chloride X I I with butyllith
ium are summarized in Table I I . 

Reaction with Butyllithium of the Vinyl Iodide XIII.— 
The iodide (1.00 g., 3.26 mmoles) in 20 ml. of anhydrous di
ethyl ether was treated with a 10% excess of titrated butyl
lithium prepared from butyl bromide in 5.2 ml. of ether at 
— 35° under a nitrogen atmosphere. The temperature rose 
slightly during the addition but thereafter was held at —35° 
for 0.5 hr. and the reaction mixture then poured onto Dry 
Ice. Extraction from ether of the acidic fraction with 5 % 
potassium hydroxide and acidification with several drops of 
concentrated hydrochloric acid gave 0.48 g. (66%) of /3-
phenylcinnamic acid, m.p. 161-162°. 

(29) N. R. Campbell, Analyst, 61, 393 (1936); 
Mm. UaL, 24, 1, 569 (1894). 

A. Purgotti, Cass. (30) K. Ziegler, F. Crossman, H. Kleiner and O. Schaefer, Ann., 473, 
1 (1929). 
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TABLE I I 

REACTION OF 2-CHLORO-1,1-DIPHENYLETHYLENE (XII ) WITH 

BUTYLLITHIUM* 
Concn. Amt. of Chloride Rear-

Time, of XII , XII , XI I exchange, range-
hr. mmoles/1 mmoles recovd., % % ment, % 

Butyllithium prepared from butyl chloride 
2 80 4 0 0 80 
2 154 8 0 0 89 

Butyllithium prepared from butyl bromide 

2 56 5 54 0 34 

Butyllithium prepared from butyl chloride but with an 
equiv. amt. of lithium bromide added 

2 154 8 35 0 55 
" Reactions carried out at — 35 ± 1° and completed by 

carbonation by pouring onto Dry Ice. A 10 mole % excess 
of butyllithium was employed. 

After being dried over anhydrous calcium chloride the 
neutral fraction was obtained by distillation of the diethyl 
ether. The residue (0.17 g.) was shown by a comparison of 
the infrared spectrum with those of the authentic products to 
contain approximately 10% of butyl 2,2-diphenylvinyl ke
tone (absorption at 1668 cm. - 1 ) and not more than 13% of 
diphenylacetylene (absorption at 915 cm. - 1 ) based on 
iodide X I I I employed in the reaction. 

Reaction of the Ditolyl Bromide XIV with Butyllithium.— 
To 1.00 g. (3.5 mmoles) of the vinyl bromide XIV in 29 ml. 
of anhydrous diethyl ether at —35° was added a 10% excess 
of titrated butyllithium (in 5.5 ml. of ether). After stand
ing at —35° for 0.5 hr. the reaction mixture was poured onto 
Dry Ice. Extraction of the acidic fraction with 25 ml. of 
5 % potassium hydroxide and acidification of the aqueous ex
tract with several drops of hydrochloric acid gave 60 mg. 
(7%) of crude di-(£-tolyl)-acrvlic acid, m. p . 155-160° (lit. 
174V l a 168-17031b). 

The neutral fraction after drying and removal of the di
ethyl ether under reduced pressure appeared as a residue 

(31) (a) F. Bergmann, M. Weizmann, E. Dimant, J. Patai and J. 
Szmuszkowicz, THIS JOURNAL, 70, 1612 (1948); (b) E. Bergmann, H. 
Hoffman and H. Meyer, J. prakt. Chem., [2] 135, 245 (1910). 

2,2-Diarylvinyl bromides or chlorides (I) have 
been found to undergo a rapid reaction even at 
— 35° in diethyl ether solution to form, in addition 
to the normal product of lithium-halogen exchange, 

(1) This investigation was supported in part by a grant from the 
Office of Ordnance Research, U. S. Army. 

(2) Taken from the Ph.D. Thesis submitted by William H. Richard
son to the University of Illinois, July, 1958. Available on Microfilm 
from University Microfilms, Ann Arbor, Mich. 

(3) A preliminary report of a part of this work has been published 
\T>. Y. Curtin, E. W. Flynn, R. F. Nystrom and W. H. Richardson, 
Chemistry & Industry, 1453 (1957)]. 

(4) Rohm and Haas Fellow, 1956-1958, 

(0.85 g.). The infrared spectrum indicated that it contained 
74% of unreacted XIV (absorption at 1215 cm. - 1 ) and ap
proximately 12% of di-(£-tolyl)-acetylene. 

Reaction of the Di-(£-chlorophenyl) Bromide (XV) with 
Butyllithium.—Reaction of 1.00 g. (3.00 mmoles) of XV in 
20 ml. of anhydrous diethyl ether with a 10% excess of bu
tyllithium (in 4.8 ml.) at —35° under nitrogen gave after car
bonation after 0.5 hr. and extraction of the acidic fraction 
with potassium hydroxide solution 0.56 g. (65%) of 6\-{p-
chlorophenyl)-acrylicacid, m.p. 176-179° (lit.31"'32174°, 176-
178°). After drying over calcium chloride and removal of 
the ether under reduced pressure the neutral fraction re
mained as 250 mg. of a semi-solid. I t was estimated from 
the infrared spectrum to contain 2 5 % of di-(^-chlorophenyl)-
acetylene and approximately 10% of butyl 2,2-di-^-chloro-
phenylvinyl ketone (based on XV employed). There was 
no evidence of unreacted starting material. 

Reaction of the Tetrachloro Vinyl Bromide XVI with Bu
tyllithium.—The reaction carried out for 0.5 hr. at —35° as 
before gave from 1.00 g. (2.52 mmoles) of XVI 600 mg. of an 
acid, m. p . 181-183° (66% based on the assumption that it 
is the expected diaryl acrylic acid), and a neutral residue of 
270 mg., estimated from its infrared absorption to contain 
3 3 % of the bis-(3,4-dichlorophenyl)-acetylene and approx
imately 1% of butyl diaryl vinyl ketone. There was no evi
dence of unreacted starting material. 

Reaction of 2-Bromo-l,l-diphenylethylene-l-d-with Bu
tyllithium.—The reaction of 1.46 g. (5.22 mmoles) of the 
vinyl bromide in 29 ml. of anhydrous diethyl ether with 1 
equivalent (4.8 ml.) of titrated ether solution of butyllithium 
prepared from butyl chloride was carried out for 2 hr. at 
— 35 ± 1°. Carbonation and extraction as above failed to 
yield any acidic product. The infrared absorption spec
trum of the neutral fraction showed it to consist of 40% of 
starting material (absorption at 990 cm. - 1 ) , 3 5 % of diphen
ylacetylene (absorption at 915 cm. - 1 ) and approximately 
2 5 % of butyl 2,2-diphenylvinyl ketone-d (absorption a 
1668 cm. - 1 ) based on starting vinyl bromide employed. Al
though the lack of a sample of pure ketone makes the esti
mate of its amount uncertain it is in agreement with the re
sult anticipated that the replacement of hydrogen by deu
terium leaves the rate of halogen replacement little changed. 

(32) J. F. Freeman and E. D. Amstutz, T H I S JOURNAL, 72, 1522 
(1950). 
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the diarylacetylene II.5 It has been suggested611 

that the reaction involves a lithium-hydrogen ex
change followed (or accompanied) by rearrange-

(5) (a) D. Y. Curtin, E. W. Flynn and R. F. Nystrom, T H I S JOUR
NAL, 80, 4599 (1958); (b) D. Y. Curtin and E. W. Flyna, 81, 4714 
(1959). 
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When phenyllithium in ether is added to 9-bromomethylenefluorene (VI) the only product found is 1,4-dibiphenylene-
butatriene (VII) (in 5 5 % yield) together with some 50% of unreacted starting material. Phenyllithium added to the 
analogous chloride V also gives the triene VII accompanied by 9-benzylidenefluorene (VIII). Evidence is advanced that 
these reactions proceed by way of the carbene XI . The related vinyl halide, 9-chloromethylene-9,10-dihydro-10,10-di-«-
propylanthracene (XV), on treatment with phenyllithium behaves in a manner similar to the chloride V. The 7 
membered analog, l-chloromethylene-2,3,6,7-dibenz-2,6-cycloheptadiene (XXI) , however, undergoes rearrangement with 
ring expansion to give as the major product l-phenyl-2,3,6,7-dibenz-2,6,8-cyclooctatriene (XXIII ) , probably by way of the 
dibenzcyclooctyne XXI I . I t is noted also that in the reactions of 2-bromo- and 2-iodo-l,l-diphenylethylene phenyllithium 
shows a considerably greater preference for hydrogen exchange leading to diphenylacetylene than does butyllithium. 


