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Reconversion of Acid I1 to Nitrile Ia.-2,3-Diphenyl- 
butyryl chloride (9 g., 0.035 mole), prepared as described 
above, was stirred with 100 mi. of concentrated aqueous 
ammonia for one hour. The suspended solid was removed 
by filtration, dried and crystallized from benzene to give 
5 g. (60%) of 2,3-diphenylbutyramide, m.p. 193-193.5", 
reported4 m.p. 193'. 

The amide (4 g., 0.017 mole) was heated with 20 ml. of 
thionyl chloride, and the solution poured on crushed ice. 
The resulting solid was crystallized from acetone and water 
to  give 2.6 g. (70%) of 2,3-diphenylbutyronitrile (Ia),  
m.p. 132-133". The melting point was not depressed on 
admixture with a sample of the nitrile obtained by the a- 
phenylethylation of potassiophenylacetonitrile in liquid 
ammonia. * 

Isomerization of threo-Nitrile (Ib) to eryfhro-Nitrile (Ia) .- 
threo-2,3-Diphenylbutyronitrile (Ib) (5.9 g., 0.025 mole), 
prepared by the a-phenylethylation of potassiophenylaceto- 
nitrile in ether,2 was dissolved in 50 ml. of anhydrous ether, 
and the solution added within one minute to  a stirred solu- 
tion of 0.0025 mole of potassiophenylacetonitrile in 100 ml. 
of liquid ammonia (prepared from potassiumamide andphen- 
ylacetonitrile).2 After stirring 10 minutes, 1 g. of solid 
ammonium chloride was added, and the reaction mixture 
worked up to give 5.7 g. (9770) of erythro-2,3-diphenyl- 
butyronitrile (Ia),  m.p. 131-133'. One recrystallization 
from acetone and water gave 5.4 g. (92Y0b) of this product 
melting a t  132-133", showing no depression when mixed 
with an authentic sample. 
DURHAM, Tu'. C. 
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The self-alkylatioii of a-phenylethyl chloride was effected by means of the amide ion in liquid ammonia to form the 
diastereoisomers of the dimeric halide, 2-chloro-2,3-diphenylbutane, which on dehydrohalogenation produced cis- and trens- 
a,a'-dimethylstilbenes and an unidentified product. The self-alkylation of optically active a-phenylethyl chloride gave an 
optically active dimeric halide. The over-all conversion of a-phenylethyl chloride to czs- and trans-a,a -dimethylstilbenes 
and the isomerization of the cis olefin to the trans isomer were effected by the amide ion. 

The self-alkylation of benzyl and benzhydryl 
chlorides was effected recently2 by means of the 
amide ion in liquid ammonia to form the corre- 
sponding dimeric halides, which, on furthtr treat- 
ment with this base, underwent dehydrohalogena- 
tion to  give stilbene and tetraphenylethylene, re- 
spectively. The self-alkylation may be illustrated 
with benzhydryl chloride with which a transient 
red-orange color is produced indicative of the inter- 
mediate formation of a carbanion (equation 1). 

- 
UH (CtiH5)ZCHCl 

(CtiH5)zCHCl 3 (CtiH6)?C-C1 + 
(C~~H~)ZCH-C(C~~HS)Z (1 1 

I 
c1 

The analogous self-alkylation of a-phenylethyl 
chloride promised to be particularly interesting 
since the resulting dimeric halide should exist in 
diastereoisomeric forms which on dehydrohalo- 
genation might produce isomeric olefins. This 
was studied in the present investigation. 

4 s  anticipated the addition of one mole of so- 
dium amide to two moles of a-phenylethyl chloride 
in liquid ammonia and ether produced the two 
diastereoisomers of 2-chloro-2,3-diphenylbutane 
which were obtained as a solid (I) and a liquid (11) 
in yields of 4s and 377,, respectively. This in- 
verse addition procedure appears to be necessary 
for satisfactory results with sodium amide since 
this reagent, when present in excess, effects the 
dehydrohalogenation of the dimeric halide. On 
the other hand, lithium amide does not bring about 
the dehydrohalogenation under ordinary conditions, 
and the addition of a-phenylethyl chloride to an 

(1) Supported in part  by the  National Science Foundation. 
(2) C. R. Hauser, W. R. Brasen, P. S. Skell, S. W, Kantor and A. E. 

Brodhag, THIS JOURNAL, 78, 16353 (1956). 

excess of this reagent gave isomers I and I1 in 
yields of 47 and 437", respectively. Lithium amide 
is probably the reagent of choice for the prepara- 
tion of the dimeric halides (equation 2 ) .  

H 
I EH* C ~ H ~ C H C ~  

CtiHjC-C1 -+ CsHZ-CI - 
1 1 

CGHLCH-&C~H5 (2) 
I 
c1 

I, m.p. 67-68" 
11, liquid 

The solid isomer I was isolated by crystallization 
and the liquid isomer 11, by molecular distillation 
(at 55-60'). Since both isomers decompose readily 
a t  about 7 5 " ,  ordinary distillation was not prac- 
tical. The solid isomer gave acceptable analytical 
values for chlorine, hydrogen and carbon and the 
liquid isomer, for chlorine and hydrogen. The 
liquid isomer gave a slightly high value for carbon, 
but, in view of its instability, the result may be 
considered satisfactory. 

The mechanism for the self-alkylation of a- 
phenylethyl chloride is considered to involve the 
common s N 2  type of displacement (equation 2 ) .  
In agreement with this, optically active a-phenyl- 
ethyl chloride (CPD +84.32°)4 produced with 

(3) I n  a preliminary experiment, distillation a t  150' a t  15 mm was 
accompanied by the  loss of hydrogen chloride, and only an  impure 
liquid product was obtained. A similar observation has been reported 
by M. S. Kharasch and hl .  Kleiman, THIS JOURNAL, 65, 1 4  (1948). 
These workers obtained material boiling a t  147-148O a t  11 mm.  which 
contained halogen, but they gave no analytical values. 

(4) See W. J. Chambers, W. R. Brasen and C. R. Hauser, ibid., in 
preps. 



lithium amide optically active 2-chloro-2,3-di- 
phenylbutane (@D --2O.2so, solid isomer I). 
Although the portion of the a-phenylethyl chloride 
converted to the carbanion (component -1) may 
have racemized, the portion undergoing the dis- 
placement (component €3) presumably underwent 
inversion as indicated below, 

\\I - 
CI 

1 

61 C& 

CbH,C- :  ---+ C . .  . .  . .  
I 

A B 
I t  should be mentioned that,  in contrast to  the 

self-alkylation of benzhydryl chloride (equation I )  
but similar to  that  of benzyl chloride,2 the self- 
alkylation of a-phenylethyl chloride may be ef- 
fected without being accompanied by the production 
of color. Therefore the intermediate carbanions 
from a-phenylethyl and benzyl chlorides appear to  
be colorless. The fact that  color is produced on 
adding a-phenylethyl chloride t o  excess sodium 
amide in liquid ammonia may be ascribed t o  the 
ionization of the cis- or trans-a,a'-dimethylstil- 
bene some of which is formed under these condi- 
tions (see below), 

The dehydrochlorination of the solid racemic 
diastereoisomer I was effected with a molecular 
equivalent of sodium amide in liquid ammonia to  
form pure cis-a,a'-dimethylstilbene (111) in 85% 
yield. Similar treatment of the liquid racemic 
diastereoisomer I1 with sodium amide produced 
trans a,a'-dimethylstilbene IV  in 51y0 yield and an 
unidentified oil. On the assumption that  these 
dehydrohalogenations involve the comnion t r a m  
/3-elimination, the solid isomer I would be assigned 
the threo configuration and the liquid isomer 11, 
the eryfhro configuration (equations 3 and 4). 
Of course if the less common cis @-elimination 
should operate, these assignments of configura- 
tions would be reversed.: 

CaHj C6Ha 

CH, CH3 CHJ CH3 

CaHs CH, CsHs CHJ 

I ( t l z rco ) ,  m.p. 67-68" 111 (cis), 1n.p. 66" 

I1 ( c ry thro ) ,  liquid 1 V  (trensj ,  111.p. 106" 

Preliminary attempts to  establish definitely the 
configurations of diastereoisomers I and I1 have 
been unsuccessful. Thus, on reduction of these 
dimeric halides with sodium in liquid ammonia, 
each isomer gave mainly (70-73v0) me.so-cy,cy'- 
dimethylbibenzy1,fi On treatment of the halides 
with moist silver oxide in acetone, each isomer pro- 
duced a mixture of alcohols from which the higher 

( 5 )  In  view of the complexity of the mi,lccules. cis elimination can- 
not  be rigiclly excluded. 

(ii) This mifiht be accounted fu r  on the basis  t ha t  the reduction o f  
the halide involved the intermediate formation of a free radical or 
carbanion. the til-form of which underwent isomerization tu give the 
more stable nirso form resulting in the production of the more stable 
meso hydrocarbon. 

melting ",3-diphenyl-2-butanol was isolated in 
4OY0 yield.7 An attempt t o  reconvert this alcohol 
or its isomer to  the solid halide I1 failed. 

The unidentified oil that  was obtained as by- 
product along with trans-a, a'-dimethylstilbene 
from the dehydrohalogenation of liquid diastereo- 
isomer I1 might have contained dimer V or VI. 
The formation of these products would have in- 
volved a methyl hydrogen instead of the hydrogen 
activated by the phenyl group. Similar structures 
have been proposed by Kharasch and Kleiman* for 
certain products obtained from the reaction of 
anethole hydrobromide with sodium amide. 

C,", C I I ?  ?fiHC> 5 I - l  t 
I 

H-C---C 
~ 1 1  H-.Cp---C 

\ /' '\ 
CHa CtiHj CH? C ~ H L  

\. \.I 

From the foregoing results i t  might be expected 
that treatment of a-phenylethyl chloride with a 
molecular equivalent or more of sodium amide in 
liquid ammonia would yield largely a mixture of 
cis- and tranzs-a,a'-dimethylstilbenes. .Actually i t  
has been reported by Kharasch and Kleiman8 and 
confirmed by us that  the addition of the halide to  
an excess of the reagent produces about a 40% 
yield of the cis olefin and higher boiling oil. How- 
ever, we further found that  the rapid addition of 
the halide to  a molecular equivalent of the reagent 
produces much more material boiling within the 
range expected for dimeric hydrocarbons and cor- 
respondingly less of the higher boiling oil. Crys- 
tallization of a portion of this mixture gave a 4070 
yield of the cis olefin and an lS% yield of the t r a m  
olefin. More significantly, treatment of another 
portion of the mixture with potassium amide, fol- 
lowed by crystallization, produced a 7370 yield of 
the trans olefin, and an unidentified solid which 
calculated for a dimeric hydrocarbon amounted t o  a 
Ds-/c yield. The treatment with potassium amide 
converted the cis olefin to  the trans isomer as dis- 
cussed below. These results show that a-phenyl- 
ethyl chloride is indeed converted iiiainly to a mis- 
ture of cis- and fra?zs-a,a'-diniethylstilbenes by 21 
molecular equivalent of sodium amide but that  at 
least one other hydrocarbon, perhaps V or VI, is 
also produced. 

The high boiling polymeric material that  is pro- 
duced when a-phenylethyl chloride is added to ex- 
cess sodium amide appears to  arise through the 
alkylation of the dimeric olefins, particularly the 
trans isomer by sorne of the halide. Thus, not only 
do the dimeric olefins produce red colors in the 
presence of sodium amide (indicating the formation 
of the required carbanions) but none of the poly- 
meric material is obtained when the self-alkylation 
of a-phenylethyl chloride is carried out under con- 
ditions tha t  do not form dimeric olefins. In an ex- 
periment with potassium atnitle, a solid that  ap- 
peared to be a trimer was isolated. This product 
was obtained in 24?, yield along with a 2974 yield 
of the trans dimeric olefin J V  and high boiling 

17) This might I1e accounted fo r  on the basis thcit an intermediate 
carbonium ion was formed ( S x l j  resulting in the prciduction o f  both 
alcohols from each halide. 

( 8 )  XI. S Kharasch and A l .  Kleiman, lrixs J O U R N A I ~ .  65,  1 I (1943). 
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material when a-phenylethyl chloride was added to 
excess potassium amide in liquid ammonia. The 
fact that  the trans dimeric olefin was isolated in this 
experiment, whereas the cis isomer is generally ob- 
tained with sodium amide, is not surprising since 
potassium amide effects the isomerization of the 
cis olefin to the trans isomer more readily than so- 
dium amide. In another experiment with potas- 
sium amide, both the cis and trans olefins (I11 and 
IV) were isolated. Also, small amounts (1-2%) of 
styrene and acetophenone imine were obtained. 
The origin of the latter type of produd was consid- 
ered recently.2 

In connection with the present work it was ob- 
served that  cis-ala'-dimethylstilbene (111) is isom- 
merized readily by potassium amide in liquid am- 
monia, and more slowly by sodium amide in this 
medium, to  form the trans olefin IV. Thus, the 
former isomer was converted to the latter in 91% 
yield by 25 mole 70 of potassium amide within 1 hr. 
and in 30YG yield by sodium amide under similar 
conditions. Since both isomers produce persist- 
ent red colors with the amide ion, the mechanism 
for this isomerization appears to  involve the inter- 
mediate formation of carbanions, several resonance 
forms of which should allow free rotation around 
the central carbon-carbon bond (Scheme A). 

SCHEME A 
CH3 CHa CH3 ~ H Z  
I 1  $H? I 1  

CsHjC-CC6Hj __f CsHjC=CCsHs 
I11 (cis) 

$ 
CH3 CHq CH2 

CHz 

CH3 
I 

CH3 

I 
I XH3 

CsH,C=CCsHj -+ CsHaC=CCbH, 
I 

CH3 CH, - 
IY ( t r a n s )  

I t  is of interest that  three consecutive reactions 
have now been realized with a-phenylethyl chloride 
and the amide ion. These are the self-alkylation 
of this halide, the dehydrohalogenation of the di- 
meric halide and the isomerization of cis-a,a'- 
dimethylstilbene (formed from dimeric halide I) 
to  the trans isomer. Evidently the relative rates 
of these reactions decrease in this order. 

Finally it should be pointed out that  a relatively 
strong base such as sodium amide appears to be 
required for the self-alkylation of a-phenylethyl 
chloride, which is initiated by the ionization of the 
a-hydrogen (see equation Z ) ,  leading to the forma- 
tion of dimeric olefins. Thus, Hughes, Ingold and 
co-workersg have shown that the weaker base so- 
dium ethoxide converts a-phenylethyl bromide to 
the monomeric olefin styrene (from &elimination) 
along with the substitution product. We have 

(9) E D Hughes, C K Ingold, S Masterman and B J McNulty,  
J Chem Soc , 899 (1940) 

observed that  this base similarly converts a- 
phenylethyl chloride to styrene (24YG) and ethyl 
a-phenylethyl ether (59%). None of the dimeric 
olefin (or halide) was found. However, certain 
halides having a more reactive a-hydrogen and no 
&hydrogen such as 0- and 9-nitrobenzyl chlorides lo 

and 9-bromofluorene11 produce dimeric olefins with 
methoxide or hydroxide ion or even with weaker 
bases. 

Experimental12 
Self-alkylation of a-Phenylethyl Chloride to Form Di- 

meric Halide (Isomers I and 11). (A)  With Sodium Amide. 
-Employing the apparatus described previously2 for in- 
verse addition, a suspension of 1 .0 mole of sodium amideI3 
in 500 ml. of liquid ammonia was added during 15 minutes 
to a stirred solution of 280 g. (2.0 mole) of a-phenylethyl 
chloride in 500 ml. of liquid ammonia and 100 ml. of dry 
ether. KO color was produced. The grayish suspension 
was stirred until the ammonia had evaporated. The oily 
product was taken up in ether and the ethereal solution was 
washed with 2 A l  hydrochloric acid, followed by lOy0 so- 
dium bicarbonate solution. After drying over calcium chlo- 
ride the solvent was removed a t  the water aspirator keeping 
the temperature below 60". The oil residue was diluted with 
an equal volume of 30-60" petroleum ether and refrigerated 
to deposit a dense, white, crystalline solid. The mother 
liquor from the crystallization was cooled to -io", and two 
more crops of crystals were collected. The combined solids 
were recrystallized from 30-60' petroleum ether to give 
116.3 g. (489;) of I,  m.p. 67-68". 

Anal. Calcd. for ClsH1yC1: C, 78.51; H ,  7.00; C1, 
14.49. Found: C, 78.55; H ,  7.19; C1, 14.54. 

The mother liquors from the above crystallizations were 
freed of petroleum ether a t  the aspirator (below 60") and the 
residue subjected to  molecular distillation a t  55-60' em- 
ploying a Hickmann still a t  to 10-5 mm. The distilla- 
tion was stopped when about half of the material had dis- 
tilled. Both the distillate and the residual liquid in the 
pot gave essentially the same refractive index, nZ5D 1.5748, 
and only slightly different values when analyzed for the di- 
meric halide. The total yield of the liquid isomer I1 was 
90 g .  (3770).  

Anal. Calcd. for C1eH17C1: C, 78.51; H, 7.00; C1, 
14.49. Found (for distillate): C, 79.25; H,  6.92; C1, 
14.41 (for pot residue): C, 79.38; H ,  6.87; C1, 13.35. . .  

When 0.5 mole of a-phenylethyl chloride was added during 
2 minutes to 1.0 mole of sodium amide in liquid ammonia 
(slight red color) and 0.6 mole of ammonium chloride then 
added, there was isolated after extensive fractional crystalli- 
zation from petroleum ether only a 26yc, yield of I ,  m.p. 67- 
68", and a iCh yield of cis-a,oc'-dimethylstilbene, m.p. 65- 
66'; reported m.p. 66".14 A mixed melting point of these 
two products was depressed to 43-53". Mixed melting 
points of each of the products with authentic samples were 
not depressed. S o  attempt was made to isolate isomer I1 
of the dimeric halide. 

(B) With Lithium Amide.-The self-alkylation of a- 
phenylethyl chloride was carried out several times with 
lithium amide'j in liquid ammonia by adding the halide to 
IO-lOOC;', excess of the reagent. In one experiment in which 
a l O O C / ,  excess of lithium amide was used, the reaction mix- 
ture was stirred for 5 hours after the halide had been added. 
No color was produced a t  any time. The gray suspension 
was worked up essentially as described above for the reac- 
tion with sodium amide to give a 47YG yield of isomer I ,  
m.p. 67-68', and a 43% yield of liquid isomer 11. admix- 

( I O )  C. A. Bischoff, B e y . ,  21, 2072 (1888); P. Walden and A.  
Kernbaum, ibid., 23, 1958 (1890); G. Romeo, G a m  chim. i ta l . .  S6, 
[ I ]  111 (1905). 

(11) J .  Thiele and A. Wanscheidt. Aniz. ,  316,  278 (1910). 
(12) Melting points and boiling points are uncorrected. Analyses 

are by Clark hlicroanalytical Laboratory, Urbana, Ill. 
(13) See C. R.  Hauser, F. W. Swamer and J .  T. .4dams, "Organic 

Reactions," Vol. VIII. John Wiley and Sons, Inc. ,  New York, X. Y., 
p.  122.  

(14) E. Ot t  and v. R. Schroter, Be?., 61, 2135 (1928). 
(15) See C. R .  Hauser and W. H. Puterbaugh, THIS JOURNAL, 1 6 ,  

1068 (1953). 
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ture of a sample of the former product with a sample of the 
.iolid isomer prepared by means of sodium amide did not de- 
press the melting point. 

Self-alkylation of Optically Active a-Phenylethyl Chloride 
-To a stirred suspension of 0.13 mole of lithium amidel5 
i n  700 1111. of liquid ainmonia was added during 2 minutes 
l f i . 9  g. (0.12 mole) of a-phenylethyl chloride, a Z 5 ~  +84.32",4 
iii 100 ml. of anhydrous ether. After 1 hr., ether was added 
and the liquid ammonia removed. The ethereal solution 
was washed with water and dried over calcium chloride. 
The solvent was removed in UQCUO keeping the temperature 
below 60". An equal volume of pentane was added and the 
solution refrigerated to  give 14 g. (95%) of crude 2-chloro- 
2,3-diplieriylbutarie from which there was isolated 6 g. 
(41:;) of isomer I ,  m.p. 66-67', a Z G ~  -20.25' (c 2, in pure 
benzene). The liquid isomer I1 was not isolated. 

Dehydrohalogenation of Isomers I and I1 of Dimeric Hal- 
ide.--A solution of 6.12 g. (0.02,5 mole) of solid isomer I in 
2.5 1111. of dry ether was added in one minute to a stirred 
suspeusion of 1J.025 mole of sodium amide in 125 nil. of 
liquid ainmonia. After 1 hr., 100 ml. of ether was added 
;ind the amriiouia removed on the steam-bath. \i:ater 
was added and the two layers separated. The ethereal layer 
was waslied with water, dried over calcium chloride and the 
solvent removed. The oily residue was taken up in meth- 
atiol ailti the solution cooled to precipitate 4.4 g. (X5L: )  of 
cis-a,"-dimethylstilbene (111) melting a t  65-66' without 
rccr!-stallizcitioii. The reported melting point for pure I11 
is 

On similarly adding 67 g. (0.28 mole) of liquid isomer I1 
to 0.28 mole of sodium amide there was obtained, after two 
recrystallizations of the product from methanol, 29 g. (5l'y0) 
of trans-a,a'-dimethylstilbene (IV), m.p. 105-106O, re- 
ported m.p. 107" .I4 Evaporatiou of the mother liquor left 
;i coiisidcrable aniount of oil. This oil might have contained 
tlie solid, 1ii.p. 74-75', that  was isolated in the over-all for- 
mation of dimeric olefins from a-phenylethyl chloride as de- 
scribed below. 

Attempts to Determine Configurations of Isomers I and 
11. ( A )  By Reduction with Sodium.-To a solution of 3.06 
g. (0.0125 mole) of isomer I in 200 mi. of liquid ammonia 
and 50  ml. of dry ether was added in small pieces 2 g. of 
sodium. The blue color of the sodium disappeared rapidly 
a t  first but then persisted during the following 2 hr. of stir- 
ring. i\inrnouium chloride was added, the ammonia re- 
moved, and water and ether were added. The ethereal layer 
was wished with 2 31 hydrochloric acid, followed by 10% 
sodium bicarbonate solution and dried over calcium chloride. 
The solvent was removed and the semi-solid, white, residue 
\V;LS taken up in methanol. The solution was cooled to pre- 
cipitate 1.9 g. (i3(!{) of nzeso-a,a'-dirnetliylbibenzyl, m.p.  
121.t5-12,5.50, reported n1.p. 126-127°,14 and 128°.16 

\VIieii isoiner I1 of the dimeric halide was treated similarly 
with sodium in liquid ammonia, the ~ Z E S O  hydrocarbon was 
:wiiii obtained, the yield being ?Of,/;.. 

(B)  By Treatment with Silver Oxide.-A sample of isomer 
I of the dimeric halide was treated with a 1Oc/; excess of 
moist silver oxide in acetone for 2 hr. The mixture was 
filtered and the acetone evaporated from the filtrate. Four 
rccrystnllizations of the oily residue from 30-60" petroleum 
ether gave a 40°C yield of the higher melting isomer of 2,3- 
diplieil?-l-.'-butanol, 1n.p. 83.5-84.5'. -4 mixed melting 
point ivith a n  authentic sample of this alcohol17 was not de- 
presscti. 

Siirii1:ir treatment of isomer I1 of the dimeric halide gavc 
essentially the same result. 

Dimeric Olefins from a-Phenylethyl Chloride and Alkali 
Amides.-To a stirred suspension of 1.05 moles of sodium 
amide in one liter of liquid ammonia was added during 10 
minutes a solution of 140.5 g. (1.0 mole) of a-phenylethyl 
chloride in 300 ml. of dry ether. The mixture (whichsoon 
bec;rine slightly red) was stirred for about 1.5 hr. while the 
:atriinotiia was allowed to evaporate. Ether and 2 d l  hy- 
drochloric acid were added and the layers separated. The 
ethereal solution was washed with hydrochloric acid, fol- 
lowed b y  water and dried over calcium chloride. 

One-half of the dried ethereal solution was freed of sol- 
vent, and the residue fractionally crystallized from meth- 

Sone  of the cis olefin I11 was found. 

(11;) I; v.  Wessely and H. Welleba, Bey., 74, 777 (1941). 
(17) This sample was prepared by Dr. A. J. Weinheimer by the  

epoxidation of cis-rr,a'-dimethylstilbene followed by catalytic hydro- 
genation. 
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anol to give fir;t, 7.8 g. ( l5Y0) of trans-a,a'-dirnethylstilbenc, 
m.p. 105-106 , and second, 22.4 g. (435;) of solid, m.p. 
57-59', which apparently consisted of 92.5(y0 of cis-a,a'- 
dimethylstilbene and  7.5'70 of the trans isoirier.18 The 
estimated yields of the trans and cis olefills are 18 and 40',,;, 
respectivel). 

The other half of the dried ethereal solution of the reac- 
tion products was treated with 0.0625 mole (an estimated 
25 mole yo) of potassium amide in liquid ammonia as de- 
scribed below for the isomerization of the cis to trans olefin. 
The solvents were removed and the residue crystallized 
twice from methanol to give 38 g. (73"/a) of trms-a,a'-di- 
methylstilbene, m.p. 105-10G0. The mother liquor froin 
the crystallizations was reduced in volume and refrigerated 
for 2 days to give 4.6 g. (97;) of a solid which melted at 74- 
75' after two recrystallizations from inethanol. This sub- 
stance was assumed to be a diineric hydrocarbon. 

Anel. Calcd. for C1GH16: C, 99.34; 11, 7.71. Found: 
C, 92.26; H,  7.74. 

In a similar esperitneiit employing tnolecular equivalents 
of a-phenyletliyl chloride and sodiuin amide, the solvent was 
removed from the dried ethereal solution of the reaction 
products and the residue distilled to  give an 81% yield of 
material that boiled within the range that might be expected 
for the dimeric hydrocarbons. 
In another experiment 0.10 mole of a-phenylethyl chlo- 

ride was added to 0.2 mole of sodium amide in only 25 inl. of 
liquid ammonia (no red color) to give an 885% yield of such 
material. 
In an early experiment a-phenylethyl chloride in ether 

was added to an excess of potassium amide in liquid ammonia 
in the usual manner. There were obtained a 41% yield of 
cis-a,a'-dimethylstilbene, a 654 yield of the trans olefin and 
1-27; yields of styrene (isolated as the dibrotnide) and ace- 
tophenone imine (isolated as tlie sernicarbazonc). The cis 
olefin (1n.p. 64-66') was identified by ozonization to forin 
acetophenone and by hydrogenation to give mcso-a,a'-di- 
methylbibenzyl, m .p. 185-128' ; reported m .p . 126-12i 'IC 
and 128O.16 The t r a m  olefin (1n.p. 105.5-106.5") was ana- 
lyzed. 

Anal .  Calcd. for C16H;6: C. 92.26; 11, 7.74. Found: 
C,  92.25, 92.36; H, 7.52, r.64. 

Dimeric and Trimeric Olefins from a-Phenylethyl Chlo- 
ride and Potassium Amide.-To a stirred solution of 0.615 
mole of potassium amide'$ in 700 nil. of liquid ammonia 
added during 45 minutes a solution of 70 g. (0.5 mole) of a- 
phenylethyl chloride in 250 nil. of dry ether. The deep red 
mixture was stirred for 15 minutes longer and solid ammo- 
nium chloride added, followed by ether. The ammonia 
was removed and water added. The ethereal layer was 
washed with hydrochloric acid, followed by sodium bicar- 
bonate solution and dried. The solvent \vas removed arid 
the residue distilled in Z ' Q C ~ L O  to  give two fractions boiling 
a t  90-125' at 1 inin. and a t  115-165' a t  1 n i t n  The first 
fraction (18.7 9.) partially solidified and on crystallization 
from methanol gave 15 g.  (29' i , )  of Irans-a,a'-diiz~ethylstii- 
bene, 1n.p. 105-106'. The second fraction (23 g.) was 
taken up in methanol and cooled to give, after several re- 
crystallizations from methanol, 12.6 g.  (240%,) of solid, m.I'. 
98-99', which judging from its boiling point appeared to be 
a trimeric hydrocarbon. 

Anal .  Calcd. for C2rH24: C, 92.26; H,  7.74. Found: 
C, 92.73; H, 7.65. 

Like tmns-a,a'-ditiietliylstilber~c, this hydrocarbon gavc 
a very slow positive test for unsaturation with potassiuln 
permanganate. 

Isomerization of cis-a,a'-Dimethylstilbene to trans Iso- 
mer .-These experiments were carried out with samples of 
the c is  olefin I11 melting at 54-56' which, on the basis of 
the curve reported by Ott,'* was contaminated with approxi- 
mately 13Yc of the trans isomer IV. 

T o  a stirred solution of 0.07'8 mole of potassiutn amide in 
500 ml. of liquid ammonia was added a solution of 63.5 g. 
(0.305 mole) of the 87Yc cis olefin in 150 ml. of dry ether. .A 
deep red color developed immediately and persisted until 
excess ammonium chloride was added 1 hr. later. The 
ammonia was removed from the gray suspension. \JTater 
and ether were added and the layers separated. The ethe- 

(18)  See E. Ot t ,  Be?., 61B, 212-1 (1928). 
( 1 8 )  See R. S. Yost and C .  R Hauser, THIS JOURSAL, 69, 2325 

(1947). 
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real solution was washed with hydrochloric acid, followed 
by bicarbonate solution and dried over calcium chloride. 
The solvent was removed and the solid residue recrystal- 
lized from ethanol to give 57.5 g. (91%) of trans-or,a’-di- 
methylstilbene ( IV) ,  m.p. 105-105.5’. 

In  a similar manner, a solution of 20.8 g. (0.1 mole) of the 
8770 cis olefin in 125 ml. of dry ether was added to a stirred 
suspension of 0.026 mole of sodium amide in 500 ml. of 

liquid ammonia to  produce a persistent red color. After 
adding ammonium chloride, the mixture was worked up 
essentially as described above to give, on recrystallization 
of the product from methanol, 6.5 g. (31%) of the trans 
olefin IV,  m.p. 104-105”, and on further recrystallization, 
12.1 g. (58y0) of recovered impure cis olefin 111, m.p. 54- 
56” (having the composition of the original mixture). 
DURHAM, XORTH CAROLINA 
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Cyclopropyl Ketones. I. Synthesis and Spectra of 
1 -Aroyl-Z-arylcyclopropanes’ 

BY RICHARD J. M O H R B A C H E R ~ ~  AND NORMAN H. C R O M W E L L ~ ~  
RECEIVED JULY 2, 1956 

To extend our studies of three-ring carbonyl compounds we have synthesized members of a heretofore unknown class of 
cyclopropyl ketones. Reaction of a-diazo4phenylacetophenone with styrene gave cis- and trans-l-(4’-phenylbenzoyl)- 
2-phenylcyclopropanes. The trans isomer was also prepared by (a) reaction of di-(4-biphenylyl)-cadmium with 2-phenyl- 
cyclopropanecarbonyl chloride, (b)  reaction of the new ketone 4-phenylacrylophenone with phenyldiazomethane, and (c)  
reaction of 4-biphenylylmetallic compounds with the new nitrile 2-phenylcyclopropanecarbonitrile. Four more new cyclo- 
propane carbonyl compounds, l-benzoyl-2-phenylcyclopropane, 4-phenylbenzoylcyclopropane and the p-nitrobenzyl esters 
of cis and trans 2-phenylcyclopropanecarboxylic acids, were synthesized. The ultraviolet and infrared spectra of all per- 
tinent compounds were determined and structural assignments, based on spectral results, were made. The results of spectral 
studies of ethylenimine, ethylene oxide and cyclopropane ketones were compared. 

Previous publications from this Laboratory have 
dealt with studies of the chemistry of cis and trans 
forms of analogous series of three-ring carbonyl 
compounds, R-CH-CH-C-R’, where X was N- 

R ” 3  or 0.4 The interrelations between the stereo- 
chemistry and absorption spectra of such pairs of 
isomers have been discussed, and it has been con- 
cluded that the geometrical isomer which has its 
characteristic carbonyl associated absorption band 
a t  the lower frequency in both the ultraviolet and 
infrared ranges of the spectrum possesses the trans 
structure. 3 c - e s 4  Speculation has been put forth 
that isomeric pairs of simple arylaroylcyclopro- 
panes might exhibit physical properties analo- 
gous to the ethylenimine and ethylene oxide ke- 
t o n e ~ . ~ ~  

The purpose of the present study was to investi- 
gate methods of preparing stereoisomeric pairs of 
simple 1 -carbonyl-2-arylcyclopropanes, particu- 
larly stereoisomers in the unknown class of com- 
pounds, l-aroyl-2-arylcyclopropanes, and to study 
the absorption spectra of such simple cyclopropane 
carbonyl compounds, free from the effect of other 
three-ring substituents. 

1 - (4’-Phenylbenzoyl) -2-phenylcyclopropane (I) 
was selected as the arylaroylcyclopropane of choice 
because it would be one of the simplest examples 
which might exhibit strong carbonyl associated 
light absorptions (free from the effect of other three- 
ring substituents) and which might be expected to 
give rise to solid isomers. Four different methods 
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were employed to prepare 1-(4’-phenylbenzoyl) -2- 
phenylcyclopropane in yields ranging from poor to 
fair : (1) reaction of a-diazo-4-phenylacetophenone 
with styrene, (2) reaction of di-(4-biphenylyl)-cad- 
mium with 2-phenylcyclopropanecarbonyl chlo- 
ride, (3) reaction of 4-phenylacrylophenone (11) 
with phenyldiazomethane and (4) reaction of 4- 
biphenylyl organometallic compounds with 2-phen- 
ylcyclopropanecarbonitrile (IV) . 

a-Diazo-4-phenylacetophenone reacted with a 
large excess of styrene a t  140’ to yield a sirupy 
product from which, after considerable manipula- 
tion, a 23% yield of a mixture of cis- and trans-l-(4’- 
phenylbenzoyl)-2-phenylcyclopropane was iso- 
lated. 

0 
I1 

Ce,HsCH=CHz 4- NPCHCCBH~CGHS --+ 
0 0 

I1 
CC6H.iCoH5 

I1 
H)c-C<CC&CrHs + CSHS)C-c( 

C6H5 \-/ H H \-/ H 
L 
Hz Ia 

L 
Hz I b  

A more successful procedure, suggested by D’yako- 
nov’s5 extensive study of the reaction of diazo com- 
pounds and olefins, employed copper powder as a 
catalyst and a lower reaction temperature to give 
yields of 40% of theoretical of the trans isomer Ia. 
No trace of the cis isomer Ib was found. Several 
runs of the reaction between a-diazo-4-phenylaceto- 
phenone and o-nitrostyrene (a less easily polymeriz- 
able styrene derivativee) yielded unreacted o-nitro- 
styrene and intractable polymeric solids. 

The reaction of di-(4-biphenylyl)-cadmium with 
2-phenylcyclopropanecarbonyl chloride produced 
satisfactory yields of trans-l-(4’-phenylbenzoyl)-2- 
phenylcyclopropane (Ia), considering the difficulties 

(5) I. A. D’yakonov. e l  al., J. Gcn. Chcm., U.S.S.R., 23, 66 (1953). 
(6) R. H. Wiley and N. R. Smith, THIS JOURNAL, 72, 5198 (1950). 


