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of distillate coniposed of the following products: nz-xylene 
( 7  mmol.), V recovered (49 mmol.) and triaryls (7 mmol.). 
Recovered V had b.p. 144-150' a t  7 mm., n M ~  1.5640- 
1.5657. Its infrared spectrum was identical to  tha t  of the 
starting material except for a relatively weak 11.7s p band 
which decreased in intensity in the higher boiling cuts. 

TABLE IX 
REACTIONS O F  11 I N  I IYDROCEN I ~ I O R I D E  

Experiment B 

Product (mmol.") 1 2" 3 4' 
nz-Xylene 0:1 . .  O . G  2 
1,3-1~iinethyl-4-et1iylbciizciie (I) jd 13 3 D 
1,5-Dimethyl-2,4-diethylbenzene 1 3 0 . 2  0.7 
1,3-~imcthyl-5-(l-metliylcyc~o- 

hexyl) -benzene . .  3 . .  0.2 
1,5-Dimetliyl-2-ethyl-4- (x-meth- 

ylcyclolicupl)-l~eiizeiic . .  (3 . .  3 
11 recovered 31' 50 14 11 
hIetllyIcyclollcs~1- (11) . .  6 . .  . .  
Triaryltlictliaiics 7 c, . .  . .  
1 -Phenyl- 1- (2.4-dinlct l i y lp l~c~~y l )  .. 

. .  ,,,( elharie (V) . .  . .  f J  

IL Products 011 Ivss-free basis except iti espt.  €3-3. Oiie 
iiimol. of Inetliylcyclohexene dimer also formed. hIethyl- 
cyclohexane (12 mmol.) was recovered. Contained a small 
amount of the  5-ethyl isomer. a A minor amount of I1 
underwent isonierization. f Includes a small amount of the 
3,s-ti i met liyl isomer. 

I t  is pr~ibable tha t  sonic isomerization to l -~ ) l ; e i i~ l - l - ( :~ ,~ -d i -  
metliylphcny1)-etliane occurred, the latter being responsible 
for the appearance of the 11.78 p band (1,3,S-trisubstitutcd 
arencs are known to  have bands in the 11.75-12.05 p 

The triaryl components boiled about IS5" at 2 
rnm.; clironialography yielded purified material having 
n% 1.5858. It was of interest tha t  tlie infrared spectrum 
liad a 5.~6 p pattern rescmbling that of a monosubstitutccl 
;mile. 

d4nfzl. Citlctl. for c211116: c, 91.66; 11, 8.34. Iptiiirici: 
C,  !)1.70; €1, 8.35. 

D. Synthesis and Cleavage of l-~~-TOlpl-l-(2-meth~l-5- 
ethylpheny1)-ethane (VI) .  1. Synthesis of VI.-p-hleth- 
ylacetoplienone was preparcd in 777, yield by tlie acetykt- 
lion of toluene4"; it  had b.p. 116-118' a t  27 riirn., ? i Z q ~  
1.5342 (lit.4c b.p. 108" at 18 mm., n% 1.5348). Thc  ke- 
tone W:LS hydrogenolyzcd in pentane at 230-2630" arid 101 
a t m .  initial hydrogrn pressure. Hypereal redistillation 

afforded a yield of p-ethyltoluene, b.p. 101-1G2°, n m ~  
1.4948 (lit.43e b.p. 162.0", n'% 1.4950), essentially free of 
the small amounts of u- and nz-isomers (main bands a t  13.27 
and 12.80 p,46 respectively) initially detected in the roughly 
distilled product. 

The reaction of p-ethyltoluene (GO g. ,  0.50 mole) with 
4-methylc~clohexene (38.4 g., 0.40 niolc) in the presence 
of 104 g. of hydrogen fluoride was carried out and the proti- 
iicts isolated as previously reported.40 Tlie physical con- 
stants of the individual products eorrespondcd well with the 
recorded values.dc The following distribution was ob- 
tained (with moles in parentheses): methyleyelohesane 
10.16), toluene (0.0032), p-ethyltoluene (0.20), dimethyl- 
dic)-clohexyl (0.02S), mono-unsaturated xnethylcyclohexene 
dimer (0.013), 4-ethyl-2-(x-methyle~-clohexyl)-tolucn~ 
(0.074), 1.1 (0.080), rnethylcyclohexyl derivative of VI 
(0.031) and triaryls (0.016). The  infrared spectrum of 
1'1 was identical t o  the published 

2 .  VI in Hydrogen Fluoride.-Compound VI (11.9 g., 50 
nlmol.) was stirred x i th  8 g. of hydrogen fluoride and 
yielded the following products (total 10.9 g.):  toluene (0.3 
nimol.), p-ethyltoluene (10 mmol.), VI recovered (34 mniol.) 
arid triaryls (7  mmol.). KO isomerization of p-ethyltoluenc 
or \'I was detected. The highest boiling fraction (160- 
19:'' a t  7 I I ~ I I I . ,  n% 1.56393) deposited a minnte amount of 
yrllilw solid whicli melted in the range of 136-145" after re- 
crystallization from ethanol. I t  was intcrisely yellow 
fluorescent in ultraviolet light arid its infrared spectrum ex- 
hibited a strong 12.56 p band (carbon disulfide solvcnt). 
Thc small amount precluded any  further climicterization of 
this compound which w:is prob;tbly an alkylanthracene. 
Chromatography of the distillation bottoms ( T Z ~ " D  1 .58Z) 
failed to  effect any separation of the triaryl eomponcnts. 

Synthesis and Cleavage of 1-(3,4-DimethylphenyI)- 
1-(2,s-dimethylphenyl)-ethane (VII). 1. Synthesis of 
VII.-Tlie compound was prepared in good over-all yield 
z'io the nrganolithiunl inetliod followcd by the usual steps 
(Tables \'-L'II). 

2 .  VI1 in Hydrogen Fluoride.-- C o i i i i ~ ~ ~ i ~ i t l  1-11 (23.8 g., 
lU0 mmol.) ~ t s  stirred Tvith 10 g. of hydrogen fluoride and 
yielded 22.9 g. o f  distilled product consisting of t11r fo1h"g  

cne (0 .8  nimol.), p-xylenc (9 inmol.), 
nii i iol .)  n i i d  bis-(~-u\ lplet l iyl)-~y!- lcnes  

a trace of  nz-xylene was detected in the 
lcrie fraction and recmwed VI1 cuts had infrared spectra 

identical to  that of thc starting material. Tlie triaryl cut 
boiled a t  190-19.5° a t  1 mm.  and the clm"tograpllcr1 
material liad 1.581%. It:: infrnreti spectrum strongly 
rcsemhled that of 1.11. 
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Base-catalyzed Hydrocarbon Cleavage Reactions : A Novel Wurtz-type 
BY HERMAN PINES AXD LUKE S c r r . 4 ~ ~ ~  

RECEIVED MARCH IO, I958 

The major products of t he  reaction of 3-methyl-3-phenyl-1-chlorobutane \vith potassium were found t o  be 2,5-diniethy1- 
2,Fi-diphenylliexane and e thykne  which were formed by a n  elimination reaction followed by a Wurtz-type condensation. 
3-Phenyl-1-chloropropane gave a much smaller yield of 1,4-dipheny-lbutane. Diarylalkanes such as  2-methyl-2,4-diphen~l- 
pentane and Z-methyl-2-phenyl-4-p-tolilpentane were cleaved b y  potassium at 180' t o  yield cumene and cumene with 
p-cymene, respectively, but were not cyclized t o  form indans. The  mechanisms of the reactions are discussed. 

The potassium-catalyzed ethylation of arylal- 
lianes was previously reported to yield indans in addi- 

(1) Paper XIV of the  series of Base-catalyzed Reactions. For 
paper XI11 see H. Pines and  I.. Schaap, THIS JOUXNAL, 80, 3076 
(1958). 

(2) Taken in part  from a dissertation submitted by L. Schanp in 
partial fulfillment of the requirements for the Ph .D.  degree, August, 
19.37. 

( 3 )  Prcdoctoral icllow: Universal Oil  Prvducts Co., 1051-1!135. 
1036-1937; Standard Oil Co. (Indiana), 1935-1996. 

tion to the expected ethylated  product^.^ These 
probably were formed by the attack of the primary 
carbanion produced in the reaction on the aromatic 
nucleus as illustrated for the reaction of cumene. 

In the course of the investigation of the cycliza- 
tion reaction, 3-methyl-3-phenyl-1-chlorobutane 
(VI) w ~ s  trcsted with potassium in refluxing cyclo- 

(1) 1 bclidap and I1 rlnes 11315 Iiioaxvnr, 79,  1'167 (1037) 
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hexane. It was found that in this reaction only a 
small amount of 1,l-dimethylindan (V) was pro- 
duced in addition to small amounts of t-pentyl- 
benzene (VII) and 3-methyl-3-phenyl-1-butene 
(VIII). Hydrogen disproportionation which re- 
sulted in the formation of VI1 and VI11 accompanies 
most Wurtz reactions5 

The major product of the reaction distilled a t  
200' a t  20 mm. and the material has been identi- 
fied as 2,5-dimethyl-2,5-diphenylhexane (IX), which 
was formed by 

CHI 

+ 2K + 
CHI VI 

CH, H3C 

The reaction occurs through the formation of 
the primary carbanion I11 which on elimination of 
ethylene produces a more stable benzylic carban- 
ion I1 

Ethylene was identified as the gas produced by the 
reaction along with some hydrogen which probably 
resulted from the olefin and indan forming re- 
actions mentioned above. This elimination to form 
a benzylic carbanion and ethylene is the reverse of 
the addition of a benzylic carbanion to ethylene to 
form a primary carbanion which was proposed as 
the addition step in side-chain alkylation.6 
Wooster and Morse' have reported a similar cleavage 
for 3,3,3-triphenyl-l-iodopropane which reacts with 
sodium in liquid ammonia to  yield the highly reso- 
nance stabilized triphenylmethyl carbanion. 

The carbanion I1 reacts then with more of the 
original chloride VI to  yield 2,5-dimethyl-2,5-di- 
phenylhexane (IX). This condensation is similar 
to that which has been found to  take place between 
benzylsodium and alkyl halides.8 

(5) A. A.  Morton, Chem. Revs., 86, 1 (1944). 
(6) H. Pines, J. A. Vescly and V. P;. Ipatieff, THIS JOURNAL, 77, 

(7) C. B. Wooster and R. A.  Morse, ib id . ,  56, 1735 (1934). 
(8) A. A. Morton and F. Fallwell, Jr., ibid. .  60, 1429 (1938). 

554 (1955). 

A similar elimination-condensation reaction was 
reported by Hurd and Wilkinsong for the reaction 
of alkyl (or aryl) 2-chloroethyl sulfides with sodium 
which yielded sodium chloride, the alkyl (or aryl) 
sodium sulfide, ethylene and the 1,2-bis-(alkylthio)- 
ethane. The reaction scheme which was proposed 
is the same as that discussed above for the aralkyl 
chloride. 

When 3-phenyl-1-chloropropane was treated 
with potassium in refluxing cyclohexane, only 
small yields of 1,4-diphenylbutane and ethylene 
were produced in addition to n-propylbenzene. 
This probably is due to the fact that this chloride 
has benzylic hydrogens which may be metalated, 
and condensation reactions of the chloride with 
these benzylic carbanions may result in higher boil- 
ing products. The higher boiling material from 
this reaction was not investigated. 

The elimination reaction is not limited to the 
halides only. I t  was found that diarylalkanes 
such as 2-methyl-2,4-diphenylpentane (XI) react 
with potassium at  180-184° to yield cumene. This 
reaction may also result from an elimination of the 
benzylic carbanion formed to yield another benzylic 
carbanion. 

CHI H 
I 

A-L-CHZ-CCHs + 2K -+ XI  + K H  

XI  I1 

XI1 
(c) XI1 + KH I1 

H 

CHs-C-CH3 
I 

(d) I1 +- X  I + S I  

Some of the a-methylstyrene (XII) formed in 
the elimination reaction (b) must have undergone 
hydrogenation by an addition of a hydride as 
shown in steps c and d. This type of hydride 
transfer reaction involving a-methylstyrene was 
discussed previously. lo 

A similar cleavage accompanied by a hydride 
transfer was found in the reaction of 2-methyl-2- 
phenyl-4-p-tolylpentane (XI 11) with potassium. 
About 3770 of the XI11 reacted to yield 36y0 of 
isopropylbenzene and 13y0 of p-cymene. The re- 
mainder of the product consisted of higher boiling 
hydrocarbons, which probably were formed by the 
condensation of the isopropenylarenes described 
previously.1° The formation of p-cymene from 
(9) C. D. Hurd and K. Wilkinson, ib id . ,  71, 3429 (1949). 
(10) M. Kolobielski and H. Pines, i b i d . ,  79, 5820 (1957). 



XIV is a further indication that the intermediate 
cilkeiiylareiies produced from the cleavage reaction 
iiiidcrwent hydrogenatit111 through a hydrogen 
transfer reaction as aIready indicated."' The pri- 
mary product of cleavage of XIY rnust have been 
/~-isol)ropenpltc,luene iXV) 

CI-Is 

IT ,C ,cir3 
c 

c11, 

The carbanion XII' apparently does riot cyclize 
to form 1,1,3-trimethyl-3-phenylindan. This is 
probably due to the fact that  the benzylic carbanion 
is too stable to attack the aromatic nucleus as pri- 
iiiary or secondary resoiiaiice noti-stabilized carb- 
:iiiioiis will.* 

Experimental 
The Reaction of 3-Methyl-3-phenyl-I-chlorobutane with 

Potassium.-The apparatus used consisted of a 500-1111. 
creased flask equipped TT-itli an  oil-sealed stainless steel 
stirrer, dropping funnel and reflus condenser. The  chlrj- 
ride (10 g. ,  0.55 mole) was dissolved in 50 i d .  of cyclohexane 
(free of benzene) and was added during a period of 5 hr.  t c i  
2.19 g. (0.056 g. atom) of potassium in 200 ml. of refluxing 
cyclohexane. Reflux temperature was maintained for an  
additional 4.5 hours while stirring, a t  which time the  blue 
color faded to gray. Then the flask v-as cooled while the 
contents were blanketed \vith a nitrogen atmosphere. 
\\':iter mas added and the organic layer was separated anti 
washed with water and distilled. Cnreacted starting mate- 
rial, 0.8:3 g. (8.3L/;), was recovered. The  C1l-fraction, b.p.  
1.+91.8" at 20 inin., 1.08 g . ,  Ivhen selectively hydrogenated 
with a 10c!; pnlladium-on-charcoal catalyst, consisted (if 

of 1,l-dimethylindan and 335; of !-pentylbenzene. 
metliml of infrared analysis used for these compounds 

lixs been reported in a previous p~ih l ica t ion .~  The  liydro- 
genatioii .;hon.ed 18'; unsaturation to  be present, and rc- 
iiii~vetl tlie 10.92 p iiifrared absorptioii i ~ a i i d  indicating tha t  

Tliis olefin is assumed 
11, be :i-inethyl-3-plienyl-l-butene. The  j-ields of these 
ciimpouiitls bused on the cliloritie reacted are: 7'.0(>~; of 1, i- 
rliinetliylindaii, 2,75:, of 3-niet l i \ l -~- l ihei iyl- l -butenr  mid 
.-1.1 i d  f-peiitylberizene. 

'l'lie I:i\t three distillation cuts, I1.p. l!r7.<)--200° a t  20 
i i i i i i . ,  n% 1.,%12, :j.47 g.,  solidified u n  standing tu yield 
\\Iiitc crystals, ni.1,. 62-63' when recrystallized from 
iiictliunol. A Rast inolecular weight determination gave a 
value o f  275 .  This compound \vas s h o ~ v n  to  be 
wit11 a synthetic sample of 2,j-dimethyl-2,5-diphe. 
liy mixed melting point and identical infrared 
Tlie yield of this material was t51y$ based on react. 

X similar experiment vas carried out with 9.00 g. ;c).0493 
mole) of the chloride and 1.95 g. (0.05 g. atom) of potassium. 

. produced were collected and amounted to  0.022 
tliylene anti hydrogen were produced in a ratio of 

:i t o  1. -4 la?: yield of Cll-fr:iction was obtained and 2.13 
g. (:j3c; ) of ~,5-clinicthyl-2,5-diphen!.lhexane was crystal- 
lizetl out of the liigher boiling distillation cuts. 

The Reaction of 3-Phenyl-I-chloropropane with Potas- 
sium.-- Two reactions of this chloride (10.0 g., 0.0647 
mole), with 2.54 g.  (0.065 g. atom) of potassium mere 
carried out ill the :ipparatus described previously. Both 
yielded l.,? g. (19:; 1 of n-propylbenzene. One of these re- 
:ictioiis iii .ivliicll the chloride was added rapidly in 1 hr. 
yieltfrt l  0.0135 mole of gas which contained ethylene and a 
yield I ~ F  0.28 g. (40;) of 1,4-diphenylbutane, m.p. ,52-52.5' 

-- 

t eriniii:il olefin w;ts hydrogenated. 

irecrystallizeti froin mcth~in i~ l ) ,  W:IS crystallized w t  o f  the  
fraction hoiling at 193 ~200'  at 20 niin. I n  t h e  othcr es- 
periinent in which tlie chloride w i i i  :tddetl   luring :t lierii NI of 
2 hours, only 0.0042 mole of gas was cibtaiiietf :Ind 110 s j l i r l  
iii:iterial cutilcl he  cr!-stallized from the fractiim 1~0ili11g n t  
214* ;it '33 111111. 

iim I J f  tlie solid obtaiiicd iii 1hc first 
ed on a tnised melting point :itit1 idi.nti 
xvith a synthetic sample. 

The Reaction of 2-Methyl-2,4-diphenylp 
Potassium.---This reaction was carried out 
\ ~ : ~ g n ~ - I k i 4 1  autocluvc.l1 The diarylalkane ( 
iiiiilc) iri  IO0 nil. of purified cyclohexane was t 
g .  (U.U27 g.  a tuni)  of potassium a t  180-181' fur 5 liour 
TXitillatioii of the resulting product and infrared aii:il) 
o f  tlie cuts showxi a yield of 2.18 g. of cuniene (1"L; i f  two 
IilCJlPS of cumene are pruducetl for e:icli mole of tlie tli:tryl- 
nlkane reacted) to be produced. The  rest of t h e  distilled 
inaterial, h .p .  169" at 13 mni., ?z?Or) 1.5476, 18.01 g. ,  coli- 
sisted of unreacted starting material ( 7 6 7 ) .  ii residue o f  
1.2 g. was not investigated. KO 1 ,l, . ' i-triiIietliyl-:~-plien~l- 
indan was found. 

The Reaction of 2-Methyl-2-phenyl-4-p-tolylpentane with 
Potassium.-The reaction of this diarylalkane (25.0 g., 0.10 
mole) with 1.0 g. (0.027 g. atom) of potawiuin in 100 ml.  o f  
cyclohexane a t  183-194" for 5 hr.  was c:irrietl out in tlit. 
Magne-Dash autoclave. Jlistillation of tlic recovereil 
liquid and infrared analysis showed it t o  consist of 1.18 g .  

) of cumene, 0.50 g. (3.7;; yield) of p-cymelle, 
. ( 6 3 5 t )  of recovered diarylalkanc~. .I cli\till:i- 
of 4.9 g. ivas not investigated. T h e  nn:ilytic:il 
ds used for this and the previous esperinient arc. 

listed in Table I. Photographs of the spcctra rrf these O J I I I -  

pounds and others mentioned in this wnrk mxy lw f o 1 m t l  i n  
the PIi.13. tlicsis of  1,. .I, Scli;i;ip, Sortli\vcstcrii l . i i i \  cr-it v ,  
.lupu.;t, 19,i7'. 

'rA131,E I 

-IXAI,Y I'IC'AI. T N I ~ K . & R I : I )  J I A N I I S  
CoIni)<,lind \V:ive Irnxth,  w 

c~ullclle 1 r) ,8n, I 1 , 0:: 
P-Cymeii e 7. 67,  I:( 7.7 
L'-Metlir-l-2,4-di~iIi~iiyl~,rii t:iiie 11 , 90 

1 ,1,3-Triinethyliiitl~ii 7 . N i  
2 - M e t h ~ l - 3 - ~ i l i e i i ~ l - ~ - ~ ~ - t i ~ l y l p e i i t ; i i i c  (i 20, 7. $!I) 

Synthesis of 3-Methyl-3-phenyl-I-chlorobutane. t i -  
nIethyl-3-phenylbutauoic acid vias prepared in a yield o f  
61.96 g. (67%) by the hypochlorite oxidation of 4-methyl- 
4-phenyl-Z-pentanone (90 g. ,  0.51 mole), which had been 
prepared using the procedure of Hoffman.l2 The hyp i -  
chlorite solution was prepared according t o  the inethuti o f  
Xewman and Holmes13 and the  reaction \vas carried out : i t 
55-60" for 2 hours. The acid boiled a t  156.5-160" at  111 
mm., m.p. 58-59' (reported14 b.p. 155' a t  10 nim., 1 l l . p .  
58-69"). It was reduced to  3-methy1-3-phenyl-l-buta11iil 
with lithium aluminum liydride.16 Starting with 61 .9 g.  
(0.347 mole) of the acid and 16.6 g. (0.436 mole) rif lithjuiii 
aluminum hydride in 1130 ml. of ether, the alcohol proclucrct 

44.26 g.  (7::;) ,  b.p.  127-127.5a Lit I O  l l l l l l . .  

. I nd .  Calctl. for Cj IHII IO:  C, 80.44; 13. 0.82. I T i n i t l i l  
C, 80.!18; H, 9.90. 

3-Meth~l-3-plienyl-l-clilorobutane was prepurctl frinin 41 
g. (0.249 mole) of the above alcohol by  reaction with :W.:j g. 
(0.33 mole) of thionyl chloride in 22.1 g. (0.28 mole) [ i f  
anhydrous pyridine :it 80-90' for 3 hours. The yield ( i f  

product was 15.78 g. (29r!' ), I3.p. 104.5-103° a t  9 ninn., 
TZ"D 1.5191, d*O4 l.CI22; X X D  calcd. 54.264, fount1 54.26. 

.InaZ. Calcd. for C! , i I j ;Cl :  C ,  i2.1t3; H ,  8.28. F o u I i ( l :  
C ,  72.12; H ,  7.93. 
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The Preparation of 3-Phenyl-l-~hloropropane.~~--3-Phen- 
yl-1-propanol (100 g., 0.735 mole) was allowed t o  react with 
thionyl chloride (120 g., 1.0 mole) in 64 g. (0.80 mole) of 
anhydrous pyridine using the conditions described for 3- 
methyl-3-phenyl-1-chlorobutane. The  product was ob- 
tained in a yield of 81.4 g. (52.8%), b.p. 85" a t  8 mm., 
n m ~  1.5207 (reported" b.p. 89-93" at 6 mm., l t m ~  1.5160). 

Preparation of 2-Methyl-2,4-diphenylpentane.-The ole- 
fin from the  dehydration of 4-methyl-2,4-diphenyl-2-pen- 
tanol was obtained using the method of Bergmann, Taubadel 
and Weiss.'* The olefin which boiled at 165" a t  9 mm., 
n z O ~  1.5682 (reportedla b.p. 170-171" at 17 mm.) was pro- 
duced in an  over-all yield of 5470 based on the starting 4- 
methyl-4-phenyl-2-pentanone. 

This olefin (50.0 g., 0.231 mole) was selectively hydro; 
genated using 5 g. of copper-chromite catalyst a t  116-154 
in a 450-ml. rotating autoclave with an  initial hydrogen 
pressure of 115 atm.  The  yield of 2-methyl-2,4-diphenyi- 
pentane was 36 g. (657&), b.p. 158" at 9.5 mm., T Z ~ D  1.5471. 

Preparation of 1,1,3-Trimethyl-3-phenylidan.-This 
compound was prepared from 10 g. of the above-described 
olefin, by allowing it to  stand for 24 hr. with 1 g. of stannic 
chloride.18 The yield of product was 7.26 g. (73%), b.p. 
161-165" at 12 mm., m.p.  52-53' (recrystallized from meth- 
anol) (reported1* b.p.  166-167" at 25 mm., m.p. 52-53'), 

Preparation of 2-Methyl-2-phenyl-4-p-t0lylpentane.~~- 
The method of preparation of this hydrocarbon, b.p. 139' 
a t  3 mm., n m ~  1.5431, was identical with tha t  for 2-methyl- 
2,4-diphenylpentane except for the substitution of p-tolyl- 
magnesium bromide for phenylmagnesium bromide in the 
reaction with 4-methyl-4-phenyl-2-pentanone. 

Preparation of 2,5-Dimethyl-2,5-diphenylhexane.-P- 
Chloro-t-butylbenzene (neophyl chloride) was prepared in a 
yield of 69y0 using hydrogen fluoride as a catalyst.% The 
material boiled at 126' at 40 mm.,  n Z O ~  1.5244 (reportedz1 
b.p. 97" at 13 mm., % m ~  1.5250). 2,5-Dimethyl-2,5-diphen- 
ylhexane cannot be prepared by a U'urtz reaction of this 
chloridez1 nor can it be prepared by coupling of neophyl 

(16) This preparation was carried out by hlr. H. L. Golding, Jr., 

(17) S. S. Rossander and C. S. Marvel, THIS JOURNAL, 60, 1491 

(18) E. Bergmann, H. Taubadel and H. Weiss, Ber., 64, 1493 

(19) This compound was synthesized by Dr. H. Alul  a t  this Labora- 

( 2 0 )  W. S. Calcott, J .  M. Tinker and V. Weinmayr, THIS J O U R N A L ,  

(21) F. C. Whitmore, C. A .  Weisgerber and A C. Shabica, Jr . ,  i b i d . ,  

a t  this Laboratory. 

(1928). 

(1931). 

tory. 

61, 1010 (1939). 

65, 1468 (1943). 

radicalsa2 because rearrangements take place, although Urry 
and Kharasch did isolate some dimer of uncertain structure, 
m.p. 129", from the cobaltous chloride-catalyzed dimeriza- 
tion of neophylmagnesium chloride.22 On attempted 
coupling the tosylate of neophyl alcohol (prepared by 
bubbling oxygen into neophylmagnesium chloride) with 
neophylmagnesium chloride gave only a trace of high boiling 
material. It was found, however, tha t  the reaction of 
neophyl chloride with magnesium did give some of the de- 
sired product. h-eophyl chloride (135 g., 0.80 mole) was 
allowed to  react with 9.72 g. (0.40 g. atom) of magnesium 
in 200 ml. of anhydrous ether, and the mixture was refluxed 
for 72 hours. There is no evidence, however, tha t  addi- 
tional reaction of the chloride with the Grignard reagent 
takes place during this period. Then 9.72 g. of magnesium 
was added t o  react with the excess chloride and the solution 
was refluxed for an  additional 3 hours. The products con- 
sisted of t-butylbenzene, b.p. 167-169', W ~ D  1.4923, 90.2 
g.  (84%), and the desired product, b.p. 175-177' a t  10 
mm., nmD 1.5395, 3.41 g. (3.2y0). This material solidified 
on cooling and melted at 62-63" when recrystallized from 
methanol. 

Anal. Calcd. for C20H26: C, 90.16; H, 9.84. Found: 
C, 89.78; H, 9.87. 

Preparation of 1,4-Diphenylb~tane.~6-1,4-Diphenyl-l- 
butanol was prepared by the Grignard method using 15.4 g. 
(0.10 mole) of 3-phenyl-1-chloropropane and 2.6 g. (0.11 g. 
atom) of magnesium with 10.6 g. (0.10 mole) of benzalde- 
hyde in 150 ml. of anhydrous ether. The yield of produc: 
was 12.2 g. (5570)~  b.p.  175.5" at 5 mm., m.p. 45.5-47 
(reportedz3 m.p.  45-46"). 

1,4-Diphenylbutane was prepared from the above alcohol, 
(11.8 g., 0.052 mole) by means of hydrogenolysis using 1 g. 
of copper-chromite catalyst a t  211-239' in a 114-ml. rotat- 
ing autoclave with an  initial hydrogen pressure of 105 atm.  
The  yield of product was 8.8 g. (soy'), m.p. 52-52.5' (re- 
portedz4 52-52.5' ), 
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A practical synthesis of coumestrol is described. 2,4-Dimethoxyphenylacetonitrile is contletised with resorcinol to  give 
cu-(2,4-dimethoxyphenyl)-2,4-diliydroxyacetophenon~. Treatment of this compound with methyl chloroformate yields 
3-(2,4-dimethoxyphenyl) -4,7-dihydroxycoumarin which, on heating with aniline hydrochloride, yields coumestrol in an over- 
all yield of about 17y0. Coumestrol is easily acetylated to  give the diacetate, m.p. 23&236', which crystallizes well from 
acetonitrile or acetic acid, and from which coumestrol can be regenerated readily. An improved preparation of 2,4-di- 
methoxyphenvlacetonitrile from 2,4-dimethoxvbenzaldehyde and rhodanine is reported also, giving an  over-all yield of 
about 627,. 

Previous work in this Laboratory2-4 resulted in 
the isolation of an estrogen from ladino clover and 
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alfalfa which was shown to have the empirical 
formula C15H806, and for which structural formula 
I and the name coumestrol were proposed. It was 
felt most desirable to synthesize the substance, 
both to confirm the structure and to make it ac- 
cessible for pharmacological study. 

Although the substance is new, a number of 
closely related compounds are well known. Thus 


