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The structure of a by-product in the preparation of 2,3-diphenyltetralone from B,S.-l-triphen!.lbut!-ric. arid, has been 
shown to  he I. Various compounds related to the ester are described. 

Several years ago, in the preparation of 2,3- 
d ipheny l t e t r a l~ne~~~  for use in  other studies, traces 
of a compound I melting at 211-212" were obtained 
in several reactions. In  one reaction in which the 
tetralone was prepared by treating 2,3,4-triphenyl- 
butyryl chloride with anhydrous aluminum chlo- 
ride, the yield of I was 18 g., 12% based on the 
weight of acid used. iinalyses for carbon and hy- 
drogen agreed with the values calculated for the 
tetralone but the molecular weight was much too 
high. Only one form of the tetralone, that melting 
a t  147-148", has been reported although many 
people have reported making it and diastereoisomers 
should be possible. 

A series of reactions was planned which would test 
the hypothesis that  I was an isomeric tetralone. 
The 147" tetralone I1 was treated with phenyl- 
lithium to give a new tertiary alcohol 111. This alco- 
hol was dehydrated to  give the known 1,2,3- 
triphenyl-3,4-dihydr~naphthalene~ IV lvhich was 
then dehydrogenated to  give the known 1,2,3- 
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triphenylnaphthal~ne~ T'. Earlier3 the tetralone 
had been reduced to  a secondary alcohol by alumi- 
num isopropoxide and this alcohol had been de- 
hydrated and dehydrogenated to give 5.3-diphenyl- 
naphthalene. 

These two series of reactionr. applied to I, should 
have led to the same final products if I had been ai1 
isomeric tetralone. Aluminum isopropoxide mas 
without effect on I. Phenyllithium reacted with 
I to give two products, neither of which could be 
dehydrated by heating with Lucas' reagent or with 
potassium hydrogen sulfate. Since I was not an 
isomeric tetralone, the problem was temporarily 
dropped. 

Interest in I was aroused again when it was 
shown5 that 2,3,4-triphenylbutyric acid could be 
cyclized by hydrogen fluoride to give a small 
amount of 2-phenyl-3-benzylindanoiie as well as 
the more common tetralone. 

From the infrared spectrum of I, Dr. Gilbert, 
Stork of Columbia University suggested to us that 
the carbonyl group might be presented as an ester. 
This proved to be the case. The ester resulted from 
the reaction of unconverted acid chloride with the 
enol form of the tetralone. The following chart 
shows the relationships of the compounds involved. 

Hydrolysis of I led to  the known acid VI and a 
neutral oil which could not be crystallized but whose 
infrared spectrum indicated that i t  was the known 
tetralone 11. Reaction of I with phenyllithium gave 
the known ketone VII16 and a compound VI1 whose 
properties indicate that it may be isomeric with the 
ketone VIII. Ketone VI11 was synthesized by the 
reaction of phenylmagnesium bromide on either the 
87" or the 130" nitrile IX.223 Mixed melting points 
showed no depression and the infrared spectra were 
the same. Under forcing conditions phenylmagne- 
sium bromide also reacted with I to give VIII. The 
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ketone VI11 reacted with lithium aluminum hy- 
dride to give a new secondary alcohol X, which 
could be dehydrated to  give the known hydro- 
carbon XI .  This, in turn, was reduced to the known 
hydrocarbon XII ,  and a mixed melting point of 
this hydrocarbon with an authentic sample pre- 
pared from XIII' showed no depression. The re- 
action of lithium aluminum hydride on the ester 
I gave a new primary alcohol XIV which was iden- 
tical with the alcohol prepared by the action of 
lithium aluminum hydride on the 157' arid VI. 

EXPERIMENTAL 

Preparation of the ester I .  The ester I resulted in some of the 
reactions for the preparationz~~ of 2,3-diphenyltetralone 11. 
2,3,PTriphenylbutyric acid was converted to the acid chlo- 
ride by phosphorus pentachloride. After the removal of phos- 
phorus oxychloride, the acid chloride was treated with an- 
hydrous aluminum chloride to form the tetralone. This tetra- 
lone is known8 to enolize readily, and this enol form reacted 
with the acid chloride to form the ester I. The ester was only 
slightly soluble in ether, ethanol, and ethyl acetate but could 
be recrystallized from chloroform or dioxane. It crystallized 
as cottony, white needles, melting at  211-212'. Heating 
with chloranil failed to dehydrogenate it and treatment with 
aluminum isopropoxide did not reduce it. It was reduced by 
refluxing with lithium aluminum hydride and it  reacted 
readily with phenyllithium and slowly with phenylmagnr- 
sium bromide. 

(7) L. I. Smith and H. Hoehn, J .  Am. Chem. SOC., 63, 
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by Dr. Lee Irvin Smith. 
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68, 1662 (1946). 
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The ester (1.5 g.) was heated with potassium hydroxide 
(1.3 g.) in diethylene glycol. The alkaline solution was ex- 
tracted with ether. Evaporation of this ether solution did not 
yield any solid but the infrared spectrum of the oil was the 
same as that for the known tetralone. Small amounts of the 
tetralone are always difficult to  crystallize, probably due to 
the tendency to  enolize. The acid from the hydrolysis was 
isolated from the alkaline solution by acidifying and ex- 
tracting with ether. The ether waa evaporated and the acid 
crystallized from benzenepetroleum ether (b.p. 60-70"). 
It melted a t  155-157' and a mixture of the hydrolysis prod- 
uct with a known sample of the acid VI melted a t  155157". 
The yield was 84%. The infrared spectrum of I showed ah- 
sorption a t  5.75 p and 8.95 p. 

Anal. Calcd. for C4rHSe02: C, 88.56; H, 6.08; Mol. Rt., 
597. Found: C, 88.46; H, 6.48; Mol. Wt., 560. 

Preparation of 1,.2,3-triphenyl-l-hydroxy-i,d,3,~-letrahydro- 
naphthalene, 111. About 0.03 mole of phenyllithium in ether 
was added to an ether solution of 3 g. (0.01 mole) of the 
tetralone 11. The ether boiled vigorously. After standing for 
2 hr. the grey solution was decomposed with ice water. The 
ether layer was allowed to evaporate and the heavy oil was 
stirred with diisopropyl ether. The resulting solid waq crys- 
tallized from ethanol-ethyl acetate to give colorless needles 
melting a t  168.5-169.5'. The yield was 707,. 

Anal. Calcd. for C28H240: C, 89.32; H, 6.42. Found: C, 
89.31; H, 6.30. 

Prevaration of l.~.S-triahenut-5.bd~hwdronaphthalene, IV. 
One gram of the"tertiary alcohol I11 washeated on the steam 
bath for 1 hr. with 10 ml. of benzene and 20 ml. of Lucas' 
reagent. The benzene layer, after washing with sodium car- 
bonate solution, was heated and diluted with petroleum 
ether (b.p. 60-70'). The resulting solid (0.88 g., 92%) melted 
at  176-177", the melting point recorded4 for this compound. 

Preparation of 1 ,&S-triphenylnaphthalene V. Dehydrogena- 
tion of 0.5 g. of IV by heating at  280-300' for 22 hr. with 0.5 
g. of selenium gave the known' 1,2,3-triphenylnaphthalene, 
melting at  153-154'. 

Reaction of I with phenyllithium and with phenylmagnesium 
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bromide. About 0.03 mole of phenyllithium was added to an 
ether suspension of 3 g. of I. The ether boiled vigorously and 
I dissolved. After standing for 2 hr. the mixture was decom- 
posed with ice water. The ether layer was allowed to evapo- 
rate slowly. Two products could be isolated from the deep 
magenta colored solution by careful crystallization. The 
less soluble material, the ketone VIII, separated first and 
could be recrystallized from chloroform-methanol or from 
ethyl acetate to give white crystals melting a t  198-199". 
The more soluble compound VI1 could be crystallized from 
benzene-petroleum ether (b.p. 60-70") and melted a t  125- 
126". 

The ester I (2 g., 0.0033 mole) was treated with excess 
phenylmagnesium bromide in toluene and heated on the 
steam bath for 18 hr. after the ether had boiled off. The 
magnesium compounds were dissolved in ammonium chlo- 
ride solution and the toluene layer was added to  water and 
steam distilled to remove the toluene. An ether extract of the 
water layer gave 30% of VIII. None of the lower melting 
compound VI1 was isolated from this reaction. A mixed melt- 
ing point of the ketone from the ester and the ketone made 
from IX showed no depression. Both VI1 and VI11 gave 
identical infrared spectra with absorption at 6 characteris- 
tic of a conjugated ketone. 

Anal .  Calcd. for Cz8H2aO: C, 89.32; H, 6.42; Mol. Wt., 
376.5. Found: for VII: C, 89.26, 89.84; H, 7.03, 6.41; Mol. 
Wt., 381. Found: for VIII: C, 88.71, 89.82; H, 6.31, 6.55; 
Mol. Wt., 364. 

Reaction of b.S.1-trivhenulbuturonitrile with phenulmaane- , .  " 1  . - I  

s i u m  bromide. Approximately 0.03 mole of phenylmagnesium 
bromide was added to 0.02 mole of either formz of 2,3,4-tri- 
phenylbutyronitrile and the mixture was refluxed for 2 hr. 
Dilute hydrochlorir acid was then added, the ether evapo- 
rated, and the mixture heated on the steam bath for 1 hr. 
The solid was filtered from the cooled mixture and crystal- 
lized from ethyl acetate. It melted at  197-198' and a mixed 
melting point with the ketone made from the ester I was 
197-198'. The yield was 56$&. The infrared spectrum was 
the same as that for the ketone made from the ester. This 
compound was described earlier.6 It was made by adding 
benz ylmagnesium chloride to 1,2,3-triphenylpropen-2-one-l. 
The resulting ketone, melting a t  178', was isomerized to the 
form melting a t  198". 

Reduction of 1 ,b,S,(t-tetraphenylbutanone-1, VIII. A mix- 
ture of 1 g. of the ketone VI11 and 0.75 g. of lithium alumi- 
num hydride in 40 ml. of ether was refluxed for 1 hr. and 
allowed to stand overnight. The excess lithium aluminum 
hydride was decomposed with ethyl acetate, then water 
was added and the layers separated. Seedles of the alcohol 
X began to separate from the ether solution a t  once. Re- 
crystallization from ethanol-chloroform gave a quantitative 
yield of colorless needles melting a t  223-225". The infrared 
spectrum showed no carbonyl absorption at  6 p but a broad 
lmnd :it 9 p c3hni:tctrristic of a swondarv rtlrohol group. 

Anal .  Calcd. for C28H260: C, 88.84; H, 6.92. Found: C, 
88.4; H, 6.86. 

Dehydration of 1,1,3,4-tetraphenylbutanol-l, IX. This alco- 
hol was not dehydrated by heating with Lucas' reagent but 
heating 2.5 g. of the alcohol in 50 ml. of benzene with 0.5 g.  
of p-toluenesulfonic acid for 4 hr. did bring about the loss of 
water. The benzene solution was washed with water and al- 
lowed to evaporate slowly. The resulting solid (0.9 g., 43%) 
was recrystalhed from benzene-methanol and melted a t  
149-150". This hydrocarbon has been described as melting 
at  147-148°.9 

Reductzon of 1,2,3,4-tetraphenylbutene-l, XI. Five hundred 
milligrams of the hydrocarbon XI, 1.5 g. of sodium, and 15 
ml. of isoamyl alcohol were refluxed for 1.5 hr. and allowed 
to stand overnight. The solid which separated (0.36 g., 70%) 
was filtered and crystallized from benzene-methanol. It 
melted at 180-180.5' and the mixed melting point with a 
known sample of 1,2,3,4-tetraphenylbutane was not de- 
pressed. The known sample of XI1 was made by reducing 
350 mg. of 1,2,3,4-tetraphenylbutadiene-1,3, X I I P  with 
sodium and amyl alcohol. 

Reduction of I with lithium a luminum hydride. One gram of 
lithium aluminum hydride and 1.5 g. of I were refluxed in 
ether for 3 hr. The excess lithium aluminum hydride was 
decomposed with ethyl acetate and water was then added. 
The ether solution gave 0.67 g. (88yo) of colorless needles of 
XIV. The alcohol was very soluble in most solvents but 
could be crystallized from methanol and either water or 
petroleum ether (b.p. 60-70"). It melted at  105-106" and was 
identical with the 2,3,4-triphenylbutanol-1 prepared in 3570 
yield by reducing the 157" 2,3,4-triphenylbutyric acid VI. 
The mixed melting point was not depressed and both samples 
showed absorption in their infrared spectra a t  9.7 p, char- 
acteristic of a primary alcohol. 

Anal. Calcd. for C22Hz20: C, 87.37; H, 7.33. Found: C, 
86.82; H, 7.27. 

Compound VII, whose analyses and infrared spectrum in- 
dicate that it is an isomer of VIII, was reduced by lithium 
aluminum hydride to a compound melting a t  117-119". 
Unfortunately most of this compound was lost. A less pure 
sample, after being heated with p-toluenesulfonic acid 
showed bv infrared spectrum that it was a hydrocarbon. 
It contained 92.7% carbon and 6.77, hydrogen. This 
could be an isomer of XI. 
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