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1)ehydrobroiriinatioii of ~-bro1no-4-plienq-lcyclohexanorie with collidine gives the /3,y-unsaturated ketone VII, its treat- 
Hydrolysis of this 

The 2,4-dinitrophenylhydrazone of 2-bromo-4-phenylcyclo- 
Exactly analogous observations have been made in the series of 4- 

ment with Z,+dinitrophenylhydrazine the dinitrophenylhydrazone of the a&unsaturated ketone 11. 
latter dinitrophenj.lhydrazone leads to  isomerization to V I I ,  
hexanone exists in a. yellow anti and a red syn  form. 
phenylcycloheptanoiie, which is prepared in good yield by the reaction of diazornethane with 4-phenq-lcyclohexanone. 

Bergmann and Szmuszkovicz2 obtained from 4- 
phenylcyclohexane-l,3-dione (I) an inseparable 
mixture of two a,p-unsaturated ketones, 4-phenyl- 
cyclohes-2-en-1-one (11) and B-phenylcyclohex-2- 
en-1 -one (111). The observation that  Michael 
reaction of I1 with diethyl malonate led eventually 
to the interesting 3,5a,G,7,5,9,9a,lO-octahydro- 
phenanthrene-7,lO-dione (IV) invited a study of 
other methods for the preparation of I1 and simi- 
lar 4-arylcycloalk-2-en-ones, of which to the best 
of our knowledge, no representative has yet been 
prepared. 

The obvious route was the broniination and 
dehpdrobromination of 4phenylcyclohexanone (1') 
for which a good preparative method has been 
reported by Horning and c o - ~ o r k e r s . ~  Treatment 
of '1' with N-bromosuccinimide in carbon tetra- 
chloride gave the desired bromoketone VI in 
quantitative yield. Dehydrobromination with 

Qo ($ I & 
I O  I1 O I11 

IVO 3 

collidine, howel-er, had an unexpected result. The 
ketone o f  1n.p. 47-43' and of correct analytical 
coiiipositioii, which was isvlated arid which lique- 
fied upon standing for several days, showed the 

( 1 )  (a) Par t  11. E D. Bergmann and S. Tiaroslavsky, THIS J U U K -  

( b j  pa r t  of the X S c .  thesis, submitted to  the  

( 2 )  1,; 1). l3rrgni:inri   nil J Szinusil.<,\ i c I ,  THIS JUUKNII., 76,  X22ii 

(:ij I: C .  Tr<jri i i i iX,  31 (; I i o m i n g .  11 S ] : ish  xn<l 11 \V, l < i i t < ~ n l ~ v r ~ ,  

N A L ,  81, 2775 (1959), 
I Iehrew Irniversity, Jerusalrni. 

( I 9 X 3 ~ .  

i',),! , 74,  7 7 . ;  ( i ! l . j21  

infrared carbonyl peak a t  1700 c1x-l (Fig. lb)  
and also an ultraviolet absorption band a t  240 mp 
(log E 3.72) (Fig. 2) which points to structure VI1 
rather than to structure 11. For comparison, the 
spectrum of 1-phenylcyclohex-2-ene was measured4 
which showed a band a t  245 mp (4.02). In accord- 
ance with formula VII ,  the 2,4dinitrophenylhy- 
drazone (m.p. 170') of the solid ketone is yellow 
and absorbs a t  333 m p  (4.3ti), therefore, a t  a wave 
length similar to that of the DNP of V, 3G5 mp 
(4.35), whilst the DKP of an a,@-unsaturated 
ketone should absorb at  3SO i r ~ p . " . ~  Hydrogenation 
of the ketone VI1 gives V. 1i:hen the method of 
Mattox and ICendall",i--9 for the preparation of 
unsaturated ketones (treatment of the a-bromo 
derivatives of corresponding saturated ketones 
with 2,4-dinitrophenylhytlrazine in glacial acetic 
acid) was applied to 2-bronio-4-phenylcyclo- 
hexanone (VI) ,  a red halogen-free 2,4-dinitro- 
phenylhydrazone was obtained which absorbed a t  
375 mp (log E 4.32) and was, therefore, obviously 
the expected derivative of the ketone 11. De- 
composition of this dinitrophenylhydrazone with 
levulinic acid'" gave the P ,  ?-unsaturated ketone 
V I I ;  already the crude product of this reaction 
showed the infrared absorption band a t  1700 cm.-' 
and gave the yellow dinitrophenylhydrazone of 
I r I I j  m.p. 170'; it is thus established that the hy- 
drolysis of the dinitrophenylhydrazone of I1 does 
not give the free ketone 11 a t  all, the /?.y-un- 
saturated forni YIT being the stable one. A 
similar observation was made by Soffer and Jev- 
nik5 who obtained by "exchange fission" of the 
2,4- dini trop henylhydrazon e of 4-isoprop ylc yclohex - 
2-en-l-one, a t  least partly the p,y-unsaturated 
isomer, 4-isopropylcyclohex-3-en-1-one. On the 
other hand, we succeeded, by the application of 
alkali, to transform the DSP of lr1I to that of 11, 
though only in moderate yield-considerable 
amounts of an amorphous, high-melting by-product 
were formed. 

Ti7hen 2,4-diriitroplienylliydrazine was added to 
2-brorno-4-phenylcyclohesanone in glacial acetic 
acid, a yellow dinitrophenylhydrazone precipi- 

' l j  11. I ' n l r i n c r  r i i i<l  1. \ \ ' i l igut ,  .1f I r  , 66,  I I!) ( l< l ; j . j ) ;  D. I- 
hlixer aud V,' <;. Vouug.  '1 HIIZ J U U I ~ X . ~  , :i379 (19St i ) ;  t*; I, Ellel, 
J. W. XIcCuy and Ch. C.  Price, J .  O r g .  CIiem , 22, 1533 (1Y57). 

( 5 )  M, D. Soffer and  hf. A Jevnik, THIS JOIJRNAL, 77, 1003 (1955) .  
(h) :i. I-, \I'ilds and S .  A. Xelson, ihid., 76,  5360 (1953). 
( 7 )  V. K. l f a t t o x  and E.  C .  Kendall .  ihid., 70, 882 (1948); 72, 2290 

I? ,  liamire-7 , ~ 1 1 d  A .  1;. l i ir l ly ,  i , 74, .L;i:iI ,'I<I:?), 76, I8nL'(, 
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Fig. 1 .-Infrared spectrum of (top) 4-phenylcyclo- 

hexanone (V)  and (bottom) 4-phenylcyclohex-3-en-1-one 
(VII) ,  both in potassium bromide pellets. 

tated initially which was gradually transformed 
into the expected red derivative of 11, m.p. 122'. 
As this yellow compound appeared to be the dini- 
trophenylhydrazine derivative of the bronio- 
ketone, this observation was studied somewhat 
more closely. To this effect, the bromoketone was 
treated with the usual DNP reagent (dinitrophenyl- 
hydrazine in concentrated sulfuric acid and aqueous 
alcohol). At O o ,  a yellow and a t  boiling point 
(via the yellow compound) a red 2,4-dinitro- 
hydrazone was obtained, m.p. 152 and 183', 
respectively. These two compounds had both 
the expected comp isition of 2-bromo-4-phenyl- 
cyclohexanone 2,4-dii itrophenylhydrazone; the yel- 
low compound absorbed a t  260 and 360 mp, the 
red a t  265 and 385 mp. We believe that the two 
compounds are stereoisomers of the type observed 
by Ramirez and Kirbyg>'l and base this belief on 
the experience of these authors: The spectrum of 
the yellow compound shows a hypsochromic (5 
mp), that of the red one a bathochromic (20 mp) 
shift as compared with the spectrum of the sym- 
metrical) parent compound 4-phenylcyclohexa- 
none 2,4-dinitrophenylhydrazone (260, 365 mp). 
The red DNP contains, therefore, most probably 
the bromine atom and the dinitrophenyl group in 
the syn,  the yellow one in the anti  position. Also 

(11 )  F. Ramirez and  A. F. Kirby,  THIS JOURNAL, 76, 1037 (1954); 
c.f. also L. Hapashi, S a t w e ,  178, 40 (1956); R. Huisgen and V. Vossius, 
. \ f<JJr t l iS / j  , 88 ,  517 (1057). 
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Fig. 2.--Ultraviolet spectrum of 4-phenylcyclohex-3-en-l- 
one (VII),  in alcohol. 

the higher intensity of the NH absorption of the 
red isomer, in comparison with that of the 
yellow isomer and the unsaturated compound, 
speaks for the syn  structure of the red compound. 

Analogous observations have been made in the 
study of the conversion of 4-phenylcycloheptanone 
(X) into the corresponding unsaturated ketone. 
Although X failed to give the desired product with 
N-bromosuccinimide, with bromine in carbon 
tetrachloride it yielded the monobromoketone, as a 
fairly unstable liquid. This bromoketone was 
dehydrobrominated with collidine to a liquid 4- 
phenylcycloheptenone, characterized as a Ply- 
unsaturated ketone (XII) by its yellow 2,4- 
dinitrophenylhydrazone, ultraviolet absorption 
spectrum (253 mpL, 3.70) and broad carbonyl band 
a t  1700 cm.-l. That the double bond was conju- 
gated with the phenyl ring, followed from the 
comparison of its spectrum with that of l-phenyl- 
cyclohept-1-ene (260 mp, 3.90).12 Incidentally, 
these data prove that  the bromoketone is the 2- 
compound XI and not the theoretically also pos- 
sible T-bromo-derivative.la 

A, w. 

88 8 8  
Br 

X O  XI 0 XI1 0 XI11 0 

When, on the other hand, XI was dehydrobromi- 
nated by the method of Mattox and Kendall, the 
2,4-dinitrophenylhydrazone of 4-phenylcyclohept- 
2-en-1-one (XIII) ,  m.p. 107', was obtained. I t  
was red and absorbed a t  375 mp (4.20). 

Under the usual conditions for the preparation of 
2,4-dinitrophenyhyldrazones, XI gave two iso- 

(12) E. D. Bergmann and R. Ikan ,  unpublished results. 
(13)  Provided t h a t  dehydrobromination is  no t  accompanied by re- 

arrangement of t he  type  observed in  the  steroid series or for 3-bromo-l- 
methyl-lrans-2-decalone which can either give t h e  A119- or Ah'-un- 
saturated ketone; RI .  Yanagita and K. Yamakawa, J .  Ovg.  Chem.,  21, 
500 (1956). 



nieric dinitrophenylhydrazones, the yellow anti 
compound of m.p. 76" (260, 363 mp), and the red 
syn compound of m.p. 1 1 5 O  (262 mp, 395 nip). 
Again, comparison with the spectrum of the 2,4- 
dinitrophenylhydrazone of X, of which only one 
of the possible isomers has been observed, shows a 
hypsochromic arid bathochromic shift, respectively. 
Also the infrared spectra of the two isomers show 
the same significant differences which have been 
observed in the case of the two isomeric 2,4- 
dinitrophenylhydrazoties of VI 

For the preparation of S, the reaction between 
diazomethane and 4-phenylcyclohesanone (V) has 
been usedi4; under the conditions specified in the 
Experimental part, a yield of SOY0 can be ob- 
tained. The ketone is different from the known 
2- and 3-phenylcycloheptanones. l8 

In the preparation of -2-phenylcyclohexanone, an 
interesting observation has been made which de- 
serves reporting. In accordance with the ob- 
servations of Hauser and Brasen16 we expected 
to be able to remove the cyano group from the 
intermediate VI11 by means of sodamide and thus 
to obtain the ketal of 4-phenylcyclohex-3-en-l- 
one (IX). This was not the case. When, how- 
ever, VI11 was added to the blue solution of sodium 
in liquid ammonia, i t  was converted smoothly 
into the ketal of 4-phenylcyclohexanone. This ob- 
servation appears to represent an improvement over 
the original m e t h ~ d . ~  

Experimental 
The synthesis of 4-phenylcyclohexanone was carried out 

according to  the l ~ t e r a t u r e ~ :  i t  bas  recrystallized from pe- 
troleum ether and had m.p.  75-79'; 247 (2.23), 253 
(2.34), 259 (2.38), 260 (2.32). 264 (2.27), 266 (2.19), 269 
nip (2.06). (See Fig 3) 
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Pig. 3.-Ultraviolet spectrum of 4-phenylcyclohexanone (V), 
in alcohol. 

The 2,4-dinitrophenylhydrazone formed yellow crystals 
of m.p.  188', after recrystallization from butanol; 
260 (4.03), 365 rnp (4.38). 

Decyanation of the ketal (VIII) of 4-phenyl-4-cyanocyclo- 
hexanone.-To the blue solution of 0.47 g.  of sodium metal 
in 100 inl. of liquid ammonia, 5 g. of 4-phenyl-4-cyanocyclo- 
hexanone ethyleneketal in 20 ml. of ether was added. After 
one hour (stirring) the color had disappeared. Work-up 
gave 3.5 g. (80o/'c) of 4-phenylcyclohexanone ethyleneketal, 
m.p.  54-55', after recrystallization from aqueous 
I t  was identified by the mixed m.p. and by conversion into 
the 2,4-dinitrophenylhydrazone of 4-phenylcyclohexanone, 
n1.p. 188". ---- 

(14) Cf. the reaction oi 2-phenylcyclohexanone; C. D. Gutsche, 
H. F. Strohmayer and J. hl. Chang, J .  Org. Chem., 23, 1 (1958). 

(15) C .  D. Gutsche, THIS JOURNAL, 71, 3513 (1940). 
(18) C. R. Hariser and W. R. Rrasen, i 6 i d . ,  78, 82 (195F). 

2-Bromo4phenylcyclohexanone (VI) .-A mixture of 30 
g. of 4-phenylcyclohexanone, 27.3 g. of K-bromosuccin- 
imide, 0.05 g. of benzoyl peroxide and 150 ml. of carbon 
tetrachloride was cautiously heated on the water-bath. 
iVhrn the exothermic reacrion had subsided, the mixture 
!vas refluxed for 20 minutes, cooled, filtered and concentrated 
i z ~  V U G Z L O .  The remaining solution deposited on cooling 
with ice 48 g. (qunntitative yield) of V I ,  which was re- 
crystallized from cyclohexane and melted a t  104-105". 
The roinpound is apt to deconiposc; therefore, the concen- 
trstion of its solutioii iu B ~ U C ~ L O  must not be pushed too far; 
vz:: 1724 cm.  (~arbonyl) .~7 

for C12H13BrO: C ,  56.9: If, 5.2,  Found: 

opheny1hydrazone.-To a solution of 0.5 g. 
of V I  in 20 nil. of ethanol, a solution of 0 . 5  g. of 2,4-diriitro- 
plien)-lliydrazinr in 10 nil. of ethanol, 2 i d .  of coiicd. sul- 
furic acid and 3 nil. of water was added a t  0 " .  The yellow 
precipit,ite, which separated a t  once, was recrystallized 
from cyclohexane ur butanol and melted a t  152'; A;:: 
260 (4.14), 360 IIIP (1.50). 

Found: C.  50.9; H, 4 . 3 .  
syn-2,4-Dinitrophenylhydrazone .--The reaction was car- 

ried out as in the forvgoiiig experiment, but a t  reflux teni- 
peraturc (2 hours). The initial yellow precipitate turned 
dark red. Froin iiitroinethane, i t  crystallized in red crystals 
of n1.p. 183'. The same product was obtained when the 
onti compound was refluxvd for 7 hours in alcoholic solution, 
containing a small aniouii t of concentrated sulfuric acid; 
A;:: 265 (4,14j, 385 xnp (4.42). 

A n d .  Calcd. for C~8€ l l ;Br I i404 :  C, 50.0; H ,  3.8. 
I'rmnd: C, 49.5; E l ,  4.2. 

4-Phenylc yclohex-3-en- 1 -one (VII) .-.I solution of 10 g. 
of VI in 30 ml.  of collidine mas refluxed for 15 minutes in an  
atmosphere of nitrogen. .\ftcr cooling, the precipitate was 
filtered and washed with rther and the ethereal solution 
treated with 5yG hydrochloric acid, sodium bicarbonate 
solution and water. The product had b.p. 118-120° (1 
mm.); its yield was 3.5 g. ( 5 0 7 c ) .  The distillate crystal- 
lized sporitaneousiy; by  recrystallization from petroleum 
ether, i t  gave colorless crystals of m.p. 47-48', which 
liqt-efy on standing; A:&!" 2.10 mp (3.72); v",; 1700 cm.-' 
(broad, carbonyl). 

Anal. Calcd. for C,.III&: C, 83.7; H, 7.0. Found: 
C, 83.5; H, 7.3. 

The 2,4-dinitrophenylhydrazone was obtained by recrys- 
tallization from butanol in brorvriish-yellow crystals of m .p. 
168-170"; A;!: 255 (4.19), 355 mp (4.36). 

Arial. Calcd. for CI,Hl~?i404: C, 61.4; H, 4.5.  Found: 
C, 61.4; H,  4.9. 

The structure of the ketone x i s  proved by catalytic hy- 
drogenation (alcoholic solution, platinum oxide) to 4-phenyl- 
cvclohexanone, m.p. 77-79'; 2,4-dinitrophenylliydrazone, 

4-Phenylcyclohex-2-en-1-one (11) 2.4-Dinitrophenylhydra- 
zone. (a).-To a hot solutioti of 1 g. of VI in 30 ml. of gla- 
cial acetic acid, 0.52 g. of 2,4-dinitrophenylhydrazine was 
added and the mixture refluxed for 2 minutes; the yellow 
dinitrophen)-lhydrazoi!e of VI ,  which precipitated initially, 
dissolved. No crystals appeared upon cooling. The mass 
was, therefore, diluted with chloroform and the solution 
wtshed with 59; sodium carbonate solution and water, 
dried with sodium sulfate and conceiitrated. The dark 
solid which reriiuiiietl was recrystallized from butanol. In 
addition to some amorphous, insoluble material, brown- 
red crystals of m.p.  122' were obtained; yield 1 g. (88%). 

(b).---A solution of 1 g. of the cnti-2,4-diiiitrophenyl~iydra- 
zone of 171 in 30 Inl. of  glacial acetic acid was refluxed for 2 
minutes in an atmosphcre of nitrogen. \Vater was added 
and the precipitate formed recrystallized from butanol. 
The product which wts obtained in a yield of 0.6 g. (83%) 
melted at 122'; XE:258 (4.30), 329 (4.20), 375 mp (4.32). 

Anal. Calcd. for CieFITnS404: C, 61.3; H, 4 . 5 .  Found: 
C, 61.5; H, 4.5. 

A mixture of 5 g. of the dinitrophenylhydrazone of 11, 
90 ml. of lex-ulinic acid and 10 ml. of N-hydrochloric acid 

A p ~ d .  C&d. for C;~-F-'I?BI.N~O~: C, 31.0; H, 3.8. 

n1.p. 1 8 8 O .  

(17) T h e  shift of 24 cm.-!,  as compared with the absorption of 4- 
pheuylcyclohexanone, shows that the bromine is equatorial. This 
point nil1 be discussed in a leter publication. 



June 5 ,  1959 ETHYL 8-BESZOYLPROPIONATE : STOBBE AND DARZENS REACTIONS 2775 

was heated at 100" for 5 minutes. After three hours at 
room temperature, water was added and the product ex- 
tracted with petroleum ether. The extract was washed 
with sodium carbonate solution and water, dried and con- 
centrated. The residue (0.3 g., 12%) showed both before 
and after distillation (b.p. about 120" (0.1 mm.)) an infra- 
red absorption of 1700 cm.-l and gave the yellow 2,4-dini- 
trophenylhydrazone of VII,  m.p.  168-170", after recrys- 
tallization from butanol. 

When the diiiitrophenylhydrazone of S'II was kept with a 
methanolic solution of sodium hydroxide at room tempera- 
ture for 3 hours, i t  was transformed into the 2,4-dinitro- 
phenylhydrazone of 11, m.p. 122", but a great part was con- 
verted into 3x1 insoluble, amorphous product of unknown 
structure. 

4-Phenylcpcloheptanone (X).-To a solution of 15 g. of 
4-phenylcyclohexanone in 50 ml. of 957, alcohol, 1 ml. of 
water and 50 ml. of ether, 10 g. of nitrosomethylurea was 
added, and the stirrer adjusted so that i t  only agitated the 
surface of the liquid, without affecting the solid nitroso de- 
rivative on its bottom. At O", a solution of 12 g. of potas- 
sium hydroxide in 40 ml. of 50% alcohol was added during 
2.5 hours. The reaction mixture was then kept for 12 
hours and 20 ml. of 2 N hydrochloric acid and 200 ml. of 
water added successively. The ether layer was separated, 
neutralized, dried and concentrated. The product boiled 
a t  132-134' (3  mm.) ,  115-118' (0.5 mm.) and crystallized 
upon cooling; it had m.p. 23-25' and n% 1.5381; the yield 
was 12.5 g. (80%); A::" 247 (2.22), 253 (2.34), 258 (2.40), 
264 (2.30), 267 mp (3.28); S:::",, l i O O  cm.-l (carbonyl) (2- 
and 3-phenylcycloheptanoxie: 1688 cm.-l).lK 

Anal. Calcd. for CllHIBO: C, 83.0; H, 8.5. Found: 
C, 82.6; H ,  8.2. 

The 2,4-dinitrophenylhydrazone crystallized from 1- 
butanol in yellow crystals of m.p.  158O, while for the 2- and 
the 3-isomers melting points of 171-172" and 145-146" 
have been recorded, respectively'6; A%:: 2GO (4.03), 378 
mp (4.38). 

2-Bromo-4-phenylcycloheptanone (XI).-To ail ice-cold 
solution of 10 g. of X in 50 ml. of carbon tetrachloride, 10.2 
g. of bromine in 75 ml. of the same solvent was added 
slowly. The reaction started after a brief inhibition pe- 
riod; the bromine was introduced so that a new portion was 
added after the previous one had been completely decolor- 
ized. After one hour, the soltition was washed with water, 
sodium carbonate solution and water, dried and concen- 
trated. The remaining oil was used for the further reac- 
tions. Distillation led to partial decomposition even under 
1 mm. pressure (b.p. 180') (the starting material boils at 

115' (1 mm.)), and the distillate blackened quickly upon 
standing. Therefore, no satisfactory analysis could be se- 
cured, and the crude bromoketone was best characterized 
as the red 2,4dinitrophenylhydrazone of m.p. 115' (see 
below). 
~n~i-2,4-Dinitrophenylhydrazone.-At Oo, 0.5 g. of 2,4- 

dinitrophenylhydrazine in a mixture of 2 ml. of concd. 
sulfuric acid, 3 ml. of water and 10 ml. of alcohol was added 
to  0.5 g. of X I  in 20 ml. of alcohol. The yellow'product 
crystallized nicely from butanol; i t  melted at 76 . Upon 
standing and more quickly upon drying, i t  is transformed 
into the red syn compound; Az;: 260 and 363 mp; quanti- 
tative data could not be obtained, as the product could not 
be dried without change. 
syn-2,4-Dinitrophenylhydrazone.-The above reaction 

was repeated, but the mixture refluxed for 2 hours. The red 
product was recrystallized from nitromethane and melted 
at 115"; A$$x 262 (4.20), 395 mp (4.20). 

Anal. Calcd. for CloHIeBrN4O4: C, 51.0; H ,  4.4. 
Found: C ,  51.9; H ,  4.2. 

4-Phenylcyclohept-3-en-I-one (XIL).-A solution of 3 g.  
of X I  in 30 ml. of collidine was refluxed for one hour. 
After cooling, the solid product was filtered off and washed 
with ether and the filtrate was diluted with water and ether. 
The ethereal extract was washed with dilute hydrochloric 
acid and water, dried and evaporated. The product 
boiled at 128-130' (3 mm.);  its yield was 1.5 g. (75%); XzzH 253 mp (3.70); i& 1700 cm.-l (carbonyl, broad 
band). 

Anal. Calcd. for CI3H110: C, 83.8; H, 7.5. Found: 
C, 83.4; H, 7.7. 

The 2,4-dinitrophenylhydrazone formed yellow crystals 
of m.p. 136" after recrystallization from butanol; Xe!,ll 
250 (4.11), 365 mp (4.34). 

Anal. Calcd. for Cl~HlaN4Oa: C, 62.3; H ,  4.9. Found: 
C, 62.4; H, 4.9. 

4-Phenylcyclohept-2-en-I-one (XIII) 2,4-Dinitrophenyl- 
hydrazone.-The mixture of 1 g. of XI ,  0.8 g. of 2,4-di- 
nitrophenylhydrazine and 20 mi. of glacial acetic acid was 
heated for 5 minutes in a current of nitrogen. The product 
was precipitated by addition of water and recrystallized 
from butanol; red crystals of m.p. 107"; XzJ: 258 (4.20), 
375 mp (4.20). 

Anal. Calcd. for C I O H ~ ~ N ~ O ~ :  C, 62.3; H ,  4.9. Found: 
C, 62.3; H, 4.8. 
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Experiments in the 4-Arylcycloalk-2-en-1-one Series. 11.' The Stobbe and Darzens 
Reactions of Ethyl p-Benzoylpropionate 

BY ERXST D. BERGMANN, SAMUEL YAROSLAVSKY~ AND HANNAH WEILER-FEILCHENFELD 
RECEIVED OCTOBER 28, 1958 

Ethyl 8-benzoylpropionate condenses with diethyl succinate (Stobbe reaction) t o  give 4-carbethoxy-5-0~0-2-phenyl- 
cyclopent-1-enyl-acetic acid ( V I )  and with ethyl chloroacetate in the presence of sodium t-pentoxide (Darzens reaction) 
t o  yield diethyl 1,2-epoxy-2-phenyladipate (I11 ). Some transformations of these two products are described. and some ob- 
servations on the infrared spectra of glycidic esters reported. 

A general method for the preparation of 4-aryl- 
cyclohexanones capable of extension to higher 4- 
arylated cycloalkanones appeared to consist in the 
application of the Stobbe and the Darzens reactions 
to ethyl P-aroylpropionates (I), according to 
schemes A and B. 

To our best knowledge, the Darzens reaction 
has not been applied to any ketoester; as to the 

(1) Par t  I. E. D. Bergmann and T. Szmuszkovicz, THIS JOURNAL, 
75, 3226 (1953). 

(2) Par t  of the  M.Sc. Thesis, submitted to the  Hebrew University. 
Jerusalem. 

Stobbe reaction, P-ketoesters fail to  reacta and y- 
ketoesters have not been studied. Only one 6-ke- 
toester has been reported to react normally in the 
Stobbe reaction, viz, ethyl -y-anisoylbutyrate.4 

The condensation of ethyl P-benzoylpropionate 
(I) with 3 moles of diethyl succinate and 3 moles of 
sodium hydride gave a mixture of neutral and acidic 
products. The neutral products contaiped, apart 

(3) W. S. Johnson, J. W. Petersen and  C. D. Gutsche, ibid.. 69, 

(4) W. S. Johnson, A. R.  Jones and W, P. Schneider, ibid., 72, 2395 
2942 (1947). 

(1950). 


