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The ultraviolet spectrum exhibited h z L o H  242 mp ( e  3590) and 
indicated that 16.7% of a conjugated diene was present.” 

Quantitative hydrogenation a t  atmospheric pressure of a 
sample of the product in 95% ethanol over 10% palladium on 
charcoal showed a total diene content of 16.7%. 
2,5-Diethyl-2,5-dimethyltetrahydrofuran (V)  .-A mixture of 

8.5 g. (0.048 mole) of 3,6-dimethyl-3,6-octanediol (from -4ir 
Reduction Chemical Co.) and 45.5 g. (0.58 mole) of dimethyl 
sulfoxide was heated for 17.5 hr. a t  170”. Water was added to 
the cooled reaction mixture which was then extracted with two 
100-ml. portions of petroleum ether. The combined petroleum 
ether extracts were concentrated after drying over calcium sul- 
fate. Distillation of the remaining liquid furnished 4.85 g. 
(70%) of product, b.p. 161-163”, n Z 5 ~  1.4378 (reportedzc b.p. 
162-165”, 7 ~ 1 3 . 0 ~  1.4300). The infrared spectrum showed no 
trace of OH absorption and a very small peak at  6.0 p (C=C). 
The characteristic band of cyclic ethers was present a t  9.23 p.  

Gas chromatographic analysis of the product gave five peaks 
with the composition of 61.4%, 24.77,, 5.57,, 4.77,, and 3.6976, 
respectively, as determined by the peak area method.’s 

This liquid exhibited an ultraviolet spectrum h E 5 0 H  239 mp 
( E  3470) and X ~ ~ ~ s o H  245 mp ( e 3620). 

Quantitative hydrogenation of a saniple a t  atmospheric pres- 
sure in ethanol over 10% palladium-on-charcoal catalyst gave 
total diene content of 15.057&. 

(17) Pure 2,s dimetliyl 2,4-hexadiene exhibits X2ZboH 242 in& ( e  21,500). 

(18) Retention times of the peaks were 9.9, 11.0, 11.8, 13.1, and 14.0 
Flow rates of helium waa 42.5 ml./min. with a detector 

E. 4 .  Braude and J. A. Coles, J .  Chem. Soc., 1125 (1952). 

inin., respectively. 
temperature of 132O and column temperature 122’. 
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Some time ago it was reported from these labora- 
tories that the dienone-phenol rearrangement of 
A1.4*6-androstatrien-3-one derivatives leads to l-methyl- 
A6-estrogens.2 We have now found that under the 
conditions used previously (heating with p-toluene- 
sulfonic acid in acetic anhydride) 17a-methyl-AlJ 4- 

androstatrien-17-01-3-one (I)3 undergoes simultane- 
ously a Wagner-Meerwein rearrangment of the 17- 
hydroxy and 13-methyl groups, dehydration and migra- 
tion of the A13 double bond into ring B. Alkaline 
hydrolysis led to a crystalline substance (over-all 
yield, 21%), to which structure JIT (3’,3’,%rimethyl- 
7-hydroxy-1,2- cyclopentano- 1,2,3,4- tetrahydrophenan- 
threne) has been assigned, based o n  the following con- 
siderations. 

Tortorella, et ~ l . , ~  have shown that the Wagner- 
Meerwein reaction of 17a-methyl-A5-androstene-3@-17- 
diol and of 17a-methylandrostane-3p-17-diol gives rise 
to a double bond iii position 13. The migration of the 
latter into ring B is facilitated by the presence of the 
A6 double bond in an intermediate such as 11. Struc- 
ture I11 is confirmed by the ultraviolet spectrum 

(1) Paper CCXXXI. 0. Halpern, R. Villotti, and A.  Bowers, Chem. Jnd. 

(2) C. Djerassi, Q. Rospnkrana, J. Komu, J. I’ataki, aud 9. Kaufmann, 

( 3 )  Britisli Patent 854,343. 
(4)  V. Tortorella, G. Lucente, and A. Rorneu, Ann. c h i n .  (Rome), SO, 

(London), in press. 

J .  Am.  Clirm. Soc.. 73, 1540 (1950). 

1198 (1960). 

(Fig. l), which is similar to that of l-methyldihydro- 
equileniq2 as well as by the infrared and n.m.r. spec- 
tra.j In  the latter the 17-gem-dimethyl group appears 
as two 3-proton singlets a t  53.3 and 64.5 c.P.s., and the 
protons of the methyl of the aromatic ring resonate a t  
119.7 c.p.s. (singlet). Two broad unresolved multi- 
plets equivalent, respectively, to two and one protons, 
are due to the benzylic protons a t  C-11 (ca. 209 c.P.s.) 
and a t  C-14 (ca. 255 c.P.s.). The aromatic protons a t  
C-2 and C-4 both resonate close to 409 c.P.s., so that 
a broadened single peak is observed. Mutual long- 
range coupling between these two protons and between 
those a t  C-4 and C-6 may also be responsible for the 
broadening of this absorption. h typical AB quartet 
a t  422.8, 431.3, 438.0, and 446.5 c.p.s. ( J  = 8.5 c.p.s.) 
appears for the adjacent protons at  C-6 and C-7. 

r- tuluenesulfonic 
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a. R = A c  

Substance 111 contains two asymmetric centers a t  
C-13 and C-14, which, though present in the starting 
material I, had been destroyed in the intermediate 
A13-compound (e.g., 11). That no racemization had 
occurred was shown by the fact that I11 was optically 
active ( [ a ]  D + 43.5’). The stereochemistry of I1 was 
not established but we believe the substance to possess 
the thermodynamically more stable cis C/D-ring junc- 
tion.6 

The acetate of compound I11 is easily dehydrogenated 
with palladium-carbon a t  250-280’. Subsequent al- 
kaline hydrolysis yielded the fully aromatic optically 
inactive 3’,3’,5-triniethyl-7-hydroxy-l,2-cyclopenteno- 
phenanthrene (IV) . 

Experimental’ 

3 ’,3 ’ ,S-Trimethy1-7-hydroxy-l, 2-cyclopentano- 1,2,3,4-tetra- 
hydrophenanthrene (III).--A solution of 10 g. of lia-methyl- 
~i1~4~6-androstatrien-17-01-3-one (I)) in 150 ml. of acetic anhydride 
containing 3 g. of p-toluenesulfonic acid was heated on the steam 
bath for 5 hr. The solution after cooling wm poured into 2 1. of 
water and the mixture was allowed to stand overnight. Thp 
oily precipitate was extracted with ether. The extract, after 
being washed with water and sodium bicarbonate solution, 

(5) We are indebted to Dr. Alexander Cross for the n.m.r. measurement 
and interpretations. The n.m.r. spectrum was taken with a ca. 5% solution 
in deuteriochloroform containing tetramethylsilane as an internal reference 
standard. A Varian A-60 spectrometer was used. Chemical shifts are 
presented as 0.p.s. from the reference and are accurate to i l  C.P.S. Cou- 
pling constants, J ,  are also expressed as c.p.8. and are accurate t o  *0 .5  r.p.8. 

(6) Cf. L. F. Fieser and M. Fieser, “Steroids,” Reinhold Publishing Co., 
New York, N. Y., 1959, pp. 461, 464. 

(7)  Melting points w-ere determined in a Thcmao-Hoover melting point 
apparatus and rotations have been recorded in chloroform. We are in- 
debted to Dr. Claudio Zapata and his staff for the determination of all ruta- 
tions and the recording of spectra. 
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Rearrangement of 2-Cyano-3-t-butyl-1-indenone 

E. CAMPAIGNE AND DONALD R. MAULDING' 

Fig. 1.-Ultraviolet absorption spectra: I11 0-0-0 ; 1- 
methyl-l7-dihydroequilenin, x-x-x. 

waa dried with anhydrous sodium sulfate and evaporated to 
dryness. The oily residue was dissolved in 200 ml. of methanol 
and a solution of 10 g. of sodium hydroxide in 20 ml. of water 
was added. The solution was refluxed for 1 hr., when 2 1. of 
water was added and the mixture wae acidified with 2 AT hydro- 
chloric acid. After being collected, the resulting amorphous 
precipitate was dissolved in ether, dried, and treated with 1 g. of 
activated charcoal. The decolorized solution was concentrated 
to small volume and hexane was added when crystallization of 
fine needles started. Several recrystallizations from ether 
hexane yielded 2.1 g. (21%) of pure 111, m.p. 163.5-164", 
[ a ] ~  +43.5", 235, 261, 270, 282, 293, and 314 mp, log E 

4.78, 3.83, 3.84, 3.74, 3.63, and 3.28, respectively; 
3.14, 6.19, 7.39, and 7.91 p. 

A n a l .  Calcd. for CzoHzaO: C, 85.71; H, 8.57. Found: 
C, 86.06; H, 8.44. 
Acetate (IIIa).-The acetate of compound I11 was prepared 

with acetic anhydride and pyridine a t  room temperature. 
It crystallized from methanol as plates, m.p. 82-83.5', [LY]D + 45.9", A:$',"" 235, 263, 270, 284, 315 and 325 mp, log E 4.84, 

3.83, 3.68, 3.76, 3.31, and 3.31, respectively; A,".": 2.94, 
3.44, 5.69, 7.29, and 8 . 0 9 ~ .  

A n a l .  Calcd. for CzzH2a0z: C, 81.94; H ,  8.13. Found: 
C, 82.05; H, 8.23. 

3 ',3 ',5-Trimethyl-7-hydroxy-l,2-cyclopentenophenathrene 
(IV).-A mixture of 2.5 g. of I I Ia  and 2 g. of 5% palladium- 
carbon was heated in an oil bath a t  250-280" for 4 hr. The 
cooled reaction product was diluted with ether and the catalyst 
was removed by filtration. The filtrate waa evaporated to dry- 
nesa and the residual oil was saponified by being boiled for 1 hr. 
with a solution of 2 g. of sodium hydroxide in 5 ml. of water and 
50 ml. of methanol. The reaction mixture was poured into 1 1. 
of water, acidified with 2 N hydrochloric acid, and extracted 
several times with ether. The combined extracts were washed 
with water and sodium bicarbonate solution, and then dried with 
anhydrous sodium sulfate. After concentration to a small 
volume, compound IV was precipitated with hexane. Two 
crystallizations from ether-hexane yielded 1 g. of pure product 
1n.p. 144-145', [ a ] ~  0, 227, 262, 284, 296, and 307 mp, 
log e4.23,4.82, 4.13,4.03, and4.05,respectively. 

A n a l .  Calcd. for CZ0Hz00: C, 86.91; H, 7.29. Found: 
C, 86.57; H ,  7.22. 

Chemistry Laboratories, Indiana [Jniversity 
Bloomington, Indiana 

Received November 2S, 196s 

The formation of substituted indenones and in- 
danones from the acid treatment of a-cyano-P-substi- 
tuted cinnamonitriles I has been reported.2 It was 
shown that, when the R groups in I were CH3, C2H6, i- 
C3H7, or CaHS, cyclic ketoamides are produced, but 
that ring closure of I (R = t-CdH9) furnishes the cyano 
ketone IIa. Since the ketoamide I lb  was desired, es- 
peciaIly for ultraviolet study, several attempts to pre- 
pare it by hydration of I Ia  were made. Under several 
different acid conditions, the ketoamide was not formed; 
instead, a nitrile isomeric with IIa, as indicated by its 
elemental analysis and molecular weight determination, 
was isolated. 

IIa. Z =  CN 1 

b. Z = CONHz 

Compound IIa  is a yellow solid, 1n.p. 198O, while the 
isomer is white, and melted a t  165'. In  contrast to the 
infrared spectrum of IIa, which possessed peaks a t  
2252 cm.-l (CN) and 1720 cm.-l (CO), the spectrum 
of the white compound had a peak at  2250 cm.-' (CS), 
but the carbonyl vibrational frequency had been shifted 
to 1662 cm.-'. A change in the ultraviolet spectrum 
was also observed. The spectrum of the white com- 
pounddisplayed a A,,, a t  251 mp ( E  19,300), as com- 
pared with Amax 244 m p  ( t  35,000) for IIa. 

Josier and Fuson report that substituted 1-indenones 
show carbonyl absorption in the region of 1710-1740 
cm. -' and a,p-unsaturated six-membered cyclic ketones 
near 1665 cm.-'. Hassner and Gromwell4 have found 
that 4,4-dimethyl-l-keto-1,4-dihydronaphthalene (IIIa) 
and 2-benzyl-4,4-dimethyl-l-keto-l,4-dihydronaphtha- 
lene (IIIb) have peaks jn the infrared a t  1665 cm.-'and 
1662 cm.-l, and Amax values in the ultraviolet a t  242 
nip (E 10,600) and 252 m p  ( E  11,000), respectively. 

The evidence presented thus far suggests a rearrange- 
ment of IIa involving ring expansion to 2-cyano-3,4,4- 

0 

I \  
HBC CH3 

I11 
a. R = Z = H 
b. R 
C. R = CHI, Z 
d. R 

H, Z = CHzCsH, 

CH,, Z = COPU"? 
CN 

(1) Contribution no. 1105, taken in part from a thesis submitted to 
Indiana University in partial fulfillment of the requirements for the degree 
Doctor of Philosophy, June, 1962, b y  D. M., Bristol Predoctoral Felloff. 
1960-1962. 

(2) E. Canrpaigne, G.  F. Bulbenko, W. E. Kreighbauin, and Donald R.  
Maulding, J .  Org.  Chem., 27, 4428 (1962). 

(3) M. L. Josier and N. Fuson, Bull. SOC. chin. France. 389 (1962). 
(4) A. Hassner and N. Cromwell, J .  Am. Chem. Soc., 80, 893 (1958). 


