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desired compound. This modified procedure re- 
quired a relatively short reaction time for the for- 
mation of the epoxide, and the alkali concentration 
was less than that used for the preparation of com- 
pound 11. 17P-Hydroxy-1 a,2a-epoxyandrostan-3- 
one was obtained by this modified procedure or by 
the alkaline hydrolysis of the corresponding acetoxy 
derival ive (IV). 

The iiifrsred absorption for the epoxide group 
was at  11.44 and 12.48 for the epoxide 11, 11.42 
and 12.52 for the epoxide ITT, and 11.38 and 12.52 
for the 17P-hydroxy-1 a,2a-epoxyandrostan-3-one 
(TI). The ultraviolet spectra of the epoxides ex- 
hibited elid absorption and at high coiiceiitratioiis 
the G-ketone group could be demonstrated. 

 EXPERIMENTAL^ 
I~~,2~~-Epoxyandrostane-S,l7-dione (11). To a stirred solu- 

tion of I-androstene-3,17-dione (3 9.) in methanol (200 ml.) 
were added simultaneously and dropwise 4N sodium hy- 
droxide (16.2 ml.) and 30% hydrogen peroxide (16.2 ml.). 
The mixture was maintained a t  20" during the addition and 
stored overnight a t  5". The reaction mixture was diluted 
with water and extracted with benzene. The benzene solu- 
tion mas washed with 1% sodium hydroxide solution and 
then wit,h water until the washings were neutral. The ben- 
zene solution was dried over anhydrous sodium sulfate, 
filtered, and the solvent removed under reduced pressure. 
The crystalline residue, still containing a small amount of 
benzene was dissolved in methylene chloride. On slow 
evaporation of the solvent, a crystalline solid was obtained. 
The solid was separated by filtration and washed with a 
small amount of methylene chloride. The yield was 2 6.; 
m.p. 246247'; [CY]D +189" (1% in chloroform). 

Anal. Calcd. for C1gHZc08: C, 75.46; H, 8.67. Found: C, 
75.61; H, 8.30; A",: 5.76, 5.90, 11.42 and 12.48 p. 

17@-Acetoxy-l or,%-epoxyandrostan-3-one (IV). To a stirred 
solution of III? (1.05 g.; m.p. 128-129') in methyl alcohol 
(15 ml.) cooled to 10" was added 30yo hydrogen peroxide 
(1 ml.). Then a lOyo solution of sodium hydroxide (0.2 ml.) 
in methyl alcohol (5 ml.) was added. The temperature was 
kept between 15-20'. A crystalline precipitate was observed 
within 3 min. and after the reaction had proceeded for 10 
min. the solid was separated by filtration and washed with 
methanol; yield was 300 mg.; m.p. 160-161'. 

Anal. Calcd. for C21H3004: C, 72.80; H, 8.73. Found: 
C, 72.61; H, 9.04; A::: 5.74; 5.78 (sh), 7.26, 9.56, 9.72, 
11.42 and 12.52 p. 

The mother liquor was allowed to stand a t  15-20' for 45 
min. and diluted with water. The solid which deposited, was 
filtered, dried to constant weight (400 mg.) in a vacuum 
oven, and recrystallized from methanol. The yield from the 
latter material was 250 mg.; m.p. 157-158". 

Hydrolysis of 1 76-acetoxy 1~~,2~~-epoxyandrostan-S-one 
(IV). To a solution of IV (250 mg.) in ethyl alcohol (10 ml.; 
2B) was added 5 S  sodium hydroxide (0.5 ml.) and the solu- 
t,ion heated to gentle reflux for 10 min. The reaction mixture 
became dight,ly turbid during the treatment. The mixture 
was cooled, diluted with water (50 ml.) and the aqueous 
la,yer decanted from the gummy residue which deposited 

( 6 )  The author expresses his appreciation to Dr. R. T. 
Ilillon and his staff on the analytical department of the 
G. D. Svarle and Co. for the analytical data presented in 
this pnpcr. The melting point determinations were observed 
011 a Fischer-Johns block. 

.4. Butenandt and H. Dannenberg [Ber., 71, 
i 8 ) ]  describe this compound with a melting point 

___- 

117-118". ( h )  Ne,., 73, 206 (1940). 

011 the sides of the flask. The gum was dissolved in methyl 
alcohol (5 ml.) and diluted with water (15 ml.), The filtered 
solid was dried to constant weight (220 mg.; m.p. 120-123'). 
The product was chromatographed over silica (45 g.). 
Elution was begun with benzene and followed by an ethyl 
acetate-benzene mixture (5.0-ml. fractions were collected). 
The first material eluted with 20% ethyl acetate was IV 
(70 mg.; m.p. 158-159.5") followed by VI (90 mg.; m.p. 
140-165'). Recrystallized from aqueous methyl alcohol 
gave pure IV (m.p. 160-161'); VI (m.p. 156-158"). 

Anal. (VI) Calcd. for C1~H,SO~: C, 74.96; H, 9.27. Found: 
C, 75.09; H, 9.46; A:.": 2.87, 5.82, 9.43, 9.B, 10.78, 11.38, 

170-Hydroxy-1 a,2oi-cpoxyandrostan-S-one (VI). T o  a 
stirred solution of Vb (0.9 g.; m.p. 152-153') in methvlalco- 
hol cooled to 10" was added 3Oyo hydrogen peroxide (1 ml.). 
Then a 10% solution of sodium hydroxide in methyl alcohol 
(0.2 ml.) was added. The temperature was kept between 
14-18'. After 10 rnin., the reaction mixture was diluted 
with water (45 ml.) and the solid that crystallized from the 
solution was separated by filtration and dried. The product 
(m.p. 157-158') weighed about 700 mg. and was crystal- 
lized to constant m.p. from 90% methyl alcohol (m.p. 161- 
162'). This product showed no absorption in the 220-300 
mp region. 

A n d .  Calcd. for C19H280S: C, 74.96; H, 9.27. Found: 
C, 74.95; H, 9.17; A::: 2.86, 5.83, 9.44, 9.51, 10.78, 11.38 
and 12.52 p. 

12.51 p. 
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Recently, a series of 2-aryloxycyclopropane- 
carboxylic acids was prepared by hydrolysis of the 
ethyl esters, initially formed through reaction of 
ethyl diazoacetate with a suitable arylvinyl ether.2 
In all cases only one acid was reported. The 
present communication describes the t x o  theoreti- 
cally possible diastereomeric 2-phenoxycyclopro- 
panecarboxylic acids, as well as infrared spectra of 
the isomeric acids. 

Although we employed the same reactants as 
Julia and Tchernoff , 2  our experimental procedure 
(similar to  that of Burger and Yost3) differed from 
that of the French workers in several respects: 
reaction period, absence of copper catalyst, method 
for isolation of the ester, hydrolysis medium, and 
purification procedure. No attempt mas made to 
obtain the pure diastereonieric ethyl esters, which 
were hydrolyzed in et hanolic sodium hydroxide. 

( I )  Abstracted from a portion of a thesis siihinitted by 
Loren L. Braun in partial fulfillment of the requirementi 
for tho HI 1) degiee, Vnivrrsity of Xebrrtska, 1956. 

( 2 ,  AI. Julia and C. Tchernoff, B t d .  soc. chlm France, 
181 (1956). 

(3)  A. Burger and W. 1, Tost, J Am C'heni. S O C ,  70, 
2198 (1948). 
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T.ZBLE I 
INFRARED ~ R S O R P T I O V  11 \X1114n'b OF ~YCLOPROPAZ.E( 'AItROXYI,IC A C I D 9  

I___ . - - 
Cyclopropanecarboxylic 2-Phenoxycyclopropanecarboxylic Acids 

Acid' Acid Ad Acid Bd 

Cartjo\d C'==Oe 1690 (1694 in CC1,) 1683 (1692 in CC1,) 1697 (1708 in CCI,) 
Carholy1 OHe 2560, 2670, 931 2630 (wk), 920 2550, 2G85 (u h),  

@.idee - 1257 (1224 1) 1253 (1225 1)  
-iroma tic : 

957 

1603, 1592, 1-101 
C r  > 

Phenvl C=Ce - 1602, 1589, 140G 
C--H out of planr - 750, 687 rob, 652 

deformatione 
JIeth, lene' 1460 1452 1450 
Cyr  IoitropyIf 1032 1051 or 1020 1032 or IO15 

a Spectra were determined with a Perkin-Elmer Model 21 recording spectrophotometer. ' Band locations are given i n  
cm.-1 Bandi are of medium or strong intensity, except where otherwise indicated. Weak bands are denoted by (wk). As 
pure liquid. I n  KBr disks. e Band-structure correlations are in accordance with L. J. Bellamy, The Infra-red Spectra of 
Complex .Wolecules, John Wiley & Sons, Inc., New York, N. Y., 1954, pp. 5-9. Several workers have suggested that the 
cyclopropyl group displays a band in the region 1000-1020 cm.-' (Ref. e, pp. 27-28). The region 1000-1050 cm.-' has 
been suggested by V. A. Slabey [J .  Am. Chem. Soc., 76, 3604 (1954)], and the region 1000-1040 cm.-' by E. R. Nelson, 
14 .  Riaienthd, Id. 4. Lane, and A. A. Benderlv [J .  Am. Chem. Soc., 79,3467 (1957) 1. See, however, A. R. H. Cole [J .  Chem. 
Soc., 3807 (1954)], who states that a band at  1010 cm.-' is unreliable when oxygen functions are present. C. F. H. Allen, 
T J. Davis, T V .  J Humphlett, and D. 14'. Stewart [J .  Org Chem., 22, 1291 (1957)] have questioned the fact that the 2.3 p 
or 9.8 p ( t u  1020 crn.-l) affords a clear indication of the presence or absence of the cyclopropyl group. 

The diastereomeric acids obtained were then sepa- 
rated by fractional crystallization from water. 
The less soluble Acid X possessed a melting point of 
113-113.7", which is in reasonable agreement with 
the preriously reported value of 112°.2 The more 
soluble Acid B was obtained by benzene extraction 
of the aqueous mother liquors, and had a melting 
point of 135-137°. The latter acid apparently was 
not obtained by Julia and Tchernoff.2 The yield 
of Acid A was roughly twice that of ,4cid B. 

The met hod of synthesis, combustion analyses 
and negative results from two standard chemical 
tests for the ethylenic linkage indicate with reason- 
able certainty the structural nature and identity 
of Acids A and R. The infrared absorption spectra 
of the two :icids, some of the more important bands 
of which are reported in Table I ,  confirm the struc- 
tural nature of the two acids. I n  addition, the acid 
carbonyl bands for the acids in carbon tetra- 
chloride solution can be used to assign configuration 
by taking advantage of the generalization of 
Mohrbacher and C r o r n ~ e l l . ~  In  accordance with the 
latter, Acid has the lower carbonyl band fre- 
quency and is the t r a m  isomer. ilcid B, then, is 
assigned the cis-configuration. Acid -4 and cyclo- 
propanecarboxylic acid in carbon tetrachloride 
solution bar-e virtually identical carbonyl band 
frecluencies. a fact which is interpreted as indicating 
less steric interaction between phenoxy and car- 
boxyl groups in Acid A, the trans isomer, than in 
Acid B. This configurational assignment finds 
confirmation in our isolation of the more stable 
Acid h in vonsiderably greater yield than Acid B, 
and in the isolation of Acid A as the sole reaction 
product by Julia and Tchernoff.2 

S O P  ,79,406 (1957). 
(4) R .  J llohrbncher and N. H Cromwell, J .  Am.  Chem. 

Possible ring-closure of Acids A and B in poly- 
phosphoric acid, under conditions which gave 8- 
bromo-1-benzo[f]chromanone from @-(6-brorno-2- 
naphthoxy)propionic acid,5 was investigated. How- 
ever, all ring-closure attempts Tyere unsuccessful. 

EXPERIMESTAL~ 

Phenylvinyl ether. This compound was prepared by the 
method of Lauer and Spielman.7 

Ethyl diuzoacetute. Ethyl diazoacetate was prrpared by the 
general procedure of Womack and Nelson.8 

2-Phenoxycyclopropanecarboxylic acids A and B. The pro- 
cedure used to prepare these acids was similar t,o that of 
Burger and Yost3 for synthesis of phenylcyclopropane- 
carboxylic acids A and B. 

In  a three necked flask, equipped with mechanical stirrer, 
reflux condenser, and dropping fiinnel, was placed a 30 g. 
(0.25 mole) quantity of phenylvinyl ether. To the stirred 
reaction mixture there was added, over a 15 hr. period, a 
solution of 57 g. (0.5 mole) of ethyl diaxoacetate in 60 g. 
(0.50 mole) of phenylvinyl ether. The temperature was 
maintained at 146-154". Gas evolution began with the 
addition of ethyl diazoacetate. The reaction mixture soon 
began to darken, and after 2 hr. \vas black. When addition 
of the diazoacetate solution was complete, the reaction mis- 
tiire was distilled through a 24-inch Podhielniak column. 
Four fractions were collected at  6-10 mm.: (1) 51.8 g., b.p. 

and (4) 30 g., b.p. 129-140". 
Fractions 3 and 4 were combined and,placed in a solution 

prepared hv dissolving 8.8 g. of sodinm hydroxide in a mix- 
ture of 11 ml. of water in 82 ml. of 95Yc ethanol. The alkaline 
mixture was heated under reflux for 9 hr., and then most of 
the alcohol was removed by distillation. The residue was 

(5) L. L. Braun and J. H. Looker, J .  4 m .  Chem. SOC., 80, 

(6) Melting points, observed in capillary tuhrs, are uncor- 

( 7 )  W. lf. Laiier and Xi. il. Spielman, J .  .47n. Chert,. Soc., 

(8) E. 13. Womack and A. B. Xelson, Org. Syntheses, 

52-56'; (2) 2.5 g., h.p. 57-120"; ( 3 )  1 g., b.p. 120-129", 

359 (1958). 

rected. 

55, 1573 (1933). 

Coll. Vol. 3, 392 (1955). 
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diluted with a small volume of water and the resulting mix- 
ture acidified with concentrated hydrochloric acid. An oil 
separated, which solidified upon strong cooling of the miu- 
ture. The solid was collected by filtration and recrystallized 
from boiling water, of which about 2 1. were required. 
Several more recrystallizations from water yielded 6.5 g. 
('7.35;) of white, flaky crystals of Acid A, m.p. 110-113". 
The combined mother liquors were extracted with benzene. 
The benzene extract was concentrated under reduced pres- 
sure, petroleum ether (b.p. 30-60') added, and the result- 
ing mixture permitted to  stand in the refrigerator. The 
crystals which formed were recrystallized several times from 
water to give 3.0 g. (3.4%) of white crystals of Acid B, m.p. 
134-137". Repeated crystallization from water gave the 
analvticallv pure acids: Acid A,  m.p. 113-113.7'; Acid B, " _  

m.p. 13.5-137". 
Anal. Calcd. for C10H1003: C, 67.42; H, 5.65. Found: 

(for Acid A): C, 67.35; H, 5.67. (For Acid B): C, 67.58; 
H. 5.69. 

Acid A in carbon tetrachloride did not decolorize 5% 
bromine in carbon tetrachloride. In  acetone solution, Acid 
A gave no decoloration with a 27, solution of potassium per- 
manganate. Scid B gave similar results with the preceding 
reagents. Phenylvinyl ether gave instantaneous decoloriza- 
tion with both reagents. 

A 1-g. quantity of Acid A, m.p. 110-114°, was heated in 
11.35 g of polyphosphoric acid at 70-80' for 2 hr. with 
mechanical stirring and exclusion of moisture. The reaction 
mixture was poured into cold water and the resulting mix- 
ture extracted with benzene. The benzene solution was 
washed with 5y0 sodium bicarbonate and dried over anhydr. 
magnesium sulfate. Removal of the benzene revealed neither 
solid nor liquid residue. Acid B gave similar results with 
polyphosphoric acid. 

ilckr~owledgment. The financial support of this 
investigation by the Research Corporation of Xew 
York ie gratefully acknowledged. 
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Two recent publications from our laboratory's2 
have made use of 2,2-diphenyl-p-dioxane as the 
reference compound in proving structures. This 
note details the original synthesis of this and other 
2,2-diaryl-p-dioxanes. 

Treatment of p-dioxanone with the appropriate 
Grignard reagent resulted in the formation of fair 
yields of a,a-diphenyldiethylene glycol, l a ,  or, or- 
di-p-chlorophenyldiethylene glycol, Ib,  and a, a- 
di-p-tolyldiethylene glycol, IC. These glycols were 
converted to  dioxanes by treatment in benzene 
solution with anhydrous hydrogen chloride and 
calcium chloride a t  room temperature. 
______ 

(1) R. K. Summerbell and Hans E. Lunk, J .  A m .  Chem. 

(2) R. K. Summerbell and Hans E. Lunk, J. ilm. Chem. 
SOC., 79, 4802 (1957). 

Soc., 80, 604 (1958) 

I1 a, b, c, d I11 a, b, c, cl 

The ease of formation of the dioxane rings con- 
trasts with the difficulty of closing similar d- 
methylmorpholine rings with acid, presumably 
because in the latter case the carbonium ion 
corresponding to  I1 would have two positive 
charges. As would be expected from the proposed 
carbonium ion mechanism, I b  was not converted 
to the dioxane as easily as Ia  or IC. On the other 
hand, Id was not even isolated. Either the dioxane 
IIId was formed in solvent evaporation or under 
the extremely mild acid conditions of the hydrolysis 
of the Grignard reaction product with aqueous 
ammonium chloride, or it was a direct product 
formed before hydrolysis. Such direct formation of 
ethers from aliphatic lactones by treatment with 
Grignard reagents seems to be rare.4 

When a butyl Grignard reagent was treated with 
p-dioxanone, a compound of correct composition 
for the expected glycol resulted, but starting ma- 
terial was recovered when ring closure to  the 
dioxane was attempted by the method successfully 
employed for aromatic derivatives. 

EXPERIMENTAL 

p-Dioxanone. Small yields of this compound were oh- 
tained by each of the methods attempted.6-7 None was 
satisfactory, and our modifications did not improve matters 
importantly. The compound was always distilled immedi- 
ately before use in order to be certain that it was in the 
monomeric form. A convenient method for the laboratory 
preparation of this compound was found later in our labora- 
tory, and has now been published.2 

(3) I. A. Geissman, M. Bassin, and E. V. Zeilberger, J .  
ilm. Chem. Soc., 73, 5874 (1951). 

(4) M. S. Kharasch and Otto Reinmuth, Grignard Re- 
actions of Non-metallic Substances, Prentice Hall, New 
York, 1954, pp. 574-578. 

(5) C. 8. Bischoff and P. Walden, Ber., 26, 263 (1893); 
Ann., 279, 47 (1894). 

(6) W. H. Carothers, C. L. Dorough, and F. J .  Van Natta, 
J .  Am. Chem. Soc., 54, 771 (1932). 

(7) R. W. McNamee and C. M. Blair, U. 8. Patent 
2,142,033, Chem Abstr., 33, 2542 (1939). 


