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tains its original configuration and since a 3a-com-
pound has a more positive rotation than its 3/3-
isomer, the four epimers7 can be assigned the con­
figurations listed in Table II, On the basis of these 
configurations, the product formed in the hydrogen-
ation in the present work is the 3/3,170-isomer. 

Acknowledgment.—The authors are indebted to 
the Parke-Davis Co. for their generous supply of 
the equilenin used in this study. 

Experimental23 

Hydrogenation of Equilenin. (a) Basic Solution.—A mix­
ture of equilenin (1.0 g., m.p. 258-259° with development of 
equilenin red color in open capillary, m.p. 271-272° in 
evac. capillary), 4 ml. of W-5 Raney nickel24 and 135 ml. 
of 2 . 5% potassium hydroxide solution was hydrogenated at 
85° and an initial pressure of 2800 p.s.i . (25°). After two 
hours, the reaction was complete and the cooled mixture 
diluted with 2 % potassium hydroxide and benzene. The 
two-phase mixture was warmed, with stirring, until all or­
ganic material dissolved and then was filtered through 
Super-eel. The benzene layer was separated and the alkaline 
layer extracted with benzene. The combined benzene solu­
tions were reextracted with 2 % potassium hydroxide. 

The alkaline solution was acidified, and, after digestion, 
the solid was filtered, yield 250 mg. (25%), m.p . 160-173°, 
[a]25D + 2 0 ° ( a l e ) . The material was chromatographed on 
neutral alumina and the ether eluate yielded 188 mg. of 
solid. Crystallization of the material afforded colorless 
needles, m.p. 180.5-181.5°, [«]2 1D + 2 8 ° ( a l e ) , [a]«D 
+ 17° (diox.). 

Anal. Calcd. for C18H24O2: C, 79.37; H , 8.88. Found: 
C, 79.14; H, 8.93. 

The reported values for 8-isoestradiol17 are m.p. 181°, 
[a] + 1 8 ° (diox.). The 3-benzoate was prepared according 
to the procedure of Serini and Logemann17 and recrystal-
lized from dilute ethanol, m.p. 183-186°, [a]21D + 1 0 ° 
(diox.). The reported values" are m.p. 190°, [a] + 9 . 5 ° 
(diox.). 

A diacetate was prepared following the procedure em­
ployed by Whitman, Wintersteiner and Schwenk19 with 

(23) All analyses were performed by the Microanalytical Labora­
tory, College of Chemistry, Univers i ty of California, Berkeley. 

(24) H. Adkins and H. R. Billica, T H I S J O U R N A L , 70 , 695 (1948). 

Introduction 
Barton and co-workers1-2 have shown that the 

dibromide resulting from addition to cholesterol 
possesses the 5a,6/3-configuration (I) and may be 
readily isomerized to the 50,6a-connguration (II) 
Thus when the 3/3-substituent (R) is hydrogen, as 
in the dibromocholestane, the transition of "labile" 
to "stable" is essentially complete and as the size 
of this substituent is increased the equilibrium 

(1) D. H . R. B a r t o n and Iv Miller, T H I S J O U R N A L , 72, 1000 (11)50). 
(2) D, H. R. B a r t o n , U, Miller and H. T. Young , J. Chem. Sac, 

2S98 (1951). 

17/3-estradiol, m.p. 79.6-80.6° (reported18 for 17/3-estradiol 
diacetate, m.p . 126-127°). 

Anal. Calcd. for C22H28O4: C, 74.12; H, 7.92. Found: 
C, 73.66; H, 9.72. 

The neutral fraction in benzene solution was isolated by 
evaporation of the solvent and then recrystallized from dilute 
acetone, yield 513 mg. (50%), m.p. 160-168°, M26D 
+ 5 . 6 ° ( a l e ) . The material was chromatographed on neu­
tral alumina and only one fraction was eluted and that with 
ether. The AW-estratriene-S^lZ/S-diol was recrystal­
lized from dilute methanol, m.p. 165-167.5°, H 2 3 D + 1 ° 
( ± 2 ) (a le ) (reported8 m.p. 168°, [a] - 5 ° ( ± 4 ) ( a l e ) ) . 

Anal. Calcd. for Ci8H24O2: C, 79.37; H, 8.88. Found: 
C, 79.24; H , 9.01. 

The diacetate was prepared according to the procedure of 
Heard and Hoffman8 and recrystallized from dilute ethanol, 
m.p . 111-113° (lit.8 115°). 

(b) Acidic Solution.—A mixture of equilenin (1.0 g.) in 
70 ml. of absolute ethanol, 0.6 ml. of glacial acetic acid and 
one teaspoon of W-5 Raney nickel24 was hvdrogenated at 
115° and initial pressure of 2700 p.s.i. (25"°). After two 
hours, the uptake of hydrogen had ceased. The reaction 
was cooled and the catalyst filtered. After evaporation of 
the solvent, the residue was dissolved in ether and the ethe­
real solution extracted with 2 % potassium hydroxide 
solution to afford 130 mg. of a crude phenolic material 
which failed to crystallize. 

The neutral fraction was isolated and purified as de­
scribed above and 740 mg. of A6'7>9-estratriene-30,173-diol, 
m.p. 158-160°, was obtained. 

Hydrogenation of Equilenin Methyl Ether.—A solution 
of equilenin methyl ether (757 mg., m.p. 196.0-196.5°) in 
75 ml. of methanol, 0.5 ml. of glacial acetic acid and 1 tea­
spoon of W-5 Raney nickel24 was hydrogenated at 100 ° and 
an initial pressure of 2800 p.s.i. (25°). After one hour, the 
reaction had stopped and the catalyst was filtered from the 
cooled mixture. The solvent was removed under reduced 
pressure and the residue chromatographed on neutral alu­
mina. The onlv material obtained was eluted with ether-
benzene (2:1), yield 650 mg. (84%), m.p. 142-149°. The 
material was recrvstallized from dilute ethanol, vield 377 
mg., m.p. 150-154°, [a]26D 0 ( ± 3 ° ) (MeOH), Xm»x 269 
mfi, log «2 .7 . 

Anal. Calcd. for Ci9H26O2: C, 79.68; H, 9.15. Found: 
C, 79.77; H, 9.30. 
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constant becomes progressively smaller.3 Barton 
and Miller1 proposed that isomerization proceeded 
through the /3-bromonium ion III and the reverse 
process through the a-bromoiiium ion IV 

(3) C A. Gr ob and S. Wins te in , llelv. Chim. Ac In. 35 , 782 (1952). 
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General acid catalysis has been shown to occur in the isomerization of 5a,6,3-dibromocholestane. The significance of this 
observation in the light of the most recent suggestions for the mechanism of the fundamental mutarotation reaction is dis­
cussed. The dependence of the rate on acid concentration is correlated with molecularity in acid. Mechanisms for the acid-
catalyzed reaction are considered which correlate both with these rate results and the results of experiments using mixed 
acid catalysts. Some consideration is given to the question of general acid catalysis in media of verv low polarity. 



636 HAROLD KWART AND LEWIS B. WEISFELD Vol. 78 

Br 
\ f » ) P\ 

C — C H -
/ > ® 

Br 

-BrW 
>• 

< 
+ B r 3 

+ B r e | j - B r 9 + B r O J j - B r O 

Br 

\ / \ 
C CII-

./ 
I l l 

/ \ / 
Br 
IV 

- C H -

Br 
+ Br9, \ l 

> C - C H -
/ I 

Br 
II 

-BrO 

It is clear, however, that the forward and reverse 
reactions must proceed through the same interme­
diate and Grob and Winstein3 concluded that the 
position of equilibrium was determined solely by 
the path through the a-bromonium ion in the 
scheme 

The preference for an a-bromonium ion was 
based upon the existing observations on the course 
of halogen addition in cholesterol. Thus, Fieser4 

has shown that the "opening mode" of many three-
membered ring systems goes contrary to Markow-
nikoff's rule. Barton, Miller and Young2 along 
with Ziegler and Shabica6 have demonstrated very 
convincingly that the halogenation of cholesterol 
must involve the opening of a 5,6a-halonium inter­
mediate, proceeding, by far, more rapidly in the 
anti-Markownikoff fashion to account for the 
product observed 

\ 
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The observation3 of a lack of common ion effect 
or any significant effect of neutral salt or added 
nucleophilic reagent, the negligible amount of solvo-
lytic side reaction attending mutarotation and the 
astonishing rate in hexane as compared to much 
higher dielectric solvents has been interpreted by 
Grob and Winstein to indicate the occurrence of a 
very tightly bound intermediate state depicted 
as bromonium-bromide ion pair V 

Br 
\ / \ / 

C r-C V 
Br 

wherein the bonding of both of the bromine atoms 
have become equivalent and considerable covalent 
character exists in the bonds shown by means of 
dotted lines. In a later article6 Winstein and his 
co-workers have discussed an "internal ion pair" 
presumably corresponding to an intermediate state 
such as V occurring in reactions in media of low 
polarity and low ion-solvating power. 

Considerable interest recently has been associ-
(4) L. F. Fieser, Experienlia, 6, 312 (19SO). 
(5) J. B. Ziegler and A. C. Shabica, T H I S JOURNAL, 74, 4891 (1952!. 
(6) S. Winstein, R. Clippinger, A. H. Fainberg and (V C Robinson, 

Chem. and lnd., fifi-l (1951). 

ated with catalysis in non-polar media.7 I t was our 
object to examine how the mechanistic picture of 
the mutarotation of the dibromocholestane deriva­
tives advanced by Grob and Winstein could accom­
modate an acid catalytic effect which we observed 
in this reaction and which was of the same magni­
tude experience in the mutarotation of tetramethyl-
glucose by Swain and Brown7a using phenols and 
carboxylic acids as catalysts. 

Experimental 
Reagent Preparation and Product Recovery.—5-Choles-

tene was prepared from 3-chlorocholestene by reaction in 
amyl alcohol with a forty molar excess of metallic sodium in 
a manner similar to that employed by Wasizu.8 Recrystalli-
zation of the product from acetone (until a negative Beil-
stein test was obtained) afforded ca. 80% yield of white 
prisms, m.p. 90-92°. 

5a,6/3-Dibromocholestane was prepared by the method 
of Windaus.9 Recrystallization from acetone gave long, 
fine needles, m.p. 110-111°, [a]44D - 5 0 . 5 (3.2 C6H6). 
5/3,6a-Dibromocoprostane was recovered from the individual 
mutarotation runs permitted to stand for seven days at 44 °. 
This was achieved in near quantitative yield by washing the 
reaction mixture successively with aqueous sodium hydrox­
ide and water, evaporating the benzene under reduced pres­
sure to about one-tenth the original volume and finally 
diluting with 9 5 % ethanol. Upon standing, well defined 
prisms crystallized. Recrystallization from acetone af­
forded prismatic needles, m.p . 146-147°: [a]uD +55.4 
(3.4 C H 6 ) ; W26D +48 .4 (6.50 CHCl3). 

Source of Other Reagents.—Thiophene-free, anhydrous 
benzene was employed in all runs. The acid catalysts were 
purified preliminary to use either by recrystallization, sub­
limation or distillation as the case required. Fresh ben­
zene solutions of each catalyst were made up immediately 
prior to a kinetic determination. 

Reaction Kinetics.—In every case the concentration of 
dibromide substrate was about 0.06 mm & solution of ben­
zene plus catalyst. The reactions took place in a specially 
designed four decimeter jacketed polarimeter tube with all-
glass sealed windows (no gaskets). The rates of isomeri-
zation were followed over a three to five degree rotation 
using a Bellingham and Stanley polarimeter whose accuracy 
easily permitted the determination of rotational changes of 
the order of one hundredth of a degree. Reaction was or­
dinarily followed to 50-60% completion and the first-order 
rate constants calculated from the equation 

2.303 log ' kit 

where «0 refers to the initial rotation of the solution of labile 
isomer, a is the rotation at time t in the isomerization, cta 
is the calculated rotation of the pure isomer at 44°, and kt 
is the isomerization rate constant of the forward reaction. 
In all cases the characteristic linear plot was obtained even 
when the reaction was carried to near completion. The 
assumption of irreversibility of reaction was further justified 
by agreement of the assumed value with the Tau method10 

extrapolation to infinite time value. The absence of signifi­
cant solvolytic side reaction is also confirmed by this agree­
ment. 

The catalytic constants, ka, were calculated by means of 
the equation 

k( = h + MHA.] 
where kn refers to the uncatalyzed rate constant in pure ben­
zene and [HA], the concentration of general acid catalyst, 
is expressed in molal units. There is reason to assume that 
the order of catalysis noted for phenol is the same for all the 
substituted phenols examined. We have therefore calcu­
lated the catalytic constants on the basis of 

kt = k0 + ^[phenol]1-68 

(7) (a) C. G. Swain and J. F. Brown, Jr., THtS JOURNAL, 74, 2534 
(1952); (b) R. P. Dell and P. Jones, J. Chem. SoC, 88 (1953). 

(8) Y. Wasizu, / . Pharm. Sac. Japan, 60, 61R (1940); C. A. 35, 
2902 (1941). 

(9) A. Windaus, Ber., 39, 518 (1906). 
(10) K Guggenheim, Phil Mag., [71 2, 5RS (1926). 
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the exact expression found analytically to be observed by 
(unsubstituted) phenol in each of the direct measurements 
of its catalytic constant. These values, however, must be 
regarded merely as estimates of the catalytic activity to be 
used only for quantitative comparison of reactivity amongst 
various phenols. See Figure 2. All reaction rates were de­
termined at 44.08 ± 0 . 0 3 ° . 

Results 
The data listed in the accompanying tables 

demonstrate clearly the existence of general acid 
catalysis in the mutarotation of 5a,6/3-dibromocho-
lestane in benzene solution. 

TABLE I 

R A T E VARIATION OF MUTAROTATION OF 5O;,6/3-DIBROMO-

CHOLESTANB WITH ACID CONCENTRATION 

Catalyst 
None 
Chloroacetic 
Chloroacetic 
Chloroacetic 
Phenol 
Phenol 
Phenol 

Concn., 
mole/). 

0.01977 
.03874 
.09885 
.1268 
.2232 
.4464 

k! 

6 
X 10«, sec. 

16 ± 0.02 
7.35 
8.27 

10.7 
13.30 
24.1 
65.4 

- l o g 
[HAl 

1.704 
1.412 
1.005 
0.896 

.651 

.350 

The lack of general base catalysis is demonstrated 
by the data from runs in piperidinium acetate; no 
increase in the isomerization rate could be attrib­
uted to the introduction of the base acetate anion. 
The data for carboxylic acid catalysis, for which 
there are also available the corresponding acidity 
constants in benzene, afford excellent fit to the 
BrSnsted catalysis law12 as illustrated by the plot in 
Fig. 1. The magnitude of the Bronsted catalytic 
coefficient here is even greater than that for the 
mutarotation of glucose (0.269 at 18° in water).13 

The catalytic order in carboxylic acid has been 
determined from the data plotted in Fig. 2 for the 

(11) V. K. LaMer and H. C. Downes, T H I S JOURNAL, SB, 1840 (1933). 
(12) L. P. Hammett, "Physical Organic Chemistry," McGraw-Hill 

Book Co., New York, N. Y., 1940, p. 222, et stq. 
(13) J. N. BrSnsted and E. A. Guggenheim, T H I S JOUBNAL, 49, 

2554 (1927). 
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- 2 . 5 - 3 . 0 - 3 . 5 - 4 . 0 - 4 . 5 - 5 . 0 - 5 . 5 - 6 . 0 

log £„. 
Fig. 1.—Bronsted catalysis in the mutarotation of di-

bromocholestane by carboxylic acids; comparison of 
catalytic constants kt with the relative acid dissociation 
constants of carboxylic acids in benzene. 

typical case of chloroacetic acid. The rate of reac­
tion, it will be noted, approaches the first power of 

the acid concentration. The catalytic order in 
phenolic acid has been determined from the data 
plotted in Fig. 2. The rate of reaction here has a 
higher (apparent) dependence on the initial phenol 
concentration (approaching second) than observed 
for the carboxylic acids plotted on the same Fig. 2. 

The Mechanism of Mutarotation.—Of direct con­
cern is how the mechanistic ideas of Grob and 
Winstein8 are modified by the observation of general 
acid catalysis in the mutarotation reaction. The 
relatively large value of the Bronsted coefficient 
must indicate that considerable assistance by acid 
is possible in the rate-determining step(s) of the 
reaction. Clearly, acid catalysis must be function­
ing to increase the extent to which bond breaking14 

(14) (a) C. G. Swain and W. P. Langsdorfl, Jr., ibid., 73, 2813 
(1951); (b) C. G. Swain, ibid., 72, 4578 (1950). 

CATALYSIS' 

TABLE I I 

OF MUTAROTATION OF 5a,6 3- DlBROMOCHOLE STANE 

Catalyst 

None 
Acetic acid 
Benzoic acid 
Chloroacetic acid 
Salicylic acid 
Dichloroacetic acid 
Trichloroacetic acid 
Piperidinium acetate 
Acetic acid + piperidine 

£-Cresol 
Phenol 
p-Chlorophenol 
o-Chlorophenol 
o-Chlorophenol + phenol 

Concn., 
mole/kg. 

0.303 
.228 
.0443 
.0287 
.0553 
.0279 
.107 
.626 
.181 
.356 
.146 
.263 
.226 
.390 
.168 

6 
7 

kl X 10«, 
sec."1 

16 ± 0.02 
45 ± .05 

7.40 ± 
8.27 ± 
7 

16 
20 

53 ± 
68 ± 

.01 

.02 

.03 

.03 
1 ± 0.2 

6.44 
7.64 

17.50 
13.37 
47.4 

9.08 
54.5 

*o X 10«, 
mole - 1 sec. • kg. 

4.26 ± 0.12 
5.43 ± .13 

47.6 ± .9 
47.8 ± 1.8 

190 ± 1 . 0 
501 ± 5 . 0 

3.38 (acetic) 

64.3 
183 
388 

35.5 
191-235" 

- l o g fcc 

5.37 ± 0 
5.26 ± 
4.32 ± 
4.31 ± 
3.72 ± 
3.30 ± 

4.19 
3.74 
3.41 
4.45 

.02 

.01 

.01 

.02 

.00 

.00 

Relative 
PK* in 

benzene11 

5.18 
4.58 
2.90 
2.55 
1.75 
0.70 

° Bronsted catalysis constant, for carboxylic acids - d ( l o g kc)/d(pKJ = 0.486 
calculated on the basis of independent catalysis by both phenol and o-chlorophenol; „ .„„ „ _ F .. „ 
chlorophenol alone is functioning as the acid (phenol is the proton acceptor), and the equilibrium concentration of phenol 
hydronrum ion is the catalyzing acid. The actual catalytic constant must be somewhere between these extreme values. 

6 The lower catalytic constant was 
the higher on the assumption tha t o-
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Fig. 2.—Catalytic order in chloroacetic acid ( • ) and 

phenol (O): ka and &P refer, respectively, to the observed 
rate constants with added chloroacetic acid and phenol 
(see Table I). 

occurs in the transition s ta te by causing a lowering 
of the electron density in the carbon-bromine bond 
being broken therein. Furthermore, the magni­
tude of the catalytic effect exerted indicates t ha t 
the transition state of the uncatalyzed reaction is 
also one in which bond breaking is occurring to a 
predominant extent. 

The transition s tate for acid catalyzed mutarota-
tion may be visualized as 

SBr 

SC-

'«Br a 

- C H -

W 

I t is quite conceivable, also, t ha t the conjugate 
fragment A of the acid catalyst also exerts an effect 
in the transition state. The dotted arrow indicates 
a possible effect tending to lower the charge defi­
ciency a t Ce tha t accompanies the stretching of the 
C6-Br,s bond in the transition state. A concerted 
response similar to this (and designated as a feature 
of "polyfunctional catalysis") has been suggested by 
Swain and Brown7a for mutarotat ion of te t rameth-
ylglucose, acid-catalyzed in benzene solution. Co­
ordination between the bulky catalyzing acid [HA]2 

and the Br^ in the intermediate is considered im­
probable. Although an a-bromonium ion is much 
more readily formed in the bromination of choles-
tene2-5 due to the smaller non-bonded interaction 
with the Cio substituent, the driving force for the 
mutarotat ion reaction2 is derived from relief of the 
Brp interaction with the angular (/?) methyl. Simi­
larly, we would suggest tha t solvation of Br 3 by 
bulky acid complexes in non-polar media would be 
rendered sterically more improbable while the halo­
gen-acid coordination complex is easily accommo­
dated in the a-configuration. The reverse reaction 
(5j8,6a -»• 5a,6/3), which takes place quite readily 
where a bulky substi tuent a t C3 provides an impe­
tus for reversion, must occur by the enantiomor-
phic route in which the acid catalyst promotes re­
action by coordinating the (here, C8) BT1X. 

The Mechanism of the Acid Catalysis.—Ap­
parently, even though the catalysis by carboxylic 
acid shows an exact first-order dependence on acid 
concentration, the molecularity in acid must be 
two. This is required by the established16 ex­
istence of carboxylic acids as dimers in benzene 
solution. Catalysis of the reaction by carboxylic 
dimers as demanded by the kinetics confirms the 
suggestion (above) tha t Br5a is the more basic of 
the two halogens in the reagent by virtue of being 
more accessible to solvation by acids in a bulky 
complex. 

R 

C C H -

/ \ / ? 

, H / I 

/C=O-
R x 

I t is further evident t ha t the proton, tightly held 
in the dimer, is not fully imparted to the halogen 
On the other hand, both the (differing) kinetic or­
der and the extraordinary catalytic efficiency (out 
of all proportion to their aqueous acidity constants) 
indicates a strong difference in the mode of opera­
tion of phenolic acids. The observed kinetic or­
der here may be taken to correspond to the molec­
ularity in phenol. The cooperation of approxi­
mately two molecules (or an equal number of as­
sociation aggregates) of phenol in an autoprotolysis 
step seems to be required for the mechanism of solva­
tion of the a-halogen. In contrast with the car­
boxylic acid case, the phenolic proton must be con­
sidered as more readily (and possibly more fully) 
imparted to the solvated halogen atom when a 
second acidic hydrogen is available from a neigh­
boring phenolic hydroxyl group to decrease the de­
veloping charge density on the conjugate oxygen 
atom. Also, the possible assistance of the neighbor­
ing hydroxyl oxygen in concertedly reducing the 
charge deficiency on C6 is recognized in this picture. 

A similar explanation must be considered for the 
ra te acceleration observed in the use of methanol 
and ethanol as solvents for the reaction.3 The dis­
proportionately large effect does not correlate with 
the dielectric change when the alcohol concentra­
tion is yet too small to produce an increase in the 
extent of the solvolytic side reaction. 

The absence of data on the relative acid strength 
of phenols in benzene does not allow determination 
of the existence of linear free energy relationship 
and Bronsted coefficients comparable with car­
boxylic acid data. I t would, however, occasion 
no surprise if phenolic catalysis constituted a sep­
arate and distinct relationship of this kind.16 The 

(15) E. Baud, Bull. soc. chim., 13, 435 (1913), has shown that 
acetic acid in several non-polar solvents is (essentially) entirely 
in the dimerlc form. It would not be possible to account for the mag­
nitude of catalytic activity shown by carboxylic acids on the basis of 
catalysis by a vanishingly small amount of moaoraeric acid in equi­
librium with its dimer. 

(16) The variation of acidity from carboxylic to phenolic is most 
likely not a permissible variation in the structure of the catalyst" 
if the linear relation is to hold. Nor should structural change in the 
immediate neighborhood of the reactiag phenolic hydroxyl permit even 
a qualitative relation between rate and the pKa in an entirely different 
medium. 
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requirement of two moles (or molecular aggregates) 
of phenol in the catalyzed reaction transition state 
is most dramatically demonstrated in the crossed 
experiment. The data here show that a mixture 
of phenol and o-chlorophenol is approximately six 
times more efficient catalytically than either acting 
alone. We conclude from this result that each 
catalyst molecule cooperating in an act of catalysis 
can perform one of the two required functions most 
ably. o-Chlorophenol (the poorer catalyst where 
autoprotolysis is required in solvation of the halo­
gen) is evidently the better solvator of oxygen. The 
reverse must be the case for phenol. The higher 
(apparent) activity of the mixture correlates with 
the transition state picture VI. 

An alternate explanation for the crossed catalyst 
data may be gleaned from a representation of the 

This work was undertaken with the aim of pre­
paring certain altered steroids, which we hoped 
would function as hormone antagonists or in fewer 
capacities than the polybiofunctional steroid hor­
mones themselves. We chose to prepare various 
aza-D-homosteroids since certain oxa-D-homoster-
oid lactones4 were shown to possess interesting 
physiological properties. 

Recently, Beckmann rearrangement of 17-keto-
steroid oximes was reported to yield 17a-aza-D-
homosteroid lactams on the basis that selenium de-
hydrogenation of "dehydroisoandrololactam" (Vb) 
gave 1-azachrysene.6 

We have found that rearrangement of 17-keto-
steroid oximes with thionyl chloride in dioxane gave 
in general slightly higher yields of the desired lac­
tams than Kaufmann's p-acetamidobenzenesul-
fonyl chloride-pyridine method. In the case of es­
trone oxime, in which the latter method was re­
ported to yield only intractable tars, our method 
gave the lactam, 17a-aza-D-homoestrone (Ia), in 
90% yield. Also, rearrangement with excess thi­
onyl chloride alone was satisfactory, although more 
vigorous, but thionyl chloride in pyridine was too 
drastic and a dark, tarry product resulted. 

3/3-Acetoxy-5-androsten-16,17-dione 16-oxime re­
arranged only very slowly with a limited amount 

(1) This work was supported in part by grants from the U. S. 
Public Health Service. 

(2) Abstracted from the Doctoral dissertation of Bernard M. Regan 
to the Graduate School of Illinois Institute of Technology. 

(3) To whom requests for reprints and additional information should 
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transition state as VII. Here, conceivably, the 
more acidic chlorophenol proton solvates the halo­
gen while the relatively more basic oxygen of the 
cooperating phenol moiety is acting to reduce the 
growing charge deficiency at C6. 

A program designed to investigate the generality 
of these observations and the scope of our conclu­
sions is presently in progress in these laboratories. 
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of thionyl chloride in dioxane and not at all with 
/>-toluenesulfonyl chloride in pyridine at room tem­
perature. However, rearrangement was smooth 
and rapid with excess thionyl chloride with or 
without benzene. The rearrangement product 
IX, isolated in 65% yield, was 3/3-acetoxy-16,-
17-seco-5-androsten-16,17-dioic 16,17-imide. An­
other theoretically possible6 product, isomeric with 
IX, a cyanocarboxylic acid, e.g., XII, was elimi­
nated on the basis of the neutral nature and infra­
red spectrum of IX. 

Conclusive proof of the imide structure was ac­
complished by alkaline hydrolysis first to an amido-
acid, probably Xa, and then after ten days at 110° 
to the known7-9 dicarboxylic acid, 3,3-hydroxy-
16,17-seco-5-androsten-16,17-dioic acid (Xb). 

The 17-amido structure Xa was favored over the 
alternative 16-amido structure for the partially 
hydrolyzed imide IX because of the ease of at­
tack by hydroxide ion on IX at the primary car-
boxyl (C16) compared to the tertiary carboxyl (C17), 
and because of the very slow hydrolysis of the 
amido-acid which is typical of Cn carboxyl deriva­
tives.7'10 
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17- and 17a-Aza-D-homosteroids1,2 
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Rearrangement of several 17-ketosteroid oximes gave lactams which were shown by two independent methods to be 
17a-aza-D-homosteroids, in agreement with a previous report. Rearrangement of a 16-oximino-17-ketosteroid gave a 17-aza-
D-homosteroid imide, which was identified by hydrolysis to the corresponding, known dicarboxylic acid. Lithium aluminum 
hydride reduction of the lactams and imide provided 17a- and 17-aza-D-homosteroid amines, respectively, in excellent yield. 
Hydrolysis of the lactam function (in part) to an aminoacid hydrochloride and N-acylation of the lactams in ordinary fashion 
were accomplished contrary to a previous report. 


