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Under simulated physiological conditions in 0.1 .V HC1 at 37°, ll(3-hydroxy-lla-methyl-5|3-pregnane-3,20-
dione dioxime (I) is rapidly hydrolyzed to ll/3-hydroxy-lla-methyl-5(3-pregnane-3,20-dione 20-monooxime (II) 
which then is further cleaved to ll(3-hydroxy-lla-methyl-5/3-pregnane-3,20-dione (III). The rate constant, 
ki, for the conversion of I to I I could not be measured because of the rapid rate of hydrolysis, while the rate con
stant, fe, for the hydrolysis of I I to I I I was approximately 5.5 X 1 0 - 4 sec . - 1 as determined by both radioactive 
and spectrophotometric assays. Upon prolonged exposure of I I I to 0.1 N acid, an acid-catalyzed dehydration 
occurs forming three isomeric olefins, the exocyclic ll-methylene-5/3-pregnane-3,20-dione (IV) and the endocyclic 
ll-methyl-A9<u'-50-pregnene-3,2O-dione (V) (the major dehydration product) and ll-methyl-An<I2)-5/3-preg-
nene-3,20-dione (VI). The pseudo-first-order rate constant, k3, for the dehydration of I I I to the mixture IV, V, 
and VI appears to be a t least two orders of magnitude less than ftj. 

The steroid 11/3-hydroxy-l la-methyl-5/3-pregnane-
3,20-dione dioxime (I)1 has been shown to exhibit 
significantly greater CNS depressant activity2 than the 
parent 11/3-hydroxy-l la-methyl-5/3-pregnane-3,20-dione 
(III),3 when administered orally to the mouse or rat, 
even though both steroids showed equivalent ac
tivity upon parenteral administration. Possible ex
planations for the increased biological potency of I upon 
oral administration include a facile hydrolysis in the 
stomach to yield either an active intermediate with a 
higher efficacy or a more easily absorbed physical state 
of the parent diketone III. It appeared that deter
mination of the gastric stability of I could assist in es
tablishing the mechanism for the observed differences 
in oral efficacy. Therefore, the kinetics of hydrolysis 
of I have been investigated under conditions approxi
mating those of the stomach. In addition, the modifica
tion products of I formed at this pH have been isolated 
and identified. 

Experimental 

Product Studies.—Paper chromatographic examination of ali-
quots from the acid-catalyzed hydrolysis of 11/3-hydroxy-lla-
methyl-5/3-pregnane-3,20-dione dioxime (I) revealed the presence 
of four zones detectable with 2,4-dinitrophenylhydrazine. These 
acid modification products have been designated components 
a-d in the order of increasing chromatographic mobility. Com
ponents a, c, and d migrated in a manner similar to that of 
authentic I, ll/3-hydroxy-lla-methyl-5/3-pregnane-3,20-dione 
(III), and ll-methyl-A9<11>-5/3-pregnene-3,20-dione (V),4 respec
tively. Component b possessed a mobility slightly greater than 
that of authentic ll/3-hydroxy-llo:-methyl-5/3-pregnane-3,20-
dione 3-monooxime (VII). The reaction products were chroma-
tographed on paper in the Bush B-3,6 the FBC,6 and FBF 6 

(1) G. S. Fonken, LT. S. Patent 3,019,243 (1962); W. J. Wechter and G. 
S. Fonken, to be published. 

(2) Motor activities were determined by the method of P. B. Dews [Brit. 
./. Pharmacol., 8, 46 (1953)]. 

Coropd. EDso (i.p.), mg./kg. EDM (p.o.), mg./kg. 

I 100 >800 
III 75 200 

The detailed testing data will appear in a forthcoming publication of 
\V. J. Wechter, P. H. Seay, and R. J. Matthews. 

(3) G. S. Fonken, J. Org. Chem., 23, 1075 (1958). 
(4) W. J. Wechter and G. Slomp, ibid., 27, 2549 (1962). 
(5) I. E. Bush, Biochem. J.. 50, 370 (1952). 
(6) L. M. Reineke. Anal. Chem., 28, 1853 (1956). 

systems. Hydrolysis products were located by exposure of the 
developed paper chromatograms to HC1 vapor for 2 hr. to hydro-
lyze oximes followed by spraying with 2,4-dinitrophenylhydrazine 
and silver nitrate.6 

One gram of I was dissolved in 20 ml. of acetone and added 
with stirring to 6 1. of 0.1 N HC1 which had been prewarmed to 
37°. The acidic solution was maintained at 37° throughout the 
experiment. Approximately one-half of the reaction mixture 
was removed after 0.5 and 120 hr., respectively, and each aliquot 
was extracted four times with ethyl acetate. The ethyl acetate 
extracts were washed with small quantities of water and quickly 
evaporated to dryness in vacuo with a minimum of heating. 
Smaller aliquots of the reaction mixture were removed at 1, 2, 
24, 48, 72, and 96 hr. and extracted similarly. Aliquots of the 
various extracts were spotted on a 20-cm.2 plate of aluminum 
oxide G (Brinkman Instrument, Inc., Great Neck, N. Y.) along 
with various reference steroids, the plate then was developed 
in a 50% mixture of ethyl acetate, and eyclohexane and the spots 
were visualized by spraying with 50% H2SO4 and heating. 

Figure 1 shows a replica of the analytical thin layer chroma
tography (t.l.c.) plate. I t may be seen that the dioxime I (com
ponent a) very rapidly disappeared with the production of a 
possible monooxime component b which in turn was converted 
to component c (with a mobility identical with that of authentic 
III). In addition, after prolonged exposure of the steroid mix
ture to 0.1 Ay HC1, nonpolar modification products began to 
appear in increasing amounts. These products migrated as a 
single zone (component d) on paper in the Bush B-3, FBC, or 
F B F systems; however, when component d was chromatographed 
on alumina in ethyl acetate-cy clohexane (1:3) it was resolved 
into three components (designated components di, d2, and d3). 
Under these conditions component d3 was shown to exhibit the 
same mobility as that of authentic V. 

The n.m.r. spectrum of the 120-hr. extract indicated that this 
fraction was a mixture containing 11/3-hydroxy-l la-methyl-5/3-
pregnane-3,20-dione (III), ll-methylene-5/3-pregnane-3,20-dione 
(IV), and ll-methyl-A9<u>-5/3-pregnene-3,20-dione (V), with a 
smaller amount of ll-methyl-A11(I2)-5/3-pregnene-3,20-dione 
(VI). The n.m.r. assignments for compounds V and VI have 
been reported previously4 and those for compounds I, III, IV, 
and VII and ll/3-hydroxy-lla-methyl-5/3-pregnane-3,20-dione 20-
monooxime (II) are shown in Table I. I t appeared that com
ponents di, d2, and d3 represented olefinic products formed by 
dehydration of the methylcarbinol III. The similarity in 
chromatographic mobility of component d3 and V suggested that 
component d3 was the A9(11)-dehydration product while compo
nents di and d2 probably represented the 11-methylene (IV) and 
AiKi2) (VI) isomers. 

One-half of the 120-hr. extract was separated on a column 
(1.8 X 10 cm.) made up of 22 g. of aluminum oxide (t.l.c. grade, 
Merck, Germany) using a mixture of ethyl acetate-cyclohexane 
(1:1) as the eluting solvent. Fractions (5 ml.) were collected 
and aliquots of the various fractions were then examined via 
t.l.c. The fifth fraction, containing the bulk of the less polar 
modification products, was recrystallized from acetone-Skelly-
solve B (Darco treatment) to yield 44 mg. of colorless needles, 



216 DONALD H. BUHLEH, .LOUIS ('. SCHROETEK, AND \Y, J. WECHTEK \'ol. X 

AUTHENTIC I , HI 

AUTHENTIC 211 

0 5 HOUR 

! HOUR 

Z HOURS 

24 HOURS 

48 HOURS 

72 HOURS 

95 HOURS 

120 HOURS 

AUTHENTIC IH 

AUTHENTIC Y , 2H 

• C D 
• ® 
- o° <)"j© 

CX> 
® 

CD 
Oo 

Ob 

O b 

O b 

(f EI """) 

(^) 

O 
o CD 
0 
© 
o 
0 © 

© 

© 
©© 
©© 
^ , 
S3 ! 

© 
5 0 % ETHYL ACETATE + 5 0 % C Y O L O H E X A N E 

Figure 1.-— Alumina t.l.e. of 1 lfj-hydroxy-l l«-inelhyl-5r°-preg-
nane-3,20-dioue dioxime (I) acid hydrolysis mixture. 

TABLIC I 

N . M . R . ASSIGNMENTS"' 

s u b s t i t u e n l 

no 
00 
OO.o 
297, 304 
S9. 5 

1811 

• >2 

53 
52 
35 
40 5 

H i l l 

7S 
79.5 
70 
SO 
75 

2111 

127 
114 
127 
127 
127 

" All n.m.r. spectra were recorded on a Yarian .Model A-00 
spectrometer in deuteriochloroform solution with tetramethyl-
silane as internal standard and peaks are reported as cycles per 
second downfield. The authors are indebted to O. Slump and 
F. MacKellar, Physical and Analytical Research, The Upjohn 
Company, for recording and in most cases interpreting these 
spectra. 

imp.7 141-143° (authentic V in.p.1 143-144° ). This material 
had a chromatographic mobility on thin layer identical with that 
of component ds and the authentic A9 i l n compound V. N.m.r. 
spectroscopy confirmed this assignment / The infrared spectrum7 

of this material also was identical with that of authentic V. 
Anal. Calcd. for C22H3202: C, 80.44; II, 9.83. Found: 

C, 80.22; H, 10.28. 
Thin layer chromatography of the seventh fraction from the 

above column showed it to contain primarily component c. 
This fraction was recrystallized twice from acetone-isooctanc 
(Darco treatment) to yield 10 mg. of material, m.p. 170-171° 
(authentic I I I , m.p.2 171-173° ). The infrared spectrum, n.m.r. 
spectrum (Table I), and chromatographic mobility of this ma
terial were identical with that of authentic III. 

Anal. Calcd. for C22H:,,0:i: ('. 70.20: II. 9..S9. Found: 
C, 76.72: H, 9.97. 

The second half of the 120-hr. extract was streaked at the origin 
of two thick alumina plates (1 mm. X 20 cm.2) and chromato-
graphed in a mixture of ethyl acetate-cyclohexane (1:3). The 
steroid bands were located by a methanolic iodine (I2) spray of a 
portion of the plate, and appropriate areas were scraped off. 
combined, and eluted with acetone-chloroform. The eluatc 
from the area corresponding to component di was again streaked 
at the origin of a 20-cm.2 alumina plate and redeveloped in ethyl 
acetate-cyclohexane (1:3) in order to separate this material from 
a small amount of component d2. After locating the steroid 
band by spraying with I2 along one edge, the purified component 
<li was eluted and recrystallized twice from ethyl acetate-iso-
octane to yield 5 mg. of crystals, m.p. 135-136°. The infrared 
spectrum of the purified steroid showed a spectrum which was 
characteristic of 11-methyiene compound IV (v,,,,^ 3100, 1705. 
1635, and 900 cm."1). Elks8 has found that such infrared bands 
at 3100, 1640, and 898 cm." ' were characteristic of an exocyclic 
methylene group in 1 1-methylenetigogenin acetate. 

("J k ' i i r pellel Infrared spec t ra were u lua ined on a P e r k m - L l m e r Mode l 
121 s p e c t r o p h o t o m e t e r . Me l l i n^ po in t s , de t e rmined in a T h o m a s - H o o v e r 
a p p a r a t u s , are correc ted . 

(8) J. Klks, / . Chcm. Sac, 3333 ( lai i l l i . 

Anal. Calcd. for C22H3202: C, 80.44; II, 9.83. Found: 
(.', 79.40; H. 10.37, 

The eiuate from the area corresponding to component, d2 also 
was streaked at the origin of a 20-cm.2 alumina plate which was 
developed in a mixture of ethyl acetate-cyclohexane (1:3)1 in 
order to separate component d2 from a small amount of com
ponent d:;. The component d2 band was located by spraying one 
edge of the plate with I2 and then eluling the unsprayed zone 
with acetone-chloroform to yield approximately 1 mg. of ma
terial. The infrared spectrum of this modification product was 
quite similar to that of (he known A" 12 olefin VI.' 

Fxamination of an aliquot of the reaction mixture obtained 
after 0.1 A" FIC1 hydrolysis of I for 30 ruin. by n.m.r. spectroscopy 
showed that this material was a mixture of 113-hydroxy-1l<v-
inethyl-5rJ-pregnane-3,20-dione 20-monooxiine (II) and III plus a 
smaller amount of unhydrolyzed I. One-half of the 30-miu. 
hydrolysis mixture was fractionated on a column (1.8 X 11 cin.i 
made up from 30 g, of alumina (t.l.e. grade) using ethyl acetate 
ryolohcxane : 3 : I j for elution. Fractions of 4 nil, were collected 
and an aliquot from each fraction was examined Wo t.l.e. Frac
tious 7 through 9 were combined and recrystallized twice from 
eihyl acetate isooctane to yield 24 mg. of material, m.p. 1(19.5 
170°, which proved identical with.authentic III by infrared, n.m.r., 
elemental, and chromatographic analyses. 

Fractions II through 19 were pooled and recrystallized twice 
from ethyl acetate -isooctane to give 29 mg. of crystalline mate
rial, m.p. 159.5 102°. with a chromatographic mobility on paper 
and t.l.e. identical with that of component!) but slightly greater 
than thai of authentic VII. The infrared spectrum of this 
compound was characteristic of a moiiooxime 0>m!l\ 3400, 1708, 
16-15, 1250. 1225. 1205, 1165, 1105, 1090, and 1060 cm, ' i . 
The n.in.r. spectrum was identical with that assigned to the 20-
inonooxime II : Table I), exhibiting displaced 2111 resonances 
and normal 1 l-subsiituein, l.SlF, and 19H resonances charac
teristic of a 20-moiiooxime: O.R.I), i r 0.38, dioxane) [Mis,..-, --
- 4 9 0 ° . [M]:,';,:-:' --- - 6 9 3 ° , and [AI ]:,:,-. = - 1 9 9 ° . 

A mil. Calcd. ha C22lF:,XO:!: C, 73.09: If, 9.75: N, 3.87, 
Found: C, 73.36; If, 10.05; X, 3.99. 

ll l:f-Hydrox.v-ll«-methyl-5p'-pregnane-3,20-dione 3-Mono-
oxime. To a sample of I (3.40 g., 0.01 mole) dissolved in 75 ml. of 
alcohol was added hvdroxylamine hydrochloride (695 mg., 0.01 
11idle,i dissolved in 5 ml. of wafer. The resulting solution was heated 
at reflux for 0.5 hr. and allowed to coo! to room temperature over
night. The reaction mixture was poured into 200 ml. of water, 
whereupon the product separated and solidified. The product 
was isolated by filtration, washed thoroughly with water, and 
dried! 60° in i •nciiii) giving 3.0 g., imp. 90 103° dec. Recrystalli-
zatioii from clhanol afforded colorless leaves, m.p. 110 115° 
dec., yield 1,07 g. A sample was recrystallized once again for 
analysis: m.p. 110 115° d e c : infrared v,..u,., 3500, 3220, and 
1700 cm. ' : n.m.r. 'Table I: consistent with structure. This 
material exhibited a single spot on Bush R-33 paper chromalog-
raphv and upon I.I.e. on silica gel. 

.\iiul. Calcd. for C„..H.-,:,N( >;:-().5IU): (', 71.36; H, 9.79: 
X. 3.78; 1FO, 2.50, Found: C. 71.49: If. 9.61: X. 3.75; IFO 
i Karl Fisher). 2.65. 

Preparation of Tritium-Labeled ll/j-Hydroxy-lla-methyl-Sfj-
pregnane-3,20-dione Dioxime (I). To 31.0 mg. (89.5 Minnies, 
4.92 X 10* d.p.m.) of tritium-labeled 1 la-hydroxy-1 I a-methyl-
5d-pregnane-3,20-dione (III) , specific activity 1.59 X 10s d.p.m. ' 
mg.,9 was added 55.6 mg. (800 Minoles) of hvdroxylamine hydro
chloride, 0.064 ml. (792 pinoles) of pyridine, and 5 ml. of absolute 
ethanol. The reaction mixture was heated at reflux for 7 hr. 
The cooled reaction mixture was then poured slowly with stirring 
mlo 20 nil. of ict-cold water. The resulting suspension was 
allowed to stand for 1 hr. The crude dioxime I was removed In
filtration and thoroughly washed with water. After drying over 
phosphorus pent oxide in cicno, 25.7 mg. of material was obtained 
with a specific activity of 1.48 X 10" d.p.m./mg. The specific 
activity of I was determined by adding suitable aliquols of the 
steroid to counting vials containing 10 ml. of scintillator solution 
made up of 2 parts of toluene and 1 part of absolute ethanol. 
0.4C 2.5-diphenyloxazole (PPO), and 0.01/''. ,l,4-bis-2-(5-phenyl-
oxazoyDbenzene (POPOPi. Counting was performed in a 
Tn-Oarb Model 314X liquid scintillation spectrometer (Packard 
Instrument Co., I.aCrange, 111.). Absolute radioactivity was 

!>. t h e I Ij-i .ydioxv-Mo-iuellL.vl-o^-pi-egiiane-tl^ 'd-iUoiie-ril l8 ( I I I ! m e 
prepared uy ca ta ly t ic reduct ion with t r i t i u m uas of 11/ i -hydroxy-l l a - m e t h\ 1-
l-prcci icm-: i .20-diouc (It . C. T h o m a s , IX H. Buhler , <\. Ikeda , W. .1. 
W e c h t e r , ami .1. A. fii.mplii'11. In lie pub l i shed) . 

file:///iiul
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determined by recounting with added tritium-labeled toluene 
internal standard. 

The purity of the labeled I preparation was determined by 
chromatography in the Bush B-3 system and scanning the result
ing chromatograms in the Forro 4ir radiochromatogram scanner 
(Forro Scientific Co., Evanston, 111.). Inspection of the resulting 
scans showed the presence of two radioactive components. The 
mobility of the major radioactive zone (7.0 cm. from the origin) 
corresponded to that of authentic I while the minor product 
migrated 23.0 cm. from the origin, a mobility similar to that of 
the I I produced during the acid-catalyzed hydrolysis of nonradio
active I. No unchanged starting material I I I was detected. 
Integration of the areas under the two radioactive peaks indi
cated that the major component accounted for 95% of the total 
radioactivity while the less polar radioactive zone contained 
only 5% of the radioactivity. 

When the two radioactive areas were cut from the chroma
tograms, eluted, and rechromatographed, the major component 
again gave rise to two radioactive spots (a major component with 
a mobility similar to that of authentic I and a minor component 
with the mobility similar to that of I I ) . Rechromatography of 
the eluted minor component, however, resulted in only one 
radioactive zone which migrated in a manner indistinguishable 
from that of the original minor component. Infrared analysis 
of the radioactive I preparation produced a spectrum which was 
identical with that of authentic I.1 These results confirm 
that the radioactive I preparation was radiochemically pure 
and that a small amount of a minor component with a mobility 
similar to that of I I was produced during paper chromatography. 

Kinetic Studies.—Radioactive I (1.15 mg., 1.69 X 108 d.p.m.) 
was dissolved in 0.5 ml. of acetone and added to 20 ml. of 0.1 N 
HC1. The acetone was rapidly removed in a stream of N2 and 
the solution was filtered free of undissolved I. Determination of 
the radioactivity of the resultant filtrate indicated that it con
tained 1.43 X 10s d.p.m. (0.97 mg.) of labeled dioxime. At this 
time (5 min. following addition of 0.1 N HC1 to the steroid solu
tion), a 2-ml. aliquot was removed from the reaction mixture and 
immediately extracted with 6 ml. of ethyl acetate. The com
pleteness of the extraction was verified by measurement of the 
radioactivity in suitable aliquots of the extract and aqueous 
residues. The major portion of the ethyl acetate extract then 
was removed, rapidly evaporated to dryness, and spotted on 
Whatman No. 1 paper. 

The HC1 solution contained in a glass-stoppered flask was 
placed in a water bath at 37° and subjected to continuous shaking. 
Periodically, further aliquots were removed, extracted, and 
spotted in the manner described above. Following development 
in the Bush B-3 paper chromatographic system, the dried 
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Figure 3.—Hydrolysis of 1.53 X 10 "4 M tritium-labeled 11/3-
hydroxy-lla-methyl-50-pregnane-3,2O-dione dioxime (I) in 0.1 
-V HC1 at 37°. 

chromatograms were cut into strips and the distribution of 
radioactivity along the strips was measured by means of a Forro 
radiochromatogram scanner. The areas under the peaks on the 
scans were measured by planimetry and the per cent distribution 
for each component was determined by calculation. Hydrolysis 
products also were located by spraying with 2,4-dinitrophenyl-
hydrazine.6 

Paper chromatographic examination of aliquots from the acid-
catalyzed hydrolysis of radioactive I showed four radioactive 
zones which reacted with 2,4-dinitrophenylhydrazine. The 
radioactive areas, corresponding to the previously described 
components a-d, represented compounds I, I I , I I I , and IV-VI 
(not resolved by paper chromatography), respectively. Two 
minor radioactive zones (mobility 32.4 and 48.2 cm., respectively) 
were detected in certain of the chromatograms. These materials 
which did not react with 2,4-dinitrophenylhydrazine will not be 
considered further in the present investigation. The distribution 
of radioactivity in the acid modification products with respect to 
time is presented in Table I I and is shown graphically in Figures 
2-4. 

TABLE II 

RELATIVE DISTRIBUTION or RADIOACTIVITY IN THE ACID-

M O D I F I C A T I O N P R O D U C T S O F ll/3-HYDROxy-llo:-METHYL-5/3-

PREGNANE-3,20-DIONE DlOXIME-H3 FOLLOWING CHROMATOG

RAPHY I N T H E B U S H B-3 P A P E R C H R O M A T O G R A P H I C S Y S T E M " 

ime, min. 

5 
20 
35 
65 
125 
190 
5hr . 
8hr . 
24 hr. 
48 hr. 

a (I) 

2.4 
0.74 
0.34 

6 
b 
b 
b 
b 
b 
b 

Total 
C 

b (II) 

68.9 
34.6 
22.6 

8.1 
1.7 
1.7 
2.0 
1.3 
0.2 

b 

adioactivity, % — 

omponents 
c (III) 

25.5 
61.4 
72.3 
89.6 
87.5 
86.5 
80.2 
78.5 
59.0 
47.5 

d (IV-VI) 

3.3 
3.3 
4 .8 
2.4 
8.5 

10.4 
15.2 
17.2 
33.8 
49.0 

Figure 2.—Hydrolysis of 1.53 X 10"4 M tritium-labeled 11/3-
hydroxy-lla-methyl-5/3-pregnane-3,20-dione dioxime (I) in 0.1 
A " H C l a t 3 7 ° . 

8 Mobilities of compounds in Bush B-3 system were: com
ponent a, 9.1 cm.; component b, 23.0 cm.; component c, 41.3 
cm.; and component d, 55.5 cm. Mobilities of standard steroids 
were: I, 9.0 cm.; VII, 20.1 cm.; I l l , 42.0 cm.; and V, 56.1 cm. 
b Not detected. 
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40 60 

TIME (minutes) 

Figure 4.—Change in log ' ,' radioactivity of component II 
during acid-catalyzed hydrolysis of ll/3-hydroxy-lla-methyl-5/3-
pregnane-3,20-dione dioxime (I). 

Spectrophotometric Studies.—Fxaminatioii of the ultraviolet 
absorption spectra of synthetic I and I I I indicated at least a 25-
fold greater absorption of I at 230 mju. Therefore, the rate of 
hydrolysis of I could be measured by following the loss of absorp
tion at 230 m/i. Approximately 75 mg. of the dioxime I was 
dissolved in a few drops of 95C(. ethanol and added to 1 1. of 
0.1 A" HCl. An aliquot of this solution was placed in 1-cm. silica 
cuvette in a Beokman Model 1)U spectrophotometer equipped 
with a cell compartment maintained at 37° by circulation of 
water from an electronically controlled bath. The decrease of 
absorption at 230 ran was determined with respect to time, and a 
pseudo-first-order plot of the spectrophotometric data is pre
sented in Figure 5. 

Results and Discussion 

Six components sensitive to 2,4-dimtrophenyihydra-
zine were detected by paper and thin layer chromatog
raphy of aliquots from the acid-catalyzed hydrolysis 
of I. These components have been identified as tin-
reacted dioxime I, 20-monooxime II, diketone III, and 
three isomeric 11-dehydration products, the exocyclic 
olefin IV and the endocyclic olefins V and VI. Each 
of these acid modification products has been isolated by 
column chromatography or preparative t.l.c. and was 
identified by a variety of chemical and physical analyses 
and by comparison with authentic standards. 

CH:! p=NOH 

HON 

NOH 

- o a o |-

-C SO p 

-C60J-

- 0 7 0 -

- 0 . 8 0 

- 0 . 9 0 j -

50 0 10 20 50 40 
TIME ( minuses! 

Figure 5. Pseudo-lirst-order plot for hydrolysis of 2 x 10"' 
.1/ ll/5-hydro\y-ila-methyl-5/3-pregnane-3,20-dioue dioxime ( IJ 
in 0.1 .V HCl at 37° as measured by absorbance (A) changes at 
230 nijtc .1 ,: is an asymptotic, absorbance. 

After incubating 1 in 0.1 Ar acid for 30 min., the reac
tion mixture contained primarily hydrolysis products, 
mainly II with smaller amounts of I and III. Un
read od dioxime I (component a) and diketone III 
(component c) were identified by relative chromato
graphic mobilities, elemental analysis, infrared, spectra, 
and n.m.r. spectra in comparison with authentic stand
ards. Component b was identified as the 3-keto 20-
monooxime II by a negative Cotton effect in its O.R.I). 
spectrum characteristic of a 3-keto steroid,10 an n.m.r. 

HON 

VI VII 

III 

spectrum characteristic of the 20-monooxime II, the ele
mental analysis, an infrared spectrum consistent with 
a monooxime structure, and chromatographic mobility 
similar to that of authentic 3-monooxime 20-ketone VII. 
In addition, the optical rotatory dispersion and infrared 
and n.m.r. spectra of the authentic 3-monooxime 20-ke
tone VII differed appreciably from those of compound 11. 

Exposure of I to dilute acid for 120 hr. resulted in a 
significant, amount of acid-catalyzed dehydration of the 
methylcarbinol III hydrolysis product. The majoi' 
reaction product at this time was the A'Kn) olefin V 
but, smaller amounts of III , IV, and VI and traces of 
II also were present. Component d migrated as a 

10) C. Djerasai, "Op t i ca l R o t a t o r y Dispers ion ," J h ' d n u v - H i U Hook 
t ' o . . Inc . . New York, N. V., 19«0. C h a p t e r IV. 
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single zone on paper, but was resolved into 3 subfrac-
tions, components di, d2, and d3 by t.l.c. Component dx 

was identified as the exocyclic 11-dehydration product 
IV by its characteristic infrared spectrum8 and its 
elemental analysis. The n.m.r. spectrum of this material 
confirmed the loss of the 11-methyl resonance and the 
appearance of a doublet attributed to the 11-methylene 
hydrogens. Components d2 and d3 proved to be 
the endocyclic A11(12) derivative VI and its A9(11) 

isomer V as evidenced by infrared and n.m.r. spectra 
similar to those previously reported for these com
pounds.4 It is interesting to note that Elks8 reported 
that the acid-catalyzed dehydration of 3/3-acetoxy-l 1/3-
hydroxy-lla-methyl-5a-25D-spirostane first formed a 
1:1 mixture of the exocyclic 11-methylene and A9C11) 

olefins, but that this ratio became 4:1 after several 
hours. On the other hand, lla-methylhydrocortisone 
is apparently dehydrated to yield primarily the 11-
methyl-A9(11) product.11 The present studies now 
demonstrate that the A9(11) isomer V is the major acid-
catalyzed dehydration product of the diketone III. 

The distribution of radioactivity in the acid-cata
lyzed modification of radioactive I with respect to time 
is presented in Table II and shown graphically in 
Figures 2 and 3. Within 5 min. under conditions 
which simulated those found in the stomach, over 95% 
of the I was converted to products which, in turn, 
underwent further alteration. The over-all process 
suggested a simple sequential relationship (eq. 1). 

I (a) - ^ > II (b) - ^ > III (c) -^W IV-VI (d) (1) 

Very likely the actual mechanism is much more com
plex and may include reverse reactions and other equilib
ria; however, the available kinetic data are not suffi
cient to characterize all such processes. The rate con
stant, k\, for the conversion of I to the intermediate 
II, appears to be greater by an order of magnitude 
than the constant, /c2, which describes the conversion 
of II to III. The apparent first-order rate constant, 
kt, was approximated as 5.4 X 10 - 4 sec. - 1 from a semi-
logarithmic plot of the decrease in II radioactivity 
with respect to time (Figure 4). Essentially the same 
rate constant (5.5 X 10 - 4 sec.-1) was obtained from a 
first-order plot of the decrease in concentration of I (de
termined spectrophotometrically) with respect to time 
(Figure 5). These results confirm that k\ is very large 
and that k2 is essentially the over-all rate-determining 
constant in the conversion of I to III. The acid-
catalyzed dehydration of III to the olefins IV-VI occurs 
at a rate which is considerably slower, exhibiting an 
apparent half-life of about 55 hr. as determined from a 
first-order plot of the change in III radioactivity with 
respect to time. 

These studies indicate that the 20-monooxime II 
would be the major species present in gastric fluid for the 
first 20 min. or so after ingestion of the dioxime I. 

(11) R. E. Beyler, F. Hoffman, and L. H. Sarett, J. Am. Chem. Soc, 
82, 178 (1960). 

The half-life for the conversion of the dioxime to the 
monooxime is probably less than 1 min. Therefore, 
it seems unlikely that appreciable amounts of the di
oxime would be available for absorption from the 
gastrointestinal tract. The half-time for the over-all 
conversion I -»• II —*• III is estimated to be 21 min. in 
gastric fluid. Thus, significant concentration of the 
monooxime would be available for absorption for 
periods up to 1 hr. after administration. Experiments 
with mixtures largely composed of the monooxime II 
suggest that this compound has about the same CNS-
depressant activity upon oral administration as the 
dioxime I.12 The olefinic dehydration products IV-VI 
would not be expected to form in any appreciable con
centration prior to discharge of the stomach contents. 
Moreover, these olefinic products show little oral CNS-
depressant activity.12 

Thus, under physiological conditions, the acid-
catalyzed formation of substantial quantities of the 
20-monooxime appears probable. It is not clear from 
the present studies if the 20-monooxime is the active 
species per se or if the observed activity resulted from 
the high concentrations of III which would also be 
formed from I within its retention time in the stomach. 
The increased efficacy upon oral administration of I 
could result from its conversion in the stomach to III 
in such a manner that gastrointestinal absorption of 
III is facilitated. For example, if the conversion re
sulted in the precipitation of the relatively insoluble 
diketone III in a finely divided state with a specific 
surface area significantly greater than that of a similar 
dose of crystalline III, the increased rate of solution of 
the finely divided III could result in an enhanced rate 
of absorption. 

However, other possible explanations for the in
creased oral efficacy of I over the parent III also may be 
advanced. These include: the enzymatic formation 
of an active metabolite of I in vivo; a structural con
figuration of the dioxime I which permits a very rapid 
rate of gastrointestinal absorption; or a synergistic 
effect of the hydroxylamine formed by hydrolysis of I 
upon the pharmacological response to I. Since it is not 
yet known if the pharmacological effect of I is due to the 
intact molecule per se or to its breakdown products 
II and III, it is not possible to choose between these 
alternatives. An investigation of the relative rates of 
absorption of orally administered I and III and the 
characterization of the active species which appears 
in the plasma must be undertaken before the true 
mechanism can be established. 
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