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It  is shown (Fig. 1) that in methanolic hydrogen chloride steroids with dihydroxyacetone side chains ( I  and TV) or with 
A*?-ketol side chains (111 and VI) give 20-keto-21,21-dirnethoxy derivatives (I1 and V). By treatment of the 20-keto-21,21- 
dimethoxy compound (V, Fig. 2)  with bromine in the presence of hydrogen bromide a 17a,21-dibrorno derivative (XI11 is 
obtained which undergoes solvolysis in 80% acetic acid to give the 17a-bromoglyoxal (XIII) .  The bromo glyoxal (XII I )  
can be converted into the hydrazone (XVIII), or on treatment with sodium iodide it undergoes reductive enolization to yield 
the enol (XIV). The treatment of the 20-keto-21,21-dimethoxy substance (V)  with hydrogen bromide in chloroform gave Xi’, 
in which the side chain had undergone inversion to the a-configuration. This 20-keto-21-bromo-2l-methoxy substance 
(XV, could be brominated to give the 17a,2l-dibromo derivative (XII), or it could be converted, with retention of configura- 
tion at C-17, into the 21,21-dimethoxy or 21,2l-dihydroxy derivative (XVI and XVII). The 17-epimeric 20-keto-21,21- 
dimethoxy compounds (V and XVI) are interconvertible through enolization at (2-17 with methanolic potassium hydroxide 
The various ketones and glyoxals were characterized through their hydrazones and osaizones. 

When cortisone acetate was hydrolyzed in aque- 
ous methanolic hydrogen chloride there were ob- 
tained about SO% of cortisone and from 5 to 8%; 
of a by-product, C23H3206, which contained two 
methoxyl groups.? The present study was under- 
taken to determine the structure of this dimethoxy 
derivative. 

Treatment of cortisone acetate (I)  [Fig. 1 1  
with methanolic hydrogen chloride in the absence 
of water resulted in a yield of 75% of the dimethoxy 
cornpound (IT). When it was shown that I1 could 
I ) ?  obtained by treatment of 21 -acetoxy-A4>l6- 
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olic alkali had been demonstrated by Fukushima 
and C;allagher4 and subsequently the same reaction 
had been achieved in this Laboratory with acid 
catalysis.i However, the two 20-keto-A16-steroids 
are not strictly comparable, s.nce one of them, 
:3$-hydroxy-2aL6-pregnadien-20-one, is unsuhsti- 
tuted a t  C-31 and the other (111) has an acetate 
group a t  C-21. Further work has shown that, 
when C-21 is substituted with a hydroxyl or ace- 
toxyl group, methanol does not add to the double 
bond a t  C-16 but a rearrangement occurs with 
formation of a dimethyl acetal a t  (2-21. 
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pregnadiene-3,11,20-trione3 (111) with methanolic 
hydrogen chloride, it seemed probable that the 
dirnethoxy derivative was 1 6a,2 1 -dimethoxy- Ad- 
pregnene-3,11,2O-trione. This structure seemed 
most likely since the addition of methanol to 
the A16-bond of 3p-hydroxy-A5*16-pregnadien-20- 
one to form the 1Ga-methoxy derivative in methan- 

(1) Presented a t  t he  Gordon Research Conference on Steroids, New 

( 2 )  1’. R. Mattox and E. C. Kendall, J .  Biol. Chcm.,  188, 287 

(3) This compound was kindly supplied by Mr. Warren F. MC- 
11- preparation will be published in  the near future. 

I h m p t o n ,  N. H.,  August 13 t o  15, 1961. 
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After a few prelimi- 
nary experiments had 
been performed with the 
dimethoxy product from 
cortisme acetate it ap- 
peared that the cr,p-un- 
saturated 3-keto group 
in ring A was a compli- 
cating factor and that 
the problem could be 
attacked more directly 
by using a compound 
that did not contain this 
grouping. Consequently 
3a,21 - diacetoxy - 1 ’7a - 
hydroxypregnane - 11,20- 
dione (IV) was prepared 
and used as a model com- 
pound. 

When the model sub- 
stance (IV) was treated 
with dry rnethanolic hy- 
drogen chloride and sub- 
sequently acetylated, a 

3a-acetoxydimethoxy derivative (1’) was ob- 
tained in 87% yield along with 575 of unchanged 
starting material (IV) , Furthermore, the same 
dimethoxy derivative (\’) was obtained from 
3a,21-dihydro~y-A~~-pregnene-ll,20-dic~ne~ (VI) in 
71y0 yield by similar treatment. The ultra- 
violet spectrum on the whole solution from VI 
indicated that less than 3v0 of the 20-keto-AI6- 

(4) D. K. Fukushima and T. F, Crallagher. THIS J O T . X N A I . .  73, 
19G (1951). 

( 5 )  Samples of 3 P-hydroxy-AZ* ‘b-pregnadien-ZO-one and 3 P-acetoxy- 
IGu-methoxypregnan-20-one were snpplierl through the courtesy n l  
Dr. T. F. ‘2allngh~r. 
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chromophore remained unchanged. That the 3a- 
acetoxydimethoxy steroid (V) contained an active 
carbonyl group was shown by formation of a cyan- 
hydrin and a 2,4-dinitrophenylhydrazone (VIII). 
In aqueous methanol V yielded a 3a-hydroxy- 
steroidal osazone (X) with methanol of crystalliza- 
tion which was not lost in vacuo a t  155" but was 
removed by crystallization from acetic acid. The 
same osazone (X) was obtained by treatment of 
3a,2l-dihydroxypregnane-11,20-dione 20-(2,4-di- 
nitrophenylhydrazone) with 2,4-dinitrophenylhy- 
drazine. Acetylation of the 3a-hydroxy osazone 
(X) gave the Sa-acetoxyosazone (XI). 

With dilute mineral acid in acetic acid the di- 
methoxyhydrazone (VIII) gave a hydrazone (1x1 
which did not contain a methoxyl group, The 

structure of this hydrazone (IX) was immediately 
evident from the similarity of its ultraviolet spec- 
trum to that of the known 12a-bromo analog6 
and from its conversion to the osazone (XI). 
However, these findings did not definitely establish 
the structure of V, since a 20-hydrazone of a 16a,21- 
dimethoxy compound might undergo the same 
reactions. 

When the transformations which have been de- 
scribed failed to show conclusively the structure of 
the Sa-acetoxydimethoxy product, (V), 3a- 
acetoxy - 12a - bromo - 21,21 - dimethoxypregnane - 
11,20-dione7 (VII, Fig. 2) was debrominated cat- 
alytically and the product was found to be identical 

(6) G A Fleisher and E C Kendall J Org Chrm 16, 556 (1951) 
(7)  G A Fleiqher and E C Kendall, ibrd , 16, 573 (1951) 



with the 3a-acetoxydimethoxy steroid (vj in 
qiiestion. By analogy the diirietlioxy product froni 
cmtisoiit. ia assiFjncrl the strrirtiirr represented by 
I T  

From ~ i i  clecttoiiic point ol view the rnti\-crwui 
of both the l7a-hydroxy aiicl l16-steroitls into 
derivatives of the steroidal 20,21 -glyoxal is straight- 
forward, and the following scheine (Fig. 3 ) niay be 
suggested to represent the transient iiiteriiietlinte 
i tP I )S .  
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The formation of C from A represents a dehydra- 
tion and that of C from D a rearrangement. It is 
possible, however, that C may be formed from A 
aia D and E, although electronically B appears to 
be more favorable toward dehydration than 
It is not known whether the dimethyl acetal (F), 
which is the final product, is formed a t  C-21 before 
ketonization of the enol occurs or whether keton- 
i.tation is the primary step. 

Reich and Keichstem" m d  Fleisher and Kendall' 
have prepared steroids with d glyoxal side chain; 
further reactions of  this t y c )  of  coinpound will 
now be described in this paper. 

Hydrogen broiiiide was passed over the surface 
of a solution of 3a-acetoxy-21,21-d11~iethox~preg- 
nane-11,20-dione (Ir, Izig. 2 )  in chloroform d t  0" 
for IO minutes and then one mole of bromine wd? 
added. The bromine was consunled within 2 
minutes to give a product which failed to crystal- 
1iLe. When the amorphous dibromo compound 
was treated in acetic acid solution with sodium 
iodide, iodine was liberated and 3a-acetosy-11- 
keto-20-hydroxy- AI7-pregnen-2 1 -a1 (XIV) , was 
formed. Its optical and chemical properties are 
similar to those of the corresponding 12a-bromo 
compound, which is known.7 

When the crude broniinated product was dis- 
solved in 80y0 acetic acid-20yo water, solvolysis 
occurred, one equivalent of bromide ion was lost 
and an amorphous product was obtained, the spec- 
trum of which (Amax 433 mp, e 20-33) suggested that 
i t  was a glyoxal. With 2,4-dinitrophenylhydrazine 
the compound gave 3a-acetoxy-l1,20-diketo-17a- 

( 8 )  This type of structure was first suggested by Dr G A Fleisher 
b> analogy to  the  formation of methyl glyoxal from dihydroxyacetone 
I D  dilute sulfuric tcid Beilstein 'Handbuch der organ Chemie 
\ i , l  I, Julin, Springer, Berlin, 1918 p 762 

t i )  H Reich and T Reichstein H d z  C hrni A ( t a  23, 1134 11919) 

hromopregnan-21-al 21-(2,4-dinitrophenylhydraz- 
me) (XVIII), the structure of which was deduced 
from its analysis and the similarity of its ultraviolet 
spectrum to that of the known lea-bromo analog." 
This indica.tc.d tha t  the glyoxal was 3a-acetoxy- 
I I ,2O-tliketo- I7a-bromopregnati-2 1-a1 (XIII). By 
trcatineiit of the l7a-broiiio glyoxal (XIII) with 
sodium iodide in acetic acid reductive enolization 
occurred and the enol (XIVj was 

The enol (XII-j, with two moles of 2,4-dinitro- 
phenylhydrazine, slowly gave the osazone (XI j ; 
however, XIII, which is substituted a t  C-17 
with an atom of bromine, combined with only 
one mole of 2,4-dinitrophenylhydrazine and yielded 
the hydrazone XVIII. 

Ailthough it was not possible to isolate the inter- 
mediates (XI1 and XIII) in cry-stallirie form, it 
seeiiis probable that in  the preparation of XIT7 from 
1,- hydrogen bromide displaced a niethoxyl group 
a t  C-21 arid bromination introduced an atom of 
bromine a t  C-17 to give a lTa,21-dibrorno-20- 
keto-21-niethoxy derivative (XII) which was the 
precursor of the Ira-bromo glyoxal (XrrIj. 
A crystalline inonobroinomonomethoxy deriva- 

tive (XVj could be obtained in about 50y0 yield by 
treatment of the diniethoxy derivative (V) with 
hydrogen broiiiide in chloroform a t  0' for 4.5 
hours. Its conversion with quantitative loss of 
bromide ion in 80% acetic acid to a glyoxal hy- 
drate (XI'lIj and in methanol containing ethyl- 
inorpholine to a dimethoxy derivative (XVI) 
indicated that the atom of bromine was a t  C-21. 
Furthermore, a correlatioii of the changes in inolec- 
ular rotation in the preparation of XYII and XVI 
from zliu. XV with the differences in molecular 
rotation of several pairs of 20-keto steroids which 
are epimeric a t  C-17 indicated that the side chaiii 
i i i  the glyoxal and dimethoxy derivatives (XTrII 
arid XVI) was oriented in the a-configuration. 

The average value of M':'~D - W ' c r ~  for ten pairs 
of "-keto steroids" which are epimeric at C-17 
is +.Xi1 O with the extremes represented by +448 
and +720'. For the two 21,21-dimethoxy coni- 
pounds (V and XVI) the delta value is +595@. 
In  these calculations [MJn = ( [ a ] ~  X mol. wt.) + 
100. 

Xlthough a crystalline lifl-epinier of XVII has 
not been prepared, a crude solution had .lln f i97 '  
and the delta value for the two glyoxal hydrates is 
+34Io. On this basis and on its method of prepa- 
ration from XV the glyoxal hydrate (XVTIj 
appears to be a 17a-pregnane. 

Since i t  is known that solvolysis of 20-keto-21- 
bromo-21-acetoxysteroids does not cause inversion' 
a t  C-17, i t  follows that the side chain in XV is 
oriented in the a-configuration and that this con- 
figuration was established during the treatment of 
V with hydrogen bromide in chloroform. 

The ditnethoxy derivative (XVI) with the 1icu 
side chain gives an osazone which is different from 
the previously prepared osazone (Xj with the 6 
side chain. That the two 3a-acetoxydirnethoxy 

(10) 0 A. Fleisher and E. C. Kendallb have described the reductinti 
with sodium bisulfite, of 3 ~ - a c e t o x y - 1 1 , 2 0 - d i k e t o - l ~ ~ , l ~ ~ - ~ i h r o m ~ ~ -  
pregnan-21-ai to the corresponding l2a-bromo enol. 

lagher. J .  Rid 
f 11) These data  are tabulated hy C.  UT Marshall ani1 2' I' (; il 

r h e i n . ,  179, 12RR (I9,ZRl. 
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steroids, (V) and (XVI), are in fact isomeric a t  
C-17 was shown by their conversion one into the 
other in 0.4 ilr potassium hydroxide in methanol. 
Mutarotation occurred with each of the epimers 
and within about 3 hours the value for the optical 
rotation was constant. After reacetylation the 
specific rotation of the mixture in chloroform in- 
dicated the presence of about 6GyO of the /?-epimer 
and 3470 of the a-epimer, and i t  was possible to 
separate both V and XVI from either starting ma- 
terial after treatment of either with methanolic 
potassium hydroxide. The equilibrium mixtures 
of two other pairs of 20-ketopregnanes which are 
unsubstituted in the neighborhood of the 20-keto 
group contain 66 and 75% of the 17p-epimers.ll 

Although one mole of bromine was absorbed by 
the dimethoxy derivative (V) in chloroform in the 
presence of hydrogen bromide within less than 2 
minutes, the 21-brom0-21-methoxy-17a-pregnane 
derivative (XI') required about 8 hours for con- 
sumption of a mole of bromine. Despite this differ- 
ence the product of the bromination of XV, al- 
though not separated in crystalline form, was found 
to give derivatives (XIII, XIV and XVIII) iden- 
tical with those of the dibromo compound XI1 
obtained from V. It is noteworthy that V and 
XV, which are epimeric a t  C-17, give the same 1 ia-  
bromo derivative (XIII). 

Finally i t  was shown that in the usual method of 
preparation of XI1 from V a methoxyl group a t  C-21 
was replaced with bromine during the initial 10 
minute treatment of V with hydrogen bromide. 
Although the 21-bromo-21-methoxy intermediate 
was not obtained in crystalline form, its presence 
could be demonstrated. In  80% acetic acid i t  lost 
84% of an equivalent of bromide ion, and the 
amorphous glyoxal (Amax 450 mp, E 23) was formed. 
The optical rotation of the glyoxal, when compared 
to that of the lia-epimer (XVII), suggested that 
only a small amount of the compound had under- 
gone inversion a t  (2-17 during the 10-minute treat- 
ment with hydrogen bromide. Treatment of the 
crude glyoxal with 2,4-dinitrophenylhydrazine gave 
the osazone (XI). 

The ultraviolet spectra of the hydrazones (VIII, 
IX and XVIII) and osazones (X and XI) were 
similar to those of corresponding compounds which 
have been reported by Fleisher and Kendall.6 

Experimental 
All melting points were taken on a Fisher- Johns appara- 

tus. The ultraviolet absorption spectra were determined 
on a Beckman model DU quartz spectrophotometer which 
had been standardized against mercury lines. Optical ro- 
tations were taken in chloroform a t  a concentration of about 
1% and a t  27 =k 2" unless otherwise designated. Analyses 
were performed by Mr. J. F. Alicino, Metuchen, N.J. 
After a water-immiscible solvent had been washed with 
water the solvent was always dried by filtration through 
a pad of sodium sulfate before concentration and all concen- 
trations were in vacuo. 

21 ,21-Dimethoxy-A4-pregnene-3, 11 ,ZO-trione (11) from 
Cortisone Acetate (I).-One millimole of cortisone acetate2 
was treated with methanolic hydrogen chloride as described 
under the preparation of V from I V  except that the acidic 
solution stood for 30 min. with 10 ml. of water before neu- 
tralization with sodium acetate. The acetylation also was 
omitted. On crystallization from ether, I1 was obtained 
(160 mg., m.p. 160-162"; 138 mg., m.p. 155158") in 
7670 yield. I t  did not depress the melting point of the 

product that was prepared from cortisone acetate in aqueous 
methanol.* 
I1 from 111.-By treatment of 192 mg. of 21-acetoxp- 

A4J8-pregnadiene-3,11,20-trione3 with methanolic hydrogen 
chloride, as described in the previous paragraph, 62 mg. of 
crude dimethoxy derivative (m.p. 149-154') was obtained. 
After recrystallization from methanol the product (30 me.) 
melted a t  161.5-162.5' and did not depress the melting 
point of a sample of I1 prepared from I. The infrared spec- 
trum of the product was identical with that of I1 prepared 
from I; A,, 238 mp, ~15,100 (methanol). 

21 ,21-Dimethoxy-A4-pregnene-3 , I  1 JO-trione 3,ZO-Bis- 
(2,4-dinitrophenylhydrazone) from II.-21,21-Dimethoxy- 
A4-pregnene-3,11,20-trione12 (194 wg.) was added to a solu- 
tion of 297 mg. of 2,44initrophenylhydrazine in 50 ml. of 
methanol, 50 ml. of chloroform and 1.0 ml. of 5.0 N hydro- 
chloric acid at room temperature. After 20 hours red 
crystals (346 mg., m.p. 239-243') were filtered off and the 
filtrate was concentrated to yield an additional 28 mg. of 
product, m.p. 235-237'. After several crystallizations 
from a mixture of chloroform and methanol a product was 
obtained which melted a t  242-244'; A,,,,, 378 mw, E 57,200 
(chloroform). 

Anal. Calcd. for C3&oOllN8: C, 56.14; H,  5.39; 
CHIO, 8.29. Found: C, 55.73; H,  5.40; CH30, 7.91. 

3a,2 1 - Diacetoxy-I6a:, 17~t-epoxypregnane-l1,20-dione 
from 3a ,2  1 - Diacetoxy -12~~-bromo-l6~t, 17a-epoxypregnane- 
11,20 - dione.-3a,21-Diacetoxy-l2a-bromo-l6a, l7a-epoxy- 
pregnane-ll,2O-dione (m.p. 163-164') was preparedl3,l4 in 
about 80% yield by acetylation of 11,20-diketo-12a-bromo- 
16a, 17or-epoxypregnane-3a,21-diol13 and crystallization from 
aqueous methanol. A sample of the diacetate (44.1 g.) was 
debr~rninated '~ according to the procedure described under 
IV from 3a,21-diacetoxy-16~-bromo-17cu-hydroxypregnane- 
11,ZO-dione. Crystallization from methanol gave 30.4 
g., m.p. 158.5-160", and 2.0 g., m.p. 156-157', [ a ] ~  $119 * 2 O .  

Anal. Calcd. for C14H340,: C, 67.24; H,  7.67. Found: 
C, 67.46; H ,  7.79. 

3a ,2 1 -Diacetoxy- 16 P-bromo- 17~~-hydroxypregnane-11,20- 
dione from 3c~ ,2 1 -Diacetoxy-l6a, 170-epoxypregnane-l l ,20- 
diene.-A solution of 9.38 g. of 3or,2l-diacetoxy-l6o,l7a- 
epoxypregnane-l1,20-dione in 245 ml. of chloroform at 
- 15' was added to a solid mass of 122 i d .  of 0.73 N hydro- 
gen bromide in glacial acetic acid a t  -15'. After thorough 
mixing the solution became homogeneous. After 24 hours 
a t  - 15" water and chloroform were added, and the chloro- 
form solution was washed with water and concentrated to 
about 30 ml. On addition of I50 inl. of absolute ether, 
crystals formed; yield 7.58 g., imp. 198-200'. From the 
filtrate additional crops of crystals separated (2.13 g., m.p. 
200-201" and 0.26 g., m.p 198-200°) bringing the total 
yield to 90%. Several recrystallizations from ethyl acetate 
did not raise the melting point; [ a ] ~  4-59 =t 2' The 
product begins to turn brown within a few days when stored 
a t  room temperature. 

Anal. Calcd. for CZSHa6OiBr: C, 56.93; H,  6.69. 
Found: C, 57.07; H,  6.90. 

3a,2 I-Diacetoxy-17a-hydroxypregnane-11 ,2O-dione (IV) 
from 3a,21- Diacetoxy - 168 - bromo-17~hydroxypregnane- 
11,ZO-diene.-A solution of 9 34 g. of 3a,21-diacetoxy-l6P- 
bromo-17a-hydroxypregnane-ll,2O-dione in 400 ml. of 
methanol was stirred in an atmosphere of hydrogen in the 
presence of 28 g. of 2.0% palladous hydroxide on calcium 
carbonate until no further hydrogen was absorbed (1 hour) 
and then for an additional hour. The catalyst was filtered 
off and the filtrate was concentrated to 50 ml., diluted with 
water and filtered. The filtrate contained 96% of the theo- 
retical amount of bromide ion. The precipitate was dis- 
solved in chloroform, the solution was washed with water 
and evaporated to a small volume, and crystals (1.37 g. 
m.p. 228-230'; 0.17 g., m.p. 218-220') were obtained from 
methanol. At this point it was observed that most of the 
product had crystallized during the reduction and had been 
filtered off with the catalyst. By extraction of the spent 

(12) A generous sample of this compound was supplied by Dr. 

(13) Prepared by Mr .  8. J. LaVine. 
(14) Prepared according to the procedure of F. B. Colton, W. R. 

Nes, D. A. Van Dorp, H. L. Mason and E. C. Kendall, J. Biol. Chcm., 
194, 235 (1952). 

Jacob van de Kamp. 



catalyst with chloroform and subsequent crystallization 
from methanol additional product (5.55 g., m.p. 228-230") 
was obtaincd. When a sample of the material was recrps- 
tallized from a mixture of chloroform and methanol i t  
melted at 233-236' when placed on the apparatus at 225" 
and did not depress the m.p. of a sample of 3a,2l-diacetoxy- 
17a-hydroxypregnane-1 I , 2 0 - d i o n ~ , ~ ~ , ~ ~  [ a ] ~  $91 f 2' 
(acetone). 

3~-Acetoxy-Z1,21-dimethoxypregnane-l1,20-dione (V) 
from 1V.-Twenty grains of 3a,21-diacetoxy-17a-hydroxy- 
pregnane-1 1,20-dione was suspended in 260 ml. of chloro- 
form, aiid 608 nil. of methanol was added. The homogene- 
ous solution was then diluted with 172 nil. of 1.22 N hydro- 
gen chloride in dry methaiiol. After 4S hours a t  room tem- 
perature 20 g. of sodium acetate and 400 ml. of water were 
added, and the solution was concentrated to  remove the 
bulk of the methanol. Chloroform was added, and the 
soliltion was washed with water and concentrated to  dry- 
ness. In  order to acetylate the residue it was dissolved in 
30 ml. each oi acetic anhydride and pyridine at room tem- 
perature and allowed to  stand for 5 hours. Ice was added, 
the product was extracted with chloroform, and the solu- 
tion was mashed with dilute hydrochloric acid, and with 
water. After the solution had been evaporated to dryness 
50 ml. of absolute ether was added. When crystals started 
to separate 450 ml. of petroleum ether was added arid 976 
mg. of product (m.p. 224-226') was filtered off and iden- 
tified as IV by a mixture melting point with an authentic 
sample. 

\\.heti the filtrate was cooled in ice 10.90 g. of crystals 
separated, m.p. 107-107.5'. By concentrating the filtrates 
5.75 g. of crystals (m.p. 105.5-106.5°) was obtained. The 
material did not reduce ammoniacal silver nitrate. The 
ultraviolet spectrum indicated that there was no u,@-un- 
saturated ketone present; [ R I D  + 131 i 2', [a ln  +I21  i 
2" {xetonej.  

A n d .  Calcd. for C P S I I ~ ~ O ~ :  C, 69.09; I € ,  8 81; CHIO, 
14.33. Found: C, 69.00: H, 9.05; CI130. 11.14. 

V from VI.---3~~,21-Uihydroxy-A~~-pregnene-ll,20-dione~ 
(346 mg.) was treated with methanolic hydrogen chloride 
according to the procedure for the preparation of \- from 
1V. The ultraviolet spectrum of the whole solution indi- 
cated that less than 3% of the 20-keto-~~6-chromophore re- 
inaiiiecl intact. After acetylation and crystallization from 
ether-petroleum ether 184 mg, of crystals, 111.p. 101-102°, 
was obtained. By chromatography of the filtrate on 10 g. 
of a 1 : 1 mixture of magnesium silicate and infusorial earth 
and elution with benzene and with benzene containing 0.1 % 
of methanol an additional 126 mg. of crystals, m.p. 106- 
10TD, r w s  obtained. The chromatographed material did 
not depress the m.p. of V prepared from IV,  \711 or SVI, 
and the infrared spectra (nujol) of the material prepared 
frorn the four sources were identical, [ a ] ~  f130 =k 2". 

V from VII.--A solution of 2 3  mg. of 3a-acetoxy-12a- 
bron1o-21,21-dimctho~ypregIianc-1~ ,20-dionci in 20 nil. of 
methanol and 3 nil. of ethylmorpholine was shaken in the 
presence of 257 mg. of 2.0% palladous hydroxide suspended 
on calciuni carbonate ui1dt.r :in atmosphere of hydrogen for 
20 minutes (hydrogeri uptxke ceased after 10 minutes). 
The catalyst was filtered off, and the filtrate was concen- 
trated almost to dryness. Benzene and water were added. 
The aqueous phase contained 0.49 millimole of bromide ion. 
The organic phase was wa4ied with dilute sulfuric acid, 
irith water, and concentrated to dryness. Crystals (53 mg. 
ni.p. 103-105O) were obtained from ether-petroleurn ether. 
The product did not dcpress the m . p .  of samplrs of V prepared 
from I\' and from \-I ,  [ u ] o  + I 3 1  rir 2". By chromatog- 
raphy of the filtrate on 10 g. of a 1: I mixture of magnesium 
silicate and infusorial earth and elntion with benzene con- 
taining 0.1 yo of methanol adtlitional inaterial was obtained; 
yield 71 mg., m.p. LOO-107°; 41 rng., 1n.p. 105-106°. 

V from XVI.-3a-Acrtox:y-2 1 ,?I -dimethoxy-I 'ia-preg- 
liane-1 1,20-dione (434 mg.) w:ts treated in 0.40 A'methanolic 
potassium hydroxide as described under X V I  from \:. 
After 2.5 hours the rotation bwariie constant a t  +0.65'; 
after acetylatioti [ a ] ~  -+-SI? f 2' in  chloroform. This 
corresponds to a mixture of ($75; of 1. and 33yo of XYi. 
By chrornatographiiig the misture lti ing. of X V I ,  m.p. 
19%138.5", j u ] ~  --1 i- 4', aiid 90 m g .  of V ,  m.p.  106.5- 
107', [ a ] ~  t 1 8 1  zz 2" 1rc.1-e obtnirird. 

20-Cyanhydrin of 3~-Acetoxy-21,21-dimethoxypregnane- 
11,2O-dione from V.-This compound was prepared accord- 
ing to the method used by Sarettls for the preparation of thc 
20-cyanhydrin of 3a-acetoxypregnane-I 1,21)-dione. Four 
millimoles of 3a-acetoxy-21,21-dimethoxypregnane-11,20- 
dione gave 926 mg. (50%) of cyanhydrin which melted at 
188-190" and 46 mg. which melted at 195-197'. By re- 
treatment of the mother liquors with hydrogen cyanide an 
additional 320 mg. (m.p. 196-198') was obtained. Several 
recrystallizations from ethyl acetate-petroleum ether did 
not raise the melting point above 196-198', [ u ] ~  +(is zc 2'. 

A d .  Calcd. for CnsHan06S: C, 67.6.5; H, 8,>3; S, 
3.03. Found: C, 67.71; H, 8.74; S,  3 3 7 .  

111 an attempt to dehydrate the cyanhydrin according 
to Sarett's procedure's at room temperature, starting niate- 
rial was recovered in 76% yield. Treatment with pyridine 
and phosphorus oxychloride a t  the boiling point for 1;) 
minutes produced an intractable gum. 

Ja-Acetoxy-21,21-dimethoxypregnane-11 ,ZO-dione 20- 
(2,4-Dinitrophenylhydrazane) (VIII) from V.-Acetic acid 
(138 ml.) was added to 1.48 g. of 3a-acetoxy-21,21-dimeth- 
oxypregnane-ll,2O-dione and 814 mg. of 2,4-diuitrophenyl- 
hydrazine, and after the mixture had been shaken occa- 
sionally for 8 hours at room temperature 400 mg. of 2,1- 
dinitrophenylhydrazine was added. After 27 hours the 
solution was concentrated to dryness and 25 nil. of chloro- 
form was added. ~-4cetyl-2,4-dinitrophenylhydrazi11e 
(460 mg., m.p. 197-199') was filtered off and identified. 
lfethanol was gdded to the filtrate and it was concentrated 
to yield the yellow hydrazone (1.94 g., m.p.  199-204'; 
12.5 mg., m.p. 201-203°j. A sample that had been cry+ 
tallized several times from chloroform-methanol nieltetl at 
201-204', A,,, 367 nip, E 26,300 (chloroform). 

A n d .  Calcd. for C31H420YS4: C, 60.57; H, 6.89; CHIO, 
10.10. Found: C, 60.94; 11, 6.73; CHIO, 10.20. 

3a-Acetoxy-l l ,ZO-diketopregnan-21-a1 20-( 2,4-Dinitro- 
phenylhydrazone) (IX) from VII1.-To 614 mg. of 3a- 
acetoxy - 21,21-dimethoxypregnane-l1,2O-dione 20-(2,4-di- 
nitrophenylhydrazone) in 90 xnl. of acetic acid was added 
10.0 ml. of 0.1 N perchloric acid in acetic acid (prepared by 
diluting 72% perchloric acid with acetic acid 1,  and the solu- 
tion was mairit.ained at 60 i 2" for 4.5 hours. The solution 
was concentrated to about 10 ml., water and chloroform 
were added, and the organic phase ",as concentrated. Yel- 
low crystals (391 mg., m.p. 211-242 ; 111 mg., m.p.  23%- 
2-40') were obtained from acetic acid. Acetone-ether 
yielded an additional crop of crystals (34 mg., 1n.p. 225- 
227'). Bfter the crystals had been combined, a small 
amount of insoluble material (12 mg., m.p.  307-309" dec.) 
was separated from about 20 ml. of acetic acid at room tem- 
perature, and an additional 13 mg. (m.p. 306-308" dec.) was 
obtained by removing the acetic acid and suspending the 
residue in 20 ml. of benzene. After the insoluble material 
had been rccrystallized from chloroform-acetic acid it 
nielted at 315-377O dec. and was identified by means of a 
tnixture melting point and infrared spectrum (nujol) as the 
osazone, Xi.  After several recrystallizations of the more 
soluble material from acetic acid i t  nielted a t  237-239". 
h,,,, 371 nip, e 21,500; A,, 2 102 mp, e 22,700 (chloro- 
form). In  acetone containing aqueous bicarbonate the 
product gave a pink color.6 

Anal .  Calcd. for C & : ~ ~ O S S ~ . ~ / I H ~ O :  C, 60.30; H, 
6.40. Found: C, 60.40; H ,  0.56; CHaO, 0.0. 

3a-Hydroxy-ll,2O-diketopregnan-21-al 20,21-Bis-(2,4- 
dinitrophenylhydrazone) (X) from V.-A mixture of 434 mg. 
of 3a-acetoxy-21,2 1-dimethoxypregnane-1 1,20-dione, 792 
mg. of 2,4-dinitrophenylhydrazine, 50 ml. of methanol, 50 
ml. of chloroform and 4.0 nil. of 5.0 N hydrochloric acid 
remained at room temperature for 28 hours, and no crystals 
of osazone separated. The solution was refluxed for 2 hours 
(crystals began to form after 1 hour) and cooled, and 266 
mg. of osazone (1n.p. 307-310°) was filtered off. Two 
grams of sodium acetate was added to the filtrate, and the 
solution was concentrated to dryness. Water and chloro- 
form were added, and 322 mg. of 2,4-dinitrophenylhydra- 
zine was filtered off. After addition of methanol and con- 
centration of the filtrate 112 ing. of pale orange osazone 
(m.p, 300-302") was,obtained. By retreatment of the resi- 
due from the filtrate 111 50 ml. of chloroform, 50 ml. of meth- 
;mol, 4.0 nil. of 3.0 ;V hydrochloric acid and 792 mg. of 
2,?-dixiitrophenylhydrazine a t  the boiling point for 1 1  hours, 
adtlitional material (215 tng., m.p. 310 -312'; 41 mg.. m.p.  
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302-305') was obtained. The sample for analysis was re- 
crystallized several times from chloroform-methanol and 
dried at 0.1 mm. and loo', m.p. 309-311' dec., A, 1349 
mp, E 33,000; A,, 2 397 mp, E 24,200; A,, s 450 mp, 
e 22,900 (chloroform). 

Anal. Calcd. for C33HssOloNsCHaOH: C, 55.28; H ,  
5.73: CH30,  4.20. Found: C. 55.66; H ,  5.65; CHaO, 
3.94. 

The loss in weight of a sample in 1.5 hours a t  0.1 mm. and 
155' was only 0.85%; calcd. for CHIOH, 4.34%. A 
sample which had been recrystallized from acetic acid con- 
tained no methoxyl group (Zeisel). 

X from VII1.-A solution containing 615 mg. of 3a- 
acetoxy-21,21-dimethoxypregnane-ll,2O-dione 20-(2,4di- 
nitrophenylhydrazone), 792 mg. of 2,4-dinitrophenylhy- 
drazine, 50 ml. of methanol, 50 ml. of chloroform and 4.0 
ml. of 5.0 N hydrochloric acid was refluxed for 9 hours, 
cooled, and the crystals were collected; yield 566 mg., 
m.p. 307-310' dec., A,,, 1349 mp, E 32,400; A,, 2 397 mp, 
e 24,000; A,, J 450 mp, e 22,600 (chloroform). The infra- 
red spectrum of this sample in nujol was identical with that 
of X prepared from V and from 3a,214ihydroxypregnane- 
11,20-dione 20-( 2,4-dinitrophenylhydrazone). 

Two grams of sodium acetate was added to the filtrate, 
and the solution was concentrated to dryness. After addi- 
tion of 25 ml. of water and 25 ml. of chloroform 546 mg. of 
2,4-dinitrophenylhydrazine was filtered off. The chloro- 
form phase was separated, concentrated to  a small volume 
hnd diluted with methanol. Orange yellow crystals (58 
mg., m.p. 297-300" dec.) were obtained. 

X from 3a,Zl-Dihydroxypregnane-11,20-dione 20-(2,4- 
Dinitrophenylhydrazone ).-One millimole of 30,21-dihy- 
droxypregnane - 11,20 - dione 20-(2,4 - dinitrophenylhydra- 
zone)6 was converted into the osazone by the procedure used 
for preparing X from VI11 except that the solution was re- 
fluxed for 24 hours. The product (441 mg., m.p. 310-311' 
dec.; 39 mg., m.p. 308-309' dec.) did not depress the m.p. 
of X prepared from V or VIII, and their infrared spectra 
were identical, A,,, 1 349 mp, e 32,500; A,, 2 397 mp, 
e 24,300; A,, 3 449 mp, c 22,700 (chloroform). 

3~-Acetoxy-ll,20-diketopregnan-21-al 20,2 1-Bis-(2,4- 
dinitrophenylhydrazone) (XI) from 1X.-A solution of 180 
mg. of 3a-acetoxy-ll,20-diketopregnan-21-al 20-(2,4-dini- 
trophenylhydrazone) and 80 mg. of 2,4-dinitrophenylhy- 
drazine in 50 ml. of acetic acid stood a t  room temperature 
for 20 hours, and crystals (204 mg., m.p. 313-315" dec.) 
were filtered off: Amax 1349 mp, e 31,700; A,, z 397 mp, 
e 23,600; Amax 3 447 mp, e 22,200 (chloroform). 

.ltzuI, Calcd. for C3sH40011Ka: C, 56.14; H, 5.39. 
Found: C, 56.65; H, 5.72. 

XI from X.-3a-Hydroxy-ll,20-diketopregnan-21-a1 20, 
2l-bis-( 2,4-dinitrophenylhydrazone) (74 mg. ) was dissolved 
in 3.0 ml. each of acetic anhydride and pyridine. After 1 
hour a t  room temperature, the mixture was worked up, and 
71 mg. (95%) of the 3-acetate (XI) ,  m.p. 312-314' dec., 
was obtained. I t  did not depress the m.p. of X I  prepared 
from I X  and XIV and the infrared spectra (nujol) of the 
samples from the three sources were identical. When the 
time of acetylation was extended to 15 hours the yield was 
only 55%. 

XI from X1V.-To a solution of 53 mg. of'3a-acetoxy-11- 
keto-20-hydroxy AL7-pregnen-21-a1 in 5.0 ml. of acetic acid 
\$as added 81 mg. of 2,4-dinitrophenylhydrazine. After 2 
days a t  room temperature 29 mg. of yellow osazone, m.p. 
317-318" dec., had separated. The osazone forms slowly 
and the excess of 2,4-dinitrophenylhydrazine is removed by 
acetylation. By three additional treatments for 3 days 
each with 81-mg. portions of 2,4-dinitrophenylhydrazine 
an additional 61 mg. of osazone, m.p. 317-318' dec., was 
obtained. This osazone did not depress the melting point 
of X I  prepared from IX.  

3a-Acetoxy-1 1,20-diketo-17~-bromopregnan-21-a1 (XIII) 
from V.-Dry hydrogen bromide was passed over the surface 
of a solution of 434 mg. of 3a-acetoxydl,2l-dimethoxypreg- 
nane-11,20-dione a t  0' for 10 minutes, and then 2.00 ml. 
of 1.00 N bromine in chloroform was added. The bromine 
was consumed within 2 minutes, and the solution was con- 
centrated to about 3 ml. Chloroform was added, and the 
solution was washed and concentrated to dryness to give 
the crude dibromo intermediate. 

In several experiments the intermediate dibromo deriva- 
tive was allowed to stand in 80% acetic acid (10 ml. per 

millimole of steroid) a t  room temperature for 30 minutes. 
In every case 1 millimole of steroid lost 0.97-0.99 millimole 
of bromide ion. On extraction with chloroform a yellow 
solution was obtained; A,, 434 mp, E 27-33. The absorp- 
tion a t  284 mp ( e  176-186) showed that no more than a trace 
of the enol (XIV) was present. Attempts to crystallize 
the glyoxal were not successful. 

The following experiment indicated that a methoxyl group 
a t  C-21 of V was replaced with bromine during the prelim- 
inary saturation of the solution with hydrogen bromide. A 
solution of 434 mg. of V in 10 ml. of chloroform was cooled 
to O " ,  and dry hydrogen bromide was passed over the solu- 
tion for 10 minutes. The solution was concentrated to 
about 3 ml., chloroform was added, and the solution was 
washed with water and filtered through a pad of sodium 
sulfate. In 43.4 ml. of chloroform CUD +0.99" ( I  = 1 dm.). 
The solvent was removed; and the residue was dissolved in 
10 ml. of 80% acetic acid. After 30 minutes a t  room tem- 
perature water was added, and the solution was extracted 
with chloroform. The aqueous phase contained 0.84 milli- 
mole of bromide ion. For the organic phase (40 ml.), LYD 
+1.24' ( I  = 1 dm.), which corresponds to [ a ] ~  f l22 '  
(calculated as the glyoxal hydrate); A,,, 450 mp, e 18. 
E increased as dehydration occurred and after 2 hours was 
approximately constant a t  23. The glyoxal hydrate was 
converted into the osazone X I  by the procedure described 
under XI from XIV. 

XI11 from XV.-Six ml. of 0.88 N hydrogen bromide in 
chloroform a t  0' was added to a solution of 725 mg. of 3a- 
acetoxy-21-bromo-21- methoxy- 17a - pregnane-11,20 - dione 
a t  O o ,  and then 3.00 ml. of 1.02 iV bromine in chlorofornl 
was added. When, after 15 minutes, it appeared that the 
bromine was not being consumed, dry hydrogen bromide 
was passed over the solution for 30 minutes, and the solu- 
tion was maintained a t  0". Most of the bromine had been 
consumed after 5 hours. However, a small amount was 
still present after 8 hours. The solution was then concen- 
trated to  about 5 ml., diluted with chloroform, washed with 
water and concentrated to dryness. The colorless residue 
was dissolved in 15 ml. of 80% acetic acid-20% water, and 
after 30 minutes a t  room temperature water was added. 
Chloroform was added. The aqueous phase contained 1.45 
millimoles (97%) of bromide ion. The yellow chloroform 
solution was filtered through a pad of sodium sulfate : A,,, 
433 mp, e 22; a t  284 mp, c = 154. Attempts to crystallize 
the glyoxal were unsuccessful. 

3a-Acetoxy-1 l-ket0-20-hydroxy-A~~-pregnen-2 1-a1 (XIV) 
from V.-One millimole of 3a-acetoxy-21 ,al-dimethoxy- 
pregnane-1 1 ,ZO-dione was converted into the intermediate 
dibromo derivative (XII)  as described under SI11 from 1'. 

Reduction.-The solution was taken to dryness, and with 
the residue in 5.0 ml. of acetic acid and under an atmosphere 
of carbon dioxide 1.50 g. of sodium iodide was added. After 
5 minutes a t  room temperature, the iodine which was lib- 
erated was titrated with 0.1 N sodium thiosulfate (17.6 
ml. required) after addition of chloroform. The chloroform 
solution was concentrated to dryness, and crystals (122 
mg., m.p. 179-182'; 36 mg., m.p. 178-180") were obtained 
from absolute ether. A purified sample melted a t  184- 
186'. 

The material reduced Tollens reagent rapidly and gave 
a bluish-green color with ferric chloride. The infrared 
spectrum showed the presence of a hydroxyl group, [ a ] ~  
+86 f 4', A,,, 284 mp, e 12,800 (95% ethanol). 

Anal. Calcd. for C23H3205: C, 71.11; H, 5.30. I'ouud: 

XIV from X I K  A.-When the non-crystalline l7a- 
bromo glyoxal which is described under XI11 from V was 
treated with sodium iodide in acetic acid as described under 
the preparation of X I V  from V, 1.00 to 1.04 ml. of 1.0 N 
iodine was liberated per millimole of glyoxal aad Amax 284 
mp in chloroform with e varying from 6,300 to 6,500, re- 
gardless of whether the time of reaction with sodium iodide 
was 5 minutes, 20 minutes or 1 hour. The enol (XIV) was 
isolated in about 13% yield and identified by its melting 
point and spectrum, Amax 284 mp, e 14,200 (95% ethanol). 
In several experiments in which the lia-bromo glyoxal was 
treated with sodium iodide the amount of enol formed (de- 
termined spectrophotometrically) was equivalent tb the 
amount of iodine liberated. Retreatment of the solution 
in acetic acid and with sodium iodide gave an additional 
amount of iodine. 

C, 71.03; H ,  7.83; CH30, 0.0. 



XIV from XIII. B.-The 17u-bromo glyoxal (X111) (0.5 
inillimole) prepared from XY viu SII ,  was treated in 2.5 nil. 
of acetic acid under carbon dioxide a t  rooin temperature with 
I -10 mg. of sodium iodide for 10 niinuteb. Chloroforni ant1 
water were added, and titration with thiosulfate indicated 
that 4.45 nil. of 0.1 S iodine had been formed, The 
chloroforni solution was irashetl, separntetl airtl filtered 
through sodium sulfate. The spectrurri (A,,,,, 2% nip. 
t 5,440) indicated that about -42% of euol had been formed. 
%-heti the cl~loroforrr~ sol i t  rooin temperature 
for 0.5 hour 0.6 ml. of 0.1 liberated. Crystals 
of the enol (41 mg.. n1.n. 1 e obtained frorn ether 

-_  

3~Acetoxy-2 1-bromo-2 1-methoxy-1 'I~pregnane-l1,20- 
dione (XV) from V. --l)ry hydrogen broniidc was piiiheil o \ w  
the surface of a !jolutioli of  1.304 ,E. of :ju-3eetosy-21,21-di- 
~r~ethoxypreyiiaiie-1 i,2(1-dioiic in 1 i i i l .  of chloroforiri :it ( t o  
for 30 minutes. The i-extioii ni ture wiis kcpt a t  i)' for 4 
hours, concentrated to about 5 m i . .  tlilutvd with chloroforni 
aiid washed with water. 'The chlorofurln solution \vas coii- 
centrated to dryness, arid thcu t\ro i)ortions of  :rbsolute 
ether w r e  evaporated untic,r tliriiiiilshed prchsure to reinovc 
the last of the  chloroform 
168'; 5a mg., 1ri .p .  Ih0-L ~ \wr\> obtniiietl froni absolute 
ether--petroletun ether  a t  0 I(y irv1reatriierit of the rriother 

Cry.;t,.ils (ti(;: iiig., i i1 .p .  165 

3~-Acetoxy-21,21-diniethoxy-17~~-pregnane-l1,20-dione 

iilicatc and infiisori,il c ; i r t h  
~ e i i e  atid vitli lwiizciic coirt,iiiiiug ( 

l 'hc ~niterial  eluted wi th  hen- 

i t h  ! j c i i a , i i v  c o r i t ~ i i n i i i g  

coiiibiiiing this product 
with the 1% mg. of crystals obtained without chromato- 
gra.phing, the total product \vas :mrifietl froin cthcr--:)etro- 
leutu ether. The crystal\ ;ili.ltetl :IT. 10i~-~lOti . t~c; i i o  (le- 
prc>sion 011 atlmisture Iv i th  \-, I d 1 )  +1:<1 z k  ?'. 

XVI from XV.--- -Y~i.-Acetosy-"-~roino-L! 1-iiicthoky- 1 7u- 
pri~gri:tiic-l 1 ,2<i)-dioiic (242 tng. I \\-as dissolved in a inisture 
o i  i ( j  uii. o f  iriet1i;rriol a i id  i .O r d .  of ethyltrior~~holiric. 
.%fter 1 hour the solution \ws coiIcei1tr:i tcd to :L itrinll voluine, 
bciizeiic  is added, mid thc solution was is:lshe*.l with water. 

v,i:tlS ( i I i . J > ,  1 0 4  l ( l f i o l  

showed that no cu,,Winiatiiriiiui kctoiie wai present. A 

3 ~ H y d r o x y -  11,20-diketo-17a-pregnan-2l-al 20.21-Bis- 
(2,4-dinitrophenylhyrazone 1 from XVI. ~ ~-Rp refluxing a 

-2 I , ?  I-tliinetliosy-17n- 
: tf :!. ~ - ~ l i ~ r i ~ ~ - o j ~ i ~ i v i i ~ ~ ~ ~ ~ ~ l r ~ i -  

zitie, 5 ml. of chloroform, 5 ml. of methanol and 0.4 ml of 
5 0 S hydrochloric acid for 24 hours and cooling, 47 mg. of 
yellow crystals, m.p. 307-308' dec., was obtained. After 
reinoval of 34 mg. of 2,4-dinitrophenylhydrazine from the 
filtrate by it> insolubility in about 3 ml. of chloroform, an 
additional 13 mg. of osazune (m.p. 305-307' dec.) wa5 ob- 
rained from methanol. After several recrystallizations from 
chloroform-methanol the product melted at 308-310' dec. 
.ind depressed the melting point of X. The infrared spec- 
trd of this compound and X in nujol were different in thc 
fingerprint region; A,, 349 m p ,  e 33,000; A,,, 2 397 rnp, 
F X,400: A,,, 2 450 m p ,  E 24,800 (chloroform I. 

1 nai. Calcd. for C:.IH3801~N&H~OH: C, 55.28; €1, 
,>.7;3; CII .0,  4.20. Fouiitl: C, 5.5.7%5; H, 5.64; CHIO,  
3.11, 

3a-Acetoxy-2 1,2 l-dihydroxy-17~-pregnane-ll,2O-dione 
(XVII j from XV .-3a-Acetoxy-21 -bromo8 1-methoxy- 1701- 
pregriaiie-ll,20-dione (242 tng.) was dissolved in 10 ml. of 
80% acetic acid at room temperature. After 30 minutes 
the solution was diluted with water, and crystals (187 mg.,  
m.p. 111-115°) were filtered off. The filtrate contained 
4.95 nil. of 0.1 Nbromide ion (99%). A sample which was 
puriIied frorn dilute acetic acid and dried in uacun a t  room 
teniperaturc was colorless and melted at 117--119" with 
effervescence, [ L Y ] ~ )  -11 i 2'. A freshly prepared chloro- 
form solution of the substance was colorless, but within a 
few ininutes it hegm to turn yellow, A,,,,, 450 m p ,  E 11 after 
45 iniiiutc.;. c increased with time to a constant of 25 after 
:ii~oUt X hours (chlorofortn~. The infrared spcctrum i n  
i i u j o l  \lio\red t h y  imseiice of a hydroxyl groiip. 

r G;II,, ,O,,: C ,  K.95;  11, 

3a-Acetoxy-11,20-diketo-17~-bromopregnan-21-a1 21- 
(2,4-Dinitrophenylhydrazonej (XVIII) from XIII. A.-~-To 
0.5 niilliiiiolc of aniorphous glyoxal (XI11) (which had beell 
prepared troni !? by way of XII)  in 50 ml. of acetic acid rvas 
;itldcd 3 O U  mg. of 2,4.dinitrophenylhydrazine. After 92 
houri at room temperature the solution was concentrated 
to dryriess. The irl-acetyl-:!,4-dinitropheriylhydrazine was 
rciuoved from thi: steroidal hydrazone by extraction of :I 
solution of the residue in chloroform with dilute alkali and, 
:ifter ivashiiig the chloroforin solution and evaporating to 
a w1d1 volume, yellow needles were obvdined by addition 
of ii!ethanol; yield: 111) nig., m.p.  216-21;"; 21 mg., 
i i i . p .  2 1 ~ % 2 1 ~ ' .  .I purified sample melted at b1i-21R0, 
h,,,.> 1 272 nip, c 8,GO; .; 392 
lil i*,  t 2~i..jl)il. 

. i m i / .  C d c d .  for CS,Ha60aBrS4: C, 53.79; I f ,  5.4.5; 
l i r ,  12,:34. I~ountl:  C, 5X61; 13, 5.73; Br, 12.83; CI-LO, 

A,,,,, : 359 nip, E 23,400; A ,,,, 

l J , ( l .  

B.-The bromo glyoxal (X l I I )  (( 
iiiillimolej which had been prepared from XV .ilia XI1 n 
tlissolved in 20 ml. of acetic acid, and 110 mg. of 2,4-dinitro- 
phenylhydrazine was added. After 72 hours a t  room teni- 
i)erature tlie product was worked up as described in the 
previous paragraph. Yellow crystals (142 mg., 1n.p. 195- 
197" were obtained from niethanol. Several crystalliza- 
tious from chloroform-methanol gave a product which 
iiielted a t  219;220° dec. and did not depress the m . p .  of 
S1.111 which had been prepared according to the sequence 
V ,  S I I ,  XIII; A,,, I 270 m p ,  t 9,130; A,, 2 358 nip, 
e 24,OO(l; Amx ;I 392 nip, e 25,200 (chloroform). 

3,8-Acetoxy-16Lu-methoxy-A5-pregnen-ZO-one from 3 13- 
Hydroxy - A58l6-pregnadien -20-one. -3p-Hydroxy- 
1)regrir~dien-20-one5 (314 mg., AmX 239 m p ,  e 8,300) was 
dissolvt:d in 5.82 nil. of chloroform and 15.7 m1. of methanol, 
and 1.78 nil. of 2.62 IV hydrogen chloride in methanol was 
:idded :at room temperature. Aliquots were removed, di- 
luted with chloroforni arid washed with water, arid the 
spectrum was taken in methanol. After 17 hours An,,, 
239 ing, E 2,040; after 48 hours A,, 239 nip, e 2,010. 
'These values indicate that approximately 24% of the 20- 
keto-A16--chroniophore was still present. At the end of 48 
hours 450 nig. of sodium acetate and 9 ml. of water were 
added. The solvent was removed, chloroform was added 
and the solution was washed with water. After acetylation 
of the product i t  was chromatographed 011 16 g. of a 1:l 
mixture of infusorial earth and magnesium silicate. The 
:iintc.rial clutctl with 1 : L arid 3 : 1 benzene-petroleum ether 
yit.l(lctl. :ific.r two crystallizations from etlirr---petroleui~i. 
rt17c1-, 2s iiig. 01 :~,~-acc~tos~-~"l"-pregllatl ic.r i-L'~~-~iie (ni . l> 

XVIII from XIII. 
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175-177'), which was identified by a mixture melthg point 
with an authentic sample; A,, 239 mp, E 9,100 (meth- 
anol). An intractable gum was eluted with 9 : l  benzene- 
petroleum ether. Benzene and benzene containing in- 
creasing concentrations of methanol UD t o  1% removed 
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Kendall and Dr, H ,  L. Mason for numerous helpful 
suggestions during the course of this investigation 
and to Mrs. Grace Dews for determining and Dr. 

materill which, after three crystallizations from ether- 
petroleum ether, weighed 137 mg. and melted at 159-160". 
I t  was identified by  mixture melting point and its infrared 
spectrum (nujol) as 3@-acetoxy-16a-methoxy-A6-pregnen- 
20-one,5 [ a ] ~  -29 =t 2", a t  239 m p  e = 25 (methanol). 

H. L. Mason for interpreting the infrared spectra. 
The chromatographic separations were performed 
by Barbara Towey. 
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The Mechanism of the Hydrolysis of Salicyl Phosphate. I1 
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The hydrolysis of salicyl phosphate shows an unusual PH dependency, the compound being most uiistable a t  pH 5.3.  
These studies and comparison with related cases lead to the conclu- 

The pH dependency is dis- 
The energy and 

The kinetics of this hydrolysis have been investigated. 
sion that it is the ionized carboxyl group which brings about the rapid scission of the 0-P bond. 
cussed and a mechanism for the reaction is suggested involving the formation of a cyclic transition state. 
entropy of activation have been evaluated. 

The rate of hydrolysis of salicyl phosphate (A) 
to salicylic and phosphoric acids varies with PH 
in an unexpected manner2; hydrolysis is most 
rapid a t  PH 5.3, while the compound is very stable 
in the extreme acid region and completely stable 
in strong alkali. A similar behavior between pH 
2 and 8 has been described by Desjobert3 for ethyl 
phosphate and glycol phosphate. However, the 
maximum rate of hydrolysis of these phosphates 
around PH 3-3 a t  looo, is about lo5  times slower 
than that of salicyl phosphate extrapolated to the 
same temperature. Salicyl phosphate has a half- 
life period of 2.1 hours a t  pH 5.3  and 87'. The 
observed ease of hydrolysis is in contrast to that  of 
phenyl nz- and p-carboxyphenyl 
phosphate2 and salicylaldehyde phosphatesb which 
remain virtually unchanged under the extremely 
mild conditions t.hat effect complete hydrolysis of 
salicyl phosphate. Moreover, the maximum of the 
pH vs.  hydrolysis rate curve is in contrast to the 
usual hydrogen ion and hydroxyl ion catalysis, 
operative in the hydrolysis of carboxyl acid esters, 
and to the very acid conditions usually necessary 
to effect the rapid hydrolysis of phosphoric acid 
 ester^.^,^^ 

We have observed the same type of pH depend- 
ency in the hydrolysis of 3-carboxynaphthyl-2- 
ph0sphate.j The aim of this investigation was to 
explain the p H  dependency, and suggest a mech- 
anism for this hydrolysis. 

pH Dependency.-We have determined, by an- 
alysis for liberated phosphoric acid, the rate of 
hydrolysis of salicyl phosphate a t  three tempera- 
tures (37.2', 42.0°, 47.4') over the @H range 

(1) This work was supported in par t  by a grant  from the National 
Science Foundation. This material was presented a t  the Annual Meet- 
ing of t he  American Association for the  Advancement of Science. Sec- 
tion C (Chemistry) on December 20, 1961, a t  Philadelphia, Penna. 

(2) (a) C. hlanaka,  J. Eiorhe?n , 14, 191 (1931): (b) 14, 481 (1932),  
fc) J. Arai, i b i d . ,  20, 465 (1934). 

(3) A. Desjohert, Ccrrnpl r t w l . ,  224, 575 (1945); Hull .  soi. c h i ? n . ,  809 
( 1  947). 

(4) (a) Unpublished observations. (b) c f .  R. H. Plimmer and W. 
Burch, . I .  C h i n .  SOL.,  290 (1929); R. H. Plimmer, Biochern. J . ,  7 ,  72 
(1913). 

1.5) To be reported in  a subsequent communication. 

2-10. The same pH dependency was observed at  
all temperatures and in each instance first order 
kinetics obtained throughout the course of this 
reaction (Fig. 1). 

-t l[SP]jdt = d[Pl/dt  (11 
-d[SP]/di = k o b r d [ S P ]  (2 1 

where SP stands for salicyl phosphate, P for phos- 
phoric acid and k for the observed rate constant. 

\E 
1 1 1 1 1 1 1 1  

2 4 0 8 
Time (hours). 

Fig. 1.-Hydrolysis of 0.00130 molar salicyl phosphate a t  
37" a t  various pH values: I, pH 2.32;  11, pH 2.99; 111, 
PH 3.76; IT, PH 5 0 7  (experiment at  pH 4.92 gave suh- 
stantially the same figure as ( IT) ) ;  \-, pH 6.93 (experiment 
at  PH 7.07 gave substantially the same figure :LS I ) .  

In the elucidation of the pH dependency the 
following considerations are necessary. Salicyl 
phosphate a t  PH values 2-10 exists predominantly 
in one or more of these ionic species 

SPO SP' SP" SP"' 
OPo:I= 

"'COO- 
Fb/OPOaH - 

R(OPO:jH2 x<OPO:jIV 

'COOH COOH \COO - 
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