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EXPERIMENTAL 

6-p-Hydroxyestrone. 6-Ketoest,rone was catalytically hy- 
drogenated in 1 M  acetic acid in methanol in the presence of 
Adam's catalyst. Hydrogen uptake waa stopped after 1 mole 
had been consumed per mole of steroid. The hydrogenation 
product was distributed between 70% ethanol in water 
and 5% ethyl acetate in benzene. After 99 transfers, the 
material with a partition coefficient of 0.74 WBB crystallized 
from methanol water and proved to be 6-fl-hydroxyestrone. 
The analytical sample had a m.p. of 265-270'; At:= 282 
mp ( 6  = 2140); A,",. 2.94 (m.),' 5.87 (8.) p. 

Anal. Calcd. for C~H2203: C, 75.49; HI 7.74. Found: 
C, 75.22; H ,  7.77. 

The diacetate had a m.p. of 171-172"; At:x 270 mp ( e  = 
730) and 276 mp ( E  = 680); A::: 5.76 (s.), 5.87 (EL), 8.14 
(s.), 8.28 (9.) p. 

Anal. Calcd. for C Z Z H Z ~ O ~ :  C, 70.94; H, 7.58. Found: 
C, 71.05; H, 7.39. 

Estradiol-S-benzoafe,l Y-cath ylate. Estradiol-3-benzoate 
(prepared from estradiol by the method of Butenandt*) was 
cathylated by the method of Fieser and Fieser.O The reaction 
mixture was allowed to stand a t  room temperature for a 
period of time depending upon the conditions of the experi- 
ment as outlined below. The analytical sample of estradiol- 
3-benzoate,l7-cathylate had a m.p. of 111-112' (corrected). 

Anal.  Calcd. for C28H3205: C, 74.97; H, 7.19. Found: 
C, 74.96; H ,  7.19. 

The ultraviolet spectrum was identical to that of estradiol- 
3-benzoate, while the infrared spectrum was different in the 
region above 7 p. 

Treatment of estradiol-3-benzoate in the above manner 
for 24 hr. resulted in 90% conversion to the 17-cathylate 
derivate, and decreasing the reaction time to 8 hr. gave the 
same yield. A reaction time of 10 min., however, resulted in 
40a/o recovery of starting material, and a 56% yield of t,he 
17-cathylate in 33.5% conversion. 

Attempted preparation of 6-a-hydrozyestradzol-S,6-di( I &  
,:iethyl)acetate. Trimethylacetyl chloride (prepared from 
the acid by the method of Meyerlo) (1 ml.) was added to 
6-0-hydroxyestradiol (100 mg.) dissolved in dry pyridine 
(1 ml.). The reaction was allowed to proceed under the 
conditions outlined below. In each case, the mixture waa 
neutralized with aqueous sodium bicarbonate and extracted 
with carbon tetrachloride. Since we were unable to crystal- 
lize these derivatives, infrared spectra (in carbon tetra- 
chloride solution) were used to estimate the extent of the 
reaction [5.65, s. for C=O stretch (phenolic ester), 5.80, 
s. for C=O stretch (6  and 17 ester), 8.64, s. for C-0 stretch 
(6 and 17 ester), and 8.95 p, s. for C-0 stretch (for phenolic 
ester)]. When 6-a-hydroxyestradiol and estradiol-17p were 
allowed to react overnight a t  room temperature, they were 
esterified in position 3 only. When estradiol-17p was used 
as a model compound and allowed to react for 8 hr. a t  37O, 
the major product of the rcaction exhibited no hydroxyl 
bands in the infrared. 

17-Ethylenedioxy-6-~-hydroxyestrone. 6-&Hydroxyestrone- 
3,6-ditlcetate (225 mg.) wm dissolved in 45 ml. benzene. 
Ethylenc glycol (0.25 ml.) was added and the mixture re- 
fluxed with continuous separation of water. After 3 hr., 15 
mg. of p-toluenesulfonic acid was added, and the reaction 
allowed to proceed a t  rcflux temperaturc for a period of 20 
hr. After that time the solution was cooled and washed with 
aqueous sodium carbonate, then with water. Extraction 
with ether and cvaporation of the solvent produced 268 mg. 
of dry material. This was dissolved in 35 ml. of 5% potas- 
sium hydroxide in methanol and left overnight at  room 
temperature. The alkaline solution was poured into ice 

(7)  s. = strong, m. = medium. 
(8) A.  Butenandt, 2. physiol. Chem., 248, 129 (1937). 
(9)  L. Fieser and M. Fieser, J .  A m .  Chem. SOC., 74, 3309 

(10) H. Meyer, dfonatsh. Chem., 27, 31 (1906). 
(1952). 

water and neutralized carefully with acetic acid to pH 7. 
The turbid solution was extracted with ether, and the sol- 
vent was evaporated. 

The residue, dissolved in 10 ml. of benzene, was adsorbed 
on 10 g. of neutral alumina. .4fter passing 200 ml. of ben- 
eene:ether 4:1, the ketal was eluted with pure ether (500 
ml.). The ketal crystallized from methanol water (152 mg.) 
in 45.7% yield. The analytical sample melted a t  224-226" 
(uncorrected) with decomposition. 

And. Calcd. for C20H26O1: C, 72.69; HI 7.93. Found: 
C, 72.39; H ,  8.08. 

The infrared s ectrum showed no 17 ketone C=O 
stretching band, A',$ 282 ( c = 2250). 

17-Ethylenedioxy-6-ketoestrone. 17-Ethylene-&@-hydroxy- 
estrone (125 mg.) was oxidized by the Oppenauer method 
according to Wettstein and Meystre.11 The ultraviolet 
spectrum of the crude material (120 mg.) showed a broad 
peak between 308 and 314 mp and another peak a t  260- 
266 mp. The infrared spectrum showed a 6-keto peak 
(6.0 P ) .  

The crude material when distributed between 700/, 
ethanol in water and cyclohexane for 99 transfers was 
separated into three fractions. Fraction 1 (90 mg.) wm 
redistributed in the same system for 400 transfers, where- 
upon four subfractions were obtained, of which the third 
(K = 0.11) was the desired product (47.5 mg.). The analyti- 
cal sample of 17-ethylenedioxy-6-ketoestrone melted a t  
231-233.5' (corrected). 

Anal.  Calcd. for CzoHlr04: C, 73.14; H, 7.36. Found: 
C, 73.37; H, 7.44; 326 ( E  = 3200) and 256 mp ( e  = 
8730); A::: 3.12 (m.) and 6.03 p (s.). 

6-a-Hydrozyestrone-S,B-diacetate. A solution of crude 17- 
ethylenedioxy-6-ketostrone (30 mg.) in methyl alcohol (30 
rnl.) was added dropwise to  a solution of sodium boro- 
hydride (23 mg.) in methyl alcohol (15 ml.). After the mix- 
ture had stood a t  room temperature for 2 hr., 90% acetic 
acid in water was added to  decompose excess borohydride. 
The solution was then made about 1 N  with respect to 
hydrochloric acid and allowed to stand a t  room tempera- 
ture for 30 min. The solvents were then evaporated and the 
material acetylated. Crystallization from methanol water 
yielded 3.3 mg. of a compound melting a t  130-136"; A:':, 
276 ( e  = 610) and 270 mp ( c = 680). The infrared spectrum 
waa similar to that of 6-@-hydroxyestrone-3,6-diacetate and 
differed only in the region hetween 9 and 10 p. 
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It has been shown previously,Ir2 that cleavage 
of a steroidal dihydroxyacetone side chain un- 
protected a t  C-21 (type I) or a 17,2O-glycol (type 
11) could be effected with manganese dioxide to 
give a 17-ketone. 

Several types of manganese dioxide have been 
used for the oxidation of organic compounds3 
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CH I ,OH yH3 
CO C-OH 

I 

I rI 

among which the most reliable and highly active 
forms were the ones introduced by Mancera 
et aL4 and that of Attenburrow’s “activc” manga- 
nese d i o ~ i d e . ~  I n  steroid compounds the most 
frequently used preparation was that of Rlancera 
et aL4 and consequently was the first one used 
in our investigations. In  all the oxidation studies, 
the steroid was dissolved in chloroform and five 
times its weight of manganese dioxide was added 
and the mixture was refluxed for twenty-five hours. 
The properties of the isolated reaction products 
resulting from the oxidation of various steroids 
are depicted in Table I. The total oxidation 
product from each experiment exhibited a low in- 
tensity muximum a t  240 mp and a very high in- 
tensity maximum a t  282 mp indicating that it was 
a mixture of A4-3-one and A4t6-dien-3-one of which 
the latter predominates. This result was not un- 
expected, particularly in view of the work carried 
out by Sondheimer et al.’ I n  each case the pre- 
dominently present A4t6-dien-3-one was separated 
from the small amount of A4-3-one by chroma- 
tography on alumina. Thus from hydrocortisone 
(111), A4~6-aiidrostadiene-ll/3-ol-3,17-dione (IV) was 

IV. I1 = a-H,  6-OH 
VII. I1 = 0 
S. R = 11. 

V. R = a-H, @-OH 
VIII. R = 0 

XI. 11 = IIr 

obtained and this proved that 11/3-hydroxyl 
group survived the oxidation. Compound IV was 

previously accessible only through biological hy- 
droxylation and its preparation was reported in n 
patcnt.6 Similarly, hitherto unknown A4%mdrostn- 
diene-3,11,17-trione (VII) was obtained from 
cortisone (VI), and A4~6-androstadiene-3,17-dionc 
(X) was obtained from Reichstcin’s Compound S 
(IX). To study the cleavage of an cy-glycol side 
chain, 17a-hydroxyprogcsterone was reduced with 
lithium aluminum hydride to  A4-pregnenc-3(‘,- 
17a,20,-triol (XII) and was then subjectcd to  oxi- 
dation with manganese dioxide. As expected, 
A4~6-androstadicnc-3, 17-dione (X) was obtnincd ; 
however, the yield of thc 17-ketone from thc 
cleavage of this 17,20-glycol was dcfinitcly lowcr 
than that resulting from thc cleavage of a dihy- 
droxyacetone side chain. 

r 0 & 

0‘ --i-c\ 
m 

The action of Attenburrow’s “active” mnnguiicsc 
dioxide was then studied under similar conditiolis 
and the results are shown in Table 11. In each caw 
a higher yield of the 17-ketosteroid resulted thaii 
in the earlier oxidation studies with one mnrkcd 
difference. T h e  total oxidalion product in e e m y  case 
exhibited an exclusive maximum at 2 4  ml.c with no 
absorption at the 680 mp region. The osithtloli 

products could easily be separated from tlw niorc 
polar starting materials by chromatography 011 

alumina. Thus, oxidation of I11 produced A4- 
androsten-1 1/3-01-3,17-dione (V) in a sinjdc stcp 
in 52Q/, yield. Similarly, compounds VI, IX, arid 
XI1 upon oxidation with “active” mangmcse 
dioxide gave A4-androstcne-3,11,17-trione (VIII), 
and A4-androstene-3, 17-dione (XI), respectively. 
As with the use of Mancera’s mangancse dioxide 
the oxidation with "active" manganese dioxide 
resulted in lowcr yields of the 17-ketone from the 
17,20-glycol than from the dihydroxyacetone. 

Furthermorc, it has been proposed3 that i n  the 
oxidation of a A5-3p-ol (XIII) with manganese 
dioxide which gives the A4t6-dien-3-onc (XV), 
the primary attack is on the 30-hydroxyl group 
to  give @,?-unsaturated ketonc of the typc (XIV) 

( 5 )  J. Attcnlurrow, A. 17. 13. Ctlmcron, J. H. Ch:q~ritan, 
11. 31. Evans, 13. A. Hems, A. B. A. Jeneen, and T. \\’alkcr, 
J .  Cheni. soc., 1004 (1952). 

(ti)  J .  W. ILdls :md RI. Grove, U. 9. Patcnt 2,715,640; 
C h i .  .1Sslr., 50, 78‘31~ (1‘356). 
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followed by a rapid oxidation to the dienone 
(XV). It would follow from the above hypothesis 
that when the oxidation was carried out in the 
presence of alkali in a suitable solvent, the moment 
the &y-unsaturated ketone XIV was formed it 
would isomerize to the thermodynamically more 
stable A4-3-ketone (XVI). A good-solvent ill which 
to study this reaction appeared to be t-butyl alcohol 
since it has been shown' that manganese dioxide 
does not attack tertiary alcohols. Cholesterol was 
then oxidized in t-butyl alcohol solution in the 
presence of 0.05N potassium hydroxide by re- 
fluxing with "active" manganese dioxide.* The total 
reaction product exhibited only one absorption 
maximum a t  240 mp indicating t,he exclusive for- 
mation of an  cqp-unsaturated ketone. However, 
the conversion was rather low and amounted to 
approximately 6y0 based on the ult'raviolet data. 
From this reaction mixture A4-cholesten-3-one was 
isolated as the 2,4-dinitrophenylhydrazone and 
was found to  be identical to an authentic sample. 
Oxidation of cholesterol with hlancera's man- 
ganese dioxide in t-butyl alcohol wit'hout alkali 
gave, as expected, A4'6-cholestadien-3-one in about 
22% yield.a 

EXPERIMENTAL' 

Melting points. All melting points were determined on 
samples dried under high vacuum at GO" for 24 hr. and were 
uncorrected. 

Absorption speclra. The ultraviolet absorption spectra were 
determined in methanol with a Cary Recording Spectro- 
photometer (l lodel 11 M S ) .  The infrared alisorption spec- 
tra w r e  determined in potassium tiromide disk on a Perltin- 
Elmer (l lodel 21) Spectrophotometer. 

Optical relations. All rotxtions were measured in chloro- 
form solution. 

Alitmina. l l c r c k  Reagent grade aluminum oxide, Ialiclled 
as "suitable for chromatographic absorption" was treated 
with ethyl acetate for 24 hr. a t  room temperature, filtered, 
and then activated to give an activity 11. 

Petrolerim ether. Mallirickrodt Analytical Reagent grade, 

.Ilanganese dioxide. Prepared as described by Manrera 
et al.1 

"A4ctii,e" manganese dioxide.  Prepared as described by 
Attenburrow et al.2 

Coiripari,wn with artthentic samples. The oxidation products 
descrilied in the text were identified by determining their 
mixture melting points and a comparison of their infrared 
spectra. with that of authentic samples. Bn:ilyses are given 
only in thosc rases in which authentic samples were not 
available, and for new compounds. 
d tTypical procediire jollowed f o r  all oxida/ions shown in 

Table I .  To a stirred soliition of 1.2 g. of hydrocortisone in 
120 ml. of chloroform, G g. of manganese dioxide was added 
and  tlie contents boiled under reflux for 25 h r .  The chloro- 
form solution was then filtered from mnnganrsc dioxide to 
give 0.6 g. of residue which had absorption peaks at 240 nip 
and 282 nip. Thc residue \vas chromatographed on 25 g. 

b.p. 30-60". 

( i )  11. Z. Barakat, AI. F .  iibel-Wahab, ancl 11. hI. El- 
Sadr, J .  Chem.  Soc., 4685 (1956). 

(8) Prcacrit paper. Annlysis is given in experinirntal sec- 
tion, 

i o )  Annlyses were performed by Micro-Tech I.sbornt,ories, 
Sl<i)iibI Ill. 

of alumina. The fractions eluted with benzene-ether (1:  1) 
and ether gave a total of 0.28 g. of A4s6-androstadiene-l1p- 
ol-3,17-dione ( IV)  (280/0), which was crystallized twice 
from acetone-petroleum ether to give the analytical sample 
m.p. 239-241°, [CY]? + 2 4 7 O ,  283 mp ( e  = 25,866) 
Y:: 3440, 1738, 1643, 1615, and 1585 em.-' Lit.@ m.p. 
243-245", [ (Y]D +214O, A,,, 282 mp ( E  = 25,800). 

Anal.  Calcd. for C,oH?,03: C, 75.97; H, 8.05. Found: 
C, 76.03; H, 8.12. 

Similarly, cortisone (VI)  gave A4~6-androstadiene-3,11,17- 
trione ( V I I ) ,  m.p. 242-244", [ c x ] ~  +400, 281 mp 
( e  = 20,390), YE:: 1745, 1710, 1662, 1620, and 1579 cm.-l 

Anal.  Calcd. for CIqHnOOQ: C. 76.48: H. 7 43. Found: C. , ,  .. _ _  __ , 
76.04; H, 7.66. 

A typical procedure followed for all oxidations shown in 
Table I I .  To a stirred solution of 2.4 g. of hydrocortisone in 
250 ml. of chloroform, 12 g. of "active" manganese dioxide2 
was added and boiled under reflux for 25 hr. The chloroform 
solution was then filtered from manganese dioxide to give 
1.92 g. of residue which exhibited only a singlc ahsorption 
maximum a t  240 mp, The reaction produd 113s then 
chromatographed on 60 g. of alumina. Tht, fractions rlutrd 
with ether-chloroform ( 8 : 2 ) ,  ether-chloroform i 1 : 1) nnd 
chloroform gave a total of 1.04 g. ( 5 2 ' 5 )  of A%ntlrostrnc- 
llp-ol-3,17-dione m.p. 107-199", [CY]*: +228", AZ:OH 241 
mp ( e  = 16,918), 

Oxidatzon of cholesterol with "nctitie" manganese dioride 
and 0.05N potassium hydroxide in 1-butyl alcohol. To a 
stirred solution of 15 ml. of 0.05N potassium hydroxide i n  
t-butyl alcohol, 0.519 g. of cholesterol and 2.5 g. of "active" 
manganese dioxide v w e  added and the contents boiled 
under reflux for 11 hr. The reaction mixture \vas diluted 
with 100 ml. of ethyl acetate and filtered from the niangancse 
dioxide. The ethyl acetate extract nas  ~vaslicd with water 
until neutral, and then the solvent was evaporated to  give 
0.442 g. of crystalline residue, The total product ex1iiI)itcd 
a single absorption maximum a t  240 nip, log E ,  3.07, indicat- 
ing about a 6.7% conversion to the ~~,p-uns :~ t~r : i t r ( l  kctonr:. 
A4-Cholesten-3-one was separated from the reaction product 
as the 2,4-dinitrophenylhydrazone m.p. 231-233", which 
was found to be identical with an authentic sample.lO~ll 
Oxidation of cholesterol with manganese dioxide in t - h ~ 1 ? / 1  

alcohol. To a stirred solution of 500 mg. of cholesterol in (io 
ml. of t-hutyl alcohol, 2.5 g. of mangnnew dioxide was 
added and the contents were refluxed for 12 hr. The solution 
was then filtered from mnng:inrse dinxitic' :tnd thc solvent 
was evaporated to give 250 mg. of rcsidrie. Thc. totnl p rodwt  
exhibited a single allsorption maxirn~un :it 285 n ~ p ,  log e. 
3.81, indicating aliorit a 22y0 ronversiori to A'J-rholt 
diene-3-one. From the oxidation prndurt i''%-holt 
dirne-3-one n1.p. 80-81 
8 g. of alumina, and its identity has I ) c ~ r i  cst:il)lirhrd. 

3500, 1743, 1654, and 1620 c m - l  

tvv:is isolated 1)y c~1iroiii:itogra~~liy on 
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