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The catalytic hydrogenation of cortisol gave complicated mixtures, which were difficult to rcsolve, instead of the expected 
equatorial all0 isomer. Hydrogenation in gla(k1 acctic acid with platinum oxide gave 39% of ?,a, llp,17~~,20p,21-penta- 
hydroxypregnane, 27% of 3p,llp,17u,20p,21-pent~hydroxypre~nane, and only 0.5% of 3p,llp, 17a,20~,21-pc1~tahydroxy- 
allo pregnane. Hydrogenation of  cortisol in glacial acetic acid with rhodium (5%) on alumina gave 1S.5‘jb of 3p,llp,17a,21- 
tetrahydroxyalloprcgnan-20-one, 32 70 of 3p,11p,17al 2 l-tetrahydroxypregnan-209ne, 26.5 ’% of 3a, 11p,17a,2 l-tetrahydroxy- 
allopregnan-20-one, 18th of 3a,ilp, 17a,21-tetrahydroxypregnan-20-0nc and 1 ”/b of 3~,1l~-dihydroxyetiocholan-17-one. 
Evidence is presented for the hydrogen bonding of carbonyls at C-20 with water of crystallization. 

For the past few years we have been invcstigat- 
ing the biosynthetic origin of carbon atoms of the 
corticosteroid nucleus. Cortisol-C14 was biosynthe- 
sized from acetate-1-CI4 and methods had to be 
devised for the degr:dation and isolat>ion of individ- 
ual carbons of t,he steroid nucleus. One of the ap- 
proaches explored for the opening of ring D was to 
hydrogenate cortisol to  an alcohol saturated in 
ring A, and to cleave the side chain and open ring 
1) of the derived 17-ketosteroid. It has been re- 
ported that steroidal 4-en-3-ones having an 1 10- 
hydroxy, nil 11-ketone or unsaturation at  C9(l1) 
or C“ on hydrogenation yield almost exclusively 
allo-i~omers.~ When the reduction proceeds to  the 
alcohol stage, an equatorial hydroxyl (30) group is 
formed. It was hoped that on hydrogenation of 
cortisol satisfactory yields of a single isomer of the 
a110 series would be obtained. With this in mirid 
studies were undertaken on the catalytic hydro- 
genation of cortisol in glacial acetic acid with two 
catalysts: platinum oxide and rhodium (5%) on 
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alumina. Contrary to expectation, in both cases, 
complex mixtures, difficult to resolve, were ob- 
tained. Certain of our results differ profoundly from 
those previously reported.3 

A solution of cortisol (I) in glacial acetic acid 
was shaken for 16 hours in : ~ i i  atmosphere of 
hydrogen with platiiium oxide.4 The reaction 
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mixture was processed as described in the ex- 
perimental part arid 3a,l lp, 17a,20P,21-penta- 
hydroxypregnane (IIa, 39%), 3p,llp,I 7a,20p,21- 
pciitahydroxypregnanc (IIIa, 277,), 3p,1 1p,17a,- 
20~,21-peiitahydroxyallopreg1~~~1ie (IVa, 9.7%) were 
isolated. 

The major product (IIa) was obtained in two 
forms as the anhydrous pentol CB1Hs60S m.p. 
261-263' (19yG), and the monohydrate C21H36- 
O~.TlzO m.p. 166-170° (20%). On recrystallization 
from methanol the monohydrate was converted to 
the :inhydrous pentol. Acetylation of I Ia  gave a 
sirupy triacetate I Ib  which was oxidized5 to XIIb 
and then saponified6 to the free alcohol XIIa. 
The rotational increment on acetylation XIIb -P 

XIIa A[M],  + 409" is coiisistent with a 20p 
hydroxyl.7 Finally, cleavage of the side chainE 
of I Ia  gave the known 3a, llp-dihydroxyetiocholan- 
17-one and completes the proof of the assigned 
structure. 

RO 

CHZOR 

a. R = H  
b. R = CHsCO 

The second product was the previously unde- 
scribed pentol IIIa. The substance (m.p. 242- 
244') analyzed for C&36O5 and its infrared spec- 
trum had bands a t  3600, 3450, and 1022 (axial 
hydroxyl) cm. -l. Acetylation gave a triacetate 
IIIb (C21N4208, m.p. 153-155') which had a com- 
plex group of bands in the C-O-C stretching re- 
gion, 1285, 1270, 1239, 1205 cm.-', characteristic of 
axial acetoxy  compound^.^-^^ The rotational in- 
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York, N. Y., 1949, p. 412. W. Klyne in Determination of 
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F. C. Nachod, editors, Academic Prcss Inc., New York, 
N. Y., 1955, p. 114. 

(8) W. Rigby, J. Chem. Soc., 1007 (1050), J. I. Appleby, 
G. Gibson, J. K. Norymberski and R.  1). Stubbs, Biochem. 
J., 60, 453 (1955). 
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1152 (1956). H. Rosenkrantz and P. Skogstrom, J .  Am. 
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crement on acetylation IIIb + I I Ia  A[-llIn + 
285, is consistent with a 200 hydroxy function. 
Oxidation of IIIa with sodium bisniuthute gave 
VIIIa (m.p. 259-261 '), the infrared spectrum of 
which differed from those of the known 3a,llp- 
dihydroxyetiocholan-17-oi1e, 3a,ll@-dihydroxy- 
androstan-1 ?'-one and 3p,11p-dihydroxyandrostan- 
17-one. Oxidation of VIIIa with chromium tri- 
oxide pyridine complex6 gave IX identical in every 
respect with a sample of etiocholane-3,11,17- 
trione prepared from 3a, 11p,17aJ21-tetrahydroxy- 
pregnan-20-one. 

The pentol IVa was obtained as the monohydrate 
(9.7%) C31HSOt. HpO and showed a double melting 
point a t  159-1 63" with resolidification arid remelting 
a t  215-216'. The structure of the substance was 
proven by the identity of the infmred spectra of 
the free alcohol IVa and of the triacetate IVb (m.p. 
204-208') with those of authentic samples.12 

The preponderance of cis isomers formed on hy- 
drogenation of cortisol with platinum oxide in 
acetic acid was surprising and to our knowledge has 
not been previously reported. It has been assumed 
that 1 10-hydroxy functions prevent the adsorp 
tion of the p side of the steroids on the surface of the 
catalyst".'. and consequently the hydrogen atoms 
must enter from the a side and form the allo- 
isomers. The results reported in this paper seem to 
indicate that other factors, besides the steric 
hindrance of the 1 ID-hydroxyl, may be influencing 
the course of the reaction. This assumption finds 
support in the reported observations that modifi- 
cation of conditions of hydrogenation profoundly 
influences the stereochemistry of the resulting 
prod~cts.'~-'6 The isolation of relatively large 
amounts of 3P,11p,17a,200,21-pentahydroxy- 
pregnane is of interest. Although the formation 
of the thermodynamically less stable axial com- 
pounds could be expected according to Barton's 
modified Auwers-Skits rule," the substance seems 
not to have been previously described. 

A solution of cortisol (I) in glacial acetic acid was 
shaken for 3 hr. in an atmosphere of hydrogen with 
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Donia, R. A. Johnson, R. 1'. Holyss, R. L. Pederson, A. 0. 
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Chim. Acta, 29, 635 (1946). A. Stoll, Th. Petrzilka, J.. Rut- 
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(17) D. H. R. Barton, J .  Chem. Soc., 1027 (1953). 
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rhodium (5%) on alumina until the gas uptake 
became very slow. The reaction mixture was proc- 
essed as described in the epxerimental part and 3@,- 
1 l~,l7a,21-tetrahydroxyallopregi1aii-20-oiie (VIa, 
13.57,), 3p, 1 lp, 17a,21-tetrahydroxypregnnn-20- 
one (VIIa, 32%), 3a, l lp ,  17a, 21-tetrahydroxynl- 
lopregxian-20-one (Va, 26.5%), 3a,ll/3,17a,21- 
tetrahydroxypregnan-20-one (Xa, 18%) and 3/3,110- 
dihydroxyetiocholan-17-one (VI I Ia , l~o )  were iso- 
lated. 

The equatorial alcohol VIa (13.50j0) was ob- 
tainea in two form as the tetrahydro derivative 
CalIMI6, m.p. 221-224", arid as the hemihydrate 
C21HY406. 1/2 HaO, m.p. 211-214". The infrared 
spectra of the two forms differed in the carbonyl 
region and in the 1450-1200 cm.-l region. However, 
both products movcd identically when chroma- 
t$ographed on paper. Their solutions in sulfuric 
acid gave identical spectra,Ig on acetylation iden- 
tical esters were obtained and finally on cleaving the 
side chain both gave XI11 establishing thus the 
assigned structures. The infrared spectrum of the 
anhydrous sample had a single carbonyl hand a t  
1705 cm.-' and the hemihydrate had two distinct 
hands a t  1710 and 1690 cm.-l. The intensity of the 
1690 cm.-' band varied from SO-lOO~O of the 1710 
cni.-I band. The presence of the 1690 cm.-l band 
in the hydrated sample indicates a partial hydro- 
gen bonding of the ketone at  C-20 with the water of 
hydration. 

The apparently riot yet described VIIS was iso- 
lated as the hemihydrate C ~ ~ € ~ M 0 5 ~ 1 / 2 € ~ a 0 ,  m.p. 
1 %-138O, in 32y0 yield. The structure assignment 
of the substance is based on elementary aimlysis, 
purple coloration with blue tetrazolium,20 infrared 
spectrum and on oxidative cleavage of the side 
chain to  VIIIa. 

In  addition to the two described products the 
linown 3 a, 1 1/3,17 a, 2 1 - te trahydroxyallopregnan-20- 
one (Va), m.p. 244-245", (26.5% yield) and 3a,- 
1 lp, 17a,21-tetrahydroxypregnan-20-onc (Xa), m.p 
207-209", (BY0 yield) were isolated and idcnti- 
fied by comparison of their infrared spectra with 
those of authentic samples. In all hydrogenation 
experiments with rhodium (57c) on alumina 
small amounts 1-1.5% of 3p,1 lp-dihydroxy- 
etiocholan-l7-one (VIIIa) were formed. 

Hydrogenation of cortisol in acetic acid solution 
with rhodium (5%) on alumina catalyst led to the 
reduction of the conjugated carboiiyl function in 
ring A and the formation of the "tetrahydro" 
derivatives. The dihydroxy acetone moiety re- 

(18) A. Zaffaroni and It. B. Burton, J. Biol. Chem., 193, 
749 (1951); A. Zaffaroni in G. l'incus Recent Progress 
Hormone Research, Academic Press, lnc., New York, N. Y.,  
1953, Vol. 8, p. 51. 

(I!)) A. Zaffaroni, .J. Am. Chem. SOC., 72, 3828 (1950). 
K. Caspi :tnd M. M. I'crhet, t J .  Riol. Chem., 230, 843 
(1058). 

(20) C. Chcn and Ii, E. Tewcll, Pederatiolt Proc., 10, 377 
(1951). 

niained essentially unchanged. In  some experiments 
up to 9% of various 20p-hydroxy pentols were ob- 
tained. It seems possible that the formation of the 
small amounts of 17-ketosteroid was an artifact 
xiid the cleavage of the dihydroxyacetone moiety 
occurred on the alumina which supported the rho- 
dium catalyst. Transformations of steroids on 
alumina were previously observed. 

EXPEIXIMENTAL~~ 

Hydrogenation of cortisol with platinum oxide catalyst. A 
mixture of 4 g. of cortisol, 1%) ml. of glacial acctic acid 
(Mallinkrodt Analytical Reagent, 1)ichromatc Test) and 560 
mg. of platinum oxide4 was shaken 16 hr. in an atmosphere 
of hydrogen. The catalyst was filtered, washed with acetone, 
and the solvents removed in vacuo. The residue was dis- 
solved in ethyl acetate, washed with 2iV sodium carbonate, 
water, then dried over sodium sulfate, and the solvcnt dis- 
tilled leaving 4.4 g. of a glass. A portion of the glass (1.1 g.), 
equivalent to 1 g. of cortisol, was dissolved in ethyl acetate 
and on concentration of the solution a white semi-solid 
residue separated out. Thc residue was digested threc times 
with small amounts of hot ethyl acetate leaving 424 mg. of 
a mixture of solids (Z'raction A ) ,  m.p. 147-159" which was 
subsequent,ly fractionally crystallized. Concentration of the 
combined mother liquors gave 206 mg. (in four crops) of a 
homogeneous product, m.p. 212-222" (Praction U ) .  Finally, 
the remaining mother liquor was evaporated to dryness and 
carefully chromatographed on silica gel (Chromatography 1 ). 
The column ( G O  X 3 cm.) was eluted with benzene, mixtures 
of benzene-ethyl acetate, ethyl acet.ate, mixtures of ethyl 
acetate-methanol and methanol. Eluates of 50 ml. were 
collected. 

Hydrogenation of cortisol with rhodium (570) on alumina 
catalyst. To a pre-reduced mixture of 100 ml. of glacial acetic 
acid (Mallinkrodt Anslytical Reagent, Dichromate Test) 
m d  550 mg. of rhodium (575) on alumina catalyst4 2 g. of 
cortisol was added and the suspension was shaken in an 
at,mosphere of hydrogen. The reaction was stopped after 3 
hr. after 2.1 mols. of hydrogen had been absorbed and the 
gas uptake had .almost ceased. The reaction mixture was 
processed as described above and on concentration of the 
ethyl acetate solut,ion 535 mg. of solids, m.p. 205-233' was 
obtained. The mother liquor was distillcd to dryness and the 
residue was chromatographed on silica gel (Chromatography 
2). The column (50 X 2 em.) was eluted with benzene, mix- 
tures of ethyl aretate-benzene, ethyl acetate, mixturcs of 
methanol-ethyl acetate and methanol. Eluates of 50 ml. were 
collected. 
3a,l1@,l7a,208,2l-Pentahydroxypregnane (IIa). The above 

described Praction A was fractionally crystallized from mix- 
tures of methanol-ethyl acetate and eight crops of crystallinc 
fiolids werc collccted. The first crop was IIa rnonohydratc 
and the second the anhydrous IIa. The subsequently ob- 
tained crops :3-8 were 3~,11~,17a,20~,21-pc1itahy~roxyallo- 
pregnane (IVa). 

(21) The eluutcs from the chromatography columns were 
assayed by infrared spectroscopy on a Pcrkin-Elmer Infra- 
cord Spectrometcr. The yields rcportcd are based on the 
weights of products eluted froin thc chromatography 
columns. Melting points wcre determined on a Fisher- 
Johns hot stage and are rcportcd as read. Analyscs were 
performed by I h .  G. M'eiler and F. 13. Straufis, Micro- 
analytical Laboratory, Oxford, Englmd. TJltraviolet ab- 
sorption spectra wcre determined by means of a Cary TvIodcl 
1 1  hIS spectrophotoinet,or. Optical rotations were detcr- 
mined in methanol in  a I-dm. semimicro tuhe.  Infrared 
spect,rrt mere obtained from material incorporated into 
rectangular potassium broniidc prisms" on a I'crkin-Nlnicr 
12C spectrometer. 
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A. Isolation of IIn monohydrate. u.  Tho first crop ob- 
tttined on fr:tctionaI crystallization of Fraction A gave 200 
mg. of IIa, m.p. 184.-168'. 

r ,  I he sample mas rc?crystallixed twic-c: from methanol-cthyl 
acctatc, m.p. IO6 -170"; +28.8" (c, 0.5618), [hl]J, 
+11l0; ultraviolet A:,"" none: iiifrarod v ! 2  3550. 1039 . 
(equatorial hydroxyl) % - - l .  ' 

C, 65.02; 11, !).il. 
.4nal. Calcd. for C~11-1&,.I-120: C, 05.25; H, 9.91. IJ'oiind: 

I3. Isolation of anhydrous 1I:t. a .  'rhr sccontl c ~ o p  ob- 
tainc.d on fractional c~rystallization of Fraction ik gave 08 
mg. of ILn, xn.1). 2:30-2:35°. 6. From Chronmtography 1. 
F'ractions 128-.138, which wwc (:luted \\-ith a mixture of 
methnnol-ethyl acetate ( L : ! I )  yielded $1.4.2 mg. of IIa. The 
combined residue was crystallized from mcthanol and gave 
IIa,  m.p. 258-257". 

Thc infrived spectra of l)ot,h form? of 11% w w r  essentially 
identical. 

A sample was rccrystal1iz;ctd from methanol, m.p. 261.- 
263". [a]u  f 2 8 "  ( e ,  0.8433); [RI]I, +todo; ultraviolet,: 

MeOIi A,,,,., none; infrared v:::: 3580, 1039 (equatorial hydroxyl) 
cm.-I. 

C, 68.14; €1, 9.63. 
The triacetate IIt) was prepared in t.hc usual niannor but 

.:ol~ld not be crystallized. 
3'P,ll~,l7a,20~,21-Pen~tahydroxypreynrne (IIIa).  A. 'The 

previously described Praction U gave 206 mg. of IIIa, m.p. 
2 12-222". 

B. From Chromatography I .  Fractions 88-144 whirh werc 
eluted with a rnixt.iire of et,hyl acetatc-benzcne ( 1 i : 8 ) ,  gavt: 
68.9 mg. of IIIa, m.p. 210-224". 

A sample was recrystallized from methanol-cthyl acetat,e, 
m.p. 24'2--244". [a];; +27.ti0 (c, O.ti4N); [ M I D  +102"; 
iiItravioIct A ~ ~ ~ ~ "  none; v:::, 3OO0, 3450, I 022 (axial 1iy- 
droxyl) cm-1 .  

Anal. Calcd. for C21EI,~O:,: C, (23.44; H, 0.85. Found: 
C, 69.10; H, 9.78. 

The triacetate IIIb was preparcd in the usual mttnner 
and was recrystallized from othyl a(-ctatc, m.p. 153-155'. 
[sly +78.3" (c, 0.8406); [M]I, $387"; ultraviolet: A:::" 
none; v::;. 3600, 1285, 1270, 1239, 1205 (axial acetate), 
1028 (axial acctoxy) em.-'. 

And.  Calcd. for C2,IlI12O8: C, 65.56; H, 8.56. Fo~ind: 
C, 65.59; H, 8.25. 

4~,11~,17a,BO~,B1-l'entah~~tlroryalloprc~nane (1Va). A. 
Crops 3 - 4  obtained on fractional c~rysttillization of Praction 
11 yielded 72 mg. of IVtt, m.p. 200--208". 

13. Chrometographu 1. Frartions 116-124, which were 
eluted with ethyl acctatc, yielded 25.5 rng. of IV:t, m.p. 
140-134'. Thc infrarc:d sprctra of h t , h  samplcs were 
identic:al with that of  authentic IVa.12 

it sample was rctm-ystallized from niettianol and sho-cvoct a 
double molting point first at. 159-163" ihen resolidified and 
niclted again at, 215--216". [a]?B $0.8 (ck:.5555) [MII) 
$38"; ~ItravioJet: A::::" nori(:; infrared: v, , , ,~~. :%3O, 1043 
(equatorial hydroxyl) om.- 1. 

Anal. Chid for C~lHssO:,~H,O: C, 65.25;  H, !).9l. Foiind: 
( 2 ,  65.18; H, 10.01. 

The tria.c:c.t,atc IVb wm prcipartd in tho iisrial manner; 
m.p. 204-208O; infrarcd: vk,::: 3W0, I 2 i 0 ,  1028 (ciqiiatorittl 
hydroxyl) (;in, -1. The infrarcd spc~lrt im was idt:ntical wit.11 
that of authentic IVb.12 

<?a, 1 1@,1 7aU,2l- ?'el~ahy/dro.~yalloprcyn ali-2O-on,e ( Va). 'r hc 
t,hrcc crystallin(: rrops (535 mg.) obtaintxi following the 
hydrogenatlion of cortisol in the presence of rhodium (5%) 
on alumina werc Va, m.p. 210-233". 

A mmplo was rec:rystallizeti from methanol, m.p. 244- 
245". [a12 +59.7' (c, 0.3356); [M)u +21Y0; ultraviolet: 
x,,,. no seloctive thorptioil in the 200-240 mp region; 
infrared: v:!: 3500, 171 5, 1005 (axittl hydroxyl) rm.-.I. 

Anal. Calctl. for C,lH,,O,: C, 88.8"; 13, !).:35. Found: 

The diacetatc VI) \viis p r c p t r d  in thc: usu:il ~naniier; 

z I d .  Calctl. for C21€L&)a: C, 68.44; H, 9.85; F ~ u I I ~ :  

MoOlI 

C, 68.24; 13, 9.26. 

m.p. 188--190", [a]:: $65.3" (c, 0.5605 in methanol); [M]1) 
+295"; infrared: v::~! 3600, 1750, 1720, 1265, 1028 (axial 
acrtoxy) rm.--I. 

38, f I @ ,  17cu,21 -?'strah?/drox?jallop~c~nan-d0-on e ( VIa). 
Chromatography 2. E'raotions 96-107, which were eluted 
with a mixture of benxene-ethyl acetat,e ( 1  : l), gave 274 mg. 
of VIa. Crystallization of the product from acetone gave a 
fiwt crop m.p. 21 1-215' and :I second crop m.p. 220-%22". 

A. Thc lower melting product, was recrystallizd, n1.p. 
'LleV216"; iiltraviolct : A:::'" no specific absorption in the 
2O()-24Oo nip region: infrarcd: v)mK!: 3540, 3480, 1705, 1690, 
1048 (equatorial hydroxyl) cm, -1 

And. Calcd. for C2111: ,40~~~/2H20:  C, 67.17; II, 9.40. 

Drying of a sample of the hydrate for 16 hr. at 80* at 
0.01 rnm. pressure or 3 hr. at 165-170" at 0.01 mm. pressure 
did not remove thc water. Sut)limiLtion of the hydrat,ct gave 
the anhydrous 1%. 

B. The higher melting, second crop, was recrystallized 
twiw t,o givct a solid m.p. 221 -224"; [a]y f61.8' (c, 0.6509); 
[ a r l n  +216'; iiltraviolct: A:,pp" none in the 220-240 mp 
region; irifraretl: v:!: 3540, 3480, 1710, 1048 cm.--l. 

Anal. Calcd. for CylH340j: C, 68.8"; H, 9.35. Found: C, 
68.46; IT, 9.35. 

Both alcohols, VIa, w e r ~  acetylated in the usual mannor 
to yield tht: same diacctate VIb m.p. 203-206'. Infrared: 
YE.": 3600, 1750, 1718, 3245, 1080 cni.-l 

Paper chromatography of S & f f  p,f 7a,21-tefrahydroxyul~- 
pregnan&O-onc (VIa). The anhytlrons and hemihydratc 
samples were chromatographed on paper in the ohloroform- 
formamide system. Both samples showed identical mobilitics 
and a mixture of the two c~ould not be separated. 
38,f Ip,17a,BI -?'~trah~ydroxypreyan-20-one ( VIIa). Chro- 

matography 2. I h ~ t i o n s  7.1-95 which were (:luted with a mix- 
ture of ethyl acetate-benzene (1 : I) ,  gave 638 ing. of VIIa, 
n1.p. 131--1:38". A saniple was recrystallizcd from t%hyl 
acetate, m.p. 135-138"; [a]:: f54.5' (c, 0.5288); [kI]n 
+205; ultraviolet: X:;::j" no selective absorption in the 200- 
240 mp region; infrared: v:.",: 3520, 1712, 1025 (axial hy- 
droxyl ) . 

Anal. Chlcd. for C21FIS403.1/21120: C, 67.17; H, 9.40. 
Found: C, 66.85; H, 9.39. 

3a,flp,f7a,21-~etrahydroxypreynan-~O-one (Xa). Chroma- 
tography 2. Fractions 108-167 which were t:hitcd with a 
mixture OF benzene-ethyl acetate ( 1 : I ) ,  gave 357 mg. of 
Xs. ii sample was crystallized from ot,hyl motate methanol, 
m.p. 207-209". The infrarcd spectrum had hsnds at, v::: 
:5550, 1705, and 1040 em.-' ;ind was ident,icd to that. of 
:tuthc:ntic X n .  

@ , I  lp-l)ih,yd,.oxyell'ocholan-l ?-one (ITIIla), A. (:hrot?ba- 
toyraphy 2. Frwtions 5%-68 which wcre elnt,t!d with :I mix- 
ture of ethyl ac,cttutc-benzc:ric? ( I :  I ) ,  gavo 22 mg. of VIIIa. 
13. A solution of 50 mg. of 3~ ,11~ ,17cu ,20~ ,2 I -p~n tuh ,~ -  
t~rO~~prCgnan(!  (IIIa) in 2 mi. of aqueous acetic- wid ( 1 : 1 ) 
was shaken 16 hr. with 500 mg. of sodium bismuthatc. 
1 ht: cxccss reagent 1 ~ : ~ s  rednrrd with a l 07h  solution of 
sodium bisulfite, thcii dilut,ed with water anti extrac*ted 
thoronghly with ether. The ext,rac:t, was washed with 1 Ai 
sodinrn hyciroxide, t,lion with a 2fi(pL saline solution and tirictl 
over sodium siilfnt~c. l'hc removttl of t,ho solvent left 43.3 
mg. of vrystallinc VIIIa, m.p. 218-228". 

C. A portion of :'$,I1 P , I i a , 2  l-tt!t.r:thydrosypregn:tr~-20- 
one (VIIa) was trcatcd with sodium t)ism~kthiitc as abovc. to 
yield a. c-rystallirio residuc of VIIItt, n1.p. 251-253O. 'I'll(: 
infrared spwtra of the thrre crystalline samplw and of thc 
mother liquor of "C" Ivere idcntical. 

A sample was recrystallized from rnet'hanol ethyl acetate, 
m.p. 259-281'; [ a ] y  +82.1' (c, 0.5181 in mcthanol); 
IM]:: +252"; infrared: v ~ , ~ ~ ,  :W.W, 3550, 3400, 1728, 1026 
(axial hydroxyl) cm.-'. 

A n d .  Calcd. for C:lDII:IuO~: C, 74.47; 11, 9.88. I'ound: c, 
74.07; 11,  ! ) . ! )O.  

'The a l d i o l  V111a was :L(:ot,yI:Ltcd in t h  unrial 111~tnnor 
to yiold VIIII). Tht: rrystttllinc st.rrtc:t,ure of th(! accttttt? 

P'oLlnd: c, 67.40; 11, !1.55. 
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cshariged a t  204-200° arid tho substance melted a t  21 2- 
215"; La]': +86.5" ( c ,  0.4108); [M]D +:301"; infrared: 
Y , , , ~ , ,  :%GOO, 1740, 1257, 1240, 1023 (axial ac.et,oxy) cam.-'. 
Etiocholane-9,11,17-trione (IX). A. To a solution of 93 ing. 

of aut,ticritic :{a, 11&17a,21 -tt:triLhytlroxypregniin-20-one (X)  
in 3 ml. of glacial xe t i c  wid a solrition of 237 mg. of chro- 
minm trioxide in 0.4 ml. of glacial acetic acid arid 0.1 ml. of 
water wits added and t.he mixt,ure was left for 18 fir. at room 
t,cmpctrature. T h e  rctrtc:tion niixtrirc \vas processed in the 
usual manner arid the residue was dissolvcd in a mixture of 
cthyl acctatc and ether. Aft,er two weeks in t.tic? refriger:ltor, 
22 mg. of IS n1.p. 1?8-1:{1° scpttratcd. 

13. A solution of 15 nig. of 3p,11p-dihytlroxyetiocholrtri- 
Ii-one (VIIIa) in 0.5 ml. of pyridiric: \vas added to a stls- 
pension of 20 mg. of ehromirim trioxide in 0.2 nil. of pyridine 
and the mixtiire wiis IrEt for 16 hr. itt room temperature. 
The product was rcroverod in the usual maiinctr and was 
crystiLllizctl as above to yield ? mg. of IX, m.p. 12!)-131', 
infrarod: vg::. 1745, 1705 cin..- l .  

9~,1l~-~~~h~~jdroryelh~cholun-l~-one (XIa).  i\. The side 
vhain of 11% was cloaved with sodium bismut,hat,e arid the 
st,croid was recovered LW previously described. The rcsiduc 
was crystallized from ethyl acaetatc to prodI1cc XItt. 

1%. Authcntic: 3a, 1 ID, 17a,21-tetrahydroxyprcgnrin-20-~1ie 
\viis oxidized as above to yield XIa. 

The infrared spectra of both s:tmplcs were identical. The 
rccrystallizcd sample showed a m.p. 239-241'; infrared: 
~2::. 3620, 1715, 1 0 3 1  (equatoris1 hydroxyl). 

ty~,20p,21 -'l'iiacetoxy-l 7a-hydroxypregnan-f  1 -one ( XIIb). 
The sirupy triacctste IIb, 40 mg., was dissolved in pyridine, 
0.5 ml., and oxidized for 16 hr. itt room temperature with 
a suspension of 70 mg. of chromiwn trioxide in 0.7 ml. of 
pyridine. Tho reaction mixture was processed :I* previously 
ticac~ribed to  yield 29 nip. of S I I b ,  m,p. 197-200'. lie- 

stallization from cthyl acetate-rieohexane raised tho 1n.p. 
to 202---203O; [a]:: +104" ( c ,  0.6561); [I\I]n 4-513"; infra- 
red; v::;, :3600, 1738, 1608, 1245, 1028 (equatorial aoetoxy) 
cm.-I.  

Ya,l ?'a,dOp,21-Tetrah~drox~pregnan-ll-one (XIIa). 11 soln- 
tion of 10 mg. of potassium ~)icttrbonate in 0.1 ml. of water 

K13r 

was added to a solution of 10 my. of XTIb iu 0.5 ml. mcth- 
mol. The air was replaced with nitrogen and thc mixturc 
was left for 16 hr. at room t?mpcrat,ure. After the addition 
of a drop of itretic :wid thc volatile components were removed 
in v(zcuo and the residue dissolved in ethyl acetat,(.. T h c  ethyl 
acetatc, solution was washcid with water and dricd over 
sodium sulfate. On conceritration the solution gave 4.5 mg. 
of XIIa, m.p. 2440--245'; [a]:: +28.1' ( c ,  0.20417); [MID 
$104'; infrared: vtff,:? 33550, 1700, 1045 cm.-).  

3p,l  Ip-nih~drox~jandrostnn-17-one ( X I T I ) .  A sohition 
of 3 0  mg. of IVa in 15 nil. of inetfiariol wus trcatcd with 
(i inl. of a stock solution of sodium metapc?riodate3'k1t' xnd 
was left for 120 min. in tho dark at room tempcraturc. Thc: 
rcactioii mix0ure wiis processctd as previous1 
to yield 20 mg. of XIII. The product, WIS recry 
cthyl acetate, arid stio\vcd it n1.p. 22&228". 

B. h portion of VI:% was oxidized with sodium bismut,hat.e 
arid the 17-kctosteroid way isolat,ed in thc usual mitnricr. 

The infritred spectra of both samples wcro identical with 
that of authentic XIIl." 

Spectra of Y p , l  fg,f Ta,bl -telrahydro~ya~~opregnan-d0-ona 
(VIa), of \~I:t-hemih~jdralc arid of the diacelate Vlb in suZJuric 
m i d  solvtion. The solutions and the spaetra werc) prepared 
as described by 12. Caspi and hl. hl. l'echet,.19 T h e  spectra 
were identical and changed in an identical manncr with time. 
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A inetliod for thrt synt,hosis of dehydroc~)inndrosteroiio-4-C'" using testost,cror~e-il-C*~ ad starting mtiterial and 17-yI siilfitc 
:LS an intormcdiate is d(:scribed. Also described is specificallv trkiated deliydroepiandrosterone, obtained by the rcduction of 
7a-bromodehydroe~~iandrostcrone iicotatc. 

Eiidocrinological studies 011 the mctabolism of 
tl(~l-iydrocpiieiidrortcroric prompted us to study 
the preparntion of radioactivt: dehydrocpiaridro- 
sterone whereby highest spraeific :Lctivity might 1 ) ~  
obtained. We arc reporting here the synthesis of 
dehydroepi:i~idr~bterorie-C~~ labelled in position 
4 a i d  of dchydroepinr~drosteronc-€~~ labelled 
mostly in positioii 7. 

The only previously published method for the 

( 1 )  l'rcwnteci in part :tt tht. 133rti Meeting of the Amori- 

(2) This invcstigation was supported in part by wficarch 
can Clieniical Socicty, San Francisco, Calif., April 1058. 

grants USPli C-231 nntl A-2872. 

preparation of isotopic:dly 1:helled dehydroepi- 
aiidrosteroiie (dcllydroepi:Liidrosteroiir-lO-C1g) 1)y 
14:. B. I-Iershbcrg et nl." was rather iiivolvcd, rc- 
quiriiig the prcpwation uiid use of di:rzorncthanc 
CLi. I'urtkmmore :L few reports4 oil the hio-oxida- 
tion of ring 11 justified the elahoration of a ring A, 
B, or C labelled dehydroepiaridrosteroiic. 
I_.__ - 

( 3 )  E. 13. Hershberg, 15. Srhwcnk, and IC. Stahl, Arch. 
Biochem. 19,300 (19%). 

( 4 )  R. I). H. Heard, It. Jacd)s, V. O'Doxinell, F. G. 
l'cron, J. C. R:~fTrsn, S. 6. Solomon, 1,. M. Thompson, H. 
Willoughby, and C. H. Yatcs, llccent l'rcgress in Hormone 
fi?r.sratch, 9, :Wi, (1054). 


