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ISOMERIC ESTRANE DERIVATIVES 

R. E. COIXSELL 

Division of Chemical Research. G. D. Scarlc and Co.. 
Box 5110. Chicago 80, Illinois 

(Rtwired I 2 April I96 I ) 

Abstract .-Various 3,17-oxygcna~cd isomcric cstranc derivatives have been synthcsixd as posslblc 
metabolitcs of l9-norsterords. Methods employed IO establish configurations are described and 
biological data on some of rhe more pcnmcnt compounds is prcscntcd. 

TUI’OSTEROSE and its cstcrs have been used in therapy for their anabolic effects in 
many disease processes but treatment has been limited by the inherent androgcnicity 
of the molecule. In 1953 Hcrshbcrger er al.’ demonstrated that IY-nortestosterone 
(I 7,j%ydroxyestr4cn-3-one) retained the anabolic potency but was much less andro- 
genie than testosterone propionatc. In the past few years a number of modifications 
of l9-nortestostcrone have been made in an effort to produce more potent anabolic 

agents possessing minimal androgcnicity. 2 ’ One approach to this problem involves 
the possibility that some mctabolitc of 19-nortcstostcrone may be the anabolicly 
active agent. As a consequence, the 19-nor analogs (estranes) of the in cit*o mctabo- 
lites of tcstosterom? were synthesized for biological evaluation. Since this work was 
initiated, a number of isomcric cstrane derivatives have been synthesized6-‘* as well 

as isolated in metabolic studies. WN This paper confirms the work of thcsc invcsti- 
gators and attempts to clarify some of the structural discrepancies found in the 
literature as well as to describe the synthesis of other possible estrogen and norstcroid 

metabolitcs. 
One path to the synthesis of the cstrancs is by catalytic hydrogenation of the 

aromatic “A” ring of the steroid estrogens. Hydrogenation with platinum catalyst 
has been employed for this purpose but causes extensive hydrogcnolysis to mono- 

oxygenated products. %I5 In their work on steroid total synthesis, Johnson and 
coworkcrs16 reported that hydrogenations with ruthenium dioxide as catalyst reduced 
phenols with a minimum amount of hydrogcnolysis. As a conscqucnce, this catalyst 

was selected for the hydrogenation of the aromatic “A” ring. 

L 1.. <i. Ifcrshbcrgcr. E. G. Shipley and R. K. Mcycr, Proc. .SOC. Lkp. Bid. Mrd. 83, 175 (1953). 
* F. H. Colron. L. h’. Nys~cd. H. Rwncl and A. I.. Raymond, /. Amer. Chrm. Ser. 79, 1123 (1957). 
* J. Irlartc. <‘. Djcraw &d If. J. Rligold. 1. Amer. Chrm. Sot. 81. 436 (19SY). 
’ B. <:amcrmo. H. Palclli and A. Vcrcxllonc. J. Amer. Chcm. Ser. 78, 3540 (lUS6). 
’ c/T R. I. Dorfman and R. A. ShIpIcy. Androgcns p. 68. John W~lcy. New York (1956). 
s C. Chcn. Tetrahedron 3.43 (IQ%). 
f R. T. Rapala and F. Farkas. J. Amer. Chmt. SOC. 80. ICKM (1958). 
s R. T. Rapala and E. Farkas. J. Org. Chrm. 23, 1404 (19%). 
* A. Bowers. Ii. J. RIngold and R. 1. Dorfman. 1. Amrr. Chrm. Sec. 79. 4556 (1957). 

“A. Bowers. II. J. Ringold and E. Dcnot. J. Amer. C’hrm. SM. 80. 6115 (1958). 
I’ D. Kupfcr, E. Forchiclli and R. I. Dorfman. 1. 01x. Chrm. 25. 1674 (1960). 
I* I). Kupfcr. Ii. Forchielli and R. I. Dorfman. J. Amrr. Chcm SIX. 82. 1257 (1960). 
I’ L. 1.. tngel. J. Alexander and M. Whcelcr. J. Bid. C‘hrm. 231. I.59 (1958). 
I’ I). Kupfcr. E. Forchwlh and R. I. Dorfman. J. Bd. Chrm. 235. 1968 (IY60). 
I’ R. I<. Marker and E. Rohrmann. J. Antcr. Chrm. Ser. 62, 73 (IYJO). 
‘* W. S. Johnson. E. R. Rogvzr and J. Ackerman. 1. Amer. Chrm. Sue. 78.6322 (1956). 
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Of the four possible steric ar~n~ments for the A/B rings in the estranc series, 
hydro~nation of estradiol (Ia) over ~thenium afforded the Sa,IOz isomer (cis-~,n- 
truns)” in excellent yield with no apparent hydrogenoIysis. A similar finding was 
recently reported by Rapala and Farkas. * Thus, 52, IOa-estrane38, I7$dioI (Ila) was 
obtained in 78 per cent yield. Chromatography of the mother liquors showed that 
the 3a epimer (III@ and 5&estrane-3x,l7@diol (Va) were also formed in minor 
amounts. Although no 5~~trane-3~,I?~-diol (IVa) was isolated in this experiment, 
it was probably present in trace amounts (see below). IIa was also prepared by similar 
treatment of 17@-hydroxy-estr-5( IO)-en-3-one. Considering that 19nortcstosterone 
is reduced by ruthenium catalysis to give products of the S/?,lO/? series,’ it was con- 
jectured that this catalyst may promote the hydrogenation of the difbcultly reducible 
5( IO) double bond of cstr-5( lO)-ene-3,!7diol .I* All attempts to reduce this compound, 
however, were unsuccessful. 

IO ff:u 
b RgAc 

Ix0 x:on, Y*H 

b X*H, Y*OH 

MI1 

*Ho R*H 

b R=Ac 

YIlima X=OAc, Y*H 

b XsH, Y*OAc 

Four isomeric 17-monoa~tat~ (lib, ifIb, IVb and Vb) were obtained when 
estradiol I%monoacetate was simitarIy hydrogenated. fn this instance, S/?-estrane- 
3~,17~-dial i7-monoacetate (IVb), the isomer not obtained in the reduction of estra- 
dial, was isolated and characterized. Hydrolysis of these monoacetates afforded the 
corresponding four isomeric diofs, whiie oxidation by the Jones proccdure’1° gave 
52, IOa-estran-I 7&-ol-3-one acetate (VIb) and 5&estran- 17&ol-3-one acetate (Xib) 
respectively. Sa,IOa-Estrane3,17_dionc (Vile) was prepared by oxidation of the 
dial Da. 

Sciective reduction of the C-3 carbonyl of VIII with non-pyrophori~ W-2 Raney 
nick4 catalyst according to the method of Djerassis’ gave Sa,lOa-cstran-3j;l-ol-I-?-one 

It The Irwu-SW-frfftts arrangement is cnergctically unfavored as it would require the “B” ring to assume ti 
boat confo~kmation.l* 

‘* W. S. Johnson, fiprricnria 7, 315 ff9JI). 
I* J. A. Hanman, J. Amer. Chcm. Sec. 77, 5151 (f9SS). 
** K. Bowdcn, I. M. Hciibron. 1% R. Ii. Jones and R. C. L. Weedon, J. Chrm. SW. 39. (1946). 
*I C’. I)jerassi, A. J. Manson and M. Gotman, J. Amer. C&m Sot. 77.4925 (IYSJ). 
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(IXa). Surprisingly, none of the 3x-epimer (IXb) could be isolated by this procedure. 
‘This isomer was prepared from 5x, IOr-estranc-3z,l7&diol 17-monoacetate (IIIb) by 
initial formation of the 3tetrahydropyranyl ether followed by basic hydrolysis of the 
17-acetate group. The resulting product was oxidized and the 3x-hydroxyl group 
regenerated by acid hydrolysis of the pyranyl ether to give 5z.IOz-estran-3x-ol-17-one 
(IXb). Acetylation of the 17-monoacetates IIb and IIIb gave the diacctatcs VIIa and 
VIIb, rcspcctivcly. 

XIX0 XSOAC. Y*l4 

b X*H. Y*OAc 

Iyo XmOH. Y*R-H 

b X*OH, YaH, R*Ac 

PO X*RaH. Y*O+4 

b XaH. Y~OH. R*Ac 

19nortestosterone (X) was employed as the starting material for the preparation 
of the S/I and Sr-estrancs. Low pressure hydrogenation over palladium-on-carbon 
gave S/%estran-l7P-ol-3-onc (XIa) in good yield. A small amount S/Cestrane-3z,17& 
diol (Va) was isolated by chromatography and found to be identical with Marker’s 
estranediol B, of unknown configuration, isolated from human non-pregnancy 
urine.Pa Acetylation of this diol gave the diacetate XIVb in agreement with that of 
Marker’s while oxidation of XIa gave 5$-estrane-3,17-dione (XII) identical with the 
reported estranedione B. za Reduction of this diketonc with Rancy nickel in ethanol 
gave the epimcric S/l-estran-3/?-ol-17-one (XIIIa) and S/Cestran-3a-ol-17-one (XIIIb) 
(19noretiocholanolone). Sodium borohydride reduction of these products furnished 
the dials IVa and Va which proved to be identical with those obtained by the hydroly- 
sis of the corresponding 1 ‘I-monoacetatcs. 

5z-Estran-17P-ol-3-one (XVa) was prepared by reduction of 19nortestosterone 
with lithium and liquid ammonia in a manner similar to that described by Bowers 
er ~1.~~~~ Sz-Estrane3/$17/Idiol (XVIIIa) was isolated as a minor by-product of this 
reduction. Oxidation of either of these two products or the crude reduction mixture 
gave 5r-cstrane-3,l’Idione (XVI). Selective reduction of this diketonc with Raney 
nickel furnished Sz-estran-3/Col-17-one (XVIIa) (19norepiandrosteronc) and 5x- 
cstran-3z-ol-17-one (XVIIb) (19-norandrosterone). The latter was isolated by Engel 

** R. E. Marker, C. Rohrmann, E. L. WII~C and E. J. Lawson. 1. Antrr. C’hrm. Sot. 60. 1512 (1938). 
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and co-workcrP from the urine of a patient after administration of 19nortestosterone. 
An alternate synthesis of both these products was recently reported by Kupfer er 
u/.11*1* Reduction of 5a-estran-l7P-ol-3-one (XVa) and its acetate (XVb) with Raney 

it 
XYO R-H 

b RlAc 

I 

,’ 
Y H 

xx0 X~OAC. Y*H XUIIO X~ctl, Yml?aH XIYIIO x*w, Y’H 

b X*H, YeOAc b XaOM, Y*H. R-AC b X-H. YnC+4 

XIX o X-ReH, Y-W 

b XmH, Y=oH. RsAc 

nickel gave the epimeric dials XVIIIa and XlXa and their corresponding l’l-mono- 
acetates XVIIIb and XIXb. Acetylation furnished the diacetates XXa and XXb of 
which the former agrees with the product of unassigned configuration prepared by 
Hartman’O by catalytic hydrogenation of estr-+ene-3/I.I7/%diol diacetate. 

The stereochemistry of the A/B ring fusion in the isomeric estranes has already 

TABLE ).--MD I!CREMM% FOR CSUWFS AT c3 

Type ; A AC (acetylation) ?I Kct (ketonization) 
.-_. -.- -- - ._ ~ .- 

3% OH .* 29 (.G 17). - 57 (.- 66) 

52 

38 011 .30 ( -,29) - 67 (--73) 
-- - ~.. _...- - 

31 OH !I13 (i82) 16 ( i.7) 

5P 
3/l OH ll5 (117) iZ0 (-136) 

l The values for the 19 methyl slerolds arc in parcnthcses.” 

been established.‘- e The axial or equatorial configurations at C-3 wcrc assigned on 
the basis of: (a) order of elution from the chromatographic column= (b) molecular 
rotation differences (c) position of C-O frequencies between 1050 and 1000 cm-l in 
the infrared and (d) nuclear magnetic resonance spectra. 

Table 1 shows the molecular rotation differences (Mu) upon conversion of the 

” The less polar axial isomer is followed by the more polar equatorial isomer upon clwion. 
u L. F. Ficxr. Srcrolu’s p. 180. Rcmhold. New York (1959). 
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epimeric C-3 alcohols into their acetates or corresponding ketones. It will be seen 
that the values obtained for isomeric 5% and S/I estranes are in good ageement with 
those obtained for the corresponding epimers in steroids possessing the C-19 angular 
methyl group. 

The infrared spectra of the six isomeric estran-3-ol-17-ones gave further support to 
the configurational assignments at C-3. As noted by Cole and coworkers u equatorial 

TAEI~ 2. HYUROXYL ABSORPTIOS BY AXIAL AND EQUATORIAL SUBSTKUESTS 

Compound , Type 
Conformation 

1 OTC-,0 
v(C-0) cm- 1 

---- -.. - -- ~ ..-- . ..- - - .- 
XVllb 3% OH Axial 1010 

52 

XVIIa 38OH 1028 , Equatorial 
___~ --- 

Xlllb 3% 01i 1 Equatorial 1032 

w 
Xllla 38 011 Axial 995 

-- _ .- _ -. 
IXb 31011 Equatorial 1052 

52. 102 

IXa 3/l OH Axial Complex 

hydroxyl groups give rise to bands near 1040 cm..’ whereas for axial hydroxyl groups 
the C-O frequencies are near 1000 cm’ i. Table 2 shows the C-O frequencies for the 
isomeric estranolones. Whereas the values obtained for the 52 and 5s estranes support 
the assignments, the complex bands exhibited by 5a,lOa-estran-3p-ol-17-one in this 
region made it impossible to draw conclusions for this series. The equatorial isomer, 
however, did exhibit an intense band at 1052 cm-‘. 

Final proof of the configuration of the C-3 hydroxyls in the 5a,lOz series was 
furnished by nuclear magnetic resonance studies. ?d Table 3 lists the 7 values obtained 
for the C-3 proton of the six isomeric estranoloncs. These values arc in agreement 
with those reported by Shoolery and Rogers for C-3 axial and equatorial protons in 
3-hydroxy steroids. *I The T values for androsteronc and cpiandrosteronc arc shown 
for comparison. 

The estrogen antagonistic action of some of these compounds has been published 
by our Biological Division. M Table 4 shows the androgenic and anabolic activities 
obtained for several of the more intcrcsting compounds. The compounds exhibited a 
low order of activity compared to testosterone propionatc, but it is interesting to 
note that the 3z-hydroxy compound (XIXb) in the A/B rruns series is more active 
than the p-isomer (XIXa) as is the cast in the normal series.” The compounds in the 

LI A. R. H. Cole, R. h’. Jones and K. Dobriner. /. Amer. Chrm. Sec. 74, S571 (1952). 
” I am indebted to Dr. McNivcn. Woraster Foundation for I:lpcrimcntal Btology for the NMR data. 

The instrument employed for these nxasurcments was a Varian High Rcsolutlon KMR Spectrophotom- 
ctcr Model V-43oOB. The compounds were analyzed as @I IO 0.3 M. solutions in dcutcrochloroform 
using tetrcmcthylulane as the internal refercna. 

“J. K. Shookry and M. T. Rogers, 1. Amer. Chrm. Ser. 60. 5121 (1958). 
” R. A. t%igrcn. D. W. Calhoun. R. L. Elton and F. H. Colton. lIndorrlno/ogy 65. 265 (1959). 
s’ R. I. Dorfman and R. A. Shipley, Androgrnr p. 118 John Wiky. New York (1956). 
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TABLE 3. NMR Sfflm rott PROTON ON 3-HYDROXY Es’riuhFs 

Compound ‘I’YPC 
Proton 

Conformation 
z Value 

-_--.- .__ - --- __ . _ - -.- 
XVllb 32 OH Fquatorial 5.92 

5x 
XVlIa 3/.7 OH Axial 647 

-.- _.-.-.-- __~ 
XlIlb 32 01i Axial 6.41 

58 
Xllla 3s OH Equatorial ; 5.89 

IXb 3x OH Axial ’ 6.29 
52. 102 

IXa 3;1 OH Equatorial 594 
--_--. _ _ _ _. .._ ~- _.-- __ 

Androstcronc 3% OlI Equatorial 5.87 
5x 

Epiandrostcrone 33 OH I Axial 6.42 

TARIB 4. A~~VRWE~~IC-ANABOUC ACIIWTV OF 
SOME lsoYl3lIC ESmAhT DERIVATIVFS 

Compound Androgenic Anabolic 
_ _-... . -._-. __ --- 

Tcstostcronc 
propionate 

100 100 

--.. --_- .-.- .-- . 
Vla Inactive 1 Inactive 

. -_- _- -- 
Xla I 5 Inactive 
..--- .__._ - - --- .- 

xva 10 I 20 
- - -----... . -_ 

XVlIla 2 2 
.~_ __ - -. --- 

XlXa 5 5 

52, IOr series were inactive in a variety of endocrinological assays including antiandro- 
gcnic, cstrogenic, antiestrogenic, progestational, and antiprogestationaLsO 

EXPI:.RIMENTAL” 

Hyirqe~riott of esfrudio/. To a solution of cstradiol (20 g) in ethanol (500 ml) containing 4Oy/, 
sodium hydroxide solution (I ml) was added ruthenium dioxide (5 g) and the mixture hydrogenated at 
ckvatcd pressure (1475 Ib;in’) and 65’. After hydrogen uptaLc ccascd (2 hr). the catalyst was 
removed by filtration and washed well with ethanol. The filtrate was neutral&d with acetic acid and 
the solvent removed by distillation under reduad pressure. Crystallization ofthe crude prcxiuct from 
methanol-water afforded needles (I 1.9 3, m.p. 177-179”. Sublimation gave an analytical sample of 

” Private communication from our Endocrinology Division. 
s’ All melting points arc uncorrtctcd and all rotatlonr wcrc taken in chloroform. The infrared spctra were 

obtained with a Beckman model IR 4 spcctrophotomcter using 3 7. chloroform solutions. I am indebted 
IO Dr. R. T. Dillon and Dr. Ii. W. Sauv of our company for the analytical and microanalytical data. 
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5a,1Olcstranc-3,~.17~-d~ol (IIa), m.p. 180 182 (reported* 17Y-181’). [x]F 12‘. (Found: C. 77.3; 
H. 10.7. Calc. for<‘,,iI,O,: C. 77.6: H. 10.9”:). Adsorption of the rcs~duc on s~hca gel and clution 
wtth bcnrcnc ethyl acetate (15 T;) gave an addlttonal 4.0 g of the above d~ol. This was followed by 
minor amounts of the cpimcrlc 5~,lO~cstr;~ne-3z.l7;~-diol (Illa) m p. 223-225’. [z]i: 6 (f-ound: 
C, 77.5: f1. 10.6. C,.fI,O,rcquircs: C. 77.6: H. I0.9°/0)and Sil-estranc-3~.17~-drol (Va)(sccbclow). 

H.vchyrrwrion of mrudiol 1 ‘I-monoucerure. To a solution of cstradiol 17-monoacctatc (20 g) m 
ethanol (I) was added ruthenium dioxldc (7.0 g) and the mixture hydrogcnatcd at YOO lb m* and 55”. 
After hydrogen uptake ceased (2 hr). the catalyst was removed by filtration. washed well with ethanol, 
and the solvent removed from the filtrate. The rcslduc was dissolved in a minimum amount of benzene 
and adsorbed onto ~hca gel (1700 g). Elutmn with bcnrrnc ethyl acctatc (5 TO) gave 5z,lOzcstranc- 
3/f.l7/Ldiol 17-monoacctatc (Ilb. 12.1 g). m.p. I IX .120’ as the major product. Rccrystalhtirtion from 
methanol-water gave an analytical sample, m.p. 125.5 127’., [z]:: 25 (Found: C. 75.3; fi, 103. 
C,H,,O,rcquircs: C. 75.0; H, 10.1 :I). f:urthcrclution gave 5~estranc-3~.17/~-d~ol-I7-monoacctatc 
(IVb,O.YS g), m.p. ISY-160.5’. ]z]F . I5 (Found: C, 74.6; H. 10.1). Thcsc wcrc folloucd by the 
more polar 5z.IOzlirstrane-3z.l7;I_dlol 17monoacctatc (Illb, 2.25 g). m.p 126.5-128.5 , [z]? -24‘. 
(f:ound: C. 75.2; H. 10.0). and 5+cstrane-3z,l7$diol-l7-monoacctatc (Vb, 2.4 g), m.p. 120 122”, 

r*1:: : 26 . (Found: C. 75.0; H, 9.9). 
5x,l~-~srron-l7~~u/-3-onc UCCIU~C (Vlb). 5z,lOz-Estranc-3/~,17;~-diol 17-monoacctatc (Ilb. 2.0 g) 

was dissolved m acctonc (20ml) and standard chromium trioxidc reagent” added dropwise with 
stirring IO the cooled solution until a faint color of the reagent pcrs~cd. Isopropanol was added to 
destroy the cxccss reagent and the supcmatant solution poured slowly into Ice-water. The rr3ulting 
precipitate was rcmovrd by filtration and washed with water. Rccrystalliration of the crude product 
from ethanol water afforded an analytical sample m.p. 112-I 12.5”. [z]? 58.5 (reported’ m.p. 
11&l I l‘, [z]:; 55.4 [acctonc]). (f:ound: C.75.3; H, 9.5. Cak. for C,H,O,: C. 75.4; H, 9.5y0). 

Sz.lOz-Lrrun- 17$-o/-3-one (Via). The acetate Vlb (2.0 g) was dlrsolvcd in methanol (49 ml) and 
water (I ml). f’otassium hydroxldc flakes (I.0 g) was added and the solution rcfluxcd for 1 hr. After 
allowing the solution to cool, water was added slowly with stirring. The resulting prccipitatc was 
removed by filtration and washed with water to give I.8 g of product. Alternate rccrystallizations 
from aoztone Skcllysolvc R and methanol water produced an analytical sample, m.p. 14Y.5 I50.5’. 

[xl? - 53’ :* (Found: C, 78.2; fl. 10.2. Cak. for C,,H,,O,: C. 78.2; f1. 10.2%). 
5z.lOx-firrune-3/I, I’I/kfiiol diucrrafc (Vlla). 52, IOX-Estnnc-3$, I7$-diol I7-monoacctatc (Ilb, 

D5 g) was dissolved m a mixture of pyridinc (9 ml) and acetic anhydridc (I ml). The solutron was 
heated on the steam bath for 4 hr and allowed to stand overnight at room temperature. The solution 
was poured slowly into Ice-water and the resulting gum extracted with ether. The ether extract was 
washed with 2 N hydrochloric acid. S”d sodium carbonate solution, and water. After drymg the 
solution over anhydrous potassium carbonate. the solvent was removed by distillation. Two rccrystal- 
lizations of the crystalline residue from ethanol water afforded mdks. m.p. 103 104’. [ZIP 25. 
(Found: C. 73.1; H, Y.6. C,,H,,O, requires: C, 72.Y; H, 9*5:/A). 

5a,I0a-~frunc-3~.17~~~/ rfiureoru~c (Vllb). Acetylation of 5~.lO~cstram-3r.l7~-diol 17-mono- 
acetate (Illb) with acetic anhydride-pyrldine gave. after scvcral crystalli7ations from ethanol water, 
the diacctate, m.p. 110.5. I1 1”. [.2!:: - .30’. (Found: C, 72.6; H, Y.2. C,,fI,,O, rcqulrcs: C. 72.9; 
H, 9.5 72). 

52,101-Esrranc3,17-~lionc(V1II). 52,loI-F~trane-3~-17~-diol (Ila, 5.0 9, was dissolved in acctonc 
(200 ml) and oxldirrd with standard chromium trioxidc rcagcnt as described above. This resulted in 
3.Y g of product m.p. 157... 160’ and rr%rystalhzation from methanol water gave an analtylcal sample, 
m.p. 158 161”. [xl:: . 24” (reported 8 m.p. 163-165’, [2]0 - 27.5“ [Dioxanc]). (f:ound: C, 78.6; 
H. 9.4. Cak. for C,,H,,O,: C. 78.8; fl. Y.5?:). 

5a,lOz-Ezrran-3i3-o/-17_on~ (IXa). To a solution of Sa.lOz-estran-3.17Jionc (VIII. 2.4 g) in 
ethanol (200 ml) was added a slurry of aged W-2 Raney nickel catalyst (5 g) in ethanol. The mixture 
was refluxcd with surrmg for 4 hr and the catalyst rcmovcd by filtration. The solvent was removed 
from the filtrate and the raiduc dissolved in bcnzcnc (25 ml). AdsorptIon on silica gel (220 g) and 
clution with bcnzcnc-ethyl acetate (5 7,) afforded starting dionc (044 g) followed by 5z.l02atran- 
3,%oI-I 7-one (I. I8 g). Altcmatc rccrystalli~ation from ethanol-water and Skcllysolvc C afforded an 

” Rnpala and Parkas’ reported m.p. 192 ,194 . [z],, 31.1’ lor this compound. Our constants arc in more 
agramcnt wnh tho+c of Chcn’ who reported m.p. 135 :146’. [al;,’ - 54.1 (acetone). 
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analytical sample. m.p. 152-154”. [z]: -I 64”. (Found: C. 78.4; H. 100. C,,H,,O, requires: 

C. 78.2; H, lO.Z’,/,). Further elution with benzene-acetate (IO?;) gave a tram: of 5z,lOzatrane- 

3/?.17&diol (IIa) idcnttcal with an authentic sample. This product was also prepared by reduction of 

1Xa with sodium borohydride. 

5z.lOr-Esrron-3z-ol-l7~~ (IXb). 5~z.l(hEstran-3z.17~~-d~ol 17-monoacetate (Illb. 2.0 g). 

dlhydropyran (3 ml), and p-tolucnc sulfonic acid monohydrate (0.03 g) wcrc dissolved in bcn7rnc 

(30 ml). After allouing the solution to stand overnight at room tcmpcraturc. cthcr (100 ml) was added 

and the resulting solution washed successively with ST/,- sodium bicarbonate solution and water. 

The orgamc phase was dried over anhydrous sodium sulfate and the solvent removed by distillation. 

The rrzlduc was dissolved in methanol (5X ml) and water (2 ml), sodium hydroxide flakes (I.0 g) added. 

and the solution rclloxcd for I hr. Glacial acetic acid (I.5 ml) was added and the solution comn- 

tratcd to one third its original volume. Iithcr (100 ml) was added and the solution washed with water, 

2 K hydrochloric acid. 10:; sodturn blwrbonatc solutton. and water respectively. After drying over 

anhydrous sodium sulfate, the solvent was removed and the only rrTtduc dlssolvcd in acetone (40 ml). 

Oxtdation uith chromium trioxidc rcagcnt m the usual manner afforded a gum when the solution was 

poured into ice-water. The product u.& cxtractcd wnh mcthylcnc chloride-and ether and the solvents 

&moved by dtstillatlon. I’he residue was dosolved in methanol (30 ml). p-tolucnc sulfonic acid 

monohydratc (0.3 g) added. and the solution allowed to stand ovcrmght at room tcmpcraturc. The 

solution uas poured slowly into ice-water and the resulting crystallmc product rcmovrul by filtration. 

The crude product (I 6 g) was dissolved m bcnzrnc and the solution adsorbed on stlica gel (X5 g). 

tlutlon with bcnrcnccthyl acctatc (loo/b) afTordcd 5z.lOzcstran-3~-ol-l7-onc, m.p. 149.5-151”. 

lz]:: - 64 after crystalhr;rtlon from acetone Skcllysolve C. (Found: C. 78.3; H. 10.1. C,,H,,O, 

rcqulrcs: C. 7X.2: II. 10.29.). Admixture with the 3,Jcprmcr (Xa) caused a marked dcprr-slon in 

the melting point (I I5 I25 ). 

Si~-~~rrun-l71~-o/-3_onr (Xla). To a solution of I9-nortcstostcronc (X,Og) in ethanol (5Oml) 

contarnmg potassium hydroxide (0.2 g) was added a slurry of 5’: palladium-on-carbon (4 g) in 

ethanol (50 ml). liydrogcnation was carried out in a Parr low prcscurc hydrogcnator at room tcmpcra- 

turc and the catalyst rcmovcd by filtration. The tiltratc was ncutrahrcd with acetic acid and concxn- 

tratcd to one half IIS original volume. This solution was added dropwlx with stirring to m-water and 

the product removed by liltration. AdsorptIon of the rcsiduc from bcnlcnc onto srlica gel and clutlon 

with bcnrrnc ethyl acetate (209’,) gave 5&cstran-l7~~L3_onc, m.p. 9X-106 Several rccrystallira- 

tions from cthcrSkcllysolve B raised the m.p. to 108-110. [z]ff * 39’ (reported m.p. 106108’; 

]E]~, t 29.7 (Dioxanc]). (Found: C. 78.0; H, 9.9. Calc. for C,,H,.O,: C. 78.2; H. 10,2>& 

Further clution with bcnr_cnc+thyl acctatc (4OT;) afforded a small amount of S/Lzstranc-3r,l7/1-diol 

(Va) m.p. 204-2W. undeprcsscd by admixture with an analytlwl sample (see below). 

S~-~~r~u,-l7P~I-3-une ucerufc (Xlh). Sfi-Estran-l7&oI-3-one (Xla) was acctylatcd by treatment 

with pyrldinc and acetic anhydride overnight at room tcmpcraturc. The solution was poured slowly 

into Ice-water and the crude product collected by filtratton. Crystallization from methanol-water gave 

nccdlc3. m.p. ll5 116;130 131.5’. [r]? : 29..” (Found: C. 75.5: H, 9.6. Calc. for C,H,O,: 

C. 75.4; H, 9.5P;). This product was also obtained by oxidation of 1Vb and Vb with chromium 

trloxidc rcagcnt. 

S~-~~jrrunr-3.17-~lionc (XII). Oxidation of crude Xla (3.0 g) with chromium trioxldc reagent in the 

usual manner and crystallization of the crude product from methanol-water gave I.5 g of product. 

m.p. I81 183 ‘. Altcmatc recrystallization from acetone.-Skcllysolve R and methanol -water gave an 

analytical sample. m.p. 182.5 185’. [z]: - 113’ (rcponcd’ 179 IXl ‘. [Z]D . 111.6”). (Found: 

C. 78.3; H. 9 4 Calc for C,.lI,,O,: C, 78.8; H, 9.5 T:). An additional 0.8 g of product was obtained 

by chromatography of the midue from the mother liquor on silica gel. 

Runty nickel reduction o/ 5&v~anc-3. I7-&one. To S$cstranc-3,17dionc (4Q g) in ethanol 

(300 ml) was added aged W 2 Haney nickel catalyst (IO g) in the form of a slurry in ethanol. The 

mixture was rcfluxcd with stlrrmg for 2 hr and the catalyst removed by filtration. ‘Ihe solvent was 

removed from the filtrate and the rrriduc taken up in bcnzcne (40 ml) and placed on a column of 

silica gel (400 g). Elution with bcnrcnc ethyl acetate (1001;) gave a trace of starting material (0.5 g) 

followed by S/~~rtran-3~-ol-l’I-onc (Xllla. 2.0 g) m.p. 157 ,164”. Several rccrystallirations from 

ethanol water gave an analytical sample m.p. 165-166.5”. [z]: i 108.5”. (Found: C. 78.1; H. 10.0. 

y This product agrees with the compound obtained by Chen* (m.p. 114“/1)2.5 ‘, [zl:: i 28.2 [acctoncl) to 
whlrh Ihc 5~ configuntlon wa% assigned. 
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C,,H,.O, requires: C. 78.2; H. 10.2”/;). Further clution with bcnzcne*thyl acetate (15X) gave 
5/Lcstmn-3z-ol-17-om (Xlllb. 1.1 g). m.p. 167-167.5”. [z]F - 114.2” after rccrystallifation from 
ethanol-water. (Found: C. 78.2; H. 10.3. C,,H,,O, rcqulrcs: C. 78.2; H. 10.2%). Admixture 
with the 38 epimer caused a marked dcprcssion in the melting point. 

SP-I~rrunr-38-17S-Jiol(lVa). To a snluuon of 5&cstran-3~,17/Ldiol-l7-monoacctatc (IVa, 0.2 g) 
in methanol (9.8 ml) and water (0.2 ml) was added potassium hydroxide flakes (0.1 g). The solution 
was refluxed for 1 hr and allowed to cool to room tcmperaturc. Water was added slowly with stirring 
and the multing prccipttatc rcmovcd by filtration. Crystalliratton from acctonc-Skcllysolvc C gave 
the dial (IVa) m.p. 127.,131’. raised by recrystallization from methanol ethyl acetate to 131-133”; 
I54 157’, [a]: -2l+“.” (Found: C, 77.7; H. 10.6. C,,H,O, requires: C. 77.6; H. 10.9%). This 
prcduct was also obtained by sodium borohydrtdc reduction of Xllla. 

5&firrone-3x.I7~-&/ (Va). To a solution of 5/?cstran-3x-ol-l7_onc (Xlllb. 0.05 g) in ethanol 
(10 ml) was added sodium borohydridc (0.05 g) and the solution was allowed to stand overnight at 
room temperature. The solution was purcd slowly into ice-u-atcr and the resulting prccipitatc 
removed by filtratton and washed uith 2 S hydrochloric acid and water. Rccrystalliratton of the 
crude product from ethanol-water afforded an analyttcal sample. m.p. 207-208’. [cc]‘,’ ‘- 2Y*8’ 
(rcportcd’ m.p. 211-212”. [rlu . 10.2’). (I’ound: C, 77.6; H. 10.9. Calc. for C,.H,O,: C, 77.6; 
II, 10.9>:). This product was also obtained by hydrolysis of the monoacctatc Vb and ils 3 by-product 
in the catalyttc hydrogenanon of IY-nortestosterone. 

5S-Errronc-31~,17P-diol diacefO/e (XlVa). A solution of 5/Itstranc-3;~.l7;~diol (IVa. 0.25 g) m 
acetic anhydride (I ml) and pyridtnc (Y ml) was heated on a steam bath for 2 hr. The cooled reaction 
mixture was purcd slowly into ice-water and the resulting precipnatc removed by filtration. 
Rcctystallizatton from Skcllysolvc C gave an analytical sample. m.p. 113.5-115’. [z]: * 17”. 
(Found: C. 73.2; H, 9.5. C,,H,,O, rcqutrr_j: C. 72.9; H, Y.S’Q. 

5~~-~~rru,-3z.l7~dioldicrc~rorc (XlVb). Aatylatton of 5/%cstrane-3z,l7~diol as described above 
afforded after several crystalliwttons from Skcllysolvc C needles. m.p. 160 162”, [a]? i 54’. 
(Found: C, 72.Y; Il. 9.3. C,,H,,O, requires: C. 72.9; 11. 9.5”,;). 

5x-firrun-l7~Lol-3-onc (XVa). I9-nortcstosteronc was reduced with lithium tn liquid ammonia 
ascntially as descrtbed by Rowers CI ol.‘O except that tctrahydrofuran previously distilled from methyl 
magnesium iodide was used as solvent. ‘lhe crude product was adsorbed from bcnzcnc onto silica gel 
and clutcd with bcnzcnc containmg incrcasmg amounts of ethyl acetate. Elution wnh benrentethyl 
acetate (I 5 :6) and crystallrlation of the product from acetone-Skcllysolvc C gave 5zatran-17-/M- 
3-one. m.p. 133-134’. [xl? - 59.5’ (rcport~d’~ m.p. 130 132’. [zln 2 60 ). (Found: C. 77.9; 
H. 10.2. Calc. for C,.ll,.O,: C. 78.2; Ii. 10.20;). Further clution with benzene-acetate (25:;) gave 
a trace of Sxcstranc-3,~.17~diol (XVlllaJ m.p. 163-166’. ralscd by rvcral crystallizations from 
ethanol water to 171-173 , [z]if .. 26 .I’ (Found: C. 77.8; H. 10.6. C,.H,O, rquircs: C, 77.7; 
H, 10.9:/,). 

52-Errrone-3,17-dionc (XVI). Oxidation of either XVa or XVllla wtth chromium trioxidc reagent 
in the usual manner gave Sxcstran-3,17dtonc. Rcctystalliration from Skcllysolvc B afforded nn 
analytical sample m.p. 73-75 ‘, [xl? ,; 139. .‘* (Found: C. 790; H, 9.5 C,,H,,O, requires: C. 78.8; 
H, 9.5 7:). 

Raney nrckcl red&on of Sa~srronc-3,17-~iionr. Sz-Fstran-3.17dionc (4.2 g) was dissolved In 
ethanol (300 ml) and rcfluxcd with aged W-2 Rancy Nickel catalyst as described above. Chromato- 
graphy of the miduc on stlica gel (400 g) gave upon clutton with bcnzcnc-ethyl acctatc (IO”,;) 
Szcstran-3z-ol-l7-onc (XVllb). m.p. 170-171~5’. [xl;; . IIS’ (rcportcd” m.p. I48“,164.5 167’. 
[z]:” -- 110’) after crystallization from ethanol water. (Found: C. 77.9; II, 9.9. Calc. for 
C,.tI,.O,: C, 78.2; H. 10.2Ob). Further clution with the same solvent system afforded the more 
polar 5zestran-3&ol-l7-onc (XVlIa). Crystallization from acetone Skcllysolvc C gave an analytical 
sample. m..p. 181,5-184,. [z]: - 106’ (reported” m.p. 177 179’. [ZIP * 108’. (Found: C, 78.5; 
11. 10.2. Calc. for C,.H,.O,: C. 78.2: Ii. 10.2%). 

Runt,v nickrl rrducrion o/5z-csrron-17~~-01-3-oru. Reduction of Sz-cstran-l7/1-ol-3-one with aged 

Y Rapala and Parkas’ reported the preparation of ~;?-crtran-3B.t7,~-diol by so&urn borohydridc rcducnon 
of the 3.17.dlkctone. Their phyrrcal constants (m.p. 202-204”. [z]n .i 7.2 ‘). however, arc dJtTerent from 
those obtained rn thn laboratory. 

u This product has been reported as the rolvatc wrth two moles of acetone. m.p. 168-170 , [z]u -.16’.‘* 
y Thts product agrees with that dcscrtbcd by (‘hen* (m.p. 70’. Iz], ‘a,’ .:. 127.3’ [acetone]) to which the S$ 

configuration was aulgncd. 
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W-2 Rancy Nickel catalyst as dcscrlbcd above gave a mixture of the C-3 cpimcric dials. Chroma- 
tography on silica gel and clutton with bcnzcne~thyl acetate (20::) gave Szatran-3x.l71]dioI (XIXa) 
m.p. 187-192’. raised by rccrystalltiation from ethyl acetate IO 191.5-193”. [z]: - 31.5 (rcprtcd” 
m.p. 191. 193”. [%I;“’ -23.7”). (Found: C. 77.7; H. 10.4. Calc. forC,,H,O,: C. 77.7; H, 10.9’;). 
This product was also obtamcd by reduction of XVllb with sodturn borohydridc. Further clutlon with 
the same solvent system afforded the epimeric 5ztstrane-3~.17~diol (XVllla) identical with that 
descrlbcd above. 

Sr-~~rron-l7P-ol-3-onr UCC~U~C (XVb). A solution of 5x-zstran-I7/?-ol-3-onc (5.0 g) in pyridine 
(25 ml) and OCCIIC anhydride (5 ml), was allowed to stand at room temperature overnight and then 
poured slowly into ice-water. The rcsultrng precipitate was removed by filtratron and washed with 
2 h’ hydrochloric sod, 2.5 9; sodium carbonate solution. and water. Rccrystalluation from Skcllysolvc 
C afforded 5ziTtran-I 7/Lol-3-onc acetate m.p. IO3 105 An additional recrystallization from 
methanol-water gave an analyttcal sample. m p I04 I06 . [-xl :: .. 47 ,” (Found: C. 75.3; H. 9.4. 
C,,H,O, requlra: C. 75.4; II. 9.5:~). Rccrystalhration from absolute methanol gave the dimethyl 
kctal, m.p. 135. I37 . [xl: - 20’. (Found: C.72.5; H.9.9. C,,tl,,O, requires: C. 72.5; H, 10.OYO). 

Ranry nickel wduclion of Sz-esrran-I 7/&I-II-one (ICCI~IC. 5x-tstranc-I 7iLol-3-onc acctatc (XVb. 
2.0 g) was dlssolvcd in ethanol (I SO ml) and rcfluxed for 2 hr with aged W-2 Rancy Nickel catalyst 
(5.0 g) as described above. Adsorption of rhc residue on silica gel (200 g) and clulion with bcnzcnc- 
ethyl acetate (5 5;) gave staning material (0.79 g) followed by Sz-cstrane-32.17fidiol I7-monoacctate 
(XIXb. 0.50 g). m.p. I63 -167 Rccrystalhzation from acetone-Skcllysolve C gave an analytical 
sample. m.p. 166167 . 121: -- I8 . (Found: C. 74.6; 11, 9.8. C,H,,O, rcquim: C. 74.9; 
H, IO I”;). Further clution produced the epuncric 5r+stranc-38.I7/Idiol I7-monoacctate (XVlllb. 
0.33 g) which upon crystalliratton from Skcllysolvc C afforded an analytical sample. m.p. 121-121 5’. 
121: .- IS’. (Found: C, 74 8: 11. 10.0. C,}I,,O, rcqulrcs: C. 74.9; 1L IO.1 T<). 

5z-Esrratu-3/j. I7@-dial diuccrorc (XXa). Acetylation of Szcstranc-3/l,l7/jdiol with acetic 
anhydride-pyridinc a~ rwm tcmpcraturc gave the corr~ponding diacetate (XXa). Crystallnation 
from Skcllysolvc B gave an analytlcal sample, m.p. 142-145 , [2]? ,! 5’. (Found: C. 72.9; H. 9.5. 
C,,H,,O, requira: C. 72.9: H. 9.5f6). 

5~-~~rrunr-3z.l7,~-dio/~liacrrorc(XXb). Acctylation of Sz-estranc-3x.l7/?diol (0.4 g) was accom- 
pltshcd by warming on the steam bath for 2 hr with pyridine (9 ml) and acetic anhydride (I ml). 
Work up In the usual manner and crystallization from ethanol afforded needles. m.p. l42-143.5-. 

14F -24.. (Found: C. 729; H, 9.5. C,,if,O, requires: C, 72.9; H, 9.57:). 

Acknonhdvmmrs. -I am indebted IO Dr. Frank B. Colton for many valuable discussions, IO 

Dr. F.. G. Daskalakis and his staff for their assistance In chromatography. IO Mr. W. M. Sclby and his 
group for prforming most of the catalytic hydrogenations, and IO Dr. F. J. Saunders of our Endocrm- 
ology Divisions for furmshmg the blological data. 

I’ This product agrees with the acctatc dexrlbcd by Chcn* m.p. 102 103” [2]:.’ + 39’. (acetone) to which the 
SD configuration was awgncd. 


