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Absmt-The preparation of 17/Lhydroxy-17wnethyIandrostano [2,3-bJ-(5’0hydroxyindole) along 
with other novel indolosteroids is deseribeci. 

THE importance of the cyclopentenophenanthrerene ring system in hormonally-active 
compounds requires no comment. But this unique tetracyclic skeleton is also, par 
~~ceZ~e~ce, a nucleus with inherent ~NS~~haviouraI activity. Thus the gonadal 
hormones play a role in the establishment of the male and female psyche and as is 
becoming increasingly clear, they may also play a role in the causative mechanisms of 
psychiatric disorder, Thus, the ovarian hormones are paramount in bringing on the 
premenstrual syndrome with its attendant psychiatric symptoms, which on occasion 
can be tragic in their outcome. 

In seeking to potentiate the ~NS~~havioural activities of this group of compounds, 
we turned to the combination of CNS-effective moieties with steroidal types, hoping 
thereby to increase pha~a~odynami~ activity at the expense of hormonal potency? 
To this end we have studied the preparation of 5’-hydroxyindolosteroids (cf. I; 
R = OH) in the expectation that the structural resemblance to 5-hydroxytryptamine 
may be a factor in the appearance of signifi~nt CNSactivity. 

The general method of preparation of indofosteroids, involving interaction of a 
3-ketosteroid with a phenylhydrazine as described by Dor&,B has been well docu- 
mented, but, as far as we know, no compounds containing a 5’-hydroxyl group 
(cf. I ; R = OH), have been reported. 

In preliminary attempts to prepare the required compounds, androstan-l?fi-ol-3- 
one was converted into 17~-a~etoxyandrostano-(2,3-b)~5’-methoxyindole) (Ia) by 
reaction with p-methoxyphenylhydrazine in boiling acetic acid. However, attempted 
demethylation of this compound (la) by heating with aluminium chloride in benzene 
or 45% hydrogen bromide in glacial acetic acid for several hours failed to yield 
crystalline products and indeed, no phenolic material could be detected in the reaction 
mixtures in either case. 

The 5’-nitro compound (Ib) was next prepared as above, using ~-~~ophenyl- 
hydrazine in place of the somewhat unstable p-methoxyphenylhydraine. Catalytic 
reduction of the product with hydrogen and palladized charcoal in ethanol gave the 
required amine (1~) but attempts to convert this into the co~es~nding 5’-hydroxy 
compound, failed. 

* C. Do&e, J. Ckm. Sot. 95,638 (1909). 
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Subsequent experiments were carried out using 17a-methylandrostan-17B-ol-3-one 
as the steroidal starting material. This was converted into the 5’-benzyloxyindolo 
compound (Id) by reaction withp-benzyloxyphenylhydrazine,a but attempts to remove 
the benzyl group by catalytic hydrogenation under a variety of conditions were 
abortive. 

Success was finally achieved zlia the 5’-benzoyloxyindole (Ie). p-Benzoyloxyaniline 
was prepared by an improved method whereby p-benzoyloxynitrobenne was 
reduced catalytically with hydrogen and palladized charcoal instead of with zinc in 
ethanolic acetic acid as described .+’ The amine was converted into p-benzoyloxy- 
phenylhydrazine which reacted smoothly with 17a-methylandrostan-17#?-ol-3-one in 
acetic acid to yield the 5-benzoyloxy derivative (Ie). The latter compound was 
hydrolysed smoothly in aqueous ethanolic sodium hydroxide solution to yield 
17#?-hydroxy-17a-methylandrostano [2,3-b]-(Y-hydroxyindole). (If). 

Treatment of pbenzyloxyphenylhydrazine with p-chlorobenzyl chloride in the 
presence of sodamide in liquid ammonia and tetrahydrofuran gave l-@benzyloxy- 
phenyl)-1-@-chlorobenzyl)-hydrazine which was condensed with 17c+methylandro- 
Stan-1 78-ol-3-one to give a small yield of the S-benzyloxy-l’-@-chlorobenzyl)-indolo 
steroid (Ig). On the other hand, reaction of p-benzoyloxyphenylhydrazine with 
p-chlorobenzyl chloride in the presence of sodamide in liquid ammonia did not give 
the expected l-@-benzoyloxyphenyl)-l-@-chlorobenzyl)-hydrazine, but, due to mi- 
gration of the benzoyl group yielded I-benzoyl-1-(phydroxyphenyl)-hydrazine. The 
latter compound was most readily obtained by the action of sodamide on p-benzoyl- 
phenylhydrazine in a mixture of liquid ammonia and tetrahydrofuran. It was reacted 
with 17a-methylandrostan-17,%ol-3-one to give a small yield of the i’-benzoyl-5’- 
hydroxyindolo steroid (Ih). 2a,l7a-Dimethylandrostan-l7#&ol-3-one was condensed 
with phenylhydrazine in acetic acid at reflux temperature to give a 30% yield of the 
crystalline indolenine (II) after purification by chromatography. When this was 
heated with acetic anhydride O,N-diacetylation occurred with migration of the 
1’,2’-double bond to yield the product (III). This reaction at the N-atom of the 
indole ring led us to attempt alkylation of the compound (II) but no reaction occurred 
with p-chlorobenzyl chloride using sodamide in liq_uid ammonia as condensing agent. 
When the reaction was carried out with sodium hydride in a mixture of dimethyl- 
formamide and toluene, products of indeterminate structure were obtained. 

Finally, whilst this work was in progress, the preparation of long-acting hypoten- 
sive agents such as the N-[2-(2-methylpyridyl-5)-ethyl]-2,3-dialkyl indoles (IV) was 
described6 by Russian chemists. We therefore carried out exploratory reactions and 
attempted to react 2-vinylpyridine with 17p-hydroxy-17a-methylandrostano (2,3-b) 
indole using sodium as condensing agent according to the method of Magnus and 
Levine.* This method failed but success was ultimately obtained by carrying out the 
reaction in dimethylformamide using sodium hydride at 60”. The product (Ti) formed 

s G. Bernini, Ann. Chim. Rome 43,559 (1953). 
4 M. 0. For&r and H. E. Fierz, .I. C/rem. Sac. 91,855 (1907). 
6 E. V. Vinogradova, A. N. Grinev, I. K. Danusevich, M. F. Dzik, B. V. Dubovik, A. S. Zakharevskii, 

T. Yu. Il’yuchznok, A. N. Kost, G. I. Martinovich, A. V. Miklevich, L. F. Pil’tienko, I. V.Rachkov- 
skaya, N. A. Reut, V. I. Talapin, N. Z. Tamarina, A. P. Terent’ev and K. S. Shadurskii, Fed. Proc. 
22, No. 6, Part II. 

* G. MaDus and R. Levine, J. Amer. Chem. Sot. 78,4127 (1956). 
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I 
# RR=~~,RR~=R’=H.R~~~~_MM~ 

1 = R’ = H, R 
(Q R 1 NH;; R’ = R’ = H, RL = CO:Me 
(d) R = ph.CH@, RI= H, Ra = CO.Me, R* = Me 
(e) R = PhCO.0, RI = R* = H, R* = Me 
(f) R = OH, RL = R* = H, Rs = Me 

- (g) R =z Ph.CH,.O, R’ = Cl- 0 , , -_CH,-, R* = H, IV = Me 

(h) R = OH, Rl = PhCO, Ra = H, R* = Me 

(i) R = R9 = H, RI = 

(j) R = H, R’ = 

(k) R = R* = Me, R1 = 

-CH,CHa, Rs = Me 

RL = CO-Me, Ra = Me 

-CHICHI, R* = H. 

?H 
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a hydrochloride salt, showed single OH absorption in the 3500-3000 cm-l region and 
yielded an acetate ester (lj) on heating with acetic anhydride for 1 hour. The IR 
spectrum of the latter compound had no band present between 3500 and 3000 cm-l 
showing that the indole nitrogen was tertiary, whilst bands at 1750 and 1280 cm-l 
confirmed the presence of an acetoxy group. 

The analogous Y-methyl compound (Ik) was similarly prepared by reaction of 
17#I-hydroxy-17a-methylandrostano (2,3-b)-(S-methyl indole) with 2-vinylpyridine 
using the above method with somewhat longer heating. 

All attempts to replace 2-vinylpyridine in the above reactions by 2-methyl-5- 
vinylpyridine to yield compounds more closely related to those (cf. IV) prepared by 
Vinogradova et a1.,5 were unsuccessful. 

EXPERIMENTAL 

IR measurements were made for Nujol mulls with a Perkin-EImer Infracord Spectrophotometer; 
no calibration corrections were applied. 

17~-Accfox~~o~rano-[2,3-b]-(5’-~e~~u~y~~e). A solution of androstan-lI&ol-3-one (2 g) in 
acetic acid (25 ml) was treated with p-methoxyphenylhydrazine and the mixture heated under reflux 
for 3 hr. Dilution with water furnished the product (0.75 8) m.p. 248-252” from aqueous EtOH, vmax 
34QO(NH’)+ 1735(C=O), 1630,1600,1575 (aromatic c;C), 832,800 cm-l (indole ring). (Found: C, 
76.7; H, 8.7; N, 3.4. C&H,NO, requires: C, 77-2, H, 8-6; N, 3.2x.) 

17B-Acetuxy~~sfano-[2,3-b]-(5-nilroind). A solution of androstan-1 Igol-3-one (5 g) and 
p-nitrophenylhydrazine (3 g) in acetic acid (50 ml) and cont. HCI (20 ml) was heated on the steam- 
bath for 4 hr. The yellow crystals wcrc collected and washed with water then ether. The product 
(3 g) had m.p. > 3 10” (from CHCl,-EtOH), umbx 336O(NH),173O(C=G), 1625,1575 (aromatic C&C), 
1510 (NO*), 890, 830 (indole ring), 758, 745 cm-l (NO,?). (Found: C, 71.6; H, 7-7; N, 6.1. 
C,,l&,N,O, requires: C, 72.0; H, 7.6; N, 6~2%~) 

178-Aceroxyanrlrostano-[2,3-b]-(5’-aminoindole). A suspension of the foregoing nitro compound 
(3 g) in EtOH (300 ml) was hydrogenated at 60” using a 10% Pd-C catalyst, (0.6 g). The producr 

(I.8 g) had m.p. 295-300” from CHClrEtOH, Ymax 3420,332O (shoulder) (NH); 1725 (C=O) ; 1645, 
1605, 1470 (aromatic M), 850, 840, 800 cm- l (indole ring). (Found: C, 77.4; H, 8.4; N, 6.8; 
C,,H,N,O, requires: C, 77.1; H, 8.6; N, 6.7 %.) 

178-Acetoxy-lla-mcthylandrostcm~ [2,3-b]-(5’-benzyloxyindole). This was prepared in 63 % yield 
by reaction of 17a-methylandrostan-17~-ol-3-one with p-benxyloxyphenylhydraxine in acetic acid. It 
had m-p. 122-125” from acetic acid, Vmax 33OO(NH), 172O(C=O), 1635, 1600,1575 (aromatic C-q, 
855, 803 (indole ring), 740, 700 cm-l (mono-substitution). (Found: C, 79.6;, H, 8.4; N, 3-O. 
C,,H,,NO, requires: C, 79.95; H, 8.2; N, 2.7%) 

p-8enzoyroxyphenyl. A solution of p-benzoyloxyaniline (10 @ in acetic acid (50 ml) was 
treated with 7.5 N HCI (10 ml), cooled to 0” with stirring and the pasty mixture diazotixed by the 
dropwise addition of a solution of NaNO, (3.3 g) in water (6.7 ml). The solution was then added with 
stirring to a solution of SnCIB*2HS0 (4.5 g) in 10 N HCl(50 ml) and allowed to stand at 0” for 2 hr. 
The solid was collected, washed with ether, transferred to a separating funnel containing CHC.& and 
water and made strongly alkaline with NaOHaq. The CHQ extracts were washed, dried and 
evaporated to yield the product (5.7 g), m.p. 99-100” from benzene-light petroleum (b.p. 60-80c), 
vrnax 32oo(NH), 172O(C=O) 1625, 1600, 1575, 1500 (aromatic C=C), 871, 816 (disubstitution), 
705, 687 cm-* (mono-substitution). (Found: C, 68.7; H, 5.2: N, 11.9. CtaHIIN,O1 requires: 
C, 68.4; H, 5.3 ; N, 12.3 “/,.) 

17#Mfydroxy-I 7a--methylondrostono(2,3-b]-(5’-benzoylo). This compound was obtained 
in 74% yield by reaction of 17z-methylandrostan-17/?-oI-3-one with p-benzoyloxyphenylhydrazine 
in acetic acid. It had m.p. 23&232” from aqueous EtOH, Vrnax 35OO(NH), 3300(OH), 1710 (C=O), 
1625, 1580 (aromatic C=C) 890,798 (indole ring), 718,712 cm-l (monosubstitution). 

17~-Hydroxy-l7a-methy~u~drostono-~2,3-b]-(5’-hydruxyindole). A solution of the foregoing 5- 
benzoyloxyindole (3.4 g) in EtOH (20 ml) was treated with 2 N NaOH (50 ml) and the mixture heated 
on the steam-bath for 2 hr. It was cooled and poured with stirring into water. The product (0.9 g) 
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had m.p. 266” (dec) from aqueous EtOH, ymx 349O(NH), 3300, 32OO(OH), 1625, 1590 (aromatic 
W), 858,840,810,800 cm-l (indole ring). 

I-(p-&+q@t@)-l -(pcM~r&~~4)4pzkuk. A solution of pbenzyloxyphenylhydraxine 
(5 g) in tetrahydrofuran (25 ml) was added to a solution of NaNH, [prepared from Na (O-5 g)] in 
liquid NH, (200 ml). The mixture was stirred for 3 hr when pchlorobenzyl chloride (3 ml) was 
added and stirring was continued for 1 hr further. The ammonia was allowed to evaporate when the 
residual solution was poured into excess of water and extracted with CHCb. The CHCl,cxtracts 
were dried and the CHCI, evaporated at O-5 mm press. leaving a gum which was chromatographed on 
alumina. Elution with benxene-CHCl, yielded the producf (3.7 g), m.p. 122-124” from ether-light 
petroleum (b.p. 4(Mo”), Yrnas 33500, 1620, 1600, 1580, 1510, 1490 (aromatic C=C), 860-8W 
complex series of bands (disubstitution), 748, 702cm-r (monosubstitution). (Found: C, 71-3; H, 
5.5; N, 8.2; Cl, 10.9. C,OH&IN,O requires: C, 70.9; H, 5.65; N, 8.3; Cl, 10.5%) 

17#&~y&0xy-l7c+nrerhy~u&osrano (2,3-b]-(5’-b4nzyloxy-l’-p-c~lurobenzyl)indole. This com- 
pound was obtained in 12% yield by reaction of 17a-methylandrostan-17/k+3-one with 1-(p 
chlorobenzyl)-l-@-benyloxy)phenylhydrazine in acetic acid at rellux temp. The product was 
purified by chromatography on alumina followed by elution with a 50% benxene-CHCl, mixture and 
had m.p. 120-125” from ether-light petroleum (b.p. 40-60”), Yrnax 346O(OH), 1620,158O 1510 (EKOIIIB 
tic C=C), 835,800 (indole and pdisubstitution), 754, 695 cm-l (monosubstitution). (Found: C, 
78-6; H, 7.8; Cl, 6.1; N, 2.3. CIIH,,,CINOZ requires: C, 79-O; H, 7.6; Cl, 5.8; N, 2.3 %.) 

1 -Bentoyl- 1 -(p-hudroxuphenyr)l?vdrrrzine. A solution of p-benzoyloxyphenylhydraxine (23 @ in 
tetrahydrofuran (20 ml) was added with stirring to a solution of NaNHI [prepared from Na (0.25 g)] 
in liquid N)I, (50 ml) and stirring was continued for 2 hr. The ammonia was then allowed to evapo- 
rate and the residue was partitioned between water and CHCI,. The aqueous fraction was acidified 
to pH 4 by addition of dil. HCl aq, and reextracted with CHCl,. The CHCl,-txtracts were washed, 
dried and evaporated to yield the prOduct (O-75 g) m.p. 165” (dec) from water, vmSr 33OO(shoulder), 
314O(NH and OH), 1650, 1600, 1570, 1510 (C==O and aromatic W), 845 @-disubstituted ring), 
720,695 (monosubstituted ring). (Found: C, 68*6; H, 5.2; N, 12.2. C,,H,,N,O, requires: C, 68*4; 
H, 5*3; N, 12.3 %., 

178-Hydroxy-l7a-~~~y~u~~sr~ [2,3-b]-(l’-benzoyl-5’-tr,ydroxyindale). This compound was 
prepared in 16 % yield by reaction of 1%methylandrostan-17/3-ol-3-one with the foregoing phenyl- 
hydrazine in acetic acid at reflux temp. A CHCG-solution of the crude reaction product was chromato- 
graphed on alumina. Elution with CHCl, yielded unchanged ketone (1.0 g) and elution with 10% 
MeOH in CHCI, furnished a crude product (2.8 g) followed by unchanged phenylhydrazine. The 
pureproduc~ had m.p. 170” (dec) after crystallixation from MeOH then acetone, umrx 3350,3250(OH), 
1690(W), 1650,1610,1580 (aromatic C=C) 854,8 10,773,734,716,700 (indole and benzene rings). 
(Found: C, 79.3; H, 7.8; N, 3.3. CaHwNOI requires: C, 79.6; H, 7-9; N, 2*8x.) 

17~-Hy&oxy-l7a-mefhylandro~t~~ [2,3-b]-(5’-~t. This compound was obtained in 
85% yield. It had m.p. 269-274” from CHCI,-EtOH, Yrnax 352O(NH), 323O(OH), 1600 (aromatic 
C=C), 810 cm--l (indole ring). (Found: C, 82.6; H, 9.7; N, 3.7. C,,H,,NO requires: C, 82.8; 
H, 9.5; N, 3*6x.) 

Za, 1 ‘tar-Diiraetl?yEl ‘I-~~~~~yu~~stano-[2,3-b]~le~i~. A mixture of 2a,l Ia-dimethyl-17/S 
hydroxyandrostan-3-one (I g) and phenylhydrazine (0.3 ml) in acetic acid (30 ml) was heated under 
reflux for 3 hr. The acetic acid was distilled off at red. press. and the residue was dissolved in MeOH 
(5 ml) and poured into water. The solid was extracted with benzene, the bemrene was washed with 
water, dried and chromatographed on alumina. Elution with benzene containing increasing amounts 
of CHCI, (up to 50%) gave the product (0.4 g) m.p. 237-245” from MeOH. Ymax 325O(OH), 1605, 
1575 (aromatic C===C and C=N), 775,750 cm-l (indolenine ring). (Found: C, 82.5; H, 9.3; N, 3.5. 
C,,H,,NO requires: C, 82.8; H, 9-5; N, 3#6%.) 

17/G,ketuxy-2a, 1 7a-dimet~y~androst-3Ino[2,3-bl-(l’-aceryl-2’,3’-dilrydroindole). This compound 
was obtained when the foregoing indoIenine was heated with acetic anhydride at reflux temp for 30 
min. It had m.p. 215-218” from EtOH u mxx 1720 (acetate CO), 1660 (amide CO), 1635,1595 (aromatic 
(SC), 762 cm-l (dihydroindole ring). (Found: C, 78.6; H, 9.2; N, 3.5. C,,H,INOI requires C, 
78.25 ; H, 8.7; N, 2#9%.) 

17/LUydraxy-l7a-tnef~y~an[2,3-b]-~ 1 ‘-B-(2-prrl~~r~y~-i~~e~. A mixture of 17/Shyd- 
roxy-17a-methylandrostano [2,3-bkindole (3.8 g), 2-vinylpyridine (1.1 g) and 50% NaH dispersion- 
in oil (O-48 g) in dimethylformamide (SO ml) was heated at 60” with stirring under N,. The cooled 
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mixture was diluted with water and extracted with CHC& and the extracts were washed with water 
and dried. The CHC& was evaporated at red. press. to yield the pro&r (2-l g), m.p. 184-186” (from 
EtOH), vmax 325O(OH), 1615,1600,1580 (aromatic C====, 774,758(shoulder)(pyridine ring), 750 cm-l 
(indole ring). (Found: C, 82.5 ; H, 8*8 ; N, 5.4. CmH,4NI0 requires: C, 82.1; H, 8.8; N, 5.8%) 

17~--Aceroxy-17a-mer~~~u~~r~~~~~ [2,3-b]-(1’-[14-(2_pyridyl)etlryllindole~. This was obtained by 
acetylation of the foregoing compound with acetic anhydride at reflux temp for 1 hr, vmax 1750 
(acctoxy), 1625, 1600, 1580 (aromatic C-c), 783 (pyridine ring?), 765 (pyridine ring), 740cm-1 
(indole ring). (Found; C, 80.1; H, 8-4; N, 5.5. Cs6H,,N,0a requires: C, 80-l; H, 8.45; N, 5.3 %.) 

17,!I-Hydr0xy- 17a-merhylandroslarrotir~~f~~ [2,3-b]-{ 5’- melhyE1’-~-(2_pyridyl)erhyIlindole). A mixture of 
17P-hydroxy-17a-methylandrostano [2,3-b]-(5’-methylindole), (3.9 g), 2-vinylpyridine (2.2 g) and a 
50% dispersion of NaH in oil (O-96 g) in dimethylformamide (50 ml) was heated at 60” under NP for 
5 hr. Theproduct, isolated by dilution with water and extraction with CHC& had m.p. 229-232” from 
CHCI&tOH, vmax 325O(OK), 1600,157O (aromatic C=C), 808 (indoIe ring), 752 cm-l (pyridine ring) 
(Found: C, 82-2; H, 8.9; N, 5.6. C,,H,N,O requires: C, 82.2; N, 8.9; N, 5.6%) 


