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MODIFIED STEROID HORMONES-XLI’ 

REARRANGEMENT OF 3~-ACETOXY-4a~-HYDROXY~S~oMETHYG 

A-HOMO-B-NOR STEROIDS INTO NORMAL STEROIDS OF THE 

6METHYLENI%@-H SERIES 

hf. T. DAVIES, B. ELLIS, I)+ N, LYRIC and V. I%~ow 
Chemical Reswch Department, me British IBug HOUSCS Ltd., 

Graham Street, London 

USertmct-Methods are -ibed for effecting the molecufar rearrangement of 3pwacttoxy-4aw 
hydraxy-5&-mcthyl-A-homo-B_nor steroids into corresponding nmmal structures of the 6-m~tbylene~ 
S&H swim. NMR spwtral data lead to the assignment of the rcon@uration to the 4a-hydrmyl 
group present in tie initial steroidal A-home-‘B-nor types. 

m isomerization of 5a,dct-epoxy-6B_methyl steroids of the spirostane and androstane 
series into SB-methyl-A-home-B-nor-~-ketones (I; R = :O )--a novel trans- 
formation which has since been extended to certain pregnane derivatives,* was described 
in 1960? We now report upon a hitherto unrecorded rearranement of A-homo=B-nor 
structures into compounds having the normal perhydrocyclopentenophenanthrene 
skeleton. 

Dehydration of 3~-acetoxy-4aot-hydroxy-5g-methyl-A-homo-Enor spirostar& 
(Ia; R = a-OH) @tie &$@o for configuration at C,J by treatment with thionyl 
chloride in pyridine at 0” gave a mixture from which three entities were isolated, 
The compound obtained in ptedominant amount, by direct crystallization of the total 
reaction product, has been assigned the constitution 3~-a~toxy_fimethylen~5~,~5~ 
spirostane @Ia; R = /3-OAG) on the basis of evidence presented herein. Mother- 
liquor material on chromatography afforded small quantities of 6-methyl diosgenin 
acetate4 (IVa) and a third compound which we regard as 3/%acetoxy&methyl- 
5/Q5D-Spiro&Gene (Va)_ 

Aikaliae hydrolysis of the 3/I-acetate (Ha; R = B_OAc) gave the corresponding 
alcohol (Ha; R = /?-OH), which was oxidized to the 3-ketone (Ha; R = :U). 
The IR spectra of these compounds show pronounced bands at 1650-1645 cm-$ 
which, together with considerable inmses of intensity of the sapogenin band at 
896 em-‘, point to the presence of an ex~yclic methylene group! The presence of 
this grouping is conked by the existence of a 2-proton singlet at Se357 (half-intensity 
band width of 8 c/s) in the NMR proton resonance spectra of compounds Ha (R = 
B_OAc and R = :O). Analysis of the ORD curve (ui& &$Pz) of the last compund 

t Part XL, M. G. Lester, V. P&row and 0. Stephenson, Tef&e&u~ 21, 1761 (l%S). 
* D, N. Kirk and V. Petmw, J. C&m. Sac. 4657 (1960). 
8 J. P. Dusza, J, P. Joseph and S. Bernstein, J. Org. Calm. Z&92, (1963). 
4 I). Bum, B. ElIis, V. Pktrow, 1. A. Stuart-Webb and D. M. William~~u, J. Ckm. Srtc. 4092 (1957). 
@ M. Gtiinthard and L. Ruzicka, Helv. CCntm. Acia 32,2125 (1949). 
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provides evidence for assigning the F-configuration to the 5-H atom, Isomerization 
of this ketone (Ha; R = : 0) was effected by treatment with warm formic acid to give 
the known 6a-methyl-25lo-spirost-~en-3-~~e* (IIIa); the 3/Sacetate (Ha; R = 
/WAC) was isomerized by toluene-p-sulphonic acid in acetic acid to 6-methyldiosgenin 
acetate* (Wa). 

Further chemical evidence supporting the foregoing 6-methylene-5/J-H formulations 
was obtained by hydroxyfation, with osmic acid, of 3,!&acetoxy-6-methylene-5/?,25D- 
spirostane (Ha; R = /3=OAc), followed by cleavage of the resulting diof with sodium 
metaperiodate under essentially neutral conditions to give 3glacetoxyD5/?,25D- 
spirostan-6-one. This compound differs from the known 3~-acetoxy-5a,25D-spiro- 
star&on@ into which it was isomerized by treatment with alkali followed by 
acetylation. 

The third dehydration product arising from 3@-acetoxy-4aor-hydroxy-5/?-methyl- 
A-home-B-norspirostane (uibe SUJWZ) is assigned the constitution 3@-acetoxy-6-methyl- 
5/$251cl-spirost-6-ene (Va) as (i) the IR spectrum shows a low-intensity band at 1664 
cm-l (a trisubstituted ethylenic linkage’) and (ii) the NMR spectrum reveals an 
unresolved multiplet at 4.97 (half-height band width circa 7 c/s) of one-proton 
intensity, and a band at 8*47 consistent with the presence of the -C(CHJ==CH- 
system. Alkaline saponification of the minor product (Va) followed by oxidation of 
the resulting (not characterized) alcohol was accompanied by rearrangement of 
the double bond to give the 6-methylene-3-ketone (Ha; R = ;O), 

3#&17~-Diacet~xy-4acc-hydr~xy-5~-methyl-A-homo-B-norandrostane (lb; R = 
or-OH), prepared from 3~-acetoxy-5~-methyl-A-homcr-B-nor-androstane-4a, 17.dione,* 
was similarly dehydrated with thionyl chloride-pyridine to give an amorphous 
product from which, after alkaline hydrolysis, crystalline 6-methylene-5JLandrostane- 
3&17B_diol (Ub; R = #&OH) was isolated. The presence of an exocyclic methylene 
group in this compound and in its amorphous diacetate precursor is evidenced by 
IR absorption bands at 1645 and 890 cm- lc The diol (Hb; R = B-OH) significantly 
differs from 6-methylene-5~-andr~stane-3&17/?~diol, prepared from 3&17#3=diacetoxy- 
5a-androstan-6-one6 and me~yle~etriphenylph~sph~rane, an observation supporting 
the 5#?-H-configuration assigned to it. Further evidence for this configuration follows 
from the Nan-identity of the 6-methylene-Sp-andrt>stane-3,17-dione obtained by 
oxidation of the dial (IIb; R = &OH), with the 6-methylene-5a-androstane-3,170 
dione similarly derived from 6-methylene-5a-androstane=3p, 17/Gdiol. Both isomeric 
6-methylene-3,17=diones were converted by warm formic acid into the known 6~ 
methylandrost-4ene-3,1 ‘jr-dione? 

Extension of this novel dehydration reaction to a simple pregnan-20-one derivative 
necessitated the preparation of 3B_acetoxy-4aa-hydroxy-5B-methyl-A-homo-&nQr- 
pregnan-20-one (Ic; R = a-OH). 3/LAcetoxy-6-methylpregn-5-en-20rone4 was oxi- 
dized with peracetic acid to give the corresponding Scc,iia-epoxidc, which underwent 
rearrangement on treatment with boron trifluoride etherate, af%rding 3&acetoxy-5/% 
methyl-A-home-B-norpregnane-4a,2O=dione (Ic; R = : 0). The hindered 4a-oxo 

e US. Pat, 2,875,198. 
’ P. Bladon, J. M. Fabian, H. B. Henbest, H. P. Ko& and G. W. Wood, J. G&eem. Sec. 2402 (1951). 
a H. B. MacPhillamy and C. R. Scholz, J. Amer. Chem. Srzc. 74,5512 (1952); V. Grenville, I). K. 

Pat& V. Petrow, I. A, Stuart-Webb and D. M. Williamson, J. Chum. Sot. 4105 (1957). 
* M. Ackroyd, W. J. Adams, B. EIIis, V. Petrow and I. A. Stuart-Webb, J. C&m. Sue. 4099 (1957). 



Mod&d steroid hormmes-Xr.1 3187 

{bl l7/3 - Acetoxy( hydroxy) androstune series 

(c)i Prsgmn - 20 -one Series 

group of this dione proved less reactive than the 20-0~0 function, and permitted the 
formation, by reaction of the compound with semicarbazide, of 3/?-aetoxy-S/?- 
methyl-4agr)lxo-A-hombB_nctrpregnan~-21baz~ne~ Reduction of this deriva- 
tive with lithium borohydride in boiling tetrahydrofuran gave the corresponding 
3/3,4aa-di&20_semicarbazone, from which 3B,4aa-dihydroxy-58_methyl-A-home-B- 
norpregnan-2@one was obtained by hydrolysis with hot aqueous pyruvic acid? 
Acetylation of the last compound at 0” furnished the required 3#&acetoxy_4aa- 
hydroxy-5Bgmethyl-A-h~m~-~-norpregnan-2~ne (Ic; R = a-OH), the constitution 
of which follows from (i) its oxidation to the parent 4a-ketone (1~; R = Al)* and (ii) 
the formation of a 38,4aac-diacetate (1~; R = a-OAc) on vigorous acetylation. 

Me 
i 

R 
~ 

f?, Me 

Treatment of the 4aor-hydroxy-A-hom~B=nor compound (Xc; R = a-OH) with 
thionyl chloride-pyridine unexpectedly failed to follow the pattern established in the 

lo See E. B. Hmhberg, J, Org. C’km. 13,542 (f948). 
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C,-proton takes the form of a poorly resolved multiplet, the half-intensity bandwidth 
(Wn) of which lies in the region 15-30 c/s, A value of 5-10 c/s is obtained, in contrast, 
when the C&-substituent is axial. The NMR spectra of the 4a-alcohol (Ic; R = a-OH) 
and its precursor ketone (1~; *R = :O) were determined during the present investiga- 
tion, and these reveal broad multiplet signals arising from the Camprotons, at 4-9 and 
537, respectively, WH M 20 c/s in each case. We therefore conclude that the orienta- 
tion of the 3&acetoxy group is equatorial in both compounds, from which it follows 
that the conformations of the alcohol and ketone approximate to that represented 
by Fig. X, It may be mentioned that our earlier explanation% of the formation of the 
A-homo-B-nor_Qa-oxo system by rearrangement of a 6/?-methyl=5a,6a=epoxide 
involved the recognition of a oonformation corresponding to X for the rearranged 
product. 

Assignment of the a-configuration to the 4a-hydroxyl group resulting from 
borohydride reduction of a 4a-ketone is based upon the: following observations, 
First, it is necessary to consider the splitting pattern of the Ba-proton resonance as a 
function of the geometry of the C, and C,, centres, employing a Karplu~~~ type 
relationship between J and the dihedral angle + between vi&al protons, Angles 
determined from Dreiding models of the epimeric 4a-alcohols corresponding to 
conformation X, and the coupling constants derived from them via the Williamson and 
Johnson version of the Karplus relatiorP are as follows: 

4a a-OH 20° 100’ 8*5 c/s o-5 c/s 

4a &OH 90” 150” 0 12-5 c/s 

[&, &, and J1, JB (talc.) refer to 4a and 4p C-H 
bonds respectively] 

Thp: observed resonance signal of the 4a-proton in the spectrum of the 4a-alcohol 
(Ic; R = a-OH) consists of a broad doublet at 6-3~ (J = 5-6 c/s), the components 
of the doublet having WLf ss 3 c/s. Although this result favours the aconfiguration 
for the 4a-hydroxyl group, the limitations and accuracy of the Karplus relations are 
not estimable, so that the conclusion is not unequivocal. More convincing evidence 
for the configuration assignment is provided, however, by the shift down field of the 
3aproton signal in passing from the 4a-ketone (Ic; R = :O) to the alcohol (Ic; 
R = c&H). The new position of this resonance, at 4-97, is well below the unper- 
turbed position of a 3ar-proton of a normal 3/Sacetoxy-%-steroid (52-55 c/s) and 
indicates the proximity of a strongly deshielding group, The effect is consistent only 
with a 4aa-hydroxyl group. Compounds Xa, Ib and Ic (R = a-OH) are accordingly 
regarded as having the conformation and structure represented by X, 
The /GcoP$&P~&~ af C-5 of the &zethy!e~ze-3-ketones (Ha ; R = : 0) and (Ilc; 

R = :U) 
Evidence from URD studies. The ORD curve of the ketone (Ha; R = :O) 

consists of a negative Cotton feature superimposed upon the sharply negative plain 

I’ hiI. Karplus, J, crhem. Pclys. 30, 11 (1959). 
zb N. S. Bhaw and ID. II. Wiltiwm, Rppticufitms o/ NMR S’ctrusw~y !ir Organic tXm&ry-- 

Itlusrru~itmQw~ tk Stewid FtGId Chap. 3 h Holden-Day Inc. (1964). 
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curve associated with a 25D-sapogenin structure. I* The negative Cotton effect arises 
from the n-m* transition of the 34x0 function (at 279 mp, see Table) in the asymmetric 
environment of the steroid as modified by the methylene group at C-6. The rotatory 
power (and UV absorption intensity) of keto-functions is known to be markedly 
sensitive to vicinal unsaturationl7 in the absence of formal conjugation, and is evi- 
denced by enhancement of the n-4 band intensity. Enhancement of this band is 
not observed in the UV spectra of the ketones (Ha; R = : 0) and (11~; R = :O), 
however, so that the charge-transfer effect does not operate in these particular com- 
pounds. The magnitude of the observed Gotton effect shown by cholestane-3,6dione18 
is considerably greater than that calculated by simple addition of the Cotton ampli- 
tudes of the individual 3- and 6=ketones, but this enhancement, which is presumably 
dipolar in origin, may be predicted on the basis of the simple Octant Rule? It 
follows that valid use of the Rule may be made in the analysis of the Cotton effects of 
the ketones (Ha; R = 10) and (IIc; R = : CD), Conventional octant diagrams A and 
B (see Fig.) lead to the conclusion that introduction of a C-6 methylene group into 

saturated 34x0 steroids would result in increased amplitudes of both +ve (5~) and 
-ve (5s) 3-keto Cotton efl’ects .m The magnitude and sign of the effect given by the 
ketone (Ha; R = :O) is consistent with a B-configuration at C-5. 

t-1 I+) l-1 

l-1 f+) t-1 

A, $93 configurcrtion B. C5- /3 configuration 

The ORD curve of the ketone (IIc; R = :O) shows a positive Cotton feature, 
the result of the combined contributions of the a-and 20-0~0 groups, the latter group 
having the predominant effect, Consideration of the data presented in the Table, 
however, reveals that (i) the effects due to the two ketone functions are quantitatively 
additive to within an observed deviation of 15 % (see values in parentheses), and (ii) 
introduction of the 6-methylene function markedly lowers the amplitude of the 
combined Cotton effect of the 3- and 20-0~0 groups relative to that obtained for 
58-pregnane_3,2@dione. We therefore assign the ~-conjuration to the Shydrogen 
atom present in the ketone (IIc; R = :a). 

16 C, Djerassi and R. Ehriich, J. Amlrr. C/rem. Srzc. 78,440 (1956). 
A’z R. E. Ballard, S. F. Mason and C. W. Vane, Trans. Fcrr. Sue. 59, 775 (1963); R. Grin&r, S. F. 

Mason and G. W. Vane, Ilit& 60,285 (1964). 
a6 C. Djerassi, W. Closscx~ and A. E. Lippman, J. Amer. Chem. Sm. 78,3163 (1956); C. Djerassi and 

W. Closson, Ibid ?8,3761 (1956). 
l* R. B. Woodward, A. Moscowitz, W. Klyne and C, IIjerassi, f. Amer. Chem, Sot, %3,4013 (1961)+ 

Of ‘Orgnnic 6u Physicd Merhuiis Vol. 2; so F. C. Nachod 
Chap. 1; p. 1 

and W. 0. Phillips, 
8. Academic Press 
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Compund 

Ketone (IIa; R= :O) 
Ketone (UC; R= :O) 

S&Zholestan-3-onti1 
5/%Cholestan-Ec.u@ 
5@-Pregnane-20-ones1 
Sa-Pregnane-3,ZSdione 
5@-Pregnane_3,2&dione 

ORD 

i\,([grlI UI#l) . lO-‘a 

310 rnp (-3190’) 266 (+2030’) - 52” 
308 rnp (+4860’) 

rnp 
273 rnp I-4780’) +96” 

307 mp ( +3700c) 267 rnp (- 2880’) +65” 
307 rnp (-80”) 

1 
g 265 rnp (+ 2600”) - -27’ 

308 rnp (+8850*) 262 rnp (- 8780”) 0 

309 rnp (i- 10,100”) 267 rnp (- 10.soOO) I + 21&$:3’]* 
309 m/J (+ 74504 266 m/d (-7820”) 1 153”[ ISlo]* 

f amsx mp 
-- 

279 
285 

- 
- 

285 
285 

* Values in parentheses have been calcuIated from the quoted amplitudes of the two ehofestan3-ones 
and 5@-pregnan-20-one. 

EXPERIMENTAL 

Specific rotations were determined at concentrations of ca. 1% in A.R. CHCl# at laboratory 
temp unless otherwise stated. UV spectra were recorded upon either Beebman DK-2 or Perkin-Eimer 
Model 350 spectrophotorneters. Unless otherwise stated, IR spectra were determined with a Hi@ 
H800 spectrophotometer, fitted with CaF, and NaCl prisms for the ranges 4000-1300 and 1400-650 
cm-l respectively. NMR spectra were determined at 40 Mcsjs. in CDCI, solution (tetramethylsilane 
as internal standard) upon a &kin-Elmer permanent magnet spectrometer, fitted with crystal 
calibrated decade field shift. ORD spectra were determined in AR methanol by use of a “Polarmatic 
62” recording spectropolarimeter, * 

Dc~rzens’ &bydrafiorr and wnwgement a$ S~-me!~y~~A-horm~&nor-25D-spi~ustart-38,4au~i~l 
34wzoacitr~~e (Ia; R = Ix-OH). A solution of the dial monoacetate (?I=6 g) in anhydrous pyridine 
(50 ml) at -20” was treated dropwise with freshly purified SOCII (6 ml), then allowed to warm to 
room temp over 4 hr. The brown solution was poured into i-water and the precipitated solids were 
dried and dissolved in boiling hexane. The solution was stirred with deculourizing charcoal, filtered, 
the hexane evaporated, and the residue crystallized from acetone followed by EtOH to give 3/?- 
acetoxy-dmethylene-S8,25D-spirostane, needles, m,p. 159-X61 ‘, [G&, -64”, g*k\: 3066 and l&t5 
(exocyclic:CH~) and 1738 CIII-~ (acetate). (Found : C, 76-9; H, 9% C&,&O, requires: C, 76%; 
H, 9.85 %.) 

The combined mother liquors from the purification of the foregoing compound were evaporated 
and the residue chromatographed on alumina (65 8). The following main fratiions were eluted : 

(I) Light petroleum (b.p. 40-60”): benzene (9 : l}-Smethyldiosgenin acetate, m.p. 218O to 220’ 

farID -127” (Lit’: m.p. 218-220, [c& - 129”) after purification from methanol. 
(ii) Light petroleum: benzene (I: 1)-3EI_acetoxy-6-methyl-5~,25D-spirost&ene, flakes (from 

EtOH), m.p. 150+15f, 5”, [c&, - 1 I?“, Y,,, cc1* 1733 (acetate) and 1664 cm-l fb?. (Found : C, 76.25 ; 
H, 9=7. CboH,,OI requires: C, 76.55; H, 9=85 %a) 

(iii) Benzene-A small quantity of the 6-methylene-compound (la; R = a-OH). 
6- Me~hy~e~e-SB,25ls-s~~r~s~d~-38_ol (I fa ; R = &OH). 313-Acetox~6-methylene-5~~25D-spiros- 

tane (18) in MeOH (50 ml) containing KOH (O-5 9) was heated under reflux for 1 hr, Water was 
added and the product collected and purifi& from EtOH to give 6-methylene-5~,2Sr+spirostan-3&ol 
in needles, m.p. 217-223”, [&, - 81 O, I$$ 3625 @H), 3069 and 1647 cm-x (exocyclic : CH& (Found : 
C, 7&45; H, 1045. CtsHlcOl requires: C, 78*45 ; H, 1035 %.) 

dNefhy~e~~~5~,25D-sp~~~stan-3~~~~ (Ha ; R = : 0). 6-Methylene-5@,25n-spirostan-3@-ol (1 Ls) in 
anhydrous pyridine (10 ml) was added to the compiex prepared from CrOII (1 g) and pyridine (10 ml). 
The mixture was stirred for 4 hr and left for 18 hr at room temp. Benzene (100 ml) was then added 
and the mixture atered, The filtrate was washed with water, dried, decofourized (charcoal), and the 
solvent removed. The residue was purified from MeOH to give 6-methylene-5&25~-spirostan-3-one, 
blades, m.p. 217-219”, [cx],, - 80”, =B$!~~ 3071, 1650 (exocyclic : CH,), 17 15 cm-’ (3 CO). (Found : 
C, 78.8; H, 9.7. CtsHdtOa requires: C, 7&8; H, 9a9%.) 

* Manufactured by BtGngham and Stanley Ltd. in conjunction with Bendix-Ericsson (U.K.) Ltd. 

$* R. A. Raphael, E. C. Taylor and H. Wynherg, Advances in i?qpic Ckmiatry, &f&uds alum 
Results, Vol. 1, p. 270, Interscienee (l960). 
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dor-Me~~y~-~~-spirost-4sn-3~~ (IHa), The foregoing ketone (200 mg) in 98-100% formic 
acid (6 ml) was heated on the steam bath for 2 hr. The product obtained on the addition of water ~8s 
purified from MeOH to give 6a-~~yl-~D-sp~t~~n-3~~, m.p. 210-212” (lit.% m.p. 21 l-X3O), 
IR spectrum identical with that of an authentic sample. 

6-Me&~~f &Qgeffin ace&~e (IVa). 38-Aoetoxy-fCmethylene-58,25D_spiros~e (60 mg) in amtic 
acid (10 ml) containing toluene-psulphonic acid (10 mg) was heated for 2 hr at 100°, The product 
obtained on the addition of water was crystallized from MeOH to give 6-methyl diosgGnin acetate, 
m.p. and mixed m.p. 216-220’. The IR spectrum was identical with that of an authentic specimen. 

Conwrsrbn of 3~~t~x~dme?~~l-5B,25~~~~~t~~~~ into curd Ha (R = : 0). 3#?-Acetoxy- 
~methylg5B,25D-spirost-dene (45 rng) wa8 hydrolysed with KOH (20 mg) in 90% aqueous MeOH 
(5 ml) for 1 hr under reflux, Water was added until the product separated in fiakes, m,p. 216-218” 
(30 mg). This crude material in acetone (5 ml) was treated with 3 drops of Jones’ chromic acid 
reagent, the mixture diluted with water, and the precipitated solids purified from M&H k, give 
dmethyle~S~,2SD-spi~~ng3-one, identical in every respect with a specimen prepared by the 
method described above. 

Hydroxylation of 38_acet~~~6-~t~~lene-5B,25D-s~~~u~t~e (Ua: R = 8_0Ac). The compound 
IIa (R = #J-OAc; 04 g) and OSO, (03 g) in pyridine (10 ml) was left at room temp for 24 hr. A 
solution of Na&& (2 &I in water (40 ml) and pyridine (40 ml) was added, and the brown mixture 
stirred for 1 hr. The product was isolated with CH&l, and purified from aqueous MeOH to give 
6~-hydroxymethyl-58,25~-spirostan3B,dF’~ioi~3~monoa~~~ in tenaciously solvated needles, m.p. 
365-167”, [a], -74”, ~c,ql’x~” I727 cm-l (acetate); (in Nujol) 3350,325O (associated hydroxyl) and 
1702 cm-l (associated acetate), [Found: @f&r drying in air at 100’) C, 69-l ; HI 9=6; (after drying ‘ 
at 135”/@2 mm) 6, 70*8 ; H, 96. GH,,O,*H,O requires: C, 68*9; H, 9*6x.] 

3B_Acetoxy_5B~25~~~~~~t~~-~~e. The foregoing dial (300 mg) in MeOH (10 ml) was treated 
overnight at room temp with NaIO, (400 m9) in water (5 ml), The mixture was stirred and @ated 
with 10% Na&& aq until the liberated IO was decolourized. Water was added, and the precipitated 
solids were purified from hexane to give 3/%acetoxy-5~,25~spirostan-6-one, prisms, m.p. 199-202”, 
MD -102” (in dioxan), P,,~ ceb 1740 (acetate) and 1707 cm-* (6ketone). (Found: C, 73*3; H, 9.3. 
CLOH& requires : C, 737 ; H, 9=4 %.) 

3~-Aceioxy-Sx,25~~~sprfuzslan-dsne. The forcgoing compound (60 mg) was treated for i hr with 
KOH (20 mg) in refluxing 90% aqueous MeOH (10 ml}. The solution was concentrated, and water 
was added until the product separate& This ma&rial was collected, dried, and treated with acetic 
anhydride (I ml) and pyridine (1 ml) for 20 min on the steam bath. The ptoduct was purified from 
MeOH to give 3gacetoxy-5ac,2SDospir~~n~~~, prisms, m.p, 221~224”, [a],, -88” (lit/ gives m.p. 
222-224O, 1~)~ -93”). IR spectrum identical with that of an authentic sample. 

Reductim of 3gscet~~~58-r~-A~~~-R~~~~~st~~~,17~j~~ (Ib; R = : 0). The 
dione (8 g) in MeOH (200 ml) was treated with Na3I-I. (4 8) and NaOH (4 @ in water (20 ml). 
The mixture was left overnight at room temp, and the product isolated with CHC&-ethyl acetate. 
It was acetylated [acetic anhydride (8 ml) and pyridine (50 ml) for 16 hr at 20”] and purified from 
acetone-hexane to give 3/?,178_diacetoxy-4aa-hydroxy_5B-methyl-A-homo-~-no~n~os~e, needles, 
m.p. 187-190”, [a], - 30”, uE$= 3618 (non-associated O-H), 3460 (associated 0-H) and 1735 cm-’ 
(acetate}. (Found : C, 70=9; H, 9=f, C&H&, requires: C, 70.9; H, 9=4x.) 

The 3/Q$a~,l7@&/, obtained by alkaline hydrolysis of the foregoing diac&ate, cryUlhzed from 
aqumus MeOH in pIates, m-p. 126-f 32”, [& -27”. [Found (after drying at 95”/‘0=!5 mni): C, 73-9; 
I-I, 107. CP,,H,& requires: C, 74=5; H, 10*6%]. 

6-~~~~~~~ne=S~-~~~s~~-3~,17B_diol (IIb ; R = /?-OH). 3/?,17B_Diacetoxy~dl-hyd~xy-58_ 
methyl-A-homo-B_nndrostane (6415 9) in anhydrous pyridine (615 ml) at 0” was treated dropwise 
with freshly purified SOCl, (S m1). The mixture was allowed tcr warm to room temp over 4 hr, then 
poured into water, and the product isolated with ether. It was a gum, having IR absorption maxima 
(in Nujol) at 1735 (-tat&, 1655 and 890 cm-’ (exocyclic methylene). 

This material was hydrolyzed with I&CO, (4 g) in SO,% aqueous M&H (300 ml) under aflux for 
1 hr. The mixture was concentrated to small bulk, poured into water, and the ppt. collected, dried, 
and crystallized from acetone-hexanc, to give ~me~yle~S~-~d~st~e-3~,I7~-diol in ncledles, 
rnp. 131-132”, [& -26”, ~“,“b: 3610,3299,3069, 1643 cm-‘. (Found: C, 7&6; 11,106, CloH,,Ot 
requires: C, 78*9 ; H, 106 x.1 

6-MetlfyCenr-5~sndrosrane-3,17-dime. The foregoing diol (0.5 g) in acetone (20 ml) was stirred 
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aud treated dropwise with Jones chromic acid vt ~ltiil m ewess of oxidant was present as 
indicated by the colour of the mixture. Dilution with water, and purifkation of the precipitated 
solids from aqmus MeOH, gave 6-methyler&$%androstane-3,17-dione in prisms, m.p. 184-l 87”, 
[a], $-S&5', UG,":: 1745 (17-C:0), 1718 (3-C:O) and 1653; (in C&) 897c1n-~ (exocyclic:CH,). 
(Found : C!, 7996; H, 9~2, C&,H& requires: C, 79-95 ; H, 9*4 %.) 

3&l 78-Diacctrrxy~hv5~~~u$~~~. A Wittig reagent was prepared from methyl- 
triphenylphosphonium bromide (17-3 8) in ether (200 ml) and n-butyl-lithium (3-2 8) in hexane (32 ml) 
under Np. 38,178-Cliaoetoxy-Srrandrostan-bone (5 8) in anhydrous tetrahydrofkran (150 ml) was 
added, the mixture was left overnight, then poured into water and the product isolated with ether. 
It was chromatographed on alumina (100 @, and the fractions &ted with benzene were crystalikd 
from aqueous MeOH to give 3~,17~-diacetoxy-6-methylene-5~-androstane, fIakes, m.p. 1 dl-162=5”, 
[&I -40” vccla 3062 1645 (I exocyclic:CH1) and 1733 cm-l (acetates); vL& 889 cm-l (exocyclic: 
CH,). (Fokzf”C, 73:9; H, 9*2. C&I& requires: C, 74.2; H, 9=3 %.) 

3flS178-~~~#~x~-dz5~n~ (IVb). 38, I 7/3=Diacetox)tbmethylen&~- or -S&andros- 
tane (50 mg) in acetic acid (10 ml) was treated with 72 % perchloric acid (3 drops) for 18 hr at room 
temp. Water was added, aud the crystalline product purified from aqueous MeOH to give 38,17/?- 
diacetorrYa_~~yl~~ost-5~e~ m.p, 124-125” (lit! m.p. 12%127”), IR spectrum identical with 
that of an authentic sample. 

6-Me~~y~~~-5adndrtlsrawe-3B,17B_dii~Z. 3&l 7&IXacetoxy-dmethylene&c-androstane (500 mg) 
was hydrolysed with K&O, (300 mg) in 80% aqueous MeOH (30 ml) under reflux for 1 hr. Gradual 
addition of water (I 00 ml} gave a solid which was purified from aqueous MeOH. Thk dial separated in 
sofvated flakes, m.p. H&165”, [G+, -25’, vR,“gI 3476,3392,3210 (associated OH), 1650 and 890 cm-l 
(exocyclic: CH,). [Found: (after drying at 60”) C, 74-05; H, 10-3 ; (after drying at 100”f@S mm) 
C, 76~3; H, lO*SS. ~DHrnOI requires: C, 78.9; H, 1@6%. Ct~HI&HZO requires: C, 74.5; 
H, 1@6%.f 

The 3/?,17/?-&zc~~~~~ separated from aqueous MeOH in flakes, m.p. ldl-162Y, [aID -4O”, 
vale 3062, 1645 (exocyclic: CH,), 1733 cm-l (acetate). (Found : C, 73.9; H, 9*2. CglH&, requires: 
C, 74.2; H, 9*3x.) 

6-Metirytent+5ar-u~k~~~e-3* f 7-&&e, 6-Methylene-Sol-androstane-3& 17/?-dial (200 mg) in 
acetone (5 ml) was stirred and treated dropwise with Jones’ chromiic acid reagent until the presence 
of an ~XCXXS of oxidant was indicated by the colour. The solid obtained on addition of water was 
purified from aqueous MeOH. The 3,17-dione was obtained as flak=, m.p. 187-188”, [& + 70” 
~~$3080, 1747, 1722, 1652, vE& 895 cm-? (Found : C, 79-6; H, 982. CIllHpaOa squires : C, 79=95 ; 
H, 9=4x.) 

6r-~~f~y~~~r~~3,17~i~. ii-Methylene-Sa- or -5/kndrostane=3,17&me (100 mg) in 
formic acid (1 ml} was heated on the steambath for + hr. Addition of water to turbidity afforded da- 
methyl-androst&ne-3,17-dione, which was purified from acetone-hexane to give needles, m.p. 
l&&--167*. The identity of these samples was confirmed by mixed m.p. and by comparison of IR 
spectra with that of an authentic specimen. 

3B_AcPtoxy_Sor,da_cpoxy_6~-~~~y~~~g~-20-. Pemcetic acid (30 ml of 4OD/ was added over 
15 min to a stirred mixture of 3B_acetoxy-6-methylprcgr-5~-2oloneC (25 g) and powdered anhydrous 
sodium acetate (3~1 g) in CH&l, (150 ml) at OO. The mixture was stirred for a further 2 hr, the temp 
being allowed to rise to 20”. The product ~85 isolated with ether, and the neutral f&on purified 
from aqueous MeOH to give the Sqti+qoxidc, needles, m.p. 139”, [at], + 19O. (Found: 6, 7+6; 
H, 9~3. C&H&& requires: C, 742; H, 9a3%.) 

38-Aceroxy-SB_nrcr~~~-A-~~~~r~~~~~~a,~~~~ (Ic ; R = : 0). The foregoing epoxide 
(19-5 9) in anhydrous benzene (250 ml) was treated with redistilled BF&herate (20 ml) and the 
mixture set aside for 3 days at room temp. The&&r it was poured into sat. NaHCOI aq, and the 
mixture shaken to dwmpose the lBF&. The ben;tene layer was washed, the solvent was removed under 
red. press. and the residue purified from acetone-hexane. The dione -ted in needle, m.p. 
115-l 18”, [+, -t-6@‘. (Found: C, 73-g; H, 9+2. C&H&, requites: C, 74-2; Ii, 903 %.) 

3B-Acctox)r-SB-~~~y~~~x~A-~~E~~~~~-~s~~~~~~~~. A mixture of semi- 
carbazide: hydrochloride (2=5 g) and anhydrous sodium acetate (2-5 8) in acetic acid (50 ml) was 
treated with just sufficient water to give a chat scolution. The foregoing &one (5 g) was added, 
the mixture stirred for 6 hr and then set aside overnight, The product obtained on the addition of 
water was purified frrrm C&ICI,-EtOH to give the gemhrbazone, plates, m,p. 262-m” (de+ 
(Found: C, 67*7; H, 8a9; N, 9*4. C,,H,N@, requires: C, 67.4; H, 8.8; N, 9*4x.) 
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m.p. 168” (de& [a],, -i-43”, prnrx xufOt 1’700 cm-’ (30 and 17CO). (Found: C, 7142; H, 89; S, 45, 
C,H,,C?,S requires: C, 71-5; H, 9*0; S, 4*3x.) 

Qaa-Hydroxy-S~~rne~~~kyi-A-~urn~~~~?~?~~~~~-3,2~~~~ (VII; R = :O, RI = a-OH). The 
foregoing Gompound (2 g) was added to NaOH (O+ 8) in MeOH (19 ml) and water (1 ml). The 
mixture was stirred for 7 min, during which time the steroid dissolved and a crystalline product 
separated. The solids obtained on addition of water were purified from aqueous MeOH to give the 
ketol, needles, m.p. 167-168”, [a~]~ +21”, Y:?:’ 345Ocm- l (OH). (Found: C, 76-5; H, 9.8. 
C&HIIOo requires: C, 7643; H, 9*9 %.) 

5g-Mefrzyc-A-homo-B~~~~~~~~~-3,2W~~~ (VIII)). (a) A solution of the foregoing 
ketol(1*5 8) and NaOH (05 9) in aqueous EtOH (15 ml of 900/g) was heated for 5 min. under reflux, 
Water was added and the product isolated with ether. Crystallization from aqueous M&H gave the 
c&unsaturated ketone, dense irregular crystals, m.p. 107-108*, [rxlrr -6”, Amax 233 mbt; (E 9,900). 
{Found: C, 80-7; H, 1093. CpoHllbOa requires: C, 80.4; H, 9*9%.) 

(b) The ketol(VII; R = :O; RI = a-0)3: ; 1 g} in EtOH (10 ml) was treated with 2 drops of cont. 
HCI, and the mixture he&ed for 15 min under refhrx, The product, isolated with ether, was crys- 
tallized from aqueous M&H to give VW, identical with that prepared by method (a) above. 

3&~yd~ux~SB_nac~~y~-A-~~~~-~-norpreg~~~~,2~~~~e (VII; R = B_OH; RI = :Q). A 
solution of 3&acetoxy-5&methyl-A-homo-B-norpregnane-4a~2&dione (4 g) and KOH (O=S g) in 
MeOH (50 ml} and water (5 ml) was set aside overnight at room temp. The solid obtained on addition 
of water was crystallized from aqueous EtOH to give the ketol, needles, tn,p. 18t-182”, [a~], +40”, 
vicar 3450 cm-l (OH). (Found: C, 765; H, l@l. &H&, requires: C, 763; H, 9*9%.) The same 
compound was also formed, in lower yield, when the parent 3/I-acetate (2.5 g) and cont. HCL acid 
(05 ml) in Et0H (20 ml) was heated under reflux for 2 hr. There was no evidence of the formation 
of $-unsaturated ketonic material. 

3B-~~rCsM~~~~~~~yioxy_5B_mstt?yl_A-~~~~~-~~~~~g~~~,2~iu~~, prepared by treating the 
foregoing ketol (5.3 8) with methanesulphonyl chloride (35 ml} in pyridine (20 ml) for 1 hr at room 
temp, crystallized from acetone-hexane in needles, m,p. 16O-161* (de@, [a]r, +57’. (Found: C, 64*8; 
H, 8-3. C~~H8605S requires: C, 65 1; H, 8-55 %.) 

S~-~elfsyC-A-~omcr-B-rtorpre~~-3_a,2~i~~e (IX). The foregoing mesylate (1 l 5 g) in collidine 
(3 ml) was heated for 30 min under refiux. The cooled mixture was poured into dif. HCl acid, and 
the ppt collected and crystallized from aqueous EtOH. The unsaturated ketone formed needles, 
m.p. 168-l 69”, [c& - 3 I”, A,,, 
C, 80=4; H, 9-S%.) 

226.5 mp (E 4075). (Found: C, 80*6; H, 9.9. CorH&, requires; 

SB_Merkyl-A-~u~~~~~~~~~~~-3,4a. The 3/?-hydroxy-4a-ketone (VII; R = &OH ; 
R, = 0; 3*4 g) suspended in acetone (50 ml) was treated dropwise with Jones reagent (2.6 ml) until 
an orange colour persisted. Dilution with water gave tiny plates, which were recrystalli& from 
aqueous EtOH. The dione formed needles, m.p. 169-170”, [x]u -55” it,, 263 v (6 307), &rr. 
292 rnp (E 130). In 0~1 N KOH in EtOH, ArnBx 298-5 rnp fe 19,330). (Found: C, 76-4; H, 9.25. 
&H3& requires: C, 7697; H, 9*4x.) 


