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Abstmct-A stereospecific rearrangement of a series of II-cis-diol mcmotosylates is described. The 
5-hydroxy~-tosyioxy derivatives, 2, lead to the A-h~rn~B-norketon~ 3 and 4 and the 5-hydroxy4 
tosyloxy derivatives 1 I, 12 and 28 to the A-aor-~~~moket~n~ 13,14 and 29. R~angement of 3-acetoxy- 
S-hydr~xy~t~syloxy derivatives 31 however, results in the 3-aldehyd~A-nor-steroids 32. 

ORD and NMR data are reported and used to assign preferred conformations to the ‘I-membered 
rings of the rearranged keto-steroids 3,4,13 and 14. 

I)IOL monotosylates may undergo pinacolic type rearrangement resulting in 
fo~ation of carbonyl derivatives2 

Mono-tosylates of the 5,6- and 4,S-steroidal dials, were found to rearrange to 
compounds possessing the perhydroazulene skeleton: the former compounds gave. 
A-home-~-nor, and the latter the A-nor-B-home derivatives. The C-C bond which 
is rrans coplanar to the leaving group is most likely to migrate and a stereos~i~~ 
r~~angement with retention of con~guration at the new ring junction was expected.’ 
The mono-tosylates of these a-dials will yield ketones having a p-hydrogen, and 
those of the p-dials, ketones having a-hydrogen at the new ring junction_ 

This system was synthesized in both the cholestane and the androstane series by 
rearrangement of the 5a-hydroxy-~-tosyloxyde~vatives Zb, and 2.d. In the cholestane 
series, the %$a-diol 2a,3 obtained by osmium tetroxide hydroxylation of A’- 
cholestene la, was tosyfated to give 2b. Treatment of 2b with pota~ium t-butoxide in 
t-butanol at room tem~rature, or in dimethylfo~mide in the presence of calcium 
Carbonate at higher temperature, gave the 6B_ketone 311 This ketone was converted 
by acid to an equilibrium mixture of both 3a and the 6a-ketone 4a in ca. 4: 1 ratio. 
A similar equilibrium mixture was obtained when the tosylate 2b was~~omato~aphed 
on acid-washed alumina. 

In the androstane series, the corresponding 17~-~~Ioxy-5~~diol 2e, was 
prepared from the olefin lb by osmium tetroxide hydroxy~ation. The 6a-tosylate 
26 rearranged on heating in dimethylfo~~ide in the presence of calcium carbonate 
to give the 6fSketone 3~. Acid hydrolysis of the latter led to a histamine mixture of 
the two ~eto~~~oho~s 3b and 4b which could not be separated. The NMR s~trum 
of the mixture showed it to contain the two keto-~~hols in a ratio ~o~~~nd~g 
roughly to that of the equilibrium mixture of the two respective ketones 3a and 4a. 

t Present address : ~~~nrex Ltd., Netanya, Israel. 
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I 

2c:R=OBz R,=H 
26: R=OBz R, = Ts 

lr: R = C,,H,, 
lb: R = OBz 

38: R = C,H,, 
3b: R=OH 
3c: 

\ 

R = OBz 
41: R = C8H,, 
4b: R=OH 

7: R = C,H,, 6: R = C*H,, 5: R = C8H,, 

88: R = C,,H,7 RI = H 
8b: R = C8H,, R, = Ts 
SC: R = CBH,, R, = MS 

9: R = C,,H,, 

CHART1 

Heating of the tosylate 26 with potassium t-butoxide in t-butanol also gave a mixture 
of the two ketones 3b and 4d in the same ratio. 

The structure of the thermodynamically more stable ketone 3~ was proved through 
its conversion by a Wolff-Kishner reduction to the hydrocarbon 5. This hydrocarbon 
was synthesized independently from the known B-norketone 7,4 by enlargement of 
ring A with diazomethane to the A-homo-B-nor-ketone 6. Wolff-Kishner reduction 
converted 6 to the hydrocarbon 5, identical with the Wolff-Kishner product of 3a. 
An identical hydrocarbon 5 was also obtained by catalytical-hydrogenation of the 
olefin 9, the product of elimination of the tosylate %b,or the mesylate 8c. 
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The starting materials for this system in the cholestane series were the 4fStosyloxy- 
5~-hydr~xy~hol~tane lla,‘t and the ~-tosyloxy-~~-hydroxy~hol~t~e 12as*f 
Treatment of lla with potassium t-butoxide in t-butanol at room temperature, or 
heating in dimethylformamide in the presence of calcium carbonate, gave in almost 
quantitative yield the &-ketone 13a.t On the other hand the r~K~gernent of the 
~-tosyloxy-5~-hydroxy~holes~e 12a under similar conditions fed to 4@ketone 
14a. $ 

R 

1Oa: R = C*H,, 
Mb: R=OBz 

Ha: R = C&H,, RI = H 
klb: R = C&H,, R, = Ts 

i 0 

13: R = tZ$H,, 
13b: R = Ok- 
13~: R = OH 

24 ZG: R=H 
2Sb: R=Ms 

12r: R = C&H,, R, = H 
12b: R = CsH,, R, = Ts 
12~: R = OBz R, = H 
12d: R=OBz R,=Ts 

14: R = CsH,, 
14b: R = OBz 
140 R = OH 

26a: R=H 
26b: R=Ms 

7 We are indebted to Dr. J. Kalvoda, “Ciba A.G.“, Switzerland, for pointing out to us that the 4,5- 
dihydroxy and 4-tosyloxy-S-hydroxychoiestanes previously reported by us’ as being the 4q5adcrivatives 
were in fact the 4&5Bdtrivatives. Comparison with the authentic sampies by Dr. J. Kaivoda (m.m.p. 
and IR) proved these identities. 

$ The configuration of C-4 of 13r and 14a was erroaeousiy reported by us* to be 48 aud 4u respectively. 
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TABLE i. NMR DATA FOR THE ck ~,~-DIHYDR~xY~TER~~D~ AND THE Cis-dTUcWLOXY-5-HYDROXYSTEROlDS 

11, 12 AND t8. 

Compound 
C 18 

Protons at’ 

C 19 C4 

llr 0-61 0.95 4-08 

HO 

12a o-66 

HO 

O-92 3.66 

12c 095 093 3-70 

HO 

TsO 

ma 678 3.83 

lib Ml u93 508 

12b O-61 

12d 

2Bb U76 4-78 

094 

090 4-66 

090 466 

’ The chemical shins ax given in d (ppm). 
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Both ketones 13a and 14a were equilibrated after heating at 100” in acid solution, 
their ratio in the equilibrium mixture being 4: 1. A similar ratio of 13a and 149 was 
obtained after either was heated with potassium t-butoxide in t-butanol. 

A corresponding 4a-tosyloxy-5a-alcohol 12d id the androstane series was synthe- 
sized from the A4-olefin lob by hydroxylation with osmium tetroxide to the acis 
diol 12c and subsequent tosylation. The configuration at C-4 in the a-cis diol 12c 
and in its tosylate 12d was assigned by the comparison of their NMR spectra with 
those of the 4a,5acholestanederivatives 12a and 12b and of 4l3,5Bcholestane 
derivatives lla and llb. In both compounds of the androstane series, 12c and 12d 
. the C-4 protons have a similar chemical shift as the C-4 protons in the respective 
4a,5a_derivatives, 12a and 12b of the cholestane series and therefore possess also the 
4a,5a_configuration. 

Heating of the tosylate 12d in dimethylformamide in the presence of calcium 
carbonate yielded the less stable 4P-keto-benzoate 14b. When the rearrangement of 
12d was effected by heating with potassium t-butoxide in t-butanol, a 4: 1 mixture of 
4a and 4l3-keto alcohols 13e and 14c was obtained. Each of the alcohols 13c and 14~ 
was converted to the corresponding benzoates 13b and 14b. Furthermore, each of the 
two compounds upon heating with acid was equilibrated to a similar mixture of 
13b and 14b. The A-nor-B-homo-ketone 13c obtained recently by Wehrli et aL6 
from 17b-acetoxy-A-nor-B-homo-3,5diketo-androstane, was found to be identical 
with the ketone described by us. An independent proof of its structure and configura- 
tion at C-10 (but not C-4) is given by these workers. 

Proof of the structure and configuration at C-4 in the A-nor-B-homo-ketone t3a 
was obtained by an independent synthesis of the hydrocarbon 15. The starting material 

GH,, 

AcO & I - Ac&Ac;O&O 

16 17 CH,NH, 18 

:::~-&Jfj -yL-$j 
21a: :: = H 20 199: : = OH 
tlb: R = CH, 19b: R = OH > 

CHSOOC& - e - @-13a 

22 ri 

CHART III 
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for the synthesis outlined in Chart III was the 3g-acetoxy-7-ketone 16.” Ring B 
was first enlarged to the 7-membered homologue followed by contraction of ring A 
to the 5-membered one. The resulting A-nor-B-homo-2-ketone 23, was transformed 
to the hydrocarbon 15 which was found to be identical with the Wolff-Kishner 
reduction product of the 4rx-ketone 13a 

The epimexic ketones 13a and 14a were reduced with LAH to the respective alcohols 
25a and 26a The corresponding mesylates 25b and 26b were further converted with 
LAH in THF to the olelin 24. The latter, on catalytic hydrogenation gave the hydro- 
carbon 15. It should be noted that hydrogenation of the A’-A-homo-B-nor olefin 9 
proceeded from the p-side of the steroidal molecule, while hydrogenation of the 
A4-A-nor-B-horn0 oletin 24 proceeded from the u-side. 

The A-nor-B-homo-ketone 29a in the estrane series was prepared from 17lG 
acetoxy-A4-estrene7 27 by an analogous reaction sequence: hydroxylation of 27 
with osmium tetroxide gave the 4,5diol, 28a which was subsequently tosylated to give 
28b. The configuiation at C-4 and C-5 in 28 was not established. Comparison of the 
chemical shift of the C-4 protons 28a and 28b with those of the respective C-19 Me 
derivatives in both 48,5p and 4a,5a series (Table 1) does not serve as conclusive 

AC 

& I 
-@-@ 

RO A 
27 289: R=H 29r 

28b: R=Ts Bb: (17fIOH) 

CHhRr IV 

proof of the configuration at C-4. The rearrangement of the tosylate 28b in DMF in 
the presence of calcium carbonate, or in t-butanol in the presence of potassium 
t-butoxide resulted in formation of the ketone 29a This ketone did not epimerize at 
C-4 when heated with acids or bases. We assigned to it the 4&configuration by 
analdgy to the C-19 Me series, in which the 4a epimer is the more stable one. A Cotton 
effect was observed in the 19-nor derivative 29b having similar positive sign and similar 
amplitude to the 4o ketones 13a and 13b (Table 4, Fig. 2) thereby supporting this 
assignment. An identical ketone 29b, was synthesized by a different route by Muller 
and Martelt starting from 17~-acetoxy-As(‘0)-estren-3-one. 

A-Nor-uldehydes 
With the aim of synthesizing A-nor-B-horn0 steroids possessing ‘an additional 

oxygen function at C-3 we attempted to rearrange the 3-acetoxyq-tosyloxy-5- 
hydroxyderivatives in both the androstane and estrane series. 

Suitable derivatives 31b and 31d were prepared by reacting the 3p-acetoxy-A4- 
olelins 30% and 30b with osmium tetroxide followed by treatment with tosyl chloride 
in pyridine. The configuration at C-4 and C-5 in the two cisdiols 31a and 31~ and 

t We are indebted to Muller and Martel’ for a sample of 29b. 
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301: R = Me 
30b: R=H 

32a: R=Me 
32b: R = H 

RIO 
31a: R = Me R, = H 
31b: R = Me R, = Ts 
3B: R=H R, = H 
316: R = H RI =Ts 

\ 

ti 
OHC H 

33 

- 1Oa R = OAc 

CHART v 

the two tosylates 31b and 31d was suggested by their NMR spectra (Table 2). The 
signals assigned to the C-4 proton in the four compounds appeared as doublets with 
J = 9.5 c/s. This coupling value indicates an axial axial coupling of the C-4 proton 
with the neighbouring C-3 proton. In the alternative product which might have 
arisen from a p-side attack of osmium tetroxide on the A4-olefms 30% the protons at 
C-3 are equatorial and the coupling value with the C-4 protons should have been 
smaller. The comparatively high field chemical shift values obtained for the acetoxy 
protons at C-3 in 31b and 31d corroborate this assignment. The shielding effect of 
the tosyl chromophore on the acetoxy protons at C-3 is more likely to occur when both 
groups are equatorial rather than in the alternate structure in which the acetoxy 
group is axial. Both tosylates 31b and 31d failed to give the desired A-nor-B-homo 
derivatives when exposed to similar conditions as compounds lacking the acetoxy 
function. However, methanolic potassium hydroxide at room temperature converted 
both tosylates 31b and 31d to the- two unsaturated aldehydes 32r (17fGOH) and 32b 
(17j3-OH) respectively. Their structure was indicated by the analytical and spectral 
data The aldehyde 32r was also syntheSixed independently from the A4+lefm 10 
(17lSOAc) by ozonolysis to the keto-aldehyde 34, followed by ring closure with base 
and reacetylation. 

Catalytic reduction of the unsaturated aldehyde 328 with Pd-C resulted in the 
saturated aldehyde 33, character&d as the sexnicarbazone. 
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TABLE 2. NMR DATA FOR THE 3-ACJii-TOXY-4,bDIHYDROXYSTEROlDS AND THE 3-ACE-~OXY~TOSYLOXY-5- 

HYDROXYSTEROIDS 31. 

Compound 
C 18 

Protons at’ 
C 19 Cd 

AcO 

AcO 

HO 

AcO 

AcO 

TsO 

31r O-80 

31c O-80 

3lb O-78 

l-00 358d 
J = 9-5 

2a3 2-08 

3*33d 2-03 2.07 
J = 9.5 

1G3 4-93d 
J = 9.5 

2.03 1.65 

3ld O-78 4*54M 2-01 l-64 
J = 9-5 

’ The chemical shifts are given in 6 (ppm), coupling constants in c/s. 

IR and UV measurements 
The CO stretching vibrations of the four types of ketone 3,4,13, and 14 appeared 

between 5.86-587 p as expected for 7-membered ring ketones9 However, small 
differences were observed between ketones having A/B trans and those having A/B 
cis junctions, the former absorbing at somewhat lower frequencies than the latter 
(Table 3). 

The n + rt* transitions of the CO functions in the 7-membered ketones appeared at 
values similar to those of 6-membered ketones. Both the A/B trans ketones 4 and 13 
and the A/B cis ketone 14 absorbed in dioxan at 288-289 mp. The only exception was 
the A-nor-B-homo_4p-ketone 3 which absorbed at a lower wave length, at ,l,- 283 rnp 
(Table 3). 

ORD measurements 
The ORD curves of the two epimeric A-homo-B-nor-keto-steroids 3a and 4a 

exhibit Cotton effects of similar magnitude but of opposite signs, the former being 
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TMLE~.IRANDUV DATAFORTHE A-HOMO-B-NORANDA-IWR- 

B-HOMtXTEROIDS3,4,13AND 14. 

Compound 

a 3a 5.865 289 (29) 

0 
H 

4a 5.868 239 (30) 

14a 5-865 283 (38) 

13a 5.872 289 (25) 

l The IR spectra were determined on a Perkin-Elmer model 
12C single-beam spectrometer. 

b In EtOH. 

positive and the latter negative (Fig 1, Table 4). It was possible to establish from the 
ORD measurements the equilibrium ratio of these two ketones. A solution of the 
ketones in dioxan was treated with 20% sulfuric acid (the fmal concentration of acid 
being ca @lM) and heated for 2 hr on a water bath. After the acid treatment, the 
epimeric ketones 3e and 4a gave almost identical ORD curves, indicating an equili- 
brium concentration of the two ketones (Fig. 1, Table 4). The ratio of the epimers at the 
equilibriumconcentration, calculated from its molecular rotation value at the first 
extremum and from the corresponding values of the pure epimers was found to be 
ca. 4: 1-t 

In the androstane series, the ORD of the crystalline equilibrium mixture of 3b and 4b 
gave a Cotton effect of the same sign and of similar magnitude to the equilibrium 
mixture of the two ketones 3a and 4n in the cholestane series (Table 4). 

The two epimeric A-nor-B-homo ketones 13r and 14a also gave Cotton effects of 
opposite sign, but the amplitude of the former ketone was much higher than that of 
the latter (Fig. 2, Table 4). The equilibrium ratio could be established using a similar 
procedure namely heating a solution of each of the epimeric ketones 13r and lOa 

D 
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+ 5 

0 

- 5 

eq. mix. 3a + La _ 

200 250 300 350 400 UnmI 

FIG. 1 ORD curves of the A-homo-B-nor-T-ketones 3a and 4a and of the equilibrium 
mixture of 3s and Q in dioxan. 

in dioxan in 0lN H2SOh The ratio of the two epimeric ketones was found to TV 4: l,t 
the thermodynamically more stable epimer being the 4a-ketone 13~ (Fig. 2). 

In the androstane series the two 4ar and 48 ketones 13b and 14b gave similar Cotton 
effects to the respective compounds in the cholestane series (Table 4), The somewhat 
smaller value of the first extremum in 14b could result from its partial epimerization. 
When treated with O.lN acid, equilibration of each of the two ketones 13b and 14b 
was observed, as found from the ORD curve of the resulting solutions (Table 4). 
The positive amplitude of the Cotton effect showed the relatively higher stability 
of the 4ar ketone 13b; the ratio of 13b to 14b being also 4: I. 

t The molar fraction of the cpimerio ketones at equilibrium was calculated using the following relation : 

N = c430 - C#lB 
A C& - [&7”’ 

where N, is the molar concentration of one of the epimers and N, = 1 - N, the molar concentration 
of the other one. [+I” and [I#J],, being the molecular rotations at the first extremum of the two epimers 
respectively and [b& the molecular rotation at the first extremum of the equilibrium mixture. 
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t 

+ 5 

0 

-5 

L 

: 

I \ 

.’ 
.’ 

.’ +. 

: ! 
: I 

x,: .., 
\ ‘x.,, 

: I %._, ‘-. 
: I 

‘:. ’ 
\ 

,/ 
,.*- 

___.__.---- 

#’ 

13 a . . . . . . . . . . . . . . 

1 La --_____ 

E eq. mix. 13a+lLa - 

29b _._._._ 

c 
-10 I I 1 1 1 I 1 

200 250 300 350 LOO A(nm) 

FIG. 2 ORD curves of the A-nor-B-home-5-ketones 134 141 and 29b and of the equilibrium 
mixture of 13a and Ma in dioxan. 

The corresponding ketone in the estrane series, 29a, showed a positive Cotton 
effect with amplitude similar to that observed in both 4a ketones 13a and 13b (Fig. 2, 
Table 4). This positive amplitude in 29a is thus in accord with the assigned configura- 
tion of C-4, Acid treatment of 29a did not change its Cotton curve to any observable 
extent, indicating that isomerisation to the 4p-ketone did not take place. 

The zero rotational value for all the ketones measured, except the A-nor-B-homo- 
4p-ketone 14a was at R 292-293 mp. The corresponding value of the latter was at 
290 mu. A similar hypsochromic shift was observed in the UV for the n -P R* transition 
in this system. 

NMR measurements 
The spectra of the four types of ketones 3,4,13 and 14 were measured at room tem- 

perature in CD&, CCL and benzene and also in the former solvent at a temperature 
of -40” (Table 5). 

In the four types of ketones, the chemical shifts of the C-18 Me protons in CDC13 
and Ccl4 have similar values. On the other hand, the position of the C-19 Me 
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TABLE 4. ORD DATA FOR THE A-HOMSB-NOR AND THE A-NOR-B-HOMOSI-EROID 3,4,13 AND 14. 

Compound [4] x 10-Z’ [f#J] x 1o-2e [a]” & 

4a - 39” +41” -80 293 

cz? 
H 

Equilibrium mixture. 

of 3a and 4r 

JSquilibrium mixture 

of 3b and 4b 

@ k 

@ 
H 

Equilibrium mixture 
of 13r and 1411 

@ A 

@ 
H 

Equilibrium mixture 
of 13b and 14b 

38 +36 

13a 

14s 

13b 

I4b 

+ 20” 

+11” 

+ 78” 

-27” 

+ 55” 

+60” 

- 13” 

+45” 

-38” + 74” 293 

-17” + 37” 293 

-16” +27” 293 

-58” + 136” 293 

+36” 

-33” 

-63” 290 

+88” 292 

29b + 57” -55” +112o 292 

’ Molecular rotation. 
b Amplitude. 

’ Wavelength at zero rotational value. 
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resonances vary considerably: in the ring A/B &ketones 3 and 14 they fall at com- 
parably high fields and in the A/B-trans ketones 4 and 13 at low fields. These values 
indicate that in both A/B cis ketones 3 and 14 the C-19 Me is being shielded and in the 
A/B trans ketones 4 and 13 deshielded by the CO group. 

More information on the relative positions of the C-19 Me groups and the CO 
function in the 7-membered rings was obtained from the values of the aromatic 
solvent induced shiftsi These shifts have been observed previously in normal keto- 
steroids and are described in the literature.” A comparison was made between those 
ketones possessing a similar 1: 3 relation of the CO and C-19 Me groups and the 
ketone investigated here. Since the former compounds have a fixed and known con- 
formation, this comparison may be an asset in conformational analysis of the 7- 
membered ketones. 

In the 4-keto-5~cholestane where the C-19 Me is equatorial in relation to the 
ring bearing the CO function the solvent induced shift is positive and comparatively 
large (O-24 ppm). In all other ketones the C-19 Me is axial to the ring A, and the shift is 
still positive but much smaller (0-06-O-15 ppm).” Since the A/B cis ketones 3 and 14 
show similar solvent induced shift as the 4-keto-5f%cholestan*the relative position 
of the CO and the C- 19 Me groups may be similar. In addition the C- 19 Me protons of 
the former compound have the same chemical shift as in the ketones 3 and 14. 

Normal keto-steroids having an axial C-19 Me in relation to the ring bearing the 
CO group may be similarly compared with A/B tram ketone 4 and 13. In all these 
compounds the aromatic solvent induced shifts are small, and the C-19 Me resonances 
fall at comparatively high fields, However it appears that in the ketones 4 and 13 
there is still closer proximity of the CO and the C-19 groups than in the &membered 
ketones, since the solvent induced shifts in the former compounds are smaller than 
in the latter.? 

A temperature effect was found to operate with the C-19 Me signal in the two 
A-homo-B-nor ketones 3 and 4. In the ketone 3, the C-19 Me resonance shifted to 
lower field with decrease of temperature and in the ketone 4 the shift was to higher 
field. These results indicate a possible conformational equilibria of the 7-membered 
rings in these two compounds. 

The conformational analysis of the 7-membered steroids 
Theoretical considerations show that the preferred conformation for a 7-membered 

ring system is the “twist chair” conformation.” In fused ring systems having 7- 
membered rings, more than one such conformation is generally possible and the 
distinction between the various possibilities is difficult. Recently a detailed Hendrick- 
son’s_method calculation was used for the assignment of conformation in some of the 
7-membered ring-A steroidsi 

In order to establish the conformation of the four types of keto-steroids 3,4, 13 
and 14, we have used the results of the NMR measurements which, as explained 
above, permit the establishment of ihe geometrical relationship between the C-19 
Me and the CO function. 

These results and the assignment of a “twist-chair”conformation to the 7-membered 
ring, led us to the following conformations for the ketones 3,4, 13 and 14 (Fig 3). 

The “twist chair” conformations of 7-membered rings is designated by TC,( f);” 

7 Cf. for analogous shift in methylated cyclohexanones Fetison et ul.12 
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T,uwz 5. NMR DATA POR -rye A-HOMO-B-NOR AND THE A-NOR-B-HOMCS~~~OIIXS 3,4, 13 AND 14 AND POR 

__ 

Compound 

5~-CHOLl?STAN-4-ONE AND ~-CHOLESTANE-QoNE 

Protons CDCls cc14 C6D6 ha 

at +30° -40 

Q 
H 

S~Cholestan- 
4-one’ 

@ il 

3a E1s 
19 

14a Et. 
19 

C 18 

C 19 

C 4a I6 
C 19 

13r Et6 
19 

5aCholcstan4one 1 C t (I 
C 19 

@67 067 065 CM4 
1.07’ 1.11 1.05 0.86 

069 &69 069 0.62 
l-07’ 1.07 lQ5 0.83 

@65 
1.12 

062 
088 

@67 
O-65’ 

067 
O-63 

O-65 
065 

o-59 
064 

067 0.67 066 064 
067” 067 066 062 

066 0.65 @62 
O-74 O-72 062 

+0-03 
-I-@21 

+OQ7 
+024 

+@03 
+@24 

+008 
+0-01 

+003 
+005 

+0-@4 
+cP12 

+oa 
+O-25 

+0.07 
+022 

+0.06 
+0,01 

+oQ2 
+@04 

+0.03 
+OGl 

-064 

+OQ2 

o Al = CDCl,-C6Ds ; 
b A2 = CC14-C6D6 ; 
= A, = CDCl, (+30”) - CDCl, (-40”); 
‘ The respective values for the Cl9 methyl of 17B-hydroxyandrostane derivatives 3b and 4b are: 106 and 

064 ppm (in the equilibrium mixture) and for 14c and 13c: 108 and @70 ppm; 
’ E. Glotter and D. Lavie, J. Chem. Sot. (C) in press; 
/ Ref. 10. 

where TC denotes twist-chair, n-the number of the C atom serving as the axis of the 
twist and the positive or negative sign designates the absolute direction of the twist. 
Thus, the respective conformations for 3,4,13 and 14 are TCJ( -), TC,( -), TC6( -) 
and TC4( -). 

The small temperature effect in the NMR (Table 6) shown by both A-homo-B-nor- 
ketones 3 and 4 may indicate an equilibrium of more than one conformation in 
these two ketones. Thus, in addition to the preferred TC,( -) conformations for the 
ketones 3 and 4, other conformations like TC& +), TClo( -) for 3 and TC,( +) for 4, 
may be postulated to prevail in equilibrium. Lowering of the temperature may thus 
shift the equilibrium to some extent resulting in a higher proportion of the more stable 
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FIG. 3 Proposed conformation of the 7-membered rings in A-homo-B-nor-Sketones 3 and 
4 and in A-nor-B-homo-S-ketones 13 and 14. 

. 
4 

I 

FIG. 4 “Octant rule” projections for the A-homo-B-nor-Sketones 3 and 4 and for the 
A-nor-Bhomo-S-ketones 13 and 14. 
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TCJ( -) conformation as indicated by the direction of change of the chemical shift of 
the C-19 Me protons. 

The ORD data are less suitable for determining the preferred conformations of the 
ketones 3,4,13 and 14. The “octant rule” may be applied rigorously to (S-membered 
ring ketones, but less so for 7-membered ring ketones. In these it is not possible to fix 
the relative contributions to the Cotton effect amplitude of the atoms in various 
positions of the “octant” diagram. Nevertheless the “o&ant” diagrams for the four 
compounds were drawn (Fig. 4). It may be seen from these that a quantitative rough 
application of the “octant rule” leads to a sign prediction which agrees with the sign 
of the Cotton effect found experimentally. 

The A-homo-B-nor and A-nor-B-homoketones 35 and 36 described by Kirk et al.,” 
exist presumably in similar conformation to the corresponding A/B cis-ketones 3 
and 14. This is indicated by the similarity of the chemical shifts of the C-19 protons in 
35 and 36 (at O-97 and i-07 ppm)t to the shifts of A/B& ketones 3 and 14 (both at 
147 ppm-Table 5). The additional Me group in 35 and 36 may however contribute 
to the Cotton effect of the CO chromophore. According to the “octant diagrams” 
(Fig. 4) this contribution is negative in 35 and positive in 36, which accords with the 
observed weak positive effects in both compounds.” 

EXPERIMENTAL 

All m.ps wcrc taken in capillaries and were uncorrected, the IR spectra were determined on a Perkin- 
Elmer Infracord, and the rotations were done in CHCI, soln. UV absorption spectra wete measured on a 
Cary 14 spectrophotomcter. The NMR spectra were determined on a Varian A-60 spectrometer, peak 
positions are indicated in ppm down-held from TMS serving as internal refercncc. The ORD spectra were 
determined on a Jaaco ORD/UVd instrument using cells of l-mm width. Mass spectra were measured 
with an Atlas CH-4 instrument, samplca being introduced directly into the ion source 

Sa-Tosyloxy-cholestM-Sa-ol (Zb) 
A soln of 800 mg 2r3 (mp. 177-179”. [a&, + 16”) and 10 g p-tosyl chloride in 40 cc dry pyridine was 

left overnight at room temp. The soln was poured into a mixture of ice water and NaHCOs aq and extracted 
with ether. Crystallization from EtOH afforded 920 mg of 2b m.p. 122-123”; [aJD + 18”. (Found : C, 73.73; 
H, 9.81; S, 5.15. CaJc. for CJaHS1O,S: C, 73.08; H. 9.74; S, 5.73 %). 

A-Homo-B-nor-6fkholestamS-one (31) and A-homo-B-nor6cl-cholesrM-5-one (48). 
(a) A soln of 560 mg 2b in 2tI cc of dry t-3uOH containing t-BuOK (from 40 mg K) was left at 25” for 

7 We are indebted to Dr. D. N. Kirk, Westfield College, London, for this information. 
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15 mina. Extraction with ether and crystallization of the residue (370 mg) from MeOH afforded 315 mg of 
3r; m-p. 125-126”; [a]o + 19”. (Found: C,8397; H, 11.87. Cak. for Cp,Ha60: C, 83.87; H, 1199%). 

(b) A soln of 150 mg 2b in XI cc DMF and 200 mg C&O3 were heated for 8 hr on a steam bath- Filtration, 
extraction of the filtrate with ether and CrystaIIixation from MeOH gave 85 mg of 3a m.p. 123-125”; 
[aID +21”. 

(c) A soln of 150 mg of 2 in 2 cc benzene was passed through a column of I5 g alumina (Merck acid 
washed). Elution after 6 hr with pcntane-benzene 9: 1 gave 20 mg of 3a, m.p. 125-126” (after crystallization 
from ether-&OH); [a]o + 19”. identical with the product obtained in (a) and (b). Elution with the same 
solvents gave 60 mg of a mixture m.p. 106-109”. Fur&r elution with bcxuentither 9: 1 and 4: 1 gave 
20 mg of 4r m.p. 136137” (after crystallisation from ether-MeOH) [a]o - 10”. (Found : C. 83.85 ; H, 11.84. 
talc. for C,,H,O : C, 83.87; H, 1199 %). The material of m.p. 106-109” consisted according to the IR of a 
mixture of 3r and 4a (4: 1). 

Equilibrarion of 3r and 4a 
(a) A soIn of 500 mg k in 25 cc dioxan containing O-4 cc 20% H,SO, was heated on a water bath for 

2 ht in atmosphere of Nz. The crystalline product isolatal from ether, m.p. 106-l lo” was chromatographed 
on acid washed alumina The first fraction cluted with pentane-cther 9: 1 gave 120 mg of 34 mp. 124-125”. 
The second one eluted with the same solvent gave a mixture of 38 and 48, m.p. 103-l 10” (in a ratio of 
ca 4 : 1). The third fraction eluted with the same solvents gave 25 mg of I m-p. 132-134. 

(b) A soln of 5Umg oflr in dioxan containing H,SO. was heated as above. Isolation and chromatography 
on alumina led to a similar mixture of 38 and 4a as above. 

17B_Benzyloxy-androst-5-en (lb) 
A soln of 2.2 g 17B-hydroxy-androst-5cnc (m.p. 162-16&J and 5 cc betuoyl chloride in 20 cc dry pyridine 

was refIuxed for 1 hr. The excess of reagent was destroyed with hot water and the mixture estracted with 
ether. Crystallization from ether-MeOH afforded 1.85 g of lb m-p. 148-150” [a],, - 13”. (Found: C. 8237; 
H, 8%. CaIc. for Cz6HJ402 : C. 82.49; H, 9G5 %). 

A soln of l-6 g lb and 1.2 g OSO, in 40 cc pyridine was left for 3 days at room temp. then treated with a 
soln of 5 g NaHSO, and shaken for * hr. The product was isolated from EtOAc. crystaIlized from acttone- 
hexane to give 1.5 g of 2~. m.p. 234235”; [aID +43*5”. (Found: C, 75%; H, 8.74. Calc. for &H,,O,: 
C, 7569 ; H, 8.80 %). 

17~-Benzyloxy-6a-tosyloxy-andro~an-5awl (U) 
A soln of I.2 g of 2c and 2.5 g ptosyl chloride was kept 2 days at room temp. Isolation from EtOAc 

and crystaIIization of the product from ether-MeOH gave l-8 g, of 26 m.p. 129-130” ; [a]r, + 34”. (Found : 
C, 69.97; H, 744; S, 5.32. CaIc. for C3,H,,06S: C, 69-94; H, 7.47; S, 5.65 %). 

To a soIn of 14 g of 2d in 80 cc DMF was added 200 mg &CO, and the mixture was heated for 8 hr 
on a steam bath in a N2 atm. Filtration of the carbonate, extraction with ether and crystallization from 
ether-MeOH afforded @62 g of 3c m.p. 120-122”; [a&, + 51”; E 5.85.5-91 p. (Found: C, 79.26; H, 8.69. 
CaIc. for CZ6HS*OI : C, 79.15 ; H, 869 %). 

17hHydroxy-A-home-B-twr+androstune-5-one 3b and 17p-hydroxy-A-homo-B-not&-androsmne5-one 
4b 

(a) A soIn of 280 mg of 2d in 20 cc of dry t-BuOH containing t-BuOK (prepared from 50 mg K) was 
refluxed for 3 hr, in a Nz atm. Water (2 cc) ~a.9 added and the boiling was continued for another 4 hr. 
Extraction with EtOAc and chromatography on 5 g silica gel afforded 135 mg of a mixture of 3b and 4b 
which after crystallization from ether showed mp. 153-155”; [a]n +5”; e = 991 p (Found: C, 78-57; 
H, 1632. CaIc. for C,gHJOO1 : C. 7857; H, 10-41 YJ. 

(b) Hydrolysis of 3c with t-BuOK in t-BuOH gave in a quantitative yield the mixture of 3b and 4b m-p. 
153-155”. 
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Reduction of 38 to the hydrocarbon 5 
A soln of 50 mg of 3a, 1.5 cc hydrazinc hydrate and 10 cc diethylcnc glycol was boiled under reflux for 2 hr 

and then a soln of KOH (1-O g) in water (1 cc) was added, the reaction mixture heated to 195”, thii tcmp 
being maintained for 2 hr. The product was isolated from ether and crystallized from MeOH to give 28 mg 
of 5, m.p. 71-72”, [a],, +29*5”. (Found : C, 86.87; H. 13*03. Calc for C1,H4s : C, 87.02; H, 12.98 %). 

A-Homo-B-nor3&cholestat&one (4) 
A soln of 200 mg of 7’ (m.p. 64-65”; [aID + 16”) in 40 cc of 1: 1 mixture of ether-M&H was treated with 

excess of an ethereal soln of diazomethane. After standing overnight at room temp, the excess of diazo- 
methane was destroyed with a few drops of AcOH and the solvent evaporated to dryness in uacw. Chroma- 
tography on 6 g of alumina afforded 120 mg of crystals (eluted with per&me-benzene 9 : 1). Crystallization 
from MeOH gave 95 mg of 6 m.p. 78-80° [a],, +21”. (Found: C, 8447; H, 11.89. Calc for Cz,H460: 
C, 83.87 ; H, 1199 %). 

A-Homo-B-nor-6$-cholesestane (5) 
The ketone 6,SO mg, was reduced with a soln of hydra&e and NaOH in diethylene glycol as described. 

Crystallization from MeOH gave 32 mg of hydrocarbon m.p. 7&72” ; [a],, + 29 ; identical with 5, obtained 
previously from the Wolff-Kishner reduction of 3a 

A soln of 300 mg 3a in 25 cc dry ether was added to a suspension of 75 mg LAH in 25 cc dry ether. After 
4 br of reflux, the product was isolated from ether and crystal&d from ether-MeOH to give 240 mg of 8% 
m.p. 57-59”; [alo +46”. 

A-Homo-B-nor-cholest-5-ene (9) 
(a) A soln of 50 mg gr and 125 mg of ptosyl chloride in 10 cc dry pyridine was left at room temp for 

3 days. The soln was poured in ice water and NaHCOsaq and extracted with ether. Crystallization from 
ether-MeOH afforded 60 mg of 8b m.p. 97-98”, [a]n + 21”. (Found: C, 7569; H, 1008; S, 5.13. talc for 
C,,H,,O,S: C, 75.23; H, 1003; S, 5.89%). 

A soln of 40 mg 8b in 15 cc ether was added to a soln of 20 mg LAH in 15 cc ether. After being heated 
under reflux for 24 hr, the product was isolated from ether to giw 22mg of 9. m.p. 84-86”; [aID -2”; 
e 12.2 p; c” 211 mp (E 6800). The compound gave a positive teat with tetranitromethanc. (Found: 
C, 87.79; H, 12.31. Calc. for C1,H46: C, 87.49; H, 12.51%). 

(b) A soln of 40 mg of 88 and 015 cc freshly distilled mesyl chloride in 10 cc dry pyridine was kept over- 
night at room temp. The crude mesylate, lc, 65 mg, isolated from ether was obtained as an oil, and was used 
as such for the next reaction. 

A solution of 8a, 100 mg, in 20 cc 2-butanone was treated with 300 mg KI and refluxed for 20 hr. The 
product isolated from ether, was chromatographed on 5 g alumina. Elution with pentane and ether gave 
55 mg of the olefin 9 m.p. 83-84” identical with the sample described under (a). 

A soln of 25 mg of 9 in 10 cc EtOAc was reduced with Hz, in the presence of 15 mg 5 % Pd-C for 3 hr. 
Filtration of the catalyst, evaporation of the solvent and crystallization of the residue loom ether-MeOH 
afforded 15 mg of 5, m.p. 69-71”; [aID +31”; identical with the hydrocarbon obtained by Wolff-Kishner 
reduction of 3a 

A-Nor-B-homv&o&stan-S+rte (138) 
A soln of 560 mg of 118” in 30 cc DMF was treated with 100 mg C&O3 and was refluxed for 24 hr, 

under N2. Filtration of the carbonate, extraction of the filtrate with ether and crystallization from MeOH 
gave 360 mg of 13a, m.p. 86-88”; [a],, + 125”. (Found: C, 8406; H. 1205. Calc for C2’IH460: C, 83.87; 
H, ll+!J%). 

A-Nor-B-ho~g-cholestM-5-one (148) 
A soln of 100 mg of 128’ in 10 cc DMF and 100 mg CaCOJ were refiuxed for 24 hr under N,. Filtration 

of the carbonate, extraction of the filtrate with ether, and crystallization from MeOH gave 70 mg of 14a 
m.p. 94-95” [aID -27”. (Found: C. 84@7; H. 11.88. Calc for Cl,H460: C, 8987; H, 1199%). 
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(a) The ketone 13a, 300 mg, was dissolved in 25 cc of a so111 of dioxan containing 04 cc HaSO, (20 %) 
and heated at lOO”, under N, for 2 hr. The product was extracted from ether and chromatographed on 10 g 
alumina. Elution with pentane benzene 9: 1 and crystallization from MeOH afforded 32 mg of 148, m.p. 
94-95”. Elution with pentane benzene 9 : 1 and 4 : 1 and crystallization from ether-MeOH gave 2M mg of 
13a m.p. 86-88”. 

(b) A soln of 560 mg of 13r in 20 cc t-BuOH containing t-BuOK (prepared from 35 mg K) was refluxed 
under. N1 for 1 hr. The crude product was chromatographed on 15 g alumina. Elution with pentane- 
benzene 9: 1 and ~tallization from ether-MeOH gave 55 mg of the ketone 14a m.p. 94-95”. Elution 
with pentane-benzene 9 : 1 and 4 : 1 and crystallization from ether-MeOH gave 400 mg of 131 m.p. 8688”. 

(c) The ketone 14r (10 mg) was heated in dioxan containing HzSO, and the ptoduct chromatographed 
on alumina, as described above, yielding 15 mg of 14a and 75 mg of 131. 

(d) The ketone 14a(200 mg) was heated in t-BuOH containing t-BuOK and the product chromatographed 
on alumina as described above, to yield 25 mg of 14r and 100 mg of 13a 

17fl-Benzyloxy-androsten4ene (lob) 
Compound lOa (3.8 g; m.p. 151-153”. [aID + 51”)16 was henzoylated with benzoyl chloride in pyridine. 

Crystallization from MeOH afforded 3.3 g of 10b m.p. 138-139”, [a],, f 122”. (Found: C, 82.25; H, 899. 
Calc for C,,HJ,O~ : C, 82.49; H, 905 %). 

17p-Benzyloxy+x,Sa-dioI (12~) 
A soln of 2.4 g diol lob and of 1.8 g 0~0, in 50 cc pyridine was left for 2 days at room temp. A soln of 

3 g of NaHSO, in 50 cc water was added and the mixture shaken for 4 hr. The product was isolated from 
EtOAc and crystallized from MeOH to give 2.2 g of 12d m.p. 230-232”. [aID +32*5”. (Found : C, 75.34; 
H, 860. Calc for C26H3601 : C, 7569; H, 8.80%). 

17B-Benzyloxy-4a-tosyloxy-~rostan-5a-oI (12d) 
The dial 12c was tosylated with 2 g tosyl chloride in pyridine. Crystallization from acetone gave 1.7 g 

of 126 m.p. 166-167” (dec) [ajD + 53”. (Found: C, 69.98; H, 745, H, 5.43. Calc for CJsH,,O&: C, 6994; 
H, 7.47; S, 5.65 %). 

17&Benzyloxy-A-norB-Iwww-androstan-5-one (14b) 
A soln of 570 mg 12d in 30 cc DMF containing 100 mg CaCO, was refluxed for 24 hr under N,. Filtra- 

tion of the carbonate, extraction of the filtrate with ether and crystallization from acetone-hexane afforded 
370 mg of 14b m.p. 166168”+ [a& +33” & 5*85,5*91 k (Found : C, m22; H, 8.59. Calc for CZaH3,0s; 
C, 79.15 ; H, 869 %). 

17B-Hydroxy-A-nor-B-homo-rmdrostone-5dne (13c and 14c) 
A soln of 750 mg of 12d in 60 cc of t-BuOH containing t-BuOK (prepared from 150 mg K) was refluxed 

for 1 hr, under N,. MeOH, 2 cc, was added and the refiux continued for another 4 hr. The product was 
isolated from ether and chromatographed on 12 g silica gel Elution with benzene gave 48 mg of material 
which was crystallized from acetonohexane to give 40 mg of MC m.p. 162-163”, [aID + 155”. (Found: 
C, 78.35; H, 1050. Calc for CIPHjOOi : C, 78.57; H, LO-41 %). 

Elution with benzene-ether 9: 1 and 4: 1 and crystallization from ether-M&H gave 270 mg of 13~ 
m.p. 126-128”; [a]o +20”. 

Equilibration ofthe kotwlcohols 13c and 14c 
(a) A soln of 200 mg of 13c in 20 cc dioxan containing 02 cc 20 % H$O, was heated at 100” for 2 hr. 

The product was extracted with ether and chromatographed on 6 g silica Elution with benzene gave 25 mg 
of 13c m.p. 160-162” (after crystallization from MeOH). Elution with benzene-ether 9 : I and crystallization 
from MeOH gave 155 mg of 14a m.p. 12S128” [aID +22”. 

@) A soln of 50 mg of 14c was treated as above. Chromatography and crystallization yielded 5 mg of 
13e and 35 mg of 14c 

Benzoyltalbn of the km-alcohols 13c and 14~ 
The keto-alcoholl3c (20 mg) was henzoylated with benzoyl chloride in pyridine. The isolated benzoate, 

13b, 25 mg, had m.p. 17%IEO”, [aJD + 143” (after crystallization from acetone-hexane). 
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The keto-alcohol 14e, 100 mg was benzoylated as above. Crystallization of the product from acetone- 
hexane afforded 90 mg of 14b m.p. 166168” [a]o + 33”. 

3B-Acetoxy-B-ho~-cholestan-one (18) 
A soln of 5 g of 16” in 60 cc acetone cyanohydrin and 10 cc 10 % NaOH aq was shaken for 2 hr at room 

temp. The soln was poured into 2 1. ice-water containing 5 cc AcOH and the solid was filtered off. A sus- 
pension of the solid in 100 cc glacial AcOH was hydrogenated with 1.5 g pre-reduced Adams catalyst 
until 1.9 mole equivs of H2 were absorbed. The mixture was diluted with 2 1. water, filtered through Celite 
and the clear soln of 17. cooled to - 10” and treated dropwise with stirring with a cold soln of 15 g NaN02 
in 75 cc water (the temp of the reaction mixture did not rise above 0’). The soln was left overnight at room 
temp. then the pljt was filtered off and washed with water to give 4.3 g of an amorphous product, c 5.78, 
5.88 p, which contained the product 18. 

A mixture of this solid, 175 cc EtOH, 20 cc AcOH and 8 g Girard T reagent was refluxed for 2 hr. Ethylene 
glycol, 175 cc, was then added and the alcohol evaporated under reduced press. After cooling, the mixture 
was extracted with ether and the ether extracts washed with ethylene glycol. The glycol fractions were 
diluted with 50 cc water, then 0.3 cc cone HCl was added and the mixture heated on a steam bath for 15 min. 
Extraction with ether afforded 900 mg of 18, which after crystallization from a small volume of MeOH 
had a m.p. 105-107”; [a&, - 53”; c 5.78 and 5.88 mu. (Found: C, 7850; H, 11.20. Calc for C,,,HS,03 : 
C, 78.55 ; H, 10% “/,). 

B-Homo-cholestaue-3+ne 19b 
The keto-acetate 18. 54Omg, was reduced by the Wolff-Kishner procedure as described. The crude 

product, 1% (340 mg) which could not be brought to crystallization was oxidized with pyridinium chromate 
(prepared from 250 mg CrOs and 3 cc pyridine) at room temp for 2 days. The pyridine was evaporated 
under vacuum and the residue washed with several portions hot benzene. Evaporation of the solvent 
and chromatography of the product on 10 g alumina afforded 295 mg of 19h (eluted with pentane+benzene 
4: I), which after crystallization from MeOH showed am.p. 81-82”; [a&, + 52”. (Found: C, 83.94; H, 12X)4. 
Calc for C,sH,,O: C. 83.93; H, 12-08 %). 

A-Nor-B-homo-cholestane-2-one 23 
A mixture of 250 mg of 19b in 10 cc anhyd thiophene-free benzene 05 cc HCOOEt and 150 mg NaH 

was stirred for 3 days under N,. MeOH (2 cc) was added and the soln diluted with water. The basic soln 
was extracted with ether and the aqueous layer was then acidified with ice cold, dil HCl and extracted with 
ether. The ether layer yielded, 220 mg of an oily hydroxymethylene derivative XI. A soln of this material in 
15 cc CH#Zl, was cooled to - 20”, and O3 was passed through, until a blue colour persisted. Then 4 cc 
H202 (30%) was added and the soln left at room temp overnight. It was extracted with ether, and the crude 
product, 21r. (14Omg) was esterified with an excess of diazomethane in ether. Chromatography of the 
prtiuct on alumina and elution with pentane-benzene 1: 1 afforded 100 mg of 2lh. This material was 
dissolved in 20 cc dry benzene and refluxed with t-BuOK (prepared from 25 mg K) for 16 hr. The reaction 
mixture was cooled and acidified with dil HCl. Extraction with ether afforded 85 mg of 22 z 5.75 and 
5.84 mu A soln of 22, and 2 cc cone HCl in 6 cc AcOH was refluxed for 1 hr, then was diluted with water 
and extracted with ether. Chromatography of the residue over alumina, elution with pentane-benxene 
4: 1 and crystallization from MeOH gave 23, 35 mg, m.p. 64-65”, [a]r, + 115”; E 5.75 F (Found :X=. 
8390; H. 1 l-78. Calc. for C1,H160: C. 8387; H. 11.78%). 

A-Nor-B-home-5a-cholestane (IS) 
(a) A soln of 23. (20 mg) and 15 cc hydrazine hydrate in 10 cc diethylene glycol was heated under reflux 

for 2 hr. KOH, lag in 1 cc water was added and the soln slowly distilled until its internal temp reached 195” 
and then kept at this temp for 2 hr. The material was isolated from ether and was chromatographed on 
alumina The hydrocarbon 15, eluted with pcntane, as an oil had [a&, +21” ; 1200 mu (E, 450). (Found: 
C, 87.30; H, 12-75. Calc for C2,Hb8 : C, 87a2; H, 12*98 %). 

(b) A soln of 50 mg 1% was reduced in an analogous way as described under (a). Chromatography on 
3 galuminaandelution with pcntaneafforded 31 mgofM[a],, +2l”identical with thecompounddescribed 
under (a). 
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Lithium aluminium hydride reduction uf 11 and 14a 

(a) A soln of MO mg of 13a was treated dropwise with a soln of 50 mg LAH in 5 cc ether. After being 
left at room temp for 2 hr the product was isolated from ether. Chromatography on alumina and elution 
from ether gave 160 mg of oily 25~ 

(b) A soln of 100 mg of 14r was reduced with LAH (30 mg) in ether, The produd isolated from ether was 
crystallized from a small volume MeOH lo give 90 mg of 26a Mp. 9394” [a&, + 12. 

A-Nor-B-home-cholest4ene 24 
(a) A so111 of 100 mg of Ua in 5 cc dry pyridine was treated with 0.5 cc methanesulfonyl chloride and 

left overnight at room temp. The crude 2!5b (115 mg) isolated from ether was dissolved in 20 cc THF. 
treated with a soln of 50 mg LAH in 5 cc THF and refluxed for 2 days. Isolation from ether, followed by 

chromatography and elution with pentane gave, 60 mg of oily 24: 1::: 12.43 p c.7 207 rnp (E. 4800). 
(b) A soln of 100 mg of Ya in pyridine was treated with methanesulfonyl chloride and then the product 

26b with LAH as described under (a). Chromatography on alumina gave 50mg of 24 identical with the 
product described under (a). 

Catalytic reduction of the olefin 24 
A soln of 75 mg 24 in 5 cc EtOH were shaken with Hz in the presence of 25 mg Pd-C (10%) for 3 hr. 

Filtration, chromatography of the filtrate on 3 g alumina, and elution with pentane gave 60 mg of 15 
[aID + 26” identical with the product obtained from 16, as described 

Hydroxylation of 17fbacetoxyestr-ben 27 with osmium tetroxide 
A soln of 2-5 g of 27’ and of 2.2 g 0~0, in 80 cc pyridine was allowed to stand for 3 days at room temp, 

and then was shake&with a soln of 50 g NaHSO, in 80 cc water for 30 min. The product was isolated from 
EtOAc and chroniatographed on 8Og alumina Elution with pentane-ether 1:4 afforded 1.98 g of 28a 
m.p. 201-203” (after crystallization from acetone) [alo + 14”. (Found : C, 71.36; H, 9.52 Calc for C20H320d : 
C. 71.39; H, 9.59%). The corresponding diacetate had m.p. 143145” (after crystallization from ether) 
[a]u +13”. 

A soln of, l-2 g; 23a and 20 g ptosyl chloride in 5 c-c pyridine was left for two days at room temp. The 
product was isolated from EtOAc and chromatographed on 50g alumina Elution from benzene-ether 
9: 1 gave 1.5 g of 28b m.p. 16147” [aID - 19” (after crystallization from acetonohexane). (Found : C. 
65.84; H, 7%; S, 646. Cak for C,,H,,O,S: C, 6610; H, 7-81; S, 652%). 

17&Acetoxy-A-nor-B-home+-estran-5-one 2% 
(a) A soln of 1-25 g of 28b in 50 cc DMF and 200 mg CaCOB was refluxed for 16 hr under N,. Filtration, 

extraction of the filtrate with ether, chromatography on 25 g alumina and elution with pentane-ether 9: 1 
gave 520 mg of 29a (after crystallization from pentane) m.p. 98-100” [aID +71”; c 5.75 ; 5-91 p e” 
284 mp (E 52). (Found: C, 75.33; H, 9.42 Calc for C20H3003 : C. 75-43; H, 950%). Hydrolysis of 200 mg 
29a was effected by refluxing for 1 hr with KOH in MeOH. Crystallization from acetone: hexane gave 
155 mg of 29b m.p. 12>126” [a],, + 100”. (Found: C. 77.97; H, 1028. Calc for C,IH2802 : C. 78.21; H. 
lQ21%), identical with an authentic sample. 

When 200 mg of 291 in 10 cc dioxan containing @l cc 20 % HISO, was heated at loo” for 2 hr. 150 mg of 
29b m.p. 124-126” resulted. Reacetylation of 29b with pyridine and Ac,O regenerated 2% in almost 
quantitative yield. 

3p,17p-Diacetoxy-4~,5a-dihydroxy-androstane (318) 
A soln of 2.5 g of 3Oa” m.p. 102-104”. [a],, + 73” and 20 g 0~0~ in 60 cc pyridine was left for 3 days 

at room temp and then was shaken with a soln of 3.6 g NaHSO, in 50 cc water for 30 min. The material 
was isolated from EtOAc and crystallized from MeOH to give 1.95 g of 31a m.p. 213-215” [a$, +5”. 
(Found: C. 67.53; H. 9G4I. Calc for Cz3HS606: C. 6762; H, S.&X). 
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3~,17~-~iacefoxy-4ar-tosyloxy-a~~ostM-5a-ol(31b) 

A soln of 1.5 g 31a and Z-08 ptosylchloride in 8Occ dry pyridine was refluxed for 8 hr. The product 
was isolated from EtOAc and crystallized from ether to give 1.22 of51b m.p. 22CL222”. (Found: C, 6364; 
H, 806. Calc for CJOHe20sS: C, 64U4; H, 752%). 

17B-Hydroxy3-aldehydo-A-nor-androst-3-ene (328) 

A soln of 1.0 g 31b in 100 cc methanolic 4% KOH was left overnight at room temp. The product was 
isolated from ether, and crystallized from ether-pentane to give 515 mg of 3t(17#LOH) m.p. 15F161”; 
ci 6.02 c~ c” 256(~, 13,800) [m]u +96”. Acetylation of 32a with Ac,O in pyridine and crystallization from 
MeOH gave 32a (17p-OAc) m.p. 116-l 18” [air, + 70”; c 5.76.602 p; EH 256 rnlr. (s, 14,ooO). (Found : 
C, 75.94; H, 8.80. Calc for CZLHS003: C, 7632; H, 9-15 %). 

The dinitrophenylhydrazone of 32a (17fI-OAc) had m.p. 234236”; cH 223,260,296,391 rnk (Found: 
C, 6283; H, 664; N, 1@77. C&c for C,,H,,O,N,: C, 6331; H. 6.71; N, 1097%). 

Hydrolysis of 32 (178 OAc) with H,SO,aq in MeOH reconverted it to 32a (17&OH) m.p. 1%161”, 
[alI, +96”. 

Catalytic reduction of the aldehyde 32a 
A soln of 200 mg of 32a in 20 cc EtOAc was hydrogenated in the presence of 25 mg Pd-C. Filtration of 

the catalyst and evaporation of the solvent gave 190 mg of 33. Its semicarbazone was crystallized from 
MeOH and had m.p. 208-210”; e” 228 mp (E 7+OO), and on heating with AcOH and pyruvic acid 
regenerated 32a. 

Synthesis of 3-aldehydo-17p-ocetoxy-A-nor-androst-3-ene (328) 
A soln of 700 mg of 10. (17kOAc) in 150 cc MeOH and 15 cc CH$l, was cooled to -65”. A stream of 

O2 containing 3‘% 0, was passed through this soln until a faint blue coloration persisted and then treated 
with 3 drops dimethyl phosphite. The soln was allowed to come to room temp the solvent evaporated 
in ULICIIO, and residue heated at 100” at 1 mm (I,,_ 3.70 p and 5-85 p). 

The resulting crude 34, was dissolved in 10 cc MeOH containing 100 mg NaOMe, and left for 14 hr 
at room temp. The product was isolated from ether, acetylatcd with Ac,O and pyridine, and chromato- 
graphed on 15 g alumina Elution with pentane-benzene 1: 1 gave 330 mg of 321 m.p. 1 I%1 16” identical 
with the product described above. 

3B.17B-Diacetoxy-4s5a-dihydroxy-estrMe (31~) 
Hydroxylation of 1.5 g 30b19 (m.p. 138-139” [a]u I- 23”) with 1.2 g 0~0, as described gave 1-l g of 

31~ m.p. 194196” [alI, + 16” (after crystallization from MeOH). (Found: C, 67.10; H, 8.76. Calc for 
CZZH3406: C, 66.98; H, 8.69%). 

Tosylation of 10 g of 31c as described and crystallization from acetone tiorded 1-O g of 31d m.p. 212- 
214”, [alI, +41”. (Found: C, 63.22; H, 7-25; S, 5.55. Calc for Cz9H,,-,0sS: C, 63.49; H. 7.35; S, 5.83%). 

17fI-Acetoxy-A-nor-estr-3-en (32b) 

A soln of O-5 g of 3ld in 50 cc methanolic 4% KOH was refluxed for 1 hr under N,. The product was 
isolated from ether and then acetylatcd with AczO and pyridine. The acetate was crystallized from MeOH 
to give 135 mg of 32b m,p, 147-148” [a],-, +4O”, E 3*40,5*75,6-05 and 6-13 )I; cH 256 rnp (E, 16,ooO). 
(Found: C, 76a3; H, 8.96. Calc for C,,H,,O,: C, 75-91; H, 8.92%). Hydrolysis of 32b with H,SO,aq 
in MeOH gave oily 32b (17&OH) c 360,605; 6.13 p; c 256 rnp (E, 14,ooO). 
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