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Racemic perhydrophenanthren-3-one and perhydrophenanthren-9-one have been synthesised from the tricyclic 
enones (* ) - (3)  and (*)-(12), respectively. The derived saturated equatorial hydroxy-compound (8a) (as well 
as its enantiomer) and (1 3a), resolved as their 3~-acetoxyandrost-5-ene-l7~-carboxylates, afforded (+) - 
(4aS,4bS,8aR,l OaS) -pe*hydrophenanthren-3-one (1 ) (and its enantiomer) and (-) -(4aS,4bR,8aS,l OaR) - 
perhydrophenanthren-9-one (2), respectively, both of high optical purity. The c.d. data of compound (+)- (1)  
do not agree with previous empirical predictions and the consequences of this are discussed. The c.d. measure- 
ments for compound (-)-(2), which represents the simplest rigid ' middle-ring ' ketone of the ' all-trans ' per- 
hydrophenanthrene class hitherto studied, clearly show that for such systems additivity of effects of individual rings 
does not hold. 

EMPIRICAL analysis of the contribution of key structural 
features to the chiroptical properties of carbonyl com- 
pounds has been of great interest, as it allowed the pro- 
posal of some useful generalizations 2s3 of straightforward 
application for practicising chemists and in turn should 
be of interest to theoreticians. However, in order to 
check such empirical generalisations, a study of some 
simple, unsubstituted structures is needed, by which the 
contribution of their basic molecular skeleton to  the 
chiroptical properties could be ascertained. With this 
aim we have already studied the c.d. properties of simple 
' all-trans ' polycarbocyclic ketones belonging to the per- 
hydro-naphthalene,g -an t hracene,4* 5 -nap ht hacene ,g and 
-phenanthrene series. 

In this paper we report novel c.d. data for the hitherto 
unknown trans-tra.nsoid-trans-perhydrophenantliren-3- 
one (1) and for the trans-trartsoid-trans-perhydrophen- 
anthren-9-one (2) , previously described only in its 
racemic form. 

RESULTS AND DISCUSSION 

Synthesis and Optical Resolution.-The racemic ketone 
(1)  was prepared by reducing the enone (*)-(3) with Li 
in liquid ammonia. This enone had first been obtained 
in low yield by Haworth and Turner,' from a l-decalone of 
imspecified stereochemistry, making use of Robinson's 
classical annelation process. Our attempts to duplicate 
their synthesis [from ( j- ) -tra~zs-2-Iiydroxymethylene- 1 - 
clecalone (4), NN-diet hyl-N-methyl-3-oxobutanaminium 
iodide, and MeONa in pyridine] were unsuccessful, 
leading only to a small amount of an enone fraction, as a 
mixtnre of products, separable only with difficulty. A 
different attempt to obtain the ketone (A)-(2), by con- 
densing the trans-l-decalone pyrrolidine enamine (&)-(5) 
with but-3-en-2-one, also failed. A Dreiding model of 
compound (5 )  showed that a strong steric interaction be- 
tween the hydrogen atoms depicted in its formula hinders 
the coplanarity required for enamine conjugation, which 

could explain the lack of reactivity of the enamine (5) to- 
wards but-3-en-2-one and the subsequent failure of this 
method of annelation which we had previously used to  
good effect in other c a ~ e s . ~ ' ~  Finally, reaction of com- 
pound (&)-(4) with but-3-en-2-one and ButOK in RutOH, 
followed by alkaline condensation, after the general pro- 
cedure of Bloch and Ourisson * for building pentacyclic 
steroids, yielded the tricyclic enone (&)-(3), with a m.p. 
identical with that of Haworth and Turner's enone,' but 
with an i.r. spectrum clearly different from that of a 
stereoisomeric cis-enone , obtained by Christol et aL9 
using a quite different synthetic approach. In our 
work, two previously undescribed compounds-the 
tetracyclic dienone (j-)-(6) and the pentacyclic trienone 
(j-)-(7)-were isolated as by-products. 

Optical resolution was achieved by fractional crystal- 
lisation of the mixture of diastereoisomeric esters ob- 
tained from the (HO-equatorial) tricyclic alcohol 
(&)-(€la) and 3P-acetoxyandrost-5-ene-17p-carbonyl 
chloride (9a). Compound (&)-(8a) was formed as the 
sole product by reduction of the ketone (&)-(l)  with 
NaBH,, the corresponding axial epimer not being 
detected. Reductive cleavage (LiAIH,) of the diastereo- 
isomeric androstenecarboxylate ester (10) gave the (+)- 
alcohol @a), which was oxidized to the corresponding 
(+)-ketone (1). Similarly, from the diastereoisomeric 
ester (1 1) we obtained the (-)-alcohol, (-)-(sa), which 
in turn afforded the (-)-ketonc, (-)-(1)' on oxidation. 
Within the limits of experimental error both pairs of 
cnantiomers showed equal, but opposite sign, chiroytical 
properties ([a], for alcohols; [a], and A& for ketones); 
we believe this supports our belief that all four compounds 
are enantiomerically pure. Henceforth, for ease of dis- 
cussion, we shall refer only to the (+)-enantiomers. 
The absolute configuration of the (+)-ketone ( l ) ,  shown 
in the formula, was assigned from its positive (n  - x * )  
Cotton effect. 

The previously known ketone (4-)-(2) lo was prepared 
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by catalytic hydrogenation of the enone (-+)-(12), which 
was obtained by condensation between cyclohexanone 
and 1-acetylcyclohexene in the presence of sodium 
amide, according to  the method of Rapson and Robin- 
son. l1 
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H 
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Hydride reduction of the ketone ( f ) - (2)  gave a mis- 
ture of epimeric alcohols, the HO-equatorial one, (&)- 
(13), being predominant (eq : ax 55 : 45 with NaKH,- 
ethanol and 70 : 30 with LiAlH,-diethyl ether) (g.1.c.). 
Both epimers were isolated from the mixture and the 
alcohol (&)-(13a) was optically resolved as follows. 
Multiple fractional crystallisations of the mixture of the 
corresponding andros t enec arb ox y lat e der i vat i ves a f - 
forded one diastereoisorner (14) of constant m.p. ; the 
more soluble diastereoisomer could not be purified. 
Reductive cleavage of (14) by LiAlH, gave the (+)- 
alcohol (13a) which was oxidized to the corresponding 
(-)-ketone; its negative (ut - x * )  Cotton effect 
showed this ketone to have the absolute configuration 
illiistrated in formula (2). 

C . d .  Pro$ertics.--The Table gives the \ ~ ~ l i ~ c s  of AE 

H 

(8 )a;R = H (9 )a;  R = C l  
b; R = AC b; R = OH 

0’ w 0 0 

(10) R =  & 
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0- (12)  
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(11)  R =& 
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A i  
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(13) a; R =  H 
b;  R =  AC 

6. 
(w - x * )  experimentally determined for (-+)-(4a.5,- 
4bLS,8aR, lOaS)-perhydrophenanthren-3-0ne (1) and ( -)- 
(4aS,4bI-,SaS, 10aR) -perhydrophenanthren-9-one (2), in 
two solvents of opposite polarity, together with those 
previonsly predicted for such structures by Kirk and 
Klyne.2 With regard to ketone (1), Kirk and Klyne had 

Cotton effects for ( + )-( 4aS,4bS,8aR, 1OaS)-perhydrophen- 
nnthren-3-onc ( 1 )  and (--)-(4aS,4bR,8aS,lOaR)-per- 
liytlrc,plicnclntlir~~ii-~-on~ (2) (wavclength in psren- 
tl1cscs) 

A €  (1? * rc*) 
r__-___h ._____ 7 

Tic t on c Solvcn t Fo u n (1 Calc. 
Hcxanc +1.40 (298) +1.05 
MeOH +1.70 (290) + 1.36 
Hexanc -0.47 (296) -0.30 b 

( 1 )  
( 1 )  
( 2 )  
( 2 )  MeOH -0.75 (293) - 0.40 b 

a From ref. 2.  From simple additivity of the two trans- 
A€ Values o f  -0.6 to -0.7 had dccalone systems (ref. 2). 

previously been prcdictcd (see tcxt) .  

based their prediction on available data [AE +l.50 
(hexane), + 1.95 (MeOH)] for (13pH)-des-n-5x-andro- 
stan-2-one (15), by discounting the contributions ( ~ A E )  
of the angular methyl group; they gave ~ A E  values of 
+0.45 (hesane) and +0.00 (MeOH) for a p-axial methyl 
group on a primary zig-zag chain of more than two C-C 
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bonds [thickened bonds in structure (15)]. Now, as 
both ‘ calculated ’ and experimental sets of values differ 
by more than Kirk and Klyne allowed in their 
predictions, our present results clearly indicate that 
increments attributed to a p-axial methyl group in such 
a system must be smaller [BAE ca. +O.l (hexane) and 
+0.2 (MeOH)] which, in turn, would mean that the 
previously proposed, clear-cut distinction between two 
classes of [kttxial methyl groups-depending on length 
of primary zig-zag chain-is no longer valid and that 
there may be a wide range of values for such methyl 
groups, probably depending on ring-structure type : 
there is tlierefore no unique BAE value for a p-axial 
methyl group. This does not necessarily mean a break- 
down of tlie supposed additivity rule, but it does show 
that one niust be \rery cautious in its application with 
regard to this structural feature. 

Contributions of the ‘ third ring ’ to c.d., expressed as 
~ A E ,  can now be obtained as the difference between ex- 
perimental values of AE (smoothed to the nearest 0.05 
unit) for ketone (1) and for (4aS,8aS)-tran~-2-decalone,~ 
leading to a result of ca. +0.30 in both hexane and MeOH. 
As these new ~ A E  values are established with a minimum 
of previous hypotheses (only that of simple additivity for 
the unsubstituted, rigid molecular skeleton) we con- 
sider them as more reliable than those previously 
estimated by Kirk and Klyne [BAE -0.05 (hexane), 0.0 
(MeOH)].2 

These results suggest the need for a revision of some 
other concepts. For example, the marked difference in 
AE shown by Kirk and Klyne between building a third 
ring, c ,  from either an AB’ system (see Figure) or an AB 
system, i i  greatly reduced. Their explanation was 
part idly bCtsrtl on equalizing the influence of a methine 
group (C-8 in 1;igure) with that of a methyl group in the 
same pmitioii, and this may well not be a valid proposi- 
tion. ?ioric~iui\dences between contributions to c.d. of 
C-H 715. C 3 3  1)onds have been shown in other sites closer 
to tlic c h r ~ n i o p h o r e . ~ ~ * ~  This not being the case in our 
present stiidy, we may conclude that values hitherto 
admitted lor the contributions of substituents on a 
])rimat-y ziq-Lag cliain (tliicliencd bonds in the Figiire) 
nccd sor t i t ’  ,itljiistment. 

II 
0 

FIGURE 

Compound (2) is a particularly interesting case, as the 
simplest rigid model of a ‘ middle-ring ’ ketone with 
which the principle of the additivity of effects of in- 
dividual rings can be properly checked. Kirk and Klyne 
foresaw that for such structures additivity does not 
hold, but their analysis of some well known molecules of 
the same kind, such as 6-, 7-, 11-, and 12-oxo-steroids, 
was complicated by the additional assumptions which had 
to be brought in to allow for angular methyl groups, 
pentagonal rings and/or ‘ front-octant ’ rings, so the 
need for the study of the c.d. behaviour of ketone (2) was 
then claimed.2 Even so, they predicted A& values for (2) 
of between -0.6 and -0.7 (depending on solvent 
polarity) and tentatively advanced the generalization 
that, in ‘ middle-ring ’ ketones of the ‘ all-trans ’ per- 
hydrophenanthrene class, deviation of additivity occurs 
in the sense of a more important contribution of the 
fragment of the 2-decalone type than that of the 1- 
decalone type. 

Algebraic addition of the contributions of zig-zag 
chains present in (4aR,8aS)-l-decalone (16) [Ae +0.81 
(hexane), +0.95 (MeOH)] and in (4aR,8aR)-2-decalonc 
(17) [AE -1.12 (hexane), -1.37 (MeOH)], smoothed to 
the nearest 0.05 unit, are shown in the Table for com- 
parison. Clearly, additivity does not hold and the pre- 
diction of Kirk and Klyne with regard to this kind of 
structure is essentially confirmed. Besides, it may be 
noteworthy that deviation from additivity is greater 
the more polar the solvent. 

(16) (17 1 

Values of AE for the short-wavelength transition of the 
ketone (1) are -1.0 (195 nm; hexane) and -7.2 (103 
nm; CF,CH,OH), and have already been used by Kirk 
in his empirical analyses of this transition for extended 
tram-decalones.&J Those corresponding to compound 
(2) could not be properly measured due to the small 
amount of sample available and the subsequent relatively 
low signal-to-noise ratio. In hexane, AE seems to lie a t  
-0.7 & 0.4 (190 nm), while simple additivity of the two 
trans-decalone fragments present in compound (2) would 
require a value of ca. +3.0 (in hexane). 

The c.d. of the alcohol (8a) in the region 185-195 nm, 
presumably due to the C-OH group as chromophore, is 
clearly negative [measurement was made on the enantio- 
mer of alcohol (sa), having opposite sign]. For 20(- 
hydroxy-5or-steroids, with a similar structure in the 
proximity of the chromophore, there was no clear 
prediction of the AE value.12 Rather surprisingly, the 
alcohol (13a) gave no measurable c.d. down to 190 nm, 
while existing data for 6~t-hydroxy-5a-steroids l2 led us 
to expect that a Ac > 0 should have been observed. On 
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the other hand, c.d. measurements on their acetates in 
the region 210-220 nm agree reasonably well with 
expectations. Thus, on the basis of the analysis of 
contributions to c.d. of significant C-C bonds made by 
Kirk and his co-workers,13 the AE value predicted for the 
acetate (8b) in MeOH would be -0.1, and that for the 
acetate (13b) -0.50, while experimental data now found 
are -0.07 and -0.66, respectively. 

EXPERIMENTAL 

Alumina was Merck grade I (Brockman) ; ' deactivated 
alumina ' refers t o  alumina grade I containing 27; of water. 
M.p.s were determined on a hot-plate and are uncorrected. 
1.r. spectra were obtained for KBr discs, U.V.  spectra for 
solutions in ethanol, and n.m.r. spectra for solutions in 
CDC1, unless otherwise stated. Microanalyses were per- 
formed a t  Centro Nacional de Quimica Orgknica (C.S.I.C. 
Madrid). C.d. spectra were provided by Dr. P. NI. Scopes 
and Professor D. N. Kirk, Westfield College, London. Light 
petroleum refers t o  tha t  fraction boiling in the range 
50-70 "C. 

Starting Materials for Syntheses.-( &)-trans- l-Decalonc 
was prepared from l-naphthol by catalytic hydrogenation 
on Raney Ni l4 followed by chromic oxidation of the mixture 
of l-decalols and final acidic iso~nerisation.~ ( f)-tvans-2- 
Hydroxymethylene-l-decalone l5 (4) was prepared using 
known procedures for analogous compounds, with sodium 
methoxide l6 or sodium hydride; l7 l-acetylcyclohexene was 
prepared using the method of Saunders.l* 

( &)- 1,4bp,5,6,7,8,8aa, 9,10,lOa~-L)ecalzydvopheizantlzren- 
3(2H)-one, rac-(3) .-To a stirred solution of compound 
(&)-(4) (50 g) in anhydrous ButOH (700 nil) a t  25 "C under 
N, was quickly added a solution of potassium (1 g) in 
anhydrous ButOH (120 ml) and then, through a different 
dropping funnel, freshly distilled but-3-en-2-one (30 ml) was 
added. The yellow-orange mixture was left under N, a t  
room temperature for 42 h and was then made just acid with 
10% acetic acid. Removal of the solvents under reduced 
pressure left a reddish oil which was dissolved in MeOH 
(600 ml) and, under N2, mixed with 45°/0 aqueous KOH 
(300 ml) and the mixture was refluxed for 5 h. Removal of 
most of the MeOH, dilution with water, and extraction with 
diethyl ether afforded a crude product (34 g) which was 
chromatographed on deactivated alumina (700 g) with light 
petroleum as eluant to separate any unchanged decaione ; 
fractions eluted with light petroleum-benzene (1 : 1) and 
benzene which contained the required enone (u.v.) were 
evaporated to dryness to afford a residue (25 g) which, after 
two crystallisations from liglit petroleum, gave the pure 
enone (&)-(3)  (14 g, 23%), m.p. 54-55 "C (lit.,7 53-54 "C) ; 
vmx. 1 670 and 1 610 cm-l; A,,,. 239 nm (E 16 300) ; 6(CC1,) 
2.2 (2 H ,  m, CH,CO) and 5.7 (1 H, s, C-CH) (Found: C,  
82.1; H, 10.05. Calc. for C,,H,,O: C, 82.3; H ,  9.870/). 

Later fractions, eluted with benzene-diethyl ether (8 : 2) 
gave, after work-up, a crude residue (3.8 g) which was re- 
crystallised from light petroleum to  give a faintly coloured 
solid, m.p. 149-150 "C, t o  which the structure (+)-1,3,4,- 
4aa,5,6,6a~,7,7a~,8,9,12b~-dodecahydrobenz~a]anthracen- 10- 
(BH)-one [rac-(6)] was assigned on the basis of its origin and 
of the following data:  v,,,. 1 650, 1 605, and 1 575 cm-l; 
A,,,. 293 nm (E 30 700); 6 2.4 (2 H, m, CH,CO), 5.8 (1 H ,  s,  
12-H), and 6.0 (1 H, s, l l -H)  (Found: C, 84.2; H, 9.40. 
C,,H,,O requires C, 84.3; H, 9.44%). 

The last fractions, eluted with benzene-ether (1 : l), gave 
a crude residue (2.0 g) which was recrystallised from ethanol 
to give a yellow solid, m.p. 226-228 "C, t o  which the struc- 
ture ( k)- 1,3,4,4acc,5,6,6ap,7,7ap,8,8ap,9, 10,14b~-tetvadeca- 
l~ydvobenzo[a]nuphthacen-l1(2H)-one [rac-( 7)], was assigned 
on the basis of its origin and of the following da ta :  vmax. 
1 640, 1 610, 1 580, and 1 555 cm-'; A,,,,. 345 nm (E 34 600) ; 
6 2.4 ( 2  H, m, CH,CO), 5 .8  (1 H, s, 14-H), and 6.0 (2  H, s, 
12- and 13-H) (Found: C, 85.7; H, 9.09. C,,H,,O requires 
C, 85.7; H, 9.15%). 

rac( 1).-A solution of the enone ( 5 ) - ( 3 )  (22 g) in tetrahydro- 
furan (THF) (350 ml) was added to a stirred solution of 
lithium (3.5 g) in liquid ammonia (350 ml) and the mixture 
was stirred for a further 1 h. The product (21 g), isolated 
by work-up with diethyl ether, was a mixture containing 
the tricyclic alcohol (&)-(Sa), the derived ketone (&)-(1), 
and a little unchanged enone ( f ) - (3 )  (g.1.c.). The mixture 
was osidised by stirring for 5 h in acetic acid (250 ml) a t  
room temperature with a mixture of chromium(v1) oxide 
(12 g) in water (12 ml). Extraction with light petroleum 
gave a crude product (20.6 g) which was chromatographed 
on deactivated alumina with light petroleum-benzene 
(95 : 5 and then 90 : 10) as eluant to give the saturated 
ketone ( & ) - ( l )  (18.2 g) as an oil which slowly crystallised 
with time. ,4n analytical sample was obtained by sublim- 
ation (50 "C a t  20 mmHg): m.p. 59 "C; vmaX. 1 705 cm-l; 
6(CCl,) 2.0-2.8 (4 H, m, CH,COCH,) (Found: C, 81.4; H, 
10.73. C,,H,,O requires C, 81.5; H ,  10.75y0). 2,4- 
I)initrophenyltzydrazone, m.p. 175-176 "C (MeOH) (Found : 
C, 62.4; H, 6.75; N, 14.55. C,,H,,N,O, requires C, 62.2; 
H, 0.78; N, 14.49%). Later fractions, with benzene- 
diethyl ether (8 : 2) as eluant, afforded unchanged enone 

( + ) - trans-transoid- trans-Perhydr~phenanthven- 3-one, 

( 3 3 - ( 3 )  (0.4 €9. 
( A)-trans-transoid-trans- Perhydropheizanthven-3 -01, 

rac-(8a).-A solution of the ketone ( f ) - (1)  (12 g)?n anhy- 
drous EtOH (145 ml) was stirred for 2 h with NaBH, (1.45 g) 
a t  room temperature. Extraction with chloroform gave 
the crude alcohol (1 1 g), crystallisation of which from ethyl 
acetate a t  0 "C gave the pure (g.1.c.) alcohol (&)-(8a) (9.0 g), 
m.p. 108-109 "C; vlllaU, 3 320, 1060, 1045, 1035, and 
1 020 cni-l; 6 3 .5  (1 H, wi, 20 Hz, CHOH) (Found: C, 8.1; 
H, 11.45. C14H,40 requires C, 80.7; H ,  11.61%). Acetate 
(&)-(8b),  m.p. 49-50 "C. 3,5-L)initvobenzoate, m.p. 166- 
168 "C (from ethyl acetate) (Found: C, 62.9; H ,  6 .55;  N, 
7.05. C,,H,,N,O, requires C, 62.7; H ,  6.51; N, 6.96%). 

A ceto,.yandrost-5-ene- 17P-carboxylate ( 10) and ( 1 1) .-A crude 
mixture of diastereoisomeric esters (33 g) was obtained 
from 3P-acetoxyandrost-5-ene- 17P-carboxylic acid l9 (9b) 
(22 g), via the acid chloride (9a) in pyridine (130 ml), with a 
solution of the equatorial alcohol ( +)-(8a) (1 1 g) in pyridine 
(60 ml) by the usual procedure (extraction with chloro- 
form). Chromatography on deactivated alumina [(800 g) ; 
light petroleum-benzene (1 : 1) as eluant] afforded, first, the 
pure esters (10) and (1 1) as a mixture (14 g) of both diastereo- 
isomers, inseparable on alumina ; elution with diethyl 
ether-ethyl acetate (1 : 1) then gave the unchanged alcohol 
(&)-(8a) (5.1 g). The aforementioned mixture of esters 
( 14 g) was successively fractionally crystallised seven times 
from ethyl acetate, then twice from acetone and once from 
ethanol t o  give the estev (11) (1.3 g) .  The last two Ie- 
crystallisations gave crystals with unchanged m.p. (206- 
207 "C) (Found: C, 78.3; H ,  10.0. C,,H,,O, requires C, 
78.5; H, 9.88%). 

trans-transoid-trans-Perhyd~ophenanthren-3,~~-yl 3p- 
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The mother liquor from the first crystallisation (ethyl 
acetate) was concentrated to  a quarter of its initial volume. 
After several days, two very different kinds of crystals had 
appeared: needles and buttons, which could be hand- 
separated. 'The crop of buttons, after crystallisation once 
from ethyl acetate and then four times from acetone, 
yielded the estev (10) (1.5 g), m.p. 170-171 "C, unchanged 
by the two final crystallisations (Found: C, 78.5; H, 9.95. 
C,,H,,O, requires C, 78.5; H, 9.88%). 

(8a) .-The pure ester * (10) (1.02 g) in dry ether (250 ml) was 
reductively cleaved with LiAlH, (500 mg) a t  room tem- 
perature for 4 h. Hydrolysis with cold dilute HCI, extrac- 
tion with diethyl ether, and removal of the solvent gave an 
equimolecular mixture (0.94 g) of the alcohol (8a) and 21- 
norpregn-5-ene-3P,20-diol which was chromatographed on 
silica gel (20 g) with benzene-diethyl ether (8 : 2) as eluant 
t o  give the (&)-alcohol (8s) (0.37 g), m.p. 114-116 "C (after 
sublimation a t  90 "C and 18 mmHg); [aIDz3 +36 2" (c ,  
0.5 in CHC1,) t The acetate (8b) was prepared from the 
alcohol (8a) (47 mg) and Ac,O (2.5 ml) in pyridine (5 ml) a t  
room temperature during 24 h. The usual work-up and 
chromatography on alumina [(8 g) ; light petroleum- 
diethyl ether (8 : 2) as eluant] gave the ester (8b) (45 mg) as 
an  oil which slowly crystallised, m.p. 47-48 "C; ALE -0.07 
(212 nm, in MeOH). 

( - ) -(  3R, 4aR,4bR, 8aS, lOaR)-Perhydvopkenanthven-3-02 
[Enantiomev of compound (8a)].-The pure ester ( 1  1 )  (1.30 g) 
was reductively cleaved as for compound (10) to give the 
title (-)-pevhydvophenanthren-3~~-oZ (0.48 g), m.p. 114- 
116 "C (after sublimation a t  90 "C and 18 niniHg) : [alDZ3 
- 38 f 2" (G, 0 5 in CHC1,) ; AE + 0.23 (1 95 nni !, i n  liexanc.). 
Acetate [enantzon?ev of (8b)], m.p. 47-48 "C. 

( + ) - (4aS,4bS,8aR, 1 OaS)-Pev~iydrophenantkven-3-o?ze ( I ) .- 
The (+)-alcohol (8a) (180 mg) in acetic acid (10 ml) was 
oxidiscd with chromium(v1) oxide (200 mg) for 18 11 a t  
room temperature. l h e  usual work-up and sublimation 
(50 "C; 20 nimHg) procedure gave the (+)-ketone ( 1 )  (133 
mg), m.p. 88-88.5 "C; 

[Enantzounev of Compound (l)].-Oxidation of the ( - ) -  
alcohol rpnrcntionzpv of comf iounr l  (sa)] (280 mg) as above 
afforded, a tter work-up, tlie ( - )-~evljydrophertantkren-R-olle 
(160 mg) after subliniation, m.p. 88-88.5 "c' ; [a11,23 
-59  2- 1" ( G ,  0 5 in CHCI,). 

rac-(2) .--This was prepared following the procedure of 
Allingcr ~t a1 , l o  and liatl m .p .  48-49 "C (lit.,Io 48-50 "C). 
2,4-Dznztvo~lr~nylliynvnu.olzp, m.p. 207-208 "C (MeOH) 
(Found: C ,  61 9 ;  H, 6.85; N ,  14 3. C20H2,1\;,0, requires 
C,  82.2; H ,  G 7 8 ;  S ,  14.49'>,). 

rac-(13a).--,I solution of the ketone (-J-)-(2) (4.5 g) in 
anhydrous EtOH (100 ml) was treated with NaEH, (0.7 g) 
for 19 I 1  a t  rooin temperature. Dilution with water and 
extraction lvi t t i  diethyl ether afforded a crude mixture of 

(+ ) - (  3S,4aS,4bS,8aR, 10aS)-Per~~ydroplzenantkren-3-01 

+59 + 1" (c ,  0.5 in CHCI,). 
( - ) - (4a I < ,  4 b R, 8aS, lOaR)-Perl~ydvofih enanlhven-2-one 

( $)-trans-tr,znsoid-traiis-Perlzydvo~lzennntl/?fen-9-0ne, 

( f )-trim.;- transoid- t r ; tns -Pe~hydropha~za~at l i~~e~z-  geq-o1, 

* The optical purity of all the present products rests upon the 
criterion of constancy of m .p. of the 3P-acetoxyandrostene- 
carboxylate esters, which has given good results in other cases 
(refs. 1 ,  4, 5 ,  ti). Neither [.ID nor the 'H n.m.r. spectra of 
mixtures of diastereoisomeric esters varied significantly, whilst 
m.p.s asymptotically approached the value of that  of the purc 
ester. 

t All optically resolved alcohols and ketones showed i . r  
spectra and g.1.c. behaviour identical with those of the corres- 
ponding racemates. 

epimeric alcohols [eq-OH : ax-OH 55 : 45 (g.l.c.)] (4.5 g). 
Three crystallisations from ethyl acetate gave the pure 
racemic equatorial alcohol (&)-(13a) (1.07 g), m.p. 118- 
119 "C (lit.,2* 119 "C); vmax, 3 350, 1046, and 1030 
cm-1; 6 3.15 (1 H ,  zq 18 Hz, CHOH) (Found: C, 80.7; €3, 
11.8. C,,H,,O requires C, 80.7; H, 11.61%). Acetate 
(-j-)-(13b), m.p. 68-69 "C (Found: C, 77.0; H, 10.3. 
Cl,H2,0, requires C, 76.8; H, 10.46%). Oxidation of the  
residue from the EtOAc crystallisations (3.1 g) in acetic acid 
(100 ml) with chromium(v1) oxide (1.7 g), followed by the 
usual work-up and chromatography on deactivated alumina 
(benzene as eluant) gave the pure ketone (&)-(2) (2.6 g) 
which was refluxed with LiAlH, (0.45 g) in dry diethyl 
ether for 3 h. The usual work-up led to  a mixture (2.4 g) of 
epimeric alcohols [eq-OH : ax-OH 70 : 30 (g.l.c.)]. Two 
crystallisations from ethyl acetate afforded the pure alcohol 
( &)-( 13a) (1.06 g). Chromatography (deactivated alumina) 
of a residual mixture of both epimeric alcohols and crystal- 
lisation from light petroleum a t  0 "C gave an  analytical 
sample of the axial alcohol, m.p. 79-80 "C (lit.,20 80 "C) ; 
vmx. 3 330, 1 035, and 1 010 cni-l; 6 3.62 ( 1  H, z q  6 Hz, 
CHOH) (Found: C, 80.5; H, 11.85. Calc. for Cl4H2,O: 
C, 80.7; H, 11.61y0). 

4 cetoxyandvost-5-ene- 17P-cavboxylate ( 14) and Diastereoiso- 
mer.-A solution of the steroidal acid chloride (9a), prepared 
from the acid (9b) (5  g), in pyridine (40 ml) was mixed with a 
solution of the raceniic alcohol (+)-(13a) (2.0 g) in pyridine 
(40 ml) and the mixture was refluxed for 16 h. The usual 
work-up (extraction with dietliyl ether) gave a dark, 
thick mass (6.7 g), chromatography of which on deactivated 
alumina (250 g) (benzene as eluant) afforded the pure esters 
as a mixture (4.5 g) of both tliastereoisomers, inseparable on 
alumina. This material was fractionally crystallised ten 
times from ethyl acetate to give the (4aS,4bR,8aSi,9S,10aR)- 
estev (14) (270 mg). The two final recrystallisations did not 
change the m.p. of the product (192-193 "C) (Found: C, 
78.3; H, 10.1. C3,H,,0, requires C, 78.5; H, 9.88%). 

( + )-( 4aS, 4bR, 8aS, !IS, 1 OaIi)-Perhydroplzenantkren- 9-01 
(13a).-Tlie pure ester (14) (260 nig) was reductively cleaved 
with LiAlH, (220 mg) in dry diethyl ether (60 ml) under 
reflux for 14 h. The usual work-up gave a mixture (250 ing) 
of the alcohol (134 and 2 l-norpregn-5-ene-3p,2O-diol which 
was chromatographed on deactivated alumina (20 g) with 
benzene and then with benzene-diethyl ether ( 9 :  1) as 
eluant to afford the (+)-alcohol (13a) (90 mg) which was 
crystallised from ethyl acetate, m.p. 145-146 "C; [a]D25 
+58  & I "  (G, 0 . 7  in CHC1,); AE, not detectable (down to 
190 nm, in hexane). Acetate (l3b),  m.p. 69-70 "C; [aln*5 
+70 & 2" ( c ,  0 . 3  in CHC1,); AE -0.67 (212 nm, in MeOH), 
-0.fil (215 nm, in hexane). 

(2). 
-The (+)-alcohol (13a) (35 mg) in acetic acid (10 nil) was 
oxidised with chromiuiii(v1) oxide (25  mg) for 16 h a t  room 
temperature. The usual work-up followed by percolation 
in benzene through deactivatcd aluminn ( 5  a )  gave the ( - ) -  
ketone (2)  (33 mg), m.p. 64-65 "C (afta- sublimation 
a t  60 "C and 18 mniHg); [a1n*5 -13 f 1" ( c ,  0.2 in 
CHCl,). 

trans-transoid-trans-PerlLydrop~~ena?ztlLven-9~~-yZ 3P- 

( - ) -  (4aS,4bK, 8aS, I OaR)-Pevhydvoplze~znnthve.12-9-o~ze 

We thank Professor n. N. Kirk for thc facilities for the 
measurement of the c.d. spectra, as well as for some com- 
ments aboiit their interprcxt ztion. 
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