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MODIFICATION OF RING-4 OF CYCLOLAUDANOL
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Abstract— By a 12-step sequence of reactions (24 5)-98,19-cyclo-14a,24-dimethyl-cholest-4-en-3-one
(14) has been obtained from cyclolaudenol (4) in overall yields of 8%. This sequence of reactions in-
cludes a new procedure for the expansion of the A-nor-3-oxo-derivative 10 to the above o 8-unsatur-
ated ketone (14). A case of facile ring-opening of the 9,19-cyclopropane moiety has been observed.
An interesting dependence of abnormal shielding of one of the 98,19-cyclopropyl methylene protons
on the A/B stereochemistry in the case of A-nor-3-substituted-98,19-cyclolanostanes was uncovered

and is discussed.

With the ultimate objective of preparing steroid
hormone analogues, such as §, we have already
reported! an efficient, new sequence of reactions
for the degradation of side chain of cycloartenol
(3) and cyclolaudenol (4). In furtherance of our
objective we now describe an eleven-step sequence
of reactions for the conversion of cyclolaud-
anol into (24 5)-98,19-cyclo-14a,24-dimethyl-93-
cholest-4-en-3-one (14). Fig 1 depicts the sequence
of reactions and the most successful reagents.

a,,,H\ 0

*Part I11, ref. 1.
tCommunication No.
Laboratory, Poona 8, India.

iPresented at the 8th IUPAC Symposium on the
Chemistry of Natural Products, February 1972, New
Delhi (India).

§In a recent publication, D.H.R. Barton and D.
Kumari* describe similar results from the action of PCl;
on cycloartanol.

1649, National Chemical

Since, the action of PCl; on triterpenoids having
38-hydroxy-4,4-dimethyl substituted ring A (15)
is a standard procedure? for effecting transforma-
tion into the A-nor-3-isopropylidene derivative
(16), cyclolaudanol (5) was exposed to this reagent
with the hope of obtaining 17 in satisfactory yields.
However, the product from such a reaction proved
to be complex and on inverted-dry-column-chro-
matography? (IDCC; AgNO,-silica gel) yielded
two pure olefins in yields of ~ 16% and 4% only.

From their PMR spectral characteristics (Table 1),
the major olefin was recognised as 6 and the minor
one as the expected isopropylidene isomer (17);
cyclopropane ring has remained in tact (PMR,
Table 1) in both the products.§ In an alternative
approach® cyclolaudanyl tosylate (18) was sub-
jected to dehydrosulphonylation with AcONa-
AcOH when superior total yield resulted, though
the crude product was still unexpectedly complex,
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Reagents: (1) p-TsCl, pyr. (2) Pyridine (3) Oy/MeOH-

CH,CL; CrO;~—work up (4) EtOH-KOH (5) F,CCOOOH

(6) CrO; (7) ¢3 P*CH,I-, Bw'OK (8) Li, NH,CH,CH,-
NH; (9) MeOH-KOH aq.

Fig 1. Maodification of ring-4 of cyclolandanol.
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18: R="Ts

19: R= Ac
containing not more than 50% olefins. This product
could be separated (IDCC;AgNO;-silica gel) to
furnish ~ 40% yield of the isopropenyl isomer (6)
and ~ 3% yield of the isopropylidene isomer (17).
Besides these, an acetate (m.p. 118-119° Cy3Hyg3Os,
M®, mje 484. IR in CS,: 1740, 1250 cm™), con-
sidered (PMR, Table 1, note that J value for
-CHOAC signal) to be the simple Sy2 displacement
product*, the 3a-isomer (20) of cyclolaudanyl
acetate, and another unidentified compound (m.p.
122-125°%, could be isolated as minor products
from the more polar fractions. In another series
of reactions, cyclolaudanyl tosylate (18) was heated
with dry pyridine over a prolonged period, when
to our great surpriset and advantage, we obtained
the A-nor-3-isopropenyl derivative (6) in over
90% yield.

Having failed to get the required A-nor-3-iso-
propylidene derivative (17) in workable yields}
from cyclolaudanol, attention was next directed to
utilization of the readily accessible isopropenyl
isomer 6, for the purpose on hand. The 38-con-
figuration depicted in 6 is based on mechanistic
reasoning and has ample analogy,’>® and, is further
supported by the behaviour of the derived methyl
ketone (7), described below.

The possibility of base-catalyzed isomerization®
of 6 to 17 was first examined. Exposure of olefin 6

AN

*Apparently, simple displacement of the 3B-tosylate
in the triterpenes or the 4,4'-dimethyl steroids has not
been observed so far and this has been commented
upon’s,

1F. Kohn and R. Stevenson® had earlier subjected o
and B-amyrin methanesulphonates and 4,4-dimethyl
cholestan-38-yl tosylate (or methanesulphonate) to the
action of hot pyridine and in each case they obtained
products of simple elimination (A%olefins) and C,Me —
C; Wagner elimination (3-methyl-4-methylene-derivative).
No A-nor-rearranged product was obtained. On the other
hand, A-nor-rearranged derivative (6) is essentially the
only product in the present case.

11t is not clear why, in the case of cyclolandanol and
cycloartanol,* the isopropenyl isomer is formed in prefer-
ence to the isopropylidene isomer. In this connection it
may be pointed out that reaction of PCl; with 19-nor-4,4-
dimethyl-178-acetoxy-5a-androstane, under condition
which convert the corresponding C,,-methyl compound
almost guantitatively into the isopropylidene derivative,
furnishes a mixture of olefins containing ~ 33% of the
isopropenyl isomer (and ~ 44% isopropylidene deriva-
tive); however, this difference in behaviour is readily
rationalised.”
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to N-lithioethylenediamine!-*® for various time
periods (30 min, 15 min, 5min) led to complex
olefin mixtures, and hence, this approach was
abandoned. Next, the standard sequence depicted
in Fig 1 was successfully adopted to get the
ketone 10

Hydroxylation (OsQO,-H,S)!* of olefin 6 yielded
the expected a-glycol, which on cleavage with
Pb(OAc), gave the methyl ketone (7) in — 85%
overall yield. However, ozonolysis of olefin at —70°
in CH,Cl:-MeOH (1:1)%, followed by oxidative
work-up with Jones reagent,'* is most expeditious
and convenient and furnishes the methyl ketone
(7) in over 90% yield. The methyl ketone, as formu-
lated in 7 has the acetyl group in quasi-axial posi-
tion, leading to serious non-bonded interactions
with the cyclopropyl methylene. This is reflected
in its almost quantitative epimerization, under
alkaline conditions (MeOH-KOH), to the 3a-
epimer (8), in which the acetyl group has quasi-
equatorial configuration, thus minimising the non-
bonded interactions. The situation has a close
parallel in the corresponding C,,-Me series.” Struc-
tures 7, 8 are fully supported by spectral data. The
383-configuration in 7 is also corroborated by its
circular dichroism Aeygss (EtOH) =+ 1-02 which
may be compared with the similar value recorded's
for A-nor cholestane derivative 21. However the
3a-isomer (&) shows a negative Cotton effect Aeggs

H

Aemax =+1-3
21

T oE

Ae max = +0-11
22
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Table 1. PMR spectral characteristics of various 98,19-cyclolanostane derivatives

Chemical shift in ppm (8)
Cycloprt_)pane ]
No. Compound CH,* (Jin Hz) __‘]I:_M et Other signals{
1 Cyclolaudenol (4) 0-28,0-57 0-75,0-86,0-93and 093 Me—C==C, bs, 1-61; C=CH,,
: “@ bs, 4-63
2 Cyclolaudanol (5) 0-30,0-59 0-78,090,095and 095 CHOH, bt (J = 5 Hz),3-16
(&)
3 Cyclolaudanyl acetate (19) 0-32,0-59 0-85,0-87,0:90and 095 -—OCOMe,s, 1:96
4)
4 Cyclolaudanyl tosylate (18) 0-29,0-55 0-81,0-81,0-87and 093 p—Me—CqsH,,s,2:43; CgH,:
(5) 2H,m, 723 ~7-3%9and 2H, m,
7-71—17-85
5 (24 5)-3a-Acetoxy-24-methyl- 0-32,0-59 0-86,0:86,0:90and 095 —OCOMe,s, 1-96; —CH—
98, 19-cyclo-5a-lanostane (20) %) OAc, diffused triplet (J = 5
Hz),4-46
6 (24 S)-A-nor-3-isopropylidine-24- —0-35,0-55  0-87 and 0-92 Me,—C=C,bs, 1-58
methyl-98,19-cyclo-5a- )
lanostane (17)
7 (24 S)-A-nor-38-isopropenyl- —0-17, § 0-85 and0-90 Me—C==C, s, 1-66; CH;=C,
24-methyl-98,19-cyclo-5a- “ bs, 4-66
lanostane (6)
8 (24 5)-A-nor-3a-isopropenyl- —0-25,) 0-88 and 0-92 Me—C=C,s, 1-70; CH,=C,
24-methyl-98,19-cyclo-5a- 4) bs, 4-66
lanostanet
9 (24 S)-A-nor-3B-isopropyl-24- —0-17, § 0-82 and 0-92 —
methyl-98,19-cyclo-5a- 4
lanostane}

10 (24 S)-A-nor-3a-isopropyl-24- —0-33,0-52 0-82and 0-88 —
methyl-98,19-cyclo-5a- )
lanostane}

11 (24 S)-A-nor-3B-acetyl-24- —0-11,0-55 0-82and 0-90 —COMe, s, 1-98; —CH—
methyl-98,19-cyclo-5a- C)) COMe (pseudo-equatorial),
lanostane (7) bm, 2-78 — 3-21

12 (24 §)-A-nor-3o-acetyl-24- —0-28,0-56  0-92and 0-92 —COMe, s, 2-03;
methyl-98,19-cyclo-5a- (C)) —CH—COMe (pseudo-
lanostane (8) axial), bm, 2:66 —3-33

13 (24 S)-A-nor-38-0l-24-methyl- —-0-13,§ 0-85and 092 —CHOH (pseudo-equatorial),
98,19-cyclo-5a-lanostane ) m (W =9 Hz),3-96

14 (24 S)-A-nor-3a-0l-24-methyl- —0-:33,0-53 0-85and 0-88 —CHOH (pseudo-axial), bt
98,19-cyclo-5a-lanostane (9) “) (J =8 Hz),3-61.

15 (24 S)-4-nor-3-o0xo0-24-methyl- —0-17,0-60  0-87 and 0-92 —
98,19-cyclo-5a-lanostane (10) (€]

16 (24 S)-A-nor-3-oxo-24-methyl- §,0-59 0-88 and 1-02 —
98,19-cyclo-58-lanostane 4)

17 (24 S)-A-nor-3-methylene-24- 0-39,0-55 0-85and 0-90 CH,=C: 1H, bs, 4-75 and
methyl-98,19-cyclo-58- 4 4-90
lanostane (11)

18 Olefin 12 0-26,0-61  0-73 and 0-83 Me—(lD=C, d(J =2Hz),1-60;

4)
CH
C=CH—CH,, m (very weak
signal), 5-0
19 Diketone 13 0-41, — 0-85 and 0-92 —COMeg, s,2:09
)
20 (24 5)98,19-cyclo-14a-24- —_ - 0-82 and 0-92 0=C—CH=C—,s, 6-03

dimethyl-cholest-4-en-3-one (14)

*Each signal integrates for ~ 1H and is a doublet. Negative sign indicates that the signal is on the upfield side of
TMS signal.

tMost likely assignment.

+Though, these are new compounds, they are not described in the experimental. However, we plan to describe
them in our next communication.

§Not clear, partly obscured by other absorptions.

Signals are donated by s, singlet; d, doublet; m, multiplet; bs, broad singlet; bt, broad triplet and bm, broad multiplet.
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(EtOH) = —0-43 in contrast to the known'® weak
positive CD of 22.

Next step envisaged Baeyer-Villiger oxidation
of both methyl ketones (7, 8) so as to determine the
most suitable substrate for this reaction. It was
soon found that both ketones react quite slowly,
though the 38-isomer (7) is much more resistant.
Thus after exposure to m-chloroperbenzoic acid
for 60 days at room temp (~ 27°), the 3a-isomer (8)
furnished, after hydrolysis, the corresponding
alcohol (9) in ~ 68% yield, while the 38-isomer (7)
afforded after hydrolysis, the 38-ol in no more than
20% yield. The PMR spectral data (Table 1) of
these two alcohols are in accord with their struc-
tures and configurations.

In order to expedite the above reaction, action of
the more potent trifluoroperacetic acid'® (1-2 mole
equiv, 5 hr), in refluxing CH,Cl;, in presence of
K;HPO,, on the two ketones (7, 8) was investi-
gated. Surprisingly, the two ketones gave complete-
ly different results. Thus, whereas the 3a-methyl
ketone (8) yielded, after saponification, the 3«a-ol
(9) in ~ 50% vyield (with 2 mole equiv. of F;C-
CO;H, 80% yield is obtained), the 38-methyl
ketone (7) gave, in almost quantitative yield, a
product (m.p. 143-145°) analysing for C3;H;,0.
(M™¥, m/e=442). This product (IR: no OH; C=0
1700 cm™!) shows in its PMR spectrum (CCl,)
signals for rhree tertiary Me’s (singlet at 0-81, 0-90
and 1:0 ppm), and one COMe (3H, s, 2-06 ppm) and
hence, is formulated as 23. This structure is sup-
ported by its L:éfctron-impact-induced fragmenta-
tion (e.g. 24, is base peak). Evidently product
23 must have arisen from the corresponding A®V-
olefin resulting from the cleavage of the cyclo-
propane ring. The possible reasons for this facile
cleavage of the cyclopropane ring have been ex-
amined in some detail and we propose to report on
this aspect in a later communication.

o

23

*Thus, in the system under discussion, no appreciable
epimerization at C; occurred during oxidation/isolation.
In this connection it may be pointed out that in the chol-
estane series,’ A-nor-3-ketone epimerizes to the 58-
ketone during oxidation/isolation, unless special precau-
tions are taken. On the other hand, no such precautions
are necessary in the preparation of rrans-hydrindanones
in the 19-nor-cholestane’ or lupeol series.”

tIn the case of a-hydrindanones incorporated in fused
ring systems, the equilibrium picture, as one may antici-
pate, varies with structure and, conformational analysis
has served to rationalize and predict equilibrium.'®
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220(6%)

290 (5%)

372 (36%)
24

CrO; oxidation of either of the 4-nor-3-ols (9 or
its B-epimer) furnished the same mixture (TLC) of
ketones, in which one isomer predominated and
could be readily isolated by crystallisation. This
major product is considered to be trans-configu-
rated (10),* in view of the known trans-locking of
the A/B rings in the precursors (e.g. 9) and, its
ready epimerization (acid or base catalyzed) to
the more stable isomer, which must be the 58-epi-
mer. An inspection of molecular models (Dreiding)
shows that both ketones (25, 26) are sterically
strained, though clearly in the 58-epimer (26) ring-B

can now adopt a half-chair conformation, which
almost completely relieves the non-bonded inter-
actions between Cg-methylene and the cyclo-
propane ring-methylene, present in the 5a-epimer
(25) (which has ring-B in a twist-boat conforma-
tion). Thus, the epimerization, 5a — 58, in the
present case, is borne out by conformational con-
siderations.t

Thus, one can obtain A-nor-ketone (10) in ~ 45%
yield starting with cyclolaudanol and using the
reagents recommended in Fig 1. Next, conversion
of this hydrindanone to 3-oxo-4-ene system was
investigated. The standard procedure®® involves
reaction of the hydrindanone with MeMg I and de-
hydration of the resulting tertiary alcohol to A3®-
olefin. Two recent publications*'? try to avoid this
bottle neck by adopting altogether new routes from
the hydrindanone. We have by-passed this diffi-
culty by a modification of the procedure of Voser
et al*® and this is described below.
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The hydrindanone (10 or its 5B8-epimer) was
treated with methylene-triphenylphosphorane,
when olefin 11 resulted in over 90% yield; in the
case of Sa-hydrindanone (10), epimerization at C;
also took place, as anticipated. The olefin on ex-
posure to N-lithioethylene-diamine'® at 120° for
7 min gave a product in which the tetrasubstituted
olefin 12 predominated (PMR). This, without further
purification, was subjected to ozonolysis to get the
diketone 13 (~ 34% based on hydrindanone). IR
(Nujol): C=0 1705, 1670 c¢cm™'. PMR (CCl):
Cyclopropyl CH, (1H, d, 0-56 ppm, J =5 Hz;
second H under Me signals), COMe (3H, S, 2-09
ppm) Mass: M*, m/e = 428 (100%). The diketone,
on treatment with MeOH-KOH agq. readily furn-
ished the targetted compound: (245)-98,19-cyclo-
14a,24-dimethyl-98-cholest-4-en-3-one (14), m.p.
73-75° [alp +26-6°. The compound, as expected,*
shows Apay 275 nm, € 12,700. IR (melt): C=0 1660
cm™!; C=C 1600 cm~'. PMR (CCL): —C=CH—
C=0, 1H, S, 6-03 ppm; cyclopropane CH,, signal
under Me absorptionst.

‘Abnormally’ high shielding of one of the cyclo-
propane methylene protons in Cy-substituted A-
nor-98,19-cyclo-5a-lanostanes.

A perusal of Table 1 will reveal that in all 3 (« or
B)-substituted A-nor-98,19-cyclolanostanes, one
of the cyclopropyl methylene protons has moved
up, well beyond the TMS signal, provided the A/B
locking is trans (items 6 to 15, Table 1). No such
shift is observed in the corresponding A/B-cis-
series (item 16, 17, Table 1), This shielding is inde-
pendent of the nature of the C,-substituent (cf.
items 6-15, Table 1), though 3a-substituents appear
to enhance the effect in comparison to the corre-
sponding 3B8-substituent. It may further be noted
that when ring A is 6-membered, there is no ‘ab-
normal’ shielding even when the A/B rings are
trans-fused (items 1 to 5, Table 1).

It is obvious from the above that the reason for
this ‘abnormal’ shieldingt must be sought in the
conformational differences in the A/B rings of cis
and trans A-nor derivatives, as any significant con-
tribution from the anisotropy of the C,-substituent
is clearly ruled out. A reference to conformational
projections 25 and 26 will show that in the trans-

*cf cycloart-1-en-3-one (AEH 269 nm; €, 8700)* and,
(20 S)-4,16a-dihydroxy- 14a-methyl-20-methylamino-983,
19-cyclo-pregn-4en-3-one (AZ0H 296-5 nm, €, 9000).2

TThis is expected for the structure 14, as 3-oxo-4-ene
system is expected to deshield the 98,19-cyclopropane
methylene. The situation can be likened to the known de-
shielding effect?? (0-417 ppm) of the 3-0xo0-4-ene system
on the C-19 methyl.

$Some cases of highly shielded cyclopropane ring pro-
tons are on record* 228, In one case®® (cyclovirobuxeine
A) the shielding is associated with a suitably located C=C
bond. No comments have been made in other cases.
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series (e.g. 25) (ring-B twist boat), the front cyclo-
propane methylene hydrogen is being subjected to
long-range shielding by the C;—C; and C;—C,
C—C bonds?*® and the relevant C—H bonds.?®
These factors essentially disappear in the half-chair
conformation adopted by the B-ring in the 58-series
(e.g. 26).

EXPERIMENTAL

All m.ps are uncorrected. Light petroleum refers to the
fraction b.p. 40-60°. Optical rotations were measured in
CHCI,.

UV spectra were taken on a Beckman spectrophotom-
eter, model DU, in EtOH. IR were recorded as Nujol
mulls on a Perkin-Elmer Infracord model 137 E. PMR
spectra were taken in CCl,, on a Varian A-60 spectrom-
eter, using TMS as the internal standard; chemical shifts
are expressed in ppm (8) relative to TMS as zero, Mass
spectra were recorded on a CEC mass spectrometer,
model 21-110B using an ionizing potential of 70 eV and
a direct inlet system; besides, the molecular ion, ten most
abundant ions are mentioned with their relative intensities.

Silica gel for column chromatography was of 100-200
mesh and was activated at 130-140° (6 hr) and then stan-
dardized.?® AgNO;-impreganted silica gel was made by
the method of Gupta and Dev?®! and activated at 100-110°
(4hr). TLC was carried out on silica gel or silica gel-
AgNO; (10% AgNQO;) layers (0-3 mm) containing 15%
gypsum; the plates were activated at 100-115° (45 min)
and then stored in a desiccator. Conc H,SO, spray, fol-
lowed by heating (120°, 15 min) was used for visualization
of TLC spots.

Cyclolaudanol (5). Cyclolaudenyl acetate (m.p. 120-
121°, 7g; from cyclolaudenol’?, Ac,O and pyridine) in
glacial AcOH (200 ml), dry ether (25 ml) mixture, was
shaken with H, over 5% Pd-C (1-2g) at ~ 25° and 760
mm pressure till absorption of H, ceased (4 hr). After
usual work-up, the product (7-2g, m.p. 123-126°) was
crystallized from MeOH—CHCI; to give pure 19, m.p.
132-133°, [oJp +50° (c, 0-8%). IR: OAc 1745, 1245cm™.
(Found: C, 81-76; H, 11-75. C3;H;40, requires: C, 81-80;
H, 11-60%). (Lit.%%: m.p. 132-133°, {a]p + 50°).

Hydrolysis (5% EtOH-KOH, 4 hr refiux) of 19 gave §
which crystallizes from MeOH as needles, m.p. 132-134°,
[adp+44° (¢, 0-91%). IR: OH 3300cm™! (Found: C,
83-86; H, 12:12. C;;Hs,O requires: C, 84-10; H, 12-30%).
(Lit.3%: m.p. 133-134°, [a]p, + 43°).

Action of PCl; on cyclolaudanol. A mixture of cyclo-
laudanol (26 g), PCl; (5 g) in dry light petroleum (800 ml)
was stirred (45 min; N,) at 0°. The product obtained (2-6 g)
after usual work-up?*® showed on TLC (AgNO;-SiO,-
gel; solvent: light petroleum) two spots at R, 0-18 and 0-37,
besides much tailings and other minor components. This
mixture was subjected to IDCC?® (5% AgNOQO,-SiO,-
gel/I; 45 cm X 5 cm; solvent: 2% C¢H, in hexane) and the
following pooled fractions were obtained (bands in the in-
creasing order of R)):

Fr.1 168 g lower most band (0-0 cm-4-5 cm from

origin), tailings, discarded.

Fr.2 420mg nextband (4:5cm-6-5cm), compd. with
R;0-18,

30 mg next band (6-5 cm~7-0 cm), mixture of
compds. with R,0-18 and 0-37.

Fr.3
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Fr4 97 mg next band (7-0cm-8-0cm), compd.
with R, 0-37.
Fr.5 70mg next band (8-0 cm-10-0 cm), mixture of

compds, with R,0-37 and R, > 0-37.

Fr. 2 (420 mg) was crystallized from MeQH-aq. to give
(24 8)-A-nor-3B-isopropenyl-24-methyl-98,19-cyclo-So-
lanostane (6), m.p. 60°, [a]p+65° (¢, 0-9%). IR: C=CH;
890, 1645 cm™. Mass: m/e 424 (M™*; 26%), 43 (100%), 95
(71%), 55 (56%), 53 (50%), 41 (50%), 107 (39%), 81
(37%), 298 (37%), 203 (33%), 109 (32%). (Found: C,
87-48; H, 12:20. C;,H,, requires: C, 87-66; H, 12-34%).

Fr. 4 (97 mg) was crystallized from MeOH to furnish
(245)-A-nor-3-isopropylidene-24-methyl-98,19-cyclo-Sa-
lanostane (17), m.p. 95-97°, [alp + 54° (¢, 0-74%). (Found:
C, 87-48; H, 12:23. C;H,, requires: C, 87-66; H, 12-34%).

Cyclolaudanyl tosylate (18). To a soln of 5 (3-5g) in
dry pyridine (100 ml) was added p-toluenesulphonyl chior-
ide (7-0 g) at 0°. After 4 days at ~25°, crushed-ice (200 g)
was added and the mixture set aside for 1-5 hr. The white
solid which had separated was collected by filtration, re-
dissolved in ether (100 miX3) and the resulting soln
washed with water (30 mi % 4), brine and dried (Na,SO,).

B sohad 1A (4.9 o) hirh
Removal of solvent furnished a solid (4-2g) which on

crystallization from acetone gave needles, m.p. 107° (dec),
{adp +35° (¢, 0-89%). IR: Ar-S0,-0%; 1350, 1185, 1172
cm™t, (Found: C, 76-26; H, 10-02; S, 5:5. C;sHeO4S re-
quires: C, 76-46; H, 10-13; §, 5-3%).

Acetolysis of cyclolaudanyl tosylates The above tosyl-
ate (7-5g) in glacial AcOH (500 ml) containing anhyd
NaQAc (3:75 g) was heated at 95° for 3 hr (N,). Solvent
was flashed off (~95°/100 mm) and the mixture was
worked-up with ether {125 ml % 3) in the usual manner,
The gum (5-2 g), thus obtained, showed on TLC (AgNO;-
SiOs-gel; solvent: 2% CgH, in hexane) besides tailings
and minor components (R > 0-49) two clear spots at R,
0-24 and 0-48. This mixture (5 g) was subjected to IDCC
on 5% AgNO;SiO;-gel/l (45cmx6-5cm) using 2%
CgH, in hexane as solvent system. The following pooled
fractions were obtained:

Fr.1 2:02g lower most band (0-0 cm-4-5 cm from
origin), tailings.

Fr.2 2:56g next band (4-5cm-6-5cm), compd.
with R,0-24

Fr.3 50mg next band (6-5 cm-7-0 cm), mixture of
compds. with R;0-24 to 0-49

Fr.4 160mg next band (70cm-8-0cm), compd.
with R, 0-49

Fr.5 50mg upper most band (> 8-0 cm), mixture

of compds. with R, > 0-49, discarded.

Fr. 2 (2-56 g) was recrystallized from MeOH-aq to give
olefin 6, m.p. 60°.

Fr. 4 (160 mg) was recrystallized from MeOH to yield
olefin 17, m.p. 95-97°.

Fr. 1 24902g) on TLC (silica gel; solvent: benzene)
showed, besides lot of polar material, four spots at R;
0-22, 0-29, 0-42 and 0-49. This mixture was subjected to
IDCC on SiO-gel/1 (45 cm X 6-5 cm) using CgH as solv-
ent. Only two compds. (A and B) with R, 0-22 and 0-49
were obtained in a state of purity.

Compound A (210 mg) after several crystallizations
from ethanol-aq gave a compd, m.p. 122-125°, {alp +72:5°
(c, 0-83%). IR: weak band at 3350 cm™%. PMR: no cyclo-
propane methylene. This was not examined further.

Compd. B (320 mg) was crystallized from MeOH and
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afforded pure (245)-3c-acetoxy-24-methyl-98,19-cyclo-
Sa-lanostane (20), m.p. 118-119°, o], + 58-8° {c, 0-68%).
(Found: C, 82-30; H, 11-71. CyH;60; requires: C, 81-75;
H, 11-64%).

Dehydrosulphonylation of cyclolaudanyl tosylate with
dry pyridine. The tosylate 18 (15 g) in dry pyridine (500
ml) was heated on a steam bath for 6 days and then re-
fluxed (bath temp 130°) for 20 hr (N,). Solvent was flashed
off {(~ 95°7110 mm), and the mixture diluted with ice cold
water (200 ml). It was worked up as usuval® with ether
(150 mi X 3) and the product purified by chromatography
over SiOg-gel/l (30cm X2-5cm): light petroleum (500
ml X 2) eluted olefin 6 (9-2 g, m.p. 60°; TLC pure) which
was used directly for ozonolysis.

(24 5)-A-Nor-3p-acetyl-24-methyl-98,19-cyclo-Sa-lanost-
ane (T)

(i) By hydroxylation-Pb{(QAc), cleavage. A mixture of
6 (0-51 g), 080, (352 mg), pyridine (2-2 ml), ether (10 ml)
and light petroleum (10ml) was kept at room temp
(~ 25° in the dark for 48 hr. The precipitated osmate-
ester, collected by filtration, was dissolved in benzene
(45 m) and treated with H,S gas.® It was worked-up in
the usual manner to give a product (§-49 g) which was
TLC pure (silica gel; solvent: 25% EtOAc in CgHy). On
crystallization from MeCN it afforded pure a-glycol, m.p.
126-128°, {alp+48-4° (c, 0-66%). IR: OH 3300 cm™,
Mass: m/fe 458 (M*, 0-5%), 43 (100%), 41 (40%), 55 (38%),
75 (37%}); 95 (34%), 57 (33%), 71 (28%), 81 (21%), 69 (18%),
109 (17%). (Found: C, 81-76; H, 11:76. Cy,H;0: re-
quires: C, 81-16; H, 11-87%).

The above a-glycol (0-23 g) in benzene (15 mi) was stir-
red (2 hr) with Pb(OAc),*® (0-24 g) at ~ 25° The neutral
product (0-21 g) obtained after usual work-up was taken
up in benzene (0-5ml) and filtered through a column of
SiO,~gel/I (10 cm X 2 cm): 50% light petroleum in CsHg
(200 mD) eluted the main fraction (0-17g) which was
crystallized from MeOH to give pure 7, m.p. 88-89°
[alp+ 112° (¢, 0-64%). IR: C=0 1710cm~L, Mass: mje
426 (M™; 29%), 43 (100%), 95 (53%), 55 (42%), 411 (419%),
109 (36%), 71 (34%), 107 (30%), 81 (30%), 69 (28%),
57 (28%), (Found: C, 84-09; H, 12-24. CyH;,0 requires:
C,84-44; H, 11-81%).

(ii) By ozonolysis in CHy;Cl,-MeOH solvent mixture.
The olefin 6 (3-1g) in 1:1 CH,ClL,-MeOH mixture (200
ml) containing dry ether (20 ml) was treated with ozon-
ized oxygen (O, conc 0-8 g/hr) at —70° for 30 min. The
crude “ozonide” isolated by solvent removal (~30°/50
mm) was decomposed!* with Jones reagent. The neutral
product (3-2 g) obtained after usual work-up,!* was chrom-
atographed on SiO,~gel/I (50 em x 3-5 ¢m): (i) light pet-
roleum (500 m), 160 mg (6), TLC pure; (it) 50% C¢H; in
light petroleum (250 mix4), 2:45g (7), m.p. 84-86°
(ili) benzene (500 mlX 2), 0-3 g, gum, rejected. Fraction
(ii) (2-45 g) was recrystallized from MeOH and furnished
pure ketone 7, m.p. 88-89°,

(24 §)-A-Nor-3 a-acetyl-24-methyl-98,19-cyclo-5 a-lano-
stane (8)

The ketone 7 (0-2 g) was refluxed (2 br) with 5% EtOH-~
KOH (25 ml, N,) and the product was worked-up in the
usual manner, The neutrai fraction (0-19 g) was chromato-
graphed on SiO,~gel/1 (10 cm X 1 ¢m) and the main frac-
tion (0-17g) after crystallization from MeOH afforded
plates of pure 8, m.p. 102-104°, [alp+54° (c, 1-1%).
IR: C==0 1710cm™. Mass: mfe 426 (M*, 40%), 43
(100%), 95 (46%), 383 (44%), 55 (37%), 41 (33%), 299
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(28%), 81 (25%), 109 (23%), 107 (25%), 411 (23%).
(Found: C, 84-14; H, 11-70. C;,H;,0 requires: C, 84-44;
H, 11-81%).

(24 S)-A-Nor-3o-hydroxy-24-methyl-9 8,19-cyclo-5a-lano-
stane (9)

A mixture of 8 (3-2g), 85% m-chloroperbenzoic acid
(1-94 g) and ether (30 ml) was kept at room temp (~ 27
in the dark for 60 days. It was diluted with ether (100 ml)
and worked-up®* to give a neutral fraction (3:37 g) which
on TLC (silica gel; solvent:benzene) showed two spots.
Hydrolysis (5%) EtOH-KOH) of the above mixture gave
a product (3:35g), which was chromatographed on
SiO,~gel/l (30cmXx2cm): (i) 20% CgHg in light pet-
roleum (250 ml X 3), 0-55 g (8); (ii) benzene (250 ml X 3),
2-1g (9), m.p. 92-97° (iii) 109 MeOH in CgH; (250 ml),
0-13 g, mixture, discarded. Fraction (ii) was recrystal-
lized with MeCN and gave 9 as plates. m.p. 96-98°,
[ap+44° (c, 0:9%). IR: OH 3250cm™.. (Found: C,
83-33; H, 1192, C,sH 4O requires: C, 83-83; H, 12-:08%).

(24 S)-A-Nor-38-hydroxy-24-methyl-98,19-cyclo-5 a-lano-
stane

A mixture of 7 (3-2g), 85% m-chloroperbenzoic acid
(1-94 g) and ether (30 ml) was kept at room temp (~ 27°)
in dark for 60 days and then worked up and hydrolyzed
as described above. The neutral fraction (3:38 g), thus
obtained, was chromatographed on SiO,-gel/I (20 cm X
4 cm): (i) 10% CgH; in light petroleum (250 mi X 2),
120 mg, TLC mixture; (ii) 20% C¢H, in light petroleum
(250mix7), 2-12g (8), m.p. 84-86° (iii) 5% EtOAc in
benzene (250mlx3), 0-6g, TLC pure. Fraction (iii)
(0-6g) was recrystallized from MeOH-MeCN to give
the title compound, m.p. 68-70° {ajy+77° (c, 0:8%).
IR: OH 3450 cm™. (Found: C, 84-12; H, 11-95. C;;H, O
requires: C, 83-98; H, 12-:08%).

Action of trifluoroper-acetic acid on ketone (T): (24 S)-A-
nor-3B-acetyl-24-methyl-5a-lanostan-11-one (23).

A soln of CF;CO,H (1ml) [prepared?® from (CF;CO),O
(6-8 ml), 90% H.O. (1 ml) and CH,Cl, (20 mi)] was added,
to a stirred suspension of finely powdered anhyd K,HPO,
(0-6 g) in a solution of 7 (0-35 g) in CH,Cl, (10 ml), and the
mixture gently refluxed (5 hr). The mixture was filtered
and worked-up with CH,Cl, in the usual manner, to furn-
ish a product (0-33 g) which was TLC pure (silica gel;
solvent: benzene). On crystallization from MeOH, it
furnished as plates 0-19 g 23, m.p. 143-145°, [alp+63°
(c, 095%). Mass: mle 442 (M*; 100%), 43 (83%), 41
(46%), 95 (44%), 55 (44%), 372 (36%), 91 (32%), 107
(28%), 93 (28%), 79 (28%), 121 (24%). (Found: C, 81-87;
H, 11-71. C3H;00, requires: C, 81-39; H, 11-38%).

(24 §)-A-Nor-3 a-hydroxy-24-methyl-98,19-cyclo-5a-lano-
stane (9)

A soln of CF;CO;H (1-8ml) [prepared as described
above] was added to a stirred suspension of finely pow-
dered anhyd. K;HPO, (0-8 g) in a solution of 8 (0-:3 g) in
CH,Cl, (10 ml) and gently refluxed (5 hr). The mixture
after usual work-up gave a product (0-3 g) which showed
on TLC (silica gel; solvent:benzene) two spots at Ry
0-63 and 0-56. It was chromatographed on SiO.-gel/l
(14-5cmx2cm): (i) light petroleum (100 ml), nil; (i)
5% CgHg in light petroleum (50 mlx4), 245 mg (R,
0-63); (iii) 20% CgHs, in light petroleum (60 ml), 20 mg
(R, 0-56). Fraction (iii) (20 mg) was shown (IR) to be
slightly impure sample of 8, m.p. 92-98°.
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Fraction (ii) (245mg) on hydrolysis (5% EtOH-
KOH) (2 hr reflux; N,), followed by usual work-up, gave
a product (225 mg; TLC pure) which was chromato-
graphed on SiO,~gel/l (14cmX2cm) and the major
fraction (195 mg, m.p. 93-98°) was crystallized from
MeCN to give pure 9 as plates, m.p. 101-103°,

(24 S)-A Nor-3-0x0-24-methyl-98,19-cyclo-5a-lanostane
an

Alcohol 9 (0-3g) in acetone (15 ml)-cther (5ml)
mixture was cooled to 0° and then treated with Jones
reagent (1 ml; Nj) [stock soln; prepared by dissolving
26-72 g CrO; “in 23 ml of conc HSO, diluted with water to
a volume of 100 ml”".] The mixture after 5 min was diluted
with MeOH (5 ml)-water (50 ml), and extracted with
ether (30mlx3). After usual washings and drying
(Na,SO,) it furnished, on solvent removal, a product
(296 mg) which on TLC (silica gel; solvent: 20% Cg¢Hs¢
in hexane, double irrigation) showed two spots at R,
0-18 (major) and 0-27 (minor). This product was crystal-
lized from MeCN-MeOH and gave as plates 0-18g 10,
m.p. 79-80°, [a]p—20° (¢, 1:9%). IR: C=0 1745cm™.
Mass: mfe 398 (M*; 43%), 271 (100%), 43 (75%), 95
(52%), 55 (43%), 107 (34%), 81 (34%), 109 (27%),
93 (27%), 91 (27%), 41 (27%). (Found: C, 84-61; H,
11:79. C,3H,40 requires: C, 84-35; H, 11-63%).

(24 S)-A-Nor-3-0x0-24-methyl-98,19-cyclo-58-lanostane

(i) By the action of basis Al;O; on 10. The above
mother liquor (0-11g) was loaded on a column of basis
ALO/I 9cmx2cm) and eluted with light petroleum
(150 ml) after 1 hr. The product (80 mg, m.p. 86-899,
thus obtained was crystallized from MeOH and gave as
plates pure g-epimer of 10, m.p. 94-96° [a]p-+200°
(c, 0:66%). IR: C=0 1745 cm™'. Mass: m/e 398 (M*;
27%), 271 (100%), 43 (83%), 96 (41%), 41 (33%), 55
(31%), 95 (29%), 81 (21%), 91 (17%), 69 (17%), 57 (16%).
(Found: C, 85-04; H, 11-40. C,sH 4O requires: C, 84-35;
H, 11-63%).

(ii) By the action of p-toluenesulphonic acid on ketone
10. The ketone 10 (7-54 g) in CH,Cl, (50 ml) was treated
with p-toluene-sulphonic acid (25mg) at room temp
(~ 27°) for 36 hr. The product after usua! work-up, was
purified over a column of SiO.-gel/I (20 cm X 4 cm):
benzene (500 ml) eluted as the major fraction (6-65g),
the g-epimer of 10 (m.p. 93-95°), which was recrystal-
lized from MeOH, m.p. 94-96°.

(24 S)-A-Nor-3-methylene-24-methyl-98,19-cyclo-58-lan-
ostane (11)

The B-epimer of 10 (2-53 g) in dry ether (20 mi) was
added to a suspension of triphenyl-phosphonium methyl
iodide®® (6-7g) and dried (freshly prepared) t-BuOK
(1-74 g) in dry ether (100 ml) in an atmosphere of N,
gas. After addition was complete (10 min), the product
was stirred for another 2hr (~ 27°), filtered and the
residue washed with ether (~ 150ml). The combined
ether extracts were washed with water (25miXx7),
brine (20 ml X 2) and dried (Na,SO,). Solvent removal
furnished a product which was chromatographed over
SiO,-gel/l (35cm X2 cm): light petroleum (250 ml X 2)
eluted olefin 11 (2-44 g, TLC pure), which solidifies m.p.
46-48° on keeping (1 week) at 0°; [a]p+ 12:8° (¢, 1-05%).
IR: CH,=C 890, 1645cm™'. Mass: m/e 396 (M™;
80%), 147 (100%), 43 (90%), 95 (53%), 55 (51%), 269
(50%), 41 (50%), 91 (42%), 107 (40%), 93 (39%), 81
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(34%). (Found: C, 87-48; H, 12-27. CyH,s requires:
C, 87-80; H, 12-20%). .

Diketone (13). The olefin 11 (2 g) was added in one lot
to a stirred soln. of N-lithioethylenediamine complex'®
(from Li 2 g, NH,-CH,-CH,-NH; 60 ml; N.) at 120-125°
(bath temp) and the mixture maintained at this temp for
7 min. The product obtained after usual work-up was
subjected to a stream of ozonized O, (O; conc 0-8 g/hr) in
a 1:1 CH,Cl,-MeOH (230 ml) mixture at —70° for 25
min. The crude “ozonide” after solvent removal (~ 35°/
50 mm) was oxidatively decomposed with Jones reagent.
The neutral fraction (1-88 g) obtained after usual work-up
was chromatographed on SiO:—gel/I (50 cm X 2 cm):

Fr.1 Lightpetroleum 500ml nil
Fr.2 25%C¢Hgin
light petroleum 500 ml | 80 mg, TLC mixture,
Fr.3 50% CgHgin rejected.
light petroleum 500 ml
Fr.4 benzene 250ml 0-1g, essentially (13)
TLC pure.
Fr.5 benzene 250m 0-53g(13), m.p.
X3 96-99°.
Fr. 6 benzene 250ml 0-15 g essentially (13)
TLC pure.
Fr.7 20%EtOAcin 500ml 0-5g, tailings,
C¢Heq rejected.

Fr. 5 (0-53g) was crystallized from MeOH-MeCN
and furnished as needles, the diketone 13, m.p. 101-102°,
[alp +42° (¢, 1%). Mass: mfe 428 (M*; 43%), 43 (100%),
55 (43%), 41 (38%), 95 (36%), 107 (34%), 69 (25%),
161 (22%), 93 (22%), 81 (22%), 57 (21%). (Found: C,
80-58; H, 11-21. C;3H,50; requires: C, 81-25; H, 11:29%).

(24 8)-98,19-Cyclo-14a,24-dimethyl-cholest-4-en-3-one
(14)

A mixture of 13 (0-36 g) in dry MeOH (75 m) contain-
ing 4m of 10% KOH aq, was refluxed on a steam bath
(4hr; N,). The reaction product after usual work-up
was chromatographed on SiO.-gel/I (15cmX1cm):
(i) light petroleum (400 ml), 50% C¢Hj in light petroleum
(100 mi), 50 mg, TLC mixture, rejected; (ii) benzene (100
ml), 175 mg, TLC pure; (iii) 5% EtOAc in CgHg (150 ml),
30 mg, tailing, discarded. Fraction (ii) (175 ml) was
rechromatographed over SiO,-gel/I (10cm X 1 ¢cm) and
the major fraction (120 mg) eluted with 50% CgHg in
light petroleum (50miXx3) was recrystallized from
MeCN-Me,CO to give 83 mg of pure 14, m.p. 73-75°,
[alo+27° (¢, 1-3%). Mass: mfe 410 (M*; 71%), 43
(100%), 283 (77%), 55 (67%), 122 (62%), 41 (58%),
161 (57%), 95 (57%), 107 (54%), 93 (54%), 81 (52%).
(Found: C, 84:70; H, 11-28. C,,H O requires: C, 84-87;
H, 11-22%).

REFERENCES

'A. S. Narnla and Sukh Dev, Tetrahedron 27, 1119
(1971).

*Tetracyclic triterpenes. *W. Voser, D. E. White, H.
Heusser, O. Jeger and L. Ruzicka, Helv. Chim. Acta
35, 830 (1952); *W. Voser, H. Heusser, O. Jeger and
L. Ruzicka, ibid 36, 299 (1953); cD. H. R. Barton,
D. A. J. lves and B. R. Thomas, J. Chem. Soc. 903
(1954); 9P. Crabbe, G. Ourisson and T. Takahashi,
Tetrahedron 3, 279 (1958); ¢J. Fried and E. F. Sabo,
J. Am. Chem. Soc. 84, 4356 (1962); ’G. R. Pettit and
P. Hofer, Helv. Chim. Acta 46,2142 (1963),

Tetra—Vol. 29. No. 3—F

577

Pentacyclic triterpenes. °). F. Biellmann and G. Ouris-
son, Bull. Soc. Chim. Fr. 348 (1960); *F. Kohen,
B. K. Patnaik and R. Stevenson, J. Org. Chem. 29,
2710 (1964); ‘G. V. Baddeley, T. G. Halsall and
E.R. H. Jones,J. Chem. Soc. 1173 (1964),

3V. K. Bhalla, U. R. Nayak and Sukh Dev, J. Chro-
matog. 26, 54 (1967).
4D. H. R. Barton and D. Kumari, Liebig’s Ann. 737, 108
(1970).
5See e.g.: °C. W. Shoppee and G. A. R. Johnston, J.
Chem. Soc. 3261 (1961); %Ibid. 2684 (1962); <J. F.
Biellmann and G. Ourisson, Bull. Soc. Chim. Fr. 331
(1962).

SF. Kohen and R. Stevenson, J. Org. Chem. 30, 2268
(1965).

’J. F. Biellmann, D. Kucan and G. Ourisson, Bull.
Soc. Chim. Fr. 337 (1962).

8], F. Biellmann and G. Ourisson, Ibid. 348 (1960);
331,341 (1962).

*G. Bancroft, Y. M. Y. Haddad and G. H. R. Summers,
J. Chem. Soc. 3295 (1961).

°For a recent review see: A. J. Hubert and H. Reim-
linger, Synthesis 97 (1969).

18See e.g. A. Chawla and Sukh Dev, Tetrahedron Letters
4837 (1967) and the refs cited.

UFor a brief review see: D. G. Lee in Oxidation (Edited
by R. L. Augustine) pp. 11-14. Marcel Dekkar, New
York (1969).

1R, Pappo, D. S. Allen, R. U. Lemieux and W. S. John-
son, J. Org. Chem. 21, 478 (1956); H. Vorbrueggen
and C. Djerassi, J. Am. Chem. Soc. 84,2990 (1962).

13C. W. Shoppee, N. W. Hughes, R. E. Lack and J. T.
Pinhey, J. Chem. Soc. (C) 1443 (1970).

“A. S. Narula and Sukh Dev, Tetrahedron Letters
1733 (1969).

15P. Crabbe, Optical Rotatory Dispersion and Circular
Dichroism in Organic Chemistry pp. 143-47. Holden-
Day (1965).

*See e.g. H. O. House, Modern Synthetic Reactions
Pp. 123-29. Benjamin, New York (1965).

G, V. Beddeley, T. G. Halsall and E. R. H. Jones, J.
Chem. Soc. 1715 (1960).

18See e.g.: D. H. R. Barton and G. A. Morrison, Fortschr.
Chem. Org. Naturstoffe 19, 179 (1961).

18G. R. Pettit and J. R. Dias, Canad. J. Chem. 47, 1091
(1969);J. Org. Chem. 37,973 (1972).

#D. S. Irvine, J. A. Henry and F. S. Spring, J. Chem.
Soc. 1316 (1955).

2'K. S. Brown and S. M. Kupchan, J. Am. Chem. Soc.
84, 4590 (1962).

22See e.g.: N. S. Bhacca and D. H. Williams, Applications
of NMR Spectroscopy in Organic Chemistry p. 19.
Holden-Day, San Francisco (1964).

#¥T. Nakano and S, Terao, J. Chem. Soc. 4512 (1965).

#8. M. Kupchan and G. Ohta, J. Org. Chem. 31, 608
(1966).

#F. Khuong-Huu-Laine, M. J. Magdeleine, N. G.
Bisset and R. Goutarel, Bull. Soc. Chim. Fr. 758
(1966).

26S. M. Kupchan, R. M. Kennedy, W. R. Schieigh and
G. Ohta, Tetrahedron 23,4563 (1967).

2P, G. Gassman and W. E. Hymans, Ibid. 24, 4437
(1968).

#T. G. Traynham, J. S. Dehn and E. E. Green, J. Org.
Chem. 33,2587 (1968).

#See e.g.: L. M. Jackman and S. Sternhell, Applications
of Nuclear Magnetic Resonance Spectroscopy in



578

Organic Chemistry pp. 78-80. Pergamon Press,
London (1969).

3R. Hemandez, R. Hernandez Jr. and L.
Analyt. Chem. 33,370 (1961).

31A_ S. Gupta and Sukh Dev, J. Chromatog. 12, 189
(1963).

324, R. Bentley, J. A. Henry, D. S. Irvine, D. Mukerji
and F. S. Spring, J. Chem. Soc. 596 (1955).

3R. S. Tipson,J. Am. Chem. Soc. 74, 1354 (1952).

#D, H. R. Barton and D. Elad, J. Chem. Soc. 2085
(1956); M. Uskokovic, M. Gut, E. N. Trachtenberg,

D Avalrad
N, ARSI,

A. S. NaruLA and SukH Dev

W. Klyne and R. 1. Dorfman, J. Am. Chem. Soc. 82,

4965 (1960).

BE T Walf and T Waiilard o Cunw ol Unl 4 124
L. J. YWWOUU aliu J. vwveipaiua, Urg, oyrn. Cou. YUL T, 1.5
(1963).

3D, Rosenthal, A. O. Niedermeyer and J. Fried, J.
Org. Chem. 30, 510 (1965).

3"W. D. Emmons and A. F. Ferris, J. Am. Chem. Soc.
75,4623 (1953).

3BM. Schlosser and K. F. Christmann, Angew. Chem.
Internat. Edit. 3, 636 (1964).



