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Chromium Trioxide Oxidation of Some

19-Norcholesta-1,3,5(10)-trienes

By R. C. Cambie,* Valerie F. Carlisle, and T. B. R. Manning, Department of Chemistry, University of Auck-

land, New Zealand

Chromium trioxide oxidation of ring-A-substituted 19-norcholesta-1,3,5(10)-trienes gives resuits similar to those
obtained for analogous oestra-1.3,5(10)-trienes. 3-Methoxy-19-norcholesta-1,3,5(10)-triene yields the 98-
hydroxy-11-oxo-derivative as the major product but introduction of a methyl group in the C-1 position blocks oxid-
ation in the C-11 position. Oxidation of compounds with substituents in positions other than C-3 yields the 6-oxo-

derivatives as the major products.

A possible pathway to the 9-hydroxy-11-oxo-derivatives is considered.

In Part 111 we reported that chromium trioxide oxid-
ation of oestra-1,3,5(10)-trienes possessing a C-3
methoxy-group gave the 9g-hydroxy-11-oxo-derivative
in addition to the 6-oxo-derivative as a minor product.
In contrast oxidation of oestra-1,3,5(10)-trienes possess-
ing a weak electron-donating substituent (e.g. acetoxy)
in the C-3 position afforded 6-oxo-derivatives as the
major product as did also 2- and 4-methyl and 1-meth-
oxyoestra-1,3,5(10)-trienes.  In order to test the
generality of these observations the chromium trioxide-
oxidation products of some ring-a-substituted 19-nor-
cholesta-1,3,5(10)-trienes were also examined.

Oxidation of 3-methoxy-19-norcholesta-1,3,5(10)-tri-
ene (I; R!=R2?=R*=H, R?®= OMe) gave similar
products to those from 3-methoxyoestra-1,3,5(10)-tri-

1 Part II, R. C. Cambie, Valerie F. Carlisle, C. J. Le Quesne,
and T. D. R. Manning, preceding paper.

2 H. Hasegawa and K. Tsuda, Chem. and Phavm. Bull.
(Japan), 1064, 12, 473.

enes and in comparable yields. The neutral fraction,
after chromatography on silica gel, afforded the 6-oxo-
derivative (II; R! = R? = R*= H, R3 = OMe) (5%),
the 9g-hydroxy-11-oxo-derivative (III; R! = pOH, R? =
H,) (32%,) and impure 98-hydroxy-dione (III; R! =
BOH, R? = O) (39%,). Also isolated was a small fraction
(0-6%) whose i.r. spectrum and analysis indicated that
it was 9a-hydroxy-3-methoxy-19-norcholesta-1,3,5(10)-
triene-6,11-dione (III; R! = «OH, R%2 = O). The C-11
carbonyl peak (v, . 1730 cm.™) was at a position ex-
pected for a ring-a-aromatic 9e-hydroxy-11-oxo-
steroid 23 while the broad hydroxy-absorption (v,
3520—3300 cm.™) indicated intermolecular hydrogen-
bonding. In all oxidations carried out in both the
oestratriene 14 and 19-norcholestatriene series this was
the only case in which a ketol with a C-9«-hydroxy-

3 K. Igarashi, Chem. and Pharm. Bull. {Japan), 1961, 9, 729.
* R. C. Cambie and T. D. R. Manning, J. Chem. Soc. (C), 1968,
2603.


http://dx.doi.org/10.1039/j39690001240
http://pubs.rsc.org/en/journals/journal/J3
http://pubs.rsc.org/en/journals/journal/J3?issueid=J31969_0_9

Published on 01 January 1969. Downloaded by University of Chicago on 25/10/2014 07:27:03.

Org.

group was isolated, reflecting the greater stability of
ring-A-aromatic 11-oxo-steroids with cis B/c-ring junc-
tions than with #frans B/C-ring junctions.35.6

CBHI7 CSHU

{111} (1V)

RZ
Oxidation of 3-methoxy-1-methyl-19-norcholesta-
1,3,5(10)-triene (I; R'= Me, R2=R*=H, R®=
OMe) gave a neutral oil which was shown by t.l.c. to
contain at least eight compounds, the major one of
which was the 6-oxo-derivative (II; = Me, R2 =
Rt = H, R® = OMe). Its yield was so small however
that it could not be obtained pure. The ir. spectrum
of the remaining oil showed a carbonyl peak at 1705
cm.™ but no hydroxy-bands and thus the oil did not
appear to contain a compound with a ketol-group.
Dreiding models indicate that like a C-1 methoxy-
group,! a C-1 methyl group blocks the C-11 position,
apparently to such an extent that oxidation at this
position cannot occur.
In the oestratriene series the oxidation of some
1-methoxy-4-methyloestra-1,3,5(10)-trienes  was  in-
vestigated in order to see if a methoxy-group in the C-1
position activated the C-9 position to oxidation as did a
C-3 methoxy-group. No evidence for the formation
of a C-9,11 ketol was obtained but the results were
subject to reservation since, in most cases, products
were not isolated in sufficient quantity or purity to be
positively identified. In the present work oxidation of
1-methoxy-4-methyl-19-norcholesta-1,3,5(10)-triene (I;
R! = OMe, R? = R3 = H, R* = Me) also gave a neutral
fraction containing a large number of products, from
which only the 6-oxo-derivative was isolated in a pure
state by preparative t.l.c. Again, no evidence was
obtained for the formation of any ketol but chromato-
graphy of the acid fraction on silica gel gave 1-methoxy-
19-norcholesta-1,3,5(10)-triene-4-carboxylic acid (I;
= OMe, R?=R3=H, R*=CO,H) which was
isolated as its methyl ester. That a C-1 methoxy-
group was necessary for ready oxidation of the C-4
methyl group to a carboxy-group was shown by the
oxidation of 4—methy1 -19-norcholesta-1,3,5(10)-triene (I;
R! = R2 = R3 = H, R* = Me), the reaction proceeding

5 E. ]. Baxley, J. Elks, J. F. Oughton, and L. Stephenson, J.
Chem. Soc., 1961, 4535; J. Elks, J. F. Oughton, and L. Stephen-
son, Proc. Chem. Soc., 1959, 6.

¢ H. Hasegawa, S. Nozoe, and K. Tsuda, Chem. and Pharm.
Bull. (Japan), 1963, 11, 1037.
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at a much slower rate than for any other steroid studied.
The neutral fraction again contained a number of pro-
ducts, the major ones of which were starting material
(309%,) and the 6-oxo-derivative (II; Rl = R?2 = R3® =
H, R* = Me) (219%,). The acid fraction, however was
negligible.  The 6-oxo-derivatives (II; R! = OAc,
R?=R3=H, R*= Me) and (II; R!= OBz, R?=
R3 =H, R*= Me) were the only products isolated
from oxidations of 4-methyl-19-norcholesta-1,3,5(10-
trien-1-yl acetate (I; Rl = 0OAc, R2=R¥®*=H, Rt =
Me) and 4-methyl-19-norcholesta-1,3,5(10)-trien-1-yl
benzoate (I; R! = OBz, R? = R® = H, R? = Me).

As expected, oxidation of 2-methoxy-4-methyl-
19-norcholesta-1,3,5(10)-triene (I; R! = R3 =H, R? =
OMe, R* = Me) afforded the 6-oxo-derivative in high
yield (809,) as a result of the activating effect of the
para-methoxy-group on the C-6 benzylic position. Also
isolated from this reaction was a crystalline compound
(9%) whose u.v. and ir. spectra were similar to those
of 3-acetoxy-7-oxa-oestra-1,3,5(10),8-tetraen-6-one (IV;
R! = R%®=H, R2= 0Ac, R*= H,)}! and which was
therefore assigned the structure (IV; R! = OMe, R? =
H, R3 = Me, R* = CHy,, - - - H).

The formation of 9-hydroxy-1l-oxo-derivatives as
major oxidation products of ring-a-aromatic steroids
appears to be restricted to those compounds which
possess a strong electron-donating group such as a
methoxy-group in the C-3 position. The activating
effect of a 3-methoxy-group on the para-benzylic posi-
tion in ring-a-aromatic steroids has been observed
previously by Tsuda and his co-workers 7 who found that
bromination of 3-acetoxyoestra-1,3,5(10),9(11)-tetracne
gave the expected 9,11-dibromo-addition product but
the corresponding C-3 methoxy-compound gave equilenin
methyl ether under the same conditions. Moreover,
Wiberg and Evans® have observed that p-methoxy-
diphenylmethanes are oxidised by chromic acid at a
much faster rate than diphenylmethanes with other
substituents, and have pointed out that a p-methoxy-
group is particularly well suited for stabilizing an
electron deficiency. The initial product of chromic acid
oxidation of a tertiary benzylic carbon atom is the corre-
sponding tertiary alcohol ® and it seems probable there-
fore that the 9-hydroxy-1l-oxo-steroid derivatives are
formed by initial hydroxylation at the C-9 position.
Dehydration would then afford the A®(D-unsaturated
steroid which would be expected to be in equilibrium
with the A8-isomer. By analogy with the known
relative stabilities of 3-methoxyoestra-1,3,5(10),9(11)-
tetraen-17-one and 3-methoxyoestra-1,3,5(10),8-tetraen-
17-one,!® however, the former would be expected to pre-
determinate at equilibrium. It is suggested that the

? K. Tsuda, S. Nozoe, and Y. Okada, Chem. and Pharm. Bull.
(Japan), 1963, 11, 1022.

8 K. B. Wiberg a.nd R. J. Evans, Tetrahedron, 1960, 8, 313.

? K. B. Wiberg in ‘ Oxidation in Organic Chemistry,” Academic
Press, New York, 1965, Part A, p. 87.

1 G. H. Douglas, J. M. H. Graves, D. Hartley, G. A. Hughes,
B. J. McLoughlin, J. Siddal, and H. Smith, J. Chem. Soc., 1963,
5072.
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A%AD_derivative is then converted into the ketol by
further oxidation, possibly viz a pathway involving
epoxidation, similar to one proposed by Tsuda and his
co-workers 2 for the peracid oxidation of A®ID-gestra-
1,3,5(10)trienes to ketols.

EXPERIMENTAL

For general experimental conditions and for the general
oxidation procedure see Parts I * and IL,! respectively.

19-Norcholesta-1,3,5(10)-trien-3-yl Acetate (I, R1 =R? =
R* = H, R?® = OAc).—A solution of biphenyl (1-2 g.) and
lithium (60 mg.) in freshly distilled tetrahydrofuran (5 ml.)
was stirred and heated under reflux in an atmosphere of
nitrogen for 1 hr. The dark green solution was cooled to
35° and a solution of cholesta-1,4-dien-3-one (0-75 g.), di-
phenylmethane (0-45 g.), and tetrahydrofuran (5 ml.) was
added. The mixture was stirred under reflux for 30 min.
and then diluted with 2x-hydrochloric acid. The solution
was extracted with ether and the extract was washed, dried,
and concentrated to yield a yellow oil which was chromato-
graphed on silica gel. Fractions eluted with benzene con-
tained 19-norcholesta-1,3,5(10)-trien-3-ol which was acetyl-
ated with acetic anhydride—pyridine to give 19-norcholesta-
1,3,5(10)-trien-3-yl acetate (859%) as needles, m.p. 76—
77° (unchanged after recrystallisation from a number of
solvents), [«], +67° (¢ 0-65 in cyclohexane) (lit.,'* 93-5-—
95°, [a], --62° in CHCl,) (Found: C, 82-3; H, 10-4. Calc.
for CpsH,0,: C, 81:9; H, 10:39%,), A, (cyclohexane) 210
(e 10,100), 217 (¢ 8950), 270 (¢ 620), and 277 mp (e 560),
Vmax, 1765 (3-OAc), 1610, 1582, 1482, and 1195 cm.™?
(OAc), 8 (CCl,) 0-70 (s, 18-ang. Me), 2-17 (s, 3-OAc), 2-84
(m. 6-benzylic H), 6-69 {d, .4 2 c./sec., 4-ArH), 6-75 (2d,
Joa 2, Jue 81 c.fsec., 2-ArH), and 7-17 p.p.m. (d, [y,
81 c./sec., 1-ArH).

Attempted preparation of 19-norcholesta-1,3,5(10)-trien-
3-0l by using the conditions of Afonso et ai.2? in the above
reaction gave a nonphenolic intractable oil. The reaction
was very sensitive to moisture and very dry reagents and a
dry atmosphere of nitrogen were essential for its success.
Development of a red colour in the biphenyl-lithium
solution prior to the addition of cholesta-1,4-dien-3-one
indicated either that moisture had entered the system or
that metallation of the solvent had occurred.!?

19-Norcholesta-1,3,5(10)-trien-3-0f (I; R!= R? = R?! =
H, R?* = OH).—A solution of the trienyl-acetate (2-3 g.)
was saponified with 59%,-methanolic potassium hydroxide
and the product was crystallised from hexane to yield
19-norcholesta-1,3,5(10)-trien-3-ol (2-0 g., 909,) as needles,
m.p. 113—115°, [«], +82-5° (¢ 0-43 in EtOH) (lit.,* 113—
114°, [«], -+749° in CHCL), %, . 210 (¢ 7660), 221sh (¢
6630), and 282 mp (¢ 1680), v, 3595 (phenolic OH),
3330br (H-bonded OH), 1609, 1590, 1502 (Ph), and 1180
cm.? (phenolic OH), § (CCly) 0-70 (s, 18-ang. Me), 2-73
(m, C-6 benzylic H), 4-85—5-32 br (s, OH), 6-42 (s, 4-ArH),
648 (d, J,, 82 c.fsec.,, 2-ArH), and 7-03 p.p.m. {d, J;,
8-2 c./sec., 1-ArH).

3-Methoxy-19-novcholesta-1,3,5(10)-triene (I;, R' = R2 =
R4 = H, R?® = OMe).—Methyl iodide (12-0 g.) was added to
a mixture of 19-norcholesta-1,3,5(10)-trien-3-0l (15 g.),
potassium (1-3 g.), and dry benzene (400 ml.) which had
been previously heated under reflux for 3 hr. The mixture

11 J. Romo, G. Rosenkranz, and C. Djerassi, J. Org. Chem.,
1950, 15, 1289.
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was heated under reflux for a further 3 hr., and the cooled
solution was filtered and concentrated. Chromatography
of the residue on silica gel gave 3-methoxy-19-norcholesta-
1,3,6(10)-triene (15 g., 979%) as a viscous oil (Found:
C, 846; H, 11'3; O, 46. CyH,;,0 requires C, 84-8; H,
11-1; O, 4-29%), »,,. (cyclohexane) 210 (¢ 11,300), 222
(c 8800), 280 (¢ 8800), and 288 my (¢ 8200), v, 2860 (OMe),
1610, 1580, 1500 (Ph), 1255 and 1040 cm.™ (OMe), & (CCl,)
0-70 (s, 18-ang. Me), 2-78 (m, 6-benzylic H), 3-70 (s, 3-OMe),
647 (d, J,42c./sec., 4-ArH), 6:55 (2d, [, 42, J1,. 83 c./sec.,
2-ArH), and 7-05 p.p.m. (d, J,, 83 c./sec., 1I-ArH), o.r.d.
(¢ 0-445 in cyclohexane) [Plssp +368°, [Plso0 +488° [Plaos
+695°, and [dlse - 1380° (pk).

Oxidation of 3-Methoxy-19-norcholesta-1,3,5(10)-triene.—A
solution of 3-methoxy-19-norcholesta-1,3,5(10)-triene (1-48
g.) in acetone (140 ml.) was treated dropwise with 4N-chro-
mium trioxide-sulphuric acid (21 ml.) to yield a yellow
neutral oil (1-03 g.) and a brown acidic oil (200 mg.).

The neutral oil was chromatographed on deactivated
alumina (60 ml.). Elution of the column with light petrol-
eum yielded starting material (120 mg., 99,) while initial
benzene-light petroleum (1:5) eluates gave 3-methoxy-
19-norcholesta-1,3,5(10)-trien-6-one (70 mg.) which crystall-
ised from acetone as plates, m.p. 118—120° (Found:
C, 81-7; H, 10-3. CyH, O, requires C, 81-8; H, 10:29)),
Apax (cyclohexane) 220 (¢ 23,840), 250 (¢ 9100), 257sh (¢
7920), and 320 mp. (¢ 3125), v, 1675 (6-CO), 1610, 1570,
1495 (Ph), and 1290 cm.” (CO), & 0:72 (s, 18-ang. Me),
3-87 (s, 3-OMe), 7-12 (2d, [, 88, J,4 3 c./sec., C-2 ArH),
7-39 (d, J,,5 88 c.fsec.,, 1-ArH), and 7-61 p.p.m. (d, J,,
3 c.[sec., 4-ArH), o.r.d. (¢ 0-230) [¢]ss0 +38°, [Pls00 ~+120°,
[blago +1085°, [plss5 + 72607 (pk), and [¢]asg + 5360°.

Later benzene-light petroleum (1:5) eluates gave
OB-hydroxy-3-methoxy-19-norcholesta-1,3,5(10)-trien-11-one
(450 mg.) as a pale yellow viscous oil (Found: C, 78-4;
H, 9-8; O, 11-5. C,,;H,O; requires C, 78-6; H, 9-8; O,
11:6%), Ap.. 218 (¢ 9940), 277 (¢ 2060), and 283 mp. (z
1945), v, 3460 (intramol. bonded OH), 1703 (11-CO),
1610, 1575, 1500 (Ph), and 1110 cm.? (OH), & 0-71 (s,
Wi 2 c.fsec., 18-ang. Me), 2:20 (d, J 12-8 c./sec., 128-H
showing further fine splitting due to coupling with 18-Me),
2:71 (d, J 12-8 c./sec., 12«-H), 2-71 (m, 6-H), 375 (s,
3-OMe), 4-18 (s, OH), and 6-65 p.p.m. (s, 1-, 2-, and 3-ArH),
or.d. (c 0-415) [Plsge +471°, [Plsee +725° [hlage +1427°,
[la0s -+ 14,800° (pk), and [¢lygs +12,650°.

Elution of the column with benzene-light petroleum
(1:1) gave impure 9B-hydroxy-3-methoxy-19-norcholesta-
1,3,5(10)-trien-6,11-dione (54 mg.) as an oil, v, 3465 (OH),
1706 (11-CO), and 1695 cm.™ (6-CO).

Elution of the column with benzene-ether (4:1) gave
Yo-hydroxy-3-methoxy-19-norcholesta-1,3,5(10)-triene-6,11-
dione (10 mg.) which crystallised from ether as needles, m.p.
168-—170° (Found: C, 76:0; H, 9-1. C;H;0, requires
C, 76-0; H, 9:0%), 2, 211 (¢ 10,220), 228 (¢ 8950), and
283 my (¢ 12,350), v, 3520—3300br (intermol. bonded
OH), 1730 (11-CO), 1695 (6-CO), 1605, 1575, 1500 (Ph),
and 1100 cm.™ (OH), 3 0-82 (s, 18-ang. Me), 3-90 (s, 3-OMe),
and 6-5—7-05 p.p.m. (m, 1-, 2-, and 3-ArH), o.r.d. (¢ 0-04)
[blsse +630°, [Plsoo +955°, [lago 1915°, [blses +6600° (pk),
and [¢]yg +5750°.

1-Methyl-19-novcholesta-1,3,5(10)-trien-3-yl  Acetate (1;
R! = Me, R2 = R?*= H, R?® = OAc).—Cholest-4-en-3-one

12 A. Afonso, H. L. Herzog, C. Federbush, and W. Charney,

Stevoids, 19686, 7, 429.
13 J. J. Eisch, J. Org. Chem., 1963, 28, 707.
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(3-0 g.) was brominated by Inhoffen’s procedure 1 and the
product was chromatographed on silica gel. Elution with
light petroleum-benzene (1: 1) gave 2«,6B-dibromocholest-
4-en-3-one ¥ (1-48 g., 359%,), needles (from acetone), m.p.
159—162-5° (lit.,'* 162—163°) (Found: C, 59-9; H, 7-8;
Br, 29-6. Calc. for C,,H,,Br,0: C, 59-8; H, 7-8; Br, 29-59%,)
while later fractions eluted with the same solvent gave
6p-bromocholest-4-en-3-one (530 mg., 159,), needles (from
acetone), m.p. 128-—130°, [«f, -11° (lit.'6 131°,
[@], 47°), undepressed by a sample prepared from 5e,603-
dibromocholestan-3-one by the method of Dane et al.l?
(Found: C, 70-1; H, 9-4; Br, 17-3. Calc. for C,;H,;BrO:
C, 69-9; H, 94; Br, 17-3%). 6p-Bromocholest-4-en-3-one
has not been previously isolated from this reaction although
its intermediacy has hitherto been postulated.4.15 18

Dehydrohalogenation of 2e,28-dibromocholest-4-en-3-one
with collidine hydrobromide for 5 hr.1® gave cholesta-1,4,6-
trien-3-one in 539%, yield (¢f. ref. 15). Treatment of the
latter with acetic anhydride and toluene-p-sulphonic acid
according to the method of Romo et al.2® gave 1-methyl-
19-norcholesta-1,3,5(10),6-tetraen-3-yl  acetate (86%).
Hydrogenation of the acetate (610 mg.) in ethyl acetate
(100 ml.) over platinum oxide at 20° and atmos. press.
gave l-methyl-19-novcholesta-1,3,5(10)-trien-3-yl acetate (590
mg., 98%) which crystallised from methanol as needles,
m.p. 67—69 (Found: C, 82-2; H, 10-4; O, 7-6. C,,H,,0,
requires C, 82-0; H, 10-4; O, 7-5%), A, 216 (¢ 8500)
and 273 my (e 440), v, 1755 (3-OAc), 1600 (Ph), and 1210
cm.™® (OAc), § (CCly) 0-75 (s, 18-ang. Me), 2-15 (s, 3-OAc),
2:30 (s, 1-Me), 2:76 (m, 6-benzylic H), and 663 p.p.m.
(s, W3 3 c./sec., 2- and 4-ArH), o.r.d. (¢ 0-220 in MeOH)
[$lsso -+500°, [Blsgy +708°, [Blugy +1135° [blagy -+2390°,
and [¢]as0 + 5240°.

Saponification of the trienyl-acetate (400 mg.) with 59,
methanolic potassium hydroxide (40 ml.) under reflux for
2 hr. followed by chromatography on silica gel gave
1-methyl-19-norcholesta-1,3,5(10)-trien-3-ol (370 mg., 90%,),
needles (from methanol), m.p. 127—128°, [}, +146° (c
0-12 in MeOH), 1it.,20 126-5—128°, [«],, +135-6° in CHCl,),
Apax. 220 (e 5770), 282 (¢ 1390), and 287 my (¢ 1410), v .
(CCl,) 3600 (phenolic OH), 3360 (H-bonded OH), 1605, 1593,
1480 (Ph), and 1150 cm.™ (phenolic OH), 8 0-80 (s, 18-ang.
Me), 2-30 (s, 1-Me), 2:70 (m, 6-benzylic H), 5-08 (s, OH),
and 6-48 p.p.m. (s, W3 4-1 c./sec., 2- and 4-ArH).

3-Methoxy-1-methyl-19-norcholesta-1,3,5(10)-triene (I;
R! = Me, R2?2 = R* = H, R? = OMe).——The above hydr-
oxy-triene (300 mg.) was methylated with dimethyl sul-
phate-sodium hydroxide to yield a brown gum which was
percolated as a light petroleum solution through silica gel.
Removal of solvent gave 3-methoxy-1-methyl-19-novcholesta-
1,3,5(10)-triene (200 mg.) as an oil, [«], +4-114° (¢ 0-75 in
cyclohexane) (lit.,2! [«],,+113° in CHCl;) (Found: C, 85-1;
H, 11-1; O, 3-8. C,gH,,O requires C, 84-8; H, 11-2; O,
4-0%,), M., (cyclohexane) 212 (e 13,850), 225sh (¢ 9300),
281 (¢ 1530), and 288 my (e 1595), v .. 2880 (3-OMe),
1605, 1580, 1480 (Ph), and 860 cm.™ (isolated ArH), &

14 H. H. Inhoffen, Ber., 1936, 89, 2141.

15 C. Djerassi, G. Rosenkranz, J. Romo, St. Kaufmann, and
J. Pataki, J. Amer. Chem. Soc., 1950, 72, 4534.

1€ C. W. Bird, R. C. Cookson, and S. H. Dandegaonker, J.
Chem. Soc., 1956, 3675.

17 E. Dane, Y. Wang, and W. Schulte, Z. Physiol. Chem.,
1936, 245, 80; Chem. Abs., 1937, 31, 2606.

18 1., Ruzicka, W. Bosshard, W. H. Fischer, and H. Wirz,
Hely, Chim. Acta, 1936, 19, 1147; H. Reich and A. Lardon, Helv.
Chim. Acta, 1946, 29, 671; H, Martens, Annalen, 1949, 563, 131.
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0-75 (d, 18-ang. Me), 2-32 (s, 1-Me), 2-76 (m, 6-benzylic H),
3:76 (s, 3-OMe), and 6-56 p.p.m. (s, W} 5 c.[sec., 2- and
4-ArH).

Oxidation of 3-methoxy-1-methyl-19-norcholesta-
1,3,5(10)-triene (80 mg.) in acetone (15 ml.) with 4N-chrom-
ium trioxide-sulphuric acid (1-1 ml.) gave a neutral oil
(60 mg.), v, 1710 and 1685 cm.™?, t.l.c. of which showed
the presence of eight compounds. Preparative t.l.c. gave
the 6-oxo-derivative as an oil, v, 1685 cm.™l (6-CO),
which could not be obtained pure from further preparative
tlc.

4-Metlyl-19-norcholesta-1,3,5(10)-trien-1-yl ~ Acetate  (1;
R! = OAc, R?=R®=H, R*= Me).—A solution of
cholesta-1,4-dien-3-one (5-0 g.) in acetic anhydride (185 ml.)
and a 59, solution of anhydrous fused zinc chloride in
glacial acetic acid (520 mg. in 7-5 ml) was kept at 20°
under an atmosphere of nitrogen for 24 hr. The solution
was diluted with ether (2 1) and extracted with an ice-
cold 10% sodium hydroxide solution until all the acetic
anhydride had been decomposed and the acids removed.
The solvent was removed and the yellow gum (6-1 g.) was
chromatographed on silica gel, the column being eluted with
light petroleum. Initial fractions, after rechromatography
from hexane to remove a persistent trace of hydrocarbon,
afforded 4-methyl-19-novcholesta-1,3,5(10)-trien-1-y1 acetate
(4-71 g.) as a clear gum, [a];, +140° (¢, 1-3 in cyclohexane)
which emulsified with polar solvents such as ethanol and
acetone but which was freely soluble in ether, chloroform,
benzene, and light petroleum (Found: C, 82-1; H, 10-0.
Cy9H 44O, requires C, 82:0; H, 10-4%), A, (cyclohexane)
229 (= 4600) and 265 my (¢ 1600), v, (CS,) 1765 (1-OAc),
1595 (Ph), 1206, 1194, (OAc), and 892, and 806 cm.™ (2 adj.
ArH), 3 0-74 (s, 18-ang. Me), 0-86 (d, 21-Me), 0-90 (d,
25-gem-Me,), 2-18 (s, coincident 4-Me and 1-OAc), 2-59 (m,
6- and 9-benzylic H), 6:62 (d, J,; 82 c./sec., 3-ArH) and
6-92 p.p.m. (d, [, , 82 c./sec., 2-ArH).

Chromatography of the acetate on alumina resulted in
partial hydrolysis and from one column which was left
standing for 5 days before elution, 4-methyl-19-norcholesta-
1,3,5(10)-trien-1-0ol was obtained in a quantitative yield
from benzene eluates. Crystallisation from light petroleum
gave needles, m.p. 145-5—146°, [«], --177° (¢, 0-95 in
cyclohexane) (lit.,%* 145-5—146°, [a], +161° in CHCly),
A (cyclohexane) 221 (s 12,000) and 283 mp (¢ 1400),

max.

Vax, (CSg) 3600 (1-OH), 1380, 1180 (phenolic OH), and
800 cm.? (2 adj. ArH), 3 0-75 (s, 18-ang. Me), 0-86 (d,
21-Me), 0-90 (d, 25-gem-Me,), 2-11 (s, 4-Me), 2:55 (m, 6-benzy-
lic H), 2-95 (d, Jg ¢ 10 c./sec., 9-benzylic H), 4-47 (s, 1-OH),
6:27 (d, J,3 8 c./sec., 3-ArH), and 6-71 p.p.m. (d, J,s
8 c./sec., 2-ArH), o.r.d. (c 0-23) [Plsse +678°, [Plaes +4600°
(Pk), [dlass —2594° (tr), [plyse +3000° (pk.), and [l
—1096° (tr).

The phenol was also isolated (809,) by hydrolysis of the
acetate with 2N-methanolic potassium hydroxide for 1 hr.

Oxidation of 4-Methyl-19-novcholesta-1,3,6(10)-trien-1-y1
Acetate—A solution of chromium trioxide (5-02 g.) in the
minimum amount of water, was diluted with glacial acetic

18 M. Fieser, M. A. Romero, and L. F. Fieser, J. Amer. Chem.
Soc., 1958, 77, 3305.

20 7, Romo, C. Djerassi, and G. Rosenkranz, J. Org. Chem.,
1950, 15, 896.

21 J. Elkes, J. F. Oughton, and L. Stephenson, J. Chem. Soc.,
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22 A. L. Wilds and C. Djerassi, J. Amer. Chem. Soc., 1946, 68,
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acid (21 ml) and added to a solution of 4-methyl-19-nor-
cholesta-1,3,5(10)-trien-1-yl acetate (6-42 g.) in glacial
acetic acid (42 ml.). The mixture was kept at 20° for 22 hr.
and worked up to yield a neutral fraction (5-4 g.) which
was chromatographed from light petroleum on silica gel.
Fractions eluted with benzene afforded 4-methyl-6-o0xo-
19-norcholesta-1,3,5(10)-trien-1-yl acetate as a gum (Found:
C, 79-45; H, 9-5; O, 11-0. CpoH 4,05 requires C, 79-4;
H, 9-65; O, 10:9%), A, (cyclohexane) 210 (¢ 25,120),
245 (e 7940), and 299 mp (¢ 2000), v, 1765 (1-OAc),
1690 (6-CO), and 1200 cm.™ (OAc), & 0-74 (s, 18-ang. Me),
0-84 (4, 21-Me), 0-88 (d, 25-gem-Me,), 2-21 (1-OAc), 2:53
(s, 4-Me), 6-88 (d, [,5 9 c./sec., 3-ArH), and 6-99 p.p.m.
(d, Jas 9 c./sec., 2-ArH), or.d. (¢ 0-33 in cyclohexane)
(plsss +486° [Plagy +1240° (brpk), [plsss +108° (tr),
and [¢]se +3510° (pk).

4—Met/zyl-6-o;vo—19—norcholesm-1 3,5(10)-trien-1-0l (II;

= OH, R*= = H, R* = Me).—The above acetate
(50 g.) was heated under reflux with aqueous methanolic
potassium hydroxide [700 mg. in the minimum amount of
water and diluted with methanol (30 ml.)] in a stream of
nitrogen. Repeated chromatography of the neutral frac-
tion, obtained by saponification, on alumina gave (from
chloroform eluates) 4-methyl-6-ox0-19-novcholesta-1,3,5(10)-
trien-1-0ol (3-3 g.) which crystallised from benzene as fine
needles, m.p. 241—242° (with decomp. from 238°) (Found:
C 81-3; H, 10:2. C,H,,0, requires C, 81-8; H, 10-2%,),
228 (= 16,980), 259 (¢ 8510), and 330 my (¢ 3980), v,
(Nu]ol) 3230 (1-OH), 1660 (6-CO), 1280, 1260, 1230 (phen-
olic OH), and 830 cm.™® (2 adj. ArH), § (pyridine) 0-70 (s,
18-ang. Me), 0-87 (d, 21-Me), 0-91 (d, 25-gem-Me,), 2-46 (d,
Js 10 c./sec., 9-benzylic H), 2-51 (s, 4-Me), 3 (CDCl,)
674 (d, J,, 78 c./sec., 3-ArH), and 7-03 (d, J,3 7-8
c.fsec., 2-ArH), o.r.d. (¢ 0:37) [plsss +150° [¢plge +642°

k), [Plysz —180° (tr), [dlars +1498° (pk), and [Plas
+169° (tr).

Oxidation of 4-Methyl-19-norcholesta-1,3,5(10)-trien-1-yi
Benzoate (I; R!'= OBz, R2?=R®=H, R*= Me).—
Benzoylation of 4-methyl-19-norcholesta-1,3,5(10)-trien-
1-0l (560 mg.) with pyridine (5 ml.) and benzoyl chloride
(3 ml.) under reflux for 3 hr. afforded the trienyl benzoate
as a clear gum (490 mg.) after chromatography on alumina,

L (CCl) 1720 (1-OBz), 1610, 1595, 1455, (Ph), 1125
(OBz), and 940, 712, and 685 cm.™ (ArH). The benzoate
(720 mg.) was oxidised with chromium trioxide (490 mg.)
dissolved in the minimum amount of water and then diluted
with glacial acetic acid (10 ml.). Chromatography of the
neutral fraction and elution with benzene—ether (1:1)
afforded 4-methyl-6-0x0-19-novcholesta-1,3,5(10)-trien-1-yi
benzoate (550 mg.) as a clear gum (Found: C, 81-6; H, 9-1;
0, 9-85. C,,H,0, requires C, 81:6; H, 89; O, 9:6%),
Amax (Cyclohexane) 275 (¢ 19,950), 283 (¢ 18,200), and
300 mp (¢ 13,180), v, 1730 (1-OBz) 1700 (6-CO), 1605,
1580 (Ph), and 1455, 1375, 1260 cm.™ (aryl ester), § 0-82
(s, 18-ang. Me), 0-92—1-28 (m, 21-Me and 25-gem-Me,),
2:65 (s, 4-Me), 7'1—8-4 p.p.m. (m, 2-, 3-, and benzoyl
ATH), or.d. (¢, 0417 in cyclohexane) [plsge +312° [Plase
+1150°, [Plsa +1308° (pk), [¢lses +1055° (br, tr), and
(#l31s +2200°.

Oxidation of 1-Methoxy-4-methyl-19-norvcholesta-1,3,5(10)-
triene (I; = OMe, R2 = R3 = H, R* = Me).
ation of 4-methyl-19-norcholesta-1,3,5(10)-trien-1-ol (1-0 g.)

22 H. H. Inhoffen and G. Ziihlsdorff, Ber., 1941, 74, 604.

24 J. Schmitt, J. J. Panouse, P.-J. Cornu, A. Hallot, H.
Pluchet, and P. Comoy, Bull. Soc. Chim. France, 1965, 1934.
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with potassium-~methyl iodide gave a yellow oil which after
chromatography on alumina afforded 1-methoxy-4-methyl-
19-norcholesta-1,3,5(10)-triene (950 mg., 95%). Crystall-
isation from methanol-ether gave needles, m.p. 104—105°,
[alp +174° (¢, 0-83 in cyclohexane) (lit.,28 104—105°,22
(o], +165° in CHCLy), A, 210 (¢ 41,000), 222sh (= 29,800),
and 281 myu (= 5830), 3 0-72 (s, 18-ang. Me), 2-16 (s, 4-Me),
3:76 (s, 1-OMe), 6-67 (d, J, 5 82 c./sec.,, 3-ArH) and 6-97
(d, Js.5 82 c.fsec., 2-ArH).

The methoxy-triene (820 mg.) in acetone (120 ml.) was
oxidised with 4n-chromium trioxide-sulphuric acid (11-2
ml.) to yield a neutral fraction (380 mg.) and an acid frac-
tion (400 mg.).

Preparative t.l.c. of the neutral fraction, which contained
at least ten compounds (t.l.c.), yielded starting material
(16 mg., 2%) and the major component, 1-methoxy-
4-methyl-19-novcholesta-1,3,5(10)-trien-6-one (40 mg., 5%,)
which crystallised from methanol-ether as needles, m.p.
80—82° (Found: C, 82-1; H, 10-2; O, 7-9. C,H,,0,
requires C, 81-9; H, 10-3; O, 7-8%), A, (cyclohexane)
219 (¢ 22,220), 248 (c 6890), 254 (¢ 6770), and 320 mp (e
3450), v, 1675 (6-CO), 1570, 1555 (Ph) and 1275 cm.™
(6-CO), 3 0-73 (s, 18-ang. Me), 2-56 (s, 4-Me), 3-82 (s, 1-OMe),
697 (d, [, 5 84 c./sec., 3-ArH), and 7-08 p.p.m. (d, J,;
84 c./sec., 2-ArH), or.d. (¢ 0477) [dlsse +542°, [Plsee
+722° [¢ligy +1188° [dlsze +1470° (pk), and [¢hlss;
++850° (tr.).

No other compound was isolated in sufficient quantity or
purity for identification.

The acid fraction from oxidation was chromatographed
on silica gel, methylated with diazomethane, and re-
chromatographed to yield methyl 1-methoxy-19-norcholesta-
1,3,5(10)-triene-4-carboxylate (170 mg.) as a viscous oil
(Found: C, 79-3; H, 10-3. C,;H,,0; requires C, 79-0;
H, 10-1%), Xy, (cyclohexane) 215 (¢ 26,200), 223 (e
24,050), and 258 my. (¢ 11,100), v, .. (CCl) 1720 (4-CO,Me),
1588, 1578 (Ph), and 1212 cm.™ (CO,Me), § 0-74 (s, 18-ang.
Me), 3-00 (m, 6-benzylic H), 3-78 (s, 1-OMe), 3-81 (s,
4-CO,Me), 6-59 (d, J;5 9 c./sec., 2-ArH), and 7-71 p.p.m.
(d, Je3 9 c./sec., 3-ArH), or.d. (¢, 0-550 in cyclohexane)
[$lss0 --1070°, [Blsgo +1490°, [$lago +2140°, [$lsge +7950°,
and (¢l +9550° {pk).

4-Methyi-19-norcholesta-1,3,5(10)-tviene (I; R! = R?=
R® = H, R* = Me).—Cholest-4-en-3-one was treated with
acetyl bromide and a-bromopropionic acid by the method
of Schmitt et al.2¢ Chromatography of the product on
alumina and elution with light petroleum gave 4-methyl-
19-norcholesta-1,3,5(10)-triene as a gum (97%,). The same
product was also formed by treatment of cholesta-1,4-dien-
3-one with lithium aluminium hydride.?* The gum slowly
crystallised on storage as needles, m.p. 49—51° (lit.,%
49°), A, (EtOH) 263 mp. (¢ 250), v, 1170, 1090, 1030,
970 (aromatic in-plane def.), and 780, 740 cm.™ (aromatic
out-of-plane def.), 8§ 0-72 (18-ang. Me), 0-84 (d, 21-Me),
0-90 (d, 25-gem-Me,), 2-15 (s, 4-Me), 2-65 (m, 6-benzylic H),
and 6-90 p.p.m. (m, 1-, 2-, and 3-ArH).

Oxidation of 4-Methyl-19-novcholesta-1,3,5(10)-triene.—A
solution of 4-methyl-19-norcholesta-1,3,5(10)-triene (1-45
g.) in acetone (220 ml.) was treated dropwise with 4n-
chromium trioxide-sulphuric acid (19 ml.) to yield a neutral
oil (1-37 g.) which contained nine products (t.l.c.). Chrom-
atography on silica gel and elution with light petroleum

25 H. Dannenberg and H.-G. Neumann, 4nnalen, 1961, 648,
148.
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yielded  4-methyi-19-norcholesta-1,3,5(10)-trien-6-one (300
mg., 219%) as a viscous oil which crystallised on storage,
m.p. 68—70° (Found: C, 85-1; H, 10-6. C,,;H,0O requires
C, 85-2; H, 10-:6%,), Amax. (cyclohexane) 216 (¢ 18,620), 250
(¢ 9600), and 300 my (s 1745), v, 1680 (6-CO), 1595, 1575,
1470 (Ph), and 1250 c¢m.™ (6-CO), 3 0-70 (s, 18-ang. Me),
0-85—0-95 (m, 21-Me and 25-gem-Me,), 265 (s, 4-Me),
and 7-06—7-50 p.p.m. (m, 1-, 2-, and 3-ArH), o.rd. (e,
0-388) [¢lse +21° [¢]5oo +170°, [‘]5]400 +1135°, [96]364
+3320° (pk), [$lyar 0°-

2- Methoxy-4-methyl-19-novcholesta-1,3,5(10)-triene (I;
Rl!=R?=H, R?= OMe, R*= Me).—2ax,5a-Epidioxy-
cholest-3-ene (7-03 g., 779%), prepared from cholesta-
2,4-diene 26 by irradiation with two 250-w lamps in the
presence of eosin and oxygen,?® was isomerised in quantit-
ative yield to 5«-hydroxycholest-3-en-2-one, m.p. 171—
173° (lit.,2” 173°), by absorption on activated alumina for
4 hr.2® and then eluting with ether-methanol (1:1). The
product (5-4 g.) in methanol (760 ml) was heated under
reflux with sulphuric acid (7-6 ml.) for 50 min. Chromato-
graphy of the product (isolated by ether-extraction) on
alumina and elution with light petroleum-benzene yielded
2-methoxy-4-methyl-19-norcholesta-1,3,5(10)-triene (53 g.,
989,) which crystallised from acetone as needles, m.p. 52—
53°, [a], --90° (¢, 0-7 in cyclohexane) (lit.,* 51-5—52-5°,
[a)p +76:6° in CHCL), v, 2830, 1240, 1060 (OMe), 1610
and 1580 cm.! (Ph), 3 (CCl,) 0-68 (s, 18-ang. Me), 2:13
(s, 4-Me), 2:59 (m, 6-benzylic H), 3-69 (s, 2-OMe), 6-46
(s, 1-ArH), and 6-57 (s, 3-ArH).

28 H. E. Stavely and W. Bergmann, J. Org. Chem., 1936, 1,
575; E. L. Skau and W. Bergmann, J. Org. Chem., 1938, 3, 166.

27 W. Bergmann, F. Hirschmaunn, and E. L. Skau, J. Org.
Chem., 1939, 4, 29.
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Oxidation of 2-Methoxy-4-methyl-19-novcholesta-1,3,5(10)-
triene.—A solution of 2-methoxy-4-methyl-19-norcholesta-
1,3,5(10)-triene (2-0 g.) in acetone (230 ml.) was oxidised
with 4N-chromium trioxide—sulphuric acid (27 ml.) to yield
a neutral fraction (1-85 g.) as a yellow solid. Chromato-
graphy on deactivated alumina and elution with light
petroleum-benzene (1:1) gave 2-methoxy-4-methyl-19-nor-
cholesta-1,3,5(10)-trien-6-one (1-62 g., 809%,) which crystall-
ised from methanol as needles, m.p. 103—104° (Found:
C, 82:1; H, 10-5. C,;H,,0, requires C, 81-9; H, 10-3%),
Mooy, (Cyclohexane) 207 (e 17,700), 223 (e 18,350), 229 (c
17,880), and 270 my (¢ 15,650), v, 2860 (2-OMe), 1660
(6-CO), 1590, 1560, 1480 (Ph), 1240 (6-CO), and 868 cm.™?
(isolated ArH), & 0-70 (s, 18-ang. Me), 2-57 (s, 4-Me), 3-80
(s, 2-OMe), 6-53 (s, 1-ArH), and 6-67 (s, 3-ArH), or.d. (¢
0-68 in cyclohexane) [¢plsge +55° [dlage -+1122° [dlseq
+3080° (pk), [$lss 0°, and [¢]yzs — 2800° (tr).

Elution of the column with ether-benzene (1:5) yielded
2-methoxy-4-methyl-T-oxa-19-norcholesta-1,3,5(10),8-tetraen-
6-one (0-17 g., 9%) which crystallised from methanol as
plates, m.p. 178—179° (Found: C, 78-8; H, 9:8; O, 11-3.
CyH,yO, requires C, 79-0; H, 9-3; O, 11-7%), A, 206
(¢ 16,790), 226 (s 16,100), and 277 my (c 15,400), v _
2860 (2-OMe), 1670 (6-CO), 1600, 1570 (Ph), and 1255 cm.
(6-CO), 3 0-71 (s, 18-ang. Me), 2-58 (s, 4-Me), 3-84 (s, 2-OMe),
6-69 (d, J1,5 25 c./sec., 3-ArH), and 6-95 (d, J; ; 25 c.fsec.,
1-ArH), o.r.d. (¢ 0-493 in EtOH) [plsge +82°, [¢lage +776°,
($lses +4050° (pk), and [¢p]sp9 +425°.
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