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Preparation of the Steroidal 1,4,11-Trien-3-ones and a Surprisingly
Rapid Dienone-phenol Rearrangement*

Ken'icut Takepa, Hirosui Tanma, and Kusvo Horikl
Shionogi Research Labovatory, Shionogi & Co., Ltd.V
(Received May 15, 1975)

25D-Spirosta-1,4,11-trien-3-one (5a) and androsta-1,4,11-trien-178-0l-3-one acetate
(16b) were prepared from hecogenin and 58-androstane-8«,12«,17p-triol, respectively.
The dienone-phenol rearrangements of these compounds were carried out and the structures
of all reaction products were clarified.

Rates of the rearrangement of 16b were determined in a 95: 5 (w/w) mixture of acetic
acid and acetic anhydride containing p-toluenesulfonic acid at 20° and varying acidity
function H, Comparison with a reference compound, androsta-1,4-dien-178-0l-3-one
acetate (36), indicated for 16b a reactivity enhanced by a factor of 180 at 20° and Hy=0.
Products were found to be four kinds of the A-aromatic B-seco allyl acetates (at 20° and
Ho=—0.80; 4°1-12a-OAc (25¢) 75%, 4°09-128-OAc (25d) 29,, and A1(12-9(x and f)-
OAc (26c) 239%) with the A-aromatic B/C cis A1(2)-gteroid (27¢) (3%). The results
suggest important participation of the C-11 (12) double bond in the rearrangement of 16b,
Treatment of the B-seco 4°(11)-12a-allyl alcohol (25b) with the acid of Hy=—1.86 at 80°
led to the B/C cis steroid (27c) with a concurrent isomerization to an intermediate, B-seco
4°-128-allyl acetate (25d), which is interpreted as a result of electrophilic aromatic
substitution of an allyl cation formed from the B-seco A4°(D-12¢-allyl alcohol.

During the course of our past investigation on the acetolyses of several A-ring substituted
1la-p-toluenesulfonyloxy steroidal sapogenins, it was found that the 11«-p-toluenesulfonyloxy-
1,4-dien-3-one, besides the expected main product, 1,4,9(11)-trien-3-one, gave a new type
of B-seco steroid (a) and a styrene derivative (b) (Chart 1). And it was assumed that this
B-seco steroid was produced from the Hofmann olefin, which has a double bond at C-11, as
an intermediate by the acid catalyzed isomerization processes (Chart 2).2
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* Dedicated to the memory of Prof. Eiji Ochiai.
1) Location: Fukushima-ku, Osaka, 553, Japan.
2) K. Takeda, H. Tanida, and K. Horiki, J. Org. Chem., 31, 734 (1966).
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Recently, Kropp® reported on

the acid catalyzed isomerization
reaction of 4u8Sa-dimethyl-5,6,7, @ P
8-tetrahydro-2 (4«H)-naphthaleno- HO ‘ ' +

ne where a 8,8a-seco derivative E ’ OH AN —H*

was obtained along with the normal FHTNS

isomerization product. \
Here we wish to report syn-

theses of derivatives of the above-

assumed Hofmann olefin, 25D-

|
spirosta-1,4,11-trien-3-one and 174- 0
acetoxyandrosta-1,4,11-trien-3-one,
and kinetic investigations of unu- -
sually facile isomerization by acid. OH Or | X

1. Preparation of Materials Chart 3

1Ht

"

H

a. Spirostane Series Engel
and his co-workers® reported that 0
when treated with the basicalumina OR
17«-methylated 12«-tosyloxy ster- A
oids gave unsaturated compounds

with the double bond located at OL_L 2
C-11 in high yield. On the other Oz H

hand as reported by Chen,® when H ia!R=Ac \\
12«-methanesulfonyloxycholane ilc’ gz%s

was treated with collidine it gave .

a chol-11-ene derivative together 0

A

with a 18-methyl migrated steroid.
In our case, treatment of 12a-tosyl-
oxy spirostane (Ic) or its 1,4-dien-
3-one derivative (4c) with basic
alumina or with lithium carbonate
(Li,COy) in dimethylformamide
(DMF) always gave mainly a 18-
methyl migrated compound, tenta-

tively assigned as 3 or 6 and a small 4a: R=Ac
amount of A'-unsaturated sapo- ilc‘ gqu

genin (2 or 5) was detected from

nuclear magnetic resonance (NMR).

Difference in products obtained by

elimination of the sulfonyloxy

group may be due to a slight vari-

ation of the C-ring conformation

caused by the side chain on the steroidal nucleus. :
As this elimination reaction of the 12a-sulfonyloxy group was not suitable to cbtain the

A'lunsaturated spirostanes, hecogenin was used as a starting material. According to the

3) P.J. Kropp, J. Am. Chem. Soc., 85, 3280 (1963).

4) Ch. R. Engel, K.F. Jennings, and G. Just, J. 4n. Chem. Soc., 78, 6153 (1956) ; G. Just and Ch. R. Engel,
J. Org. Chem., 23, 12 (1958).

5) F.C. Chen, Tetrahedron Letters, 1963, 2057.
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slightly modified procedures re-

ported by Conforth, et al.® and
} Sondheimer, et al.,” hecogenin was
- converted to 5«,25D-spirost-11-en-
3p-ol 3-acetate via the bromohydrin
intermediate.

Spirost-11-en-3-one  (2), ob-
tained by the chromic acid oxi-

Hecogenin dation of spirost-11-en-38-ol, was

Chart 5 treated with 2,3-dichloro-5,6-dicy-

anobenzoquinone (DDQ) and the

desired 25D-spirosta-1,4,11-trien-3-one (5a) was obtained. However, this trienone was

contaminated with a very small amount of tetraenone (5b) and due to the difficulty of the

complete separation, the impure trienone (5a) was supplied to examine the following acetolysis
reaction without further purification.

b. Androstane Series 30,120,17-Trihydroxy- 5,8—androstane (7a)® was chosen as a
starting material to synthesize 17g-acetoxy-androst-1,4,11-trien-3-one (16b). In order to
protect the hydroxyl group at C-3 and C-17 in 7a selectively, we attempted acylation reactions
such as carbethoxylation and benzoylation, the latter of which was found to be a preferable me-
thod. 3e,178-Dibenzoyloxy-5p-androstan-12«-ol (7b) was then oxidized to its 12-ketone (8b) by
the Jones reagent. Bromination of this ketone gave a mixture of 11a- and 118-bromo-ketone
(9b).? Reduction of the bromo-ketone with sodium borohydride (NaBH,) followed by treat-
ment with zinc in boiling acetic acid provided the C-11 unsaturated derivative (11b), which was
converted to the diacetate (11d) and hydrolyzed with sodium carbonate in aqueous methanol
to obtain 17-monoacetate (11e) according to the method reported by Immer, ef all® Oxi-
dation of 1le with Jones reagent gave 17p-acetoxy-5p-androst-11-en-3-one (12a), identical
with the physical data reported by the same authors!® in all respects.

Although several procedures were reported in the literature concerning bromination of
the steroidal A-ring in the 5g-series,:12 bromination of 12b was carried out using trimethyl-
phenylammonium perbromide according to the method recently reported by Jacques, ef al.,'®
mainly because this bromination occurred on the carbon next to the ethyleneketal moiety
without affecting a double bond. During the course of ketalization of 12a with ethylene glycol
and p-toluenesulfonic acid, as acid hydrolysis of the 17p-acetoxyl group was also induced
simultaneously, it was reacetylated by the usual way. The thus obtained ketal compound
(12b) was brominated by trimethylphenylammonium perbromide followed by deketalization
with perchloric acid in acetic acid to obtain the bromo-ketone (13). Treatment of 13 with
Li,CO; in DMF gave a mixture of the unsaturated compound (14 and 15). In some cases the
trienone (16b) was also obtained as a by-product, which means that 13 is a mixture of mono-
bromo- and 2,4-dibromo-3-one (13c).

Although dehydrogenation of 15a with DDQ gave the desired 1,4,11-trien-3-one (16b),
this trienone was always contaminated with a small amount of 1,4,6,11-tetraen-3-one (17).
Elimination of the contaminated tetraenone (17) was almost impossible by the usual method
as mentioned earlier.

2 —=5a

i)

6) a) J.W. Conforth, J.M. Osbond, and G.H. Phillips, J. Chem. Soc., 1954, 907; b) J. Elks, G.H. Phillips,
D.A.H. Taylor, and L.J. Wyman, J. Chem. Soc., 1954, 1739.

) M. Nussim, Y. Mazur, and F. Sondheimer, J. Org. Chem., 29, 1120 (1964).

) C.H. Hassall, Organic Reactions, 9, 93 (1957).
) P. Krauth, J. Org. Chem., 32, 3626 (1967).

10) H. Immer, M. Lj. Mihailovic, K. Schaffner, D. Arigoni, and O. Jeger, Helv. Chim. Acta, 45, 153 (1962).

11) J.P. Dusza, J.P. Joseph, M. Heller, and S. Bernstein, J. Med. Chem., 6, 364 (1963).

12) A. Marquet and J. Jacques, Bull. Soc. Chim. France, 1962, 90.
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O OR 0 OR
Br
| —_—
H RO i RO
7a: Ri=R,=R:=H 8a: R=H 9a: R=H
7b: Rzsz R1=R3=C5H5_CO— 8%: R:C Hs CO“ gﬁ- R:CGHs—CO—
70 . R1=R2=R3:EtO_CO“ 8(: : R= Eto CO_ 90: R=Et0_CO_
7d : R.=H, Ri=Rs=FEt0-CO 8d: R=Ac 9d: R=Ac
B OH OR | | OR. OR,
Br
S R0 R
RO o 1 0 7 CHE

10a: R=H 11h: RimRi=Cliy-CO- o & Ra=he

10b : R=CHs-CO- 11c: Ri=R,=EtO-CO- 12b:R,= <8] . Re=Ac
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| Chart 6

Selenium dioxide dehydrogenation of 14 or 15a also gave a pure 17p-acetoxyandrosta-
1,4,11-trien-3-one (16b) without any tetraenone (17) as impurity, but the yield was considerably
low.

II. Structure Determination of the Products from Dienone-phenol Rearrangements

a. Spirostane Series——After trienone (5a) was heated at 90° for 96 hr in acetic acid solu-
tion containing ca. 19, acetic anhydride, the products were separated by preparative thin layer
chromatography (TLC) to give 18¢c in 679, yield together with a small amount of 19b.

i) Structure of 18c:  Hydrolysis of 18¢ with lithium aluminum hydride (LiAlH,) followed
by acetylation under very mild conditions in order to acetylate the phenolic hydroxyl group
selectively, provided a monoacetate (18b). This compound was identical with the B-seco A-
ring aromatic steroidal sapogenin obtained previously by acetolysis of 1la-p-tosyloxy-25D-
spirosta-1,4-dien-3-one in all respects. From this result it is confirmed that the B-seco steroid
(18¢) was derived from the 4''-unsaturated sapogenin (5a), the intermediate which we proposed
earlier.

A further detailed examination of this B-seco steroid was carried out on the androstane
derivatives.

ii) Structure of B/C cis Steroid (19): When trienone (5a) was treated with lithium
perchlorate in acetic acid it also gave 19a in 529, yield. Infrared (IR) spectrum of this com-
pound showed the hydroxyl group and absorption band corresponding to the aromatic nucleus.
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OR

R0
18 a : Ri=R,=H 19a 'R
18 b ! Ry=Ac, R.=H 19b: R=
18 ¢ : Ri=R.=Ac

22

Chart 7

Following signals were observed in NMR!® of 19a: one methyl on benzene ring (4 2.16, s), two
proton signals on benzene with an or¢ho coupling as an AB type doublet of doublets (J=8.0
Hz), unseparable two vinyl protons at é 5.93 and a benzyl allyl proton at é 8.83. Oxidation
of 19b with ruthenium tetroxide!¥ gave an oily aldehyde, the structure of which was tentatively
assigned as 21 from IR. In NMR of the acetate (19b), the appearance of vinyl protons
at 6 5.93 and 5.70 was assigned to the AB part of an ABX pattern. This signal pattern sug-
gests that the acetoxyl substituent on the benzene ring and the double bond are located very
near to each other, according to the effects of acetylation upon neighboring protons and hydro-
xyl groups advocated by Okamoto and Kawazoe® Ultraviolet spectrum (UV) of the
acetate (19b) showed absorptions at 265.5 (¢ 360) and 274.4 nm (e 280) and this indicated that
the double bond was not conjugated with the benzene ring. Summarizing the above results,
it is deduced that the position of the acetoxyl group on the benzene ring should be C-1 and the
double bond at C-11. Configuration of the benzyl allyl proton in 19b was examined by the
100 Hz proton decoupling technique. Upon irradiation of this proton the vinyl proton signal
becomes an AB type quartet and on the other hand irradiation at both vinyl protons led the
benzyl allyl proton to an approximate doublet of a coupling constant of J=8 Hz with the
C-8 proton. These facts imply that the configuration of the hydrogen at C-9 is 8, that is B/C
ring cis-fused, from the modified Karplus equation.16

Catalytic hydrogenation of 19b gave a saturated compound (20). When compared with
molecular rotation ([M]y), circular dichroism (CD) and optical rotatory dispersion (ORD)
data of this 20 with those of the natural B/C trans-fused phenolic compound (23), the results
also indicated that the B and C rings in 20 are cis-fused'? (cf. Table I).

b. Androstane Series——Treatment of the trienone (16b) with 0.5 ~ sodium acetate in
acetic acid gave four kinds of isomerization products when the reaction mixture was separated

13) Abbreviation used: s=singlet, d=doublet, t=triplet, g =quartet and m=multiplet.

14) G. Snatzke and H.W. Fehlhaver, 4un., 663, 123 (1963).

15) T. Okamoto and Y. Kawazoe, Chem. Phaym. Bull. (Tokyo), 11, 643 (1963).

16) K. Kuriyama, E. Kondo, and K, Tori, Tetrahedvon Letters, 1963, 1485 and references cited therein.

17) a) G. Snatzke, M. Majtar, and F. Werner-Zamojska, Tefrahedron, 28, 281 (1972); b) E.]J. Bailey, J.
Elks, J.F. Oughton, and L. Stephenson, J. Ckem. Soc., 1961, 4535,
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with preparative TLC together with the unchanged product which consisted mainly a 414611
tetraen-3-one (17): namely, i. 25c, ii. 26c, iii. 27c, and iv. 25d. The exact yield of each com-
pound was cited in Table III.

R. OR:
11
0
wC

25a: R, =R,=H, R,=«-0H 26a: R,=R,=R,=H 27a: R,=R,=H

OR.

OR: /‘.

mixtures of 9a-and 93-

25b: R,=Ac, Ry—H, R,—-OH 26b: R,~Ac, Ry=R,—H 27b: R,—H, R,=Ac
25¢; Ry;=R;=Ac, Ry=a-OAc 26c: R;=R,=R,=Ac 27¢: R;=R,=Ac

25d: R;=Ry=Ac, R,=4-OAc
Chart 8

1) Structures of 25¢ and 25d: The IR spectrum of 25¢ showed a phenolic acetate band
at 1761 and an acetate band at 1740 cm~1. NMR showed three acetyl methyls (¢ 1.99, 2.04,
and 2.24), one methyl on benzene ring (¢ 2.24), two vinyl protons (8 5.84), one proton attached
to a carbon bearing acetoxyl group (6 4.97) and ABK type three aromatic protons (6 6.69—
7.18) characteristic of the B-seco phenolic steroid. The main parts of this NMR signal pattern
are similar to those of the B-seco sapogenin (18c).

DDQ oxidation® of the 3-monoacetate (25b), in which the phenolic¢ hydroxyl group was
acetylated, gave an o« f-unsaturated ketone (30). Catalytic hydrogenation of 25¢ afforded
a small amount of the hydrogenolysis product (28) together with the saturated compound (29)
and this fact indicated that the second hydroxyl group should be located at the allylic position
of the disubstituted double bond. Chromium trioxide oxidation of 25b gave a diketone (31), ’
and 51gnals of the AB part of the two olefinic protons belonging to the’ ABX pattern were de-
tected in the NMR of this 31. From these results the double bond should be located between
C-9 and C-11 and the acetoxyl group at C-12.

Since in 29 the proton signal corresponding to a hydrogen atom attached to a carbon
bearmg acetoxyl group was observed at ¢ 4.83 as a triplet (J=2.5 Hz), the configuration of
the acetoxyl group was assumed to be «.! We observed an [M], difference of 705° between
the epimeric pair of 25¢ ([M], +326.1°).and 25d ([M], —378.4°), which were obtained from
the conjugated ketone (30) by NaBH, reduction followed by acetylation. When Mills’ rule®®
is applied for these data, it is predicted that 25¢ has an axial acetoxyl group while 25d has
an equatorial one. A similar observation would be 4-976° for methyl chol-9(11)-ene-3«,12a-
diol-ate 12-acetate and -+15° for 12p-acetate epimer, so that the [M], difference is 4961°:
Therefore, the assignment based on the NMR data is consistent with this prediction. Main
product of the NaBH, reduction of 30 followed by acetylation was identical with 25d, obtained
directly by the isomerization of 16b with acetic acid as mentioned above while the minor one
was the epimeric 12a-acetoxy derivative (25c).

ii) Structure of 26c: As a characteristic signal pattern corresponding to the aromatic
B-seco steroid was observed in the NMR spectrum of the triacetate (26¢), the structure of 26
was easily assumed to be very similar to that of 25. Hydrolysis of 26¢c with LiAlH, followed
by acetylation under very mild conditions provided a monoacetate (26b).

18) S.H. Burstein and H.J. Ringold, J. Am. Chem. Soc., 86, 4952 (1964).
19) ¢f. Y. Kawazoe, Y. Sato, T. Okamoto, and K. Tsuda, Chem. Pharm. Bull. (Tokyo), 11, 328 (1963),
20) J.A. Mills, J. Chem. Soc., 1952, 4976.
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33 34a:R=H . 35a:R=H 36
34b: R=Ac 35b: R=Ac

Chart9

VPC examination showed that 26¢, obtained from 26b, was a mixture of almost equal
amount of the two substances. When 26b was oxidized with chromium trioxide it gave only
a pure unsaturated diketone 32 in high yield. These results suggested that both of 26b and
26c are mixtures of the epimeric allylic 9« and 98 alcohols.

The position of the double bond and the acetoxyl group in 26c are deduced by the NMR
spectrum. AB type quartet (/=10.0 Hz) corresponding to two vinyl protons appeared at
6 5.93 and 7.26 in 32 which indicates that the double bond should be located between C-11
and C-12 and the acetoxyl group at C-9. This structure was further confirmed by direct com-
‘parison of the saturated ketone (33), which was obtained by catalytic hydrogenation of 32,
with the compound obtained from androst-4-ene-3,17-dione by oxidative cleavage using micro-
-organisms.?!

iii) Structure of 27c: 27c was also obtained by similar treatment of 16b with lithium
perchlorate as in the case of sapogenin, or with p-toluenesulfonic acid in dioxane.

Analogous signal pattern 27c was also observed in NMR when compared with that of
19b. Examination of [M]p,, ORD and CD of the saturated derivative (34), and its 9a-epimer
(35), having a natural estrane nucleus derived from 36,%% showed similar physical properties
to those of the above-mentioned sapogenin series, 20 and 23. Thus the structure of 27 was
assigned as a B/C cis-fused A-ring aromatic steroid corresponding to 19.

III. Kinetics

_The dienone-phenol rearrangements of the trienone (16b) were carried out in a 95: 5 (w/w)
mixture solvent of acetic acid and acetic anhydride containing p-toluenesulfonic acid and
‘the rates were determined at three different low temperatures and varying acidity function
H,. The results were summarized in Table II with those of reference compound (36). Plot-
ting logarithms of the rates at 20° against —H, yields a straight line with a slope of 1.15 (deter-
mined by least square method) and an intercept value of —4.543 (Fig. 1), from which %, at
H,=0 and 20° was obtained as 2.87 X 10~%sec-*. On the other hand, rates of 36 were deter-
mined at 40°, 50°, and 60° and varying H,.2®» The rates of 36 at Hy=0 were calculated similar

21) E. Kondo and K. Tori, J. Am. Chem. Soc., 86, 736 (1964).
22) Dienone-phenol rearrangement of the reference compound (36) will be published in a forthcoming paper.
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TasrLe I. Spectral Data (MeOH)
Physical data
Compound
[M]p (CHCI,) ORD A(nm)([4]) . CD A(nm)([07)
19b ~1514 400(—4340), 277.5(—14940) 294(0), 275(—2080)
274(—14340), 250(—21400) 268 (—1999) .
225(~—50480), 215(—68150) 247(—475)
20 —639.5 325(—3420), 278(—5860) 300(0), 275.5(—850)
273.5(—5580), 269(—5720) 269(—720), 240(0)
250(~—7310), 230(—13960) 225(—~4640), 210(0)
23b +312.8 400(+866), 350(--1440) 286(0), 274(+810)
300(+42870), 279(+4490) 266(+760), 243(0)
273(+4290), 233(411270)
27h —990 400(—3870), 290(—23720) 302(0), 282(—18920)
268 (+1100), 230(—25140) 244(~518), 229(—9950)
215(—43990) 220(—16070)
34D —288.3 400(—1090), 300(—2280) 300(0), 275(—1010)
279(—3520), 274(—3070) 260(—578), 256(—456)
270.5(—~3150), 230(—10090) 245(0)
217(—7440), 210(—15090)
35b +497.6 400(+1850), 300(+4270) 290(0), 276(+910)
280(+5890), 275(+5360) 272(+673), 268(+794)
270(+5610), 240(+10490) 261(+384), 259(+484)
. o 256(+331), 248(0)
34a ~233.5 400(—1210), 291.5(—10.220) 303(0), 282(—9170)
267.5(+5210), 248(-2260) 247(~366), 231.5(—4670)
' 227 (+5290) ' 225(0)
35a +490.3 400(+1660), 292(+11240) 305(0), 283(+8780)
271(—1840), 238(+7250) 248(+365), 231.5(+48900)
225 (—2650) 223(0), 220(—3070)
TaBre II, Rates and H, of 17 ﬁ-Acetoxoyandrosfa-1,4, 11-trien-3-one (16b)
and -1,4-dien-3-one (36)
OAc
i
Y
YT
0NN 16p
Temp., °C® Acid conc. [N H, Robs, sec™t
20.0 0.01120 —0.87 2.90x 10~
0.01120 —0.87 2.91x10*
0.00540 —0.62 1.46x 10
0.00540 —0.62 1.52x10*
0.00804 —0.80 2.35% 107
30.0 0.00540 —0.62 3.40x 10~
40.0 0.00540 —0.62 8.17x10°*
OAc
Q8
oYY
07VV 36
20.0 0 1.58x 1077

a) Temperatures for 16b were controlled within +0.03° at 20° and within 10.02"' at 30° and 40°,
b) p-Toluenesulfonic acid in 95.0% acetic acid-5.0% acetic anhydride (w/w).
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Fig. 1. DPlots of Logarithmic Rate
Constants at 20° against —H, Func-
tion; Slope=1,15 (#: 0.9979)

to the above. Arrhenius plots of the thus calculated rates at three different temperatures
give a rate (1.68 X107 sec™?) at 20° and Hy=0, which was used for comparison of reactivities.
The unusually high reactivity of 16b is seen here; the relative ratio of 16b to 36 is calculated
as 180. It should be noted that the present results are in sharp contrast with the reported
ones;'" the presence of a carbonyl group at C-11 position greatly retards the dienone-phenol
rearrangement, although both the 41-olefin group and the carbonyl group have a similar ef-
fect on the ground state energy of molecules in a sense that their introduction transforms the
tetrahedral carbon configuration into a strained trigonal one. The slope of approximate unity,
obtained from plotting of the rates of 16b at 20° against H,, suggests on the basis of the Zucker-
Hammett hypothesis that as in the case of 36 the reaction proceeds by the Hammett A-1 me-
chanism which consists of a pre-equilibrium of proton transfer followed by a rate-determining
unimolecular decomposition. Applying a mechanism generally accepted for the dienone-
phenol rearrangement, the reaction of 36 is considered to proceed through consecutive 1,2-
alkyl shifts and involve a cationic species of a cyclohexadiene type of high energy level. On
the other hand, combination of the present rate enhancement and the data on the below-men-
tioned products indicate that the reaction of 16b takes place with formation of a stable cation
of an allyl type as a result of participation of the C-11 double bond.

1V. Products Distribution

The products from 16b were found to be a mixture of compounds resulting from inter-
molecular trapping of the intermediate allylic cation by acetic acid solvent and compounds
resulting from intramolecular trapping by the phenol which was formed from the A-ring to-
gether with the allyl cation. The intermolecular trapping gave four kinds of isomeric allyl

TasrLe III. Product Distribution from 16b%)

Temp., °C H, 27c 25¢ 26¢D 25d
20.0 —0.87 3.0 74.7(71.0) 20 1.9
—0.80 3.0 75.1(71.0) 23 2.3

—0.62 2.6 73.4(69.4) 24 2.1

30.0 —0.62 3.4 75.6 21 1.9
40.0 —0.62 2.7 75.4 24 2.3

a) presented by % theory
b) As 26c was not isolated in a pure form, the yields were not corrected for the sensitivity -
flame detector of VPC, so that they involve some errorS.
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acetates and the intramolecular trapping gave a steroid of the phenol acetate type. Structures
and distribution of the observed products are presented in Table III and Chart 8. However,
the allyl acetates are not stable enough under the reaction conditions. It was observed that
26¢ underwent an allylic isomerization and was converted into 25¢ and a minor amount of
27c. TFurthermore, the pseudo-first-order rate constants calculated from the formation of
25¢ were found to deviate from the real constants obtained from the reacting 16b, These
results show that the data in Table III, strictly speaking, are not of kinetic control. In the
absence of a thermodynamic control, plotting logarithms of amounts of either the decreasing
~reactant (A-At) or the forming product (Aco-At)
against time gives an identical rate constant. In 4
the present plotting of forming 25¢, no thermodyna-
mic control involves for an initial short time. Ad-
apting a value near the yield observed at the end

of reaction as Aco, the rate constant was calculated "
and this calculation was repeated with a slight 50
change of Aco to obtain a rate constant, identical

T

with that calculated from the decreasing reactant ®
(trial and errors). When the identity was attained, AN T e s
the Aoo value is the yield of kinetic control and %.,,/Y : \\@“_‘:::“_
presented in parentheses in Table I11. 0 100 500 300
The allyl alcohol (25b) was treated by a stronger min - :
acid (Hy,=-—1.86) and higher temperature (80°). Fig. 2. Disappearance of 25b (@), For-
As shown in Fig. 2, the formation of B/C cis-fused nFlatm.l of 27¢ (L)), and 25d (/) as a
_ ) ~ unction of Time. The Yield of 27¢
phenol (27¢) was observed with the decrease of 25b was 709 at an Infinity Time,

and the isomeric acetate (25d) was increasingly
formed for a time, and then gradually disappeared. These results are understood in view that
an allyl cation derived from 25b undergoes an electrophilic aromatic substitution to form 27¢

, k1 ks |
12a-OAc (25¢) —= allyl* == 123-OAc (25d)
k1 R-2
s

B/C cis phenol  (ki>k_2)

and, in part, internally returns to 25d which is less reactive because the OAc substituent has
a quasi-equatorial arrangement. The B/C cis-fusion in 27 would result from an attack of the
allyl cation in a sterically less hindered side.

After all, the present investigation clearly demonstrates that, in accord with the previous
suggestion,® if steroidal 1,4,11-triene-3-one is resulted from acetolysis of the 1la-p-toluene-
sulfonyloxy-1,4-dien-3-one as an elimination product (Chart 2), it immediately rearranges
into the B-seco steroid under the reported acetolysis conditions.

Experimental

Melting points were determined with Yanagimoto Micromelting Point Apparatus and uncorrected.
Unless otherwise noted, optical rotations were taken in CHCI, solution with Perkin-Elmer 141 Polarimeter;
CD and ORD in MeOH solution with JASCC ORD/UV-6; UV spectra in 95% EtOH solution with Hitachi
EPS-3T Spectrophotometer; IR with JASCO DS403G; and NMR in CDCl, solution with Varian A-60 using
TMS as internal reference and chemical shifts are shown as 6. Gas-liquid phase chromatography (VPC)
analysis was carried out on a Yanagimoto Gas Chromatograph GCG 550F equipped with a flame ionization
detector.

I. Preparation of Materials

12a-Tosyloxy-25D,5a~spirostan-3~one (1c)—-To a solutlon of the 12<x—hydroxy—3 -one®) (1b), mp 257°,

[o]y —26.2 +£2° (¢=1.069), (4.5 g) in pyridine (70 ml) was added p-toluenesulfonyl chloride (7.0 g) and the

23) Lit. 65) mp 254—257°.
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reaction mixture was kept to stand at room temperature for 2 days. - The reaction mixture was poured onto
crushed ice and extracted with a mixture of ether and CH,Cl,. The extract was washed successively with
dil. HCI, aqueous NaOH solution, H,0, and dried over Na,SO,.  Evaporation of the solvent yielded 5.7 g
of a crude tosylate (1c). Recrystallization of the crude product from #-hexane-acetone gave fine needles,
mp 186.5—187.5°, [«]F® —8.34£2° (¢=0.997). Awnal. Calcd. for C3Hg0:S: C, 69.83; H, 8.27. Found:
C, 69.77; H, 8.30. IR »Yu'cm—1: 3046, 1597, 17186, 1174, ‘ . B

Treatment of 1c with Basic AL0, A solution of 1c (2.6 g) in benzene (130 ml) was heated at ca. 80°
for 8 hr with E. Merck standardized basic Al,0, (104 g). After filtration of Al,Oy, the filtrate was removed
in vacuo. The residue which showed small peaks of vinyl protons at. 5.43 and 5.85 in NMR was purified by
recrystallization from #-hexane-acetone to afford 3 (1.19 g) as prisms, mp 147.5-—151°, [«]%* —929.3 +9°
(¢=1.060). No material corresponding to 2 was isolated after recrystallization. A4nal. Calcd. for CorH O
C,78.59; H, 9.77. Found: C, 78.42; H, 9.91. IR »¥ cm=-1: 1713, 1643. .

Treatment of 1c with Li,CO, To a solution of 1¢ (5.5 g) in DMF (80 ml) was added Li,CO; (4.0 g)
and the mixture refluxed with stirring for 5 hr under N, atmosphere. The solution was diluted with dil,
HCland extracted with CH,Cl,. After evaporation of the solvent, the residue was purified by Al,O, chromato-
graphy followed by recrystallization from n-hexane-acetone to give 1.9 g of 3, mp 143-—147°, identical with
the compound yielded by the above-mentioned procedure. _ :

12a-Hydroxy-25D-spirosta-1,4-dien-3-one . (4b) To a solution of 12«-acetoxy-3-one2d (1a) (8.8 g) in
anhydrous dioxane (250 ml) was added DDQ (15 g) and the mixture was refluxed for 18 hr. After the usual
work-up the resulting material was purified by ALO, chromatography followed by recrystallization from
n-hexane~CHCI, to give 4a (2.8 g), mp 256—258°, [«]¥* —5.6+2° (¢=1.063). Anal. Calcd. for CaoH,, 05
C, 74.32; H, 8.60. Found: C, 74.40; H, 8.77. IR »¥¥'cm~1: 3028, 1628, 1604, 1740 (1245), 1665. The
above acetate (4a) (2.7 g) was saponified with 5%, methanolic KOH (70 ml) by heating on a steam bath for
1 br and a crude product (2.5 g) was purified by recrystallization from n-hexane~CHCI, to yield 4b (2.13 g),
mp 234—237°, [«]3* —53.6£2° (c=1.112). Anal. Caled. for Cy,Hye0,: C, 76.02; H, 8.98. Found: C, 76.02;
H, 9.01. UV Amsx nm (g): 246.5 (13800). .

12a-Tosyloxy-25D-spirosta-1,4-dien-3-one (4c)——To a solution of 4b (2.1g) in pyridine (20 ml) was
added p-toluenesulfonyl chloride (3.5 g) and the mixture was heated on a water bath (40—>50°) for 5 hr, then
allowed to stand overnight at room temperature. After the usual work-up the resultant gum was crystallized
from #n-hexane-acetone to afford 4c¢ (1.5 g), mp 197—198° (decomp.), as needles, [«]% —0.6 4 2° (c=1.151).
Anal. Caled. for Cq,H,,0,S: C, 70.31; H, 7.64. Found: C, 70.20; H, 7.71. UV Amsx nm (e): 228.5 (22100)
244 (15100); IR »Z5¢" cm—1: 3020, 1631, 1606, 1671, 1191, 1175, .

Treatment of 4c with Al,0, Treatment of 4c (500 mg) by basic Al,0, (20 g) in 25 ml of benzene at
60—70° for 9.5 hr followed by working up as above gave an oily substance (243 mg), which was not crystal-
lized after purification with TLC. IR »$3%cm=1: 3042, 1671, 1633, 1608, 891.

Treatment of 4c with Li,CO, Under the above-mentioned conditions, 4¢ (130 mg) was heated with
Li,COq (100 mg) in DMF (5 ml) solution under N, atmosphere for 4 hr and the mixture was worked up as
usual. IR of thus obtained oily substance (50 mg) after purification with TLC was identical with that of the
product obtained above. : S A

25D,5a-Spirost-11-en-3-one {2)——To a solution of the already known spirost-11-en 38-0l25) (100 mg)
in acetone (10 ml) was added Jones reagent (1.2 eq CrO;) and the reaction mixture was stirred for 2 min
under cooling. The mixture was worked up as usual to yield a crude ketone (2) (100 mg). The crude product
was dissolved in benzene and passed through a short Al,O, column and the eluate was crystallized from
n-hexane-acetone to afford plates, mp 170—172°, [o]% —26.4+4° (¢=0.394). Awnal. Calcd. for Cy, H,, O,

"C, 78.59; H, 9.77. Found: C, 78.52; H, 10.02. IR »¥u' cm-1: 2996, 1719.

25D-Spirosta-1,4,11-trien-3-one (5a) To a solution of 2 (3.5 g) in anhydrous dioxane (100 ml) was
added DDQ (8.0 g) and the mixture was refluxed for 21 hr. After filtration of the precipitated DDH, the
solvent was removed % vacuo. The residue was purified by Al,O, chromatography (eluted from benzene—
ether=9: 1 fraction) followed by a further purification with preparative TLC to yield 0.52 g of 5a. Almost
pure 5a (mp 188—190°) was obtained by recrystallization from a mixture of petroleum ether-CH,Cl, as
prisms, [«]p —60.3+2° (¢=1.106). Anal. Calcd. for Co,HgeO4: C, 79.37; H, 8.88;. Found: C, 79.57; H,
9.03. UV Amax nm (e): 246 (15300), 302.5. IR ¥ cm~1: 3033, 1627, 1607, 1667. A very weak absorption
at 302.5 nm in UV suggested that this 5a was contaminated with a small amount of 5b. Purification with
column chromatography, preparative TLC efc. were unable to remove completely the contaminated 5b from
above 5a. ' : A

Partial Benzolyation of 5f-Androstan-3a,12a,17p-triol (7a)——To a solution of 7a® (10 g) in a mixture
of dry pyridine (120 ml) and dioxane (60 ml) was added benzoyl chloride (9.5 ml) slowly at 0° under ice cooling,
The solution was left to stand for 17 hr at 0°, then at room temperature for additional 6 hr. After worked
up as usual, the product was purified by Al,O, chromatography followed by recrystallization from #-hexane

b4

24) mp 220—221°, []#* —1.0£2° (c=1.033). (Lit. 6b). mp 214—217°).
25) mp 190—192°, [«]§* —40.9+2° (¢=1.103). (Lit. 63). mp 192—194°),
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to give 7b (9 g), mp 156—158°, as colourless prisms, [«]} +88.6:1.1° (¢=0.979). = Anal. Calcd. for Cy3H,,O;:
C,76.71; H, 7.80. Found: C, 76.75; H, 7.72. IR »% cm=1: 3500, 1703. '

5p-Androstan-3e,17f-diol-12-one (8a)——To a solution of 7b (796 mg) in acetone (16 ml) was added
Jones reagent (1.2 eq) at room temperature with stirring. After the usual work-up, oxidation product
(762 mg) was recrystallized from n-hexane-acetone to give pure 8b, mp 292—293° as fine needles, [«]% +160.8
£1.9° (¢=0.965). Anal. Caled. for Cy3Hy05: C, 77.01; H, 7.44. Found: C, 76.89; H, 7.57. IR v cm—1:
1711, . Saponification of 8b was carried out with 5%, methanolic KOH under reflux to give 8a, mp 261—262°
(recrystallized from MeOH-ether), [a]3® +96.7+2° (¢=0.971). A4nal. Caled. for C,;H;0,: C, 74.47; H,
9.87. Found: C, 74.47; H, 9.92. IR »¥utcm—1: 3363, 1701,

Cathylation of 7a and Preparation of 8¢ To an ice-cooled of 7a (500 mg) in a mixture of dry pyridine
(6 ml) and dioxane (3 ml) was added ethyl chloroformate (1 ml) dropwise and the mixture was left to stand
for 18 hr at 0° and worked up as usual. Two kinds of oily substances, 7c (280 mg) and 7d (360 mg), were
separated by preparative thick layer chromatography from the reaction products. The compound of 280 mg
must be the 3,12,17-tricathylate (7c) because of no hydroxyl IR band, while the compound of 360 mg was
assigned to the 3,17-dicathylate (7d) because it showed hydroxyl IR band at ~3600 cm~! and an axial
12-hydroxyl group in steroids is belived to resist cathylation. Then, 7d was oxidized with Jones reagent to
give 8¢, mp 146—148°, as needles, [«]5° +106.4+2° (¢=1.018). Anal. Calcd. for CyHyO,: C, 66.64; H,
8.50. Found: C, 66.93; H, 8.62. IRy} cm=1: 1742 (1273), 1705. Hydrolysis of 8¢ with 5% methanolic
KOH afforded 8a, mp 261—262°, identical with an authentic sample described above.

5p-Androst-11-ene-3a,17f-diol (11a) and Its Derivatives——a) wvia 12-Keto-3,17-dicathylate (8c): To
a solution of 8¢ (2 g) in CHCl, (16 ml) was added a solution of Br, (0.9 g) in CHCl, (4 ml) at room temperature
and then the mixture was heated up to ca. 50° and left at the same temperature for 30 min. Solvent was
removed iz vacuo and the residue (9¢c) was dissolved in 959, EtOH (30 ml) and a 7%, aqueous NaHCO, (10 ml)
was added to this solution to keep alkaline. NaBH, (0.5 g) was added to the solution and the mixture was
kept for 3 hr at room temperature with stirring. After worked up in the usual manner, a non-crystalline
crude bromohydrin (10c) (2.1 g) was obtained. A solution of the crude 10c in AcOH (30 ml) was refluxed
for 4 hr with 10 g of Zn dust. After Zn was filtered and washed with CH,Cl,, the filtrate was diluted with
H,O and extracted with CH,Cl,. These CH,Cl, extract and washings were combined, washed with aqueous
NaOH solution, H,O, dried over Na,SO,, and evaporated. Since crystallization of this crude 11¢ was unsuc-
cessful, saponification was carried out with 5%, methanolic KOH to obtain 11-ene-diol (11a), mp 221—223°
as colourless needles, after recrystallization from #n-hexane-acetone, [«]} +25.040.8° [MeOH-CHCl,; (1: 1)]
(¢=0.663). Anal. Caled. for CjH,,0,: C, 78.57; H, 10.41. Found: C, 79.07; H, 10.12. IR »}! cm1:
3293, 3007, 1628. '

b) wvia 12-Keto-3,17-dibenzoate (8b): To a solution of 8b (5 g) in CHCl; (50 ml) containing two drops
of 4~ HBr~AcOH was added a solution of Br, (2 g) in CHCl; (10 ml) dropwise with heating at 40—50° and
the mixture was left to stand at the same temperature for 2 hr. After the solvent was removed i vacuo,
the residue was dissolved in a mixture of ether and CHCl; and the solution was washed with aqueous Na,CO,,
H,0, dried over Na,50,, and evaporated to give 6.65 g of 9b, mp 207-—210° (recrystallized from EtOH),
[a]f +71.7£6° (¢=0.364). Anal. Caled. for C;H,,0,Br: Br, 13.46. Found: Br, 12.14. This crude 9b
(6.6 g) was reduced with NaBH, (2.5 g) as in (a) to give an oily bromohydrin (10b) (5.6 g). Crude 10b (4.3 g)
was treated with Zn dust by the procedure described above to give 565 mg of crystalline 11b (eluted from
petroleum ether—ether on Al,O, chromatography), mp 139—140° (recrystallized from u-hexane-ether),
[x]5+96.1+£1.2° (c=1.128). Amnal. Calcd. for C4Hy0,: C, 79.17; H, 7.65. Found: C, 79.37; H, 7.74.
IR »oucm—2: 3070, 3007, 1723 (1277), 1603, 1584.

Saponification of 11b in the usual manner afforded 11a which was purified by recrystallization from #-
hexane~-CHCI, and melted at 229—230°. :

c) wvia 12-Keto-3,17-diacetate (8d4)»: Twenty grams of the diacetate (8d),29) mp 194—197° obtained
from 8a by an action of Ac,0 in pyridine, was dissolved in a mixture of AcOH (320 ml) and a few drops of
4x HBr-AcOH and to this added a solution of Br, (10 g) in 80 ml of AcOH at 50° according to the above
described manner and the mixture was left to stand for 3 br with stirring. The mixture was worked up as
usual to give 30 g of a crude bromo-ketone 9d. A portion of this was recrystallized from EtOH and showed
mp 139—145°. ORD of this bromo-ketone indicated that this substance was a mixture of the epimeric «-
and B-bromo-ketones.” (Anal. Caled. for CyHyO,Br: Br, 17.02. Found: Br, 17.73). NaBH, reduction
of the remainder of crude 9d followed by treatment with Zn as described in the case of 9b or 9¢ gave ca. 20 g
of a crude olefin (11d). It was chromatographed on Al,O, (E. Merck standardized) to give an oily 11d (6.5 g).
Recrystallization of this from #-hexane-ether gave colourless prisms, mp 102—105°,%7 [@]¥+42.04+2° (c=
1.047). Awnal. Caled. for Cy,3H,,0,: C, 73.61; H, 9.15. Found: C, 74.20; H, 9.20. - , o

5p-Androst-11-en-17-ol-3-one 17-Acetate (12a) To a solution of 11d (17 g) in MeOH (800 ml) was
added at 0° Na,CO; saturated in a mixture of MeOH (280 ml) and H,O (40 ml) and the mixture was kept at

26) [a]f +125.14£1.7° (¢=0.985), IR »%% cm—1: 1723, (Lit. 9). mp 193—194°).
27) Lit. 10). mp 96°. :
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rToom temperature for 2 days. This solution was poured into a saturated aqueous NaCl solution and extracted
with CHCl, and the extract was worked up as‘usual. Separation of the reaction mixture by Al,O, chromato-
graphy afforded 11d (6.5 g) from benzene fraction, the desired 17-monoacetate 11e (6 g) from benzene-ether
fraction, and 11a (2 g) from benzene-MeOH fraction. Pure 1le melted at 153—155° and was identical with
the data reported in the literature,'® [«]3+21.940.5° (¢=1.704).. Anal. Calcd. for C,,Hy,0;: C, 75.86; H,
9.70. Found: C, 76.02; H, 9.96. IR »J3% cm~1: 3595, 1729. NMR: 0.85 (s, 3H), 0.88 (s, 3H), 2.04 (s, 3H),
3.57 (m, 1H), 4.22 (m, 1H), 5.44 (q, /=10 and 2 Hz), 5.88 (q, /=10 and 3 Hz). ‘

11e (1.0 g) was oxidized with Jones reagent in the usual manner to give 12a (1.0 g). This was recrystal-
lized from #-hexane-CH,Cl, to give pure 12a, mp 109—110°, as prisms, [«]5+23.8:£0.5° (¢=0.973). = Anal.
‘Caled. for Cy HyyO4: C, 76.32; H, 9.15. Found: C, 76.04; H, 9.15. IR »5% cm~1: 3023, 1742 (1244), 1722.

3-Ethyleneketal Derivative (12b) To a suspension of 12a (8.1 g) in 700 m! of ethylene glycol was added
$-TsOH-H,0 (0.5 g) and ethylene glycol was distilled slowly in vacuo during 7 hr at 88°. The residue was
poured into 5% aqueous Na,CO, solution under cooling and extracted with ether-CH,Cl,. Since IR of the
tesidue (9.0 g), after evaporation of the solvent, showed no acetyl band, it was again acetylated with Ac,0
(20 ml) in pyridine (50 ml) and worked up as usual. The resulting oil was chromatographed on Al,0; to give
9.7 g of 12b. Crystallization from petroleum ether—ether gave pure 12b, mp 93—95° as colourless needles,
{o]3+22.240.5° (¢=1.055). Anal. Caled. for CyH,,0,: C, 73.76; H, 9.15. Found: C, 73.91; H, 9.01.
IR »35% cm—1: 3016, 1741 (1245), 1099,

Bromination of 12b——To a solution of 12b (900 mg) in anhydrous THF (9 ml), trimethylphenylammo-
nium perbromide (1.1 g) was added at room temperature. After standing for 5 min, the reaction mixture
was poured into 5% aqueous NaHCO; and extracted with ether and worked up as usual. A resultant oily
bromide (1.305 g), without further purification, was treated with 709, HCl1O, (1.5 ml) in a mixture of AcOH
{20 ml) and H,O (5 ml) and the reaction mixture left to stand for 16 hr at room temperature to remove the
protecting group. The crystalline product was recrystallized from #n-hexane-acetone to give 13, mp 152—
155°, [¢]5+22.6+0.3° (¢=0.982). Amnal. Calcd. for C,H,O,Br: Br, 19.52. Found: Br, 19. 83 IR 2554
<m™*: 3012, 1739 (1244).

Dehydrobromination of 13 To a stirred solution of 13 (700 mg) in DMF (15 ml) was added Li,CO,
(1.0 g) and the mixture was heated at 90—100° for 20 hr under N, atmosphere. The mixture was poured
onto H,O and extracted with CH,Cl,~ether. The extract was washed with dil. HCl, H,0, and dried over
Na,SO,. The residue, after evaporation of the solvent, was separated by preparative TLC with benzene—
ether (4: 1) to give two fractions: one of which: was recrystallized from #-hexane-CH,CI, to give 4%1!-dienone
(14) (fine needles, 64 mg), mp 156—159°, [«]¥+148.9+ 1.7° (¢=1.001). Anal. Calcd. for Cy H,,O4: C, 76.79;
H, 8.59. Found:C, 76.43; H, 8.43. UV A, nm (&) : 226.5 (9720). IR »%%% cm—1: 3031, 1744 (1245), 1689,
1619. The other was recrystallized from the same solvent to give 4%!1-dienone (15) (prisms, 168 mg), mp
160—162°, [«]54109.0£1.3° (¢=1.035). Anal. Caled. for CyHye0,: C, 76.79; H, 8.59. Found: C, 76 76;
H, 8.38. UV Zn..nm (g): 239.5 (16100). IR »3% cm=1: 3018, 1742 (1242), 1679, 1620.

In another run using 9.65 g of 13, the following three fractions were separated by preparative thick
layer chromatography: 14 (1.303 g), crude 15 (2.50 g) and 4%%-trienone (16b, 0.833 g).

UV absorptions of the crude 15 at 238 and 287 nm suggested that this material was contaminated with
A%%-trienone (15b). To eliminate the impurity, 100 ml of aqueous Na,S,0; (15 g) solution was added to a
solution of the crude 15 (2.4 g) in MeOH (150 ml) and the solution was refluxed for 4 hr and extracted with
CH,Cl,. After working up as usual, UV of the thus obtained 15a (1.88 g) indicated that the contaminated
trienone (15b) absorbing at 287 nm was almost removed.

Purification of the 3rd fraction (16b) shown above by Al,0, chromatography and TLC followed by recry-
stallization from #-hexane-acetone gave pure trienone (16b) mp 144—145°, [«]3+52.7+4.5° (c=0.205).
Anal. Caled. for CyHyeOy: C, 77.27; H, 8.03. Found: C, 77.14; H, 8.07. UV Amexnm (g): 245 (15700).

Dehydrogenation of 14 or 15a with SeQ, i. To a solution of 14 (400 mg) in a mixture of -~BuOH (20
ml) and pyridine (0.2 ml), SeO, (244 mg) was added and the mixture was refluxed for 14.5 hr under N, atmos-
phere and worked up as usual. Since the crude product was not crystallized, it was hydrolyzed with methanolic
KOH to give crystalline 16a (40 mg). A pure sample melted at 147—149°. Awual. Calcd. for C, oHy,0,: C,

80.24; H, 8.51. Found: C, 80.17; H, 8.46. UV Amax nm (&) : 245 (14100). h

Reacetylation of 16a with Ac,O in pyridine gave the acetate 16b, mp 140—142° (needles) which was iden-
tical with an authentic sample.

ii. Preparation of 16b was also carried out from 15a (50 mg) with SeO, (30 mg) by the procedure
described as above. The reaction product was purified by Al,0, chromatography followed by recrystalliza-
tion from petroleum ether—ether to give 16b (8 mg), mp 140°, identified with an authentic sample.

Dehydrogenation of 15a with DDQ-——15a (1.85 g)-was dehydrogenated w1th DDQ (1.4 g) as described
in the case of the spirost-11-en-3-one (2) to give a crude 16b (1.172 g), mp 150—152°, As UV of this crude
material indicated that it was contaminated with a considerable amount of the tetraenone (17), 17 was re-
moved by repeated crystallization from #-hexane-acetone as far as possible. The residye of the mother
liquor was purified by Al,0, chromatography followed by recrystallization from petroleum ether—ether to give
almost pure 16b (485 mg), mp 137—140°.
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II. Structure Determination of the Acetolysis Products

Acetolysis of 5a A solution of 5a (100 mg) in 5 ml of AcOH containing 1% Ac,O was heated at 90%
in a sealed tube for 96 hr. . . The solution was poured onto ice water and extracted with CH,Cl,. After working
up as usual the residue was separated by preparative TLC (KG. benzene: ether=9: 1) to obtain 2 mg of oily
19b (2%) and 49.5 mg of oily 18¢ (409%,) with recovery of 41 mg of crystalline 5a (41%) contaminated with
5b. : ‘

Yields on Text were corrected for the recovered 5a. :

Structure of 18c After LiAlH, (5 mg) was added to a stirring solution of 18c (40 mg) in anhydrous
ether (5 ml) at room temperature, excess of LiAlH, was decomposed with AcOEt under ice cooling. After
H,0 was added and the organic layer was separated, and aqueous layer was extracted with CH,Cl,~ether.
The combined extracts were washed with dil. HCl. H,O, dried over Na,SO, and evaporated to give 40 mg of
a colorless oil 18a, This oil showed no absorption corresponding to an acetoxyl group in IR.

To a solution of 18a (35 mg) in pyridine (1.3 ml) and CHCl; (1.3 ml) was added Ac,O (0.33 ml) at 0°
and the mixture left to stand for 3.5 hr at the temperature. The solution was worked up as usual and the
acetylated substance was separated by preparative TLC (KG. benzene: ether=4: 1) to give an oily 18c
(13 mg) and crystalline 18b (15 mg). Recrystallization of crude 18b from »-hexane-acetone gave fine needles,.
18b, mp 88—90°.. This monoacetate was identical with that obtained by acetolysis of 11a-tosyloxy-25D-
spirosta-1,4-dien-3-one in all respects.

Structure of 19a a. Reaction of 5a with LiClO,: To a solution of 5a (192 mg) in AcOH (10 ml)
containing 1% Ac,O was added LiClO, (0.532 g) and the mlxture heated at 90° for 19.5 hr and worked up as
described above to give an oily residue (230 mg). Purification by preparative TLC gave crystalline 19a in a.
vield of 52%, mp 204—206° (from petroleum ether—ether), [¢]5 —343.7 £7.3° [MeOH~-CHCl; (1: 1)] (¢=0.490).
Anal. Caled. for Cy,H,,05: C, 79.37; H, 8.88. Found: C, 79.56; H, 8.94. UV Amax nm (¢) : 280—286 (2480):
IR »¥uo cm=1: 3840, 3028, 15688. NMR: 0.94 (s, 3H), 2.16 (s, 3H), 3.83 (d-t, /=8 Hz, 1H), 5.93 (2H), 6.47
(d, J=8 Hz, 1H), 6.80 (d, /=8 Hz, 1H).

Treatment of 19a with Ac,O and pyridine gave an acetd‘ce (19b), mp 174—176° (prisms, from acetone),,
[«]5—336.0+£7.2° (¢=0.475). Amnal. Calcd. for CypHyeO,4: C, 77.30; H, 8.50. Found: C, 77.27; H, 8.42.
UV Amax nm (£): 265.5 (360); 274.4 (280). IR 5% cm—1: 3003, 1762, 1203, NMR: 0.92 (s, 3H), 2.21 (s, 3H),
2.28 (s, 3H), 3.65 (1H), 5.70 (q, /=10 and 2 Hz), 5.93 (q, /=10 and 1 Hz), 6.78 (d, /=8 Hz, 1H), 6.98 (d,
J=8 Hz, 1H). ;

b. Oxidation of 19b with RuO,: To a RuO, solution prepared from RuO, (8 mg) suspended in CCl,
(2 ml) by an action of NalO, (21 mg)-H,O (2 ml), a solution of 19b (12 mg) in CCl, (2 ml) was added at room:
temperature with stirring and the mixture stood for 1 hr. The black percipitate was filtered off after addition
of 3 drops of MeOH, and the solvent was evaporated without heating. Since an oily residue obtained was.
very labile, it was dissolved in CCl, and examined by the IR. IR of this crude 21 showed absorptions corres-
ponding to an aldehyde group. IR »i3% cm~1: 1765, 1723, 2766.

c. Hydrogenation of 19b: 19b was reduced catalytically with 10%, Pd-C in acetone at room tempera-
ture. The product was recrystallized from petroleum ether to give 20, mp 142—144°, [«]7—141.3£2.4°
(¢=0.741). Amnal. Calcd. for CyoH,0,: C, 76.95; H, 8.91. Found: C, 76.63; H, 8.86. UV Am.x nm (e): 267
(287), 273 (239). IR »%; cm~1: 3080, 1766 (1207).

Diencne-phenol Rearrangement of 22 To a solution of 22 (500 mg) in dioxane (10 ml) was added conc..
HCI (20 ml) and the solution was refluxed for 2 hr. H,O was added and the organic substance extracted
with ether. The ether extract was washed, dried and evaporated in vacuo to give an oily residue (500 mg).
The resulting residue was separated by preparative TLC (KG. benzene: ether=4: 1) into two fractions:
yellow oily substance (23a) (180 mg) and yellow oil (24a) (110 mg). As both substances were very unstable,
each of them was acetylated with Ac,O in pyridine. The former was purified by TLC followed by recrystal-
lization from petroleum ether-ether to give pure 23b, mp 182—184°, [«]5-+69.1+5° (¢=0.320). Anal.
Caled. for CygH,0,: C, 76.95; H, 8.91. Found: C, 76.70; H, 9.01. UV Amax nm (&) : 268 (345), 276 (277).
IR »%3% cm—2: 1762, 1209.

From the latter, crystalline 24b, mp 214—216°, was obtained by recrystallization from #-hexane-CHCl,
then from n-hexane-AcOEt. 24b was identified with an authentic sample.

Acetolysis of 16b Into a 0.58 AcONa-AcOH solution containing 5% Ac,O was dissolved 16b and the
solution heated at 90+5° for 190 hr. The reaction mixture was poured 1nt0 a saturated NaCl solution and
extracted with CH,Cl,. The extract was washed with 5% NaHCOj, solution, H,0, dried and evaporated.

The residue was separated by preparative TLC to give four products oily 27¢, oily 26c¢, oliy 25¢, and
crystalline 25d, with recovery of some 17. Yields in total were quantitative and ratios of theoretlcal yields.
of the products were 5.2: 21.3: 67.8: 5.7, respectively.  Rf values on TLC (KG. benzene: ether=5: 1) were
0.68 for 27c¢, 0.45 for 26¢, 0.38 for 25c, 0. 30 for 25d, and 0.19 for 17; retention time on VPC (1.59, XE-60 on
80—100 mesh Gas Chrom Q packed in stainless steel (0.75 m X3 mm) column, oven temperature at 205
with a flow rate of N, in 79 ml/min) were 3.4 min for 27c, 5.2 for 17, 6.1 for 25¢, 7.5 and 8.5 for 26c and 13.0
for 25d, respectively.

Structure of 25¢ Oil, []®4+76.14£1.2° (¢c=1.012). UV Amax nm (&) : 267.5 (626), 274 (608). IR vy
cm-1: 3023, 1761 (1210, 1193), 1740 (1243), 1611, 1586. NMR: 0.85 (s, 3H), 1.99 (s, 3H), 2.04 (s, 3H), 2.24
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(s, 6H), 4.97 (m, 1H), 5.84 (m, 2H), 6.69—7.18 (ABK, 3H).

a. Conversion of 25¢ to 25b: A solution of 25¢ (250 mg) in anhydrous ether (15 ml) was added to a.
cther solution (25 ml) of LiAlH, (50 mg) at room temperature and stirred for 3 hr. AcOEt was then added
to decompose the excess LiAlH, under ice cooling. After addition of a saturated aqueous NaCl solution, the
mixture was extracted with CH,Cl,. The extract was washed, dried, and evaporated i» vacuo to give an oil,
252 (170 mg), which was acetylated with Ac,O in a mixture of pyridine and CH,Cl, (1:1). The solution
was worked up as usual and products were separated by preparative TLC (KG. 750 y, benzene: AcOEt=1: 3)
to give 91 mg of 25b and 100 mg of a mixture of di- and triacetate. Recrystallization of 25b from #-hexane~
ether gave fine needles, mp 70—72°, [«}5—5.9+1° (¢=0.461). Anal. Calcd. for CyHysO,-1/2H,0: C, 71.36;
H, 8.27. Found: C, 71.33; H, 8.55. UV Amaxnm (g): 267 (605), 273.7 (585). IR »{i%% cm~1: 3670, 3610,
3430, 1754, 1635, 1611, 1589.

b. Oxidation of 25b with CrO,-pyridine Complex: A solution of 25b (27 mg) in pyndme (1 ml) was
added to CrO, (40 mg)-pyridine (1 ml) complex and the mlxture left to stand at room temperature for 2
days. This was extracted with AcOEt and worked up as usual. The residue was purified by preparative
TLC (GFy54, 750 1, benzene: ether=2: 3) to give two fractions. The less polar fraction was an oily 30 (8 mg)
which was identified by IR with that resulted from 25b by the following DDQ oxidation. The more polar
fraction was a diketone (31) (14 mg) which was recrystallized from n—hexane-—ether to give prisms (4 mg),
mp 1256—126.5°, [« 8162.9+1.2° (¢=0.855). Anal. Calcd. for C,H,,0,: C, 74.09; H, 7.11. Found: C,
73.94; H, 6.92. UV Aumaxnm (¢): 218 (16800). NMR: 1.17 (s, 3H), 2.27 (s, 3H) 2.31 (s 3H), 5.95 (q, J=
10.0 and 2.5 Hz), 6.85 (1H), 6.75—7.25 (3H).

¢. DDQ Oxidation of 25b: A mixture of 25b (10 mg) and DDQ (10 mg) in anhydrous dioxane (1 ml)
was heated at 95° for 8.5 hr. The residue was purified by TLC to give 4 mg of an oily 30. IR »i34 cm—*:
3500, 3600, 1765 (1190), 1685, 1645. ‘

d. NaBH, Reduction of 30: The «,f-unsaturated ketone (30) (25 mg) was reduced with NaBH, (20 mg)
in MeOH (1 ml) at room temperature with stirring for 2 hr. The reaction mixture was poured into an aqueous.
NaCl solution and extracted with CH,Cl,. The extract was washed with H,0 and evaporated to give 21 mg
of an oily substance. This oil was acetylated with Ac,O (0.5 ml) in pyridine (1 ml). The acetylated sub-
stance was purified with TLC (KG. benzene: ether=5: 1) to give an oily 25c¢ (2 mg) and a crystalline 254

(18 mg). The former was identical with the product obtained from the acetolysis of 16b when compared
w1’ch IR, TLC and VPC. The latter was recrystallized from #-hexane—ether to give pure 25d (13 mg) mp
128.5—129.5°, identical with the acetolysis product of 16b, []%—88.34+2.8° (c=0.452). Anal. Caled. for
CosH 3,041 C, 70.07; H, 7.53. Found: C, 70.00; H, 7.72.

e. Hydrogenation of 25¢: 25c (120 mg) was hydrogenated with 10% Pd-C (100 mg) in AcOEt (25
ml). The reduced substance was separated by preparative TLC (GFyy,, 750 y, benzene: ether=6: 1) to give
three fractions. The less polar substance (2 mg) was deduced as 28 from IR, in which intensities of the bands
corresponding to a phenyl acetate and to an aliphatic acetate are almost equal. 28 was not further inves-
tigated due to insufficiency of the material. From the middle fraction a mixture (37 mg) of the starting
material (25¢) and a saturated product (29) was obtained. From the polar fraction 66 mg of an oily 29 was
yielded. [a]3+24.240.7° (¢=0.906). UV Amaxnm (¢): 267 (591), 273.8 (575). IR 2% cm~': 3012, 1762
(1191), 1740 (1244), 1614, 1588. NMR: 0.88 (s, 3H), 1.99 (s, 3H), 2.06 (s, 3H), 2.26 (s, 6H), 4.83 (t, ] =2.5
Hz, 1H), 4.96 (m, 1H), 6.69—7.19 (ABK, 3H).

Structure of 25d Needles, from n-hexane-ether, mp 127.5—130.5°. IR 334 cm~1: 1767, 1750,
1245, 1210, 1192, NMR: 0.91 (s, 3H), 1.99 (s, 3H), 2.02 (s, 3H), 2.26 (s, 6H), 4.75—5.37 (m, 2H), 5.52—5.90
(m, 2H), 6.72—7.27 (ABK, 3H). This substance was identical with the substance obtained by NaBH,
reduction of «,f-unsaturated ketone (30) followed by acetylation.

Structure of 26¢ Oil, [«]%—3.740.6° (c=0.764). IR »5% cm~1: 1766 (1211), 1743 (1234). NMR:
0.87 (s), 0.96 (s), 2.05, 2.25, 6.68—7.18.

a. Saponification of 26¢ with LiAlH,: To a stirred suspension of LiAlH, (100 mg) in ether (25 ml),
26¢ (106 mg) in anhydrous ether (10 ml) was added at room temperature and the mixture was stirred for
3.5 hr and worked up. The saponified substance (84 mg) was partially acetylated with Ac,O (0.9 ml) in a
mixture of pyridine (3.5 ml) and CH,Cl, (3.5 ml) under cooling at 0° during 40 min. After worked up, an
oily residue was purified by preparative TLC to give an oily phenylacetate (26b) (58 mg) and a mixture of
di- and triacetate (24 mg). For 26b, IR »3i%" cm~*: 3520—2960, 1753. A portion of the phenylacetate
(26b) was again led to a triacetate which was subjected to vpc examination (¢f. page 263). VPC showed that
the oily triacetate was a mixture of two isomers in almost equal amount. The following oxidation clarified
that this mixture is C-9 configurational epimers.

b. Oxidation of 26b with CrO,: To a solution of the phenylacetate (26b) (55 mg) in pyridine (2 ml)
was added with CrO, (80 mg)-pyridine (2 ml) complex at room temperature and the mixture left to stand
for 2 days. The product was purified with preparative TLC (GF,5,, 750 @, benzene: ether=1: 2) followed
by recrystallization from n-hexane-ether to give diketone (32) (41 mg, prisms), mp 141-—143°, [«]7+34.9+
1.3° (¢=0.551). Anal. Caled. for C,,H,,0,: C, 74.09; H, 7.11. Found: C, 74.08; H, 7.04. UV Amaxnm
(e): 213 (17400). NMR: 1.11 (s, 3H), 2.26 (s, 3H), 2.31 (s, 3H), 5.93 (d, J=10.0 Hz), 7.26 (d, /=10 Hz), 6.70
—7.18 (ABK, 3H).
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¢. Hydrogenation of 32: A mixture of diketone (32) (15 mg) and 109, Pd-C (50 mg) in acetone (20 ml)
‘was shaken with H,.  After working up as usual, the residue was recrystallized from #-hexane-acetone to give
33 (12 mg), mp 145.5—147.5°, This compound was identical with that of the authentic sample (mp 144.5—
148°) obtained from androst-4-en-3,17-dione by microbial transformation, reported by E. Kondo, ef /.20

Structure of 27c Oil, IR 58 cm~1: 1758, 1739, 1239, 1204. :

a. Partial Saponification of 27c:” To a solution ‘of an oily 27c (22 mg) in benzene (5 ml) was added
AlL,O; (E. Merck standardized) (5 g) and the mixture left overnight at room temperature, After filtrarion
of Al,0,, the mixture was treated with preparative TLC followed by recrystallization from n-hexane-acetone
to give pure 27b (2.5 mg) mp 165.5—168° (fine needles), [«]%3—303.3+6.3° (¢=0.552). Anal. Calcd. for
C,H,,O;: C, 77.27; H, 8.03. Found: C, 76.73, 76.55; H, 7.77, 8.04. (Calcd. for C,H,,0;-1/2CH;COCHj:
C, 76.02; H, 8.22). IR »{licm~1: 3610, 3450, 3020, 1736, 1718 (acetone?), 1590, 1264, 1242. NMR:
0.96 (s, 3H), 2.06 (s, 3H), 2.15 (s, 3H), 3.86 (1H), 4.71 (m, 1H), 5.93 (q, J=10.0 and 1.5 Hz), 6.16 (q, J=10.0
and 2.1 Hz), 6.48 (d, /=8 Hz), 6.81 (d, /=8 Hz). '

b. Rearrangement of 16b: With LiClO,: To a solution of 16b (50 mg) in glacial AcOH (5 ml) was
added LiClO, (100 mg) and the mixture heated at 90+2° for 19 hr. The mixture was poured into H,0
and extracted with CH,Cl,. The extracts were washed with 5% NaHCO,, H,0, and dried over Na,SO,.
The solvent was removed and the oily residue was purified by preparative TLC (KG. 750 u, benzene: ether==
7:1) to give 30 mg (60%) of 27b. Recrystallization from z-hexane-acetone gave pure 27b, mp 160——162°
{fine needles).

With p-TsOH: To a solution of 16b (50 mg) in dioxane (5 ml) was added p-TsOH-H,O (790 mg) and
the mixture heated at 95° for 1 hr, The mixture was poured into a saturated aqueous NaCl solution and
extracted with CH,Cl,. The extracts were washed with 5% NaHCO,, H,0, dried over Na,SO,, and evapo-
rated to dryness. The residual oil without purification was acetylated with Ac,O (2 ml) in pyridine (5 mi),
and worked up in the usual manner. To a solution of acetylated substance in benzene (8 ml) was added
5.0 g of Al,O,4 and the mixture left to stand at room temperature for 31 hr. After removal of the solvent,
the residue was purified by preparative TLC (KG. 750 ., benzene: ether=7: 1) to give 27b (20 mg). Recry-
stallization from n-hexane-acetone afforded pure 27b, mp 164—165°, identical with the specimen obtained
by the above-mentioned procedure,

¢. Conversion of B-seco Steroids into A-aromatic B/C cis Steroid: From A-aromatic B-seco A4%11)-12¢-
‘Allyl Acetate (25¢): To a solution of 25¢ (43 mg) in glacial AcOH (4.0 ml) was added 88 mg of LiCiO, and
the mixture heated at 90 +2° for 19 hr, Working up as described in the case of 16b with LiClO, gave 22 mg
of an oily residue. The residue was treated with Al,O, as above to give 27b (10 mg), mp 165—167°.

From A-aromatic B-seco 431(12-9-Allyl Acetate (26c) To a solution of an oily 26¢ (40 mg) in glacial
AcOH (5 ml) was added 80 mg of LiClO, and the mixture treated as described in the case of 16b. The crude
resulting product was separated by preparative TLC (KG. 750 u, benzene: ether=5: 1) into two fractions.
From the less polar fraction was obtained 27c (14 mg). From the more polar fraction was yielded 27b (9 mg),
mp 164—166° (from n-hexane—acetone). ~

d. Hydrogenation of 27b: 27b (41 mg) was hydrogenated with 109, Pd-C (100 mg) in acetone (20 ml)
to give 34a. Recrystallization from #-hexane-acetone yielded pure 34a (25 mg), mp 203—204.5°, [«]3—71.1
+1.2° (¢=0.959). Anal. Caled. for Cy,yH,40;: C, 76.79; H, 8.59. Found: C, 76.95; H, 8.61. IR »i i cm=1:
3594, 3424, 2994, 1724, 1589. 34a was dcetylated with Ac,O in pyridine to give crystalline 34b. Recry-
stallization from #u-hexane-ether yielded pure 34b, mp 114—116° (prisms), [«]¥—77.841.9° (¢=0.636).
Anal. Caled. for C,3H,0,: C, 74.56; H, 8.16. Found: C, 74.66; H, 8.19.

Androsta-1,4,6,11~tetraen-3-one (17) A product from DDQ dehydrogenation of 15a was purified
by recrystallization from #n-hexane-acetone to give pure 17, mp 166—169°, [«]3+5.74+0.5° (¢=0.990).
Anal. Calcd. for CyH,,05: C, 77.75; H, 7.46. Found: C, 77.62; H, 7.61. UV Amexnm {g): 224 (11000),
256.5 (9450), 302.5 (11500).

III. Kinetics on 16b ,

‘ Approximate 25 mg of the sample (16b) was weighed into a 25 ml volumetric flask and filled with a 95.0:
5.0 (w{w) mixture of glacial AcOH and Ac,O containing a definite amount of anhydrous »-TsOH. The
flask was immersed in a constant temperature bath and aliquots, 2 ml portions of the reaction solution at a
reaction temperature, were withdrawn from the flask avoiding the moisture under N, stream at an appropriate
time interval.A given amount of 178-acetoxyandrost-4-en-3,11-dione (internal reference for vpc analyses)
was added to the aliquots and extracted with CH,Cl,. The extract was washed with a saturated aqueous
NaCl solution, dried over Na,SO,, and evaporated. The resultant residue was acetylated with Ac,O and
pyridine as usual and the acetylated products were examined with vpc.

1% Diethylene glycol succinate on Gas Chrom Q packed in a stainless steel column (0.75 m X 3 mm) was
1used and the oven temperature maintained at 205° during the analyses. Retention times were as follows;
9.9 min for 27c, 4.3 for 16b, 5.7 for 25¢, 6.8 and 7.7 for 26¢, 11.6 for 25d and 10.2 for the internal reference.
The peak areas were estimated Wlth the usual half-width method. Plots of log (A-At) (A and At represent
the peak areas at the initial and any times) vs time showed a straight line. Rate. cpnstants -were obtained
with the least square method by using FACOM 270-30 and listed in Table II.

NII-Electronic Library Service



No. 11 2727

Isomerization of 26¢ in Acid To 2 ml of a 95.0: 5.0 (w/w) mixture of AcOH and Ac,O containing:
$-TsOH in the concentration of 0.0054x was added 26¢ (2.0 mg) and the mixture allowed to stand at 20.0 +
0.03° in a constant temperature bath for 10 half-lives, during which almost complete isomerization of 16b
takes place. The material, extracted with CH,Cl, from the reaction mixture, was acetylated and examined
with vpe. A product (25c) was observed which corresponds to ca. 99, isomerization.

In another run, 0.0112x p-TsOH was used and the reaction products were treated as above. Formation
of 25¢ in about 179, yield was observed. = ‘

IV. Intramolecular Aromatic Substitution of 25b

Approximate 25 mg of the sample 25b was weighed into a 25 ml volumetric flask and filled with a 95.0:
5.0 (w/w) mixture of glacial AcOH and Ac,O containing 0.1951n $-TsOH (Hy=—1.86).

The flask was allowed to stand in a bath maintained.at 80.0° and 2 ml portions of the reaction mixture
was withdrawn. To each of aliquots was added a given amount of 3a,17p-diacetoxy-58-androstan-12-one
(internal reference for vpc), extracted, and the extract was acetylated before analyses. Amounts of 25c,
25d, and 27c were estimated from vpc by using a calibration curve and the results were shown in Fig. 2.
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