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Steroidal ¢is-diol monoacetates (1, 9, 11, and 13) were refluxed with zinc powder in acetic acid to give the corre-
sponding olefins (2, 10, 12, and 14) in good yield. Under the reaction conditions, no reaction occurred with diol
diacetates (1Ib: R;=R,=H, R;=R;=Ac and Im: R,=C.H;, R,=H, R;=R,=Ac) and #rans-diol monoacetates

(15 and 16).

Acyclic erythro and threo diol monoacetates (17 and 19) underwent highly stereoselective reduction

affording 18 and 20, respectively. The olefin-forming elimination proceeded with syn-elimination of a cyclic

orthoacetate intermediate (21).
(26) and orthoesters (27) were also investigated.

In connection with mechanistic studies on the Serini
reaction,!»? the addition of a catalytic amount of acetic
‘acid accelerate was reported to the Serini rearrange-
ment.? During the course of an investigation of the
effect of acetic acid on the rearrangement, it was found
that increase in the amount of acetic acid resulted in the
formation of olefinic products. Thus, treatment of 16,-
17-dihydroxy steroid monoacetates (1) with zinc powder
in toluene in the presence of an excess acetic acid at 130
°C for 8 h gave the olefinic compounds (2) as a major
product and a trace of the Serini rearrangement prod-
ucts (3). The finding has led to an investigation of the
reductive elimination of diol monoesters to olefins. This
paper describes the scope of this new reaction using a
variety of steroidal diol monoesters.

Results and Discussion

The solution of steroidal 16,17-¢cis-diol monoacetates
(1)® in acetic acid was refluxed with freshly activated
zinc powder? under nitrogen for 4—6 h. After removal
of the zinc by filtration, the filtrates were extracted with
ether to give the corresponding steroidal 16-enes (2). Of
various cis-diol monoacetates, secondary-tertiary diol
monoesters were smoothly converted into olefins in high
yields, together with a small amount (<59%) of the de-
hydrated compounds (4) as a by-product. Secondary-
secondary diol monoacetates were reduced in lower yield
and a large amount of diacetate (1b: R;=R,=H, R;=
R,=Ac) was formed.¥ The corresponding diacetates

The effect of some metals on the reduction and the behavior of a number of esters

(Ib and 1Im: R;=CgH;, R,=H, R;=R,=Ac) were
not affected under the reaction conditions.®

In order to investigate the participation of the neigh-
bouring double bond, 16«-vinyl-168,17f-diol 17-mono-
acetate (1i)»? was heated with zinc in acetic acid to
afford 16-vinyl-16-ene (2i) in 259, yield, coupled with
164-vinyl-178-acetate (5), its 16a-isomer (6) and (E)-
16-ethylidene-178-acetate (7) in 22, 26, and 179, yields,
respectively. The (E)-configuration of 16-ethylidene
group in 7 was confirmed by the conversion (hydrolysis
and then oxidation) of 7 into the known (E)-16-ethyli-
dene-17-one derivative.? An allenium ion intermediate
(8) leading to the formation of 5, 6, and 7 may be involv-
ed in this reaction. The results are summarized in
Table 1 and the spectral data of 2 are given in Table 2.

In the androstane series, cis-diol monoacetates 92 and
118) were treated with zinc in acetic acid to give the
corresponding steroidal olefins 10 and 12, respectively,
without elimination of the 38-acetyl group. Diol mono-
acetate (13)? having a 4-en-3-one system was refluxed
with zinc in acetic acid to give 3,16-diene (14) accom-
panied by concomitant Clemmensen type reduction®
of the system.

On the other hand, when trans-diol monoacetates (15
and 16)» were refluxed with zinc in acetic acid for a
prolonged reaction time, most of the starting materials
were recovered unchanged, along with a small amount
(<5%) of the olefinic products (2e: R,=H, R,=Me,
and 2I: R,=CgH;, R,=H) even after 56 h.

The following results demonstrate that the olefin-

Scheme 1.
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TaBLE 1. REDUCTIVE ELIMINATION OF 16,17-DIHYDROXYSTEROID MONOACETATES (1) TO A8-sTEROIDS (2)
Reaction . b
Acetates - Products Mp Yield™
) R, R, R, R, t(l}rlr;e 2 ©C) (%)
a H H Ac H 6 a® 63 7
b H H Ac Ac 56 — — —
c D H Ac H 6 c 63 19
do Me H H Ac 4 d 100 85
e H Me Ac H 4 e 123 88
f Et H H Ac 4 f 74 92
g Et H Ac H 4 f 74 74
h Et D H Ac 6 h 74 83
i CH=CH, H H Ac 2 i 111 25
j CH,CH=CH, H H Ac 4 j 48 86
k (CH,),CH=CH, H H Ac 4 k 0il® 88
1 CeHj H H Ac 4 1 154 87
m C,H; H Ac Ac 56 — — —
a) Ref. 2. b) The yields given are based on recrystallized products from CH;OH. c) L. Cagliati and
M. Magi, Tetrahedron, 19, 1127 (1963). d) H. Mori and K. Yasuda, Yakugaku Zasshi, 80, 330 (1960).
e) Crystallization was unsuccessful.
TABLE 2. SpEd'rRAL DATA OF A'® -sTEROIDS (2)
A6 ( KIII;Kr \ 1H-NMR (CDCl,) é (ppm) MS (m/e)
Steroids R, Re %41 18Me O-Me 17-H  Ar-H T
2 (cm-) (3H,s) (3H,s) (1H,s) (3H, m) Others M+ Others
d Me H 1625 0.78 3.77 5.50 6.6—7.3 1.73(3H, s, 16-Me) 282 267, 253
e H Me 1625 0.74 3.72 — 6.6—7.3 1.65(3H, s, 17-Me), 282 267, 253
5.27(1H, m, 16-H)
f Et H 1630 0.78 3.77 5.52 6.6—7.3 1.02(3H,t, J=7 Hz, Me) 296 281, 267
h Et D 1635 0.78 3.77 — 6.6—7.3 1.02(3H, t, /=7 Hz, Me) 297 282, 268
i CH=CH, H 1630» 0.81 3.70 5.78 6.6—7.3 4.96(1H, d, J=11 Hz,=CH), 294 279, 265
5.04(1H, d, /=17 Hz,=CH),
6.2—6.6(1H, m, -CH=)®
J CH,CH=CH, H 1625 0.80 3.77 5.53 6.6—7.3 4.8—6.4(3H, m, -CH=CH,) 308 293, 267
k (CH,),CH=CH, H 1630» 0.79 3.78 5.55 6.6—7.3 4.8—6.4(3H, m, -CH=CH,) 322 307, 28l
19 CH; H 1625 0.91 3.73 6.25 6.6—7.3 7.26(5H, m, Ar) 344 329, 213

a) UV (EtOH) 4,,, nm (g): 221 (12000), 231 (16500), 236 (11400.0). Ab) Overlapped with terminal olefinic band.
c) Overlapped with aromatic protons. d) UV (EtOH) 4_,, nm (g): 220 (13000), 258 (9800).

forming elimination of acyclic erythro and threo diol
monoacetates proceeded stereoselectively and in good
yield. 17e,200-Diol monoacetate (17), when treated
with zinc in acetic acid for 8 h at 120 °C, afforded stereo-
selectively (93%) (Z)-17-ethylidene derivative  (18)10)

in 929, yield, whereas 208-epimer (19) gave stereoselec-
tively (949%,) (E)-17-ethylidene isomer (20)Y) in 939,
yield.

The results suggest that the dideoxygenation reaction
proceeds with reductive cis-elimination of a cyclic ortho-
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acetate intermediate (21),2 which is in accord with the
recent syn-elimination'?-19) of 1,3-dioxolan derivatives.

The explanation is supported by the following results.
The cyclic orthoacetate (23), prepared from diol (22)2
and trimethyl orthoacetate,'® was refluxed with zinc in
acetic acid to yield 2f in 939, yield. It should be noted
that heating of 23 with acetic acid gave (Z)-16-éthyli-
dene-17f-acetate (24)'% via trans-elimination of meth-
anol quantitatively. Furthermore, treatment of 23
under the conditions of the Serini reaction (zinc in

toluene)?) gave 168-ethyl-17-one (25) and 24 in 839,
yield with a ratio of 1: 5. Assignment of the configura-
tion of 16-ethylidene group in 24 was made by compari-
son of the NMR spectrum with that of (£)-16-ethylidene
isomer (7).

In order to investigate the behavior of esters other
than acetates, several esters were subjected to the
reaction conditions. The esters (26) were smoothly
converted into the olefin (2f) in a range of 70—
909, yield. 'This means that the reaction is not restrict-
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TaBLE 3. REDUCTIVE ELIMINATION OF 16,17-DIHYDROXYSTEROID MONOESTERS (26) AND
THE CORRESPONDING ORTHOESTERS (27) TO A'®-sTEROID (2f)

Estes g Mp  Reaction Yieldw Orthe- Mp R g, Reaction Yield?
26 (C)  time (h) (%) P °C) ' :  time (h) (%)
a H 133134 4 6 a 16—118  H Me 4 69
b Et 89 6 91 b 104-106  H Et 4+ 70
c CH, 137138 6 8 ¢ oil Me Et 4 @

d oil Et Et 4 9
. oil CoH, Et 6 86

a) The yields given are based on recrystallized product from CH;OH. b) Isomeric mixture of 1,3-dioxolan
derivatives was used.
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TasLE 4. EFFECT OF METAL ON THE REDUCTION OF
16,17-DIHYDROXYSTEROID MONOACETATE (1f)

Products (%)

Metal Reaction

Meta Solvent time (h) ¢ 24 25

Zn  AcOH 4 % 7 T

Sn® AcOH 6 2 T
AcOH-Tol

Mg» (3 oM 2 tace 3 7
AcOH-Toluene :

Al (1:3) ? ' i -

a) Sn dust was activated by Washing with 5% HCL
b) Mg and Al powders were washed with 3%, NaOH
and then water. c) Isolated yield.

ed to acetate. 'The corresponding orthoesters (27) were
also reduced into the olefin (2f) in a good yield. The
results are summarized in Table 3.

The olefin-forming elimination of diol monoesters was
also effected by the use of activated tin powder, but con-
siderable amount of by-products were formed. Other
metal powders such as magnesium and aluminium gave
no satisfactory results. The effect of metals on the reduc-
tion is shown in Table 4. We see that zinc is the most
suitable reducing agent in this reaction.

The new dideoxygenation reaction is restricted to the
case in which one hydroxyl group is tertiary. However,
the reaction may be of general applicability to the
stereoselective synthesis of trisubstituted olefins (29) from
diastereomeric trisubstituted 1,2-glycol monoesters (28).

Experimental

All melting points were determined on a micro hot-stage
apparatus and were uncorrected. UV spectra were measured
in EtOH on a Hitachi EPS-3T spectrophotometer, IR spectra
on a Hitachi 215 spectrophotometer. NMR spectra were
determined on a Varian HA-100 spectrometer using CDCl,
as a solvent, chemical shifts () being given in ppm relative to
internal TMS. The mass spectra were determined on a
Hitachi RMU-6D mass spectrometer equipped with a direct
inlet system. Silicagel GF,5, (E. Merck) was used for TLC
analysis.

Reaction of Diol Monoacetates with Zinc in Acetic Acid. General
Procedure: To a solution of 1 in acetic acid was added
a 5—10 fold mol of freshly activated zinc powder. The mix-
ture was refluxed on an oil bath (at 150 °C) with stirring under
nitrogen for 2—6 h. After cooling, ether was added and the
solid was removed by filtfation. The ether was successively
washed with satd NaHCO, aq solution, water and satd NaCl
aq solution, followed by drying, and then concentrated to give

crude crystals. Recrystallization from MeOH afforded pure
2. The mother liquor was treated with column chromatog-
raphy using silica gel (E. Merck); eluted with benzene: cther

(5:1) to give 4 in 2—59, yield. The mps of 2 are given in

Table 1 and IR, UV and NMR spectral data in Table 2.

The results of elemental analyses are as follows.
16-Methyl-3-methoxyestra-1,3,5(10),16-tetraene (2d).

Found: C, 85.09; H, 9.299%,. Calcd for CyH,;O: C, 85.05;

H, 9.28%,. .

17-Methyl-3-methoxyestra-1,3,5(10) ,16-tetraene  (2e).

Found: C, 85.01; H, 9.30%. Calcd for C,,H,,0: C, 85.05;
H, 9.289%,.

16-Ethyl-3-methoxyestra-1,3,5(10) ,16-tetraene
Found: G, 85.07; H, 9.63%,.
H, 9.529%,.

16-Ethyl-17-deuterio-3-methoxyestra-1,3,5(10) ,16-tetraene  (2h).
Found: C, 84.81; H, 9.80%,. Calcd for C,,H,;DO: C, 84.79;
H, 9.83%.

16-Vinyl-3-methoxyestra-1,3,5(10) ,16-tetraene
Found: C, 85.58; H, 8.90%,.
H, 8.90%.

16-Allyl-3-methoxyestra-1,3,5( 10) ,16-tetraene
Found: C, 85.70; H, 9.239%,.
H, 9.159%.

16-( 3-Butenyl)-3-methoxyestra-1,3,5(10),16-tetraene (2k).
Found: C, 85.80; H, 9.40%,. Calcd for C,;;H;,O: C, 85.66;
H, 9.38%.

16-Phenyl-3-methoxyestra-1,3,5(10) ,16-tetraene
Found: C, 87.14; H, 8.20%.
H, 8.19%.

Reaction of Ii with Zinc in Acetic Acid. To a solution
of 1i (2.4 g) in acetic acid (25 ml) was added activated zinc
powder (4.8g). The mixture was refluxed under nitrogen
for 2 h with stirring. Work-up of the reaction mixture in the
same way as for 2 gave a mixture of the products which were
separated by preparative TLC impregnated with AgNO,
(developed with hexane: ether 5:1). The product with R,
value 0.89 was 2i (477 mg). The other products with R
values 0.47, 0.43 and 0.33 were 5 (505 mg), 7 (390 mg) and 6
(597 mg), respectively.

178-Acetoxy-16p-vinyl-3-methoxyestra-1,3,5(10)-triene (5).

Mp 107—108 °C (from petroleum ether); IR (KBr) 1730,
1640, 1610 cm—1; NMR 0.83 (3H, s, 18-Me), 1.96 (3H, s,
OAc), 3.73 (3H, s, OMe), 4.72 (1H, d, J=9 Hz, 17a-H),1®
5.0—6.2 (3H, m, vinyl H), 6.6—7.3 (3H, m, Ar); MS m/e 354
(M1), 312, 294. Found: C, 77.90; H, 8.62%. Calcd for
Cp3H3005: C, 77.93; H, 8.53%,.

178-Acetoxy-16u-vinyl-3-methoxyestra-1,3,5(10)-triene (6).

Mp 109 °C; IR (KBr) 1730, 1640, 1610 cm~'; NMR 0.86
(34, s, 18-Me), 1.98 (3H, s, OAc), 3.73 (3H, s, OMe), 4.50
(1H, d, J=7Hz, 17«-H),'» 4.9—6.2 (3H, m, vinyl H),
6.6—7.3 (3H, m, Ar); MS m/e 354 (M*), 312, 294. Found:
C, 77.99; H, 8.529%,. Calcd for C,3H;,O;: C, 77.93; H, 8.53%,.
17B-Acetoxy-( E)-16-ethylidene-3-methoxyestra-1,3,5( 10)-triene
(7). Mp 99—100 °G; IR (KBr) 1730 cm~*; NMR 0.75

(2f).
Calcd for CyH,,O: C, 85.08;

(2i).
Calcd for Gy, H,O: C, 85.66;

(2j).
Calcd for C,,H,;0: G, 85.66;

(21).
Caled for CyH,,O: C, 87.16;
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(3H, s, 18-Me), 1.50 (3H, d, J=7 Hz, =CMe), 2.14 (3H, s,
OAc), 3.75 (3H, s, OMe), 5.27 (1H, s, 17«-H), 5.2—5.3 (1H,
m, =CH), 6.6—7.3 (3H, m, Ar); MS m/e 354 (M), 312, 294.
Found: C, 77.85; H, 8.31%. Calcd for C,3H,,O;: C, 77.93;
H, 8.53%,.

3p-Acetoxy- 16-ethylandrosta-5,16-diene (10). Reaction of
9 (3.5 g) with zinc powder (8 g) in acetic acid (25 ml) was
carried out by the same procedure as for 2: 10 (2.6 g), mp
128 °C; IR (KBr) 1730, 1625 cm~1; NMR 0.78 (3H, s, 18-Me),
1.00 (3H, t, J=6 Hz, Me), 1.05 (3H, s, 19-Me), 2.01 (3H, s,
OAc), 44—4.8 (1H, m, 3«-H), 5.3—5.5 (2H, m, 6-H and
16-H); MS mfe 342 (M*), 327, 282, 267. Found: C, 80.60;
H,10.01%. Calcdfor C,3H;,0,: C, 80.65; H, 10.019,.

Stereoselective Conversion of 17x,20-Dihydroxy Monoacetates
(17 and 19) into (Z)- and (E)-17-Ethylidene Derivatives (18 and
20). Reaction of diol monoacetates (17 and 19) with zinc
in acetic acid was carried out by the same procedure as for 1.
The purity of the products was estimated by gas chromatog-
raphy on a column with 109, OV-17 (2 m, 265 °C).

Preparation of Orthoesters.) General Procedure: To a
solution of diol (22) in CH,Cl, was added trialkyl orthoester
and a catalytic amount of p-TsOH. After being stirred at
room temperature for 2 h, the reaction mixture was poured
into 5% NaHCO, aq solution and extracted with CH,ClL,.
The extracts were washed with water, dried, and concentrated
to give a resinous material. Recrystallization from petroleum
ether gave the steroidal orthoesters. The following compounds
were prepared.

Methyl Orthoacetate of 22 (23). Mp 63 °C; IR (KBr)
1610 cm™*; NMR 0.86 (3H, s, 18-Me), 1.04 (3H, t, J=7 Hz,
Me), 1.57 (3H, s, Me), 3.25 (3H, s, OMe), 3.73 (3H, s, OMe),
3.84 (1H, s, 17-H), 6.6—7.3 (3H, m, Ar); MS m/e 386 (M*),
354, 312. Found: C, 74.60; H, 8.80%. Calcd for C,,H,,-
O,: C, 74.57; H, 8.87%,.

Methyl Orthoformate of 22 (27a). IR (KBr) 1610 cm™1;
NMR 0.83 (3H, s, 18-Me), 1.01 (3H, t, J=7 Hz, Me), 3.27
(3H, s, OMe), 3.71 (3H, s, OMe), 3.86 (1H, s, 17«-H), 5.74
(1H, s, -OCHO-), 6.6—7.3 (3H, m, Ar); MS m/e 372 (M*),
344, 341. Found: C, 74.20; H, 8.609%. Calcd for CyH,,-
O;: C, 74.16; H, 8.66%,.

Ethyl Orthoformate of 22 (275b). IR (KBr) 1610 cm—1;
NMR 0.82 (3H, s, 18-Me), 1.00 (3H, t, J=6 Hz, Me), 1.20
(3H, t, /=7 Hz, Me), 3.52 (2H, q, J=7 Hz, -CH,-), 3.73
(3H, s, OMe), 3.78 (1H, s, 17¢-H), 5.73 (1H, s, -OCHO-),
6.6—7.3 (3H, m, Ar); MS m/e 386 (M+), 357, 341. Found: C,
74.59; H, 8.909,. Calcd for G, H,,0,: C, 74.57; H, 8.87%,.

Ethyl Orthoacetate of 22 (27¢c). IR (Neat) 1610 cm™1;
NMR 0.87 (3H, s, 18-Me), 3.56 (2H, q, J=7 Hz, ~CH,-),
3.72 (3H, s, OMe), 3.80 (1H, s, 17¢-H), 6.6—7.3 (3H, m, Ar);
MS m/e 400 (M+, Cy;H,40, requires: 400), 385, 354.

Ethyl Orthopropionate of 22 (27d). IR (Neat) 1610
cm~!; NMR 0.86 (3H, s, 18-Me), 3.60 (2H, q, J=7 Hz,
-CH,-), 3.71 (3H, s, OMe), 3.84 (1H, s, 17¢-H), 6.6—7.3 (3H,
m, Ar); MS m/e 414 (M+, C,6H,,O, requires: 414), 399, 368.

Ethyl Orthobenzoate' of 22 (27e). IR (Neat) 1615,
1610 cm~*; NMR 0.90 (3H, s, 18-Me), 3.70 (3H, s, OMe), 3.72
(2H, q, J=7Hz, -CH,-), 3.93 (1H, s, 17«-H), 6.6—7.6
(8H, m, Ar); MS m/e 462 (M+, C3H;30, requires: 462), 447,
434.

Treatment of Orthoesters with Zinc in Acetic Acid. General
Procedure: To a solution of orthoester (0.4 g) in acetic
acid (5 ml) was added activated zinc powder (1.3 g). The
mixture was refluxed under nitrogen for 4—6 h with stirring.
Work-up of the reaction mixture gave 2f which was crystallized
from MeOH.

17p-Acetoxy-(Z )-16-ethylidene- 3-methoxyesira-1,3,5( 10)-iriene
(24). A solution of 23 (0.34 g) in acetic acid (10 ml)
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was heated under reflux for 30 min. The solvent was
evaporated under reduced pressure to give crude crystals.
Recrystallization from ether: hexane (5: 1) afforded 24 (0.3 g),
mp 161—162 °C; IR (KBr) 1730, 1610 cm—'; NMR 0.81 (3H,
s, 18-Me), 1.56 (3H, d, J=7 Hz, =CMe), 2.11 (3H, s, OAc),
3.75 (3H, s, OMe), 5.24 (1H, s, 172-H), 5.49 (1H, m, =CH),
6.6—7.3 (3H, m, Ar); MS m/e 354 (M%), 312, 297, 294.
Found: C, 77.85; H, 8.319%,. Calcd for C,3H;,O4: C, 77.93;
H, 8.53%.

Treatment of 23 under the Conditions of the Serini Reaction.

To a solution of 23 (0.77 g) in dried toluene was added freshly
activated zinc powder. The mixture was refluxed for 6 h with
stirring., Zinc was removed by filtration. The filtrates were
evaporated under vacuum to give a residue which was
separated by preparative TLC (developed with benzene:
ether 10: 1). 'The product with higher R, value (0.42) was 24
(490 mg). The other product with R, value (0.33) was
168-ethyl-3-methoxyestra-1,3,5(10)-trien-17-one (25)» (86
mg).

17p-Formyloxy-168-hydroxy-16u-ethyl-3-methoxyestra-1, 3,5(10)-
triene (26a). Formylation of 22 with Ac,O-HCOOH
gave 26a: IR (KBr) 3500, 1720, 1610 cm-'; NMR 0.97
(3H, s, 18-Me), 3.71 (3H, s, OMe), 4.59 (1H, s, 17«-H),
6.6—7.3 (3H, m, Ar), 8.15 (1H, s, CHO); MS m/e 358 (M),
312. Found: G, 73.76; H, 8.43%. Calcd for CyH;,0,:
G, 73.71; H, 8.44%,.

178~ Propionyloxy- 168 -hydroxy- 16o.-ethyl - 3-methoxyestra-1, 3, 5-
(10)-triene (26b). Treatment of 22 with propionic
anhydride in pyridine gave 26b: IR (KBr) 3500, 1730, 1610
cm~!; NMR 0.98 (3H, s, 18-Me), 3.75 (3H, s, OMe), 4.58
(1H, 5, 170-H), 6.6—7.3 (3H, m, Ar); MS m/e 386 (M+), 357,
312. Found: C, 74.59; H, 8.80%. Calcd for GyH;3,0,:
G, 74.57; H, 8.879%,.

17B- Benzoyloxy- 16B-hydroxy- 16u-ethyl- 2 - methoxyestra- 1, 3, 5-
(10)-triene (26¢). Treatment of 22 with benzoyl chloride
in pyridine afforded 26c: IR (KBr) 3350, 1695, 1610, 1600
cm~1; NMR 0.95 (3H, t, /=7 Hz, Me), 1.08 (3H, s, 18-Me),
3.74 (3H, s, OMe), 4.85 (1H, s, 17¢-H), 6.6—7.3 (3H, m,
Ar), 7.4—8.3 (5H, m, Ar); MS m/e 434 (M+), 312. Found: C,
77.40; H, 7.80%. Calcd for C,H;,04: C, 77.39; H, 7.89%,.

Reaction of 26 with Zinc in Acetic Acid. General Procedure:
To a solution of 26 in acetic acid was added freshly activated
zinc powder. The mixture was refluxed under nitrogen for
4—6 h with stirring. Work-up by the usual procedure gave
2f.

Reaction of If with Tin in Acetic Acid. To a solution of
1f (1.2 g) in acetic acid (15 ml) was added tin powder (3 g)
which had been washed with acid. The mixture was heated
under reflux for 6 h. To the cooled solution was added ether
(200 ml) and the solid was removed by filtration. The
filtrate was washed with satd NaHCO; aq, satd NaCl aq
solution in succession and then dried. The ether was concen-
trated to give a residue which was separated by preparative
TLC using benzene: ether (10: 1) as an eluent. The product
with R; value 0.86 was 2f (229 mg). The other products with
R, values 0.42 and 0.33 were 24 (194 mg) and 25 (403 mg),
respectively.

The author would like to thank Drs. E. Ohmura, H.
Morimoto, T. Miki, and K. Hiraga of this Division for
their advice and encouragement.
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