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In the previous paper? the hydrolytic cleavage of 38-hydroxy-148,156-epoxy-58,17a-
card-20(22)-enolide in 509, methanol containing 5%, hydrochloric acid was reported, when
the epoxide was cleaved to give 148,158-dihydroxy- and 148-chloro-158-hydroxy-17«-card-
enolide, thus demonstrating an unusual cis-opening of the epoxide ring. In connection with
this interesting finding hydrolytic cleavage in the similar manner of 38-hydroxy-14«,15a-
epoxy-5f-card-20(22)-enolide (I) and 3B-acetoxy-148,158-epoxy-58-card-20(22)-enolide (Vb)
was performed, which is described in this paper. The hydrolytic cleavage of these epoxy-
cardenolides in aqueous acetone containing sulfuric acid® or perchloric acid® was reported
earlier, when 3p,14,15«-trihydroxy-58,148-card-20(22)-enolide (15«-hydroxydigitoxigenin) (IIa)
and 3f-acetoxy-15-0x0-58, 14« -card-20(22)-

enolide (VIIb) were obtained from I and Vb ~—— ol
as the sole product, respectively.
Treatment of I in 50%, methanol with 59, Ile | o] Vblo o
hydrochloric acid gave a mixture of reaction Vilb| © o
roducts, whose thin-layer chromatograph T Va2
p ’ y graply Majo o o} Illajo o o
(TLC) revealed the formation of three products Vial & o
. . . Vila| © o
as shown in Fig. 1a. Chromatography using a
column of silica gel afforded three substances. lal @ = <yl o e =
The first one was identified as IIa by direct
comparison with the authentic sample reported 1 2 3 1 2 1 2
earlier. The second one was found to be a b c

3p-hydroxy-15-0x0-58,148-card -20(22)-enolide
(I11a), since on acetylation it gave 38-acetoxy-
15-0x0-58,14f-card-20(22)-enolide (IIIb) re-
ported previously.? This compound was also
prepared in the present work from 38,15a-

Fig. 1.

a: reaction product obtained from I
after treatment with HCl in 509,
MeOH: 1) I+1Ia+IIIa, 2) reaction
product, 3) 142

Thin-Layer Chromatography

diacetoxy-14-hydroxy-58,14«-card-20(22)-enol-
ide (IVc)® by Serini-Logemann reaction.®
The third one giving a positive Beilstein test
was obtained as a minor product and could
not be purified. Therefore, further study to
elucidate the structure was not made.

b : reaction product obtained from Vb

after treatment with HCI in 509,
MeOH: 1) IIIa+Vb+VIIa+ VIIb+
VIIIa, 2) reaction product

: reaction product obtained from Va

after treatment with HCI in 509,
MeOH: 1) Va+VIIa, 2) reaction
product
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On the other hand, treatment of Vb in 50%, methanol with hydrochloric acid gave a com-
plex mixture of reaction products, whose TLC is given in Fig. 1b. Six compounds (IIIa,
VIb, VIIa, VIIb, VIIIa, IXa) were obtained from the mixture on chromatography using
silica gel. Identification of IITa was made by direct comparison with the authentic substance
described above. Concerning the structure of VIb which gave a positive Beilstein test, it is
described below together with VIa. Acetylation of VIIa yielded VIIb which was recorded
previously.® The fifth compound VIIla was identified as 38,14,154-trihydroxy-58,14p-card-
20(22)-enolide (158-hydroxydigitoxigenin) by direct comparison with the authentic one.®

The last compound IXa was inferred to be a 14,15-glycol from its mobility in TLC. It
was different from the known glycols (148, 15¢,%% 148, 158, 14«, 154%) which constitute
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three out of four 14,15-glycols belonging to 38-hydroxy-58,178-cardenolide. Then prepa-
ration of the unknown 14«,158-glycol, 38,14,158-trihydroxy-58,14«-card-20(22)-enolide
(IXa), was made as follows. Sodium borohydride reduction of 3f-acetoxy-14-hydroxy-15-
0x0-58,14a-card-20(22)-enolide (X)? derivable from 3p-acetoxy-14,15a-dihydroxy-58, 14a-
card-20(22)-enolide (IVb)® gave IXb, which was different from IVb and afforded IXa on
acid hydrolysis. This glycol was found to be different from 38,14,15«-trihydroxy-58,14a-
card-20(22)-enolide (IVa)® and identical with the last compound obtained above.

In connection with this sodium borohydride reduction 3f-acetoxy-14-hydroxy-15-oxo-
5p,14p-card-20(22)-enolide (XI)3 was treated with the same reducing agent to give 3f-
acetoxy - 14,15« - dihydroxy -58,14f - card - 20(22) -enolide (IIb)® as the principal product.
Formation of the epimer 3B-acetoxy-14,158-dihydroxy-58,14p-card-20(22)-enolide (VIIIb)®
was proved only by TLC. It was thus demonstrated that sodium borohydride reduction of
14-hydroxy-15-oxo-cardenolides afforded predominantly 158-hydroxy epimer in the 14«-
cardenolide while giving 15a-hydroxy epimer in the 14f-cardenolide. In contrast with this
finding it is noteworthy that 14-chloro-15-o0x0-68,148,17a-cardenolide afforded 158-hydroxy
epimer on treatment with sodium borohydride.? Since it seems that stereochemistry of the
sodium borohydride reduction of the 15-oxo group in cardenolides is markedly affected by the
steric configuration of C,,-butenolide as well as of C,,-substituent, we are working further on
this problem with several other 15-oxo cardenolides.

Hydrolytic cleavage of 3f-hydroxy-148,158-epoxy-6f-card-20(22)-enolide (Va) in the
similar way yielded a complex mixture of reaction products (Fig. 1c), from which VIa and VIIa
were obtained after repeated fractional crystallizations. The former gave a positive Beilstein
test and afforded an acetate on acetylation with acetic anhydride and pyridine, which was
identical with VIb described above. It was thought to be identical also with the chlorohydrin
reported by Engel, et al.,® although direct comparison was not made. Treatment of VIb
with alumina gave Vb. Therefore, it seemed quite reasonable to assign the structures indi-
cated in Chart 1 (38,14-dihydroxy-15a-chloro-58,148-card-20(22)-enolide and its acetate)
to VIa and VIb, respectively. Based on essentially similar observations halohydrins®®
derived from 1%- or 148,158-epoxy-steroids were formulated as 144-hydroxy-15«-halo—steroids.

Experimental'®

Treatment of 38-Hydroxy-14a,15a-epoxy-5p-card-20 (22)-enolide (I) with Hydrochloric Acid in Metha-
nol A solufon of I (196 mg) in a mixture of MeOH (50 ml) and 109 HCI (50 ml) was allowed to stand
at 25° for 45 min. After addition of H,O (50 ml), MeOH was removed under reduced pressure, and the pro-
duct was extracted with CHCl;. The organic layer was washed with H,O and dried over anhyd.Na,SO,.
Evaporation of the solvent yielded a crystalline residue (205 mg), whose TLC is shown in Fig. 1a. The
residue was chromatographed on a column of silica gel (11 g, E. Merck AG) by successive elution with ben-
zene-EtOAc (5:1, 3:1, 1:1, 1:3) and MeOH. The fraction (80 mg) eluted with benzene-EtOAc (5:1) was
recrystallized from acetone-pet. ether to give IIIa (56 mg). mp 232—239°. [«x]§—42.1° (¢=0.71, MeOH).
UV Zmax mu (log &): 214 (4.17). IR wmax cm~1: 3575 (OH), 1783, 1740, 1630 (butenolide and C-15 C=O).
Anal. Calecd. for Cy3Hg0,: C, 74.16; H, 8.66. Found: C, 73.96; H, 8.80.
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The fraction eluted with benzene-EtOAc (1:1, 1:3) was recrystallized {rom acetone-ether to afford
IIa (53 mg), mp 242—246°, which was identical with an authentic sample” in TLC, mixed melting point
and comparison of the IR spectrum.

3p3-Acetoxy-15-ox0-58,143-card-20(22)-enolide (IITb)——a) Acctylation of IITa (5 mg) in the usual way
with acetic anhydride and pyridine gave IITb (3 mg) after recrystallization from MeOH-ether, mp 178—
187°, identical with an authentic specimen described below in TLC, mixed melting point and comparison of
the IR spectrum.

b) A solution of IVc (100 mg) in distilled xylene (10 ml) was refluxed for 9 hr in a nitrogen atmosphere
with freshly activated zinc®® (2 g) while stirring vigorously. The solution was cooled, and the zinc was
filtered and washed with xylene. The combined filtrates were concentrated in vacuo to give a crystalline
residue (97 mg), which was recrystallized from MeOH-ether to afford IITb (37 mg), mp 180—188°, identical
with an authentic sample prepared according to Ishii, ef al.¥) in the mixed melting point and comparison
of the IR spectrum.

Treatment of 33-Acetoxy-143,153-epoxy-5p3-card-20(22)-enolide (Vb) with Hydrochloric Acid in Metha-
nol A solution of Vb (307 mg) in a mixture of MeOH (50 ml) and 109, HCI (50 ml) was allowed to stand
at 28° for 22 hr. Working up in the same way as described above yielded a crystalline product (288 mg),
whose TLC (Fig. 1b) indicated the presence of seven products. It was chromatographed on a column of
silica gel (14.5 g) by successive elution with hexane-benzene (1:1), benzene, benzene-EtOAc (8:1, 6:1, 4:1,
2:1, 1:1), and EtOAc. The combined fraction (96 mg) eluted with hexane-benzene (1:1) and benzene gave
VIb (5.4 mg) and VIIb (11 mg) after repeated recrystallizations from acetone-pet. ether. The former,
mp 188—195°, was identical with the specimen of VIb decribed below in the mixed melting point and
comparison of the IR spectrum. IR wmexcm=1: 3400 (OH), 1792, 1740, 1725, 1632 (butenolide and acetyl
C=0). The latter, mp 216—226°, was identical with the sample of VIIb prepared according to the procedure
reported previously® in TLC, mixed melting point and comparison of the IR spectrum.

The fraction (104 mg) eluted with benzene-EtOAc (8:1, 6:1, 4:1), whose TLC indicated the presence of
I1Ia, VIb, and VIIb, gave I1la (27 mg), mp 219—223°, after repeated recrystallizations from acetone-ether—
pet. ether.

The fraction (30 mg) eluted with benzene-EtOAc (2:1, 1:1), whose TLC revealed the presence of IIIa,
VIIa, VIIIa and IXa, afforded IIIa (11 mg) and VIIa (10 mg), mp 255—270°, after repeated recrystalli-
zations from acetone—ether—pet. ether. The latter was acetylated in the usual way with acetic anhydride
and pyridine to give VIIb, mp 218—224°, identical with the above sample of VIIb in TLC, mixed melting
point and comparison of the IR spectrum.

The fraction (47 mg) eluted with benzene-EtOAc (1:1) and EtOAc, whose TLC indicated the presence
of VIIIa and IXa, afforded VIIIa (3 mg) and IXa (4 mg) after repeated recrystallizations from MeOH.
The former (mp 244—247°) was identical with an authentic specimen® in TLC, mixed melting point and
comparison of the IR spectrum. The latter (mp 242—252°) was identical with the sample of IXa prepared
below in TLC, mixed melting point and comparison of the IR spectrum.

Treatment of 33-Hydroxy-148,158-epoxy-543-card-20(22) - enolide (Va) with Hydrochloric Acid in
Methanol- A solution of Va (193 mg) in a mixture of MeOH (30 ml) and 10°; HCI (30 ml) was allowed to
stand at 26° for 3hr. Working up in the same manner as described above gave a crystalline residue (220
mg), whose TLC (Fig. 1c) revealed the presence of five products. 1t was recrystallized repeatedly from
acetone-MeOH to give VIa (17 mg), mp 187—198° (decomp.). IR wmax cm~': 3480 (OH), 1798, 1755, 1720,
1635 (butenolide). Anal. Calcd. for Co,3Hg30,Cl: C, 67.55; H, 8.13. Tound: C, 67.23; H, 8.16.

The residue obtained from the mother liquor from recrystallization of VIa was repeatedly recrystallized
from acetone—ether to afford VIIa (25 mg), mp 256—271°. .

3p3-Acetoxy-14-hydroxy-15a-chloro-583,143-card-20(22)-enolide (VIb)——Acctylation of VIa (10 mg)
in the usual way with acetic anhydride and pyridine gave VIb (4.2 mg), mp 192—201° (decomp.), after re-
crystallization from acetone. It gave a positive Beilstein test.

38-Acetoxy-14,158-dihydroxy-53,14a-card-20(22)-enolide (IXb) To a solution of X7 (25 mg) in
MeOH (2 ml) was added NaBH, (25 mg) at —5° while stirring. The reaction mixture was allowed to stand
further for 10 min at the same temperature. After addition of AcOH (0.5 ml) and H,O (30 ml) the solution
was concentrated in vacuo to a small volume, and then the product was extracted with CHCl;. The organic
layer was washed with H;O and dried over anhyd. Na,SO,. Evaporation of the solvent gave a crystalline
residue, which was crystallized from acetone to afford IXb (15 mg). mp 262—267°. [«]5+3.1° (¢=0.65, CHCl,).
UV A max mpu (log €): 215 (4.11). IR » max cm~2: 3500 (OH), 1785, 1730, 1620 (butenolide and acetyl C=0).
Anal. Caled. for Cy;H,,O4: C, 69.42; H, 8.39. Found: C, 69.37; H, 8.37.

38, 14, 153-Trihydroxy-53,14a-card-20(22)-enolide (IXa) A solution of IXb (10 mg) in a mixture of
MeOH (2 ml) and 10% HCl (2 ml) was allowed to stand at 26° for 18 hr. After neutralization with 5% Na,-
COg4, H,0 (20 ml) was added and the solution was concentrated i¢»n vacuo to a small volume, and then the
product was extracted with CHCl;. The organic layer was washed with H,O and dried over anhyd. Na,SO,.
Evaporation of the solvent gave a crystalline residue (10.8 mg), which was subjected to a preparative TLC
on Aluminum oxide G (E. Merck AG) using methyl ethyl ketone-heptane (1:1) as solvent, affording IXa
(6 mg) after recrystallization from acetone-ether. mp 260—262°. [«]$—6.1° (¢=0.66, MeOH). UV ZAmax
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my (log €): 220 (4.19). IR »max cm~1: 3500 (OH), 1780, 1720, 1620 (butenolide). Anal. Calcd. for Cy3Hgy~
O;: C, 70.74; H, 8.78. Found: C, 70.56; H, 8.92.

Reduction of 38-Acetoxy-14-hydroxy-15-oxo-148-card-20(22)-enolide (XI) with NaBH, To a solution
of XI%% (52 mg) in MeOH (3 ml) was added NaBH, (53 mg) at 0° while stirring. The reaction mixture was
allowed to stand for 1.5 hr at the same temperature. Working up in the same way as described above yielded
a crystalline product (46 mg) whose TLC revealed the presence of IIb and VIIIb, the former predominating.
It was recrystallized from MeOH-ether to give IIb (27 mg), mp 243—248°, identical with the authentic speci-
men?® in TLC, mixed melting point and comparison of the IR spectrum.

Conversion of VIb into Vb by Treatment with Alumina To a solution of VIb (2 mg) in a mixture of Me-
OH (0.5 ml) and CHCl, (0.5 ml) was added neutral alumina (100 mg, activity grade III—IVY), and the
mixture was allowed to stand at room temperature for 66 hr. After filtration of the alumina, it was washed
with acetone. The combined filtrates were concentrated to dryness giving a crystalline residue (1.5 mg)
which was recrystallized from acetone-pet. ether to afford Vb (ca. 1 mg), mp 177—178°, identical with an
authentic sample in TL.C, mixed melting point and comparison of the IR spectrum.
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For several years 5-nitro-2-furyl derivatives have been of marked biological interest,
since it was shown that particularly 5-nitro-2-furylvinyl heterocyclic compounds® are highly
antibacterial.

The biological activity of some of these compounds encouraged us to prepare 2-[2-
(5-nitro-2-furyl)vinyl]-4,7-dichlorofuro[2,3-d]pyridazine (IV) by the Wittig reaction.

For the synthesis of IV, 2-methyl-4,7-dichlorofuro[2,3-d]pyridazine(Ia)® served as the
starting material. Reaction of Ia with N-bromosuccinimide (NBS) in anhydrous benzene
solution in the presence of a,a’-azobisisobutyronitrile (AIBN)? as the catalyst gave 2-bromo-
methyl-4,7-dichlorofuro[2,3-d1pyridazine (IIa) in yield 45%, mp 158—160°.

Similarly, reaction of 2-methyl-7-chloro-4-methoxyfuro(2,3-d]pyridazine (Ib) with NBS
gave 2-bromomethyl-7-chloro-4-methoxyfuro[2,3-d]pyridazine (IIb) and reaction of 2-methyl-
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