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Abstract—Biotransformation products of digitoxigenin by cell suspension cultures of Strophanthus intermedius were
isofated and thetr structures efucidated as J-epidigitoxigenin, 3-epi-17H-digitoxigenin, gitoxigenn, periplogenin, 3-
epigitoxigenin, 3-epipentplogemn  and digitoxigenin  B-D-glucoside, respectively. Furthermore, 3-epi-178H-
periplogenin, 3-epidigitoxigenin §-D-glucoside and digitoxigenone were 1dentified by TLC and HPLC Biotransform-

ation reactions of the digitoxigenin molecule by plant cell cultures are summarized and discussed comparatively

INTRODUCTION

In two earher papers, we reported on the biotransform-
ation of digitoxigenin (1) by Strophanthus gratus [1] and
S. amboensis [2] In order to obtain new and more
effective cardiac glycosides, we have carried out the
biotransformation of cardenolides and their precursors
by plant cell cultures; digitoxin by Digitalis purpurea [3],
pregnenolone by Nicotiana tabacum and Sophora angusti-
Joha [4], progesterone by N tabacum, S angustifolia [4]
and D purpurea [5], 58-pregnane-3,20-dione and 58-
pregnanolone by D purpurea [6] and digitoxigenin (1) by
D purpuea [7]

Strophanthus intermedwus (Apocynaceae) 1s a cardenol-
de-bearing plant [8, 9], however there has been no report
on the use of tissue cultures of this plant until now. In this
paper we wish to report the biotransformation of digitox-
1genun (1) by a cell suspenston cuiture derived from the
stems of S intermedius and to discuss the biotransform-
ation reactions of 1 by plant cell cultures

RESULTS AND DISCUSSION

The cell strain used for this work was derived from the
stems of Strophanthus intermedius. However, no car-
denolides were detected by TLC analysis of extracts of the
cells, the same result has also been observed with S. gratus
and S amboensis cells [1, 2] After digitoxigenin (1)
(810.0 mg) was incubated with the cells (1.4 kg fr wt) for
18 days, the biotransformation products of 1 were extra-
cted according to the method described in previous
papers [1, 2]. Nine Kedde-positive spots 1n addition to
the unchanged 1 were detected on TLC of the chloroform
extracts and four Kedde-positive spots were found in the
chloroform-methanol (2. 1) extracts. After these extracts
were combined (8.0 g} and separated, products 2-5, 6-
diacetate, 7,7-acetate and 9-tetraacetate were 1solated as

*Part 58 in the senes ‘Studies on Plant Tissue Cultures’ For
Part 57 see Kawaguchi, K, Hirotani, M and Furuya, T (1988)
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crystalline compounds and their chemical structures were
elucidated. Furthermore, products 8, 10-tetraacetate and
11 were dentical with authentic samples by HPLC and
TLC.

The unchanged 1 was recovered as colourless needles
(350 mg). The brotransformation percentage yield was
calculated from the ratio of the amount of the isolated
product to the starting amount (775 0 mg) of 1, taking
mto consideration theirr M, s

Product 2 (68 0 mg; yteld 8 8%), the main product 1n
this experiment, had the composition C,,H;,0, on the
basts of high-resolution mass spectrometry and its struc-
ture was determined as 3a,14-dihydroxy-58,148-card-
20(22)-enolide (3-eprdigitoxigenin) through the 'H NMR
spectral data (Experimental). Compound 2 has been
identified previously as a product of the biotransform-
ation of 1 1n S. amboensis and D. purpurea cell cultures
[2,7]

Product 3 (6.0 mg; yield 08%) had the molecular
formula C,,H,,0, (high-resolution mass spectrometry).
In the 'H NMR spectrum of 3, the chemical shift values of
H-17 and H;-18 were shifted downfield to 6 3.18 (1H, dd,
J=95,95 Hz) and 1.03 (3H, s), and the H-3 signal was
observed as a multiplet (W, , =24 Hz) at 3.56 From these
spectral data the structure of 3 was establhished to be
3a,14-dihydroxy-58,145,17a-card-20(22)-enolide  (3-epi-
17pH-digitoxigenin) Isomerization of the 17B-lactone
ring of 1, which has been observed with S. gratus cell
cultures [1], was also performed shghtly with the S.
intermedius cells.

Product 4-diacetate (4.5 mg; yield 05%; C,,H;40,,
high-resolution mass spectrometry) was isolated after
acetylation and its structure elucidated as 38,168-diacet-
oxy-35,14,16p-trihydroxy-5p,14-card-20(22)-enolide (g1-
toxigenin diacetate) by comparing the 3C NMR spectral
data of 4-diacetate with the values reported by Tor et al
[10]. We could observe 16f-hydroxylation of digitoxin
[3], but not of digitoxigenin (1) [7], by D purpurea
However 16f-hydroxylation of 1 was now demonstrated
in the cell cultures of S. intermedius (Table 1).

Product 5 (7.0 mg; yield 0.9%; C,;H,,0;, high-resol-
ution mass spectrometry) was identified as 38,5,14-
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Table 1 Biotransformation reactions of the digitoxigenin (1) molecule by plant cell cultures

Plant species Oxidation Epimerization Hydroxylfation Glycosylation fsomerization Reference
(3-OH (35-OH (18- 4p- 5B- 12B- 164 (178- —=17x-
-»3-Keto) —3%-0OH) lactone ring)
Dugitalrs lanata + + + [13,15]
(digitoxoside)
D purpurea + + + + [7,15]
Thevetia nerufolia + + [14]
Daucus carota + [11]
Strophanthus
grarus + + +  + + R
S amboensis + + + [2}
S ntermedius + + + + + +

trthydroxy-5p.14f3-card-20(22)-enolide (periplogenin) by
comparison with the authentic compound ('H and
13C NMR)[2] 58-Hydroxylation of 1 was observed with
not only D purpurea [7] and Daucus carota [11] but also
three species of Strophanthus cultured cells (Table 1)

Product 6-diacetate (8 0 mg, yield 08%,; C,,H;,0-,
high-resolution mass spectrometryj was isolated after
acetylation. The 'H NMR spectral data of 4-diacetate
and 6-dracetate were stmilar to each other except for the
proton signal of H-3, at 6 SO08 (1H, br s, W, ,=7 Hz, H-
3¢) and 472 (1H, m, W,,,=23Hz, H-3f) In the
13C NMR spectral data for C-1 to C-10 of 4-diacetate
and 6-diacetate, moderate differences were also observed
From these data, the structure of 6-diacetate was estab-
Iished to be 3x,16f-diacetoxy-3a,14,16f-trthydroxy-58,
14B-card-20(22)-enolide (3-epigitoxigenin diacetate) 3-
Epigitoxigenn (6), which has been synthesized chemically
[12], 1s a new biotransformation product produced by
plant cell cultures

Product 7 (6 5 mg, yield 0 8%, C,;H;,0;, high-resol-
ution mass spectrometry) was isolated and the structure
of 7 was identified as 3a,5,14-trthydroxy-58,14p-card-
20(22)-enohde (3-epiperiplogenin) by comparison with
the authentic compound ('H and '*C NMR) [2] After
acetylation 7-acetate (50 3 mg, yield 5.6%, C,H;O,
high-resolution mass spectrometry) was obtained and its
structure was confirmed as  3wx-acetoxy-3a,5,14-
trihydroxy-54,14f-card-20(22)-enolide  (3-eprperiplog-
enin acetate) through the mass spectral and 'H and
¥3C NMR spectral data. The formatton of 3-epiperiplog-
ein (7) was also demonstrated n the S. amboensis cells [2]

Product 8 was detected as the minor component by
HPLC (R, 6.9 mmn solvent 80% MeOH in H,0) and

dentified with authentic I7H-perplogenin [1] by HPLC

and TLC (R, 008, CHCI,~-EtOH, 10 1)

Product 9-tetraacetate (5 0 mg, yield 03%) was 1so-
lated after acetylation, had molecular formula
C;,H5,0,, (high-resolution mass spectrometry) The
structure of 9-tetraacetate was determined as digrtoxig-
enin f-D-glucoside tetraacetate by the mass spectral and
'H NMR spectral data At the same time, 10-tetraacetate
in the acetylated fraction was identified with authentic 3-
epidigitoxigenin  f-D-glucoside tetraacetate by HPLC
and TLC. Glycosylation of T containing digitoxostde
formation had been demonstrated with D lanata [13], D
purpurea [ 7], Thevetia nerufolia [14]Tand S amboensis ceil
cultures [2]. Furthermore, the formation of 9 and 10 had
been performed by the cell cultures of D purpurea, with

production of 10 predommating over 9 [7] On the other
hand, the different extents of glucosylation, production of
9 predominating over 10 in spite of remaining 2. was
similarly observed 1n the S amboensis [2] and S nter-
medius cells

Product 11 was not 1solated as a crystallme compound
but mnstead 1dentified with authentic periplogenin f-D-
glucoside [2] by HPLC (R, 9 8 min solvent 60% MeOH
m H,0) and TLC (R, 014, CH,Cl,-MeOH-H,0,
84 15.1)

After three days incubation of 1 (60 mg) with the S
intermedius cells (228 g fr wt), the sole product 12 was
detected on TLC (R, 060, CHCI;-EtOH. 10-1) and
identified with authentic digitoxigenone [7] The 3p-
hydroxyl of 1 was oxidized first to the 3-keto before the
other reactions proceeded 1n the S intermedius cells.
Oxidation of the 3p-hydroxyl of 1 had been also demon-
strated wrth cell cultures of D lanata [13.15], D. purpurea
[7. 151 and Thevetia nernfolia [14]

The possible biotransformation pathway of 1 by cell
suspenston cultures of § mtermedius s shown m Scheme
1 It was demonstrated that epimerizauon of the 3f-
hydroxyl to the 3x-hydioxyl via 3-keto compounds such
as 12-14 (1 to 2,4 to 6 and 5to 7). Sp-hydroxylation (1 to
5,2t07,3t08,9to 11 and 12 to 14), 16f-hvdroxylation (1
to4,.2to 6 and 12 to 13), glucosylation (1109, 2 to 10 and
5 to 11) and 1somerization of the 17f-lactone ring {2 to 3
and 7 to 8) proceed n the § ntermedwus cells However,
we could not detect compounds 13 and 14 n this
experiment. The formation of" 3-epigttoxigenin (6}, which
was newly obtamed, was presumed to be produced by
epimerization of gitoxigenin {4) or 16S-hydroxylation of
3-epudigttoxigenin (2)

The brotranstormation reactions of the digitoxigenin
(1) molecule by plant cell cultures are summarized
Table 1, together with the reactions described 1n the
reviews [ 16. 17] It seems that oxidation and epimeriz-
ation of the 3f-hydroxyl. 58-hydroxylation and glucosyl-
atton are common reactions m plant cell cultures except
for a few species On the other hand, 1§-, 48-. 12 and
16f-hydroxylation and 1somerization of the 17f-lactone
ring are probably specific abdities of plant cell cultures
from the different origins It 15 to be expected that the
brotranstormation reactions with plant cell cultures,
which were not previously known even m microbal
transformation [ T8, [9], will contribute to provide new
and more effective cardiac glycosides. some of which may
be useful tn the pharmaceuttcal industry [20]
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EXPERIMENTAL

Mps uncorr NMR 300 and 400 MHz (CDCl; or CD,0D)
HPLC of the biotransformation products was performed using a
Nucleosil 5C18 (10 x 300 mm) column, coupled to a UV detector
and a differential refractometer

Culture methods The stems of Strophanthus intermedius were
sterilized by 70% EtOH and a saturated soln of bleaching
powder and then rinsed with sterile H,O and cut into ca 3 mm
segments These segments were placed on modified Murashige
and Skoog’s tobacco medium contamming 1 0 ppm 2,4-dichloro-
phenoxyacetic acid, 01 ppm kmetin and 3% sucrose in Jan
1983 The calli were subcultured at 30° in the dark every 4 weeks
In the biotransformation experiments, the calli were transferred
to a lquid medium containing digitoxigenin (I) suspended with
Tween 80, and incubated 1n a shaker (90 spm) for 3 or 18 days

Detection and separation of biotransformation products Digi-
toxigenin {1) (810 0 mg) was added to the calli{1 4 kg fr wt) from
4-week-old static cultures, and after 18 days, the CHCI; and the
CHCI;-MeOH (2 1) extracts from the callt and the medium
were obtained according to the method described 1n a previous
paper [1] The CHCl; extracts from the callr and the medium
were examined on TLC with Kedde's reagent and 10% H,SO,,
and mne Kedde-pasitive spots (R..041,.0.37,029,026 021,017,
010,004,001, CHC1,-EtOH, 10 1)except digitoxigenin (1) (R,
045, CHCL;-EtOH, 10 1) were detected Four Kedde-positive
spots (R 034,029,024 014 CH,Cl, -MeQH-H,0 84 15 1)
were detected sumilarly i the CHCI, -MeOH (2 1) extracts
These extracts were combined (8 0 g), chromatographed on a
stlica gel column (350 g Wako gel C-200) and eluted as follows
fraction A, CHCl; (3 5 1), fraction B, CHCl;-MeOH (97 3,501),
fraction C, CHCl;-MeOH (93 7, 301), fraction D,
CHCI1,-MeOH (17 3,10} and fraction E, CHCI;-MeOH (7 3,
101y

Recovery of digitoxigemin (1) Fraction A yielded the un-
changed L and crude praducts 2 and 3 (R 045 041, 037,
CHCI1,-EtOH, 10 1) Further purification of these compounds
was achieved by repeated HPLC (R, 154 min, 148 min and
140mun Nucleosil 5CI8, 70% MeOH n H,O, flow rate
3 ml/min) 1(R, 14 8 mn) was recrystallized from EtOH-H,O to
give colourless needles (35 mg) and identified with authentic
digitoxigenin (1) by HPLC and TLC

Lolation. of 3-epudigitoxigenn. (2). Product 2 (6R QO mg). was.
1solated from the fraction containing the peak at 154 min 2, mp
268-270° (fram MeQH), C..H. O, (requred 3742457 [M1* a1
m/z 374 2468), IR vKPrem ™1 3430, 1745, 1635 'HNMR (400
MHz, CDCl;) 3080 (3H, s, Me-18), 0 85 (3H, s, Me-19), 2 71 (1H,
dd, J =9,6 Hz, H-17 «), 359 (1H, m, W,,, =26 Hz, H-3f), 4 53
(1H, dd, J =18, 2 Hz, H-21a), 492 (1H, dd, J =18, 2 Hz, H-21b),
S80(1H, dd, J =2, 2 Hz, H-22) EIMS m/z (rel int) 374 [M]"
(6), 356 [M—-H,0]" (25), 338 [M-2xH,0]* (4), 246
[Ci7H,6017 (34). 203 [CysH,51" (100), 162 [C1oH 1" (20),
147 [C; H 5]" (14)

Isolation of 3-ep1-17BH-digitoxigemn (3) Product 3 (6 0 mg)
was 1solated from the fraction containing the peak at 14 0 min by
the same methods described above for 2 Compound 3, mp
161-163° (from MeOH-H,0), C,;H,,0, (required 374 2457,
[M1* at m/z 3742453), IR vKBrcm ™' 3400, 1780 (sh), 1720,
1615 "H NMR (400 MHz, CD,0D) 6095 (3H, 5, Me-19), 103
(3H, s, Me-18),3 18 (1H, dd, J =9.5,9 5 Hz, H-174),3 56 (1H, m,
Wi, =24 Hz, H-38), 485 (1H, ddd, J = 18. 2, 1 Hz, H-21a), 495
(1H, dd, J =18, 2 Hz, H-21b), 595 (1H, dd, J =2, 2 Hz, H-22)
EIMS m/z (rel int) 374 [M]* (5), 356 [M—H,0]" (21), 246
[C1-H,601" (33), 203 [C,sH,,1" (100), 189 [C, H,, 1" (20,
162 [C;,H,5]" (21)

Isolation of qitoxigemin (4) diacetate Fraction B yielded the
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crude product 4 After acetylation with pyndine-Ac,0 at room
temp and purfication by HPLC (R, 76 min solvent 90%
MeOH 1n H,0), compound 4-diacetate was recrystallized from
MeOH (4 5 mg), mp 250-253", C,,H ;30 (required 474 2618,
[M1" at m/z 474 2621} '"H NMR (300 MHz, CDCl;) 0093 (3H,
s, Me-18), 095 (3H, s, Me-19). 1 78 (1H, dd, J =16, 25 Hz, H-
152), 196 (3H, s, AcO-168), 205 (3H. 5, AcO-3f),2 73 (1H, dd, J
=16,9 Hz, H-158), 319 (1H. d. J =9 Hz, H-17a),4 84 (1H, dd, J
=18, 2 Hz, H-21a), 498 (1H. dd, J =18, 2 Hz, H-21b), S08 (1H,
brs, W, ,=7Hz H-3a), 548 (1H, ddd, J =9, 9, 2 5 Hz, H-16a),
597 (1H, dd, J =2, 2 Hz, H-22) '3C NMR (75 MHz, CDCl,) ¢
159(g),208(1), 209 (2), 21 0.4g), 21 4 (q), 23 6.(q), 250.(1), 26 1 (1),
30411, 1),3501(5),356(d),367(d). 39 1L(1).41.2(1).41 7(d), 50 O (s),
56 1(d), 702(d). 739(d), 756(¢), 84 2(5), 121 4(d), 167 7 (s), 170 4
(s), 170 6 (s), 1740 (s) EIMS m;z (rel mt) 474 [M]7 (1),432 [M
—C,H,0]" (6), 414 [M —~HOAc]" (14),354 {[M - 2 x HOAc]"*
(24), 336 [M —2 x HOAc—H,0]" (8). 204 [C, H,,]" (27). 203
[(CysH51" (100)

Isolation of periplogemin (5) Product 5 (70 mg) was 1solated
from fraction B after punfication by HPLC (R, 8 I min solvent
80% MeOH 1n H,0) Compound 5, mp 136140 (from MeOH),
C,3H,,04 (required 3902405, [M]* at m/z 3902398), IR
vEBrem 13320, 1775, 1740, 1620 'H NMR (400 MHz,
CD,0ON). 5 0.88.(3H, 5, Me-18), 093 (3H_.s. Me-19), 2 84 (LH_dd,
J =9, 6Hz H-17x),4 12(1H, brs, W, ., =7 Hz, H-3x), 491 (1H,
dd,J =18,2 Hz, H-21a). 503 (1H, dd, J =18, 2 Hz, H-21b), 589
(IH dd. ] =2,2Hz H-22) EIMS.m/z(rel i1 ). 390 [M1" (1),372
[M—H,07" (16), 354 [M -2 x H,0]}" (22), 318 [C,,H,,0,]"
(100), 300 [C,oH,4,051% (1, 262 [Cy;H,00,1" (9), 219
[C,5H,301" (40), 201 [C,Hy, 1" (59), 145 [ H,3]" (18)

Isolation of 3-epigitoxigenin (6) diacetate The crude product 6
obtained from fraction C was punfied by HPLC(R, 8 4 min
solvent 90% MeOH in H,0O) after acetylation with pyrn-
dine-Ac,O at room temp 6-Diacctate (80 mg), mp 119-125
(from MeOH-H,0), C,,H;;0, (required 474 2617, [M1" at m/z
474.2608). '"H NMR (400 MHz CDCLy). 5 0.92 (3H, s, Me-18),
093 (3H, s, Me-19), 1 79(1H, dd,J = 16,2 5 Hz, H-152), 1 96 (3H,
s, AcO-16f), 204 (3H, s AcO-3a), 278 (1H, dd, J =16, 9 Hz, H-
154),320(1H,d, J=9 Hz, H-172),4 72 (1H, m, W, ,, =23 Hz, H-
38),485(1H, dd, J =18,2 Hz, H-21a),4 99 (1H, dd, J =18.2 Hz,
H-21b), 549 (1H, ddd, J =9,9,2 5 Hz, H-16a), 597 (1H, dd, J =2,
2 Hz, H-22) "> NMR (100 MHz, CDCl;) §159(g), 206 (1), 210
(), 2040, 23 L 20 60N 207 (1), 32 1(1), 34 6.(5),.34.7 (1),.36.1.
(d), 39 L(1), 41 2(d, 1).41.8(d), 49 9(5),.56.0(d), 739 (d, d).. 75.6.1),
RA.2(s) 2L A(A), 167 7 (5), 170 4.05),. 1707 (), 1741 {<). EIMS m/z
(rel nt) 474 [M]* (1), 414 [M-~HQAc]" (12), 354 [M -2
x HOAc]* (17), 336 [M-~-2xHOAc—-H,0]' (7). 204
[CisHaa]? 21,203 [C,H,,]" (100), 178 (20)

Isolation of 3-epiperiplogemin (7) From a part of fraction C,
product 7 (6 5 mg) was 1solated after purification by HPLC (R,
72min solvent 80% MeOH in H,0) 7, mp 232-235" (from
MeOH-H,0), C,3;H,,0, (required 3902405, [M]" at myz
390 2383), IR vKBr cm ™! 3400, 1750, 1630 *H NMR (300 MHz,
CDCl;) 6088 (3H, s, Me-18). 0 89 (3H, 5, Me-19),2 79(1H, dd, J
=9,6 Hz, H-172),4 05 (1H, m, W, , =22 Hz, H-3$), 4 81 (1H, dd,
J =18,2 Hz, H-21a),4 99 (1H, dd, J = 18,2 Hz, H-21b), 5 89 (1H,
dd,J =2,2 Hz, H-22) EIMS m/z (rel 1nt) 390 [{M]* (4),372[M
—H,0]1" (19), 354 [M—2xH,0]" (20), 336 [M—3xH,0]*
(4), 318 [C,gH,,0,1" @), 262 [C,,H,,0,]" (7), 247
[C16H330,]1* (10),219 [C, sH,50] " (18), 201 [C, sH,, 1" (100),
160 [C,,H (1" (12), 145 [C,;H 4] (12) From most part of
fraction C, T-acetate (50 3 mg) was 1solated after acetylation and
purification by rechromatography on silica gel (Wako gel C-
300) 7-Acetate (R, 0 16, C,H,-Me,CO, 3 1), mp 225- 229" (from
MeOH-H,0), C,H,,0, (required 4322512, [M]" at m/z
4322528), IR v&Brem ™! 3430, 1730, 1720, 1630. 1245 '"H NMR
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(300 MHz, CDCl;) é 091 (3H, s, Me-18), 093 (3H, s, Me-19),
205 (3H, s, AcO-3a), 2.81 (1H, dd, J =9, 6 Hz, H-17a), 4.82 (1H,
dd,J =18, 2 Hz, H-21a), 501 (1H, dd, J =18, 2 Hz, H-21b), 5.11
(1H, m, W,,, =22 Hz, H-3p), 591 (1H, dd, J =2, 2 Hz, H-22)
EIMS my/z (rel int).432 [M]* (4), 372 [M—-HOAc]* (20), 354
[M—-HOAc—-H,0]* (26), 336 [M—HOAc—-2xH,01* (4,
318 (4), 247 (13), 219 (16), 201 (100), 160 (11), 145 (11)

Identification of 3-ep-17fH-periplogemin (8). When 7 was
purified by HPLC, the mmor component contained n the peak
at 6.9 mm was detected. The product was not 1solated but
dentified with authentic 3-epi-17fH-periplogenin [1] by TLC
(R, 0.08, CHC1;,-EtOH, 10 1) and HPLC

Isolation of digitoxigemn B-D-glucoside (9) tetraacetate After
acetylation of fraction D and punification by HPLC (R, 26.3 min.
solvent 70% MeOH m H,0), product 9-tetraacetate was re-
crystalhized from MeOH-H,0 (50mg), mp 168-170°,
Cy,H;,0,; (required 7043407, [M]* at m/z 704 3411).
'H NMR (400 MHz, CDCl,). § 0.87 (3H, s, Me-18), 090 (3H, s,
Me-19), 2.01 (3H, s, AcO-), 202 (6H, s, AcO-x2), 208 (3H, s,
AcO-),277(1H,dd,J =9,55 Hz, H-174), 367 (1H, ddd, J =9 5,
S,25Hz, H-5),401 (1H, brs, W,,, =75 Hz, H-3a),4.12 (1H, dd, J
=12,25Hz, H-6),425(1H, dd, J =12, 5 Hz, H-6"), 4 55 (1H, d,
J=8 Hz, H-1'), 4.80 (1H, dd, J =18, 1 8 Hz, H-21a), 498 (1H, dd,
J =18,1.8 Hz, H-21b), 5.00(1H, dd, J =9 5,8 Hz, H-2), 5.08 (1H,
dd,J =935,95Hz H-4), 522 (1H, dd, J =9.5,9.5 Hz, H-3'), 5.88
(1H, dd,J =1 8,1 8 Hz, H-22). EIMS m/z (rel int ) 704 [M]* (2),
357 [C,3H;5051 (100), 331 [C,,H,40,]" (66), 246
[C17H,601" (27), 203 [C,sH,5]" (50), 169 (61)

Identification of 3-epidigitoxigemin B-D-glucoside (10) tetra-
acetate. Duning 9-tetraacetate purnfication by HPLC, the mmor
component, a peak at 31 5mn was detected. Because of the
small amount of sample, the product was not 1solated but instead
identified with authentic 3-epidigitoxigenin -pD-glucoside tetraa-
cetate {8] by HPLC and TLC, R, 0 56: the first development
with CHCI;-EtOH (7 1), the second development with
C¢He—Me,CO (3 1)

Identification of periplogemn B-D-glucoside (11). Because of the
small amount of sample, product 11 (from fraction E) was not
1solated as a crystalline compound but instead 1dentified with
authentic periplogenin -p-glucoside [2] by HPLC (R, 9.8 min
solvent 60% MeOH m H,0) and TLC (R, 0.14,
CH,Cl,-MeOH-H,0, 84 15.1)

Identification of digitoxigenone (12) After 1 (60 mg) was incu-
bated for 3-days with the caili (228 g fr wt), sole Kedde-positive
spot (R 0 60; CHCl,~EtOH, 10-1) except 1 was detected i the
CHCI, extracts from the callt and the medum. The product was
identified with authentic digitoxigenone [7].

Acknowledgements—We thank Dr. T Kishi (Head) and Mr. T
Takahashi (Kyoto Takeda Herbal Garden) for Strophanthus

1097

intermedius. We also express our appreciation to the members of
the Analytical Centre of this University for 300 and 400 MHz
NMR spectra and mass spectra. This work was supported by a
Grant-in-A1d for Scientific Research (Project-1) from School of
Pharmaceutical Sciences, Kitasato University

REFERENCES

1. Furuya, T, Kawaguchi, K. and Hirotam, M (1988) Phyto-
chenustry, 27, 2129

2 Kawaguchy, K., Hirotani, M and Furuya, T. (1988) Phyto-
chenustry, 27, 3475

3 Furuya, T., Hirotami, M. and Shinohara, T (1970) Chem.
Pharm Bull (Tokyo) 18, 1080

4 Furuya, T, Hirotam, M and Kawaguchi, K (1971) Phyto-
chenustry 10, 1013

5 Furuya, T, Kawaguchi, K. and Hirotani, M. (1973) Phyto-
chenustry 12, 1621

6 Hirotani, M and Furuya, T (1975) Phytochemistry 14, 2601.

7 Hirotam, M and Furuya, T (1980) Phytochemistry 19, 531.

8. Euw, ], Hess, H, Speiser, P and Reichstein, T. (1951) Helv
Chim Acta 34, 1821.

9 Hegedus, H., Tamm, Ch and Reichstein, T (1955) Helv.
Chim Acta 38, 98.

10 Ton, K, Ishu, H, Wolkowski, Z W, Chachaty, C., Sangare,
M., Piriou, F and Lukacs, G (1973) Tetrahedron Letters,
1077

11. Jones, A., Veliky, A and Ozubko, R S. (1978) Lioydia 41,
476.

12. Yamada, A. (1960) Chem. Pharm Bull. (Tokyo) 18, 1080.

13. Alfermann, A. W, Boy, H. W, Doller, P C, Hagedorn, W,
Heins, M, Wahl, J and Remhard, E (1977) in Plant Tissue
Culture and Its Biotechnological Apphcation (Barz, W, Re-
mhard, E and Zenk, M H, eds), p 125 Springer, Berlin

14 Doller, P. C and Renhard, E (1979) Planta Med 37, 277.

15. Stohs, S J. and Rosenberg, H. (1975) Lloydia 38, 181

16 Hirotam, M and Furuya, T (1980) Shoyakugaku Zassh 34,
1.

17 Reinhard, E. and Alfermann, A. W. (1980) in Advances in
Biochemical Engineering (Fiechter, A ed.)) Vol 16, p. 49.
Springer, Berlin

18. Charney, W and Herzog, H. L. (1967) Microbial Trans-

formation of Steroids. Academic Press, New York.

19. Iizuka, H and Nazito, A. (1967) Microbial Transformation of
Sterowds and Alkaloids Umniversity of Tokyo Press and
University Park Press, Tokyo

20. Spieler, H, Alfermann, A W. and Remhard, E (1985) Appl.
Microbiol. Biotechnol. 23, 1



