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Abstract-Six biotransformation products of dlgitoxigemn by cell suspension cultures of Strophanthus amboensis are 
described. 

INTRODUCTION 

In our previous paper, we Investigated the biotransform- 
ation of dlgltoxlgenin (1) by cell suspension cultures of 
Strophanthus gratus, and reported on 17gH-digitoxlg- 
enin, 3-ept-17/?H-dlgltoxigenin, 17/?H-acovenoslgemn- 
A, periplogenm, 17bH-penplogenin, 3-epi-17/IH-periplo- 
genin and 3-epl-4/?-hydroxy-l7/lH-dlgltoxlgemn as pro- 
ducts [l]. The blotransformatlon of 1, a precursor of 
cardiac glycosldes, by plant cell cultures has been carried 
out with Dtg&ls lanata [2,3], D. purpurea [2,4], 
Theuetia nerzlfolta [5] and Daucus carota [6] in the hope 
of obtammg new cardenolides. Strophanthus amboensis is 
one of the Apocynaceous plants containing a number of 
cardiac glycosides [7,8]. Dohnal et al. [9] have reported 
on the growth and phytochemlcal analysis of S. amboensis 
callus tissue culture and identified phytosterols and ur- 
sohc acid but cardenolides could not be detected. This 
paper deals with the biotransformation of 1 by a cell 
suspension culture of this plant. 

RESULTS AND DISCUSSION 

The cell strain used for this work was derived from the 
leaves of Strophanthus amboensis [See Experimental]. 
However, no cardenolides were detected by TLC analysis 
of extracts of the cells. After dlgltoxigenin (1) (600 mg) was 
incubated with the cells (1.0 kg fr. wt) for 18 days, the cells 
and the medium were extracted with chloroform and 
chloroform-methanol (2 l), respectively. Seven Kedde- 
positive spots were detected on TLC of the chloroform 
extracts and four Kedde-positive spots were found in the 
chloroform-methanol extracts. These spots were distinct 
from the biotransformation products of 1 found in the cell 
cultures of Strophanthus gratus [l]. After these extracts 
were combined (6.1 g) and separated, the products 2-4,5- 
tetraacetate and 7 were isolated as crystalline compounds 

*Part 57 m the senes ‘Studies on Plant Tissue Cultures’. For 
Part 56 see Furuya, T , Orihara, Y., Takagl, S and Yoshida, T 
(1988) Plant TESS Cult Letters (m press) 

and their chemical structures were elucidated. Further- 
more, product 6-tetraacetate was identical with an auth- 
entic sample by HPLC and TLC. 

Product 2 was isolated as colourless prisms (25.0 mg, 
yield 4.2%), and had the composition C23H3404 on the 
basis of high-resolution mass spectroscopy. In the 
‘H NMR spectrum of product 2 (Table l), the H-3 signal 
appeared as a multlplet ( WI,,=26 Hz) at 63.59, thus 
showing that H-3 had the p-configuration. The other 
proton signals were similar to those of 1. These results 
mixate that 2 1s 3a,l4-dlhydroxy-Sp, 14/?-card-20(22)- 
enohde (3-epldigitoxigemn) Compound 2 has been ident- 
ified previously as a product of the biotransformation of 1 
m a D. purpurea cell culture [4]. 

Product 3 (33.0 mg; yield 5.3%), the main product in 
this expenment, had molecular formula C,,H,,O, (high- 
resolution mass spectrometry), and its structure was 
determined as 3/?,5,14-trihydroxy-5fi,l4/?-card-20(22)- 
enolide (periplogenin) through the ‘H and 13CNMR 
spectral data (Tables 1 and 2). Sfi-Hydroxylatlon of 1 by 
plant cell cultures has been previously observed with D. 
purpurea [4], D. carota [6] and S gratus [l]. 

Product 4 (9.0 mg; yield 1.4%) had molecular formula 
C,,H,,O, (high-resolution mass spectrometry), and the 
‘H NMR spectral data of products 3 and 4 were similar to 
each other except for the proton signal of H-3, at 64.12 
(lH, br s, IV,,,= 7 Hz, H-3a) and 4.05 (lH, m, W1,2 
= 22 Hz, H-3P). In the 13C NMR spectra, the data for C-l 
to C-10 of products 3 and 4 showed moderate differences 
From the data, the structure of product 4 was established 
to be 3a,5,14-trlhydroxy-5&14/?-card-20(22)-enohde (3- 
eplpenplogenin). The formation of 3-eplperiplogenin (4), 
which has been isolated from leaves of Adonis vernah 
[lo], is now demonstrated m plant cell cultures. 

Product 5-tetraacetate (7.5 mg, yield 0.7%) was lso- 
lated after acetylation, had molecular formula 
C37H52013 (high-resolution mass spectrometry). The 
mam mass spectral fragment peaks were observed at m/z 
704 CM]‘, 357 [C,,H,,O,]+ and 331 [C,,H,,091+. 
The peak at m/z 357 suggested that the aglycone part was 
a digitoxigenin analogue, and the peak m/z 33 1 suggested 
that product 5-tetraacetate was a tetraacetyl D-glucopyr- 
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Table 1 1 H NMR spectral data for blotransformatlon products 2-4, fi-tetraacet- 
ate and 7 (400 MHz, CDCI,) 

Protons 

H-3 

H-17 

3H-18 
3H-19 
H-21a 

H-21b 

H-22 

H-l’ 

H-2 

H-3’ 

H-4’ 

H-5’ 

H-6 

H-6” 

MeCOO 

2 3* 4t 

3 59 m 412hrs 405m 

(26) (7) (22) 
271 dd 284dd 2 19 dd 

(9, 6) (9, 6) (9, 6) 
080s 088s 088s 

0 85 s 093s 089s 

4 53 dd 491 dd 481 dd 

(18, 2) (18, 2) (18, 2) 
492dd 503dd 4.99 dd 

(18, 2) (18, 2) (18, 2) 
580dd 5 89 dd 5 89 dd 

(2, 2) (2, 2) (2, 2) 

S-tetraacetate 7*t 

401 hrs 

(7 5) 
2 71 dd 

(9, 5 5) 
087s 
090s 
480dd 

(18, 18) 
498dd 

(18, 18) 
5 88 dd 

(1 8, 18) 
455d 

(8) 
500dd 

(9 5, 8) 
5 22 dd 
(9 5, 9.5) 
508dd 

(9 5, 9 5) 
3.67 ddd 

(9 5, 5, 2 5) 
4 12dd 

(12, 2 5) 
425dd 

(12, 5) 
201 s, 202s, 
202s,208s 

4 22 hi- F 

(7) 
283dd 

(9, 6) 
089s 
093 T 
491 dd 

(18, 2) 
503dd 

(18, 2) 
590dd 

(2, 2) 
441 d 

(9) 
3 17dd 

(9, 9) 

3 65 dd 
(12,2 5) 
3 85 dd 

(12, 5) 

*Measured m CD,OD 
tMeasured at 300 MHz 
-1ndlcates signals were unresolved for signals of solvent. 
The figures m parentheses are coupling constants m Hz except for WI,* values 

for hr s and M 

anoside [ 111. In the ‘H NMR spectrum, the slgnal for H- 
3 was observed at 64.01 (lH, br s, W,,, = 7.5 Hz, H-3a), 
and the signal for an anomerlc proton was observed at 
64.55 (1 H, d, J = 8 Hz), mdicatmg that the sugar had the 
P-configuration [ 121 Moreover, conslderatlon of the 
13C NMR spectral data of product S-tetraacetate showed 
that the compound was dlgltoxlgemn P-D-glucoslde tet- 
raacetate At the same time, product 6-tetraacetate was 
identified as 3-epldlgltoxlgenm b-D-glucoside tetraacet- 
ate by comparison with the authentic compound (HPLC 
and TLC) The formation of dlgltoxlgenm P-D-glucoside 
(5) and 3-epldlgltoxigenm ,@-D-glucostde (6) has been 
demonstrated using cell cultures of D purpurea, with 
production of compound 6 predommatmg over com- 
pound 5 [4]. This fact is consistent with the results of 
enzymatic studies which showed that dlgltoxigenin (1) 
has a very low affinity for sterol. UDPG glucosyltransfer- 
ase purified from the cells and plant [13]. From these 
results, it 1s interesting to note the different extents of 
glycosylatlon, the axial 3/j’-hydroxy group (5) was gluco- 
sylated preferentially compared to the equatorial 3~ 
hydroxy group (6), as was observed with the cell cultures 
of S amboensrs 

The mam mass spectral fragment peaks of product 7 
(26 5 mg, yield 3.0%) were observed at m/z 552 CM]‘, 390 

[C,,H,,O,]+ and 318 [C,gH260,]+ The peaks at m/z 
390 and 318 suggested that the a&cone Dart was a 5- 
hydroxydlgltoxli&in anologue [ii] In ihe ‘H NMR 
spectrum, the signal for H-3 was observed at 64.22 (lH, br 

s, w,,,= 7 Hz, H-3a), and the signal for an anomeric 
proton was observed at 4 41 (lH, d, J = 9 Hz), indicating 
the /&configuration On comparison of the 13CNMR 
chemical shift values of product 7 and perlplogenin (3), 
the data for the aglycone part were similar to each other 
except for the C-2, C-3 and C-4 signals The data for the 
sugar part, C-l’ to C-6’, corresponded to the data for the 
sugar part of dlgitoxlgemn P-D-glucoside Cl5J. From 
these data, the structure of product 7 was elucidated as 
perlplogenm /?-D-glucoside, which was isolated from 
seeds of Strophanthus oanderiJstli [16], and IS a new 
blotransformatlon product of 1 produced by plant cell 
cultures. 

The possible blotransformatlon pathway of 1 by cell 
suspension cultures of S. amboensis IS shown in Scheme 1 
The eplmerlzatlon of 38-OH to 3r-OH and S[$hydroxy- 
latlon performed by the cell cultures of S. gratus have 
been observed with the cell cultures of S. amboensts, but 
lp- and 4fi-hydroxylation and lsomerlzatlon of the 17/& 
butenolide rmg were not demonstrated m S amboensrs. 
On the other hand, the glycosylatlon ability exhlblted by 
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D purpurea, was also found m S amboensls but not m S 
gratus The new blotransformatlon products, 3-eplperl- 
plogenm (4) and penplogenm ,6-D-glucoslde (7), are being 
evaluated for cardlotomc actlvlty In t’mo The various 
blotransformatlon ablhtles of plant cell cultures from the 
different orlgms will contribute possibly to the provlslon 
of novel cardiac glycosldes, some of which may prove 
useful rn the pharmaceutical industry [ 171 

EXPERIMENTAL 

Mps uncorr NMR 300 and 400 MHz (CDCI, or CD,OD) 

FDMS was taken with a JEOL JMS D-300 mstruments equip- 

ped with a direct mlet system HPLC of the blotransformatmn 

products was performed using a Nucleosll 5C18 (10 x 300 mm) 

column, coupled to d UV detector and a dlfferenttal refracto- 

meter 
Culture ntezhodv The leaves of Strophanrhus amhoensr~ were 

sterlhzed by 70% EtOH and a saturated soln of bleachmg 

powder and then rinsed with sterile H,O and cut into ca 5 mm 

segments These segments were placed on modified Murashlge 

and Skoog’s tobacco medium contaming I 0 ppm 2,4-dlchloro- 

phenoxyacetlc acid, 0 I ppm kinetm and 3% sucrose in Jan, 
1983 The cd111 were subcultured at 30 m the dark every 4 weeks 

In the blorransformatlon experiments, the calh were transferred 

to a hqtud medium contammg dlgltoxlgemn (I) suspended with 

Tween 80, and Incubated m a shaker (90 spm) for 18 days 

Deter tlon and wparatron oj hwtransjormatron product\ DIgI- 

toxlgemn (1) (600 mg) was added to the call1 (I 0 kg fr wt) from 4- 

week-old static cultures. and after 18 days, the CHCI, and the 

CHCI,-MeOH (2 1) extracts from the calh and the medium 

were obtamed accordmg to the method described m a previous 

paper Ll] The CHCl, extracts from the call] and the medium 

were examined on TLC with Kedde’s reagent and 10% H,SO,, 

seven Kedde-posltlve spots (R/ 0 41, 0 26, 0 18, 0 15, 0 10, 0 04, 

001, CHCl,-EtOH 10 1) were detected Four Kedde-positive 

spots (R, 0 34,O 29,O 24,O 14; CH,Cl,-MeOH-H,O 84 15 1) 

were detected slmrlarly m the CHCl,-MeOH (2 1) extracts 

These extracts were combined (6 1 g), chromatographed on a 

slhca gel column (250 g Wako gel C-200) and eluted as follows 

fraction A, CHCl, (40 l), fraction B, CHCl,- MeOH (19 1, 1 8 I), 

fraction C, CHCl,-MeOH (9 1, 2 4 I) and fraction D, CHCl,- 

MeOH (4 1, 0 8 I) 
IFolatton of3-epld~grfo,~lgenln (2) Fraction A yielded the crude 

product 2 Further purlficatlon of product 2 was achieved by 

repeated HPLC (Nucleosll 5ClX. 70% MeOH m H,O, flow rate 

3 ml/mm) and product 2 was Isolated from the fraction contam- 
mg the peak at 15 4 mm Product 2 wds recrystalhzed from 

MeOH to gtve colourless prisms (25 0 my), mp 268&271’, 

C,,H2,0, (required 3742457, LM]’ at rn;; 3742468), IR 

\s:Z cm-’ 3430,1745,1635 For ‘H and 13C’ NMR spectral data 

of product 2 see Tables 1 and 2 EIMS m/i (rel mt ) 374 [M] + 

(6), 356 [M -H,O]+ (251, 338 [M -2 x H,O]+ (4), 246 

IC,,H,,O]+ (34), 203 [C,,H,,l+ (]oO), 162 [C,,H,,l+ (X9, 
I47 IC,,H,,]+ (14) 

Isohon oj perlplogemn (3) Product 3 (33 0 mg) was isolated 
from fraction B after purlficatlon by HPLC (R, 8 1 mm solvent 

80% MeOH m H,O) Product 3, mp 136-140’ (from MeOH), 

C2.1H,,0, (requned 3902405. [M]’ dt m,‘r- 3902398), IR 
Y::: cm-’ 3320,1775,1740,1620 ‘H and 13C NMR see Tables 

1 and 2 EIMS m,‘z (rel mt ) 390 [M]’ (I), 372 [M - H,O] + (16), 

354 [M-2xH,O]+ (22), 318 [C,,H,,O,l’ (IO@, 300 
CC,,H,,O,]+ (7), 262 IC,,H,,O,l’ (9), 219 [C,,H,,Ol+ (40), 

201 IC,,H,,]+ (59). I45 IG,H,,l+ (1x1 

Table 2 13CNMR chemical shifts of biotransformation pro- 

ducts 2-4, 5 tetraacetate and 7 (100 MHz, CDCI,) 

C 

1 

2 

3 

4 

5 
6 

7 

8 
9 

10 

II 

12 
13 

14 

15 

16 
17 

18 

19 

20 

21 

22 

23 
I’ 

2’ 

3’ 
4 

5’ 

6’ 

2 3* 

33 1 26 5 29 4 

30 5 28 8 29 8 

71 5 69 4 67 6 

36 1 36 2 31 6 

414 76 5 748 
26 8 38 1 36 5 

214 25 1 23 7 

41 9 42 2 410 

36 1 404 38 9 

349 42 0 39 1 

20 9 23 I 210 

39 9 41 3 39 8 

49 4 51 2 49 3 

85 5 X6 6 85 3 

34 7 33 6 330 

26 9 28 3 26 7 

50 8 52 3 50 5 

156 167 159 

23.1 176 158 

1743 1775 1743 

73 3 75 7 73 6 

1176 118 I 1176 

1744 1787 1743 

&COO 

MeCOO 

4t 

s- 
tetraacetate 7* t 

- ~___ 

29 6 

26 9 

73 4 

33 1 

36 3 
264 

214 

41 9 

35 7 

35 1 
21 2 

400 

49 6 

85 6 

33 I 

269 

50 9 

158 

23 7 

1744 

74 1 

1177 

1744 

98 7 

715 

72 8 

68 6 

71 7 

62 1 

206 

206 

20 I 

20 8 

169 I 

1694 

1704 

1707 

_____ 
26 6 

27 0 

759 

34 6 

75 1 

36 2 

250 

41 6 

40 I 
41 8 

22 6 
40 9 

50 9 

864 

33 4 

28 0 

520 

164 

173 

1773 

75 4 

1179 

1784 

1019 

75 1 

78 2 

716 

78 3 

62 8 

*Measured in CD,OD 

tMeas.ured at 75 2 MHz 

Isolation of 3-eplperfplogenm (4) Product 4 (90 mg) was 

Isolated from fraction B after purdicatlon by rechromatography 

on silica gel (Wako gel C-300) Product 4, mp 232-235” (from 

MeOH--H,O). CL3HA,0, (reqmred 3902405, [M]’ at 

ml; 390 2383) IR v:fl;crn- ’ 3400, 1750, 1630 ‘H and 

13C NMR see Tables 1 and 2 EIMS m/z (rel mt ) 390 [M]’ (4), 

372 [M-H,O]+ (19), 354 [M-2xH,O]+ (20). 336 [M-3 

x H,O]+ (4), 318 [C,,HI,O,]’ (4), 262 [C1,HZ602]+ (7), 247 

K,,H,,W+ (lo), 219 G5H&]+ (IS), 201 [C,,H,,]+ (100). 
I60 IC,,H,,l+ (17-L I45 [CI,H,3]’ (12) 

Isolation o.f dtgltoxigenm fl-D-qlucoslde (5) tetraacetate After 

acetylatlon of fractions B and C with pyrldlneeAc,O at room 

temp and purificatton by HPLC (R, 263 mm solvent 70% 
MeOH In H,O), product S-tetraacetate was recrystalhzed from 

MeOH-H,O (7 5 mg). mp 164170’, C,,H,,O,, (reqmred 
704 3407, [M] + at ,‘z 704 3411) ‘H and 13C NMR see Tables 1 
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and 2. EIMS m/z (rel. mt.): 704 [M]’ (2), 357 [C H 0 1’ 23 33 3 
(10% 331 C&H1909]+ (66), 246 CC1,H260]+ (27), 203 

CC,,H,,I+ PO)> 169 (61) 
Ident$catlon of3-epufq~tox~genin b-D-glucoslde (6) tetraacet- 

ate During S-tetraacetate punficatlon by HPLC, the nunor 

fraction, with a peak at 31.5 mm, was detected Because of the 

small amount of sample, the product was not isolated but Instead 

ldentlfied~ with authentic 3-epldlgltoxigenm B-D-glucoslde tet- 

raacetate [4] by HPLC and TLC [R, 0 56 the first development 
with CHCI,-EtOH (7 1); the second development with 

C,H,-Me&O (3 l)] 

Isolation ofperlplogenm /f-D-glucosrde (7) Product 7 (26 5 mg), 

mp 215-218” (from EtOH), was isolated from fraction D after 

purification by DCCC [DCCC, CHCl,-MeOH-H,O (5 6.4); 

ascendmg method, using a column of 1 d 2 mm]. ‘H and 

‘sCNMR see Tables 1 and 2 EIMS m/z (rel. mt) 552 [M]’ 

(04), 534 [M-H,O]+ (l), 516 [M-2xH,O]+ (I), 390 

CC,,H,,W+ (2% 372 IC,,H,,O,I+ (2% 354 CC,,H,,O,l+ 
(45), 336 [C,,H,,O,]+ (25), 318 [C H 0 1’ 19 26 4 (lOO), 299 

K,H,,W+ (1% 273 (lo), 219 CC,5H&l+ (W, 201 
[C15HZl]+ (34), 145 [C,,H,j]+ (32). FDMS m/z(rel mt) 552 
[M]’ (lOO), 373 (15), 163 (32) 
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