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Linkage, from Anodendron affine (Anodendron. IV)»
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Affinosides S-I—S-VIII were isolated from the caules and leaves of Anodendron
affine Druce, and identified as glycosides of affinogenin C, D-I, and D-II, each having a
single glycosidic linkage with bp-digitalose, 6-deoxy-p-gulose, 4,6-dideoxy-p-gulose, or
p-glucose.
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2,3,14-trihydroxy-11-oxo-cardenolide glycoside; 6-deoxyguloside; 4,6-dideoxyguloside;
2-0-glucosylcardenolide

Many cardenolide glycosides having unusual double linkages between the aglycone and a
deoxy-hexosulose?® (or deoxy-pentosulose)® moiety have been found from plants belonging
to the genera Asclepias, Calotropis, Pergularia (Asclepiadaceae),? Elacodendron (Celastraceae)®
and Anodendron (Apocynaceae).® In the preceding papers of this series, we have described
affinosides A—J, cardenolide glycosides of the unusual type,*®’ and affinogenins C and D-I—V,
cardenolides free from the component sugar, from Anodendron affine Druce.) This paper
deals with the structures of affinosides S-I—VIII (I—VIII), glycosides with a usual glycosidic
linkage.
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Compounds I and II were obtained

as crystals from the leaves and caules, g ————

respectively, following the affinogenins 4 S VI

on column chromatography, as men- s SV O NO

tioned in the preceding paper.!’ In the '®) é o 1 5 S VIII

'H-nuclear magnetic resonance ('H- I © O s IIIO

NMR) and 1BC-NMR spectra of [ and I1I, o S-1 S,\g 0 SO_I b

the signals due to the sugar moieties 1 C2> o C)S—(I? 2 Cg) 0

were superimposable on each other, 3 SEI S-II

being identical with those of b-digit- . S IV

alopyranoside (e.g. odoroside H).> In obg 0

the "TH-NMR spectrum, I1 showed a trip- s-1v. Q@

let at 0 6.18 due to a 16-olefinic pro- S-Vl S-V

ton, together with 18- and 19-methyl, 00

21-methylene, and 22-olefinic protons S-V1

(these appeared in both [ and II).

From the BC-NMR spectra, the agly- CHCl3-MeOH-H,0 EtOAc-MeOH (4 : 1)

cone moieties of I and I1 were consider- (7:3:1)

ed to be affinogenin C (Cg) and affinogen- Iig. 1. Thin Layer Chromatograms of Affinosides
S-1— VIIT and Affinogenin D-1---V on Silica Gel

in D-I (Dg-I), respectively, (Chart 1)
based on the glycosylation shifts of the ‘ 4

carbinyl carbon at C3 and of the L Al -1 2 elfaegenn D-113: ainogesn D-11
neighboring C-2 and C-49 caused by

the 3-O-digitalosyl residue (d1.cg: +6.7 ppm at C-3, —0.6 ppm at C-2, —3.0 ppm at C-4;
On-pg1: +6.6 ppm at C-3, —0.7 ppm at C-2, —3.5 ppm at C-4). Upon hydrolysis of I and
IT with acid, the aglycones and sugars were identified by comparison with authentic samples.
Since the p-form of digitalose has been found in the cardiac glycosides of Apocynaceae,
the sugars in I and II are tentatively regarded as being p-digitalose. The anomeric protons
were both observed at ¢ 4.80 with coupling constants of 8 Hz, suggesting the glycosidic link-
ages to be . Thus, the structures of [ and Il were established to be 3-O-(f-p-digitalopyrano-
syl)-2a, 38, 14-trihydroxy-11-ox0-58,144-card-20(22)-enolide and its 4'8-derivative, respectively
(Chart 1).

Compound VII was obtained from the extract of the caules after affinogenin D-V (3«,
14-dihydroxy-2,11-dioxo-bg,14-carda-16,20(22)-dienolide) on the column chromatography.V
One acetyl residue was apparent from the 'H-NMR spectrum (0 2.00) in addition to ’-methyl
protons, 3’-O-methyl protons and resonances due to the aglycone moiety. Since the C-NMR
spectrum due to the aglycone moiety was almost superimposable on that of II, the acetyl
group seemed to be linked to the sugar moiety. Although alkaline deacetylation of VII was
unsuccessful, a peracetate of VII (VII-1) was identified as II-triacetate (II-1). Consequently,
VII was considered to be the 2’- or 4’-acetate of II. In a comparison of the tH-NMR spectrum
of VII with those of 2’-O-acetyl and 4’-O-acetyl odoroside H (digitoxigenin §-p-digitalopyrano-
side), a peak of doublet of doublets, corresponding to 4'-H of 4’-O-acetvl odoroside H at 6 5.28
(in CDCly), was observed at 4 5.54 with coupling constants of 3 and 1 Hz. In a BC-NMR
comparison of VII with 4’-O-acetyl odoroside H, the signals due to the sugar moieties of the
two samples were in good agreement. VII was therefore considered to be the 4’-acetate of II.

Compound I1I was isolated as a solid from the fraction following affinogenin D-111 (26,3«,
14-trihydroxy-58,144-carda-16,20(22)-dienolide. Compound III afforded a tetraacetate (II1-1)
upon acetylation with Ac,O and pyridine, and was hydrolyzed to Dg-I and a sugar. In the
TH-NMR spectrum of 111, a doublet of one proton at ¢ 5.37 with a coupling constant of 8 Hz
was ascribed to the anomeric proton. The glycosidic linkage was therefore considered to be
B, and the 2-OH, «. With 19, hydrochloric acid in acetone, I11 formed an acetonide (I11-2),

Plates
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which was further acetylated with Ac,O and pyridine to yield a diacetate (III-3). The peaks
of 2'-, 8’-, 4’-, and 5’-H in I11-2 and I11-3 were assigned by decoupling experiments based on
the peaks of the anomeric and 6’-methyl protons. In the 'H-NMR spectra of III-2 and I11-3,

TaBLEL. 'H Chemical Shifts of Affinosides and Their Derivatives®

18,19-Me 21-CH; 22-H 2,3-H 16-H 1"H 2'H 3.H 4'H 5"H 6-CH Others
" 1.03 4.97 6.10 4.50 4.80 4.37 3.48 3.74 1.50 3.57 (3-OMe)
1.21 5.22 (t, 2) (2H, bs) (d, 8)(dd, 8, 9) (dd, 9, 3) (dqg, 1, 6) (d,6)
(dd, 17,2)
mn” 1.23 4.78 6.38 4.47 6.18 4.80 4.34 3.47 3.74 1.49 3.57 (3-OMe)
1.55 5.03 (bs) (2H, bs) (t,2) (d, 8)(dd, 8, 9) (dd, 9, 3) (dq, 1, 6) (d, 6)
(dd, 16, 2)
-1 1.11 4.92 597 3.79(bs,3-H) 6.14 4.42 5.10 5.30 3.68 1.20 3.34 (3-OMe)
1.30 (2H, d, 2)(bs) 5.10 (m, 2-H) (bs) (d,8) (m) (bd,3) (g, 6) (d, 6) 1.88,2.07, 2.18
(-OAc)
vI® 1.23 4.78 6.40 4.50 6.16 4.85 4.23 5.54 1.26 3.51 (3-OMe)
1.56 5.02 (bs) (2H, bs) (bs) (d, 8)(dd, 8, 10) (dd, 3, 1) (d, 6) 2.00 (-OAc)
(d, 16)
H-2-OAc" 4.37 5.06 3.30 3.87 3.56 1.34 3.43 (3-OMe)
(d, 8) (dd, 8, 9) (dd, 9, 3) (dd, 3, 1) (dg, 1, 6) (d, 6) 2.04 (-OAc)
H-4"-OAc 4.30 3.65 3.24 5.28 3.67 1.18 3.42 (3-OMe)
(d, 8)(dd, 8, 9) (dd, 9, 3) (dd, 3, 1) (dq, 1, 6) (d,6) 2.11 (-OAc)
ur” 1.24 4.77 6.37 6.17 5.37 4.73 1.48
1.54 5.03 (bs) (bs) (d,8) (t, 3) (d,6)
(dd,16,2)
-1 1.11 491 597 3.82(bs, 3-H) 6.13 4.87 4.77 5.31 4.10 1.14 1.88,1.99,2.12
1.29 (2H, bs) (bs) 5.10 (bs, 2-H) (t,3) (d,8) (dd, 5, 2) (t, 2) (dq, 2, 6) (d, 6) 2.16 (-OAc)
[1I-2 1.06 491 5.93 4.94 6.09 4.70"4.05 4.36" 3.70% 1.26 1.36
1.48 (2H, bs) (bs) (2H, bs) (bs) (d,5) (dd, 5, 6) (dd, 6, 2) (dg, 2, 6) (d,6) (6H, (Me).C<)
[11-3 1.12 4.88 5.93 3.83 (bs, 3-H) 6.13 4.48"3.90" 4.15 5.0 3.87% 1.18" 1.31, 1.36

1.49 (2H,bs) (hs) 5.08 (bs, 2-H) (t, 3) (d, 6)(dd, 6, 5) (dd, 5, 2) (t, 2) (dq, 2, 6) (d, 6) ((Me)C()
1.87, 2.15 (-OAc)

vIi® 1.27 4.81 6.39 4.50 6.17 5.30 1.21
1.56 5.05 (t, 2) (2H, bs) (bs) (d, 8) (d, 6)
(dd, 16, 2)
VHI-1 1.09 4.90 5.96 3.80 (bs, 3-H) 6.13 5.38 1.19 1.87,1.98,2.08
1.29 (2H,bs) (bs) 5.09 (bs, 2-H) (bs) (m) (d,6) (-OAc)
VIII-2 1.04 4.90 5.94 6.08 4.50 4.39 1.19 1.33
1.21 (2H, bs) (bs) (t,2) d,7) (m) (d.6) (6H, (Me).C<)
VI3 1.10 4.87 5.89 3.83 (m, 3-H)™ 6.08 4.54"3.83"  4.40" 3.83"  1.20 1.28,1.32
1.23 (2H, bs) (bs) 5.08(bd,2,2-H)bs) (d, 7)(m) (m) (m) (d, 6) (Me):C<)
1.89 (-OAc)
VIII-4 1.07 493 5.97 3.90 (bs) 6.10 4.69 3.00 4.19 1.17 3.51(2-OMe)
1.37 (2H, bs) (bs) 4.00 (bs) (t, 2) (d, 8)(dd, 8, 3) (m) (d, 6)
VIIL-5 1.25 4.93 5.95 3.80 (bs, 3-H) 6.15 4.65'3.029  5.38" 1.19 1.89, 2.10 (-OAc)
1.31 (2H, bs) (bs) 5.12 (bs, 2-H) (bs) (d, 8)(dd, 8, 3) (bd, 3) (d, 6) 3.43(2-OMe)
v" 1.24 4.79 6.37 6.19 4.99
1.54 5.04 (t, 2) (bs) (d, 8)
(dd, 16, 2)
v 1.27 4.82 6.38 6.20 5.06
1.57 5.05 (bs) (bs) (d, 8)
(d, 16)
vI* 1.16 4.79 6.42 6.23 4.98
1.57 5.04 (t, 2) (bs) (d, 8)
(dd, 16,2)

a) 5(ppm) in CDCls, unless otherwise mentioned (J/Hz values in parentheses).
b) Dissolved in pyridine-ds.

¢) H=odoroside H (=digitoxigenin B-o-digitaloside); signals due to the aglycone moiety are omitted.
d) s by irradiation of 2-H.

e)  dof 6Hz by irradiation of 1-H.

N d of 2Hz by irradiation of 2"-H.

8) d of 2Hz by irradiation of 6-CHj.

h) s by irradiation of 2"-H.

7) d of 5Hz by irradiation of 1-H.

n d of 2Hz by irradiation of 3"H.

kY  qof 6Hz by irradiation of 4"-H.

) s by irradiation of 5-H.
m) bd by irradiation of 1-H.

n) s by irradiation of 2"-H.

0) bs by irradiation of 2"-H.

p) s by irradiation of 2"-H.

q)  dof 3Hz by irradiation of 1-H, d of 8Hz by irradiation of 3-H.

r)  bs by irradiation of 2"-H.
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TABLEII. *C Chemical Shifts of I, Il and VII, and Their Aglycones,
8 (ppm) from TMS in pyridine-ds

al b) H- H-
I Cg I Vil Dgl 2 G S OAC
C-1 373 37.0 37.3 37.3 37.3%
C-2 69.9 70.5 69.7 69.6 70.4
C-3 78.4 71.7 78.2 78.6 71.6
C4 27.29 30.2 26.77 26.9 30.2
C5 373 37.4 37.3 37.3 37.5%
C-6 27.29 27.1 26.97 26.9 27.1
C-7 23.1 23.1 229 229 23.0
C-8 43.3 43.3 43.0 43.1 43.0
C9 50.4° 50.3 50.1 50.1 50.2
C-10 353 35.0 35.2 353 35.7
-1 211.2 2114 211.5 211.5 2119
C-12 55.6 55.5 52.8 52.8 52.8
C-13 534 53.4 57.1 57.1 57.1
C-14 83.7 83.6 83.5 83.6 83.6
C-15 33.6 33.6 414 414 41.5
C-16 26.8% 27.1 135.2 135.2 1352
C17 50.6°' 50.5 142.3 142.6 1422
C-18 17.6 17.6 18.4 18.5 18.6
C-19 23.9 24.3 23.8 23.8 24.2
C-20 174.1 174.0 158.6 158.6 158.7
C-21 73.6 73.6 71.8 719 719
C-22 118.0 118.0 112.4 1124 112.4
C-23 174.2 174.2 174.2 174.5 174.5
C-1 103.7 103.7 103.5 99.7 103.3
C-2 70.7 70.7 71.0 719 71.0
C-3 85.0 84.9 82.9 82.2 82.9
C4 68.6 68.5 70.1 68.0 70.1
C-5 71.1 71.1 69.3 712 69.1
C-6' 17.4 17.4 16.9 17.3 17.0
3-OMe 57.2 57.1 58.2 56.5 58.1
-OAc 20.7 212 20.7
170.7 169.6 170.7

a) Cg=affinogenin C.

b Dg-1=affinogenin D-1.

¢) H=odoroside H(=digitoxigenin B-rdigitaloside); signals due to the aglycone moiety are omitted.
d,e) Signal assignments marked d) or ¢) in each column may be reversed.

2'-H was observed at similar chemical shifts, 4 4.05 in 11I-2 and 6 3.90 in I11-3, suggesting that
the isopropylidene residue is attached at the 2’- and 3’-hydroxyl groups, and one of the two
acetyl residues in II1-3 is linked to the 4'-hydroxyl group. The 2’- and 3’- hydroxyl groups
were tentatively considered to be cis on the bases of the ease of acetal formation, and the
coupling constants between 3’-H and 4'-H, and 4’-H and 5’-H were both 2 Hz, suggesting
that the 3’- and 4"-hydroxyl groups retain « and 8 configuration, respectively, if the component
sugar takes the C1 conformation.

The evidence from the 'H-NMR spectra suggests the component sugar to be 6-deoxygulose
(antiarose) among 6-deoxyhexoses so far obtained in nature, and this was finally confirmed by
paper chromatographic (PC)? and thin layer chromatographic (TLC)® comparisons with
authentic 6-deoxy-p-gulose. Since the ®C-NMR peaks due to the aglycone moiety of I11 were
in good agreement with those of I1, the sugar moiety is linked to the 3-hydroxyl group of Dg-I.
Since only 6-deoxy-p-gulose has been found in nature, the component sugar of I11 is considered
to belong to the p-series. The structure of IIT was thus established to be 3-O-(8-6-deoxy-p-
gulopyranosyl)-affinogenin D-1.

Compound VIII shows similar polarity to Dg-I and is less polar than III on TLC and

NII-Electronic Library Service



No. 4 1203

TABLEIII. '3C Shifts of III—VI and VIII, and Their Derivatives,
8 (ppm) from TMS in pyridine-ds

m el 2 113 VII  VIIT VII4 IV V VI  DglI*
C1 373 341 373 34.1 374 341 374 374 366 400 390
C2 699 716 697 69.7 69.8 717 697 698 749 672 679
c3 781 757 791 75.8 780 752 773 784 665 746  70.1
C4 269 281 270 273 268 280 268" 2687 325 318 337
C5 373 370 373 36.6 374 369 376 374 370 367 366
C6 269 269 270 26.9 268 269 264" 269" 263 262 265
C7 229 222 230 22.1 229 2.1 228 229 220 220 221
C8 429 429 431 429 430 429 429 430 431 430 431
C9 501 494  50.1 49.3 50.1 494 500 502 485 484 486
C-10 353 357 354 35.7 352 357 352 353 378 378 389
C-11 2118 2120 2115 211.9 2115 2117 2116 2120 2120 2112 2115
C-12 528 518 528 51.8 528 518 527 528 518 518 518
C13 571 568 572 56.7 571 568 570 571 570 569 57.0
C-14 836 829 836 82.9 835 829 835 835 829 829 830
C15 414 421 414 421 414 422 413 415 417 417 418
C-16 1355 1348 1352 134.9 1352 1349 1354 1352 1354 1354 1353
C17 1421 1418 1424 141.8 1422 1418 1420 1422 1414 1413 1414
C-18 185 197 185 19.7 184 197 184 185 195 197  20.0
C-19 238 239 241 23.8 238 237 242 238 241 238 242
C20 1589 1584 1587 158.4 158.7 1584 1587 1587 1586 1587 1585
C21 719 719 719 71.9 718 719 719 719 719 720 720
C22 1122 1130 1125 112.9 1124 1129 1122 1124 1125 1125 1126
C-23 1747 1747 1746 1744 1745 1744 1746 1745 1745 1745 1745
C-1' 1012 985 1014 1015 1008 934 992 1034 1014 1036
C2 736 708" 752 74.6” 721 713 817 752 753 749
C-3 740 69.0" 774 74.79 69.0 69.0 663 786 785 786
C4' 697 69.0° 706 71.8 407 374 404 716 715 716
C5 693 689" 686 68.9 665 672 663 784 785 783
C6 169 161 168 16.1 214 214 212 627 626 625
203 264 26.3 209 585
207 284 28.1 209 (-OMe)
20.7  109.0 109.5 20.9
214 ((Me)2C<() ((Me):C{) 168.4
169.2 20.6 169.2
169.5 21.4 169.8
169.7 169.2 (-OAc)
169.9 170.2
(-0Ac) (-OAc)

a) DglIl=affinogenin D-II.
b) Signal assignments marked &) in each column may be reversed.

column chromatography. In the 'H-NMR and ¥C-NMR spectra, the aglycone moiety was
found to be Dg-I, so that the sugar moiety is linked to the 3-hydroxyl group. In the 'H-NMR
of VIII, 6’-methyl protons at 6 1.21 (d, /=6 Hz) and an anomeric proton at 6 5.30 (d, /=8 Hz),
but no methoxyl protons, were seen. In the 3C-NMR spectrum (Table III), four doublets
(6 66.5, 69.0, 72.1, and 100.8) due to the sugar moiety were found, two of them being ascribable
to C-1"and C-5. Compound VIII afforded a triacetate (VIII-1) with Ac,O and pyridine, and
a monoacetonide (VIII-2) with 19, hydrochloric acid in acetone. Usual acetylation of VIII-2
provided a monoacetate (VIII-3). In VIII-2 and VIII-3, anomeric protons were clearly
observed as a doublet with a coupling constant of 7 Hz at ¢ 4.50 and 6 4.54, respectively. In
VIII-3, only a proton attached to the carbon bearing an acetoxyl residue was found at ¢ 5.08
as a doublet; this is assignable to the 26-H of the aglycone by comparison with that of VIII-2,
and therefore, the component sugar was considered to be a dideoxyhexopyranose. When
the anomeric proton at 4 4.54 in VIII-3 was irradiated, a multiplet centered at 6 3.83, including
2'-, 5'-, and 3a-H, was transformed into an unbalanced broad doublet. On the other hand,
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irradiation of the signal at ¢ 3.83 transformed the peak at 6 4.40 ascribable to 3’-H, and that
of the anomeric proton at ¢ 4.54, into a broad singlet and a singlet, respectively, showing the
isopropylidene residue to be attached to the 2’- and 3’-hydroxyl groups. In order to verify the
configuration of the 2’- and 3’-hydroxyl groups, partial methylation of the sugar moiety was
attempted by the procedure of Aritomi ef al.? With diazomethane and SnCl, in MeOH, VIII
afforded a monomethylate (VIII-4), which was further acetylated to yield a diacetate of VIII-4
(VIII-5). In the 'H-NMR spectrum of VIII-5, a doublet of doublets with coupling constants
of 3 and 8 Hz was observed at d 3.02, close to that of VIII-4 at § 3.00. The irradiation of the
peak at 0 3.02 caused the transformation of the anomeric proton signal and a broad doublet at
0 5.38 (/=3 Hz) into a singlet and a broad singlet, respectively. Consequently, the peak at
4 3.02 was assigned to 2’-H and that at § 5.38 to 3’-H. The chemical shifts of 2’-H and 3’-H
indicate that O-methylation occurred at 2-OH. The 1’-H/2’-H and 2’'H/3’-H are considered
to retain trans-diaxial and cis relations, respectively. On the bases of the tH-NMR and 13C-
NMR spectra of VIII, and its derivatives, the sugar moiety of VIII was considered to be
4,6-dideoxygulose, which is bound to the 3-hydroxyl group with a §-linkage. Affinosides A—J,
glycosides from this plant, each have a 4,6-dideoxy-3-O-methyl-p-gulosulose moiety, which
is a 2-dehydro-3-O-methyl derivative of 4,6-dideoxy-p-gulose. The component sugar of VIII,
therefore, seems to belong to the p-series.

Compounds 1V, V, and VI were hydrolyzed with g-glucosidase to yield glucose as a com-
ponent sugar, together with Dg-I from 1V, and Dg-I1 from V and VI. In the 'H-NMR spectra,
the anomeric protons of the three glucosides were found at 6 4.99—5.06 as doublets (] =8 Hz),
showing the glucosidic linkage to be . Compound IV was found to be 3-O-glucoside of Dg-I,
and V and VI were both considered to be the 2- or 3-glucoside of Dg-II on the bases of the
1BC-NMR spectra. Ina 3C-NMR comparison of V and VI with Dg-11, V was found to be the
2-O-glucoside and VI to be the 3-O-glucoside, since deshielding was observed at C-2 of V (47.2
ppm) and C-3 of VI (+4.5 ppm), while C-1 of V and C-4 of VI were shielded by —2.4 ppm and
—1.9 ppm, respectively. The structures of IV, V, and VI were hence established to be as
represented in Chart 1.

The structures of eight cardenolides were elucidated. The isolation of VIII is of interest,
since this is the first glycoside having a 4,6-dideoxyhexose as a component sugar to be isolated
from the higher plants, although many other cardenolide glycosides with a 4,6-dideoxy-
hexosulose in the sugar moiety have been found.!¥ Compound V is the only cardenolide
glycoside having a component sugar attached to a carbinol other than C-3.

Experimental

Melting points were measured on a hot stage and are uncorrected. 'H-NMR, ¥C-NMR, field desorption
mass spectra (FD-MS), and ultraviolet absorption spectra (UV) were obtained with the same machines
as described in the preceding paper.!)’ NMR chemical shifts are given in § values referred to internal tetra-
methylsilane, and the following abbreviations are used: s=:singlet, d=-doublet, dd=doublet of doublets,
t=triplet, m=multiplet, bs=broad singlet.

The following solvent systems were used for silica gel column chromatography and TLC: solv. 1, benzene~
acetone (5: 1—1: 1); solv. 2, hexane-EtOAc (1: 3—1: 5); solv. 3, EtOAc-MeOH (9: 1-—4: 1); solv. 4, CHCl,~
MeOH-H,O (7:1:5—7:3: 1, bottom layer); solv. 5, same system as solv. 4 (5: 6: 4, for droplet counter-
current chromatography (DCCC)); solv. 6, EtOAc-MeOH-H,O (7:1:7—2:1:2, upper layer): solv. 7,
methyl ethyl ketone satd. with H,O (for PC);” solv. 8, n-BuOH-EtOH (4: 1) satd. with borate buffer (for
PC);" solv. 9, EtOAc~iso-PrOH-MeOH (7: 1.5: 1.5);® solv. 10, n-BuOH-AcOH-H,0 (4: 1: 5, upper layer,
for PC). Asaspray reagent,a) 1: 1 mixture of 29, 3,5-dinitrobenzoic acid in MeOH and 2 v NaOH (Kedde’s
reagent), b} 59, H,S0,, and c) aniline hydrogen phthalate reagent (for sugar) were used. When b) or ¢) was
applicd, the plate or paper was heated until the spots developed.

The samples for elementary analysis wer: dried at room temp. in vacuo over P,0,.

Isolation of Glycosides—— Procedure and yields were presented in the preceding paper.l

Acetylation of Glycosides Glycoside (20—50 mg) was dissolved in 1 ml each of pyridine and Ac,0,
and the mixture was allowed to stand for 24 h at room temp., then diluted with ice water, and extracted
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with CHCl;. The CHCI; layer, after being washed with H,O, was dried over Na,SO,, and the solvent was
evaporated off in vacuo. The residue was chromatographed on a silica gel column with solv. 1. In most
cases, the acetate was obtained as a solid.

Affinoside S-1 (I)——1I was crystallized from EtOAc-hexane to give prisms, mp 150—155°C, [«]% +9.1°
(¢=0.57, McOH), A%:%" nm (e): 214 (13000), Anal. Caled for CyoH,,0,,-3/2H,0: C, 60.89; H, 8.01. Found:
C, 60.95; H, 8.24. I-acetate (I-1) was obtained as a crystalline powder from MeOH-H,0O, mp 158—161°C,
[e)p —8.0° (¢=0.43, MeOH), A¥%" nm (¢): 215 (18600).

Hydrolysis of I -1 (5 mg) was dissolved in 2 m! of 1% HCI in acetone (3 ml of conc.HCI in 97 ml of
acetone) and the solution was allowed to stand at room temp. for 20 h. The mixture was diluted with MeOH
and deacidified with Amberlite IR-410. The methanolic solution was concentrated in vacuo and partitioned
into n-BuOH/H,0. The BuOH layer, was concentrated and the residue was examined by TLC; the Rf
values were in good agreement with those of authentic Cg (solv. 1, 1:1; solv. 4, 7:2: 0.8). The sugar in
the water layer was examined by PC (solv. 10: Rf 0.40) and TLC (solv. 4, 7: 3: 1); the Rf values were in good
agreement with those of authentic p-digitalose.

Affinoside S-II (IT) II was crystallized from EtOAc-hexane to give prisms, mp 200—210°C, [«]%
+30.0° (¢=0.71, MeOH), A%:3" nm (¢) : 265 (16400), Anal. Calcd for C;;H,,0,,-H,0: C, 62.05; H,7.64. Found:
C, 61.64; H, 7.49. TIl-acetate (II-1) was crystallized from EtOAc-hexane to give needles, mp 270—272°C,
[ —2.4° (¢=0.17, McOH), 2% nm (&): 264 (20000).

Hydrolysis of 11 Hydrolysis was conducted in the same manner as for I with 1% HCI in acetone.
The aglycone was compared with authentic Dg-I by TLC with solv. 1 (1: 1), solv. 4 (7: 2: 0.8), and solv. 3
(6: 1); the Rf values of two samples were in good agreement. The sugar moiety was subjected to PC with
solv. 10 (Rf 0.40) and TLC with solv. 4 (7: 3: 1); the Rf values were in good agreement with those of authentic
p-digitalose.

Affinoside S-VII (VII) A solid, [a]} +29.4° (c=0.66, MeOH), A% nm (¢): 264 (18900), FD-MS m/z:
605 (M*+1, C3,H,,0,;). An aq. soln. of KHCO, (10 mg/2.5 ml) was added to a methanolic soln. of VII
(10 mg/1 ml). The mixture was allowed to stand at room temp. for one month. During the first two weeks,
VII but no II was detected on TLC. After one month, no Kedde-reactive spot was observed on TLC. VII
(10 mg) was acetylated and the acetate (V1I-1) was crystallized from EtOAc-hexane to give 3 mg of needles,
mp 268-—270°C. On admixture of the product with II-1, no melting point depression was observed, and the
TH-NMR spectrum of VII-1 was in good agreement with that of II-1.

Affinoside S-IIT (ITY)——A solid, [«]F +27.2° (¢=0.63, MeOH), A¥% nm (&): 264 (20000), FD-MS m/z:
549 (M*+1, CpHyoOyy). Ill-acetate: A solid, [«)F —5.3° (¢=0.57, MeOH), A¥%% nm (¢): 263 (13700),
FD-MS m/z: 717 (M*+41, C,;,;H,04,).

III-Acetonide (ITI-2)——I1I (50 mg) was dissolved in 2 ml of 1% HCI in acetone. The mixture was
allowed to stand at room temp. for 24 h, then it was diluted with MeOH. The diluted solution was deacidified
with TR-410 and the solvent was evaporated off 1% vacuo. The residue was chromatographed on a silica gel
column with solv. 1 (5: 1-—4: 1) to give 26 mg of an acetonide of IIT (I11-2) as a solid, [«]% +2.3° (c=1.2,
MeOH), AR nm (e): 265 (16800), FD-MS m/z: 589 (M*t-+1, Cy,H,,0,,). 111-2 was acetylated in the usual
manner to give a diacetate of II1-2 (I11-3) as a solid, [«]§ —27.7° (¢=0.38, MeOH), 1¥% nm (¢): 263 (15000),
FD-MS m/z: 673 (M*+1, CygH,304,).

Hydrolysis of IIT III (30 mg) was refluxed with 2 ml of 0.5 N H,S0,~50% EtOH for 3 h. The mixture
was diluted with MeOH, and the solution was deacidified with IR-410, then concentrated to dryness in vacuo.
The residue was partitioned into #»-BuOH/H,O. From the BuOH layer, Dg-I was detected on TLC (solv. 1,
1:1;solv. 4,7:2:0.8). Concentration of the water layer gave a residue, which was subjected to PC and
TLC. PC (solv. 7): Rrnam, 0.94 (L-thamnose: 1.00, 6-deoxy-p-gulose: 0.94, 6-deoxy-p-allose: 1.03, p-quinovose:
0.82), PC (solv. 8): Rrpam. 0.57 (L-thamnose: 1.00, 6-deoxy-p-gulose: 0.57, 6-deoxy-p-allose: 0.41, L-fucose:
0.27, p-quinovose: 0.48). TLC (solv. 9 and solv. 4, 7: 3: 1): the sugar from III was identical with authentic
6-deoxy-p-gulose.

Affinoside VIII (VIII)——A solid, [«]F 4 13.3° (¢=1.05, MeOH), A¥¢% nm (¢): 264 (14900), FD-MS m/z:
533 (M*+1, CyHyoOy). VIlI-acetate (VIII-1): A solid, [«]f —15.5° (¢=0.30, MeOH), A¥¢% nm (¢): 264
(17300), FD-MS m/z: 659 (M*++1, Cy;sH, Oy,).

VIII-Acetonide (VIII-2) VIII (65 mg) was dissolved in 4 ml of 19, HCI in acetone. The mixture
was allowed to stand at room temp. for 40 h, then diluted with MeOH. The methanolic soln. was deacidified
with IR-410 and the solvent was evaporated off in vacuo. The residue was chromatographed on a silica gel
column with solv. 1 (5: 1). From Fr. 1, VIII-2 was obtained as a solid (9 mg), [«]% —12.3° (¢=0.13, MeOH),
gt nm (e): 265 (17200), FD-MS m/z: 573 (M*+1, C;,H,,0,).  From Fr. 2, Dg-I (under 10 mg) was obtained.
From Fr. 3, VIII (10 mg) was recovered. Upon acetylation of VIII-2, a monoacetate of VIII-2 was obtained
as a solid (VIII-3).

VIII-Monomethylate (VIII-4) VIII (20 mg) was dissolved in 2 ml of MeOH, and 3 mg of SnCl, and
an excess amount of CH,N, in ether were added. The mixture was allowed to stand at room temp. for 1.5 h,
then the solvent was evaporated off in vacuo. The residue was purified by DCCC (solv. 5) and then by chro-
matography on a silica gel column with EtOAc as t..e eluent. VIII-monomethylate (VIII-4) was obtained
as a solid (14 mg). VIII-4 was acetylated in the usual manner to give a diacetate as a solid (VIII- ), [«]®
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—8.7° (¢=0.28, MeOH), A¥:% nm (¢): 263 (13500), FD-MS m/z: 653 (Mt+4Na, C,,H,Oy,).

Affinoside S-IV (IV) A solid, [«]§ —10.2° (¢=0.90, MeOH), A¥:%" nm (¢): 264 (16300), FD-MS m/z:
565 (M*+1, Cy,oH,00y,). IV-acetate (IV-1): A solid, [«]F§ —2.0° (¢=0.30, MeOH), A¥:%" nm (¢): 264 (18000),
FD-MS m/z: 775 (Mt+1, C3eH;O46). IV (10 mg) was dissolved in 209, EtOH (2 ml) and shaken with snail
enzyme!? for 18 h at 38°C. The mixture was diluted with water and extracted with #-Bu.OH. The BuOH
layer and water layer were each concentrated iz vacuo and subjected to TLC or PC for the detection of the
aglycone and sugar. The aglycone was identified as Dg-T by TLC with solv. 1 (1: 1) and solv. 4 (7: 2: 0.5).
The sugar was identified as glucose by PC with solv. 10 (Rf 0.17).

Affinoside S-V (V) V was obtained as a crystalline powder, mp 155—158°C, [a]}F +4.5° (c=0.89,
MeOH), A% nm (e): 264 (15400), FD-MS m/z: 564 (M*, C,,H,;,Oy,), Anal. Caled for C,H,,O,-H,O: C,
59.78; H, 7.27. Found: C, 59.65; H, 7.50. Upon usual acetylation, an acetate (V-1) was obtained as a
solid, [« +5.1° (¢=0.28, MeOH), A4:% nm (¢} : 264 (13700), FD-MS m/z: 775 (Mt+1, C3H;00,4). Hydrolysis
of V was conducted in the same manner as for IV. The aglycone was identified as Dg-1I by TLC with solv. 1
(1:1) and solv. 4 (7:2: 0.8). The sugar was identified as glucose by PC with solv. 10 (Rf 0.17).

Affinoside VI (VI)——A solid, [«]7 —1.4° (¢=0.70, MeOH), A% nm (¢): 264 (11000), FD-MS m/z: 565
(M*++1, CygH,yO4,). An acetate of VI (VI-1) was obtained as a crystalline powder, mp 174—177°C, [«]} —1.7°
(c=0.23, MeOH), A¥% nm (e): 264 (12000), Anal. Caled for C,H;,0,-2H,0: C, 57.77; H, 6.71. Found:
C, 58.05; H, 6.95. Hydrolysis of VI was conducted in the same manner as for IV, and Dg-1I and glucose
were detected from the aglycone and sugar fractions.
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