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NEW BIS-IRIDOIDS FROM DIPSACUS LACINIATUS

Axos Kocsis, L&szL6 F. SzaBo,*

Institute of Organic Chemistry, Semmelweis University of Medicine, H-1092 Budapest,
Hogyes E. u. 7, Hungary

and BENJAMIN PODANYI
Chinoin Pharmacestical and Chemical Works Ltd., H-1045 Budapest, Té u. 1-5 Hungary

ABSTRACT.—In addition to the known mono- and bis-iridoid glucosides loganin {10},
sweroside [6], cantleyoside {91, and sylvestrosides III [7} and IV {81, Dipsacks laciniatus has
provided six new bis-iridoid glucosides, laciniatosides I-VI. These derivatives contain an acidic
unit (secologanic acid, swerosidic acid, or 7-deoxyloganic acid) and an alcoholic unit (various
loganin-like alcohols) linked by an ester bond. Laciniatosides I {1}, II {21, III [3], IV {4}, and VI
{11}, as well as sylvestroside IV, were characterized by chemical transformations and 'H-and ®C-
nmr spectroscopy. NOe measurements were used to determine the steric position of the
hydrogens and substituents. Conformational analysis of the separated loganin-type subunit of the
new compounds was performed using molecular mechanics calculations. The calculated struc-
tures were related to solution structures based on direct comparison of measured and calculated
vicinal proton-proton coupling constants.

The first bis-iridoid compound, cantleyoside {9}, containing a secoiridoid unit and
an iridoid unit, was found in Cantleya corniculata (1). Five other bis-iridoids related to
cantleyoside, namely sylvestrosides I-IV from Dipsacus sylvestris (2), and laciniatoside V
[51 from Dipsacus laciniatus L. (Dipsacaceae) (3), were isolated previously. Recently, we
have isolated five new bis-iridoids, laciniatosides I-IV [1-4]} and laciniatoside VI{11},
from D. laciniatus. Here we report the isolation and the structure determination of
laciniatosides I-IV and laciniatoside VI as well as the elucidation of the stereostructure
of sylvestroside IV {8} which was not given by Jensen et 4/. (2).

RESULTS AND DISCUSSION

The above-ground parts of D. Jaciniatus L. were extracted and gave, after purifica-
tion, a glycosidic fraction. Countercurrent distribution and cc were used to separate
laciniatosides I {11, IT {2},1 III {3}, IV {4}, and V {5}, sweroside {6}, and sylvestrosides
III {7} and IV [8] from this fraction. Likewise, cantleyoside {9}, loganin {10},
sylvestroside IV, sweroside, and laciniatoside VI {11} were isolated from the roots of the
same plant.

On the basis of 'H- and >C-nmr data, a bis-iridoid structure was postulated for
laciniatoside I {1}. Its ’C-nmr spectrum (Table 1) also contained all the signals
corresponding to secologanic acid and reported previously for unit A of sylvestrosides III
[71and IV {81 (2). Two sets of signals for unit B, with slightly different intensity ratios,
were observed in the nmr spectra of 1, recorded in several solvents; thus compound 1
occurs in solution as a mixture of two isomers. The nmr spectra gave no evidence for
unsaturation in unit B.

Acetylation of laciniatoside I {1] gave a pentaacetyl derivative suggesting a hydroxyl
group in unit “B.” The signal of the C-4 atom of the pentaacetylated derivative showed
an upfield shift of 3.6 ppm when compared to that of the same atom in laciniatoside I.
This shift is in agreement with the presence of the hydroxyl group at C-3 position. The
structure of laciniatoside I [1} (Scheme 1) was proposed on the basis of the above-
mentioned data, and it was further confirmed by chemical reactions and spectroscopic
study of the reaction products.

Reduction of laciniatoside I {1] by NaBH, in MeOH followed by acidic intramo-
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TaBLE 1. “C-nmr Chemical Shifts of Compounds Studied.*

Carbon
Compound
C-1 C-2 C-3 C-4 C-5 C-6 C-7 Cc-8 c-9 C-10 | C-11 Me
1Major A.......... 96.9 — 153.0 |110.1 27.4 449 |201.7 [134.8 449 1204 |167.0 —
B.......... 64.2 — 96.6 53.4 39.2 38.0 77.7 38.5 43.8 125 [174.3 52.0
Glu........ 99.8 74.3 77.8 71.4 77.8 62.8
1Minor B.......... 57.5 —_ 91.2 49.3 31.9 39.8 77.3 38.2 434 12,5 |172.5 51.9
1 (Ac), A ... 97.5" — 152.3 (110.8 26.3 43.6 (201.0 |134.1 446 11209 [166.7
B.......... 64.9 — 94.4 49.8 39.7 38.0 78.5 37.8 44.0 12.7 [173.0 52.3
Glu........ 97.3° | 717 | 729 | 694 | 733 | 62.6
2 A . ... 97.1 — 153.2 [110.2 27.4 448 [201.6 [134.9 450 |1204 |167.0
) S 689 | — 1735 [ 350 [ 337 |397 | 792 |414 | 434 | 134
Glu........ 99.9 74.4 77.9 71.5 77.9 62.9
3 7 97.6 — 152.0 (112.8 34.9 33.7° | 33.1° | 361 48.8 20.7 |167.3
B.......... 70.0 —_ 169.6° | 52.2 374 39.0 79.0 41.8 429 13.5 |169.9" | 52.8
Glu........ 100.0 74.5 77.9 71.6 77.9 62.9
4 Ao 97.3 —_ 153.2 [111.3 30.7 33.8 60.5 |{135.9 448 {118.9 |167.5
B.......... 700 | — [169.6° [ 521 | 37.3 | 389 | 793 | 419 | 428 | 135 [169.9° | 52.8
Glu........ 99.9 74.4 77.9 71.4 77.8 62.8
7 A .. ... 96.9 _— 153.0 [109.9 27.1 44,8 (2017 [134.7 448 [1204 |166.9
B.......... 96.6 — 153.0 (1114 333 40.2 77.2 41.1 479 14.3 {168.2 51.4
Glu........ 99.7 74.4 77.5 71.4 77.5 62.6
8 Aol 97.1 — 153.5 {110.1 275 44,9 [201.6 |134.9 45.0 (1204 ]166.9
B.......... 70.0 — 169.9° | 52.3 37.9 389 79.4 41.9 42.8 13.5 [169.6° | 52,9
Glu........ 100.0 74.4 77.9 71.5 77.9 62.9
10 Ao 97.6 _— 151.8 (113.9 30.7 41.3 74.9 41.0 45.8 129 (170.6 52.6
Glu........ 99.5 73.6 76.6 70.5 77.2 61.6
11 A.......... 195.6 —_ 91.4 51.5 32.1° | 321 99.6 [154.2 |(143.2 15.0 [172.8 54.9
B.......... 97.3 — 1517 |112.0 32.2° | 40.3 77.8 40.3 46.5 13.7 1167.8 51.4
Glu........ 100.0 74.5 77.8 71.5 77.8 62.8
11(Ac), A.......... 195.4 —_ 89.6 48.0 32.0 329 99.9 [154.3 {142.5 149 |171.6 55.5
B.......... 97.2 -— 150.5 |[113.8 315 39.8 78.5 39.8 46.4 13.0 {167.4 51.4
Glu........ 96.6 71.6 73.1 69.2 72.6 62.4
14 A ... 97.4 — 139.0 |115.7 26.3 29.8 59.8 |134.1 428 (1204 61.4
Glu........ 99.6 73.6 76.6 70.5 77.2 61.62
15 ... 64.3 — 63.5° | 49.7 37.7 39.1 74.7 43.7° | 43.3° | 15.2 63.7°
17 Major ............ 64.4 — 96.5 53.6 39.2 40.4 74.2 39.6 43.0 123 {1745 51.8
17Minor . ........... 57.8 — 91.2 49.8 31.7 425 73.7 39.2 424 124 |172.5 51.7
19 ... 69.4 — 169.51’ 52.3 36.3 41.2 75.7 41.2° | 42.4° | 12.7 [168.8° | 52.9
21 Ao, 98.1 — 152.2 |1133 33.6 32.1 33.2 35.7 48.6 20.1 1171.2 52.6
Glu........ 99.7 73.6 76.6 70.5 77.2 61.6

“Chemical shifts in ppm versus internal TMS; all spectra were recorded in Me,CO-d; except the spectra of compound 19, which
was measured in CDCly, and compounds 10, 14, and 21, which were measured in D,0.
"<Assignment may be interchanged.

lecular transesterification and dehydration yielded sweroside [6] and 1-deoxyloganin
aglycone [13}. The singlet at 7.62 ppm in the ‘H-nmr spectrum of the latter compound
and the ir absorption bands at 1700 cm ™' (Vc_,,) and at 1640 cm ™' (V) gave evidence
for an olefinic bond conjugated with the carbonyl at C-4. The dehydrated product 13
could be derived from the unit B of 1 containing a hemiacetalic hydroxyl group at C-
3. Reduction of compound 1 in aqueous solution provided two products, 14 from unit
A and 15 from unit B. Compound 15 was also obtained from loganin aglycone {18}
(Scheme 3) under the same conditions. This fact proved that the configurations at C-5,
C-7, C-8, and C-9 of unit B in compound 1 are the same as in loganin.

Aminolysis of laciniatoside I {1} with ethylenediamine resulted in formation of two
products. The products were the tricyclic compound 16 from unit A and bicyclic
compound 17 from unit B. Compound 16 was also obtained from secologanin under the
same conditions, further supporting the structure of unit A of laciniatoside I.

The structure and the conformation of compound 17 were a subject of detailed nmr
studies. Optimal spectral dispersion with minimal signal overlapping was obtained in
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a 1:1 mixture of CDCl,; and C,Dy. In this solvent mixture, the intensity ratio of two sets
of signals was 77:23. The unambiguous assignment of the 'H- and >C-nmr spectra of
this isomeric mixture was based on a 2D heteronuclear chemical shift correlation
measurement. The characteristic vicinal coupling constants of the 'H-nmr spectrum of
both isomers were determined and are summarized in Table 2. The J, ; and J ; values
suggested that the methoxycarbonyl group was B-equatorial in both isomers, while the
position of the hydroxy group was a-equatorial in the major form and [B-axial in che
minor one. Molecular mechanics calculations were used to study this conformation.
Structure I has been found at the lowest energy state for the major isomer and structure
IIfor the minor one (Figure 1). The dihedral angles of the hydrogens of the tetrahydropyran
ring were determined for these two structures. From these values the coupling constants
were calculated using modified Karplus equations (4) (Table 2). The good agreement
between measured and calculated coupling constants proved that in solution the
dominant conformations of the isomers are as indicated above. The PC-nmr results
(Table 1) were in agreement with these structures, because, compared to the major
isomer, the minor isomer showed significant upfield shift of C -1 and C-5, due to the y-
steric effect of the axial hydroxy group.

The 'H- and "’C-nmr spectra of laciniatoside II suggested a bis-iridoid structure. In
the *C spectrum (Table 1), a set of signals with the same chemical shifts as in unit A of
laciniatoside I suggested secologanic acid as one of the building blocks, together with
nine more carbon signals which could be attributed to unit B. There were no peaks due
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TABLE 2. 'H-nmr Chemical Shifts and Coupling Constants of
Isomers of Compounds 17°.

Proton Major isomer | Minor isomer
He-1..oooooo 3.75dd 3.43dd
Hp-l.ooooooin 3.68 dd 4.12dd
H-3 ..o 4.75d 5.29d
H4 ... ... ... ... 2.16dd 2.29dd
H-s oo 2.41 ddd 2.77 dud
H7 oo 3.99 td 3.95tud
Hp-10 ..o 0.86d 0.90d
Coupling constant
27 3.3{2.5}1 2.1{2.51
Jips oo 4.1 5.0} 3.9{5.2}
Jiadp oo 123 11.9
Joge oo 8.4 (9.6} 3.4{2.8]
7 11.9 {11.4} 11.8{11.71

*dTMS=0.00 ppm; J {Hzl; measured in CDCl,+CD; at 250
MHz; calculated coupling constants in brackets.

to methoxycarbonyl group or a double bond among these signals. The peak at 172 ppm
was assigned to a lactone carbonyl carbon. From these data, structure 2 was postulated
for laciniatoside II (Scheme 2). This was confirmed by chemical reactions and spectro-
scopic studies of the reaction products. The reaction of 2 with ethylenediamine provided
two compounds, 16 from unit A and 20 from unit B (Schemes 1 and 2). The presence
of the tricyclic compound 16 among the reaction products indicated that unit A of
laciniatoside II is identical with unit A of laciniatoside I. Compound 20 was subjected
to detailed 'H-nmr studies. The chemical shifts and coupling constants are summarized
in Table 3. Assignment of the diastereotopic hydrogens of the methylene groups was
based on nOe measurement (the results are listed in Table 4). The data are in full
agreement with the proposed structure of compound 20. The conformation of this
compound was also studied by molecular mechanics calculations. The lowest energy was
calculated for a structure (shown in Figure 2) in which the six-membered ring is in 'B*
conformation (boat with C-1 and C-4 above the plane of the other four atoms of the ring)
and the five-membered ring is in E’ (envelope with C-7 above the plane of the other four
atoms of the ring). > Coupling constants were calculated from the dihedral angles of the
vicinal hydrogens of this structure, using the modified Karplus equation (4). The
calculated and the measured coupling constants are listed in Table 3. The good
agreement proves that the same dominant conformation of compound 20 exists in

H3C\O H3C

I 1
FIGURE 1. The minimal energy structures of
the two equilibrium isomers of com-
pound 17 obtained by molecular

mechanics calculations.
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solution too. The 51gn1ﬁcant nOe interaction measured berween Hp-1 and HB‘4 (Table
4) also agrees with the 'B* conformation of the lactone ring. In a study using various
spectroscopic techniques, X-ray crystallography, and molecular mechanics calculations
(5), the same boat conformation was found to be dominant in each of the 4 isomers of an
analogous iridolactone. The boat conformation is usually considered to have higher
energy than the chair form. However, in the lowest energy conformation of these
compounds, O-2, C-3, and C-4 of the lactone ring are necessarily planar. The cis ring
juncton gives another planar constraint on the site opposite to the lactone ring, and these
two planes form the boat conformation.

We first reported the structure of laciniatoside IT in 1984 (6). In 1985, Murai ez 4/.
(7) reported isolation of a compound having the same structure from Abelia grandiflora
and named it abeloside B. We conclude that the name laciniatoside II has priority.

The "H- and C-nmr spectra of laciniatosides III [3} and IV {4} were recorded, and
a 2D "C-'H heteronuclear chemcial shift correlation measurement of compound 3 was
used for unambiguous assignment of signals (Table 1). The C-nmr spectra of both
compounds contained signals corresponding to values reported for unit B of sylvestroside
IV {81(2). The rest of the signals in the spectra of laciniatosides III and IV corresponded
to chemical shifts reported for deoxyloganin {21} (8) and for unit A of laciniatoside V
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TABLE 3. 'H-nmr Chemical Shifts and Coupling Constants of
Compounds 19 and 20.*

Compound
Proton 19 20
2 P 4.18 4.15
Hg-1...ooooiiii 4.39 4.32
Hi4.....oooooioin 3.61 2.38
2 P — 2.65
HS oo 3.10 2.95
Hy6 oo 1.47 1.42
Hg-6.ooovoviiii 2.05 2.06
H7 .. o 4.11 4.13
H8 ... 1.82 1.93
0 2.26 2.16
H-10.......000viin, 1.06 1.08
Coupling constant
Jiap - oo 11.5 11.7
Jhas e v 9.3({11.6} 3.4(1.3]
T 5.7 [5.0} 4.0 {2.5]
O — 15.0
A 9.5 {11.6} 3.9{1.0]
A 9.8{10.3} | 10.3{9.0]
Jsgpeveooreeniniiiin, 7.7 (8.4} 8.3 [9.4}
Jso v 11.1{10.3}1 10.3 [10.2}
Joa6p - v v 13.2 13.8
Jeagoooreniiiiii., 3.6[4.71 3.5{5.01
Jegs oo 1.2{1.1] 1.0 {1.0}
Jog v 3.5 [4.3] 3.84.01
Jos v 9.5 19.81 10.1 {10.6]

*Compound 19 measured in Me,CO-4; at 250 MHz; compound
20 measured in CDCl, at 250 MHz; chemical shifts in ppm referred to
internal TMS; coupling constants in Hz; calculated coupling constants
in brackets; o and B denote stereochemical position of relevant hydro-

gens.

1491

[51(3), respectively. Structures 3 and 4 were assumed, and these structures were further
supported by chemical reactions and spectroscopic investigations of the reaction
products. The ester bond connecting the two units of laciniatoside III {3} was cleaved
by basic hydrolysis in aqueous solution. After acidification to pH 3—4, a mixture of two
carboxylic acids was isolated and then treated with CH,N,. Cc of the reaction mixture
gave deoxyloganin [21} and compound 19 (Scheme 2). Reduction of sylvestroside III
{7} and sylvestroside IV {81 by NaBH, in MeOH led to laciniatosides V {5} and IV {4],
respectively (Scheme 3). Intramolecular transesterification of 4 yielded sweroside [6}
and compound 19. Similar treatment of § gave sweroside [6}and loganinaglucone{18}.

FIGURE 2.

The minimal energy structure of compound 20 obtained

by molecular mechanics calculations.
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As the reactions presented above proved that compound 19 was derived from unit
B of the three bis-iridoids laciniatoside III {31, laciniatoside IV {4}, and sylvestroside
IV [8], detailed chemical and spectroscopic studies were performed to elucidate its
stereostructure. The reaction of 8 with NaBH, in aqueous solution cleaved the ester
bond between units A and B and simultaneously reduced unit B to compound 15
(Scheme 2). As this compound was obtained from 18 under the same reaction conditions,
the configurations of the stereocenters C-5, C-7, C-8, and C-9 of compound 19 and
loganin 10 are identical. Compound 19 was hydrolyzed and decarboxylated in mild
acidic solution to give compound 20, the unit B of laciniatoside II. The facile
decarboxylation indicated the presence of a B-dicarboxylic acid structure. Full assign-
ment of the 'H-nmr spectrum of compound 19 is reported in Table 3. Unambiguous
identification of the diastereotopic protons of the H,-1 and H,-6 methylene groups and
the steric position of H-4 were obtained from 1D and 2D nOe measurements (Table 4).
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TABLE 4. Results of nOe Measurements on Compounds 19 and 20."

NOe intensity enhancements {%]
Irradiated at
19 20
Hi-1...... Hg-1, 15.3; H-4, 5.4; H,-6, 1; H-8, 3
HB-l ...... H,-1, 14.9; H-4, —0.8; H-9,1.8 H,-1,7; H,4, —0.1; Hﬂ-4, 2.6; H-8, 0.6;
H-9,5.0
Ho-4...... H.-1, 2.5; H-5,0.5; H,-6, 2.5 H,-1, 0.6; Hg-4, 11.8; H-5, 3.0
Hed...... H,-1, —0.4; Hy-1, 2.2, H,4, 11.8;
H-5,3.0
H-S ...... H,-4, 0.4; H,-6, —0.4; H-6, 2.6; H,-4, 2.0; Hg4, 2.5; Hg-6, 3.1, H-9, 3.3
H-9,5.2
H-6...... H,-4, 5.8; Hy-6, 21.4;H-7,5.7; H-8, 4.5 | H,4, 2.0; Hy-6, 15.5; H-7,3.1; H-8, 1.3;
H,-10, —0.3
Ha-é ...... H-5,4.0; H,-6, 17.9, H-7, 1.5; H,-10,
0.3;0H, 1.5
H-7 ...... H,-4,1.0: H,-6, 2.0; H-8, 2.5; OH, 3.4
H-8 ...... H,-1,4.5; H,-4, 1.0; H -6, 4.5; H-7, 4.0;
H,-10,7.0
H9 ...... H,-1, 0.3; Hy-1, 2.8; H-5, 4.8; H,-10, 1.1
H,-10..... H,-1, 2.0; Hg-1, 2.0; H-7, 2.0, H-8, 11.5;
H-9,11.5;0H, 2.3

“Compound 19 was measured in Me,CO-d; compound 20 was measured in CDCl,.

The conformation of this compound was studied by molecular mechanics calculations.
In the conformer of lowest energy, the five-membered ring is in the E’ conformation,
while the lactone ring takes up a ,B, conformation which is necessary for the equatorial
position of the 4B-methoxycarbonyl substituent (Figure 3). However, the other boat
form (‘B*) was found to be the most stable in compound 20. Vicinal proton-proton
coupling constants were calculated again for this structure, and the good agreement with
measured values (Table 3) proved that this was also the dominant conformation in
solution. The significant nOe interaction betwen H,-1 and H-4 is a further proof of this
structure in solution. The small difference (<1 ppm) between the chemical shifts of C-
9 in unit B of compounds 2 and 3 also supports the equatorial position of the 4-
methoxycarbonyl substituent in laciniatoside III.

The reduction of laciniatoside VI {11} with NaBH, in H,0O gave two products
(Scheme 4). One was identical to loganin {10}, and the other proved to be a tetraol, 22.
This suggested that 11 is a bis-iridoid glucoside having only one glucose unit. The 'H-
and “C-nmr spectra supported this assumption. The chemical shifts of signals corre-
sponding to a loganin unit esterified at the 7-OH group were in close agreement with
those in similar compounds (2,3). The remaining signals were characteristic of a

FIGURE 3. The minimal energy structure of compound 19
obtained by molecular mechanics calculations.
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OCH3

SCHEME 4

secologanin derivative having some special structural features: (a) there is no C-3—C-4
double bond, but a hydroxy substituent at C-3 in this unit; (b) the C-8—C-10 double
bond of secologanin is rearranged to the C -8—C-9 position as indicated by the quartet
at 6.9 ppm in the 'H-nmr spectrum; (c) the formyl proton at 9.4 ppm showed no
coupling with vicinal hydrogens. All of these observations can be explained by
rearrangement of the secologanin unit via ring opening at the C-1-O-2 bond followed
by ring closure between C-7 and O-2.

Total assignment of chemical shifts and coupling constants of both compounds was
achieved by means of homonuclear and heteronuclear shift correlation spectra. The 'H-
nmr chemical shifts and coupling constants are given in Table 5, and the C-nmr
chemical shifts are listed in Table 1. A structural problem was the position of the methyl
group, which could be attached either to the 7-oxygen or the 3-oxygen. In Me,CO-4,,
the signal of H-3 was a doublet of doublets. However, adding one drop of D,O to the
solution resulted in its simplification into one doublet; therefore, one of the couplings
came from the geminal OH group. Consequently, the methyl group is attached to the
7-oxygen. The 'H-nmr coupling constants of unit A made possible assignment of
configuration to the substituents and the conformation of the tetrahydropyran ring. The
large values of the J, 4, J, 5, and J; ¢, indicated that the substituents on C-3, C-4, and C-
5 were all equatorial. The 7-OMe substituent, however, was axial as indicated by the
small value of J, ;. The absolute configuration is based on the assumption that this unit
is derived from secologanin without inversion of configuration of the C-5 atom.

'H-nmr nOe measurements were used to solve the stereochemical problem of
geometry around the C-8-C-9 double bond. Irradiation of H-1 caused a 26% nOe
intensity enhancement of the H-8 signal, and reciprocal irradiation of H-8 induced a
30% intensity enhancement of the H-1 signal. These data clearly indicate that the
configuration is E. The overall structure of laciniatoside VI {11} is shown in Scheme 4.
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TABLES. 'H-nmr Chemical Shifts and Coupling Constants of
Laciniatoside VI {11} and its Pentaacetate.”

Compound
Proton 11 11 (Ac)s
A B Glu A B Glu
9.42 5.21 4.68 9.43 5.23 5.08
3.13 4.92
5.17 7.37 3.2-3.6 6.12 7.33 5.30
5.69 3.2-3.6 2.0 ca 5.0
ca34 2.89 3.2-3.6 3.35 4.03
ca3.3 1.58 3.86 3.5 2.84 4.30
1.46 ca2.l 3.65 1.53 1.67 4.14
2.25 5.04 2.28 ca 5.0
4.84 ca2.l 4.9 ca2.0
3.35 3.49
6.86 ca2.l ca2.0
ca2l ca20
H,-10 oo 2.01 1.02 1.02
—_ —_ 8.0 — —_ 8.2
— 5.4 — —_ 3.7 —
2.0 — 1.8 —
— — — — 9.7
8.4 — 9.1 — 9.7
1 1.3
—_ 119 —_ 10.1
4.0 8.6 4.0 6.9 4.6
13.2 8 12.8 7 24
— 8.9 — —_ 7 —
13.2 14.4 13.4 14.8 12.4
1.0 47 — 1.2 48 —
3.5 1 — 3.6 —
— 5 _ — _
— 8.9 — — —
7.2 6.9 - 7.0 —
7.5 —_ — —_

‘In deuteroacetone at 300 MHz. o, denote the stereochemical position of the relevant hydrogens.

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—Nmr spectra were recorded on a Bruker AM-300 spectrom-
eter at 300 MHz ('H) and 75 MHz (°C), on a Bruker AC-250 spectrometer at 250 MHz (‘H) and 62 MHz
(°C), ona Jeol PS-100 spectrometer at 100 MHz (‘H), or on a Bruker WP-80 spectrometer, at 80 MHz (‘H)
and 20.1 MHz (°C). Internal TMS was used for chemical shift reference. The homonuclear shift correlation
(COSY) spectra were measured with the standard microprogram of the Bruker DISNMR software. A 45°
mixing pulse, sine-squared apodization in both dimensions, and matrix symmetrization were employed.
2DC nOe spectra were measured with the standard Bruker (NOESY) microprogram. Heteronuclear shift
correlation spectra were also measured using standard software, employing polarization transfer from 'H to
C and polarization transfer and rephasing delays of 3.6 msec and 2.2 msec, respectively. Negative
exponential apodization was used in both domains. Molecular mechanics calculations were performed on
a 386 PC using the program Alchemy II. The same lowest energy structures were obtained starting the
calculations from several conformations. Molar rotations for new compounds were measured at 546 nm
(Hg), for known compounds at 583 nm (Na) on a Carl Zeiss Polamat A instrument and on a Carl Zeiss
polarimeter, respectively.

ISOLATION OF GLUCOSIDES.—D. laciniatus was collected at Szentendre Island, Hungary, in July 1986
and identified at the Botanical Institute of Eétvis Lordnd University, Budapest. Voucher specimens (no.
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582) are deposited in the Herbarium of the Research Institute of Medicinal Plants, Budakaldsz, Hungary
(Pilis Gene Reservation collection). Fresh aerial parts of second-year D. laciniatus (4800 g) were chopped into
small pieces and extracted with aqueous EtOH (70%, 14 liters). The extract was concentrated in vacuo to
an aqueous suspension (4.0 liters), shaken with A1,O, (Woelm Neutral, 480 g) for 30 min, and filtered. The
solution was extracted with Et,0 (3 X400 ml), concentrated in vacuo to 400 ml, diluted by slow addition
of Me,CO under vigorous shaking (4 liters), and let stand in a refrigerator for 24 h. The viscous lower phase
was separated and the upper phase evaporated to dryness. The residue (105 g) was divided into fractions A,
B, C, D, E by counter current distribution (ccd) in 2 two-phase system, CH,Cl,-MeOH-H,0(14:15:7). The
apparatus has 165 tubes with 100-ml phase volumes for the organic stationary and aqueous mobile phases.
The number of transfers was 365. Organic phases of tubes 146—165 and eluted aqueous fractions 153~190
were combined and afforded residue E (1.6 g) after evaporation in vacuo. Likewise, eluted fractions 22-33,
3445, 69-92, and 93—122 gave residues A (10.6 g), B (11.0 g), C(11.2 g), and D (6.3 g), respectively.

ISOLATION OF SYLVESTROSIDE III {7}, LACINIATOSIDE I {1}, AND SWEROSIDE {6}.—Fraction A was
chromatographed on Si gel (400 g) with CH,Cl,-MeOH-H,0 (320:50:5). Fractions 30-37 (each 90 ml)
were combined and afforded, after evaporation in vacuo,a mixture of 7, 1,and 6 (1.5 g) which were separated
by repeated cc on Si gel (200 g) with EtOAc-iPrOH-H,0 (200:18:9) (each fraction 40 ml). Fractions 22—
27 gave sylvestroside III (0.40 g), and fractions 30-37 gave laciniatoside I (0.90 g).

Fractions 38-55 (0.23 g) were combined, evaporated, and rechromatographed on Si gel (24 g) with
EtOAc-iPrOH-H,0(20:5:2)(each fraction 4 ml). Fractions 18-22 afforded sweroside [6](0.18 g), identical
to an authentic specimen ("H nmr). Sylvestroside HI [7}: {a}’D —86° (¢=0.5%, MeOH); uv (MeOH) 227
nm (log €=4.26); it (KBr) 3600-3000, 1705, 1695, 1630 cm™"; 'H nmr (Me,CO-4;, 300 MHz) 9.72 (¢,
Js,=1.6,H-A7),7.56(d,J,,=1.5,H-A3),7.40(d,J, ;=1.5 H-B3),6.47 (d.J, 0, =6.4,B1-OH), 5.63 (ddd,
Jes=9.2, Ja106=10.3, J4,cz=17.3, H-A8), 5.49 (d, ], ;=4.8, H-A1), 5.28 (ddd, J,sz.107=1.8, Jo10z=0.7,
H,-A10),5.22(dd, H;-A10),5.21 (td, J a7 =5.1,J,5=5.1,]e,=1.5, H-B7),5.00 (¢, J; ,=6.4, H-B1), 4.73
d,J,,=7.8,H-1),43-4.7 (m, -2, -3', -4', -6'-OH), 3.88 (dd, J¢, 5, =12.0, H,-6"), 3.66 (s, OMe), 3.7~
3.25 (m, H-BS,H-2',-3', -4',-5', -H,-6"), 2.79(ddd, Jo  =17.5, ], =6.0, H,-A6), 2.75 (ddd, J, ,=9.2,

Js5=6.0, H-A9), 2.48 (ddd, J;,=7.5, H,-A6), 2.30 (ddd, Je =14.1, J5¢5=7.3, Hg-B6), 2.14 (qd,
Jes=7.1, Js:0=7.1, H-B8, 1.91 (ddd, J;,=8.5, H-B9), 1.65 (ddd, H,-B6), 1.08 (d H;-BIO) Found C
53.02, H6.30; C,,H,0,,-1.5H,0 requires C 53.04, H 6.43%. Laciniatoside I [1}: {a}*, s — 53° (¢=1.40%,
MeOH); uv (EtOH) 237.5 nm (log €=4.04); ir (KBr) 3650-3100, 1720, 1695, 1630 cm™*; 'H nmr (D0,
100 MHz) 9.67 (¢, J,,=1.0, H-A7),7.62(, J,;=1.0, H-A3), 6.0-5.1 (m, H-A8, H,-A10, H-A1, H-B7),
4.96(d,J, =8.0,H-B3),4.90(d, J,;=7.0, H-A1),4.15-3.9 (m, H,-B1), 3.85 (s, OMe), 0.97 (d, /5 ,,=6.0,
H,-B10). Found C 55.16, H 6.62; C,,H,,0,, requires C 55.32, H 6.55%.

ISOLATION OF SYLVESTROSIDE IV [8}, LACINIATOSIDE II { 2]}, AND LACINIATOSIDE I'V {4}.—Fraction C was
chromatographed on Si gel (800 g) with CH,Cl,-MeOH-H,0 (320:50:5). Fractxons 10—12 (each 300 ml)
were combined and evaporated in vacuo to a.fford sylvestros:de IV{81(5g): [a’D — 58°(MeOH, c=0.5%);
uv (MeOH) 236 nm (log €=3.99); ir (KBr) 3600-3000, 1750, 1730, 1700, 1630 cm™*; 'H amr (Me,CO-
d;, 100 MHz)9.72(t, J,,=1.0,H-A7),7.60(d,J,s=1.5, H-A3), 5.46 (d,], ,=5.0, H-A1),4.7(d,], ,=8.0,
H-1'), 4.37 (m, H,-B1), 3.70 (4, J,;=9.3, H-B4), 2.35 (m, H-B9), 1.04 (d, J,,=7.0, H,-B10), 3.72 (s,
OMe). Found C 55.39, H 6.32; C,,H,O,, requires C 55.48, H 6.31%. Fractions 13—15 were concentrated
toafford residue C1 (2.0 g). Likewise, fractions 16—-19and 20—27 gave, after concentration in vacuo, residues
C2(0.67 g)and C3 (0.53 g), respectively. Residue C1 was chromatographed on 8i gel (220 g) with CH,Cl,-
MeOH-H,0(320:50:5). Fractions 10—14 (each 100 ml) were combined, evaporated, and rechromatographed
on 8i gel (100 g) with EtOAc-iPrOH-H,0 (80:10:5). Fractions 13-14 (each 70 ml) were combmed and
evaporated in vacuo to afford 260 mg amorphous, solid, colorless laciniatoside II {2]: [al®—57°
(-=0.98%, MeOH); uv (MeOH) 236 nm (log €=3.99); ir (KBr) 36003000, 1720, 1690, 1620 cm™"; 'H
nme (D,0, 100 MHz) 9.80 (t, J5,=1.5, H-A7), 7.76 (d, J,;=1.5, H-A3), 5.67 (d, ], ;=6.0, H-A1), 5.8~
5.1(H-B7,H-A8,H,-A10),4.79(d, ], ,=7.5,H-1"),4.64.1 (H,-B1),0.96 d, ], ,,=6.0, H,-B10). Found
C 57.03, H 6.52; C,,H,,0,, requires C 57.10, H 6.52 %.

Residue C2 was chromatographed on Si gel (100 g) with CH,Cl,-MeOH-H,0 (320:50:5). Fractions
32-35 (each 20 ml) were combined, evaporated, and rechromatographed on Si gel (50 g) with the same
mobile phase. Fractions 14—18 (each 15 ml) were combined, evaporated, and chromatographed again on Si
gel (25 g) with EtOAc-iPrOH-H,0 (80:10:5). Likewise, fractions 25-29 (each 5 ml) afforded a colorless
solid foam (0.12 g), laciniatoside IV {4} {tx}26 —101° (¢=0.43%, MeOH); uv (EtOH) 237 nm (log
€=4.00);ir (KBr) 3650-3100,1752,1702, 1630 cm ™ *: 'H nmr (Me,CO-d,, 250 MHz) 7.57 (s, H-A3), 5.80
(m, H-A8), 5.56 (d, J,,=5.5, H-A1), 4.75 (d, ], ,=7.8, H-1"), 3.75 (s, OMe), 3.70 (d, J,;=9.3, H-B4),
2.87 (m, H-AS5), 1.05 (d, J;,,=6.8, H,-B10). Found C 55.22, H 6.63; C,;H,s0, requires C 55.32, H
6.55%.

ISOLATION OF LACINIATOSIDE 111 {3].—Fraction E was chromatographed on 8i gel (180 g) with CH,Cl,-
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MeOH-H,0 (320:50:6). Fractions 24—29 (each 18 ml) were combined, evaporated, and chromatographed
again on Si gel (100 g) with EtOAc-iPrOH-H,0 (200:18:9). Fractions 18-22 (each 20 ml) were combined
and evaporated in vacuo to afford a colorless solid foam (0.41 g), laciniatoside III {3}: [a}zsm —67°
(¢=0.68%, MeOH); uv (EtOH) 238 nm (log €=4.23); ir (KBr) 3650-3100, 1748, 1700, 1630 cm™; 'H
nmr (Me,CO-4,, 250 MHz) 7.46 d, J,;=1.3, H-A3), 5.23 (td, Je0.,=3.9,J,5=3.9,Jg;=1, H-B7), 5.19
@, J15=5.5, H-A1), 471 (d, Jy.»=7.8, H-1"), 445 (dd, J,0,s=11.5, J155=5.9, Hg-B), 4.25 (dd,
Jias=9.3, H,-B1), 3.87 (m, H,-6'),3.72 (s, OMe), 3.70(d, ], 5=9.5, H-B4), 3.60 (m, H,-6"), 3.5-3.2 (m,
H-2',-3', 4',-5",3.07 (qd, J; a=10, J;,=10, J; =8, H-B3), 2.88 (m, H-A5), 2.42 (qd, J45=10, H-
BY), 2.3-1.1 (m, H,-A6, H,-B6, H,-A7, H-A8, H-B8, H-A9), 1.07 (d, J;,,=6.5, H;-A10), 1.04 (d,
Js10=6.7, H;-B10). Found C 57.12, H 6.69; C,;H,,0,, requires C 56.84, H 6.73%.

ISOLATION OF LOGANIN {10}, CANTLEYOSIDE {9}, AND LACINIATOSIDE VI{11}.—Fresh roots of first-year
D. laciniatus (1200 g) were treated in the same manner as the aerial parts to give a mixture of glycosides (30
g) which was chromatographed on Si gel (500 g} with CH,Cl,-MeOH-H,0 (320:70:8; after fraction 30,
32:9:1). Fractions 20—25 (each 16 ml) were combined and evaporated in vacuo to afford loganin {10} (1.7
g), identical to an authentic specimen (‘H nmt).

The residue of combined and evaporated fractions 36—48 was cantleyoside [9} (4.4 g): [a}D —93°
(¢=0.7%, MeOH); uv (MeOH) 235 nm (log €=4.31); ir (KBr) 3600-3100, 1705, 1650 cm™"; 'H nmr
(D,0, 100 MHz) 9.73 (¢, J5,=1.5, H-A7), 7.65 (s, H-B3), 7.51 (s, H-A3), 3.74 (s, OMe) 0.9 (d, J5,,=6.5
H,-B10). The residue of evaporated fractions 13 and 14 was rechromatagraphed on Si gel (200 g) with
CH,Cl,-MeOH-H,0 (320:60:6). Fractions 2426 (each 30 ml) were combined and evaporated in vacuo,
than rechromatographed on Si gel (100 g) with isopropylether-MeOH-H,O (100:40:11). The residue of
evaporated fractions 45—49 (each 10 ml) was laciniatoside VI {111(0.35g): [a]”m —11°(=0.2%,MeOH);
uv (EtOH) 231 nm (log €=4.31); ir (KBr) 3650-3100, 1730, 1700, 1640 em

LACINIATOSIDE I PENTAACETATE.—Laciniatoside 1 {11(200 mg) dissolved in dry pyridine (2.0 ml) was
treated with Ac,0 (1.0 ml) for 2 h ar room temperature. After adding MeOH (5 ml), the solution was let
stand for 15 min, then evaporated to give a residue which was chromatographed on Si gel (30 g) in Et,0-
C.H, (1:1). After evaporation of the solvents, laciniatoside I pentaacetate (180 mg) was isolated: [}
—54°(¢=0.67%, CHCL,); uv (EtOH) 235.5 nm (log €=4.08); 'H nmr (CDCl,, 80 MHz) 8.72 (¢, J5,=1.3,
H-A7),7.38(d,J,5=2.0, H-A3),5.89, J;,=8.8, H-B3), 3.70 (s, OMe), 2.10, 2.05, 2.02, 2.00, 1.92 (s,
OAc), 0.95 (d, J5,,=7.0, H;-B10).

REDUCTION OF LACINIATOSIDE I wITH NaBH, IN MeOH.—Laciniatoside I {1}(300 mg, 0.0005 M) was
treated with NaBH, (12 mg, 0.0003 M) in MeOH (10 ml) for 10 min at room temperature. The solution,
after acidification with HOAc to pH 6-7, evaporation of solvent, and purification on Si gel (20 g) in CH,Cl,-
MeOH-H,0 (320:70:8), gave pure 12 as a colorless foam (250 mg): [a]26,46 —69° (¢=0.85%, MeOH); uv

“(EtOH) 237.5 nm (log €=4.20); ir (KBr) 3700-3100, 1740, 1705, 1632 cm™'; "H nmr (CD;0D, 100 MHz)
7.59 (s, H-A3), 5.65 (d, J, ,=6.0, H-Al), 4.83 (d, J,,=8.0, H-B3), 478 (4, J,,=7.5, H-1"), 0.97 (4,
Js10=7.0, H,-B10).

1-DEOXYLOGANIN AGLYCONE [13} AND SWEROSIDE {6] FRoOM 12.—Compound 12 (300 mg, 0.005
M) and Ambetlite IR-120 resin (300 mg) in H,0 (25 ml) were refluxed with stirring for 720 min. After
filtration, the solution was evaporated to give a residue which was chromatographed on Si gel (15 g) with
CH,CL,-MeOH-H,0 (300:28:3; after fraction 23, 320:80:9). Fractions 13-15 (each 5 ml) were combined
and evaporated toafford pure 13 (71 mg). The residue of combined and evaporated fractions 3036 was pure
sweroside [6}, identical to an authentic specimen (‘H nmr). 1-Deoxyloganin aglycone {13]: colorless,
amorphous oil;{a]zs,“, +147°(c=1.08%,CHCl,); uv (EtOH) 239.5 nm (log €=3.92); ir (KBr) 3700-3100,
1705, 1630 cm™"; *H nmr (CDCl,, 100 MHz) 7.60 (s, H-3), 4.18 (m, H-7), 3.75 (s, OMe), 3.14 (m, H-5),
1.12 (d, J510=7.0, H,-10).

REDUCTION OF LACINIATOSIDE I {1} wiTH NaBH, IN H,0.—Laciniatoside I {1} (300 mg, 0.0005 M)
was treated with NaBH, (500 mg, 0.0115 M) in H,0 (10 ml) for 24 h at room temperature. The cooled
solution was neutralized with cold 2 M HCI, charcoal (3 g) was added, and the resulting suspension was
stratified on a Gooch funnel. The charcoal layer was washed with H,O until a negative salt test was obtained,
then eluted with MeOH (300 ml). After evaporation of the solvent, a crude mixture of 14and 15 (240 mg)
was obtained, which was chromatographed on Si gel (20 g) in 2-butanone saturated with H,O. Fractions
12-16 (each 10 ml) were combined and evaporated to afford pure 15 (48 mg)as colorless powder crystallized
from MeOH. Compound 15: mp 101-103°% [ot]zg546 +2.2°(¢=0.38%, MeOH); 'H nmt (D,0, 100 MHz)
4.09 (m, H-7), 3.1-3.75 (m, H,-1, -3, -11), 1.3-2.25 (m, H-4, -5, H,-6, H-8, -9), 0.84 (d, J, .,=7.0, H;-
10). The residue of combined and evaporated fractions 38-52 was pure 14 (163 mg), crystallized from
MeOH. Compound 14: mp 119-22°% [}, +72° (¢=0.68%, MeOH); "H nmr (D,0) 6.36 (s, H-3), 5.85-
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5.1(m, H-1, -8, H,-10), 4.22 d, J;;.,1=12, H,-11), 3.91 (d, H,-11), 4.0~3.2 (m, H,-7), 3.0-2.55 (m, H-
5, -9), 2.2-1.25 (m, H,-6).

REDUCTION OF SECOLOGANIN WITH NaBH, IN H,0.—Secologanin (470 mg, 0.0012 M) was treated
with NaBH, (460 mg, 0.012 M) in H,0 (20 ml) for 16 h at room temperature. The cooled solution, after
neutralization with cold 2 M HCl and treatment with charcoal as described above, gave crude 14 which was
chromatographed on Si gel (25 g) in CH,Cl,-MeOH-H,O (320:80:9). The residue of combined and
evaporated fractions 14-23 (each 15 ml), after crystallization from MeOH, gave pure 14 (200 mg), which
was identical with compound 14 prepared from laciniatoside I {1].

REDUCTION OF LOGANIN AGLYCONE {18} wiTH NaBH, IN H,0.—Loganin aglycone [8] (90 mg,
0.0004 M) was treated with NaBH, (100 mg, 0.0023 M) in H,O (5 ml) for 24 h at room temperature. The
cooled solution, after neutralization with cold 2 M HCl and treatment with charcoal as described above, gave
crude 15 which was chromatographed on Si gel (8 g) in CH,Cl,-MeOH-H,0 (320:60:7). The residue of
combined and evaporated fractions 12-21 (each 5 ml) was pure 15 (54 mg, crystallized from MeOH) which
was identical with compound 15 prepared from laciniatoside I {1].

AMINOLYSIS OF LACINIATOSIDE I {1} WITH ETHYLENE DIAMINE.—Compound 1 (300 mg, 0.0005 M) and
ethylene diamine (0.040 ml, 0.0006 M) were refluxed in 8 ml anhydrous MeOH for 10 h. the residue was
chromatographed on Si gel (16 g) in CH,Cl,-MeOH-H,0 (320:50:5; after fraction 10, 320:80:9). Fractions
17-21 (each 5 ml) were combined and evaporated to afford 17 (56 mg) as colorless amorphous powder:
[0/.]26,4‘S +80°(c=0.41%, CHCL,); ir (KBr) 3700-3100, 1738 cm"~ ! The residue of combined and evaporated
fractions 3846 was a colorless, amorphous powder, compound 16 (160 mg): [a]zsm —270° (¢=1.18%,
MeOH); uv (EtOH) 237.5 nm (log €=4.21); it (KBr) 3700-3000, 1660, 1650 cm”';'H-nmr (CD,0D, 100
MHz) 7.13 (s, H-3), 5.58 (d, ], ,=$, H-1), 4.23 (dd, Jes,=10.5, J g, =4.0, H-7), 2.74 (m, H-5), 2.19 (m,
H-9), 1.7-1.1 (m, H,-6).

AMINOLYSIS OF SECOLOGANIN WITH ETHYLENE DIAMINE.—Secologanin (230 mg, 0.0006 M) and
ethylene diamine (0.040 ml) were refluxed in 10 ml anhydrous MeOH for 30 min. The residue was
chromatographed on Si gel (15 g) in CH,Cl,- MeOH-H,0 (320:110:16). Fractions 24—29 (each 4 ml) were
combined and evaporated to afford 16 (190 mg) as colorless, amorphous powder, which was identical with
compound 16 prepared from laciniatoside I {1].

AMINOLYSIS OF LACINIATOSIDE II {2} WITH ETHYLENE DIAMINE.—Compound 2(87 mg. 0.00013 M)and
ethylene diamine (0.010 ml, 0.00015 M) were refluxed in anhydrous MeOH (5 ml) for 14 h. The residue
was chromatographed on Si gel (5 g) in CH,Cl,-MeOH-H,0O (320:30:3, after fraction 10, 320:110:16).
Fraction 5 (each 3 ml) was evaporated to afford 20 (15 mg), crystallized from MeOH: mp 95-97°; [},
+159° (¢=0.5%, CHCL,); ir (KBr) 3650-3100, 1743 cm™'. The residue of combined and evaporated
fractions 13 and 14 was a colorless, amorphous powder (40 mg) which was identical with compound 16
prepared from secologanin.

AMINOLYSIS OF SYLVESTROSIDE [V {8} WITH ETHYLENE DIAMINE.—Compound 8 (360 mg, 0.0006 M)
and ethylenediamine (0.040 ml, 0.0006 M) wete refluxed in 14 ml anhydrous MeOH (14 ml) for 10 h. The
residue was chromatographed on Si gel (25 g) in CH,Cl,-MeOH-H,0 (320:30:3; after fraction 19,
320:110:16). Fractions 10—13 (each 4 ml) were combined and evaporated, affording 19 (86 mg), crystallized
from EtOH: mp 144-145° [a}” 4 +86° (¢=0.83%, CHCL); ir (KBr) 3450, 1750, 1735 cm ™ . The residue
from fractions 4048 was a colorless, amorphous powder (200 mg) which was identical with compound 16
prepared from secologanin.

PREPARATION OF COMPOUND 20 FROM UNIT B OF SYLVESTROSIDE IV.—Compound 19 (98 mg, 0.00043
M) was treated with NaOH (45 mg, 0.0011 M) in a mixture of THF (3 ml) and H,0O (3 ml) for 18 h at room
temperature. The solution was stirred with Amberlite IR-120 to adjust the pH to 4-5. After filtration the
solution was refluxed for 5 h. The residue was chromatographed on Si gel (8 g) in CH,Cl,-MeOH-H,O
(200:10:1). Fractions 20—25 (each 2 ml) were combined and evaporated to afford 50 mg colorless powder,
crystallized from MeOH, identical with compound 20 prepared from laciniatoside II {2} (see above).

REDUCTION OF SYLVESTROSIDE IV {8] wiTH NaBH, v H,0.—Compound 8 (300 mg, 0.005 M) was
treated with NaBH, (500 mg, 0.0115 M) in H,0 (10 ml) for 24 h at room temperature. Treatment as
described above for reduction of laciniatoside I {1} gave two pure, colorless, amorphous glucosides (38 mg
and 147 mg), which were identical with compounds 14 and 18, respectively.

PREPARATION OF DEOXYLOGANIN {21} AND COMPOUND 19 FROM LACINIATOSIDE I11 {3}, —Compound
3 (70 mg, 0.00012 M) was treated with NaOH (120 mg, 0.003 M) in H,O (6 ml) for 64 h at room
temperature, and the solution was stirred with Amberlite IR-120 to adjust the pH to 4-5. After filtration,
the solution was evaporated to give a residue which was dissolved in MeOH (5 ml), cooled, and treated with



September 1993} Kocsis ez al.:  Bis-iridoids from Dipsacus 1499

CH,N, in Et,O. The residue of the evaporated solution was chromatographed on Si gel (8 g) in CH,Cl,-
MeOH-H,0 (320:50:5). Combined fractions 14-16 (each 3 ml) afforded, after evaporation and crystalli-
zation from EtOH, 8 mg of 19, identical to that prepared previously from sylvestroside IV {8} (physical data,
see above). The residue of combined and evaporated fractions 23—29 was a colorless powder which was
identical with deoxyloganine {21} (from MeOH). Compound 21 mp 156.5-158% [a}’D —90° (0.23%,
EtOH); uv (EtOH) (236 nm) (log €=4.03); ir (KBr) 3700~3100, 1710, 1640 cm™"; "H nmr (CD,0D, 100
MHz) 7.4 (d,],,=1.4, H-3), 5.6 (d, ], ,=4.5, H-1), 1.1 (d, ] ,0=6.0, H,-10).

PREPARATION OF LACINIATOSIDE V {5] FROM SYLVESTROSIDE III {7}].—Compound 7 (500 mg, 0.0008
M) was treated with NaBH, (19 mg, 0.0005 M) in MeOH (10 ml) for 10 min at room temperature. The
solution was acidified with HOAc at pH 6-7, evaporated, and chromatographed on Si gel (50 g) in CH,Cl,-
MeOH-H,0 (320:50:5; after fraction 22, 320:80:9). Fractions 25-31 (each 13 ml) were combined and
evaporated to afford pure 5 (30 mg) as colorless amorphous foam.

PREPARATION OF LACINIATOSIDE IV {4} FROM SYLVESTROSIDE [V {8}).—Compound 8(200 mg, 0.00033
M) was treated with NaBH, (7 mg, 0.00016 M) in MeOH (8 ml) for 10 min at room temperature. The
solution was acidified with HOAc at pH 6-7, evaporated, and chromatographed on Si gel (15 g) in CH,Cl,-
MeOH-H,0(320:50:5). Fractions 13—18 (each 4 ml) were combined and evaporated affording pure 4(160
mg).

PREPARATION OF LOGANINE AGLYCON [18] AND SWEROSIDE [6] FROM LACINIATOSIDE V {5}.—
Compound § (300 mg, 0.005 M) and Aberlite IR-120 (300 mg) in H,O (30 ml) were stirred for 450 min
at 100°. After filtering, the solution was evaporated to give a residue which was chromatographed on Si gel
(15 g) in CH,C1,-MeOH-H,0 (150:14:15; after fraction 16, 320:80:9). Fractions 13-16 (each 6 ml) were
combined and evaporated, affording pure 18 (57 mg) as a colotless, amorphous foam. Loganin aglycone
[18}: [0, +2.3° (¢=1.4%, CHCL,); 'H nmr (CDCl,, 100 MHz) 7.44 (s, H-3), 4.96 (d, ], ;=6.0, H-1),
4.15 (m, H-7), 3.74 (s, OMe), 3.16 (m, H-5), 1.14 (d, J5,,=7.5, H;-10). The residue of combined and
evaporated fractions 23—-29 was pure sweroside [61 (170 mg).

PREPARATION OF COMPOUND 19 AND SWEROSIDE {6] FROM LACINIATOSIDE IV {4].—Compound 4(150
mg, 0.00025 M) was treated with NaOMe (4.5 mg, 0.0008 M) in anhydrous MeOH (15 ml) for 20 h at room
temperature. The solution was neutralized with HOAc (0.008 ml) and evaporated to give a crude mixture
of compounds which was purified by chromatography on Si gel in EtOAc-iPrOH-H,0 (10:2:1). Fractions
4—7 (each 5 ml) were combined and evaporated affording 19 as a colorless powder (84 mg). The residue of
combined and evaporated fractions 19—24 was an amorphous powder (47 mg) identical with sweroside {6}.

LACINIATOSIDE VI PENTAACETATE.—Laciniatoside VI {11} (50 mg) dissolved in dry pyridine (1 ml)
was treated with AC,0 (0.5 ml) for 16 h at room temperature. After adding MeOH (4 ml), the solution was
left to stand at room temperature for 15 min, then evaporated to a residue which was chromatographed on
Si gel (10 g) in C;H4-EtOAc (3:2), yielding pure laciniatoside VI pentaacetate: {a}*,c —35° (¢=0.68%,
CHCL,); uv (EtOH) 228 nm (log €=4.34); ir (KBr) 1735, 1700, 1640 cm™h

REDUCTION OF LACINIATOSIDE VI {11}, witH NaBH, IN H,0.—Compound 11 (140 mg, 0.0002 M)
was treated with NaBH, (200 mg, 0.005 M) in H,O (10 ml) for 24 h at room temperature, than the pH
of the solution adjusted with Amberlite IR-120 to 6-7. After filtration, the solution was evaporated to give
a residue which was chromatographed on Si gel (15 g) in CH,Cl,-MeOH-H,0 (320:60:7). Fractions 8-19
(each 5 ml) were combined and evaporated to afford compound 23 (30 mg) as a colorless amorphous foam:
{a} 4 0° (CHCL;, ¢=0.22%); 'H nmr (CD,OD, 100 MHz) 5.78 (q, J,,0=6.0, H-8), 4.2-3.3 (m, H,-1, -
3,-7,-11), 2.83 (m, H-5), 1.71 (m, H,-10, H-4, H,-6). The residue of combined and evaporated fractions
20-25 was pure loganin [10].
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