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Abstract—A further study of the alkaloidal constituents of Delphinium cardiopetalum led to the isolation of five new
highly functionalized diterpenoid alkaloids, cardiopine, cardiopinine, cardiopimine, cardiopidine and cardiodine.
Their structures were established by 1D and 2D NMR spectroscopy, 'HCOSY, HMQC, HMBC and ROESY, and

chemical transformations.

INTRODUCTION

Plants of the Aconitum, Delphinium, and Consolida genera
are recognised as rich sources of biologically active and
structurally complex norditerpenoid and diterpenoid al-
kaloids [ 1-4]. In previous papers [ 5, 6], we have reported
on the isolation from the aerial parts of Delphinium car-
diopetalum D.C. of seven norditerpenoid alkaloids, car-
diopetaline, cardiopetalidine, dihydrogadesine, 14-ben-
zoyldihydrogadesine, 14-benzoylgadesine, karacoline,
and 14-acetylnudicaulidine, and eight diterpenoid alkal-
oids, cardiopetamine, 15-acetylcardiopetamine, hetisine,
hetisinone, 13-acetylhetisinone, cardionidine, and atisin-
ium chloride. In the on-going investigation of the minor
constituents of this plant, we have now isolated five new
highly oxygenated hetisine-type diterpenoid alkaloids,
cardiopine (1), cardiopinine (2), cardiopimine (3), car-
diopidine (4) and cardiodine (5).

RESULTS AND DISCUSSION

The molecular formulae of the new alkaloids were
derived from their HR-mass spectrometry and **C NMR
spectra. The NMR spectra indicated that they belong to
the hetisine subtype of diterpenoid alkaloids and are
highly functionalized [7-12]. It was evident that the
compounds each have an exocyclic double bond (Jy
4.84-4.87 and 4.97-5.01 (each br s), 5 110.3-110.6 ¢ and
141.5-142.7 5), an angular methyl group (84 0.99-1.14 s,
¢ 253-25.7q), a benzoate group (5, 7.45-7.50¢,
7.55-7.571t,8.11-823 d, 6 128.5-128.7 d, 129.6-130.0 4,
130.0-130.1 s, 133.2-133.5 d and 165.6-165.9 s) and at
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least two acetate groups [dy 1.97-2.00s, 2.02-2.09s,
é¢c 171.0-171.5 (two s)]. The alkaloids cardiopine (1),
C36H43NQ,, cardiopidine (4), C;sH,3NO,, and car-
diodine (5), C3sH4sNO, , also bear a 2-methylbutyrate
group (oy 085-1.12d, 0.57-0.87t oc 10.7-11.6¢,
15.7-16.7 q, 24.9-26.6 t, 39.641.2 d, and 174.5-177.2 s)
and the alkaloids cardiopinine (2), C3sH4sNQy, and car-
diopimine (3), C35H4sNQyq, an isobutyrate group [dn
0.59-1.15 (two d), 6c 17.9-18.24q, 19.2-19.3¢q, and
33.1-34.1 d, and 177.4-176.3 s].

The signals at d;; 2.37 and 3.10 (each d, AB-system) for
cardiopine (1) (Tables 1 and 6), which showed one-bond
correlation with the methylene carbon resonance at
d¢ 59.5 (¢) in the HMQC spectrum [13] (Table 1), were
assigned to the non-equivalent C-19 methylene protons
because of the three-bond connectivity with the C-18
resonance observed in the HMBC spectrum [14] (Table
1). In that spectrum, three-bond correlations were ob-
served between the H-18 signal and d¢ 59.5 (d) (o 2.15
s from HMQC) and 70.8 (d) (6y 3.87, d), and between the
H-194 signal and d¢ 66.2 (d) (o 3.67, s), 63.9 (d) (6y 3.30,
br s) and 70.8 (d) (6y 3.87, d). Also the proton signal at
Ju 3.30 showed scalar coupling to Jdy 2.15 (s) and to the
methylene protons (AB-system) at dy 1.66 (dd) and 1.88
(dd) (6¢ 35.9 ¢t from HMQC) in the 'HCOSY spectrum
(Table 6). Therefore, the one-proton signals at dy 2.15 (s),
3.30 (br s), 3.67 (s), 1.66 (dd) and 1.88 (dd) were assigned to
H-5, H-6, H-20, H-78 and H-7a, respectively, and the
carbon signals at d¢ 59.5 (d), 63.9 (d), 66.2 (d) and 35.9 (1),
to C-5, C-6, C-20 and C-7, respectively. Furthermore, the
one-proton signal at dy 3.87 (d) and its correlated me-
thine carbon resonance at ic 70.8 were assigned to H-C
(3) and clearly indicated the existence of a secondary
hydroxyl group at C-3 in cardiopine (1). Since the H-3
signal gave NOEs with the H-5 and H-18 signals in the
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Diterpenoid alkaloids from Delphinium cardiopetalum

ROESY spectrum (Table 6) [15], the secondary hydroxyl
group at C-3 must be in an equatorial o configuration
(Ring A chair). Moreover, upon acetylation of cardiopine
(1) the one-proton signal at éy 3.87 (d) shifted to 5.11 (d),
and by oxidation with Cornforth’s reagent yielded the
o,B-unsaturated ketone (8) [M *, 571; 8¢ 193.4 (s), 128.5(s)
and 138.4 (d)], the structure of which was subsequently
deduced by comparison of its NMR spectra with those of
cardiopine (1).

In the 'HCOSY spectrum of cardiopine (1) the H-38
resonance at dy 3.87 (d, J = 5 Hz) showed coupling with
the one-proton signal at dy 5.60 (dd, J = 5.2 and 2.9 Hz)
and this in turn with the one-proton signal at éy 6.09 (d,
J = 2.9 Hz). On the other hand, the signals at d;; 5.60 and
6.09 gave, among others, a three-bond connectivity with
the quaternary carbon resonances at 6c 177.2 (carbonyl
2-methylbutyrate) and 171.0 (carbonyl acetate), respec-
tively, in the HMBC experiment; and in the ROESY
spectrum the signal at 6y 6.09 showed spatial correlation
to the H-20 signal at oy 3.67 (5). These findings together
with the chemical shifts and coupling constants of the
involved protons, allowed the location of the 2-methyl-
butyrate group at C-2 in the o configuration and an
acetate group at C-1 in the g configuration.

Since both H-6 and H-2§ proton signals at Jy; 3.30 and
5.60, respectively, gave a three-bond connectivity with
the quaternary carbon resonance at ¢ 53.9 in the HMBC
spectrum of cardiopine (1), this carbon resonance was
assigned to C-10. The second acetate group in cardiopine
(1) was placed at C-11 because the one-proton signal at
Oy 542 (d, J = 9.5 Hz) (6c 75.4 from HMQC) displayed
three-bond connectivities with the carbon signals at
oc 171.5 5, 53.9 (s, C-10), and 142.7 (s, C-16). Also the
afore mentioned signal at dy 542 was coupled to the
one-proton signal at dy 2.33 (dd, J = 9.6 and 2.1 Hz),
which was assigned to H-9 owing to its NOE effects with
the H-5 and H-7f protons at dy 2.15 (s) and 1.66 (dd),
respectively. The H-11 proton must be in the § configura-
tion, and the acetate group should be a. For analogous
reasons, the benzoate group was situated at C-13 in
a Y-axial () configuration in the molecule of 1: the
one-proton signal at dy 5.51 (dt, J =9.7 and 2.6 Hz) (é¢
73.8 from HMQC) gave three-bond connectivities with the
carbon resonances at ¢ 165.9 (s, carbonyl benzoate) and
75.4 (d, C-11) in the HMBC experiment; in the 'HCOSY
spectrum the signal at dy 5.51 was coupled to the one-
proton signal at dy 2.53 (dd, J = 9.9 and 1.9 Hz), assigned
to H-14 from its spatial correlations to the H-7a and H-20
signals in the ROESY spectrum; the benzoate group
showed spatial correlation with the C-11 « acetate methyl
at oy 2.00 (s) and the H-1a signal in the 2D NOE spectrum.

Hydrolysis of cardiopine (1) gave the amino alcohol
(11) (M *, 549) with loss of the 2-methylbutyryl group, as
inferred from the 3C and *H NMR spectra; 5y 4.15 (br s,
W2 = 1.5 Hz, H-2p) and 3.52 (d, J = 5.2 Hz, H-3p).

The NMR spectra of cardiopinine (2) (Tables 2 and 13)
almost fit those of cardiopine (1), indicating that both
compounds have the same set of functional groups. How-
ever, cardiopinine (2) has an isobutyrate group instead of
a 2-methylbutyrate. The isobutyrate group was easily

1237

located at C-2 in an a configuration on account of the
three-bond connectivities observed between the one-pro-
ton signal at 8y 5.59 (dd, J = 5.1 and 2.8 Hz) (6 68.9 from
HMQC) and the quaternary carbon resonances at
d¢ 177.4 (carbonyl isobutyrate), 42.7 (C-4) and 53.9 (C-10)
in the HMBC spectrum (Table 2), and the coupling
constants between the H-28 and H-la (dy 6.08, 4,
J = 2.9 Hz) and H-36 (6 3.85, d, J = 5 Hz). The acetyla-
tion and oxidation of cardiopinine (2) yielded an acetate
(7) and an a,f-unsaturated ketone (9), respectively, in
a similar manner to cardiopine (1).

The similarity of the NMR spectra of cardiopine (1),
cardiopimine (3) and cardiopidine (4) as well as the NMR
data from the 2D NMR spectra of 3 and 4 permitted the
two acetate groups at C-18 and C-11a and the benzoate
group at C-13a, to be located in both alkaloids. The
one-proton signal at oy 4.91-4.94 (d, J = 4.7-4.8 Hz) (6
73.3 d from HMQC) in 3 and 4 showed three-bond cor-
relations with the carbonyl ester (5c 176.3-175.7), and
with the C-18 and C-19 carbon resonances, indicating
that the isobutyrate group in 3 and the 2-methylbutyrate
group in 4 are at C-3. As the one-proton signal at C-3,
Oy 4.91-4.94 (d, J = 4.7-4.8 Hz) showed coupling with
the one-proton signal at &y 4.28 (dd, J = 4.64.7 and
3.2-3.4 Hz) (8¢ 67.0-67.1 from HMQC), and this signal in
turn coupled with the one-proton signal at dy 6.04—6.05
d, J=33Hz) (6c 74.1-74.2 from HMQC), in the
THCOSY spectra of 3 and 4, clearly the aliphatic ester is
in the a configuration at C-3, the secondary hydroxyl
group is in the o configuration at C-2 and one acetate
group is in the § configuration at C-1. Cardiopimine (3)
did not give an acetyl derivative on treatment with acetic
anhydride and pyridine but oxidation gave the ketone 10,
the structure of which was derived from its '"H NMR
spectra (table 12). These results confirmed the existence
of a secondary hydroxyl group at C-2 in the molecule.

Comparison of the 'H and '*C NMR spectra of car-
diodine (5) (Tables S and 13) with those of cardiopine (1)
(Tables 1 and 13) and 3-acetylcardiopine (6) (Tables 11 and
13), and consideration of the connectivities observed in the
2D NMR spectra (Tables 5 and 10), led to the conclusion
that cardiodine (5) has the same functional groups and
configuration as 3-acetylcardiopine (6). Cardiodine (5)
possesses an additional tertiary hydroxyl group as seen by
the signal at é¢ 78.6 (s). The location of an hydroxyl group
at C-14 in 5 was consistent with the o, # and y effects
observed on C-14, C-13 and C-20, and C-15 and C-7
carbon resonances, respectively. This was supported by
the three-bond connectivities observed between the one-
proton resonances at oy 1.49 (dd, H-78), 2.40 (d, H-9) and
2.47 (d, H-12) and the C-14 carbon resonance at ¢ 78.6 (s)
in the HMBC experiment (Table 5).

The remaining correlations between proton and carbon
resonances observed in the 2D NMR spectra of the new
alkaloids are in agreement with the proposed structures.

EXPERIMENTAL

General. Mp: uncorr., mixtures of hexane-EtOAc were
used for crystallization; OR: EtOH, 1 dm cell; EI-MS and
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exact mass measurements: Hewlett Packard-5995 and
VG-Micromass-ZAB-2F instruments, respectively: 70 eV;
NMR: Bruker-AMX-400 spectrometer, CDCl;, TMS as
int. standard. The programs used for DEPT, HMQC,
HMBC (J = 7Hz) and ROESY (spin lock 700 ms) ex-
periments were those furnished in the Bruker manual.
CC, TLC, PTLC: Alumina Merck, Art. 1077 and 5581,
respectively. Visualization was effected with Dragen-
dorff’s reagent. Cornforth’s reagent was prepared by
adding dropwise a soln of CrO; (100 mg) in H,O (0.1 ml)
to pyridine (1 ml) at 0°.

Plant material. The plants were collected in the Cadi-
Moixero Natural Park, Lerida Province, Spain, growing
on a calcareous and clayey soil, and authenticated by
Professors J. Molero and C. Blanché, Botany Depart-
ment, University of Barcelona, where a voucher specimen
has been deposited.

Extraction and isolation. Aerial parts of Delphinium
cardiopetalum DC (2.25 kg) were extracted with 80%
EtOH by percolation for 4 days. After removing the
solvent under vacuum, the EtOH extract (238 g) was
treated with 0.5 HCI [6]. The acid sol was extracted with
CHCI; to provide a crude material (32.6 g). The CHCl;
extract, since it gave a positive test with Dragendorff’s
reagent, was treated with 0.5 M H,SO,, filtered, basified
with NH,OH (pH 10) and extracted with CHCl; to
give a crude alkaloidal material (2.6 g). This material was
chromatographed over alumina and eluted with hexane—
EtOAc gradient. The frs eluted with hexane-EtOAc(7:3)
were combined (91 mg), and repeatedly crystallized to
give cardiopine (1) (35 mg). Frs eluted with hexane-EtOAc
(1:1) afforded a mixture of alkaloids (150 mg) which after
PTLC on 10 layers of alumina, elution with hexane-EtOAc
(4:1) six times, gave cardiopinine (2) (27 mg), car-
diopimine (3) (17 mg), cardiopidine (4) (10 mg), and car-
diodine (5) (7 mg).

Cardiopine (1). Mp 194-197°, [alp — 26.3° (C = 0.06).
[M]*, m/z 633.2848 for C36H43NOj (calc. 633.2842); IR
vEBr cm ™ 1: 3367, 3026, 2931, 1733, 1693, 1601, 1451, 1361,
1292, 1245,1141, 1107, 1034,979, and 712; EIMS m/z (rel.
int.), 633 (1) [M] *, 574 (100), 560 (4), 532 (2), 490 (14), 472
(8), 452 (3), 430 (2), 410 (2), 308 (5), 105 (28), 77 (5), 57 (D),
43 (3); 'H and 3C NMR: Tables 1 and 13.

Acetylcardiopine (6). A mixture of cardiopine (1) (5 mg),
pyridine (0.15 ml) and Ac,O (0.2 ml) was kept at room
temperature for 24 hr. Toluene was then added and the
solvent removed under vacuum. The residue was chromato-
graphed over alumina with hexane-EtOAc (7:3) to give
acetylcardiopine (6) as a resin (4 mg, 75%). EIMS m/z
(rel. int.), 675 (1) [M]*, 632 (2), 616 (100), 574 (4), 555 (6),
532 (17), 472 (8), 452 (8), 436 (4), 392 (5), 350 (6), 308 (6),
105 (32), 85 (3), 77 (6), 57 (10) and 43 (5% 'H and
13C NMR: Tables 11 and 13.

Cornforth oxidation of cardiopine to give the ketone (8).
A mixture of cardiopine (10 mg), pyridine (0.3 ml) and
Cornforth’s reagent (0.4 ml) was stirred at room temp. for
6 days. The excess of reagent was decomposed with
EtOH, the solvent removed and the residue percolated
with hexane-EtOAc (1:1) on a short alumina column.
PTLC on one layer of alumina, eluting with hexane-EtOAc
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(3:1), afforded the starting material 1 (4 mg) and the
amorphous ketone (8) (3 mg, 55%). EIMS m/z (rel. int.),
571 (27)[M]+, 487 (19), 486 (42), 459 (6), 426 (3), 364 (12),
322 (11), 306 (7), 294 (8), 278 (4), 157 (7), 144 (6), 128 (7),
126 (5), 122 (9), 105 (100), 77 (22), 57 (12) and 44 (10);
'H and '3*C NMR: Tables 11 and 13.

Hyadrolysis of cardiopine (1) to give the amino alcohol
(11). To a soln of 1 (10 mg) in MeOH (2 ml), 5% meth-
anolic KOH (0.4 ml) was added and the reaction mixture
stirred at room temp. for 24 hr. Ice water was added and
reaction product extracted with EtOAc. PTLC on one
layer of Al,O; and elution with EtOAc-MeOH (19:1)
gave the amorphous amino alcohol 11 (7 mg, 80.7%). IR
vEECs em ™1 3400, 2900, 1725, 1655, 1455, 1375, 1320,
1275, 1250, 1115, 1075, 1035, 905 and 715; EIMS m/z (rel.
int.) 549 (2) [M17, 532 (11), 490 (100), 472 (7), 430 (5), 368
(8), 326 (12), 308 (18), 144 (8), 105 (89), 77 (9) and 43 (13),
'H and '3C NMR: Tables 12 and 13.

Cardiopinine (2). Mp 218-220°, [a]p — 26.6° (C = 0.08).
[M]" m/z 619.2776 for C35H,5sNQy (calc. 619.2780). IR
vSHCs em ™1 3411, 3025, 2980, 1734, 1719, 1657, 1450,
1370, 1272, 1237, 1149, 1109, 1069, 1034, 980, 901, and
713; EIMS m/z (zel. int.), 619 (2) [M]*, 560 (100), 532 (5),
490 (17), 472 (5), 438 (6), 396 (6), 368 (4), 326 (6), 308 (16),
296 (4), 280 (10), 250 (3), 208 (3), 196 (3), 121 (3), 105 (71)
and 77 (15); 'H and '*C NMR: Tables 2 and 13.

Acetylcardiopinine (7). A mixture of cardiopinine (2)
(5 mg), pyridine (0.1 ml) and Ac,O (0.1 ml) was kept for
24 hr at room temp. Usual work-up as for 6 gave 3-
acetylcardiopinine (7) (5.0 mg, 94%) as a resin. EIMS m/z
(int. rel.), 661 (1) [M]*, 618 (2), 602 (100), 543 (2), 533 (4),
532 (11), 514 (1), 480 (2), 472 (7), 438 (8), 378 (4), 350 (7),
308 (3), 290 (2), 105 (31), 77 (39), and 43 (5} 'H and
!3C NMR: Tables 11 and 13.

Ketocompound (9) from cardiopinine (2). A mixture of
2 (15 mg), pyridine (0.3 ml) and Cornforth’s reagent
(0.4 ml) was stirred at room temp. for 10 days. Work-up
as for 8 gave the starting material (2) (7 mg) and the
amorphous ketocompound 9 (7 mg, 78%). EIMS m/z (rel.
int.), 557 (1) [M]7, 504 (19), 466 (72), 454 (54), 442 (81),
364 (20), 322 (21), 105 (100), 77 (35), and 43 (47); 'H and
13C NMR: Tables 12 and 13.

Cardiopimine (3). Isolated as a resin, [a]p — 81.3°
(C=02). [M]* m/z 619.2784 for C3sH,sNOy (calc.
619.2780). IR vEHEs cm™1: 3367, 3029, 1729, 1657, 1272,
1239, 1151, 1110 and 776; EIMS m/z (rel. int.), 619 (2)
[M]%, 560 (69), 532 (76), 490 (15), 472 (12), 396 (12), 308
(30), 280 (11), 105 (100), and 77 (25); 'H and '*C NMR:
Tables 3 and 13. Cardiopimine (3) (5 mg) was treated
with pyridine (0.1 ml) and Ac,O (0.1 ml) at room temp.
for 24 hr. Work-up in the usual way gave only the start-
ing material.

Ketocompound (10) from cardiopimine (3). A mixture of
cardiopimine (3) (5 mg), pyridine (0.15ml) and Corn-
forth’s reagent (0.3 ml) was stirred at room temp. for
a week. Work-up as for 8 gave the amorphous ketocom-
pound 10 (3.5 mg, 70%). EIMS m/z (rel. int.), 617 (2)
[M1*, 574 (2), 572 (3), 558 (100), 530 (46), 486 (3), 470 (3),
436 (3), 428 (4), 400 (6), 394 (15), 306 (9), 278 (4), 233 (3),
105 (100), 77 (12), 71 (13), and 43 (38); "H NMR: Table 12.
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Table 1. ' H, HMQC and HMBC NMR data of cardiopine (1)*

Correlated C-atom

H HMQC HMBC
la 609 d (2.9) 732d 1710, C-2, C-3, C-5, C-10
28 5.60 dd (5.2, 2.9) 689d 177.2,C-1, C-3, C-4, C-10
38 3.87d (50) 708d C-2,C-4, C-5, C-18, C-19
5 2155 5954 C-18,C-19,C-20
6 330brs(W,,=60) 639d C38 C-10,C-20
Ta 1.88 dd (13.6, 3.6) 359t C-8
8 1.66 dd (13.6, 2.6) 359t C-8,C-14
9 233 dd (9.6, 2.1) 517d C-5,C-12, C-14, C-20
118 5424d (9.5) 754d 1715, C-10, C-13, C-16
12 2384 (27) 466 d
138 5.51 dt (9.7, 2.6) 738d 1659, C-11
14 2.53dd (99, 1.9) 504d C-9,C-10
150 218 dt (17.8, 2.1) 339t C8,C9
158 239 dt (17.8, 2.1) 339¢
172 497 br s 1103t C-12,C-15
17 487 br s 1103t C-12,C-15
18 1.14's 257q C-3,C-4,C-5
192 310 d (12.8) 595t C-3,C-6, C-18,C-20
198 237d (12.8) 59.5 ¢
20 367 s 662d C-5 C-6, C-8, C-9, C-13, C-14
V4 110 m 396 d
3 1.08 m 250¢
& 0.57 ¢ (7.5) 108g C-2,C-¥
5 0.85 d (6.5) 1579 C-1,C-2,C-3
8.14d(7.2) 12984 1659
130-OBz 7471 (7.0) 128.7d
757t (14) 1334 d
1B-OAc 206 212q 1710
112-OAc 200 21.5q 1715

*Chemical shifts in ppm rel. to TMS; coupling constants J in Hz. C-Multiplicities were

established by DEPT data.
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Table 2. ' H, HMQC and HMBC NMR data of cardiopinine (2)*

Correlated C-atom

H HMQC HMBC
la 6.08 d (2.9) 731d 1702, C-2, C-3, C-5, C-10
28 5.59 dd (5.1, 2.8) 689d 1774, C-1,C-3,C-4, C-10
38 385d (5.1) 706d C-2, C-4, C-18,C-19
5 216's 593d C-18,C-19, C-20
6 332brs(W,,=64) 638d C-8
7o 1.90 dd (13.4, 3.2) 357t C-8
78 1.69 dd (134, 2.4) 357t C-8,C-14
9 2.30 dd (9.6, 2.0) 517d C-12,C514,C-20
118 5.43 d (10.4) 753d 1710, C-9, C-10, C-12, C-13, C-16
12 240 d (2.6) 462 d
138 5.48 dt (10.0, 2.0) 737d 1658, C-11
14 2.54 dd (9.9, 2.0) 504d C-9,C-10,C-20
154 219 br d (17.5) 337t C8,C9
158 239 br d (17.5) 337t
17z 497 br s 1103t C-12,C-15
17¢ 484 br s 1103¢ C-12,C-15
18 114 s 257q C-3,C-4,C-5
19« 3.10 d (12.8) 593¢ C-3,C-6, C-18,C-20
198 235 d (12.8) 59.3 ¢
20 367s 661d C-1,C-5, C-6, C-8,C-9, C-13
b2 1.25 sept (6.6) 331d C-I'C3,C4
3 0.59 d (7.0) 1799 C-I',C-2,C-4
& 0.90 d (7.0) 1939 C-1,C2,C-¥
8.15 dd (8.0, 1.0) 12984 1658
13¢-OBz 747t (7.6) 128.7d
7.55 ¢ (8.0) 1334d
18-OAc 205 s 21249 1702
112-OAc 199 s 214q 1710

*Chemical shifts in ppm rel. to TMS; coupling constants J in Hz. C-Multiplicities were
established by DEPT data.
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Table 3. ' H, HMQC and HMBC NMR data of cardiopimine (3)*

Correlated C-atom

H HMQC HMBC
1o 6.04d (3.2) 742d 1704, C-2, C-3, C-5, C-10
26 428 dd (4.7, 3.2) 67.0d
38 491d 4.7) 733d 1763, C-4, C-18, C-19
5 2215 596d  C-18,C-19, C-20
6 333brs(W,,=63) 637d
Ta 191 dd (138, 3.3) 3571t
78 1.67 dd (138, 2.4) 357t C-8,C-14
9 230 dd (9.6, 2.2) 51.6d  C-12,C-14, C-20
118 5.41d (9.6) 752d 1710, C-10, C-13, C-16
12 255m 460d  C-9,C-14, C-15, C-17
138 5.33 dt (9.6, 3.0) 737d  C-11
14 255m 502d  C-9,C15
150 215 br d (17.5) 337t C9
158 239 br d (17.5) 337¢
172 501 br s 1104t  C-12,C-15
17e 485 br s 1104t  C-12,C-15
18 10t s 2559  C-3,C-4,C-5
19 3.43 d (12.6) 600t  C-3,C-6C-20
198 241 d (12.6) 600t C-18
20 3955 66.1s  C-1,C-6, C-8, C-13, C-14
2 255m 341d  C-1,C-3, C4
¥ 1.12d (6.8) 188g C-I,C2,Ca
& 1.15d (6.8) 1929 C-1,C2,C¥
8.23 dd (8.0, 1.0) 12994 1658
132-0Bz 750t (1.2) 128.5d
7.57 ¢ (1.0) 13324
18-OAc 2025 213q 1704
11a-OAc 197 2149 1710

*Chemical shifts in ppm rel. to TMS; coupling constants J in Hz C-Multiplicities
were established by DEPT data.
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Table 4. 'H, HMQC and HMBC NMR data of cardiopidine (4)*

Correlated C-atom

H HMQC HMBC
1o 6.05 d (3.2) 741d 1704, C-2, C-3,C-5, C-10
28 4.28 dd (4.6, 3.4) 6714 C-3,C-10
38 494 d (4.8) 733d 175.7,C-4, C-18, C-19
5 220 s 5954 C-18,C-19,C-20
6 327 brs(W,,, = 6.5) 63.6d
Tt 1.89 dd (13.6, 3.1) 357¢
78 1.70 dd (13.6, 2.2) 35.7¢
9 2.30 dd (9.6, 2.2) 51.5d C-20
118 541d(9.2) 75.2d 1710, C-10, C-13, C-16
12 2.53d(2.5) 460d C-9,C-16
138 5.36 dt (9.5, 2.0) 739d C-11
14 2.50 dd (9.0, 2.1) 502d C9
15« 2.15 brd (18.0) 3371
158 2.40 brd (18.0) 33.7¢
17z 5.01 brs 1104 C-12,C-15
17¢ 485 brs 1104:¢ C-12,C-15
18 099 s 25649 C-3,C-4,C-5,C-19
19« 3.39d (12.6) 60.0 ¢
198 240 d (12.6) 60.0 ¢
20 391 s 66.1d
2 265m 412d C-1,C%
3 1.25m 266t C-1,C-2
4 0.87 ¢ (7.4) 116 g C-2,C-3
s 1.12d (6.9) 167q C-1C-2C-¥
8.23 d (8.0) 13004 1657
132-OBz 7.50 ¢t (7.5) 1285d
7.56 t (7.5) 13324
18-OAc 2025 213q 1704
11a-OAc 197 s 214q 1710

*Chemical shifts in ppm rel. to TMS; coupling constants J in Hz. C-Multiplicities were
established by DEPT data.
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Table 5. 'H, HMQC and HMBC NMR data of cardiodine (5)*

Correlated C-atom

H HMQC HMBC
la 6.08 d (3.2) 724 d 1700, C-2, C-3, C-5, C-10
28 5.70 dd (5.0, 3.1) 658 d C-1,C-3,C-4,C-10
3B 5.12d (4.9) 709 d 169.9, C-2, C-4, C-18 C-19
5 223s 580d C-9, C-18, C-19, C-20
6 321 brs(W,,, = 6.0) 62.5d C-19,C-20
Ta 200 m
78 1.49 dd (13.9, 2.2) C-8,C-14
9 2404 (9.9) 4974 C-1, C-5, C-10, C-12, C-14, C-20
118 540d (949 749 d 170.0, C-10, C-13
12 247d(2.8) 479d C-14, C-16
138 555t (24) 804 d 165.6, C-11, C-14
15a 2.30 dt (18.0, 2.0) 3074d
158 2.18 dt (18.0, 2.0) 307d
17z 5.01 brs 1106 ¢ C-12, C-15
17e 487 brs 1106 ¢ C-12, C-15
18 1.05 s 2534 C-3,C4,C-5
19« 3.23d(12.5) 59.11¢ C-3, C-6, C-18, C-20
198 2.414d(12.5) 59.1¢ C-4, C-18, C-20
20 368 s 670d C-5, C-6, C-8, C-10, C-13, C-14
2 1.30m 396d C-r
3y 1.20 m 249 ¢t
4 0.57t(74) 10.7 ¢ C-2,C3
5 0.88 d (7.4) 158 ¢ C-1,C-2 C-¥
8.11 dd (7.6, 1.6) 1296 d 165.6
132-OBz 745t (7.6) 128.7d
7.56 t (7.6) 13354
18-OAc 209 s 212 ¢ 170.0
3a-OAc 187 s 206 q 169.9
112-OAc 190 s 214 g 171.0

*Chemical shifts in ppm rel. to TMS; coupling constants J in Hz. C-Multiplicities were
established by DEPT data.
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Table 6. Scalar and spatial correlation of the protons of cardiopine (1)

H COSY ROESY
1o H-28 H-28, H-20, H, ¢-132-OBz, 11a-OAc
28 H-1a, H-38 H-1a, H-28
38 H-28 H-28, H-5, H-18
5 H-6 H-38, H-6, H-9, H-18
6 H-5, H-7a, H-78 H-5, H-7«, H-78, H-18, H-198
Ta H-6, H-78 H-6, H-78, H-14, H-15¢
78 H-6, H-7a H-5, H-6, B-7a, H-9
9 H-118, H-14 H-5, H-78, H-118
118 H-9 H-9, H-12, H-158
12 H-138 H-118, H-138, Hz-17
138 H-12, H-14 H-12, H-14
14 H-9, H-138 H-7a, H-138, H-20
15« H-158 H-7a, H-14, H-158
158 H-15« H-118, H-15a, He-17
17z He-17 H-12
17e Hz-17 H-158
18 H-38, H-5, H-6, H-198
19« H-198 H-198, H-20, H-5
198 H-19« H-6, H-18, H-19«
20 H-1a, H-14, H-19a, H-5'
2 H-5
¥ H-4
4 H-¥ H-¥
5 H-2 H-Y
11a-OAc H-; ¢-132-OBz
Table 7. Scalar and spatial correlation of the protons of cardiopinine (2)
H COSY ROESY
1o H-28 H-28, H-20, H,, ¢-132-OBz, 11a-OAc
28 H-1la, H-38 H-1a, H-38
38 H-28 H-28, H-5, H-18
5 H-6 H-38, H-6, H-9, H-18
6 H-$, H-7a, H-78, H-20 H-5, H-7«, H-78, H-18, H-198
Ta H-6, H-78 H-6, H-78
78 H-6, H-Ta H-5, H-6, H-7a
9 H-118, H-14 H-5, H-78, H-118
118 H-9, H-12 H-9, H-12, H-158
12 H-118, H-118 H-118, H-138, H-17z
138 H-12, H-14 H-12, H-14
14 H-9, H-138 H-138, H-20
150 H-158 H-158
158 H-15a, H-17z, H-17¢ H-150
17z H-17e H-12
17e H-17z H-158
18 H-38, H-5, H-6, H-198
192 H-198 H-198, H-20, H-4'
198 H-19« H-6, H-18, H-19«
20 H-6 H-1a, H-14, H-19«
2 H-3', H-4 H-3', H-4'
¥y H-2 H-2’, H-4
4 H-2 H-2', H-3’
11a-OAc H;, ¢-132-OBz
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Table 8. Scalar and spatial correlation of the protons of cardiopimine (3)

H COSY ROESY
1o H-28 H-28, H-20, H; ¢-132-OBz, 11a-OAc
28 H-1a, H-38 H-1a, H-38
38 H-28 H-28, H-5, H-18
5 H-38, H-6, H-18
6 H-72, H-78 H-5, H-18, H-198
Ta H-6, H-78 H-6, H-78
78 H-6, H-Ta H-6, H-Ta
9 H-118, H-14 H-78, H-118
118 H-9, H-12 H-9, H-12,
12 H-118, H-138 H-118, H-138, H-17e, H-17z
138 H-12, H-14 H-12, H-14
14 H-9, H-138 H-138, H-20
15« H-158, H-17¢, H-172 H-158
158 H-15a, H-17¢, H-17z H-15«
17z H-154, H-158, H-17¢ H-12
17e H-150, H-158, H-17z H-12
18 H-38, H-5, H-6, H-198
19« H-198 H-198, H-20
198 H-19« H-19«
20 H-6 H-1«, H-14, H-19«
2 H-3', H-4 H-3', H-4
k) H-2 H-2
4 H-2 H-2
112-OAc H;,6-132-OBz, H-1a
Table 9. Scalar and spatial correlation of the protons of cardiopidine (4)
H COSY ROESY
la H-28 H-28, H-20, H, -13¢-OBz, 11a-OAc
28 H-la, H-38 H-1a, H-38
38 H-28 H-5, H-18
5 H-38, H-18
6 H-Ta H-5, H-18, H-198
T H-6, H-78 H-78
78 H-7a H-74
9 H-118 H-5, H-118
118 H-9 H-9, H-12
12 H-138 H-17z, H-17¢
138 H-12, H-14 H-12, H-14
14 H-138 H-138, H-20
15« H-158 H-158
158 H-154, H-17z, H-15a
17z H-158, H-17e H-128
17¢ H-17z H-128
18 H-3p, H-5, H-6, H-198
19a H-198 H-198, H-20
198 H-19a H-19a
20 H-1o, H-14, H-19«
2 H-§' H-5
¥ H-4
4 H-3 H-5
5 H-2
11¢-OAc H; 6-132-OBz
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Table 10. Scalar and spatial correlation of the protons of cardiodine (5)

H COSY ROESY
la H-28 H-28, H-20, H, ¢-132-OBz, 112-OAc
28 H-1a, H-38 H-1q, H-38
3 H-28 H-28, H-5, H-18
5 H-38, H-6, H-78, H-9, H-18
6 H-72, H-78 H-5, H-7a, H-78, H-18
Ta H-6, H-78 H-6, H-78, H-150
8 H-6, H-7« H-5, H-6, H-7«, H-9, H-158
9 H-118 H-5, H-78, H-11, H-158
118 H-9, H-12 H-9, H-12
12 H-118, H-138 H-11p, H-13, H-17z, H-17e
138 H-12 H-12, H-20
15« H-158 H-158
158 H-15« H-78, H-9, H-15«
17z H-15«, H-158, H-17¢ H-128
17 H-15q, H-158, H-17z H-128
18 H-38, H-5, H-6, H-198
19« H-198 H-198, H-20, H-5'
198 H-192 H-6, H-18, H-19«
20 H-1a, H-138, H-19a, H-5
2 H-3, H-§'
¥ H-2', H-4
4 H-3
s H-2'
11a-OAc H, ¢-132-OBz
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Table 11.'"H NMR data of compounds (6-8)

H 6 7 8

la 6.094d(3.0) 6.10d (3.0) 7.75 s

28  5.69dd(43,32) 5.71 dd (5.0, 3.0)

38 511d(@48) 5.10 d (5.0)

5 231s 230s 301s

6  346brs(W,,=62) 361brs(W;;=62 345brs(W,,=63)

78 1.73d(13.6) 1.74 dd (14.0, 2.3)

9 242 m 2.37 br d (9.0)
118 543d(94) 5.45d (9.6) 5.35 d (10.0)
12 2374 (9.9) 242d(24) 2.80d (2.8)
138 552d(99) 5.55 dt (10.0, 2.0) 5.35 d (10.0)
14 2.63d(10.1) 2.70 d (10.0) 2.43 br d (10.0)
15¢ 222 br d (18.0) 2.25 br d (17.9) 2.15 br d (18.0)
158 23Tm 2.40 br d (17.9)

172 499 brs 501 brs 5.09 br s
17¢ 486 brs 487 brs 490 br s

18 1.04 5 1.06 s 121s

192  3.29d(12.8) 3.35d(12.8) 327d(13.2)
198 2.53d(12.8) 2.66 d (12.8) 2.75d (13.2)
20 385s 395s 361s

2 1.50 sept (6.7)

k% 0.58 d (6.8)

4 057t (74) 0.93 d (6.8) 0.94 ¢ (7.4)

5 0.88 d (7.0) 1.23d(6.3)

8.11 d (8.0) 8.10d(7.2) 8.02 dd (8.4, 1.0)
Bz  7461(18) 7.50 t (7.0) 7.50 ¢ (8.2)
7.57t(1.1) 7.56 t (1.4) 7.56 ¢ (8.0)
Ac 1.89 s 190 s 187 s
1.96 s 1.95s
204 s 210 s

Chemical shifts in ppm rel. to TMS; coupling constants J in Hz.
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Table 12. 'H NMR data of compounds (9-11)*

H 9 10 11
1l 773 s 13824t 5995 6.03d (3.0
28 415brs(W,,=15)
38 550 s 352d(5.2)
5 300 s 67.7d 257s 208 s
6 346 brs(W,,=63) 666d 340 br s (W,,, =6.0) 326 br s (W, = 5.0)
T 1.94 dd (134, 3.2) 3521t 1.85 dd (13.6, 3.2)
78 1.84 dd (13.4, 2.4) 352¢ 1.65 dd (13.6, 2.3)
9 2.38 dd (104, 1.9) 49.5d 2.27dd (9.5, 2.1)
118 5.35 br d (10.0) 749 d 537d(8.3) 542 d(9.5)
12 2.84 d (2.6) 4454 263d(3.2) 253427
138 5.35 br d (10.0) 734d 5.39 dt (10.0) 5.36 dt (9.6, 2.0)
14 2.44 dd (9.4, 2.8) 51.2d 2.49 dd (9.6, 2.0)
15« 2.21 br d (17.8) 3361t 2.30 br d (17.0) 217dt (179, 2.1)
158 243 br d (17.8) 336¢ 2.37dt (179, 2.6)
17z 510 br s 111.2¢ 507 brs 501s
17¢ 491 br s 111.2¢ 489 br s 485 s
18 1215 209 q 117 s 1135
19« 3.28 d (13.0) 64.9 ¢ 3.09 d (12.6)
198 275 d (13.0) 64.9 ¢ 2.31d(12.6)
20 3625 7504 320s 367 s
2 2.68 sept (7.0)
¥ 1.23d (7.0) 187 g 1.20 d 4.5)
4 1.26 d (7.0) 190 ¢ 1.22 d (4.5)
8.04 dd (8.0, 1.2) 1296 d 8.30 dd (7.2,1.8) 8.22d (7.0)
Bz 7.45t (8.0) 1286 d 7.59 t (7.4) 760t (7.2)
7.58 ¢ (8.0) 133.14d 7.59 1 (7.4) 7.531(7.2)
Ac 186 s 1.69 s 200 s
214 s 205s

*Chemical shifts in ppm rel. to TMS; coupling constants J in Hz.

One-bond connectivities observed in a HMQC experiment.
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Table 13. 1*CNMR assignments for compounds (1-9) and (11)

C 1 2 3 4 5 6 7 8 9 11
1 73.2 73.1 74.2 74.1 724 723 720 1384 1382 739
2 68.9 68.9 670 67.1 65.8 65.7 655 1285 1285 68.4
3 70.8 70.6 73.3 73.3 70.9 70.8 706 1934 1939 704
4 427 427 418 41.8 425 413 41.0 375 38.1 433
5 59.5 59.3 59.6 59.5 58.0 589 584 67.6 67.7 59.2
6 63.9 63.8 63.7 63.6 62.5 63.5 634 66.5 66.6 63.8
7 359 357 357 357 313 35.2 347 35.2 352 359
8 44.2 44.1 43.6 43.6 44.9 44.1 44.0 459 45.9 438
9 51.7 51.7 51.6 SLS 49.7 51.5 514 49.5 49.5 515
10 539 53.9 539 537 49.5 54.1 542 492 49.1 537
11 754 753 75.2 75.2 74.9 750 749 75.0 749 75.3
12 46.6 46.2 46.0 46.0 479 464 46.2 44.6 44.5 46.0
13 738 737 737 739 804 733 732 734 734 74.5
14 50.4 504 50.2 50.2 78.6 49.5 48.8 51.3 51.2 50.2
15 339 33.7 337 337 30.7 336 335 336 336 339
16 1427 1428 1427 1427 1415 1415 1418 1420 1420 1428
17 1103 1103 1104 1104 1106 1106 1109 1112 1112 1104
18 257 25.7 25.5 25.6 25.3 25.1 251 21.0 209 259
19 59.5 59.3 60.0 60.0 591 58.8 584 65.0 64.9 59.5
20 66.2 66.1 66.1 66.1 67.0 65.7 65.7 75.0 750 66.3
v 1772 1774 1763 1757 1745 1744 1748 1760 1750 —
2 39.6 331 341 41.2 39.6 395 332 40.7 335 —
¥y 250 179 18.8 26.6 249 25.0 18.1 26.6 18.7 —
4 108 19.3 19.2 11.6 10.7 10.7 19.5 11.6 19.0 —
5 15.7 — — 16.7 158 15.7 — 16.5 — —
1659 1658 1658 1657 1656 1659 1658 1659 1660 165.5
130.1 1300 1301 1301 1300 1298 1297 1297 1296 1302
132-OBz 1298 1298 1299 1300 1296 1296 1296 1296 1296 1299
1287 1287 1285 1285 1287 1288 1288 1286 1286 1286
1334 1334 1332 1332 1335 1335 1336 1331 1331 1334
18-OAc 1710 1702 1704 1704 1700 1700 1699 1700 — 170.6
212 21.2 213 213 21.2 21.2 212 208 — 21.5
320Ac — — — — 1699 1700 1698 — — —
— — — — 20.6 20.5 20.5 — — —
11a-0Ac 1715 1710 1710 1710 1710 171.0 1710 — 169.5 1701
215 214 214 214 214 215 214 — 20.8 213

Chemical shifts in ppm rel. to TMS. Carbon multiplicities were established by DEPT data.
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Cardiopidine (4). Isolated as a resin, [a]p —22.5°
(C =0.05). [M]" m/z 633.2991 for C;36H,3NO, (calc.
633.2938). IR vEHSs cm ™ 1: 3371, 2935, 1729, 1653, 1451,
1371, 1272, 1240, 1090, 710; EIMS m/z (rel. int.) 633 (3)
[M1*, 574 (45), 532 (100), 490 (10), 472 (15), 410 (13), 308
(32), 280 (11), 278 (11), 105 (70), 77 (16), and 71 (15);
'H and !3C NMR: Tables 4 and 13.

Cardiodine (5). Isolated as a resin, [a], —26°
(C =0.05). [M]1* m/z 691.2952 for C;33H4sNO, (calc.
691.2992). IR vGac™ cm ™~ 1: 3400, 2900, 1745, 1740, 1730,
1725, 1650, 1370, 1270, 1240, 1140, 1040, 910; EIMS m/z
(rel. int.), 691 (3) [M]*, 632 (96), 590 (6), 586 (6), 574 (6),
570 (8), 560 (12), 548 (12), 530 (6), 510 (11), 498 (6), 488 (8),
470 (6), 366 (22), 324 (18), 306 (13), 280 (4), 105 (100), 77
(18) and 57 (44); 'H and *C NMR: Tables 5 and 13.
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