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Abstract—The '*C NMR spectra of the diterpenoid alkaloids hetisine, hetisinone, 13-acetylhetisinone, cardio-
petamine, and 15-acetylcardiopetamine, as well as certain of their derivatives, were obtained in the Fourier mode at
50.32 MHz. With the aid of proton decoupling techniques, SFORD and SFSD, and chemical shift comparisons, self-

consistent assignments of nearly all the resonances have been made.

INTRODUCTION

Much attention has been devoted to the diterpenoid
alkaloids because of their complex structures and wide
range of biological activities [1]. Among them, the
hetisine subtype C,o-diterpenoid alkaloids may be con-
sidered as derived from the atisine skeleton by formation
of new bonds between C-14 and C-20 and between C-6
and the nitrogen atom [2]. While !>CNMR studies of
atisine and veatchine type C,,-diterpenoid alkaloids have
been publishee [3] only a few carbon resonances have
been assigned in paniculatine [4], hetisine (1) and heti-
sinone (3) [ 5] for the hetisine subtype. We have, therefore,
carried out a '3C NMR study of some hetisine subtype
alkaloids and their derivatives, which should be of
considerable value in solving structures of related
compounds.

RESULTS AND DISCUSSION

The !°C chemical shifts and assignments reported are
noise-decoupled, single frequency off-resonance decoup-
led (SFORD) and, in some cases, single-frequency select-
ive decoupled (SFSD). The assignments were also made
taking into account known substituent effects [6] and
comparison of spectra from compound to compound.

In general, the aromatic, carbonyl, double bond and
methy! carbons, as well as the methylene carbon attached
to the nitrogen atom, were readily assigned because they
were distinguished by their SFDR spectrum and charac-
teristic chemical shifts.

Quaternary carbons

The signals at §44.3 in hetisinone (3) [7], 48.8 in the
aminoalcoho! (8) [8] and 55.8 in 15-ketocardiopetamine
(14) [8] were assigned to C-8, due to the -effect of
4.5ppm or 11.5 ppm shifts observed on the introduction
at C-15 of a B-hydroxy or carbonyl group, respectively.

*To whom correspondence should be addressed.

The comparison of the quaternary carbon resonances of
hetisinone (3) and diketohetisine (6) [7] permitted the
signals at 42.3 in 3 and 42.7 in 6 to be assigned to C-4,
because of their minor change. Consequently, the C-8
signal in compound 6 and the C-10signal in compounds 3,
6, 8 and 14 [8] were then assigned without difficulty. The
C-4, C-8 and C-18 resonances in hetisine (1) were assigned
by comparison with those of hetisinone (3), considering
the y-effects of 5.6 and 4.2ppm on C-4 and C-10,
respectively, produced by the introduction of a keto group
at C-2.

The upfield quaternary carbon resonances for the
remaining compounds [7,8] in Table1 were readily
established by their comparison with those of some of the
previously considered compounds.

Methine carbons

Resonances at §58.7, 65.6 and 69.6 in compound 7 were
unambiguously assigned to C-12, C-6 and C-13, respect-
ively, with the aid of the selective decoupling (SFSD)
technique [6]. The lowest field methine carbon resonance
at 870.7 was then assigned to C-20. The remaining
methine carbon resonance at §70.7 was assigned to C-20
and the remaining methine carbon resonances in 7 and
those in compounds 3-6 were assigned on the basis of the
a- and B-effects observed upon acetylation of the C-11a
and C-138 hydroxyls and the g-effects produced by
oxidation of the C-11a hydroxyl.

In hetisine (1) and diacetylhetisine (2), the methine
resonances were determined by comparison with those of
hetisinone (3) and diacetylhetisinone (5), respectively.

By means of SFSD experiments also, the methine
carbon resonances at §64.9, 69.0, 69.8 and 75.1 in cardio-
petamine (9) were assigned to C-6, C-13, C-15 and C-11,
respectively. The remainder of the methine resonances in
9, as well as those of 15-acetylcardiopetamine (10) and
their derivatives 8 and 11-18, were established taking into
account the previous assignment in compounds 3-7, the y-
gauche effect of ~4ppm on C-9 produced by the
substitution of H-158 by a hydroxyl or acetoxyl group
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| R=aOH, BH. Ry=aOHBH. Ry=H
2 R=aOH, BH: Ry=aAc,BH. Ra=Ac
3 R-0; RyzaOH, BH; Ra=H

4 R=0. Ry=aOH, BH. Ry=Ac

8 R=0. Ry=aOAc,BH. Ra=Ac

8 R=R1=0. Rp:-H

? R=Ry=0. Rp=Ac

and the changes observed in the methine resonances
among them, caused by acetylation of the C-138 hydroxyl
and the oxidation of the C-158 and the C-138 hydroxyls.
The C-6, C-11, C-15 and C-20 signals in 13 were also
confirmed by their SFSD spectra.

Methylene carbons

The presence of a double doublet rather than a triplet in
the SFORD spectra of compounds 2-15 in the upfield
region enabled us to assign the C-1 resonances, assuming
the magnetic non-equivalence of the attached protons to
be induced by the C-11 functionality [9]. Consequently,
the C-3 and C-7 signals in compounds 8-18 were assigned
without difficulty. The C-3, C-7 and C-15 signals in
compounds 3-7 were assigned by comparison with those
of compounds 8-11, considering the y-gauche effects of
~ 3 ppm on C-7 produced by the replacement of H-15 8
by a hydroxyl or acetoxyl group. Finally, the highest field
methylene carbon resonances in hetisine (1) and diacetyl-
hetisine (2) were established by comparison with those of
hetisinone (3) and diacetylhetisinone (8), respectively,
taking into account the g-effects on C-1 and C-3 of the
carbonyl group.

EXPERIMENTAL

13C NMR spectra were recorded at 50.32 MHz Fourier mode
on a spectrometer provided with a 48 K memory computer and a
deuterium lock system. Spectra of the compounds were de-
termined in CDCl, soln except for cardiopetamine (9) and amino
alcohol (8) where DMSO-d, was used. The samples were
contained in 10 mm o.d. tubes. A 12 usec pulse, corresponding to
tilt angle of 90°, was employed and for the spectral width of
10000 Hz or 15000 Hz the pulse interval was 2 or 3sec.
Acquisition time averaged 0.5-2 br over 16 K data points for
concns of the order of 0.03-0.17 M. In the SFORD expts this time
was 4-8 hr and the decoupler frequency centred at 3 ppm upfield
from TMS. The sclective decoupled (SFSD) spectra were ob-
tained by low-power irradiation (1000 Hz) at the resonance

Ry=R2 =POH,aH

. Ri=R2 =BOH.aH

; R1=POH, aH. Ry=BOAc aH

;. R1 =Ry = POAc.aH

: Ry =0: Ry= BOH. aH

. R{=0; Ry= BOAc.aH
R]:FOH.OH: R2=°

: Ry= BOAc,aH, R2=0

B3GR =-Cee
b
%

frequencies of the desired protons. 'H NMR (200 MHz); 7: 52.96
(d,J = 2.5 Hz, H-12), 3.35 (br s, W, ; = 6.5 Hz, H-6) and 5.18
(@d,J, = 100 Hz, J, = 2.5 Hzk 9: 3.22 (br s, W, ; = 6.5 Hz, H-
6), 3.73 (brs, W, ,, = S Hz, H-15), 390 (brd, J = 108 Hz, W, ,
= 6.5 Hz, H-13) and 548 (d,J = 8.5 Hz, H-11}; 13: 3.13 (s, H-20),
3.37 (br 3, W, ; = 6.0 Hz, H-6), 5.47 (br 5, W, , = 5 Hz, H-15)and
5.65 (4, J = 8.0 Hz, H-11).

Hetisine (1) was obtained by NaBH, reduction of hetisinone
(3) [10], diacetylhetisine (2) by acetylation of hetisine and
compound 15 by treatment of 14 with Ac;O-—pyridine. The other
alkaloids and their derivatives used here were isolated or
synthesized by procedures given in refs [7, 8].
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