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ABsTRacT.—The natural abundance carbon-13 nmr spectra of some pyrrolizidine
alkaloids, and their derivatives: retronecine, retronecine diacetate, retronecine hydo-
chloride, platyvnecine, heliotrine, heliotrine acetate, supinine, lasiocarpine, crispatine,
monocrotaline and maduresine, have been determined at 15.03 MHz. Several im-
portant chemical shift trends have been described which identify the basic pyrrolizidine
alkaloid skeleten and the various ester groups in these alkaloids. On the basis of #¥C
nmr data for crispatine, monocrotaline and madurensine, the chemical shift assign-
ments reported earlier for C-3, C-9, C-12' and C-16, in retrorsine have been revised.

Pyrrolizidine alkaloids oceur in several genera belonging to the families Bora-
ginaceae, Compositae, Leguminosae, and 4 pocynaceae (1, 2). These alkaloids also
have been identified in the hair-pencil secretions and scent organs of certain butter-
flies (3). Some of these compounds possess antitumor, carcinogenic, and. or
hepatotoxic activities (1, 4). The wide range of biological activities exhibited by
these alkaloids makes them interesting subjects of study. The structures of
pyrrolizidine alkaloids have been elucidated by conventional spectroscopic methods
and extensive chemical studies. Certain of the struetures have been con-
firmed by X-ray crystallography or total synthesis. Execept for two alkaloids,
(5, 6) there has been no svstematie, detailed study of the ¥*C nmr spectra of mem-
bers of this class of alkaloids. In this paper, we report ®C nmr spectral assignments
for pyrrolizidine alkaloids of varving substitution patterns and stereochemistry.
Because structure elucidation of these alkaloids is frequently so difficult as to
require X-ray crystallography, this ®*C nmr analysis should be of considerable
value in solving structure problems.

RESULTS AND DISCUSSION

The chemical shifts for various pyrrolizidine alkaloids and their derivatives
(table 1) were assigned with the help of noise decoupled spectra, single-frequency
proton off-resonance decoupling (SFORD) techniques, direct analysis of non-
protonated carbons, application of known chemical shift rules for hydroxyl sub-
stitution, esterification shifts, and from comparisons of spectra from compound to
compound.

The #C nmr spectrum of retronecine (1) exhibits 8 signals for 8 carbons in the
molecule (table 1). The SFORD spectrum of retronecine shows 1 singlet, 3
doublets, and 4 triplets. The singlet at 137.9 ppm and the doublet at 127.1 ppm
are assigned to the double bond at C-1 and C-2, respectively. Of the remaining
two doublets at 71.1 and 79.5 ppm, the former is assigned to the hydroxyl group
at C—7 by comparison with the corresponding chemical shift of the acetoxyl group
at C-7 in retronecine diacetate (2). Assignment of the doublet at 79.5 ppm to
C-S is supported by the fact that the chemical shift of C-8 in 2 is shifted 3.7 ppm
upfield. The triplet at 61.9 ppm in 1 is assigned to the oxymethylene unit at
C-9 because this chemical shift moved downfield to 62.9 ppm in diacetate 2.
The upfield triplet at 35.3 ppm must be assigned to C-6 as it shifted further up-
field in compound 2 because of the a-effect of the C-7 acetate. The remaining

two triplets at 38.7 and 54.2 ppm in retronecine are assigned to C-3 and C-5,
417
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TasLE 1. Carbon-13 chemical shifts and assignments for pyrrolizidine
alkaloids and their derivatives.® b

\ : |
Carbon 1 J 2 ‘ 3¢ | 4c | 5 8 1 7 J g | Carbon | 10 J 1 1 12 ! 13 13¢
i | 3
1 137.0 133.8 | 135.7 | 45.8 | 136.4 |135.3 | 137.9 }135.0 1 132.9 |132.8 |120.9 ‘132.4 132.4
2 1271|1277 11205 | 3041274 127.6 |125.6 | 1286 2 135.5 1343 |136.1 134.7 | 134.7
3 58.7| 61.2] 56.8| 57.2) 62.0 | 61.67| 61.9n! 62.3 3 60.9 | 60.4 | 59.3 ! 347 61.0
5 542 53.7| 53.1| 556 542 | 540 | 569 | 543 5 53.2 | 53.7 | 66.4 | 52.8| 52.9
6 35.31 314 | 342 3831 343 | 32.9 | 25.9 | 305 6 ' 336 | 335 | 747¢| 37.9| 379
7 711|740 684 75.0| 75.6 76.8d( 302 | 76.9 7 763 | 767 | 73.7d| 77.4| 77.4
8 95| 75.8| TI.8) 73.1| 786 | 7844 60.3 | 78.9 8 753 | 75.0 1 752 | 75.01 75.0
9 6L.9| 62.0] 605 63.4| 62.8%| 62.0n| 62.4n1 §23 9 813 | 613 | 615 | 66.9 | 62.7
1 — 1m0 — © — |1751 |1747 |175.2 |173.9 10 175.6¢ 173,56 | 176.9 | 175.7 | 175.7
2! | — 208 — — | 826 | 832 | 831 | 8338 11 37.6 | 787 | 763 813 813
3! == | = = | so1 | 78| 715 | 788 12 1763 0 768 | 405 | 357 35.7
4! | = | — | — ] — | 125 ] 115 1734] 130 12! — 1 — lors | s10] 847
5 — ‘ — | — | — | 5701368 — | 563 13 481 | 44.2 |135.6 [131.2 131.2
6! — I — ' — 1 — | 318 ;304 | 331, 730 14 27.1 | 22,0 1425 |136.5 1 136.6
7 —  — | —  — | 1644|171 | 1704 2454 15 184 | 177 | 150 | 148] 149
8! | — — | — — | 1] 171 | 17.1¢] 26.5¢ 16 113 | 13.6 | 246 | 627 669
C:-F=O — 170 = —  — |m2 | = | = 17 117478 17414 | 10.8 | 1167 11.6
; | ,
CH; ‘ — { 22| — r — J — | 212 ‘ - - [ s - J — | 167.0 ‘167.3’167.3

2Chemical shifts in ppm downfield from TMS. The solvent is CDCl; unless otherwise specified.

bCarbon-13 NMR spectra were taken at 15.03 MHz in the Fcurier mode using a JEOL FX-60 spectrometer.

*The spectrum was taken in D20, using TMS as an external standard.

4, bThese assignments may be interchanged in any vertical column.

eThe carbon-13 chemical shift assignments of the angelic ester group in lasiocarpine are shown separately on structure 8.
1The Itulian worker’s assignments for retrorsinre. See Reference 5.

zQur assignments for retrorsine.

respectively. When the spectrum of 1 was compared with that of 2, a significant
shielding effect of the primary acetoxyl group on C-1 of diacetate 2 was observed.
Comparison of the spectrum of retronecine hydrochloride (3) in D,O with that of
retronecine revealed that the chemical shifts of all carbons in 3 shifted upfield
(481.1-6.6 ppm). The doublet at 45.8 ppm and the triplet at 30.4 ppm are as-
signed to C-1 and C-2, respectively, in platynecine (4).

The BC nmr spectrum of heliotrine (5). shows 16 signals corresponding to 16
carbons in the molecule. The chemical shift of C-7 (a-hydroxyl group) in 5 is
observed downfield (4.5 ppm) as compared with that of C-7 (8-hydroxyl group)
in retronecine. A similar pattern also was observed for C-7 in the case of helio-
trine acetate (6) and retronecine diacetate (2). The assignment of the doublet
at 75.6 ppm to C-7 was confirmed by acetylation of heliotrine to heliotrine acetate
(6). Comparison of the spectrum of supinine (7) with that of heliotrine revealed
the absence of the chemieal shift due to the hydroxy group at C-7 and changes in
the chemical shifts of the basic skeleton of supinine. The chemical shift of C-3 is
observed upfield at 71.5 ppm in supinine as compared with the corresponding car-
bon in heliotrine because of the substitution of methoxy by hydroxyl functionality.
As a consequence of this substitution, the chemical shifts of the neighboring car-
bons C-2' and C-4' also are shifted downfield in supinine.

The BC nmr spectrum of lasiocarpine (8) exhibits six singlets. The singlets
at 173.9 and 167.8 ppm are assigned to C-1' and C-9', respectively, the former
being in the downfield region because of the pronounced a-effect of the hydroxyl
group at C-2'. Of the two olefinic singlets, the signal at 135.0 ppm is assigned to
C-1 by comparison with the corresponding chemical shift of C-1 in heliotrine
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acetate (135.3 ppm); therefore, the remaining singlet at 127.7 ppm may be as-
signed to C-10'. By comparison of the chemical shifts of C-2' in heliotrine (3)
and heliotrine acetate (6), the singlet at 83.8 ppm is assigned to C-2!, and thus
the singlet at 73.0 ppm must be assigned to C-6'. In view of the values for C-7
(v5.6 ppm) in heliotrine and C-9 (62.3 ppm) in lasiocarpine, the chemical shift
assignments reported (6) for C-7 (97.1 ppm) and C-9 (77.9 ppm) in europine
N-oxide (9) may be in error.

The SFORD spectrum of crispatine (10) shows 4 singlets, 5 doublets, 4 triplets
and 3 gquartets. We have observed that in the macrocyelic diesters, crispatine
(10) and monocrotaline (11), the chemical shifts of C-1 are at a relatively higher
field, whereas those of C-2 are at a lower fleld as compared with the chemical
shifts of corresponding carbons in open-chain diesters. In crispatine (10) the
quartet at 27.1 ppm is assigned to C-14 since it shifts upfield (22.0 ppm) in mono-
crotaline (11). Similarly, the doublet at 48.1 ppm is assigned to C~13 in crispatine.
Of the remaining two quartets at 18.4 and 11.3 ppm, the former is assigned to C-15
because of the presence of an a-hydroxyl group. Comparison of the speetrum on
monocrotaline (11) with that of crispatine (10) revealed the presence in 11 of an
additional singlet at 78.7 ppm which must be assigned to C-11.
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The spectrum of madurensins (12) shows 18 signals corresponding to 18 car-
bons in the molecule. The pattern of chemical shifts in madurensine is similar to
that of retrorsine (13). (5) The chemical shifts for C-15 and C-~18 are almost the
same in 12 as observed for retrorsine, although the methyl group is trans to the
C-18 carbonyl in madurensine. However, the chemical shifts for the olefinic
carbons C-13 and C-14 are different in these two alkaloids. Assignments of
chemical shifts to C-7 and C-8 in compounds 1 and 2 provided guidance for as-
signments of these carbons in alkaloids 10 to 13. On the basis of *C nmr data of
alkaloids 10 to 12, we have revised the chemical shift assignments reported (5) for
C-3, C-9, C-12' and C-16 in retrorsine (13).

EXPERIMENTAL

Carbon-13 nmr spectra were determined at 15.03 MHz in the Fourier mode using a FX-60
spectrometer in conjunction with a JEC-980 computer. The spectra were determined at 30°
in deuterochloroform solutions (which also provided the lock signal) with 5% tetramethylsilane
as an internal reference. Samples were contained in precision ground 3-mm o.d. tubes. The
spectrometer was used in the crosscoil configuration. On the average a 5 us pulse, correspond-
ing to an approximate tilt angle of 45°, was employed. For the average spectral width of 4000
Hz, the delay between pulses was 2s. Acquisition times averaged 1-2 h over 8K data points
for concentrations of the order of 0.4-1.0M. For off-resonance spectra this time was 3-10 hours.

The alkaloids and their derivatives used here were isolated and/or synthesized by proce-
dures given in the literature cited.
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