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Abstract—From the rhizomes of Nuphar luteum a new C, 5 alkaloid, nuphacristine, has been isolated. The structure
and stereochemistry of nuphacristine have been established on the basis of spectral analysis and chemical

transformations.

INTRODUCTION

From the rhizomes of Nuphar luteum a number of
monomeric (C, sN) and dimeric (C;,N,S) alkaloids have
been isolated and characterized [1]. The quinolizidine
ring system is present in many of the monomeric alka-
loids and in all of the dimeric, sulphur-containing alka-
loids. Some alkaloids occur as N-oxides, and others in the
dimeric series, as S-oxides; a hemiaminal system is also
present in some alkaloids [1]. We present here the
structure and stereochemistry of a newly isolated C; ;N
alkaloid, nuphacristine 1, which has a novel array of
functional groups. It became evident from the composi-
tion of 1 (C,sH,,NO;) and from the nature of its
functional groups that it belonged to the C, sN group of
Nuphar alkaloids containing a quinolizidine ring system
(Fig. 1).

RESULTS AND DISCUSSION

Nuphacristine 1 was isolated in the following manner.
The crude alkaloids of N. luteum were first chromato-
graphed on alumina affording three fractions of varying
polarity. The chloroform-methanol fraction, the most
polar fraction, was then rechromatographed twice on
silica gel. In this way nuphacristine, which gave a positive
Dragendorfl test, was obtained. The structure of 1 was
deduced from an examination of its *H and '*CNMR
spectra and its mass spectrum, and confirmed by chemi-
cal transformation to Nuphar alkaloids of established
structure and stereochemistry.

* Author to whom correspondence should be addressed.

CHoOH CHZOH CHoOH

m/z 232 (Cy4H1gN0O2) m/z 261 {C15H1gNO3)

PR i
Lo e P

H
m/z QL(CGHB y 0 iz 10 (CoHgNO)

m/z107(C7H70} m/z 190 {CyH12NO3)

HOH,C
NaBH,
EtOH N CH,0H
/\
0 2
1.{¢ 0)3MePI Me R
HMPA
2 RaBHaCN ™ K 19
HMPA
/\
0 3 R'= Me ;R?:=H
4 R'=H ,R?=Me



3340

In the 'H NMR spectrum of 1 a signal of area one was
observed at ¢ 8.71 indicative of the presence of an alde-
hyde group. A one-proton singlet at § 6.77 indicated the
presence of an olefinic proton and a signal attributed to a
hydroxymethyl group was observed at 63.69 as an
apparent doublet. There were no signals that could be
assigned to methyl groups which are normally observed
in C,sN Nuphar alkaloids of established structure [2].
Apart from the three signals in the aromatic region
attributed to a f-substituted furan and signals attributed
to the protons adjacent to the nitrogen atom the re-
mainder of the spectrum could not be assigned.

The **C NMR spectrum was more revealing and more
amenable to interpretation. Signals at J 57.4 and 59.2
were assigned to tertiary carbon atoms adjacent to
nitrogen at C-4 and C-10, respectively. In the downfield
region signals for two olefinic carbon atoms were observ-
ed, one a methine at 4 157.9 and the other a quaternary
carbon atom at § 122.5; these data point to the presence
of a double bond possibly in an enamine between C-6 and
C-7 of the quinolizidine system [3]. The fact that C-7 is
quaternary indicates that it must be substituted by the
aldehyde or the hydroxymethyl group. Since the signal of
the aldehyde carbon atom is shielded in comparison with
aldehyde carbon atoms attached to saturated carbon
centres, one may infer that the aldehyde function is
located at C-7 [3]. Provided that the substitution pattern
of 1 is the same as that in other C, N quinolizidine
alkaloids of the Nuphar group, the hydroxymethyl group
must be at C-1. Its chemical shift at § 63.0, in comparison
with literature data for related lupinane derivatives [4],
implies that it is equatorial. Other '*CNMR signals
listed in the Experimental are in harmony with structure
1

The composition of 1 and several of its fragment ions
was established by high resolution mass spectrometry as
shown in Scheme 1. The ions in the low resolution
spectrum of 1 at m/z 107 and 94 (Scheme 1) are also found
in the mass spectra of deoxynupharidine and castoramine
[5,6,7] indicating that this part of the quinolizidine is the
same in all three compounds. The ions at m/z 190 and 110
in 1 have their counterparts in the spectrum of de-
oxynupharidine 3 (Fig. 1) at m/z 178 and 98 and in the
spectrum of castoramine (structure 3, R! =CH,OH, R?
=H) [5-7] at m/z 194 and 114, respectively. The presence
of OH, CH,OH, and CH =0 groups in 1 is reflected in
the loss of 17 (m/z 244), 31 (m/z 230) and 29 (m/z 232) mass
units, respectively, from the molecular ion (only the latter
is shown in Scheme 1). Thus the mass spectrum of 1
supports the placement of the CH,OH group in ring A
and the CH=O group in ring B and otherwise is fully in
accord with the structure proposed in Fig. 1.

The structure of 1 has been confirmed by its chemical
transformation into a mixture of deoxynupharidine 3 and
7-epideoxynupharidine 4 by the route shown in Fig. 1. In
the first step the treatment of 1 with sodium borohydride
in ethanol afforded diol 2, isolated as an oil. The spectro-
scopic properties of 2 agreed with the assigned structure.
The "H NMR spectrum of 2, in comparison with that of 1,
did not exhibit signals characteristic of an alkene or an
aldehyde. Instead a new signal of area 2 at ¢ 3.80 was
present which is characteristic of an axially oriented
CH,OH group. The '3C NMR spectrum of 3 was, like the
proton spectrum, devoid of signals for olefinic or car-
bonyl carbon atoms. Instead, new signals were present,
attributed to C-6 and C-7 at § 56.5 and 34.9, respectively.
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The signal at ¢ 34.9 is considerably shielded relative to
that at C-1 (644.3), which also bears a CH,OH group,
suggesting that the new CH,OH group is in an axial
orientation [4]. The chemical shift of C-6, in analogy with
data in the literature [8], points to a trans-quinolizidine
ring juncture. The data also favour an equatorial orient-
ation of the furan substituent at C-4. The composition of
2 (CysH,3NO;) was confirmed by high resolution mass
spectrometry, as were the compositions of a number of
fragment ions. Of particular interest are ions at m/z 248
(M —OH)*, m/z234(M--CH,OH)" and an ion at m/z 114
(CeH{;NO) {the counterpart of m/z 110 of Scheme 1), an
ion which is also present in the mass spectrum of castora-
mine [6,7]. Other ions characteristic of the C, ;N quino-
lizidine system found in the Nuphar alkaloids are present
at m/z 107 and 94, while still other ions listed in the
Experimental section may be accommodated by
fragmentation pathways proposed for related alkaloids
[6,71.

The two hydroxymethyl groups of 2 were converted to
methyl groups by treatment first with (C,H,O),P"-
Mel ™ in HMPA followed, without isolation of the inter-
mediate, by reduction with sodium cyanoborohydride
according to the procedure of Hutchins et al. [9]. The
product of reduction was a mixture of deoxynupharidine
3 and 7-epideoxynupharidine 4 in a ratio of 3 to 2.
Compound 3 would be expected to form from 2 through
the intermediacy of a di-iodide. The presence of substan-
tial quantities of 4 was unexpected and is not readily
explicable in terms of a di-iodide intermediate. The lack of
material precluded a more thorough investigaton of this
interesting epimerization at C-7.

These studies have established beyond reasonable
doubt the structure and relative stereochemistry of nu-
phacristine 1.

EXPERIMENTAL

The '"HNMR (100 MHz) and '*C NMR (22.5 MHz) spectra
were measured in CDCl;; chemical shifts are reported in ppm (3)
downfield from the signal of TMS used as an int. standard. The
EI MS were recorded at 70 ¢V; samples werc introduced directly
into the ion source by a probe. Accurate mass measurements
agreed with calculated value within £ Smmu. Optical rotations
were measured in EtOH in a 1-dm cell. Separation by column
chromatography was carried out on alumina (Fluka 507C, Act.
If or HI) and silica gel (MN 100, 200 mesh) or (Merck,
230400 mesh).

Isolation of nuphacristine The crude alkaloids (60 g) obtained
as described earlier [ 10], were dissolved in C H,, adsorbed on an
Al,O; column (act. I, Fluka 507C. t kg) and eluted in order with
C,H,, CHCI;, and CHCl;;MeOH. The CHC!;-MeOH fraction
(3.6 g) was adsorbed on silica gel (70 g, 100-200 mesh, MN) and
eluted with CHCl; to give a 2 g fraction. Rechromatography of
this fraction on silica gel (60g. 230-400 mesh, Merck) gave
compound 1, O.11dg (0.19%);, [«]3" = + 659°; 'HNMR
(CDCl3) 0: 0.7-2.5 (10 H, m), 3.1-3.5 (IH, m, H-10), 3.69 (2H, d.
J =3 Hz, H-11). 4.1-4.3 (1H, m, H-4), 6.40 (1H, s. br, f-furanyl),
6.77(1H, 5, H-6). 7.47 (1H, 5, br, a-furanyl), 7.52 (1 H, m, a-furanyl),
871 ({1H, s, -CHO), '*C NMR (CDCl;) 8: 15.7 (1, C-8), 23.3 {1, C-
2),28.0 (1, C-9),32.2 (1. C-3), 40.6 {d. C-1), 58.1 (d. C-4), 59.3 (d, C-
10), 63.2 (¢, C-11), 1098 (d, C-15), 122.3 (s, C-7), 136.5 (5. C-13),
141.4(d, C-14), 144.3(d, C-16), 152.0(d. C-6), 187.7(s, C-12).
EIMS, m/z (rel. int.): 261 (M, 100), 244(6), 232(27), 230(1 1),
190(7), 136(6). 110(29), 94(66), 82(23), 81(19), 77(10); TLC (silica
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gel CHCI;-MeOH = 17:3); R, = 0.48;
CHCI;-MeOH = 93:7); R, = 0.18.

Preparation of compound 2. To a soln of 1 (0.063g,
0.00023 mol) in EtOH (25 ml), NaBH, (0.035 g, 0.00093 mol)
was added portionwise and the mixture was allowed
to stand at room temp. The course of the reaction was
monitored by means of TLC and when it was complete the
EtOH was evapd. The residue was treated with H,O (20 ml) and
the mixture extracted with CHCl;. The CHCI, extract was dried
(MgSO,) and the solvent removed in vacuo. The crude residual
oil was chromatographed on Al, O, using CHCl;-MeOH =99:1
as eluant. Yield: 0.052g (81.2%). [a]3°= —54.2°; 'THNMR
(CDCl3) 6: 0.7-2.5(12H, m), 3.08 (2H, m, H-6e, H-4a), 3.67 (2H, d,
J=2.5Hz,H-11),3.78 (2H, d, J=2.5Hz, H-12), 6.43 (1H, s, br, -
furanyl), 7.39 (2H, m, a-furanyl); 13C NMR (CDCl;) 6: 27.7 (¢, C-
2),28.2(t, C-9), 29.6 (¢, C-8), 34.1 (t, C-3), 349 (d, C-7),44.3 (4, C-
1), 56.5 (¢, C-6), 60.3 (d, C-4), 64.2 (t, C-11), 64.5 (d, C-10), 68.5 (¢,
C-12), 108.9 (d, C-15), 128.7 (s, C-13), 139.5 (4, C-14), 143.5 (4, C-
16). EIMS, m/z (rel. int.): 265 (M *, 22), 248 (5), 234 (19), 220 (7),
206 (16), 194 (4), 193 (9), 178 (4), 152 (17), 121 (51), 114 (70), 107
(12), 94 (50), 81 (19), 77 (13), 31 (100). TLC (alumina,
CHC1,-MeOH =93:7) R,=0.29.

Preparation of compounds 3 and 4. To 54 mg (0.00020 mol) of 2
in hexamethylphosphoramide (1 ml) methyltriphenoxyphos-
phonium iodide (0.368 g, 0.0081 mol) [11] was added and the
mixture was heated with stirring at 70° for 3 hr. Na cyan-
oborohydride (0.102g, 0.0016 mol) was then added and the
mixture was heated with stirring at 70° for 3 hr. Na cyano-
borohydride (0.102 g, 0.0016 mol) was then added and the
The hexane extract was washed with H,O and dried (K,CO,;).
Evaporation of the hexane.gave a crude residue which was

TLC (alumina,
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chromatographed on Al, O, affording from the hexane fraction
22mg of 3 (46.2%) and 15.0mg of 4 (31.5%). Spectral data
(*3C NMR, 'HNMR) for compound 3 were in agreement with
those for deoxynupharidine, and for compound 4 with those for
7-epi-deoxynupharidine [2].

Acknowledgements—Financial support of the Polish Academy of
Science (CPB-57) and the Natural Sciences and Engineering
Research Council of Canada is gratefully acknowledged.

REFERENCES

1. Wrobel, J. T. (1977) in The Alkaloids (Manske, R. H. F., ed.)
Vol. XVI, p. 181. Academic Press, New York.
2. Mauer, B. and Ohlaff, G. (1976) Helv. Chim. Acta. 59, 1169.
3. Dabrowski, J., Kamiefiska-Trela, K. and Kozerski, L. (1974)
Org. Magn. Res. 6, 499.
4. Bohlmann, F. and Zeisberg, R. (1975) Chem. Ber., 108, 1043.
5. Valenta Z., Khaleque A. (1959) Tetrahedron Letters 12, 1.
6. Lalonde, R. T, Wong, Ch. F.,, Woolever, J. T., Auer, E., Das,
K. C. and Tsai, A, I-M. (1974) Org. Mass Spectrom. 9, 714.
7. Wrébel, J. T., Iwanow, A., Braeckman-Danheux, C., Martin,
T. I. and MacLean, D. B. (1972) Can. J. Chem. 50, 1831.
8. LaLonde, R. T., Donvito, T. N. and Tsai, A., I-M. (1975) Can.
J. Chem. 53, 1714,
9. Hutchins, R. O, Maryanoff, B. E. and Milewski, C. A. (1971)
J. Chem. Soc. Chem. Commun. 1097.
10. Iwanow, A, Wojtasiewicz, K. and Wrobel, J. T. (1986)
Phytochemistry 28, 2227.
11. Verheyden, J. P. H. and Moffatt, J. G. (1970) J. Org. Chem.
35, 2319.



