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ABSTRACT.—'H- and >C-nmr assignments are reported for the steroidal alkaloids jer-
vine, veratramine, cyclopamine, and cycloposine. Eleven of the jervine and at least four of the
veratramine carbon resonances, reported eatlier by others, have been reassigned. 'H- and '3C-
nmr spectra independently confirm the structure of cycloposine as 3-glucosyl-11-deoxojervine.
The lesser shielding shown by C-7 and C-8 of the jerveratrum alkaloids, compared to the choles-
tane framework, suggests a general feature of the C-nor-D-homo skeleton.

The veratrum alkaloids occupy a position of prominence among steroidal alkaloids
because some possess an unusual C-nor-D-homo skeleton (1, 2) and some are hypoten-
sive (3), insecticidal (4), or teratogenic (5). *C-nmr data have been reported for two
members of the jerveratrum group (6) and for several ceveratrum alkaloids (7-9). In par-
ticular, the *C-nmr spectra of jervine (1) and veratramine (2) were of interest in our at-
tempts to assign carbon resonances in the spectra of the mammalian teratogens cyc-
lopamine (11-deoxojervine) (3) and cycloposine (3-glucosyl-11-deoxojervine) (4).
Based upon '>C-nmr assignments reported (6) for jervine and veratramine, attempts to
reconcile the structure of cyclopamine with its spectrum showed several points of disag-
reement. For example, an appropriate resonance for C-24 was not appatent in the cyc-
lopamine spectrum and resonances assigned earlier to carbons 14, 16, and 20 of jervine
appeared to be at variance with signals observed for cyclopamine. Inasmuch as the
structure and stereochemistry of both jervine (10, 11) and cyclopamine (10-13) ap-
peared to be firmly anchored on both physical and chemical grounds, the 3C-nmr

2111;,}0 22 /H

1 R,=H,R,=0
3 R,=H,R,=H
4 R,=B-p-Glc, R,=H,

'Presented in part at the 2nd Australia-United States Poisonous Plants Symposium, 14-18 May
1984, Brisbane, Australia; c.f.,. W. Gaffield, in: “Plant Toxicology,” Ed. by A.A. Seawright, M.P.
Hegarty, L.F. James, and R.F. Keeler, University of Queensland Press, Brisbane, 1985, pp. 334-343.
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assignments of jervine and veratramine were the most likely source of disagreement.
This study reports the 'H- and '>C-nmr spectra of several jerveratrum alkaloids, which
have led to the reassignment of certain resonances in the 1*C-nmr spectra of jervine and
veratramine.

RESULTS

The natural abundance >C-nmr spectra of jervine and veratramine in CsDsN were
originally determined by Sprague ez 2/. (6) at 15.08 MHz in one of the first '*C-nmr in-
vestigations of steroidal alkaloids (14). Chemical-shift correlations between these al-
kaloids and degradation products of jervine together with proton-decoupling tech-
niques were employed to make most of the assignments. Our proton spectra, in CsDsN
and CDCl;, have been analyzed with the aid of proton-proton decoupling and, to some
extent, two-dimensional proton-proton correlations. Carbon resonances in the same
solvents have been assigned by single-frequency irradiation of the proton resofiances.

JERVINE.—Proton spectra.—Compared to the spectrum of cyclopamine (see below),
the presence of an 11-keto group in jervine greatly simplified its 'H-nmr spectrum
(Table 1). Besides the absence of protons at C-11, the keto group of jervine exerted a
discriminating effect on both H-1 protons and allowed H-9 to be perceived as a readily
observable doublet in a rather congested portion of the spectrum. At 200 MHz, several
proton signals that were clearly recognizable in the C;DsN spectrum of jervine were

TABLE 1. 200 MHz 'H-nmr Dara of Jervine, Cyclopamine, and Veratramine

Chemical Shift in ppm (J in Hz)
Proton
Jervine (CsDsN, 90°) Cyclopamine (CsDsN, 90°) Veratramine (CDCl,)

leq 2.81de(13.6,3.7) : :

lax 1.32td (4.0, 13.6) 2 1.27td (4.0, 12.8)
2eq ~2.0 ~2.05 2.24dq(13.7,2.5)
2ax ~1.75-1.85 ~1.75 *

3 3.73t(11.1,5.0) 3.74e0(5.4,11.7) 3.58tt(4.8,11.0)
deq 2.57ddd (2.3, 13.2,4.9) 2,59ddd(13.5,5.4,2.7) 2.36ddd (5.0, 1.9)
4ax 2.44ddd(10.9, 2.0, 13.0) ~2.5 2

6 5.37de(5.6, 1.4, 1.4) 5.36dt(5.4, 2.7, <2) 5.49brd(6.0)

7eq ~2.25-2.30ddd (2.5, 11.8)" ~2.25 2.58dtd (14.5,5.0, 2.5)
7 ax ~1.80-1.90 ~1.8 ~2.0

8 ~1.55 ~1.45 2.92ddd 4.5, 12.2,2.2)
9 1.77d(13.0) : ~1.85
lleq — * 2.61dd(15.0,2.0)
1lax — ? 2.79dd (8.0, 14.7)
14 ~2.0 : 2
15 ~1.40-1.45 2 :
16 a a a
18 v 2.36d(2.2) 1.73brs 2.32brs
19 1.12s 0.945 1.14s
20 2.46qd(8.8,7.8) ~2.45 3.49qd(7.2,5.6)
21 0.99d(7.8) 1.03d(7.8) 1.39d(7.1)
22 2.72t(9.3) 2.72¢(9.3) 2.48dd(4.8,9.0)
23 3.35td(3.9,9.8,9.49) 3.32td(11.1,4.8) 3.27td(4.8, 10.2)
24eq 2.14ded(11.5,1.4,3.8) ~2.2 ~2.0
24 ax 1.18de(11.7,12.5) 1.21dt(12.6) 0.98dt(12.5, 11.0)
25 ~1.6 ~1.6 ~1.6
26eq 3.02ddd(12.2,4.7,1.2) 3.05dd(12.3,4.8) 3.00dd (5.2, 11.9)
26ax 2.27dd(11.2,12.2) 2.29dd(12.0) 2.11dd(11.9)
27 0.83d(6.9) 0.83d(6.6) 0.824(7.0)

*Not assigned.
bMultiplet partially visible. Additional coupling of 5.6 Hz was established by collapse of H-6 to a broad singlet
upon irradiation at & 2.3.
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due to protons 6, 3, 23, 26 eq, leq, 22, 4 eq, 26,,, 9, 1,,, 24,,, and all methyl group
resonances. Signals that were partially visible were due to H-20, H-4,,, and H-7 eq.
The positions of several other resonances were located by mutual decoupling of protons
to which they were coupled. Thus, irradiation of the readily assigned H-27 and H-6 re-
sulted in observable changes in the regions of obscured signals H-25 (8~ 1.6)and H-7,,
(8=<1.8-1.9), respectively, while irradiation of the latter signals resulted in the collapse
of H-27 and H-6 as required. The approximate positions of both H-2's, H-14, and H-8
were derived by mutual decoupling of H-3, H-18, and both H-7's, respectively. An as-
signment of at least one H-15 was made by observing the collapse of the proton-coupled
carbon signal assigned to C-15 to a doublet upon irradiation at 8 1.4 and by sharpening
in the 8 1.4-1.5 region upon itradiation at the chemical shift of H-14. The other as-
signments for the ring E and ring F protons were confirmed by mutual decoupling. For
example, irradiation of the H-24 resonances decoupled H-23 and vice versa. For all pto-
ton-bearing carbons except C-16, at least one proton was located in the '"H-nmr spec-
trum. In addition, four long-range couplings were observed in the 90° jervine proton
spectrum due to interactions between H-2 eq and H-4 eq, H-4 ax and H-6, H-18 and
H-14, and H-24 eq and H-26 eq.

Carbon spectra.—'>C-nmr resonances of jervine previously reported (6) for C-5 and
C-13 were found to be reversed since conversion of jervine to 12, 13-dihydrojervine re-
sulted in loss of the olefinic signal earlier assigned to C-5. Reduction of jervine also
shifted the methyl carbon resonance at 12.4 ppm upfield to 10.5 ppm (see Experimen-
tal section). Because C-18 should be more greatly affected by reduction of the C-12, C-
13 double bond, the assignments of C-18 and C-21 were reversed from those made ear-
lier (6); single frequency on resonance decoupling (SFORD) of H-18 and H-21 con-
firmed these reassignments. Confirmation or reassignment of all proton bearing carbon
resonances in the jervine spectrum was made by sford, except for C-16 which was as-
signed by default. Decoupling of the respective proton resonances required reassign-
ment of the carbon signals due to C-1, C-4, C-8, C-14, C-16, C-20, and C-24. Thus,
11 carbon resonances mentioned in this section required reassignment and are noted in
Table 2. Comparison of jervine spectra in CsDsN at 20° and 90° showed very slight
chemical shift differences, but no signals appeared to be interchanged. In CDCl;, C-16
shifted upfield ~ 1.5 ppm.

VERATRAMINE.—Proton spectra.—Because better resolution of several proton reso-
nances in CDCl; allowed assignments which could not be made in CsDsN, both the
'H- and '3C-nmr spectra of veratramine were measured in CDCl;. Examination of the
veratramine 'H-nmr spectrum in CDCl;, utilizing homonuclear H-H decoupling and
2-D proton-proton J-coupled correlation experiments, allowed assignment of all
aliphatic protons except H-1 eq, H-2,, and H-4,.

Carbon spectra.—Slight chemical shift differences (<1 ppm) between, literature
spectra of veratramine in CsDsN (6) and our data in CDCl; were observed. With the ex-
ception of the C-19 signal, all proton-bearing carbon resonances of veratramine were as-
signed by SFORD. The carbon resonances of only C-7 and C-8 and of C-20 and C-24
cleatly required reversal from their earlier assignments.

CYCLOPAMINE AND CYCLOPOSINE.—Proton spectra.—Due to overlapping sig-
nals, several proton resonances which were readily identified for jervine (H-1eq, H-1,,,
and H-9) were not assignable in the cyclopamine 'H-nmr spectrum. Except for this ad-
ditional complexity, the cyclopamine spectrum was similar to that observed for jervine.
The attachment of the glucose residue to C-3 in cycloposine was indicated by a down-
field shift of H-3 from & 3.74 in cyclopamine to 8 4.05.

Carbon spectra.—Comparison with the jervine and veratramine >C-nmr spectra
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TABLE 2. 50 MHz '*C-Chemical Shift Assignments for Jervine, Cyclopamine,
Cycloposine, and Veratramine

3C_Chemical Shifr*
Carbon No.
Jervine Jervine® Cyclopamine Cycloposine® Veratramine
(CsDsN, 50% (CDCly) (CsDsN, 20% (CsDsN, 90° (CDCly)
1 37.8¢ 36.8 38.8 38.6 38.0
2 31.1 31.1¢ 32.3¢ 30.2 31.3
3 71.5 71.6 71.4 78.0° 71.8
4 42,74 41.4 43.0 39.2 41.9
5 143.2(20%¢ 142.3 142.8f 142.2f 142 .48
6 120.9(20°% 120.9 121.5 122.2 122.08
7 39.7 38.9 39.7 39.9 44,14
8 39.0¢ 37.9 42.3 42.6 41.2¢
9 63.2 62.5 52.5 52.7 56.9
10 37.8 37.0 36.9 37.2 36.9
11 206.8(20% 206.8 29.2 29.3 30.3¢
12b 137.2(20% 137.1 127.7 127.7 140.3%
13" 146.4(20%¢ 145.8 142.0° 141.9¢ 132.62
14 45,19 44.8 49.5 49.6 143,98
15 24.9 243 25.2 25.2 119.88
16 32.24 30.7° 32.4° 32.4 125.28
17 85.8 85.5 85.3 85.5 143.08
18 12.44 12.1 13.6 13.4 15.8
19 18.9 18.4 19.2! 18.9' 19.4
20 41.44 40.3 40.5 40.7 36.14
21 11.04 10.8 11.3 11.0 19.2
22 67.6 66.5 67.3 67.3 67.1
23 77.1 76.4 76.0 76.2 70.8
24 31.4¢ 30.9° 315 315 30.5%
25 31.8 31.5 31.7 31.8 32.2
26 55.4 54.6 55.4 55.5 54.0
27 18.9 18.8 18.8 18.7¢ 18.8
23 in ppm from TMS.

PTentatively reported in footnote (c) of the Table {Gaffield (26)]. The value listed in this footnote for C-14 should be changed to
44.8.

“Signals due to the 3-O-glucosyl residue were observed at: § 102.8 (C-1'), 75.3(C-2"), 78.7°(C-3"), 72.3(C-4"), 78.6°(C-5"), and
63.4 (C-6").

dReassigned from earlier work {Sprague et a/. (6)}.

efSignals may be reversed.

£Assigned by analogy to earlier work [Sprague et 4/. (6)].

"Assigned for 1, 3, and 4 on the basis of olefinic chemical shifts in o, B-unsaturated ketones [Levy and Nelson (27)}.

'Signals may be reversed.

permitted assignment of most '>C resonances of cyclopamine although assignment of
signals due to C-8, C-9, C-11, and C-14 remained in doubt. Irradiation at 2.2, a
value typical of allylic protons, caused decoupling of the '>C resonance at 29.2 ppm
which was then assigned to C-11. Although H-24 eq also occurred at 8~ 2.2, decoupl-
ing of the 31.5 ppm resonance upon irradiation of H-24,, (8 1.21) permitted assign-
ment of this resonance to C-24 (see also assignment of C-24 in jervine, Table 2). Shield-
ing of C-11 may be due to its eclipsed y-interaction with C-18 through an unsaturated
system. Decoupling of the carbon signal at 49.5 ppm upon irradiation at & 1.8-1.9 al-
lowed assignment of this resonance to C- 14 since H-14 was known to occurat 8—2.0 in
jervine. Furthermore, decoupling of the carbon resonance at 42.3 ppm by irradiation at
8~ 1.4 suggested that this signal belonged to C-8 since in the spectrum of cyclopamine
the H-8 signal occurred at 8~ 1.45. The remaining signal (52.5 ppm) was assigned to
C-9 in agreement with its upfield shift (~ 10 ppm) upon removal of the adjacent C-11
keto group.

The '>C-nmr spectrum of cycloposine resembled a summation of the *C-nmr
spectra of cyclopamine and D-glucose. In accordance with glycosidation induced shift
rules (15, 16), a downfield shift of C-3 (~7 ppm) and upfield shifts of C-2 (~2 ppm)
and C-4 (~4 ppm) established the attachment of the sugar at C-3 in cycloposine as in
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other steroidal alkaloids such as khasianine, solasonine, and solamargine (17). These re-
sults provided independent confirmation of the cycloposine structure as 3-glucosyl-11-
deoxojervine, as previously assigned by Keeler (18) utilizing chemical and spectral
methods.

DISCUSSION

With determination of the 1*C-nmr assignments for the jerveratrum alkaloids com-
pleted, comparison was made with literature data for other C-nor-D-homo steroids and
for steroids containing the cholestane skeleton. C-7 and C-8 of the C-nor-D-homo
steroid structure in cyclopamine and cycloposine are deshielded by approximately 8 and
11 ppm, respectively, compared with data for cholesterol and its derivatives (19) and
for steroidal alkaloids such as solasodine (3) (20), which contain the cholestane skeleton
(Table 3). Loss of the shielding environment provided by C-18 and other portions of the
B-face of the steroidal framework could be responsible for these differences.

TABLE 3. Comparison of the C-7 and C-8 Resonances of Cyclopamine and Cycloposine
to those of Related Ring Systems

Compound C-7 C-8 Reference
Cyclopamine(3) . . ... ... .. 39.7 42.3 —_
Cycloposine(4) . . . . . .. .. .. 39.9 42.6 —_
Cholesterol . . . . . . . .. .. .. 31.9 31.9 19
Solasodine () . . . . . . .. . ... 32.1 31.5 20
Shinonomenine (6) . . . . . . . .. 31.2 38.6 8
Veraflorizine(7) . . . . . . . . ... 31.5 38.7 8

13C-nmr data have been reported (8) for the cevanine alkaloids shinonomenine ©6)
and veraflorizine (7), both of which contain A, B, and C rings similar to the jerveratrum
alkaloids. Whereas most of the 1>C-nmr assignments to carbons of the A and B rings of
these C-nor-D-homo steroidal alkaloids are nearly identical to those determined for cyc-
lopamine and cycloposine, values assigned (8) to C-7 (31 ppm) and C-8 (39 ppm) of
6 and 7 are —8 and 3.5 ppm upfield (Table 3). If it is assumed that these assignments
are correct, a major factor which could contribute to the differences in C-8 resonances is
the lack of a C-12, C-13 double bond in 6 and 7 which forces the A, B, and C rings
closer in shape to those of the cholestane framework. Other possible factors include the
presence of additional rings fused onto the D-ring of the cevanine alkaloids and their at-
tendant conformational consequences or solvent effects. Recent X-ray studies of
isobaimonidine have indicated (21) that an appreciable amount of flexibility exists in
the cevanine skeleton. However, these explanations appear to be less satisfactory in re-
solving the discrepancy in C-7 assignments.

HO !

5 6 R,=CH,, R,=OH
7 R,=OH, R,=CH,
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EXPERIMENTAL

ALkALOIDS.—The isolation, purification procedures, and physical propetties of jervine (22), verat-
ramine (23), cyclopamine (23), and cycloposine (18) have been described previously. All samples were ex-
changed with D,O before examination by nmr techniques.

A sample of 128, 13a-dihydrojervine, mp 242-244° [lit. (24) mp 247-248.5°1, was provided by Dr.
D. Brown (29). Its tentative 1*C-nmr assignments, with superscripts denoting assignments that may be
interchanged, are as follows. 1*C nmr [CDCl,18 10.5, q, C-21; 10.5, q, C-18; 18.8, q, C-19; 18.8, q, C-
27;25.5,¢t,C-15;30.0, ¢, C-24* 31.2,¢,C-2;31.6,d, C-25; 32.2, t,C-16%, 37.1,5,C-10; 37.1, ¢, C-1;
37.5, d, C-8; 38.9, t, C-7; 39.6, d, C-20; 41.5, t, C-4; 42.6, d, C-14; 46.6, d, C-13; 54.6, t, C-26;
57.6,d, C-12; 64.3, d, C-9%; 65.0, d, C-22°,71.7,d, C-3; 76.1,d, C-23; 86.5, 5, C-17; 121.4, d, C-6;
142.3, s, C-5;217.7, s, C-11.

PROTON NMR SPECTROSCOPY.—'H-nmr were measured at 200 MHz on a Nicolet NTC-200 spec-
trometer. Spectra were acquired with a 60° pulse angle at a 4 s repetition rate and a 3000 Hz spectral width
twofold zero-filled into 32K of memory, giving a digital resolution of 0. 19 Hz. All signals were referenced
to TMS. The intensity of homonuclear irradiation was performed at several power levels to effectively cover
different multiplet widths being irradiated, and the irradiation frequency was automatically stepped
through 20 Hz intervals over the proton regions of interest.

CARBON-13-NMR SPECTROSCOPY.—!?C nmr were measured at 50.3 MHz on the same instrument
by using 45-60° angles (90° for multiplicity separation sequences) at a 4 s repetition rate and a 12,000 Hz
spectra] width twofold zero-filled into 32K of memory giving a digital resolution of 0.75 Hz. Gated
spectra (decoupler off only during acquisition) were obtained by square wave modulation of the decoupler
frequency. In order to correlate carbon chemical shifts with the known proton chemical shifts, SFORD ex-
periments were conducted by irradiation at a power of 640 Hz with the proton frequency set at resonances
of interest and by stepping through the proton region of interest in increments of 0.1 ppm. Sharpening of
affected carbon signals was observed. Although programmed SFORD was the major method used to deter-
mine complex coupling patterns, two-dimensional techniques using the Nicolet 1180 version of COSY
were employed on occasion. The non-first-order behavior of many multiplets limited the utility of the two-
dimensional method.
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