NMR INVESTIGATION OF ALKALOIDS.
III. 13C NMR SPECTRA AND RECONSIDERATION OF THE
STEREOCHEMISTRY OF HERBAMINE AND HERBADINE*

M. R. Yagudaev UDC 547.944.1.92

The stereochemistry previously proposed for herbamine (V) and herbadine (II) as
Co-BH has been reconsidered on the basis of a comparative study of the 13¢ R
of these compounds and of vincamajine, quebrachidine, ajmaline, vincamajoreine,
and majoridine, and it has been established unambiguously that herbamine and
herbadine belong to the dihydroindole alkaloids with Cp-aH, herbamine being
Cz-hydroxyvincamajine, and herbadine Cg-hydroxyquebrachidine.

The alkaloids herbamine (V) and herbadine (II) were first isolated from Vineca herbaceae,
and structures were given for them [2], and then the same alkaloids were isolated from Viwnea
libanotica and, on the basis of spectral characteristics and, mainly, from a comparison of
the PMR spectra of (V) and (II) with those of vincamajine (III) and quebrachidine (I),
respectively, structures and stereochemistries with the B orientation of H, were proposed
[3, 4]. '

18
1. R=R,=H. Quebrachidine
m. R =CH,,R=H. Vincamajine 1. R=H. Herbadine
w. R =CH,,R=COCH;. Vincamedine v.R={H, Herbamine

The B orientation of the C,-H atom in (V) and (II) was selected on the basis of the chemical
shifts (CSs) of the protoms of the C,; methylene group with the corresponding shifts in the
spectra of the alkaloids (III) and (IV). We have shown previously [1] that the nonequiva-
lence of the protons of the methylene group at C,; in herbamine (V) and herbadine (II) is
due mainly to the influence of the magnetic anisotropy and of the electric field of the

C—0 bond and of the 2p, UEP of the oxygen atom of the OH group at C3 on the value of the

CS of the Cp1-H_ proton and does not depend on the orientation of the Cy—H hydrogen atom.
Consequentlg, it appeared of interest to study the stereochemistry of these alkaloids with
the aid of 13C NMR spectroscopy.

In the present paper we give the results of a comparative analysis of the 13¢ nMR
spectra of the alkaloids (I-V), permitting us to recomsider and unambiguously to show the
configurations of the Cy, centers in (II) and (V). The assignment of the 13¢ signals of
compounds (I-V) was made on the basis of the results of an experiment with incomplete de-
coupling of the C—H interactions, i.e., from the multiplicity of the 13¢ signals in the off-
resonance spectrum and by comparing the }3C CS of (I-V) with literature figures for the
13¢ nMR spectra of alkaloids of the ajmaline series, which have the same skeleton as
compounds (I~-V), vincamajine, vincamajoreine, and majoridine [5], and also taking into

*For Communication II, see [1].
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Fig. 1. 13¢ nMR spectrum of herbamine in
CDC13.

account the o, B, and y contributions of the CHy and OH groups and the steric influence on
the CSs of a series of carbon atoms [6~9]. 1In the spectra of all the alkaloids considered
(I-V), the 3C signals of the sp? carbon atoms Cg, C13, Cyg, and =0 are singlets, and

those of Cg, Cig, C11, Cyo, and Cjg doublets, and in the off-resonance spéctrum they appear
clearly in the 108—174 ppm region, with the exception of Cg, C;3, Cyp and C=0 in (II), and
their CSvalues agree well with those for alkaloids of the ajmaline type [5] (Table 1). The

CSs of the 13C signals of the majority of the sp?® carbons in (I-V) are also close to the
analogous values of similar compounds. It has been reported previously [5] that a distin-
guishing feature of the 13¢c NMR spectra of alkaloids of the ajmaline type with C,—BH (ajma-

line, vincamajoreine, majoridine) is a downfield shift of the signals of the C, and Cy atoms

by approximately 45 and 810 ppm, respectively, as compared with those for alkaloids having
Co—aH (vincamajine). Analysis of the features of the 13¢ NMR spectra that we have obtained

for quebrachidine (I) and vincamajine (IV) with C,-oH completely confirms what has been
stated above (see Table 1). The downfield shift of the signals of the Cs carbon in vinca-

majine and vincamedine by 56 ppm as compared with the analogous signal of quebrachidine is
obviously due to the descreening contribution of the methyl of the NCH3 group on the CS of

Co in (III) and (IV) with the replacement of N-H in (I) by NCH3. This contribution of a

N-CH3 group to the carbon atom in the o position with respect to the nitrogen (Cp) for indo-
line alkaloids of the ajmaline type is close in magnitude to the increment (A ~ 6 ppm)

found for substituted pyrroles as model five-membered ring compounds [9] and depends on the
degree of substitution of the B carbon atoms.

It can be seen from Table 1 that the CS of C, of herbamine (V) in CDClz (80.8 ppm)
practically coincides with the CSs of the C, atoms of the alkaloids majoridine (79.6 ppm,
CDC1l3) and ajmaline (79.4 ppm, DMSO-dg), belonging to the Cp-f series [5]. However, a
substantial contribution to the CS of the C, carbon atom of herbamine (V) must undoubtedly
be made by the a-oriented OH group at C3, which is equatorial with respect to the Cy, of ring
C in (V). The contribution of an equatorial OH group to a B-carbon atom in the case of

cyclohexanol is +7.95 ppm [10] and obviously depends on the degree of substitution of the
g-carbon atom [8]. The difference in the CSs of the C, atoms of herbamine (V) and vinca-
majine (III) is +6.4 ppm, which agrees well with the B contribution of the C3-aOH. Conse-

quently, in view of the fact that vincamajine (III) belongs to the dihydroindole alkaloids
of the Cp-a series, herbamine also has the same C,-oH configuration as vincamajine and not
the Cp-BH configuration, as was considered previously [3]. Furthermore, analysis of the

figures given in Table 1 shows that the CS of the Cj, atom in herbamine (V) is shifted down-
field by 8.1 ppm as compared with that of vincamajine (III), which is likewise due to the
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TABLE 1. !3C Chemical Shifts and Assignment of the Signals
of the Carbon Atoms of the Dihydroindole Alkaloids (I-V)

_ Quebrachidine (1) | fior ot Vincamajine (L) !(‘I,{ég)f:e ] )
Carbon atom
’:ﬁ;;:“’ coct, | pyas | pyds | 268 | Py coct, | cocy
C,s 68.3 69,3 76,3 74.4 75.6 74,7 80,8
Cad £4.,4 55.2 85,4 s 527 5@,3 53,1 86,05
Cqd 61.4 62,3 64,0 61,1 65,2 61 4 62,9
Cet 35,5 36,8 36,6 35,0 36,7 36,3 34.8
s t 576 | 586 | 61.2 56.5 80,9 | 550 | 57.6
Cys 129,8 131.5 * 1297 132.2 128.6 129.4
Cod 124 .9 126,1 125.9 124.2 125.8 123,1 1241
Crod 119.3 | 118,18 {118.3 18,2 | 119.1 | 118.7 | 118.9
Cy8 128,0 127.7 127,5 127,6 128.0 128.2 128.4
Cpd 110,7 1105 110,2 108 .4 109,1 - 109,1 108,9
Cys8 151.,6 153.3 * 153.8 155.3 1541 154.1
Cyut 22,3 22.9 30,1 21 .4 22,4 21,5 29,5
Cisd 30.2 31.1 33,3 29,6 31.8 30,2 32.4
Cyes 59.6 58,6 58,6 59.6 58,3 58.8 59,0
Cyndl 740 | 74.4 | 73.8 73.9 74.9 | 752 | 741
18--CHjq 12.6 12,9 12,5 12,3 1%,0 12,6 127
Cied 159 | 1152 | 1140 116.1 1150 | 116.5 | 115.7
Cos 137.0 | 1392 | = 1356 | 1393 | 136.6 | 1365
o 55.2 559 | 49.1 54.7 56.0 | 554 | 484
NCH3g — P 33,8 34,4 33,9 35,8
CHyg 51.3 51,0 50.7 51,1 51,2, 51.4 51.4
v

0 173,0 | 173,3 | = 172.8 | 173.6 | 1721 | 1726

O-~C=0 "~ -— — — — 168 2 —
N

CHyg | — — — — — 20,5 -

*The signals of the quatermary sp? carbons are of low intensity
and under the given experimental conditions are lost in the
noise.

8 contribution of the C3-0OH group in (V) and is one more confirmation of the Cp-oH configu-
ration of herbamine, since the CS of the Cjy atom in the C,-BH dihydroindoline alkaloids of

the ajmaline type [5] containing no OH group at C3 has a value (29.5 ppm), close to the

CS of the Cjy atom of herbamine. If herbamine had the C,-fH configuration, then, taking in-
to account the contribution of the C3—-BOH (v8 ppm) the Cji CS shouldbe approximately 38 ppm.

Thus, a comparison of the CSs of the C, and Cj, atoms of herbamine and of vincamajine
(I11) permits us to reconsider the stereochemistry with C,—gH suggested previously for
herbamine and to establish unambiguously that herbamine belongs to the dihydroindole alka-
loids with the o configuration of the H at C, and is C3~hydroxyvincamajine ).

Similar considerations are valid for herbadine, the CSs of the C, and C;, carbon atoms
of which, taking into account the B contribution of the C3-aOH as compared with those of
quebrachidine (I) (see Table 1), give grounds for considering that herbadine has the same
C,-oH configuration as quebrachidine and is C3-hydroxyquebrachidine (ID).

The conclusion :concerning the o configuration of C,H in herbamine (V) and herbamine .
(I1) that we have made on the basis of 13¢ NMR spectra is completely confirmed by a compara-
tive analysis of the circular dichroism spectra of herbamine and vincamajine with those of
majoridine [11] and ajmaline. In contrast to the last two alkaloids, which have the C,-BB
configuration and give a positive Cotton effect at about 250 nm, herbamine (V), just like
vincamajine (III), shows anegative Cotton. effect at 247 nm (Ae = —6.67) and 248 nm (Ae =
—11.55). As can be seen from Table 1, as a result of the a contribution of the 3-aOH group
the CSs of the C3 carbon atoms of herbadine and herbamine naturally undergo a paramagnetic
shift of Ae = 30.4 and 33.3 ppm, respectively. However, the value of this contribution is
considerably less than that observed for cyclohexanol (Ae = 3943 ppm) [10]. As mentioned
above, the a and B contributions of substituents are considerably affected by the degree of
substitution of the o and R carbon atoms [8], and where an OH group is attached to a tertiary
carbon atom its o contribution is considerably less than when it is attached to a secondary
carbon atom. This fact can explain the difference in the values of the a contributions of
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the OH groups in the 13¢ R spectra of herbamine, herbadine, and cyclohexanol [6, 7].
The C3, Cy4, Ci5, Cogs Cop,s N6(4)’ Cs5, and Cjg atoms in herbadine (II), herbamine (V),

and other alkaloids of the ajmaline type form a quinuclidine skeleton which, to some approxi-
mation, can be considered as a bicyclo[2.2.2]octane system. It is known that in the quinucli-
dine and bicyclo[2.2.2]octane molecules the piperidine and cyclohexane rings are present in
the fixed "boat" conformation. In such a system the OH group exhibits different y effects
according to its syn or anti position with respect to the carbon atom under consideration

{8, 12, 13]. 1In herbadine (II) and herbamine (V), the 3-a0H group, which is in the syn
position to the C,; carbon atom, exerts a comsiderable y effect on it, as the result of

which the CS of the C,; carbon is shifted downfield by —6.8 and —6.3 ppm in comparison with
the C,; CS of quebrachidine (I) and vincamajine (III), respectively (see Table 1). The

y effect of the 3-aOH group on the C,; carbon atom is of steric origin and is close in
magnitude to the analogous y effect of an OH group having the syn orientation with respect

to Cy in the molecules of quinuclidine [12, 13] and of bicyclo[2.2.2]Joctane [8]. The y effect
of the 3-00H group on the Cg carbon atom, in the anti position with respect to the OH, in
(I1), and (V) is considerably smaller, at —1.7 and —1.8 ppm, respectively, which likewise
agrees with the analogous effect of an OH group on the C; carbon atom, in the anti arrange-
ment with respect to it, in the molecules of quinuclidine [12, 13] and bicyclo[2.2.2]octane

[8].

Thus, a comparative analysis of the 13¢c NMR spectra of the dihydroindole alkaloids of
the ajmaline type — herbadine and herbamine with quebrachidine, ¥incamajine, vincamajoreine,
majoridine, and ajmaline — has permitted the C,-BH configuration previously proposed for
herbadine and herbamine to be reconsidered and has unambiguously shown that herbadine is
Cy-hydroxyquebrachidine and herbamine is Cj;-hydroxyvincamajine.

EXPERIMENTAL
The 13C NMR spectra of the alkaloids (I-V) were obtained on Varian CFT-20 and XL-100-15
and Bruker WM-250 spectrometers in CDClz (0 — TMS, STMS = 5CDCl + 76.91 ppm) and in the
3

Py-ds (0 — TMS). All the spectra were obtained in the pulsed regime under conditions of
complete and incomplete decoupling of C—H interactions, with subsequent Fourier transforma-
tion. The circular dichroism curves of ajmaline, vincamajine, and herbamine were obtained
on a JASCO J-20 recording spectropolarimeter in CH30H.

SUMMARY

On the basis of a comparative study of the 13¢ NMR spectra of herbamine (V) and
vincamajine, quebrachidine, ajmaline, vincamajoreine, and majoridine, the stereochemistry
for (V). and (II) as C,~-RH proposed previously has been reconsidered, and it has been shown
unambiguously that herbamine and herbadine belong to the C,-aH dihydroindole alkaloids and,
accordingly, herbamine is C3-hydroxyvincamajine and herbadine is Cz-hydroxyquebrachidine.
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