
NMR INVESTIGATION OF ALKALOIDS I. Z3C NMR SPECTRA AND STEREOCHEMISTRY OF 

PENTACYCLIC OXINDOLE ALKALOIDS OF THE HETEROYOHIMBINE GROUP OF THE 

epiallo AND allo SERIES* 
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The *aC NMR spectra of pentacyclic oxindole alkaloids of the heteroyohimbine group 
of the allo and epiallo series have been studied and an assignment has been made 
of the CSs of the carbon atoms. Characteristic differences have been noted in the 
*SC CSs of the C~, Cs, C7, C,~, C,5, and C,9 carbon atoms that may be useful for 
solving stereochemical problems in new bases of this series from their '3C NMR 
spectra. 

Previously, on the basis of a detailed study of the proton magnetic resonance (PMR) 
and circular dichroism spectra the stereochemistries and absolute configurations have been 
established for pentacyclic oxindole alkaloids of the heteroyohimbine group of two series: 
epiallo [vinerine (i) and vlneridine (II)] and allo [isovineridine (III), N-acetylvineridine 
(IV), majdine (V), and isomajdine (VI)] [2-4]; characteristic indications of differences 
were found between them in the chemical shifts (CSs) and spin--spin coupling constants (SSCCs) 
of the protons [5]. In addition to PMR spectroscopy, the method of NMR on ~3C nuclei has 
recently come int~ wide and successful use for the solution of stereochemical and conforma- 
tional problems among alkaloids of indole series [6-10], the isoquinoline series [12], the 
quinolizidine series [13], and the diterpene series [14, 15], the Amaryl~idaceae alkaloids 
[16-18], and other natural compounds [19]. There is information in the literature on the 
study of the '5C NMR spectra of two model tetracyclic oxindoles with Cs-S differing in the 
configuration of the C7 spiro center, and also of two tetracyclic natural alkaloids similar 
to them, rhynchophylline (7R, 3S), and isorhynchophylline (7S, 3S) [6] and other oxindole 
alkaloids gelsemine and gelsevirine [7], having a more complex structure. Borges et al. 
[31] have given the *'C CSs for two pentacyclic oxindole alkaloids of the allo-7S series. 
However, the *SC spectra of alkaloids of the epiallo- and allo-7R series have remained com- 
pletely unstudied. In the present paper we discuss the results of an investigation of the 
ZaC NMR spectra of alkaloids (I-VI) in order to find a correlation of the 13C CSs with the 
stereochemistries of these compounds (Table i, Figs. 1-4). In the *'C NMR spectra of the 
substances studied, the signals from the sp 2 and sp" hydrocarbons appear clearly, corre- 
sponding completely in number and multiplicity to structures (I-VI). We made the assign- 
ment of the '3C signals on the basis of an experiment on incomplete decoupling of C--H inter- 
actions~ i.e., from the multiplicity of the ~C signal in the off-resonance spectra, and on 
the basis of a comparison with literature information on the 1~CNMRspectra of the molecules of 
similar structure -- oxindole [7, 20], dihydropyran [8, 28, 29], some model and natural ox- 
indole bases [6], and pentacyclic indole alkaloids [ii] -- also taking into account spatial 
effects on the '5C CSs [21, 22]. In the assignment of the *sO signals of the aromatic car- 
bon atoms we started from the values of their ~-charge contributions which we calculated by 
the HMO and PPP methods [4], since it is known that the ~-charges in aromatic and hetero- 
aromatic systems correlate qualitatively with the CSs of the '3C nuclei [23-26]. In addi- 
tion, the assignment of the signal of the C,= aromatic carbon atom in N-acetylvinerine (IV) 
was made with allowance for the influence on it of the electrical field of the C--O group of 
the N-acetyl radical [21]. We had previously [4] established by analyzing the PMR spectrum 
of (IV) that the C---O group of the COCHs radical had the endo conformation: 
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Fig. i. *'C NMR spectra of vinerine (a) and vineridine (b). 
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It follows from a comparison of the ~SC CSs of the aromatic carbons of dihydroindole [27] 
and its N-acetyl derivative [21] that in this conformation the C=O group shifts the signal 
of the C,2 carbon downfield by approximately 6.5 ppm. 

A consideration of Table i and Fig. la, b shows that in the ~SC NMR spectrum of vin- 
erine (I) the signals of all 22 carbon atoms appear clearly, while in the spectrum of 
vineridine the CSs of two "'C nuclei coincide, because of which only 21 signals are observed. 

Since the CS of the C,9 carbon is scarcely affected by a change in the C7 configuration 
to allo in the oxindoles (III-Vl) and by the remote ring B in the pentacyclic indoles [ii], 
there are grounds for considering that in the epiallo alkaloids the Cz9 CS will change less 
than the Cs CS. Consequently, in the epiallo alkaloids (I) and (II) we assigned the doublets 
at 67.2 and 70.1 ppm, respectively, to the Ca carbon atoms in them. 
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Fig. 2. *SC NMRspectra of isovineridine (a) and N-acetyl- 
vinerine (b). 

A comparison of the :=C CSs in the spectra of (I) and (II) shows that a change in the 
configuration of the~C7 spiro center leads to a downfield shift of the C3 signal by 2.9 ppm, 
while the signal of the C7 spiro center itself shifts upfield by 0.7 ppm (Table i). In 
addition, the change in the C7 center from the R configuration in (I) to S in (II) causes an 
upfield shift of the signal of the C9 carbon of the aromatic ring by 1.7 ppm. The latter is 
apparently due to the influence of the unshared pair of electrons (UPE) of the N~ nitrogen 
atom on the screening of Ct, since the distance from the center of the N~ UPE to C~ in (II) 
is considerably less than in (I). An analysis of the figures in Table 1 shows that a change 
in the configuration of the C7 center from R to S in the epiallo alkaloids (I) and (II) also 
leads to an appreciable change in the CSs of the C=, C,o, C:3, C14, and C=z carbon atoms. 

On passing from the epiallo series of alkaloids (substances I and II) to the allo 
series (III and IV), the *SC CSs of the carbon atoms of rings D and E change considerably. 
This is apparently due to a stereochemical difference of these rings in the two series, in 
which the simultaneous change in the configuration of the C3 and N~ centers leads to the 
conversion of the piperidine ring (D) and the dihydropyran ring (E) from one chair conforma- 
tion for D and one half-chair conformation for E (a) into others (b) [5]. 
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As a result of thisp the CSs of the signals of the carbon atoms of rings D and E -- 
C3, Cz~, Czs, Cz6, and Cz9 -- undergo considerable changes, the greatest downfield shift of 
A~ = 7.0 ppm being undergone by the Cs signal on passing from an epiallo-7R alkaloid (I) to 
allo-7R alkaloids (III and V) (Table i). This paramagnetic shift of the Cs carbon atom in 
(I) as compared with (III) and (IV) can obviously be used as a test characteristic for the 
differentiation and stereochemical identification of oxindole bases of the epiallo-7R and 
allo-7R series from their ZSC NMR spectre. In addition to the change in the CSs of the 
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Fig. 4. ~sfi chemical shifts, their assignment and corre- 
lation with the stereochemical differences of the oxindole 
alkaloids of the epiallo and allo series. 

C=, C14, C,=, and C,6 carbon atoms, because of the conversion of rings D and E and the in- 
version of the N~ UPE the observed characteristic upfield shift of 2.5 ppm of the signal of 
the C,9 carbon in the alkaloids of the allo series (III-VI) as compared with those of the 
epiallo series (I, II) is mainly caused by the "y-gauche" effect of the UPE of the N~ atom 
on the C19 carbon atom in the alkaloids of the allo series (see Scheme), in which the N~ UPE 
is almost twice as close to Ct9 as in the alkaloids of the epiallo series [4]. This is con- 
firmed by the results reported by Tourwe and Van Binst [22], who report that the y-effect 
of the UPE of a nitrogen atom is of the same order of magnitude as that of a C--H bond, the 
nitrogen atom and its UPE being considered as a single whole. In addition to this, a contri- 
bution to the change in the CS of the 

%2~ Czo 

C,9 carbon may also be made by the C,9--CHs reorientation taking place as the result of the 
conversion of ring E from one half-chair conformation [Fig. la, epiallo (I)] to another [Fig. 
3a, allo (V)]. Although a strict quantitative account of this fact is difficult because of 
the absence of literature information on the *SC NMR spectroscopy of methyl-substituted di- 
hydropyrans [28, 29], it is known that in 4-methyl-substituted cyclohexanes the weak-field 
u-contribution from an axial CHs group is only half that from an equatorial one [30]. Conse- 
quently, it could be expected that in the epiallo alkaloids (I) and (II) with an axial CHs 
group the signal from the C~9 carbon would be present in a stronger field than the corre- 
sponding one for alkaloids of the allo series (III-VI). Since experiment shows the opposite 
values of the C,9 CSs in the two series considered, it is obvious that the upfield shift of 
the Cz9 signal in the allo alkaloids is due mainly to the y-effect of the UPE of the N~ 
nitrogen atom on the C~9 carbon atom. 
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TABLE 1. Chemical Shifts and Assignments of the *aC Signals 
of Pentacycllc Oxindole Alkaloids of the epiallo and allo 
Series 

epiallo 
Carbon and ~ vTnderidine 
multiplic- 7R3R4S [II) 753R4S 
itie~ 

C2s 182.0 182.5 
C3d 67,2 70.1 
Cst 53 2* 53,2* 
C6t 34.8 34.2 
C~s 56.0 55,3 
Css 125.4 125.0 
C9 d 125.3 123,0 
Clod 106.8 107.6 
Cus 159.6 159.8 
C12 d 96.6 96,7 
C13s 141.5 142.2 
C1~t 27.0 26.2 
C 16d 24.8 25.1 
C16s 104.9 105,1 
C17d 153,5 153,5 
C19d 74.5 74,6 
c2od 36.8 36,5 
Cmt 53.7* 54,6" 
C22s 167.3 167,3 
19-CH3q 18.4 18.5 
Ar---OCH3q 55,3 55.3 

---OCH3q 50.7 50.3 
~/C=Os 

NxcHaq 

allo 
isovineri- N-accW1- [majdine isomajdine(Vl) 
dine (Iti) vinerinellV)] V 7R3S- 75354R 

']R3S4Q 7S3841¢ ] 4R 

18I .8 
74.3 
-~3.6" 
34.6 
55.4 

125,1 
123.3 
109.1 
159.7 
96,8 

141.8 
29.5 
31.0 

107,5 
154.5 
72, I 
37,9 
55,0* 

167.4 
18,9 
55.7 

50,7 

180.7 180.8 
72.3 74.0 
53.5* 53.3* 
36.6 33.7 
56.6 55.9 

123.9 126.5 
124.3 117.8 
lll,1 I06.1 
159.6 152,2 
102,7 13.3.9S 
140.2 t32,5 
30.1 29.3 
3O.4 30.8 

109.6 109,1 
154.9 154.9 
72,0 72,0 
37.8 38,1 

54.0" 54.6* I 167.3 167.4 
18.5 18,6 
55,5 56,2 

60,5 
50.8 50.6 

170.7 

26.6 

*The assignments of the signals of the 
may be the reverse. 

180.8 
72. I 
53.4* 
35. t 
57.1 

126.9 
119.4 
106.6 
152.1 
132.9S 
133.7 
30.2 
30.4 

109.8 
154,8 
7!.1 
38,0 
53.9* 

167.4 
18.4 
55,9 
60,7 
50,8 ' 

Cs and Ca, carbons 

It can be seen from the figures given in Table i that within the allo series of sub- 
stances (III-VI) characteristic differences can be traced in the CSs of the Ca, C7, and C9 
carbon atoms which depend on the configuration of the C7 spiro centerz in the CT-R case 
(Ill-V), the signal of the Ca carbon atom shifts downfield by about 2 ppm and the signals 
of the C7 and C9 carbon atoms upfield by 1.2 and 1-1.6 ppm, respectively, as compared with 
their corresponding positions in the CT-S case (IV, VI). These differences in the XSC CSs 
of the Ca~ C7, and C9 carbon atoms for substance (III-Vl) are in complete harmony with the 
analogous results reported for model and natural tetracyclic oxindoles [6]. The correla- 
tions of the CSs of the *aC carbon atoms with the conformations and absolute configurations 
of the alkaloids studied that have been found may be useful for solving stereochemical prob- 
lems of new bases of this series. 

EXPERIMENTAL 

The *~C NMR spectrum of all the substances were obtained on a Varian XL-100-15 spectro- 
meter at a frequency of 25.16 MHz in the pulsed regime followed by Fourier transformation 
under the conditions of complete and partial off-resonance decoupling from protons. Deutero- 
chloroform was used as the solvent. The concentration of the solutions was 0.2-0.3 M. To 
calculate the *SC CSs of substances (I-Vl) we started from the CS of the central peak of the 
*SC signal (triplet) of the solvent, which is 76.91 ppm relative to TMS. The accuracy of 
the determination of the*SC CSs was ± 0.04 ppm. 

SUMMARY 

i. The '3C NMR spectra of pentacyclic oxindole alkaloids of the heteroyohimbine group 
of the eplallo and allo series have been studied and assignments of the CSs of the carbon 
atoms have been made. 

2o Characteristic differences have been found in the *aC CSs of the C2, Ca, C7, C,, C14 
C,s, and C,9 carbon atoms which will permit the stereochemical identification of such bases 
from their '3C NMR spectra. 
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