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NMR INVESTIGATION OF ALKALOIDS. 

II.* DETERMINATION OFT HE CONFIGURATIONS OF THE C:~ and C~ 

ASYMMETRIC CENTERS IN INDOLINE ALKALOIDS OF THE AJMALINE 

TYPE BY THE DOUBLE PROTON RESONANCE METHOD% 

M. R. Yagudaev UDC 547.944.1.92 

By the method of double proton resonance, in the alkaloids of ~he ajmaline type, 
ajmaline, majoridine, herbamine, quebrachidine (vincarine), vincamajine, and vin- 
camedine a long-range stereospecific interaction ~hrough four o-bonds between the 
H,u and HtTu protons of abou~ 1 Hz has been found and in compounds with C=-SH and 
C17-uH (ajmaline, majoridine), the H~ 8 and H~u protons exhibit a NOE of the order 
of 10%. These facts can be used successfully in determining the orientation of 
the hydrogen atoms and the corresponding configurations of C~2 and C~ asymmetric 
centers in such sys=ems. 

To determine the orientation of the H:7 hydrogen atom and the corresponding configura- 
tion of the C17 asymmetric center in indoline alkaloids of the ajmaline type (I-VI) use is 
made of chemical methods [3, 4] and also of PMR spectroscopic characteristics (CSs and SSCCs) 
[3, 5-7]. In the present communication we give the results of the use of double-proton re- 
sonance methods -- collapse and the intramolecular nuclear Overhauser effect (NOE) -- to deter- 
mine the configurations of the C17 and C2 asymmetric cen=ers in alkaloids of the ajmaline 
type (I-VI) (Table i). 

I. A jma l ine  [~-Ra ~R~ : H .  R: -(l,~f:> R~ Rr, OH, 

/ -  ~ . [ "  rI .Majoridine R :OC.,-i>,R, CH::, R.. OAc. 

IV Quebrachidine (vincarine [8]): }¢ R,=R~,=H, 
R,~-.~OF, .COOCIq.> C,,--~ H 

V. Vincamaj ine  R I~:R~ R;, ~t~, lq~CH:~, R :  OH, 
• R,~::-COOCI%, C,:-al-I. 

V !.Vine amedine .  R ~. R, :l~r,:- H, R, = C tt 3, R,2 O Ac 
R:~::.CO' "~CH:> C,_,--~H. 

When the hydrogen atom at C~6 in =he alkaloids of the type under consideration is sub- 
stituted and the hydrogen at C,~ is 8-oriented, the configuration of the Ct7 center can be 
established unambiguously from the value of the vicinal spin coupling constant of the H17~ 
and H16~ protons, since under these conditions, as can be seen from models, the dihedral 
angle between the HS-- C~7-- C,6--H 8 protons is approximately 0 and, consequently, in accord- 

*For Communication I, see [i]. 
%Delivered at an All-Union Conference on Modern Advances in Nigh-Resolution NMK spectroscopy, 
Tashkent, September, 1975 [2]. 

Institute of the Chemistry of Plant Substances of the Academy of Sciences of the Uzbek 
SSR, Tashkent. Translated from Khimiya Prirodnykh Soedinenii, No. 5, pp. 608-613, September- 
October, 1981. Original ar=icle submitted March ii, 1981. 
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TABLE i. Results of Double Proton Resonance in Alkaloids o£ 

the Ajmaline Type 

Compound Solvent 

Ajmaline (I) 

Majoridine (II) 

Herbamine (III) 

Quebrachidine 
• (vincarine) (IV) 

Vincamajine (V) 

Vincamedine (VI) 

CDCI:~ 

Cs D :, ' :* 

CDCI~ 

CSs of the protons, ppm 
_ _  (0 - T M S )  

irradiated observed 
for H17 

H2~ 2,Ei5 
H,~ 1,42 4,36 

H2: ~ 2,68 
9 49 O, 50 

H:( x:C[ ',~) 2,83 
[!~:~ 1 , 6 ;  -4 O0 

Experimental results 

-- 10 

- -  1 0  

t 2  

- -  12 

CsDsN II:,. 
H(;~ 

CDCt:: ;;2~ 

C DCI~ lJ~ 

4.1'7 

2,03 

3,15 

l ,65 

323 
I ,81) 

4,80 

418 

5,G8 i 

*The spectrum of (II) was studied in CsDsN, since in CDCI3 
the H~7~ signal is superposed on the H~, signal while in 
CbDsN the H17 signal is shifted downfield by 0°35 ppm. 

ance with Karplus's rule their vicinal SSCCs may be 9-10 Hz. Thus, for example, the SSCC be- 
tween these protons in 17-epideoxyajmaline 0-acetate is 8.9 Hz [3]. When the hydrogen atom 
at Cx7 is s-oriented, as in the case of ajlamine (I) and majoridine (!I), theH a-CxT-CI~-H 8 
dihedral angle is close to i00 ° and the corresponding SSCC between them is extremely small 
and does not appear clearly. However, when the hydrogen at Cx6 is replaced by C00CH3 or an- 
other substituent, the problem of determining the Hx7 orientation and, correspondingly, the 
Cx7 configuration becomes more complicated, since the H~7 signal usually appears in the form 
of a broadened singlet because of the absence of vicinal coupling. 

The orientation of the C=--H proton and, accordingly, the configuration of the C2 center 
can be determined unambiguously only in the case of its a orientation, or when the H a- C2-- C~ 
--H a dihedral angle is approximately 30 ° and the vicinal SSCC is ~ 5 Hz. It is precisely 
this value of the SSCC of the H2a and H3~ proton that has been found previously in vincama- 
jine [9] and that we have found in vincamedine. However, if the Ha proton is 8-oriented 
(Has--Ca--C~--H,a dihedral angle % 85°), the vicinal SSCC is practically equal to 0. Of 
course, a vicinal SSCC of this proton is absent regardless of its orientation also when the 
hydrogen atom at C3 is replaced, usually by OH, and therefore a difficulty arises in the un- 
ambiguous determination of the Ha orientation. In determining the orientation of Ha in her- 
bamine (II) [9], and herbadine [10] by the PMR method, Aynilian et al. started from a compari- 
son of tlhe CSs of the protons of the methylene group at Ca~ with those in the spectra of the 
alkaloids vincamajine (V) and quebrachidine (IV). In the spectrum of herbamine in CDCI3, the 
Ca:--Ha methylene protons prove to be nonequivalent and give two doublets at 3.88 and 3.00 
ppm, respectively, aj = 15.5 Hz, while in the spectrum of vincamajine (V) in CDCIs the same 
protons are almost equivalent and appear in the form of a multiplet at 3.51 ppm [9]. The 
nonequivalence of the Cax--H2 protons in herbamine is explained by Aynilian et al. [9] by the 
B-orientation of the proton at C2, whereupon the C2:--H2 protons are affected by the aniso- 
tropy of the ethyleni¢ side chain and of the nonbound N(6 ) electrons, and in the case of the 
a orientation of Ca--H the same authors considered that the C2x--H2 protons are present in a 
symmetrical environment relative to the two groups under consideration and therefore they are 
close to equivalence. On this basis for herbamine and herbadine they chose the 8 orientation 
of Ca--H [9, 10]. At the same time, a detailed analysis of models of the herbamine and vin- 
camajine shows that a change in the Ca configuration scarcely affects the surroundings (sym- 
metry) of the C2,-- Ha protons, since the nonindoline part of the skeleton of these molecules 
forms a rigid carcass with an extremely stable conformation of the rings regardless of the 
configuration at Ca. 
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I 

NOE~i2% 

H~ Hs¢ 

Fig. i. PMi~spectra of herbamine on instruments with 
working frequencies wi~h respect to protons ~o = i00 MHz 
(a) and 360 MHz (b) in CDC!~. 

It is quite obvious that a substantial influence on the nonequivalence of the protons of 
the methylene group at C~ in herbamine and herbadine is exerted by the a-oriented OH group 
at C3 in them, which is present almost in the same plane as the C2~--H a bond. The distance 
from the center of the C~--O bond of the OH group in herbamine to the H=~ proton, measured 
in models, is approximately 2.6 Ao A rough calculation of the contribution of the magnetic 
anisotropy and of the electrical field of the C-- 0 bond and of the 2pz unshared pair of elec- 
trons of the oxygen atom to the SC of the H~ a proton gives a value of 0.8-0.9 ppm in the 
downfield direction Jill. Consequently, a doublet in the weak field at 3.88 ppm with 2j = 
15.5 Hz in the spectrum of herbamine in CDCI~ must be assigned to the H=la proton, and a 
doublet in the strong field at 3.00 ppm to the H~ proton (Fig. Ib). 

Thus, the nonequivalence of the protons of the methylene group at C2~ in herbamine and 
herbadine is due mainly to the presence in =heir molecule of an OH group at C3, not present 
in the other alkaloids considered, and does not depend on the Ca-- H orientation. Another 
confirmation of this is the fact that in majoridine (ii) with C2--~H the C2~--H2 protons are 
almost equivalent and give a signal (2H) in the form of an unresolved multiplet with a half- 
width WI/2 = 7 Hz at 3.36 ppm in CDCi~ and 3.40 ppm in C~DsNo The assignment of the signal 
of the protons in majoridine was made with the aid of double resonance. 
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It must also be observed that in the paper of Aynilian et al. [9] the tabular values of 
the SCs of =he signals of the olefinic--H~and of ~he aromatic protons in the ~ range of 5-8 
ppm for vincamajine and herbamine obtained from a spectrometer with a working frequency of 
220 MHz in CDCI~ and C~D~N are incorrect and are approximately 0.4-0.5 ppm high (the CSs of 
the other protons in the 0-5 ppm region coincide), as is reliably shown by the spectra of 
herbamine [12] in CDCI= that we have taken repeatedly on spectrometers with working frequen- 
cies for protons of i00 and 360 MHz (Fig. la and b). 

A comparison of the H~ and Ar--H CSs of vincamajine (V) in CDCI~ and C~D~N, which we 
measured on an instrument with ~o = i00 MHz also confirms what has been stated above, since 
these CSs in (V), both in CDCI~ and in C~D~N are 0.45-0.60 ppm on the upfield side of those 
given by Aynilian et al. [9]. 

Methods of double proton resonance have proved extremely ~ffect in t h e  solution of prob- 
lems connected with the determination of the orientations of C~--H and C~--H hydrogen atoms in 
alkaloids of the ajmaline type. An analysis of models shows that the H~ and H~7~ hydrogen 
atoms together with the Ca--C~--C~7 bonds form a zig-zag-shaped fragment of the W type, i.e., 

/ \ 

It is known that it is precisely in this fragment that the stereospecific long-range 
spin-- spin coupling takes place through four o-bonds with a value 4j = 1-5 Hz [13]. It can 
also be shown from models that with the ~ orientation of the C~--H hydrogen the difference 
between the H2~ and H~7~ protons amounts to approximately 2.5 A. Consequently, a N0E must 
exist between them [14]. Furthermore, in the case of the ~ orientation of Cz--H (vincamajine, 
vincamedine, quebrachidine), the H~7~ and H~4B atoms approach one another to a distance of 
2 A and therefore likewise, a NOE must exist between them. In actual fact, in the PMR spec- 
tra of all the alkaloids of the ajmaline type studied (I-VI), a stereospecific long-range 
spin-- spin coupling through four o-bonds between the H~ and H~7~ protons has been found with 
a value 4j = 1-1.2 Hz (Table i). A similar 4j coupling between the H6~ and H~7~ protons has 
been detected by us previously in the indoleine alkaloid majorinine [15]. It must be men- 
tioned that in majoridine (II), in addition to 4j, we also found vicinal coupling between 
H:Ta and H16~ with a value ~J < 1 Hz. 

In compounds with the established H~ B and H~Ta orientations (ajmaline and majoridine), 
a N0E between these protons of the order of 10% is observed, which unambiguously confirms the 

orientation of C2--H in them. As the figures in Table 1 show, a NOE (12%) is likewise ob- 
served between the C2--H (2.83 ppm) and H17a protons in herbamine. However, in the spectrum 
of herbamine at 2.82 ppm the signal of the N--CH3 protons appears, i.e., the C2--H and N--CH3 
signals in it are superposed, and the distance from the center of the N-- CH3 protons to the 
H~7~ proton, where the C2--H has the ~ orientation and N--CH~ the ~ orientation as in (III), 
is approximately 2.4 A. Consequently, with such an arrangement of H2 and N-- CH3 protons it 
is also possible to observe a NOE of the order of 10% between them in herbamine. It is 
therefore difficult from the figures given in Table 1 unambiguously to determine the orienta- 
tion of the C2--H proton in herbamine, and the solution to the problem requires further in- 
vestigations. 

When C2--H and the N--CH~ group have the ~ orientations, the distance from the center of 
the N--CH~ protons to H~Ta is about 6 A, so that a NOE between them is excluded. We have also 
observed a NOE (15%) between the H~ (2.90 ppm) and H~7~ (4.17 ppm) protons in quebrachidine 
(IV). These experimental facts can be used successfully to determine the orientations of the 
C:7--H and C=--H hydrogen atoms in similar systems. 

EXPERIMENTAL 

The spectra of the alkaloids (l-Vl) were obtained on JNM-4H-100/100MHzand Varian XL- 
100-15 spectrometers in CDCI~ [substances (I, III, V, and Vl)] and CsDsN [substances (II and 
IV)I; 0 -- TMS. In order to exclude spin-- spin coupling of OH with C~7--H, the spectra of 
(I, III, IV, and V) were obtained with the addition of a few drops of D20. The spectrum of 
herbamine was also recorded on a Burker WH-360 instrument with a working frequency for pro ~ 
tons of 360 MHz in CDCI3; 0 -- TMS. 
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SUMMARY 

Using the method of double proton resonance, a long-range stereospecific interaction 
through four o-bonds of about 1 Hz has been found between the H6~ and H~7~ protons in alka- 
loids of the ajmaline type and in compounds with C2-- 8H and C17--~H (ajmaline, majoridine), 
th e H2~ and H17~ protons exhibit a NOE of the order of 10%. These facts can be used success- 
fully to determine the orientations of the hydrogen a~oms and, correspondingly, the configura- 
tions of the C~7 and Ca asymmetric centers in such systems. 
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