
HETEROCYCLES. Vol. 38, No. 9,1994 1985 

STR1IC'I'I:RE ASD STEREOC.'IIEI\IISI'R\' O F  DIVARINE: , \SOTHER 
NEW IiISINDOLE ,\LKAI.OID FROhl STR)Y'H.VOS 1)lVAKIC'AN.S DUCKE 

Rabindranath ~ukherjee,*a.b Bhupesh C. ~ a s , b  Paul A. Keifer,c and James N 
Shoole~yC 

aLaboratbrio de Tecnologia Farmachtica, Universidade Federal da Paraiha, 
5805 1-970 JoZo Pessoa, PB, Brazil 
b~nstitut de Chimie des Substances Naturelles, C.N.R.S., 91 198 Gif-sur-Yvette, 
France 
CVar~an Associates, Palo Alto, CA 94304-1030, U.S.A. 

Abstract - The complete stereostructure of divarine, a new bisindole alkaloid from 
Slrychnos divarrcans Ducke., has been determined mainly by the use of one- and 
two-dimensional nrnr techniques. 

In course of our shuctural studies on divaricine, we repoltedl the isolation of a less polar alkaloid , 
which we name as divarine. Application of a va~iety of one- and two-dimensional (2D) nmr 
techniques established the bisindole structure (1) for divarine, composed of two 18-deoxy Wieland- 
Gumlich aldehyde moieties in which the N-l and C-17 of one unit is linked to the C-17' and N-l', 
respectively of the second unit. Additionally, the oxygen at C-17' forms an ether bridge with C-16 
while the oxygen at C-17 is part of a methoxyl group. 
Divarine, a polar alkaloid, was obtained as colorless needles from MeOH-EtOAc, mp 240-2420C 
(decamp.), A5[:"k' (log E) 233 (4.68), 244 (4.24), and 284 (4.09) nm. Its electron impact mass 
spechum (AEI MS50 and KRATOS MSXO) exhibited a molecular ion peak at m/z 600 corresponding 
to the fo~mula c ~ ~ H ~ ~ N ~ ~ ~ . § ~  The intense ion peak at ni/z 568 (600-32 dalton) was due to the loss 
of MeOH in the inlet system. 
The above information along with a detailed analysis of the different nmr data (CD30D solution) 
obtained for this alkaloid established the complete stlucture of divarine. The proton decoupled 13c 
nmr spechum exhibited 38 signals, with two methylene carbons having the same chemical shift at 
6 55.57, making a total of 39 carbons in the molecule. The D E P T ~  spectra revealed the presence of 
eight sp3 methylene and three sp3 quatemaly carbons (Table I), one at a low field at 6 86.23, 
suggesting its linkage with at least one hetero atom.4 The presence of a methoxyl group is also 
confirmed by the DEPT analysis of the protonated carbons, showing that carbons at S 55.81, 13.37, 
and 14.43 are methyls, of which F 55.81 is characteristic of a methoxyl, a result consistent with the 
appearance of a strong three proton singlet at 6 3.07 in the proton spectrum. 

5 Our data of divarine did not agree with the values of the bisindole alkaloid of the same molecular 
fo~mula, 16-methoxyisomatopensine, reported from African S1r~chnos.2 Also because of the non 
availability of the reference sample of 16-methoxyisomatopensine, direct comparison with divwine 
was not possible. 
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The H M Q C ~  2D CIH chemical shift co~relation plot was used to hansfer the numbering system6 
from the calbon peaks to the proton peaks colrespondiug to the protons directly bonded to each of 
the carbons. The protonated carbon with the largest chemical shift is at 6 129.42. The six carbons 
with larger chemical shifts do not show a direct CIH correlation because they are non-protonated. 
The aromatic region of the proton spechum displays a multiplet at 6 7.07 which is shown, to 
represent the protons on carbons 9, 11, 9', and 11' by vi~tue of the correlation peaks in the HMQC 
spechum. 
The protons on C-10 and C-10' are shown to fall at 6 6.90 and 6.66 ppm respectively, while the 
multiplet at 6 6.52 is shown to represent the protons on C-12 and C-12'. The chemical shift of 6 6.52 
for those protons allows assignment of 12-H and 12'-H, to the positions nxta to the nihogens in the 
indole moieties. 
The HMBC 2D CIH long-range co1relation5 experiment generates peaks which appear as spots in 
the contour plot display and which signify that either 2-bond or ?-bond (~JCH or ~JCH) spin-spin 
coupling pathway exists for the corresponding carbon and hydrogen atoms with the chemical shift 
coordinates of the 2D peak The contour plot also exhibits a large enough number of correlations to 
overdete~mine many of the bonding pathways in the molecule, thus allowing ambiguities to be 
resolved and a unique structure specified. The co~relations C-12, 10-H and C-12', 10'-H represent 3- 
bond coupling pathways and confirm the presence of two indole moieties in divarine. 
The chemical shifts of C-I3 and C- 13' establish them as the aromatic carbons directly bonded to the 
indole nihogens. The long-range con-elations from C-13 to 2-H, 9-H, 1 I-H and 17'-H; from C-13' to 
2'-H, 9'-H, and I 1'-H; fiorn C-8 to 10-H, 12-H, and 2-H; and from C-8' to 10'-H, 12'-H, and 2'-H 
establish additional assignments, based on the fact that only 3-bond coirelations are observed 
between aromatic carbons. Additional co~relations fiom C-8 to 3-H and 6-H and from C-8' to 6'-H 
extend the indole moieties further. 
The sp3 quaternaly carbons C-7 and C-7' exhibit correlations fiom C-7 to 2-H, 3-H, 5-H, 6-Hz, 9-H, 
and 14-H and fiom C-7' to 2'-H, 3'-H, 5'-H, 6'-Hz, 9'-H, and 14'-H. These couplings require that 
2-bond and 3-bond connectivity pathways exist which are consistent with the shucture of divarine. 
Carbons 5 and 14 could be interchanged and still satisfy the com~ectivity pathways, as could 5' and 
14, but additional evidence to be shown later would not be consistent with those alternatives. The 2- 
bond couplings C-7, 6-H2 and C-7', 6'-H2 are observed for both protons of the non-equivalent 
methylenes since the bond angle relationships are the same for both of the protons, but the 3-bond 
couplings C-7, 5-H and C-7, 5'-H are obsewed for only one of the two non-equivalent methylene 
protons due to the dependence of the coupling constant on the dihedral angle, $I , defined by four 
nuclei as in Figure I.  The C-7, 5-H coupling is large enough to give a good correlation peak in the 
2D experiment, while the C-7-5a -H coupling is too small to give an observable correlation. 

Figure I 
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C-3 shows co~~e la t ions  to 2-H, 5-H, 14-Hz, 15-H, and 21-H; also C-3' c o ~ ~ e l a t e s  to 5'-H, 6'-H, 14'- 
H, 15'-H, and 21'-H. These are consistent with the presence of shychnine like structures in both 
halves of divarine. 
If the co~~e la t ions  C-3, 5-H and C-3' and 5'-H result from 2-bond pathways, then C-3 would be 
directly bonded to C-5 and C-3' would be directly bonded to C-S, but the resulting 4- membered 
rings would leave no way for C-3 to show correlations to both 15-H and 21-H or for C-3' to 
correlate to both 15'-H and 2 1'-H. The C-3, 5-H and C-3' and 5'-H correlations must, therefore, be 3- 
bond co l~e la t~ons  through an intenening atom. The chemical shifts of both protons and carbons in 
the positions 3, 5, and 21, 3', 5', and 21' and the lack of any additional correlations in the HMBC 2D 
plot are consistent with the intewening atom being the other nihogen in a shychnine-type monomer, 
with C-21 and C-21' bonded to the nih-ogens N-4 and N-4'. This conclusion is supported by the 
observation of the correlations C-2 I, 5-H and C-2I', 5'-H arising from 3-bond connectivity pathways 
through the nitrogens. This leaves C-15 bonded to C-14 and C-15' bonded to C-14'. which settles the 
ambiguities of the two indole moieties. 
The correlation C-15, 2-H along with C-16, 15-H; C-16, 14-H; and C-16, 17'-H require closure of a 
six membered ring. Furthermore, the chemical shifts of C-16 and C-17' are best explained by joining 
them with a cyclic ether bridge which provides a 3-bond pathway for the observed C-16, 17'-H 
con.elation. 
Simila~y, con-elations corresponding to C-IS,  3'-H; C-IS,  14'-H confilm that C-15' is bonded to 
C-14' as deduced p~eviously. Additional correlations C-IS,  16'-H, and C-16', 14'-H requlre a 
bonding pathway from C-16' to C-15' and thence to '2-14'. The coll-elation C-2', 15'-H is consistent 
with a 3-bond coupling pathway from C-2' to 15'-H through C-16' which closes a six-membered ring 
of the shychnine moiety of the second half. A correlation from C-2' to 15'-H is observed which 
confilms the six-membered ring including C-2' and C-15'. Finally, the correlations from C-17' to 2'- 
H and 16'-H require C-16' to be bonded to C-2', and C-17' to be bonded to C-16' fo~ming  the seven- 
membered ring with the ether bridge, thus showing for the first time a common atom, i .e.  C-17' 
appearing in both halves and representing a bridging atom in the bisindole alkaloid, divarine. 
Numerous 2-bond and 3-bond long range C/H conelations (Table 1) require the placement of C-18, 
C-19, and C-20, and of C-IS', C-19' and C-20' as are expected from the two 18-deoxy Wieland- 
Gumlich aldehyde moieties for the saucture ( I )  of divarine. 
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Table 1. I H  (500 MHz, Varian Unity 500 spectrometer) and 13c (125 8 MHz) Nmr data 

carbon no. 1 3 ~  mult a H (J  in Hz) long range C H  correlations 

from C n0.b 

3.18d(13), 3 44b rd (13 )  
3.09 s 
4.08 d (10.6) 
3.56 t (3) 
2.87 ddd (I 1 6 ,  9 I, 3 9). 
2 97 dd ( I 1  6 .7  6) 
1.76 ddd (14 6. 10 7, 4), 2 4 9  m 

2-H 
2-H, 3-H, 5-H, 6-Hz, 9-H, 14-H 
2-H, 3-H, 6-H. 10-H, 12-H 
I I-H 
12-H 
9-H 
10-H 
2-H, 9-H, 1 I-H, 17'-H 
15-H 
2-H, 3-H. 14-H, 19-H, 21-H 
14-H. 15-H, 17'-H 
2-H, 2'-H, 15-H andlor OCH3 
19-H 
15-H, 18-H3, 21-H2 
14-H. 15-H, 18-Hj, 21-H2 
3-H, 5-H, 15-H, 19-H 

- 
21' 

amultiplicity from DEPT spectra, bfrom HMBC spectra ; s, d, t, q, m, and br refer to singlet, doublet, triplet, 
quartet, multiplet, and broad 
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The correlations C-17, 2-H, C-17, 2'-H; and C-17, 15-H establish C-17 as bonded to C-16 
and to the indole nitrogen, resulting in a tetrahydroisooxazole moiety in the bisindole 
alkaloid, divavine with two linkages as shown in structure (1). 
Tuming now to the data of Table 2 which summarizes the observed nOe's arising from protons 
which are non-bonded but in close proximity, it is possible to deduce a stereochemistry in complete 
agreement with the data. The easiest wiy to verify that the observed nOe's are consistent with the 
proposed stereochemishy (2) is to build a Dreiding model of the alkaloid. Very little force is 
required to distort the model into a configuration which is probably the lowest enel-by state of the 
actual molecule and which gives a measurable interproton distance in excellent agreement with the 
relative values of the nOe's. 

( 2 )  

Table 2. nOe data of divarine 

il~adiated proton (5) obsened nOe'sa 

17'-H 12-H (7%); 16'-H (4%); 15'-H (4%) 
17-H 12'-H (12%); OCH3 (2%); 15-H (6%); 18-H3 (2%) 
2-H 2'-H (7%); 6-H (4%) 
2'-H 2-H (7%); 6'-H (1.5%); 2 1'-H (7%); OCH3 (0.5%) 
3'-H 9'-H (8%); 14'-H (2%) 
16'-H 17'-H (4%); 15'-H (4%) 

a approximate value 
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