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Abstract Herbadine, a novel dihydroindole alkaloid, was isolat- 
ed from the aerial parts of Vinca libanotica Zucc. (Apocynaceae). 
The physical and spectral data (UV, IR, NMR, and mass spectros- 
copy) indicated the alkaloid to be a derivative of ajmaline. Com- 
parative high-resolution NMR studies with quebrachidine and 
high-resolution mass spectral studies established the structure of 
the alkaloid to be 2-epi-3-hydroxyquebrachidine. Herbadine was 
previously isolated from another species by Russian workers and a 
structure was postulated. The current paper gives evidence for a 
corrected structure of herbadine. 
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In a previous article (1) the structures and NMR 
spectra of vincamajine (I) and herbamine (III), both 
isolated from Vinca libanotica Zucc. (Apocynaceae) 
(2), were reported. The structure of another dihydro- 
indole alkaloid is now elucidated. This alkaloid, also 
isolated from V. libanotica (2), has a molecular for- 
mula of C21H24N204 and possesses physical and spec- 
tral properties very similar to herbadine (V), recently 
reported to be isolated from V. herbacea (3). How- 
ever, in accordance with the revised structure for her- 
bamine (1) and based on high-resolution mass spec- 
tral studies of herbadine together with high resolu- 
tion NMR studies at 220 MHz of both herbadine and 
the structurally related quebrachidine (II), a new 
structure (IV) is postulated for herbadine. 

EXPERIMENTAL' 

Previously, the isolation and characterization of several alka- 
loids including herbadine from V. libanotica were reported (2). 
Herbadine exhibited a melting point of 202-205" dec. and a UV 
spectrum in methanol having maxima a t  X 292 (log c 3.48), 242 
(3.98), and 212 (4.57) nm, which are typical of alkaloids having the 
dihydroindole moiety. An IR spectrum (KBr) gave absorption 
bands at  urnax 3450 ( s )  (NH andlor OH), 2950 ( s ) ,  2875 (w), 2400 
(w), 1725 (5) (COOCHB), 1615 (s) (indoline), 1560 (w), 1540 (w), 
1460 (w), 1380 (w), 1310 (w), 1290 (w), 1240 (5) (COOCHB), 1200 
(w), 1140 ( s ) ,  1100 (w), 1060 ( s ) ,  1040 (w), 980 (w), 950 (w), 900 (m), 
860 (m), 810 (w), 780 (w). 760 (w), and 735 (1,2-disubstituted ben- 
zene) cm-'. 

The UV spectrum was determined using a Beckman model DB-G spec- 
trophotometer. and the IR spectrum was determined using a Beckman 
model IR 18A spectrophotometer in a KBr pellet. NMR spectra of herba- 
dine and quebrachidine were recorded in pyridine-ds solutions on a Varian 
HR-220 instrument operating at 220 MHz, with tetramethylsilane a s  an in- 
temal standard and with chemical shifts reported in 6 (parts per million) 
units. The high-resolution mass spectrum (70 ev) of herbadine was recorded 
using a C.E.C. model 110 double-focusing spectrometer a t  Eli Lilly and Co. 

The plant material was authenticated as V. libanotica Zucc. (Apocyna- 
ceae) by Dr. W. T. Steam, British Museum of Natural History, London, En- 
gland. A voucher specimen (SP-2315) representing the collection has been 
placed in the Herbarium of the Department of Pharmacognosy and Pharma- 
cology, College of Pharmacy, University of Illinois a t  the Medical Center. 

The mass spectrum gave a molecular ion at M+ 368 (32%), fol- 
lowed by ions at  mle 337 (2). 252 (2), 251 (2), 178 (3), 168 (I) ,  167 
(I), 166 (I), 158 (11,157 (11, 150 (31, 147 (3), 144 (51, 143 (20), 135 
(5), 130 (lo), 121 (21, and 117 (100). 

The high-resolution mass spectrum revealed that the fragments 
a t  m/e 130 and 143 corresponded to the No-indole moiety with one 
and two additional carbon atoms. The peak a t  mle 144 was a dou- 
blet consisting not only of CloHloN but also of CgH6NO; the latter 
requires retention of the oxygen at  C17 and is found in all ajmaline 
derivatives bearing a 17-hydroxy group (4). This is not the case in 
the structure (V) proposed for herbadine by the Russian workers, 
who did not determine the elemental composition of the mass 
spectral fragments. The base peak a t  m/e 117 (CsH7N) could be 
best represented by the No-indole skeleton. 

The NMR spectrum of the alkaloid, determined in CD3OD at  90 
MHz, exhibited some similarities with the spectrum of quebrachi- 
dine. Thus, i t  was assumed initially that herbadine (M+ 368) was 
an hydroxyl derivative of quebrachidine (M+ 352), the structure of 
which was established based on mass spectral studies (5). 

Since NMR data can be used as a simple means of differentiat- 
ing between alkaloids of the ajmaline and 2-epiajmaline series (1) 
and since no comprehensive NMR assignments have been reported 
for quebrachidine, the high-resolution NMR spectra of both her- 
badine and quebrachidine were determined in pyridine-d5 at  220 
MHz (Table I). 

DISCUSSION 

The basic differences observed between the NMR spectra of 
herbadine and quebrachidine were the same as the ones observed 
between herbamine and vincamajine (l), thus proving that her- 
badine belongs to the ajmaline series. In addition, in the high-reso- 
lution mass spectrum, the elemental composition of the prominent 
ions ( M i  368, mle 144, 143, 130, and 117) was 14 units (-CH*-) 
lower than the ions of herbamine, suggesting that herbadine was 
the N,-demethyl derivative of herbamine. 

In the NMR spectrum of herbadine, two doublets a t  d 4.50 and 
3.40 (J  = 17 Hz) were attributed to  the two CZI protons; in quebra- 
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Table I--NMR Spectral  Data of Herbadine a n d  Quebrachidine Determined at 220 M H z  in  Pyridine-d5 

H e r  bad ine Quebrachidine 
~- 

Assignments Chemical Shift ,  an Coupling Constants ,  H z  Chemical Shif t ,  6" Coupling Constants ,  H z  

Cig-H 
Cli-H 
Crip-H 
Cr- H 
Cj-H 
- COOCH:, 

7.75-7.30 (m)  
7.75-7.30 (m) 
7.75-7.30 (m) 
7.75-7.30 (m) 
7.17 (d) 
7.00 (t) 
6.65 (d) 
5.32 (4) 
4.85 (d) 
4.50 (d) 
4.24 (d) 
4.16 (d) 
3.90 (s) 
3.86 id) 
3.42 (d) 
3.40 (d X d)  

- 

3.23 (d X d )  

2.12 ( d )  
1.84 (d) 

1.71 (d) 

7.55-6.95 (m) 
7.55-6.95 (m) 

7.55-6.95 (m) 
7.55-6.95 (m) 
7.55-6.95 (m) 
6.10 (d) 

~~ 

5.32 (qj 
4.84 (d) 
3.62 (m) 
4.17 (d  X d)  
3.99 (d) 
3.88 i s )  
3.80 id) 
3.62 (m) 
2.91 (d  X d j  
3.62 (m)  
3.25 (d X d j  

2.02 ( d )  
1.50 (d X d )  

1.72 (d X t) 

Chemical shifts measured in parts per million downfield from internal tetrarnethylsilane reference. 

chidine, the signals of both Cp1 protons were in the form of a mul- 
tiplet a t  b 3.62. This finding was in accordance with the fact that 
the Cp1 protons in the ajmaline series are in nonequivalent envi- 
ronments due to their orientation with respect t o  thk highly aniso- 
tropic ethylidine side chain and the unshared pair of electrons of 
N b ,  while in the 2-epiajmaline series, the C21 protons are symmet- 
rically disposed with respect to these two groups. Thus, in herba- 
dine the Czl does not bear an alcohol group and this makes Struc- 
ture V not feasible. 

In the spectrum of quebrachidine, the signal of C2-H is made 
up of a doublet of doublets a t  b 4.17 due to the coupling to both 
C3-H and NH protons. By contrast, in herbadine, the C2-H sig- 
nal is only a doublet at 6 4.24, showing only coupling to  the NH 
proton. A Dreiding model of herbadine revealed that the signal of 
C2-H should not show appreciable coupling to the C3 proton, re- 
gardless of the presence of a C3 proton, since the dihedral angle be- 
tween these two protons is about 85" (52.3 N 0). A similar phenom- 
enon was observed in sandwicine and i ts  derivatives (6). 

A doublet a t  6 4.85 and 4.84 in the spectra of herbadine and que- 
brachidine, respectively, represents the C17 protons of the two al- 
kaloids. The presence of this signal in herbadine is an additional 
proof that an OH group should be present a t  C17 and not as shown 
in V. 

A doublet a t  b 1.84 (J14=,14p = 15 Hz) represents C14o-H, show- 
ing that only geminal coupling exists. However, in quebrachidine, 
the signal of C14a-H is made up of a doublet of doublets a t  6 1.50 
( J 3 . 1 4 ~  = 10 Hz, J14",140 = 14 Hz), showing that, in addition to the 
geminal coupling, this proton is coupled to C3-H. Since in both 
the ajmaline and 2-epiajmaline series the dihedral angle between 
C14--H and C3-H is about 10" and a large coupling constant is 
expected, then in herbadine the C3-H must be substituted with 
an OH group since the signal of C14=-H is a simple doublet. 

The remaining protons in both compounds give signals that  are 
well separated from signals of adjacent protons, and the resultant 
spectrum is easily interpreted on the basis of first-order analysis. 

Furthermore, the spectra of herbadine and quebrachidine agree 
closely with those of herbamine and vincamajine, respectively, as 
reported previously (l), and assignments of signals were based on 
this prior analysis. 

The NMR data, together with the other physical constants, es- 
tablishes herbadine to be 2-epi-3-hydroxyquebrachidine. 
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