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Abstract-An intcmally consistent set of carbon- 13 assignments for ajmaline (1) and three dhcrcomers, 
iso@malinc (2). saadwicinc (3) and isosandwicine (4), arc pnxntcd. 

Ajmalane alkaloids are a group of pentacyclic indoline 
compounds, structurally related to heteroyohimbines, 
which occur plentilirlly in many plants of Aspido- 
sperma, Rauwolja and Tonduria genera. The most 
representative of these alkaloids is ajmaline (1) 
[(17R,2la~ajmalane-17,21diol] contained in w 
amount in the root bark of Rauwo&ia vomitoria 
Al%., whose intriguing structure has been the target 
of impressive chemical studies in the 195Os.2 

Ajmaline (1) is therapeutically useful for the treat- 
ment of cardiac diseases. In particular, its 17chlo- 
roacetyl derivative has been introduced in many 
European countries as antifibrillatory agent and N- 
(n-propyl)ajmalinium bitartmte is claimed to have 
considerable antiarrhythmic activity. Similar ptoper- 
ties are exhibited by its stereoisomer isoajmaline (2) 
[(17S,20a,21~)sjmalanel7,21diol] whereas sand- 
wicine (3) [(17S,21a)-ajmalane-17,21diol] and iso- 
sandwicine (4) [( 17S,20a,21&-ajmalane-17,21diol] 
seem devoid of therapeutical activity. 

“C NMR data of a few ajmalinoids have been 
reported for structural determination purposes. Chat- 
terjee er al.’ analysed the spectra of ajmalinoid alka- 
loids (e.g. raullexine, vincamajorenine, majoridine 
and vincamajine) in comparison with that of a&al& 
mainly in order to identify the location of the methoxy 
group on the aromatic ring in the former compound. 
Poisson et uL4 examined the data of vomilenine and 
raucalhinoline with respect to 1, 2 and 17-a&$-l- 
desmethyl- I ,2didehydroajmaline and concluded that 
mucalfrinoline has the same tra-arrangement of 
ring-D sub&uents at C-20/C-21 as in isoajmaline (2). 

We report here the results of a detailed analysis of 
the “C spectra of the homogeneous series of geomet- 
rically defined dia&reomers 14. The data are of 
interest in view of the remarkable dependence of 
carbon shift on molecular geometry and substituent 
orientation within a system posses&g a limited con- 
formational tkxibiity, and permit the determination 
by rapid and direct analysis, of the relative stereo- 
chemistry at C-17, C-20 and C-21 of 14, whose ‘H 
spectra are of little utility due to extensive overlap of 
SigdS. 

Our results necessitate the revision of the C-20 
shift for 1, of the C-2, C-14, C-17 and C-2 1 shifts for 

2 initially proposed by Chat&&’ and Poisson,4 
respectively, and allow the unambiguous assignment 
of C-3, C-5 and C-16 for 1 and 2. 

The study was limited to the dilferentiation of 
nonaromatic carbons. In fact, the shifts of all the N- 
methylindoline aromatic carbons duplicate those of 
the previously nportad indoline bases and only slight 
differences among the isomers are observed. 

Ajmafine (1) 
Full assignment of ajmaline (1) (Table 1) based 

merely on known substituent effects on carbon shifl 
is rather difficult due to the strong similarity of moat 
carbons from each other as mgards the field position 
and multiplicity. Thus, for unequivocal assignment, 
the functional and structural derivatives la-o were 
examined. Acetates and their methiodides proved 
particularly useful to shilt assignment in the parent 
compound and were extensively analysed with the 
aid of selective irradiation (Table 4) and by tbe 
observation of residual splittings and second-order 
effects’ 

The nonaromatic carbons fall in three well-sepa- 
rated xones of the spectrum: in 77-88 ppm there are 
C-2, C-17 and C-2 I; in 43-56 ppm are present 
quatemary C-7 and C-3, C-S, C-16 and C-20 methines; 
below 35 ppm we found the remaining nonaromatic 
carbons. 

&-ins to the substitution by nitrogen and oxygen, 
C-21 appears the most deshielded metbine, showing 
the expected shilts in met&did& lb and ld, in N- 
oxides’ If and lg, but being surprisingly una&cted 
in the acetates lc and le. The oxymethine C-17 lies 
furthest downfield compared with known similar 
oxygen-bearing carbons, whereas C-2 is expected to 
resonate in this region, as sugges@d by comparison 
with the same carbon in 1 -methyldeformyl- 1,2di- 
dehydroakuammiline.’ A clear-cut distinction of the 
close C-2 and C-17 is based on the downfield shift of 
the latter on going from 1 to la, lc, lh, lj and lk, 
in view of the well-known acetylation and etberifi- 
cation ~hill.~ In lc and ld, the C-17 resonance is 
unequivocally determined by selective irradiation 
(Table 4). According to this assignment, the N-oxides 
If and lg show an upfield shilt of C-2 (in /I-position 
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to nitrogen) whilst C- 17 is invariant, ConvefAy, 
both C-2 and C-l 7 are shifted up&Ad in the metb- 
iodi&lbandld,indicatiagtbestrongdependeace 
of carbon ShiAs on subtle aXlf6mlatiOd CiuuWS 
thmugkiut the rigid carbon *&ton. In all com- 
pounds, c-l 5 is unquestionably the highest field 
methi- almost unafhtal by any sub6titution and 
structural modScation. It is noteworthy to point Out 

that the unsub6titutal methines C-16 and C-20 lie in 
the same zone as the aminomethines C-3 and C-5, 
in spite of their &position to h&roatomS. The C-5 
signalisessilynw@sabknau53ppmbyapph+on 
of selective inadiation on acctated h-4 sufiirine a 
m shift on &*xidation and Nbquatemization. 
Thesignalnear48ppmexhibitsabroaddoubktin 
off-nsonance spectra by virtue of long-range C-H 
interactionsand SaD&Olb~BythiScritaion, 
this signal is attributed at C-20 in tbe parent ajmdine 

and its derivatives and it exhibits the expected upfield 
shift on quatemization and N-oxide formation. In 
21deoxy4jmaline dc&ative 14 C-20 appears upfield 
in the zone of methylene cubo~~ due to the lack of 
c(2l)-OH. The assignment of the close signals at 
43.0 and 45.2 ppm to C-3 and C-16, respctively, in 
ajmaline (1) dcacrvcs some comment. The former is 
not substantially a&ted in the acetatu and etbrrs 
whereas the latter su&s an upfield shift upon acct- 
ylation and etberihtion at c(17)-OH. The two 
resonances m clearly distinguihble in methiodides 
and N-oxides, although C- 16 shows a small but 
unexpected downdeld shift. In addition, the absence 
of the a-oriented OH at C-2 1 in lm causes the 
elimination of a 1,3 +ntefaction with C-3 which, in 
tum,sufhsa &wnfW shit?. Monzover, the oxidation 
of c( 17)-OH in 1 to ajmalidine 11 kavcs C-3 unaf- 
fectedandc-16swprisinglysbiekiedinsharpcontrast 
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with the known perturbation accompanying the oxi- 
dation of alcohol to carbonyl compound. Further 

C-14 are both B to nitrogen and experience the same 

support to this assignment comes from tbe spectrum 
shift on quaternimtion and N-oxidation, whilst the 

of 2 which will be discussed beIow. 
assignment of 34.8 and 31.4 ppm &nab, rupectively, 
is possibte only by inspection of the spectrum of 2. 

In the zone below 35 ppm a distinction is required 
only for C-6, C- I4 and C- I9 methylenes. The more 
upfield methylene at 25.4 ppm belongs to C-19 as 
suggested by the appearance of a broad triplet in the 
off-resonance spectrum due to long-range C-H cou- 
plings and second-order effects, by the disappearance 
in the spectrum of 17-a~~l~~phy~i~ne ln and by 
analogy with the same signal in similar compounds 
such as drcgaminol and tabemaemontanol.‘” C-6 and 

Isoujmaline (2) 
Base-catalysd treatment of ajmaline (1) induces 

inversion at C-20 througb the intermediacy of the 
opcnchain aldehyde 5. Ring closure of the isomeric 
aldehyde 6 fitrnishes the natural isoajmaline (2), in 
which the ~~~en~tion at C-21 is dictated by relief 
of 1.2~stetic compression between the OH and the 
ethyl chain (Scheme I). The new chirality at C-20/ 

Table 2. ‘%I Chemical shifts of isoajmtine (2) and derivatives (2a-d~ 

C.%bOll -t, 2a it? ?r 
Zd 

77.3 78.7 77.1’ 2 

3 

S 

6 

7 

5 

9 

10 

II 

12 

13 

14 

15 

lb 

I? 

IS 

19 

20 

21 

N-m 

N+-ne 

CC%!!% 

76.7 

47.5 

45.0 

34.1 

55.6 

133.7 

123.1 

118.5 

12b.f 

108.6 

153.4 

22.3 

29.f 

53.0 

75.9 

12.J 

25.6 

45.2 

87.4 

34.0 

79.0 

47.8 

48.2 

35.2 

54.7 

x31.9 

122.3 

119.1 

127.4 

109.6 

153.6 

22.6 

29.0 

51.1 

79.6 

12.3 

25.6 

45.1 

88.2 

34.1 

21.3 

56.4 

58.4 

31.6 

53.3 

129.0 

122.8 

120.6 

128.6 

110.4 

152.3 

21.9 

21.6 

51.3 

77.6 

11.7 

25.1 

43.6 

95.7 

34.7 

OS.4 

21.2 

48.1 

49.8 

35.7 

54.3 

132.0 

122.4 

119.2 

127.6 

109.6 

153.8 

22.0 

29.7 

51.0 

79.4 

12.0 

25.6 

43.3 

67.6 

34.5 

ocona 170.4 i70.i 

21.2 
21.4 

169.8 
170.2 

58.8 

61.0 

32.2 

52.9 

129.0 

122.8 

120.7 

128.7 

110.6 

152.2 

21.5 

27.3 

51.5 

77.7 

11.3 

25.4 

44.4 

90.2 

35.3 

46.6 

21.2 
21.5 

168.2 
170.1 

It Zlt 25.2 KHZ in axx3 
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C-21 strongiy modifka steric interactious in the mo- 
kcular framewo* with mmarkabk effects an shifts 
of some carbons, In comparison with 1, C- 14 is 
& up&Id due to I$ +memction with C-19, 
whereas C-16 shot&l suffer a downfield ShiR The 
above &et induced by the ethyl orkntation reaembka 
that on the same carbons on going from the related 
Mernaemomanine to dmgamine.” Analogously, C- 
5 is expected upfield by ~-interaction with C.Ql)- 
OH and C-3 should move downfield. Fuil assignment 
of the spectrum of 2 (Table 2) has been posaibk by 
analysis of a few derivatives (e.g acetatea 2a, 2c and 
~~.~~n~ng methiodides Zb, 2d) taking advan- 
tage of the same criteria developed for 1. In the 88- 
77 ppm mgion, the signals at 78.7 and 75.9 ppm are 
attributed to C-2 and C-17, mspectively, on the basis 
of the same argument as for 1. In tbc 55-45 ppm 
zone, the more uptkld signal at 45.2 ppm is C-20 
and the lower field methine at 53.0 ppm is C-16. 
The remaining signals at 48.0 and 47.5 ppm are due 

to both C-3 and C-5 and their close proximity agrees 
with the above expectations (downfield and upficld, 
respectively, in comparison with +naline). The as- 
signment reported in Table 2 parallels that on the 
acetates where it is substantiated by selective irradia- 
tion (Table 4). Below 35 ppm, C-19 is easily recog- 
nized, invariant with respect to I as a consequence 
of the replacement of the 7 effect exerted by C- 16 by 
one of comparable magnitude by C- 14. The Iast 
mentioned carbon is the most upfield methylene at 
22.3 ppm suffering a nearly identical shift as C-16, 
but in opposite direction. C-6 is invatiant with respect 
to the unctions changes and both C-6 and C- 
14 have the same quatemization shift as in ajma- 
line (1). 

Sandwicine (3) and Isosandwicine (4) 
These compounds difkr from ajmaline (1) and 

isoajmaline (2) in the absolute configuration at C-17, 
which is (5’) instead of (R). As a consequence, the 

R1 R* x 

t li Ii - 

.& AC R - 

2 AC H Me I- 

25 AC AC - 

2 AC AC He I- 

OR’ 

R1 R2 x 

_& H H - 

x” AC H - 

AC 

AC 

H Me I- 

AC - 

Ri R2 x 

F a H - 

4a AC R - 

; AC H Me I- 

4% AC AC - 

E AC AC Me I- 
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27.2 

34.4 

70.8 

12.1 
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131.0 

120.2 

119.5 

127.5 

f59.5 

153.5 

21.9 

29.5 

42.1 

73.6 

12.1 

25.2 

43.7 

87.6 

34.9 

60.8 

60.0 

31.5 

52.3 

128.7 

121.2 

120.7 

128.0 

110.5 

152.3 

21.6 

27.0 

42.3 

71.3 

11.4 

26.2 

44.6 

90.6 

35.7 

43.3 

121.4/21 .Ol ~21.3/20.91 

169.8 169.7 
170.1 168.4 

a At 25.2 mie in cm3 

Tabk 4. ‘H Chemical shifts at 100 ~~~) of sekctui derivatives 

OapQund 8-P is-3b H-5= 3-$7 s-21 

la 2.74 

zcb 2.80 

%i 2.66 

s 2.91 

2a , 2.60 

i?i 2.82 

2c 

ii 

2.70 

2.88 

?e 3.09 

z!i 3.16 

* 3.10 

s 3.17 

% 3.03 

% 3.28 

3.62 

3.96 

3.60 

4.46 

3*. 30 

4.52 

3.57 

5.33 

3.76 

4.09 

3.60 

4.83 

3.68 

5.34 

3.01 

4.28 

3.02 

4.84 

3.56 

4.08 

3.46 - 

4.58 

2.90 

4.15 

3.65 

4.07 

E 

4.60 

5.2E’ 

S.d 

5.224 

5.2ce 

5.i?a 

5.d 

5.25’ 

5.l6’ 

5.6Be 

5.75’ 

5.70* 

5.77= 

5.&P 

3.84’ 

4.23f 

5.lff 

5.2Sf 

51.92~ 

3.96g 

5.28’ 

5.26’ 

6.2fg 

4.20f 

S.t8* 

4.mg 

5.319 

S.26? 

6.2Zg 

9noad5i y&t; “broad doubkt (J - 9 Hz); cmultipkt (underlined values am doubkt of doublets with J 
- 6.5 Hzk brow! sin&t fW$n = 2.3 Hz); ‘doublet (J - 9 Hz); /broad singlet (WE,* = 5 Hz); ‘broad 
doublet (J - 7 Hz). 



“C NMR spectra of some ajmalanc alkaloids 5261 

orientation of C( 17)-OH is expected to inlluence the 
ShiftSOftllCChOllSillthL?pCllt&OIlliCsystem~ 

with C-2, C-3 and C-14. The data reported in Table 
3 were obtained with the help of acetates 3a, 4a, 4e 
and methiodides 3b, 4b and 4d.t 

Both C-2 and C-17 in 3 and 4 are shifted upfield 
bycomparisonwith1and2,thelattersignalexhibiting 
the usual shift on acetylation. In the 55-45 ppm 
zone of 3, only thme methine signals are present, C- 
5 (53.0 ppm), C-20 (48.7 ppm) and C-3 (44.8 ppm), 
and are easily recognked by inspection of 3a and 3b 
spectra, nearly una&cted with respect to 1. The 
missing C-16 methine monates at 34.9 ppm, very 
close to C-6 methylene and this assignment is un- 
equivocally conlirmed by the upfield shift of this 
signal in 3a and by a downfield shift in 3b. The 
origin of the dramatic shielding of C-16 on changing 
the orientation of an OH group on neighbouring 
carbon could be rationalized in terms of steric inter- 
action between eclipsed C( 17)-OH and C( 16k-H 
bonds. 

In isosandwicine (4), C-16 falls into the middle 
part of the spectrum (5543 ppm) sulkin the 
expected downfield shift on invezsion of ethyl chain 
orientation at C-20. A choice hehveen C-3 and C-5 
in 4 can he made by the observation of the invariance 
of these signals when compared with 17-acetyl deriv- 
ative (4a). Furthermore, the downlield shift of both 
these carbons in 17,2 ldiacetyliaosandwicine (4e) par- 
allels that of isoajmaline serie. 

Finally, the shift assignment of the remaining 

~Uufortunotdy,itwasnotpo&ktou@actbespcctrum 
of 17,2ldiacetylsaud&inc (3~). The M fur&bed us 
bytbeautborsofRef. 11 slunveda~spotinTL.C 
uuder various couditions, bowzver ita w and ‘%Z spcetra 
were due to a mixture of two main prpocrS. We have no 
plausible and cooviociu8 explanation for this spectroscopic 
bebaviour, in spite of the t&t that 3e was obtained by 
acetylatioo of pure 3a (&coked by *‘C spechum) by usual 
protocol. 

carbons in 3 and 4 follows the same aquments as 
for ajmaIine (1) and isoqjmaline (2). 

-AL 
‘H and lrC NMR spectra were recorded at 25” C on a 

Varian XL100 spectrometer at 100 MHz (CW mode) and 
25.2 MHz (FT modeA rupeuively. All sampled were run in 
0.05-0.5 M deuteriochlomform unless stated otbawise. For 
‘3CspectratbedataaapStiooeonditionsforthefme 
induction decay were pulse width 10 fi acquisition time 
0.8s(witha~widthofU)OOHz),pulsedeley0.5s. 
Tbcsbiftsareioppm down&l fiem Me&. 

Achwkukemmf-The author3 are deeply ill&bed to Io- 
~delHBetI&Milan,forsampkofalltbecitedcom- 
pouads. 
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