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A 400 MHz "H NMR STUDY OF TWELVE AJMALINE-TYPE ALKALOIDS
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Abstract - The chemical shifts and most of the main coupling
constants of twelve ajmaline alkaloids 1 - 12 have been
determined in a 400 MHz 'H NMR study.

INTRCDUCTION

To obtain useful 1

H NMR data for the structure determinations of ajmaline
alkaloids, we undertook a 400 MHz !

diacetylsandwichine 3, isosandwichine 4, 17-0-acetylajmaline 5, diacetyl-

H KMR study of ajmaline 1, isoajmaline 2,

ajmaline & (ajmaline-subgroup), acetyldihydrovomilenine 7 (indolenine-subgroup),
quebrachidine 8§, vincamajine 9, vincamedine 10 (quebrachidine-subgroup),
mauiensine 11 {tetraphyllicine-subgroup), and rauflorine 12 {17-keto alkaloid

I

possessing the tetraphyllicine ring skeleton}. -3 For some earlier fragmentary

1H NMR data concerning the alkaloids under investigation, see Refs, 4-9,

RESULTS AND DISCUSSION

Applicatien of the normal consecutive single- and multi-Tine decoupling techniques
permitted all the protons in the twelve alkaloids 1 - 12 to be discovered and the
coupling constants presented in Tables 1 and 2 to be determined.
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Table 1. H NMR data of compounds 1 - 7.

Chemical shifts

1 2 3 ¢ 5 5 7

H-2 2.62 s(d) 2.62 s{d) 3.02 s{d) 3.04 s(d)_  2.72 s(d) 2.72 s{d} -
H-3 3.58 d(dd) 3.37 d{dd) 3.771 d{dd} 3.56 d{dd) 3,65 d(dd) 3.63 d{dd) 4.26 d(d)
H-5 3.00 m 3.68 dd(d) 2.98 dd(d} 3.57 m 3.06 m 3.05 dd(d) 3.40 dd(d}
K-6a 2.04 d(d) 2.13 d{d} 2.15 d(d) 2.04 d{d} 2.15 d{(d) 2.15 d(d) 1.69 d{d)
H-6R 1.95 dd 1.95 dd 1.36 dd 1,32 ad 1.89 dd 1.93 dd 2.78 dd
H-9 7.46 7.45 7.08 7.08 7.26 7.30 7.61
H-10 6.75 6.78 6.78 6.80 6.78 6.81 7.39
H-11 7.13 7.17 7.15 7.4 7.15 7.18 7.21
H-12 6.63 6.66 6.64 6.67 6.66 6.68 7.47
H-120 1.84 dd(d) 1.76 dd(d) 1.68 def. 1.73 def. 1.85m 1,77 m 1.82 def.
H-14R 1.48 m 1.18 dd{d) 1.68 def. 1.73 def. 1.62 ddd 1.74 dd(d) 1.82 def.
H-15 2.25 m 2.12m 1.96 m 2.00m 2.4 m 2.50 m 2.49m
H-16 2.02 m 1.98br dd(d)2.58 ddd  2.46 ddd  2.07 dd{d) 2.07 dd(d) 2.28 ¢d(d)
H-17 4.42 s(d) 4.38 s(d) 5.68 d 4./8 d 5.28 s(d) 5.28 s(d) 5.36* s(d)
H-18 0.95 t 1.00 t 0.90 t 1.00 t 0.95 t 0.95 t 0.96 t
H-19 1.36 m 1.42 m 1.40 m 1.41m .37 m 1.40 m 1.45m
H-19 1.46 m 1.70m 1.65m 1.68 m 1.47 m 1.70 m 1.66m
H-20 1.48 m 1.38 m 1.38 m 1.33m 1.52m 1.47 m 1.5 m
H-21 4.23 s{d) 4.00 d 5.25 s({d} 4.08 d 4.33 s{d) 5.25* s(d) 5.00" s{d)
)N-CH3 2.77 s 2.78 s 2.78 s 2.82 s 2.78 s 2.78 5 -
-OCOCI—E3 2.03 s 2.19 s 2.21 s 2.15 s
-OCOCH3 2.10 s - 2.10 s 2.09 s
Coupling constants:
1: J2’3 < 0.5 Hz; J3,14u = 10 Hz; J3,14B < 1 Hz; J5,6a ~ 1 Hz; JS,GB = 5 Hz; J5,16 ~ 6 Hz;

JGQ,GB = 12 Hz; J14a,146 = 14 Hz, J14a,15 < 1 Hz; JW4B,15 = 4 Hz; J15,16 ~ 4 Hz; J15,20 ~ 3 Hz;

J16,17 ~ 0.5 Hz; J18,19 = 7 Hz; J18,19' = 7 Hz; J20,21 < 0.5 Hz.
2: J2’3 < 0.5 Hz; J3,14u = 10 Hz; J3,14B < 1 Hz; J5,6a ~ 1 Hz; JS,SB = 5 Hz; J5,16 ~ 6 Hz;

JGu,EB = 12 Hz; J14a,148 = 14 Hz; J74u,15 < 1 Hgz; J14B,75 = 4 Hz; J15,16 ~ 4 Hz; J15,20 ~ 1 Hz;

J15‘17 ~ 0.5 Hz; J18,19 = 7 Hz; J18,19' = 7 Hz, J20’21 = 7 Hz.
3: J2,3 < 0.5 Hz; J3,14a = 10 Hz; J3,14B < 1 Hz; J5,6a ~ 1 Hz; JS,BB = 5 Hz; J5,16 ~ b Hz;

Jﬁu,ﬁs = 12 Hz; J'I4u,'!5 < 1 Hz; JMB,‘IS ~ 4 Hz; J15,16 ~ 5 Hz; J15,20 ~ 3 Hz; J15!17 = 9 Hz;

J18,19 = 7 Hz; J18,19' =7 Hz; J20,21 < 0.5 Hz.

S
.

2.3 < 0.5 Hz; J3,14a ~ 10 Hz; J3,14B < 1 Hz; JS,Sa ~ 1 Hz; JS,EB = 5 Hz; J5‘15 = 6 Hz;
6,68 12 Hz; J < 1 KHz; J14B,15 ~ 4 Hz; J
18.19 7 7 Hz; = 7 Hz; J20,21 = 7 Hz.

140,15 ~ 5 K2y dig g~ Wz g gy = 9 Mz

h1g, 190

15,16
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Table 1 continues

5: J2’3 < 0.5 Hz; J3,74a = 10 Hz; J3,148 < 1 Hz; J5,6a ~ 1 Hz; J5,BB = 5 Hz; J5,16 =6 Hz;
Jﬁu,ﬁB = 12 Hz; J14a,743 = 14 Hz, J14a’15 < 1 Hz; J14B,15 ~ & Hz; J15,16 ~ 4 Hz; JWS,ZO ~ 3 Hz;
J16,17 ~ 0.5 Hz; J78,19 = 7 Hz; J18,19' = 7 Hz: JEO,Z? < 1 Hz.

6: ) 3 < 0.5 Hzy g g0 = 10 Kz dg gy <V HZy g g = 1 HZ3 g g = 5 Kz Jg qo = 6 Mz
Jgo g = 1223 Jygq 05 < Tz Jygg qe w4 HZS Jpg e~ A HZE Dyp o~ 3 HZS g gy~ 0.5 Hr
JT8,19 = 7 Hz; J1B,19' = 7 Hz; J20,21 < 0,5 Hz.

7: J3,14a = 9 Hz; 33,148 = 2.5 Hz; Jﬁ,ﬁa ~ 1 Hz; JS,BB = 5 Hz; JS,WG = 7 Hz; Jﬁu,ﬁB = 12 Hz;
quu,}5 < 1 Hz; J143’15 ~ 4 Hz; J15,16 ~ 5 Hz; J15!20 ~ 3 Hz; J16,17 ~ 0,5 Hz; J18,19 = 7 Hz;
J78,19' = 7 Hz; J20,21 < 0.5 Hz,

Spectra were run in CDC]3 at 400 MHz. Values are in ppm (TMS = 0), s, singlet, d, doublet,
t, triplet, g, quartet, m, multiplet, br, broad, def., deformed. The sample temperatures used
were 20°C for compounds 1, 2, 3, 4, 6, and 7, and 52°C for compound 5. The correct assignment for
the aromatic protons of compounds 1 - & was confirmed by NOE ()N—CH3 irradiated). The coupling
constants between the aromatic protons are not included. The signals due to the OH-groups are

omitted.

Table 2. TH NMR data of compounds 8 - i2.

Chemical shifts

8 9 10 1 12
H-2 3.67 d 3.15 4 3.23 d 3.07 s{d) 3.37 s(d)
H-3 3.30 dd(d) 3.45 dd(d) 3.58 dd{d) 3.62 d{dd) 3.59 d({dd)
H-5 3.44 d(d) 3.49 d(d) 3.63 d{d) 2.89 dd(d} 3.22 dd(d)
H-6a 1.65 d(d) 1.46 d{d) 1.81 d{d) 2.05 d(d) 2.47 d{d)
H-68 2.55 dd .56 dd 2.54 dd 1.23 dd 1.69 dd
H-9 7.16 7.15 6.98 7.10 7.22
H-10 5.74 6.78 6.73 6.81 6.85
H-11 7.05 7.16 7.17 7.16 7.10
H-12 6.72 6.63 6.66 6.66 6.77
H-14c 1.42 de(d) 1.46 dd(d) 1.54 dd(d) 1.78 dd(d) 1.88 dd(d}
H-148 2.49 dd(d) 2.41 dd(d) 2.63 dd(d) ?.08 dd(d) 1.42 dd(d)
H-15 3.43 d(d) 3.47 d(d) 3.50 d(d) 2.97 dd(d) 3,17 dd(d)
H-18 - - - 2.44 dd(d) 2.58 dd
H-17 4.18 s 4.21 s 5.67 s 4,72 d -
H-18 1.58 br d 1.57 br d 1.55 br d 1.62 br d 1.64 br d
H-19 5.22 br q 5.24 br g 5.29 br g 5.22 br g 5.31 br g
H-27a 3.23 def. 3.34 def. 3.47 def. 3.34 d 3.50 def.
H-218 3.25 def. 3.34 def, 3.49 def. 3.46 d 3.50 def.
~N-CH., - 2.58 s 2.64 s 2.78 s -
-COOCH, 3.63 s 3.65 s 3.64 s - -
-0COCH, ) - - 1.85 s - -
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Table 2 continues

Coupling constants:

8: J2,3 = § Hz; J3,14a = 10 Hz; J3,145 ~ 1 Hz; JS,ﬁa ~ 1 Hz; J5,58 = b5 Hz; J6a,66 = 12 Hz;
Mg, 188 = 14 M2 Jqgq 15~ 2 W25 dygp g5~ B H25 Jyg qg = 7 Hz.

g JE 3= 5 Hz; .13,.“_1 = 10 Hz; J3!143 ~ 1 Hz; J5,6u ~ 1 Hz; JS,GB = 5 Hz; JEa,EB = 12 Hz;
J14a,148 = 14 Hz; J14u,15 ~ 2 Hz; J143,15 = 5 Hz; J18,19 =7 Hz.

10: J2,3 = § Hz; J3!14a = 10 Hz; J3,14B ~ 1 Hz; J5,6a ~ 1 Hz; J5,68 = 5 Hz; J6a,66 = 12 Hz;

Jiaa, 148 = 14 I3 Jygg g5 2 HZ; Jgyg g5 = 5 H2y dyg qg = 7 Hz
11: J2,3 < 0.5 Hz; J3,14u = 10 Hz; J3,14B ~ 1 Hz; JS,G& ~ 1 Hz; JS,GB = 5 Hz; J5,16 = 7 Hz;
oo, 66 = 12 23 iy qap T VA HZ gy g5 T HEs dygg gy A HZS Jgg qg A HZD dyg g 7 9 HZ
18,19 = 7 H23 dpqy o9 = 15 H2.
12: J2,3 < 0,5 Hz; J3,14a = 10 Hz; J3,14B ~ 1 Hz; JS,G& ~ 1 Hz; JS,GB =5 HZ;JS,Tﬁ = 7 Hz;
J6a,68 = 12 Hz; J14u,148 = 14 Hz; JTdu,15 ~ 1 Hz; JTdB,TS = § Hz; JTS,TS = 5 Hz; JTS,TQ = 7 Hz.

Spectra were run in CDCW3 at 400 MHz. Values are in ppm (TMS = Q), s, singlet, d, doublet,
t, triplet, g, quartet, m, multiplet, br, broad, def., deformed., The sample temperatures used
were 20°C. The correct assignment for the aromatic protoms of compounds 9, 10 and 11 was confirmed
by NOE ()N—CH3 irradiated). The coupling constants between the aromatic protons are not included.
The signals due to the OH- and NH-groups are omitted.

The present results clearly indicate that in the ajmaline-subgrcocup the four basic
skeletans, characterised by 17R,21R, 17R,21S, 175,21R, and 175,215 configurations
(ajmaline-, isoajmaline-, sandwichine-, and isosandwichine-skeletons, respec-
tively), are easily distinguished by their Ty NMR spectra. In R-configurations,
C{17)-H and C{21)-H are represented by singlets (J16,17 and J20,21 are negli-
gible), whereas in S-configuraticns they are represented by doublets (Table 1),

Scrutiny of the spectral data of caompounds 1 - 6 {Table 1) reveals that the
main shielding effects, due to the C{17) and/ar C(21) OH-groups {or their
acetylated counterparts), are seen in the chemical shifts of C(2}J-H (compounds T,
2, 5 and 6}, C(5)-H (compounds 1, 3, 5 and 6) and C(6)-HB (compounds 3 and 4).
This is in good agreement with what could be expected on structural basis.

The quebrachidine-subgroup alkaloids (quebrachidine 8, vincamajine 9 and
vincamedine 10} are easily distinguished from the other ajmaline alkalpids
present by the ({Z)-H doublets and C{17}-H singlets (Table 2). For the
compounds possessing the tetraphyllicine ring skeleton (mauiensine 11 and
rauflorine 12} the C(2}-H is presented by a singlet (JZ,B is negligible) (Table 2).
The 175 configuration of mauiensine 11 s supported by the & 4.72 ppm doublet.
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The strong shielding effect of the C(17) kete greup in rauflorine 12 on the
chemical shift of C({14)-HR 1is notewgrthy. These results are in full agreement
with the generally accepted structures.

It is hoped that the present results, which cover most of the ring skeletons
known for ajmaline a}ka]oids1, will prove useful in the determination of simiiar

structures.

EXPERIMENTAL

The NMR spectra were recorded on a Taboratory-bufit 400 MHz 1H NMR  high

resglution spectrometer (I.E.F. 400)10 and obtained by collecting 8 to 128
free-induction decay signals for a ~ 0.01 M solution of the samples in 450 ui of
€oci,.
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