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13C Nuclear Magnetic Resonance Spectra of Amaryllidaceae Alkaloids 

By Lucia Zotta and Giuseppe Gatti ," lstituto Chimica Macrornolecole, Via A. Corti 12, 201 33 Milano, Italy 

The 13C n.m.r. spectra of the title compounds are reported with complete assignments, based on peak multiplicity, 
single frequency proton decoupling. the use of lanthanide shift reagents, and empirical calculations of chemical 
shifts. 

Claudio Fuganti, lstituto Chimica del Politecnico, Piazza L. da Vinci 32, 201 33 Milano, Italy 

13C NUCLEAR magnetic resonance spectroscopy is 
being increasingly directed towards the study of re- 
latively large molecules, such as naturally occurring 

( 3 )  R = H 
( 4 )  R = OMe 

(8) 

compounds, the assignment of the peaks in the spectra 
providing valuable structural information. To date 
there is only one report on the 13C n.m.r. spectra of the 
Amaryllidaceae alkaloids and this work was undertaken 
with the purpose of contributing towards a fuller 

J .  Amer. Clzeiiz. SOC.,  1971, 93, 990. 
W. 0. Crain, jun., W. C .  Wildman, and J. D. Roberts, 

understanding of the 13C n.m.r. spectra of this class 
of compounds. We report the results of a study of 
eight molecules of varying molecular complexity but 
of similar chemical functionality. 

Except for compound (5) ,  an intermediate in the 
synthesis of crinine (4), all the alkaloids examined are 
relatively abundant. Four of them, haemanthanine 
(2), undulatine (6), and the naturally occurring 1 : 1 
mixture of crinine (4) and powelline (3) have the crinane 
skeleton which is derived biosynthetically from nor- 
belladine [compound (1) without the four rnethJ.1 
groups] by phenol coupling and which is biologicall>r 
degraded to the lactam narciclasine which has already 
been examined.2 Galanthamine (7) represents a rather 
uncommon skeletal type and clivonine (8) is unique in 
this class of compounds because it is present as an ester 
component only in Clivia. 

The spectrum of (3) and (4) was recorded without 
separating the two components, and this is a clear 
example of the power of the 13C technique in analysing 
mixtures of complex molecules. 

EXPERIMENTAL 

The lH and natural abundance I3C spectra were recorded 
with an HEX-90 Brulter spectrometer a t  90 and 22.63 
MHz respectively with Me,Si as internal standard. The 
samples were 0 . 5 ~  solutions in CDCl, with heteronuclear 
lock. The spectrum of compound (5) was recorded using 
the Fourier transform technique because of its low solubility 
and the others by the continuous-wave inode. Repre- 
sentative spectra are shown in Figures 2 and 4 and the 
chemical shifts are collected in Table 1 and Figure 3. 

DISCUSSION 

The interpretation of the spectra is based on the 13C 
chemical shifts, on the multiplicities shown in the off- 
resonance decoupled spectra, and on the frequency of 
selective proton decoupling (when the individual 
proton signals are sufficiently separated). When this 
was not the case, i.e. for belladine (l) ,  the proton 
spectrum was expanded by adding Eu(DPM), to the 

L. Zetta, G. Gatti, and C. Fuganti, Tetrahedron Let fevs ,  
1971, 4447. 
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alkaloid solution." The effect of lanthanide addition 
(see Figure 2) is apparently greatest on the 14- and 
14a-methoxy-groups and decreases in the series 11-, 

I II 

I;-" 16-H 

I 1  I !  
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'I-i N.m.r. spectra of belladiiie (1) : upper trace, in the 
absence of Ea(DPM),; lower trace, in the presence of 

8-, 12-, and 7-H, the remaining protons being only slightly 
shifted. On this basis one may deduce that the mole- 
cular region involved in complex formation is that of the 
two oxygen atoms of the 14- and l4a-methoxy-group, 

I;IC,URE 1 
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FIGURE 2 Proton-decoupled 13C n.ni.r. spectra of belladine (1) : 
upper trace, in the absence of ELI(DI'M)~; lower trace, in the 
presence of Eu(DPM), 

by consideration of the well known relationship between 
the inverse of the distance between the Eu atom and the 

* The assignments for both cliamagiietic and paramagnetic 
solutions are based on the chemical shifts and on the intensity 
pattern. 

3.6 

shift of the proton due to pseudo-contact interaction.3 
The enhanced separation induced between the signal for 
5- and 7-H, allowed selective decoupling of the- se two 
groups and consequently the corresponding assignment 
in the 13C spectrum. 

Moreover, the addition of the lanthanide reagent 
also facilitated some assignments in the n.m.r. 
spectrum. Since complexation involved the sub- 
stituents in only one of the aromatic rings it was possible 
to distinguish the carbon resonances of this ring as they 
were considerably shifted in comparison with those 
of the other ring, as will be described. 

The 13C n.m.r. spectra of all the compounds examined 
were divided in two well defined regions. The lowfield 
( > 6  90) region contained the carbonyl group signals, 
if any, the unsaturated carbon signals, both aromatic 
or olefinic, and the inethylenedioxy carbon signal ; 
all the remaining saturated carbon resonances were 
located in the highfield region. For simplicity the two 
regions will be discussed separately. 

1 I I I 
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alkaloids 
FIGURE 3 Correlation of 13C chemical shifts of Amnryllidaceae 

Lou$eZd Reso n a ~ c e s  .-The signal of the met hylene- 
dioxy carbon, present in the majority of the molecules 
examined, exhibits a characteristic shift a t  ii 103, the 
assignment being confirmed by its triplet structure 
in the off -resonance decoupled spectrum, which is 
unique in the lowfield region. 

The carbonyl peaks may be recognized on the basis 
that their shift is always > 6 160. The amido carbonyl 
in narciclasine acetate and the ester carbonyl in 
clivonine are in comparable environments and accord- 
ingly absorb at  about the same frequency (as do, for 
instance, the carbonyl carbons of methyl acetate and 
dirnethylacetamide) . Thc observed upfield shift relative 
to the amide group in compound (5)  and the ester group 
in narciclasine is apparently due to conjugation with 
the phenyl ring which has a well known shielding 
effect .4 

The signals due to the unsaturated carbon atoms, 
C. C. Hinckley, J .  Atner. Chem. SOL., 1969, 91, 5160. 
E. Lipmaa, T. Pehk, K. Andersson, and C. Knppc, Ovg. 

Magnetic Resonance, 1970, 2, 109. 
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c -  1 
129.5 (d) 

(129.1) 

127.2 (d) 

127.2 (d) 
128.0 (d) 

129.5 (d) 
127.2 (d) 
129.5 ((1) 
130.5 (d) 

52.5 (d) 

83.1 (d) 
54.0 (d) 

70.2 (d) 

c-s 
111.7 (d) 
112.9 (d) 
(1 12.2) 

106.9 (d) 

(105.2) 
106.0 (d) 

(108.2) 
140.0 (s) 

(140.2) 
107.2 (d) 
108.0 (d) 

139.5 (s) 
137.0 (s) 
(140.2) 

161.6 (d) 

109.5 (d) 

(108.2) 

(120.6) 

(1 10.8) 

C-2 
114.2 (d) 

(114.1) 
128.0 (d) 
127.2 (d) 
129.5 (d) 
127.2 (d) 
129.5 (d) 
127.2 (d) 
127.5 (d) 

54.0 (d) 
52.5 (d) 
30.0 (t) 

34.0 ((1) 

c-9 

148.2 (s) 
(1 40.9) 

146.5 (s) 
14i.O (s) 
(1 44-8) 

149.0 (s) 

145.0 (s) 
145.2 (s) 

( 144- 8) 
132.3 (s) 

(130.4) 
146.5 (s) 
147.5 (s) 
(144.8) 

131-0 (s) 

(130.4) 

(109.3) 
146.8 ( s )  
(145.3) 

110.3 (d) 

TABLE 1 
I3C Cheiiiical shifts * and multiplicity 

c -3  
158.3 (s) 

(1 57.2) 
80.0 (cl) 
73.0 (d) 
63.5 (d) 

63.5 (d) 

24.0 (t) 
80.6 (t) 
i 3 - 0  (d) 

62.8 (d) 

79.6 (t) 
32.9 (t) 
c-10 

148.2 (s) 
149-0 (s) 
(148.4) 

146.5 (s) 
(145.7) 

145-2 (s) 

(145.7) 
147.0 (s) 

(146- 7) 
147.8 (s) 
146.5 ( s )  
( 147- 2) 

146.5 ( s )  

(146.i) 
145.5 (s) 
(147.9) 

152-5 (s) 
(151.5) 

147.0 (s) 

145-0 ( s )  

c-4 
114.2 (cl) 

(1 14.1) 
29.5 (t) 

33.5 (t) 

33-5 (t) 

20.5 (t) 

24.5 ( t j  

126.0 (d) 
126.8 (d) 
68.5 (d) 

24.0 (t) 

c-11 

111.7 (d) 

103.3 (d) 

112.9 (d) 

(1 12.2) 

(105.6) 
102.0 ((1) 

(106.6) 
96.0 (d) 

(97.9) 

105.2 (d) 
108.0 (d) 

(105.6) 
94.0 (d)  

(97.9) 
144.0 (s) 
(146.8) 

107-8 (d) 
(107.0) 

* In  p.p.in. froin Me,S (measured from CDCI, = S 76.9). 
parentheses. 

c-5 
59.8 (t) 

61.5 (t) 
63.3 (t) 
54.8 (t) 

54.8 (t) 

l i 6 - 5  (s) 

51.0 (t) 

54.3 (t) 

53.9 (t) 

c-12 
121.6 (cl) 

(121.1) 
135.0 (s) 

137.0 (s) 
133.0 (s) 

138.0 (s) 
137.0 (s) 

137.8 (s) 

137.0 (s) 
139.5 (s) 

132.7 (s) 

141.2 (s) 

C-G 
33.5 (t) 

73.0 (d) 
80.0 (d) 
44.7 (t) 

44.7 (t) 

45.s (t) 

38.0 (t) 

34.0 (t) 

32.0 (t) 
29.5 (t) 
C-13 

132-0 (s) 

(132.6) 
126.9 (s) 

( 1  30.1) 
124.9 (s) 

(130.1) 
116.0 (s) 

120.5 (d) 

116.0 (s) 

(115.7) 

(1 18-6) 

(1 15-7) 
129.5 (s) 
(132.1) 

I 19.0 (s) 
(122.3) 

C-5a 
129.5 (d) 

(1291) 
G2. i  (d) 

62.6 id) 
63.0 ([I) 
63.0 (tl) 

61.0 (d) 

60.0 (d) 

126.8 (d) 

s2.s (d )  

62.6 (d) 

126.0 (d) 

C-14 
56.0 (9) 

101.0 (t) 

99.3 (t) 

89.3 (t) 

101.9 (t, 

9s.3 ( t )  

36.0 (q) 

108.7 (t) 

C-6a 
132.9 (S) 
132.0 (s) 

50.0 (s) 

44.7 (s)  

44.7 (s) 

48.0 (s)  

40.0 ( s )  

45.2 (s) 

34-0 (s) 

C-15 
55.7 (9) 

56.0 (qj 

59.3 (q) 

f7.5 (4) 
:,G*O (9) 

42.2 (4) 

46-0 (9) 

c- 7 
62.8 (t) 

63.3 (t) 
61.5 (t) 
62.2 (t) 

58.6 (t) 

57.5 (t) 

60-5 (t) 

1 ~ 4 . 7  (s)  

42.0 (9) 
C-16 

56.0 (9) 
57.5 (q) 

both olefinic and aromatic, were assigned in the following 
way. The olefinic carbon atoms present in compounds 
(2)-(5) and (7) were assigned from their typical shift 

TABLE 2 
13C Substituent 1i.iii.r. shift parameters (p.p.m.) 

Substituent C-1 ortho ineta pava Ref. 
OMe -1-31-4 -14.4 i l . 0  -7 .7  a 

But f22.3 -3.1 -0.5 -2.9 c 
Pr' + 20.1 -1 -9  -0.1 -2.6 c 

CO,R f2 .5  +2-2 4-0.2 4-3.9 c 

(CH,),N +lO.S -0.6 -0.2 -2.9 b,C 

CH,NNe, + 11.5 -1.5 d 

G. C. Levy, G. L. Nelson, and J.  D. Cargioli, Chenz. Coiizin., 
1971, 506. b Values obtained by adding to  the parameter for 
Et the effect of a nitrogen atom (T. D. Brown, Ph.D. Thesis, 
University of Utah, 1966). c H. Hasegawa, J l .  Imanari, 
and K. Ishizu, Bull. Claein. SOC. J a p a n ,  1972, 45, 1153. 
d L. Zetta and G. Gatti, Ovg. Magnetic Resonance, 1972, 
6, 585. K. S. Dhami and J. B. Stothers, Canad. J .  Cheitz., 
1966, 44, 2855. 

Ambiguous assignnients are reported twice ; calculated values are in 

between 6 126 and 130 as already observed for similar 
compounds.l For the aromatic carbons a distinction 

was made between CH and -C= groups on the basis of 
the off-resonance multiplicity of the signals, doublets 
and singlets respectively. The positions of the in- 
dividual signals were then calculated by adding to the 
shift observed in model compounds the contribution 
of the substituent shielding parameters (see Table 2). 
The model compounds examined were dimethoxy- 
benzene (9) and methylendioxybenzene (10). The 
shifts of the trisubstituted aromatic ring in compound 
(1) were calculated by adding to  those measured in 
(9) the contributions of a CH,XNe, group which is 

quite similar for our purpose to  the substituent a t  
C-13. The shifts of the para-disubstituted ring were 
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likewise calculated by adding to the benzene shift for 
the contributions of OJle and (CH,),N groups. 

The agreement reported in Table 1 (calculated 
values in parentheses) shows that the additivity rule 
ib in this case a good approximation and allows the 
assignments indicated ; obviously signals very close to 
each other such as C-9 and C-10 or C-6a and C-13 are 
not unambiguously assigned. 

The 5ame procedure was applied to compound (5) 
by using (10)  as a model compound to which the con- 
tribution ut a t-butyl group was added as an approxim- 
ation to tlie Yubstituent a t  C-12. Here again agree- 
ment 15 qatisfactory with the exception of C-12 for 
\vliicli t-but y1 contribution is a very poor approximation 
as will be see1 for all the compounds studied. However, 
(-12 wcls asbignecl by elimination since i t  is the only 
singlet in the aromatic region besides C-9 and -10. 

For the. compounds with tetrasubstituted aromatic 
rings & ( 2 ) .  (31, and (S)] the same model compound (10) 
can be uLed, adding substituent contributions at  C-12 
and -13. The approximations were: (a) for C-12, 
Bu’ tor (21 and (3), Pri for (8); and (b) for C-13, CH,- 
SMe, for ( 2 )  and (3), CO,R for (8). The agreement 
shown in Table I is apparently less satisfactory than 
that obtained for the trisubstituted aromatic rings, 
but liowever it reproduces the observed pattern. For 
the remaining tetrasubstituted aromatic ring in com- 
pound (7) the model compound (9) was used with the 
parameters fur tlie substituents But and CH,XAIe,, 
a good qgrecriirnt being obtained. 

Finalh7 the pentasubstituted ring absorptions in 
compounds (4) and (6)  were calculated by adding to the 
model (10) the contribution of the three substituents 
a t  C-8, -13, and -12 as before. Despite the large number 
of ortho-interactions the additivity rule provides a 
basis for ihc a5signnients of the five singlets for C-8, 

1 hese asignnients allow a re-examination of the spec- 
trum of narciclasine acetate., The chemical shift of 
C-10 and -12 in the majority of the compounds studied 
suggests that the peaks at  6 153 and 143 are due to 
C-10 and -1 2 respectively. Consequently the absorp- 
tions fur C-16a and -9 may be attributed to the signal 
in tlic region between S 130 and 135. 

Highjclti Rm?zn?zccs.-The only characteristic group 
frequency ii that of NXe which is present in ( I ) ,  (7), 
and (8) arid gives rise to an easily recognizable signal 
in the region 8 42-46,j on the basis of the quartet 
in t 1 ie oft- re< o 11 ance decouplecl spectrum. 

In (S), 4nce off-resonance decoupling allows only a 
rough distinction to be made between the five CH and 
the three CH, groups, extensive use of single-frequency 
proton decoupling has been made to aid further assign- 
ments. Thus irradiation of 4-, of 5a-, and of 1-H in 
the ‘13 spectrum resulted in the selective collapse 

-9, -1C1, -13, C 1 1 1 t l  -13. ?. 

T. MortGiima, I<. Okada, T. Uonezavm, and K. Goto, 

P. W Jcfts, J .  F. Hansen, W. Dopkc, and 31. Rienert, 
.[. A P A ~ P ~ .  C I Z ~ U ? .  SOC., 1971, 93, 3922. 

Trt i  nhrtlvoii 1971,  27, 5065. 

of doublets at 8 68.5, 82.8, and 70.2 respectively. The 
remaining two CH groups at C-2 and -6a are, by elimin- 
ation, assigned to the strong signal (doublet in off- 
resonance decoupled spectrum) at S 344. Finally 
irradiation in the highfield region of the l H  spectrum, 
i.e. of 3-H,, resulted in coalescence in the 13C spectrum 
of the two triplets a t  6 31, one of which is therefore 
assigned to C-3. Of the two remaining methylene 
groups a t  C-5 and -6, the former is expected to absorb 
at  lower field due to the deshielding effect of the nitrogen 
atom (as already observed for C-1 relative to C-2). 
Therefore it is reasonable to assign C-5 to the triplet 
a t  6 53.9, and C-6 to one of the two triplets a t  S ca. 31. 

The aliphatic part of the spectrum of (1) consisted of 
three CH, triplets, of which those due to C-7 and -5 
were assigned on the basis of their lowfield shift relative 
to that of the remaining triplet ; single-frequency 
proton decoupling from 7-H, allowed the distinction 
between C-5 and -7 to be made; the highfield triplet 
was, by elimination, assigned to C-6. 

The assignment in the l H  spectruni (Figure 2) of 
5- and 7-H, is based on the fact that the signal for 
7-H, is a singlet while that for 5-H, is part of a cle- 
ceptively simple AA‘BB’ spectrum. The absorption 
at S 56 is due to the three OMe groups. Addition 
of Eu(DPILI), resulted in a considerable shift o f  the low- 
field signal, while the highfield signal remained practic- 
ally unaltered. Therefore the more intense lowfield 
component was assigned to C-14 and -14a. 

In  compound (5) the two highfield triplets were located 
in the typical region of the a- and p-carbon atoms of 
cyclohexene so that the signal a t  6 45-8 was, by elimin- 
ation, assigned to C-6. 

In  compound (2), the triplet a t  highfield with a shift 
characteristic of an alicyclic metliylene carbon is clearly 
due to C-4 while the assignment of triplets for C-5 and 
-7 is uncertain. The two doublets shifted towards 
lowfield may be assigned to C-3 aiicl -6 because of the 
strong deshielding effect of the oxygen atom. The 
remaining doublet a t  6 62-7 is therefore due to C-5a. 

In the aliphatic region of tlie spectrum of the mixture 
of (3) and (4) the signals due to the carbon atoms remote 
from C-8, which in one case carries the OMe substituent, 
are coincident in the two molecules, while those of the 
carbon atoms close to C-8 can be differentiated. T h s  
the C-4 triplet at 6 33.5 and the C-6a singlet overlapping 
with the C-6 triplet at  6 44.7 cannot be resolved, even 
on expansion of the spectrum ; tlieir relatively high- 
field position is in keeping with the cases examinetl 
previously. In  the expanded spectrum (Figure 4) 
of the region between 6 30 and 70, the quartet a t  h’ 
59.3 is due to the OMe group present only in (4). The 
inore intense doublet a t  S 63.5 was attributed to C-3 
in both molecules, while the C-5a signals are distinguished 
by the long range effect of the OXe group. The ab- 
sorption of the C-5 triplets are almost coincident in the 
two species (6 54.8) while the remaining triplets due to 

D. E. Dorman, S. Jautelat, and J.  D. fioltert5, J .  Ojg .  
Chea . ,  1971, 36, 2757. 
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C-7 are widely separated, the highfield component 
being due to the crinine [shielding effect of OMe, cf. 
the similar situation for undulatine (S)]. 

CDC$ 

L 1 I I I I I I I 1 I 

80 70 60 50 40 30 
6 ( p. p.m. 1 

FIGURE 4 Expanded spectrum of the mixture of powelline (3) 
(p) and criniiie (4) (c) 

In the spectrum of ( 7 )  the two CH doublets were 
assigned by single-frequency proton decoupling. The 
corresponding assignments in the lH spectrum were 
obtained by irradiation of the olefinic protons which allows 
3- to be distinguished unequivocally from 1-H. There 
are two kinds of methylene signals present in the 13C 

spectrum. Those from carbons bonded to nitrogen 
were assigned to the lowfield triplets a t  6 60.5 and 
54.3, the former having the typical shift of the benzylic 
C-7 already observed in the compounds discussed 
above. Of the remaining highfield triplets the signal 
of C-6 was assigned by single-frequency decoupling 
since the corresponding proton absorption is sufficiently 
separated from that of 2-H,. 

In compound (6) (Figure 3) the triplet at  6 24-5 is 
distinguished from that at  6 38 since C-4 in all the other 
molecules has the highest shift. The two remaining 
NCH, groups were assigned by considering that the 
absorption for the benzylic metliylene group was always 
at  lower field than the other CH, groups bonded to the 
nitrogen atom. The doublet a t  lowfield (6 73) was 
assigned to C-3 by analogy with the situation in monta- 
nine and tazetti1ie.l Of the three remaining CH groups, 
the C-5a has a shift comparable with that in crinine; 
however C-1 and C-2 are indistinguishable. Finally 
the two methoxy-groups have a very small shift differ- 
ence which precludes precise assignment. 

[2/1867 Received, 7th Azgzrst, 1 9 i 2 ]  


