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ABSTRACT.-A new sesquiterpene pyridine alkaloid, celahinine A [l], and the related 
known polyester celahin A, as well as the known cytotoxic sesquiterpene pyridine alkaloid 
emarginatine A 121, were isolated from Celastrus hindsii. The structure of 1 was determined by 
2D nmr techniques and was also confirmed by spectral comparison with the related 2. 

In our search for potential antitumor 
agents from the family Celastraceae, we 
recently reported the isolation of new 
cytotoxic sesquiterpene pyridine alkaloids 
from the plant Maytenus emurginata (Gray) 
Hou (1-4). We now report that the EtOH 
extract of Celastrus hindsii Benth. shows 
potent cytotoxicity against Hepa-2 
(hepatoma), Hela(cervix carcinoma), Colo 
205 (coloncarcinoma),and KB (nasophar- 
ynx carcinoma) cells in vitro. A new 
sesquiterpene pyridine alkaloid with a p- 
dihydroagarofutan skeleton, celahinine 
A El], a related sesquiterpene polyester, 
celahin A, and a known cytotoxic sesquit- 
erpene pyridine alkaloid, emarginatine A 
12, ED5, (KB)=4.0 Fg/ml}(l) were iso- 
lated from this extract. The structure of 
the new compound 1 was assigned mainly 
from 'H- and l3C-nrnr spectra by em- 
ploying 2D nmr techniques including 
'H-'H COSY, NOESY, and 'H-I3C 
heteronuclear COSY as well as long-range 
COSY (HMBC and COLOC) experi- 
ments. 

The EtOH extract of the dried stems 
of C. hindsii was extracted successively 
with n-hexane and CHC1,. Repeated cc 
of the CHCl, extract yielded the novel 
sesquiterpene pyridine alkaloid [l} and 
the known sesquiterpene polyester 
celahin A. 

Compound 1 analyzed forC,,H,,NO,,. 
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The ir spectra showed absorption bands at 
3400 (OH), 1740 (ester CO), and 1600 and 
1450 (benzoate) cm-'. The 'H-nmr spec- 
trum confirmed that compound 1 con- 
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tained three ASVI,X proton spin-systems 
(Bzl: 8.30, 8.06, 7.48; Bz2: 8.30, 8.07, 
7.48; Bt3: 7.66, 7.58, 7.28 ppm), one 
pyridine ring (8.70,8.06,7.25 ppm), three 
acetate groups, and four methyl groups. 
The '3C-nmr spectrum showed three ben- 
zoate carbonyl carbons (164.71-165.81 
ppm) and five ester carbonyl carbons 
(164.62-173.84 ppm). From the 'H-'H 
COSY nmr spectrum, the signal at 6 7.19 
was assigned as H-6ax because, as is com- 
mon in this type of compound, this proton 
was only weakly coupled to the high-field 
signal, H-7eq (6 2.55) (5 ) .  In addition, the 
two methyl groups at 6 1.24 and 1.44 ppm 
were obviously coupled to H-2' (6 2.65) 
and H-3' (6 4.73), respectively; these data 
as well as other methine coupling correla- 
tions suggested that 1 has a p-agarofuran 
skeleton with an evoninate diester bridge. 

This type of structure has been reported 
previously by our group (1-3). 

Comparison of the 'H- and 13C-nmr 
spectra of 1 (Tables 1 and 2) with those of 
its analogue, emarginatine A C21, which 
was also isolated from stems of C. hindsii 
and from M. emurginata (l) ,  showed that 
the two structures were similar except 
that the pyridone and three acetates in 2 
had been replaced by one acetate and 
three benzoates, respectively, in 1. The 
appropriate assignment of the position of 
the benzoates required the use of 'H-I3C 
heteronuclear nmr studies. In the 'H-13C 
long-rangeCOSY nmrspectrum(HMBC) 
of 1, the chemical shifts of both H-6 (6 
7.19) and an aromatic proton at 6 8.30 
correlated with the benzoate carbonyl 
carbon at 6 165.81 ppm, suggesting that 
one benzoate group was located at C-6. A 

Compound 
Proton(s) 

H-6 . . . . . . . . . . . . . .  

H-9 . . . . . . . . . . . . . .  

H-15 . . . . . . . . . . . . . 

Me-14 . . . . . . . . . . . . 
H-2' . . . . . . . . . . . . . 

Me-4' . . . . . . . . . . . . . 

H-4" . . . . . . . . . . . . . 
H-5" . . . . . . . . . . . . . 
H-6" . . . . . 
OAc . . . . . . . . . . . . . .  
OAc . . . . . . . . . . . . . .  
OAc . 
OAc . . . . . . . . . . .  
OAc . . . . . . . . . . . . . .  
Bz: H-2, H-6 .  . . . . . . 

Bz: H-4 . . . . . . . 
Bz: H-3, H-5 . . . . . . . 

1 

6.08 (d, 4.2) 
5.65 (dd, 4.2,2.3) 
4.94 (d, 2.3) 
7.19 (s) 
2.55 (d, 3.9) 
5.57 (dd, 4.2, 5.8) 
5.50 (d, 5.8) 
3.64,6.05 (ABq, 11.8) 
4.65, 5.67 (ABq, 13.3) 
1.76 (s) 
1.67 (s) 
2.65 (q, 6.8) 
4.73 (q, 7.0) 
1.24 (d, 6.8) 
1.44 (d, 6.8) 
8.06 (m) 
7.26 (m) 
8.70 (dd, 1.6,4.8) 
1.25 
1.34 
2.19 (C-15)b 
2.29 

8.30 (rn, X2), 7.66 (m) 
7.48 (rn, X2), 7.28 (m) 
8.07 (m, X2), 7.58 (m) 

- 

2 

5.67 (d, 4.2) 
5.48 (dd, 4.2, 2.4) 
4.78 (d, 2.4) 
7.04 (s) 
2.38 (d, 4.2) 
5.54 (dd, 4.2,6.1) 
5.42 (d, 6.1) 
3.72, 5.98 (ABq, 11.6) 
4.16, 5.54 (ABq, 13.5) 
1.71 (s) 
1.57 (s) 
2.57 (9. 6.8) 
4.67 (q, 7.0) 
1.20 (d, 7.0) 
1.39 (d, 7.0) 
8.06 (dd, 1.8,7.8) 
7.32 (dd, 4.8, 7.8) 
8.70 (dd, 1.8,4.8) 
1.81 
1.98 
2.18 
2.22 
2.38 
- 
- 
- 

'Measured in CDCl,; data for 2 from Kuo et ai. (1) 
bAssignments by 'H-"C long-range COSY nmr. 
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detailed inspection of the HMBC spec- 
trum revealed the correlation of the car- 
bonyl carbon at 6 164.74 with signals at 
6,8.07 (aromatic proton) and 6.08 ppm 
(H-1), suggesting that an acetate group 
at C-1 had been replaced by a benzoate 
group. Further comparison of the 'H- 
nmr spectra of 1 and 2 showed that the 
chemical shifts of H-1 (6 5.67) and H- 
15dH-15b (6 4.16,5.54) in compound 2 
had been shifted downfield to 6 6.08 (H- 
1) and 6 4.64 and 5.67 (H- 1 5dH- 1 5 b) in 
compound 1. This shift is consistent with 
the replacement ofthe acetate at C-1 with 
a benzoate group. A similar substitution 
and downfield shift occurred between 2 
and emarginatine F as reported previ- 
ously (4). Moreover, in the HMBC spec- 
trum, the carbonyl carbon at 6 168.89 
coupled with signals at 6,8.07 (aromatic 
proton) and at 6,5.50 ppm (H-9), sug- 
gesting that the remaining benzoate group 
replaced an acetate group at C-9. The 
position of the final ester substitution 
could be predicted from the nmr and 
mass spectra. Thus, the methyl pyridone 
fragment at mlz 136 from the C-2 posi- 
tion of 3 was replaced and compensated 
for by an acetate group of mlz 59, consis- 
tent with the molecular ion of compound 
1 at mlz 991. Therefore, with the above 
corroborations, the structure ofcelahinine 
A 111 has been established as shown. 

Celahin A was obtained as an amor- 
phous powder. I t  was identified by com- 
parison of its physical and spectral data 
with those reported in the literature for 
this compound (5). As stated in previous 
reports (5-8), the stereochemistryofH-1 
and H-6 in P-agarofuran compounds are 
generally axial, and these stereochemis- 
tries are found in celahin A and in 1 and 
2. Likewise, theconfigurationoftheoxido 
bridge is p-axial (9,lO). 

EXPERIMENTAL 

GENERAL EXPERIMENTAL PROCEDURES.-'H- 
and 13C-nmr spectra were recorded at 300.13 and 
75.46 MHz, respectively, on a Bruker AC 300 
spectrometer. The heteronuclear correlation spec- 
tra, HMBC and COLOC, were established using 

TABLE 2. 13C-Nrnr (75.47 MHz) Data' for 
Celahinini 

Carbon 

1 . . . . . . . .  
2 . . . . . . . .  
3 . . . . . . . .  
4 . . . . . . . .  
5 . . . . . . . .  
6 . . . . . . . .  
7 . . . . . . . .  
8 . . . . . . . .  
9 . . . . . . . .  
10 . . . . . . .  
11 . . . . . . .  
12 . . . . . . .  
13 . . . . . . .  
14 . . . . . . .  
15 . . . . . . .  
2' . . . . . . . .  
3' . . . . . . . .  
4'  . . . . . . . .  
5' . . . . . . . .  
2". . . . . . . .  
3" . . . . . . . .  
4" . . . . . . . .  
5". . . . . . . .  
6" . . . . . . . .  
AcMe . . . . .  

co-1' . . . .  
CO-7" . . . .  
MeCOO-C . 
McCOO-C . 
MeCOO-C . 
MeCOO-C . 
MeCOO-C . 
BzCO . . . . .  

Bz: C-2,6 . . 
c-3,5 . . . . .  
c-4 . . . . . .  
c-1 . . . . . .  

i 111 and Emarginatine A [2]. 

Compound 

1 

73.3 (d) 
69.8 (d) 
75.8 (d) 
70.6 (s) 
93.8 (s) 
74.8 (d) 
50.4 (d) 
69.1 (d) 
71.5 (d) 
52.6 (s) 
84.5 (5) 

18.4 (9) 
70.0 (t) 
23.3 (9) 
60.7 (t) 
45.0 (d) 
36.5 (d) 

9.8 (9) 
11.9 (9) 

165.3 (s) 
125.2 (s) 
137.7 (d) 
121.1 (d) 
151.5 (d) 

19.8 (9) 
21.1 
21.3 
- 
- 

173.8 
168.6 
164.6 
170.1 
170.4 
- 
- 

168.9 (C-9)b 
164.7 (C-l)b 
165.8 (C-6)b 
128.7, 128.4, 128.8 
129.5, 129.6, 129.9 
133.3, 133.5, 133.5 
129.1, 129.5, 129.6 

2 

73.1 (d) 
69.4 (d) 
75.7 (d) 
70.5 (s) 
94.1 (s) 
73.8 (d) 
50.7 (d) 
69.0 (d) 
70.6 (d) 
52.2 (s) 
84.4 (s) 
18.7 (9) 
70.0 (t) 
23.4 (9) 
60.5 (t) 
45.1 (d) 
36.5 (d) 

9.9 (9) 
12.0 (9) 
65.7 (s) 
25.1 (s) 
38.0 (d) 
21.3 (d) 
5 1.7 (d) 
20.6 (9) 
20.7 
21.2 
21.5 
21.0 
74.0 
68.6 
69.1 
70.2 
62.7 
70.3 
71.2 
- 
- 
- 
- 
- 
- 
- 

"Multiplicities were obtained from DEPT 

bAssignments of this signal explained in 
spectra. 

the text. 

coupling constants of 8 Hz. Eims were carried out 
on a JEOL SX-102A instrument. Si gel (Merck 
70-230mesh)wasusedforcc,andprecoatedSigel 
(Merck 60F-254) plates were used for tlc. Hplc 



1738 Journal of Natural Products Wol. 58, No. 11 

was performed on a SPD-6AV liquid chromato- 
graph using a prep. Si gel column. Mps were 
determined on a Fisher-Johns apparatus and are 
reported uncorrected. 

m~ u m m . - T h e  stems of Celustrus 
hindsii were collected in September 1992, in 
Taishung Hsien, Taiwan. A voucher specimen is 
deposited at the National Research Institute of 
Chinese Medicine, Taipei Hsien, Taiwan, Repub- 
lic of China. 

EXTRACTION AND IsourIoN.-The dried 
stems of C. hindsii (5.2 kg) were extracted exhaus- 
tively with EtOH. The crude EtOH extract (200 
g) was chromatographed on Si gel (2.5 kg) eluting 
with hexanelEtOAc and EtOAc to yield 8 por- 
tions. The bioactive portions 3 and 4 were further 
separated by repeated hplc (Si gel, hexane-EtOAc, 
1:3) to yield celahinine A [l] (6 mg, 0.000095% 
yield) and emarginatine A 121 (4 mg, 0.000063% 
yield) from portion 3, and celahin A (20 mg, 
0.00032% yield) from portion 4. 

CeluhinineA Ill..-Amorphous, mp >300"; 
ir (KBr) v max 3500, 1740, 1600, 1450, 1280, 
710 cm-'; eims m/z 993 (l) ,  992 (4) [MI' 991 (6), 
870 (2), 748 (2), 634 (2), 262 (l), 220 (3), 206 
(16), 178 (9,105 (100); 'H-nmr data, see Table 1; 

C-nmr data, see Table 2. 13 
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