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Abstract The novel structure of hunterioside, the first example of monoterpenoid indole 
alkaloids carrying a disaccharide, was confirmed by chemical synthesis starting from 
tryptamine, secologanin, and a newly-developed gulucosyl donor, which selectively gives 
a-gluco type glycosidic linkage in the reaction with a secologanin derivative. 
© 1999 Elsevier Science Ltd. All rights reserved. 
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Over 1400 naturally occurring monoterpenoid indole alkaloids have been isolated up to this date.' Among them, 

more than thirty glycosidic indole alkaloids related to strictosidine 1 are known. 2 Recently we found a new type 

of indole alkaloids, hunterioside 2 3 and hunterioside B 3, 4 from a Thai medicinal plant, Hunter/a zey/an/ca, 

which were the first examples of a disaccharide-carrying monoterpenoid indole alkaloid. Very recently, new 

tetrahydroisoquinoline-monoterpene glycosides with disaccharide moiety were found in Akmgfion plant) The 

structure elucidation by spectroscopic analysis revealed that 2 is constructed by tryptamine, secologanic acid 4, 

and one glucose unit. To establish the structure unambiguously, we planned the synthesis of hunterioside 2 by 

assembly of those three units. In this paper, we describe the development of a new glucosyl donor 14, which 

gives an a-gluco type glycosidic linkage in the reaction with a secologanin derivative, and its utilization for the 

first synthesis of 2. 

H 
fl 

Rl=Me, R2=H; Strictosidine 1 
RI=H, R2=OC-D-Glc; Hunterioside B 3 

H 14" H H 

R 

Hunter ioside 2 
I 

0040-4039/9915 - see front matter © 1999 Elsevier Science Ltd. All fights reserved. 
Pll: S0040-4039(99)00928-4 

Figure I 



5040 

As mentioned above, hunterioside 2 is composed of Iryptamine, secologanic acid and one glucose. Initially, a 

secologanin derivative 9, which acts as a glycosyl acceptor, was prepared as follows (Scheme 1). The primary 

alcohol on the 6' position in the glucose moiety of secologanin $ was selectively protected with t- 

butyldiphenylsilyl (TBDPS) chloride in the presence of N,N-dimethylaminopyridine (DMAP) in DMF, followed 

by acetylation with acetic anhydride and pyridine to give the triacetate 7. In the SH-NMR spectrum of 7, the 

signals due to H-2', -3' ,  and -4' were observed at around 5 5.1-5.3, while those of H-6' were resonated at 8 

3.75 (2H, d, J=3.6 Hz), revealing that the TBDPS group was actually introduced on the 6' position. Next, the 

C-7 aldehyde in 7 was masked as an ethylene acetal. 6 I)eprotection of the TBDPS ether in 8 with tetra n- 

butylammonium fluoride in the presence of acetic acid in THF regenerated the primary alcohol in 76% yield. 

The next task was the introduction of the second glucose onto the 6'-alcohol in 9 in a stereoselective 

manner. We initially applied the conventional glycosidation procedure using a combination of acetobromoglucose 

and silver perchlorate, resulting in the formation of [~-gluco type glycosidic linkage. Further attempts at the 

glycosidation of the secologanin derivative 9 with tetrabenzylglucose trichloroacetoimidate 7 using many kinds of 

Lewis acids afforded the (x and [~ mixture of the CI"  position. This prompted us to develop a new glucosyl 

donor providing the o~-glucosidic linkage selectively. Generally, the protecting group on the 2-hydroxyl group of 

a glycosyl donor is necessary to he an ether-type to obtain the desired ¢x-gluco type glycosidic linkage, s We 

selected the t-butyldimethyisilyl (TBS) group as the protecting group on the C2 hydroxyl and the trichloroimidate 

as the leaving group at the C1 position in glucose. Preparation of a new glycosyl donor 149 is shown in Scheme 

2. 
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Reagents and Conditions: i; TBDPSCI, DMAP, DMF, rt 
(72%). ii; Ac20, Py, CH2CI 2 (83%). iii; ethylene glycol, 
Amberlite IR 120B (H+), Na2SO 4, CH3CN, 5°C (76%). iv; 
TBAF (5 eq), AcOH (5 eq), THF, 0°C (82%). 
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Reagents and Conditions: i; piperidine (3 eq), Et20 (25%). ii; TBSCI, imidazole, DMF, rt (97%). 
iii; AcOH, H20, acetone, A (85%). iv; CCI3CN, DBU, CH2CI 2 (84%). 
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Treatment of glucose pentaacetate 10 with piperidine gave [~-piperidinoglucoside 11. ~° Protection of the 

resulting free hydroxyl group at the C2 position with TBS chloride gave silyl ether 12. Hydrolysis of 

aminoacetal with acetic acid gave the corresponding hemiacetal 13 as a CI e p ~  mixture. Treatment of 13 

with trichloroacetonitrile and potassium carbonate ? gave the ¢ichloroacetoimidate 14 as a mixture of anomers 

((z:[~=2:1), but, when diazabicycloundecene (DBU)" was used as a base, the ct:[3 ratio was improved to be ca. 

20:1 (a:~3). 

Next, glycosidation of 9 using the newly-developed donor 14 was carried out in the presence of a Lewis acid. 

After several attempts, we found that trityl perchlorate m2 was an efficient activator for trichloroacetoimidate 14 in 

the glycosidation. The desired disacchadde 15 was obtained in 82% yield when the reaction was carried out in 

CH2CI2/Et20 (1:1). It is noteworthy that only tx-glucoside linkage was formed in this reaction, which was 

demonstrated by the appearance of a new anomeric proton (CI"-H) having a small J value with 3.6Hz (doublet, 

~i 4.78 ppm). The bulkiness of the TBS group would control the stereochemical course of the reaction. Thus, it 

is considered that the steric hindrance of the TBS group decreases the reactivity of the oxonium intermediate, 

resulting in the formation of the stable or-glycosidic linkage predominantly. Deprotection of the ethylene acetal 

and TBS group in 15 with aqueous acetic acid, followed by hydrolysis of the acetyl and methyl ester groups 

with potassium carbonate gave the acetal compounds 1 7 in 86% yield. 

Finally, the acetal compounds 17 were condensed with an excess of tryptamine in 10% aqueous acetic 

acid at room temperature to furnish compound 2 in 24% yield. ~ ~ The thus- obtained compound was completely 

identical with authentic natural hunterioside 2 in their FAB-mass, ]H- and ~3C-NMR, UV, and CD spectra. Now 

the complete structure of 2, including the absolute configuration has been established. 

9+  14 

Reagents and Conditions: i; TrCIO 4 (20mo1%), CH2CI 2/Et20 (I : 1) 
(82%). ii; AcOH/H20 (2:1), A (81%). iii; K2CO 3, MeOH (86%). iv; 
tryptamine, AcOH/H20 (9:1) (24%). 
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Scheme 3 

Acknowledgment 

This work was supported in part by The Tokyo Biochemical Research Foundation (to HT) and by a Grant-in-Aid 

(No. 08680627) for Scientific Research from the Ministry of Education, Science, Sports, and Culture, Japan. 

References and Notes  

1 Saxton, J. E. The Chemistry of Heterocyclic Compounds; Monoterpenoid lndole Alkaloids, John Wiley 



5042 

and Sons: Chichester, 1994, Vol. 25, part 4. 

2 (a) Ohmori, O; Kumazawa, K.; Hoshino, H.; Suzuki, T.; Morishima, Y.; Kohno, H.; Kitajima, ]VL; Sakai, 

S.; Takayama, H.; Aimi, N. Tetrahedron Left. 1998, 39, 7737-7740, (b) Ohmori, C~, Takayama, H.; 

Kitajima, M.; Aimi, N. in "Towards N~ural Medicine Research in the 21th Century" Ageta, H.; Aimi, N.; 

Ebizuka, Y.; Fujita, T.; Honda, G. (eds), Elsevier: Amsterdam, 1998, (c) Takayama, H.; Ohmori, O.; 

Subhadhirasakul, S.; Kitajima, M.; Aimi, N. Chem. Phann. Bull. 1997, 45, 1231-1233, (d) Patthy- 

Luka~, A.; Karolyhazy, L.; Szabo, L. F.; Podanyi, B. J. N~. Prod. 1997, 60, 69-75, and references 

cited therein, (e) Tits, M.; Brandt, V.; Wauters, J.-N.; Delaude, C.; Llabres, G.; Angenot, L. Planta Med. 

1996, 62, 73-74, (f) Achenbach, H.; Lottes, M.; Waibel, R.; Karikas, G. A.; Correa, M. D.; Gupta, M. P. 

Phytochem. 1995, 38, 1537-1545, (g)Nonato, M. G.; Truscott, R. J. W.; Carver, J. A.; Hemling, M. E.; 

Garson, M. J. PlantaMed. 1995, 61,278-279. 

3 Subhadhirasakul, S.; Aimi, N.; Takayama, H.; Ponglux, D.; Sakai, S. Chem. Phann. Bull. 1994, 42, 

991-993. 

4 Takayama, H.; Subhadhirasakul, S.; Ohmori, O; Ponglux, D.; Aimi, N. Heterocycles 1998, 47, 87-90. 

5 Itoh, A.; Tanahashi, T.; Nagakura, N. Phytochem. 1997, 46, 1225-1229. 

6 Tieze, L. F.; Henke, S.; Remberg, G. LiebigsAnn. Chem. 1986, 1413-1427. 

7 Schmidt, R. R.; Michel, J.; Roos, M. LiebigsAnn. Chem. 1984, 1343-1357. 

8 Toshima, K.; Tatsuta, K. Chem. Rev. 1993, 93, 1503-1531. 
9 Spectral data of 14 ((x-form); MS (FAB, NBA) m/z (%): 588 ([M+Na+2F, 0.5), 586 ([M+Na] +, 0.5), 564 

([M+H] +, 0.4), 488 (15), 403 (28), 283 (100), 197 (43); HRMS (FAB, NBA+NaCI): m/z 586.0810 caled 

for C20H3209NC13SiN& Found; 586.0801; ~H-NMR (400MHz, CDCI3) 5:8.67 (IH, s, NH), 6.38 (IH, d, 

J=3.6, H1), 3.99 (1H, dd, J=9.5, 3.7, H2), 5.43 (1H, dd, J=9.5, 9.5, H3), 5.09 (1H, dd, J=9.5, 9.5, 

H4), 4.20 (1H, ddd, J=10.5, 4.4, 2.0, H5), 4.09 (IH, d, J=12.4, 2.0, H6), 4.28 (IH, dd, J=12.4, 4.4, 

H6), 2.07 (3H, OAt), 2.04 (3H, OAc), 2.04 (3H, OAc), 0.82 (9H, tBu), 0.09 (3H, SiMe), 0.08 (3H, 

SiMe); ~3C-NMR (CDCI3) 5:170.58 (COCH3), 170.04 (COCH3), 169.75 (C(~H3), 161.26 (C=NH), 

98.35 (C1), 68.54 (C2), 71.43 (C3), 75.62 (C4), 72.08 (C5), 61.75 (C6), 25.57 (C(CH3)3), 21.06 

(COCH3), 20.69 (COCH3), 20.64 (COCH3), 17.84 (C(CH3)3), .4.51 (SiCH3), -4.51 (SiCH3); IR (CHCI~) 
v: 1750, 1230, 1040, 750 cm ~. 

l0 Hodge, J. E.; Rist, C. E. J. Am. Chem. Soc. 1952, 74, 1498-1500. 

11 (a) Bommer, R.; Kinzy, W. ; Schmidt, R. R. Liebigs Ann. Chem. 1991, 425-433, (b) Schmidt, R. R.; 

Michel, J.; Roos, M. Liebigs Ann. Chem. 1984, 1343-1357, (c) Schmidt, R. R; Michel, J. Tetrahedron 

Lett., 1984, 25, 821-824. 

12 Dauben Jr. H. J.; Honnen L. R.; Harmon K. M. J. Org. Chem. 1960, 25, 1442-1445. 
13 The C-3 epimer of 2 could not be obtained owing to the difficulty of the purification of the H3-[3 isomer 

from the mixture including the unreacted tryptamine. 


