
B1OORGANIC & 
MEDICINAL CHEMISTRY 

LETTERS 
Bioorganic & Medicinal Chemistry Letters 9 (1999) 1521 - 1526 

Pergamon 

I S O L A T I O N  A N D  S Y N T H E S I S  O F  A N O V E L  I M M U N O S U P P R E S S I V E  17or- 

S U B S T I T U T E D  D A M M A R A N E  F R O M  T H E  F L O U R  O F  T H E  P A L M Y R A H  P A L M  

(Borassus flabellifer) 

L.Rdv6sz* ~, P.Hiestand, L.La Vecchia, R.Naef, H.-U.Naegeli, L.Oberer and H.-J.Roth 
Novartis Pharma AG, Arthritis and Bone Research, CH-4002, Switzerland 

Received 24 February 1999; accepted 19 April 1999 

Abstract: The novel triterpene 1 with a dammarane skeleton and a hitherto unknown 17ct-substitution pattern 
has been isolated from the Palmyrah palm in low yield and prepared by synthesis in larger quantities. 1 was 
shown to be an extremely potent immunosuppressant in vitro (MLR; IC5c~=10 ng/ml) and in vivo (DTH; 
ED~0=0.01 mg/kg p.o.). A glucocorticoid like activity is excluded. © 1999 Elsevier Science Ltd. All rights reserved. 

Introduction 

The Palmyrah palm is widely distributed in tropical regions of the Asian continent. In Sri Lanka the outer 

portion of the young shoot is boiled, dried and milled to provide an edible flour. It has been reported 13 that the 

flour induces immunosuppression; in the northern province of Sri Lanka, where the flour is eaten extensively, 

the incidence of  human malignant tumors is 3-4 times higher than in the rest of the country 4. In the course of 

our continuing interest in the discovery of immunosuppressive agents, we isolated the novel triterpene 1 

[(17ct)-23-(E)-dammara-20,23-diene-313,25-diol] from this flour and report here on its structure elucidation, 

synthesis and immunosuppressive properties. 
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Isolation and structure elucidation 

The isolation process of 1 was bioassayed by MLR (Murine Mixed Lymphocyte Reaction 5) and consisted of 

extracting 5 x 10 kg of Palmyrah palm (Borassusflabellifer) flour with ethyl acetate, repartitioning 
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the evaporated extract between 90% aqueous methanol and hexane, followed by purifying the lower 

phase by several chromatographic steps 6. The analysis of the resulting white amorphous powder obtained in 

low yield (0.5 mg / 50 kg) by ~H-NMR, ~3C-NMR and FABHRMS revealed 1 to be a tetracyclic triterpene 7, 

which belonged to the class of dammaranes. The latter are found in many plants, e.g. the Ginseng roots and 

commonly bear a 17[3-substituent. Dammaranes with an c~-substituent in position 17 are new, 1 being the 

first representative. The structural proof for the 17ct-configuration of the side chain in 1 is based on NOEs 

from a 2D ROESY spectrum, where a crucial NOE is observed between H-C(21) and H-C(30). ~C-NMR shift 

differences between 1 and its 1713-epimer 11 are in agreement with the expected values 7'15 and finally, 

synthesis of 1 and 11 confirms the structural assignments. 

Synthes i s  

The low yield of the isolation process and the potent immunosuppressive properties of 1 called for a synthesis, 

which was realized by employing the 1713-substituted dammarane 28 as crucial intermediate. The synthesis of 

2 (Figure 1) started from commercially available 3 (the major constituent of Dammar Resin, Fluka). In a first 

Figure I 
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a) NaBH 4, iPrOH, r.t. 3.5h, 24%, based on weight of Dammar Resin. b) Pd/C, EtOH, H 2, 3h, 95%. 
c) DMSO, 190°C, 3h, 38%. d) CH2CI 2, MeOH, 03 , Ph3P, 50% for2; 12% for5 after chromatography. 

step, Dammar Resin was reduced by NaBH 4 to the equatorial 3-OH derivative of 3. The double bond 
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between C-24 and C-25 was hydrogenated next in order to avoid complications in the ozonolysis to follow. 

The tertiary alcohol of the resulting saturated diol was dehydrated by heating in DMSO to deliver 4 as a 

mixture of olefins. This mixture underwent ozonolysis and rendered ketones 5 and 2 in a ratio of 4:1, which 

was separated by chromatography. The overall yield from Dammar Resin was 4.3 %. 

The conversion of 2 into its 17a-epimer 7 required a three-step sequence: 2 was first protected as the 3- 

tert.butyl-diphenylsilyl ether 2a, then refluxed with acetic anhydride to yield the enolacetate 6, which upon 

reaction with MeLi and protonation with methyl salicylate generated the 17c~-ketone 7 in respectable yield. 

The ratio of 7 and 2a was 9:1; the c~-ketone 7 could easily be separated from the 13-ketone 2a by silica gel 

chromatography. Vinyl triflate 89 was obtained by deprotonating 7 with KN(SiMe3) 2 followed by reacting 

with PhNTf2 I°. Since direct coupling of vinyltriflate 8 and vinyl epoxide 1011 under PdC12(CH3CN)2 mediated 

catalysis gave no useful products, vinyltriflate 8 was converted into vinylstannane 912 by reacting with 

(Bu~Sn)2CuCNLi213. The Stille II conditions were successfully applied for the coupling of vinylstannane 9 

and vinyl epoxide 10 and delivered the desired target 1 after silyl ether cleavage (Figure 2). 

Figure  2 
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a) tBuPh2SiCI, imidazole, CH3CN, 60°C, 12h, 87% of 2a. b) pTsOH, Ac20, rf, 7.5h, 72%. c) i: Et20, 
MeLi, 0°C, 30min. ii: -78°C, add methyl salicylate, 40min., 47%. d) KN(SiMe3) 2, PhNTf,, -78°C to 
0°C, THF, 67%. e) (Bu3Sn)2CuCNLi2, THF, -78°C, 63%. f) 10, Pd(CH3CN)2CI2, DMF, THF, 12h, 
r.t., 90%. g) Bu4NF, THF, 60°C, 1.5h, 92%. R: tBuPh2Si-, rf: reflux, r.t.: room temperature. 

The 17[~-epimer 11 of  1 was readily prepared from a-ketone 7 (Figure 3) via the Shapiro reactionU: the 

triisopropylbenzenesulfonyl hydrazone derivative of 7 - which under the acidic reaction conditions of the 
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hydrazone formation underwent epimerization to the 17!3-isomer - was deprotonated with n-BuLi to generate 

the vinyl lithium species and coupled under Cu-catalysis with vinyl epoxide 10 to provide 11 ]5 in good 

yield. 

Figure 3 
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a) 2,4,6-triisopropylbenzenesulfonyl hydrazide, CH3CN, HClaq. , r.t., 30min., 94%. 
b) i: Et20, n-BuLi,-78°C, then-20°C, ii:-78°C, add CuCN, 10, then -20°C, 2h. 
c) THF, BunNF, 50°C, 12h, 37% over 2 steps. R: tBuPhzSi- 

Biological Evaluation 

In vitro and in vivo immunosuppressive activities of the 17c~-substituted 1 were compared to the 

1713-substituted 11 and Cyclosporin A (Table 1). In the serum-free MLR 5, 1 showed an ICso of 10-40 ng/ml 

and was almost equipotent with Cyclosporin A, whereas the 17J3-epimer 11 was significantly weaker. No 

cytotoxicities in the P-815 mastocytoma and the Jurkat cell line were observed ]6. 1 showed potent activity in 

the delayed type hypersensitivity (DTH) model induced by SRBC-T H cells 17 in the mouse with an EDs0=0.01 

mg/kg p.o. Cyclosporin A and the 17[3-epimer 11 were considerably weaker in this assay. Pharmacokinetic 

studies demonstrated a good oral bioavailability of 1 with a half life of 5 h (data not shown). A glucocorticoid 

like activity could be excluded, since 1 was inactive in the BPNOD [8 -induced oedema in the rat. Chronic 

activity and the mechanism of action of this highly interesting new compound are currently under 

investigation. 

Table 1 

MLRa); IC~ o (ng/ml) DTHb); EDso (mg/kg p.o.) 
1 10 0.04 

11 800 10 
Cyclosporin A 4 45 

a) Serum-free Mixed Lymphocyte Reaction 5 

b) Delayed type hypersensitivity model in the mouse j7 
p.o.: oral administration 
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