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Abstract: The syntheses of 6-c- and 7-0-acyl derivatives of the indolizidine 
tanospermine, are described. These compounds are potent inhibitors of the 
deficiency virus (HIV) and are potential anti-AIDS agents. 

alkaloid cas- 
human immuno- 

Castanospermine [(lS,6S,7R,8R,8aR)-1,6,7,8-tetrahydroxyindolizidine] (l), an indolizi- 

dine alkaloid isolated from Castanospermum australel as well as Alexa leiopetala,* is a 

potent inhibitor of the glycoprotein trimming enzyme, glucosidase 1.’ Recent studies showed 

that 1 and deoxynojirimycin (2) reduced replication and infectivity of the human 

immunodeficiency virus (HIV)--the etiologic agent for Acquired Immune Deficiency Syndrome 

(AIDS) and AIDS-related complex (ARC).4 The potential usefulness of 1 and 2 in the clinic 

is limited, primarily due to their low potencies &I vitro4 and in V~VO.~ The anti-HIV 

activity of these glucosidase I inhibitors can, however, be improved significantly by 

increasing the lipophilicity of the compounds. Thus, N-butyldeoxynojirimycin (3)6 

(1) (2) (3) (44 R4342~2~2- 

and 6-g-butanoylcastanospermine (4a)’ were reported independently to be more efficacious 

than the parent compounds. Aerein, we report facile syntheses of 6-g- and 7-0-acyl - 
derivatives’ of castanospermine. 

The parent alkaloid, castanospermine (l), was isolated in kg quantities from the seeds 

of Castanospermum australe.a Since 1 contains four relatively similar secondary alcohols, 

the direct mono-acylation procedure (1.2 eq RCOCl/pyridine) of 1 afforded a complex reaction 

mixture with poor yield.9 However, we took advantage of our prior observation9 that 

dibenzoylation of 1 in pyridine (2.2 eq PhCOCWpyridine) provided 6,7-di-c-benzoylcastano- 

spermine hydrochloride (5)l” as the major product in 65-70X yield (Scheme I). Treatment of 

5 with excess 2-methoxypropene and a catalytic amount of e-TsOH*H,O in DHE at 55OC gave 6,7- 

di-0-benzoyl-l,8-O-isopropylidenylcastanospermine hydrochloride (6)l” in 82% yield. The 

benzoyl protecting groups in 6 were removed by reaction with sodium methoxide in methanol to 

provide 1,8-g-isopropylidenylcastanospermine (7)l” in 92% yield. Acylation of (7) vith 1.1 
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eq of the appropriate acid chloride in THP or CH,Cl, regiospecifically gave the 

Scheme I 

(7) (so): R-CH$H&H, ;4af ;-;;sCHaCHt 
(8b): R-F% : = 

Conditions: (a) 2.2 eq PhCOCl, pyridine, O”C+room temp, 3 days; (b) 2- 
methoxypropene, ~TsOH*H,O, DME, 55OC; (c) NaOCH,, CHsOH, room temp; 
(d) RCOCl, THF or CA,Cl,; (e) C,H,OH, HCl. 

6-c-acyl derivative (8a,l” R=CH,CH,CH,: 94%; 8b,1° R=Ph: 78%) which was conveniently 

deprotected by treatment with ethanolic HCl to provide the final product (4a,1° R=CH,CH,CH,: 

90%; 4b,1° R=Ph: 91%). 

In a similar approach, reaction of 5 with 1-methoxycyclohexene resulted in a 79% yield 

of crystalline ketal-diester 91° (Scheme II). Base (NaOH, aq THF) hydrolysis of 9 gave 

Scheme II 

(1Zo): l?=cn,cH,cy (l&R-CH,CH@I 

(Ub): R-Fh (1X+: R-F% 

Conditions: (a) l-methoxycyclohexene, CH,SO,H, DHE, reflux; (b) 1N NaOH, 
THF, room temp; (c) Cbz-Cl, DHAP (0.05 eq), CH,Cl,, room temp; (d) RCOCl, 
Et,N, CH,Cl,; (e) 10% Pd/C, Hz, EtOH, 18 h, followed by C,H,OH, HCl. 

1,8-g-cyclohexylidenylcastanospermine lOlo in 85% yield. The suitably protected 10 has also 

been acylated regiospecifically with butanoyl chloride to provide, after deprotection, 

compound 4a. Treatment of 10, however, with benzyl chloroformate and a catalytic amount of 

DMAP in CH,Cl, gave 6-O-carbobenzyloxy-l,8-O-cyclohexylidenylcastanospermine hydrochloride 

(11)lO in 92% yield. Acylation of 11 with butanoyl chloride or benzoyl chloride in CHrCl, 

containing Et,N (3 eq) gave the 7-c-acyl derivatives (12a,l” R=CH,CH,CH,: 73%; 12b,lO R=Ph: 

99%). Stepwise deprotection of 12 by catalytic hydrogenation (10% Pd/C, EtOH) and acid 
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hydrolysis (EtOH, HCl) gave 7-g-butanoyl- (13a)lO and 7-g-benzoylcastanospermine (13b)lO in 

71% and 83% yields,11 respectively. 

The compounds described here are currently undergoing biological evaluation and 

results will be reported in detail in a forthcoming paper. 
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analysis. 
5: m.p. 229-231oc. lH NUR (DMSO-d,) d 7.90 (m, 4H), 7.65 (m, 2H), 7.50 (t, 4H), 5.60 
(m, 2H), 4.55 (m, la), 4.25 (m, la), 3.90 (m, la), 3.75 (br s, lH, -OH), 3.55 (m, 2H), 
3.20 01, lH), 2.50 (br s, lH, -Olf), 2.00 (III, 1H). MS (CI, CH,) 398 (ME+). 
6: m.p. 235-236Y. lH NMR (DMSO-d,) 8 8.26 (d, 2H), 8.08 (d, 2H), 7.75 (m, 2H), 7.60 
(m, 4H), 5.48 (s, la), 5.30 (d, la), 4.70 (m, lH), 4.60 (m, IH), 3.6-4.2 (m, 4H), 2.1- 
2.6 (m, 3H), 1.37 (s, 3H), 1.34 (s, 38). MS (CI, CH,) 438 (MH+). 
7: foamy solid. 'H NHR (CDCl,) 6 4.52 (m, lH, H,), 3.75 (m, IH, FIG), 3.64 (t, 
J=lO.D Hz, lH, Ha), 3.48 (dd, J=8.3, 10.0 Hz, 18, H,), 3.20 (dd, lH), 3.00 (m, 2H), 
2.80 (m, 2H), 2.25 (m, lH), 1.90 (III, lH), 1.41 (s, 3H), 1.39 (s, 3~). 13~ NMR (cDc~,) 
6 101.06, 76.52, 71.08, 68.48, 66.10, 62.76, 51.86, 48.96, 32.54, 27.69, 24.83. MS 
(CI, CH,) 230 (MH+). 
8a: m.p. 103-105°C. 'H NMR (CDCl,) d 4.98 (m, IH, Hs), 4.54 (m, 18, H,), 3.70 (m, 2H, 
If, and H,), 3.30 (dd, lH), 3.05 (m, 2H), 2.7-2.9 (m, 3H), 2.35 (m, 2H), 2.22 (m, lH), 
1.90 (m, lH), 1.66 (m, 2H), 1.42 (s, 3H), 1.39 (s, 3H), 0.96 (t, 3H). 
300 (MH+). 

MS (CI, CH,) 

8b: m.p. 183-184Y. 'H NMR (CDCl,) & 8.05 (m, 2H), 7.55 (m, IA), 7.43 (m, 2H), 5.22 
(m, lH, H,), 4.55 (m, 18, H,), 3.85 (t, J=7.9 Hz, 18, H,), 3.80 (t, J=IO.O Hz, IH, H,), 
3.40 (dd, lH), 3.10 (m, 
1.38 (s, 38). 

2H), 2.7-3.0 (m, 3H), 2.25 (m, IH), 1.95 (m, IH), 1.42 (s, 3H), 
MS (BI) 333 (M?). 

4a: m.p. 113-114°C; *ECl: m.p. 227-228OC. 'H NMR (CD,OD) IS 5.00 (m, 18, Hs), 4.58 (IO, 
lH, H,), 3.85 (t, J=lO.O Hz, lH, Ha), 3.7-3.8 (m, 2H), 3.65 (t, J=9.4 Hz, 18, H,), 3.0- 
3.3 (m, 3H), 2.3-2.5 (m, 3H), 2.06 (m, IA), 1.65 (m, 2H), 0.95 (t, 3H). MS (CI, CH,) 
260 (NH+). 
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4b: m.p. 233-236OC. IH NNR (DNSO-d,/D,O) 8 8.00 (d, PH), 7.66 (t, lH), 7.55 (t, PH), 
4.85 (m, IH, H,), 4.17 (m, 18, Ii,), 3.55 (t, J=9.2 HZ, IS, Ii,), 3.45 (t, J19.1 Hz, IH, 
H,), 3.20 (9, IH), 3.0 (m, la), 1.5-2.2 (m, 58). MS (CI, CE,) 294 (MFi+). 
9: m.p. 157-160°C. ‘H NNR (CDCl,) 8 7.97 (m, 4H), 7.49 (m, 2H), 7.35 (t, 4H), 5.55 (t, 
J=9.6 Es, 18, H,), 5.44 (m, 18, II,), 4.59 (t, J=7.0 He, IH, Hi), 4.08 (t, J=10.3 HE, 
18, H,), 3.53 (dd, IH), 3.24 (m, 2H), 3.05 (m, SH), 2.28 (m, IH), 2.02 (m, la), 1.70 
(m, 2H), 1.20-1.66 (m, 8H). MS (LI) 477 (M?). 
10: m.p. 135-136°C. lH NMR (CDCl,) 8 4.49 (t, 3~7.8 He, 18, HI), 3.82 (m, lli, Hs), 
3.66 (t, J=lO.O Es, IH, II,), 3.51 (dd, J=8.2, 10.0 Hz, 18, E,), 3.22 (dd, lH), 3.03 (m, 
2H), 2.82 (m, PH), 2.21 (m, la), 1.93 (dd, lH), 1.25-1.82 (m, 108). MS @I) 269 (N?). 
11: m.p. 132-135°C. ‘II NMR (CDCl,) 1 7.38 (m, 5H), 5.2 (s, PH), 4.8 (m, 18, H,), 4.50 
(m, IH, HI), 3.7 (m, 2H, H, and H,), 3.36 (m, IH), 3.0 (m, 2E), 2.80 (m, 2H), 2.10 (m, 
2H), 1.27-1.79 (m, IOH). MS (EI) 403 (Mt). 
128: oil. lE NMR (CDCI,) 8 7.33 (s, 5H), 
Hs), 4.50 (t, J=6.8 Hz, 18, A,), 3.78 (t, 

5.10 (m, 3H, H, and -CH,-Ph), 4.94 (m, IH, 
J=10.4 Hz, IH, H,), 3.31 (dd, IH), 2.95 (m, 

4H), 2.20 (m, 3H), 1.91 (dd, lH), 1.28-1.69 (m, 12H), 0.89 (t, J=7.8 Hz, 3H). MS (BI) 
473 (W). 
12b: oil. lH NMR (CD(&) 6 8.02 (d, 2H), 7.22-7.59 (m, 8H), 5.33 (dd, J=8.7, 10.4 Hz, 
lH, H,), 5.12 (m, IH, IIs), 5.05 (8, 2H), 4.55 (m, 18, II,), 3.96 (t, J=10.4 Hz, 18, HB), 
3.39 (dd, IH), 3.19 (m, IH), 3.05 (m, 2H), 2.88 (m, IH), 2.25 (m, IH), 1.98 (m, IH), 
1.19-1.86 (m, 1OH). MS (BI) 507 (Mt). 
13a: m.p. 193-194T. ‘H NMR (DMSO-d,) 8 4.90 (d, IH, OH), 4.68 (d, IH, OH), 4.60 (t, 
J=9.3 Hz, IH, &I, 4.30 (d, III, OH), 4.10 (m, lH, HI), 3.4-3.6 (m, 28, H, and H,), 2.95 
(m, 2H), 2.30 (t, 2H), 1.5-2.2 (m, 7H), 0.90 (t, 3H). MS (CI, CH,) 260 (MH+). 
13b: m.p. 200-202DC. ‘H NMR (CD,OD) S 8.1 (d, 2H), 7.50 (m, 3H), 5.05 (t, J=9.7 Hz, 
IH, H,), 4.35 (m, IH, H,), 3.8-4.0 (m, 28, II, and He), 3.20 (m, 2H), 1.7-2.4 (m, 5H). 
MS (III) 293 (M?). 

11. Both compounds were obtained as pure regioisomers after acid-catalyzed deprotectlon. 
The yield of 138 was reduced substantially upon 
since the compound Is water soluble. 

workup with aqueous NaHCO, solution 
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