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STUDIES ON THE ASYMMETRIC TOTAL SYNTHESIS OF
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THE C-RING FRAGMENT
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Summary: A stereoselective construction of the C-ring fragment of trichothecenes from

readily available U4-cumyloxy-2-cyclopentenol in 12 steps (24% overall yield) is described.

We have recently described an asymmetric synthesis based on the reaction of enones with
chiral sulfinylallyl anions.1 The utilization of this Michael-type addition reaction in the
asymmetric synthesis of trichothecene mycotoxins2 is being developed. In this communication
we describe a stereoselective construction of the C-ring fragment (1)3,14 of trichothecenes
from the readily available 4~cumyloxy-2-cyclopenten-1-0l (g).5

Oxidation of alcohol 2 with 1.5 equiv. of pyridinium chlor'ocl'ur*omate6 and 34 molecular
sieves in CH2C12 at r.t. for 1 h provided enone 3 in 95% yield. Treatment of enone 3 with 1.1
3Li in THF (40 mL/g of 3) at ~30°C for 1 h gave alcohol 57 in 86% yield and isomer

§8 in 6% yield. 1In this 1,2~addition reaction, methyllithium attacks the carbonyl group

equiv. of CH

predominantly from the side trans to the cumyloxyl group. Epoxidation of 4 with 1.1 equiv. of

m-chloroperbenzoic acid (MCPBA) in CH2C12 at r.t. for 20 h produced epoxide §,9 isolated in

85% yield after column chromatographic separation. The peracid apparently approaches the
double bond from the side trans to the cumyloxyl group despite the proximity of the allylic
hydroxyl. The stereochemistry of 6 is supported by the selective hydrolysis of the C-2

benzoate group of 11 to alcohol 12 and the formation of 16 from 12 (vide infra). Hydrolysis
of the cumyloxyl group and regioselective epoxide opening with 1.5 equiv. of Tl(ON02)3~3HZO10
in CH2C12 (20 mL/g) at r.t. for 2.5 h provided the nitrate triol ('1).11 Benzoylation of T

with 2.5 equiv. of benzoyl cyanide and 5 equiv. of EtsN in CH3CN at r.t. for 2 h furnished

dibenzoate 8 in 60% overall yield from epoxide 6. During the study of this oxirane-ring
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cleavage reaction, we found that § could be treated with 2 equiv. of TiClu in AcOH - H20
(50:1; 50 mL/g) at r.t. for 20 min to give chloride 212 in 85% yield.13 The regio-
selective attack at C-3 of 5 by chloride ion was proven by using the 11—1 NMR decoupling
experiments on 9 and its C-2, C-}4 diacetate derivative. Similarly, the stereochemistry of T
was established by the decoupling experiment on it and its derivatives (i.e., 8, 10 ~ 11). It
is assumed that hydrolysis of the cumyl group was followed by oxirane-ring cleavage.
Silylether 1_1” was obtained from 8 by the two-step sequence: (i) reduction with Zn—AcOH at
r.t. for 1 h; ‘92% yield and (ii) silylation with 1.2 equiv. of t—BuMeZSiCl, 2 equiv. of
imidazole and 0.2 equiv. of p-dimethylaminopyridine (DMAP) in CH,CL, at r.t. for 6 h; 98%
yield. Selective debenzoylation of 1_1 (i.e., C-2 benzoate) with 0.15 equiv. of K2003 in Me?l;l
(10 mL/g) at 0°C for 12 h provided 85% yield of 12. Transformation of diol 12 to enone 1

was accomplished by the sequence: (i) silylation with 1.5 equiv. of t—BuMeZSiC1, 2.0 equiv.
of imidazole and 0.3 equiv. of- DMAP in CH,Cl, at r.t. for 15 h; 90% yield, (ii) debenzoylation

2772
with 1 equiv. of K2C03 in MeOH at r.t.; 98% yield, (iii) oxidation of C-U4 hydroxy group with
pyridinium chlorochromate in CH,Cl, at r.t. for 4 h; 90% yield and (iv) dehydration with 1.5

2772
equiv. of methanesulfonyl chloride and 3.0 equiv. of Et3N in ether at 0°C; 95% yield.

The stereochemistry at C-3 and C-4 of nitrate 7 was proven by converting intermediate 12

to cyclic carbonate 16 by the sequence: (i) carbamoylation of 12 with PhN=C=0 and DMAP in
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pyridine at 60°C for 10 h; (ii) debenzoylation with K2C03 in MeOH at r.t. and (iii)

desilylation with HF in CH3CN : H20 at r.t. followed by methyl chloroformate - Et3N.

Finally disilylether 1 was deprotected to Ezgggfu,5—dihydroxy—3~methyl—2—cyclopentenone
(11), the acid hydrolyzed cleavage product Zi of moenomycin,16 by treatment with E'BuuNF in
THF at r.t. in 90% yield. The above synthesis provides a general route for the
stereoselective construction of highly oxygenated cyclopentanes.
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