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Abstract: (-)-Reiswigin A (1), a novel anti-viral diterpene, has been synthesized in a highly stercoselective
manner utilizing a sequential Claisen rearrangement - intramolecular ester enolate alkylation strategy.

(-)-Reiswigin A (1), recently isolated by Koehn and coworkers from a deepwater marine organism
Epipolasis reiswigi collected by a submersible at 330 m, shows potent in vitro activity against Herpes simplex
type I virus and murine A59 hepatitis virus.] The relative and absolute stereochemistry of (-)-reiswigin A was
firmly established by an elegant synthesis by Snider and Yang.2 Described herein is an asymmetric synthesis
of (-)-reiswigin A (1) featuring a sequential Claisen rearrangement3 {5 ->7 & 8 -> 10] and our ‘allylic strain-
controlled’# and ‘folding strain-controlled’3 intramolecular ester enolate alkylation strategy [11 -> 13] as key

steps as summarized in Scheme L
Scheme I
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vii - ix

Reagents: i) n-BuLi (1.1 eq), THF, HMPA (1 eq), -78 °C, 3h, rt, 1h (62%); ii) anhydrous K2CO3 (2 eq), MeOH, 40 °C, Sh (95%);
iii) CH3C(OEt)3, CH3CHCO3H (cat), 120 °C, 4h (93%); iv) Li (8 eq), NH3 : THF : EtOH (3: 1: 1), -78 °C, 30 min (92%); v)
TBSCI (1. eq), imidazole (1.5 eq), DMF, 0 °C, 2h, rt, 5h (95%); vi) CH3CH2C(OEL)3, phenol (cat.), 130 °C, 3h (92%); vii) Hp
(60 psi), P1O7 (0.1 eq), EIOH, TEA, t, 3h (87%); viii) TBAF (2 eq), THF, 11, 2h (92%); ix) TsCl (1.5 eq), pyridine (2 eq), CHCl3,
1t, 18h (96%); x) KHMDS (5 eq), THF, -78 °C, 2h to 40 °C, 3h (92%); xi) (MeO),POCH;Li, (15 eq), THF, -78 °C, 2h, 20 °C, 1h
(90%); xii) c-HCl (cat.), MeOH, 60 °C, 1h (100%); xiii)y PCC (2 eq), CHaClp, 1t, 3h (92%); xiv) DBU (4 eq), CH3CN, rt, 24h
(85%).

The preparation of the requisite chiron aldehyde 2 was accomplished in five steps in 48% overall yield

from readily available known D-xylose-derived carbohydrate precursor 156 by well-established chemistry as

outlined in Scheme I1.7
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Reagents: i) 1% I; in MeOH, 60 °C , 1.5h (92%); ii) BzCl (1.5 eq), TEA (3 eq), CH2Clp, 1, 10h (95%); iii) EtSH (4 eq), BF3
OEt; (2 eq), CH2Cl?, -20 °C, 3h (87%); iv) MOMCI (1.5 eq), Hunig’s base (2 eq), CH2Cl2, 0°C, lhtort, 15h (92%); v) I2 (3
eq), NaHCO3 (6 eq), acetone : H20 (15: 1), -20 °C, 1h (68%).

Wittig reagent 3 was synthesized starting from optically active bromide 16 via Stork's protected
cyanohydrin alkylation technology8 in eight operationally simple steps in 35% overall yield as illustrated in
Scheme IIL It is worthwhile to mention that attempts at forming the phosphonium salt from the dioxolane

ketal derivative of ketone 17 were unsuccessful.?
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Reagents: i) EEO(CN)CHCH,CH(CH3z)2 (1 eq), LDA (1.1 eq), HMPA (1 eq), THF, -78 °C, 2h to rt, 3h (85%); ii) TBAF (1.2 eq),
THF, rt, 1h (85%); iii) TsCl (1.5 eq), pyridine (2 eq), CHCI3, rt, 8h; iv) Nal, MEK, 80 °C, 3h (60% for 3 steps); v) 5% HSO4:
MeOH (1 : 5), it, 30 min; vi) 0.5-N NaOH, ether, 10 min (95% for 2 steps); vii) Ph3P (1.2 eq), toluene, 110 °C, 10h (88%); viii)
HOCHCH20H (2 eq), PTSA, benzene, 80 °C, 48h (82%).

Stereoselective Wittig reaction between aldehyde 2 and phosphonium salt 3 followed by saponification
of the benzoate group of the resulting (Z)-olefin 4 produced the first Claisen rearrangement substrate 5 in 59%
yield for the two steps. Upon heating with triethyl orthoacetate in the presence of catalytic amount of

propionic acid, allylic alcohol 10 underwent a smooth Johnson orthoester Claisen rearrangement19 to afford ¥,

d-unsaturated ester 7, presumably via a chair-like transition state geometry 6 in 93% yield. Reduction of the

ester function with concurrent removal of the benzyl protecting group of compound 7 by treatment with lithium
and ammonia, followed by selective mono-silylation of the primary hydroxy! group of the resulting diol 8a
furnished the second Claisen substrate 8b in 87% overall yield for the two steps. Subjection of allylic alcohol
8b to the sequential Claisen rearangement afforded ester 10, probably through a six-membered transition state

9in 92% yield.7 Thus, the correct configuration at both C 8 and 7 of (-)-reiswigin A was firmly established by
consecutive 1,3-chirality transfer processes. Catalytic hydrogenation of olefin 10 with PtO2 in the presence of
triethylamine, removal of TBS group with TBAF and tosylation produced key internal alkylation substrate 11
in 80% overall yield. Our ‘allylic strain-controlled’ and ‘folding strain-controlled’ intramolecular ester enolate
alkylation of 11 with KHMDS in THF at -78 to -40 °C for five hours produced the desired
cyclopentanecarboxylate 13 in 92% yield with excellent stereoselectivity,” probably through the preferred 'H-
eclipsed ' transition state geometry 12.4 Cyclization product 13 was converted to (-)-reiswigin A (1) in four
steps using an internal Horner-Wadsworth-Emmons reactionl! as a key strategy. Thus, treatment of ester 13
with the lithium anion derived from dimethyl methylphosphonate!2 and simultaneous removal of both MOM

and ketal protecting groups of the resulting keto phosphonate under acidic conditions, followed by PCC
oxidation, afforded an internal Horner-Emmons substrate 14 in 83% overall yield for the three steps. Finally,
ketophosphonate 2 underwent a smooth intramolecular olefination upon treatment with DBU to give an 85%

yield of the desired (-)-reiswigin A ( 1) ([a]20p = -10.3°, ¢ = 0.6, CDCI3 (lit.l [a]20p =-10°, ¢ = 0.1, CDCl3)),
whose spectral data was identical to those kindly provided by Drs. Snider and Koehn.13

In summary, an enantioselective synthesis of (-)-reiswigin A (1) has been accomplished with a very high
stereochemical control via a sequential Claisen-IEEA route in 14 steps from carbohydrate-based chiral

precursor 2.14 Efforts are being made to apply this strategy to asymmetric syntheses of structurally related

biologically active cyclopentanoid natural products such as ceroplastol I115 and albolic acid!6.
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due course.

Rios, T.; Quijano, L. Tetrahedron Lett. 1969, 1371,
Rios, T.; Gomez, F. Tetrahedron Lett. 1969, 2929.

(Received in Japan 27 May 1994)



