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Synthesis and structure of diastereomers of pentenocin B produced
by Trichoderma hamatum FO-6903
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Abstract—All diastereomers of pentenocin B, an inhibitor of interleukin-1b converting enzyme produced by Trichoderma hamatum
FO-6903, were synthesized in chiral forms starting from LL-threonine. Absolute configurations of natural pentenocin B were clarified
to be 4S, 5R, and 6R.
� 2004 Elsevier Ltd. All rights reserved.
Pentenocin B, a weak inhibitor of interleukin-1b con-
verting enzyme, was isolated from the cultured broth of
Trichoderma hamatum FO-6903.1 The fundamental
structure was determined by spectroscopic analysis,
however, the relative and absolute stereochemistry of
three asymmetric centers was not known. Here, we
describe the synthesis of all possible diastereomers of
pentenocin B (1, 2, 3, and 4) starting from LL-threonine.
The result of the synthesis confirmed absolute configu-
rations of natural pentenocin B to be 4S, 5R, and 6R as
shown in 52 (Fig. 1).

The key step of the synthesis is the 1,5 C–H insertion
reaction of alkylidenecarbene generated from ketone to
construct the chiral quaternary center.3 Triol 1 and 2
were our first targets, because (4S)-trans-2,2,5-trimethyl-
4-(methoxycarbonyl)-1,3-dioxolane (6) is readily pre-
pared in a chiral form from LL-threonine.4
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Reduction of methyl ester 6 with DIBAL followed by
Wittig reaction gave an a,b-unsaturated ketone, which
was hydrogenated to saturated ketone 7. Generation
of alkylidenecarbene using lithiotrimethylsilyldiazo-
methane5 afforded cyclopentene 8 in moderate yield via
C–H insertion reaction. Epoxidation of 8 with m-CPBA
provided a separable 3:2 mixture of epoxides 9 and 10.
The stereochemistry of 10 was deduced based on the
correlation between C-7 methyl protons and C-5 proton
of 10 in its NOESY spectra6 (Scheme 1).

Treatment of epoxide 9 with diethylaluminum 2,2,6,6-
tetramethylpiperidide7 at 0 �C cleanly furnished an
allylic alcohol that was protected as TBS ether 11. When
the other basic reagents like LDA-t-BuOK8 were used in
this transformation, the double bond regioisomer was
produced in some amount. Cleavage of the double bond
of 11 followed by oxidation of TBS enol ether of 12 with
palladium acetate9 gave a,b-unsaturated ketone 13.
Deprotection with trifluoroacetic acid cleanly delivered
the final compound 1 although in low yield. The 1H
NMR spectra of 110 were quite different from those of
the natural product.

Epoxide 10, a possible intermediate for triol 2, could not
be cleaved to the allylic alcohol under various condi-
tions. All attempts to epimerize the allylic alcohol
obtained from 9 were also unsuccessful. Therefore,
acetoxymethyl group substituted cyclopentene 15
(Scheme 2) was prepared from ketone 14, which in turn
was derived from 6 using a different Wittig reagent.11

Dihydroxylation of 15 fortunately gave diol 16 as a
sole product with the desired stereochemistry that was
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Scheme 1. Reagents and conditions: (a) DIBAL, CH2Cl2, )78 �C; (b)
Ph3P@CHCOCH3, benzene, 60 �C (72% in two steps); (c) H2, PtO2,

EtOAc (81%); (d) TMSCHN2, BuLi, THF, )78�0 �C (42%); (e)

m-CPBA, NaHCO3, CH2Cl2, rt (77%); (f) LiTMP, Et2AlCl, toluene

0 �C (90%); (g) TBSOTf, Et3N, CH2Cl2, rt (96%); (h) OsO4, NMO,

THF–H2O, rt (100%); (i) NaIO4, THF–H2O, rt (96%); (j) TBSOTf,

Et3N, CH2Cl2, rt (98%); (k) Pd(OAc)2, CH3CN, rt (57%); (l)

CF3COOH, rt (10%).

Scheme 3. Reagents and conditions: (a) DIBAL, CH2Cl2, )78 �C; (b)
Ph3P@CHCOCH3, benzene, 60 �C (84% in two steps); (c) H2, Pd/C,

EtOAc (86%); (d) TMSCHN2, BuLi, THF, )78�0 �C (70%); (e)

m-CPBA, NaHCO3, CH2Cl2, rt (76%); (f) LiTMP, Et2AlCl, toluene,

0 �C (79%, 67%); (g) TBSOTf, Et3N, CH2Cl2, rt (94%, 95%); (h) OsO4,

NMO, THF–H2O, rt; (i) NaIO4, THF–H2O, rt (each 88% in two

steps); (j) TBSOTf, Et3N, CH2Cl2, rt (91%, 100%); (k) Pd(OAc)2,

CH3CN, rt (49%, 93%); (l) CF3COOH, 0 �C (27%, 54%).
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disclosed at a later stage. Treatment of 16 with TBSOTf
and triethylamine afforded an inseparable mixture of
mono-silylated minor product 17 and major product 18.
Scheme 2. Reagents and conditions: (a) DIBAL, CH2Cl2, )78 �C; (b)
Ph3P@CHCOCH2Ac, benzene, 60 �C (71% in two steps); (c) H2, Pd/C,

EtOAc (92%); (d) TMSCHN2, BuLi, THF, )78�0 �C (33%); (e) OsO4,

NMO, THF–H2O, rt (52%); (f) TBSOTf, Et3N, CH2Cl2, 0 �C (81%);

(g) DIBAL, CH2Cl2, )78 �C (58%); (h) NaIO4, THF–H2O, rt (27%); (i)

TBSOTf, Et3N, CH2Cl2, rt (99%); (j) Pd(OAc)2, CH3CN, rt (66%); (k)

CF3COOH, rt (55%).
Deacetylation under basic conditions induced the TBS
group transfer to the primary alcohol. Reductive
deacetylation with DIBAL and immediate glycol scis-
sion gave the desired product 19 from 17 and the
unreacted diol from 18. Stereochemistry of 16 was now
distinct because 1H NMR spectra of 19 were different
from 12. Conversion of ketone 19 to triol 2 was achieved
in three steps in a similar manner as the synthesis of triol
1. 1H NMR spectra of 210 were also different from those
of the natural product.

Synthesis of 3 and 4 was started from (4S)-cis-2,2,5-
trimethyl-4-(methoxycarbonyl)-1,3-dioxolane (20) that
was practically available from LL-threonine by Ibuka�s
method.12 Ester 20 was transformed to epoxides 21 and
22 in a similar way as the synthesis of 1. Stereochemistry
of epoxide 22 (mp 52–56 �C) was confirmed by X-ray
structure analysis13 (Scheme 3).

Both epoxides could be cleaved to allylic alcohols and
were converted into triols 310 and 410 similarly to the
synthesis of 1. Spectral properties of 4 were identical
with those of the natural product, and the sign of optical
rotation (½a�D )58� (c 0.40, H2O)) was opposite to that
of the natural product (½a�D +76� (c 1.0, H2O)).14 Thus,
natural pentenocin B is the enantiomer of 4. Namely,
absolute configurations of natural pentenocin B are 4S,
5R, 6R, as shown in 5.
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