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ABSTRACT

71%

The total synthesis of pseudo 2-epibotcinolide (1b) through several featured synthetic approaches has been attained. First, the chiral linear
precursors of the nine-membered ring compound is stereoselectively constructed by the asymmetric aldol reaction for producing p-hydroxy
ester units. Second, the key cyclization reaction to form the nine-membered lactone moiety is efficiently achieved by the extremely facile and

powerful mixed-anhydride method promoted by 2-methyl-6-nitrobenzoic anhydride (MNBA) with basic promoters.

Botcinolide was first isolated from a strain of the fungus
Botrytic cinerea(UK185RRC) by Cutler et ain 1993 and

pseudo2-epimeric isomer, 2-epibotcinolide, was also ex- y 9
tracted from the plant pathog@uotrytic cinerea(UCA992) HO.

= OH
by Collado et alin 19962 Other isomeric and homologous HOL A oM
compounds were also prepared from a similar furigasd L3> Hom’ o
it was revealed that botcinolide and its relatives have a ©

O HO
significant biological activity that inhibits the growth of

several plants at low concentrations. Revised Structure of

. X i Assumed Structure of Botcinolide (2a)

Although the structures of botcinolidéd) and 2-epibot- Botcinolide (1a) [Botcinic acid]
cinolide (Lb) had been theorized to possess peculiar saturated

nine-membered rings on the basis of a NMR analysis 7 J ~HO

including enhanced NOE techniques (Figure 1), the revised ™
forms of botcinolide 2a) and 2-epibotcinolide 2b) were
recently proposed on the basis of a reinvestigation of the o
structure by Nakajima’'s group.

Revised Structure of
Assumed Structure of 2-Epibotcinoclide (2b)
2-Epibotcinolide (1b) [Botcinin E]

(2) (a) Cutler, H. G.; Jacyno, J. M.; Harwood, J. S.; Dulik, D.; Goodrich,
P. D.; Roberts, R. GBiosci. Biotechnol. Biocheni993,57, 1980—1982.
(b) Jacyno, J. M.; Harwood, J. S.; Cutler, H. G.; Dulik, D. Metrahedron
1994,50, 11585—-11592.

(2) Collado, I. G.; Aleu, J.; Hernandez-Galan, R.; Hanson, J. R. Figure 1. Reported structure of botcinolide (1a) and 2-epibotci-
Phytochemistryl 996,42, 1621—1624. nolide (1b).

(3) (@) Cutler, H. G.; Parker, S. R.; Ross, S. A.; Crumley, F. G.; Schreiner,
P. R.Biosci. Biotechnol. Biochen1996, 60, 656—658. (b) Reino, J. L.;
Hernandez-Galan, R.; Duran-Patrén, R.; Collado, 1JGPhytopathology .
2004,152, 563—566. (c) Reino, J. L.; Duran-Patron, R. M.; Daoubi, M; __Independently, we have quite recently reported a method

Collado, I. G.; Hernandez-GalaR. J. Org. Chem2006,71, 562—565. for the preparation of the target moleculd and ques-
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tionedthe structure of the proposed 2-epibotcinolide through prepared using the asymmetric Mukaiyama aldol reaction

its total synthesis.
In this communication, we report an effective method for

via our universal strategdy.
We recently developed a new and rapid lactonization of

the synthesis of the saturated nine-membered lactone moietyw-hydroxycarboxylic acids using symmetric substituted
of the presumed botcinolides and transformation to the benzoic anhydrides, such as 2-methyl-6-nitrobenzoic anhy-
proposed structure of 2-epibotcinolidebf® using the dride (MNBA), as a coupling reagehf. Therefore, we
effective lactonization protocol accelerated by the substituted planned to apply our effective monomer-selective lactone
benzoic anhydride, a powerful dehydrating reagent, as partformation of the seco-acid to generate the desired nine-
of our continuous efforts for the application of this new membered ring backbone, after assembiirgjloxyaldehyde
synthetic methodology to produce unusual structural lac- and propionate templates to form the corresponding pre-
tones’ cursor (Scheme 1).

First, methyl (R)-lactate (3) was used as the starting
material for the preparation of the chiral linear seco-ddd
as shown in Scheme 2. The successive protectidhafd
reduction with DIBAL afforded the chiral-siloxy aldehyde
4, which in turn was treated with the enol silyl ett&ederived

Scheme 1. Synthesis of the Assumed Structure of
Botcinolides via Lactonization

o
W from S-ethyl propanethioate using the chiral diamt$n-
Ho oh (1) complex (6) combined withBu,Sn(OAC).
= . The asymmetric aldol reaction proceeded smoothly, and

0 the corresponding-siloxy-3-hydroxy-a-methyl thioester,
which has the required stereochemistry, was exclusively
obtained. The secondary hydroxyl group was protected as
its TBS ether, and the reduction of the thioester moiety by
the Fukuyama method produced the aldehgd@

Conventional three-carbon elongation using the successive
Wittig reaction, reduction with L-Selectride and oxidation
with TPAP/NMO yielded the seven-carbon unit aldeh@de
The second aldol reaction 8fwith lithium enolate derived
from S-ethyl propanethioate took place with a moderate
diastereoselectivity, and the linear nine-carbon polyoxygen-
ated intermediatéOawas predominantly produced. Relative
configurations ofLl0Oaand10bwere assigned via the coupling
i ) _constants of acetonide derivativesaand11b as shown in

Scheme 1 |Ilustrate§ the retrps_ynth_etlc route to the dfes'rEdSCheme 3. Absolute stereochemistry at the C3 position in
Iactone_sla and_lb, WhICh are divided into a lactone mq|ety 10awas proved aR using MTPA ester protocdk Although
and a side chain. It is postulated that all segments might be iy roxylation ofl0awas examined under several reaction
conditions, all of the reactions proceeded sluggishly to afford
the corresponding/-lactones12 and 12" in low yields,
respectively (Scheme 3). The relative stereochemist2of
was determined after preparation of its benzylidene acetal
as described in Supporting Information.

Then, the addition of two extra functionalities for the linear
compoundlOawas attained by dihydroxylation of the double

HO

Assumed Structure of
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Scheme 2. Synthesis of Nine-Membered Lactone Part of the Proposed Structure of Botcinolides

ON—\NS

1. TBSCI, NaH, VAP ‘l 1. TBSOTY, 2,6-Iutidine, 1. PhgP=C(Me)CO,EL,

\/l?\ THF, 1t \)OJ\ OTMS TIC OTt oH o CHyCly, 0°C TBSO O toluene, 100 °C TBSQ o
v “OMe T H Y %\sa \MSB \:/kHLH \WH
OH 2. DIBAL, BSO "BuzSn(OAC):  TBSO 2. Et3SiH, Pd/C, 830 2. L-Selectride, THF, it 1556

3 CHClp, -78 °C 4 5 CHxCl,, -78 °C 7 acetone, 0 °C s 3. TPAP, NMO, MS 44, o
75% 83%, dr=>99/1 95% CH,Clp, 0°C
87%
EtCOSE, LHMDS 1. BOMCI, ‘ProNEH,
THF, -78 °C TBSO oH O CH,Clp, 60 °C TBSQ  BOMO 0s0y. py, it TBSO OH OBOM
5 R SEt x = OAc v R OAC
88% B8O 2. Red-Al, B8O then HoS 830 < OH
10 toluene, 0 °C 13 65% 1a
a ", .
{10a:10b:other isomers 3. Ac,O, DMAP, {1414"=ca.1:1)
=57:23:10:10) 1BSO oH O py, 0°C TBSO OH OBOM
82% -
- = ¥~ TSEt H 7 OAc
7880 : T8SO OH
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CSA, CHoCly, 1t
2. KoCQOj3, MeOH, rt
3. TPAP, NMO, MS 4 A,
TBSO OH OBOM CHyCl, 0°C Q som
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80% R =TBS; 15
R=H: 16
TPAP, NMO
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EtOH, rt CH4Cly, 0°C o
17 o o
quant. 5 829
OLO NaBH,4 Cf\o ¢ otBs (from 18)
MeOH, 0 °C
18 50% 19

HF-py, THF, rt
51%, diol 17%, rSM 13%

MNBA, DMAP
CHoClo, tt

71% of 17 .
7% of 17-dimer o : OTBS

NaBH,
MeOH, 0 °C

1. DHP, CSA,
CHyClp, 1t

orss TT% A oras 2 TBAF.
o THF, 0°G

84%

bond using Os@in pyridine solvent after converting tb3

clohexene and CSA, and the successive deacetylation of the

via three steps; that is, protection of the secondary hydroxyl protective group followed by gradual oxidation of the
group with the BOM group, reduction of the ester function, primary alcohol into the carboxylic acih proceeded in high
and protection of the resulting primary hydroxyl group vyield. The TBS protecting group at C8 was cleaved, and then

(Scheme 2). It was confirmed that the produced dibhas
the desired relative configuration by comparisoAlbNMR
data of the deacetylateldt with those of a derivative of2
(see details in Supporting Information).

Scheme 3. Determination of the Stereochemistry ta, 10b,

and12
1. Red-Al,
toluene, 0°C  TBso QXO TBSO OXO
10aor 10b 2 2
2. MexC(OMe)s, Y s Y s
CSA. TBSO 8s0 :
CH,Clp, 1t 11a (Jo3 = 10.0 Hz) 11b (Jp 3 = 10.3 Hz)
72% from 10a 81% from 10b
0504 py. 1t CE)H C:)TBS CH (EDTBS

o ; o

10a

thenH,s  © oTBS g OTBS
33% S 9 Tou
Aot 1 BOM
(12:12"=ca 1:1) 12 1o

the desired seco-aci® needed for the formation of the nine-
membered ring was produced at last. Eventually, the lac-
tonization of the seco-acith was carried out in the presence
of MNBA with DMAP, and the desired monomeric lactone
17 was obtained in 71% yield along with the dimeric lactide
17-dimer (7%). Following the successful results of forming
the novel saturated nine-membered lactone, which corre-
sponds to the main skeleton of the assumed botcinolide
structure, further studies focused on the derivation of this
key compound.7 into one of the assumed naturally occurring
botcinolides.

Before attaching the side chain on the backbone of the
nine-membered lactone core, the stereochemistiy’aias
arranged by a transformation into the coupling fragn®&int
First, the BOM group ofL7 was deprotected by hydrogena-
tion using Pd(OHy), and the produceg-hydroxy lactonel8
was oxidized by the TPAP/NMO conditions. Epimerization
at thea-position of the formegb-ketolactonel9 smoothly
took place on silica gel and the 2-epimefieketolactone

The produced diol4 was converted to the corresponding 2-epi-19was obtained in good yield. Stereoselective reduc-
cyclohexylidene derivative by treatment with 1-methoxycy- tion of the carbonyl group in 2pi19was also accomplished

Org. Lett, Vol. 8, No. 23, 2006
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using NaBH in MeOH to afford the corresponding 2-epimer-
ized B-hydroxy lactone20, which was then converted into

Finally, the coupling reaction between the main nine-
membered ring21 and the chiral side chai@8 was also

the THP ether, and the TBS protective group was removed investigated using MNBA esterification to form the desired

by TBAF to afford the key intermediat1l. Relative
configurations ofL7 and20 were assigned by NOE correla-

tions with conformational analysis as described in Supp-

porting Information.

The side chair28 was synthesized starting from the achiral
pentanal 22) by the asymmetric aldol reaction with enol silyl
ether 23 derived from theS-ethyl ethanethioate using the
chiral diamine—Sn(ll) complexé) as depicted in Scheme
4. The optically active aldol produ@4 was protected as its

Scheme 4. Synthesis of the Proposed Structure of
2-Epibotcinolide

chiral Sn(lly 1. TBSOT!, 2,6-lutidine.
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TBSO '
86% e QR
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HO' o) - E 2 OH

. O3
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"By OH
30

HO

BUOH, Ho0, 1t
81%

BBr3

CHaCly, 45 °C

28 85% 48%

pseudo
2-Epibotcinolide (1b)

lactone that involves all functionalities for producing the ideal
structure of 2-epibotcinolidelp). The coupling product was
temporarily converted into the deprotected compo@ad
and the spectral data of the coupling product were compared
with those of the natural 2-epibotcinolide and other botci-
nolide derivatives reported from several groups. However,
the chemical shift especially of the methyne proton (4.9 ppm
in CDs0D) at C8 of the synthetic sampB® is significantly
different from the natural 2-epibotcinolide (3.7 ppm in £D
OD), botcinolide (3.6 ppm), ©-methylbotcinolide (3.6
ppm), and 39-acetyl-2-epibotcinolide (3.7 ppm). Further-
more, the deprotection d?9 afforded the intramolecular
trans-acylated compour80, which is facilely formed from
the assumed nine-membered lactdte The structure of
trans-acylateg-lactone30 was determined by the compari-
son with the spectral data of the otheilactones derived
from aldols10aand 10b.

Therefore, the proposed nine-membered ring structures of
2-epibotcinolide (1b) and other related compounds are
extremely doubtful, and reassigned structures should be given
for the exact determination of these true forms. In accordance
with our representation of these resiilidakajima’s group
has just shown the alternative structure of 2-epibotcinolide
(2b) as depicted in Figure 4.

It was experimentally determined that the proposed nine-
membered ring structure of 2-epibotcinolideb) is very
unstable and the ineluctable trans-lactonization easily oc-
curred to form the correspondinglactone30. Therefore, it
is confirmed that there does not exist a naturally occurring
saturated-type nine-membered ring lactone as a result of the
synthetic approach for the proposed structure of 2-epibot-
cinolide (1b), although there are three kinds of monocyclic
saturated eight-membered ring lactones, cephalosporolide D
and octalactins A and B.
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