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ABSTRACT

cis-Solamin (1a)

A convergent total synthesis of cis-solamin and its diastereomer was accomplished using VO(acac),-catalyzed diastereoselective epoxidation
followed by cyclization of bis-homoallylic alcohol as the key step. By comparison of the optical rotation of two possible diastereomers, it is
suggested that the absolute configuration of natural cis-solamin is la.

The Annonaceous acetogenins, which are isolated from asimilar compound corresponding to the well-known solamin
number of plants ofAnnonaceae, have attracted much (2)* was synthesized by Keinzhand Trost® and by use
attention in recent years due to a wide variety of biological The absolute configuration of natuthas not been reported.
activities, i.e., cytotoxic, antitumoral, antimalarial, immu- However, because thes-threo-cisstereochemistry of the
nosuppressive, pesticidal, and antifeedant. So far, over 350tetrahydrofuran ring of has been determined by A. Laurens
compounds have been isolafe@iheir unique structures are et al.? and the (S) configuration of the secondary methyl
characterized by one or more tetrahydrofuran rings, togethergroup of they-lactone moiety is well-known, it follows that
with a terminaly-lactone moiety on a C-35 or C-37 carbon the absolute stereochemistry dfis (15R,16R,19S,20S) or
chain? cis-Solamin (1, Figure 1) is a mono-tetrahydrofuran (15S,16S,19R,20R). Two possible structuties,and 1b,
acetogenini, isolated fromAnnona muricatain 19983 A would be difficult to differentiate byH NMR or 13C NMR
spectroscopic data, since two stereogenic regions, that is, the
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by a long carbon chain. X-ray analysis is also very difficult
due to the waxy nature of this compound. To establish the

absolute configuration ofis-solamin, we planned to syn-
thesize the two candidatés.and1b, employing a TBHP—
VO(acac) diastereoselective epoxidatfoffiollowed by a
cyclization strategy.

Scheme 1 outlines our synthetic strategy. One of the key

steps is TBHP-VO(acac) diastereoselective epoxidatfon

followed by cyclization in the presence of 4A molecular

sieves. The starting material is bis-homoallylic alcoBol
whose enantiomer had been reported earlier by us.
The results of diastereoselective epoxidation3oand

spontaneous cyclization are summarized in Table 1. The

Table 1. Epoxidation and Subsequent Cyclization of
Bis-homoallyl Alcohol3?

OH

CqoHos — ¢epoxidation and THF ring formation

OMOM 3
CioHos "o Z 4 CioHos 07 7

OMOM  OH OMOM  OH

4a 4b

Reagent Solvent  Additive Yield (4a +4b)% 4a : 4b
mCPBA CHxCly - 83 37:63
TBHP-10 mol% Ti(OFPr);  CH,Cly - 24 49 :51
TBHP-10 mol% MoO,(acac), CH,Cl, - trace -
TBHP-5 mol% VO(acac), CeH;Cl - trace -
TBHP-5 mol% VO(acac)y  CHyCly - 43 78 :22
TBHP-5 mol% VO(acac), {CH,CI), - 51 87:13
[TBHP-6 mol% VO(acac),  (CH,Cl), MS 4A 75 89 :11]

aThe reactions were carried out at room temperature.

results shown in Table 1 indicate the following. VO(agac)

effective catalyst system in the diastereoselective epoxidation.
On the other hand, Ti and Mo catalysts were ineffective.
Halogenic solvents, especially 1,2-dichloroethane, gave a
good stereoselectivity and yield. Determination of the relative
stereochemistry afaand4b was performed J. M. Cassady’s
method as we have previously reported (Figuré©2).

3.98 ppm
1. H* C )
2. Hy/Pd-C 5. H R
4a, 4b —>——»“12M25 S
a 3. MesCl, py o
OMes OMes
o 4a
4.10 ppm
Mes =§ <. )
CqoH
12M25 0 Y
OMes OMes
4b’

Figure 2.

Diastereoisomerga and 4b were separated by column
chlomatography (benzer@\cOEt= 20:1) after the hydroxy
group of4a and4b had been protected as a benzoate ester
(5a and 5b). Hydrolysis of the benzoate ester gavend
protection of the hydroxyl group as MOM ether afforded
tetrahydrofuran moiety (Scheme 2).
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aReagent and conditions: (a) BzCl, pyridine (94%); (b) separa-
tion (81%); (c) NaOH, MeOH (92%); (d) MOMCI;PrLNEt (94%).

As shown in Figure 3, they-lactone moiety9 was

in the presence of 4A molecular sieves can serve as the mostgstructed as we had reported earlier starting fyelactone

(4) Mynt, S. H.; Cortes, D.; Laurens, A.: Hocquemiller, R.; Leboeuf,

M.; Cavé, A, Cotte, J.; Quero, A.-MPhytochemistryl991, 30, 3335~
3338.
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Both segments were coupled by the Sonogashira cross
coupling reaction mediated by ePd(PPk),/Cul in the THF
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Figure 3.

solvent system to give compoud® (Scheme 3). Catalytic
hydrogenation ofl0 using Wilkinson’s catalyst afforded
saturated productl. Oxidation of the sulfur wittmCPBA
followed by thermal elimination and deprotection of MOM
ethers with BE-Et,O in DMS™ afforded the candidatg&a.
On the other hand, the other candidatewas synthesized
from the enantiomer of compoun@ using the same
procedure as that employed fba.
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a Reagent and conditions: (a) 5%,Rt(PPh),, 10% Cul, EtN
(74%); (b) H/CIRh(PPR)3 (68%); (c) (i) mCPBA, toulene reflux;
(il) BF3-Et,O/dimethyl sulfide (60%).

The two synthetic sampledld, 1b) could not be dif-
ferentiated by the spectral dattH(NMR, 3C NMR). On

the other hand, their specific rotations showed a sharp
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Table 2. 'H NMR Chemical Shifts of the BisR)- and
(S)-MTPA Esters ofla and 1b?

MTPA ester 15-H 16-H 19-H 20-H
(R)-MTPA-1a 5.06 3.87 4.08 4.92
(S)-MTPA-1a 5.06 3.86 4.09 4.93
0 (S)-(R)-1a 0.01 —0.01 —0.01
abs confign S S R R
(R)-MTPA-1b 5.06 3.86 4.09 4.93
(S)-MTPA-1b 5.06 3.87 4.08 4.92
0 (S)-(R)-1b -0.01 0.01 0.01
abs confign R R S S

a Proton chemical shifts are referenced ta@j3 (6 7.25).

contrast. While the specific rotation of synthetia ([a]%!p
= +26, ¢ 0.45, MeOH) is similar to the reported value of
the naturally occurringis-solamin (pjp = +22, ¢ 0.55,
MeOH), that oflb ([a]?, = +42,¢ 0.50, MeOH) showed
a much higher valu&€-*? As shown in Table 2, thetH NMR
spectra of the carbinol centers of the correspondingmjs (
and ©-MTPA esters of synthetitaandlb showed a slight
chemical shift difference. According to the sign &by [=
(0s — or)] values of each carbinol center, the absolute
configuration oflais assigned as C-8C-165 C-19R, and
C-2(R. Similarly, the absolute configuration db is assigned
as C-15R, C-16R, C-19S, and C-20S. This indicates that if
natural 1 is available, we can determine the absolute
stereochemistry afis-solamin by applying advanced Mosher
methodologyt3

In conclusion, the first total synthesis ci-solamin (1a)
and its diastereomdib was accomplished using VO(acac)
catalyzed diastereoselective epoxidation followed by spon-
taneous cyclization. On the basis of the present data, it is
strongly suggested that the natuc#-solamin isla.
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