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Abstract: The first total synthesis of (-)-goniofupyrone, isolated from Goniothalamus giganteus, was

accomplished in a stereoselective manner from (+)-Lricarbonyl(n6‘2-uimethylsilylbenzaldehyde)-
chromium(0) complex. This synthesis unambiguously established the relative and absolute
stereochemistry of (-)-goniofupyrone. Copyright © 1996 Elsevier Science Ltd

In 1991 (-)-goniofupyrone was isolated with several other antitumor styryllactones from the stem bark
of Goniothalamus giganteus.l The gross structure of goniofupyrone was determined as (4R*,4aR*,65%,75*,
7aR*)-4,7-dihydroxy-6-phenyl-1,5-dioxabicyclo{4.3.0]nonan-2-one (1) based on its spectral evidence,
especially by analysis of NMR spectra as well as by comparison with those of the related compounds, (+)-
altholactone (3)? and its stereocongeners.3 However, no information on its absolute configuration has so far
been available. We describe herein the first total synthesis of 1, the originally proposed structure for
goniofupyrone, and its C-4 epimer 2 in optically active form, thereby unambiguously establishing the relative as
well as absolute configuration of (-)-goniofupyrone.
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Recently we have completed stereoselective total syntheses of goniofufurone, 2 goniobutenolide A and
B,*b antitumor styryllactones possessing the y-lactone skeleton as a common structural feature, from (+)-
tricarbonyl(n6-2-trimethylsilylbenzaldehyde)chromium(0) complex3 vig the y-butenolide intermediate 4.
Therefore our first concern and most significant requirement for our stereocontrolled synthesis of 1 and 2 in
this paper was efficient transformation of the y-lactone moiety of 4 into the -lactone framework.5 The hydroxy
group of (-)-4,% prepared from the chiral benzaldehyde-chromium(0) complex by six steps, was protected with
TMS group to give § (97%), which was subsequently exposed to the following conditions,5 (i) reduction with

5389



5390

DIBALH, (ii) treatment with potassium ferz-butoxide at -60°C, (iii) oxidation with PDC, selectively giving rise
to the ring transformed product 6 accompanied with migration of TMS group. Acid treatment of the crude
products consising of 6 and a small amount of 5 provided the desired 8-lactone (-)-7,7 in 67% overall yield
from 5 along with (-)-4 (7%). Construction of the dioxabicyclo[4.3.0]nonenone skeleton was achicved by
tosylation of the allylic hydroxy group of 7 (92%), followed by exposure to tetrabutylammonium fluoride and
hydrofluoric acid to afford (+)-8 in 89% yield. Debenzylation of 8 with SnCly gave (+)-altholactone (3)78 in

98% yield.
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Reaction Conditions : (a) TMS-imidazole, CH,Cl,, 1, 97%; (b) DIBALH, Et,0, -78°C;
(c) BUOK, THF, -60°C; (d) PDC, AcONa, CH,Cl,, 1t; (e) 10% HCl, MeOH, ft, 67% from
5; (f) TsCl, DMAP, rt, 92%; (g) TBAF-HF, THF, rt, 89%; (h) SnCls, CH,Cly, 40°C, 98%;
(i) OsO4, NMO, Me,CO-H,0, 1, 75%; (j) Smly, ethylene glycol, THF, 1, 62%; (k)
SnCly, CH,Cly, 40°C, 76%,; (I} Ac;0, DMAP, CH,Cl,, 90%; (m) DIBALH, Et,0,-78°C;
(n) TsOH, MeOH, 1, 77% (ca. 1 : 1 mixture) from 10; (o) TPAP, NMO, CH3CN, rt; (p)
LiAlH,, THF, -20°C; (q) m-CPBA, BF;-OEt,, CH,Ciy, 1, 60% from 12; {r) SnCl,,
CH,Cly, 40°C, 74%; (s) Ac,0, DMAP, CH,Cly, 11, 85%.
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With the dioxabicyclo{4.3.0]nonen-2-one derivative (+)-8 in hand, next phase of our program is faced
to introduction of a hydroxy functionality at C-4 position from a concave face. Since direct and stereoselective
hydroxylation at C-4 position of 8 from the si-face seemed to be difficult, we alternatively took the stepwise
procedure. cis-Dihydroxylation of 8 from the re-face proceeded in a highly stereoselective manner when
exposed to osmium tetraoxided yielding (+)-910 in 75% yield. The hydroxy group at C-3 position of 9 was
then removed by samarium diiodide!! to furnish (+)-10 (62%), which was subsequently converted into (-)-2
([oz]]l)8 -6.9° (¢ 0.15, CHCl3)),!2 the C-4 epimer of 1. Unexpectedly and surprisingly 1H-NMR and 13C-NMR

data of (-)-213.14 and its diacetate 1113 were in good agreement with those!5.16 of natural (-)-goniofupyrone
and its diacetate, respectively.

In order to confirm the structure of (-)-goniofupyrone, the synthesis of 1, the proposed structure for
goniofupyrone,! was completed. The Mitsunobu reaction!” of 10 under several conditions was unfortunately
fruitless, presumably due in large part to the B-hydroxy carbony! structure leading to easy dehydration. The
lactone moiety of 10 was therefore reduced with DIBALH to give 12 as a ca. 1 : 1 mixture of two
stereoisomers in 77% yield. The acetal 12 was successively oxidized with tetrapropylammonium
perruthenate!8 and reduced with LiAlH,. Regeneration of the lactone moiety of the resulting C-4 epimers of 12
was achieved by treatment with m-CPBA in the presence of BF3+OEt;19 producing 13 in 60% overall yield
from 12 along with 10 (14%). Finally debenzylation of 13 with SnCly gave (-)-l([a]})8 -59.2° (¢ 0.10,

CHCl3)).12 TH-NMR and !3C-NMR data of synthetic (-)-1,20.21 however, were not in accordance with
those15:16 of natural goniofupyrone. Furthermore, the diacetate 14 showed the different IH-NMR spectrum?20
from that!5 of the diacetate of natural goniofupyrone.

Thus we have accomplished the first total synthesis of (-)-goniofupyrone (2) from (+)-tricarbonyl(n6-2-
trimethylsilylbenzaldehyde)chromium(0) complex in a highly stereocontrolled manner. This synthesis
concluded that natural (-)-goniofupyrone possesses (4R,4aS,6R,7R,7aS)-4,7-dihydroxy-6-phenyl-1,5-
dioxabicyclo[4.3.0]nonan-2-one structure and should be depicted as 2.
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76.43, 65.85, 35.07.
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Diagnostically selected !H-NMR data: 1; 4.49 (dd, J =6.4, 3.9 Hz, C45-H), 4.37 (m, C4-H), 2.91(dd, J
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