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Enantiospecific Synthesis of the Hexahydrofu
Pentaenoyltetramic Acid Metabolite
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A hexahydrofuro([3,2-b}furan unit suitably functionalised for incorporation into the synthesis of erythroskyrine has

been prepared in homochiral form from diacetone-p-glucose.

The 3-acyltetramic acids form a structurally diverse family
of biologically active natural products sharing the 3-acyl-
pyrrolidine-2,4-dione moiety (1). Amongst the 3-polyenoyl
sub-class, the highly toxic pigment erythroskyrine (2}, isolated
from Penicillium islandicum,! is unique in carrying a hexa-

hydrofuro[3,2-b]furan at the terminus of a pentaenoyl chain.?
Continuing our interest in the 3-acyltetramic acids,? we report
herein the first synthesis of the homochiral furofuran unit (3)
suitable for incorporation into the synthesis of erythroskyrine.

The recently defined relative and absolute stereochemistry
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of erythroskyrine (2)* reveals that ring A correlates to a
derivative (4) of L-lyxose which we planned to access from the
readily available diacetone-D-glucose (5a). 1,2 :5,6-Di-O-iso-
propylidene glucose (5a) was oxidised by ruthenium(vi)
(RuO,, NalO,, CCl,-MeCN-H,0)> to afford a mixture
(87%) of ketone (5b) and its hydrate (5¢) which was converted
into the gulose derivative (6a) as reported,’-8 and thence into
the alcohol (6b) (NaOEt, EtOH, 20°C; 94%), to accomplish
the necessary inversions of C-3 and C-4.

After extensive investigations, selective deprotection at O-5
and O-6 was developed from the acetonide rearrangement of
alcohol (6b) (2,2-dimethoxypropane, Me,CO-MeOH, conc.
HCI, reflux) which gave diol (7a) (Scheme 1) as the
B-glycoside in good yield (71%).® The significance of a cyclic
protecting group at C-2, C-3 of sugars during condensations at
C-1 to form C-glycosides? led us to modify the rearrangement
to permit subsequent selective unmasking of C-1. When
acetate (6a) was treated with benzyl alcohol (Me,CO, cone.
HCI, 20 — 60°C) the benzyl glycoside (7b)T was produced
(59%). Excision of C-6 by periodate cleavage-borohydride
reduction (NalO,, H,O-EtOH, then NaBH,) occurred
smoothly to afford (8a) (91%) and deprotection at C-1 gave
the hemiacetal (8b) [20% Pd(OH),-C, EtOH, 1 atm Hj;
96%], an L-lyxose derivative suitably protected for incorpora-
tion of a Cs-fragment.

Condensation of hemiacetal (8b) with dimethyl acetyl-
methylphosphonate [NaH, MeO(CH,),OMe, reflux] led to a
mixture of furanose C-glycosides (9a,10), separable by chro-
matography, from which base-mediated epimerisation
(NaOEt, EtOH, reflux) afforded the more stable!? x-anomer
(9a) (78% overall) subsequently protected as its 2,2,2-tri-
chloroethyl carbonate (9b) [Cl3CCH,OCOCI, pyridine-
dimethylformamide (DMF), 0°C; 100%].

The remaining objective was cyclisation to generate the
hexahydrofuro[3,2-b]furan unit. Reduction of ketone (9b)
[LiAIH(OBut);, tetrahydrofuran (THF)] afforded the corres-
ponding alcohols (9¢) (77% 2 : 1 epimer mixture). Treatment
of the alcohols under bromination conditions (PhsP,
BrCCl,CCl,Br, Et,0) led to the expected bromide (11) (40%)
as a single stereoisomer along with a second product (14%)
which proved to be the required furofuran (3a), again as a
single stereoisomer. Exposure of the bromide (11) to acid

+ All new compounds gave spectral data (IR, UV, NMR, MS) in
accord with the assigned structure, and satisfactory combustion
analysis or accurate mass measurement.
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Scheme 1. Reagents: i, NaOEt, EtOH; ii, (MeO),CMe,, Me,CO-
MeOH, conc. HCI [from (6b)}; or PhCH,OH, Me,CO, conc. HCI
[from (6a)]; iii, NalO,, H,O-EtOH, then NaBH,, EtOH; iv, H,,
Pd(OH),~C; v, NaH, MeCOCH,P(O)(OMe),; vi, CI;CCH,0COClI,
pyridine~-DMF; vii, LIAIH(OBut)s, THF; viii, PhsP, Br(CCl,),Br; ix,
aq. AcOH [to (3a)], or ag. HBr-Et,0 {to (3b)].
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(70% aq. AcOH, reflux) resulted in acetonide cleavage and
cyclisation to afford the bis-furan (3a) (66%), stereochemi-
cally identical to the earlier sample. Alternatively treatment of
the bromide (11) with aq. HBr (Et,O, reflux) led to the
bicyclic diol (3b) (46%). The structure of (3a) was fully
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supported by analytical and spectroscopic data, including
NMR COSY measurements. Comparison of the 'H and 13C
NMR information for (3a) with that reported* for the
furofuran portion of erythroskyrine indicated excellent correl-
ation for C-22 to C-26 (erythroskyrine numbering).7 We have
thus completed the first synthesis in homochiral form of the
hexahydrofuro[3,2-b]furan unit of erythroskyrine.

Halogenation under the conditions used involves diastereo-
isomeric alkoxyphosphonium salts (9d).1! A possible rationale
for the formation of (3a) in both reactions invokes intra-
molecular participation!2 in the minor epimer of (9d) leading
directly to (3a) via oxycation (12) (with an exo-Me at C-25)
and cleavage of the isopropylidene moiety on work-up. Attack
by bromide ion on the major epimer of (9d) affords bromide
(11) and thence, by acid treatment, furofuran (3a) of the same
configuration.§

We thank the SERC for a studentship (M.T.) and the
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1 Selected data tor (3a): m.p. 63.5—65 °C; 8y (CDCl3) 1.33 (3H,d, J 6
Hz, H-26), 1.55 (1H, ddd, J 13.5, 11, and 4.5 Hz, H-24a), 2.28 (1H,
dd,J13.5and 4.5 Hz, H-24b), 4.22 2H, m, H-25, 21),4.5(1H, t,J4.5
Hz, H-23), and 4.63 (2H, m, H-22, 19a): 8¢ (CDCl5) 19.8 (C-26), 40.3
(C-24), 77.2 (C-25), 82.9 (C-23), and 84.2 (C-22).

§ This rationale implies that the major alcohol (9¢) has the (R)-
configuration, which is consistent with chelation control in the
reduction of ketone (9b).

767

References

1 B. H. Howard and H. Raistrick, J. Biochem., 1954, 57, 212; Y.
Ueno, Y. Kato, and M. Enomoto, Jpn. J. Exp. Med., 1975, 45,
525.

2 I. Shoji, S. Shibata, U. Sankawa, H. Taguchi, and Y. Shibanuma,
Chem. Pharm. Bull., 1965, 13, 1240.

3 R. C. F. Jones and J. M. Patience, Tetrahedron Lett., 1989, 30,
3217, and references cited therein.

4 J. A. Beutler, B. D. Hilton, P. Clark, M. S. Tempesta. and D. G.
Corley, J. Nat. Prod., 1988, 51, 562.

5 P. H. J. Carlsen, T. Katsuki, V. S. Martin, and K. B. Sharpless,
J. Org. Chem., 1981, 46, 3936.

6 W.Meyer zu Reckendorf, Meth. Carbohydr. Chem., 1972, 6, 129.

7 R. U. Lemieux and R. V. Stick, Aust. J. Chem., 1975, 28, 1799.

8 W. A. Szarek, G. W. Hay, D. M. Vyas, E. R. Ison, and L. J. J.
Hronowski, Can. J. Chem., 1984, 62, 671; J. H. P. Verheyden,
A. C. Richardson, R. S. Bhatt, B. D. Grant, W. L. Fitch, and
J. G. Moffatt, Pure Appl. Chem., 1978, 50, 1363; D. M. Clode,
Chem. Rev., 1979, 79, 491.

9 A. Calveo-Mateo, M.-J. Camarasa, A. Diaz-Ortiz, F. G. De las
Heras, and A. Alemany, J. Chem. Soc., Perkin Trans. 1, 1988,
2861.

10 H. Ohrui, G. H. Jones, J. G. Moffatt, M. L. Maddox, A. T.
Christensen, and S. K. Byram, J. Am. Chem. Soc., 1975, 97, 4602;
G. H. Jones, J. G. Moffatt, R. S. Ranganathan, N. P. Damo-
daran, G. B. Howarth, M. D. Edge, H. Ohrui, and C. M. Gupta,
in ‘Asymmetry in Carbohydrates,” ed. R. E. Harmon, Marcel
Dekker, New York, 1979, p. 127; H. Ohrui and S. Emoto, J. Org.
Chem., 1977, 42, 1951.

11 J.D. Slagle, T. T.-S. Huang, and B. Franzus, J. Org. Chem., 1981,
46, 3526; R. Appel, Angew. Chem., Int. Ed. Engl., 1975, 14, 801.

12 R. K. Makie, in ‘Organophosphorus Reagents in Organic Syn-
thesis,” ed. J. I. G. Cadogan, Academic Press, London, 1979.






