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Abstract: An isomer of Membrenone-C was prepared in 8 steps (17% yiela) with 93% overall ds
starting from the ethyl ketone ($)-10. Key steps are the boron-mediated aldol followed by anti selective

reduction, giving the Cg—C|q stereochemistry, the two direction chain extending double titanium aldol
coupling, 16 4 20 19 and the TFA promoted double cyclisation/dehydration giving an isomer of
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Membrenone-C, 21 — 4- © 1998 Elsevier Suenw Ltd. All rights reserved.

In 1993 three polypropmnateq Membrenone-A, Membrenone-B  and Membrenone-C, were
n

workers.! In that paper the structures

The absolute co nﬁguration remains uncertain.
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IH-NMR spectroscopic analysis reported in the original publication' (He-H7, /=13.7 Hz) suggested a
pseudo trans diaxial relationship (ie trans diequatorial aikyl substituents) for one y-dihydropyrone ring. The
other dihydropyrone ring exhibited a small coupling (Jo.10 = 2.6 Hz) suggesting a cis orientation of the
substituents at Cg and Co. Thus, since the relative smereocnermsmry from one dihydropy

uncertain, and the stereochemistry of the Cg methyl is unknown,
are possible (each a pair of enantiomers).2
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Hg (J =10 Hz). Thus isomer 4 was chosen as the initial synthetic target.
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Scheme 1

Scheme 1 outlines our strategy for the synthesis of isomer 4 of Membrenone-C via 5 and 6, based
on a double aldol-type disconnection of the C4~Cs and C;1—Cji2 bonds. The sequence of five contiguous
stereogenic centres linking Cg and C1o should be amenable to the general protocol developed by Paterson4 for
the synthesis of such stereopentads. In this case, the appropriate precursor is the product of anti reduction of the
anti-anti aldol adduct 9 derived from the ethyl ketone (5)-10 and aldehyde (R)-11.

The synthesis of the Cs—Cj1 segment 12, with the two hydroxyl groups at C7 and Cg protected as the
cyclic di-tert-butylsilylene derivative,d is shown in Scheme 2. We anticipated that this silyl protecting group
would be removed under mild conditions using buffered HF-pyridine 5 liberating a diol precursor at a late stage
in the synthesis, thus allowing double cyclisation/dehydration to occur, forming the two dihydropyrone rings in
the isomer of Membrenone-C 4. Addition of the E-enol dicyclohexyl borinate 13, obtained by enolisation of
(5)-10 with (c-CgHj1)2BCVEtN, to chiral aldehyde (R)-11 gave on oxidative work-up the expected? anti-anti
aldol isomer 9 with 95% ds.® Reduction to the corresponding anti 1,3-diol 14 was achieved by stercoselective
Evans anti reduction’ in 88% yield. Protection of the diol as the di-fert-butylsilylene gave the key intermediate
12. Thus the Cs—Cj segment 12 was obtained in 34% yield in three steps from (5)-10 and (R)-11 with 93%
ds, forming three new stereocentres and resulting in a total of five contiguous stereocentres.
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The remainder of the synthesis is shown in Scheme 3. Debenzylation (catalytic hydrogenolysis) of
12 and oxidation (PCC) gave the dialdehyde 16. The two directional chain extending double aldol was first
achieved by treating 16 with the enol dicyclohexyl borinate of diethylketone 17. Addition of the dialdehyde 16
to 10 equivalents of the enolate 18 followed by oxidative removal of the boron gave one major product in 66%
yield and a mixture of minor isomers (17%). The major product was tentatively assigned the structure 19
assuming it is produced by Cram-Felkin addition of the major E-enolate. While interesting, the selectivity of
this reaction is not critical for the synthesis as the 4 stereocentres produced in this reaction are lost in the
subsequent oxidation/dehydration to give the final product. A higher yielding and experimentaily simpler but
less selective two directional chain extending aidol, using the Ti(TV)3 enolate 20 of diethyiketone, produced an
inseparable mixture of at least 4 isomers in 91% yield. Double Swern oxidation of either of the above doubie
aldol products gave a quantitative yield of the tetraone 21 as a mixture of C4 and C3 epimers (enol forms were
also evident from NMR studies). The protecting group was removed by treatment with HF-pyr, buffered with
€XCcess pyrldme, glvmg a mixture of diols and hemiaceiais. Kapid acid Ldldlybt:u Lycubauon{uc 1ydrati

achieved by treatment with trifluoroacetic acid giving a s . This
of Membrenone-C by analysis of the 1H, 13C NMR an d ass spectral data.
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isomer 4 Membrenone-C

Scheme 3 (a) Hy, 10% Pd/C, EtOH, 20 °C, 5 h; (b) PCC, CH;Cl3, 20 °C, 3.5 h; (¢) Diethylketone 11 equiv, (c-
C(,H“)zBCl 10 equiv, EtsN 10 equiv, Et0, —22 °C, 2 h; 16, 3.5h; H203, MeOH-pH7 butfer (d) Diethyiketone i0o
equiv, TiCly 9 equiv, CH,Clz, —78 °C, 45 min; leN‘F‘t 9 equiv, 1 h; 16, 2h, — -5 °C, 5 min; (¢) (COCl);3 10 equiv,

ut.lul v, Al\(lq, 7 Lyu ~ii7

DMSO, CH,Cl; 20 equiv, —78 °C, 20 min, Et3N — -5 °C, 5 min; (f) HF pyr/pyr, THF, 20 °C, 4 h; (g) 'I'FA 5 min.

In summary, a short and highly efficient stereoselective (>93% overall ds) synthesis of an isomer of
Membrenone-C (R steps in 17% yield from (5)-10 and (R)- 11) has been achieved. The two directional cham
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thcsis of these com Dounds and w1ll be extended to the synthesis of the other isomers and thus the
ultimate synthesis of Membrenone-C.
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AFOD,;, FO, QL04L:

All new compounds gave spectroscopic data in agreement with the assigned structures. 9 had 'H NMR § (300 MHz, CDCly)
7.35-7.27 (10H, m), 4.54-4.43 (4H, m), 4.00 (1H, ddd, J = 9.21, 7.05, 3.76 Hz), 3.67 (1H, t, J = 8.61 Hz), 3.53-3.51 (2H,
m), 3.44 (1H, dd, J = 8.61, 5.01 Hz), 3.08 (1H, dqd, J = 8.61, 7.00, 5.01 Hz), 2.99 (1H, d, J = 3.87 Hz), 2.86 (1H, dq, J =
9.21, 7.05 Hz), 1.90 (1H, m), 1.05 (3H, d, J = 7.00 Hz), 1.01 3H, d, J = 7.05 Hz), 0.95 (3H, d, J = 6.96 Hz); 13C NMR &
(75.5 MHz, CDC13)217€ 138.2, 137.9, 128.4, 128.3, 127.6, 127.5, 74.8, 74.6, 73.4, 73.3, 72.4, 494, 46.0, 34.73, 13.5,
13.0, 9.7; 14 had ‘H NMR (CDCis, 300 MHz) & 7.34-7.28 (10H, m), 4.56-4.47 (4H, m), 3.91 (iH, ddd, J = 9.42, 2.13,
1.38 Hz), 3.9 (1H, d, J = .38 Hz), 3.74 (1H, ddd, J = 7.68, 429, 3.81 Hz), 3.61-3.44 (4H, m), 3.27 (1H, d, J = 4.29 Hz),
2.04-1.89 (2H, m), 1.75-1.65 (1H, m), 1.03 (3H, d, J = 699Hz),088 (3H, d, J = 6.93 Hz), 0.72 (3H, 4, J = 6.93 Hz). 13¢
NMR (CDCls, 75.5 MHz) & 138.2, 137.6, 128.5, 128.3, 128.2, 127.8, 127.4, 127.6, 75.9, 75.8, 75.4, 73.6, 73.4, 36.9,
35.0, 35.7, 13.0, 10.98, 9.59; 12 had IH NMR (CDCls, 300 MHz) & 7.34-7.26 (10H, m), 4.54-4.45 (4H, m,), 396 (1H, dd,
J=3.5,2.1 Hz), 3.93 (1H, dd J=17.1, 3.5, Hz), 3.71 (1H dd, J = 8.55,3.27 Hz),3.53 (I1H, t, J = 9()Hz) 3.50 (IH, t, J=
8.55 Hz), 3.36 (1H, dd, / = 9.0, 5.85 Hz), 1.98-1.81 (3H, m), 1.03 (9H, s), 1.00 (94, s), 0.98 (3H, d, / = 7.3 Hz), 0.95 (3H,
d, J=6.93 Hz), 0.93 (3H, d, J = 6.8 Hz); 13C NMR (CDCl3, 75.5 MHz) § 138.9, 138.8, 128.3, 128.2, 127.6, 127.55,
127.4, 127.3, 77.9, 74.2, 73.2, 73.15, 73.05, 72.6, 40.0, 36.9, 36.8, 28.3, 27.8, 221 21.8, 140, 13.4, 10.7; 15 had 'H
NMR (CDCl3, 300 MHz) & 4.09 (1H, dd, J = 9.8, 3.3 Hz), 4.06 (1H, dd, J = 4.2, 2.8 Hz), 3.72 (4H, m), 3.69 (1H, m), 3.57
(1H, m), 2.04-1.89 (2H, m), 1.74-1.67 (1H, m), 1.08 (9H, s), 1.07 (9H, s), 1.05 (3H, d, / =7.29 Hz), 1.04 (3H, d, / = 6.93
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Hz) 0.78 (3H, d, J = 68Hz) 13C NMR (CDC13.755MHz)5810 80.0, 69.1, 672 413,374,372, 28.1, 27.8, 222,

22.0, 13.7, 13.3, 9.7; 16 had 'H NMR (CDCl3, 300 MHz) § 9.89 (1
(1H, dd, J = 5.73, 4.02 Hz), A‘%A(IH dd, J = 8.6, 4.42 Hz), 2.65 IH

Ladz, UG, S BV 8 VA 1, 8d, d t4 T4) 1

402108Hz)208(1H qde 7.35, 5.73, 442H7)119(3Hd
= 6.96 Hz), 1.01 (9H, s), 1.00 (9H, s); 13C NMR (CDCl3, 75.5 MHz
27. 5301 9,218 134,113, 7.4; 19 had 'H NMR (CDCl,, 300 MH7\5

1H, d

dqd
=6.
) &
4 = s + 5
5 (1H, s), 2.80-2.68 (2H, m),

2.64- 249 (4H m) 246(IH d, J 495 HL) 197189 (lH m), 174 16"3 (1H m), 162151 (1H, m), 1.09-1.01 (33H,
m), 0.93 (3H, d, J = 7.05 Hz), 0.80 (3H, d, J = 6.96); 13C NMR (CDCl,, 75.5 MHz) § 216.4, 2154, 85.1, 79.1, 73.5, 71.0,

iij, V.75 \J1Ly U, v SO LRL ), UGV (253, LAY, ViFlz

49.4, 48.7, 39.7, 38.3, 370 36.9, 354 28.2, 276 22.1, 219 139 13.8, 13.45, 838, 76 74 4.6; Immer of

Membrenone-C 4 had R = 0.48 (10% Et,0O/CH,Cly); 'H NMR (CDCls, 300 MHz) § 4.37 (1H, dd, J = 14.05, 1.90 Hz),
434 (1H, dd, J = 10.47, ')'mu-,\ 2.55-2.23 (6H, m), 2.17(1H, dmi J=1047,705, 1.9 Hz), 1.73(6H, s), 1. 10(3H, d, J=

.05 (i, G, v S7y &

687Hz),107(3H[J 751Hz)lO6(3Ht! 759Hz)104(3HdJ 7’%5Hz) 092(3HdJ—705Hz) l‘*C

NMR (CDCls, 75.5 MHz) & 197.53, 195.15, 172.94, 172.51, 108.31, 107.895, 79.95, 79.13, 40.85, 39.88, 34.73, 25.43,
25.26. 10.92. 10.88. 9.46, 9.3, 9.10, 9.10, 7.57; HRMS: Calc for CsgH3504 (M+) 334 2144 found 334.2145.
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