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A MODULAR APPROACH TO MARINE MACROLIDE CONSTRUCTION. 1. AN
ENANTIOCONTROLLED ROUTE TO THE C1-C12 (AB) SPIROACETAL SECTOR
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Evans Chemical Laboratories, The Ohio State University, Columbus, Ohio 43210

Abstract: A practical approach to a desymmetrized, enantiomerically pure AB spiroacetal ring
component of altohyrtin A and its congeners is detailed. © 1997 Elsevier Science Ltd.

In early 1993, three research groups headed by Pettit,! Kitagawa,? and Fusetani3
independently reported on the characterization of a new class of extremely potent antineoplastic
macrocyclic lactones isolated from marine sponges. The major constituent in each study,
spongistatin 1, altohyrtin A, and cinachyrolide A, was assigned the identical carbon framework in
which two oxygenated spiroacetal units, a chlorinated carbinol side chain, and twenty-four
stereogenic centers were prominently featured. The possibility remains open that ali three
macrolides are identical substances. However, since absolute stereochemistry has been deduced
only for altohyrtin A,2¢.d valid questions remain as to whether antipodal relationships exist in the
sectors circled in 1.2d Consequently, any synthetic approach to these scarce, exceptionaily
cytotoxic agents must incorporate an inherent capacity for accessing enantiomeric subunits as
warranted.
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The first objective of our studies was the AB sector of 1 with its thermodynamically
advantaged double anomeric arrangement and equatorial disposition of those substituents
positioned at C3 and C11. Preliminary reports by Heathcock? and by Paterson5 have also
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addressed this issue. However, their end products were either Cz-symmetric and inadequately
functionalized, or substituted with identical side chains that cannot be distinguished for further
elaboration. In contrast, the present approach provides a suitably desymmetrized, enantiomerically
pure product, the antipode of which should be generatable with equal readiness. The key elements
of our strategy centered about the expectation that stereocontrolled construction of 3 would be
followed by the exclusive production of spiroacetal 2.

Sequential allylation-hydroboration of commercially available o-bromobenzy! alcohol (4)
provided 5 efficiently, particularly when recourse was made to sonication in the second step
(Scheme 1). The ensuing oxidation of 5§ delivered 6, an aldehyde that we failed to obtain by direct
Michael addition of 4 to acrolein. Condensation of 6 with 7 under Nagao's conditions€ gave rise to
a single detsctable aldol, which was assigned the S configuration as in 8 on the basis of precedent.
The optimal way to secure intermediate 10 involved the conversion of 8 to its Weinreb amide,?
hydroxyl protection as the tetrahydropyranyl ether, and reduction with Dibal-H at -78 °C.
Submission of 10 to the same protocol, but with TBS protection of the aldol and homologation to the
methyl ketone gave rise to 11 in 55% overall yield for the four steps.
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8 NaH, CHy=CHCHBr, THF, i, 4 h, 96%. © (1) 9-BBN, ultrasound, THF, 1t, 3 h; (2) NaOH, Ha0,, refiux,
1h,86%. € PCC/Celite, CHaCla, 1, 4 h, 76%. (1) Sn(OTf),, N-sthylpiperidine, 7, CH,Cl,, 50 10 -40 °C,
4h;(2) 6,-78°C, 4 h, 83%. * Me(MeO)NH-HCI, Moyl in toluene, CH,Cly, -25 to 0 °C, overnight, 94%.

! DHP, PPTS (cat), CH,Cl5, 1t, 18 h, 97%. 2 Dibal-H, THF-hexanes, -78 °, 2 h, 96%. ! TBSCI, imid, DMF,
n, 6 h, 99%. / MeMgBr, THF, E1,0, -78 10 0 °C, 2 h, 92%.

Elaboration of the right-hand portion of 3 commenced with the p-methoxybenzyl ether of (S)-
glycidol (viz.,12, 96% ee). Following conversion to 13 (Scheme 2), the two necessary building
blocks were in hand. The stereogenicity of the chiral center that will result from their aldol coupling
would appear at first glance to have little importance because of pending oxidation to the ketone
level. Nonetheless, recourse was made to a highly (S)-diastereoselective reaction® in order to
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# CHz=CHMgBY, Cul(cat), THF, -78110 0 °C, 2 h, 85%. © DHP, PPTS (cat), CHzClz, 1t, 5 h, 98%.
€ (1) 0804 (cat), NMO, THF-HzO, 1, 1.75 h; (2) NalO.4, THF-H20, 1t, 1 b, 87%. 711, (-)-ipc2BC,
EtN, ether, 0 °C, 2 h; 13, -78 °C, 4 hthen -20 °C, 16 h, 89%. ® BF«OEty, E1SH, CHCl, -20 1o
0°C,2h, 60%. /(1) AcCl, py, CgHe, 4 h, 1t, 95%; (2) BF3-OEt,, PhSH, CH,Cly, -2010 0 °C, 2 h,

60%. 9 TBSC!, imid, DMF, 1t, 6 h, 95%. " Dibal-H, CH,Cl,, -78 °C, 3 h, 89%. ! (n-Pr)NRuO ,, NMO

4 AMS, CHz0ly, 1t, 2 h, 91%. /MeMgBr, THF-E2,0, -78 °C to 11, 2 h, 84%. ¥ TBSOTI, (P NEt,
CH3Cly, -7010 0 °C, 2 h, 89%. /DDQ, CH,Cl5, pH 7 buffer, 1t, 3 h, 90%.
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simplify analysis and facilitate subsequent spirocyclization through hydrogen bonding. Quite
unexpectedly, a number of accepted methods for the selective deprotection of THP groups in 14 did
not lead to ring closure.® However, when recourse was made to the combination of boron trifluoride
etherate and ethanethiol in CH2Cl2,10 the desired transformation occurred with concomitant
cleavage of the OTBS substituent to give 15a. This diol was not considered to be serviceable
because of an anticipated inability to

distinguish between the pair of hydroxyl
groups. In the long term, this event
speaks to the need for appropriate
replacement of the OTBS protecting
group in 14. However, with generous
quantities of 14 in hand, advance-
ment was made by acetylation prior
to cyclization, this tactic affording

15b in 60% yield.112 X-ray crystal-
lographic analysis of this advanced
intermediate (see Figure 1) confirmed

that its absolute configuration was as expected.

Figure 1. ORTEP drawing of 15b.
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Finally, silylation of 15b made possible the acquisition of the B ring ketone which reacted
with methylmagnesium bromide from the equatorial direction to give 16 (COSY and NOE
analysis).11b  Next to be addressed was protection of the tertiary hydroxyl as its tert-
butyldimethylsilyl derivative and oxidative removal of the p-methoxybenzyl group. Both steps
proceeded efficiently to provide the target compound 17.

In summary, the convergent synthesis described herein makes available the C1-C12
spiroacetal sector of the marine macrolides in a manner that allows for direct chemical linkup to
either side arm. Additionally, practical entry to the antipode of 17 is possible through alternative
deployment of R-7 and (R)-glycidol.
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