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A breathtaking variety of structurally novel alkaloids are
found in sponges.? Arguably the most remarkable are
sarains A—C (1—3), which were isolated by Cimino and co-
workers from the sponge Reniera sarai collected in the Bay
of Naples.®* The diazatricycloundecane core with its “prox-
imity” interaction between the aldehyde substituent at C2
and N1° and the 14-membered ring containing a vicinal diol
and three (two cis and one trans) double bonds is unprec-
edented, defining this class of marine alkaloids.® A prelimi-
nary survey of biological activity identified antibacterial,
insecticidal, and antitumor activities with sarains A—C.” The
fascinating structures of these alkaloids have stimulated
several synthetic investigations in this area. Sisko and
Weinreb reported the first assembly of the basic diazatri-
cycloundecane core,® while notable progress toward sarain
A has also been registered by the Heathcock group.® Herein,
we report the first asymmetric construction of the diazatri-
cycloundecane core of sarains A—C (1—3) by a strategy that
deals effectively with the critical, fully substituted, C3’
center and relates this stereocenter to that of the proximal
diol unit of the 14-membered ring.

Our analysis of the synthetic challenge presented by
sarains A—C (1-3)

sarain A (1) R=CH,
sarain B (2) R =-(2)-CH=CH-
sarain C (3) R =—(2)-CH=CHCH,—

identified diazatricycle 4 as a particularly attractive subgoal,
since this intermediate contains all the key elements of the
diazatricycloundecane core of sarains A—C and sufficient
functionality in the side chain for potential future elabora-
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a2 Reagents: (a) BH3*DMS, THF, cat. NaBH,, 54%; (b) TBDPSCI,
imid., THF, 82%; (c) H,, Pd/C, EtOAc; (d) methyl benzimidate
hydrochloride, CH,Cl,, 73% over two steps; (¢) LHMDS, THF,
DME, —78 °C, 71%,; (f) DMSO, 180 °C, 69%; (g) MezAl, PhMe, 91%;
(h) LHMDS, THF, DMPU, 3-bromo-2-methylpropene, —78 °C, 79%;
(i) THF, 2 N HCI 75%. DMPU = N,N-dimethylpropylene urea.

tion of the 14-membered dihydroxy-skipped triene ring. Our
strategy was to fashion early on the C4'—C3'—C7' stereotriad
as well as assemble most of the carbon framework of 4 with
an intermolecular Michael reaction (Scheme 1). Since
diethyl tartarate was to be the starting enantiopure building
block, our initial investigations employed the less expensive
L enantiomer and targeted ent-1—3.1° The carbonyl group
of the a-hydroxy ester unit of diester 51 was selectively
reduced with borane in the presence of catalytic NaBH, to
provide the corresponding diol in 54% yield.1?2 Protection of
the primary alcohol as a tert-butyldiphenylsilyl (TBDPS)
ether generated ester 6 in 82% yield.13 After hydrogenation
of the azide group of 6, the resulting vicinal amino alcohol
was converted to oxazoline 7 in 73% overall yield.'* This
intermediate was deprotonated with lithium hexamethyl-
disilazane (LHMDS) at —78 °C, and the resulting lithium
enolate was condensed with (Z)-enoate 815-17 under carefully
optimized conditions (=78 °C in a 2:1 mixture of DME—THF)
to provide Michael adduct 10 as a single sterecisomer in 71%
yield.1® The stereochemical outcome of this key Michael
reaction is in accord with transition-state assembly 9.1920
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aReagent: (a) (Boc),O, CH3CN, cat. DMAP, 98%; (b) DIBALH,
CH,Cl,, —78 °C; (c) NaCNBHj3;, HOAC, 67% over two steps; (d) TBAF,
THF; (e) K.CO3, MeOH, 79% over two steps; (f) DIBALH, CH,Cl,, —78
°C; 2 N HCI, 78%; (g) NaHMDS, THF, —78 to 0 °C, 90%; (h) BH3-THF,
THF, 0 °C; EtOH, 4 N NaOH, 30% H,O5; (i) Dess—Martin periodinane,
CH,Cly, 0 °C, 69% over two steps; (j) TIPSOTf, EtzN, CH,Cl,, 0 °C,
77%.

The remaining carbons of the diazatricyclic core were
incorporated using lactam derivative 11, since attempts to
alkylate 10, or directly trap the lithium enolate produced
from the Michael reaction, were unsuccessful. Lactam 11
was accessed in 63% yield by thermal cleavage of the tert-
butoxycarbonyl (Boc) group of 10,6 followed by cyclization
of the resulting amino ester with MesAl.2Y Deprotonation
of 11 with LHMDS and alkylation with 3.5 equiv of 3-bromo-
2-methylpropene at —78 °C resulted in the formation of 12
as a single stereoisomer in 79% yield. The stereochemical
assignment for 12 was made initially on the expectation that
allylation would proceed preferentially from the enolate face
opposite the oxazoline side chain. Finally, exposure of 12
to dilute HCI cleaved the oxazoline ring?? and promoted
translactamization to provide pyrrolidinone 13 in 75% yield.

Elaboration of 13 to arrive at Mannich cyclization precur-
sor 19 was initiated by protection of both nitrogens with Boc
groups? to yield 14 (Scheme 2). Selective reduction of the
pyrrolidinone carbonyl group of this intermediate with
DIBALH at —78 °C provided a 3:2 mixture of hemiaminals,?*
which was immediately reduced with NaCNBH3?5 to furnish
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pyrrolidine 15 in 67% overall yield. The silyl ether of 15
was next discharged with TBAF. The liberated primary
alcohol was allowed to react with K,CO3 in MeOH, which
cleaved the benzoate and sulfonamide Boc protecting groups
and promoted lactonization to provide 16 in 79% yield. This
spirolactone was then treated with 4 equiv of DIBALH at
—78 °C, followed by quenching with aqueous HCI to generate
tricyclic aminal 17 in 78% yield. At this point, the stereo-
chemistry of the methallyl group was readily confirmed by
IH NMR NOESY studies. Exposure of 17 to sodium hexa-
methyldisilazane (NaHMDS) promoted cyclization to gener-
ate oxazolidinone 18 (90%), which was hydroborated and
oxidized to yield a 1:1 mixture of primary alcohols. Oxida-
tion of this mixture with Dess—Martin periodinane?® and
reaction of the resulting aldehyde epimers with triisopro-
pylsilyl triflate provided an inseparable 1.5:1.0 mixture of
enoxysilane stereoisomers 19 in 53% overall yield from 18.27

With the synthesis of 19 in hand, we turned to the crucial
N-tosyliminium ion—enoxysilane cyclization, which derives
some precedent from Sisko and Weinreb's earlier assembly
of a simpler sarain A core using an N-tosyliminium ion-allyl-
silane cyclization.82¢ Attempts to promote Mannich cycli-
zation of 19 with SnCl,, BF3-OEt,, or MesAl proved unsuc-
cessful and typically returned the aldehyde precursors of 19.
However, the desired cyclization was successfully realized
when 19 was exposed to 3.5 equiv of BBrs in CH,Cl, at —78
°C to room temperature, which produced the diazatricyclo-
undecanes 20 and 21 in a 3:1 ratio and 81% combined yield.?°
The structure of the major isomer 20 (mp 214—216 °C) was
confirmed by single-crystal X-ray diffraction analysis.3°

In summary, an enantioselective total synthesis of the core
of sarains A—C (1—3) has been developed. Our strategy
integrates generation of the diazatricycloundecane core of
these alkaloids with formation of a side chain containing the
C7' alcohol stereocenter, the latter of which provides a con-
venient handle for further elaboration of the 14-membered
dihydroxy-skipped triene ring.3! A stereoselective bimolecu-
lar Michael reaction of a tartrate-derived oxazoline and a
(2)-enoate to set the C4'—C3'—C7' stereocenters and the first
example of an intramolecular N-tosyliminium ion—enoxysi-
lane condensation are the central strategic steps of this
sequence.
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