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Additions of chiral allenylzinc and indium reagents to N-Boc alaninal were examined as a possible route to a C20  —C26 segment of superstolide
A. Allenylzinc reagents, prepared in situ by palladiozincation of ( R)- and (S)-5-pivalyloxy-3-butyn-2-ol mesylate, showed excellent reagent
control to afford the anti,syn and anti,anti diastereomers as the nearly exclusive adducts.

Superstolide A is a constituent of the deep-water marine hydronaphthalene segment (€€18) by means of an intra-

spongeNeosiphonia superste$his structurally novel mac-
rolide, which shows nM activity against murine and human
leukemia, colon, and nasopharyngeal ctllgms been the
subject of several recent synthetic studies.

D’Auria and co-worker&reported a synthesis of the C21
C26 polyketide segment of superstolide A in which Brown'’s
crotylborane reageritgplayed a major part. An analogous
route to the C20—C26 segment has been reported by th
groups of Roushand Jin? Roush has also assembled the
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molecular Diels—Alder construct (Figure 4Dur projected
approach to superstolide A follows along similar lines except
for the methodology used to assemble the €226
polyketide segmertt, in which chiral allenylmetal reagents
play a major role. Such reagents have been found to react
with chiral a-methyl ando-alkoxy aldehydes with excellent
reagent control to afford key components of polyketide
natural product$.For our planned synthesis of fragme2it

the addition would involve a protectedamino aldehyde, a

(4) Roush, W. R.; Hertel, L.; Schnaderbeck, M. J.; Yakelis, N. A.
Tetrahedron Lett2002,43, 4885. Yakelis, N. A.; Roush, W. R. Org.
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Figure 3. Pairing of (P)-and (M)-allenylmetal reagents witR)-
N-Boc alaninal.

The boronate finding called attention to the possibility
that in additions of certain chiral allylmetal reagents to
o-chiral aldehydes, the normally favored reaction pathway reagent to the si face of the carbonyl of an H-bonded
can be blocked by a 1,8yn-pentane interaction that cannot conformer is blocked by the:-methyl substituent of the
be overcome by reagent control (Figure 2). Because of thealaninal (chelation 1). However, attack at the re face suffers
linear arrangement of the allene moiety, these unfavorablefrom a more serious eclipsing interaction between the allenyl
interactions would not exist in analogous additions involving methyl and the aldehyde substituent (chelation 2 and anti-
allenylmetal reagents. It therefore appeared likely that Felkin—Anh 1). Therefore, a reagent-controlled transition
reactions of both enantiomers of chiral allenylmetal reagents state (Felkin—Anh) involving a non-H-bonded aldehyde
with N-Boc alaninal and related aldehydes could proceed might reasonably be expected. Addition of thé){allenyl-
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metal reagent to an jRalaninal derivative, on the other hand, We have previously employed a pivaloxymethyl indium

could proceed through a favored (matched) chelation transi-bromide reagent for a diastereoselective addition reaction

tion state (chelation 3) or, possibly, anti-FelkiAnh 2. The involving a chiralo-methyl-5OTBS propanal with excellent

fourth possibility (not shown), which would afford the syn,- results® In that case the indium reagent was prepared by

anti diastereomer, is disfavored by eclipsing of the allenyl transmetalation of an allenylstannane precursor. Applying

methyl and the aldehyde substituent, in the manner of that protocol to aldehydel, we prepared the racemic

chelation 2 and anti-Felkin—Anh 1. allenylindium bromide reagent in situ from the allenylstan-
For our exploratory studies we selected My@oc deriva- nanell (Table 2).

tive of (R)-alaninak as the aldehyde substra&tdllenylin-

dium reagents, prepared in situ from propargylic mesylates,_

were examined first.Addition of the racemic reagenRS)- Table 2. Additions of Allenylindium Bromide Reagents to

1, derived from the mesylate of 4-TMS-3-butyn-2-ol by N-Boc Alaninal

palladioindatiorf, afforded a 1:1 mixture of anti,anti and anti,-

e . X - Me PIVO PivO
syn adduct® and8 (Table 1), indicative of a reaction with OPiv H OH OH
':\Me 4 NHBoc 2 wme . - Me
_ BusSn InBrs, EtOAC Me NHBoc Me NHBoc
Table 1. Additions of Allenylzinc and Indium Reagents to 1" 7 10
N-Boc Alaninat
o configuration yield (%) anti,anti:anti,syn
Me racemic 71 40:60
H)K( R OH R OH
St s s B & ;
Me + B - .
- Z H'" conditions Me NHBOC Me NHBOC
2R =CH;0Bn §R=CHOBn SR =CH,OBn This reaction led to a 40:60 mixture of anti,anti and anti,-
3R = CH,OPiv 7 R = CH,OPiv 10 R = CH,OPiv .. . . . . .
syn adducts, indicative of a partial kinetic resolution. When
yield these conditions were applied to tH®){allenylstannanél,

R conditions configuration (%) anti,anti:anti,syn an 80:20 mixture of the two adducts was formed. As
TMS 1 A racemic 35 50-50 expected, the matched combination of aldehydend the
TMS 1 A (R)- 69 >95:5 (M)-stannane afforded the anti,syn addli6tas the nearly
TMS 1 A (S)- 74 <5:95 exclusive product.

CH,0Bn 2 A racemic 85 50:50 The dramatic difference in reactivities of allenyl-
CH20Bn 2 A (R)- 80 >95:5 indium reagents prepared from the alkynylTMS and.CH
ngognz i ©- 90 10:90 OBn mesylatesl and 2 compared to that of the analog-
CH,OPiv 3 raceme 0 ous reagent from the GBPiv mesylate8 may result from
CH20Piv 3 B racemic 70 50:50 th bilit f the latter to f int f dinated
CH,OPiv 3 B ®)- "8 ~955 e ability of the latter to form an internally coordinate
CH,OPiv 3 B (S)- 50 <5:95 species, which inhibits oxidative transmetalation of the

allenylpalladium precursor of the indium reagent (eq 3). That
the effect is not related to the aldehyde substéateas
ascertained by unsuccessful attempts to effect addition of
effectively no substrate control. In accord with this surmise, the putative indium reagent to isobutyraldehyde, which led
the (P)- and (M)-allenylindium reagents, prepared from the to recovery of the starting material. Presumably, the analo-
(R)- and (S)-TMSpropargylic mesylates (Rahd (S)-1, gous zinc transmetalation is less inhibited by internal
afforded the anti,anti and anti,syn adducts with essentially chelation.

complete stereoselectivity. The benzyloxymethyl-substituted

propargylic mesylates (RS)-2R)-2, and $)-2 showed Inl H;Z,:(%_e
analogous selectivity. Surprisingly, the related racemic T//H Me --0
pivaloxymethyl counterparR9-3 gave no addition product; PAO)  H... :(o OMs

the starting aldehyde was recovered unchanged. However, 3 Me™ Pd__g_é @)

when the Inl component of this reaction was replaced by
Et,Zn, the two diastereomeric anti,anti adducendl10were 0
produced as a 1:1 mixture. The use of thR)-( and \EME«::( >—é
(S)-mesylates (R)-8nd (S)-3, respectively, in this addition 0

aKey: A= Pd(OAcy-PPh, Inl, THF; B = Pd(OAcy-PPh, Et:Zn, THF.

/\
PhsP  OMs

/
OMs

afforded the anti,anti and anti,syn adducts, as before, with

virtually complete diastereoselectivity. Conversion of the anti,anti adduto a suitable derivative
S Marehal 3 A Ells K. GO, Lot 2003.5. 1729 and ref of segmentC for our projected superstolide synthesis was

D) Marshall, J. A.; Ells, K. COrg. Lett,2003,5, 1729 and references  4chiaved by the sequence outlined in Scheme 1. Accordingly,
(8) Marshall, J. A.Chem. Rev2000,100, 3163. acetonide formation, followed by reduction with Red-Al,
(9) Marshall, J. A.; Chobanian, H. R.; Yanik, M. Nbrg. Lett.2001,3,

3369. (10) Marshall, J. A.; Johns, B. Al. Org. Chem1998,63, 7885.
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Scheme 1. Synthesis of a Possible Superstolide Precursor
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afforded the allylic alcohol3. A matched Sharpless asym- aldehyde 18 with dimethyl (diazomethyl)phosphonéte
metric epoxidation led to the epoxidd. This epoxide was ~ Whereupon the alkyn&9 was formed in high yield.

also produced as the sole product in a substrate-directed In addition to elaborating an efficient synthesis of a
reaction when the epoxidation was conducted in the absencePotential precursor of superstolide, these studies reveal a
of the tartrate ligand. Regioselective addition of a higher divergence in the palladiometalation route to allenylmetal

order methyl cyanocuprate reagéreffected conversion to
the diol 15 in nearly quantitative yield. Silylation and
selective desilyation, followed by DesMartin periodinane
oxidation, afforded the aldehyds8, previously prepared by
D'Auria? and RousH.The spectral properties of this aldehyde

were in accord with those reported. We also prepared the

related alkene20, an intermediate in the superstolide
fragment synthesis reported by Yakelis and Rdlishis was
achieved through Wittig homologation of aldehyt® The
rotation and*H NMR spectrum of our material confirmed
its identity. Furthermore, the derived alcoldl, a crystalline
solid, exhibited an optical rotation and melting point
coincident with the reported valués.

reagents when the propargylic mesylate precursor possesses
a ligating alkynyl substituent. Presumably, such substituents
interfere with the transmetalation step of the sequence as
(1) the analogous palladiozincation proceeds without incident
and (2) a reactive allenylindium halide reagent can be
prepared from such mesylates through use of an allenylstan-
nane precursor.
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