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The ability to achieve dynamic kinetic asymmetric transforma-
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ligand 8% in methylene chloride affordefla, however, in only
47% ee (see eq 2). Lowering the catalyst loading to 0.5% Pd
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tions is an efficient method for asymmetric synthesis since 100% dba and 1.5%8 resulted in an increase in the enantioselectivity

of the racemic starting material is converted to a single enantio-

meric product In considering this question within the context
of asymmetric metal catalyzed allylic alkylations, we were
attracted toy-acyloxybutenolides as substrates. First, the utility

of 9ato 58%. We conjectured that the moderate enantioselectivity
was not due to poor recognition in the ionization step but rather
to partial equilibration of the kinetically formed-allyl intermedi-

ate as conjectured in eq 1. Therefore, we added a base to increase

of y-alkoxybutenolides as synthons for asymmetric synthesis of the concentration of deprotonated phenol to increase the rate of
natural products has spurred the development of methods for theimucleophilic attack relative to the equilibration of the kinetically

asymmetric preparatioi Second, they offer an interesting

formed intermediat@ or 3. Indeed, the addition of 15% cesium

structural feature that may facilitate the process as illustrated in carbonate afforded the add@z in 90% yield (based oiia since

eqg 1. While ionization of racemit initially generates the two
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m-allylpalladium intermediate® and 4, their interconversion
through the expediency of@complex like3 provides a vehicle
for their interconversion. The aromaticity of the furan may serve
as a driving force to go from the?® to the »* complex. If
interconversion is fast relative to nucleophilic addition and if one
of these diastereomerig®-complexe<2 or 4 (in the presence of

2.2 equiv of6 was employed) in 8790% ee. The enantiomeric
excess of recovere@l ranged from 16 to 44%.

Similarly, reaction of 2.2 equiv o6 with 1 equiv of 3,5-
dimethoxyphenol{b) or 2-iodophenol c) catalyzed by 1% P#
dba and 3% ligand afforded9b and9c in 88% ee (82% vyield
based orvb) and 86% ee (88% yield based @0), respectively.
Reaction with the more complicated phera” with 6 under
similar conditions afforded addu®t in 70% yield and 87% ee.
Triethylborane initiated radical cyclization &d yielded the
tricyclic compound10 (eq 3)8 Silyl group deprotection of.O
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affords the Buchi lactond1, which constitutes an asymmetric
formal synthesis of the aflatoxifig® The absolute stereochemistry
of 11 was established by comparison to the optical rotation
reported by Marind!

With these results in hand, our study of the dynamic kinetic

chiral ligands) undergoes reaction faster than the other, then anasymmetric transformation commenced (eq 2). When the reaction

effective dynamic kinetic asymmetric transformation would result.

of 6 with 7a, under the conditions described above, except that

presence of chiral enantiomerically pure palladium complexes,

carried out to conversions of the butenolide greater than 45%,

which demonstrates the feasibility of both kinetic and dynamic the enantioselectivity dropped significantly (48% ee at 80%
kinetic asymmetric transformations and culminates in an efficient conversion, 24% ee at 100% conversion). If the rate of nucleo-

strategy for the asymmetric synthesis of the aflatoxin farhily.
We initiated our studies by examining the chiral recognition

in the ionization step. Reaction 6f with 0.5 equiv of 4-meth-

oxyphenol7a in the presence of 5% Rdba and 15% chiral
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through coordination to palladium which would favor thé Scheme 1.Formal Synthesis of Aflatoxin B
complex3'? should increase the ee. Indeed, addition of 30% tetra- °
n-butylammonium chloride to the reaction mixture resulte@an on M/Y’E‘ g0 A,

being isolated in 80% yield and 75% ee, up from 24% ee in the /@ AR : 76 recnyst
absence of chloride. Slowing the rate of nucleophilic attack by HaCO oH  HoLEOM HaCO" oH
removing the cesium carbonate afford®d in 84% ee (74% 15 17 X<y
yield). Compound®cwas prepared under identical conditions, in 18 xr) Ciampe
83% yield and 87% ee, by the reaction @af with 6. A single 250 Peabag, 75% 8] 1250, 6
recrystallization increases the ee to 99%. Reductive Heck cy- 0% BuNCI L (89%

clization affords tricyclic lactonel2 in 64% yield without o

)
[e]
significant deterioration of the enantiomeric excess (93% ee) (eq “¢° o , o e e ‘
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A significant portion of the synthetic utility of-alkoxybuteno- (32% from 20)
lides relies on transfer of chirality from thealkoxy center to L . . . . .
the a and carbons: To this end, we prepared butenolitid in kinetic asymmetric transformation with butenoli@eaffording
97% ee (87% yield), froré and 2-naphthofeunder our standard ~ the adductl9in 89% yield. Unfortunately, at this stage, we were
palladium-catalyzed conditions for dynamic kinetic asymmetric unable to determine its enantioselectivity. Unlike the attempted

transformations (eq 5). The steric bulk of 2-naphthol presumably Put failed palladium-catalyzed cyclization &f, subjecting19
(eq’5) P P y to the standard reductive Heck cyclization conditions afforded

the tetracyclic coumarir20 in 93% vyield. At this stage, the

OH ) (L = enantiomeric excess @0 was determined to be 95% by alH
7e 25%8 , 7.5% Pdydbag O /{1 Et,Zn, TBDMSOT O /Z—X
0 Moo 0 Moo ®
14
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- ] Etezn, TEDMSOT! NMR chiral shift experiment (Eu(hfg). In accord with earlier

oo DK, A O e observations, the phenol substituents which are electron-
oc! 87% o . . . . .

. § withdrawing, such as the coumarin ring, may be essential for

efficient cyclization. Acid-catalyzed hydrolysis of the ethyl ester

decreases the rate of nucleophilic attack relative to equilibration proceeds smoothly under the conditions reported Byhii
and thus may be responsible for the enhanced enantioselectivity Introduction of ring E is accomplished in one step by treatment
Conjugate addition of diethylzinc promoted tart-butyldimeth- with scandium triflate and lithium perchlorat&Thus, Bichi's
ylsilyl triflate gave a 10:1 ratio of diastereomers in 51% (71% intermediate?2is available in six steps from two simple building
based on recoveretB) yield.2* This reaction demonstrates that blocks 15 and16.

the 2-naphthyloxy moiety is an efficient auxiliary for this type ~ The current study validates the strategy depicted in eq 1 as an
of chirality transfer. efficient approach for the asymmetric synthesis of butenolides.

With these results in hand, we investigated the use of the These substitutions occur with excellent ee despite the ease with
palladium-catalyzed dynamic kinetic asymmetric transformation Which the products may racemize due to their propensity toward
toward an enantioselective synthesis of the aflatoxins. Our €nolization. Since the nucleophilic substitution event occurs
synthetic plan (see Scheme 1) was to utilize a coumarin as theconcomitantly with the deracemization event, this strategy is more
phenol nucleophile in the allylic alkylation. This would make the €fficient than performing this transformation as two separate
synthesis highly convergent and allow for some flexibility in ring  operations® These successes, highlighted by the emergence of
E, an important consideration since members of this class of an efficient asymmetric Synthesis of the aflatoxins, stimulates the
Compounds vary at this ring_ To this end, we prepared coumarin exploration .Of other situations for dynamic kinetic asymmetric
17 by the Pechman condensatioaof monomethyl phloroglucinol transformations.

15'% with ketoesterl6,'” which was separated from the 1.4:1
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