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Enantioselective metalation of prochiral organic substrates is an complexes with diboron reagents have not been detected, whereas
active area of research in chemical synthesis. In particular, this areathe corresponding platinum complexes haveikely for these
of catalysis is attractive because it provides a starting point for the reasons, Pd(0) complexes are heretofore unknown in classical
development of cascade reaction sequences which may be usefutliboration reaction8.We reasoned that, similar to the racemic
for the rapid construction of complex chiral structures. Because of platinum-catalyzed allene diboration described by Miydfad-
the remarkable breadth of stereospecific transformations availabledition of external Lewis basic ligands may facilitate the Pd(0)-
to stereogenic carberboron bondg, recent research in our catalyzed reaction and provide a direction for development of an
laboratory has focused on development of new enantioselectiveappropriate chiral catalyst. Initial experiments were conducted with
processes that allow for the construction of these chiral organo- Pdx(dba), bis(pinacolato)diborof, and the simple allene 1)
metallics. One method for constructing such chiral reactive reagentsdepicted in Table 1. Reactions were conducted in tolugread
is the asymmetric diboration of simple alker#&sTo expand the followed by NMR analysis. As can be seen in Table 1, addition of
scope of this reaction, we have begun to examine the diboration of Lewis basic ligand structures does indeed provide enhanced
related prochiral allenesThe product of this process contains both  reactivity. In contrast to the reported platinum-catalyzed allene
allylboronate and vinylboronate functionality and should prove to diboration reaction which requires 18 h at 30 for substituted
be a versatile intermediate in asymmetric synthesis. An analogousallenes, with an appropriate ligand, the palladium-catalyzed reaction
asymmetric silylboration has been reported which employs a chiral can proceed to completion in minutes at room temperatfiéle
silylboron reagent in conjunction with a chiral catalystpwever, alkyl phosphines provided the highest levels of reactivity enhance-
an asymmetric diboration of allenes has not been described. Wement, phosphites and phosphorus triamides were also effective. As
envision that introduction of the process and development of ensuingmight be expected based on the proposed mechanism for diboration
tandem reaction sequences will enable the rapid construction ofwith group 10 complexes (active catalystL—Pd)° dppe was
complex structures. completely ineffective in the reaction.

Initial attempts to execute a catalytic asymmetric diboration of ~ Motivated by the data in Table 1, we began to explore the utility
prochiral allenes using previously described chiral rhodium-based of chiral phosphoramidites in the allene diboration reaction. These
diboration catalyst suffered from a lack of regioselectivity, ligand structures are modular, highly tunable, and have proven
reactivity, and enantioselectivity. To develop a catalyst with useful in a variety of catalytic asymmetric transformatidhigitial
improved performance, we decided to examine new transition metal experiments surveyed binaphthol-derived phosphoramidiges (
complexes. Computational studies by Musaev, Morokuma, and Scheme 1), and while these ligands gave good conversion, enantio-
Sakaki suggest that for oxidative addition to diboron reagents, selectivity was poor. In contrast, TADDOL-derived phosphora-
palladium complexes face an activation barrier that is smaller than midite 32 afforded high levels of asymmetric induction and good
that of their platinum analogues; however, this elementary step with yields for a number of prochiral monosubstituted allene substrates
palladium is more endothermic than with platinrccordingly, (Table 2) This reaction appears to be remarkably general and
oxidative addition adducts arising from the reaction of Pd(0) provides similar levels of enantioselectivity whether aromatic,

aliphatic, large, or small substituents are appended to the allene.

Table 1. Effect of Additional Ligand on the Palladium-Catalyzed Reaction with most substrates results in moderate yields after 14
Diboration of 1 h. However, with a largéert-butyl substituent (entry 7), the rate
2:5% Pd(dba)s B(pin) diminishes and an extended reaction time (48 h) is required to
deoy” S, j: i _S%ligand_ soonl )WB(pin) achieve a useful product yield. Whereas the Pt-catalyzed allene
tz"(')“;’l‘:*’: Y diboration reaction often affords mixtures of regioisomeric addition
2(Pin); products, with the Pdphosphoramidite catalyst, only the internal
p — position of the allene reacts, as determined!HyNMR analysis
igand % conversion . R
of crude reaction mixtures.
g%’;f ig While the allene diboration products are bench-stable compounds
dppe <5 and may be isolated and purified by silica gel chromatography,
PCys 100 Scheme 1
PPhCy 86 R
Criwe : 30 np
P(OPh) 10 Ny Ve, © RN
P(NMe)s 82 d R Me™ ov'\\__G  CH,
DMAP <5 y O P Yo
aConversion determined b4 NMR analysis at 20 min. All reactions
exhibit <10% side products, as determined by NMR analysis. 2 (RR)-3
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Table 2. Catalytic Enantioselective Diboration of Prochiral Allenes
with Pdz(dba)s;—Phosphoramidite (3)

2.5% Pdy(dba)s

N 6 mol% (R,R)-3 B(pm)B(pin)
Neg * Balping ———————>
RS 2z toluene, 14 h R/H‘/
r.t.
entry R % yield? e’
1 decyl 61 o
2 cyclohexyl 62 e
3 PhCHCH, 3 o
3 Ph o5 90
: Chs 68 s
o Ph 5 o
7 tert-Bu 42 (58§ o
8 BNOCHCH, 57 2

a|solated yield of diboron adduct after silica gel chromatography.
Average of two experiments with a difference in yield ©10% in each
case P Enantiomeric excess determined by chiral GLC or SFC analysis of
diol obtained from hydrogenation (diimide) of the vinylboronate followed
by oxidation (NaOH, HO,) of the resulting saturated 2,3-bis(pinacolbor-

onate) product. The absolute configuration of each product was determined

by comparing the derived 2,3-diol to authentic enantiomekumber in
parentheses is that obtained after 48 h of reaction.

they also exhibit reactivity with appropriate electrophiles. As
depicted in Scheme 2, addition of benzaldehyde to the reaction
vessel at the end of a diboration reaction, followed by addition of
basic hydrogen peroxide, results in formation of fhieydroxyke-
tone4 in a 91:9 enantiomer ratio (e.r.). Comparison of the optical
purity of the diboron intermediate (94:6 e.r.; see Table 2) to that
of product4 suggests that near-perfect levels of chirality transfer
may occur in allylboration reactions with allene diboration adducts.
Comparison of th@-hydroxyketone4) configuration R) with that

of the intermediate diboron addud)(suggests that the preferred
allylation pathway is through transition state(Scheme 2). The
selectivity for this transformation is arguably a result of an A(1,2)
interaction in transition stat8, rendering reaction through this

pathway energetically less favorable compared to reaction through

structureA.14
Access to chiral allene diboration adducts in an enantioselective
fashion provides new opportunities for asymmetric synthesis

tures. Current efforts are focused on developing the scope of these
transformations.
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