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Rh-catalyzed hydrogenation of prochiral vinyl boronates occurs in an enantioselective fashion in the presence of the chiral ligand Walphos
1. This transformation provides access to chiral secondary organoboronates that are not available from alkene hydroboration reactions. The
chiral reaction products should be useful in organic synthesis, and preliminary experiments suggest that they may participate in one-pot
amination and homologation reactions.

Controlled construction of secondary organoboron derivatives In this report we describe a catalytic enantioselective route
is a difficult problem in organic synthesis, and yet, because to versatile secondary boronic esters that are not available
the boron atom may be replaced with a variety of functional from other catalytic reactions. Attractive features of this
groups, solutions to this problem have important ramifica- process are that the reaction proceeds under mild conditions
tions for the preparation of chiral compound#lkene and operates on readily available substrates that are prepared
hydroboration is the most common route to alkylboron in an efficient, inexpensive fashidn.

derivatives. However, aside from styrenes, hydroboration of  As part of a program aimed at the development of catalytic
l-alkenes does not deliver secondary organoboron com-asymmetric processes for the generation of chiral reactive
pounds’ Hydroboration of 1,2-disubstituted alkenes is intermediates, we recently described the hydrogenation of
similarly ineffective because this substrate class generally vinylbis(boronic esters).This transformation provides an
suffers from low position selectivity. In fact, the-halo- alternative to enantioselective alkene diboration as a route
boronic ester strategy developed by Matteson is the only to the production of chiral alkyl-1,2-bis(boronic esters). In
general route to such compounds in a nonracemic fashion. a similar fashion, it was imagined that hydrogenation of
vinylboronic esters might provide an alternative to alkene
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boron compound$importantly, in this approach the position || ||| A A
selectivity of the chiral organoboron product is controlled 1 e 2. Rh/Walphos 1-Catalyzed Hydrogenation of
during construction of the hydrogenation substrate and shouldyinyihoronic Esters

ultimately allow access to a broad array of secondary Boin 5 mol % Rh(nbd),BF; Boin
organoboronates in a regiodefined fashion. AL 8 mol % (R,R)-Walphos 1 B4

Many catalytic reactions proceed by transmetalation of R Ha <3355§C‘m) R Me
vinyl groups from boron to Rh(l), and this elementary step
has been observed in the Rh-catalyzed addition of aryl-  entry substrate solvent % yield % ee
boronates to enonésFor this reason, it was initially Bpin ‘oluene ~05 97
considered that Rh-catalyzed hydrogenation of vinyl boronic 1 eyclohexy] A dichlorocth ~95 05
esters might suffer from significant competitive side reac- ! criotoctane
tions. Likely because the hydrogenation reactions were Bpin toluene >95 81
carried out in the absence of exogenous base, transmetalation hexyl)\ dichloroethane ~ >95 84
appears not to be a problem and very high yields of saturated Bpin toluene 595 90
organoboron derivatives may be obtained from this route. 3 TBSO/\& dichloroethane 595 g5
A sample of the many ligands examined is depicted in Table '
1 where it can be seen that the Walph8saad Walphos 8 4 /\/ﬂ‘ toluene >95 90
PivO dichloroethane >95 86
| S
Table 1. Effect of Chiral Ligand on the Rh-Catalyzed dichloroethane  >95 89
Hydrogenation of Vinylboronic Esters Bpin toluene -05 94
Bpin 5 rgo::ﬁ] i;t‘](g;i)jBF“ Bpin 6 tBquC/\A dichloroethane >95 59
MeM T Ee—— Me\/\/\/l\
Hzégiétm Ve - Bpin toluene >95 88
R = Ph dichloroethane >95 79
ligand % conv_ % ee Me  Bpin toluene >95  >20:1dr
RoP Walphos 1 (R= Ph, R'=CF3) >99 64 8 TBSO .
@%AP R’ Walphos 6 (R= Ph, R=CHs) 2% 9 dichloroethane >95  >20:1dr
g Me \Q/ Walphos 8 (R= Cy, R=CF3) >99 65 Me Bpin toluene >95  >20:1dr
R Walphos 9 (R= m-xylyl, R=CHs) 80 0 9 TBSOM dichloroethane >95 >20:1dr
(R,R)-Walphos Binap >99 16

a All reactions were conducted for 12 h in a stainless steel bomb
immersed in a Cryocoo®.Isolated yield after passage of the reaction mixture
though a silica gel plug. In general, the reaction products>@8&% pure
; ; ; ; ; by spectroscopic analysiSEnantiomeric excess determined after conversion
ligands are uniquely select|v_e_ for this transformation. 16 the derived alcohol by treatment with NaOHJGs.

Whereas only moderate selectivity was observed under the

conditions for the initial ligand survey (35 atmyHoom
temperature), executing the reaction at lower temperatures A auractive feature of the vinylboronate hydrogenation

led Itoha S|gn|f|can; |mphrpv:amer&t_ f!n_enalllntlosdelec;]tlvny vyhe? reaction is that the immediate reaction product is pure enough
Walphos 1 was the chiral modiflying ligand. The optimal ¢, o directly in other transformations. The experiment in

reaction conditions are presented in Table 2 where it can beg.ame 1 demonstrates this feature where. after the asym-
observed that very high levels of selectivity and excellent ’

product yield may be obtained. Interestingly, both coordinat-
ing and noncoordinating functionality may be present in the _

substrate and the selectivity is similar. Entries 8 and 9 Scheme 1

demonstrate that the reaction of chiral substrates is controlled Bpin 1. 5 mol % Rh{nbd),BF, NHBn

by the catalyst alone and that resident chirality does not g mol% (R RjWalphos 1 ScH,  81% el
significantly alter the reaction outcome. Hz, 30,2m O/\ ’

2. BCl3, then BnN; 2
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Ed. Engl.1997,36, 2516. (d) Hupe, E.; Marek, I. Knochel, ©rg. Lett.
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metric hydrogenation, the alkylboronic ester is treated with
BCl; and then benzyl azideThis reaction sequence directly
provides chiral secondary amién good yield and excellent
enantiomeric excess.
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Aside from amination and oxidation, the capacity of chiral
organoboronic esters to participate in C—C bond-forming

relative to an alkyl substituent is clear when comparing
boronate4 (84% conversion) to similarly sized alkere

reactions is also a noteworthy trait. The direct conversion (<10% conversion). One might ascribe this difference to the

of vinyl boronatel to 3 can be accomplished as depicted in
Scheme 29 For this transformation, a solvent-swap of

Scheme 2
Bpin 1. 5mol % Rh(nbd),BF, O
8 mol % (R,R)-Walphos 1 H CH 86% yield
—_—
Ha, 35 atm O/\ ’ 95% ee
-35°C

2. CICH,Li, THF
-78 °C

1 3

3. NaOH, H,0,

toluene for THF is required, but the unpurified hydrogenation
mixture may be used directly and provides thechiral
alcohol 3 in high yield and enantiomeric excess.

Vinyl boron compounds may exhibit unique reactivity
relative to that of typical alkene substrates (i.e., omniphilic
reactivity in cycloadditions)! A priori one might anticipate

m-acceptor propertiésof the boron atom. However, the low
reactivity observed with methyl methacrylate argues against
the solitary importance of this feature. Alternatively, one
might ascribe the enhanced reactivity of vinyl boronates to
inductive donation from boron to carbéhHowever, an
inductively withdrawing phenyl ring®) provides levels of
reactivity comparable to that of the vinyl boronate (70%
conversion) albeit no enantioselection5% ee). Clearly,
the nature of the boronate’s involvement in the reaction is
not simple and more detailed experiments are required to
understand the nature of this reaction.

In conclusion, we have documented a highly enantio-
selective catalytic asymmetric hydrogenation of vinyl bor-
onates, which in many cases provides products that are
unattainable from hydroboration reactions. Further examina-
tion of the scope and utility of this process is in progress.
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Table 2 suggest that this is not the case. Substrate functionalmental procedures, characterization dakhgnd**C NMR,
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consider the electronic properties of the boronic ester as an

important element in the reaction. To probe these effects,
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catalyzed hydrogenation. The activating effect of the boronate ;995 33 1017

Scheme 3. Conversion at 10 min in Isolated Experiments
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aReagents and conditions: 5 mol % Rh(ni&H,;, 8 mol %
Walphos 1, 35 atm i —35 °C.
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