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ABSTRACT

cis-Boronates are readily available via a diastereoselective Pd-catalyzed reduction of tetrasubstituted alkenylboronic esters using H2. Applying
the reaction conditions presented to unsaturated open-chain boronic esters allows the stereochemistry of up to three adjacent centers to be
controlled.

Organoboranes are key intermediates for the stereoselective
preparation of a wide range of organic molecules.1 In most
cases, the stereochemical information is introduced by asyn-
hydroboration step.2,3 For example, starting from trisubsti-
tuted olefins allows the stereoselective synthesis oftrans-
organoboranes of type1. No simple synthesis of the isomeric

cis-organoboranes of type2 is available. Such compounds
would be of synthetic importance and complement the pre-
paration of organoboranes1. We envisioned that molecules
of type 2 could be obtained by the syn hydrogenation of
readily available boronic esters of type3.4 This approach
could also be of great interest for controlling the stereochem-
istry of open-chain boronic acids4 by the diastereoselective
syn reduction of boronic esters of type5 (Scheme 1).2b

Herein, we wish to report a successful approach toward
the desired cis products of type2 and4, demonstrating the
possibility of controlling the stereochemistry of up to three
adjacent centers in open-chain molecules. First, we examined
a range of reducing reagents and reaction conditions to
optimize a syn hydrogenation of substrates of type3. Soon
it became clear that, although cyclohexenylboronic esters can
be reduced with various reducing agents such as diimide5
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and others,6 in the case of tetrasubstituted alkenylboronic
esters, only sluggish reactions were observed. We have found
that reduction of these substrates with hydrogen (balloon
connected to the reaction flask, ca. 1 atm) in the presence
of catalytic amounts of Pd/C in methanol occurred smoothly
with high stereoselectivity and in excellent yields. Thus, the
2-phenyl-substituted pinacol cycloalkenylboronic esters6a-
c7 were hydrogenated under these conditions [H2 (1 atm),
Pd/C (10 %), methanol, 25°C, 1 h], leading to the
corresponding saturatedcis-boronic esters7a-c in quantita-
tive yields and high diastereoselectivities (cis:trans> 99:1).
These boronic esters were readily converted under standard
conditions1 to alcohols8a-c, respectively, in 85-86% yield
and cis diastereoselectivities>99:1 (2 M NaOH, 30% H2O2)
and to amines9a-c, respectively, [(a) BCl3, 5.0 equiv, 25
°C, 4 h; (b) BnN3, 3.0 equiv, from 0 to 25°C, 8 h]8 in 59-
63% yield and cis diastereoselectivities>99:1. The conver-
sion of the boronic esters7a-c to the corresponding
organozinc reagents9 can be achieved by treatment with
MeMgCl10 (2.0 equiv,-78 °C to 25 °C, 10 h) followed by
the addition of i-Pr2Zn (40 equiv, 25°C, 48 h). In the
presence of CuCN‚2LiCl (1.0 equiv) and allyl bromide (4.0
equiv), the expected allylated products10a-c were obtained
in 46-56% yield and variable diastereoselectivities. Whereas
the cyclopentane derivative10a was formed mainly as the
trans isomer (trans:cis) 86:14), indicating an extensive
epimerization of the intermediate organozinc species due to
the presence of zinc halides,11 the relatedcis-cyclohexylzinc
intermediate displays a higher configurational stability under

the same reaction conditions and furnished predominantly
the cis product (cis:trans) 86:14). Interestingly, in the case
of the seven-membered boronic ester (7c), the same reaction
sequence furnished exclusively the cis stereoisomer of the
allylated product (10c; cis:trans> 99:1)12 (Scheme 2).

Since alkenylpinacol boronic esters are hydrogenated
considerably slower than the corresponding dimethoxy
alkenylboronic esters, we have also developed a very
convenient one-pot sequence for the diastereoselective reduc-
tion of dimethoxy alkenylboronic esters. These dimethoxy
alkenylboronic esters can be generated in situ and then
reduced and further converted into the pinacol boronic ester
in a one-pot procedure. Thus, 1-bromocyclopent-1-ene (11)
was treated witht-BuLi (2.0 equiv,-78 °C). After 30 min,
B(OMe)3 (1.5 equiv) was added and the reaction mixture
was stirred overnight at room temperature, affording an
intermediate dimethoxy alkenylboronic ester12 that, after
evaporation of the solvents, was dissolved in methanol and
hydrogenated under our standard conditions [H2 (1 atm),

(5) van Tamelen, E. E.; Timmons, R. J.J. Am. Chem. Soc.1962,84,
1067.

(6) PtO2 and Rh(PPh3)3Cl in combination with H2 were also tried.
(7) Alkenylboronic esters were synthesized by performing a halogen-

lithium exchange on the corresponding unsaturated bromide/iodide and
trapping this organolithium species with trimethylborate in analogy to: (a)
Kristensen, J.; Lysén, M.; Vedso, P.; Begtrup, M.Org. Lett.2001,3, 1435.
(b) Alo, B. I.; Kandil, A.; Patil, P. A.; Sharp, M. J.; Siddiqui, M. A.;
Snieckus, V.J. Org. Chem.1991, 56, 3763. (c) Rocca, P.; Marsais, F.;
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Pd/C (10 %), 25°C, 7 h]. After workup, conversion into the
pinacol boronic ester13was performed [pinacol (1.5 equiv),
molecular sieves 4 Å, 25°C, 12 h], leading to the desired
alkylboronic ester13 after chromatographic purification (SiO2)
in 42% overall yield and with a cis:trans ratio of 97:3
(Scheme 3).14

We have also investigated the hydrogenation of open-
chain systems. Thus, the hydrogenation of the (E)-boronic
ester ((E)-14) under standard conditions [H2 (1 atm), Pd/C
(10 %), methanol, 25°C, 1 h] furnished thesyn-pinacol
boronic ester (syn-15) in 77% yield and a diastereoselectivity
of 94:6. After oxidation or amination, the desired alcohol
(syn-16; 83% yield, dr> 94:6) or amine (syn-17,71% yield,
dr > 94:6) were obtained. Alternatively, starting from (Z)-
14, the hydrogenation provided in excellent diastereoselec-
tivity (dr > 99:1) theanti-pinacol boronic ester (anti-15) in
93% yield. This boronic ester can be converted to theanti-
alcohol (anti-16) in 77% yield or to theanti-amine (anti-
17) in 66% yield with complete retention of stereochemistry
(dr > 99:1) (Scheme 4).

Finally, we have examined the diastereoselective reduction
of a 3-alkoxy-alkenylboronic ester of type18.15 Its hydro-
genation [H2 (1 atm), Pd/C (10 %), methanol, 25°C, 1 h] is
highly diastereoselective, providing the saturated boronic
ester19 in 97% yield and a diastereoselectivity of 93:7. After
oxidative workup (H2O2, NaOH), the selectively protected

diol 20 was obtained in 88% yield (dr) 95:5). The relative
stereochemistry was established by converting the alcohol
20 to the isochromene derivative21 [TiCl 4 (3.0 equiv), CH2-
Cl2/pentane, 0°C, 2 h]16 (Scheme 5).17
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Scheme 4a

a Reaction conditions: (a) 2 M NaOH, 30% H2O2 (THF, from 0
to 25°C, 4 h); (b) BCl3 (5.0 equiv, CH2Cl2, 25°C, 4 h), then BnN3
(3.0 equiv, CH2Cl2, from 0 to 25°C, 8 h).

Scheme 5

Scheme 3a

a Reaction conditions: (a)t-BuLi (2 equiv, THF,-78 °C, 0.5
h); (b) B(OMe)3 (1.5 equiv, 25°C, 12 h), then removal of solvents;
(c) H2 (1 atm), Pd/C (10 %, MeOH, 25°C, 7 h); (d) molecular
sieves 4 Å and pinacol (1.5 equiv, toluene, 25°C, 12 h).
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