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The homologation of chiral boronic esters by Matteson and
co-workers represents a landmark contribution in the field of
asymmetric synthesis.[1] However, despite achieving excep-
tionally high enantioselectivities with simple, readily acces-
sible reagents, the methodology has not been widely adopted.
One possible factor may be that additional steps are required
to control stereochemistry during iterative homologation as a
consequence of employing substrate control.[1d,2] Since the
stereogenic center created during homologation is dictated by
the substrate diol of the boronic ester, if the opposite
stereoisomer is required, a three-step sequence is needed to
invert (by exchange) the diol stereochemistry.[2] A potentially
more powerful and efficient strategy is to employ reagent
control in the homologation process. This approach requires a
chiral carbenoid that shows high configurational and chemical
stability but sufficient reactivity to effect homologation of
boronic esters. We have shown that chiral sulfur ylides fulfil
some of these criteria and can be used effectively in the
homologation of a range of boranes with very high enantio-
selectivity.[3] However, these ylides do not react with boronic
esters and only give low enantioselectivity with borinic
esters.[3c] Very recently, Blakemore and co-workers described
the application of Hoffmann,s a-chloro Grignard reagents[4]

(although they found that the lithium derivatives worked
better) to effect iterative homologation of boronic esters.[5,6]

The chlorosulfoxide precursors were prepared in two steps,
but some degree of racemization occurred during the
homologation process.[5] Hoppe-type lithiated carbamates,
1a–e[7] (from lithiation of 2a–e with sBuLi in the presence of
(�)-sparteine; see Table 1, where the carbamate moiety is
abbreviated OCb) represent another class of chiral carbe-
noids, which is more readily obtained, and seemed to us to
fulfil the requirements for boronic ester homologation.
Indeed, Hoppe and co-workers have described the trapping
of lithiated carbamates with borates and the subsequent
(separate) treatment of the a-carbamoyl alkylboronate with a
Grignard reagent to effect 1,2-metalate rearrangement with expulsion of the carbamate moiety. Oxidation of the resultant

boronic esters affords the corresponding alcohols with high
enantiomeric excesses.[8] However, the direct reaction of
lithiated carbamates, such as 1a–e, with boranes or boronates
and further iterative homologations had not been described.[9]

We found that lithiated carbamates 1a–e reacted directly
with boranes or boronic esters, thus furnishing secondary
alcohols 3a–j in good yield and with high enantioselectivity
(Table 1). A number of points are worthy of note:
1) Reactions with 9-BBN (9-BBN= 9-borabicyclo-

[3.3.1]nonane) derivatives resulted in clean migration of
the boron substituent in 4 rather than the boracycle in all

Table 1: One-pot lithiation/borylation of Hoppe-type carbamates.

Entry Carbenoid
precursor

R2 (R3)2 Lewis
acid

Yield [%]
(product)

e.r.[a]

1 2a Et Et – 91 (3a) 98:2
2 nHex 9-BBN – 90 (3b) 98:2
3 iPr 9-BBN – 81 (3c) 98:2
4 Ph 9-BBN – 85 (3d) 88:12
5 Ph 9-BBN MgBr2 94 (3d) 97:3
6 Et pinacol MgBr2 90 (3a) 98:2
7 2b Et Et – 90 (3e) 97:3[b]

8 Ph 9-BBN MgBr2 71 (3 f) 95:5
9 Et pinacol MgBr2 75 (3e) 97:3
10 Ph pinacol MgBr2 73 (3 f) 98:2
11 2c Et Et – 67 (3g) 95:5[c]

12 Ph 9-BBN MgBr2 65 (3h) 97:3
13 Ph pinacol MgBr2 64 (3h) 98:2
14 2d Ph 9-BBN MgBr2 68 (3 i) 96:4
15 Ph pinacol MgBr2 70 (3 i) 98:2
16 2e Ph pinacol MgBr2 70 (3 j) 97:3

[a] Unless otherwise stated all enantiomeric ratios (e.r.) were calculated
using chiral HPLC (Chiracel OD column), [b] The e.r. was determined
using 1H NMR of (S)-(+)-a-methoxy-a-trifluoromethylphenyl acetic acid
ester,[16] [c] The e.r. was determined using chiral GC on a Supelco Alpha-
Dex column.
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cases. This is highly unusual and has only previously been
observed with halide leaving groups.[10]

2) In the case of B-Ph-9-BBN, higher e.r. was obtained in the
presence of MgBr2 (Table 1, entry 4 versus entry 5)
whereas in other cases involving aliphatic groups MgBr2
was not found to be necessary.[11,12]

3) 1,2-Metalate rearrangement of ate complexes is much
slower in the case of boronic esters than for boranes[13] and
required MgBr2 in Et2O at reflux[14] in the former case,
whereas the ate complexes derived from boranes began to
rearrange at �40 8C without further additives.[15]

4) A broad range of alkyl carbamates, including those with
methyl and with primary and branched secondary alkyl
chains can be employed together with a broad range of
aryl and alkyl boranes and boronic esters. The method-
ology, therefore, shows considerable substrate scope.

5) Since the absolute stereochemistries of many of the
secondary alcohols are known, and the stereochemistry
of Hoppe lithiation is well-established, we are able to
conclude that reactions of lithiated carbamates with both
the boranes and boronic esters occurred with retention of
configuration (1!4). This result is consistent with pre-
vious findings.[8,9]

6) Secondary boronic esters can undergo a host of further
transformations, including 1-, 2-, 3-carbon chain exten-
sions, transmetallation to zinc and subsequent trapping
with electrophiles, and conversion to amines. Herein, we
illustrate the further utility of the borate esters by
transformation into amines (Scheme 1).[17] In all cases,
the amines 5–7 were formed in moderate to good yields
and high e.r.

Having shown that lithiated carbamates are effective for
reagent-controlled homologation of boranes and boronates,
we then considered the iterative process with boronic esters.
Indeed, this methodology should allow us to set up scaffolds
bearing multiple adjacent stereocenters with high diastereo-
and enantioselectivities. Realization of this goal would
require the isolation of pinacol boronic ester intermediate
A and its subsequent use in a second homologation reaction
with lithiated carbamate B to yield the double homologation
product C (Scheme 2).

To effectively prepare all four isomers of the alcohol,
corresponding to the oxidation of C, it was important that the

homologation reaction was not influenced by the stereo-
chemistry in A and B. This condition was easily tested by
reacting (� )-8 with the racemic lithiated carbamate (� )-1e,
which is available from lithiation of 2e with sBuLi in the
presence of TMEDA (Scheme 3). If (R)-8 reacted with equal
rates with both (R)- and (S)-1e then a 1:1 mixture of
diastereomers 9 and 10 would result, whereas if the rates were
different, one diastereomer would be formed predominantly,
thus making it much more difficult to form all four
stereoisomers. Experimentally, we found that a 1:1 mixture
of 9 and 10 was obtained, thus showing that the rates of
reaction k1 and k2 are not influenced by the stereochemistry of
either partner (Scheme 3).

The iterative homologation process began with lithiation
of 2a (in the presence of (�)-sparteine) with subsequent
trapping with EtB(pinacol), which gave the desired boronic
ester intermediate 8 in 78% yield and 98:2 e.r. (Scheme 4).
Reaction of boronic ester 8 with lithiated carbamate 1e gave,
after oxidative workup, alcohol 9 as a 96:4 mixture of
diastereomers with e.r.> 98:2 (major diastereomer 9 ;
Scheme 4).[19] The other diastereomer (10) is potentially
accessible by using the opposite enantiomer of the lithiated
carbamate, ent-1e. In practice, this goal was easily achieved
using O,Brien,s enantiomeric sparteine surrogate (+)-11,
derived from (�)-cytisine.[20] Indeed, O,Brien and co-workers
have shown that diamine (+)-11 can be effectively used in
Hoppe-type lithiation of carbamates to deliver the opposite

Scheme 1. Amination of intermediate boronate complexes.

Scheme 2. Proposed iterative homologation of boronic esters.

Scheme 3. Effects of stereochemistry on formation of 9 and 10.
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enantiomer to (�)-sparteine with high enantiomeric ratios.
Thus, using the opposite enantiomeric carbamate ent-1e in
the same process gave the alternative diastereomer 10 with
similarly high diastereo- (94:6 d.r.) and enantioselectivities
(e.r.> 98:2; Scheme 4). The enantiomeric pair to 9 and 10 was
readily obtained with similarily high d.r. and e.r. by using the
same protocol but starting from ent-8, which was itself derived
from the first homologation using O,Brien,s enantiomeric
sparteine surrogate (+)-11 (Scheme 4).

These levels of enantio- and diastereoselectivity clearly
show that the reaction is dominated by reagent control with
no “matching” issues affecting the outcome of the second
homologation, even though adjacent stereocenters are cre-
ated.

In conclusion, we have developed a process for the
homologation of boranes and boronic esters using Hoppe-
type lithiated carbamates which shows very broad substrate
scope. The Hoppe-type lithiated carbamates are effectively
chiral carbenoids and are derived from the simplest of
reagents: primary alcohols. The power of the methodology
lies in its iterative use. Thus, through two cycles of the
homologation process, either enantiomer of either diastereo-
mer can be easily accessed through appropriate choice of the
chiral diamine employed ((�)-sparteine 12 or (+)-11).
Application of this versatile methodology in natural product
synthesis is currently underway.
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