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Homochiral organoboron compounds constitute an excep-
tionally useful class of reagents for the synthesis of optically
active targets [1, 2]. In particular the pioneering work of H.
C. Brown and coworkers resulted in a number of reagents
like alpine-borane, DIPCl and oxazaborolidinones that are now
routinely employed in synthesis to achieve asymmetric reduc-
tions, aldol reactions, and alkylations. Especially, the α-pine-
ne-based reagents provide advantages for Organic Synthesis
[3]. Both enantiomers of α-pinene are available from the chiral
pool, the auxiliary may be easily recycled [4], and the configu-
ration of the reagent-mediated products is predictable on the
basis of reliable mechanistic models. Out of this group of
reagents B-Methoxydiisopinocampheylborane, Ipc2BOMe (1),
has emerged as a versatile tool for creating new asymmetric
C–C-bonds.
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1. Unsubstituted Allylation Agents

1.1 Allylboration of Aldehydes

The standard procedure for asymmetric allylboration of alde-
hydes [6] involves initial reaction of allyl Grignard reagents
with 1 [7]. However, since Mg2+ ions slow down the allylation,
it is recommended to precipitate the inorganic salts prior to
alkylation. Under salt-free conditions, B-allyldiisopino-
campheylborane reacts with aldehydes at low temperatures
(–100 °C) yielding homoallylic alcohols of high optical purity
(up to 100% e.e.) [5]. The stereochemistry of the products is
highly predictable, based on the Zimmermann–Traxler model.
Excellent diastereoselectivities are observed with achiral and
α-chiral aldehydes and, in cases of double asymmetric induc-
tion, the B-reagent generally overrides the influence of the
substrate. For example, reagent- controlled allylation of the
oxazolidinone 4, and subsequent oxidative cleavage of the
alkoxyborane provides homoallyl alcohol 5 as a single dia-
stereomer. Ozonolysis and cyclization of 5 provide 6, a key
intermediate for the calicheamycin γ1 oligosaccharide frag-
ment (Scheme 2) [8].
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Both antipodes of Ipc2BOMe are commercially available, but
can also be cost-effectively prepared from excess α-pinene,
BH3·SMe2 and MeOH [5]. Since the intermediate, diiso-
campheylborane 3, readily precipitates as a crystalline solid,
hydroboration of natural pinene (91% e.e.) is an efficient route
towards enantiopure auxiliaries (> 99% e.e., Scheme 1).
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Scheme 1Preparation of dIpc2BOMe; optical upgrading of
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Scheme 2 Synthesis of a building block for the calicheamycin
oligosaccharide fragment
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1.2 Dissymmetrization of meso-Compounds

The dissymmetrization of prochiral meso compounds is a
valuable synthetic operation, most often performed using
hydrolytic or oxidoreductive enzymes [9]. The first nonenzy-
matic, exclusively reagent controlled, dissymmetrization of
a meso precursor involved allylation of syn-polyoldialdehyde
7 with Ipc2BOMe and allylMgCl [10]. Diastereofacial selec-
tive allylation occurred simultaneously at both aldehyde
termini and yielded the bis-homoallyl alcohol 8 with high
diastereoselectivity (>15:1). 8 was further elaborated via the
tris(acetonide) 9 into the isotactic polymethoxy-1-alkene 10,
previously isolated from tolytoxin-producing blue-green algae
(Scheme 3) [11]. Due to greater thermodynamic stability of
syn-1,3- rather than anti-1,3-acetonides, the protective groups
facilitated terminal differentiation in the 1,3-diol system
(Scheme 3).

(S)-13, have been synthesized in one step (Scheme 4), a major
improvement over precedent syntheses using 13 and 17 steps
[12].

2.2 Crotylboration

Condensation of aldehydes with allylboranes possessing un-
symmetrical substitution at the allylic double bond, remote
from the boron, represents a powerful method for carbon-
carbon bond formation, with simultaneous generation of two
new adjacent chiral centres. (E)- and (Z)-Crotylboranes (Table
1, entries 1 and 2), for example, readily accessible from
Ipc2BOMe and (E)- or (Z)-crotylpotassium (Schlosser proce-
dure), undergo borotropic rearrangement in the presence of
aldehydes to form the corresponding erythro- and threo-4-
hydroxy-3-methylalk-1-enes with excellent relative and abso-
lute stereochemical control, as outlined in Scheme 5 [13].
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2. Branched Allylation Agents

2.1 Methallylboration and Isoprenylation

In addition to simple allyl-moieties, methallyl and isoprenyl
allylation reagents can be employed for the stereocontrolled
synthesis of branched homochiral alcohols. In a one-pot syn-
thesis, B-2'-isoprenyldiisopinocampheylborane, prepared from
isoprenylpotassium, 1 and borontrifluoride, reacts with alde-
hydes to give isoprenylated alcohols in good yield and high
e.e. Using this protocol, both enantiomers of the bark beetle
(Ips confusus) sex pheromones ipsenol, (R)-12, and ipsdienol,

Scheme 3Enantiodivergent synthesis of polyols

Scheme 4Stereoselective one-pot synthesis of ipsenol (R)-
12 and ipsdienol (S)-13; i) : n-BuLi, TMPK, –78 °C,
dIpc2BOMe, BF3·OEt2; (TMPK: potassium 2,2,5,5-tetra-
methylpiperidide)
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Scheme 5Diastereoselective allylation of aldehydes with (E)-
and (Z)-crotylborane reagents (FG = CH3)
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Typical examples of diastereo- and enantioselective crotyl-
borations with Ipc2BOMe represent key steps in the total
syntheses of the antifungal agents nikkomycin B [14] and
rapamycin [15].

3. Heterosubstituted Allylation Agents

Following treatment with Ipc2BOMe, a variety of hetero-
substituted allylmetal reagents react with aldehydes to give
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polyfunctionalized vinylic compounds of high diastereomeric
and enantiomeric excess (Table 1). For example, allyllithium
compounds 15 first react with 1 to form boron ate-complexes
of the type γ-16 and α-16, which can be subsequently decom-
posed with Lewis acids such as BF3·OEt2. Owing to the
electronic nature and steric hindrance of the functional group,
the carbon–carbon double bond of the allylboron adopts (E)-
or (Z)-configuration via allylic rearrangement of the ate-com-
plexes γ- and α-17 (Scheme 6). For steric and thermodyna-
mic reasons α-16 is disfavoured and, hence, the α:γ ratio of
adducts is generally higher than 97:3.

With respect to functional groups present in the resulting orga-
noboron reagents, syn- and anti-diols (entries 3 and 4) [16–
18], anti-amino alcohols (entries 5 and 6) and syn-halohydrins,
or vinyloxiranes respectively (entries 7 and 8), are accessible
in high optical purity, thus providing alternatives to bishy-
droxylation, aminohydroxylation and Sharpless epoxidation.
Results of benzaldehyde allylations are compiled in Table 1.

3.1 Synthesis of syn- and anti-Diols

The homologation of aldehydes to vicinal diols is of special
interest for the synthesis of carbohydrates and antibiotics.
Simple treatment of alkoxyallyl lithium with Ipc2BOMe and
BF3·Et2O provides [(Z)-γ-alkoxyallyl]diisopinocampheyl-
borane (Table 1, entry 3) that gives rise to syn-diols (Scheme
5, FG = MeO, MEMO). In natural product synthesis, this
transformation has found numerous applications, and the
antibiotics calicheamycin γ '1 [19] and herbimycin A, a her-
bicidal, antiviral and antitumor active metabolite of a Strep-
tomyces strain, were first synthesized using [(Z)-γ-alkoxy-
allyl]diisopinocampheylborane in key steps [20]. The stereo-
selective alkoxyallylboration of amino compounds like 18
opens a versatile route to polyhydroxylated alkaloids, for
example castanospermine and swainsonine [16, 21], both
known as potent glucosidase inhibitors, and analogues suchScheme 6Preparation of functionalized allylation reagents
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Table 1 Allylation of benzaldehyde with functionalized dIpc2B-based reagents. *(DIPCl was used)

entry allylation agent product syn/anti e.e. (%) yield (%) ref.

1 >99:1 >90 72 [13]

2 <1:99 >90 79 [13]

3 >99:1 90 72 [16, 17]

4 5:95  >90 50 [18]

5 5:95 >95 48 [23], [24]

6* 5:95 90–93 53 [25]

7 99:1 99 78 [27]

8 94:6 86 76 [28]
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as 21, that are considered as promising leads in medicinal
chemistry.

Configurationally labile aldehydes may be allylated in situ,
following low temperature reduction of esters, such as 25,
and lactones with DIBAL-H and subsequent trapping of the
ensuing aldehyde with the allylation reagent [30]. It is ob-
served that, under these conditions, the highly stereoselective
feature of the boron reagent is not altered and, hence, sensitive
substrates can be transformed in the usual manner, without
razemization. Reductive chloroallylation has been success-
fully applied to the double diastereoselective synthesis of all
four stereoisomers of lamoxirene (27, >97% d.e., >95% e.e.),
the gamete-releasing and attracting pheromone of the large
kelps (Laminariales) [31].
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Scheme 7Synthesis of a ring contracted swainsonine ana-
logue

Since the direct lithiation of allyl ethers is highly (Z)-selective,
because of chelatization, access to an (E)-selective Ipc2B-ba-
sed reagent leading to vicinal anti-diols is only viable em-
ploying a non Lewis-basic surrogate. Such a reagent is formed
upon treatment of lithiated allyl(diisopropylamino) dimethyl-
silane with Ipc2BOMe and BF3·Et2O (Table 1, entry 4) [22].
The allylation products, anti-β-hydroxysilane boronate esters,
are treated in situ with basic H2O2 to cleavage the boron–
oxygen and the carbon–silicon-bond. The resulting anti-diols
are obtained with remarkably high selectivity. As a first appli-
cation of this strategy, the synthesis of the antitumor compound
calyculin A, a protein phosphatase inhibitor isolated from a
Japanese marine sponge (Discodermia calyx), has been ac-
complished [18].

3.2 Synthesis of syn-Halohydrins and cis-Vinyloxiranes

During the last decade, homochiral cis-vinyloxiranes have
been recognized as highly valuable intermediates in organic
synthesis, especially for copper- or palladium mediated cross
coupling reactions [26]. For the stereoselective preparation
of vinyloxiranes, aldehydes may be allylated with chloroallyl
lithium, Ipc2BOMe and BF3·OEt2 (FG = Br, Cl, Scheme 5),
yielding syn-α-halohydrins, which are smoothly cyclized to
the corresponding epoxides in a basic medium [27, 28] (Table
1, entry 7). Chloroallylation of protected serinal 22 (Garner
aldehyde), for example, with in situ formed γ-(Z)-chloroallyl-
borane and subsequent cyclization of the resulting chloro-
hydrin with DBU, as a non-aqueous and non-nucleophilic
base, provides vinyloxirane 23, a versatile precursor of opti-
cally pure amino alcohols such as D-erythro-sphingosine 24
and its analogues (Scheme 8) [29].
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Scheme 8Serinal-derived vinyloxirane 23 as a precursor for
the synthesis of sphingoid bases. i) γ-(Z)-chloroallyl B(lIpc)2,
8-hydroxyquinoline, DBU, ii) C12H25CuCN, hydrolysis.
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Scheme 9  Double stereoselective synthesis of lamoxirene;
i) DIBAL-H, γ-(Z)-chloroallylB(lIpc)2, 8-hydroxyquinoline;
ii) DBU.

 In conclusion, B-methoxydiisopinocampheylborane (1) is
a highly versatile chiral auxiliary that is compatible with great
variety of functional groups, either in the reagent or the
substrate. Thus, this reagent allows direct access to complex
molecules without extensive use of protecting groups. Of
particular advantage is the ability of heteroatom substituents,
on the boron reagents, to affect the stereochemical course of
the reaction. This can then be used to yield products of pre-
dictable and well defined relative and absolute stereoche-
mistry.
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