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d-Glyceraldehyde acetonide 1 has been used extensively as
a three-carbon building block for organic synthesis.[1] How-
ever, it must always be freshly prepared owing to its
propensity to polymerize, racemize, and form hydrates.[2] This
can result in severe problems, particularly on scale-up. Thus, a
readily available, stable alternative that is accessible in both
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P�C bond of the four-membered ring to give a 1-platina-2-
phosphaacenaphthene framework.

Experimental Section[13]

3 : PhPCl2 (6.5 mL, 48 mmol) was added at �30 8C to a suspension of 2 in
hexane (60 mL) which was prepared from 1-bromonaphthalene (5 mL,
36 mmol).[7b] After vigorous stirring at �30 8C for 1 h and then at 0 8C for
3 h, the products were collected by filtration. The products were suspended
in hexane:CH2Cl2 and loaded onto an Al2O3 column and a yellow band was
collected by using CH2Cl2:hexane (1:1) as the eluent. After removal of the
solvents, recrystallization from diethyl ether gave a white powder, 4.88 g
(59% based on PhPCl2). 1H NMR (300.4 MHz, CDCl3, TMS): d¼ 7.18 (m,
10H; Ph), 7.60 (m, 2H; 3,6-naph), 7.82 (m, 2H; 1,7-naph), 7.93 ppm (d, J¼
8.1 Hz 2H; 4,5-naph); 13C{1H} NMR (75.45 MHz, CDCl3, TMS): d¼ 127.4,
128.0, 128.5, 132.1, 132.2, 133.6, 138.4, 141.8, 142.0 ppm; 31P{1H} NMR
(121.45 MHz, CDCl3, H3PO4): d¼�8.0 ppm.

4 : A diethyl ether solution of 2, prepared from 1,8-dibromonaphthalene
(250 mg, 0.874 mmol),[7a] was added to a solution of iPr2NPCl2 (0.20 mL,
1.05 mmol) in diethyl ether (3 mL) at 0 8C. The mixture was stirred
overnight, then LiCl was removed by filtration. After evaporation of the
solvents, the residue was loaded onto an Al2O3 column. A light yellow band
was eluted with hexane, and collected. After removal of the solvents
169 mg of 4 (75%) was obtained as a white powder. 1H NMR (300.4 MHz,
CDCl3, TMS): d¼ 1.18 (d, 3J(H,H)¼ 6.6 Hz, 12H; CHMe2), 3.29 (m, 2H;
CHMe2), 7.42 (d, 3J(H,H)¼ 6.6 Hz, 2H; naph), 7.52 (m, 2H, naph),
7.70 ppm (d, 3J(H,H)¼ 8.2 Hz, 2H; naph); 13C{1H} NMR (75.45 MHz,
CDCl3, TMS): d¼ 23.8, 47.6, 122.5, 123.8, 127.5, 129.4, 147.2 ppm;
31P{1H} NMR (121.45 MHz, CDCl3, H3PO4): d¼�8.4 ppm.

6 : 5 (764 mg, 1.31 mmol), which was prepared from the reaction of 4 and
[W(CO)5(thf)], was treated with [Pt(PPh3)4] (1635 mg, 1.31 mmol) in
toluene (90 mL) at 45 8C for 3 h, and the mixture was then purged with CO
gas for 10 min. The resulting solution was heated at 90 8C for 2 h, followed
by removal of the toluene under reduced pressure. The residue was loaded
onto an Al2O3 column, and a yellow band was collected by elution with
CH2Cl2:hexane (1:4). After removal of the solvents 1252 mg (89%) of 6
was obtained. 1H NMR (300.4 MHz, CDCl3, TMS): d¼ 1.20 (d, 3J(H,H)¼
6.6 Hz, 6H; CHMe2), 1.35 (d, 3J(H,H)¼ 6.8 Hz, 6H; CHMe2), 4.25 (m, 2H;
CHMe2), 6.77 (m, 1H), 7.30±7.60 (m, 13H), 7.73 (m, 6H), 7.87 ppm (m, 1H);
13C{1H} NMR (125.4 MHz, CDCl3, TMS): d¼ 181.2 (PtCO), 198.3 (cis
WCO), 201.7 ppm (trans WCO); 31P{1H} NMR (121.45 MHz, CDCl3,
H3PO4): d¼ 22.3 (d, 2J(P,P)¼ 225 Hz, 1J(P,Pt)¼ 1736 Hz; PPh3), 75.2 ppm
(d, 2J(P,P)¼ 225 Hz, 1J(P,Pt)¼ 1706 Hz, 1J(P,W)¼ 227 Hz).
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enantiomeric series has the potential to be a powerful building
block for synthesis. Here we describe a possible solution to
this long-standing problem.
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Some time ago we reported the preparation and utility of a
dispiroketal-protected glyceraldehyde derivative 2.[3] This
possessed considerable advantages over acetonide 1 in regard
to both stability and reactivity, presumably due to the
enhanced crystallinity of these dispiroketals and the favored
placement of the aldehyde unit in a more stable equatorial
environment. Although this was a step forward, the consid-
erable increase in molecular weight and also difficulties in
large-scale preparation meant that it failed to be adopted as a
general replacement for 1. We have continued to seek
alternatives and have chosen to focus on the use of butane-
2,3-diacetals[4] as these are easily prepared from cheap starting
materials, leading to a range of building blocks for synthesis.[5]

Initially we investigated an approach that would produce
both enantiomeric series of esters 3 and 4 and glyceraldehydes
5 and 6.
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3 R = OMe
5 R = H

4 R = OMe
6 R = H

As planned, d-mannitol reacts with butane-2,3-dione in the
presence of trimethyl orthoformate and boron trifluoride
etherate[4d] in methanol to give the diol 7 as the major product
which could be isolated in a pure form by recrystallization
from hexane (Scheme 1). Alternatively, oxidative cleavage of
the crude diol 7 with sodium periodate in methanol, followed
by bromine oxidation of the methyl hemiacetal[6] gave the
ester 3[7] as a colorless oil in 45% yield over the two steps. The
aldehyde 5 (white solid at �20 8C) on the other hand, could be

isolated in 40% overall yield by oxidative cleavage with
sodium periodate in dichloromethane. These reactions were
all carried out on scales in excess of 50 g, in which the only
purification is a single distillation under vacuum at the final
stage.

For the other enantiomeric series, we started from l-
ascorbic acid as the source of chirality (Scheme 2). Protection
with butane-2,3-dione gave the corresponding butane-2,3-

diacetal 8 in 72% yield, which was readily converted to the
ester 9 by oxidative cleavage with hydrogen peroxide
followed by methylation with dimethyl sulfate.[8] Reduction
to the diol 10 with LiAlH4 followed by oxidation with
periodate under the previously described conditions furnished
either 4 or 6 in 52% or 35% overall yield, respectively, from 8.
Once again, the only purification is a single distillation at the
final stage.

Although the esters 3 and 4 and the aldehydes 5 and 6 are
stable and can be stored readily at �20 8C for long periods of
time (at least 6 months), the aldehydes decompose slowly at
room temperature. Nevertheless they are considerably more
stable than 1 and are significantly more convenient for use in
synthesis programs.

Preliminary studies concerned with the addition of organo-
magnesium reagents to aldehyde 5 indicated that the syn/anti
selectivity of addition is similar to that observed with
dispiroketalaldehyde 2.[3] It was reasoned that an aldehyde
in an axial position could potentially give even higher
selectivities by improved chelation control (Scheme 3).

Thus, we decided to investigate an inversion protocol to
obtain an aldehyde in an axial position. Treatment of ester 3
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Scheme 1. Reaction of d-mannitol with butane-2,3-dione to give the ester
3 and the aldehyde 5.
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with lithium diisopropylamide (LDA) at �78 8C followed by
protic workup with tBuOH at low temperature and subse-
quent quenching with aqueous ammonium chloride afforded
mainly the inverted ester 11 (Scheme 4).[7] Recrystallization
from hexane gave only one product as a highly crystalline and
stable material (53% yield) whose structure was confirmed by
X-ray crystallography.[9] Reduction with LiAlH4 in THF and

oxidation with oxalyl choride and DMSO gave the axial
aldehyde 12[7] (83% overall yield on a 20 g scale) as a white
crystalline solid whose structure was again confirmed by X-
ray crystallography.[9] This material is stable and storable for
long periods of time (at least 3 months at room temperature
or greater than 9 months at �20 8C) and can be used without
complications over several months.

The potential of 12 as a new chiral building block is
illustrated by the stereofacially selective addition of Grignard
reagents via b-chelation control (Scheme 3). Addition of a
1.5m Grignard reagent in dichloromethane to a solution of 12
in toluene at �95 8C gave the corresponding secondary
alcohols in good yield and excellent diastereoselectivity
(Table 1). The stereochemical outcome of addition was
confirmed by X-ray crystallography of the 4-nitrobenzoyl
ester derivatives[9] (Table 1, entries 1, 2, and 3). It was
observed that several of these derivatives adopted a boat
conformation whilst maintaining both methoxy groups in
pseudo-axial positions.

To access the other configuration of the newly formed
stereogenic center in the Grignard addition reactions, we also
prepared the methyl ketone derivative 14 (Scheme 5) by
addition of MeLi at �78 8C to the ester 11 in dichloromethane
(79% yield; this compound could also be obtained via a

Weinreb amide). This ketone 14 reacted with lithium bor-
ohydride in dichloromethane containing some lithium iodide
at �78 8C to give 15 (80% yield, > 15:1 stereoselectivity). If
14 was pretreated with lithium iodide in dichloromethane at
�78 8C and then propynyl magnesium bromide added, alcohol
16 was obtained in > 15:1 stereoselectivity. A single recrys-
tallization from hexane afforded alcohol 16 as a single
diastereoisomer (90% yield), the structure of which was
confirmed by X-ray crystallography[9] (Scheme 5).

In summary, we have described the large-scale preparation
of both enantiomers of new butanediacetal-protected glycer-
aldehyde and glyceric acid derivatives. These new building
blocks should find application in a range of synthetic
programs.
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Scheme 4. Conversion of 3 to give the axial aldehyde 12.

Table 1. Additions of Grignard reagent to 12.
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Highly Efficient Catalytic Synthesis of
Substituted Allenes Using Indium**

Kooyeon Lee, Dong Seomoon, and Phil Ho Lee*

Since allenes are versatile building blocks both for organic
synthesis[1] and in transition-metal-promoted carbon±carbon
bond-forming reactions,[2] development of practical methods
for their preparation is of great interest. Allene moieties can
be prepared by alkylation of allenylmethyl halides with an
appropriate carbanionic species,[1e] by SN2’-type selective
displacement of propargyl alcohol derivatives with organo-
copper reagents,[1e,3] and by intramolecular regio- and stereo-
selective reduction of alkynes.[4] The synthesis of allenes by
metal-catalyzed cross-coupling reactions is an alternative
method;[5] however, some disadvantages are the inconvenient
preparation of the reagents, limited substrate scope, and
incompatibility of sensitive groups to the reaction condi-
tions.[6] Recently, several reports have described the synthesis
of allenes with transition metal complexes.[5] Despite this
recent progress a method for the highly efficient and catalytic
synthesis of substituted allenes is still needed. We have
realized this goal (Scheme 1) as part of our continuing studies
directed toward the development of efficient indium-medi-
ated reactions.[7] , [8]

The catalytic activity of several palladium complexes was
initially examined in the reaction of 1-iodonaphthalene with
allenylindium. The best results were obtained with 4 mol%

[Pd(PPh3)4] in the presence of 3 equivalents of LiI in DMF at
100 8C under a nitrogen atmosphere (see Experimental
Section), and 1-allenylnaphthalene was produced in quanti-
tative yield (98%) with complete regioselectivity (Table 1,
entry 1). The allenylindium reagent generated in situ from the
reaction of 1 equivalent of indium with 1.5 equivalents of
propargyl bromide gave the best results as a coupling
partner.[9]

To demonstrate the efficiency and scope of the present
method, we applied this catalytic system to a variety of
propargyl halides and organic electrophiles. For the propargyl
halides as coupling partners, the presence of various alkyl
substituents at the a and g positions had little effect on either
the reaction rate or the product yield (Table 1). Under the
optimized conditions, treatment of iodobenzene with 3-
bromo-1-phenyl-1-butyne and indium gave selectively trisub-
stituted allene 2 in 80% yield (entry 2). Varying the electron
demand of the substituents on the arene did not diminish the
efficiency and selectivity (entries 3, 7±9). It is noteworthy that
protection of an oxo group and a hydroxy group on substrates
is not necessary, as demonstrated by the reactions of 4-
iodoacetophenone (entry 5) and 3-iodophenol (entry 6), re-
spectively. Hetero substituents turned out to be compatible
with the reaction conditions (entry 10). The method worked
equally well with vinyl halides (entries 11 and 12) and imidoyl
bromide (entry 13). Treatment of iodophenylacetylene with
allenylindium produced 3-methyl-1-phenyl-3,4-pentadien-1-
yne (14) in 91% yield (entry 14). In the case of vinyl triflate,
the desired product 15 was obtained in 90% yield (entry 15).
Surprisingly, no propargylic cross-coupling product is formed
in any reactions.

We then applied the present method to polyhalogenated
aromatic compounds to obtain polyallenyl-substituted arenes,
which can be used effectively in material and polymer
sciences. Reaction of 4,4’-diiodobiphenyl with two equivalents
of allenylindium produced 4,4’-diallenylbiphenyl 16 in 90%
yield [Eq. (1)]. We were pleased to observe that treatment of

1,3,5-tribromobenzene with 1-bromo-2-butyne and indium
selectively gave 1,3,5-tri(1’-methylallenyl)benzene (17) in
70% yield [Eq. (2)]. On the basis of these results, unsym-
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Scheme 1. Palladium-catalyzed cross-coupling reaction mediated by in-
dium. Tf¼ trifluoromethanesulfonyl.


