
Tetrahedron Letters 51 (2010) 6454–6456
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate / tet let
An SN20 displacement approach to allenyl acetates
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Reaction of cuprates derived from R3MgBr/CuI/LiBr (R3 = n-alkyl) with R1C„CCH(O2CR2)2 (R1 = sp2 hybri-
dised substituent, R2 = mainly Me, alkyl, Ph) provides access to allenyl esters R1R3C@C@CH(O2CR2) (51–
88%). Such species are not accessible via rearrangement of precursor propargylic R1R3C(O2CR2)C„CH.

� 2010 Elsevier Ltd. All rights reserved.
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As part of a mechanistic study we recently needed access to the
specifically substituted allenyl acetates 3 (Scheme 1) that are not
present in the primary literature. Typically, allenylic acetates are
prepared by rearrangement of propargylic precursors 4 or 5. For
example, dialkyl substituted 4 under Cu-1 (or better Rh-2 or Ag-
catalysis3) provides 1 in good yields. Unfortunately, this methodol-
ogy fails if one or both of the alkyl units are replaced by an aryl or
vinyl unit.4 Similarly, Ag-catalysed rearrangement of 5 to give 2
proceeds in high yields.5 However, terminal propargylic systems
(as required for the preparation of 3) cannot be used—they either
result in oligomerisation or cyclisation of 5 under Au-NHC li-
gand/AgBF4 catalysis.5a

In the absence of a viable propargylic rearrangement strategy
we considered an SN20 displacement of one of the acetates within
6 using a suitable organometallic.6 While the propargylic diace-
tates 6 are inordinately rare,7 formation of such derivatives from
more general RCHO units and Ac2O under Lewis acid catalysis is
well precedented.8 However, such procedures often require use
of excess Ac2O which we found co-elutes with 6 on chromatogra-
phy. A short optimisation study4 indicated that catalytic FeCl3 pro-
vided a chemoselective process giving synthetically viable yields of
6 when using only 1 equiv of anhydride (Table 1).9

In the case of a p-methoxy substituent (6d) the reaction was
much slower leading to lower yields, presumably due to electronic
deactivation of the intermediate onium species. Pivalic anhydride
and benzoic anhydrides were also tolerated in the reaction but
they were not as efficient as Ac2O.

Optimisation of SN20 additions was carried out on substrate 6a.
While cuprate reagents derived from organolithium reagents gave
only traces of 3, those from RMgBr generated significant yields
(24–72%) at 0 �C in the presence of LiBr (Table 2). Lowering the
temperature to �10 �C and changing the Grignard solvent provided
the highest amount of 3 while EtMgBr proved to be a superior
nucleophile to its methyl analogue.
ll rights reserved.
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The optimised conditions were applied to a representative
range of diacetate starting materials 6 (Table 3)10 allowing us to at-
tain the desired substitution pattern in allene 3 on up to gram
scales at least. The following limitations were found: addition of
MeMgBr gave lower yields compared to higher n-alkyl Grignards,
presumably due to the high bond strength of M-Me derivatives.11

In the present system sec- and aromatic Grignard reagents led to
unsatisfactory yields. Attempts to make the process catalytic in
copper were thwarted by the propensity of 3 to undergo further
coupling reactions.12 Allenyl carboxylates are distinctly electron-
rich due to their enol-like structure. This leads to an upfield shift
of their central allene carbons (e.g., those in 1 typically show dC

189–190 compared to the more normal 205–215 ppm range ex-
pected for substituted allenes13). For the compounds 3 isolated
herein the equivalent range was dC 192–193 for the central allene
carbon. To ensure that the desired substitution pattern had been
attained, a crystallographic study of one representative example
3fb was carried out which confirmed the connectivity (Fig. 1).14
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Scheme 1. Disconnections for the preparation of allenyl acetates (Alk = sp3

substituent, Ar = sp2 substituent).
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Table 2
Optimisation of RMgBr/CuX/LiBr addition to 6

Ph OAc
OAc

H

6a

RMgBr/CuX/LiBr OAc

HPh

R

3aa  R = Me
3ab  R = Et

RMgBr (equiv) CuX
(equiv)

LiBr
(equiv)

Solvent Temp (�C) Yield 3 (%)a

MeMgBr (2.4) CuI (2.5) 2.5 THF 0 30
MeMgBr (2.4) CuCN (2.5) 5 THF 0 24
EtMgBr (4.8) CuI (5.0) 5 Et2O 0 35
EtMgBr (4.9) CuI (5.0) 5 THF 0 52
EtMgBr (2.4) CuI (2.5) 2.5 THF 0 72
EtMgBr (2.4)b CuI (2.5) 2.5 THF �10 88

a Isolated yield.
b Grignard as a 1.0 M solution in MTBE; all other cases 3.0 M in Et2O.

Table 3
Preparation of allenes 3 by SN20 displacement with RMgBr

CuI (2.5 equiv)
LiBr (2.5 equiv)

R3MgBr (2.4 equiv)
THF 5-20 min

-10 ºC

R1

O

O O

HR1

R3

O

R2

O

R2

6 3

R2

O

Product R1 R2 R3 Yield 3 (%)a

3ab Ph Me Et 88
3aa Ph Me Me 30
3ac Ph Me n-Bu 65
3ad Ph t-Bu Et 78
3ae Ph Ph Et 74
3bb p-Tolyl Me Et 81
3cb m-Tolyl Me Et 46
3db 1-Cyclohexene Me Et 67
3eb (CH2)2Ph Me Et 51
3fb Phenanthrenyl Me Et 51

a Isolated yield.

Table 1
Preparation of diacetates 6 using 1 equiv of anhydrides

CHO
R1

R2 O R2

O O

FeCl3 (10 mol%)
CH2Cl2 r.t.

R1

O

O

O

R2

O

R2

6

Product R1 R2 Time (h) Yield (%)a (brsm)b

6a Ph Me 1 75 (86)
6b p-MeC6H4 Me 2 63 (89)
6c m-MeC6H4 Me 3 72
6d p-MeOC6H4 Me 24 26 (54)
6e 1-Cyclohexenyl Me 24 49 (70)
6f (CH2)2Ph Me 5 62 (79)
6g Phenanthrenyl Me 18 51 (77)
6h Ph t-Bu 0.5 46
6i Ph Ph 6 20

a Isolated yield.
b Yield based on recycled starting material.

Figure 1. Structure of 3fb. Key bond distances C1–C2 1.289 Å, C1–O1 1.4
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In addition to accessing 3 as a general class of reagents we had
need of one example which was appreciably enriched in one enan-
tiomer. Fortunately, compound 3ab undergoes enzymatic kinetic
resolution (Scheme 2) using a supported lipase attained from Burk-
holderia cepacia (referred to here as PS Amano SD). Addition of an
excess of this material, in small portions, to (±)-3ab gave a 54% iso-
lated yield of E/Z-7 (an approximate 1:1 mixture) leading to recov-
ery of 45% isolated yield of (+)-3ab in 85% ee as determined by
chiral GC within 1.5 h.15 Extending the reaction time to 2 h led to
a slight increase in selectivity to 88% ee but a significant drop in
the amount of (+)-3ab recovered (31%). Based on literature prece-
dents16 using this lipase, we tentatively suggest that (+)-3ab corre-
sponds to the (S)-enantiomer.16 Attempts to confirm this via
crystalline 3fb were thwarted by an apparent size restriction in
the lipase active site, even a moderate increase in the size of the
aryl group was not tolerated, for example, (±)-3bb gave only a
45% ee at >75% conversion with the equivalent hydrolysis products
70 as an E/Z mixture.
07 Å, C2–C3 1.311 Å, C3–C4 1.514 Å, C3–C9 1.495 Å, C6–O2 1.201 Å.
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Scheme 2. Lipase-promoted kinetic resolution of allenyl acetate (±)-3ab.
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In conclusion a new SN20 displacement strategy allows access to
allenyl acetates of the structure ArRC@C@CH(OAc) that are not
attainable from traditional routes employing rearrangement of
propargylic acetates. In some cases the resulting acetates undergo
lipase-promoted kinetic resolution resulting in enantiomerically
enriched species (45–88% ee). The scope and range of materials
are presently under investigation in our laboratory as is their use
as mechanistic probes in transition metal promoted catalysis.
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