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Addition of a 3-alkoxy allenylzinc to N-acyliminium ions:
new entry to propargyl syn-1,2-aminoalcohol units
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Abstract

A new addition reaction of a 3-alkoxy allenylzinc reagent to N-acyliminiums prepared in situ from imines and acid halides is reported.
Unlike addition onto imines or nitrones that affords the trans adducts, acetylenic syn-1,2 amino ethers are yielded with good selectivities,
thus providing a new entry to propargyl syn-1,2-aminoalcohol units.
� 2007 Elsevier Ltd. All rights reserved.
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Acetylenic 1,2-aminoalcohol units are useful building
blocks for the synthesis of natural products1,2 and other
biologically interesting compounds.3–7 Several attractive
preparations have been disclosed, including diastereoselec-
tive reductions of a-amino ynones,4,5,7 addition of acetyl-
ides onto a-amino aldehydes,3,7–12 condensations of tin
enolates of glycinate onto ynals,13 ring opening of ethynyl
aziridines,14 additions of 3-alkoxy allenylzincs to a-alkoxy
imines15 and sulfinylimines16,17 and2,3-Wittig rearrange-
ments.18 However, whereas the preparation of anti-amino-
alcohols by these methods has proven very efficient and
high levels of diastereoselectivity have been generally
obtained, access to their syn counterpart is hampered by
lack of diastereoselectivity except for a few special
cases.4,6,7,9 A rapid general diastereoselective access to
acetylenic syn-1,2-aminoalcohols is thus still lacking.

As part of our ongoing research on the reactivity of
allenylzinc carbenoid reagents,19–23 we have been interested
in the addition of 3-alkoxy allenylzinc reagent 1 to carbon
nitrogen double bonds. Both addition to a-alkoxy imines
and sulfinylimines have been shown to occur via a six-centre
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cyclic transition state TS1 involving activation of the
electrophile by the metal, thus affording propargyl anti-
1,2-amino ethers with very high levels of selectivity
(Scheme 1).15–17 Inspired by reports showing that
c-OMOM allylic stannanes add diastereoselectively to
acyclic N-acyliminium intermediates via an antiperiplanar
transition state to afford allylic syn-1,2-amino ethers,24–26

we reasoned that if reagent 1 would react with such electro-
philes through a similar open transition state (vide infra),
syn amino ethers would be obtained, thus offering a new
expeditious route to propargyl syn-1,2-aminoalcohols.
Moreover, even though there have been several reports
on the addition of organometallic reagents to N-acylimi-
nium derivatives,27–29 additions of allenyl-propargyl organo-
metallics have been very scarcely described.30
PG = Bn, SOtBu
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Scheme 4. Reagents and conditions: method A: (a) TiCl4, CH2Cl2,
�20 �C. Method b: (b) ClCO2Me, CH2Cl2, �20 �C.

Table 1
Reaction of allenylzinc reagent 1 with N-acyliminium 6

Entry Solvent TMEDA (%) Method dra (syn:anti) 8b (%)

1 Et2O 100 A — <10
2 Et2O 100 B 63:37 40
3 THF 100 B 49:51 56
4 Et2O 10 B 63:37 56

a Determined by NMR analysis of the crude material after reduction
with LiAlH4 of the carbamate moiety to the corresponding N–Me
derivative.

b Combined yield of isolated diastereomers after chromatography.
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For the sake of comparison and since no data were
available in the literature, we initiated our study by looking
at the reaction of 1,31 generated in situ by the lithiation of
(methoxymethyl) (3-trimethylsilylprop-2-ynyl) ether with
sBuLi in the presence of TMEDA (Scheme 2), with simple
achiral imines 2 and 3 (Scheme 3). Addition in diethyl ether
was shown to take place at �50 �C within 2.5 h to give the
corresponding anti-1,2-amino ethers anti-4 and anti-5 as
single isomers. The anti stereoselectivity is in accordance
with the expected cyclic transition state TS1 (Scheme 1).

We next turned to the reaction with N-acyliminiums.
First, paralleling the conditions used for the addition of
c-OMOM allylic stannanes, we attempted to generate
electrophile 6 in situ by reaction of the parent hemiaminal
7 with BF3–Et2O in a one-pot procedure. Reported in
CH2Cl2, this method was not compatible with our
reaction conditions involving Et2O, and no iminium gener-
ation, hence no reaction was observed. We thus decided to
generate the N-acyliminium species in CH2Cl2 prior to
addition onto the allenylzinc reagent (Scheme 4, Table 1).
Preformation of 6 by reaction of 7 with TiCl4 (method
A) led to a complicated mixture of products from which
no addition compounds could be isolated (entry 1). On
the contrary and to our delight, preformation by reaction
of imine 3 with methyl chloroformate (method B)32 enabled
smooth addition of allenylzinc reagent 1 to afford, within
3 h at �50 �C, 1,2-amino ether 8 in 40% yield and as a mix-
ture of two diastereoisomers (syn:anti = 63:37) (entry 2).

The syn relative configuration of the major diastereoiso-
mer was readily determined by comparison with pure anti-8
obtained by reaction of anti-5 with methyl chloroformate
(Scheme 5).

Encouraged by the observed reversal of selectivity with
respect to the addition onto imines, the influence of several
reaction parameters was considered. Using THF as the
solvent resulted in a better yield (56%), albeit to the
expense of a drop in selectivity (Table 1, entry 3). By
contrast, the yield in ether could be increased while keeping
the same selectivity by decreasing the amount of TMEDA
used to prepare allenylzinc reagent 1 from 1 equiv to
0.1 equiv (entry 4).
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Scheme 2. Reagents and conditions: (a) sBuLi, TMEDA (100% or 10%),
Et2O or THF, �80 �C, 1 h.; (b) ZnBr2, �80 �C, 30 min.
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Next, addition onto different types of acyliminiums was
considered (Scheme 6). Under the same reaction conditions,
allenylzinc condensation also took place onto iminiums
formed from imine 3 and acyl chlorides to afford 1,2 amino-
alcohols 9, 13 in reasonable yields as a mixture of two
diastereoisomers (Table 2). Here again, as confirmed by
comparison with acylated pure anti-1,2-amino ether anti-
9 obtained by acylation of anti-5 (Scheme 5), the syn-iso-
mers were the major ones. Whereas benzoyl chloride (Table
2, entry 2) gave similar levels of selectivity as methyl chloro-
formate, the use of acetyl chloride enabled a significant
enhancement (entry 1). The imine nitrogen substituent
had little impact on the reaction stereochemical outcome
since reactions starting with N-allyl-, N-propyl-, or N-cyclo-
hexyl- imines 10–12 afforded the corresponding adducts
14–16 with comparable selectivities as those obtained start-
ing from imine 3 bearing a PMB group (entries 3–5 vs 1).

The observed stereochemical outcome of the addition,
comparable to that of c-OMOM allylic stannanes to N-
acyliminiums derived from imine 2,24–26 is consistent with
a preferred antiperiplanar acyclic transition state TS2
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Table 2
Reaction of allenylzinc reagent 1 with N-acyliminiums generated by
reaction of imines 3, 10–12 with acyl chlorides

Entry Imine R1 R2 Product dra (syn:anti) Yieldb (%)

1 3 PMB Me 9 74:26 53
2 3 PMB Ph 13 61:39 31
3 10 allyl Me 14 73:27 53
4 11 propyl Me 15 72:28 70
5 12 Cy Me 16 70:30 96

a Determined by NMR analysis of the crude material.
b Combined yield of isolated diastereomers after chromatography.
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affording the syn adducts, and a less favourable synclinal
acyclic transition state TS3 affording the anti adducts
(Scheme 7).

Nevertheless, the observed influence of the acylating
reagent on the diastereoselectivity is rather intriguing as it
seems that a more electron-withdrawing acyl group leads
to better syn selectivity. This very simplistic analysis is of
course complicated by possible differences in E/Z prefer-
ences of the intermediate acyliminium ion.27,28 To shed
some light on this issue, we sought to use nitrones, which
are known to be stereochemically well defined, as electro-
philes.33,34 Moreover, reports of additions of allenyl-prop-
argyl organometallics to nitrones are rare.35–38 We were
thus glad to see that addition of allenyl zinc reagent 1 took
place at �25 �C within 3.5 h to afford, after hydrolysis,
hydroxylamine 18 in 60% yield as a single diastereoisomer
(Scheme 8). As evidenced by comparison with the corres-
ponding amine anti-4 after reductive N–O bond cleavage,
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the anti-1,2-hydroxylamino ether was obtained. Accord-
ingly, and much to our surprise, allenyl zinc reagent 1 adds
to nitrone 17 exclusively via a synclinal transition state TS3

and not through an antiperiplanar one. Initially unforeseen,
this result seems to fit the overall trend according to which
an antiperiplanar transition state (affording the syn amino
alcohol) is favoured with a stronger electron-withdrawing
imine activating group (acetyl (syn:anti = 75:25) > carbo-
methoxy (syn:anti = 63:37) � benzoyl (syn:anti = 61:39) >
oxygen (syn:anti = 0:100)).

In conclusion, we have shown that allenyl zinc reagent 1

adds to N-acyliminium ions to afford propargyl syn-1,2-
amino ethers in good yields and reasonable selectivities
affording a new straightforward entry to propargyl syn-
1,2-aminoalcohols. Addition to nitrones also takes place
but affords exclusively the anti-aminoethers. Both reactions
are believed to take place through acyclic transition states
(antiperiplanar and synclinal, respectively) showing that
preventing the addition to take place through a close tran-
sition state does not ensure high levels of syn selectivity. An
antiperiplanar transition state seems to be favoured over a
synclinal one with stronger electrophiles. The reasons for
this behaviour are not yet fully understood and are cur-
rently under study in our laboratory. They will be reported
in due course.
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