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ABSTRACT

The “trick” to carrying out regiocontrolled aminations of allylic alcohols in water as the only medium is use of a nanomicelle’s interior as the
organic reaction solvent. When HCO2Me is present, along with the proper base and source of catalytic Pd, allylic amines are cleanly formed
at room temperature.

Among the many challenges facing organic synthesis today
is the development of new technologies that allow less
reactive functional groups to participate readily in bond-
forming reactions. Representative cases include C-H activa-
tion,1 reactions of unactivated C-F bonds,2 and coupling
between sp3 carbons and other carbon or similarly hybridized
atoms.3 The opportunity to use allylic alcohols as substrates
in Pd-catalyzed cross-couplings, without recourse to prior
derivatization, is yet another advance included in this group.4

Such reactions involving nitrogen nucleophiles translate into
allylic aminations, leading to well-established, highly valu-
able intermediates.5 However, direct aminations in the
absence of hydroxyl activating groups, such as Lewis acids,
are relatively rare.4

In fact, methods that are regioselective, can be run under
environmenatlly attractive conditions in water as the only
solvent at room temperature, and are applicable to water-
insoluble educts are unknown.6 In this paper, we describe
the first technology for effecting allylic aminations of
primary, secondary, and tertiary allylic alcohols that offers
these desirable features (Scheme 1).

There are currently two approaches to allylic substitution
of the OH moiety in allylic alcohols by a nitrogen nucleo-
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phile: (1) activation by protic or Lewis acid,4 such as CO2,
Et3B, SnCl2, Ti(O-i-Pr)4, a carboxylic acid, Nb(OEt)5,

7 or
BPh3

7 and (2) catalysis under strictly anhydrous condi-
tions.7-11 These are conducted in dry organic solvents,
typically with heating. To avoid interference by in situ
formed water (Scheme 1), molecular sieves or other drying
agents (e.g., MgSO4) are oftentimes present in the reaction
mixture.4 Limitations associated with OH substitution include
regioselectivity issues (with sec- or tert-allylic alcohols),
limited reactivity (of sterically hindered amines), and overall
harsh conditions when conducted in pure water.4,6c,d Only
allyl alcohol itself is prone to reaction under mild conditions
or with bulky amines.4,6b

The first successful palladium-catalyzed allylic aminations
of allylic alcohols could be achieved in pure water when
run in the presence of commercially available12 nanomicelle-
forming amphiphile PTS (polyoxyethanyl R-tocopheryl se-
bacate).13 Optimization studies used dibenzylamine (0.5
mmol) along with cinnamyl alcohol (1a; 1.5 mmol; Table
1), leading to a very efficient coupling procedure. Only 2
wt % of PTS-H2O (0.5 M) was needed at room temperature.

Both catalytic [Pd(allyl)Cl]2 (0.0125 mmol, 2.5 mol %) and
dppf (0.025 mmol, 5 mol %) are required.

In the absence of an ester additive or base, reactions are
sluggish (entries 1-4). Screening several simple esters as
additives led to low-to-modest levels of allylation product
3a, with high linear selectively (entry 5). Four equivalents
of HCO2Me was eventually found to be ideal (entry 6),
needed in part due to its volatility (bp 31-33 °C). K2CO3,
rather than tert-butoxide, as base gave the best overall
couplings when used in excess to ensure complete conversion
(entry 7).

A survey examining the scope and limitations of PTS-
enabled allylic aminations in water using base (K2CO3),
ligand (dppf), additive (HCO2Me), and [Pd(allyl)Cl]2 is
illustrated in Table 2. Cinnamyl alcohol (1a), allyl alcohol
(1b), and methallyl alcohol (1c) smoothly reacted with with
2a or N-methylaniline, 2b, to produce the corresponding
allylic amines in excellent yields. The corresponding reac-
tions “on water”14 were highly substrate-dependent and gave
variable results, as seen previously13 (entries 1-3).

Water-insoluble allylic alcohol 1d (entry 4) gave predomi-
nantly linear E-allylic amine 3e with excellent regioselectivity
using biphep as ligand. Although allylic aminations of either
crotyl alcohol (1e) or isomeric secondary alcohol 3-buten-
2-ol (1f) are known to suffer routinely from poor
regioselectivity,4,6b,c both 1d and 1e gave good selectivities
in the presence of biphep (2,2′-bis(diphenylphosphino)-1,1′-
biphenyl) (entries 5 and 6). By contrast, related Ir-catalyzed
reactions are selective toward branched materials.7,11 Tertiary
alcohol 1g reacted in the presence of dppf with amine 2b,
strongly favoring the linear allylic amine 3g (l/b ) 63:1;
90%; entry 7). In general, reactions with primary amines4

such as o-toluidine (2c) tend to give give rise to some double-
allylated product; nonetheless, monoallylated 3h was ob-
tained selectively under our conditions (entry 8). A more
functionalized amine, such as amino acid derivative 2d, also
resulted in an 80% yield of linear amine 3i (entry 9).

This technology could readily be applied to a one-pot
synthesis of the antifungal agent naftifine (3j) under exceed-
ingly mild conditions (Scheme 2).10,15 Previous routes to
naftifine involved several steps and/or higher reaction tem-
peratures to reach this target. Starting with secondary alcohol
1h, drug 3j was isolated in good yield (83%). Interestingly,
the alternative primary coupling partner, cinnamyl alcohol
1a, afforded naftifine only to the extent of 70% under
otherwise identical conditions.

Mechanistically, an allylic formate might be generated as
a key intermediate by transesterification of 1 and HCO2Me.
However, only trace amounts of cinnamyl formate are
formed, with or without amine present, over the entire time
frame of the reaction. Moreover, existing literature suggests
that transesterification will not occur under the conditions
being employed.6b Since these couplings take place with
basic amines, it is unlikely that an allylic alcohol would
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Table 1. Development of Conditions for Aminationsa

entry base (equiv) additive (equiv) yieldb (%)

1 none none 0
2 none HCO2Me (4.0) 15
3 tBuONa (1.5) K2CO3 (3.0) 0
4 tBuONa (1.5) none 0
5 tBuONa (1.5) ester (4.0)c 0-40
6 tBuONa (1.5) HCO2Me (4.0) 58
7 K2CO3 (3.0) HCO2Me (4.0) 84

a [Pd(allyl)Cl]2 (2.5 mol %) and dppf (5 mol %) were used. b Isolated
yields. c AcOEt, AcOMe, AcOvinyl, dimethyl maleate, AcOBn, BzOMe,
i-PrCO2Me, HCO2Et, and HCO2-i-Bu were examined.
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compete for formate; no formamide is observed. On the other
hand, when phenyl formate (HCO2Ph) was used in place of
HCO2Me, formamides were observed as competitive byprod-
uct. Thus, transesterification is not likely to be involved. The
difference in reactivity between 1a and 1h (i.e., with 1h >
1a) toward 2d may be attributed to the oxidative addition
step, where a bulky Pd(0) species having both phosphine
ligand and amine (4, Scheme 3) reacts preferentially with a
terminal alkene.16 The reaction is initiated by the action of

Pd(0) on the allylic alcohol 1. The leaving group ability of
a hydroxyl moiety (shown, for simplicity, for a primary case)
is enhanced by participation of methyl formate. A π-allyl-
palladium intermediate 5 is then formed, from which product
allylic amine 3 is produced. Regiochemistry follows from
site-selective nucleophilic attack by amine 2 on 5, which
shows a preference for the less hindered allylic carbon
leading to linear products (path b).10,17
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(0.0125 mmol, 2.5 mol %) were sequentially added under argon to a reaction
tube equipped with a stir bar and a septum. PTS solution (1.0 mL, 2 wt %)
and HCO2Me (0.12 mL, 2.0 mmol) were added by syringe and vigorously
stirred for 20 h at rt. Upon completion of the reaction, the contents of the
flask were diluted with brine, and the mixture was extracted with EtOAc.
The solution obtained was dried over anhydrous MgSO4, filtered, and
concentrated by rotary evaporation. The residue was purified by flash
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Table 2. Representative Aminations in PTS/H2O at rt

a [Pd(allyl)Cl]2 (2.5 mol %), and dppf (5 mol %) were used. b Isolated
yields. c The ratios of l/b were determined by 1H NMR, and E:Z are shown
in parentheses. d 1 equiv of amine was used. e Reaction was conducted “on
water”. f The biphep ligand was used instead of dppf. g Determined by GC.
h 1.2 equiv of amine was used.

Scheme 2. Synthesis of the Antifungal Agent Naftifine

Scheme 3. Proposed Mechanism of Allylic Amination
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