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The results of allylation reactions employing allylaluminum reagents are described for 5-substituted (2,6-
difluorobenzyl)-4-trifluoro(chloro)acetyl-1H-1,2,3-triazoles (1), in which the 5-substituents are H, Me,
and Ph. The allylating reagents were generated in situ by the catalytic insertion of aluminum into allyl
and crotyl bromides (2), in order to furnish a new series of twelve trihalomethyl triazolyl homoallylic
alcohols (3) at yields of up to 94%. The excellent reactivity of these organoallyl reagents is highlighted
as an economical alternative to the indium-mediated reactions to produce homoallylic alcohols, which
are important building blocks in organic synthesis.

� 2014 Elsevier Ltd. All rights reserved.
The direct construction of carbon skeletons containing func-
tional groups capable of being transformed in adjacent steps has
a growing importance in organic synthesis. Among the several
ways to perform it, the c-insertion of allylic organometallic nucle-
ophiles into carbonyl compounds is one of the most remarkable
tools found in the literature.1 The homoallylic alcohols obtained
from these reactions are highly featured in synthetic procedures
for building many biologically active molecules such as macrolides,
polyhydroxylated natural products, and polyether antibiotics.2

Although indium-mediated allylation reactions have become
very popular, mainly due to the possibility of performing Barbier
procedures in aqueous media,3 the high cost of this metal makes
the process expensive. In this context, aluminum is a metal that
has several attractive features such as low toxicity, low cost, and
tolerance of a wide number of important functional groups, due
to the low ionic character of the carbon–aluminum bond.4 Unfortu-
nately, the direct insertion of aluminum into organohalides is dif-
ficult, due to the presence of an oxidized layer covering the metal
surface, being the proper activation required to occur the reaction.5

As an alternative, in 2002, Takai and Ikawa described the prep-
aration of allylaluminum reagents under very mild conditions,
employing indium metal as the catalyst.6

Upon searching the literature, we found that most of the studies
of allylation reactions involve aldehydes or simple ketones.
Recently, our research group described the synthesis of 5-alky-
l(aryl)-1-(2,6-difluorobenzyl)-4-trihaloacetyl-1H-1,2,3-triazoles.7

These heterocycles, which have a triazole core and a trihalomethyl
group like many substances with high applicability in various
branches of the pharmacological and agricultural fields, are analo-
gous structures of Rufinamide, a commercial drug employed for
the treatment of Lennox–Gaustaut syndrome, which is a severe
form of epilepsy.

Thus, in view of the importance of the molecules afore
mentioned, as well as few examples of allylation reactions
involving trihalomethyl ketones found in the literature, in this
work we wish to disclose the chemical behavior of these
trifluoro(chloro)acetyl-1H-1,2,3-triazoles (1a–f) in allylation reac-
tions, by employing an inexpensive procedure in order to obtain
a series of trihalomethyl triazolyl homoallylic alcohols (3a–l). We
also wish to compare the effect of the fluorine, chlorine, and
hydrogen atoms of the CX3 groups (Scheme 1). As a starting point
for the study, we investigated the Barbier procedure, described by
Preite et al.8 for inserting allyl bromide into triazole 1a. Unfortu-
nately, for this method, a long reaction time was required to obtain
the desired homoallylic alcohol. This suggests that, in this case, the
aluminum only acts as a reducing agent, and the indium is respon-
sible for the conversion. This supposition is anchored in the high
oxophilicity of the organoalluminun reagents, which show low sta-
bility when exposed to air—conditions employed in Preite’s meth-
od. After this disappointing result, we decided to replace the
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Scheme 2. Plausible reaction mechanism.
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Scheme 3. Synthesis of the compounds 6 and 7.13 Reagents and conditions:
i = K2CO3, EtOH, reflux, 24 h; ii = 2a, THF, �78 �C, 2 h.
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Scheme 1. Addition of the allyl and crotyl aluminum to trihaloacetyl ketones (1a–f).
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reaction methodology with an improvement of Takai’s method,
disclosed by Knochel et al.9

Thus, under argon atmosphere, the allyl bromide was reacted
with aluminum flakes and In0 in anhydrous THF, at 0 �C for 1 h.
The corresponding allylic aluminum reagent (2a) was obtained
with a conversion rate of up to 90% (determined by GC–MS from
iodolyzed aliquots). For the less reactive (E)-crotyl bromide, 2 h
were necessary to obtain the crotyl aluminum (2b) at a similar rate
of conversion. In the next step, the solution containing the respec-
tive organometallic reagent was added to each trihaloacetyl ketone
solution (1a–f) in anhydrous THF and an argon atmosphere that
had been previously cooled to �78 �C, and then stirred at this tem-
perature for 2 h.12 The results from these reactions are summarized
in Table 1.

Although the yields were good, the compounds derived from
(E)-crotyl bromide (3g–l) still showed low diastereoselectivity.
Explanations in the literature rely on the fact that the addition
of allylic nucleophiles, which have small groups at the c
positions, to carbonyl compounds, occurs via a six-membered
chair-like transition state (Zimmerman–Traxler transition state
model).10 This configuration, which is responsible for the very
high stereodifferentiation level, that is, normally observed for
these reactions, implies that anti-homoallylic alcohol is obtained
when the (E)-allylic nucleophile is employed, while the (Z)-
allylic nucleophile provides a syn-homoallylic alcohol
(Scheme 2).

Additionally, other studies show that, even starting from (E)-al-
lyl halides, the allylic organometallics generated in situ by a reduc-
tive process can be in equilibrium between the two possible
species, and the most thermodynamic trans-isomer is at the high-
est concentration.11 Thus, due to the low energy barrier necessary
for the metallotropic rearrangement of the crotyl aluminum to oc-
cur, even performing the organometallic synthesis in an ice bath
was not enough to prevent the equilibration of allyl aluminum re-
agents. On the other hand, when lower temperatures were applied,
Table 1
Yields and melting points for the new trihalomethyl triazolyl homoallylic alcohols (3a–l)
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Compound R R1 X Mp (�C) Yielda (%)

3a H H F 75–76 90
3b H Me F 78–80 94
3c H Ph F 123–124 91
3d H H Cl 143–144 88
3e H Me Cl 131–133 92
3f H Ph Cl 171–173 94
3g Me H F 85–87 89
3h Me Me F 65–66 86
3i Me Ph F 103–105 90
3j Me H Cl 116–118 85

3k Me Me Cl 118–120 90
3l Me Ph Cl 190–191 91

a The compounds derived from crotyl bromide (3g–l) were attained as a mixture of two diastereoisomers in the proportion of 70:30 (determined by 1H NMR).



Figure 1. Influence of the CX3 in the H-3 and H-5 chemical shifts.
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low concentrations of organometallics were observed, even after
long reaction times.

An interesting characteristic observed for the compounds 3a–f
was the influence of the CX3 group at the chemical shift of the
allylic moiety hydrogens, mainly at both H-5, located six bonds
away from the fluorines and chlorine atoms. In the substituted
trichoromethyl compounds, the sets of signals corresponding to
these hydrogens appear to be more separated than in the substi-
tuted trifluoromethyl. In order to compare this effect, we per-
formed the synthesis of the hydrogenated analog (7) for the
compounds 3b and 3e (Scheme 3).

Comparing the results of the NMR 1H analyses, it is possible
to recognize that, although the fluorine is the most electronega-
tive among the three atoms, the highest shift separation was ob-
served for the chlorine-substituted molecules. This fact suggests
that the larger the steric size of the CX3 group, the more rigid
the conformation adopted by the molecule. The preferred confor-
mation appears to place the hydrogen atoms closer to the hydro-
xyl group, and this is reflected in the difference in the chemical
shifts (Fig. 1).

In summary, we have reported the efficient preparation of triha-
lomethyl triazolyl homoallylic alcohols from the addition of allylic
aluminum reagents to trihaloacetyl groups. This economical proto-
col, although showing limitations for allyl halides substituted with
small groups, was able to furnish the desired compounds at consid-
erable yields and under very mild conditions.
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