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An exception to the normal Mitsunobu reaction with phenols;
the formation of hydrazones from salicylaldehydes
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Abstract—The reaction of 2-hydroxybenzaldehydes with alkanols in the presence of triphenylphosphine and di-tert-butyl azodicarb-
oxylate (DBAD), under the Mitsunobu reaction conditions, gives rise to the formation of hydrazones as the major products rather
than the expected alkyl aryl ethers.
� 2005 Elsevier Ltd. All rights reserved.
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The reaction of alcohols with acidic compounds
(pKa 6 11) in the presence of triphenylphosphine and a
dialkyl azodicarboxylate (the Mitsunobu reaction) has
become widely used for the functionalization of alcohols
and related compounds.1 For example, the reaction of
alkanols with phenols, discovered by Bittner and Assaf2

and Manhas et al.,3 afforded the corresponding alkyl
aryl ethers 1 (Scheme 1). However, we wish to report
herein that the expected alkyl aryl ethers are not pro-
duced, or are obtained only as minor products, when
the phenol is substituted in its ortho position by a formyl
group. Instead, hydrazones 3 are obtained as the major
products. These hydrazones, which might be useful pre-
cursors for the preparation of heterocycles,4 are also
prepared in the absence of alkanol, and their structure
was unequivocally established from the X-ray crystallo-
graphic analysis of the 3,5-dichloro derivative 3f (Fig.
1).5

In order to explore the scope of this new reaction and to
gain insight into its mechanism, a series of commercially
available 2-hydroxybenzaldehydes (salicylaldehydes)
were reacted with triphenylphosphine and DBAD and
the results are summarized in Table 1.6 Although the
use of diethyl azodicarboxylate or bis(2,2,2-trichloro-
ethyl) azodicarboxylate gave the corresponding hydraz-
ones, albeit in lower yield with the second reagent, we
selected DBAD as the reagent of choice. It is a stable,
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commercially available, crystalline yellow solid and the
tert-butoxycarbonyl (BOC) group is widely used as a
protecting group due to its ease of removal under mild
conditions. Both electron-rich salicylaldehydes (2d, e)
and electron-poor substrates (2f, g) gave excellent yields
of hydrazones 3, and various substitution patterns were
well tolerated. The same major product was also ob-
tained in the presence of an alkanol (entries a, e and
h), showing that the Mitsunobu reaction does not occur
as the major pathway. We have also observed that this
reaction is specific to salicylaldehydes. Under the same
experimental conditions, the application of this method
to p- and m-hydroxybenzaldehydes did not provide the
corresponding hydrazones.

When a second hydroxyl group is present on the aro-
matic ring, up to 2 equiv of DBAD and Ph3P are
required (Table 1, salicylaldehydes 2j–l). In these cases
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Table 1. Reaction of salicylaldehydes, with triphenylphosphine and

dialkyl azodicarboxylates
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a H t-Bu 84 (80)e 139–140

b H Et 84 93–94

c H Cl3CCH2 54 73–74

d 6-MeO t-Bu 79 85–86

e 4-MeO t-Bu 81 (62)e,f 146–147

f 3,5-Cl2 t-Bu 82 155–156

g 5-Br t-Bu 86 122–123

h 6-Br, 3-MeO t-Bu 77 (75)e 123–124

i 3,4-CHCHCHCH–a t-Bu 90 183–184

j 3-OHb t-Bu 70 114–115

k 5-OHc t-Bu 79 139–140

1 4-OHd t-Bu 79 120–122

a 1-OH-2-Naphthaldehyde.
b 1.7 equiv of DBAD and Ph3P; pKa of 3-hydroxyl substituent: 11.8.
c 1.8 equiv of DBAD and Ph3P; pKa of 5-hydroxyl substituent: 10.9.
d 2 equiv of DBAD and Ph3P; pKa of 4-hydroxyl substituent: 7.5.
e Reaction performed in the presence of 1 equiv of 3-chloro-l-propanol.
f The Mitsunobu product 8 was also obtained in 22% yield.

Figure 1. ORTEP representation of 3f.
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the amount needed for complete consumption of the hy-
droxy salicylaldehyde depends on the pKa of the other
OH (R) (their relative acidities have been evaluated
using computational methods). This group acts as a
scavenger for the Ph3P/DBAD complex 91 (vide supra,
Scheme 4). With the more acidic hydroxyl, 2 equiv of
reagents are needed to produce the phosphonium/phe-
nolate 4. Interestingly, upon subsequent addition of
1 equiv of an alkanol, the alkylation product 5 can be
generated as the major compound (Scheme 2).

In order to determine whether hydrazone formation is
faster than the usual Mitsunobu reaction on the hydr-
oxyl group, the competition experiment described in
Scheme 3, with the phenols 2e and 6 (having similar cal-
culated pKa values) was carried out. In this case, the
hydrazone 3e and alkylation product 77 were obtained
in a 1:1 ratio, suggesting the rate of these two pathways
to be quite similar. Thus, under certain conditions, the
Mitsunobu reaction competes with the formation of
hydrazone.

To explain that the hydroxyl in the 2-position is neces-
sary for hydrazone formation, we propose the following
mechanism (Scheme 4). Triphenylphosphine and DBAD
react together to give the salt 9. The phenolate 10 is then
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Scheme 4. Proposed mechanism.
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produced by the reaction of salt 9 with 2-hydroxybenz-
aldehyde. We speculate that alkoxide 11, generated from
the phenolate 10, can be converted via an aza-Wittig
reaction in a concerted or non-concerted fashion, to
oxazaphosphetane 12. Further loss of Ph3PO, which is
the driving force of the reaction, yields hydrazone 3a.

To validate the above-mentioned mechanism, various
experiments were carried out. Initially, we assumed that
the anion of salicylaldehyde is obtained. The successful
formation of hydrazone 3a (80% yield) from the reaction
of the sodium salt of salicylaldehyde 138 and the tetra-
fluoroborate salt 149 confirms this assumption (Scheme
5). Under the same condition, but using salicylaldehyde
2a instead of its sodium salt 13, the hydrazone 3a is not
obtained.
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We believe that the reaction proceeds via a concerted
mechanism. If the mechanism was non-concerted, the
aza-ylide intermediate 15 (Scheme 4) produced in the
reaction mixture might react intermolecularly with benz-
aldehyde to produce compound 16.10 However, reaction
of the sodium salt of salicylaldehyde 13, benzaldehyde
and the BF4 salt 14 did not give a detectable amount
of compound 16 and yielded compound 3a as the only
product (Scheme 5).

In conclusion, we have demonstrated that hydrazones
are produced in high yields from the reaction of salicyl-
aldehyde with triphenylphosphine and DBAD. The
same compounds are obtained in the presence of alka-
nols, instead of the normal expected aryl alkyl ether,
which are not detected or obtained only as minor prod-
ucts. We are currently expanding this approach to
o-amino and o-mercaptobenzaldehydes, and those
results will be reported in due course.
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