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ABSTRACT

N-Boc- N-alkenylhydrazines, an almost unknown type of compounds, have been prepared with high to moderate yields via palladium-catalyzed
cross-coupling between alkenyl halides and tert -butyl carbazate. The present methodology represents the first general way to access this
highly functionalized and unusual type of hydrazines.

Hydrazine derivatives are versatile intermediates in the
preparation of heterocyclic compounds containing N-N
bonds, such as pyrazoles,1 indazoles,2 cinnolines,3 and
1-aminopyrroles.4 Moreover, they are used in the preparation
of a wide variety of biologically and industrially valuable
organic compounds.5 There are many protocols for the
synthesis of aryl- and alkylhydrazines in the literature.5a,6

However, a general method for the synthesis ofN-alkenyl-
hydrazines has not been developed. To the best of our
knowledge, only two particular examples of the preparation
of an alkenylhydrazine, based on the reaction of an alkenyl
boronic acid withtert-butyl carbazate7 and azodicarboxylate,8

respectively, have been previously reported in the literature.9

tert-Butyl carbazate1 is a popular reagent to prepare
substituted hydrazines.6e-g This simple molecule contains two

different nitrogen atoms, a free NH2, and a Boc-protected
NH. When 1 is reacted with a carbonyl, it provides the
corresponding hydrazone: the reaction occurs through the
more nucleophilic NH2.6g Interestingly, palladium- or copper-
catalyzed cross-coupling reactions with aryl halides afford
the product derived from the reaction through the NHBoc.10
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We have recently disclosed the palladium-catalyzed ami-
nation of alkenyl bromides and chlorides.11 This methodol-
ogy, which is an extension of the well-developed Buchwald-
Hartwig amination of aryl halides,12 allows for the preparation
of enamines and imines with high regio- and stereoselectivity.
Continuing with our interest in the application of cross-
coupling reactions of alkenyl halides with nitrogen nucleo-
philes,13 we decided to focus on the preparation ofN-alke-
nylhydrazines. In this communication, we report our progress
in the development and optimization of a general and
stereoselective method for the synthesis of this almost
unknown class of hydrazines.

In a preliminary study we investigated the coupling
betweenâ-bromostyrene2aandtert-butyl carbazate1 under
different catalytic combinations using Pd2(dba)3 as a metal
source and different supporting ligands and reaction condi-
tions. The set of ligands included in our study consisted of
PtBu3, chelating diphosphines, Dpephos5 and DPPF6,
electron-rich bulky biphenyls, Xphos714 and Johnphos8,15

and Verkade’s proazaphosphatrane9.16

Most of the catalytic combinations promoted the formation
of the hydrazine3a to some extent; however, to our surprise,
in some examples, apart from the desired coupling product,
relatively high amounts of the Ullmann-type17 homocoupling
product4a were also detected (Table 1).

It is worth noting that in a way similar to the reactions
with aryl halides the coupling proceeds regioselectively
through the N-Boc nitrogen. Thereby, it seems that the Pd-
catalyzed C-N bond forming reaction occurs upon depro-
tonation of the more acidic NHBoc proton. The requirement
of an initial deprotonation step might account for the strong
dependence of the reaction on the base and the solvent
employed.18

As represented in Table 1, the best results were obtained
using Cs2CO3 as base, DMF as solvent, and the Pd(0)/8
catalytic combination (entries 9-11), which provided the
amidation product3a with high selectivity and yield. A

catalyst loading of 1 mol % of Pd can be used, even though
the reaction rate decreases substantially (entry 11).

With regard to the homocoupling product4a, the best
conditions were obtained employing Pd(0)/9 as the catalytic
combination (entry 13). Interestingly,4a was obtained as a
unique coupling product under several different reaction
conditions (entries 7, 8, 13, and 14); however, only under
the conditions of entry 13, the yield was preparatively
acceptable.

The scope of the reaction to synthesizeN-alkenylhydra-
zines was studied using different alkenyl bromides and
chlorides. Under the optimized reaction conditions, a wide
variety of N-alkenylhydrazines were synthesized with high
to moderate yields. The results are shown in Table 2.

The coupling reaction provides good results for electron-
rich, electron-neutral, and electron-poor substitutedâ-bro-
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Table 1. Reaction ofâ-Bromostyrene2a with tert-Butyl
Carbazate1[a-c]

Pd2(dba)3

(mol %
of Pd) ligand base solvent

T
(°C)

t
(h) 3a/4a[d]

1 2 PtBu3
[e] Cs2CO3 toluene[f] 110 17 22:88

2 4 5 Cs2CO3 DMF 110 18 77:23
3 4 6 Cs2CO3 DMF 110 18 79:21
4 4 7 Cs2CO3 toluene 100 22 87:13
5 4 7 Cs2CO3 DMF 110 18 93:7
6 4 7 K3PO4 DMF 110 22 89:11
7 4 7 NaOtBu DMF 110 17 0:100

(36%)
8 4 7 NaOtBu DMF 110 17 0:100

(26%)[g]

9 4 8 Cs2CO3 DMF 110 10 100:0
10 2 8 Cs2CO3 DMF 110 14 100:0
11 1 8 Cs2CO3 DMF 110 21 100:0

(82%)
12 4 9 Cs2CO3 DMF 110 19 27:63
13 4 9 Cs2CO3 DMF[h,i] 110 19 0:100

(58%)[g]

14 4 - Cs2CO3 DMF 110 22 0:100
(45%)

[a] Selected data from the optimization of the reaction conditions.[b]All
the reactions were conducted until complete conversion ofâ-bromostyrene
as judged by GC.[c]General reaction conditions: 0.5 mmol ofâ-bromosty-
rene; 0.6 mmol oftert-butyl carbazate; Pd2(dba)3 as the metal source; 2:1
molar relationship Pd/ligand; 1.4 equiv of base, 1 mL of solvent.
[d]Determined by analysis of the1H NMR spectra of the reaction. Isolated
yields are shown in brackets.[e]1:1 molar relationship Pd/Ligand was used.
[f] 2 mL of solvent was used.[g]Without tert-butyl carbazate in the reaction
media.[h]0.7 equiv of base was used.[i]0.5 mL of solvent was used.
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mostyrenes (entries 1-6). Moreover, the reaction can be
carried out in the presence of an aryl chloride (entries 5 and
11) and an aryl bromide (entry 6), given the higher reactivity
of vinyl bromides over aryl halides toward oxidative addition
reactions.19 Besides, 1-bromodienes (entry 7), 4-bromoenynes
(entry 8), and bromoolefins with an aliphatic group (entry
9) can be used in the same way, providing a large variety of
N-alkenylhydrazines.

We also examined the participation of less-reactive 1-chlo-
rodienes2j and2k. As indicated in Table 2 (entries 10 and
11), using the optimized reaction conditions for alkenyl
bromides, the correspondingN-alkenylhydrazines were ob-
tained with good yield. It is worth noting that the coupling
reaction with chloroalkenes did not require harsher conditions
or a longer reaction time.

With regard to the stereoselectivity of the process, the
reactions with pure (E)-haloalkenes afforded the (E)-N-
alkenylhydrazines as pure isomers as deduced by the1H

NMR spectra. Interestingly, when the coupling reactions were
carried out with bromodiene2g, which consisted of a 2:1
mixture of E/Z bromoalkenes, respectively, we observed
double bond isomerization to obtain the corresponding
(E)-N-alkenylhydrazine as a pure stereoisomer. Clearly, the
less stable (Z)-isomer undergoes isomerization into the more
stable (E)-isomer.

Next, we turned our attention to the homocoupling
reaction. The Ullmann coupling is one of the most important
tools to prepare symmetrical biaryls;17 however, its applica-
tion to the preparation of polyenes has been scarce.20

Noteworthy is that although in most Pd-catalyzed Ullmann
couplings a reducing agent is required to facilitate the
regeneration of Pd(0) species, only in some particular
examples the catalytic coupling takes place in the absence
of an external reducing agent.17a,21 It is believed that the
solvent, in most cases DMF, plays that role. Taking into
account these precedents, we decided to investigate this novel
homocoupling reaction.

At this point of development, the process shows limited
scope, probably due to the harsh conditions and long reaction
times required, which provoked the decomposition of the
alkenyl bromides in several cases. Nevertheless, several
dienes could be synthesized with moderate yields (Table 3).

In all cases, the (E,E)-dienes were obtained as pure isomers
as deduced by the1H NMR spectra. It is worth noting that
when the homocoupling reaction was carried out with
bromodiene2g, which is formed by a 2:1 mixture ofE/Z
bromoalkenes, we noticed double bond isomerization to
obtain the corresponding (E,E,E,E)-tetraene as a pure ste-
reoisomer.
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Table 2. N-tert-Butoxycarbonyl-N-alkenylhydrazines
Prepared[a]

[a] General reaction conditions: 0.5 mmol of haloalkene, 0.6 mmol of
tert-butyl carbazate, 2 mol % of Pd2(dba)3; 8 mol % of Johnphos, 1.4 equiv
of cesium carbonate, 1 mL of DMF, 110°C. [b]Isolated yields, after flash
chromatography.[c]Used 1 mol % of Pd for catalyst loading.[d]Reaction
conducted at 90°C. [e]Synthesized as a pure stereoisomerE.

Table 3. Homocoupling Products Prepared through the
Ullman-Type Reaction[a]

[a] See Supporting Information for reaction conditions.[b]Isolated yields,
after flash chromatography.[c]Reaction conducted at 90°C. [d]Obtained as
a unique stereoisomer.
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In conclusion, we have reported a new and simple
methodology for the synthesis ofN-alkenylhydrazines from
readily available substrates, alkenyl bromides, and chlorides.
This report establishes the first general route for the synthesis
of this particular class of hydrazines, which were almost
unknown in the literature. Given the usefulness of hydrazines
in heterocyclic synthesis, we believe that the reaction
presented herein may be of great applicability in synthetic
organic chemistry.
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