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Abstract: The Mitsonubo reagent (triphenylphosphine and dialkyl
azodicarboxylates) was employed as a potential anionic nucleophile
in a reaction involving aryl halides to produce aryl hydrazides. Aryl
iodides and bromides, with electron-withdrawing as well as elec-
tron-releasing groups on the aromatic ring, undergo coupling reac-
tions in good yields. The optimized conditions are developed for
aryl iodides at room temperature and for aryl bromides at 60–75 °C.
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Aryl hydrazides are important subunits in a wide range of
pharmaceuticals and bioactive agents.1,2 Dialkyl azodicar-
boxylates (DAAD) have been used in the preparation of
hydrazides,3 which are useful precursors in the synthesis
of amines.4 New methods such as amination of aryl Grig-
nard reagents,5 aryllithium reagents,6 and aryl zinc
halides7 with DAAD have been developed for the synthe-
sis of hydrazides. However, these reactions are limited to
electron-rich arenes because they proceed via an electro-
philic substitution.8 Recently, Buchwald reported the syn-
thesis of N-aryl hydrazides by amination of aryl iodides
with hydrazides.9 In addition, Chatani has reported the
synthesis of N-aryl hydrazides from the reaction of aryl-
boronic acids and DAAD in the presence of copper salts.10

In this Letter, we report a mild procedure for the synthesis
of aryl hydrazides from the reaction of the Mitsunobu re-
agent system [triphenylphosphine (Ph3P) and DAAD]
with aryl halides in good yields (Scheme 1).11 Investiga-
tions started with the coupling reaction of Ph3P with diiso-
propyl azodicarboxylate (1b) and iodobenzene (2a) in the
presence of copper(I) iodide as catalyst. When the reac-
tion of equimolar amounts of Ph3P with 1b and 2a was
performed in the presence of CuI (0.025 mmol) in toluene
at room temperature for 20 hours under nitrogen, phenyl
hydazide 3b was obtained in 10% yield together with di-
isopropyl hydrazodicarboxylate in 65% yield (Table 1).
After screening a variety of solvents and catalysts, the best
results were obtained in THF at room temperature for 16
hours in the presence of 10 mol% of CuI. Decreasing the
amount of CuI to 5 mol%, resulted in incomplete con-
sumption of iodobenzene (Table 1). Under these opti-
mized conditions, the diisopropyl hydrazodicarboxylate
was not detected in the reaction mixture.

Subsequently, a variety of substituted aryl iodides was
tested under the optimized reaction conditions, and the re-
sults are summarized in Scheme 1. Aryl iodides having
electron-rich, electron-deficient, or bulky groups on the
aromatic ring afforded good to excellent yields.

Scheme 1

When aryl bromides were subjected to the reaction condi-
tions developed for the aryl iodides (Table 1), no aryl hy-
drazides were detected in the reaction mixture. After
screening a variety of solvents and catalysts, the best re-
sults were obtained in MeCN at 60–75 °C for 16 hours in
the presence of 10 mol% of CuI and 20 mol% of Phen
(1,10-phenanthroline) as a ligand12 (Table 2). Subse-
quently, a variety of substituted aryl bromides was tested
under the optimized reaction conditions, and the results
are summarized in Scheme 2.13

Table 1 Optimization Reaction Conditions for the Formation of 
Aryl Hydrazides from Aryl Iodides, Ph3P, and DAAD

Catalyst Solvent Yield (%) Catalysta Solvent Yield (%)b

CuI DMSO 65 Cu THF n.r.

CuI DMF 55 CuCl THF 72

CuI toluene 15 CuBr THF 20

CuI THF 92 Cu2O THF 35

CuI MeCN 78 Cu(OAc)2 THF trace

CuI dioxane 46 CuCl2

CuIc
THF
THF

trace
80

a 10 mol% catalyst unless stated otherwise.
b Reaction time16 h.
c 5 mol% catalyst, reaction time was 24 h.
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Scheme 2

The optimized reaction conditions given above were com-
patible with the presence of functional groups, such as
CN, NO2, CF3, OMe, and halogen, on the aromatic ring of
the aryl halide. Various aryl bromides afforded the corre-
sponding aryl hydrazides in good to excellent yields.

In summary, the Mitsonubo reagent system has been em-
ployed as a potential anionic nucleophile in a reaction in-
volving aryl halides to produce aryl hydrazides. Aryl
bromides and iodides with electron-withdrawing as well
as electron-releasing groups undergo these coupling reac-
tions in good yields. In this methodology, the optimized
conditions have been developed for aryl iodides at room
temperature and for aryl bromides at 60–75 °C. The ad-
vantages of this methodology are the use of the air-stable,
inexpensive CuI catalyst under mild reaction conditions.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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(11) Typical Procedure for the Preparation of Aryl 

Hydrazides 3a–i
To a stirred solution of aryl iodide (1 mmol) and Ph3P (0.263 
g, 1 mmol) in THF (2 mL), was added CuI (9 mg, 0.05 
mmol) in one portion. The mixture was stirred at r.t. for 30 
min under N2. Then, the DAAD (1.2 mmol) was added to the 
reaction mixture, which was stirred at r.t. for 18 h under 
nitrogen. After removal of the solvent, the residue was 
purified by chromatography (silica gel, hexane–EtOAc = 
5:1) to give hydrazides 3a–i.
Representative Analytical Data
Diethyl 1-Phenyl-hydrazine-1,2-dicarboxylate (3a)
Colorless solid, mp 81–83 °C; yield 0.23 g (91%). IR (KBr): 
nmax = 3280, 1599, 1518, 1340, 1100 cm–1. 1H NMR (500.1 
MHz, CDCl3): d = 1.27 (3 H, t, 3J = 7.0 Hz, Me), 1.28 (3 H, 
t, 3J = 7.0 Hz, Me), 4.22 (4 H, m, 2 CH2O), 7.09 and 7.19 (1 
H, br s, NH), 7.20 (1 H, t, 3J = 7.1 Hz), 7.33 (2 H, t, 3J = 7.6 
Hz), 7.42 (2 H, d, 3J = 7.4 Hz). 13C NMR (125.7 MHz, 
CDCl3): d = 14.4 (Me), 14.5 (Me), 62.3 (CH2O), 63.0 
(CH2O), 124.3 (2 CH, br), 126.3 (2 CH), 128.6 (CH), 141.7 
(C), 155.0 (C=O), 156.4 (C=O). MS: m/z (%) = 252 (1) 
[M+], 180 (10), 152 (100), 134 (16), 108 (22), 107 (69), 106 
(14), 91 (17), 77 (32). Anal. Calcd (%) for C12H16N2O4 
(252.27): C, 57.13; H, 6.39; N, 11.10. Found: C, 57.59; H, 
6.44; N, 11.23.
Diisopropyl 1-Phenyl-hydrazine-1,2-dicarboxylate (3b)
Colorless solid, mp 90–92 °C; yield 0.25 g (92%). IR (KBr); 
nmax = 3241, 1569, 1500, 1325, 1110 cm–1. 1H NMR (500.1 
MHz, CDCl3): d = 1.26 (6 H, t, 3J = 6.6 Hz, 2 Me), 1.29 (6 
H, t, 3J = 6.8 Hz, 2 Me), 5.08–5.10 (2 H, m, CHO), 6.96 and 
7.12 (1 H, br s, NH), 7.20 (1 H, t, 3J = 7.1 Hz), 7.36 (2 H, t, 
3J = 7.1 Hz), 7.46 (2 H, d, 3J = 7.4 Hz). 13C NMR (125.7 
MHz, CDCl3): d = 21.0 (2 Me), 21.7 (2 Me), 70.0 (CHO), 
70.7 (CHO), 121.2 (2 CH, br), 125.9 (2 CH), 128.9 (CH), 
139.3 (C), 154.7 (C=O), 156.0 (C=O). MS: m/z (%) = 280 
(1) [M+], 194 (16), 152 (100), 134 (11), 108 (19), 107 (65), 
106 (12), 91 (14), 77 (25). Anal. Calcd (%) for C14H20N2O4 
(280.32): C, 59.99; H, 7.19; N, 9.99. Found: C, 59.69; H, 
7.24; N, 9.93..

(12) Typical Procedure for the Preparation of Aryl 
Hydrazides 3j–s
To a stirred solution of aryl bromide (1 mmol), Ph3P (0.263 
g, 1 mmol), and Phen (0.036 g, 20 mol%) in MeCN (2 mL) 

Table 2 Optimization Reaction Conditions for Aryl Bromides

Catalyst Solvent Yield (%)Catalysta Solvent Yield (%)b

CuI DMSO 73 Cu MeCN n.r

CuI DMF 61 CuCl MeCN 78

CuI toluene 15 CuBr MeCN 32

CuI THF 70 Cu2O MeCN 28

CuI MeCN 90 Cu(OAc)2 MeCN trace

CuI dioxane 78 CuCl2

CuIc
MeCN
MeCN

trace
80

a 10 mol% catalyst unless stated otherwise; Phen 20 mol%.
b Reaction time 20 h.
c 5 mol% catalyst, reaction time was 26 h.
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was added CuI (9 mg, 0.05 mmol) in one portion. The 
mixture was stirred at r.t. for 30 min under N2. Then, the 
DAAD (1 mmol) was added to the reaction mixture, which 
was stirred at 60–75 °C for 16 h under N2. After removal of 
the solvent, the residue was purified by chromatography 
(silica gel, hexane–EtOAc = 5:1) to give hydrazides 3j–s.
Representative Analytical Data
Diethyl 1-(3-Methylphenyl)-hydrazine-1,2-dicarboxylate 
(3j)
Yellow oil; yield 0.22 g (83%). IR (KBr): nmax = 3310, 1539, 
1510, 1321, 1132 cm–1. 1H NMR (500.1 MHz, CDCl3): 
d = 1.27 (3 H, t, 3J = 7.2 Hz, Me), 1.30 (3 H, t, 3J = 7.1 Hz, 
Me), 2.32 (3 H, s, Me), 4.20 (4 H, m, 2 CH2O), 6.96 and 7.07 
(1 H, br s, NH), 7.12 (1 H, d, 3J = 7.2 Hz, CH), 7.20 (1 H, d, 
3J = 7.3 Hz, CH), 7.26 (1 H, s, CH), 7.45 (1 H, t, 3J = 7.2 Hz, 
CH). 13C NMR (125.7 MHz, CDCl3): d = 19.6 (Me), 19.9 
(Me), 26.6 (Me), 67.6 (CH2O), 68.2 (CH2O), 125.4 (CH, br), 
130.3 (CH, br), 133.6 (CH), 136.3 (CH), 141.2 (C), 143.8 
(C), 156.5 (C=O), 161.5 (C=O). MS: m/z (%) = 266 (1) 
[M+], 194 (13), 166 (100), 148 (16), 122 (14), 120 (68), 105 

(17), 91 (8). Anal. Calcd (%) for C13H18N2O4 (266.29): C, 
58.63; H, 6.81; N, 10.52. Found: C, 58.83; H, 6.88; N, 10.69.
Diisopropyl 1-(3-Methylphenyl)-hydrazine-1,2-
dicarboxylate (3k)
Yellow oil; yield 0.24 g (81%). IR (KBr): nmax = 3291, 1527, 
1524, 1314, 1112 cm–1. 1H NMR (500.1 MHz, CDCl3): 
d = 1.17 (6 H, d, 3J = 7.2 Hz, Me), 1.28 (6 H, t, 3J = 7.1 Hz, 
Me), 2.32 (3 H, s, Me), 4.97–4.99 (2 H, m, 2 CHO), 6.67 and 
6.71 (1 H, br s, NH), 6.90 (1 H, d, 3J = 7.2 Hz, CH), 6.97 
(1 H, d, 3J = 7.3 Hz, CH), 7.20 (1 H, s, CH), 7.28 (1 H, t, 
3J = 7.2 Hz, CH). 13C NMR (125.7 MHz, CDCl3): d = 21.6 
(2 Me), 21.9 (2 Me), 29.6 (Me), 70.6 (CHO), 70.8 (CHO), 
121.4 (CH, br), 124.3 (CH, br), 126.6 (CH), 128.3 (CH), 
138.2 (C), 141.8 (C), 154.5 (C=O), 156.5 (C=O). MS: m/z 
(%) = 294 (1) [M+], 208 (13), 166 (100), 148 (16), 122 (14), 
120 (68), 105 (17). Anal. Calcd (%) for C15H22N2O4 
(294.35): C, 61.21; H, 7.53; N, 9.52. Found: C, 61.42; H, 
7.62; N, 9.60.

(13) The reaction of aryl bromides was improved in the presence 
of Phen.
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