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ABSTRACT

A convenient method for intermolecular N-arylation of hydrazides with substituted aryl iodides in the presence of a copper catalyst and
Cs2CO3 is reported. The C−N coupling of N-Boc hydrazine with para- and meta-substituted aryl iodides afforded the N-arylated products A,
regioselectively. A reversal in regioselectivity is observed for the arylation of benzoic hydrazide with ortho-substituted aryl iodides, providing
the N′-arylated products B.

N-Aryl hydrazides form an important class of organic
compounds with many applications in organic synthesis and
in industry.1 They are useful starting materials for the
synthesis of biologically active heterocycles, such as indoles,
carbazoles, pyrazoles, triazines, indazolones, and indazoles.2

N-Aryl hydrazides have traditionally been prepared by
reduction ofN-nitrosoarylamines,3 formed by nitrosation of
anilines, or by electrophilic aminations of aryl Grignard
reagents,4b aryllithium reagents,4b,4c aryl zinc halides,4a and

electron-rich arenes5 with azodicarboxylates. These methods
often employ expensive reagents or substrates requiring
multistep syntheses and/or require harsh conditions, which
limit the functional group tolerability.

Recently, a Pd/BINAP-catalyzed coupling ofN-Boc hy-
drazine with aryl bromides has been reported.6 However, high
yields were obtained only with substrates having electron-
withdrawing substituents in thepara position. A copper-
mediated N′-arylation of benzoic hydrazide, affording low
yields of N′,N′-diarylated products,7 and the arylation of
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trisubstituted hydrazines with triarylbismuthanes in the
presence of stoichiometric amounts of Cu(OAc)2 has also
been described.8

Recently, we have described the copper-catalyzed amid-
ation of aryl halides.9 We reported an example of the
N-arylation of N-Boc hydrazine (Scheme 1, product A in

moderate yield) and benzoic hydrazide (Scheme 1, product
B in moderate yield) at high temperature. We therefore set
out to look for an improved catalyst system for this
transformation and to demonstrate the generality with which
it can be employed.

Herein we describe our results in developing an improved
protocol. When DMF is used as a solvent, catalytic amounts
of CuI and 1,10-phenanthroline (1) in the presence of Cs2CO3

provide higher yields of N-arylatedN-Boc hydrazine at 80
°C,10 as opposed to 110°C in dioxane as reported in our
original investigations. We also show that reasonable yields
can be achieved using a ligandless catalyst system.

A series ofpara-substituted aryl iodides, shown in Table
1, were subjected to the reaction conditions described above.
Generally, 1-5 mol % of CuI and 10-20 mol % of 1,10-
phenanthroline (1) were sufficient to obtain the N-arylated
products (A in Scheme 1) in good to excellent yields. No
N′-arylated product (B in Scheme 1) could be detected by
GC. We were pleased to find that electron-withdrawing as
well as electron-donating substituents are tolerated under
these conditions. Moreover, substrates containing functional
groups that have been problematic in palladium-catalyzed
methology,11 such as a phenolic OH (entry 4) and an aromatic
NH2 (entry 5), were successfully transformed. The use of 5
mol % CuI (entries 6-9) as well as shorter reaction times
(entries 8 and 9) improved the isolated yield of the N-arylated
products8-11. For example, the isolated yield of compound

10, which seemed to be more sensitive under the coupling
conditions, could be improved from 61% to 78%, using a
reaction time of 4 h instead of 21 h.

The reaction was also carried out with a series ofmeta-
substituted aryl iodides. As shown in Table 2, the N-arylated
products12-16were obtained regioselectively and in good
yields. Again, both electron-donating (entries 1-3) and
electron-withdrawing (entries 4 and 5) substituents, as well
as a free OH group (entry 3), were tolerated.

The transformation was also carried out in absence of 1,10-
phenanthroline (1) for some aryl iodides (Table 1, entries 3
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Scheme 1

Table 1. Copper-Catalyzed Coupling ofpara-Substituted Aryl
Iodides withN-Boc Hydrazinea

a Reaction conditions: 1 equiv of aryl iodide, 1.2 equiv of hydrazide,
1.4 equiv of Cs2CO3, DMF (1 M in aryl iodide), under argon, for 21 h.
The reaction time is not optimized for each substrate.b Isolated yields are
the average of two runs and are estimated to be>95% pure by1H NMR
and GC analysis. All previously unknown compounds gave satisfactory1H
NMR, 13C NMR, IR, and combustion analysis data.c Yield for a reaction
time of 4 h. For 21 h: 61% yield of10. d Yield for a reaction time of 4 h.
For 21 h: 34% yield of11.
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and 7; Table 2, entries 2 and 4). While the reaction still
proceeds fairly well, the yields of the N-arylated products
are 10-20% lower for bothmeta- andpara-substituted aryl
iodides. Moreover, for themeta-substituted examples, 5-7%
of N′-arylated products (B) were isolated, along with the
N-arylated products13 and15.

The arylation ofN-Boc hydrazine withortho-substituted
aryl iodides is detailed in Table 3. As can be seen in entries
1 and 5, modest yields of theN-Boc N-aryl hydrazines17
and 20 were obtained, and we observed a drop in regio-
selectivity with N′-arylation products (B) now being formed
in 4-8% yield. In the absence of1 (entry 2), a complete
loss of regioselectivity is observed. Using a substrate with
an electron-withdrawing substituent (entry 8), the N′-arylated
product 22 was formed exclusively. For this substrate
picolinic acid (2) was found to be a better ligand than1.

Switching to benzoic hydrazide further improved the yield
of the coupling, and we observed a reversal in the regio-
selectivity with allortho-substituted substrates. In these cases
the N′-arylated products19, 21, and23 were produced in

moderate yields (entries 3, 6, 9). An increase in isolated
yields was seen in some instances under ligandless conditions
(entries 4 and 10).

In summary, we have developed a general and efficient
catalyst system for the N-arylation ofN-Boc hydrazine. We
have shown that aryl iodides with electron-withdrawing as
well as with electron-donating substituents inmetaor para
position undergo the coupling reaction in good to excellent
yield. We have also demonstrated a reversal of the regio-
selectivity for the C-N coupling of certainortho-substituted
aryl iodides when benzoic hydrazide is used in place of
N-Boc hydrazine, providing the corresponding N′-arylated
products in moderate yield. The advantages of this method
include good substrate generality, the use of the air-stable,
inexpensive CuI under mild conditions, and experimental
ease.
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Table 2. Copper-Catalyzed Coupling ofmeta-Substituted Aryl
Iodides withN-Boc Hydrazinea

a See Table 1.b See Table 1.c Yield for a reaction time of 4 h. For 21
h: 65% yield of16. d 7% of the N′-arylated product24 was also isolated.
e 5% of the N′-arylated product25 was also isolated.

Table 3. Copper-Catalyzed Coupling ofortho-Substituted Aryl
Iodides withN-Boc Hydrazine and Benzoic Hydrazidea,d

entry R1 R2 ligandc % yield (A)b % yield (B)b

1 CH3 Boc 1 35 (17) 4 (18)
2 CH3 Boc none 13 (17) 11 (18)
3 CH3 COPh 1 57 (19)
4 CH3 COPh none 69 (19)
5 OCH3 Boc 1 23 (20) 8 (GC)
6 OCH3 COPh 2 32 (21)
7 OCH3 COPh none 34 (21)
8 CO2Et Boc 2 46 (22)
9 CO2Et COPh 2 56 (23)

10 CO2Et COPh none 63 (23)

a See Table 1.b See Table 1.c 1: 1,10-phenanthroline,2: picolinic acid.
d Reduction of aryl iodides to substituted arenes was detected by GC in
amounts of∼30%.
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