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A convenient method for intermolecular N-arylation of hydrazides with substituted aryl iodides in the presence of a copper catalyst and
Cs,CO; 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 electron-rich arenésvith azodicarboxylates. These methods

compounds with many applications in organic synthesis and often employ expensive reagents or substrates requiring

in industry! They are useful starting materials for the multistep syntheses and/or require harsh conditions, which

synthesis of biologically active heterocycles, such as indoles, limit the functional group tolerability.

carbazoles, pyrazoles, triazines, indazolones, and indazoles. Recently, a Pd/BINAP-catalyzed coupling NtBoc hy-
N-Aryl hydrazides have traditionally been prepared by drazine with aryl bromides has been repoftétbwever, high

reduction ofN-nitrosoarylamine$ formed by nitrosation of
anilines, or by electrophilic aminations of aryl Grignard
reagents? aryllithium reagent$?“¢ aryl zinc halides’? and
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yields were obtained only with substrates having electron-
withdrawing substituents in thpara position. A copper-
mediated N-arylation of benzoic hydrazide, affording low
yields of N,N'-diarylated product$,and the arylation of
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trisubstituted hydrazines with triarylbismuthanes in the || NG

presence of stoichiometric amounts of Cu(OAbps also Table 1. Copper-Catalyzed Coupling gfara-Substituted Aryl

been describet. _ ~lodides withN-Boc Hydrazing
Recently, we have described the copper-catalyzed amid-

ation of aryl halides. We reported an example of the A Boc catalytic Cul R
N-arylation of N-Boc hydrazine (Scheme 1, product A in \O\ HN cat. 1,10-phenanthroline §-BoC

I NH2 66,00, DMF, 80 °C NH,

mol % mol %

Scheme 1 entry aryl iodide cul ligand product % yieldb
R! i
o N N/U\R2 1 ©\| 1 10 ©\N,BOC 97
DY HI}IJJ\RZ Cat Cul /Ligand __ gr NH; Me Me 3 NH,
N NHz  Cs,C04, DMF, 80 °C PR ) Me*@\ Me/K©\
R1\<’:\>_HEH R 2 | 1 10 N,Boc 87
— 4 \h,
B MeO. MeO
3 1 10 85
\©\| 1 none \©\N’BOC 76

moderate yield) and benzoic hydrazide (Scheme 1, product Ho Ho 5 N,
B in moderate yield) at high temperature. We therefore set 4 \O\ ] 10 \©\ 7
out to look for an improved catalyst system for this | N-Boc
transformation and to demonstrate the generality with which 6 NH,
it can be employed. HoN HoN

Herein we describe our results in developing an improved % \©\ L \O\ Boc '8
protocol. When DMF is used as a solvent, catalytic amounts ! 7 EH
of Cul and 1,10-phenanthrolin&)(in the presence of G8O; Br Br 2
provide higher yields of N-arylateN-Boc hydrazine at 80 6 \©\ 5 20 \Q 71
°C,19 as opposed to 11€C in dioxane as reported in our I . N’B°°
original investigations. We also show that reasonable yields Et0,C EIOLG NH;
can be achieved using a ligandless catalyst system. 7 \©\ 5 20 2 \©\ 88

A series ofpara-substituted aryl iodides, shown in Table | 5  none N-B¢ 64
1, were subjected to the reaction conditions described above. CI
Generally, 1—5 mol % of Cul and €20 mol % of 1,10- 8 NCQ 5 20 NC@ 780
phenanthrolineX) were sufficient to obtain the N-arylated | N-Bo°
products (A in Scheme 1) in good to excellent yields. No o o 10 n,
N'-arylated product (B in Scheme 1) could be detected by Mo
GC. We were pleased to find that electron-withdrawing as 9 5 20 Me Boc 437

| .

well as electron-donating substituents are tolerated under 37 0
these conditions. Moreover, substrates containing functional NH;

groups that have been prOb,Iemat'C n palladmm-catalyzgd a Reaction conditions: 1 equiv of aryl iodide, 1.2 equiv of hydrazide,
methology!! such as a phenolic OH (entry 4) and an aromatic 1.4 equiv of CsCOs, DMF (1 M in aryl iodide), under argon, for 21 h.

NH ntr wer fullv transformed. Th f 5 The reaction time is not optimized for each substrteolated yields are
20(e y 5), e e successfully transformed e USQ of 5 the average of two runs and are estimated to-86% pure by!H NMR
mol % Cul (entries 6—9) as well as shorter reaction times ang GC analysis. Al previously unknown compounds gave satisfattbry
(entries 8 and 9) improved the isolated yield of the N-arylated NMR, **C NMR, IR, and combustion analysis dataield for a reaction

- : . time of 4 h. For 21 h: 61% yield af0. 9 Yield for a reaction time of 4 h.
products8—11. For example, the isolated yield of compound ;.57 1. 340 yield of(1.

(8) Loog, O.; Maeorg, U.; Ragnarsson, Bynthesi000,11, 1591— . . .
1597. 10, which seemed to be more sensitive under the coupling
Sogg)zg('ﬁpi‘% Aﬁé;ﬂ"?a?é’g C.i Huang, X.; Buchwald, S.L.Am. Chem.  conditions, could be improved from 61% to 78%, using a

(10) Typical Experimental Procedure. An oven-dried resealable Schlenk reaction tlmg of 4 h instead O_f 21 h. _ _
tube Wa(s Chargeg with Cul SIS mC?Ib%)Iéfllllggnd (hlGZO mol ;Aa), f:\jnd( The reaction was also carried out with a seriesngfta-
CsCO0; (1.4 mmol), evacuated, and backfilled with argon. Hydrazide (1.2 : R : _
mmol), aryl iodide (1.0 mmol), and DMF (1.0 mL) were added under argon. substituted aryl iodides. A_S Shown,m Tablg 2,the N _arylated
The Schienk tube was sealed, and the reaction mixture was stired productsl2—16were obtained regioselectively and in good
magnetically at 80C for 21 h. The resulting suspension was cooled to yields. Again, both electron—donating (entries 1_3) and
room temperature and filtered through a 8.3 cn¥ pad of silica gel eluting . . . .
with ethyl acetate. The filtrate was concentrated. Purification of the residue €l€ctron-withdrawing (entries 4 and 5) substituents, as well
gy ﬂas?_ chlrofmatogt]lrar;hy on silica gel gave the desired product (see as a free OH group (entry 3), were tolerated.

upporting Information). . . .
(11) Deng, B.-L. Lepoivre, J. A.; Lemiére, Gur. J. Org. Chem1999, The transformation was also carried out in absence of 1,10-

2683—2688. phenanthroline (1) for some aryl iodides (Table 1, entries 3
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Table 2. Copper-Catalyzed Coupling afieta-Substituted Aryl Table 3. Copper-Catalyzed Coupling @irtho-Substituted Aryl
lodides withN-Boc Hydrazine lodides withN-Boc Hydrazine and Benzoic Hydrazide

Boc Catalytic Cul
HN"""" cat. 1,10-phenanthroline /©\ Boc 5 mol % Cul R!
R LT NH, ovE so%s R N R! HN’H2 20 mol % ligand
Cs,CO3, DMF, 80 °C A, @( _20mol % ligand R
|
NH2

R2

NH, C8,COq, DMF, 80 55,C0g. DMF, 80 %G

. mol %  mol % s
entry aryl iodide cu| ligand product % yield
Me Me entry R! R? ligand® % yield (A)® % yield (B)P
; /@\ T 10 /@\ I 1 CHs  Boc 1 35 (17) 4(18)
Me | Me N~ 2 CHs Boc none 13 (17) 11 (18)
12y, 3 CHs COPh 1 57 (19)
4 CH3s COPh none 69 (19)
2 @\ 1 10 J@\ Boc &0, 5 OCHs; Boc 1 23 (20) 8 (GC)
MeO | 5  none MeO v N 67 6 OCHz COPh 2 32(21)
NH; 7 OCHs COPh none 34 (21)
3 p\ T 10 V@\ 8 8 COEt Boc 2 46 (22)
HO HO _Boc 9 CO,Et COPh 2 56 (23)
! a N 10 CO.Et COPh  none 63 (23)
NH;
aSee Table 1P See Table 1¢1: 1,10-phenanthroling; picolinic acid.
4 @\ 5 20 @\ Boc 78 d Reduction of aryl iodides to substituted arenes was detected by GC in
EtO,C | 5 none EtO,C N~ 728 amounts of~30%.
15 ,{,Hz
° No©\| ° 20 Q .Boc 77° moderate yields (entries 3, 6, 9). An increase in isolated
NC 16 EHz yields was seen in some instances under ligandless conditions

(entries 4 and 10).
In summary, we have developed a general and efficient
2 See Table 1° See Table 1¢ Yield for a reaction time of 4 h. For 21 catalyst system for the N-arylation dfBoc hydrazine. We
h :5£5;/f°t’,;':I%g&,ﬁ;ﬁgﬂfﬂg@;}gi&%‘?gg?a”tg?Was alsoisolated.  have shown that aryl iodides with electron-withdrawing as
well as with electron-donating substituentsniretaor para
position undergo the coupling reaction in good to excellent
and 7; Table 2, entries 2 and 4). While the reaction still yield. We have also demonstrated a reversal of the regio-
proceeds fairly well, the yields of the N-arylated products Selectivity for the C-N coupling of certairortho-substituted
are 10—20% lower for botmeta- ancpara-substituted aryl ~ aryl iodides when benzoic hydrazide is used in place of

iodides. Moreover, for theneta-substituted examples; 3% N-Boc hydrazine, providing the correspondingavylated
of N'-arylated productsH) were isolated, along with the  products in moderate yield. The advantages of this method
N-arylated productd3 and 15. include good substrate generality, the use of the air-stable,

The arylation ofN-Boc hydrazine wittortho-substituted inexpensive Cul under mild conditions, and experimental
aryl iodides is detailed in Table 3. As can be seen in entries ease.
1 and 5, modest yields of the-Boc N-aryl hydrazined7 ) )
and 20 were obtained, and we observed a drop in regio- Acknowledgment. We thank the _Natlonal Institutes of
selectivity with N-arylation productsg) now being formed ~ Health (GM 58160) for support of this work. We gratefully
in 4—8% vyield. In the absence df (entry 2), a complete acknowledge unrestricted support from Pfizer, Merck, and
loss of regioselectivity is observed. Using a substrate with Bristol-Myers Squibb. M.W. thanks the Deutsche Fors-
an electron-withdrawing substituent (entry 8), tHeeylated chungsgemeinschaft (DFG) for a postdoctoral fellowship.
product 22 was formed exclusively. For this substrate
picolinic acid (2) was found to be a better ligand thian

Switching to benzoic hydrazide further improved the yiel
of the coupling, and we observed a reversal in the regio-
selectivity with allortho-substituted substrates. In these cases
the N'-arylated product&9, 21, and23 were produced in  0L0168216
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