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Abstract: Substituted aryl bromides are coupled with z-butylcarbazate in the presence of a palladium
catalyst and base to afford regioselectively, the corresponding amidation product or amination product
depending upon the position of the substituents on the aryl bromide. © 1999 Elsevier Science Ltd. All rights reserved.

As part of our program to develop *"Tc labeled linkers for radiodiagnostic imaging,' we required a
regioselective synthesis of substituted aryl hydrazides. Since both Buchwald? and Hartwig® have demonstrated
that the palladium-catalyzed amination of aryl halides is a powerful tool for the facile construction of carbon-
nitrogen bonds, we were interested in extending the utility of this reaction to the construction of aryl
hydrazides by investigating the coupling of aryl bromides with r-butylcarbazate. Herein, we report the first
example of an intermolecular palladium-catalyzed amidation* reaction for the efficient synthesis of aryl
hydrazides. Moreover, we wish to report that when o-substituted aryl bromides are used, a reversal in
regioselectivity is observed affording the corresponding amination products.

Our initial attempts to couple methyl 4-bromobenzoate 1 (R=CO,Me) with z-butylcarbazate (Scheme 1)
gave a mixture of four compounds: the regioisomers 2 (amidation product) and 3 (amination product), and the
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To our surprise, the regioisomer 2 arising irom amidation of the aryl bromide was the predominant
product isolated, in a 2:3 ratio of 11:1. Further experimentation® to improve the yield of 2 provided the
optimum reaction conditions: z-butylcarbazate (2.0 equivalents), Pdx(dba); (1 mol %)/DPPF (3 mol %), Cs,COs
(1.0 equivalent) in toluene at 100 °C. Under these conditions, compound 2 was obtained in an isolated yield of
84 % and the ratio of 2:3 was 23:1 with complete suppression of the dimeric products 4 and 5.
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Table 1. Catalytic Hydrazination of Aryl Bromides

Entry Bromide Product Condition® Mol % Pd  Yield %
1 Br—@-C020H3 H2N—N—©-C0243H3 A i 83
: Boc
2 Br—@—COCHa H2N—N—©—COCH3 A 1 65
Boc
3 Br—@-CN H2N-N—©—cw A i 81
Boc
4 Br—O—Noz HzN—N-O'NOZ A 1 81
Boc
5 Br—(/}—NOZ HZN—N—(:\>—N02 A 1 56
N= Boc N=
6 Br-—@—CFa HQN-N—O—CFG B 4 76
Boc
Br H,N-N
I S s S
cl cl
8 Br—@ H,N-N C 1 18
Boc
Q coMe O COMe
. Me N , D 4 65
Boc
10 Br—-@—COPh HzN—N—Q—COF’h A 1 34
Boc
Br CN H,N-N CN
11 ‘Q 2 BO‘CQ' E 1 74
cl cl
12 Bf_Q'Noz BOCHN-E_Q'N‘O.‘, D 4 73
Me Me
13 Br COchs BocH N—H‘Q—COZ,CHS A 1 69
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Table 1. Catalytic Hydrazination of Aryl Bromides contd.

Entry Bromide Product Condition® Mol%Pd  Yield %
14 Br’Q>~NO2 B()(:HN—”4<;>—NO2 D 4 7
MeO MeO
15 B'@NOZ B“HN—ﬁQN'OZ D 4 74
cl cl
16 Br COMe BocHN—H CO,Me D 4 73
MeO,C MeO,C

a. All reactions were performed in toluene (0.5 M solutions of aryl bromide). Conditions: A=Aryl bromide (1 eq), f-butylcarbazate
(2.0 eq), Cs,CO; (1.0 eq), Pd,(dba); (1 mol %), DPPF (3 mol %), 100 °C for 16 h; B=Aryl bromide (1 eq), t-butylcarbazate (4.0 eq),
Cs,CO;5 (1.0 eq), Pdy(dba); (4 mol %), DPPF (12 mol %), 110 °C for 26 I; C=Aryl bromide (1 eq), t-butylcarbazate (2.0 eq), Cs;COs
(1.0 eq), Pdy(dba); (1 mol %), (R)-(-)-1-[(S)-2-(diphenylphosphino)ferrocenyl]ethyldi-t-butylphosphine" (3 mol %), 100 °C for 16 h;
D=Aryl bromide (1 eq), f-butylcarbazate (4.0 eg), Cs;CO3 (1.0 eq), Pd,(dba); (4 mol %), DPPF (12 mol %), 100 °C for 16 h; E=Aryl
bromide (1 eq), t-butylcarbazate (4.0 eq), Cs;COs (1.0 eq), Pda(dba)s (1 mol %), DPPF (3 mol %), 100 °C for 16 h; All compounds
were fully characterized by NMR ('H, °C), MS, and combustion analysis.

The scope of this reaction was explored by looking at a variety of aryl bromides and the results are
summarized in Table 1.7 Aryl bromides bearing electron-withdrawing p-substituents undergo the amidation
reaction most efficiently while the corresponding m-analogs react in low yield (16-26%; data not shown in
Table 1). For example, para- nitro, cyano, keto, trifluoromethyl or methyl ester functional groups afforded the
amidation product in 65-83 % yield (entries 1-4, 6, 9-11). Interestingly, and in support of a Pd-mediated
coupling mechanism, 2-bromo-5-nitropyridine (entry 5) afforded the expected amidation product in 56 % yield
but when the reaction was repeated in the absence of catalyst, the corresponding amination product was
obtained (16% yield; data not shown in Table 1) resulting from nucleophilic aromatic subsitution.

Unactivated aryl bromides such as bromobenzene, however, failed to react under the standard coupling
conditions. The major product isolated in this case was the homo-coupled product.® A recent report by Hartwig
et al.™ which described rate accelerations in the palladium-catalyzed amination of aryl halides with (R)-(-)-1-
[(S)-2-(diphenylphosphino)ferrocenyl]ethyldi-¢-butylphosphine, prompted us to examine this ligand for the Pd-
catalyzed coupling of #-butylcarbazate with bromobenzene. In combination with Pdy(dba); (entry R), this
catalyst provided the desired amidation product, albeit in a low yield of 18 %.

For aryl bromides with an additional substituent in the o-position, a reversal in the regioselectivity of
coupling was observed. For example, when the o-substituent is methyl, methoxy, chloro or carbomethoxy the
corresponding amination products (entries 12-16) were isolated. 'H NMR clearly distinguished between the
two regioisomers since the amination products contained two distinct exchangeable NH signals.

To explain the regiochemical outcome of the coupling reaction we propose the following mechanism
(Scheme 2). The first step most likely involves the more nucleophilic amino portion of t-butylcarbazate adding
to the electrophilic Pd (II) complex 6 (which itself arises from oxidative addition of Pd (0) to the aryl bromide),
to form the five-coordinate complex 7. In the presence of base, and subsequent loss of HBr (either concomitant
or stepwise), one could envisage an intramolecular rearrangement to afford complex 9, which upon reductive
elimination would afford the Pd (0) complex and the corresponding amidation product. However, if the
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intramolecular rearrangement is sterically hindered as in the case of o-substituted aryl bromides, loss of HBr
would give complex 8, and subsequent reductive elimination affords the Pd (0) complex and the corresponding

amination product.
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Scheme 2
In conclusion, we have developed a method for the regioselective synthesis of aryl hydrazides by the
palladium-catalyzed coupling of aryl bromides with #-butylcarbazate. Efforts are currently underway to expand
the utility of this reaction to aryl bromides substituted with electron donating groups.
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