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Abstract. Commercially available benzophenone imine serves as a convenient ammonia
equivalent in the palladium-catalyzed amination of aryl halides and triflates. The benzophenone
imine adducts can be cleaved directly to the corresponding primary anilines by catalytic
hydrogenation or treatment with hydroxylamine hydrochloride or a catalytic amount of HCI in wet
THF. © 1997 Elsevier Science Ltd.

A number of useful protocols for the palladium- and nickel-catalyzed conversion of aryl bromides, !a. b
chlorides, 1¢ iodides!d and triflates!®: f to the corresponding aniline derivatives have been recently reported. While
these procedures are effective for the preparation of substituted anilines, no simple means for the preparation of
the unsubstituted primary anilines has been described. We now have found that commercially available
benzophenone imine serves as a convenient surrogate for ammonia in these coupling procedures (Eq 1). The
benzophenone imines formed can be isolated in pure form or can be converted under a variety of conditions to the
corresponding anilines in a straightforward manner.2
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During the course of our work on the synthesis of oligoaniline derivatives for study as conducting and
sensor materials we had reason to employ a protecting group for a primary aniline. We found that benzophenone
imines served this role in a convenient manner; they were easily formed,3 stable to base and mild acid, and cleaved
under a variety of conditions. It occurred to us that the protected anilines might be directly accessible using our
previously reported methods for the amination of aryl halides and triflates.

In general, we found that the coupling reactions with benzophenone imine were efficient. Shown in Table
1, are four examples of substrates which were converted to benzophenone imines.# The dipheny] ketimine moiety
instilled or enhanced crystallinity in the products which allowed for facile purification by recrystallization from
MeOH. Subsequent cleavage to the primary aniline was effected by acidic hydrolysis, hydrogenolysis, or
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Table 1: Palladium-Catalyzed Amination of Aryl Bromides and Triflates

Entry Substrate Product Yield (%) g:f:dvi*:gns Product Yield (%)
Ph
oTt NZPh cat. HCI NH,
1 85%aref.5  wet THF 989
O "
Br N Ph NH,* HCO,~ NH,
2 /@ O \Ifh 90%b cat PA/C /©/ 84%
Bu Bu MeOH/60° C Bu
Br N, N Ph NH,OH+HCl NH,
3 ,©/ O L 7% NaOAc O 88%
MeO,C MeO,C MeOH/rt MeO,C
SOC EOC Ph NH4* HCO;" gOC
4 /@’ \@ g 919%¢ cat Pd/C O’ O 95%
-~ ]
Br Br N MeOH/60° C H,N NH,

(a) 1 mol% Pd(OAc);, 1.5 mol% BINAP, 1.4 eq Cs;CO3, THF, 65 °C, 16 h. (b) 0.25 mol% Pdy(dba);, 0.75 mol% BINAP, 1.4 eq
NaOrBu, toluene, 80 °C, 13 h. (c) 2 mol% Pd(OAc),, 3 mol% BINAP, 1.4 eq Cs,CO;, toluene, 100 °C, 5 h. (d) 0.25 mol%
Pd,(dba)s, 0.75 mol% BINAP, 1.4 eq NaOrBu, toluene, 80 °C, 6 h. () Isolated yields reported are an average of two runs.

transamination with hydroxylamine. In many cases it may be advantageous to retain the imine moiety after
coupling for use as a protecting group of the primary aniline because of its robust nature” and facile removal.2

Catalytic amination was carried out on additional substrates using benzophenone imine as shown in Table
2. The yields reported correspond to isolation of the primary aniline for the two step sequence of amination and
imine cleavage. The methodology is effective with aryl chlorides, bromides, iodides and triflates. Couplings
involving aryl triflates employed CsCO3 in place of NaOrBu to avoid hydrolysis of the triflate. 1¢. 8
Benzophenone imine serves as an ideal coupling partner since it is relatively unhindered, the nitrogen is sp?
hybridized,8 and can not undergo palladium-catalyzed B-hydride elimination. Due to the variety of methods
available for imine cleavage, conditions were found for selective diphenyl ketimine removal in products containing
a benzylic acetal (entry 4), a methyl ester (entries 8 and 10), or a benzylic ketone (entry 9).

In summary, we have demonstrated the utility of employing benzophenone imine as a substitute for
ammonia in the palladium-catalyzed amination of aryl halides and triflates. The couplings and subsequent
deprotections proceed in uniformly high yields. When it is desirable to retain the imine as a means of masking the
primary amine, the diphenyl ketimine adducts may be isolated as crystalline solids or purified by chromatography
on silica gel in high yield.



6369

Table 2: Palladium-Catalyzed Amination and Subsequent Imine Cleavage

Entry Substrate Product Time Cleavage™ 6 Yield (%)°
MeQ MeO
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19 he 7
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3 O Q 15k A 97
NC NC
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4 ; I 1.5he A 89
oo 0" o
/ /
I NH,
5 /@ 48 hb C 91
Br Br
I NH,
6 O Q 14hb A 88
MeO' MeO
OTf NH,
A GG A
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OTf NH,
8 ©/ © 20 he A 80
CO,Me CO,Me
OTf NH,
9 o o 4n c 83
Me Me
OTf NH,
10 O O She A 89
MCOzc M302C
~Cl - NH;
1t | I 16 hd A 81
N N

(a) 0.25 mol% Pdy(dba)s, 0.75 mol% BINAP, 1.4 eq NaOBu, toluene, 80 °C. (b) 1.0 mol%
Pdy(dba)s, 3.0 mol% BINAP, 1.4 eq NaOBu, 1.4 eq 18-Crown-6, THF, .. (c) 3 mol%

Pd(OAc),, 4.5 mol% BINAP, 1.4 eq Cs,COs, THF, 65 °C. (d) 5 mol% Ni(COD),, 10 mol%
DPPF, 1.4 eq NaOBu, toluene, 100 °C."f If (e) Isolated yields reported are an average of two
runs. All compounds were characterized by NMR ('H, 13C), and IR. All aniline products are
commercially available except for entry 4 in Table 1 and entry 4 in Table 2.r£.9 Combustion
analyses were obtained for all imine and aniline products which were not commercially available.
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