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Simple and mild Cu-mediated arylation of various amines by
use of tetraarylantimony acetate (Ar,SbOAc) is described. The
Ullmann-type condensation of Ar,SbOAc with aliphatic and
electron rich aromatic amines proceeded efficiently in the pres-
ence of copper(Il) acetate. The arylation can be carried out
under aerobic conditions without care of exogenous oxygen.
This simple procedure exceeds the conventional Ullmann con-
densation which often requires harsh reaction conditions.
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The aryl-nitrogen bond can be found in a wide range of
biologically active compounds such as bradykinin (BK) re-
ceptor antagonist martinellic acid” and opioid receptor ago-
nist CJ-15161.% Thus, it is desirable to develop simple and
efficient methods for aryl-nitrogen bond formation. Among
them, research on transition metal-catalyzed C—N bond for-
mation has flourished recently. For example, remarkable
progress in bulky and electron rich phosphine ligands has en-
abled Pd- and Ni-catalyzed cross-couplings of amines and al-
cohols with aryl halides and sulfonates.* These transition
metal-catalyzed reactions have been recognized as one of the
most reliable methods for C-N bond formation.”® Direct
C-H functionalization to form C—N bonds has also been an-
other convenient entry for C-N cross-coupling using transi-
tion metal catalysts.”'” However, these elaborated catalysts
and phosphine ligands often tend to be sensitive to air oxida-
tion and hydrolysis by moisture. These problems make the
traditional Ullmann condensation attractive in large and in-
dustrial scale applications employing low price, non-toxic,
and air-stable Cu reagents.'!' ¥

Because traditional Cu-mediated Ullmann condensation
has been conducted and limited by harsh reaction con-
ditions,'” many improvements in Ullmann-type C-N bond
formation have recently been made. For example, aryl ha-
lides employed as aryl donors in the traditional Ullmann con-
densation were replaced with highly reactive transmetallating
agents such as organo-boron,*!'*!¢19 _silicon,® -stan-
nane,'*?" -lead,'**? and -bismuth compounds.'**—2>

In the course of our studies on organoantimony (Sb) com-
pounds as synthetic reagents, we have recently demonstrated
that Sb(III) compounds were efficient transmetallating agents
for transition metal-catalyzed cross-coupling reactions.?®*”)
We also reported that Sb(V) compounds work as useful
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pseudo-halides in Pd-catalyzed cross-coupling reactions.”®
These results stimulated us to employ them in Cu-mediated
arylation of amines.

As for Sb-mediated N- and O-arylation of amines and
alcohols, triphenylantimony ortho-phenylenedioxides and
triphenylstibane have been reported to function as aryl
donors.?’3” However, the reactions are not so efficient, in
that they must be carried out using amines or alcohols as
solvents at high temperature. Thus, we focused on highly
reactive Sb(V) compounds as Cu-mediated N-arylating
agents.3!3?

To search for effective organoantimony compounds in Cu-
mediated N-arylation of amines, we first investigated the re-
action of various Sb(V) compounds (1—5) with p-toluidine
(6a) in the presence of Cu(OAc), under the conditions shown
in Table 1. The reaction of PhySb (1) with 6a resulted in the
expected N-phenylation to afford N-phenyl-p-toluidine (7a)
in 80% yield. However a considerable amount of homo-cou-
pling product (8: 27% yield) was formed as a side product.
Whereas treatment of 6a with Ph,SbOAc (2) gave 7a in 84%
yield and no noticeable formation of 8 was observed.>>
When bromostiboranes (3, 4) were employed in the present
reaction, di(p-tolyl)diazene (9) was formed as a major prod-
uct. The reaction by use of diacetate Ph,Sb(OAc), (5) instead
of 2 was ineffective and afforded 7a in 6% yield. It has been
well documented that the Cu-mediated N- and O-arylation
with arylboronic acids could be achieved effectively in the
presence of an oxidizing agent or under aerobic condi-
tions.'*!'¥ However, the reaction under oxygen atmosphere
did not improve the yield of 7a (67%). Similar reaction under
argon atmosphere also gave 7a in 70% yield.

We next searched for suitable Cu reagent, and the results
are summarized in Table 2, entries 1-—6. The divalent Cu-
reagent Cu(OBz), also promoted the N-arylation, but the
yield of 7a was unsatisfactory. It is noteworthy that monova-
lent CuOAc and Cu(l) thiophene-2-carboxylate (CuTC) were
effective, giving rise to 7a in acceptable yields. Addition of
Cu powder also promoted the N-arylation, but stoichiometric
amount of copper reagent is essential. We next attempted cat-
alytic reaction by use of 0.3 eq Cu(OAc), and found that the
reaction afforded 7a in 69% yield after 24 h at 40 °C. This re-
sult implies that the N-arylation proceeds under the catalytic

Table 1. Reaction of Organoantimony(V) Compounds (1—5) with 6a”
Sb(V) reagent  Cu(OAc), (1.1 eq) PhHN_@;Me
15 Et,N (6 eq) , e
HZN_@_Me CH,Cly, rt, 24 h, air Prl-Ph 8
p-Tol=N=N-p-Tol
6a 9
Yield/%"
Entry Sb(V) reagent
Ta 8 9
1 1: PhySb 80 27 0
2 2: Ph,SbOACc 84 (88)” 0 0
3 3: Ph,SbBr 7 0 62
4 4: Ph,SbBr, <0.5 0 71
5 5: Ph;Sb(OAc), 6 0 6

a) Reaction conditions: 1—5 (0.75 mmol), 6a (0.5 mmol), Cu(OAc), (0.55 mmol)
and Et;N (3 mmol) in CH,Cl, (5ml). b) Isolated yield. ¢) GC yield.
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Table 2. Reaction of 2 with 6a Using Various Cu-Reagents and Bases”
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Copper reagent

Base

PhsSbOAc + HzN—O-Me
2 6a

CHCly, rt, 24 h, air

> PhHN—@-Me
7a

Entry Cu reagent Base 7a/%" Entry Cu reagent Base 7a/%"
1 Cu(OAc), Et;N 88 7 Cu(OAc), None 19
2 Cu(OBz), 66 8 (i-Pr),NH 75
3 CuOAc 74 9 Pyridine 9
4 CuTC? 65 10 DBUY 36
5 Cu powder 56 11 TMED” ND9
6 None ND 12 2,2"-bpy? ND9

a) Reaction conditions: 2 (0.75 mmol), 6a (0.5 mmol), Cu(OAc), (0.55 mmol), and base (3 mmol) in CH,Cl, (5 ml).
e) 1,8-Diazabicyclo[5.4.0Jundec-7-ene. f) N,N,N',N’'-Tetramethylethylenediamine.

d) Not detected.

b) GC yield.
g) 2,2'-Bipyridyl.

¢) Copper(I) thiophene-2-carboxylate.

Table 3. Ullmann-Type N-Phenylation of Various Amines®
Cu(OAc); (1.1 eq)
Ph,SbOAc +  Amines EtsN (6 eq) N-Phenylated Products
2 6b-p CH,Cly, 40°C, 6 h, air 7b-p
Entry Amine 6 Product 7 Yield (%)” Entry Amine 6 Product 7 Yield (%)”
1 b ANH, ANHPR 48 (56)9 9 j c—~)-NH, Ci—)-NHPh 81
2 ¢ PhCH,NH, PhCH,NHPh 73 (71)? 10 k 0N~ HNH, 0N~ H-NHPh 50
Me Me
3 d Oy (OrNHPh 40 (59)” 11 NH, NHPh 56
4 e tBuNH, +BuNHPh 0 Me Me
12 m NH, NHPh 51
5 f i Civen 43 Me Me
Ne d
6 g O ven 69 13 n ONHve ¢-NPh 30 (36)?
7 h MeO~_H-NH, MeO~)-NHPh 78 4 o KJ/Nj ©rN; 30
H h
8 i ONH, -NHPh 89 15 p PhNH PhsN 0

a) 2 (0.75 mmol), amines 6 (0.5 mmol), Cu(OAc), (0.55 mmol), Et;N (3 mmol) in CH,Cl, (5ml).

Cu(OAc),. d) Reaction time: 24 h.

condition, however, the reaction requires longer reaction time
and higher temperature to achieve satisfactory result. Thus,
we decided to use 1.1 eq of Cu(OAc), in the following exper-
iments.

We next examined the effect of bases and the results are
shown in Table 2, entries 7—12. The reaction proceeded
without base, but the yield was lower than that in the pres-
ence of triethylamine (TEA). The reaction needs excess TEA
(6.0 eq) for homogeneous reaction. When 3.0 eq of TEA was
used in the present reaction, a part of Cu(OAc), remains
undissolved and the yield of 7a decreased to 76% after 48 h
(GC yield). Addition of di(isopropyl)amine promoted N-
phenylation, while that of pyridine and DBU gave unsatisfac-
tory results. It should be noted that bidentate amines such
as TMEDA and 2,2'-bipyridyl completely suppressed the
N-arylation. Search for a suitable solvent revealed that
dichloromethane (88%, GC yield) was the optimal solvent;
toluene (58%), 1,4-dioxane (25%), and acetonitrile (83%) led
to inferior results. Consequently, the best result was obtained
when the reaction was carried out by using Cu(OAc), as a
copper reagent (l.l1eq), TEA (6.0eq) as a base, and
dichloromethane as a solvent under atmospheric air. When a
mixture of 2 and 6a was heated at 40 °C for 6h under the
above optimal conditions, 7a was isolated in good yield
(84%). Thus, we performed the subsequent reactions at

b) Isolated yields. ¢) The reaction was carried out by using 0.5eq of

A:“::(:AC Cu(OAc), (1.1 eq)
: Et:N (6
+ MNEeg) ArHN—@—Me
_@_ CH,Cly, 40 °C, 6 h, air
HoN Me 12 (77%)
oa Ar=10, 12: 4-methylphenyl 13 (91%)

11, 13: 4-chlorophenyl

Chart 1. Reaction of Tetraarylantimony Acetate (10, 11) with 6a

40°C. In the reactions of tetrakis(4-methylphenyl)- (10) and
tetrakis(4-chlorophenyl)antimony acetate (11) with 6a, the
expected N-arylated products, bis(4-methylphenyl)amine
(12) and (4-chlorophenyl)(4-methylphenyl)amine (13) were
isolated in good yields, respectively (Chart 1).>%

Having the established reaction conditions, various amines
(6b—p) were reacted with 2 (Table 3). Primary aliphatic
amines gave the corresponding N-arylated product (7b—d)
in moderate yields which could be improved by carrying out
the reactions with 0.5 eq of Cu(OAc),. The results imply that
these aliphatic amines were easily oxidized to form azo-com-
pounds with excess Cu(OAc),.>” In the case of aromatic
amines, a marked p-substituent effect was observed. The aro-
matic amines with an electron-donating p-methoxy group
gave superior result to that with an electron-withdrawing p-
nitro group. Sterically hindered ortho-substituted aniline de-
rivatives (61, m) and secondary amines (6f, g, n, 0) also gave
the corresponding N-arylated products in moderate yields ex-
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RHN-C{0 AraSbX
Ligand ® -
/gan Oxidative
Exchange Addition
Cux, —» Scyix RHN, ArsSbX
L/ (A) /Cu(lll)
X = OAc A Ln
L=Et;N Reductive c
or RNH, \ Elimination ©
RHN_ X
N/
cham
RNH-Ar I (E) A7 Ln ArzSb
(D)
Chart 2. Possible Mechanism

cept for r-butyl- (6e) and diphenylamines (6p). The fact that
no formation of triphenylamine from 6p is in good accor-
dance with the observation that only mono-phenylated prod-
uct of amines was formed in the present reaction.

Exact mechanism of this Sb-mediated N-arylation is un-
clear at present. We considered that a similar mechanism for
diaryliodonium salts by Lockhart®® and for lead(VI)** and
bismuth(V)* compounds by Barton et al. could be applica-
ble to our Sb-mediated N-arylation (Chart 2).

The first step of the reaction would be the generation of
Cu(l) species (A) by reduction of Cu(OAc), with amine or
excess TEA. The intermediate A thus formed reacts with
amine to give Cu(I)L,NHR (B). Oxidative addition of
Ar,SbOAc to B affords Cu(lll) intermediate (C) which leads
to Cu(lll) complex (D) accompanied by elimination of
Ar,Sb. This intermediate (D) successively undergoes reduc-
tive elimination to give the final product (E) with regenera-
tion of the Cu(I) species (A). As noted above, Ar;Sb was
formed during the course of this reaction, however, the for-
mation of Ar;Sb was not detected by GC analysis of the reac-
tion mixture. This result would be explained that Ar,Sb is
easily oxidized to Ar;SbO or Ar;Sb(OAc), by air or excess
Cu(OAc), in the reaction mixture. A similar reaction was ob-
served in the N-arylation of amines®® and hydrazones® by
use of Ar;Bi and Cu(OAc),.

In conclusion, we disclosed that hypervalent Ar,SbOAc is
a new N-arylating agent which can be used under mild condi-
tions without special care of exogenous oxygen. We have
also recently found that a similar N-arylation took place
when a mixture of Ar;Sb and amine (6) was heated with
large excess (2.5—5eq) of Cu(OAc), in acetonitrile, how-
ever, the reaction requires a longer reaction time (6—24 h) at
higher temperature (60—70 °C). The details including its re-
action mechanism and further application of this simple and
mild N-arylation will be discussed in due course.
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