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Facile synthesis of 9-azajulolidine and its application
to post-Ullmann reactions
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Abstract—This Letter describes the efficient synthesis of 9-azajulolidine from readily available reagents and its utilization as an effec-
tive electron-rich ligand for post-Ullmann-type reactions, that is, for C(aryl)–heteroatom (N, O, S) bond formation reactions, with
dramatically enhanced reaction rates.
� 2007 Elsevier Ltd. All rights reserved.
4-(Dialkylamino)pyridine derivatives are efficient organo-
catalysts in various organic reactions,1 including the
acylation and silylation of alcohols and amines, trans-
esterification, amide formation, Baylis–Hillman reac-
tions, and nucleophilic substitutions. Many attempts
have been made to develop sophisticated chiral 4-(dialkyl-
amino)pyridine derivatives for use as catalysts in asym-
metric synthesis2 and for kinetic resolutions of alcohols
and amines. The catalytic activity of 4-(dialkyl-
amino)pyridine derivatives depends strongly on the
electron-donating capability of the dialkylamino group;
for example, 4-pyrolidinopyridine (PPY) is more reac-
tive than 4-dimethylaminopyridine (DMAP).3 More
recently, 9-azajulolidine (9-AJ)4 and a related analogue5

have been demonstrated to display remarkably
enhanced catalytic activities toward the acylation of
sterically hindered alcohols; in these structures, the
4-amino group is conformationally restricted through
ring fusion to the pyridine ring. The enhanced activity
of these compounds is ascribed mainly to the high stabil-
ity of their intermediate N-acylpyridinium ions,6 a conse-
quence of the relatively high electron densities on their
pyridine rings, resulting from a combination of the con-
formational restriction of the 4-amino group and the
inductive electron donating effect of the alkyl groups.
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Although post-Ullmann reactions employing copper
salts and nitrogen-containing heteroarenes (e.g., pyri-
dine, bipyridine, terpyridine, and 1,10-phenanthroline)
as co-catalysts have emerged as alternative means for
the construction of C(aryl)–N, C(aryl)–O, and C(aryl)–
S bonds.7,8 However, the relatively lower reactivities of
these catalytic systems—when compared to, for exam-
ple, the corresponding Pd-catalyzed reactions9 and other
auxiliary ligands mediated Ullmann-type reactions10

must be improved substantially if they are able to find
practical applications. We envisioned that the high elec-
tron density of 9-azajulolidine might make it a superior
candidate for use as an auxiliary ligand in post-Ullmann
reactions. Unfortunately, previous syntheses11 of 9-
azajulolidine starting from non-commercial 1,6-
naphthyridine have limited its availability and, hence,
exploitation in organic synthesis. Thus, an efficient syn-
thesis of 9-azajulolidine is thus highly desirable for its
subsequent utilization in organic synthesis. In this Let-
ter, we report the efficient synthesis of 9-azajulolidine
from commercially, readily, available reagents and its
subsequent utilization as a co-catalyst for Cu-mediated
C(aryl)–heteroatom (N, O, S) bond formation.

Scheme 1 depicts our synthesis of 9-azajulolidine. The
Heck reaction of 4-amino-3,5-dibromopyridine12 (1)
with an excess amount of ethyl acrylate in the presence
of catalytic amounts of Pd(OAc)2 (1 mol %) and P(o-
tolyl)3 (3 mol %) gave bisacrylate 2 in an isolated yield
of 78% after purification through recrystallization. Sub-
sequent Pd-catalyzed hydrogenation of the olefinic
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Scheme 1. Synthetic pathway toward 9-azajulolidine (9-AJ).

Table 1. Cu-catalyzed aminations of aryl iodides in the presence of 9-
azajulolidine

+
CuI (5 mol%), 9-AJ (10 mol%)

 NatBuO (2 eq), Toluene, 110 oC
Ph2NH Ar NPh2Ar-I

Entry Ar-I Product Yield
(%)

1 H3C I H3C NPh2 96a

2 MeO I MeO NPh2 96

3 NC I NC NPh2 96

4
CH3

I

CH3

NPh2

85

5 I I Ph2N NPh2 82

a The same product was isolated in 8% yield as the reaction was carried
out without adding 9-AJ.

Table 2. 9-Azajulolidine-mediated N-arylations of various aryl amines
with 4-iodotoluene

CuI (5 mol%), 9-AJ (10 mol%)

 NatBuO (2 eq), Toluene, 110 oC

+ Aryl amineH3C I C-N coupled
product

Aryl amine Product Yield (%)

NH
N

71

MeO

NH2

OMeN 60

N
H

N 86

N
H

N
99
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bonds of 2 afforded diester 3 (52%) and lactam 4 (46%),
implying that the former converted to the latter sponta-
neously during the course of the reduction. The isolated
diester 3 underwent intramolecular cyclization in DMF
under reflux to give lactam 4 in 81% isolated yield. More
conveniently, lactam 4 was isolated in 70% yield directly
from the bisacrylate 2 when, after completion of the cat-
alytic hydrogenation, the solvents were evaporated
under vacuum and the residue was then heated
under reflux in dry DMF. Treatment of lactam 4 with
BH3ÆSMe2 (2 equiv) in THF at 0 �C led to the formation
of the new lactam 5 in an isolated yield of 90%. The for-
mation of 5 implies that the amide carbonyl group of 4
was reduced initially, rather than the ester group, be-
cause of its higher chelating ability toward borane; the
resulting cyclic amino group subsequently reacted with
the ester moiety to form lactam 5. Finally, we isolated
9-azajulolidine in 80% yield after reacting 5 with an
excess amount of BH3ÆSMe2.

Next, we turned our attention to the feasibility of utiliz-
ing 9-azajulolidine as an electron-rich auxiliary ligand
for Cu-catalyzed post-Ullmann C(aryl)–N bond forma-
tion for the preparation of triarylamines, which are
important hole-transporting materials in many organic
optoelectronic devices, such as organic light-emitting
diodes and xerography devices.13 Thus, we reacted
N,N-diphenylamine (the nitrogen source) with various
aryl iodides in the presence of air-stable CuI (5 mol %)
as the catalyst, 9-azajulolidine (10 mol %) as the co-cat-
alyst, and NaOtBu (2 equiv) as the base. The reaction
was dramatically facilitated, and the desired triarylam-
ines were isolated in excellent yields (Table 1) as com-
pared to the reaction without adding 9-AJ as a co-
catalyst. This reaction is rather insensitive to the elec-
tronic characteristics of the aryl iodides (entries 1–3),
but provided a slightly lower yield when the aryl iodide
possessed an ortho substituent (entry 4); a doubly cou-
pled product was also obtained in good yield (entry 5).
Unfortunately, aryl bromides and chlorides were inert
to coupling with diarylamines under these conditions.

In addition, alkylaryl amines, primary aryl amines, car-
bazole, and indole were also suitable arylamine sources
for coupling with 4-iodotoluene under these conditions.
The isolated yields ranged from good to excellent (Table
2). Although a strong base such as NaOtBu was neces-
sary for use in the couplings of the less-acidic amines
such as alkylaryl amines, primary and secondary aryl-
amines, a weak base such as K3PO4 was sufficient for
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Figure 1. Conversions of 4-iodotoluene and N,N-diphenylamine in
Cu-catalyzed Ullmann reactions performed in the presence of various
heteroarenes and trans-1,2-cyclohexyldiamine as co-catalysts.

Table 3. Cu-catalyzed O-arylations of various phenol derivatives with
4-iodotoluene in the presence of 9-azajulolidine

+
CuI/9-AJ

Cs2CO3, toluene reflux
I Ar-OH O

Ar

Ar-OH Product Isolate yield

MeO

OH

MeO

O
72a,b

99c

OH O
85c

OH O
80c

OH O
30c

a Only recovered the starting materials as the reaction was carried out
without adding 9-AJ as a co-catalyst.

b CuI (5 mol %), 9-AJ (10 mol %).
c CuI (10 mol %), 9-AJ (20 mol %).

Table 4. Cu-catalyzed S-arylations of various thiophenols with 4-
iodotoluene in the presence of 9-azajulolidine

CuI/9-AJ

Cs2CO3, toluene reflux
+I Ar-SH S

Ar

Ar-SH Product Yield (%)

Br

SH

Br

S
75a,b

98c

SH
OMe

S
OMe

76c

SH S

99c

a The same product was isolated of a yield of 22% as the reaction was
carried out without adding 9-AJ as a co-catalyst.

b CuI (5 mol %), 9-AJ (10 mol %).
c CuI (10 mol %), 9-AJ (20 mol %).
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high-yield couplings of the more-acidic amines (i.e., car-
bazole and indole).

Figure 1 presents a comparison of the reaction efficiency
of our present system in relation to those employing
other pyridine derivatives—that is, DMAP,14 2,2 0-
bipyridine,15 1,10-phenanthroline,16 and trans-1,2-cyclo-
hexyldiamine17—as co-catalysts. In the presence of a
catalytic amount of 9-azajulolidine, 4-iodotoluene
reacted with diphenylamine approximately three times
faster than it did under the same reaction conditions
when using DMAP as the co-catalyst and six times
faster than it did when using 2,2 0-bipyridine. 9-Azajulo-
lidine exhibited a comparable, but slightly higher, reac-
tivity relative to that of 1,10- phenanthroline.

We ascribe the evident enhancement of the reaction rate
mainly to the highly electron-rich character of 9-azajulo-
lidine, as has been suggested previously for its promo-
tion of the esterification rate of tertiary alcohols.6 For
this specifically studied case, our present catalytic meth-
od exhibited better efficiency as compared to the similar
reaction using non-pyridine-based bidendate ligand such
as trans-1,2-cyclohexyldiamine.

Next, we explored the feasibility of applying the current
protocol for the preparation of diaryl ethers, using
Cs2CO3 as the base for these C(aryl)–O bond formation
reactions (Table 3). The Cu-catalyzed C–O bond forma-
tion was not successful without the presence of 9-AJ, in
addition, at the same co-catalyst loadings [CuI
(5 mol %) and 9-AJ (10 mol %)], the isolated yields of
the ethers were lower than those from the corresponding
C–N bond formation reactions. The chemical yields
improved significantly, however, when we doubled the
amounts of the co-catalysts. Electron-rich phenol deriv-
atives, even those bearing an ortho substituent or two
substituents, reacted with 4-iodotoluene to afford the
corresponding diaryl ethers in good to excellent yields.
The reaction of phenol itself, on the other hand, pro-
vided the desired product in low yield; phenol deriva-
tives bearing electron-withdrawing substituents, such
as 4-bromophenol and 4-nitrophenol, were inert under
these reaction conditions.

Table 4 displays the results obtained when we applied this
method to C(aryl)–S bond formation. Higher nucleo-
philicity of thiophenols, relative to that of phenol deriva-
tives, was beneficial for their reactions with 4-iodotoluene,
leading to a significant background reaction. Without
adding 9-AJ as a co–catalyst, 4-bromothiophenol reacted
with 4-iodotoluene to afford the product in 22% yield.
However, the desired diaryl thioethers were isolated in
high isolated yields in the presence of 9-AJ. For example,
4-bromothiophenol reacted with 4-iodotoluene to pro-
duce the corresponding diaryl thioether in 98% yield.
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In summary, we have established a facile and efficient
synthesis of 9-azajulolidine in reasonable yield from
readily available reagents. Because of its highly elec-
tron-rich character, 9-azajulolidine is an effective auxil-
iary ligand for promoting post-Ullmann coupling
reactions18 leading to the construction of C(aryl)–het-
eroatom (N, O, S) bonds.
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