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The 9-tosylaminofluorene derivatives were synthesized conveniently by Cu(OTf)2-catalyzed aza-Friedel–
Crafts reaction of o-arylated N-tosylbenzaldimines in high yields. This is an efficient, atom-economic, and
green method.
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The aza-Friedel–Crafts reactions (AFCR) have attracted much mines.11 Recently, direct N-functionization of sp3 C–H bond has

attention as a synthetically outstanding carbon–carbon bond-
forming process that leads to functionalized amines in a green
transformation and completely atom-economic way.1 However,
in spite of its significance, a great deal of potential problems
related to arene nucleophile, electrophilic substrate, or functional
group tolerance still remain for this transformation. For an exam-
ple, the aza-Friedel–Crafts reaction seems to be restricted to highly
electrophilic substrates, such as trifluoromethyl imines,2 or a-imi-
no esters3, and highly nucleophilic substrates, such as indoles,3f,g,4

electron-rich arenes3c,5 due to the low reactivity of imines.1d,2a,3f,g,6

In recent years, the fluorene structural moiety serves as a rigidly
planar biphenyl unit within the molecular backbone. Those unique
properties, such as highly efficient photoluminescence, the electro-
luminescence, thermal, and oxidative stability, good solubility, and
emission of the polarized blue light make the polyfluorene and its
derivatives as promising candidates of blue-light-emitting materi-
als.7–10 During past decades, remarkable advances have been made
in the production of high-molecular-weight and structurally well-
defined polyfluorene derivatives.8 Moreover, substitution of an
amino group on the polyfluorene backbone may introduce special
characteristics to this polymer, such as good solubility in water. In
another point of view, N-substituted 9-aminofluorenes, by virtue
of their inimitable importance in biological materials and medi-
cines, their synthesis offer a great challenge to organic chemists.
One of the most general strategies for their formation is the addi-
tion of organometallic reagents toward N-substituted 9-fluorenei-
ll rights reserved.

: +86 21 64166128.
emerged to provide an appealing approach for the synthesis of
valuable nitrogen-containing compounds.12,13 However, these
methods only gave poor yield in terms of 9-aminofluorenes
because of steric hindrance. In view of some limitations associated
with their synthesis, it is highly desirable to put considerable
efforts to develop alternative methods to circumvent this difficulty.
In order to obtain 9-aminoflourenes, we focused on the addition
reactions of arenes to N-tosylimines, using metal triflates as the
Lewis acid (aza-Friedel–Crafts reaction). However, the reactions
of nitrogen-containing compounds are also limited due to the
deactivation by the strong coordination of the nitrogen atom to
the Lewis acids. In many cases, stoichiometric amounts of the
Lewis acids are required.14 Recently, the copper Lewis acids have
been developed for addition reactions to imines, including process
such as the ene reaction,15 Mannich-type reaction,16 allylation17

and aza-Diels–Alder reactions.18 Reports on the catalytic addition
of imines to unactivated arenes are very few, to the best of our
knowledge, only examples of the addition of an activated imine
to indole, pyrrole and electron-rich arenes have been
reported.3g,4b,19 In this Letter, we wish to report the convenient
and expeditious Cu(OTf)2-catalyzed aza-Friedel–Crafts reaction of
o-arylated N-tosylbenzaldimines leading to 9-aminofluorene
derivatives.

The substrate o-arylated N-tosylbenzaldimines (1) was synthe-
sized in high yield from o-arylated arylaldehydes and tosylamine
as shown in Scheme 1.

Table 1 presents selected optimization experiments using 1a as
the substrate. Firstly, a variety of Lewis acids were employed to
perform the intramolecular aza-Friedel–Crafts reaction. Using
Pd(OAc)2, Pd(O2CCF3)2 and cationic palladium complexes,
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Table 2
Substrate scope for Cu(OTf)2-catalyzed aza-Friedel–Crafts reactiona

NTs
R1

R2

Cu(OTf)2 (10 mol %)

80oC   toluene

NHTs

R1

R2

21

Entry R1 R2 Yieldb (%)

1 H H

NHTs

2a (99)

2 H p-Me

NHTs

2b (99)

3 H m-Me

NHTs

2c (93)

4 H o-Me

NHTs

2d (72)

5 H p-OMe

NHTs

OMe

2e (96)

6 H p-Ph

NHTs

Ph

2f (78)

7 H p-OCF3

NHTs

OCF3

2g (91)

8 H p-Cl

NHTs

Cl

2h (87)

9 H p-F

NHTs

F

2i (88)

10 H p-CF3

NHTs

CF3

2j (94)

11 3-OMe H

NHTs

OMe

2e (96)

12 3,4-OCH2O H

NHTs
O

O

2l (89)

13 3-Cl H

NHTs

Cl

2h (89)

a Reaction conditions: Cu(OTf)2 (10 mol %) and 1 (0.2 mmol) were stirred in tol-
uene (2 mL) at 80 �C.

b Yield refers to pure product after column chromatography.

Table 1
Optimization of the conditions of the aza-Friedel–Crafts reactiona

NTs Lewis acids

toluene

NHTs

1a 2a

Entry Lewis acid (10 mol %) T (�C) t (h) Yieldb (%)

1 Pd(OAc)2 120 10 NR
2 [dpppPd(H2O)2](BF4)2 120 10 NR
3 Pd(O2CCF3)2 120 10 NR
4 Pd(CH3CN)4(OTs)2 120 10 NR
5 In(OTf)3 80 12 —c

6 Yb(OTf)3 80 12 63
7 FeCl3�6H2O 80 12 —c

8 FeCl3 80 12 —c

9 Cu(OTf)2 80 15 100
10 CuOTf 80 12 Trace
11 Sc(OTf)3 80 25 100
12 La(OTf)2 80 12 NR
13 Cu(OTf)2 rt 24 NR

14d Cu(OTf)2 80 24 NR
15e Cu(OTf)2 80 24 NR
16f Cu(OTf)2 80 24 NR

a Reaction conditions: catalyst (10 mol %) and 1a (0.2 mmol) were stirred in 2 mL
of toluene.

b Yield refers to pure product after column chromatography.
c The reaction was disordered.
d Dioxane was used as the solvent.
e Dichloroethane was used as the solvent.
f THF was used as the solvent.
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Scheme 1. Synthesis of the substrates.
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[dpppPd(H2O)2](BF4)2 or Pd(CH3CN)4(OTs)2 as the catalysts, all the
reactions failed even raising the temperature to reflux (Table 1, en-
tries 1–4). At the same time, neither FeCl3�6H2O nor FeCl3 could
produce the corresponding 9-aminofluorene (Table 1, entries 7
and 8). Then we turn our attention to the metal triflates due to their
high activity toward imines.20 No product was obtained using In
(OTf)3 and La(OTf)2 (Table 1, entries 5 and 12). While Yb(OTf)3

was used, the product was generated in 63% yield (Table 1, entry
6). Finally, Cu(OTf)2 and Sc(OTf)3 showed high activities to afford
the expected product 2a in quantitative yield (Table 1, entries 9
and 11). The reaction could not proceed at room temperature (Table
1, entry 13). Interestingly, only trace of the product was observed
when using CuOTf as the catalyst (Table 1, entry 10). We also exam-
ined the effect of the solvent on the reaction and found that toluene
was the best (Table 1, entry 9). Therefore, 10 mol % of Cu(OTf)2 as
the catalyst in toluene at 80 �C was chosen as the standard reaction
conditions.

The scope and the generality of this reaction were investigated
under the optimized reaction conditions as shown in Table 2. o-
Arylated-N-tosylbenzaldimines substituted with electron-donating
or withdrawing groups could react smoothly to give the corre-
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sponding 9-aminofluorene derivatives in moderate to high yield.
Treating the tosylimine 1 with a methyl group at the para or meta
position of the arene moiety also gave the corresponding product
in excellent yield (Table 2, entries 2 and 3). Substrate with a methyl
group at ortho position of the arene gave 2d in a slightly lower 72%
yield probably due to the steric hindrance (Table 2, entry 4). On the
other hand, when the benzene ring was substituted by a methoxy,
a phenyl, a trifluoromethoxy, or a chlorine atom in the para posi-
tion, the reactions go smoothly in all cases (Table 2, entries 5–8).
However, when an electron-withdrawing substituent, such as tri-
fluoromethyl group or a fluorine atom was placed in the para posi-
tion, the reaction also occurred smoothly to give rise to the product
in 88% and 94% yield, respectively (Table 2, entries 9 and 10). These
results illustrated the catalytic reactions showed high substrates
tolerance, affording a series of diverse in general excellent yields.

To broaden the applicability and scope of the present reaction,
o-heterocycle substituted N-tosylbenzaldimines were tested. The
results were shown in Scheme 2. When thiophene was used as
the heteroaromatic nucleophile, the reaction provided the addition
product 2n in 88% yield after 12 h. While using the furan as the
corresponding heteroaromatic moiety, the substrate decomposed
at 80 �C or room temperature probably due to the strong coordina-
tion of the Cu(OTf)2 with oxygen atom.

In addition, under the appropriate reaction conditions, the scope
of the methodology was investigated with other substituted N-
tosylimines in order to give access to a series of novel derivatives.
The experiments were illustrated in Scheme 3. Disappointingly,
no addition product was formed under the optimized reaction con-
ditions with the substrate 1p. However, when using 1q as the reac-
tant, the product 3q was obtained in 40% yield without any 9-amino
derivative. A change of counterions of the copper(II) Lewis acid
from TfO� to ClO�4 gave the same product. Combined with the re-
sults of substrate 1o in Scheme 2, it was supposed that the more Le-
wis basic oxygen atom in the substrates might coordinate with the
copper catalyst giving the product in lower yield.

In summary, we have developed a novel and efficient Cu(OTf)2-
catalyzed intramolecular aza-Friedel–Crafts reaction of o-arylated
N-tosylbenzaldimines to provide a series of the 9-aminofluorene
derivatives,21 which show potential applicability in various fields
of the chemistry. In addition, this highly reactive protocol displays
a wide substituents tolerance with respect to o-arylated N-tosyl-
benzaldimines. Further work aimed at the asymmetric version of
this reaction is underway in our laboratory.
NTs

X

Cu(OTf)2 (10 mol %)

toluene, 80 oC
X

NHTs

1n, X=S
1o, X=O

2n, 88%
2o, 0%

Scheme 2. Cu(OTf)2 catalyzed reaction of o-heterocycle substituted
N-tosylbenzaldimines.
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Scheme 3. The reaction of other N-tosylbenzaldimines.
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