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A protocol for a practical and direct addition of o.- and y-alkyl azaarenes to N-sulfonyl aldimines has been developed. Copper salts act as efficient
Lewis acid catalysts for direct Mannich-type reactions providing a mild and fast access to various functionalized heterocycles.

The concept of atom economy has driven chemists to
develop more efficient and sustainable methodologies for
new bond forming reactions. In this context, the C—H
activation strategy plays a key role. Although the activa-
tion of an aromatic C—H bond is well documented,' the
activation of a methyl group directly attached to an
aromatic ring remains much less explored. Significant
contributions to this field have been made by Fagnou
and Charette who studied the palladium catalyzed C—H
activation of alkyl-substituted azine N-oxides and N-imi-
nopyridinium ylides.** With regard to the use of substrates
that lack a suitably located activating group, Huang and
co-workers recently reported the palladium catalyzed
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benzylic addition of 2-methyl azaarenes to N-sulfonyl-
imines.* In their report, the authors proposed a mecha-
nism involving the activation of the 2-methyl group via a
palladium(II) species (Figure 1).

In line with our interest in the development of organo-
catalytic direct Mannich reactions® and with the knowl-
edge that the equilibrium between 2-methylpyridine A and
its enamine counterpart B bearing an exocyclic double
bond’ can be easily shifted, we recently investigated the
Bronsted acid catalyzed reaction between 2-methyl azaarenes
and N-sulfonylimines. Although Brensted acid catalysis
could be achieved the reactions turned out to be sluggish.
Therefore, we decided to investigate a different strategy
based on the activation of both nucleophilic and electrophilic
reagents by use of a Lewis acid. This approach would allow
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Figure 1. Palladium and Lewis acid catalyzed C—H functiona-
lization.

the application of cheap and readily available metals under
mild reaction conditions (Figure 1, bottom).® Furthermore, a
suitable Lewis acid could shift the equilibrium to the enamine
through the formation of a metal enamide species. Herein,
we report an efficient and straightforward addition of
alkylazaarenes to N-sulfonylimines.’”

In order to validate this concept, 2,6-lutidine 1a was
initially chosen as an alkyl-azaarene model substrate and
N-benzylidene-tosylamide 2a as the imine. Regarding the
influence of the solvent and temperature, a preliminary
study revealed that THF, high temperature (120 °C), and a
closed reaction vessel constituted the best conditions for
this transformation.

Furthermore, we observed that neither external base nor
oxygen is needed for the reaction. Subsequently, an evalua-
tion of various Lewis acids was performed (Table 1).
Ytterbium(III) triflate,'® cobalt(IT) acetate, and bismuth(III)
triflate'' gave the amine product 3a in varying yields (Table 1,
entries 1—3). Nevertheless, these results proved that the
aforementioned direct amination reaction can be performed
applying Lewis acid catalysis. Copper(]) salts exhibited only
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Table 1. Evaluation of Different Lewis Acids?

| = N/TOS catalyst (5 mol %) | X Ph
HC” N7 “CHy  pprly  THF 120 120°C. HyG” N7 H/Tos
1a 2a 3a
entry catalyst ligand NMR yield (%)°

1 Yb(OTo)s none 10
2 Co(OAc)s 1,10-phenanthroline 22
3 Bi(OTf)s none 65
4 CuBr-Me,S none 21
5 CuBr 1,10-phenanthroline 30
6 Cul 1,10-phenanthroline 26
7 CuOAc none 57
8 (CuOTf)y-Ce¢Hg  1,10-phenanthroline 62
9 CuBr, 1,10-phenanthroline 50
10 CuCl, 1,10-phenanthroline 68

11 Cu(OAc), 1,10-phenanthroline 70 (61)°

12 Cu(OPiv), 1,10-phenanthroline 70 (60)°

13 Cu(OTf), 1,10-phenanthroline 85 (80)°

14 Cu(OTf), none 77 (70)°

“Reaction conditions: 1a (0.76 mmol), 2a (0.304 mmol), catalyst
(5 mol %), ligand (5 mol %), THF (0.2 mL), 120 °C, 12 h. ° Yield based
on "H NMR measurement (internal standard 4-MeO-acetophenone).
“Yield after column chromatography.

Table 2. Substrate Scope of N-Sulfonyl Aldimines”

m . NPT cuoTh, (5 mol %) |\ Ar
P> /U\ _— P R

H3C”™ "N” “CHiz Ar H 1,10-phenanthroline  H;C™ N H’
THF,120°C, 12 h
1a 2a-k 3a-k
entry Ar R product yield (%)°
1 CeHs Ts 3a 80
2 CGH5 Bs 3b 80
3 4-MeOCgH, Bs 3c 60
4 4-MeOCgH, Ns 3d 61
5 4-MeOCgH, Bos 3e 75
6 4-CF3CgHy Ts 3f 80
7 CeF5 Ts 3g 79
8 4-N02C6H4 Ts 3h 95
9 2-BrCgH, Ts 3i 88
10 3-Pyridyl Ts 3j 89
11 4-BrCe¢Hy Ts 3k 88

“Reaction conditions: 1a (0.76 mmol), 2 (0.304 mmol), Cu(OTf), (5
mol %), 1,10-phenanthroline (5 mol %), THF (0.2 mL), 120 °C, 12 h.
Yield after column chromatography.

poor efficiency in this transformation (Table 1, entries 4—8).
In contrast, very good results were obtained with the more
Lewis acidic copper(II) salts (Table 1, entries 9—14). Among
all the tested Cu(I) salts, copper(I) triflate was found to give
the best results, affording the desired sulfonamide 3a in 70%
yield (Table 1, entry 14)."* Furthermore, in combination with
1,10-phenanthroline, copper(Il) triflate showed the highest

(12) (a) Li, Y.; Yu, Z.; Wu, S. J. Org. Chem. 2008, 73, 5647. (b) Remy,
P.; Langer, M.; Bolm, C. Org. Lett. 2006, 8, 1209.
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reactivity, providing the product in 80% yield after purifica-
tion (Table 1, entry 13).

With the optimized conditions in hand, the scope of the
reaction with regard to the structure of various N-sulfonyl
aldimines was investigated (Table 2). Reaction of 2,6-
lutidine 1a with N-tosyl and N-benzenesulfonyl protected
aldimines 2a—k, bearing electron-neutral and electron-
withdrawing aryl substituents, proceeded smoothly and
provided the desired amino compounds in good to excel-
lent yields (79—95% Table 2, entries 1—2, 6—11). In the
case of imines containing electron-donating substituents
the reactivity of the imine decreased slightly, resulting in
yields ranging from 60% to 75% (Table 2, entries 3—Y5).

Subsequently the scope of a-alkylazaarenes was exam-
ined, and the results are summarized in Table 3. Pyridine

Table 3. Substrate Scope of a-Alkyl Azaarenes”

N-SOPh Cu(OTH, (5 mol %) Het R
Hete R T _ U I
- Ph™ "H 1,10-phenanthroline Ph N,SOZPh
THF, 120 °C H
414 2b 4a-14a
time  yield®
entry Het R product () %)
| X
! H 4a 24 50
N
o -CHs
2 P H 5a 12 79
N
o -COREt
3 P H 6a 24 62
N
=
4 | P Me Ta 24 58
N
Eta
3 L. H 8a 36 54
N
HaC N,
6 I /j\ H 9a 60 49°
N
| S
7 H 10a 4 58
N\N/ ;
N
8 l H 11a 14 50
L7 ¥
N
~
? C[ /j\ H 12a 12 76
NTY
Br .
10 P H 13a 12 63
N

X
11 | H 14a 12 554
N

“Reaction conditions: 4—14 (2.5 equiv), 2b (I equiv), Cu(OTf),
(5 mol %), 1,10-phenanthroline (5 mol %), THF (0.2—0.4 mL), 120 °C.
PIsolated yields after column chromatography. € Reaction performed
at 130 °C. “Reaction conditions: 14 (1.05 equiv), 2b (1 equiv), iPr,EtN
(1.5 equiv).
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derivatives (Table 3, entries 1—5) exhibited varying reac-
tivity and provided the products 4a—14a in moderate to
good yields (50—79%).

A shorter reaction time was required for the pyrimidine
11 (14 h, Table 3, entry 8) and pyridazine 10 (4 h, Table 3,
entry 7). Notably, the 6-bromoquinaldine 13 showed good
reactivity and the halogen substituent remained untouched
during the process, allowing further transformations
(Table 3, entry 10). Surprisingly, due to decomposition
of the starting materials, the general procedure was not
applicable to simple quinaldine 14 (Table 3, entry 11). In
this case, the excess of azaarene was decreased to 1.05 equiv
and an additional base iPr,EtN (1.5 equiv) was employed
to allow the formation of the targeted compound 14a in
55% yield.

The reactivity of y-methylazaarenes and the competition
between the two reactive centers of o, y-dimethylazaarenes
were also investigated (Figure 2).

CHs
@\ . NS CuOT, (5 mol %)
\N CH ph)J\H 1,10-phenanthroline
8 THF, 120°C

15 2b
15a (23% 15b 45%
Ph
CHs Bs SO,Bs
/ | N"°° Cu(OTH), (5 mol %)
N
N Ph”™ "H  1,10-phenanthroline =~ |
16 2b THF, 120 °C N
0,
OMe 58% 164 OMe

Figure 2. Regioselectivity in the copper catalyzed C—H func-
tionalizatin. 1,3- vs 1,5- C—H functionalization.

The reaction of the 2,4-lutidine 15 with the imine 2b
yielded the a- and y-addition products 15a and 15b in 23
and 45% yield, respectively. Interestingly, 4-picoline was
unreactive under the same conditions. However, if an aryl
substituent was introduced at the a-position of 4-picoline,
the reaction proceeded exclusively in the y-position and
provided, for the first time, the addition product 16a in a
reasonable 58% yield.

In conclusion, we have developed an efficient and atom-
economical protocol for the direct a- and y-addition of
2- and 4-alkyl azaarenes to aldimines. The reaction pro-
ceeds through a copper catalyzed direct C—H bond func-
tionalization and provides a set of different heterocycle-
containing amines in good yields.
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