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C–H Amination

Hexafluoro-2-propanol Promotes para-Selective C–H Amination
of Free Anilines with Azodicarboxylates
Ren-Jin Tang,[a] Thierry Milcent,[a] and Benoit Crousse*[a]

Abstract: An effective, mild, and clean method for the C–H
amination of free anilines with azodicarboxylates in 1,1,1,3,3,3-
hexafluoro-2-propanol (HFIP) without the need for any addi-
tional catalysts or reagents was developed. The reaction was

Introduction
The direct C–H amination of arenes is an important strategy to
streamline the discovery and preparation of functional mol-
ecules. In the past decades, with the rapid development of tran-
sition-metal-catalyzed C–H activation, significant advances have
been made in the direct C–H amination of arenes,[1] and specifi-
cally, high regioselectivity can be achieved.[2] However, the
C–H amination of free anilines still remains a great challenge
owing to the high nucleophilicity of the free amino group,
which leads to the formation of salts in acidic media that can
chelate metal catalysts.[3] Thus, N-protected anilines are usually
employed to avoid the formation of byproducts. In particular,
the direct amination of the C–H bond at the ortho position
of N-protected anilines has been relatively well studied.[2h,4] In
contrast, methods for the meta- and para-selective C–H amin-
ation of N-protected anilines are considerably less developed.
Only a handful of examples have been reported in recent years.
The strategy of directing the C–H amination to the meta posi-
tion of N-protected anilines was recently developed for the first
time by Yu and co-workers.[2g] Besides, in 2011, Zhang and co-
workers described the first Pd-catalyzed para-selective C–H
amination of anilides by using N-fluorobenzenesulfonimide
(NFSI) as a source of nitrogen.[2h] Recently, the metal-free hyper-
valent iodine reagent mediated oxidative para-selective C–H
amination of 8-aminoquinolines and anilides with NFSI was re-
ported by Li and co-workers (Scheme 1a).[5] Almost at the same
time, Xu and co-workers developed a method for the C–H bond
amidation of 8-amidoquinolines at the C5 position by using
dibenzenesulfonimide as the nitrogen source.[6] Moreover, a
similar process was reported with readily available azodicarbox-
ylates (Scheme 1c).[7] However, the introduction and subse-
quent removal of protecting groups not only requires addi-
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found to be highly regioselective and provided a series of p-
aminophenylhydrazine derivatives in excellent yields. Moreover,
compatibility with a free amino group makes this protocol an
attractive strategy in synthetic chemistry.

tional operations but also significantly decreases functional-
group compatibility. Undoubtedly, the most attractive and ideal
route is the direct C–H amination of free anilines.

Scheme 1. para-Selective amination of N-protected anilines. DME = 1,2-di-
methoxyethane, Tf = trifluoromethylsulfonyl, DCE = 1,2-dichloroethane.

To the best of our knowledge, there is only one report on
the C–H amination of free anilines with azodicarboxylates.[8]

However, this method suffers from the utilization of a large
amount of catalyst (LiClO4) and a low yield (30 %). Herein, we
report the direct para-selective C–H amination of free anilines
with azodicarboxylates as a source of nitrogen promoted by
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP).

Results and Discussion
Owing to the electron-withdrawing character of fluoroalkyl
groups, fluorinated alcohols such as trifluoroethanol (TFE) and
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HFIP exhibit unique features in organic synthesis.[9] Therefore, a
number of remarkable reactions have been studied in these
solvents.[10]

In our initial study, the C–H amination of aniline (1a) with
azodicarboxylate 2a (Cbz = benzyloxycarbonyl) was chosen as
the model system to optimize the reaction conditions (Table 1).
We first examined the reaction in pure HFIP solvent, and the
mixture was stirred at 25 °C for 2 h. Product 3aa was isolated
in 94 % yield, and only a trace amount of triazane 4aa was
detected (Table 1, Entry 1). An increase of the concentration of
the substrate led to the formation of byproducts (Table 1, En-
try 2). We then tested HFIP as an additive with other solvents
(Table 1, Entries 3–8). In dichloromethane, with 9.5–2.0 equiv.
of HFIP (Table 1, Entries 3–5), marked decreases in the selectiv-
ity and yield of 3aa were observed. Moderate results were ob-
tained with 9.5 equiv. of HFIP in water or toluene (Table 1,
Entries 6 and 7). In THF, the yield of and selectivity to 3aa were
greatly diminished owing to H-bond association, which inhib-
ited the H-bonding effect of HFIP (Table 1, Entry 8).[11] Other
fluorinated solvents such as TFE and perfluoro-2-methylpropan-
2-ol (PFTB) were not effective (Table 1, Entries 9 and 10). In
EtOH, both a low yield and low selectivity were observed
(Table 1, Entry 11). These different results showed very well that
the H-bonding ability of HFIP is essential for a good outcome
in the C–H amination reaction.

Table 1. Optimization of the reaction conditions.[a]

Entry Solvent Time Yield[b] [%]
[h] 3aa 4aa

1 HFIP (0.25 M) 2 96 (94[c]) trace
2 HFIP (9.5 equiv.) 2 92 5
3 CH2Cl2/HFIP (3:1) 2 81 14
4 CH2Cl2/HFIP (6.7:1) 4 60 32
5 CH2Cl2/HFIP (17.2:1) 6 45 42
6 H2O/HFIP (3:1) 4 62 31
7 toluene/HFIP (3:1) 2 76 18
8 THF/HFIP (3:1) 2 24 48
9 CF3CH2OH 2 59 28

10 (CF3)3COH 0.75 54 43
11 EtOH 5 20 56

[a] Conditions: 1a (0.5 mmol) and 2a (0.55 mmol, 1.1 equiv.) were dissolved
in solvent (0.25 M). [b] Yield determined by NMR spectroscopy by using nitro-
methane as an internal standard. [c] Yield of isolated product.

With the optimized reaction conditions in hand (Table 1, En-
try 1), we next investigated other azodicarboxylates with the
free aniline (Table 2).

Azodicarboxylates 2b–d reacted smoothly with aniline to af-
ford the corresponding hydrazides 3ab–ad in excellent yields.
However, upon using azodicarboxylate 2e, the reaction pro-
ceeded badly and led to the corresponding product 3ae in only
34 % yield. This low yield could be explained by decomposition
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Table 2. Amination of aniline with different azodicarboxylates.[a]

[a] Conditions: 1a (0.5 mmol) and 2a (0.55 mmol, 1.1 equiv.) were dissolved
in HFIP (0.25 M). [b] Yield of isolated product. [c] Triazane 4ab was formed in
9 % yield. [d] Triazane 4ac was formed in 8 % yield.

in HFIP, which is slightly acidic (pKa = 9.3).[12] Moreover, hydraz-
ide 3ag was obtained from cyclic azodicarboxylate 2f in moder-
ate yield. Unfortunately, azodicarboxylate 2g was not suitable
for this reaction. Upon treatment of aniline with asymmetric
azodicarboxylate 2h, a mixture of hydrazides 3ah/3ah′ was ob-
tained. The ratio was analyzed after hydrogenolysis of the
benzyloxycarbonyl group. Products 8/8′ were obtained in a
7.6:1.0 ratio. The regioselective attack can be explained by the
fact that the steric demand of the nitrogen atom bearing the
CO2Et group is lower than that of the nitrogen atom bearing
the Cbz group (Scheme 2).

Scheme 2. Amination of aniline with an asymmetric azodicarboxylate.

We then turned our attention to the scope of the aniline
derivatives (Table 3). Primary anilines 1b–i substituted at either
the ortho or meta position or at both positions reacted with
azodicarboxylate 2a smoothly to generate the desired products
3ba–ia in excellent yields. Notably, the nucleophilicity of elec-
tron-poor anilines such as 2-nitroaniline is low, and no reaction
occurred. Naphthylamines 1j–k were also applicable in this re-
action and provided products 3ja–kc in very good yields.
Notably, quinolineamines 1l and 1m also showed good reactiv-
ity and gave 3la and 3ma in yields of 92 and 90 %, respectively.
Then, secondary anilines 1n–r, including tetrahydroquinoline
(1q) and indoline (1r), were treated with azodicarboxylate 2a
under the optimized conditions, and they all afforded the corre-
sponding products 3na–ra in good to moderate yields. From
tertiary anilines 1s–w, the amination reaction was faster than
that with primary anilines and regioselective. Dimethylaniline
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(1s) reacted with azodicarboxylates 2a–c and 2f to provide
hydrazides 3sa–sc in excellent yields (88–93 %). N-Phenylpyrrol-
idine (1t), N-(2-aminoethyl)-N-ethylaniline (1u), and N-methyl-
N-phenylaniline (1v) reacted efficiently to afford only the para-
hydrazido derivatives in yields of 87, 95, and 90 %, respectively.
Notably, the free alkylamino group in 1u did not interfere with

Table 3. The amination of azodicarboxylate with different anilines.[a]

[a] Conditions: 1b–y (0.5 mmol) and 2a (0.55 mmol, 1.1 equiv.) were dissolved
in solvent (0.25 M), and the mixture was stirred at 25 °C for the specified
period unless otherwise noted; yields of the isolated products are given.
[b] The major product is shown. [c] 2a (3.3 equiv.).
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the reaction owing to its deactivation through the hydrogen
bond formed with HFIP.[13] Upon treatment of triphenylamine
(1w) with azodicarboxylate 2a (3.3 equiv.), a mixture of tri- and
disubstituted products (ratio 63:37) was isolated in 92 % yield.

Furthermore, we were interested in the C–H reactivity at dif-
ferent positions (Scheme 3). For aniline 1x substituted in the
para position, only the expected triazane 4xa was isolated in
78 % yield. However, if the para position of N,N-dimethylaniline
(1y) was substituted, products 5ya and 5yb were selectively
obtained in good yields instead of the expected ortho-substi-
tuted compounds. The mechanism could involve rearrange-
ment of an ylide.[14] Representatively, in the case of indole (6a)
and N-methylindole (6b), the usual C3-amination products 7aa
and 7ba were isolated as the sole products in excellent yields.
Moreover, if indole 6c was substituted at the C3 position, C2-
amination product 7ca was selectively obtained in good yield.

Scheme 3. Selective amination reaction of different C–H bonds.

To illustrate the high synthetic potential of the new hydraz-
ide primary anilines, different reactions were performed
(Scheme 4). For example, hydrazide product 3aa could be
straightforwardly transformed into p-phenylenediamine (8) in
70 % yield by removal of the Cbz group and cleavage of the
N–N bond in a single step.[7] One of the advantages to have a
free amine in reactions is the possibility to remove or use it in
other transformations.[15] By means of the well-known Sand-
meyer reaction, diazotization of 3aa with NaNO2 followed by
treatment with NaI produced 4-iodophenylhydrazine (9) in 73 %
yield.[15a] Moreover, azo aromatic compound 10 could be ob-
tained from compound 3aa with nitrobenzene in acetic acid at
room temperature in 91 % yield.[15b] Besides, from product 3aa,
a [4+2] aza-Diels–Alder cycloaddition[15c] could be realized in
one pot in HFIP after the addition of benzaldehyde followed by
ethyl vinyl ether. The corresponding tetrahydroquinoline 11
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was obtained in a reasonable yield of 57 % over three steps.
Always in one pot, a Michael addition[15d] was performed with
methyl acrylate to afford the monoalkylated product 12 in
moderate yield.

Scheme 4. Synthetic utilities of this reaction. PTSA = para-toluenesulfonic
acid.

On the basis of previous literature reports[9e,10c,10e,16] and our
studies,[13,15d] a plausible H-bond activation of the azodicarbox-
ylate by HFIP is proposed (Scheme 5). Then, nucleophilic attack
of aniline (1a) on 2a generates intermediate 13, which subse-
quently undergoes hydrogen transfer to afford the expected
product 3aa. Owing to HFIP–azodicarboxylate association, anil-
ine can only react in its para position, which is sterically less
hindered than the ortho position.

Scheme 5. Proposed mechanism.

A gram-scale reaction was also evaluated (Scheme 6). The
para-selective amination of 1a with 2a was performed on an
11.0 mmol scale in 20 mL of HFIP for 2 h. Not only was the

Scheme 6. Gram-scale reaction.
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desired product 3aa obtained smoothly in 86 % yield, but also
17 mL of HFIP was recovered after distillation directly from the
reaction.

Conclusions

We developed an effective, mild, and clean method for C–H
amination between azodicarboxylate derivatives and a wide
range of anilines in 1,1,1,3,3,3-hexafluoro-2-propanol. The de-
sired products were formed smoothly at room temperature
without any additional catalyst or reagent in short times. This
reaction was highly regioselective, provided para-substituted
anilines, and was shown to have a broad substrate scope. The
compatibility of a free amino group in this procedure is of high
synthetic value. Besides, because of its low boiling point (b.p.
59 °C) and low viscosity, HFIP can be easily recovered and re-
used.

Experimental Section
General Procedure: Azodicarboxylate 2a (0.55 mmol, 1.1 equiv.)
was added to a stirred solution of aniline (1a; 0.5 mmol) in HFIP
(2 mL) at 25 °C. The mixture was stirred at this temperature for 2 h.
Upon completion of the reaction (TLC monitoring), the mixture was
concentrated under reduce pressure to give a crude product. Then,
the crude product was purified by column chromatography (silica
gel; cyclohexane/diethyl ether, 2:1) to afford 3aa as a white solid.
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