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ABSTRACT

A formal metal-free N-arylation of aromatic aldehydes with 3-azido-N-tosylpropan-1-amine through the Schmidt process was realized in the
presence of acids. TfOH was found to be a good promoter, and the exclusive 1,2-aryl migration was observed. Furthermore, the conversion of an
aliphatic aldehyde to the N,N-disubstituted formamide was achieved in excellent yield.

Aromatic amines play very important roles in the phar-
maceutical, material, and dye industries,1 which are usual-
ly made from the transition-metal-catalyzed arylation of
N-nucleophiles with aryl halides,2 arylboronic acids,3 or
arenes4 under strong basic conditions. Due to their im-
portance, continuous efforts have focused on the develop-
ment of a new type of aromatic coupling partners. For
example, the aryl carboxylic acids have been used for

copper-catalyzed decarboxylativeN-arylationmore recently.5

To the best of our knowledge,N-arylation of amines with

aromatic aldehydes through a similar conversion has not

been achieved. The nitrogen atom insertion into the C�C

bond between the benzene ring and carbonyl groupmight

be an alternative solution. The conversion of aldehydes to

one-carbon shorter amines through the Curtius rearran-

gement of acyl azides has been reported,6 and the acyl

azides were prepared in situ by oxidation of aldehydes in

the presence of azide. The expected products of the aryl-

migration Schmidt reaction of aryl aldehydes are aryl

amines, which is a sensible option to address this issue. In

this paper, we present an efficient method for the formal

N-arylation of 3-azido-N-tosylpropan-1-amine with aro-

matic aldehydes through the Schmidt process.
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Much effort has been focused toward the Schmidt con-
version of carbonyl compounds.7,8 The reaction of ketones
with alkyl azides has been extensively explored and widely
utilized in the total synthesis of natural products.7,9,10 In
contrast, only a few examples of the Schmidt reaction of
aldehydes with alkyl azides11�13 have been reported
(Scheme 1). The reaction of aldehydes with HN3 generally
furnished a mixture of nitriles and formanilides resulting
from migration of the aryl group in accepted yields.14,15

However when the alkyl azides were used, no formanilides
from the migration of aryl groups were observed.

Theoretically, the Schmidt reaction of aromatic ketones
or aromatic aldehydes with alkyl azides would give aryl

amines if the aryl migration was preferred (Scheme 2).
However, the intramolecular reaction of aryl ketones was
proven to be less reactive;9b therefore it was easy to accept
the fact that the intermolecular conversion was lacking.
Previous research had revealed that aryl aldehydes were
slightly more reactive than aryl ketones for the intermolec-
ular reaction with alkyl azides, with release of benzamides
by hydridemigration.13b�d Aub�e and co-workers reported
that the reaction of aliphatic aldehydes in the presence of
Lewis acids gave better results, albeit in poor regioselec-
tivities (alkyl shift vs hydride shift).12

Following their continuing projects on the modified
intermolecular reactionof ketones,16Aub�e and co-workers
presented the conversion of aromatic aldehydes with azido
alcohols to heterocycles in good yields.13 The products
could be thought to be derived from the formal hydride
migration, although elimination of Hþ and N2 of the key
azidohydrin intermediate (I) was preferred by these authors
(Scheme 3).13a The strong migration aptitude of the aryl
group had been observed in the Schmidt reaction of carboca-
tions with alkyl azides;17 thus it was very interesting that no
amides from the competitive arylmigrationwere found in the
reactions of aryl aldehydeswith alkyl azides or azido alcohols.

In order to attain theN-arylation products, the Schmidt
process should be controlled through the exclusive 1,2-aryl

Scheme 1. Intermolecular Schmidt Reactions of Alkyl Azides
with Aldehydes

Scheme 2. Promised Products from the Intermolecular Schmidt
Reaction of Aryl Aldehydes with Alkyl Azides

Scheme 3. Regioselectivity of Schmidt Reactions of Aldehydes
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migration from the azidohydrin intermediate. The inter-
molecular Schmidt reaction of aldehydes had been re-
ported to be less effective,12 so we paid more attention to
the modified procedure with the azido alcohols.13 We de-
cided to change the framework of the rearrangement in-
termediate to see ifmigration of the aryl groupwas possible.
The oxygen atom in the ring of the azidohydrin inter-
mediate (I, Scheme 3)was envisioned to be replacedwith a
nitrogen unit (II, Scheme 4).
To test our proposal, the 3-azido-N-tosylpropan-1-

amine 1 and benzaldehyde 2a were selected for the initial
investigation. As expected, the iminium cation would be
formed by dehydration of the potential hemiaminals
through a similar process of the reaction of 1,3-azido
alcohol. Then the Schmidt reaction would proceed. If the
migration of the aryl group was preferred, the N-aryl
iminium would be formed, which could be hydrolyzed to
formamide 3a.

Toourdelight, treatment of benzaldehyde 2aandazide 1
with several acids followed by aqueous KOH afforded the
N,N-disubstituted formamide 3a (Table 1). Among the
acids, triflic acid (TfOH) was proven to be effective. By
increasing the amount of TfOH, the amide 3a could be
delivered in better yields (entries 6 and 7). It was believed
that the two nitrogen atoms in the product would partly
deactivate the promoter. The aqueous base workup with
10%KOHsolutionwas slightly better than the 50%KOH
solution (entry 8 vs 7), which might be due to the trace
deformylation of 3a under the excessively basic con-
ditions.18 It should be noted that the entire 1,2-migration
of the aromatic ring happened here.
After the opposite regioselectivity of the reaction to that

of the previous conversion was achieved, we explored the
scope of aldehydes (Table 2) with the optimal conditions
establishedabove (inbold,Table1).Aseriesofarylaldehydes
2b�2l were all successfully converted to the corresponding
N-arylation amides. The structure of 3g was confirmed by
X-ray crystallographic analysis (Figure 1). Noteworthy fea-
tures of the conversion include the following: (1) the entire
migration of the aryl group over hydride is observed from

the reaction of aryl aldehydes; (2) all the aryl aldehydes
except the 4-methoxy benzaldehyde exhibit good to ex-
cellent reactivities; and (3) themethoxyl groupof 4-methoxy
benzaldehyde might limit the formation of hemiaminal as
well as the attack of azide to the iminium, which seriously
affects the production of formamide (entry 9, Table 2).

To extend the transformation, conversion of analiphatic
aldehyde 2m with the azido amine was also investigated

(Scheme 5), and theN,N-disubstituted formamide 3mwas

successfully obtained in 91% yield with complete migra-

tion of the alkyl group.
Twoalkyl azides, including the benzyl azide and n-heptyl

azide, had been used to react with benzaldehyde with the
promotion of TfOH as the control experiments, but both
of them resulted in very complicated mixtures. From the
NMR analysis of the crudes, only trace signals of the

Scheme 4. Designed Aryl Migration Schmidt Reaction of Ben-
zaldehyde with 3-Azido-N-tosylpropan-1-amine

Table 1. Optimization of the Schmidt Reaction of Aldehyde 2a
with 3-Azido Amine 1a

entry acid

reaction

time (h)

yieldb

(%)

1 TiCl4 (1.1 equiv) 6 13

2 SnCl4 (1.1 equiv) 6 31

3 BF3 3OEt2 (1.1 equiv) 6 14

4 TFA (1.1 equiv) 12 0

5 TfOH (1.1 equiv) 1 54

6 TfOH (1.5 equiv) 1 64

7 TfOH (2.3 equiv) 1 89

8 TfOH (2.3 equiv) 1 91c

aTreatment of benzaldehyde (1.0 mmol) in DCM (5 mL) with
3-azido-N-tosylpropan-1-amine (1.0 mmol) with acids in the table.
b Isolated yield after the basic workup with 50% (w/v) aqueous KOH
solution. c Isolated yield after the basic workupwith 10% (w/v) aqueous
KOH solution.

Figure 1. X-ray structure of formamide 3g.
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possible amides could be found (<5%). We tried to
separate them from the mixtures but failed. So the amino
group of 3-azido-N-tosylpropan-1-amine would be essen-
tial for the aryl- and alkyl-migration Schmidt reactions of
aldehydes based on consideration of the reaction yields
presented above.
In conclusion,wehave developed an efficient conversion

of aldehydes to formamides by using 3-azido-N-tosylpro-
pan-1-amine through the Schmidt process in the presence
of TfOH. The migration of an aryl and alkyl group over

hydride was observed in the rearrangement process, with
the formal N-arylation or N-alkylation of formamides
being obtained in good to excellent yields in most cases.
Extensive research will be undertaken to understand why
the Schmidt reaction of aldehydes with the 3-azido-N-
tosylpropan-1-amine proceeds so differently from that
with azido alcohols.
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Table 2. Scope of the Conversiona

entry aldehydes 2 3

yieldb

(%)

1 2a, R = Ph 3a 91

2 2b, R = 4-Me-Ph 3b 71

3 2c, R = 4-Et-Ph 3c 92

4 2d, R = 4-iPr-Ph 3d 86

5 2e, R = 4-F-Ph 3e 81

6 2f, R = 4-Cl-Ph 3f 94

7 2g, R = 4-Br-Ph 3g 85

8 2h, R = 4-CN-Ph 3h 87

9 2i, R = 4-OMe-Ph 3i 14

10 2j, R = 3-OMe-Ph 3j 94

11 2k, R = 1-Naphenyl 3k 78

12 2l, R = 2-Naphenyl 3l 91

aReaction of the aldehyde 2 (1.0 mmol) and 3-azido-N-tosylpropan-
1-amine 1 (1.0 mmol) in DCM (10 mL) in the presence of TfOH (2.3
mmol, 2.3 equiv) for 60min followedby treatment of 10%(w/v) aqueous
KOH solution (5 mL) for 60 min. b Isolated yield.

Scheme 5. Schmidt Reaction of the Aliphatic Aldehyde 2m with
3-Azido-N-tosylpropan-1-amine
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