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One-Pot Reductive MonoN-alkylation of Aniline Cu(PPh)2BH, with NH,SO;H,2 thiourea with Hantzsch esté?,

and Nitroarene Derivatives Using Aldehydes amino borane derivatives with NaBFtriazole-derived iridium-
() carbine complexe¥ and [Ir(cod}]BF4.1* These methods
have some drawbacks in one way or another such as prolonged
reaction time, acidic conditions, higher reaction temperature,
excess amount of reagents, inert conditions, and toxic byprod-
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Hanyang Uniersity, Department of Chemistry and Applied ucts. Thus, it is necessary to develop an alternative method that
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Kyunggi-Do 426-791, Korea conditions. In addition, there is also a growing specific interest
in developing controlled synthesis of secondary amines due to
hrhee@hanyang.ac.kr its vast applications. Traditional methodologies for secondary
amines are often problematic because of harsh reaction condi-
Receied July 19, 2007 tions, overalkylation, low chemical selectivity, and generally

poor yields!? Recently, the use of nitrit€14as alkylating agent
was published as an alternative. Herein, we report an efficient,
facile, mild, and environmentally benign one-pot reductive

X )Oj\ HCOO™NH, / Pd/C N HVR‘ monoN-alkylation of aniline and nitroarene derivatives using
@/ * R7H IPAIH,0 (101, viv) I/O/ aldehyd_es by Pd/C catalyst_ in aqueous alcoholic solvents with
R R ammonium formate as in situ hydrogen donor.
X =NHz, NO, This investigation started from our curiosity in the reductive

. . - . amination of ketone using Pd/C catalyst and formate $alts.
One-pot reduct_lve mc.)nbl—alk.ylatmn of aniline and ni- We wondered if this condition worked with aldehydes but to
troarene derivatives using varlous_aldehydes _by Pd/C catalyst, surprise, when we performed a test reaction using benzal-
in aqueous 2-propanol solvent with ammonium formate as gehyde, the reaction failed to proceed. Thus, we hypothesized
in situ hydrogen donor is illustrated. The reaction proceeded hat ammonium formate is a nonparticipant in the amination
smoothly and selectively with excellent yield at room process and that it acts as an in situ hydrogen donor for
temperature. Our protocol presents a facile, economical, andheterogeneous catalytic hydrogenation. In fact, there have been
environmentally benign alternative for reductive amination. numerous reports on the versatility of ammonium formate as
agent in catalytic hydrogen transfer reactiéh€onsequently,

we decided to prove this hypothesis and find appropriate
conditions for the reductive amination of aldehydes.

S Initially, we checked for suitable solvent using aniline and
acetaldehyde as our test reaction as shown in Scheme 1. We
found that 2-propanol/water (10:1, v/v) would give the best yield
without dialkylation product (Table 1).

Amines and their derivatives are highly versatile building
blocks for various organic substrates and are essential precursor
to a variety of biologically active compounds. It has unique
biological properties that make it a useful target for various
therapeutic application'sAmines also serve other purposes in
the fields of bioorganic, industrial, and synthetic organic
chemistry? With this growing repertoire of applications, SCHEME 1
developing efficient methods for the synthesis of amines draws

H
. NH 0}
much attention. @ 2 R IS HCOO™NH, N CHs
Direct reductive amination of aldehydes and ketones is one HC™ H Pd/C

of the most attractive methods for the synthesis of amine
derivatives. This is particularly advantageous because the Using the same test reaction and the chosen solvent system,
carbonyl compound and the amine with the appropriate reducingwe checked the optimum amount of catalyst (Pd/C) and
agent are treated in a one-pot fashion such that isolating theammonium formate necessary to affect reductive amination
imine intermediate is avoided. There have been many reagentgTable 2). Various types of aldehydes were reacted with aniline
developed recently to effect reductive amination of carbonyls. using this protocol to evaluate its general applicability.

These include the following: LiClg-zirconium borohydride

piperazine complexesHsPW;,04,—NaBH;,* NaBH(OAcC),® (7) Menche, D.; Arikan, FSynlett2006 6, 841.
Ph,SiH,, or PhSiH with catalytic BuSnCIH—pyridine N-oxide® Let(tg).zlt\)/l()e?nigeélgg Bohm, S.; Li, J.; Rudolph, S.; Zander, Tétrahedron
(9) Suginome, M.; Tanaka, Y.; Hasui, Bynlett2006 7, 1047.
* To whom correspondence should be addressed. Fax: 82-31-407-3863. (10) Gnanamgari, D.; Moores, A.; Rajaseelan, E.; Crabtree, R. H.
(1) Bradshaw, J. S.; Krakowisk, K. E.; Izatt, R. Hetrahedron1992 Organometallic2007, 26, 1226.
22, 4475. (11) Imao, D.; Fujihara, S.; Yamamoto, T.; Ohta, T.; Ito,Tétrahedron
(2) Bhanushali, M. J.; Nandurkar, N. S.; Bhor, M. D.; Bhanage, B. M. 2005 61, 6988.
Tetrahedron Lett2007, 48, 1273. (12) Salvatore, R. N.; Yoon, C. H.; Jung, K. Wetrahedron2001, 57,
(3) Heydari, A.; Khaksar, S.; Esfandyari, M.; Tajbakhsh,Tdtrahedron 7785.
2007, 63, 3363. (13) Sajiki, H.; Ikawa, T.; Hirota, KOrg. Lett.2004 6, 4977.
(4) Heydari, A.; Khaksar, S.; Akbari, J.; Esfandyari, M.; Pourayoubi, (14) Nacario, R.; Kotakonda, S.; Fouchard, D. M. D.; Tillekerante, L.
M.; Tajbakhsh, M.Tetrahedron Lett2007, 48, 1135. M. V.; Hudson, R. A.Org. Lett.2005 7, 471.
(5) Abdel-Magid, A. F.; Carson, K. G.; Harris, B. D.; Maryanoff, C. A,; (15) Berdini, V.; Cesta, M. C.; Curti, R.; D’Anniballe, G.; Di Bello, N.;
Shah, R. DJ. Org. Chem1996 61, 3849. Nano, G.; Nicolini, L.; Topai, A.; Allegretti, M.Tetrahedron2002 58,
(6) Kato, H.; Shibata, I.; Yasaka, Y.; Tsumoi, S.; Yasuda, M.; Baba, A. 5669.
Chem. Commur2006 4189. (16) Ram, S.; Ehrenkaufer, R. Bynthesis998 2, 91.

10.1021/j0701503q CCC: $37.00 © 2007 American Chemical Society
Published on Web 11/13/2007 J. Org. Chem2007, 72, 9815-9817 9815



JOCNote

TABLE 1. Solvent Effect in One-Pot Reductive Amination of
Acetaldehyde with Aniline?

yield (%)
reaction N-ethyl- N,N-diethyl-
entry solvent time (min) aniline aniline

1 MeOH 10 85 3

2 EtOH 10 no reactich

3 i-PrOH 10 no reactich

4 MeOH/H,0¢ 10 83

5 EtOH/H,0° 10 85

6 i-PrOH/HO° 10 91

aUsed 0.1 equiv of Pd/C and 10 equiv of ammonium forméate.

b Ammonium formate does not dissolved in EtOH asferOH.° 10:1, v/v.

SCHEME 2. Presumed Mechanism
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TABLE 4. One-Pot Reductive Amination of Various Aniline
Derivatives with Butyraldehyde?®

TABLE 2. Optimization of Pd/C and Ammonium Formate Ratio Aniline | Monoalkylated | Yield Aniline | Monoalkylated | Yield
Ei Ents
ammonium reaction " Derivative Product (%) e Derivative Product (%)
Pd/C formate time - N e N~
entry solvent  (equiv) (equiv) (min) yield (%) . (lj,cn, ch.., % o @ © 0
1 i-PrOH/HO 0.1 1 120 intractable F
(10:1, viv) mixture NH, HNSN \He NS
2 0.1 5 10 91 2 CL @\c 98 ghe © © 54
3 0.1 10 10 92 CHs Hy CF CFy
4 0.05 10 60 90 oy S oy N
5 0.005 10 120 intractable s @ © R © o
mixture oy L. Toon Lo
NH, NN NHz NS
TABLE 3. One-pot Reductive Amination of Various Aldehydes 4 @W”’ ©/°°"’ 94 | 107 (? 80
with Aniline 00kt Cookt
. . NH, NSNS NH, HNSN
Monoalkylated | Yield Monoalkylated | Yield »
Entry | Aldehyde Entry Aldehyde 5 @ 92 1 96
Product (%) Product (%) 'OCH3 H; OH oH
o W , o HNSNASNN NH, HNSN
. as |8 | @ 97 6 (2 94
Hy Hs
o S I w0y . . . . . .
A, 91 9 “J\O © quant. aThe reaction time is 60 mir.Used 10 equiv of ammonium formate.
¢Used 10 equiv of aldehyde.
N [+]
3 Hj\/ b 94 10° H)‘\O &A() quant. ) )
linear (entries 24, 8) oro- (entry 6) orp-branched (entry 7)
o Lt i QA and cyclic (entries 9 and 10) reacted with the same effectiveness.
4 3 11°¢ 3 . . . .
W @ duent "Jv\@ e On the basis of our presumed mechanism (Scheme 2), aliphatic
0 Wy 9 "0 and cyclic aldehydes gave excellent yield because the imine
5 ..)K( @ quant. | 12° VK@ @ 8 intermediate formed is unstable; thus, it was readily converted
- to product by hydrogenation. On the other hand, probably the
o HN’ HN . . . . . .
6 HJ\'< @Aﬁ o7 | 1304 ,,)k©\ ©/\©\ 88 imine intermediate formed from the reaction of aromatic
aldehyde is stable, and thus, the backward reaction from the
R N o | 1o A Eﬁ@m s imine formed might compete with hydrogenation leading to a
" @ ©\ocn, decreased in yield.

aReaction time is 10 mir? In methanol and water solverftUsed 10

equiv of ammonium formaté!. The reaction was carried out using premixing
method ensuring the formation of imine first; otherwise, the yield would
be very low (37% for entry 13 and 10% for entry 14) having several

byproducts such as dialkylated amine, alcohol, and starting aniline.

The Pd/C-catalyzed reductive mohbalkylation of aniline
using various aldehydes was summarized in Table 3. Equimolarexceptions. The aniline having trifluoromethyl (entry 8) and ester
amount of aldehyde and aniline was reacted at room temperatureglentry10) substituents gave only 54 and 80% yield having 43
for 30 min using 0.1 equiv of Pd/C catalyst with 5 equiv of and 14% starting aniline, respectively. It is noteworthy that
ammonium formate in 2-propanol/water (10:1, v/v) solvent reducible functional groups such as COOH and COOEt survived
system. Excellent yields of monoalkylation product were with this protocol.
obtained except for the cases of formaldehyde (entry 1) and There have been reports on the reduction of nitro compounds

aromatic aldehydes (entries -124). They gave lower yields

We further validated the reaction conditions by considering
the reaction of various aniline derivatives with butyraldehyde
(Table 4). MonoN-alkylation of aniline derivatives bearing
electron-donating groups (entries @, 11) at the aromatic ring
proceeded smoothly and selectively to the corresponding mono-
N-alkylated aniline derivatives. The same observations hold with
electron-withdrawing groups at the aromatic ring with some

to their corresponding derivatives using ammonium formate as

with either starting aniline or alcohol (reduced aldehydes) as catalytic hydrogen transfer agefritConsidering this idea, we
byproduct. Aliphatic aldehydes regardless of whether they are thought that by increasing the amount of ammonium formate

9816 J. Org. Chem.Vol. 72, No. 25, 2007



JOCNote

TABLE 5. One-Pot Reductive Amination of Various Aldehydes TABLE 6. One-Pot Reductive Amination of Various Nitroarene
with Nitrobenzene? Derivatives with Butyraldehyde?
Monoalkylated | Yield Monoalkylated | Yield Nitroarene | Monoalkylated | Yield Nitroarene | Monoalkylated | Yield
Entry Aldehyde Entry Aldehyde Entry L Entry L
Product (%) Product (%) Derivative Product (%) Derivative Product (%)
NO, NN
- NO, NS HN
o HN HN/\)\ » ©/c"3 ©
1 CHy 88 | 7 90
1 A, @ 50 7 . ,ﬁ\/L @ quant. @/ :
o NS ° NSNS NO, HNNN NO; NN
2 | 8 73
2 A, © 90 | 8 | Jan @ 98 @\c quant @ @\
"CHy Hy CFs CFy

v
o HN

3 S @ 90 9

95 3 90 9 78

END“O

s 10
2 1% :

NO, HNTNN

o

0

° o HN’\O

4 uant. | 10 H 97 NO, NN

W @ i k@ @ 4 @/“’“ ©/°°"= 99 | 10%¢ @ © 4
] HN o uu/\/\©

5 H (j/\r quant. | 11° uk/\O © 83 N No, N~

NO,
5 ©\ @\ 94 1° © © 98
. o nu’\ﬁ o5 "OCH; "OCH; o L
“)* © NO, HNTSN

6 quant.
aThe reaction was carried out with 10 equiv of ammonium formate for (?H, Sen,
10 min.P Used 12 equiv of ammonium formate; reaction time: 40 min.

COOEt COOEt

2 The reaction was carried out with 10 equiv of ammonium formate for
. . . o 60 min.PUsed 15 equiv of ammonium formateUsed 20 equiv of
we could first reduce the nitro to an amino group in situ and ammonium formate? Used 10 equiv of aldehyde.

the reaction would proceed in the same manner as mentioned . - -
above. To corroborate this hypothesis as well as further expandproceeds under neutral and aqueous alcoholic conditions, utilizes
the applicability of our protocol, we investigated moNe- readily available, inexpensive, stable, and nontoxic ammonium

alkylation of nitrobenzene with various aldehydes (Table 5). formate as the in situ hydrogen donor, and makes use of
The reduction of nitrobenzene to aniline and the mbho- recyclable Pd/C catalyst. Moreover, our one-pot nitro-reduc-

alkylation occurred smoothly and rapidly (only 10 min), and tior_1—direct reductive amingtion sequence is very_innovative.
the same observation with the aniline case mentioned aboveTh'S_ makes our protocol facile, economical, and environmentally
holds. However, this protocol is not applicable to aromatic benign.

aldehydes. Our test reaction using benzaldehyde did not give
favorable results.

Given that the mon®i-alkylation of nitrobenzene proceeded ~ General Procedure.2-Propanol (20 mL) was added to a flask
smoothly, we explored the applicability of this protocol to mono- ¢ontaining Pd/C (0.293 g, 0.275 mmol). Ammonium formate (0.867
N-alkylation of various nitrobenzene derivatives using butyral- 9 1375 mmol or 1.74 g, 27.5 mmol) dissolved in water (2 mL)
dehyde (Table 6). Just like the case of aniline derivatives, mono- was transferred to the same flask. The reaction mixture was stirred

. / e . .~ for 1 min to activate Pd/C. Next, primary amine or nitro compounds
N-alkylation of nitroarene derivatives bearing electron-donating (2.75 mmol) and aldehyde (2.75 mmol) were added, and the reaction

groups (entries 16, 11) at the aromatic ring proceeded mixture was stirred at room temperature €D min or 60 min).
smoothly and selectively to the corresponding mohalkylated After completion of the reaction based on TLC monitoring, the
aniline derivatives. However, those having electron-withdrawing Pd/C catalyst was filtered off on Celite and the solvent was removed
groups at the aromatic ring (entries-80) gave unsatisfactory by rotary evaporation. The reaction mixture was diluted with,CH
results having the aniline derivative as byproduct with the Cl. and washed with brine solution. The organic phase was
exception of fluorine at the para position (entry 7). Nevertheless, collected, dried with anhydrous MggGnd concentrated by rotary

it is again noteworthy that reducible functional groups such as €vaporation. The residue was purified by silica gel column
COOH and COOEt survived with this protocol even though an cromatography with an appropriate solvent system.

excess amount of ammonium formate was used. Indeed, it is  Acknowledgment. E.B., K.D.C., and M.L. acknowledge

plausible to achieve monii-alkylaniline via a one-pot process  financial support from the Korean Ministry of Education through

without the separation of aniline intermediate. the second stage of the BK21 project for the Hanyang University
Furthermore, we also checked the reusability of Pd/C catalyst. graduate program, and M.L. also acknowledges Seoul Metro-

We filtered and washed it with water and 2-propanol and directly politan Government for Seoul Science Fellowship.

reused it. The yield did not change even after 10 recycles.

In summary, we have investigated and presented a valuable SUPporting Information Available: Detailed experimental
alternative for one-pot reductive amination. Our protocol procedure and compound characterization. This material is available

free of charge via the Internet at http://pubs.acs.org.
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