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Introduction

N,N-Dimethylaniline (NNDMA, CAS: 121-69-7, Scheme
1) is colorless liquid with a boiling point of 193-194 °C.
It is a simple but widely applied reagent. It is not only used
as a starting material in the synthesis of dyestuffs, phar-
maceuticals, agrochemicals, and fine chemicals, but also
used as a solvent, stabilizer, and analytical reagent.! The
low price of NNDMA (due to the industrial production)
has played an important role for its applications.
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Scheme 1

Abstracts

In its original applications, NNDMA was used as a sol-
vent, in electrophilic substitutions on the para-position of
the benzene ring, and to prepare quaternary amines. How-
ever, in recent years, researchers have paid more and more
attention to developing further applications, such as the
reactions on the methyl groups attached to the nitrogen at-
om. According to the literature published in the last years,
NNDMA can react with alkenes, alkynes, active methy-
lenes, and cyano groups. By C—C and C-N bond activa-
tion of NNDMA, nitrogen compounds can be constructed
with reagents containing active hydrogens, and NNDMA
can be used to prepare heterocyclic compounds by cou-
pling reactions.

(A) Activation of C—H Bond in N-Me:

Using metal catalysts and oxidants, the C—H bond of the N-Me
group of NNDMA can be activated and replaced by an unsaturated
compound like an alkene,? alkyne,® CN,*> C=N,° and active methy-
lene.>” There are two N-Me groups on NNDMA, but a single C-H
bond activation is much easier. With the above reaction, the interme-
diate compounds are obtained in high yield under mild conditions.
Iron(II), copper(I), ruthenium, and iridium metal salts are usually
used as the catalysts, and tert-butyl hydroperoxide (TBHP) or O, is
used as the oxidant. The C—H bond in N-Me is activated, and the hy-
drogen atom can be replaced by peroxide, alcohol® and phosphoric
acid ester groups.’

RuCl3 (5 mol%) =N
Me O, (1 atm) Q /
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(B) Activation of N-C Bond in N-Me:

By C-N bond cleavage, amide, N-nitrosamines and other nitrogen-
containing compounds can be prepared under mild conditions in
high yield. The methyl group can be replaced by an acetyl group
with FeCl, and fert-butyl hydroperoxide,'? and it can be replaced by
NO with o-iodoxybenzoic acid (IBX), nitromethane, and R,;NX
(X = halide)." With diazoacetate and FeCl,, the methyl group can be
replaced by an acetate group.'> Cytochrome P450 enzymes can
achieve demethylation of NNDMA.. 13

SYNLETT 2013, 24, 26162617

Advanced online publication: 14.10.2013

DOI: 10.1055/s-0033-1338979; Art ID: ST-2013-V0458-V
© Georg Thieme Verlag Stuttgart - New York

FeCl, (2.5 mol%) > o
@ D @N
-,

MeCN, 85 °C, 1 h Me
_IBX, TBAF (cat) N=0
¢ >— < >—N
Me MeNOy, 70°C, 3 h Me 90%
OEt FeClg (20 mol%) /—<
O con e (0
EtOH, 115 °C, 24 h e

83%

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



SPOTLIGHT C. Huang 2617

(C) Cyclization Reactions:
Tetrahydroquinolines can be prepared using Ru(bpy);Cl, or CuBr as
the catalyst and air or TBHP as the terminal oxidant.'*'® But, to the

0
. Me o
best of our knowledge, all products obtained are racemates. QN' N N@ Ru(bpy)sCl, (35 mol%)
Me DMF, air, r.t.
o

visible light

(D) Donation of a One-Carbon Unit: o o o o
NNDMA can donate a one-carbon unit after catalysis and oxidation Me . re Fex(C0)o (2.5 mol%) - "
with iron. The reaction can be used to prepare bis-1,3-dicarbonyl de- @N'\ oo ,  FBUOOH (2.0 equiv)
rivatives.”” NNDMA was also a carbonyl source in the mild and se- H\ﬂ/\ﬂ/R 1n Al R2
lective ruthenium-catalyzed formylation of indoles.'® o O v 0020 1 ]

Ve RuCls, PivOH CHO

QN, A % TBHP (4 equiv) Q“ﬁ

Me H N—metrﬁtyi igeTamide ” 29%
(E) Susbtitutions on the Benzene Ring:
Regioselective reactions of NNDMA in the ortho, meta, and para " HO FeCl36H20 (20 mol%) Q NMe,
positions on the benzene ring can be realized. The regioselective, @N, ‘i " 0 TBHP OH
catalyzed cross-dehydrogenative coupling (CDC) usually proceeds Me o cg T;wret 4;;9: air O
on the ortho or para position of the benzene ring,'® and sulfurochlo- O ’ O 2%
ridic acid can react with the meta position to prepare 4'-substituted Ve
compounds having 5-HT6 receptor affinity.2*?! In addition, the ben- = Me nsos i N
zene ring of NNDMA can be reduced by NHC-stabilized ruthenium \ /N T~ Me
nanoparticles (RuNPs) to prepare (partial) hydrogenation prod- Me ClO:S
ucts.??
(F) Other Special Uses: o
Used as solvent or reaction additive, NNDMA can stimulate the en- Ph O\i \,B’Ph R o
antioselectivity Friedel-Crafts alkylation of furans and indoles.?? o D Q N\T (10 mol%) )\/U\
Moreover, it can donate NMe, groups* and promote ortho lithiation /\)J\ + AH O ° ° Ar R
of anilines by formation of quaternary ammonium salts.? R R Et,0, NNDMA up to 91% ee

References
(1) Shen, Z.L.; Jiang, X. Z. J. Mol. Catal. A: Chem. 2004, 213, (15) Nishino, M.; Hirano, K.; Satoh, T.; Miura, M. J. Org. Chem.
193. 2011, 76, 6447.
(2) Zhuy, S. Q.; Das, A.; Bui, L.; Zhou, H. J.; Rueping, M.; (16) Huang, L.; Zhang, X.; Zhang, Y. Org. Lett. 2009, 11, 3730.
Curran, D. P. J. Am. Chem. Soc. 2013, 135, 1823. (17) Li, H.; He, Z.; Guo, X.; Li, W.; Zhao, X.; Li, Z. Org. Lett.
(3) Liu, P.; Zhou, C. Y.; Xiang, S.; Che, C. M. Chem. Commun. 2009, 11, 4176.
2010, 46, 2739. (18) Wu, W.; Su, W. J. Am. Chem. Soc. 2011, 133, 11924,
(4) Murahashi, S. I.; Nakae, T.; Terai, H.; Komiya, N. J. Am. (19) Chandrasekharam, M.; Chiranjeevi, B.; Gupta, K. S. V.;
Chem. Soc. 2008, 130, 11005. Sridhar, B. J. Org. Chem. 2011, 76, 10229.
(5) Dhineshkumar, J.; Lamani, M.; Alagiri, K.; Prabhu, K. R. (20) Dunn, R.; Nguyen, T. V.; Xie, W.; Tehim, A. US 2008/
Org. Lett. 2013, 15, 1092. 0318941 Al, 2008.
(6) Ye, X.; Xie, C.; Huang, R.; Liu, J. Synlett 2012, 23, 409. (21) Yanai, H.; Yoshino, T.; Fujita, M.; Fukaya, H.; Kotani, A.;
(7) Li, Z.P.; Yu,R.; Li, H. J. Angew. Chem. Int. Ed. 2008, 47, Kusu, F.; Taguchi, T. Angew. Chem. Int. Ed. 2013, 52, 1560.
7497. (22) Gonzalez-Galvez, D.; Lara, P.; Rivada-Wheelaghan, O.;
(8) Ratnikov, M. O.; Doyle, M. P. J. Am. Chem. Soc. 2013, 135, Congjero, S.; Chaudret, B.; Philippot, K.; Leeuwen, P. W. N.
1549. M. Catal. Sci. Technol. 2013, 3, 99.
(9) Han, W.; Mayer, P.; Ofial, A. R. Adv. Synth. Catal. 2010, (23) Adachi, S.; Tanaka, F.; Watanabe, K.; Harada, T. Org. Lett.
352, 1667. 2009, /1, 5206.
(10) Li, Y.;Jia, F.; Li, Z. Chem. Eur. J. 2013, 19, 82. (24) Armstrong, D. R.; Balloch, L.; Hevia, E.; Kennedy, A. R.;
(11) Potturi, H. K.; Gurung, R. K.; Hou, Y. J. Org. Chem. 2012, Mulvey, R. E.; O'Hara, C. T.; Robertson, S. D. Beilstein J.
77, 626. Org. Chem. 2011, 7, 1234.
(12) Kuninobu, Y.; Nishi, M.; Takai, K. Chem. Commun. 2010, (25) Kessar, S. V.; Singh, P.; Singh, K. N.; Bharatam, P. V.;
46, 8860. Sharma, A. K.; Lata, S.; Kaur, A. Angew. Chem. Int. Ed.
(13) Roberts, K. M.; Jones, J. P. Chem. Eur. J. 2010, 16, 8096. 2008, 47, 4703.

(14) Ju, X.; Li, D.; Li, W.; Yu, W.; Bian, F. Adv. Synth. Catal.
2012, 354, 3561.

© Georg Thieme Verlag Stuttgart - New York Synlett 2013, 24,2616-2617

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



