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Abstract

A general method for the direct formation of tertiary amines via direct N-alkylation of secondary
amines by alkyl halides in acetonitrile in the presence of Hunig’s base is reported. In contrast to
methods previously reported in the literature, this procedure is highly functional group tolerant
and employs operationally convenient conditions in the absence of transition metal catalysts or
solid supports and without formation of the undesired quaternary ammonium salt.
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Introduction

Amines are one of the most common structural features of naturally occurring biologically active
compounds and are widely used throughout the chemical industry as basic intermediates to
prepare fine chemicals, pharmaceuticals, and agrochemicals." Due to their unique biological
properties, amines have played an important role in chemotherapeutic approaches to a variety of
diseases.” As a result, the development of new synthetic routes to these compounds has
stimulated constant interest and has been the focus of many research groups over the years. From
a methodological standpoint the direct alkylation of secondary amines with alkyl halides is the
most straight-forward method for the synthesis of tertiary amines.> However, this method on a
practical basis has been somewhat limited since direct N-alkylation of secondary amines often
results in the formation of the quaternary ammonium salts and a mixture of the desired tertiary
amine and the starting secondary amine.®* In an attempt to address some of these issues, Varma
et al., recently reported a method for the direct formation of unfunctionalized tertiary amines via
N-alkylation of primary or secondary amines by alkyl halides in aqueous media using microwave
irradiation.* This method, while relatively environmentally friendly, requires the use of
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specialized microwave equipment and the use of strong inorganic bases, which in the presence of
base sensitive functional groups, can lead to undesired results as well as hydrolysis of the
corresponding alkyl halide. Another procedure presented in the literature describes the N-
alkylation of secondary amines via their metal amides with alkyl halides in the presence of
excess triethylamine.> This method, while useful is potentially problematic in that the use of
metal hydrides presents a problem for the direct synthesis of highly functionalized tertiary
amines, particularly if the secondary amine or alkyl halide contains acidic functional groups.

Several alternative methods to direct alkylation have also been reported. Among these
methods is the use of solid phase supports.® While these methods are apparently useful for
constructing libraries of secondary and tertiary amines they are obviously not practical for large
scale preparations. Other alternative and generalized methods include reductive amination’,
reductive and catalytic alkylation®, Mannich and Petasis reactions®, and metal induced amination
of alkenes and alkynes.'® These methods, while useful suffer from specific limitations including
low catalytic efficiency, a relatively narrow range of usable substrates and limited functional
group tolerance.

Results and Discussion

In the course of one of our research projects we needed an expedient and preparative scale
method for preparing tertiary amines of the general formula 4a-e shown in Scheme 1. The
synthetic route we envisioned for preparation of these compounds included a two step alkylation
of primary amine 2 with alkyl halide 1 through intermediate secondary amine 3. We found that
the first step could be efficiently conducted in acetonitrile at room temperature using 3.0 mol eq.
excess of primary amine 2. Under these conditions secondary amines 3 were cleanly obtained in
greater than 95% chemical yields. In contrast, the second step, alkylation of amines 3 with alkyl
halides 1, was found to be quite problematic. Thus, attempts to apply the literature methods for
the direct synthesis of tertiary amines utilizing our highly functionalized alkyl halides and
secondary amines were unsuccessful. Reported procedures using aqueous media and microwave
irradiation as well as metal amides were found to be incompatible with our substrates do to the
rapid hydrolysis of alkyl halides 1 under strongly basic conditions and due to the presence of the
highly acidic N-H protons of the amide moieties. Unfortunately, these methods also led to the
formation of the undesired quaternary ammonium salt as observed by the formation of a highly
insoluble yellow precipitate as the major reaction product.
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Scheme 1. Synthesis of tertiary amines 4a-e.

Based on these less than desirable results, a series of reaction conditions were attempted in
order to facilitate the direct alkylation. A variety of bases were screened including potassium
carbonate, sodium hydroxide, and potassium hydroxide. Different solvents were also evaluated
including methylene chloride, acetonitrile, and biphasic systems that incorporated the use of
tetrabutylammonium bromide as a phase transfer catalyst. Unfortunately, all of the reaction
conditions examined led to the formation of various byproducts, including the unwanted
quaternary ammonium salt, but very little of the desired tertiary amine product.

Eventually, after additional repeated attempts our persistence finally led to success.
Unexpectedly we found that in the presence of 1.5 mol equivalents of N,N-diisopropylethylamine
(Hunig’s base) the reaction proceeded cleanly to tertiary amine 4a in almost quantitative yield.
Following these remarkable results this procedure was repeated using various secondary amines
3 and alkyl halides 1 containing benzophenone and/or highly C-H acidic acetophenone moieties.
In all attempted cases the reactions were complete, according to TLC, in approximately 24 hours
in acetonitrile at 60 — 70 °C using ratios of secondary amine, alkyl halide, and Hunig’s base at
1.0, 1.1, and 1.5, respectively. According to crude *H NMR the yield of the desired tertiary
amine products was more than 90%. Tertiary amines 4a-e were obtained in analytically pure
form via column chromatography on silica gel.

As a result of these findings we also decided to explore the versatility and generality of this
method for preparing a variety of unfunctionalized tertiary amines. Since alkyl halides 1
(Scheme 1) are highly complex polyfunctional alkyl halides we envisioned that this method
would also be applicable to prepare less functionalized amines and would be superior and more
convenient to use than existing literature procedures. For representative examples we chose
direct benzylation of symmetrical acyclic (entry 1), cyclic (entry 2), heterocyclic (entry 3), and
unsymmetrical substituted derivatives (entry 4) all of which were reacted using our standard
conditions at room temperature to give the target tertiary amines in high chemical yields as
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shown in Table 1. In addition, we also demonstrated the applicability of this method for the
alkylation of secondary amines bearing benzyl and n-alkyl substituents with normal alkyl halides
(entries 5 and 6) to yield the target tertiary amines in high chemical yields without the formation
of the undesired quaternary ammonium salt.

Table 1. Tertiary amines synthesized via direct N-alkylation of secondary amines with alkyl
halides in the presence of Hunig’s base

Entry Alkyl Halide Amine Product Amine Yields® (%) Time®
1 Ph” Br (n-Butyl),NH (n-Butyl),N” “Ph > 90 3 hrs
0 O
2 Ph™ “Br N k 91 2 hrs
H
Ph
) )
3 Ph" B N Nk > 90 2 hrs
H Ph
Ph /_Ph
4 Ph” O Br —N > 90 3hrs
~NH N—ph
Ph Ph
HN/_ U N/_
5 ey \_ph \_pn >90 3hrs
6 e (n-Hexyl),NH (n-Hexyl),N~ >N > 90 24 hrs®

% General Reaction Conditions: 1.0 eg. secondary amine, 1.1 eq. alkyl halide, 1.5 eq. Hunig’s
base, acetonitrile, rt.

® Yields corresponding to the content of the target product in the crude reaction mixture, as
estimated by 'H NMR. Compounds were obtained in analytically pure form via column
chromatography.

°Reaction progress was monitored by TLC.

9 Reaction progress was monitored by *H NMR.

The unique role of Huenig’s base in preventing the quaternization is not clear. However,
we can assume that this non-nucleophilic strong base forms a salt with the released hydrogen
halide allowing the reaction to proceed under mild Kinetically controlled conditions. In which
case, the reaction of the secondary amine with the starting alkyl halide is faster than the reaction
of the tertiary amine product with the starting alkyl halide.
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In summary, we have demonstrated an efficient and general synthesis of tertiary amines by
direct N-alkylation of secondary amines with alkyl halides in the presence of Huenig’s base. The
reaction is applicable to aliphatic halides and aliphatic amines and is suitable for use in the
presence of other functional groups without the need for protecting them. Short reaction times,
high product yields, scalability, absence of quaternary ammonium salt formation and
operationally convenient conditions are some of the advantages that render this method favorable
over other previously reported methods.

Experimental Section

General Procedures. Secondary amine (0.500 g, 1 mol eq.), N,N-diisopropylethylamine (1.5
mol eq.), alkyl halide (1.1 mol eg.) and 10 mL acetonitrile were placed in a round bottom flask
and stirred at room temperature under nitrogen. After completion of the reaction (monitored by
TLC) the reaction mixture was evaporated to dryness under reduced pressure. The residue was
dissolved in 5 mL of CH,Cl, and washed with 5 mL of distilled water. The aqueous layer was
washed with 3 x 5 mL fractions of CH,Cl,. The collected organic fractions were dried over
MgSOQO, and the solvent was removed under reduced pressure to yield the crude product.

Compound characterization. *"H NMR spectra acquired on a Varian 300 NMR spectrometer
(300 MHz) at 295K in CDCl; containing TMS as internal standard. *H NMR spectra for the
reported compounds were consistent with literature data. %1

Acknowledgements

This work was supported by the start-up fund provided by the University of Oklahoma,
Department of Chemistry and Biochemistry. J.L.M. thanks the University of Oklahoma,
Department of Chemistry and Biochemistry, the University of Oklahoma Alumni Fellowship,
and the U.S. Department of Education GAANN Fellowship for financial support. S.M.T. thanks
the University of Oklahoma, Honors College and UROP program for financial support.

References

1. Seayad, A.; Ahmed, M.; Klein, H.; Jackstell, R.; Gross, T.; Beller, M. Science 2002, 297,
1676.

2. (a) Bradshaw, J. S.; Krakowiak, K. E.; lzatt, R. M. Tetrahedron 1992, 48, 4475. (b)
Blagbrough, I. S.; Carrington, S.; Geall, A. J. Pharm. Sci. 1997, 3, 223. (c) Bergeron, R. J.;
Feng, Y.; Weimer, W. R.; McManis, J. S.; Dimova, H.; Porter, C.; Raisler, B.; Phanstiel, O.
J. Med. Chem. 1997, 40, 1475.

ISSN 1424-6376 Page 291 ©ARKAT USA, Inc



Issue in Honor of Prof. Eusebio Juaristi ARKIVOC 2005 (vi) 287-292

10.
11.

(a) Salvatore, R. N.; Nagle, A. S.; Jung, K. W. J. Org. Chem. 2002, 67, 674. (b) Zaragoza,
F.; Stephensen, H. J. Org. Chem. 2001, 66, 2518. (c) Zanetti, J. E.; Bashour, J. T. J. Am.
Chem. Soc. 1940, 62, 741. (d) Shi, M.; Shen, Y. Helv. Chim. Acta 2001, 84, 3357.

Varma, R. S.; Ju, Y. Green Chem. 2004, 6, 219.

Mohri, K.; Suzuki, K.; Usui, M.; Isobe, K.; Tsuda, Y. Chem. Pharm. Bull. Jpn. 1995, 43,
159.

(@) Olsen, C. A.; Witt, M.; Jaroszewski, J. W.; Franzyk, H. Org. Lett. 2004, 6, 1935. (b)
Lober, S.; Gmeiner, P. Tetrahedron 2004, 60, 8699. (c) Chen, Z.; Yang, G.; Zhang, Z. Syn.
Comm. 2003, 33, 729. (d) Morphy, J. R.; Rankovic, Z.; York, M. Tetrahedron 2003, 59,
2137. (e) Morphy, J. R.; Rankovic, Z.; York, M. Tetrahedron Lett. 2001, 42, 7509. (f) Cai,
J.; Wathey, B. Tetrahedron Lett. 2001, 42, 1383. (g) Gustafsson, M.; Olsson, R.; Anderson,
C. M. Tetrahedron Lett. 2001, 42, 133. (h) Plater, M. J.; Murdoch, A. M.; Morphy, J. R,;
Rankovic, Z.; Rees, D. C. J. Comb. Chem. 2000, 2, 508. (i) Akhtar, M.; Kroll, F. E. K;;
Gani, D. Tetrahedron Lett. 2000, 41, 4487. (j) Kroll, F. E. K.; Morphy, R.; Rees, D.; Gani,
D. Tetrahedron Lett. 1997, 38, 8573. (k) Brown, A. R.; Rees, D. C.; Rankovic, Z.; Morphy,
J. R. J. Am. Chem. Soc. 1997, 119, 3288. (I) Flegelova, Z.; Patek, M. J. Org. Chem. 1996,
61, 6735. (m) Plater, M. J.; Murdoch, A. M.; Morphy, J. R.; Rankovic, Z.; Rees, D. C. J.
Comb. Chem. 2000, 2, 508.

() Sato, S.; Sakamoto, T.; Miyazawa, E.; Kikugawa, Y. Tetrahedron 2004, 60, 7899. (b)
Baxter, E. W.; Reitz, A. B. Org. React. 2002, 59, 1. (¢) Hutchins, R. O.; Natale, N. R. Org.
Prep. Proced. Int. 1979, 11, 201. (d) Lane, F. Synthesis 1975, 135. (e) Abdel-Magid, A. F.;
Carson, K. G.; Harris, B. D.; Maryanoff, C. A.; Shah, R. D. J. Org. Chem. 1996, 61, 3849.
(f) Apodaca, R.; Xiao, W. Org. Lett. 2001, 3, 1745. (g) Tarasevich, V. A.; Kozlov, N. G.
Russ. Chem. Rev. 1999, 68, 55.

(@) Sajiki, H.; lkawa, T.; Hirota, K. Org. Lett. 2004, 6, 4977. (b) Mattson, R. J.; Pham, K.
M.; Leuck, D. J.; Cowen, K. A. J. Org. Chem. 1990, 55, 2552. (c¢) Roundhill, D. M. Chem.
Rev. 1992, 92, 1. (d) Kuwano, R.; Kondo, Y.; Matsuyama, Y. J. Am. Chem. Soc. 2003, 125,
12104,

(a) Tremblay-Morin, J. P.; Raeppel, S.; Gaudette, F. Tetrahedron Lett. 2004, 45, 3471. (b)
Arend, M.; Westerman, B.; Risch, N. Angew. Chem., Int. Ed. 1998, 37, 1045. (c) Petasis, N.
A.; Akritopoulou, I. Tetrahedron Lett. 1993, 34, 583. (d) Petasis, N. A.; Zavialov, I. A. J.
Am. Chem. Soc. 1997, 119, 445. (e) Petasis, N. A.; Goodman, A.; Zavialov, I. A.
Tetrahedron 1997, 53, 16463. (f) Petasis, N. A.; Zavialov, I. A. J. Am. Chem. Soc. 1998,
120, 11798.

Muller, T. E.; Beller, M. Chem. Rev. 1998, 98, 675.

(@) Tillack, A.; Rudloff, I.; Beller, M. Eur. J. Org. Chem. 2001, 523. (b) Fujita, K.; Fuijii, T.;
Yamaguchi, R. Org. Lett. 2004, 6, 3525. (c) Berman, A. M.; Johnson, J. S. J. Am. Chem.
Soc. 2004, 126, 5680. (d) Dembech, P.; Seconi, G.; Ricci, A. Chem. Eur. J. 2000, 6, 1281.
(e) Kim, H.; Ishida, H. J. Phys. Chem. A 2002, 106, 3271.

ISSN 1424-6376 Page 292 ©ARKAT USA, Inc



