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GRAPHICAL ABSTRACT
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Abstract We report here a novel, one-pot, two-step reductive amination of aldehydes for the
atom-economical synthesis of primary amines. The amination step has been carried out with
hydroxylammonium chloride and does not require the use of a base. In the subsequent
reduction step, a metal zinc/hydrochloride acid system has been used. This method is appli-
cable to both aliphatic and aromatic aldehydes. The operational simplicity, the short reaction
times, and the mild reaction conditions add to the value of this method as a practical
alternative to the reductive amination of aldehydes.

Supplemental materials are available for this article. Go to the publisher’s online edition
of Synthetic Communications™ zo view the free supplemental file.
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INTRODUCTION

Primary amines are important in view of their application in a variety of
chemical industry sectors; hence their production processes are of great interest.
These compounds are extensively used in the agrochemical and plastics industries
and for the development of pharmaceuticals and fine chemicals.'" Among the
amines, primary amines are the most useful; however, their synthesis is challenging
because of their high reactivity.

Various methods allow the preparation of primary amines.”'” Among those,
reductive amination is the most extensively used. This method, which has been
known for a long time, is based on the conversion of aldehydes into imines (route
AT or oximes (route B)'*2¥ followed by a reduction step (Scheme 1).
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Scheme 1. General scheme for preparation of a primary amine.

However, route A does not allow the selective synthesis of primary amines. In
fact, the primary imine intermediates are unstable and could self-condense to form
secondary and tertiary imines at the end of the reduction step.l'>?*~? Route B has
the advantage that it leads to primary amines via a generally stable oxime intermedi-
ate. This step has been studied in aqueous,?*?® organicl!”-!%21-23-27 o hydro-
organic!'>1%1%22 media in the presence of hydroxylammonium chloride and a basic
reagent. The oximes can then be reduced either by catalytic hydrogenation''>*”! or
with the aid of metal hydrides such as LiAIH4,*!*"?* NaBH;(CN),*” or NaBH,.*!
These reducing agents allow us to selectively obtain the corresponding amines. How-
ever, these procedures are not convenient for large-scale synthesis because of the
moisture-sensitive nature of most of the metal hydrides and the high cost of the cat-
alysts. Alternatively, primary amines can be selectively synthesized by the reduction
of the corresponding oximes using low-cost zinc metal in the presence of acetic
acid???2*%% or formic acid.”> However, these acids are very good solvents, making
the separation of the amines from the reaction medium very difficult, if not impossible.

Herein, we report a new, efficient, one-pot route to primary amines. It is
carried out in ethanol at room temperature under atmospheric pressure.

RESULTS AND DISCUSSION

The synthesis of primary amines from the corresponding aldehydes was carried
out in two successive steps. In the first step, the aldehyde function was converted to
oxime according to the reaction shown in Scheme 2.

R H,NOH.HCI (1.2 equiv.) R

=0 =N

H EtOH, rt. H bH
R : aryl or alkyl

Scheme 2. Formation of oxime from aldehyde.
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Scheme 3. Formation of primary amine from oxime.

Table 1. Synthesis of primary amines from aldehydes”

Time Yield”
Aldehyde (min) Intermediate Product (%)
B 35 BN M %
o~ 0 I}J o)
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“Step 1: aldehyde: 1 (equi), H,NOH - HCI: 1.2 (equiv), T: rt, solvent: EtOH. Step 2: Zn: 2.5 (equiv), HCI:
4 (equiv), T: rt, Solvent: EtOH, t: 15 min.
bIsolated yields.



The second step involves the successive reduction of the nonisolated oxime into
the corresponding primary amine according to the reaction shown in Scheme 3.

A series of aromatic and aliphatic primary amines have been thus synthesized.
It is worth noting that the primary amines have been obtained in excellent yields. The
results are given in Table 1.

Furthermore, the significance of this method is that it does not require a base
to generate the oxime intermediate, in contrast to the methods reported in the litera-
ture. Thus, the amount of acid introduced to the reaction medium in the reduction
step of the oxime is considerably limited. We also found that the solvent used has an
influence on the progress of the reaction: The use of ethanol as solvent not only
enables the total conversion but also reduces the reaction time as well as the amount
of reagents used in the reduction step.

The analysis of the reaction mixture at the end of the reduction step showed
that the resulting primary amines form a complex with Zn>". This phenomena has
also been observed by Milligan.** The free amines can be separated from the reac-
tion mixture by treatment with ammonia in the presence of sodium hydroxide. The
complex can be dissociated by NHj to release the primary amines. The amines can
thus be obtained by simple extraction with an organic solvent. No further treatment
is required to purify the amine. This method can be applied to the synthesis of
relatively small quantities of product.

CONCLUSION

This convenient method, which is used at room temperature and under atmos-
pheric pressure, should prove useful for the synthesis of a variety of primary amines
from carbonyl compounds of various structures.

EXPERIMENTAL

All chemistry reagents were purchased from Acros Organics and Fisher
Chemical. Commercially available starting reagents were used without further puri-
fication. All compounds were analyzed with a Perkin-Elmer Spectrum 100 Universal
attenuated total reflectance-Fourier transform infrared analysis instrument equipped
with a diamond/ZnSe crystal single reflection. The 'H NMR (300 MHz) and
13C NMR (75MHz) spectra were recorded on a Bruker Avance 300 spectrometer
at 25°C using CDCl; as solvent. Elemental microanalyses were performed on an
EA1112 analyzer from CE Instruments.

General Procedure for the Preparation of Amines

A solution of carbonyl (aldehyde) compound (49 mmol, 1 equiv.) and hydroxy-
lammonium chloride (4.1 g, 58.8 mmol, 1.2 equiv.) in ethanol (30 mL) was stirred for
the times given in Table 1. Subsequently, hydrochloric acid (12 M, 16.33 mL, 4 equiv.)
and zinc dust (8 g, 122.5mmol, 2.5 equiv.) slowly were added to the solution and the
mixture was stirred at room temperature for 15 min. A solution of ammonia (30%,
14mL) and sodium hydroxide (6 M, 30mL) was added dropwise to the resulting
slurry, and the mixture was stirred at room temperature for 15min. Then, the



resultant solution was extracted with dichloromethane, dried over anhydrous sodium
sulfate, and filtered. The solvent was removed under vacuum to afford the amines
without further purification in the yields given in Table 1. The purity determined
by NMR was found to be superior to 95%.

Furfurylamine (1c)

IR: 3379 cm™! (N-H); 'H NMR (300 MHz, CDCl;) 8 =1.30 (s, 2H; NH,), 3.62
(s, 2H; CH,), 5.95 (m, 1H; CH), 6.13 (m, 1H; CH), 7.17 (m, 1H; CH) ppm; '*C NMR
(75 MHz, CDCl3) §=39.2, 104.8, 110.0, 141.3, 156.8 ppm. Calculated for CsH,NO:
C, 61.84; H, 7.27; N, 14.42. Found: C, 61.83; H, 7.25; N, 14.45.

Supporting Information

Full experimental details and "H and '*C NMR spectra can be found online in
the Supplementary Material for this article.

ACKNOWLEDGMENTS

The authors acknowledge the Compagnie Industrielle de la Matiere Végétale
(CIMV; www.cimv.fr) and the Ministry of Higher Education, Scientific Research,
and Technology in Tunisia for its financial and technical participation in this work.

REFERENCES

1. Gunanathan, C.; Milstein, D. Selective synthesis of primary amines directly from alcohols
and ammonia. Angew. Chem. Int. Ed. 2008, 47, 8661-8664.

2. Carr, R.; Alexeeva, M.; Dawson, M. J.; Gotor-Fernandez, V.; Humphrey, C. E.; Turner,
N. J. Directed evolution of an amine oxidase for the preparative deracemisation of cyclic
secondary amines. Chem. Bio. Chem. 2005, 6, 637—-639.

3. Aggarwal, N.; Kumar, R.; Dureja, P.; Rawat, D. S. Schiff bases as potential fungicides
and nitrification inhibitors. J. Agric. Food Chem. 2009, 57, 8520-8525.

4. Florey, K. Analytical Profiles of Drug Substances; Elsevier: New Brunswick, 1990; vol. 18;
pp 153-189.

5. Maktouf, L. B.; Ghorbel, 1.; Afli, A.; Abid S.; Gandini, A. Polyimides based on furanic
diamines and aromatic dianhydrides: Synthesis, characterization; and properties. Polym.
Bull. 2011, 67, 1111-1122.

6. Wei, H. L.; Yao, K.; Chu, H. J.; Li, Z. C.; Zhu, J.; Shen, Y. M.; Zhao, Z. X.; Feng, Y. L.
Click synthesis of the thermo- and pH-sensitive hydrogels containing b-cyclodextrins. J.
Mater. Sci. 2012, 47, 332-340.

7. Larock, R. C. A. Comprehensive Organic Transformations; VCH: New York, 1989, pp. 397-410.

8. Priyanka, S.; Sharma, V.; Kumar, R. Rh(I)-S-triazene complexes as effective homo-
geneous recyclable catalyst for catalytic hydrogenation of organic substrates. Oriental
J. Chem. 2010, 26, 629-636.

9. Islam, M.; Mondal, P.; Roy, A. S.; Tuhina, K. Catalytic hydrogenation of various organic
substrates using a reusable polymer-anchored palladium(II) complex. J. Mater. Sci. 2010,
45, 2484-2493.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Iwasa, N.; Yoshikawa, M.; Arai, M. Selective hydrogenation of acetonitrile to ethylamine
using palladium-based alloy catalysts. Phys. Chem. Chem. Phys. 2002, 4, 5414-5420.
Ogo, S.; Makihara, N.; Watanabe, Y. pH-Dependent transfer hydrogenation of
water-soluble carbonyl compounds with [Cp*Ir'™(H,0);]*" (Cp* =n’-CsMes) as a
catalyst precursor and HCOONa as a hydrogen donor in water. Organometallics 1999,
18, 5470-5474.

Gross, T.; Seayad, A. M.; Ahmad, M.; Beller, M. Synthesis of primary amines: First homo-
geneously catalyzed reductive amination with ammonia. Org. Lett. 2002, 4, 2055-2058.
Yraola, F.; Garcia-Vicente, S.; Fernandez-Recio, J.; Albericio, F.; Zorzano, A.; Marti, L.;
Royo, M. New efficient substrates for semicarbazide-sensitive amine oxidase/VAP-1
enzyme: Analysis by SARs and computational docking. J. Med. Chem. 2006, 49, 6197—
6208.

Lai, R. Y.; Lee, C. L; Liu, S. T. One-pot reductive amination of aldehydes catalyzed by a
hydrio-iridium(IIl) complex in aqueous medium. Tetrahedron 2008, 64, 1213-1217.
Deshmukh, S. R. Improved process for the manufacture of furfurylamine. IN Patent
1999B000396 19990525, 2000.

Moreno, E.; Plano, D.; Lamberto, 1.; Font, M.; Encio, I.; Palop, J. A.; Sanmartin, C.
Sulfur and selenium derivatives of quinazoline and pyrido[2,3-d]pyrimidine: Synthesis
and study of their potential cytotoxic activity in vitro. Euro. J. Med. Chem. 2012, 47,
283-298.

Parchinsky, V.; Shumsky, A.; Krasavin, M. Microwave-assisted aza-Prins reaction, part 1:
Facile preparation of natural-like 3-azabicyclo[3.3.1]non-6-enes. Tetrahedron Lett. 2011,
52, 7157-7160.

Chen, J. B.; Liu, E. M.; Chern, T. R.; Yang, C. W.; Lin, C. I.; Huang, N. K.; Lin, Y. L.;
Chern, Y.; Lin, J. H.; Fang, J. M. Design and synthesis of novel dual-action compounds
targeting the adenosine A5 receptor and adenosine transporter for neuroprotection.
Chem. MedChem. 2011, 6, 1390-1400.

Yueh-Hsiung, K.; Kae-Shyang, S. A new method for preparation of 3-hydroxypyridines
from furfurylamines by photooxygenation. Chem. Pharm. Bull. 1991, 39, 181-183.

Liu, Y.; Cai, B.; Li, Y.; Song, H.; Huang, R.; Wang, Q. Synthesis, crystal structure, and
biological activities of 2-cyanoacrylates containing furan or tetrahydrofuran moieties.
J. Agric. Food Chem. 2007, 55, 3011-3017.

Yano, J. K.; Denton, T. T.; Cerny, M. A.; Zhang, X.; Johnson, E. F.; Cashman, J. R.
Synthetic inhibitors of cytochrome P-450 2A6: Inhibitory activity, difference spectra,
mechanism of inhibition, and protein cocrystallization. J. Med. Chem. 2006, 49,
6987-7001.

Banville, J.; Beaulieu, F.; Grant-Young, K. A.; Li, C.; Matiskella, J. D.; Naidu, B. N;
Ouellet, C.; Pendri, A.; Remillard, R.; Ueda, Y.; Walker, M. A.; Yin, T. T. Inhibiters
de l'intégrase du VIH. WO Patent 2008002959, 2008.

Park, K.; Gopalsamy, A.; Aplasca, A.; Ellingboe, J. W.; Xu, W.; Zhang, Y.; Levin, J. L.
Synthesis and activity of tryptophan sulfonamide derivatives as novel non-hydroxamate
TNF-« converting enzyme (TACE) inhibitors. Bioorg. Med. Chem. 2009, 17, 3857-3865.
Chang, H. F.; Holmquist, C.; Phillips, E.; Piser, T.; Simpson, T.; Urbanek, R.; Woods, J.;
Xiong, H. Ligand 101 du récepteur d’acétylcholine nicotinique. WO Patent 2007133155,
2007.

Ntai, I.; Phelan, V. V.; Bachmann, B. O. Phosphonopeptide K-26 biosynthetic intermedi-
ates in Astrosporangium hypotensionis. Chem. Commun. 2006, 4518-4520.

Booker, J. E. M.; Boto, A.; Churchill, G. H.; Green, C. P.; Ling, M.; Meck, G.;
Prabhakaran, J.; Sinclair, D.; Blake, A. J.; Pattenden, G. Approaches to the quaternary
stereocentre and to the heterocyclic core in diazonamide A using the Heck reaction and
related coupling reactions. Org. Biomol. Chem. 2006, 4, 4193-4205.



27.

28.

29.

30.

31.

32.

33.

34.

Eatherton, A. J.; Giblin, G. M. P.; Hall, A.; Johnson, M. R.; Le, J.; Mitchell, W. L.;
Myatt, J.; Norton, D.; Price, H. S. Dérivés de pyridazine pour inhiber la production de
peptide béta amyloide. WO Patent 2009050227, 2009.

Hara, T.; Kayama, Y.; Mori, T.; Itoh, K.; Fujimori, H.; Sunami, T.; Hashimoto, Y.;
Ishimoto, S. Synthesis and biological action of 6-P henyl-4H-pyrrolo[1,2- a][1,4]benzodia-
zepine. J. Med. Chem. 1978, 21, 263-268.

Ayusawa, T.; Mori, S.; Aoki, T.; Hamana, R. Process for producing furfurylamine and/or
tetrahydrofurfurylamine. US Patent 4598159, 1986.

Denton, T. T.; Zhang, X.; Cashman, J. R. 5-Substituted, 6-substituted, and unsubstituted
3-heteroaromatic pyridine analogues of nicotine as selective inhibitors of cytochrome
P-450 2A6. J. Med. Chem. 2005, 48, 224-239.

Kise, N.; Ueda, N. Reductive coupling of aromatic oxims and azines to 1,2-diamines using
Zn-MsOH or Zn-TiCly. Tetrahedron Lett. 2001, 42, 2365-2368.

Lehmann, F.; Scobie, M. Rapid and convenient microwave-assisted synthesis of primary
amines via reductive N-alkylation of methyl carbamate with aldehydes. Synthesis. 2008,
11, 1679-1681.

Trost, B. M.; Fleming, 1. Comprehensive Organic Synthesis: Selectivity, Strategy, and
Efficiency in Modern Organic Chemistry; Pergamon Press: Oxford, 1991; p. 27.

Milligan, B. Vulcanisation accelerator—activator complexes, part 1: Amine complexes of
zinc and cadmium benzothiazole-2-thiolate. J. Chem. Soc. (A) 1966, 34-35.





