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The development of safe and efficient methods for the 
synthesis of amines remains an important theme in 
chemical research because of their versatile utility' as 
intermediates for drugs and agrochemicals. The NJV- 
dimethylalkylamines are particularly useful as ligands2 
in homogeneous catalytic asymmetric transformations, 
as a modifies for reversed phase chromatography, and 
as a buffer4 in sequential analysis of proteins and 
peptides, among other  application^.^ 

Methods de~c r ibed~ ,~  for the synthesis of NJV-dimethy- 
lated tertiary amines via alkylation of dimethylamine 
oRen involve a large excess of the gaseous dimethylamine 
and elevated temperatures and pressures. Nevertheless, 
most of these procedures suffer from limitations. In 
particular, yields are o h n  low, quaternary salt formation 
is common, and secondary alkylating agents cannot be 
used due to the preponderant elimination reactions. 
Moreover, many of these methods are described in the 
patent7 literature. 

The most direct approach for the preparation of amines 
is the reductive aminations of an appropriate aldehyde 
or ketone. Among the hydride reagents, sodium cyano- 
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borohydridesb (Borch reduction) has been widely used to 
effect this transformation in recent years. However, the 
use of expensive and highly toxic sodium cyanoborohy- 
dride that risks the presence of residual cyanide in the 
product and workup system makes this procedure less 
attractive to industry. In the context of our interest in 
the development of a mild and environmentally benign 
reagent system for reductive amination reactions, we 
have recently reportedg on an efficient method for the 
reductive aminations of formaldehyde using the combi- 
nation of titanium(IV) isopropoxide and sodium borohy- 
dride. In a complementary study, this paper presents 
results for the application of this reagent system in the 
reductive alkylations of dimethylamine with a variety of 
aldehydes and ketones at  room temperature, an effective 
and very simple method for the preparation of N,N- 
dimethylalkylamines of high purity in good to  excellent 
yields. A mixture of dimethylamine hydrochloride and 
triethylamine has been employed as the convenient 
source of nucleophilic dimethylamine; this requires no 
special handling techniques and obviates the use of 
excess gaseous amine. The reaction is possibly proceed- 
ing through the formation of (dimethy1amino)carbinola- 
totitanium(IV) complex 1 (Scheme 1) as an intermediatelo 
which is reduced either directly or via transient iminium 
species. Titanium(IV1 isopropoxide has been utilized9J1 
as a mild reagent compatible with a vareity of potentially 
acid-sensitive functional groups such as acetals, lactams, 
acetonide, and tert-butyldimethylsilyl ethers. 

The method is general for a variety of aldehydes and 
ketones containing potentially acid-sensitive functional 
groups. The molar ratio of the reactants and the results 

(7) For recent patents, see: (a) Inagaki, T.; Tomidokoro, S. Japanese 
Pat. J P  61 225 152; Chem. Abstr. 1987,106,15588813. (b) Tomidokoro, 
S.; Sato, M.; Saiga, D. Japanese Pat. J P  62 06 542; Chem. Abstr. 1987, 
107, 133896~.  (c) Clarke, R. T. Eur. Pat. Appl. EP 233 317; U.S Pat. 
Appl. US 825 124; Chem. Abstr. 1987, 107, 178645e. (d) Okabe, K.; 
Yokota, Y.; Matsutani, K.; Imanaka, T. Japanese Pat. J P  62 10 047; 
Chem. Abstr. 1987, 107, 39186t. (e) Mueller, H.; Fischer, R.; Jeschek, 
G.; Schoenleben, W. Ger. Pat. DE 3 539 266; Chem. Abstr. 1987,107, 
3918711. (0 Laine, R. M.; Shvo, Y. US Pat. US 4 645 837; Chem. Abstr. 
1987, 107, 39184r. (g) Wolfgang, F.; Wolfgang, K.; Wolfgang, S. Ger. 
Pat. DE 3 422 610; Chem. Abstr. 1987,107, 22955~. (h) Grace, W. R. 
Japanese Pat. J P  62 51 646; Chem. Abstr. 1987, 107, 96321g. 
(i) Tanaka, S. Japanese Pat. JP6379855;  Chem. Abstr. 1988, 
109, 230267r. (j) Imaki, S.; Takuma, Y.; Oishi, M. Japanese Pat. 
JP 62 252 746; Chem. Abstr. 1988, 109, 37505~.  (k) Koyama, M.; 
Takahashi, F. Japanese Pat. JP 62 164 653; Chem. Abstr. 1988, 109, 
230264n. (1) Takahata, K.; Murashige, T.; Hirokane, S. Japanese Pat. 
J P  63 91 351; Chem. Abstr. 1989, 110, 235142. (m) Weber, J.; Kamp- 
mann, D.; Kniep, C. Eur. Pat. Appl. EP 297 295; Ger. Pat. Appl. 
DE 3 72 539; Chem. Abstr. 1989, 110, 195129~. (n) Dobson, I. D.; 
Williams, P. S.; Lidy, W. Eur. Pat. Appl. EP 284 398; GB Pat. Appl. 
87/ 7304; Chem. Abstr. 1989, 110, 57112g. (0) Fong, P. Y.; Smith, K. 
R.; Sauer, J. D. Eur. Pat. Appl. EP 281417; U.S. Pat. Appl. 22 095; 
Chem. Abstr. 1989, 110, 40803k. (p) Kliger, G. A,; Lesik, 0. A.; 
Ryzhikov, V. P.; Marchevskaya, E. V.; Glebov, L. S.; Loktev, S. M. 
USSR Pat. SU 1558 891; Chem. Abstr. 1990, 113, 211364m. (q) 
Bowman, R. G.; Tegen, M. H.; Hartwell, G. E. US .  Pat. US 4 922 024; 
Chem. Abstr. 1990,113,97033a. (r) Kisgergely, L.; Patonai, J.; Bozzay, 
H. Z.; Antal, J.; Budai, L.; Voros, I. Hungarian Pat. HU 49 111; Chem. 
Abstr. 1990,113, 970322. ( 8 )  Jun, A.; Abe, Y.; Sotodani, K.; Okabe, K. 
Japanese Pat. J P  02 202 854; Chem. Abstr. 1991, 114, 234072. (t) 
Kampmann, D.; Kniep, C.; Lukas, R. Ger. Pat. DE 3 942 793; Chem. 
Abstr. 1991,115, 135511f. (u) Fong, P. K.; Smith, K. R.; Sauer, J .  D. 
U.S. Pat. US 4 994 620; Chem. Abstr. 1991, 115, 8082s. 

(8) For reviews on reductive aminations, see: (a) Emerson, W. S. 
Org. React. (N. Y.) 1948, 4,  174. (b) Lane, C. F. Synthesis 1975, 135. 
(c) Hutchins, R. 0.; Natale, N. Org. Prep. Proced. Int. 1979, 11, 201. 
(d) Gribble, G. W.; Nutaitis, C. F. Ibid. 1985, 17, 317. (e) Whitesell, J. 
K. In Comprehensive Organic Synthesis; Trost, B. M., Fleming, I., Eds.; 
Pergamon Press: Oxford, 1991; Vol. 6, p 724. 

(9) Bhattacharyya, S. Tetrahedron Lett. 1994, 35, 2401. 
(10) Takahashi, H.; Tsubuki, T.; Higashiyama, K. Synthesis 1988, 

238 and references cited therein. 
(11) Seebach, D.; Hungerbuhler, E.; Naef, R.; Schnurrenberger, P.; 

Weidmann, B.; Zueger, M. Synthesis 1982, 138. 

0 1995 American Chemical Society 



Notes J. Org. Chem., Vol. 60, No. 15, 1995 4929 

notable advantages of the present method. Moreover, 
because of the compatibility of titanium(IV) isopropoxide 
with a variety of acid-sensitive functional groups includ- 
ing acetonide, tert-butyldimethylsilyl ether, and acetals, 
this method can provide an easy access to analogous 
tertiary amines bearing functionalized pendant chains. 

In conclusion, a general, preparatively efficient, simple 
method for the preparation of N,N-dimethylalkylamines 
is identified via reductive alkylation of dimethylamine 
using titanium(lV) isopropoxide and sodium borohydride. 
A mixture of dimethylamine hydrochloride and triethy- 
lamine is utilized as the convenient source of nucleophilic 
dimethylamine. Because of the safe and cheap reagents 
with no special handling techniques, the simple workup, 
the high yields of pure products, and the compatibility 
of this one-pot procedure with a number of normally 
reducible and acid-sensitive functional groups, this method 
should find wide application. Further studies addressing 
the possibility of asymmetric induction in the reductive 
aminations of unsymmetrical ketones using chirally 
modified titanium(lV) isopropoxide as well as application 
of this methodology in the synthesis of primary and 
secondary amines are currently underway. 

Scheme 1 

~ NaBHI, 25%. 10 h I 
R, R2CH N Me2 

Table 1. Reductive Alkylations of Dimethylamine Using 
Titanium(W Isopropoxide and Sodium Borohydride 

entry substratea product amineb yield' (56) 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 

14 

15 

PhCHO 
p-ClCsH4CHO 
P-AcHNC~H~CHO 
p-NCCsH4CHO 

m-OzNCsH4CHO 
PhCHzCHO 
PhCHzCHzCHO 

m-MeOCsH4CHO 

Me(CH2)&HO 
PhCHzCHzCOMe 
m-MeOCsH&OMe oo 
e o  

0 0  

E t O O C N D O  

PhCHZNMez 
p-ClCsH&HzNMez 
p-AcHNCsH4CHzNMez 
p-NCCeH4CHzNMez 
m-MeOCsH4CHzNMez 
m-OzNCsH4CHzNMez 
PhCHzCHzNMez 
PhCH2CH2CH2NMez 
Me(CH2)sNMez 
PhCHzCHzCH(Me)NMez 
m-MeOCsH4CH(Me)NMez 

(NM% 

E t O O C N D N M e ,  

95 
96 
96 
95 
95 
95 
90 
90 
88 
75 
72 
75 

75 

77 

75 

a The commercially available starting aldehydes and ketones 
were distilled or recrystallized from appropriate solvent mixtures; 
the ratio of carbonyl comp0unds:dimethylamine hydrochloride: 
triethylamine:titanium(IV) isopropoxide:sodium borohydride is 
1:2:2:2:1.5. Spectroscopic and physical constant data for all 
compounds were in complete agreement with the literature data 
or authentic samples. e Yields are of isolated and purified products. 

obtained for a representative group of carbonyl com- 
pounds are collated in Table 1. 

As shown in Table 1, aldehydes reacted faster than the 
ketones and pure products were isolated by simple 
dichloromethane extraction. The ketones are reductively 
aminated in good yields; the crude N,N-dimethylamines 
were purified by simple extraction with hydrochloric acid 
(2 N). It is noteworthy that, in contrast to the existing 
acid-mediated reductive amination protocols, the present 
method is equally applicable to enolizable carbonyl 
compounds. The reaction conditions were found to be 
tolerant to  a number of groups such as chloro, methoxy, 
cyano, nitro, amido, and urethane. The neutral non- 
aqueous reaction conditions, the simple workup, the 
isolation of pure products without chromatograhic sepa- 
rations, the high yields, and the use of safe and cheap 
reagents with no special handling techniques are the 

Experimental Section 
General Procedure for the Reductive Alkylations of 

Dimethylamine. To a solution of triethylamine (2.0 g, 20 
mmol) in absolute ethanol (15 mL) were added dimethylamine 
hydrochloride (1.65 g, 20 mmol), titanium(IV) isopropoxide (5.7 
g, 20 mmol), and the  starting aldehyde (10 mmol). The reaction 
mixture was stirred a t  25 "C for 9-10 h, after which sodium 
borohydride (0.57 g, 15 mmol) was added and the  resulting 
mixture was further stirred for a period of 10 h at 25 "C. The 
reaction was then quenched by pouring the mixture into aqueous 
ammonia (30 mL, 2 N), the  resulting inorganic precipitate was 
filtered and washed with dichloromethane (50 mL), and the  
aqueous filtrate was extracted with dichloromethane (50 mL x 
2). The combined dichloromethane extracts were dried (KzC03) 
and concentrated in vacuo to  give pure N,N-dimethylated 
tertiary amines. 

For the  reductive aminations of ketones, the same general 
procedure was used except tha t  the  combined dichloromethane 
extracts were next extracted with hydrochloric acid (10 mL x 
2, 2 N) to seperate the  neutral materials. The acidic aqueous 
solution was made alkaline (pH = 10) by slow addition of (lo%, 
w/v) aqueous NaOH and extracted with dichloromethane (50 mL 
x 2). The combined organic extracts were dried (KzC03) and 
concentrated in vacuo to give pure N,N-dimethylated alky- 
lamines. 

Supporting Information Available: lH NMR spectra  of 
entries 1-6, 8, 10, 11, 14, and  15 (11 pages). This mater ia l  is  
contained in  libraries on microfiche, immediately follows th i s  
article i n  t h e  microfilm version of t h e  journal, and can be 
ordered from t h e  ACS; see any  current  masthead page for 
ordering information. 
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