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Summary: Unsymmetrical secondary and tertiary amines are prepared 

by the ruthenium catalyzed reaction of alcohols with amines, which 

provides highly efficient method for synthesis of cyclic amines. 

Catalytic preparation of unsymmetrical amines are important in view of synthetic means and 

industrial process.' The reaction of alcohols with amines are interesting in comparison with 

the reductive alkylation of amines with aldehydes.* Using palladium catalysts, reactive 

benzylic and allylic alcohols are readily activated and react with amines respectively to give 

unsymmetrical amines. We now wish to report an efficient process for synthesis of un- 

symmetrical secondary and tertiary amines from the reaction of aliphatic alcohols with amines, 

using homogeneous RuH2(PPh3)4 catalyst, as depicted in eq. 1.4 The reaction is particularly 

convenient for synthesis of cyclic nitrogen compounds. 

RlR*CHOH + R3R4NH 
RuH*(PP~~)~ 

+ R1R2CHNR3R4 (1) 

Recently RuC12(PPh3)3 and RhH(PPh3)4 catalysts were used for the activation of aliphatic 

alcohols!'6'7 The most crucial point for these reactions is the exclusive activation of alcohols 

with catalysts. RuC12(PPh3)3 is, for example, a good catalyst for the activatiF of both 

alcohols and amines, resulting in the competitive formation of secondary amines by amine 

exchange reactions.' 
6 

Therefore, RuC12(PPh3)3 is utilized for the alkylation of less reactive 

arylamines. Alternatively, the alkylation reaction by RhH(PPh3)4 catalyst has been carried 

out in the presence of large excess of alcohols. 
7 

It is found that RuH2(PPh3)4 is highly selective for the activation of alcohols. When an 

equimolar mixture of an alcohol and an amine was allowed to react at 155",' an unsymmetrical 

amine is formed highly selectively. The representative examples of the present reaction were 

summarized in Table 1. 

General procedure is as follows. Into a 10 mL stainless steel autoclave, fitted with a 

magnetic stirring bar was placed 0.144 g of RuH2(PPh3)4 (0.125 mmol). The autoclave was evacu- 

ated and fitted with argon alternately on vacuum line. An alcohol (5.0 mnol) and an amine (5.0 

mmol) were introduced with cylinge technique, and the mixture was allowed to react with 

stirring at 155-180" for 6 to 24 hr. After cooling, the reaction mixture was subjected to 

bulb-to-bulb distillation. 
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Intramolecular versions of the present reaction provide highly efficient methods for 

synthesis of cyclic amines. Treatment of 4-amino-1-butanol with RuH2(PPh3)4 catalyst gave 

pyrrolidine in 79% yield. Although tertiary cyclic amines (4) can be prepared by either the 

reaction of diols (3) with primary amines or that of aminoalcohols (1) with alcohols, the 

former reaction is more convenient,since the yield is higher as is apparent from the results 

shown in Table 2, and the starting diol is more accessible. Noticeable is the high yield of 

the seven-membered N-hexylhexamethyleneimine derived from 1,6-hexanediol. This is due to the 

template effect of ruthenium to bidentate diols. 

Further applications of the synthesis of cyclic amines confirm the efficiency of the 

present reaction. Tetrahydroisoquinolines can be readily prepared. Thus, treatment of 

2-(2-hydroxyethyl)benzyl alcohol (_5), which are readily prepared from benzyl alcohol," with 

benzylamine gave N-benzyltetrahydroisoquinoline (6) in 62% isolated yield (preparative TLC), 

while the treatment of 5 with 3,4-dimethoxyphenylethylamine gave tetrahydroisoquinoline (7) in 

42% isolated yield. 
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Table 1. Ruthenium Catalyzed Reaction of Alcohols with Amines 

Alcohol Amine 
Secondary Amine a 

Temp.("C) Time(hr) Conv.(%) Yield(%) 

C7H150H 'gH17RH2 
180 6 94 98 

ClDH210H C8H17NH2 
180 6 70 74 

0 0 CH20H 
C8H17NH2 

180 6 84 75 

CH3CH2CH(CH3)0H 
C6H13NH2 

160 24 88 52 

a Determined by glc analysis using internal standards. 
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(Ru) 

6 

0CH3 

Moreover, the cyclization reaction can be utilized for construction of indole derivatives. 

Thus, treatment of 1,5-pentanediol with tryptamine gave N-[Z-(3_indolyl)ethyl]piperidine " (8) 

(33%) along with 1,2,3,4,6,7,l2,12b-octahydroindolo[2,3-a]quinolizineg (9)(6 %). 

Table 2. Ruthenium Catalyzed Reaction of Diols and Aminoalcohols 

HO(CH2),,X 

24 

24 

20 

24 

24 

4 

CH2CH2NH2 

'gH130H 

C6H13NH2 

C 24 

18 

6 

24 

100 

55 

70 

71 

50 

58 

88 

100 

75 

100 

79(R=H) 

58 

4oc 

89(R=H) 

80 

83 

92 

41(R=~) 

21d 

87 

a (condition A), HO(CH2),NH2 (5 mmol), (condition B) a mixture of HO(CH2),NH2 (5 mmol) and 

ROH (5 mmol), (condition C)a mixture of HO(CH2)nOH (5 mmol) and RNH2 (5 mnol) was allowed to 

react in the presence of 2.5 mol% of RuH2(PPh3)4 catalyst at 155" under argon. b 
Determined 

by glc analysis using internal standards. ’ N-Hexylpyrrole (20%) was obtained. 
d 

Hexamethyl- 

eneimine (53%) was obtained, 
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The reaction can be rationalized by assuming equations (Z)-(4), where (Ru) stands for the 

active low valent ruthenium catalyst. The key intermediate is the iminium ion complex. 
12 

R'R'CHOH + (Ru) _ (R1R2C=0)(R~)(H2) (2) 

(RlR*C=O)(Ru)(H ) + +34 
2 

R3R4NH 7 (R'R*C=NR R )(Ru)(H-) + H20 (3) 

(R'R*C=NR R )(Ru)(H-) 
+34 

R1R2CHNR3R4 + (Ru) (4) 
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