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Ethanolic tetracarbonylhydridoferrate solution combined with glutaraldehyde is a very effective reducing agent for the 
selective transformation of two moles of secondary amines into pentane-1, 5-diamine derivatives. A variety of aliphatic 
secondary amines react with ferrate-glutaraldehyde at room temperature under carbon monoxide to give the corresponding 
N-substituted pentane-1, 5-diamines in reasonable yields,

Introduction

Several workers have shown that tetracarbonylhydrido
ferrate acts as an efficient and highly selective reducing reagent 
with respect to various functional groups.1"6 In the preceding 
paper, we reported that a large variety of both aliphatic and 
aromatic amines react with glutaraldehyde in the presence 
of tetracarbonylhydridoferrate at room temperature under 
carbon monoxide to give the corresponding N-alkyl- and 
N-arylpiperidines in good to excellent yields.7 Recently, we 
received a private communication from Laine that catalytic 
reactions of pyridine with carbon monoxide and water in the 
presence of Rh6 (CO)36 gave dipiperidinopentane-1, 5-diami
ne and its derivatives.8 In this connection, the present study 
deals with the reaction of secondary amines and the ferrate
glutaraldehyde system under carbon monoxide atmosphere.

Experimental

Potassium tetracarbonylhydridoferrate was prepared accor
ding to the method described in previous papers.9-10 11 
mmol of the ferrate was used in each run. Pentacarbonyliron, 
secondary amines, aqueous glutaraldehyde (45 %), and the 

other compounds employed were all commercial products, 
which have been proved to be sufficiently pure by glpc.

A typical reaction procedure is as follows: to the ethanolic 
tetracarbonylhydridoferrate derived from pentacarbonyliron 
(11 mmol) and IM-potassium hydroxide (33 mmol) solution 
in ethanol, added a secondary amine (22 mmol) using a syr
inge and then aqueous glutaraldehyde (11 mmol) was added 
dropwise for 5-10 min. The mixture was stirred vigorously 
for 24h at room temperature under carbon monoxide. The 
amount of carbon monoxide absorbed was determined volu- 
metically. The reaction was readily monitored by glpc analy
sis of the secondary amine consumed. When most of the se
condary amine was consumed, the reaction was stopped and 
potassium carbonate formed in the reaction was filtered off. 
The filtrate was concentrated to 3-5 m/ on a rotary evapora
tor and/ or with Kugelrohr apparatus. The products were 
purified by careful vacuum distillation, and submitted to 
analysis.

The glpc analysis was made using internal standards; a colu
mn (0.3 cm©, 3m) packed with 10 % Versamid on Neopak 
60-80 mesh was used. The measurements of the H-NMR and 
IR spectra were made on a JEOL Model 3H 60-NMR spec-
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trometer and a Varian HR 220MHz NMR spectrometer 
using tetramethylsilane 0) as an internal standard and CDCl3 
as the solvent unless stated otherwise and on a 215 Hitachi 
spectrophotometer respectively. Elemental analyses were 
formed at Microanalytical Center in Kyoto University.

Res미 ts and Discussion

A variety of secondary amines except N-arylamines react
ed with 사le ferrateglutaraldehyde mixture at room tempera
ture for 24h under an atmosphere of carbon monoxide to 
give the corresponding N-substituted pentane-1, 5-diamine 
derivatives in reasonable yields. The results obtained are 
summarized in Table 1 and 2. As shown in Table 1, the yields 
of pentane-1, 5-diamine derivatives were not obtained more 
than 45 % in all cases. These moderate yields seem to be 
partly due to the formation of intra아able organic iron com-

TABLE 1: Preparation of Pentane-1,5-Diamines from Glutar
aldehyde Using KHFe (CO)4a

rroduc t

1.0

1 u加 1.0

i—\
2 0 NH 1.6

\_/

3 Dh 1.1

0如2）我二〉

9 PhNHCHj 0.1

1.6

1.0

1.8

1.5

|~~^(ch2)5n I
Bu2N(CH2)5NBu2

Tarry material

No reaction

Yield(紅

30

40

35

40

45

25

plexes11. XH-NMR spectra and elemental analyses of these 
products are shown in Table 2.

The reaction proceeds smoothyl with absorption of carbon 
monoxide and with a color change from pale-yellow to 
dark-red. Stirring was continued until carbon monoxide 
absorption ceased. The reaction of glutaraldehyde with ali
phatic secondary amines such as piperidine, morpholine, 
pyrrolidine, and N-methylpiperazine in the presence of 
tetracarbonylhydridoferrate gives easily the corresponding 
products, N,Nz-dipiperidino-, N,N? -dimorpholino-, N,N'- 
dipyrrolidino-, and N^N'-dimethylpiperazinopentane-l, 5- 
diamines, respectively, but in the cases of N-substituted 
anilines with alkyl and phenyl substituents, no reaction 
occurred and absorption of carbon monoxide was not obser
ved. These reaction seem to be strongly affected by the basi
city of secondary amines.12 In general, the yields of products 
were highly promoted with an absorption of carbon monoxi
de, the absorption, however, was not always proportional to 
the yields. For example, in the reaction of 1, 2, 3, 6-tetrahy- 
dropyridine (Exp. No. 7) with glutaraldehyde an intractable 
tarry product mixture was obtained. In the case of piperazine 
(Exp. No. 8) a tarry material was also obtained.

OCH(CH2)3CHO+2 界〉NH

CO, H2O R1\n req、n 
女百頑同 TR2/N—(CH2)5—N

-EtOH

/Ri
\R2

r. t., 24h
These reactions seem to proceed via immonium salts and 

enamine intermediates and appear to involve reactions of 
carbon-nitrogen double bonds.13 The mechanism of the reac
tion is not completely known yet at the present time. The 
results obtained here show that this method can be applied 
for aliphatic secondary amines but not for aromatic secondary 
amines under the reaction conditions employed.

10 Ph2NH 0.0
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