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Abstract - An efficient sequence proposed here for new 
synthesis of 1-substituted 2.5-dicyanopyrrolidines involves 

the simple Strecker reaction using succinaldehyde bis-sodium 

bisulfite and primary amines. Furthermore, their sterea- 

chemistry is also discussed. 

1 
@-Aminonitriles are known to be synthetically equivalent to a carbonyl group and 

2 
important as masked acyl anion eqiivalents in the formation of C-C bonds . In our 

previous a preparative method and the synthetic utility of l-substi- 

tuted 2.6-dicyanopiperidines. which are cyclic o-aminonitriles, were reported. 

However, there is no information an a synthetic method of 1-substituted 2.5-di- 

cyanopyrrolidines. We report here that the Strecker reaction of succinaldehyde 

with primary alkyl- and arylamines affords 1-substituted 2.5-dicyanopyrralidines 

(3) in good yields, and we also discuss their stereochemistry. 
An efficient sequence for the synthesis of 3 involves the simple reactions 

depicted in Scheme 1: Firstly, preparation of succinaldehyde bis-sodium bisulfite 

dihydrate (2) was carried out by heating a mixture of 2.5-dimethaxytetrahydrofuran 

(11 and saturated sodium hydrogensulfite solution according to the reported pro- 

5 cedure . Isolated 2 (34.4 g, 0.1 moll was then dissolved in 850 ml of water, and 
an aqueous solution (150 ml) of the primary alkyl- or arylamine (0.1 moll was 

added dropwise to the solution at room temperature under a nitrogen atmosphere. 

After the solution was stirred for 3 days, addition of powdery potassium cyanide 

(13.0 9, 0.2 moll gave 3 in good yield. For example, when methylamine was used, 

1-methyl-2.5-dicyanopyrrolidine (35) was obtained in 86% yield. Likewise, when 



Scheme 1. Preparation of 2.5-dicyanopyrrolidines 3 
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ethyl-, n-butyl-, benzyl-, phenethyl-, and isopropylamines and aniline were used, 

l-ethyl-, l-n-butyl-, l-benzyl-, l-phenethyl-, l-isopropyl-, and l-phenyl-2.5- 

dicyanopyrrolidines (32. 35. 3d. 33, 39, and 35, respectively) were obtained in -- 
56.98% yields. p-Anisidine which is solid and insoluble in water, was used after 

being transformed to water-soluble p-methoxyanilinium hydrogensulfite, but the 

formation of l-(p-methoxypheny1)-2,5-dicyanopyrrolidi (3:) was resulted in low 

yield (26%). 

Except the case of 33 which gave only the cis-isomer, all pyrrolidines 3 obtained 
in this work were prepared as a mixture of cis- and trans-isomers. The configu- 

6 rational determination of five-membered rings are generally difficult . However, 

the configurations of the two cyano groups of each stereoisomer were examined by 

'H-NMR (270 MHz1 ( s e e  Table). Pyrrolidines such as 3b. 3c. 3d, and 3 e .  which -- -- -- -- 
posse55 a methylene group directly situated on the nitrogen atom, provide defini- 

tive evidence for the difference between cis and trans structural assignments: 

The methylene protons of the cis-isomer are equivalent, while those of the trans- 

isomer are unequivalent, giving rise to two distinguishable doublets with a coupl- 

ing constant of about 13 Hz, which is similar to that reported for trans-l- 

3 benzyl-2.6-dicyanopiperidine . For example, in the case of 3d, the equivalent -- 
benzyl methylene protons of the cis-form give a singlet at 6 4.08, and the unequi- 

valent those of the trans-form give two doublets with a coupling constant of 13 
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Hz at 6 3.66 and 4.30. The similar conclusions are drawn for 2b, &, and 3% (see 

Table). On the other hand, cis- and trans-isomers of 3a. 3f. 39, and 3h. which -- -- -- -- 
do not directly have the methylene group on the nitrogen atom, are not plainly 

1 
distinguishable by means of H-NMR. 

Melting points of cis-isomers of 3b. 3d. and 3e, except oily 3c. as well as those -- -- -- -- 
3 of 1-substituted 2.6-dicyanopiperidines are higher than those of the trans- 

isomer. Additionally, Rf values of cis-isomers are lower than those of trans- 

isomers. These results are a general observation for all 2.5-dicyanopyrrolidines 

7 
3. While Jones and co-workers reported that cis-2.5-dialkylpyrrolidines eluted - 
first by GC/MS, we suggest that these stereoisomers should not be treated by 

thermal means such as GC because of easy transformation from cis- to trans-pyrro- 

lidines under conditions as described later. 

When 'H-NMR spectra look at from the viewpoint of the above proposal, it is gene- 

rally observed for all pyrrolidines ?, except 3f and 3h which have a magnetically -- -- 
anisotropic benzene ring situated an the nitrogen atom, that cis-methine protons 

a to the CN group are less shielded from 0.04 to 0.23 ppm than trans-methine 

protons. On the other hand, the cis-methine protons of 3f and 32 are more 
shielded, from 0.02 to 0.05 ppm by the magnetic anisotropic effect of the benzene 

ring, than trans-methine protons. Thus, the apparent unification for differences 

between cis- and trans-isomers was recognized in the physical properties of melt- 

ing points, Rf values, and 'H-NMR spectra. 

Scheme 2. Thermal interconversion 
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AS the typical examples of thermal interconversion, cis 3b. 3c, and 3h were con- -- -- -- 
verted to these trans-forms. Thus, when cis-% in ethanol was heated at 70 'C for 

1 h, partial conversion of cis-% to trans-?.& was confirmed by isolating both cis- 

(58%) and trans-isomers (42%). When the heating time was 2 h, the conversion 

ratio of cis : trans was 41% : 59%. Likewise, cis-3c was converted to 42% or 59% -- 
of trans-% by heating for 1 h or 2 h, respectively. Similar~, cis-?h_, obtained 

as a single isomer, was converted to 36% or 38% of trans-% by heating 4 h or 8 

h, respectively. These results suggest that cis-pyrrolidines 3 are obtained under - 
kinetically-controlled conditions, and thermodynamically converted to trans-pyrro- 

lidines. The facility for the conversion is presumed to be due to the substituent 

(Rl on the nitrogen atom. 

The work using 3 as synthetic reagents for the preparation of useful diketones and 

pyrrolidine alkaloids is in progress, and will be reported in the near future. 

EXPERIMENTAL 

All melting points were taken on a Yanagimoto micro-melting point apparatus and 

are uncorrected. 'H-NMR spectra were determined with a JEOL FX-270 (270 MHz) 

nuclear magnetic resonance spectrometer using tetramethylsilane as an internal 

standard. IR spectra were taken with Diffraction Grating Infrared (Japan Spectro- 

scopic Co. LTD., A-202 type). Microanalytical data were obtained using a Perkin- 

Elmer 240 elemental analyzer. 

(11 Preparation of succinaldehyde bis-sodim bisulfite dihydrate (2). Preparation - 
of 2 was carried out by a procedure reported in the literature5 as follows: To - 
an aqueous solution (800 ml) of saturated sodium hydrogensulfite was added 2.5- 

dimethaxytetrahydrofuran (40.0 g, 0.303 moll, and then the solution was heated at 

100 ' C  for 11 h and cooled to room temperature. After adding ethanol (80 mll to 

the solution, large amounts of white precipitate appeared. The precipitate was 

collected, and recrystallized from 60% ethanol. Thus. 2 was obtained in up to 90% - 
yield. 

(11) Preparation of 1-substituted 2.5-dicyanopyrrolidines (31. Synthesis of l-n- - 
butyl-2.5-dicyanopyrrolidine (3c) as the typical example: To a solution of 2 -- - 
(34.4 g, 0.1 moll dissolved in water (850 ml) was added dropwise an aqueous solu- 

tion (150 ml) of n-butylamine (7.3 g, 0.1 moll under a nitrogen atmosphere. After 

the solution was stirred for 3 days at room temperature, powdery potassium cyanide 



Product 3 - 
R 

ield 

i% 1 

Molecular 

~ o r m u l a r ~  

trans:74 oil =I= 
cis: 58 75.6 * 
cis: 89 113 8 

1114:; 

a. Satisfactory microanalyses obtained; C10.30, Hf0.19, Nt0.25. 
b. Measured by N.M.R. spectrometer (270 MHz). 
c. Obtained after equilibration experiment (see Text). 



(13.0 g. 0.2 mol) was added, and stirred for 6 h, then the solution was extracted 

with dichloromethane (4 x 150 ml). The combined organic layers were dried over 

anhydrous sodium sulfate. After removal of solvent, the residua was purified by 

means of column chromatography (silica gel/benzene). Trans-3c (6.43 g) eluted -- 
first, and cis-?: 16.33 g) later. Thus, 33 was obtained in 72% yield (12.76 g). 
Other pyrrolidines 3 were also obtained in a similar manner. These physical pro- - 
perties are summarized in Table. 
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