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Di- and tripeptides have recently attracted much attention mainly because 

some of them have been found to have the physiological activity 1) and these 

oligopeptides also have served as starting units for synthesis of polypeptides 

by the fragment condensation method. 2) 

We therefore aimed at the asymmetric syntheses 3,4) of these peptides in such 

a manner that a L-amino acid acted as a chiral reagent and also constituted a part 

of the product. Our methodology depends on the principles that i) ring inter- 

mediates that involve the chiral centers (old and new) are preferred and ii) the 

protective group which does not form any part of the final product should be 

avoided. In order to apply these principles to the syntheses of L-prolyl-u-L- 

amino-acylglycinamide (I; R~=cH~coNH~)[~.~. L-prolyl-L-leucyl-glycinamidel 5) from 

L-proline as a chiral starting material, the asymmetric syntheses of L-prolyl-a- 

amino acid derivatives were examined initially and described in this paper. 

For ring formation, the N-N bonded intermediates (II, III, IV) were chosen 

as depicted below. 
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The reactions of N-amino-L-proline , which was easily obtainable from L- 

proline, with cyclohexylisonitrile (R2=cyclohexyl in VII) and an aldehyde (VI) 

(acetaldehyde, phenylacetaldehyde, isobutyroaldehyde or isovaleroaldehyde) were 

carried outh6) Thus a mixture of equivalent amount of reagents in methanol 

was stirred at 20' or.60° until disappearance of the starting material and 

after removal of the solvent, the products were purified by preparative chromato- 

graphy with silicagel and benzene-ethyl acetate (2:l) as an eluting solvent. 

The chemical yields, optical rotations and optical yields of these products 

fIIa-dl thus obtained were listed in Table I. 

Table I 1) RICH0 (VI) (1 eq) 

2) C6H11-NdC (VII) (1 eq) 
in methanol at 20°c 

-1 
-- 1 

-bONH-CsHj 1 
(II-A) (II-B) 

RI 

II 
# e@-. . 

Time(hr) Chem.Yield(%ja) [c]~'(MeOH) ,$~,_~'~~~~d"~,, 

IIa g :-"-CH2- 136 (421c) 66 (75) +96.7O (+95-l 32 (26) 

IIb ,";:FH- 136 (23) 74 (80) +116" (+114") 35 (29) 

IIc QI-CHz- 144 (23) 55 (62) +134? (+131*1 27 (26) 

IId CHs- 215 (23) 41 (34) +123“ (+118“) 22 (18) 

a) Isolated yield. b) Measured by nmr analysis. c) Numbers in parentheses 
were the results obtained at 60°. d) [(L-D)-(L-L)/(cDt+(L-L)] x 100. 

The asymmetric inductions were observed in 22-35% optical yield when reacted 

at ZOO. It is of practical interest that in the nuclear magnetic resonance (nmr) 

spectra of these products (IIa-d) two doublet signals referred to L-L and L-D 

isomeric amide hydrogens are observed. 
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Characteristic NMR Spectra of Products (IIa-d)a'b' 

Amide NH in CDC13 Amide NH in CClb 
R1 in II Signal 1 (6) Signal 2 (6) Signal 1 (6) Signal 2 (6) 

CP "'CH-CHz- (IIa) CH3' 6.68 7.58 6.14 7.14 

CH3,CH- 
CH3, (I-Ib) 6.42 7.41 6.94 7.19 

$J-CHz- (IIC) 6.56 7.52 6.70 (-7.14jC) 

CH3- (IId) 6.72 7.52 7.04 7.23 
- 

a) Measured at the concentration of 30 mg of II in 0.3 ml of solvent. b) Re- 
corded on 100 MHz spectrometer using TMS as an internal reference. c) Aromatic 
protons appeared at the same position. 

We assigned the lower nmr signals (6 7.41-7.58 in CDC13) to the amide 

hydrogen of L-L isomers (IIa-d-A), since these structures were more suitable 

for intramolecular hydrogen bonding formation between -CONH- and +N as shown in 

Fig. I. To confirm this consideration, the chemical correlation of the newly 

formed chiral center was carried out as follows. Repeated purification of IIa 

by preparative TLC with silicagel and benzene-ethyl acetate (2:l) as an eluting 

solvent gave two cdmpounds (IIa-A 7,8) and IIa-B7") ) that showed the doublet 

signals of the amide hydrogen centered at 6 7.58 and 6.68 in CDCl3 respectively. 

Infrared spectrum of IIa-A also indicated the presence of the strong intra- 

molecular hydrogen bonding. Subsequent catalytic hydrogenation of IIa-A and 

IIa-B followed by benzyloxycarbonylation with benzyloxycarbonyl chloride and 

pyridine gave in high yields N-cyclohexyl-L-prolyl-L-leucylamide (la-A 7,101) 

and N-cyclohexyl-L-prolyl-D-leucylamide (Ia-B 7,ll) ) respectively, which were 

identified with each authentic sample synthesized from L-proline and L-leucine 

or D-leucine derivatives. 
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Direct conversion of IIa-d into Ia-d also showed the predominant formation 

of L-D isomers in these asymmetric syntheses. 

Although further improvements for optical yield were needed, this asymmetric 

synthesis offered a new synthetic method for L-D-dipeptides and also for determi- 

nation of the absolute configuration of new a-amino acids involved in peptides. 

Some applications along this line are under active investigation. 
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Melanocyte release inhibitory hormone and also an important fragment used for 

oxytocin. 

Reaction of B-amino acid with aldehyde and isonitrile has been reported. 

Cf. I. Ugi; "Isonitrile Chemistry" Academic Press (1971) p. 145. 

Satisfactory a) analytical and b) spectroscopic data were obtained for this 

substance. 

M-p. 85-87", [u]~'+78.1° (c=1.426; MeOH). 

Oil, [a]~0+1050, (c=1.042, MeOH). 

10) M.p. 130-132', [a]~0-81.20(c=4.17, MeOH). 

11) M-p. 143-145O, [a]h0+16.90 (c=2.134, MeOH). 


