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Summary - Esters and amides of a series of N-acylprolyl-containing dipeptides were synthesized. It was established that these 
substances possess the ability to prevent memory decline evoked by maximal electroshock (MES) in a passive avoidance step-through 
paradigm. These N-acylprolyl-containing dipeptides were designed as analogues of pyroglutamyl-containing dipeptides, which we 
previously demonstrated to be highly active nootropics. Among the structure-activity relationships explored were the effect of N-acyl- 
substitution size, C-terminal substitution and the nature of the second amino acid. The optimal N-acyl moiety was the N-phenyl-acetyl 
group, while the optimal C-terminal substitution-esters were those derived from low alkyl alcohols. The optimal second amino acids 
were Asp, Glu or their fragments, Gly, B-Ala, GABA. Compound 1 (TV-phenylacetylprolylglycine ethyl ester) was selected for further 
evalution in impaired cognitive functions. It was supposed that esters and unsubstituted amides of N-acylprolylglycines are prodrugs, 
which convert to the bioactive cycle-(Pro-Gly) by virtue of enzymatic or chemical lability within the body. 

N-acylprolyl-containing dipeptide / cycle-(Pro-Gly) / antiamnesic activity / structure-activity relationship 

Introduction 

Many substances are known to affect intellectual 
performance in humans. Nootropic agents constitute 
a promising group of these substances. Piracetam, 
N-carbamidomethylpyrrolidone-2, is the prototype of 
nootropic drugs and exerts a direct effect on integra- 
tive brain functions [ 1, 21. 

Several years ago [3-51 we reported the design and 
synthesis of a novel class of potent, specific, orally 
effective peptide analogues of the nonpeptide nootro- 
pit piracetam. The peptide design was based on the 
conception that piracetam is an exogenic analogue of 
an endogenous neuropeptide with an N-terminal pyro- 
glutamic acid. Designed compounds are pyroglutamyl- 
containing dipeptide amides (PGDA). PGDA were 
shown to be able to facilitate the performance in the 
passive avoidance test and to possess cognition- 
enhancing activity in other paradigms [6-91. These 
substances (and piracetam) demonstrated neither 
stimulating nor depressing influences on locomotor 
activity. The threshold doses of PGDA are O.Ol- 
1 w/kg (ip>. 

Piracetam PGDA N-Acetylprolinamide 

Surprisingly, the most active peptide analogue of 
piracetam, pyroglutamylasparaginamide [4], stereo- 
selective on both amino acids, was identical to the 
N-end terminal sequence of the major arginine-vaso- 
pressin metabolite [pGlu4, Cyt6]AVP (4-9); the latter 
was more potent and more efficacious on memory 
than the parent hormone [lo]. Previously, we also 
reported on the cognition-activating effects of N- 
acetylprolinamide [ 111. Only the (S)-(-)-enantiomer 
of this compound improved the performance in a 
passive avoidance test in rats. We considered N-acyl- 
prolinamide as the topological analogue of the pyro- 
glutamylamide moiety of PGDA, because both 
compounds have the pyrrolidine ring system and the 
carbonyl oxygen closely located. 

We have continued the search for new agents with 
cognitive enhancing properties. In this paper, we 
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describe the chemistry and structure-activity relation- 
ships of amides and esters of N-acylprolyl-containing 
dipeptide series. These compounds were designed 
as topological analogues of pyroglutamyl-containing 
dipeptides, where the pyroglutamic acid moiety was 
replaced by N-acylprolyl moiety. 

Chemistry 

The general synthetic route for N-acylprolyl-contain- 
ing dipeptides is presented in scheme 1. N-Acyl- 
prolines were prepared by acylation of proline with 
the appropriate acyl chloride according to Schotten- 
Baumann [ 121. A coupling of N-acylproline with the 
corresponding amino acid ester was carried out by the 
mixed anhydride method using isobutyl chlorformate 
in the presence of N-methylmorpholine. Amides of 
dipeptides were synthesized by aminolyses of the 
corresponding esters. N-Phenylacetylprolylglycine 
was obtained by alkaline hydrolysis of the ethyl ester 
of N-phenylacetylprolylglycine. Diastereomeric purity 
of the prepared compounds was not below 98% 
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3: R’ = (CH,),CHCH,; X = Gly, R2 = Et 
4: R’ = CHJCH,),; X = Gly; R* = Et 
5: R’ = I-Ad; X = Gly; R2 = Et 
6: R’ = C,H,(CH,),; X = Gly; R2 = Et 
7: R’ = CH,C,H,; X = Gly; R3 = Et 
9: R’ = CH2C6H5; X = Gly; R3 = Et 
11: Rl = CH2C6H5; X = &Ala; R2 = Et 
12: Rl = NH&H,; X = P-Ala; R* = H 
13: RI = CH2C6H5; X = GABA; R* = Me 
14: Rl = CH,C,H,; X = AspOEt; R2 = Et 
15: RI = CH,C&; X = Asn; R3 = H 
16: R’ = CH,C,H5; X = GluOEt; R2 = Et 
17: RI = CH,C,H,; X = Ala; R2 = Et 
18: Rl = CH,C,H,; X = Leu; R3 = H 
19: Rl = CH2C,H5; X = Val; R* = Et 

Scheme 1. Synthetic scheme to compounds 1-9 and 11-19. 

according to IH-NMR spectroscopy. An observed 
doubling of signals is caused by a presence of rota- 
mers about the N-acylproline amide bond (Gudasheva 
TA et al, manuscript in preparation). 

Pharmacology 

The testing of new chemical entities for potential 
cognition-activation properties was conducted in two 
phases. At first, all the compounds were evaluated for 
their ability to prevent the memory decline evoked by 
maximal electroshock (MES) in the passive avoidance 
step-through paradigm in rats [ 13- 151. 

Each substance was administered intraperitoneally 
15 min before passive avoidance training. Amnesia 
was produced by transcomeal MES immediately after 
the learning session. The retention was tested 24 h 
later by measuring the latency time for the entering 
the dark compartment. 

In the second phase, all compounds were studied 
from the point of view of their gross effects on the 
central nervous system (CNS) [ 161. The aim of this 
stage was to exclude any substance having psychosti- 
mulant or depressant activity, as well as anticonvul- 
sive activity. These data could be of great importance 
for revealing false non-cognitive effects of the 
substances tested. 

All the compounds tested were inactive in gross 
behavioral tests. Most of the substances under study 
were able to reverse MES-induced amnesia. 

Results and discussion 

Amnesia reversal. Structure-activity relationships (SAR) 

Since compound 1 was regarded as the basis for 
further studies, its active dose range was evaluated 
(see table I). This compound was found to be active 
over a broad, ten-fold dose range (0.1-1.0 m&g ip or 
per OS). The activity of other compounds was examin- 
ed at a dosage equal to the minimal effective dose 
of compound 1. The compounds tested have demons- 
trated significant antiamnesic effects at a dose of 
0.1 mg/kg (ip). N-Acylprolyl-containing dipeptides 
studied were found to be 2000 times more active than 
piracetam (its minimal effective dose was 200 mg/kg 
ip) and showed similar activity when compared to 
nootropic pyroglutamyl-containing dipeptides 133. N- 
Phenylacetyl-L-prolylglycine was considered as the 
main model compound because its glycine residue 
can be regarded as a fragment of the 20 naturally 
occurring mammalian amino acids. 

Table II illustrates in detail N-substitution effects 
and table III that of C-substitution. Table IV describes 



Table I. Dose-response relationship for N-phenylacetyl-L- 
prolylglycine ethyl ester (compound 1) and piracetam 
revealed in passive avoidance test with MES amnesia. 

Compound Dose (mglkg) Antiamnesic activity 
per QS (%) 

1 0.1 19.0* 
0.3 19.0** 
0.4 23 .O* 
::75 43.0* 

52.0* 
0.9 36.0* 
1.0 10.0* 
1.2 16.0 

Piracetam 200 -1.8 
300 22.9* 
400 59.1* 
800 X3.0* 

1000 29.7 

*P < 0.05; **P < 0.01 in comparison with controls (U test). 
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the effect of glycine substitution by other amino acids. 
Several SAR generalizations can be made from the 
data contained in tables II-IV: 
1. The size and the nature of the N-acyl moiety have a 
minor influence on the activity of compounds in series 
of N-acylprolylglycine esters. 
2. The nature of C-substitution has a strong influencq 
on N-phenylacetylprolylglycine’s antiamnesic activity. 
Esters (compounds 1, 11 and 14) and unsubstituted 
amides (compounds 7, 12 and 15) were found to be 
active, whereas substituted amides and peptides with a 
free C-terminal carboxyl group failed to be active 
(compounds S-10). 
3. Gly can be replaced by hydroph lit amino acids 
such as Asp, Glu or their fragments, cr -Ala and GABA 
accordingly (compounds 11-16) without loss of acti- 
vity. Gly substitution by hydrophobic amino acids Val, 
Leu and even Ala results in activity loss. 

The SAR generalizations 1 and 2 can probably be 
explained as follows. The nature and size of the 
N-acyl substituent in the series of IV-acylprolylglycines 
studied failed to affect the antiamnesic activity, and 

Table II. Antiamnesic activity of N-acylprolylglycine ethyl esters RICO-Pro-Gly-OC,H,. 

Compound RI Latency (s) (mean f SEM) Antiamnesic activity 
(%)(dose 0.1 mgikg, 

ip) 
Control Amnesia .Amnesia + substance 

1 C,H,CH, 110.5 * 18.4 25.7 + 7.2 69.1 + 14.9 51” 

2 C&L 95.2 f 19.2 3.2 f 0.4 37.0 * 19.7 37** 

3 (CH&CHCHz 138.0 f 13.3 78.0 f 7.8 95.0 + 5.1 28” 
4 CHKHJ, 134.1 AI 17.2 60.3 k 11.2 76.1 f 4.9 20* 
5 l-Ad 111.0 f 18.3 19.0 f 8.4 32.0 f 2.4 13* 
6 GH,tCJM, lll.Of 18.3 19.0 f 1.8 31.0 + 1.8 13* 

*P < 0.05; **P < 0.01 in comparison with controls (U test). 

Table III. Antiamnesic activity of N-phenylacetylprolylglycine derivatives C,H,CH,CO-Pro-Gly-R*. 

Compound R’ Latency (s) (mean f SEM) Antiamnesic activity 
(%)(dose 0.1 mglkg, 

ip, 
Control Amnesia Amnesia + substance 

1 O&H, 110.5 f 18.4 25.7 f 7.2 69.1 f: 14.9 51” 
7 NJ& 153.0 f 13.5 19.0 f 8.7 103.5 zk 17.4 62** 
8 OH 103.0 f 17.3 52.0 + 11.2 57.0 + 12.4 9.8 

9 NHCH, 103.0 f 17.3 52.0 f 11.2 48.0 k 12.8 -7.6 
10 NP=,), 111.2 f 19.3 19.0 f 7.3 1.2 f 15.8 23.0 

*P < 0.05; **P < 0.01 in comparison with controls (U test). 
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Table IV. Antiamnesic activity of esters and amides of N-phenylacetyl-L-proline-containing dipeptides C,H,CH,-Pro-X. 

Compound R’ Latency (s) (mean + SEM) Antiamnesic activity 
(%)(dos;j).l mglkg, 

Control Amnesia Amnesia + substance 

11 P-Ala-OEt 
12 P-Ala-NH2 
13 GABA-OMe 
14 Asp(OEt), 
15 Asn-NH, 
16 Glu(OEt), 
17 Ala-OEt 
18 Leu-NH, 
19 Val-OEt 

114.0 + 8.8 
98.0 f  18.2 

139.1 f  19.3 
153.9 f  17.6 
133.0 f  24.0 
lll.O+ 18.3 
139.0 f  19.3 
139.0 f  19.3 
133.0 -t 24.0 

15.8 f  8.8 
26.0 & 11.2 
60.3 f  13.4 
41.0 f  13.2 
28.4 + 7.4 
19.0 f  8.4 
60.3 f  13.4 
60.3 f  13.4 
40.8 + 15.1 

76.9 f  18.3 
64.2 k 15.5 
96.0 + 16.3 
80.0 f  14.4 
55.2 f  11.1 
73.1 f  13.8 
69.0 f  14.3 
66.0 f  13.7 
40.2 f  14.6 

66** 
52” 
45” 
34” 
26* 
58* 
10 

8 
0 

*P < 0.05; **P < 0.01 in comparison with controls (U test). 

this could be due to its probable enzymatic elimi- 
nation in vivo followed by the formation of an active 
metabolite. Since the C-end terminal substituents 
(esters and unsubstituted amides) that enhance the 
antiamnesic activity are exactly those known to 
promote spontaneous dipeptide cyclization, we can 
propose diketopiperazine, cycle-(Pro-Gly) as an active 
product of C-substituted N-acylprolylglycine metabo- 
lism. 

These speculations are supported by the data of our 
additional experiments, which revealed the ability of 
cycle-(Pro-Gly) to demonstrate antiamnesic activity: 
AA 76% (P < 0.05) with dosage of 0.1 mg/kg ip and 
AA 65% (P < 0.05) with a dosage of 1 mgfkg ip. 
Moreover, this diketopiperazine was detected in rat 
brain following the systemic administration of the 
compound 1 by high-performance liquid chromatogra- 
phic and gas chromatographic methods (SS Boyko et 
al, unpublished results). 

The antiamnesic activity observed by cyclo-(Pro- 
Gly) could be attributed to the fact that this compound 
is the covalent analogue of the proposed endogenous 
nootropic dipeptide pGlu-Asn-NH, in its pseudocyclic 
conformation [ 171. The relationship between the 
active N-acylprolyl-containing dipeptides and this 
dipeptide is well demonstrated by SAR generalization 
3. Furthermore, only those dipeptides were found 
active (see table IV), which had the second amino acid 
analogous (Asn, Asp) or homologous (Glu) to that of 
pGIu-Asn-NH, or its fragment (Gly, P-Ala, GABA). 

Conclusion 

We have developed a new series of nootropic dipep- 
tides, namely N-acylprolyl-containing dipeptides. The 

SAR generalizations in this series make it possible to 
assume that esters and unsubstituted amides of N- 
acyprolylglycines can be considered as prodrugs, 
which convert to the bioactive bicyclic compound 
cycle-(Pro-Gly) in the body. One of the most active, 
and moreover technologically available compounds, 
N-phenylacetylprolylglycine ethyl ester was selected 
for further development as a potential nootropic drug. 

Experimental protocols 

Chemist? 

Melting points were determined on a capillary melting point 
apparatus in open capillary tubes and are uncorrected. The 
structures of the compounds were confirmed by elemental 
analysis an IH NMR spectroscopy. Microanalyses agree with 
calculated values within +0.4%. The NMR spectra were ob- 
tained on a Bruker AC-250 spectrometer using tetramethylsi- 
lane as an internal standard. The NMR peaks were designated 
as follows: s, singlet; d, doublet; t, triplet; q, quartet; m, multi- 
plet; br, broad. Specific optical rotations were recorded by 
automatic polarimeter Perkin-Elmer 241. The TLC was carried 
out on Merck silica-gel 60 F 254 plates and spots were deve- 
loped in an iodine chamber or under UV light. For column 
chromatography, E Merck silica-gel 60, 230-400 mesh was 
used. If  required, all solvents used in reaction mixtures were 
dried and purified by standard procedures. 

General synthetic method for the preparation of N-acylprolines 
To a well-stirred solution of L-proline (50.0 mmol) in 2 N 
NaOH (25 mL), 4 N NaOH (12.5 mL) and acyl chloride 
(50.0 mmol) were added dropwise from different drop funnels 
at a temperature of about &4 “C. The reaction mixture was 
stirred for 15 min, extracted by ethylacetate to remove chloride 
and then it was acidified with 1 N HCl to pH = 3. The resulting 
oil was extracted with chloroform, the combined organic 
extract was dried (MgSO,) and the solvent was removed. Ether 
was added to the residue and the mixture was allowed to stand 
overnight at 0 “C. The crystals of N-acylproline were separated. 
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N-Phenylacety-L-pro&e. Yield 86%, mp 150-152 “C, [cI]$) 
40.5” (c 0.4, DMF), R, 0.66 (dioxane/water 9:l). NMR 
(CDCl,): 6 1.77-2.29 (m, CPH2-CrH, Pro, 4H); 3.40-3.63 (m, 
@H, Pro, 2H); 3.73 and 3.63 (each s, CH,-C,H,, 2H); 4.56 and 
4.38 (each dd, CaH Pro, 1H); 7.18-7.39 (m, CH,-CflH,, 5H); 
11.38 (br s, COOH, 1H). Lit data [lS]: mp 150-152 “C, [o~]bs 
68.9” (c 1.0, MeOH). 

N-Benzoyk-proline. Yield 60%, mp 152-154 “C, [a];0 
-68.5’ (c 0.4, CHCI,), R, 0.13 (chloroform/methanol 9: 1). Anal 
(CIZH13N03) C, H, ‘N. Lit data [19]: mp 154-156 “C[ [a]i5 
-97” (c 1.0, MeOH). 

N-Isovaleryl-L-pro&e. Yield 43%, oil, R, 0.66 (n-C&OH/ 
AcOH/H20 5:1:2), [alzO -129.3” (c 0.6, CDC&). NMR 
(CDCI,): 6 0.99 (4 CH&,),, 6H); 2.25 (m, CH(CH,),, 1H); 
2.3 Cm, CH,CH(CH,),, 2H); 1.9-2.65 (m, CPH,-CrH,, 4H); 
3.45-3.70 (m, @H, Pro, 2H); 8.85 (br s, COOH, 1H). Anal 
(C,oH,,NOd C, H, N. 

N-Caproykproline. Yield 54%, oil, R, 0.66 (n-C&OH/ 
AcOH/H,O 5:1:2), [a];O -298.0’ (c 0.47, DMF). Anal (C,,H,,- 
NOJ C, H, N. 

N-(1 -Adamantoyl)-L-pro&e. Yield 76%, mp 172-174 ‘C (from 
EtOH), Rf 0.78 (dioxane/water 9:1), R, 0.87 (n-C,H,OH/ 
AcOH/H,O 4: 1: I), [algo -111.46” (c 0.8, CHC&). NMR 
(DMSO-d,): 6 1.62-2.0 (m, Ad, 15H), 1.8-2.1 (m, under Ad, 
CPH,-CYH, Pro, 4H); 3.73 (br s, CPH, Pro, 2H); 4.21 (br s, CaH 
Pro, 1H); 12.16 (br s, COOH, 1H). Anal (C,,H2sN03) C, H, N. 

N-Phenyl-n-butyryl-L-proline. Yield 8 l%, oil, R, 0.50 (n- 
C,H90H/AcOH/H,0 5:1:2), [cz];O -27.0” (c 0.4, DMF). NMR 
(DMSO-d,): 6 1.62.2 (m, CPH,-CrH, Pro, 4H); 1.81, 2.26, 
2.59 (m and two t (CH,),, 6H); 3.3-3.54 (m, C&H, Pro, 2H); 
4.22 and 4.40 (each dd, CEH Pro, 1H); 7.05-7.33 (m, Ar, 5H); 
COOH in the solvent blind peak. Anal (C,,H,,NO,) C, H, N. 

General synthetic method for the preparation of N-acylprolyl- 
dipeptide esters 
To a well-stirred solution of N-acylproline (10.0 mmol) in 
100 mL chloroform (or ethylacetate), N-methylmorpholine 
(10.0 mmol) and isobutyl chloroformate (10.0 mmol) were 
added dropwise at -10 “C. After 2 min a mixture of hydrochlo- 
ride alkyl ester of amino acid (10.0 mmol) and N-methyl- 
morpholine (10.0 mmol) in dimethylformamide (20 mL) were 
added. Stirring continued for 30 min at -5 “C and then the 
mixture was allowed to stand for 1 h. The precipitate was sepa- 
rated by filtration, the solvent was evaporated in vacua, the 
residue was dissolved in chloroform and washed with 5% 
solution of NaHC03, water, 1 N HCl, water, dried with 
Na2S04. After filtration the solvent was evaporated to dryness. 
To the residue was added ether and the resulting crystals of 
ester were separated, or the residue was purified by column 
chromatography using chloroform and the mixture chloro- 
form/ethanol as eluent. 

N-Phenylacetyl-L-prolylglycine ethyl ester I. Yield 54%, mp 
96-97 “C, [a120 -120” (C 0.4, CHCl,), Rf 0.80 (dioxane/water, 
9:l). NMR (D&O-d,): 6 1.18 (t, CH3CH20, 55% 5H); 1.17 (t, 
CH,CH,O, 45% 3H); 1.65-2.35 (m, C!PH,-C/H, Pro, 4H); 
3.2-3.4 (m, C&HP Pro, 2H); 3.40 (s, CH,-C,H,, 45% 2H); 3.67 
(s, W&H,, 55% 2H); 3.80 (d, CaH, Gly, J = 5.9 Hz, 55% 
2H); 3.86 (d, J = 5.9 Hz, CnHZ Gly, 45% 2H); 4.08 (q, CH,- 
C&-O, 55% 2H); 4.09 (q, CH,-CH,-0, 45% 2H); 4.32 (dd, 
CaH Pro, 55% 1H); 4.48 (dd, CaH Pro, 45% IH); 7.1-7.6 (m, 

CH,-C&s); 8.29 (t, J = 5.9 Hz, NH Gly, 55% 1H); 8.63 (t, 
J = 5.9 Hz, NH Gly, 45% 1H). Anal (C,,H,,N20,) C, H, N. 

N-Benzoyk-prolylglycine ethyl ester 2. Yield 76%, mp 
63-65 “C (after triturating with ether), [cx]i” -148.0’ (c 0.4, 
CHCl,), Rf 0.71 (chloroform/methanol 9: 1). NMR (DMSO-d& 
6 1.18 and 1.09 (each t, CH,CH,O, 3H); 1.73-2.28 (m, Cl& 
CvHz Pro, 4H); 3.3-3.4 (m, @Hz Pro, 2H); 3.60, 3.74 and 3.85 
(two dd and d, CaH, Gly, 2H); 4.10 and 4.13 (each q, 
CH3CH20, 2H); 4.47 and 4.48 (each dd, CaH Pro, IH); 
7.33-7.62 (m, C,Hs, 5H); 8.36 and 8.40 (each t, NH, 1H). Anal 
GhJWV C, H, N. 

N-isovaleryl-L-prolylglycine ethyl ester 3. Yield 49%, oil 
(column chromatography, CHCl,), R, 0.55 (chloroform/metha- 
nol 9: l), [a]~0 -113.4” (c 0.3, CHCl,). NMR (CDC&); 6 0.99 
(d, J = 5.97 Hz, CH(CH,),, 6H); 2.22 (m, CNMe,, 1H); 1,27 (t, 
J = 7.16 Hz, OCH,CH,, 3H); 4.18 (q, OCH,CH,, 2H); 
1.75-2.60 (m, CPH2-CrH2 Pro, 4H); 3.35-3.70 (m, CH2 Pro, 
2H); 3.96 and 4.02 (each dd, CaH2 Gly, 2H), 3.85-4.10 (m, 
CHZCHMe2, 2H); 6.50 and 7.59 (each t, NH Gly, 1H). Anal 
(WLWJ C, H> N. 

N-Caproyl-L-prolylglycine ethyl ester 4. Yield 54%, oil 
(column chromatography, CHCl,), R, 0.8 (dioxane/water 9: l), 
[o]s” -216” (c 0.2, CHClJ. NMR (DMSO-dc): 6 0.90 and 0.91 
(each t, CHs(CH&,, 3H); 1.19 (t, CH,CH,O, 3H); 1.27, 1.50 
and 2.25 (two m and t, CH,(CN,),, 8H); 1.70-2.20 (m, CPH2- 
CyHz Pro, 4H); 3.35-3.50 (m, CSH, Pro, 2H), 3.78 and 3.82 
(each d, C”H, Gly, 2H); 4.08 (q, CH,CN,O, 2H); 4.30 and 4.36 
(each dd, CaH Pro, 1H); 8.15 and 8.36 (each t, NH Gly, 1H). 
Anal (C,5H26N204) C, H, N. 

N-(I-AdamantoyI)-L-prolylglycine ethyl ester 5. Yield 8 1% 
mp 177-179 “C (trituration with ether), R, 0.93 (CHCl,/EtOH 
2:3), [alzO -66.2” (c 0.6, CHC&). NMR (DMSO-d,): 6 1.18 (t, 
CH,CH$, 3H); 1.66, 1.88 and 1.96 (m, Ad); 1.6-2.0 (m, 
CPH+‘H, Pro under Ad); 3.23-3.37 (m, C&H, Pro, 2H); 3.72 
and 3.84 (each dd, CaH2 Gly, J = 16.5 Hz, 2H); 4 08 (q, 
CHsCH,O, 2H); 4.9 (br m, CaH Pro, 1H); 8.07 (br t, NH Gly, 
IH). Anal (C,&,N,O,) C, H, N. 

N-Phenyl-n-butyryl-L-prolylglycine ethyl ester 6. Yield 84%, 
oil (column chromatography, CHCI,), Rf 0.87 (dioxane/water 
9:l); R, 0.75 (CHCl,/EtOH 9:1), [o1];O -90.1” (c 0.8, CHClJ. 
NMR (DMSO-d,): 6 1.18 (t, CH,CH,O, 3H); 1.64-2.23 (m, 
CpH#‘H2 Pro, 4H); 1.79, 2.28 and 2.59 (m, two t, (CH,),, 
6H); 3.2-3.6 (m, @H, Pro, 2H); 3.78 and 3.81 (each d, CaH2 
Gly, 2H); 4.07 and 4.09 (each q, CH,CH,O, 2H); 4.33 and 4.36 
(each dd, CaH Pro, 1H); 7.04-7.35 (m, C,H,, 5H); 8.18 and 
8.47 (each t, NH Gly, 1 H). Anal (C,9H26N203) C, H, N. 

N-Phenylacetyl-L-prolyl-galanine ethyl ester Il. Yield 98%, 
oil, R, 0.52 (chloroform/methanol 9:l) [a]z” -92.25’ (c 0.3, 
CHCl3). NMR (DMSO-d,): 8 1.17 (t, CHsCH20, 68% 3H); 
1.13 (t. CHCH,O, 32% 3H); 1.72-2.2 (m, CBH,-CrH2 Pro, 
4H); 2.42 (m, C”H, P-Ala, 2H); 3.2-3.3 (m, CsH, Pro, 2H); 
3.40 (s, CH,-C,H, under HDO, 32% 2H); 3.66 (s, CH,-C,H,, 
68% 2H); 4.01 (q, CH,CH,O, 32%, 2H); 4.04 (q. CH3CH20, 
68% 2H); 4.41 (m, CPH,, B-Ala, 2H);4.21 (dd, CnH Pro, 1H); 
7.1-7.36 (m, CH,-Ca5, 5H); 7.93 (t, NH, 1H). Anal (C1aHz4- 
N@J C, H, N. 

N-Phenylacetyl-L-prolyl-y-aminobutyric acid methyl ester 13. 
Yield 86%, oil (column chromatography, CHCI,), R, 0.65 
(CHClJEtOH 9:l); [a];O -93.6” (c 0.4, CHCl,). NMR 
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(DMSO-d,): 6 1.63 (m, CPH, GABA, 2H); 1.65-2.16 (m, 
CaH,-CYH, Pro, 4H); 2.29 (m, CaH, GABA, 2H); 3.05 (m, 
CYH, GABA, 2H); 3.2-3.4 (m, CSH, Pro under HDO, 2H); 3.58 
(s, OCHJ, 3H), 3.66 (s, CHz-C6HS, 2H); 4.20 and 4.40 (each dd, 
CaH Pro 1H); 7.02-7.37 (m, &H,, 5H); 7.85 and 8.20 (each t, 
NH, 1H). Anal (C,8H24N204) C, H, N. 

IV-Phenylacetyl-L-prolyl-L-glutamic acid diethyl ester 16. 
Yield 69%, oil, Rr 0.9 (dioxane/water 9: l), RI 0.7 (chloroform/ 
methanol 3:1), [a];O -45.9” (c 0.3, CHCl,). NMR (CDCl,): 6 
1.25 and 1.27 (each t, 2 CH,CH20, 6H); 1.76-2.49 (m, CaH,- 
CYH, Pro, CBH,-CTH, Glu, 8H); 3.39-3.92 (m, CsH, Pro, 2H); 
3.71 (s, CH,-C,HS, 2H); 4.13 and 4.19 (each q, 2CH,CH,O, 
4H); 4.35 and 4.49 (each m, CaH Glu, 1H); 4.49 and 4.61 
(each dd, CaH Pro, 1H); 7.15-7.38 (m, C6H5, 5H); 7.30 and 
7.43 (each d, NH Glu, 1H). Anal (C22H30N206) C, H, N. 

N-Phenylacetyl-L-prolyk-asparaginic acid diethyl ester 14. 
Yield 95%, oil (column chromatography, CHClJC,H,OH), I?, 
(CHCl&H,OH 9:3), [a];O -38.0’ (c 2.2, CHCl,), NMR 
(CDC13): 6 1.23 (t, J = 7.16 Hz, CH$H,O, 90% 3H); 1.24 (t, 
J = 7.16 Hz, CH,CH20, 10% 3H); 4.10 (q, CH,C&O, 90% 
2H); 4.12 (q. CH,CH,O, 10% 2H); 1.25 (t, J = 7.14 Hz, 
CH,CH,O, 90% 3H); 1.26 (t. J = 7.14 Hz, CH,CH,O, 10% 
3H); 4.19 (q, CH,CH,O, 90% 2H); 4.21 (q, CH,CH,O, 10% 
2H); 1.75-2.40 (m, CaH,-CW, Pro, 4H); 3.45-3.65 (m, CsH, 
Pro, 2H); 4.58 (dd, J = 8.00 HZ, J = 2.59 Hz, CaH Pro, 1H); 
2.78, 2.95 (dd, AB-part of ABX, JAB = 17.04 Hz, JAx = 
4.88 Hz, &x = 4.88 Hz, CaH, Asp, 90% 2H); 2.80, 3.00 (dd, 
@Hz Asp, 10% 2H); 4.81 (dt, JcirNH = 8.50 Hz, CaH Asp, 1H); 
7.5 (d, J = 8.50 Hz, NH Asp, 90% 1H); 7.03 (d, J = 8.40 Hz, 
NH Asp, 10% 1H); 3.70 (s, CH2C6H5, 2H); 7.20-7.36 (m, 
CsH,, 5H). Anal (C2,H2sNZ06) C, H, N. 

N-Phenylacetyl-L-prolyl-L-alanine ethyl ester 17. Yield 7870, 
mp 48-51 “C (hygroscopic), R, 0.75 (dioxane/water lO:l), 
[cx];~ -99.2” (c 0.6, CHCl,). NMR (DMSO-d,): 8 1.16 (t, CH,- 
CH>O, 3H); 1.27 and 1.31 (each d, CH, Ala, 3H); 1.68-2.27 
(m, CPH2-CrH2 Pro, 4H); 3.46-3.61 (m, CsH, Pro, 2H); 3.65 (s, 
CHP Ar, 2H); 3.984.14 (q, CH,-CH,O, 2H); 4.34 and 4.48 
(each dd, CaH Pro, 1H); 7.12-7.36 (m, C,H5, SH); 8.28 and 
8.60 (each d, NH Ala 1H). Anal (CLBHZ4N204) C, H, N. 

N-Phenylace@-L-prolyl-L-valine eth 1 ester 19. Yield 72%, 
Y- oil, Rr 0.64 (dioxane/water 9:1), [aloo 99.3” (c 0.35, CHC13). 

NMR (CDCl,): 6 0.83 and 0.86 (each d, J = 6.9 Hz, 
CPH(CH,), Val, 90% 6H); 0.89 and 0.95 (each d, J = 6.9 Hz, 
CPH(CH,)2 Val, 10% 6H); 1.27 (t, CH,CH,O, 90% 3H); 1.28 (t, 
CH,CH,O, 10% 3H); 1.7-2.5 (m, CPH,-O’HZ Pro, 4H); 2.25 
(m, CPH Val, 1H); 3.4-3.7 (m, CaH, Pro, 2H): 3.7 (s, CH,Ar, 
2H); 4.18 (q. CH,-CH@, 2H); 4.38 (dd, CaH Val, J = 8.4 Hz, 
J = 4.9 Hz, 90% 1H); 4.54 (dd, CaH Val, J = 8.4 Hz, J = 
4.9 HZ, 10% 1H); 4.68 (dd, CaH Pro, 1H); 7.28 (m, C6HJ, 5H); 
7.44 (d, J = 8.4 Hz, NH Val, 90% 1H); 6.48 (d, J = 8.4 Hz, NH 
Val, 10% 1H). Anal (C,,H,,N,OJ C, H, N. 

General synthetic method for the preparation of N-alcylprolyl- 
dipeptide amides 
A solution of N-acylprolyldipeptide ester (5 mmol) in 50 mL of 
methanol was cooled to 0 ‘C. Amine (dried through NaOH 
trap) was then bubbled through the solution for 30 min. The 
solution was maintained at room temperature overnight. 
Methanol was evaporated in vacua, and the residue was puri- 
fied by recrystallization or column chromatography. 

N-Phenylacetyl-t.-prolylglycine amide 2. Yield 95%, oil 
(column chromatography, CHCl,/MeOH), R, 0.36 (CHClJ 
MeOH 9:1), [a]i” -58.5” (c 0.2, CHCl,3). NMR (CDCl,): 6 
1.8-2.3 (m, CPH,-CrH, Pro, 4H); 3.3-3.5 (m, CaH, Pro, 2H); 
3.55-3.75 (m, CaH2 Gly, 2H); 3.66 (s, CH,C,H,, 2H); 4.07 (dd, 
CaH Pro, 1H); 4.37 (t, NH Gly, 1H); 5.63 and 7.86 (each s, 
NH,, 2H); 7.2-7.4 (m, CsHS, 5H). Anal (Ci5Hu,N303), C, H, N. 

N-Phenylacetyl-L-prolylglycine methylamide 9. Yield 99%, 
mp 185-186 ‘C (ether), Rf 0.66 (dioxane/water 9:1), [a];0 
-36.0” (c 0.5, CHCl,). NMR (DMSO-d,): 8 1.66224 (m, 
CPH2-CrH2 Pro, 4H); 2.49 (d, NHCH,, 85% 3H); 2.60 (d, 
NHCH3, 15% 3H); 3.61 and 3.63 (each m, CaH, Gly, 85% 2H); 
3.52 and 3.62 (each m, CuH, Gly, 15% 2H); 3.40-3.60 (m, 
CPH, Pro, 2H); 3.70 (s, CH&, 85% 2H); 3.68 (s, CH,Ar, 15% 
2H); 4.23 (dd, CaH Pro, 85% 1H); 4.44 (dd, CaH Pro, 15% 
1H); 7.16-7.36 (m, C,H,, 5H); 7.58 (q, NHMe, 85% 1H); 7.84 
(q, NHMe, 15% 1H); 8.38 (t, NH Gly, 85% 1H); 8.36 (t, NH 
Gly 15% 1H). Anal (C16H21N303) C, H, N. 

N-Benzoyk-prolylglycine amide. Yield 76%, mp 64-67 ‘C 
(amorphous), R, 0.34 (CHClJEtOH 9: l), [a]z” -47.9” (c 0.45, 
CHCl,). NMR (DMSO-d,): 6 1.68-2.20 and 2.05, 2.30 (m, 
CfiH&‘H, Pro, 4H); 3.3-3.45 (m, C&H, Pro under HDO, 2H); 
3.53-3.75 (m, CaH2 Gly, 2H); 4.20 and 4.40 (each m, CaH Pro, 
1H); 6.95-7.65 (m, CsHS and NH,, 7H); 8.05 and 8.41 (each t, 
NH Gly. 1H). Anal (C,4H,,N303) C, H, N. 

N-Phenylacetyl-L-prolyl-palanine amide 12. Yield 61%, oil 
(column chromatography, CHCl,), Rf 0.28 (CHClJMeOH 9:1), 
]cc];~ -22.8” (c 0.33, CHCl,). NMR (DMSO-d,): F 1.69-2.2 
(m, CaH2-CrHz Pro, 4H); 2.16-2.31 (m, CaH2 B-Ala, 2H); 
3.1-3.3 (m, @Hz P-Ala, 2H); 3.3-3.45 (m, CsH, Pro, 2H); 3.66 
(s, CH2-C6H5, 2H); 4.22 and 4.41 (each dd, CeH Pro, 1H); 
6.84, 7.36 and 6.86, 7.38 (each br s, NH2, 2H); 7.12-7.35 (m, 
CH,-C6HS, 5H); 7.89 and 8.22 (each t, NH P-Ala, 1H). Anal 
G&JWJ C, H, N. 

N-Phenylacetyl-L-prolyk-asparagine amide 15. Yield 89%, 
mp 170-172 OC (EtOH/CHCl,/pentane l:l:l), Rf 0.24 (CHClJ 
EtOH 9:3), [a];O -55.7” (c 1.4, DMSO). NMR (DMSO-d,): 
6 1.60-2.30 (m, CPH2-CYHz Pro, 4H); 2.35-2.50 (m, CaH, Asn, 
2H); 3.63 (s, CH,-C,H,, 2H); 4.36 (m, CoH Pro, 1H); 4.4-4.6 
(m, CaH Asn, 1H); 6.8b7.60 (m, C,H,, 5H); 6.8-7.1 (s, NH,, 
4H); 8.15,8.25, 8.35 (each d, NH Asn, 1H). Anal (C,,HZ2N404) 
C, H, N. 

N-Phenylacetyl-L-prolyl+leucine amide 18. Yield 83%, mp 
174-175 “C, Rf 0.5 (CHClJEtOH 9:1), [a]20 -101.4’ (c 0.4, 
CHCl,). NMR (DMSO-de): S 0.82 and 0.88 (each d, CPH- 
(CH,), Leu, 6H); 1.50 (m, CPH Leu, 1H); 1.31-1.93 and 1.7- 
2.40 (each m, CaH,-CrH, Pro, 4H); 3.43-3.67 (m, CsH, Pro, 
2H); 3.69 (s, CH,Ar, 2H); 4.17 and 4.34 (each m, CnH Leu, 
1H); 4.28 and 4.58 (each dd, CaH Pro, 1H); 7.0 and 7.13 (each 
s, NH2, 2H); 7.15-7.35 (m, C,H,); 7.ls7.45 (m, two s, C6Hs 
and NH& 7.86 and 8.27 (each d, NH Leu, 1H). Anal 
(C,9H,,Ns03.0.5 H20) C, H, N. 

N-Phenylacetyl-L-prolylglycine dimethylamide 10 
To a solution of 1.6 g (5.5 mmol) N-phenylacetyl-t-prolylgly- 
tine in 30 mL DMF, 0.68 mL (5.5 mmol) ethylmorpholine and 
0.72 mL (5.5 mmol) isobutyl chloroformate were added under 
stirring at -10 “C. In 2 min gaseous NHMe, was bubbled to 
saturation through the reaction mixture. This was further stirred 
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for 30 min at -5 “C and then evaporated in vacua. The residue 
was dissolved in CHC&, and the solution was washed with 5% 
aqueous NaHC03, water, 1 N HCl and water again. The dry 
(MgSO,) organic phase was concentrated by rotary evaporation 
and dimethylamide 10 was obtained (1.3 g, 78%) as a syrup. RP 
0.68 (dioxane/water 9:1), [or]g” -147.1” (c 0.1, CHCl,). NMR 
(DMSO-d,): 6 1.71-2.06 (m, CBH,-CX-I, Pro, 4H); 2.83, 2.93 
and 2 84, 2.96 (each s, N(CH& 6H); 3.3-3.6 (m, CsH, Pro, 
2H); 3.67 (s, CH#, 2H); 3.89 and 3.95 (each d, CaH2 Gly, 
2H); 4.37 and 4.52 (each dd, CaH Fro, 1H); 7.15-7.34 (m, 
CC6H5, 5H); 7.88 and 8.24 (each t, NH Gly, 1H). Anal 
G,H,,N,Od C, H, N. 

compound) is the average latent time to enter the dark compart- 
ment for animals received the compounds and exposed to MES, 
and L(contro1) is the average time to enter the dark compart- 
ment for saline-treated animals with sham MES. 

Statistical analysis was carried out using the Mann-Whitney 
U-test. 

N-Phenylacetyl-L-prolylglycine 8 

The injuence on locomotor activity 
An Opto-varimex multichannel motor activity recorder 
(Columbus Instrument Co, USA) was used for evaluation of a 
possible sedative or stimulant effect of compounds. Substances 
were administered intraperitoneally; 15 min later the rat was 
placed into the cage of the recorder and its horizontal activity 
during 5 min was registered. 

A suspension of 1.06 g (3.5 mmol) of N-phenylacetyl-L-prolyl- 
glycine, ethyl ester 1 in 5 mL of 1 N NaOH was stirred at room 
temperature for 3 h to obtain a solution. It was then acidified 
with 2 N HCl to - pH 3. The solution was evaporated in vacua 
to obtain an oil. The oil was dissolved in 15 mL chloroform, 
the unsolubilized part was removed by filtration and the filtrate 
was evaporated. Ether was added to the residue and the solid 
was filtered and dried in vacua at room temperature to obtain 
0.9 g (89.9%) of the 

8 
roduct, 

(dioxane/water 9:1), [cc]; 
mp 159-160 “C, R, 0.54 

-85.8” (c 0.5; CHCl,). NMR spec- 

Anticonvulsant activity 
The maximal ECS (70 V, 300 ms) inducing tonic-clonic 
seizures in rats was used to study a possible anticonvulsant 
compounds activity. The substances or vehicle were injected 
intraperitoneally 15 min before testing. 

trum in DMSO-d,: 6 1.8-2.25 (m, C~H,-C?‘H2 Pro, 4H); 
3.36-3.63 (m, CSH, Pro, 2H); 3 64 and 3.68 (each s, CH&,H, 
2H); 3.86, 4.00 and 3.83, 4.02 (each dd, CUH, Gly, 2H); 4.57 
and 4.44 (each dd, CaH Pro, 1H); 7.1 l-7.38 (m, C,H,, 5H); 
7.52 and 7.32 (each t, NH 1H); 12.6 (br s. COOH 1H). Anal 
G,%J’W C, H, N. 
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