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In this review presents the development of new accessible methods for the synthesis of
substituted 2-aryl- and 2-pyrimidinylprolines, the study of biological properties and the establishment
of a relationship between the chemical structure and biological activity.

Ref. 25, fig. 12, schem. 10.

When constructing the structures of the synthesized compounds, we
proceeded from an approach associated with the synthesis of hybrid
molecules containing structural elements of known natural antibiotics and
other biologically active compounds. These molecules particularly were the
antibacterial antibiotic ampicillin, the natural antitumor antibiotic sarko-
mycin and the HIV none-nucleoside reverse transcriptase inhibitor loviride
(fig. 1).

The study of 2-phenylproline derivatives is limited due to the small
number of available routes for the synthesis of this class of compounds.
Methods described in the literature are laborious, rather sensitive to the
reaction conditions, and do not provide high yields of target products [1-9].

Our proposed route for the preparation of these compounds includes the
synthesis of the corresponding phenylglycine derivatives and intramolecular
cyclization under phase transfer catalysis (PTC) conditions.

The most widely used phase-transfer catalysts are quaternary am-
monium salts, in particular triethylbenzylammonium chloride (TEBA).
According to our proposed method, the intramolecular cyclization reaction
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is carried out under mild conditions, that is, under PTC conditions — in ace-
tonitrile, in the presence of K,COj3 and the phase transfer catalyst TEBA.
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Fig. 1
2-phenylproline derivatives
Synthesis of 2-aryl- and 2-pyrimidinylprolines

Ethyl ester of 2-bromo-2-phenylacetic acid or 2-bromo-2-phenylaceto-
nitrile used as starting materials 1, which reacted with 1-amino-3-hydro-
xypropane to give the corresponding aminopropanols, which were further
converted into chlorine derivatives 2 using thionyl chloride. Further
acylation of these compounds with acetic anhydride to the corresponding
acetamido derivatives, followed by intramolecular cyclization under PTC
conditions, and acid hydrolysis resulted in prolines 4 in high yields (scheme
1) [10].

Scheme 1
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In order to expand the possibility of using the PTC method, the
synthesis of N-substituted 2-phenyl-5-oxoprolines was carried out. The ethyl
ester of a-bromophenylacetic acid 1 is alkylated with diferent amines. Next,
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the synthesized compounds 5 were acylated with 3-chloropropanoic acid
chloride, followed by intramolecular cyclization under PTC conditions in
the presence of the TEBA catalyst. As a result, ethyl esters of N-substituted
5-ox0-2-phenylpyrrolidine-2-carboxylic acids 6 were obtained, further
hydrolysis of which with sodium hydroxide in methanol leads to the
corresponding carboxylic acids 7 (scheme 2) [11].

Scheme 2
@coom NH,R @/cooEt 1. CI(CH,),C(0)Cl
Br NHR 2. PTC
1 5
COOEt COOH
NaOH
— N—-R N—-R
e}
¢ © 7

PTC - TEBA, K,CO; R=Me;Ph;Bn

In order to study biological properties in series of 2-phenylproline
derivatives, as well as to reveal the relationship between the chemical
structure and biological activity, methods for modifying the pyrrolidine ring
were used and synthesis of new derivatives with different pharmacophore
groups was carried out.

N-substituted 2-arylpyrrolidinecarbonitriles 9 were synthesized by
acylation of 2-(3-chloropropylamino)-2-phenylacetonitrile 8 with substituted
benzoic acid chlorides and further intramolecular cyclization under PTC
conditions (scheme 3) [12].

Scheme 3

CN 1. ArC(0)Cl CN

HCIHN___~_Cl  2.PIC
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8 o /X
R=H,2-Cl, 2-Br, 4-Br , 4-ButO , 4-MeO-3-NO,

PTC - TEBA, K,CO;

For the synthesis of the next series of 2-phenylproline derivatives, we
choose a-aminonitriles as starting materials, which were synthesized by one
of the main and widely used methods for the synthesis of aminonitriles by
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the Strecker reaction — by the interaction of aldehydes with amines in the
presence of various cyanide sources.

A number of substituted diferent benzaldehydes were introduced into
interaction with aromatic amines in sodium cyanide - acetic acid system.
Acylation of the obtained a-aminonitriles 10 with 3-chloropropanoic acid
chloride and subsequent intramolecular cyclization under PTC conditions
gave N-substituted 2-aryl-5-oxopyrrolidine-2-carbonitriles 11 (scheme 4)
[12-15].

Scheme 4
R
A
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NH \ /
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R=H; 4-Br ; 2,6-Cl, ; 4-MeO ; 3,4-(MeO), ; 4-iso-PrO ; 2-OBn ; 4-OBn
R! =H ; 2-Me ; 4-Me ; 2-MeO ; 4-MeO ; 3,5-Me,
PTC - TEBA, K,CO;

In the case of interaction of 2-anilino-2-phenylacetic acid ethyl ester 5
or nitrile 10 with «,fS-dichloropropanoic acid chloride and subsequent
intramolecular cyclization under PTC conditions gave chlorine-containing
derivatives, 4-chloropyrrolidones 12 (scheme 5) [16,17].

Scheme 5

COOEt (CN) COOEt (CN)
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The next task was to study the effect of the size of the lactam cycle on
biological activity. In order to reduce the ring size to four, we have carried
out syntheses of the corresponding p-lactams — azetidines, with various sub-
stituents. The construction of the four-membered ring was realized by using
monochloroacetic acid chloride instead of 3-chloropropanoic acid chloride
as an acylating agent. Acylation of acetonitriles 10 with the indicated acid
chloride and subsequent intramolecular cyclization under PTC conditions
gave 2-aryl-4-oxoazetidine-2-carbonitriles 13 (scheme 6) [18].
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Scheme 6
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We have also obtained carboxamide derivatives 14,15 of 2-arylpyr-
rolidines substituted at both phenyl groups. Hydrolysis of the nitrile group of
pyrrolidinecarbonitriles without affecting the lactam ring was performed by
treating corresponding nitriles 9,11 with concentrated sulfuric acid (scheme

7) [14].
Oﬁ il O&Nl—h
lv_l{2 \RZ
N
Y NY

R3 R3

Scheme 7

R!=H:4-Br;2,6- Clz R?=Ph ; Bn ; 4-MePh ; 4-MeOPh ; 3,5-Me,Ph
R3 = Me ; 2-CIPh ; 2-BrPh ; 4-BrPh ; 4-MeO-3-NO,Ph

The next goal of our research was the synthesis of 2-amino-
methylpyrrolidines 16 by reduction of the nitrile group in 2-arylpyr-
rolidinecarbonitrile 11 molecules. We have developed a new method for the
selective reduction of nitrile group, in which a catalytic metal complex
system was used. Advantages of this method are the reduction of only the
nitrile group and the use of small amounts of metal complex salt and sodium
borohydride. The optimal ratio of reagents are shown (scheme 8) [19,20].
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Scheme 8
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Next, we synthesized proline pyrimidinyl derivatives by combining
pyrimidine molecules with the pyrrolidinone pharmacophore cycle. A
method has been developed for the condensation of pyrolidinones with 6-
aminopyrimidine derivatives under Vilsmeier reaction conditions. The
interaction of corresponding 6-aminopyrimidines 17 with pyrrolidinone in
the presence of phosphorous threechloride synthesized 6-amino-5-(pyrrolyl)
pyrimidinones 18, which are pyrimidine analogs of C-azanucleosides.
Similarly, 2-mercapto-substituted 17,19 pyrimidines were reacted with a
pyrolidinone under conditions already described, leading to the formation of
C-azanucleoside analogues 18,21 substituted at various positions of the
pyrimidine ring (scheme 9) [21-23].

Scheme 9

1>C13
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0
R Hal HN ‘
)\ NaOH 3 /K
H, R3S N NH,
19 20 21

R=H;Me;R'=H;Me;Bn; (CH,);Ph; R2=H ; Ph ; 3,5-Me,Ph ; R* = Pr ; Bn

Another method for the synthesis of pyrrolinylpyrimidine derivatives 23
is the reaction of N-substituted 5-hydroxypyrrolidinones with various pyri-
midine derivatives 22 when heated in glacial acetic acid (scheme 10) [23].
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Scheme 10
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Thus, we have carried out the synthesis of new analogues and deriva-
tives of pyrrolidines substituted at various positions of the ring (fig. 2).

Fig. 2

Biological properties of synthesized compounds

The pyrrolidine ring is an important structural moiety of many biolo-
gically active compounds. In order to find antibacterial, antitumor and anti-
viral (anti-HIV) drugs among proline analogues, biological studies of
synthesized 2-aryl- and 2-pyrimidinylproline derivatives were carried out,
the structure-activity relationship was studied and the fragments responsible
for the activity were identified.

Antibacterial activity

Antibacterial properties of the synthesized compounds were carried out
at the “Laboratory of Chemotherapy and Toxicology” of the Institute of Fine
Organic Chemistry of the Scientific and Tecnological Center of Organic and
Pharmaceutical Chemistry NAS RA. In experiments were used follow
microorganisms — St. aureus 209p, St. aureus 1, Shigella dysenteriae
Flexneri 6858, and Echerichia Coli 055.

Among 2-arylpyrrolidines, 2-aminomethyl-1,2-diarylpyrrolidin-5-ones
have a pronounced activity, some of which inhibit the growth of all used
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microorganisms in a zone with a diameter of 20-25 mm, and the remaining
2-aminomethyl derivatives - of medium activity - with a diameter of 18-20
mm.

2-Phenylpyrrolidine-2-carboxylic acids showed average activity d = 17—
19 mm. Derivatives containing 1,2-diaryl-5-oxo- and 1-aroyl-2-phenylpyro-
lidinecarbonitrile and carboxamide groups also possess weak antibacterial
activity (d = 10-14 mm) (fig. 3) [11,13,24].

R R R
A NH, A | K | o
N | COOH N CN N NH,
N-R! N-R! N-R! N—R!
o

O 0] o
20 - 25 mm, 18 - 20 mm 17 -19 mm 10 - 14 mm 10 - 14 mm
R
NH, A 0
CN N | CN NH,
N\]/O N\l/o N—R! N\\/o
R R R
(0]
10 - 14 mm 10 - 14 mm
Fig. 3

Among 2-pyrimidinylprolines, one compound suppressed the growth of
all used microorganisms in the 15-19 mm diameter zone, the rest did not
show antibacterial activity (fig. 4).

X=SBn; SPr; C=S; C=0

Fig. 4
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Summarizing the results of studying the antibacterial properties of the
studied compounds, we can highlight certain patterns of the relationship
between the chemical structure and antibacterial activity:

1,2-Diaryl-5-oxopyrrolidines are relatively more active than 1-
aroyl-2-phenylpyrolidines

In contrast to 5-membered cyclic compounds — pyrrolidines, 4-
membered cyclic derivatives — azetidines are little or no activity
Me-, iso-PrO- and BnO- substituents in aryl fragments of 1-st
and 2-nd positions of the pyrrolidine ring contribute to increased
activity

Among 2-arylpyrrolidines containing carboxamide-, nitrile-,
carboxy- and aminomethyl- groups, an increase in antibacterial
activity was observed in the following order of substituents:
C(O)NH; < CN < COOH < CH;NH,

Among pyrimidinylprolines containing oxo-, thiooxo-, propylt-
hio- and benzylthio- groups, an increase in antibacterial activity
was observed in the following arrangement of substituents:
C=0<C=S<PrS<BnS.

Antitumor activity

Biological studies of antitumor properties of synthesized compounds
were carried out at the “Laboratory of Chemotherapy and Toxicology” of
the Institute of Fine Organic Chemistry of the Scientific and Tecnological
Center of Organic and Pharmaceutical Chemistry NAS RA. Antitumor
activity was studied in mice with transplanted tumors sarcoma — 37, sar-
coma — 180 and Ehrlich's ascitic carcinoma. Some of more active com-
pounds have been tested in rats with sarcoma — 45.

Studies

have shown that 2-phenylpyrrolidinecarboxylic acids are practi-

cally non-toxic (LD1go 3000 and 4000 mg/kg) compounds and exhibit anti-
tumor activity against sarcomas 45 and 37, suppressing their growth 42 —
49% (fig. 5) [13].

/R /R
7z = A NH,
N COOH N CN X
N-R! N-R! N-R!
o [¢] (o]
LDy = 3000 - 4000 mg/kg LD;g9 = 2200 - 2500 mg/kg LDy =850 - 1050 mg/kg
S-45,8-37 (42 -49 %) S-37(53-59 %) S - 180, S - 45 (40 - 45 %)

EAC-(52-57 %)
S-180,S-45,S-37(32-45 %)
EAC - (35-38 %)

Fig. 5
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Derivatives of 2-arylpyrrolidinecarbonitriles and 2-arylpyrrolidinecar-
boxamides have low toxicity (LDigo = 2200-2500 mg/kg). Carboxamide
derivatives from this series suppress the growth of sarcoma 37 by 59 and
53% and extend the average lifespan of mice by 52-57%. The remaining
compounds show a weak effect on the growth of all type sarcomas.

2-Aminomethyl-1,2-diarylpyrrolidines suppress tumor growth against
sarcomas 45 and 180 by 40-45%, but are toxic (850-1050 mg/kg) com-
pounds. 2-Pyrimidinylproline derivatives exhibit weak antitumor properties.

Summarizing results of the antitumor properties of studied compounds,
some patterns of the relationship between the chemical structure and
antitumor activity can be distinguished:

- Here too, 1,2-diaryl-5-oxopyrrolidines, as in antibacterial studies, are
more active than 1-aroyl-2-phenylpyrrolidines
Among compounds containing aminomethyl-, nitrile-, carboxamide-
and acid- groups, an increase in antitumor activity was observed in the
following sequence of agents:
CH2NH; < CN < C(O)NH; < COOH.

Anti-HIV studies

First, a little about current approaches to HIV drug discovery. The
problem of drug therapy against the human immunodeficiency virus is to
affect one or more stages of the life stages of virus reproduction with the
help of chemical compounds with a certain structure. One prime target is the
enzyme reverse transcriptase. Reverse transcriptase inhibitors interact with
chemical groups of the active center of the enzyme, block its activity.

Loviride and its derivatives belong to the group of non-nucleoside
reverse transcriptase inhibitors (NNRTIs). 2-Arylpyrrolidines synthesized by
us are the cyclic derivatives of the latter. According to crystallographic
studies, compounds of the NNRTIs class, whose structure is visibly similar
to the "butterfly" conformation, show effective inhibition of reverse
transcriptase enzyme (fig. 6).

X-ray structural studies of a number of synthesized 2-arylpyrrolidine
derivatives were performed, in which structures of molecules are visibly
similar to the "butterfly" conformation.

On the other hand, nucleoside reverse transcriptase inhibitors (NRTIS) -
are known and widely used. One of drugs in this group was the 3'-azido-
2',3'-dideoxythymidine (AZT), which is a derivative of the pyrimidine
nucleoside thymidine (slide XXX). In this sense, 2-pyrimidinylprolines
synthesized by us can be considered as C-azanucleosides (fig. 6).
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Biological studies on anti-HIV activity were carried out at laboratories
of “Biochemical Pharmacology” of the Center for AIDS Research and
Emory University School of Medicine (USA). Compounds were evaluated
for their potential toxic effects on uninfected PHA-stimulated human PBM
cells, in CEM (T-lymphoblastoid cell line) and Vero (African green monkey
kidney) cells.

As a result of anti-HIV studies, it was found that 20 of the tested
compounds show good activity and their effective concentration ECs, < 20
uM, but the aforementioned compounds are inferior in their activity to the
control drug AZT. Some of the most active compounds are demonstrated in

fig. 7-9 [15,25].
Cl o Me\(l\’le K©
NH, 0. 0.
Me oN cN
O O
Me O O
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Cl HN
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Fig 8

385



HN

epRerFep e

ECs0=73.8 uM ECs0=8.9 uM ECso=4.7T uM ECs0=0.48 uM

Fig 9

The NNRTIs inhibitor molecule must correspond to the spatial relief of
the active site of the enzyme and the nature of the chemical groups. Accor-
ding to the molecular docking data, two examples of molecules of active
compounds in the active center of the reverse transcriptase enzyme are
shown (fig. 10,11).
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Fig. 10
Molecules in the active center of the enzyme
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Fig. 11
Summarizing results of the investigation of antiviral properties of the

studied compounds, some patterns of the relationship between the chemical
structure and anti-HIV activity:

386



Among derivatives of 2-arylpyrrolidines, the presence of methyl
group in 4- or 3,5-positions of the aryl fragment of the 1-st position
of the pyrrolidine ring, as well as the presence of benzyloxy- and
isopropoxy- groups in the aryl fragment of the 2-nd position of the
pyrolidine ring increase anti-HIV activity
Among compounds containing nitrile-, aminomethyl- and carboxa-
mide- groups, an increase in anti-HIV activity was observed in the
following order of substituents:
C(O)NH; < CH;NH, < CN
In series of 2-pyrimidinylpyrrolidines, the best results were
demonstrated by derivatives, in whose structures the presence of a
benzyl fragment in the 1-st position, an aniline fragment in the 6-th
position, and a pyrrolidine fragment in the 5-th position of the
pyrimidine ring play a huge role in the manifestation of anti-HIV
activity, the latter modification leads to a sharp increase in the
biological activity of compounds.

Summarizing results of all biological studies of synthesized 2-aryl- and

2-pyrimidinylprolines, we can state following (fig. 12).
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) .
N—R?
(0]
X
antibacterial activity - R =i-PrO, BnO
R! = CH,NH, anti-HIV activity - R>=Bn
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anti-HIV activity - R =i-PrO, BnO
R!'=CN
R? = 4-MePh, 3,5-Me,Ph

Fig. 12
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CUHTE3 U BUOJIOT'MYECKUE CBOMCTBA HOBBIX 2-APWJI- U
2-IMMMPUMHUIUHHUJIITPOJIMHOB

C.II.TACIIAPSIH, M. B. AIEKCAHSAH
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opranndeckoi u ¢apmareBrideckoit xumur HAH PecniyOinku Apmenus
Apwmenus, 0014 Epesan, np. Azatytss, 26
E-mail: g_sahak@yahoo.com

B 00630pe mpexacTaBieHsl pa3pabOTKH HOBBIX JOCTYIHBIX METOJOB CHUHTE3a 3aMe-
LIEHHBIX 2-apWi- U 2-MUPUMUANHUIIIPOINHOB, UCCIIEI0BaHNE OUONIOTHYECKUX CBOMCTB
U YCTAQHOBJICHHE CBSI3M MEXIY XHUMHYECKHMM CTPOSHHEM M OHOJIOTHYECKOW aKTHB-
HOCTBIO.
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