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Novel derivatives of 4�(vinylsulfonyl)pyrrolidine�2�carboxylic acids inhibit the exposure of
phosphatidylserine by platelets upon activation with thrombin. The heterocyclic inhibitors
were synthesized by 1,3�dipolar cycloaddition of divinyl sulfone to azomethine ylides followed
by functionalization of the endocyclic nitrogen atom.
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Blood platelets are small (2—5 μm) discoid cell frag�
ments circulating in the blood stream at the concentration
of 150—400 thousand μL–1. Platelets are the central ele�
ment in the hemostasis system, which is responsible for
arrest of hemorrhage upon wounds: they can attach to the
site of damage and to each other to form a hemostatic plug
preventing blood loss. Platelets can also undergo a special
process of chaning referred to as "activation" under the
action of chemical substances and mechanical action.1

Upon activation, binding of platelets becomes irrevers�
ible; in addition, they secrete clotting factors and expose
phosphatidylserine on the outer layer of the cell mem�
brane. Maintenance of the delicate balance between the
fluid and non�fluid condition of blood is a non�trivial task
for an organism and, therefore, the disfunction of hemo�
stasis system is the leading cause of mortality and disability
in the modern world. Among them, thromboses are the
most deleterious; they represent formation of blood clots
inside vessels, which can result in disturbance of blood
supply to body organs. Thromboses occur upon various
diseases and conditions, including atherosclerosis, trau�
ma, infarction, stroke, cancer, sepsis, surgical interven�
tions, and so on. For example, up to 70% of the so called
sudden cardiac deaths are caused by thromboses,2 about
400,000 peoples die annualy from this syndrome in the
USA alone.3 Thus, development of novel, efficient and, at
the same time, harmless antithrombotic agents is of cur�
rent concern.

Exposing of phosphatidylserine upon activation, which
is generally concentrated in one thrombocytic subpopula�

tion,4,5 is the most important part of the procoagulant
activity of platelets. It leads to the appearance of the bind�
ing sites for the proteins of clotting system and dramatic
(by several orders of magnitude) acceleration of the reac�
tions of hemostasis system. The studies of the action mech�
anism of one of the most successful antithrombotic agents,
viz., Clopidogrel (the trade name is Plavix) showed the
close relationship between the action of the agent and
inhibition of the phosphatidylserine�positive subpopula�
tion of platelets.6 It has been shown earlier that the com�
ponents of potato tubers inhibiting cysteine proteases can
also suppress exposing of phosphatidylserine by platelets.7

The activity of the inhibitors of cysteine proteases that
has been found can be related to their influence on
the factor XIIIa, viz., the coagulation cascade transglu�
taminase whose enzymatic activity is caused by cysteine
in the active site.8 The enzymes containing cysteine in
the active site relate to different families, such as pro�
teases, transglutaminases, phosphatases, and the like,
depending on the function to be fulfilled. However,
from the chemical point of view, the initial step in
the reaction of the cysteine fragment with a peptide
substrate for the first three families consists in the nucleo�
philic attack of the sulfhydryl group at the carbonyl
carbon atom of the peptide (amide) bond of a substrate
to form the activated thioester. Further, depending on
the reaction of the activated thioester with an external
nucleophile, its hydrolysis (in the case of proteases,
the nucleophile is water) or the formation of a new peptide
bond (in the case of transglutaminase, the nucleophile is
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the ω�amino group of lysine; in the case of transpeptidase,
the nucleophile is the α�amino group of the terminal
amino acid residue) take place. One of the strategies for
the inhibition of the enzyme functions is covalent modifi�
cation of their active sites.9 The above�mentioned Clopi�
dogrel transforms in the organism to the active metabolite,
which inhibits irreversibly the P2Y12 purinoceptor by
covalent binding to cysteine of the active site.9 The Michael
acceptors10, in particular, vinyl sulfones,11 are effi�
cient inhibitors of cysteine proteases. In previous studies,
one of the co�authors of the present work has obtained
4�(vinylsulfonyl)pyrrolidine�2�carboxylic acid derivatives
and assessed their inhibiting abilities with respect to sor�
tase A of Staphylococcus aureus, which is a cysteine
transpeptidase.12,13 Mass spectrometry of the fragment
with the established sequences has revealed the covalent
modification of the Cys184 amino acid residue of the
sortase A active site by one of inhibitors.13 In the present
work, we studied the influence of known13 and novel pyr�
rolidinyl vinyl sulfones on exposing of phosphatidylserine
by platelets.

In order to establish the specifity of interaction of
heterocyclic vinyl sulfones with platelets, we also studied
phenyl vinyl sulfone (1) as the functional analog. Phenyl
vinyl sulfone (1) manifests inhibitory properties towards
sortase A of S. aureus,14 suppresses adhesion of the S.
aureus cells to the surface covered by fibronectin,14 and
inactivates some protein tyrosine phosphatases by cova�
lent irreversible modification of cysteine Sγ in the active
sites of the enzymes.15 Pyrrolidinyl vinyl sulfones 2—4
inhibit also irreversibly sortase A of S. aureus, compound 4
showing the highest activity (see Ref. 13).

To establish the structure�activity relationship of low�
molecular�weight 4�(vinylsulfonyl)pyrrolidine�2�carb�
oxylic acid derivatives, we synthesized novel analogs 6—8
differing from those obtained earlier in the aryl substitu�
ent in the position 5 of the pyrrolidine ring, the substitu�

ent R2 in the position 2, and the substituent at the nitrogen
atom (Scheme 1).

Scheme 1

R1 = 4�Br, R2 = H (5a, 6a, 7a,b); R1 = H, R2 = Me (5b, 6b);
R1 = 3�F, R2 = CH2Ph (5c, 6c); R1 = 2�F, R2 = H (7c);
R3 = Et (7a), CH=CHPh (7b,c);.

i. Divinyl sulfone, AgOAc, Et3N, toluene; ii. R3CH2CHO,
NaBH(OAc)3, CH2Cl2; iii. 4�FC6H4COCl, THF, Et3N.

Cycloaddition of divinyl sulfone to the azomethine
ylides generated from imino esters 5 under the action of
Lewis acids proceeds stereoselectively to form racemic
pyrrolidines 6, wherein the methoxycarbonyl and vinyl�
sulfonyl groups and the 5�aryl substituent are on one side
of the pyrrolidine ring (see Scheme 1).12,16 Modification
of the endocyclic nitrogen atom of the pyrrolidine ring
was performed by introduction of an alkyl substituent upon
reductive amination with propanal and cinnamaldehyde
(compounds 7) and benzoylation with 4�fluorobenzoyl
chloride (compound 8) (see Scheme 1). All the compounds
obtained were characterized by 1H and 13C NMR spectro�
scopy (the degeneracy of some signals in the 1H spectra
can be due to the fact that one of spin�spin coupling con�
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stants is close to zero) and the conclusions on their spatial
structures were drawn by comparison of the NMR spec�
tral data with the data of analogs for which the structures
were established by X�ray diffraction.12,16 The purity and
composition of pyrrolidinyl vinyl sulfones 6—8 were con�
firmed by the data from elemental analysis.

Exposing of phosphatidylserine by platelets results in
the formation of a population of the so called coated plate�
lets characterizing by a high content of phophatidylserine
at the cell surface. These cells bind effectively the fluores�
cently labeled annexin V, which allows one to quantitate

the portion of coated platelets in the population by flow
cytometry (Fig. 1). After activation of washed platelets
with thrombin, vinyl sulfones 1—4, 6—8 decreases to dif�
ferent degree the portion of coated platelets (Figs 1 and 2).
The inhibitors under study were added at the concentra�
tion shown in Table 1. Pyrrolidinyl vinyl sulfone 7a has
the maximum effect, the amount of coated platelets de�
creased tenfold compared to the control (see Fig. 2). The
addition of this compound levels off almost completely
the activation effect of thrombin on platelets. The biolog�
ical activity of the vinyl sulfones under study is not related
or related weakly to inhibition of thrombin, which was
shown by the study of thrombin inhibition of hydrolysis of
a specific substrate in the presence of compounds 6 and 7
(see Table 1).

Fig. 1. Flow cytometric study of the formation of the coated
platelet population upon activation by thrombin without inhibi�
tors (a) and in the presence of vinyl sulfones 7a (b). S is the
lateral light scattering and Fl is the fluorescence of FITC�annexin.
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Fig. 2. Influcens of vinyl sulfones on the formation of coat�
ed platelets upon activation with thrombin. The mean val�
ues ± standard error of the mean (n = 3) are given: I — unacti�
vated platelets; II — control; III — DMSO. N is the amount of
the annexin�V�positive platelets.
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Table 1. Concentrations of compounds 1—4 and 6—8
upon testing and data for thrombin inhibition in a buffer
solution

Com� M c I
pound

mmol L–1 mg mL–1 (%)

1 168.22 0.594 0.100 15.2
2 381.45 0.163 0.062 9.1
3 409.46 0.049 0.020 –3.1
4 313.35 0.172 0.054 –3.9
6a 374.26 0.096 0.036 –10
6b 309.39 0.149 0.046 –0.9
6c 403.48 0.099 0.040 –1.3
7a 416.34 0.086 0.036 –6.5
7b 490.42 0.159 0.078 20.4
7c 429.51 0.112 0.048 7.5
8 431.49 0.102 0.044 —

Note: M is the molecular weight of the compound; c is the
final concentration of the compound in the test; I is
thrombin inhibition in a buffer solution at the given con�
centration of the compound.
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Despite a small set of the compounds under study
(10 hetetocyclic vinyl sulfones and commercially avail�
able phenyl vinyl sulfone), one can draw a preliminary
conclusion on the structure—activity relationship for this
class of active substances. First, all compounds contain�
ing the vinylsulfonyl fragment have an effect on exposing
of phosphatidylserine by platelets and it is this structural
fragment that causes this activity. Secondly, the hetero�
cyclic vinyl sulfones exhibit a comparable or lowered ac�
tivity compared to phenyl vinyl sulfone (1) except for com�
pound 7a (see Fig. 2). Thus, the presence of a small
(in terms of bulk) alkyl substituent at the endocyclic nitro�
gen atom appears to be critical for inhibition of platelet
activation. We studied also the dependence of the biologi�
cal activity on the inhibitor concentration for the substi�
tuted 4�(vinylsulfonyl)pyrrolidine�2�carboxylates 7a, 7c,
and 8 (Fig. 3).

The discovery of a novel class of efficient inhibitors of
the platelet procoagulant activity acting in the micromo�
lar concentration range (IC50 = 20 μmol L–1 and IC100 =
= 90 μmol L–1 for pyrrolidinyl vinyl sulfone 7a) seems to
be the most interesting result of the present work for fur�
ther practical applications. Suppression of the expression
of phosphatidylserine by platelets is a promising trend in
the prevention and treatment of thromboses, which is con�
firmed by the data from the study of the drugs being the
P2Y12 receptor antagonist, such as Clopidogrel, Prasug�
rel, and Cangrelor.17 Note that our testing experiments
were performed in a buffer solution imitating blood plas�
ma by a number of indices, including the presence of albu�
min. Thus, one can assume that the same effects at the

analogous concentrations of vinyl sulfones will appear
in the whole blood.

Experimental

Synthetic studies

Divinyl sulfone, aromatic aldehydes, silver(I) acetate, 4�fluoro�
benzoyl chloride, cinnamaldehyde, and silica gel (Lancaster)
were used in the present work. The course of the reactions and
the purity of compounds were monitored by TLC using Sorbfil
PTLC�AF�A�UV TLC plates in a CHCl3—MeOH (10 : 1) sol�
vent system. 1Н and 13C NMR spectra were recorded on a Bruker
Avance 400 (400 MHz for 1H and 100 MHz for 13C) instrument
at 303 K in DMSO�d6 or CDCl3 using the residual signals of
deuterated solvents as the internal standards.

The syntheses of pyrrolidinyl vinyl sulfones 2—4 were descir�
bed earlier.12,13,16 Pyrrolidinyl vinyl sulfones 6 were prepared
according to the procedure as described for the synthesis of com�
pound 2 (see Ref. 16).

(2S*,4S*,5S*)�Methyl 5�(4�bromophenyl)�4�(vinylsulfonyl)�
pyrrolidine�2�carboxylate (6a) was obtained from divinyl sulfone
and imino ester 5a. The yield was 24%. Colorless crystals, m.p.
158—159 °C. 1H NMR (DMSO�d6), δ: 2.37 (d.d.d, 1 H, H(3),
J = 14.0, J = 8.0 Hz, J = 6.6 Hz); 2.51—2.57 (m, 1 H, H(3));
3.50 (t, 1 H, NH, J = 7.7 Hz); 3.70 (s, 3 H, COOCH3); 3.90
(q, 1 H, H(2), J = 8.2 Hz); 4.05—4.10 (m, 1 H, H(4)); 4.52
(t, 1 H, H(5), J = 7.5 Hz); 5.74 (d, 1 H, CH2=CH, J = 16.5 Hz);
5.85 (d, 1 H, CH2=CH, J = 9.9 Hz); 6.28 (d.d, 1 H, CH2=CH,
J = 16.5 Hz, J = 9.9 Hz); 7.38 (d, 2 Нarom, J = 8.6 Hz); 7.48
(d, 2 Нarom, J = 8.6 Hz). 13C NMR (DMSO�d6), δ: 30.36, 52.40,
57.72, 62.42, 65.05, 120.91, 129.15, 130.75 (2 C), 131.15 (2 C),
136.50, 137.97, 173.12. Found (%): C, 45.18; H, 4.35; N, 3.63.
C14H16BrNO4S. Calculated (%): C, 44.93; H, 4.31; N, 3.74.

(2S*,4S*,5S*)�Methyl 2�methyl�5�phenyl�4�(vinylsulfonyl)�
pyrrolidine�2�carboxylate (6b) was obtained from divinyl sulfone
and imino ester 5b. The yield was 73%. Colorless crystals, m.p.
73—75 °C. 1H NMR (CDCl3), δ: 1.56 (s, 3 H, CH3); 2.33 (d.d, 1 H,
H(3), J = 14.8 Hz, J = 8.2 Hz); 3.13 (d.d, 1 H, H(3), J = 14.8 Hz,
J = 5.0 Hz); 3.78 (d.d.d, 1 H, H(4), J = 8.2 Hz, J = 6.3 Hz,
J = 5.0 Hz); 3.85 (s, 3 H, COOCH3); 4.74 (d, 1 H, H(5),
J = 6.3 Hz); 5.38 (d.d, 1 H, CH2=CH, J = 16.4 Hz, J = 10.0 Hz);
5.59 (d, 1 H, CH2=CH, J = 10.0 Hz); 5.90 (d, 1 H, CH2=CH,
J = 16.4 Hz); 7.30—7.38 (m, 3 Нarom); 7.40—7.43 (m, 2 Нarom).
13C NMR (CDCl3), δ: 27.46, 37.69, 52.83, 62.95, 64.35, 68.18,
128.17 (2 C), 128.37 (3 C), 129.45, 134.89, 136.22, 175.29.
Found (%): C, 58.38; H, 6.27; N, 4.66. C15H19NO4S. Calcu�
lated (%): C, 58.23; H, 6.19; N, 4.53.

(2S*,4S*,5S*)�Methyl 2�benzyl�5�(3�fluorophenyl)�4�(vinyl�
sulfonyl)pyrrolidine�2�carboxylate (6c) was obtained from divi�
nyl sulfone and imino ester 5c. The yield was 64%. Oily sub�
stance. 1H NMR (DMSO�d6), δ: 2.39 (d.d, 1 H, H(3), J = 14.4 Hz,
J = 8.3 Hz); 2.75 (d.d, 1 H, H(3), J = 14.4 Hz, J = 6.0 Hz); 3.06
(s, 2 H, CH2); 3.40 (d, 1 H, NH, J = 8.5 Hz); 3.67 (s, 3 H,
COOCH3); 4.16 (q, 1 H, H(4), J = 6.9 Hz); 4.82 (t, 1 H, H(5),
J = 7.6 Hz); 5.72 (d, 1 H, CH2=CH, J = 16.5 Hz); 5.82 (d, 1 H,
CH2=CH, J = 9.9 Hz); 6.24 (d.d, 1 H, CH2=CH, J = 16.5 Hz,
J = 9.9 Hz); 7.06—7.15 (m, 2 Нarom); 7.18—7.36 (m, 7 Нarom).
13C NMR (DMSO�d6), δ: 34.99, 44.37, 52.46, 61.23, 65.47,
68.75, 114.72 (d, J = 21.0 Hz), 115.72 (d, J = 22.0 Hz), 124.91,

Fig. 3. Dose�dependent decrease in the amount of coated plate�
lets in the presence of inhibitors 7c (1), 7a (2), and 8 (3). N is
the amount of the annexin�V�positive platelets, c is the con�
centration of vinyl sulfones. The mean values ± standard error
of the mean (n = 3) are given. The IC50 values for these
compounds were obtained by the non�linear least�squares
method on the assumption of a hyperbolic dependence of in�
hibition and are 0.0487±0.007 mg mL–1 for vinyl sulfone 7c,
0.0094±0.00028 mg mL–1 for vinyl sulfone 7a, and
0.028±0.005 mg mL–1 for vinyl sulfone 8.
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127.16, 128.60 (2 C), 129.07, 129.85 (d, J = 8.0 Hz), 130.27
(2 C), 136.37, 137.11, 141.46 (d, J = 6.6 Hz), 162.20
(d, J = 242.0 Hz), 174.11. Found (%): C, 62.35; H, 5.37; N, 3.69.
C21H22FNO4S. Calculated (%): C, 62.52; H, 5.50; N, 3.47.

Reductive amination of pyrrolidinyl vinyl sulfones 6 (general
procedure). To a solution of pyrrolidinyl vinyl sulfone 6 (1.5 mmol)
in CH2Cl2 (20 mL), an aldehyde (1.65 mmol) was added. Then
NaBH(OAc)3 (0.444 g, 2.10 mmol) was added portionwise with
stirring. The reaction mixture was stirred at room temperature
for 8 h and a saturated solution of NaHCO3 (10 mL) was added.
The organic phase was separated and the aqueous phase was
extracted with CH2Cl2 (2×10 mL). The combined organic phase
was dried with Na2SO4, filtered and the filtrate was concentrat�
ed in vacuo. The residue was chromatographed on silica gel us�
ing CHCl3 and CHCl3—MeOH (10 : 1) as an eluent.

(2S*,4S*,5S*)�Methyl 5�(4�bromophenyl)�1�propyl�4�(vinyl�
sulfonyl)pyrrolidine�2�carboxylate (7a) was obtained according
to the general procedure from vinyl sulfone 6a and propanal.
The yield was 53%. Colorless crystals, m.p. 102—103 °C.
1H NMR (DMSO�d6), δ: 0.64 (t, 3 H, CH3, J = 7.3 Hz); 1.06—1.25
(m, 2 H, CH2); 2.28—2.47 (m, 3 H, CH2N, H(3)); 2.54—2.61
(m, 1 H, H(3)); 3.55 (d.d, 1 H, H(4), J = 9.6 Hz, J = 6.8 Hz);
3.70 (s, 3 H, COOCH3); 4.18—4.23 (m, 2 H, H(5), H(2)); 5.82
(d, 1 H, CH2=CH, J = 16.4 Hz); 5.94 (d, 1 H, CH2=CH,
J = 9.9 Hz); 6.28 (d.d, 1 H, CH2=CH, J = 16.4 Hz, J = 9.9 Hz);
7.44—7.48 (m, 4 Нarom). 13C NMR (DMSO�d6), δ: 11.94, 20.81,
30.65, 52.43, 56.11, 64.20, 64.36, 66.84, 121.19, 130.10, 130.62
(2 C), 132.27 (2 C), 136.19, 139.49, 173.44. Found (%): C, 49.16;
H, 5.34; N, 3.53. C17H22BrNO4S. Calculated (%): C, 49.04;
H, 5.33; N, 3.36.

(2S*,4S*,5S*)�Methyl 5�(4�bromophenyl)�1�cinnamyl�4�
(vinylsulfonyl)pyrrolidine�2�carboxylate (7b) was obtained ac�
cording to the general procedure from vinyl sulfone 6a and cin�
namaldehyde. The yield was 90%. Oily substance. 1H NMR
(CDCl3), δ: 2.56 (t, 2 H, CH2CH=CH, J = 8.5 Hz); 3.30 (d.d, 1 H,
H(3), J = 14.4 Hz, J = 8.0 Hz); 3.54 (d.d, 1 H, H(3), J = 14.4 Hz,
J = 5.8 Hz); 3.64 (t, 1 H, H(2), J = 8.0 Hz); 3.70 (s, 3 H,
COOCH3); 3.82 (q, 1 H, H(4), J = 8.8 Hz); 4.32 (d, 1 H, H(5),
J = 8.8 Hz); 5.61 (d.d, 1 H, CH2=CH, J = 16.4 Hz, J = 9.9 Hz);
5.82 (d, 1 H, CH2=CH, J = 9.9 Hz); 6.02 (d, 1 H, CH2=CH,
J = 16.4 Hz); 6.06—6.13 (m, 1 H, CH2CH = CH); 6.40 (d, 1 H,
CH2CH=CH, J = 15.9 Hz); 7.24—7.32 (m, 5 Нarom); 7.49—7.54
(m, 4 Нarom). 13C NMR (CDCl3), δ: 30.41, 52.32, 54.16, 62.92,
65.99, 66.11, 122.46, 124.06, 126.35 (2 C), 127.81, 128.59 (2 C),
130.81, 131.19 (2 C), 131.87 (2 C), 134.15, 134.35, 136.42,
136.65, 172.78. Found (%): C, 56.56; H, 5.07; N, 2.58.
C23H24BrNO4S. Calculated (%): C, 56.33; H, 4.93; N, 2.86.

(2S*,4S*,5S*)�Methyl 1�cinnamyl�5�(2�fluorophenyl)�4�
(vinylsulfonyl)pyrrolidine�2�carboxylate (7c) was obtained ac�
cording to the general procedure from vinyl sulfone 4 and cinna�
maldehyde. The yield was 71%. Colorless crystals, m.p.
122—123 °C. 1H NMR (DMSO�d6), δ: 2.38 (d.t, 1 H, H(3),
J = 12.9 Hz, J = 8.8 Hz); 2.51—2.57 (m, 1 H, H(3)); 3.30 (d.d, 1 H,
CH2CH=CH, J = 14.5 Hz, J = 8.0 Hz); 3.39—3.44 (m, 1 H,
CH2CH=CH); 3.57 (s, 3 H, COOCH3); 3.62 (d.d, 1 H, H(2),
J = 8.8 Hz, J = 7.3 Hz); 4.19 (q, 1 H, H(4), J = 8.6 Hz); 4.53
(d, 1 H, H(5), J = 8.8 Hz); 5.76 (d, 1 H, CH2=CH, J = 16.4 Hz);
5.93 (d, 1 H, CH2=CH, J = 9.9 Hz); 6.14 (d.d.d, 1 H, CH2CH=CH,
J = 16.0 Hz, J = 8.0 Hz, J = 6.3 Hz); 6.34 (d, 1 H, CH2CH=CH,
J = 16.0 Hz); 6.40 (d.d, 1 H, CH2=CH, J = 16.4 Hz, J = 9.9 Hz);
7.01—7.06 (m, 1 Нarom); 7.17—7.24 (m, 2 Нarom); 7.25—7.33

(m, 5 Нarom); 7.71—7.75 (m, 1 Нarom). 13C NMR (DMSO�d6),
δ: 30.40, 52.34, 54.22, 59.30, 63.05 (2 C), 114.97 (d, J = 21.0 Hz),
123.97, 124.85 (d, J = 12.0 Hz), 125.53, 126.62 (2 C), 128.03,
128.99 (2 C), 130.00 (d, J = 8.0 Hz), 130.32, 131.82, 133.25,
136.11, 136.83, 161.48 (d, J = 245.0 Hz), 173.03. Found (%):
C, 64.45; H, 5.57; N, 3.55. C23H24FNO4S. Calculated (%):
C, 64.32; H, 5.63; N, 3.26.

(2S*,4S*,5S*)�Methyl 1�(4�fluorobenzoyl)�2�methyl�5�phe�
nyl�4�(vinylsulfonyl)pyrrolidine�2�carboxylate (8). Vinyl sulfone
6b (0.272 g, 0.88 mmol) was dissolved in THF (20 mL) and Et3N
(0.135 mL, 0.098 g, 0.97 mmol) was added. 4�Fluorobenzoyl
chloride (0.117 mL, 0.154 g, 0.97 mmol) was added dropwise
with stirring. The reaction mixture was stirred at room tempera�
ture for 12 h and then a saturated solution of NH4Cl (20 mL) was
added. CH2Cl2 (100 mL) was added after 10 min and the organic
phase was separated and dried with Na2SO4. The filtrate
was concentrated in vacuo. The residue was chromatographed
on silica gel using hexane—AcOEt (2 : 1) as an eluent to ob�
tain colorless oily substance (0.352 g) crystallized on storage
in a freezer. The yield was 93%. Colorless crystals, m.p.
167—168 °C. 1H NMR (DMSO�d6), δ: 1.69 (s, 3 H, CH3); 2.31
(d.d, 1 H, H(3), J = 12.3 Hz, J = 6.2 Hz); 2.62 (t, 1 H, H(3),
J = 13.3 Hz); 3.80 (s, 3 H, COOCH3); 4.73 (d.d.d, 1 H, H(4),
J = 14.2 Hz, J = 8.2 Hz, J = 6.2 Hz); 5.41 (d, 1 H, H(5),
J = 8.2 Hz); 5.74—5.80 (m, 1 H, CH2=CH); 5.88—5.93 (m, 2 H,
CH2=CH); 6.95—7.05 (m, 4 Нarom); 7.10—7.17 (m, 3 Нarom);
7.29—7.32 (m, 2 Нarom). 13C NMR (DMSO�d6), δ: 20.89, 36.82,
53.04, 62.80, 64.74, 65.68, 115.11, 115.33, 127.85 (2 C), 128.37,
128.47, 128.56, 129.68 (2 C), 131.72, 133.34, 134.65, 137.61,
161.22, 168.07, 172.98. Found (%): C, 61.48; H, 5.18; N, 3.51.
C22H22FNO5S. Calculated (%): C, 61.24; H, 5.14; N, 3.25.

Biochemical studies

Materials. Phenyl vinyl sulfone (Lancaster, United King�
dom), thrombin (Haemotologic Technologies, USA); prostag�
landin Е1 (MP Biochemicals, USA), and fluorescein (FITC)�con�
jugated annexin V (Southern Bioech, USA) were used in the
work. The remaining reagents for biochemical studies were ob�
tained from Sigma (USA).

Isolation of platelets. Platelets were obtained from the blood
of healthy donors prepared in a 3.8% solution of sodium citrate,
pH 5.5. The blood:citrate ratio was 9 : 1. To prevent activa�
tion of platelets, prostanglandin E1 (1 μmol L–1) and apyrase
(0.1 u mL–1) were added to blood. This was centrifuged at 100 g
at room temperature for 8 min. After centrifugation, the layer
enriched in plasma platelets was withdrawn and a 3.8% solution
of sodium citrate (pH 5.5) was added to prevent cell aggregation
(the plasma : citrate ratio is 3 : 1). Platelets were concentrated
by centrifugation at 400 g for 5 min at room temperature, resus�
pended in buffer A (300 μL) (20 mM HEPES, 150 mM NaCl,
2.7 mM KCl, 1 mM MgCl2, 0.4 mM NaH2PO4, 5 mM glucose,
0.5% bovine serum albumin, pH 7.4), and finally purified from
plasma proteins by gel chromatography on a column with
Sepharose CL�2B and equilibrated with buffer A.

Determination of the influence of inhibitors on the formation of
platelet heterogenicity upon activation. Following gel filtration,
the platelets at the concentration of 20 thousand μL–1 were acti�
vated for 15 min at room temperature in the absence (control) or
in the presence of inhibitors. The concentration of inhibitors
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was chosen such that the final concentration of DMSO was
0.2%. Cell were activated by adding 100 nM thrombin in buffer A
in the presence of 2.5 mM CaCl2 and 0.2% fluorescently labeled
annexin V. The degree of activation was assessed by the amount
of cells binding the fluorescently labeled annexin V on FACS�
Calibur (BD Biosciences) flow cytometer using the WinMDI 2.8
(Joseph Trotter, Scripps Research Institute, La Jolla, CA, USA)
program.

This work was financially supported by the Russian
Foundation for Basic Research (Project Nos № 09�04�
00232�a, 10�01�91055�a, 11�03�00630�a, 11�03�91375�
ST�a), the Russian Academy of Sciences (Program for
Basic Research of the Presidium of the Russian Academy
of Sciences "Molecular and cellular biology), and the
Council for Grants at the President of the Russian Federa�
tion (Program for the State Support of Leading Scientific
Schools of Russia and Young Scientists MK�155.2010.4).

References

1. J. W. Heemskerk, E. M. Bevers, T. Lindhout, Thromb.
Haemost., 2002, 88, 186.

2. M. J. Davies, Heart, 2000, 83, 361.
3. Centers for Disease Control and Prevention (CDC), MMWR

Morb. Mortal. Wkly Rep., 2002, 51, 123.
4. G. L. Dale, P. Friese, P. Batar, S. F. Hamilton, G. L. Reed,

K. W. Jackson, K. J. Clemetson, L. Alberio, Nature, 2002,
415, 175.

5. M. A. Panteleev, N. M. Ananyeva, N. J. Greco, F. I. Ataul�
lakhanov, E. L. Saenko, J. Thromb. Haemost., 2005, 3, 2545.

6. N. B. Norgard, S. Saya, C. L. Hann, T. A. Hennebry,
E. Schechter, G. L. Dale, J. Cardiovasc. Pharmacol., 2008,
52, 536.

7. Ya. N. Kotova, E. A. Kostanova, M. A. Rozenfeld, E. I.
Sinauridze, M. A. Panteleev, F. I. Ataullakhanov, Bio�
logicheskie membrany [Biologic membranes], 2009, 26, 514
(in Russian).

8. L. Lorand, J. Thromb. Haemost., 2005, 3, 1337.
9. M. H. Potashman, M. E. Duggan, J. Med. Chem., 2009,

52, 1231.
10. M. M. M. Santos, R. Moreira, Mini�Rev. Med. Chem., 2007,

7, 1040.
11. D. C. Meadows, J. Gervay�Hague, Med. Res. Rev., 2006,

26, 793.
12. K. V. Kudryavtsev, M. Yu. Tsentalovich, Vestn. Mosk. Univ.,

Ser. 2. Khim., 2007, 48, 308 [Moscow Univ. Chem. Bull., 2007,
62, 252].

13. K. V. Kudryavtsev, M. L. Bentley, D. G. McCafferty, Bioorg.
Med. Chem., 2009, 17, 2886.

14. B. A. Frankel, M. Bentley, R. G. Kruger, D. G. McCafferty,
J. Am. Chem. Soc., 2004, 126, 3404.

15. S. Liu, B. Zhou, H. Yang, Y. He, Z.�X. Jiang, S. Kumar,
L. Wu, Z.�Y. Zhang, J. Am. Chem. Soc., 2008, 130, 8251.

16. K. V. Kudryavtsev, N. V. Nukolova, O. V. Kokoreva, E. S.
Smolin, Zh. Org. Khim., 2006, 42, 424 [Russ. J. Org. Chem.
(Engl. Transl.), 2006, 42, 412].

17. A. D. Michelson, Nature Rev. Drug Discov., 2010, 9, 154.

Received March 15, 2011


	Inhibition of the procoagulant activity of blood plateletsby vinylsulfonyl derivatives of pyrrolidine�2�carboxylic acid
	Abstract
	ExperimentalSynthetic studies
	Biochemical studies
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 25
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /CourierA
    /CourierA-Bold
    /CourierA-BoldOblique
    /CourierA-Oblique
    /MathFont1
    /NewStandardA
    /NewStandardA-Bold
    /NewStandardA-BoldItalic
    /NewStandardA-Italic
    /NewtonC
    /NewtonC-Bold
    /NewtonC-BoldItalic
    /NewtonC-Italic
    /PragmaticaC
    /PragmaticaC-Bold
    /PragmaticaC-BoldOblique
    /PragmaticaC-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 202
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 202
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 610
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.48689
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.001 840.999]
>> setpagedevice


