
ppm : 2.32 t (6H, CHs), 3.76 q (4H, CH2CHs), 4.96 s (2H, CH2CO), 7.42-8.13 m (8H, 4-C6H5, 
and 6-C,HsS). 

EXPERIMENTAL (BIOLOGICAL PART) 

Investigation into the tuberculostatic activity of the synthesized compounds was carried 
out with the method of two-stage serial dilution in a liquid synthetic Soton medium with 10% 
normal serum. As test strains we used Mycobacterium tuberculosis: strain H37Rv, which is 
sensitive to antituberculous preparations, and strain 3714, which is highly resistant to iso- 
niazid and streptomycin. The density of the mycobacterial suspension was 50 million micro- 
bic cells in 1 ml. 

The results of the investigation into the tuberculostatic activity of the tested com- 
pounds are summarized in Table 2. 

Of all the compound studied the best tuberculostatic activity as regards the strains 
H37Rv and 3714 is shown by IIIe and IVc, i.e., compounds having a theonyl radical in their 
structure. 

Thus, as a result of the conducted investigations it was established that IIIa-h and 
IVa, c have a tuberculostatic activity that is comparable with that of the reserve antituber- 
culous preparations. 
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SYNTHESIS AND ANTIMICROBIAL PROPETIES OF ALKYL ESTERS OF 

O-ACYL SERINE 

E. A. Smirnova, Yu. A. Davidovich, 
M. A. Chernyavskaya, A. S. Belova, 
and S. V. Rogozhin 

UDC (547.466+547.29):542.91:615.281 

Cationic surfactants (SA) are used in medicine, pharmacy, and cosmetics as disinfectants 
and antiseptics [ii] and as preservatives in medicinal preparations, ointments, and creams 
[2, 3]. However, the toxic and skin-irritant effects of some cationic surfactants prevent 
their widespread use. Consequently, there is considerable interest in amino acid surfactants 
Hydrochloride salts of higher amino acid alkyl esters have been shown to be effective bacteri 
ocides with low toxicity in homoiothermal animals [4]. It has also been noted in the liter- 
ture that alkyl ester salts of higher N-acyl derivatives of diaminomonocarboxylic acids exhi- 
bit a high degree of bacteriocidal activity without marked toxic side effects [12, 13]. Base~ 
on these findings, and with the purpose of expanding the variety of antibacterial agents with 
low toxicity, we synthesized a number of cationic surfactants from serine (I-XI) by acylating 
lower serine alkyl esters with chloroanhydrides of the following higher carboxylic acids: 
caprylic, caproic, lauric, myristic, palmitic, and stearic. We then investigated the anti- 
microbial activity and surface active properties of the synthesized compounds. 

HCI R*CI 
) HCI. NH2CHCOOR ) HC1. NH2CHCOOR NH2CHCOOH +- ROH (SOCl,) I 1 

~H~OH CH,.OH CH2OR 1 

A. N. Nesmeyanov Institute of Heteroorganic Compounds, Academy of Sciences of the USSR. 
Translated from Khimiko-farmatsevticheskii Zhurnal, Vol. 20, No. 9, pp. 1064-1068, September, 
1986. Original article submitted June 12, 1985. 

632 0091-150X/86/2009-0632512-50�9 1987 Plenum Publishing Corporation 
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Fig. i. Relationship between the antimicrobial activity 
of the synthesized compounds and the length of the acyl 
radical R I where R = C2H s. X-axis - number of carbon 
atoms in acyl group; Y-axis - logarithm of concentration 
(in ug/ml). Here and in Fig. 2 the broken line repre- 
sents minimum bacteriocidal concentration; the solid line 
represents minimum bacteriostatic concentration, i) E. 
coli; 2) St. aureus. 

Fig. 2. Relationship between the antimicrobial activity 
of the synthesized compounds and the length of the alkyl 
radical R, where R I = C9H19C0 (a) and R I = CIIH23C0 (b). 
X-axis - number of carbon atoms in the alkyl radical; 
Y-axis - Logarithm of concentration (in ~g/ml). 

R is the alkyl radical (C2-C4); R I is the acyl radical with an even number of carbon atoms 
(Cs-C18). 

Serine was esterified in the presence of HCI or thionyl chloride [8] by boiling the re- 
action mixture for 1.5-2 h. O-Acylation was accomplished by treating the resultant hydrochlo- 
rides of serine alkyl esters with the chloroanhydride of the corresponding fatty acid in an 
inert solvent (CH2C12, CHCI3, CCI~). The reaction proceeded in the absence of a base so that 
only the hydroxyl group would be acylated without a preliminary blocking of NH2-function as 
suggested by other investigators [9]. The reaction proceeded for two to four days at room 
temperature. The actual length of time required depended on the length of the acyl radical 
and was directly proportional to the increase in the hydrocarbon chain. The progress of the 
reaction could be visually inspected by the amount of the initial hydrochloride of the serine 
alkyl ester that dissolved. The chara:teristics of the compounds obtained are given in Table 

The bacteriological and bacteriocidal activity of the synthesized compounds was evaluate( 
by the suspension method in which the test microorganisms used were St. aureus (strain 906) 
and E. coli (strain 1257). The test results are given in Table 2. All of the tested com- 
pounds inhibited bacterial culture growth in the concentration range of 4-125Dg/ml and ex- 
hibited pronounced bacteriocidal activity. Moreover, the activity of the L-isomer of the 
O-caprynoyl derivative of serine (VII) was two times more effective against St. aureus than 
the corresponding racemic compound (II) and four times more effective against E. coli. We 
found that the antimicrobial activity of the compounds under examination was related to the 
length of the acyl radical R I, where R = C2H s (Fig. I). It should be noted that although 
this relationship was essentially the same for both microorganisms, the antimicrobial activity 
against St. aureus was manifested at lower concentrations than it was against E. coll. Thus, 
the antimicrobial activity of the examined series of compounds is directly proportional to 
the increase in the size of the acyl radical which determines the surfactant's degree of 



L
o
 

T
A
B
L
E
 

I.
 

Pr
op

er
ti

es
 
of

 A
l
k
y
l
 
Es

te
r 

O-
Ac

yl
 H

y
d
r
o
c
h
l
o
r
i
d
e
 D

e
r
i
v
a
t
i
v
e
s
 
of

 D
,
L
'
S
e
r
i
n
e
 

Co
mp
ou
nJ
 

R
 

I 
C

~H
 6 

I l
 

C
2H

 
II

1 
C

2
H

5
 

IV
 

C
IH

 s 
V

 
C

zH
 5 

V
I 

C
2H

o 
V

II
* 

C
~H

5 
V

II
I 

a-
C

al
l 7

 
IX

 
n~

C
4H

9 
X

 
n-

,C
sH

, 
X

I 
a-

C
4

H
~

 

R 
t 

C
~H

,6C
O

 
C

,H
,,C

O
 

C
uH

,~
aC

O
 

C
IsH

~v
C

O
 

C
1a

H
atC

O
 

C
x,

H
86

C
O

 
C,
H,
,C
O 

C,
H,
gC
O 

C
~H

lo
C

O
 

C
Il

H
ta

C
O

 
C

nH
~3

C
O

 

xe
ld
 

91
 

72
 

93
 

97
 

95
 

68
 

96
 

90
 

90
 

95
 

93
 

nl
p,
 ~
 

R]
 

(A
) 

Wa
te
r 
so

l-
[ 

Fo
un
d,
 % 

ub
il
it
y,
 %1
 
c 

II
 

67
--

59
 

7
5

--
7

6
 

85
--

86
 

90
--

92
 

94
--
95
 

94
 --

95
 

75
--

76
 

83
--

84
 

10
0-

-1
01

 
96

--
98

 
10

2-
- 1

0~
 

O
,6

O
 

0,
58

 
0,

70
 

0,
80

 
0,

70
 

0,
76

 
0,

66
 

0,
67

 
0,

71
 

0
,7

0
 

0,
66

 
0,

66
 

0,
70

 
0,

80
 

0,
48

 
0,

71
 

0,
57

 
0,

68
 

0,
40

 
0,

57
 

0,
57

 
0,

68
 

52
,6

7 
55

,6
0 

57
,8

7 
60

,2
9 

61
,7

0 
63

,1
51

 
56

,0
2 

58
,0

1 
58

,0
5 

~ 
58

,9
2 

60
,2

0:
 

>
4

0
 

>
3

5
 

~
1

6
 

10
 

~
0

,5
 

>
3

5
 

~
1

0
 

~
1

0
 

~
5

 

8,
90

 
9,

47
 

9,
70

 
9,

95
 

10
,2

8 
10

,3
5 

9,
42

 
9,

73
 

9,
73

 
9,

88
 

9,
96

 

4,
70

 
4,

60
 

4,
22

 
3,

60
 

3,
60

 
3,

02
 

4,
28

 
3,

98
 

4,
19

 
3,

77
 

3,
84

 

C
I 

12
,0

2 
ll,

14
 

10
,1

6 
9,

56
 

9,
00

 
8,

13
 

10
,9

0 
10

,0
8 

10
,0

8 
9,

99
1 

9,
33

 

E
m

p
ir

ic
al

 f
o

rm
u

la
 

C
10

H
26

C
1 N

O
, 

C
1~

H
30

C
IN

O
4 

C
,,H

34
C

IN
O

4 
C

t o
lta

sC
I N

O
4 

C
~t

tl4
,C

IN
O

4 
C

~a
tt4

~C
I N

O
4 

C
I~

H
ao

C
IN

O
4 

C1
61

~1
32

Cl
 N

O
4 

C
IT

H
s4

C
I N

O
4 

C
ls

H
se

C
I N

O
4 

C
I~

H
as

C
IN

O
s 

Gi
ve

n 
fo

r 
th

e 
L
-
f
o
r
m
 o
f 

th
e 

c
o
r
r
e
s
p
o
n
d
i
n
 B 

se
ri

ne
 
d
e
r
i
v
a
t
i
v
e
 

T
A
B
L
E
 2
. 

An
ti

mi
cr

ob
ia

l 
A
c
t
i
v
i
t
y
 
of

 
Sy

nt
he

si
ze

d 
C
o
m
p
o
u
n
d
s
 
(I

-X
I)

 

C
al

cu
la

te
d

, 
%

 

52
,7

8 
55

,6
3 

58
,0

1 
60

,0
6 

61
,8

2 
63

,4
5 

55
,6

3 
58

,0
8 

58
,0

1 
59

,0
8 

60
,0

5 

H
 

8,
86

 
9,

47
 

9,
73

 
10

,0
8 

10
,3

3 
10

,3
3 

9,
37

 
9,

92
 

9,
73

 
9,

92
 

10
,0

1 

4,
74

 
4,

33
 

3,
98

 
3,

60
 

3,
43

 
3,

21
 

4,
33

 
3,

83
 

3,
98

 ]
 

3,
80

 I
 

3,
68

 

C
I 

I 
1,

99
 

10
,9

5 
t0

,0
8 

9,
33

 
8,

69
 

8,
13

 
10

,9
5 

9,
69

 
10

,0
8 

9,
69

 
9,

50
 

i 
I[

 
11

1 
IV

 
V

 
V

I*
 

V
II

 
V

II
I 

�9
 cr

o
o

rg
an

is
m

s 
I 

2 
I 

2 
I 

2 
I 

2 
1 

2 
I 

2 
I 

2 
i 

2 
! 

2 
1 

st
~e

~,
St

r~
i.

 
62

 
20

oo
 

16
 

m
oo

] 
1o

oo
 I 

20
00

1 
31

 
- 

~o
 I

 
ss 

15
oo

 I 
8 

15
oo

 
r1

62
 

P
re

p
a

ra
ti

o
n

W
s 

so
lu

b
il

it
y

 
li

m
it

e
d

 
to

 
0

.0
8

7
. 

No
te
: 

1
) 
mi

ni
mu

m 
ba

ct
er

io
st

at
ic

 
co

nc
en

tr
at

io
n,

 
~g

/m
l;

 
2)
 
m
i
n
i
m
u
m
 
ba

ct
er

io
ci

da
l 

co
nc

en
tr

at
io

n,
 
Dg

/m
l 

IX
 

X
 

2 

I 

50
0 

50
0 

50
0 31
 

X
t 50

00
 

50
00

 



70 

40  

JO 

60 

A 

$0 

I I ; i 
! 2 3 : 2 3 

Fig. 3 Fig. 4 

Fig. 3. Surface tension isotherm of various O-acyl 
derivatives of serine ethyl ester. Here and in Fig. 
4: X-axis - is the substance concentration (in mole 
/liter x lO-~); Y-axis is the surface tension (in 
dynes/cm). The curves are marked by the compound 
numbers. 

Fig. 4. Surface tension isotherm of serine O-iauroyl 
esters. 

hydrophoby. The compound reaches its maximum antimicrobial activity when the radical is Cz2. 
Subsequent growth in the hydrocarbon chain results in lowered activity. Apparently, compound 
III has an optimal ratio of hydrophobic to hydrophilic factors which accounts for its maxi- 
mum activity. The results we obtained agree with the literature data on the antibacterial 
activity of serveral other amino acid surfactants. The compound with a Cz2 radical in the 
series of ethyl ester hydrochlorides of N-acyl arginine was shown to have the greatest anti- 
bacterial activity [13]. The decyl and dodecyl esters of the higher alkyl esters of amino 
acids were also shown to have the greatest activity [4, I0]. 

Figure 2 illustrates the relationship between the antimicrobial activity of O-caprinoyl 
(see Fig. 2, a) and O-lauroyl (see Fig. 2, b) of serine derivatives and the alkyl radical 
length in the series C2-C ~. In compounds II, VIII, and IX this relationship is ~xpressed as 
an increase in bacteriostatic activity as the number of carbon atoms increases. In compounds 
II, X, and XI, that relationship is more complex. 

It is generally recognized that the biological action of organic compounds is related 
to their physicochemical properties [6]. In that connection, we investigated the surface 
activity of the synthesized compounds as measured by their ability to reduce the surface ten- 
sion of aqueous solutions on the water-air surface. As is demonstrated in Fig. 3, surface 
activity is significantly dependent upon the length of the acyl radical R I. The C 8 compound 
hardly reduces the surface tension of aqueous solutions. The compound with 12 carbon atoms 
in the hydrophobic radical was observe6 to have the greatest effect. This corresponds to the 
data on the bacteriostatic activity of this series of compounds. At the same time, an 
increase in the length of the alkyl group within the C2-C 4 range in the same acylradical prac- 
tically has no effect on surface activity (Fig. 4), although antimicrobial activity in this 
case is significantly altered. 

EXPERIMENTAL CHEMICAL PART 

D,L-Serine manufactured by the Czechoslovak Wojkow Plant and L-serine produced by the 
Reanal company were used in our study. The higher fatty acid chloroanhydrides were obtained 
by the method in [i]. The mp of the synthesized compounds was determined in sealed capillary 
tubes. TLC was performed on Silufol (Czechoslovakia) plates in a 4:i:I n-BuOH - AcOH - water 
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system (A) and a 4:1:i iso-C3HTOH-pyridine-water system (B). Infrared spectra were read on 
a UR-20 (GDR) instrument (samples of the tested compounds were first pelletized with KBr). 

D~L-Serine Butyl Ester Hydrochloride. HCI vapor was passed into a suspension of 4 g 
(0.033 mole) of D,L-serine in 140 ml of butanol up to the saturation point. The mixture 
was then stored at room temperature for 20 h and boiled for for four h. The product was sep; 
rated by the addition of 150 ml of diethyl ether. The entire operation was repeated to assure 
complete esterification. Yield 6.9 g (92%), mp 85-87~ Found, %: C 42.4; H 7.94; N 7.22; 
C1 10.08. CTHz6CINO 3. Calculated, %: C 42.54; H 8.16; N 7.09; C1 10.08. Rf 0.49 (A), 0.5] 
(B). Infrared spectrum, Vmax, cm-Z: 1750-1735 (C=O), 3030-2500 (NH3+). 

DzL-Serine O-Myristoyl Ethyl Ester Hydrochloride (IV). A 7.86 g portion (0.036 mole) 
of myristic acid chloroanhydride was added to a 6 g (0.035 mole) suspension of D,L-serine 
ethyl ester hydrochloride. The reaction mixture was agitated for 5 h at 40~ The solvent 
was vacuum distilled, 250 ml of absolute ether were added to the residue, the precipitate 
was filtered, then washed with ether and recrystallized from an acetone-chloroformmixture. 
Yield 13.1 g (97%) of ester IV, mp 90-92~ Found, %: C 60.29; H 9.95; N 3.60; C1 9.56. 
C19H3sCINO ~. Calculated, %: C 60.06; H 10.08; N 3.60; C1 9.33. Rf 0.66 (A), 0.67 (B). In- 
frared spectrum, ~max, cm-Z: 1750-1735 (C--O), 3030-2500 (NH3+). 

EXPERIMENTAL BIOLOGICAL PART 

The bacteriostatic and bacteriocidal activity of the compounds under examination was ..... 
tested by the suspension method which employed a microbial load of I • 108 microbial cells 
(MC) per ml. A sterile 0.005 M Tris-SO~ buffer at pH 7.5 was used to prepare the initial 
microbial suspension (2 • l0 s MC) and to dilute the preparations. The test cultures were 
incubated on casein agar at 37~ for 18 h. After exposing the bacterial cells to the com- 
pounds for 30 min at 37~ 0.i ml of the mixture was transferred to 5 ml of a sterile casein 
broth. The tests were repeated 24-32 times. Test microorganism growth was determined by 
changes in the optical density of the broth samples on a photoelectric colorimeter as com- 
pared to a control during the first five to six h, and then after 24 h, 48 h, and seven days 
[7]. 

The surface tension of the aqueous solutions of the synthesized substances was measured 
by the ring-pulling method on a torsion balance [5]. 

LITERATURE CITED 

i. K. Weigand and G. Hilgetag, Experimental Methods in Organic Chemistry [Russian transla- 
tion], Moscow (1969). 

2. S. V. Denisova, G. Ya. Kivman, Yu. F. Krylov, et al., Khim.-farm. Zh., No. 12, 1498- 
1501 (1983). 

3. N. A. Kosul'nikova and N. Yu. Lyuboshits, Antimicrobial Agents and Their Use in Cosmetic 
Abroad [in Russian], Moscow (1973). 

4. V. E. Limanov, I. R. Svitova, T. B. Kruchenok, et al., Khim. Khench, No. i0, 1214- 
1217 (1984). 

5. Surface Active Substances: Reference Manual [in Russian], Moscow (1979). 
6. K. Khlnch, Khim.-farm. Zh., No. 10, 15-30 (1980). 
7. M. A. Chernyavskaya, V. V. Stefanovich, I. A. Sergeeva, and A. S. Belova, Khim.-farm. 

Zh., No. Ii, 1344-1348 (1984). 
E. Schroeder and K. Lubke, Peptides [Russian translation], Vol. i, Moscow (1967). 
G. u Marinetti, Chem. Phys. Lipids, 33, 145-152 (1983). 
Patent No. 381403, 1974 (US), Chem. Abs., 82, 12268z (1975). 
R. S. Shelton, M. G. Van Campen, C. H. Tilford, et al., J. Am. Chem. Soc., 68, 757-759 
(1946). 
K. Vogler, P. Lanz, P. Quitt, et al., Helv. Chim. Acta., 47, 526-544 (1964). 
R. Yoshida, K. Baba, T. Saito, et al., Yukagaku J. Jpn. Oil. Chem. Soc., 25, 404-408 
(1976); Chem. Abs., 85, 105, N ii0386t (1976). 

. 

9. 
I0. 
i i .  

12. 
13. 

636 


