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Abstract—In order to investigate the structure-activity relationships of the stereoisomers of angiotensin conver-
ting enzyme inhibitors, captopril and its derivatives were selected as model compounds. Ir vitro enzymatic
activities of them depend on the symmetry at the asymmetric carbons. Especially, the alanyl carbon should
have the S configuration to be biologically active. But the demethylated captopril having the achiral carbon
also shows the activity although it is less active than captopril. Seven stereoisomers of captopril and its deriva-
tives were chosen and their acidic and ionic forms were used for molecular dynamics simulations. Four compu-
ter simulations were practiced for each model compound in order to obtain the good condition for simulation
to explain the experimental structure-activity relationships. From the computer simulation results, relativistic
movements of three well-known pharmacophoric sites, carboxylate carbon, carbonyl oxygen, and sulfur atoms,
were analyzed. Good results were obtained from the aqueous solution molecular dynamics simulation with
ionic forms of model compounds. Active model compounds have the pharmacophoric areas of 6.08 to 6.38 A2
and the similarity in the geometrical data. But inactive ones have the largely deviated values of 4.51 to
487 A% from those of active ones.

Keywords [] angiotensin converting enzyme inhibitor, captopril, stereoisomers, molecular dynamics, structure-
activity relationships.
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Fig. 1. Stereoisomers of Captopril.
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Fig. 2. Stereoisomers of Captopril derivatives and their acti-
vities.
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Table 1. Molecular Dyvnamics Results of Captopril-5, Captop-
ril-R, and Captopril-H lons in Vacuum

Captopril-S Captopril-R Captopril-H
Angle?
& 126.20 (6.88)" 130.65 (10.22} 76.20 (10.56)
& 31.80 (4.20) 24.58 (563) 56.07 (6.80)
& 22,72 (2.93) 2477 (4.86) 47.73 (5.19)
Distance’
Ly 4.77 0.14) 350 (0.24) 3.98 (0.26)
1, 3.58 (0.20) 354 (017 356 (0.17)
ly 745 (0.17) 6.37 (0.24) 464 047
Area!
A 6.87 (0.89) 466 (0.95) 6.76 (0.57)

Units in degrees.

. Standard deviation in parenthesis.
Units in A

. Units m A"

oo o

Table 11, Molecular Dynamics Results of Captopril-S, Capto-
pril-R, and Captopril-H Ions in Aqueous Solution

Captopril-5 Captopril-R Captopril-H
Angle®
6, 131.85 (6.56)° 127.93 (941) 121.80 (7.82)
& 2844 (4.00) 27.71 (5.56) 36.15 (4.97)
& 19.71 (2.71) 24.36 (4.11) 22.05 (2.96)
Distance’
IR 4.86 (0.14) 3.59 (0.22) 487 (0.14)
I 344 (0.17) 3.21 (0.17) 3.10 (0.10)
{3 7.59 (0.14) 6.09 (0.26) 7.00 (0.20)
Area®
A 6.21 (0.88) 451 (0.85) 6.38 (0.79)

a. Units in degrees.

b. Standard deviation in parenthesis.
c. Units in A

d. Units in AL
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Fig. 3. Superposition ol calculated conformational snap-shots
for each stereoisomer of Captopril during molecular dyna-
mics simulations: yellow, active Captopril-H; green, active
Captopril-S: violet, inactive Captopril-R.

Table TII. Electrostatic Fields of Isolated lons, Solvent Effe-
cts?

Site Captopril-3 Captopril-R ~ Captopril-H

N 147 (2)° 149 (3) 149 (2)

S 879 (2.6) 834 (2.8) 111.8 (11.6)
Co1 158 () 158 (8) 165 (7)
CO;

02 242 (4) 240 (3) 236 (b)
03 236 (2) 238 (4) 230 (10
Reaction  —130.3 (25) —1302 (29 —1257 (36)

Field
=771 (1.5) =711 (1 —744 (22)

a. Units in kT/e.
b. Standard devialion in parenthesis.
¢. Units in kcal/mole.
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Table IV. Electrostatic Fields of Aqueous Ions, Solvent Effe-

Table VI. Electrostatic Fields of Agueous Ions, Solvent Effec-

cts? tg?
Site Captopril-3 Capropril-R  Captopril-H Site WY-38 WYRS  5-Oxocaptopril Fentiapril
N 152 3 148 (3) 153 (3) N 153 (1) 150 (1) 145 (3) 142 (1)
S 703 (1.2) 90.4 (6.1) 794 (5.2) S 697 (L) 959 (116) 778 (13) 772 (25
o1 170 (6) 172 (D 178 (6) CO1 171 ) 170 (5) 164 (4) 164 (4)
Co.
co, 2
»  wo wa wo 2 M@ mo mo wa
03 249 (3) 241 (5) 244 (5)
' ‘ Reaction —136.8 (1.6) —134.1 (1.7) —127.1 (14) —1296 (L.
Reaction  —1366 (15) —1351 (26) —1371 32) M 1368 (16) —1341 (17) —127.1 (14) —1296 (19)
Field —~8L0 (LO¥ —794 (10) —753 (09) —768 (L1)
—80.8 (0.9° —800 (16) —8L1 (L9)

a. Units in kT/e.
b. Standard deviation in parenthesis.
¢. Units in keal/mole.

Table V. Molecular Dynamics Results of WY-SS5, WY-RS, 5-Oxo-
captopril, and Fentiapril Ions in Aqueous Solution

WY-55 WY-RS 5-Oxocaptopril  Fentiapril
Angle®
4 127.02 (6.04) 11251 (12.16) 129.65 (8.54) 129.56 (5.85)
& 32.60 (3.79) 34.17 ( 6.98) 3042 (541) 3035 (345)
& 20.38 (241) 3333 ( 562) 19.72 (3.25) 20.09 (2.57)
Distance®
I 495 (0.10) 3.31 ( 0.24) 4.89 (0.14) 4.84 (0.10)
Iz 320 (0.14) 326 ( 0.14) 325 (0.14) 3.29 (0.10)
I3 732 (0.14) 543 ( 041) 7.38 (0.17) 7.38 (0.14)
Arear
A 6.30 (0.71) 4.87 ( 0.65) 6.08 (0.99) 6.13 (0.75)
a. Units in degrees.
b. Units in
c. Units in Az
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a. Units in kT/e.
b. Standard deviation in parenthesis.
¢. Units in kcal/mole.

Fig. 4. Electrostatic potential map showing the shapes of
pharmacophoric sites for each Captopril derivative: vellow,
sulfur; red, oxygen; green, carbon; white, hydrogen: top left,
Fentiapril; top right, 5-Oxocaptopril; bottom left, inactive WY-
RS; bottom right, WY-SS.
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Fig. 5. Superposition of six Captopril derivatives having sul-
fur atom represented by the ball and dotted surface: red,
inactive WY-RS; vellow, inactive Captopril-R; pink, active
WY-8S; blue, active Fentiapril; blue, active 5-Oxocaptopril:
green, active Captopril-S,
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