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ABSTRACT

Some I-aryl-3-cyclohexyl thiobarbiturates were synthesized and investigated for their ability
to inhibit succinate dehydrogenase (SDH) activity of rat brain homogenate, All compounds exhi-

bited concentration depeadent inhibition of enzyme,
evaluated on the basis of their I, and I;,/{S) wvalues,

The degree of enzymie ihhibition was also
Kinetic study carried oul with 1-(2-ethoxy-

phenyl}-3-cyclohexyl-thiobarbiturate revealed a competitive hature of inhibition, Anticonvulsant

activity of the compounds against pentylenetetrazol-induced seizures and the partition coefficients
were determined 1 order to correlate structure-activity relationship,

INTRODUCTION

UMEROQUS CNS depressants and anticonvulsantg
have been showa to inhibit respiratory activity of
brain which ultimately Ieads to altered energy meta-
bolism and thus impair neurpnat functions~?* Further-
more, it has besn reported that various barbiturates
interfere with the succinate dehydrogenase activitytS,
Recently, several 1, 3-disubstituted thiobarbiturates
were investigafied to show their effects on respiratory
enzymes, ¢onvulsiva seizures and succipate dehydro-
genase activity of rat brain homogenate”>8, On the
basis of these observations, a few 1-aryl-3-cyclohexyl-
thiobarbiturates were synthesized and investigated
for succinate dehydrogenase activity in vitro of rat
brain homogenate. The compounds were screened
far atticoivulsint activity and the partition coefficients
ware also determined in order to discover any relation-
ship bztwz2z1 structure, biological activity and lipo-

philicity.

EXPERIMENTAL

1-Aryl-3-cyclohexyl thiocarbamides,—Cyclohexylamine
(0-01 mole) and the appropriaté aryl isothiocyanate
(0-01 mole) were taken in 20 ml of dry benzene and
refluxed on a steam bath for 2 hr. The reaction mix-
ture was then concentrated under reduced pressure,
The solid mass which separated out on cooling was
filtered, washed (Et,O, dil. H(l), dried and recrystal-
lized from EtOH. All thiocarbamides have been
yeported earlier® except 1-(2-ethoxyphenyl)-3-cyclo-
hexy! thiocarbamide m.p. 104°C, yield 82%,, Analyses
for CI 5H23NQOS

Caled. C, 64-74%; H, 8-27%; N, 10-07%.

and
Found C, 64:46%%; H, 84%; N, 10-32%
1-(4-ethoxypheyl)-3-cyclohexyl thiocarbamide, m.p.

126°C, yield 80% . Analyses for C;;H,;,N,0S
Caled. C, 64-74%; H, 8:27%,; N, 10-07%;

Found C, 64-86%; H, 8-15%; N, 9-809/

1-Aryl3<cyclohexyl thiobarbiturares

Appropriate thiocarbamide (0- 001 mole)} and malonic
acid (0-015 mole) were heated slowly on a water bath
with acetyl chloride (7 ml) at 60-80° for 1 hr, After
cooling, the pasty mass was triturated with water
and the brown solid was separated and recrystaillzed
trom ethanol. All thiobarbiturates were characterized

by their sharp melting points, elemental analyses
(Table 1) and infrared spectra,

Siuccinate dehydrogenase activity,—Succinate dehydro-
genase activity of rat braip homogenate was determined

by the spectrophotometric method described by Slater
and Bonnerl®,

Determination of I, value—The concentration of
the compound required to inhibit 50% of. the enzyme
activity was obtained by plotting a graph of log molar
concentration of compounds against per cent inhibition.

Anticonvulsant activiry,—Anticonvulsant activity of
l-aryl-3-cyclohexyl thiobarbiturates was determined

at a dose of 100 me/kg i.p. against pentylenetetrazol-
induced seizures!?,

Determination of partition coefficients.—The partition
coeflizients were determined by dissolving the come
pounds in chloroform, shaking the solution with water
and assaying the concentration of the compound in
two phases spectrophotometrically,

RESULTS AND DISCUSSION

All 1-aryi-3-cyclohexyl thiobarbiturates were found
to inhibit rat brain succinate dehydrogenase
in vitre at final concentrations of 1 X 10-3 M,
50X 107 M, 2:5x10* M, 1x104¢M and
S X103 M (Table 1f). The degree of inhibition- of
succinate dehydrogenase was found to be concentra-
tion depeadent, This necessitated the determination
of I ;4 values of the thiobarbiturates and the ratio of
I., values to substrate concentration (Table I1) for
a betier comparative evaluation of their inhibitory
activity, 1-(2-Ethoxyphenyl)-3-cyclohexyl thiobarbi-
furate (Compound VII) exhibited maximum inhibition.
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TABLE I

Physical constants of 1-cryil-3-cyclonexyl thiobarbiturates

Analysis %,

Compound Ar, Melting point  Yield 95  Molecular -
No. formula Caled. Found
I
/ O \'_' 124\: G ?2 CIEHIENEOES C 63 * 57 63 . 73
AN / H 596 6-01
N  9.27 9-15
) Py <CH:;
D = 132°C 68 C,-H,N,O,S C 64:56 63436
N___ S/ 1Pt H 633 6-29
e N 886 9-06
AN

I
/ 0 N 182°C 70 C,7Hao Nz 0,S C  64-56 6485
AN / H 633 647
v N  8-86 R+ 65
H:,.C—/ o D 90° C 76 C,HigN:O,S  C 64-56 64- 63
N H 633 642
N  8-86 8-99

y _,0CH,
/ C \_" 1421 44{: C 64 C1 ?HE(}NEOHS C 61 <44 61- 73’
N____ /S H 602 5.96
v N N  8-43 3-68
meo— o N— 152°C 63 CoHLN,OS C 6144 6127
AN / pTReT R 1 602 623
N §-43 8:36
_/OC;Hy

VII
/ o N 138°C 71 C,H:N,O,S C  62:43 62+ 57
AN / H 6136 642
it N  8:09 827
”"‘CEO""*/ O \""‘ 158°C 63 C,sHa: N2 O3S C 62-43 6220
7
8-0 1

IX
Br-—/ O N 1/8°C 64 C..i, NO.SBr € 5354 53:79
AN yd i 4-46 128
N 7:34 745S

Substitution of various groups at pheryl ring attached
to position 1 of the thiobarbiturate nucleus was found
to elicit a varied degree of inhibition of SDIH activity,
The shifting of methoxy/ethexy gioup fiem pesition
2 to 4 (Compounds, V, VI, VII, VIi1) resulted in the

aireurra iy

Curr Sci—3

decrezse in the enzyme inhibitior, Mcereover, the
compounds possessing ethexy grovps were feurd
to shoew mreater activity &8 cengated to those
having methexy gicups. at the respecting  posis
ticns in the phenyl ring. The intreducticn «f an
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TasLe 11
Eflect of Y-aryt-d-cyelohexyi-thiobarbiturates on rat hrain suecinate dehydrogenase

QO
i
/- C
' \Lr{ \CH
\/ [ I &
NnS
[
Ar
Per cent inhibition*
Cempound Ar 1 10-3M¢e — —_ .
No. 5:0% 10 M? 25X 10~ M* 1 X 10-M* Sx 10-5 Me
I < Q \f"""" S8 0f:0'3 33'0::0'3 26'9:_—_0‘7 20'8::0'9 14'4::0'6
/CIIa
$1 < O >— 70-0+0-08 414 409 3214170 22°310-4 5:840-7
mc\
11 < o >-—- 72:04-0-1 62-9.£07 33-8+£0-5 313106 §2-74+0-9
IV }llc_< G /"""' 76 0‘—‘1 U 51'4::0‘6 35'7:&0'7 28!3::0*8 2'90::0‘4
/OCH;;
\' < O >—-— $2-34+1-0 61:44-0-2 42-84-0-8 38-8+0-6 17-44+0-8
VI H,CO—< ', >—-— 707 10-2 51-440-8 33-840-4 23:810-9 12741 0
/OC2I15
Vil / ' >-— 08:2+04 661408 58:54+0-8 47- 7407 212106
Vil H::CEO—< O >— 94-840-3 514405 54603 29-8+0-5 12-64+-0-8
IX Br*—/\ O >-— 92:140-5 47-14-0-3 44-640-8 25-341-3 12:6+0-9

' —

* Assay procedures and contents of the reaction mixture were as described in the text. Each experiment

was done in triplicate and the values are the mean values of three separate experiments with 4+ stardard error
of the mean.

4, b, ¢, d, e — Indicate the final concentration of the test compound used in the reaction mixture,

ele:troneegative Br atom in the pheayl ring (Compound  centrations of 1 X 102 M and 2-5 X 10 M. The
[X) exnibited a similar degzree of inhibition as com- order — m > — p >~ was observed atthe final con-
pared to the electron-doaating methoxy and ethoxy centration of 5 X 107 M and 1 X 10~¢M while the
groups. In the case of methyl substituted barbiturates order was — nt>— o > p at 5 X 107 M. However,
(LI, 1Lf and IV), the dezree of inhibition was found to  the compound possessing an unsubstituted phenyl

be in order of — p > — m>— o at the final con- ring exhibited minimum inhibition at various con-
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TABLE 111

Iso values of 1-aryl-3-cyclohexyl thiobarbiturates

v
VAN C
I\\)—-N T’Ha
S=C C=0
\T/
Ar
Compound Ar. Ige* [,,**
No. S)
1 < O >—- 84 X 10-¢ M 0168
CH
—_
11 < O >—- 6:6 X 10+ M 0-132
HaC\
111 < O >-— 38 X110« M 0-076
1V HsC*—'/ O N 4-8 % 10~ M 0:-096
N/ |
/OCH,
A" / O \—- 3:4 X 10~ M 0008
N/
V1 HaCO--—-< @ >-—- 4:9 X 10~ M 0-098
/OCgH;
VII < O >""" 1'2 X 104 M 0:-024
VIII H5C20—~< O >-—- 45 x 10 M 0:-090
IX Br-—-< O >-" 54 X 10+ M 0-108

il

il e

* Represents the molar concentration of inhibitor causing 50% inhibitton of enzyme under the experimental
conditions described in the text,
** Indicates the ratio of molar concentration of compounds to substrate giving 5074 inhibition,

concentrations, Preincubation of these compounds with
the enzyme system for varying lengths of time prior
to the addition of substrate in no way altered their
degree of inhibition (Table 1IV). Kinetic study of
1-(2-ethoxyphenyl)-3-cyclohexy] thiobarbiturate  using
Lincweaver and Burk}? plots as modified by Dixon"?

Curr Sci~—4

has been demonstrated in Fig.1, Ki value obtained
graphically, was found to be 0-125 X 10-% Al,

All thiobarbiturates afTorded protection {(100,-602,)
aganist pentylenetetrazol-induced seizures (Table V),
Maximum protection was shown by compound 1V while
the minimum was exhibited by compound I, In general,
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TABLE 1V
Preincubation studies with V-gryl-3-cyclohexyl thiobarbiturates

Per cent inhibition* (Preincubation tire in min.)

e

Compound Ar. .
No. 0 min. 10 min. 20 min. 30 min.

I / O y— 58'1::0‘2 58'0::0'2 53'0_—_;0'4 53'1::0'1
N—" 3
/CH;;
II- / O \—- 70-140-8 700405 70-140-3 70-24+1-4
N/
H:,C\
111 / O — 72'0:;0‘5 72‘0::0*4 72'2::0‘3 72'1:[;0'9
N\’
PN 04049
1V I‘.{EC—"'\, O /"-"' 76'0::1'5 76'1::0'7 76'1 i0'6 76 0-_—[:0
/OCHa
VY / O \—" 92'3::0‘5 92'2::0'4 92‘1::0‘4 9224_‘“0’7
N—
VI IIJCO_< O >""" 70‘8:_‘_]‘5 705:_—_09 70'6:;0‘3 70‘7:[:0'6
/0C2H5
7o N\
VI] O — 98'1::1'0 98'2::0'8 93’2::0'5 98'3:{;0'7
N—/
VIII  H 5:0"'—“< O >*— 94:740-9 94-8+1-3 9473103 G4-84+0-6
X Br——-< o >—- 92:310-4 92:14.0-8 92-041+0 92:2 412

* Agsdy procedures and conteats of the reaction mixture were as described in the text, Each experiment
was done in triplicate and the values are the mean of three separate experiments with < stanc'ard error of the
mean. The compounds were usea at a final concentration of 1 x 107% M.

shifting of electron-donating groups from positicn values could not be correlated to either the anticon-
2 to 4 of the phenyl nucleus produced greater degree  vulsant activity or SDH inhibitory activity.

of protection, while the inhibition of succinate dehydro- Some 1, 3-disubstituted thiobarbiturates have been
genasé activity-was lowered. The partition coefficients reported to affect the succinoxidase activity of rat
of these compounds$ are also shown in Table V, These brain homogénate and the site of action of these
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TABLE V
Anticanvuisant activity and partition coefficients of 1-aryl-3-cyclohexyl thioharbiturates
O
[
N 75N
~—N CH
VoL
S=C C=0
NN
|
Ar
Compound Ar Anti~canvu]saﬁt Mortality® % Partition
No. activity® % coefficients
I / @ \—" 10 70 740
NS
HEC\
IIT / O \—- 40 60 7T-33
s /
™~ .
J AV HaC—/ O \—“ 60 20 6-73
AN /
/ <:)C['Ig
V O — 30 40 25-56
~N__ ./
VI H3C0—-< O >*—" S0 30 19-75
/ ./\"OCEIIE
VIIL H5C20“< O /"——- 30 40 12+15
IX Br-—-*/ O \—' 20 70 28-41
NS

g l, —

¢ Anticonvulsant activity was determincd as described in the expertmental sectiob,

L L P

® Represents mortality in each group of animals administered pentylenctetrazol during 24 hr period,

compounds has been demonstrated to be presumably at
the complex I and complex I of the electren trarspoert
chain?. The present investigation was made in an
attempt to investigate the ceffect of 1-aryl-3-cyclohexyl-
thiobarbiturates on complex Il of electron transport

chain. In the present study the inhibitory action of
these thiobarbiturates on complex 1l of ET.C. can
be ascribed to be due to the action of these compounds
on succinate dehydrogenase, a constituent of compleX
. Jiowever, these Studies Jdo not show a definite
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voreelation  betwazt the amticonvylsant anctpvity of 6. Zimmermenn, H. and Platt, D., kankfurer,

these f-arvi-3-cvclohenyl thiobarbiturates and their
ALY 1o thibit succinate dehyvdregenase of rat brain

HOMOog:E 13t as 38 biochemical basis of their anticonvul-
yant activity.
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