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Abstract 0 3-Alkyl benzoate/benzhydrazide aminomethyl benzox- 
azole/benzthiazole-2-thiones were synthesized and evaluated for 
their ability to affect the respiratory activity of rat brain homoge- 
nate. All compounds were found to inhibit selectively the nicotin- 
amide adenine dinucleotide (NAD)-dependent oxidation of DL- 
isocitrate, a-ketoglutarate, and pyruvate while NAD-independent 
oxidation of succinate remained unaltered. Inhibition of mono- 
amine oxidase by 3-benzhydrazide aminomethyl benzoxazole/ 
benzthiazole was greater with benzthiazoles as compared to the 
corresponding benzoxazoles. Anticonvulsant activity exhibited by 
these benzoxazole/benzthiazole derivatives against pentylenete- 
trazol-induced seizures was found to be unrelated to their enzyme 
inhibitory properties. 
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Diverse psychopharmacological effects exhibited 
by benzoxazoles (1) and benzthiazole (2, 3) led to 
the synthesis of 3-alkyl benzoate/benzhydrazide 
aminomethyl benzoxazole/benzthiazole-2-thiones. In 
the present study, their ability to inhibit nicotin- 
amide adenine dinucleotide (NAD)-dependent oxi- 
dation of DL-isocitrate, u-ketoglutarate, and pyruvate 
and the ability of 3-benzhydrazide aminomethyl 
benzoxazole/benzthiazole-2-thiones to inhibit mono- 
amine oxidase activity were investigated. Attempts 
also were made to determine the anticonvulsant ac- 
tivity of these compounds to correlate their enzyme 
inhibitory properties with their ability to afford pro- 
tection against pentylenetetrazol-induced seizures. 

EXPERIMENTAL1 

Alkyl Aminobenzoates-These were prepared by treating ami- 
nobenzoic acids with appropriate alcohols according to the meth- 
od reported earlier (4). 

3-Alkyl Benzoate Aminomethyl Benzoxazole/Benzthiazole- 
2-thiones (I-VI) (Scheme I)-A mixture of an appropriate alkyl 
aminobenzoate (0.011 mole) and 2-mercaptobenzoxazole/2-mer- 
captobenzthiazole (0.01 mole) in ethanol with 37% formalin 
(0.012 mole) was stirred on an ice bath for 3 hr. The reaction mix- 
ture was refrigerated overnight, and the solid mass which sepa- 

l All compounds were analyzed for their carbon, hydrogen, and nitrogen 
content. Melting points were taken in open capillary tubes and are correct- 
ed. Commercial chemicals were used in the present study. oL-Isocitrate. 
a-ketoglutarate, pyruvate, succinate, kynuramine. AMP (sodium salt), and 
cytochrome c were obtained from Sigma Chemical Co., St.  Louis, Mo. 

rated out was filtered, washed with water, dried, and recrystal- 
lized from ethanol. The various 3-alkyl benzoate aminomethyl 
benzoxazole/benzthiazole-2-thiones were characterized by their 
sharp melting points and elemental analyses (Table I). The pres- 
ence of characteristic bands for COOCzH5 (1730 cm-l),  NH (3320 
cm-l),  and CH2 (2930 cm-l)  groups in their IR spectra provided 
further support for their structure. 

3-Benzhydrazide Aminomethyl Benzoxazole/Benzthiazole-2- 
thiones (VII-XII)-3-Alkyl benzoate aminomethyl benzoxazole/ 
benzthiazole-2-thione (0.01 mole) dissolved in absolute ethanol 
was heated under reflux in a water bath with 0.02 mole of 99- 
100% hydrazine hydrate for 10-12 hr. Excess solvent was removed 
by distillation. The hydrazides which separated out on cooling 
were collected by filtration, dried, and recrystallized from etha- 
nol. The various 3-benzhydrazide aminomethyl benzoxazole/ 
benzthiazole-2-thiones thus obtained were characterized by their 
sharp melting points and elemental analyses (Table 11). These 
hydrazides were further characterized by the presence of the 
characteristic bands for CONH (1660 cm-'), NHz (3350 cm-l) ,  
NH (3200 cm- l) ,  and CH2 (2840 cm-') in their IR spectra. 

Assay of Respiratory Activity of Rat Brain Homogenate- 
Male albino rats, allowed,food and water ad libitum, were used in 
all experiments. Rats weighing 100-150 g were sacrificed by de- 
capitation. The brains were removed immediately and homoge- 
nized2 in the ratio of 1:9 (w/v) in cold 0.25 A4 sucrose. All incuba- 
tions were carried out in the conventional Warburg manometric 
apparatus a t  37" with air as the gas phase. The oxygen uptake 

I alkyl aminobenzoate 
H 

I-VI 
/NH,NH~.H.O 

W-XII 
R = COOCHB or COOC2H, and X = 0 or S 

Scheme I 

2 Potter-Elvehjem homogenizer. 
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Table I-3-Alkyl Benzoate Aminomethyl Benzoxazole/Benzthiazole-2-thiones 

Com- 
pound 

Analysis, % 
Melting Found  

R X Yield, % Poin t  Molecular Formula Calc. 

I 2-COOCHs 0 66 150' CISHI~NZO~S C 61.14 
H 4.46 
N 8.92 

I1 3-COOCzHs 0 72 180' C17HiYzO3S C 62.19 
H 4.88 
N 8.54 

I11 4-COOC2Hs 0 83 169' Cid-IiYz03S C 62.19 
H 4.88 
N 8.54 

IV 2-COOCHa S 68 172' CIBHISJ~OZSZ C 58.18 
H 4.24 
N 8.48 
C 59.30 
H 4.65 
N 8.14 

VI 4-COOCZHb S 80 155' C17Hid'JzOzS, C 59.30 
H 4.65 

V 3-COOCzHs S 76 135 ' C17H1SNzOzS2 

N 8.14 

60.96 
4.62 
8.70 

62.40 
4.76 
8.42 

62.34 
4.70 
8.38 

58.46 
4.08 
8.60 

59.52 
4.50 
7.98 

59.12 
4.74 
8 .oo 

a Melting points were taken in open capillary tubes and am corrected. 

Table 11-3-Benzhydrazide Aminomethyl Benzoxazole/Benzthiazole-2-thiones 

Com- 
pound R 

Analysis, % 
Melt ing 

X Yield, % Pointa Molecular Formula Calc. Found 

VII 2-CONHNHz 0 44 248 ' Ci5HlrN408 C 
H 
N 

VIII 3-CONHNH2 0 52 172' C i sHi SJ 4 0 2 s  C 
H 
N 

IX 4-CONHNHt 0 57 140 ' C1sHiSJ40zS C 
H 
N 

X 2-CONHNHz S 50 200 O c1~1~4os2 C 
H 
N 

XI 3-CONHNHz S 54 197" CisHi4"IOSz C 
H 
N 

XI1 4-CONHNHZ S 60 203 ' C isHiaNiOSz C 
H 
N 

57.32 
4.46 

17.83 
57.32 
4.46 

17.83 
57.32 
4.46 

17.83 
54.54 
4.24 

16.96 
54.54 
4.24 

16.96 
54.54 
4.24 

16.96 

57.60 
4.28 

17.62 
57.14 
4.60 

17.73 
57.10 
4.62 

17.78 
54.78 
4.10 

16.65 
54.66 
4.02 

16.70 
54.32 
4.40 

16.74 

a Melting points were taken in open capillary tubes and are corrected. 

was measured at  10-min intervals. Fresh rat brain homogenate, 
equivalent to 125 mg wet weight, was added to the chilled 
Warburg vessels containing 6.7 mM MgS04, 20 mM NaZHP04, 1 
mM adenosine monophosphate (AMP) (sodium salt), 33 mM 
KC1, buffer solution (pH 7.4). and 500 pg of cytochrome c in a 
final volume of 3 ml. The central well contained 0.2 ml of 2W0 
KOH solution. All substrates were used at a final concentration 
of 10 mM while the final concentration of the various benzoxa- 
zole/benzthiazole derivatives was 2 mM. The compounds were 
dissolved in propylene glycol (100%). and an equivalent amount 
of the solvent was added to the control vessels. 

Determination of Monoamine Oxidase Activity-A spectro- 
photofluorometric method was used for the determination of 
monoamine oxidase activity of the rat brain homogenate, using 
kynuramine as the substrate (5). The 4-hydroxyquinoline formed 
during oxidative deamination of kynuramine was measured fluo- 

rometrically in a spectrophotofluorometer3, using activating light 
of 315 nm and measuring fluorescence a t  the maximum of 380 
nm. The reaction mixture in a final concentration consisted of 0.5 
ml of phosphate buffer (0.2 M, pH 7.5), 1 X M kynuramine, 
and 0.5 ml of brain homogenate (equivalent to 10 mg of wet 
weight of the tissue). The monoamine oxidase activity was deter- 
mined by incubation at  370 in air for 30 min. The various 3-benz- 
hydrazide aminomethyl benzoxazole/benzthiazole-2-thiones were 
added to the brain homogenate to produce a final concentration 
of 1 X M and then were incubated for 10 min before the ad- 
dition of kynuramine. The mixture w h  then incubated for an ad- 
ditional 30 min. The reaction was stopped by the addition of 1 ml 
of 10% trichloroacetic acid (w/v), and the precipitated proteins 

Aminco Bowman. 
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Table 111-Biochemical and Pharmacological Properties of 3-Alkyl Benzoate  Aminomethyl  
Benzoxazole/Benz thiazole-2-thiones 

Anticon- 
Inhibition., % vulsant Mor ta l i t y  

Activityb, % a f t e r  24 
Compound  nL-Isocitrate a-Ketoglutarate Pyruvate Succinate Protect ion hr, % 

I 
I1 

I11 

66.1 f 0.8 53.5 f 0 . 9  4 9 . 2  f 0.4 Ni l  40 20 
5 5 . 2  f 0.6 3 1 . 4  f 0.5  60.9 f 0 . 8  Nil  20  30 
59.1 f 0 . 7  2 4 . 9  f 0.4 6 8 . 0  f 1.0 Nil 30 30 

I V  6 3 . 8  f 0.9  4 2 . 8  f 0.5 54.8 f 0 .7  Nil 40 10 
V 70.1 f 1 . 2  47.9 f 0.6  6 1 . 5  f 0 . 9  Nil 10 50 

V I  6 1 . 7  f 0 . 9  3 8 . 2  f 0 .4  77.4 f 1.3 Nil 20 40 

a Each experiment was done in duplicate. Aasay conditions and vessel contents were as reported in the text. All values represent mean values of percent in- 
hibition with fstandard error calculated from three separate experiments. Inhibition was determined by the decrease in the oxygen uptake with 125 mg wet 
tissue weight/hr. The final concentrations of the compound8 and the suhatratea were 2 and 10 mM, respectively. The oxygen uptake in the control experi- 
ments. in the absence of added 3-alkyl benzoate aminomethyl benzoxazole/benzthiazole-2-thiones, was 142.0 f 7.6, 125.0 k 8.8, 113.0 =I= 6.5, and 210.0 zk 
11.4 p1/125 mg wet tissue weight/hr using DL-isocitrate, a-ketoglutarate, pyruvate, and succinate, respectively, as substrates. Compounds were administered 
at the dose of 100 mg/kg ip 4 hr before administration of pentylenetetrazol(90 mg/kg sc). 

Table IV-Biochemical and Pharmacological Properties of 3-Benzhydrazide Aminomethyl  
Benzoxazole/Benzthiazole-2-thiones 

Anti-  
con- 

vulsant  
AC- 

Inhibitiona, % tivity*, Mor- 
% ta l i ty  

Oxidaseb t i on  hr, % 
Com- suc- Monoamine  Protec- a f t e r  24  
pound DL-Isocitrate a-Ketoglutarate Pyruvate cinate  

~~~ ~ 

V I I  1 4 . 7  f 0 . 3  56.5 f 0.8 1 8 . 8  f 0 . 2  Nil  3 7 . 2  f 0 . 4  20  60 
V I I I  2 2 . 4  f 0.3 4 2 . 7  f 0 . 7  2 1 . 6  f 0 . 3  Nil  4 6 . 3  f 0 . 5  Ni l  90 

IX 4 0 . 1  f 0 4 49.1 f 0.5 37.3 f 0 . 7  Nil 58.4 f 0 . 7  30 40 
X 3 5 . 9  & 0.6 55.8 f 0 . 7  3 8 . 5  f 0.8 Ni l  54.1 f 0 . 7  10 80 

X I  5 2 . 1  f 0.8 60.4 f 0.8 3 2 . 2  f 0 . 4  Ni l  6 0 . 4  f 1 . 0  20 70 
XI1 38.5 f 0 . 5  64.1 $: 1.0 44.1 f 0 . 6  Nil 7 0 . 2  f 1 . 1  10 80 

Assay conditions were as described in Table 111. Each experiment was done in duplicate, and the values indicate mean valuea with fstandard error of 
three separate experiments. Final concentrations of kynuramine and the various 3-benzhydrazide aminomethyl benzoxazole/benzthiazole-Z-thiones were 
1 X 1 0 - 4  M. 

were removed by centrifugation. Suitable 1-ml aliquots of the su- 
'pernate were taken in 2 ml of 1 N NaOH solution and were as- 
sayed for 4-hydroxyquinoline. An increase in absorbance provided 
a direct measurement of 4-hydroxyquinoline formation, which 
was taken as an index of the monoamine oxidase activity. The 
percentage inhibition was calculated from the decrease observed 
in absorbance, and this provided an index of the inhibitory prop- 
erty of these 3-benzhydrazide aminomethyl benzoxazole/benz- 
thiazole-2-thiones. 

Determination of Anticonvulsant Activity-Anticonvulsant 
activity was determined against pentylenetetrazol-induced sei- 
zures in mice of either sex weighing between 25 and 30 g. The 
mice were divided into groups of 10, keeping the group weights as 
near the same as possible. All compounds (100 mg/kg) were sus- 
pended in 5% aqueous gum acacia to give a concentration of 
0.25% (w/v). A 100-mg/kg ip dose of the test compound was ad- 
ministered to 10 animals. Four hours after the administration of 
these compounds, the mice were injected with pentylenetetrazol 
(90 mg/kg sc). This dose of pentylenetetrazol has been shown to 
produce convulsions in almost all untreated animals and to ex- 
hibit 100% mortality in mice during 24 hr. On the other hand, no 
mortality was observed during 24 hr in animals treated with 100 
mg/kg of the test compounds alone. The mice were observed for 
60 min for the occurrence of seizures. An episode of clonic spasm 
persisting for a minimum of 5 sec was considered a threshold con- 
vulsion. Transient intermittent jerks or tremulousness were not 
counted. Animals devoid of threshold convulsions during 60 min 
were considered protected. The number of animals protected in 
each group was recorded, and the anticonvulsant activity of these 
compounds was represented as percentage protection. The ani- 
mals were then observed for 24 hr and the mortality was record- 
ed. 

RESULTS AND DISCUSSION 

Selective in oitro inhibition of NAD-dependent oxidation of 
6L-isocitrate, a-ketoglutarate, and pyruvate by rat brain homoge- 
nate was observed in the present study with all 3-alkyl benzoate 
aminomethyl benzoxazole/benzthiazole-2-thiones (Table 111). 
However, NAD-independent oxidation of succinate was found to 
be unaffected. Maximum inhibition of oL-isocitrate oxidation was 
observed with Compound V, while maximum inhibition of n-keto- 
glutarate oxidation was observed with Compound I. Compound V 
produced maximum inhibition of the oxidation of pyruvate. Anti- 
convulsant activity exhibited by 3-alkyl benzoate aminomethyl 
benzoxazole/benzthiazole-2-thiones is recorded in Table 111. All 
compounds, when used a t  the dose of 100 mg/kg, possessed low 
anticonvulsant activity, as evidenced by their ability to afford only 
l0-40% protection against pentylenetetrazol-induced seizures. 
Maximum protection was observed with I and IV, while V was the 
least effective compound. 3-Alkyl benzoate aminomethyl benz- 
oxazole/benzthiazole-2-thiones, possessing low anticonvulsant ac- 
tivity, showed higher mortality in experimental mice treated with 
pentylenetetrazol during 24 hr. 

The selective inhibitory effect of 3-benzhydrazide aminomethyl 
benzoxazole/benzthiazole-2-thiones on NAD-dependent oxidation 
of oL-isocitrate, n-ketoglutarate, and pyruvate by rat brain ho- 
mogenate is recorded in Table IV. As was observed with their 
precursors, 3-alkyl benzoate aminomethyl benzoxazole/benzthia- 
zole-2-thiones, these compounds were devoid of an inhibitory ef- 
fect on the oxidation of succinate. Maximum inhibition of the ox- 
idation of oL-isocitrate was observed with Compound XI, while 
maximum inhibition of the oxidation of a-ketoglutarate and pyr- 
uvate was observed with Compound XII. On the other hand, all 
compounds inhibited monoamine oxidase activity in the 37.2- 
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70.2% range when used a t  a final concentration of 1 X M 
during oxidative deamination of kynuramine. Compound XI1 pro- 
duced maximum inhibition. The degree of monoamine oxidase in- 
hibition was influenced by the position of the hydrazide group on 
the phenyl nucleus attached a t  the aminomethyl portion of the 
benzoxazole or benzthiazole moiety. The presence of the hydra- 
zide group at  position 4 of the phenyl nucleus produced greater 
inhibition of monoamine oxidase in benzoxazole or benzthiazole 
derivatives. The ability of these hydrazides to inhibit monoamine 
oxidase was greater with 3-benzhydrazide aminomethyl benzthia- 
zole-2-thiones as compared to their corresponding benzoxazole 
derivatives. All of these hydrazides possessed low anticonvulsant 
activity, lower than that of their precursor esters (I-VI). The low 
anticonvulsant activity of these hydrazides corresponded with 
high pentylenetetrazol mortality, which ranged from 40 to 90% in 
experimental mice treated with hydrazide derivatives during 24 
hr. None of these compounds exhibited any appreciable sedative 
or central nervous system (CNS) depressant effect nor 24-hr mor- 
tality at 100 mg/kg. These observations failed to provide any cor- 
relation between in vitro enzyme inhibitory activity of these com- 
pounds and their low anticonvulsant activity. 
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Mechanism for Riboflavin Enhancement of Bilirubin 
Photodecomposition In Vitro 

DILIP R. SANVORDEKER* and H. B. KOSTENBAUDERX 

Abstract 0 Riboflavin increases the rate of bilirubin photodecom- 
position as much as 25-fold under aerobic conditions. In the ab- 
sence of oxygen, bilirubin photodecomposition is virtually anest-  
ed, with or without riboflavin. I t  is proposed that singlet oxygen 
generated by the riboflavin triplet species is primarily responsible 
for the observed rate enhancement. The occurrence of similar 
photochemical reactions in uivo might provide a means for im- 
proving the efficiency of bilirubin phototherapy through systemic 
administration of appropriate agents. 

Keyphrases Riboflavin-enhancement of bilirubin photodecom- 
position in uitro, mechanism Bilirubin, photodecomposition- 
mechanism for riboflavin enhancement in uitro 0 Photodecom- 
position, bilirubin-mechanism of enhanced rates under aerobic 
conditions with riboflavin in uitro 

Bilirubin is a tetrapyrrolic dicarboxylic acid pro- 
duced i n  uiuo, mainly by the hepatic and splenic ret- 
iculoendothelial systems, from hemoglobin released 
from senescent erythrocytes (1). Nonhemolytic neo- 
natal hyperbilirubinemia is ascribed to deficient glu- 
curonidation of bilirubin arising from either capac- 
ity-limited hepatic uptake of bilirubin (2, 3) or defi- 
ciency of the hepatic enzyme bilirubin uridine di- 
phosphate glucuronyltransferase (4), which catalyzes 
the conjugation of lipophilic bilirubin to its hydro- 
philic diglucuronide. Facile elimination of this diglu- 
curonide occurs via biliary and urinary excretion. 

Phototherapy has become a common procedure in 
neonatal hyperbilirubinemia (5-8). Despite the well- 
established efficacy of light therapy in reducing plas- 

ma bilirubin levels, reservations have been expressed 
with respect to exposing infants to light intensities of 
300-500 foot-candles, often continuously for several 
days. Conceivably, an enhancement of' bilirubin pho- 
totherapy may be accomplished by administration of 
suitable agents which would promote bilirubin pho- 
todecomposition in uivo. An enhancement of biliru- 
bin phototherapy could mean either a reduction of 
exposure time or a reduction of light intensity, there- 
by reducing some potential hazards (9) of this treat- 
ment. 

In view of its clinical importance, several investi- 
gators have studied bilirubin photochemistry in the 
presence and absence of a complexing polymeric 
molecule such as a serum albumin (10-12). Recent 
studies (13) showed that oxygen is essential for bili- 
rubin photodecomposition. In the presence of oxy- 
gen, bilirubin undergoes irreversible photooxidation 
to a variety of products (14-18), including methyl- 
vinylmaleimide, biliverdin, and water- or methanol- 
propentdyopent adducts. Furthermore, under nitro- 
gen and in the presence of a suitable nucleophilic 
substrate such as N-acetyl-1-cysteine, bilirubin 
undergoes an irreversible reaction with the substrate 
to give hydrophilic photoaddition products (19, 20). 
In the presence of oxygen, light-excited bilirubin 
sensitizes the formation of singlet oxygen which then 
attacks ground-state bilirubin with resultant biliru- 
bin photooxidation (21). The same author (21) also 
showed that singlet oxygen-generating compounds 
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