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5-(2,4,5-Trichlorophenyl)hydantoin and several analogues effected an %90% reduction of live schistosomes in infected 
mice at  doses ranging from 265 to 329 mg/kg per day when administered orally in the diet for 14 days. The sodium 
salt of 5-(2,4,5-trichlorophenyl)hydantoin, when given by gavage to rhesus monkeys infected with Schistosoma munsoni 
at 200 mg/kg/day for 5 or 10 days, removed all but a few live worms with no evidence of intolerance. 

Although the utility of hydantoin derivatives as anti- 
convulsant and antiarrhythmic drugs is well recognized, 
little is known about the antiparasite properties of such 
substances. 

In 1954 it was reported that 5,5-diphenylhydantoin (1) 
and 5-Cp-chlorophenyl)-5-methylhydantoin (2) showed 
activity against Schistosoma mamoni infections in mice.l 
The only other reported interest in hydantoins as schis- 

1 2 

tosomicides has been in the N-substituted derivatives (3) 
related to niridazole.* 

3 4a 

We have examined through the years a wide variety of 
hydantoins as potential schistosomicides. Our studies 
confiimed the modest activity at toxic levels of 1,3 and we 
now wish to report the potent activity of 5-(2,4,5-tri- 
chloropheny1)hydantoin (4a) and some related sub~tances.~ 

Chemistry. A standard hydantoin synthesis was used 
for the most part.6 Thus a suitably substituted aromatic 
aldehyde heated in aqueous ethanol with potassium 
cyanide and ammonium carbonate provided the 5-(sub- 
stituted pheny1)hydantoine (Table I). Suitably substituted 
acetophenones were used similarly to prepare the 5- 
methyl-5-phenylhydantoins (Sa-g, Table 11). The 3- 
methyl and 3-(dimethylaminopropyl) analogues (com- 

Scheme I 
,Cl 

6 

pounds 48 and 4i, Table I) of 4a were obtained by al- 
kylation of the parent. Compound 4i was treated with 
methyl iodide to provide the quaternary salt (compound 
4j, Table I). Hydroxymethylation of 4a provided the 
3-hydroxymethyl derivative (compound 4g, Table I). 
1 -Methyl-5- (2,4,5- trichloropheny1)hydantoin (compound 
4f, Table I) was obtained by treating 2,4,5-trichloro- 
benzaldehyde with methylamine and sodium cyanide in 
the presence of Na2S2O5 and allowing the intermediate 
formed to react with potassium cyanate in hydrochloric 
acid.s Alkylation of this material then provided the 
l,&dimethyl derivative (compound 4h, Table I). 

In an attempt to combine the features of the nitro- 
thiazolylhydantoins (3) and 5-(2,4,5-trichlorophenyl)hy- 
dantoin (4a), l-(5-nitro-2-thiazolyl)-5-(2,4,5-trichloro- 
pheny1)hydantoin (6) was prepared (Scheme I). (2,4,5- 
Trichloropheny1)acetic acid was converted to 2-bromo- 
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5-  (2,4,5- Trichloropheny1)hydantoin 

2-(2,4,5-trichlorophenyl)acetamide and treated with oxalyl 
chloride to provide bromo(2,4,5-trichlorophenyl)acetyl 
isocyanate. This was allowed to react with 2-amino-5- 
nitrothiazole to yield l-[bromo(2,4,5-trichlorophenyl)- 
acetyl] -3-(Bnitro-2-thiazolyl)urea which was cyclized with 
sodium hydride in N,N-dimethylformamide to give the 
hydantoin 6. 

Biology. The hydantoins were examined against a 
Puerto Rican strain of S. mansoni in mice by Dr. Paul E. 
Thompson and co-workers of these laboratorie~.~ Drugs 
were given in a powdered diet for 14 days. Several of the 
compounds (4a,e,h and 5a) exhibited significant anti- 
schistosome activity in mice (Tables I and 11). Thus 5- 
(2,4,5-trichlorophenyl)hydantoin (compound 4a), 3- 
methyl(2,4,5-trichlorophenyl)hydantoin (compound 4e), 
1,3-dimethyl-5-(2,4,5-trichlorophenyl)hydantoin (com- 
pound 4h), and 5-methyl-5-(2,4,5-trichlorophenyl)hy- 
dantoin (compound 5a) effected an 80-90% reduction of 
live schistosomes in infected mice at doses ranging from 
265 to 329 mg/kg per day when administered orally in the 
diet for 14 days. With the exception of l-methyl-5- 
(2,4,5-trichlorophenyl)hydantoin (compound 4f) which also 
had fair activity, the remainder of the variants prepared 
had little or no activity. 5-(2,3,6-Trichlorophenyl)hy- 
dantoin (compound 4k, Table I)8 and the related ben- 
zylidene derivative 78 were also devoid of activity as was 
the N-substituted analogue g9 and the nitrothiazole de- 
rivative 6. The active members of the series are seen to 
be more effective at well-tolerated doses than lucanthone 
and to approach the potency range of niridazole. In an 
effort to solubilize these materials with the hope of 
achieving increased potency through more efficient ab- 
sorption, the sodium salt of 5-(2,4,5-trichlorophenyl)hy- 
dantoin was prepared. This material, although no more 

C I  CI CI h 

7 8 

effective than 4a upon administration in the diet, can be 
seen (Table I) to be considerably more effective by gavage. 
The soluble salt also proved to have a distinct advantage 
in the monkey. Thus against S. mansoni infections in 
rhesus monkeys 5-(2,4,5-trichlorophenyl)hydantoin, when 
administered at gavage doses of 200 mg/kg per day for 10 
days, produced only a slight to moderate temporary egg 
suppression. Daily gavage doses of 400 mg/kg for 5 days 
left five live and two dead worms in the treated animal. 
By contrast, the sodium salt, given by gavage at 200 mg/kg 
per day for 5 or 10 days, removed all but a few (three to 
four) live worms with no evidence of intolerance. The 
hydantoins represent a novel structural type with good 
activity against experimental S. munsoni infections. Since, 
however, more recently available agents such as 
Hycanthone14 and O~amniquine'~ are clinically effective 
in a single dose, it was not felt that the potency of the 
hydantoins warranted further investigation. 
Experimental Section 

Melting points (corrected) were taken on a Thomas-Hoover 
capillary melting point apparatus. Where analyses are indicated 
only by symbols of the elements, analytical results obtained for 
those elements were within *0.4% of the theoretical values. 
2,4,5-Tri~hlorobenzaldehyde.'~ A mixture of 49.2 g (0.25 mol) 

of 2,4,5-trichloroaniline in 150 mL of concentrated HCl and 100 
mL of HzO was heated to the boiling point, cooled, and treated 
at 0 "C with a solution of 17.5 g (0.25 mol) of NaN02 in 50 mL 
of HzO. After about 10 min the solid present dissolved and the 
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solution was neutralized to congo red with NaOAc solution. The 
diazonium solution was added dropwise to a stirred freshly 
prepared solution of formaldoxime (from 11.5 g of paraform- 
aldehyde, 26.3 g of NH20H-HCl, and 170 mL of H20,  warmed 
at  100 "C until solution occurred and then heated under reflux 
for 15 min with 51 g of NaOAc.3H20) containing 6.3 g of 
CuS04.5H20, 1.0 g of Na2S03, and 165 g of NaOAc.3H20 in 180 
mL of H 2 0  at  0-5 "C. After 10 min the mixture was acidified 
(to congo red) with concentrated HC1, treated with additional (230 
mL) concentrated HC1, and heated under reflux for 2 h. The 
mixture was cooled and extracted with EtOAc. The extracts were 
dried and the solvent was removed in vacuo to give 48 g of a brown 
oil which was dissolved in a small amount of EtOH and added 
to a stirred concentrated aqueous solution of 43.8 g of Na2S205. 
The mixture was allowed to stand overnight and the solid was 
collected, washed with ether, and added to a stirred mixture of 
2 N Na2C03 solution and EtOAc. The organic layer was separated, 
dried, and concentrated, and the residue was recrystallized from 
EtOH to give 12 g (24%) of the product, mp 110-111.5 "C. 
5-(2,4,5-Trichlorophenyl)hydantoin (4s). A mixture of 23.3 

g (0.11 mol) of 2,4,5-tri~hlorobenzaldehyde,~~ 14.5 g (0.22 mol) 
of KCN, and 70.5 g (0.74 mol) of (NH4&O3 in 500 mL of 50% 
EtOH was heated for 7 h a t  60-80 "C. Additional (NH4)2C03 
(-1-g portions) was added at  0.5-h intervals. Most of the EtOH 
was removed in vacuo, H 2 0  was added (to -500 mL), and the 
mixture was allowed to remain overnight a t  0 "C. The solid that 
formed was collected and dissolved in 2 N NaOH. The solution 
was filtered, treated with charcoal, acidified, and recrystallized 
from HOAc to afford 18.4 g (59%) of the product, mp 244-246 
"C. 
5-Methyl-5-(2,4,5-trichlorophenyl) hydantoin (5a, Table 11). 

The 5-methyl derivatives were prepared similarly to 4 described 
above. Thus, 2,4,5-trichloroacetophenone (9.4 g)12 provided 2.5 
g (20%) of 11, mp 191-193 "C, after recrystallization from HOAc. 
3-Methyl-5-(2,4,5-trichlorophenyl) hydantoin (4e, Table I). 

To a solution of 2.8 g (0.01 mol) of 5-(2,4,5-trichlorophenyl)- 
hydantoin in 10 mL of 1 N NaOH was added 0.47 mL (0.005 mol) 
of Me2S04. The mixture was shaken for a few minutes and the 
solid that formed was collected to provide 1.1 g (38%) of the 
product after recrystallization from HOAc, mp 233-235 "C. 
3-[3-(Dimethylamino)propy1]-5-(2,4,5-trichlorophenyl)- 

hydantoin (4i, Table  I). To  a solution of 2.8 g (0.01 mol) of 
5-(2,4,5-trichlorophenyl)hydantoin in 50 mL of EtOH containing 
0.23 g (0.01 mol) of Na was added 1.4 g (0.012 mol) of 3- 
chloro-N,N-dimethylpropylamine, and the mixture was heated 
for 4 h at 100 "C and then concentrated to dryness. The residue 
was dissolved in EtOAc and washed with 2 N NaOH and then 
with H20,  and the organic layer was removed in vacuo. The 
residue gave 1.9 g (51%) of the product after recrystallization from 
EtOH, mp 149-151 "C. 

[3-[2,5-Dioxo-4-(2,4,5-trichlorophenyl)-l-imidazolidi- 
nyl]propyl]trimethylammonium Iodide (4j, Table I). A 
solution of 2.0 g (0.0055 mol) of 3-[3-(dimethylamino)propyl]- 
5-(2,4,5-trichlorophenyl)hydantoin in 50 mL of MeOH containing 
4.0 mL of Me1 was allowed to remain a t  room temperature for 
18 h and concentrated to dryness. Recrystallization from MeOH 
gave 2.0 g of the product (73%), mp 141-143 "C. 
3-(Hydroxymethyl)-5-(2,4,5-trichlorophenyl)hydantoin (4g, 

Table I). To a suspension of 2.3 g (0.0082 mol) of 5-(2,4,5- 
trichloropheny1)hydantoin and 1.4 mL of 40% HCHO in 60 mL 
of EtOH at  40 "C were added 0.7 g (0.0082 mol) of NaHC03 and 
then a few drops of 2 N NaOH. The mixture was stirred for 0.5 
h a t  35 "C and made acidic with HOAc, and the EtOH was 
removed in vacuo. The residue was triturated with dilute NaOH 
and extracted with EtOAc. The extract upon standing overnight 
deposited the product, 1.5 g (60%), mp 237-239 "C (slow heating), 
after recrystallization from MeOH. 

l-Methyl-5-(2,4,5-trichlorophenyl) hydantoin (4f, Table I). 
To a mixture of 8.9 g (0.042 mol) of 2,4,5-trichlorobenzaldehyde, 
4.5 g (0.024 mol) of Na&O5, and 9 mL of H 2 0  was added 4.2 g 
(0.086 mol) of NaCN and 5.2 mL of 33% MeNHz in EtOH at  0 
"C. This mixture was diluted with 60 mL of 50% EtOH, 6 mL 
of 22% MeNHz in EtOH was added, and the reaction mixture 
was stirred a t  0 "C for 0.75 h and allowed to come to room 
temperature overnight. The EtOH was removed; the residue was 
diluted with HzO and extracted with EtOAc. Removal of the 
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solvent from the extract gave 10 g of a residue which was treated 
with 42 mL of 1 N HC! and 7.7 g (0.095 mol) of KCNO and 
maintained at  0 "C during the portionwise addition of 16.3 mL 
of concentrated HC!. The mixture was heated at  100 "C for 1.5 
h, cooled, and extracted with EtOAc. Isolation of acidic material 
from the extract gave 3.1 g (25%) of the product. A sample from 
HOAc had mp 251-253 "C. 

1,3-Dimetbyl-5-(2,4,5-trichlorophenyl)kydantoin (4j, Table 
I). This was prepared from 4f with Me2S04, similar to the 
preparation of 4e described above. 
5-(2,4,5-Trichlorophenyl)hydantoin Sodium Salt. To a 

suspension of 13.9 g (0.05 mol) of 5-(2,4,5-trichlorophenyl)hy- 
dantoin in 150 mL of H20 was added 50 mL of 1.0 N NaOH. After 
stirring for several hours a t  room temperature all but a trace of 
the solid had dissolved.. The mixture was filtered and then 
concentrated to dryness in vacuo. The residue was recrystallized 
from EtOH to give 5.1 g of the product (34%) as a white solid 
which sinters a t  288 "C, gradually shrinks, and melts with de- 
composition at  294-297 "C. Anal. (C9H4C13N202Na) C, H, N. 
This procedure is not completely reproducible. From run to run 
salts containing varying degrees of hydration were obtained. 

I-( 5-Nitro-2-thiazolyl)-5-(2,4,5-trichlorophenyl)hydantoin 
(6). A solutirJn of 3 g (0.0061 mol) of I-[bromo(2,4,5-trichloro 
ohenyl)acetyl]..3-(5-nitro-2-thiazolyl)urea in 5 mL of DMF 
containing 0.3 g of NaH (45% dispersion in mineral oil) was stirred 
at room temperatwe for 0.5 h and poured onto ice. Acidification 
with AcOH provided the product which was recrystallized from 
2-PrOH to give u.7 g (30%>), mp 203-205 "C dec (after drying for 
3 days ai  lor! "C under high vacuum). Anal. (Ci2HjCl3N4O4S) 
i:, 13, s. 
2-Bromo-2-(2,4,5-trichlorophenyl)acetamide. A mixture of 

29 g (0.12 mol) of (2,4,5-trichlorophenyl)acetic acid13 in 24.6 mL 
of SOClz was heated under reflux for 2 h, and the SOC12 was then 
removed in vacuo. The residue was treated with 22.4 g (0.14 mol) 
of Hrz and a trace of red P and heated for 2 h at 130-150 "C undei 
illumination. Excess Br2 and HBr were removed by passing air 
through the reaction mixture for 1 h, and the contents of the flask 
was then dissolved in Me2C0 and added dropwise to concentrated 
NH40H. The solid that formed was recrystallized from C & 3  to 
give 24 g of the product (62%), mp 132--134 "C. Anal. (C8HR- 
RrC13NO) C, H, IT. 

Bromo(2,4,5-t~~chloropheny~)acety~ Isocyanate. A sus- 
pension of 6.3 g (0.0265 mol) of 2-bromo-2-(2,4,5-trichloro- 
pheny1)acetamide in 30 mL of 1,2-dichloroethane containing 2.2 
mL of oxalyl chloride was heated under reflux for 17 h. Distillation 
furnished the product as an oil (3.0 g, 43%), bp 130 "C (0.7 mm). 
The material absorbs moisture readily arid was not analyzed but 
used as is in the next step. 

1 .~ [ B r amo ( 2,4,5 - t r i c h 1 OPD p he n y 1 ) a c e  t y 1 ] - 3 - ( 5 -nitro- 2- 
thiazolyl)urea. The above isocyanate (3.0 g, 0.007 mol) in about 

5 mL of T H F  was added dropwise to a solution of 1.0 g (0.007% 
mol) of 2-amino-5-nitrothiazole in 25 mL of THF, and the mixture 
was allowed to remain at  room temperature overnight. The 
mixture was filtered, and solvent was removed from the filtrate 
in vacuo. The residue was recrystallized from EtOH to give L.3 
g (38%) of the product, mp 176-177 "C. Anal. Calcd for 
CJ2H6BrCl3N4O4S: C, 29.5; H, 1.2; N, 11.5. Found: C, 30.7; H, 
1.4; N,  11.7. This material appears to lose HBr upon furthw 
crystallization and satisfactory analytical values could not he 
obtained. The product is adequate for use in the cyclization. step 
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Synthesis and Hypoglycemic Activity of 4-Substituted 3-Mercaptopicolinic Acids' 
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3-Mercapto-4-methylpicolinic acid was one of very few compounds derived from 3-mercaptopicolinic acid (3-MPA) 
to have hypoglycemic activity. In an effort to find compounds with greater potency than 3-MPA, several 4-substituted 
3-mercaptopicolinic acids (4-OMe, OC6H5, SMe, SH, C1, NH2, Et; 1-7) were prepared and tested in 48-h fasted rats. 
None was hypoglycemic in this test system after oral dosing of 150 mg/kg. 

3-Mercaptopicolinic acid (3-MPA) is a potent inhibitor 
of gluconeogenesis2 in several animal models primarily by 
virtue of its ability to inhibit the enzyme phosphoenol- 
pyruvate carboxykinase (PEPCK).3-6 Since this enzyme 
is one of the key regulatory enzymes in the de novo 
synthesis of glucose, inhibition of PEPCK should result 

in a lowering of blood glucose levels in fasted and diabetic 
animals. Although the concept of lowering blood sugar 
levels in diabetics by inhibiting their elevated rates of 
gluconeogenesis has been an idea of long standing,' 3-MPA 
has been the first agent potent enough to lower blood 
glucose levels in a number of animal models by this 


