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Schistosomiasis has proven to be one of the most intrac­
table diseases to which man is subject, and as yet no 
practical and generally effective drugs or methods of con­
trol are available.1 '2 Among the many types of drugs that 
have shown potentially useful antischistosomal activity, 
the nitroheterocycles have demonstrated unusual promise. 
Niridazole (1) has achieved some clinical use in the treat­
ment of infections with Schistosoma haematobium and 
Schistosoma mansoni.3 Furapromidium (2) has been re­
ported to be effective in limited trials against Schistosoma 
japonicum.1'4'6 More recently, Robinson, et al.,ti~9 found 
another experimental nitrofuran, 5-amino-3-[2-(5-nitro-2-
furyl)vinyl]-l,2,4-oxadiazole (3, SQ 18506), that possesses 
high activity against S. mansoni and S. japonicium in 
mice, hamsters, and monkeys as well as lower host toxici­
ty compared with 1, 2, and other related compounds. As 
part of this study, these authors noted that activity in this 
class of compounds could be correlated with certain com­
mon structural features. One of the required features is a 
5-nitrofuran or 5-nitrothiazole nucleus linked through the 
2 position to a rigid side chain bearing a low-basicity ni­
trogen. The nitrogen atom must be located in a specific 
spatial position relative to the nitroheterocyclic nucleus. 
In 1 and 2, the nitrogen atom of the NH moiety in the 
urea and the amide groups, respectively, fills this role; 
and in 3, one of the oxadiazole ring nitrogens occupies the 
same position. 
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Further development of the hypothesis by Hulbert, et 
o al.,1 has led to the conclusion that the nature of the side 

chain connecting the key nitrogen atom to the nitroheter-
t ocyclic nucleus is critical. Working with the furanacryla-

mide system of furapromidium, they found that altering 
!. the geometry and/or electronic properties of the system 

by replacing the vinyl bridge with ethylene or acetylene 
i linkages totally eliminated antischistosomal activity. On 

the other hand, a variety of acrylamides with varying sub-
a stituents on the amide nitrogen retained the desired bio-
d chemical and chemotherapeutic properties. 

Further studies aimed at delineating the limits of the 
s initial structure-activity hypothesis6 are reported in this 
n paper. Specifically, we have examined the effect of al­

tering the heterocyclic ring system through which the low-
s basicity nitrogen is introduced into analogs of 3. In addi-
s tion, we have examined the antischistosomal properties of 

the 5-nitro-2-thienyl group as a replacement for the nitro-
a furan moiety in some of these analogs. Using a carboxam-
e ide moiety to replace the vinyl bridge of active compounds 

was also evaluated, 
c Chemistry. The 5-nitrofuran-2-vinyl and 5-nitrothio-
;. phene-2-vinyl compounds in Table I were prepared by 
e condensation of 5-nitrofurfural or 5-nitrothiophene-2-carb-
i; oxaldehyde with appropriate methyl-substituted heterocy-
e cles in acetic anhydride-acetic acid solvent (method A). 

For the imidazole (4 and 5) and benzimidazole (26) com­
pounds, the N-acetyl derivatives (6, 7, and 27) were iso­
lated as intermediates and subsequently hydrolyzed by 6 
N HC1 (method B). The carboxamide analogs 12, 14, and 
19 were prepared by reaction of 5-nitro-2-furoic acid chlo­
ride and the appropriate amino heterocycle (method C). 
As noted in Table I, several of the compounds were known 
previously, usually for their antibacterial properties. 

Pharmacology. The antischistosomal activity of this 
group of compounds is characterized by a consistent 
course of biochemical and morphological events.6-7-10 

Within 2 days following the administration of an active 
compound to mice infected with S. mansoni. the activity 
of glycogen phosphorylase phosphatase, of the worms, is 
reduced, along with an associated decrease in glycogen 
levels. The biochemical changes are observed at low dose 
levels of active compounds that do not bring about a shift 
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ity was widespread in the series, only four of the compounds showed significant curative properties. Compounds 
containing 2-imidazolyl (4) and 2-pyridyl (15) groups gave cure rates around 25% at 400 and 250 mg/kg dose levels, 
respectively. The 2-thiazolyl (8) and 2-pyrimidyl (18) derivatives were especially notable, yielding 100% cures at 
250 and 200 mg/kg dose levels, respectively. 
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in the location of the worms from the mesenteric veins to 
the hepatic sinuses. Compounds that, at the highest toler­
ated doses, caused only these hiochemical changes but no 
hepatic shift were considered to have only low antischisto-
somal activity. More active compounds, such as niridazole 
(1) or 3, produced a hepatic shift that was followed by the 
partial or complete elimination of the worms, as deter­
mined 5-6 weeks after drug administration. The chemo-
therapeutic activity was thus evaluated on the basis of 
short- and long-term effects (see Table I). 

In this and in the previous6-7 series of nitroheterocyclic 
compounds, the short-term biochemical changes have 
proven to be quite a reliable indicator of long-term anti-
schist osomal activity. In only one out of a total of 96 com­
pounds was a reduction in the number of worms detecta­
ble after 6 weeks without an initial marked reduction in 
glycogen phosphorylase phosphatase activities and in gly­
cogen levels of the parasites. 

Another initial effect of active compounds was damage 
to the reproductive system of female schistosomes detect­
able by an intra vitam staining method.11 However, the 
predictive value of this criterion proved to be far less reli­
able. Although administration of every active compound 
produced more or less pronounced changes in the female 
reproductive system, some inactive compounds had the 
same effect, which, in such instances, was reversible.6 

The determination of glycogen phosphorylase phospha­
tase activities and of the glycogen levels of the worms, as 
well as the methodology used for the evaluation of the 
long-term antischistosomal effects, has been reported else­
where.6-*-1112 

Results and Discussion 
With one exception (17), all of the compounds reported 

in Table I were selected to meet or closely approximate 
the previously described criteria for antischistosomal ac­
tivity in nitroheterocycles.6 The parameter most exten­
sively evaluated in this work is the effect of varying the 
nature of the carrier of the low-basicity, side-chain nitro­
gen atom required by the hypothesis. Several, readily 
available five-membered heterocycles 4-14, six-membered 
heterocycles 15-22, and bicyclic benzologs 23-27 of active 
members of the first two groups were used in this evalua­
tion, Antischistosomal activity was widespread in the se­
ries, but several new activity-limiting parameters 
emerged. When the nitroheterocycle was nitrofuran, the 
bridging moiety (Y of Table I) was vinyl, and the carrier 
heterocycle was monocyclic {i.e.. 4, 6, 8, 9-11, 13, 15, 17, 
18, and 20-22); all compounds but two (17 and 20) dem­
onstrated substantial short-term effects and a significant 
reduction in worm load. However, curative properties 
were not as widespread. Significant cure rates were pro­
duced by 2-imidazolyl (4), 2-thiazolyl 1,8). 2-amino-5-
(1,3.4-thiadiazolyl) (11), 3-(l,2.4-triazolyl) (13). 2-pyridyl 
(15), and 2-pyrimidyl (18). The 2-thiazolyl (8) and 2-pyri-
midyl (18) derivatives were especially notable, yielding 
100% cures at 250 and 200 mg/kg dose levels, respectively. 
One of the two inactive compounds in this group, 4-pyri-
dyl derivative 17, fails to meet the positional criterion for 
the side-chain nitrogen atom, and its inactivity is predict­
ed by the hypothesis. The corresponding 2-pyridyl isomer 
15 fits the theory and is active. The inactivity of the 4-
pyrimidyl derivative 20 is an unexplained exception to the 
hypothesis, although the presence of aza nitrogen para to 
the nitrofurylvinyl group (as in 17) may be involved. No 
other compounds among those evaluated possess this fea­
ture. All other positions for second aza moieties (e.g., 18, 
21, and 22) appear compatible with activity. 

Parallel with the results of Hulbert, et al.c we found 

that the vinyl group is essential to antischistosomal activ­
ity. In three cases, replacement of the vinyl bridge of 
highly active compounds with a carboxamide linkage 
(compare 9 with 12, 13 with 14, and 18 with 19) gave es­
sentially inactive analogs. This exchange would be expect­
ed to only slightly alter the geometrical relationship be­
tween the nitrofuran moiety and the other heterocycle 
(i\,<,>., compare structures 18 and 19). The amide linkage 
differs chiefly in that it allows rotation about the car-
bonyl-nitrogen single bond, whereas this is precluded with 
the corresponding carbon-carbon double bond of the vinyl 
group. 
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Isosteric replacement of the nitrofuran moiety of active 
compounds with 5-nitro-2-thienyl diminished antischisto­
somal activity. A small proportion of short-term effects 
were generally retained in the thiophene analogs (compare 
4 with 5, 6 with 7, 15 with 16, and 23 with 24) but this 
substitution strongly reduced long-term effects on the 
worms. 

A third structural variation that proved unfavorable 
was the addition of a fused benzene ring to the system. 
Benzologs 23 and 25, corresponding to the highly active 
pyrimidine and thiazole derivatives 18 and 8, respectively, 
were virtually inactive. Benzimidazoles 26 and 27, formal­
ly derived from 4 and 6, respectively, retained significant 
short term effects but were more toxic than the corre­
sponding imidazoles. 

As noted previously with most of the nitrofurylacrylatn-
ides,7 activity was evident with several of the compounds 
reported here (9, 13, 21, 22) but only at toxic dose levels. 
The dose-response relationship of one of the best com­
pounds found in this study, pyrimidine derivative 18, ap­
pears to be very steep. At 200 mg/kg, this compound was 
100% curative; at 100 mg/kg, it produced no cures and re­
duced worm burdens by only 18%. An abrupt drop in ef­
fectiveness with decreasing dose is also characteristic for 
3.7« 

The results reported here affirm the hypothesis that led 
to the investigation6 and further define the additional 
structural features necessary to impart antischistosomal 
activity to nitroheterocycles. Of the four ring systems now-
evaluated as carriers of the nitro group (furan, thiazole. 
thiophene, and phenyl), furan clearly gives superior activ­
ity.6-7 Of the five bridging moieties examined within the 
context of the hypothesis (vinyl, acetylenic, 1.2-ethyli-
dine, carboxamide, and the amide moiety of niridazole). 
only the vinyl appears acceptable. The general use of the 
niridazole-type bridge is uncertain; many analogs derived 
from 2-amino-5-nitrothiazole have been examined, and 
activity is found only in a very narrow range.13 The pres­
ence of the specifically placed nitrogen atom in the side 
chain (provided in this study as an aza moiety of a hetero­
cyclic ring) remains established as a necessary require­
ment for activity. However, that the nitrogen atom above 
is insufficient for activity is shown by the lack of activity 
seen with some compounds such as 20 and 23. The specif­
ic need for the nitro group, distinct from other electron-
withdrawing groups, was established recently within the 
antischistosomal nitrofurylacrylamide group.14 This latter 
requirement may be associated with biological reduction 
to an active metabolite. The nitro group of 3 is reduced by 
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mammalian liver systems, 15~17 and the ease of reduction 
of a number of nitrofurans has been correlated with their 
antibacterial activity.18 

The use of partition coefficients to correlate chemical 
structures with biological activity has been developed ex­
tensively by Leo and Hansch19 and Hansch.20 Since an 
active antischistosomal agent must cross a number of bio­
logical membranes to reach the site of action, a correla­
tion should exist between the lipophilicity of drugs (as 
represented by the partition coefficient) and their activi­
ty. A calculation of the 1-x values of the most active com­
pounds of Table I was done according to Leo and 
Hansch19 and Hansch.20 The values for 8, 15, and 18 were 
2.1, 1.9, and 1.1, respectively; they are in reasonable 
agreement with values of 0.8 and 0.6 calculated by Hul-
bert, et a/.,7 for their two most active nitrofurylacrylam-
ides. The calculated 2-n- value for compound 3 is -2.44, 
however, substantially lower than the values of other ac­
tive compounds. This lack of correlation could mean that 
there is more than one optimum Sir value in the series, or 
it could reflect the approximate nature of calculated par­
tition coefficients. A comparison of the contrasting activi­
ties of the isomeric pair 18 and 20 clearly shows that fac­
tors other than isolipophilicity are involved. Calculated 
27r values for these compounds are identical. 

A major undefined area in the nitrofurylvinyl group of 
active compounds prepared in this study is the effect of 
substituents in the nitrogen heterocycle. The intent of the 
work was to determine the influence of the unsubstituted 
heterocycle on activity, but a few substituted examples 
were nevertheless examined. The insertion of an amino 
group into thiadiazole derivative 9 to give 11 reduced tox­
icity and enhanced activity. As reported earlier,8 the 
desamino analog of 3 was as active as 3 but substantially 
more toxic. The insertion of acetyl groups into compounds 
of our series was detrimental in two cases (e.g., 4 us. 6 and 
10 us. 11) but had no influence in the case of 26 and 27. 
The N-acetyl analog of 3 was as active as the parent.8 At 
this time, little can be concluded from these substituent 
data except that small structural changes may affect ac­
tivity considerably. The effect of substituents on the more 
active nitrofurylvinyl heterocycles reported in this study is 
currently being investigated in an attempt to find deriva­
tives of greater potency and lower toxicity. 

Experimental Section 

Melting points were taken in capillary tubes on a Mel-Temp 
block and are uncorrected. Each analytical sample had an ir 
spectrum compatible with its structure. All analytical samples 
gave combustion values for C, H, and N within 0.4% of theoreti­
cal values. 

iV-Acetyl-2-[2-(5-nitro-2-furyl)vinyl]imidazole (6). Method A. 
To 14.0 g of 5-nitrofurfural (0.1 mol) was added 8.1 g of 2-methyl-
imidazole (0.1 mol), 80 ml of Ac20, and 80 ml of AcOH. The solu­
tion was stirred at reflux for 4 hr and cooled to 0°. The resulting 
precipitate was collected and washed with 100 ml of CeH6. The 
crude product was recrystallized from EtOAc to give 10.6 g (43%) 

of red crystals, mp 163-164°. (See Table I for additional data on 
compounds made by this method.) 

2-[2-(5-Nitro-2-furyl)vinyl]imidazole (5). Method B. To 2.2 g 
(0.01 mol) of 6 was added 20 ml of 6 N HC1 and 10 ml of EtOH. 
The reaction mixture was stirred at reflux for 1 hr, cooled, and 
evaporated in vacuo to dryness. The residue was recrystallized 
from CH3CN to yield 0.778 g (38%) of yellow crystals, mp 223°. 
(See Table I for additional data on compounds made by this 
method.) 

AM2-Pyrimidinyl)-5-nitro-2-furancarboxamide (19). Method 
C. Molecular sieve dried (4 A) DMF (7.3 g. 0.1 mol) was slowly 
added at room temperature to a stirred suspension of 5-nitro-2-
furoic acid (15.7 g, 0.1 mol) in 75 ml of thionyl chloride. The reac­
tion mixture was heated at reflux for 1.5 hr, cooled, and evapo­
rated in vacuo to dryness. The residue was dissolved in 80 ml of 
CeH6 and added dropwise to a suspension of 2-aminopyrimidine 
in 80 ml of CgH6. The mixture was heated at reflux for 1 hr, 
cooled, and evaporated in vacuo to dryness. The residue was 
treated with warm H2O and filtered. The product was recrystal­
lized twice from 50% aqueous EtOH with charcoal treatment to 
give 2.8 g (69%) of solid, mp 210-211°. (See Table I for additional 
data on compounds.) 
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