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5'-Deoxy-5'-(3-methyl-3-nitrosoureido)adenosine (16a). To 
a solution of 5'-deoxy-5'-(3-methylureido)adenosine (15a; 180 mg, 
0.56 mmol) in H20 (5 mL) containing HOAc (0.5 mL) at 0-5 °C 
was added sodium nitrite (306 mg, 5.6 mmol). The solid that 
formed was removed by filtration, washed with H20, and dried: 
yield 142 mg (72%); UV \m a l (c X 10"3) 226 nm at pH 1 and 7 
(17.4), 258 at pH 13 (14.7); XH NMR 6 3.1 (s, CH3), 3.7 (m, 2 H6.), 
4.2 (m, H3- and H4.), 4.75 (t, H2.), 5.9 (d, Jrif = 5 Hz, H r), 7.3 (s, 
NH2), 8.15 and 8.35 (2 s, H2 and H8), 9.0 (t, NH). Anal. (C12-
H16N8O5-0.25H2O) C, H, N. 

A solution of 16a (50 mg) in H20 was refluxed for 1 h before 
cooling. The precipitate that formed (17) was collected and dried: 
yield 30 mg; MS (FD) 581 [(M + Na)+], 559 [(M + 1)+]; *H NMR 
5 3.4 (m, CH2), 3.9 (m, H4-), 4.1 (m, H3/), 4.7 (m, H2/), 5.23 (d, C3< 
OH), 5.45 (d, C2- OH), 5.9 (d, JV2, = 6 Hz, H r ) , 6.2 (t, NH), 7.3 
(s, NH2), 8.2 and 8.35 (H2 and H8). 

5'-Deoxy-5'-(3-methyl-3-nitrosoureido)uridine (16b). To 
a solution of 5'-deoxy-5'-(3-methylureido)uridine (15b; 300 mg, 
1 mmol) in H20 (5 mL) containing HOAc (0.6 mL) at 0-5 CC was 
added slowly NaN02 (345 mg, 5 mmol). The product was isolated 
by chromatography on a cellulose column (BuOH-H20, 6:1) and 
crystallized from H20: yield 50 mg (15%); mp 231 °C dec; UV 
Xmax d X 10"3) 257 nm at pH 1 and 7 (13.3), 262 at pH 13 (7.83). 
Anal. (CnH16N607) C, H, N. 

5'-Deoxy-5'-(3-methyl-3-nitrosoureido)cytidine (16c). N203 
was bubbled in short bursts into a solution of 5'-deoxy-5'-(3-
methylureido)cytidine (15c; 100 mg, 0.34 mmol) in H20 (2 mL) 
at 5-10 °C. The addition of EtOH (10 mL) and ether (30 mL) 
to the cold solution caused precipitation of a hygroscopic white 
solid (10 mg), shown by TLC (char, Greiss test) and high-pressure 
LC to be pure 16c: MS (FD) 339 [(M + 1)+]; *H NMR 5 3.1 (s, 
CH3), 3.6 (m, 2 H60, 3.9 (m, H40, 4.15 (m, H2-, H3.), 5.7 (d, JV2, 
= 3 Hz, H r), 6.05 (d, </6e = 7 Hz, H5), 8.05 (d, J6 6 = 7 Hz, H6), 
8.9 (m, NH). 

This compound (16c) on warming in MeOH decomposed to 
a new compound that traveled slower on TLC and high-pressure 
LC, failed to give a Greiss test or ninhydrin test, and gave a 
molecular ion of 300 (FD), indicating that it is 5'-deoxy-5'-
[(methoxycarbonyl)amino]cytidine. 
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Antiparasitic Agents. 3.1 Synthesis and Anthelmintic Activities of Novel 
2-Pyridinyl-5-isothiocyanatobenzimidazoles 
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L. Cruthers, and J. Szanto 
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The preparation and anthelmintic activities of a series of 2-pyridinyl-5-isothiocyanatobenzimidazoles are described. 
In the primary oral mouse screen, six derivatives showed 100% taeniacidal activity at 0.2% in diet. The most active 
member in this series, lc, is potentially an effective gastrointestinal nematocide in sheep at 50 mg/kg po. 

In connection with an ongoing program to synthesize 
novel anthelmintic agents, the preparation of several 2-
pyridinyl-5-isothiocyanatobenzimidazoles was undertaken. 
It was felt that these benzimidazoles should be capable of 
forming chelates similar to thiabendazole,2 as well as be 
electrophilic enough to interact with sulfhydryl, hydroxy, 

and amino groups, and it was rationalized tha t this 
combination of properties might result in anthelmintic 
activity superior to tha t of thiabendazole. 

Several investigators have reported ant iparasi t ic 
properties for substituted phenyl isothiocyanates.3 Recent 
studies have shown 1,4-diisothiocyanatobenzene to be an 
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Scheme I" 
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N=CH 

2 la-g 
0 N = nitration; H = catalytic hydrogenation; T = 

thiocarbonylation. 

effective human anthelmintic.4 The trematocidal and 
cestocidal activities of isothiocyanates have been compiled 
by Islip.5 Noteworthy is the extensive work of Brenneisen, 
Margot, and co-workers in the area of isothiocyanates as 
antiparasitics.6 

Chemistry. The synthesis of 2-pyridinyl-5-isothio-
cyanatobenzimidazoles proved to be straightforward, even 
though, initially, there was some concern over the potential 
intermolecular reaction between the NH- and the SCN-
groups of 1. Fortunately, none of the derivatives showed 
any tendency to polymerize. Two reliable routes for the 
syntheses of the required intermediate 2-pyridinyl-5-
nitrobenzimidazoles 3 were developed: (a) oxidative ring 
closure of the Schiff bases 2; (b) PPA-catalyzed cyclo-
dehydration of o-phenylenediamines and pyridine-
carboxylic acids, followed by nitration of the resulting 
benzimidazoles. Catalytic hydrogenation of 3 followed by 
thiocarbonylation using thiophosgene gave target com
pounds la-g. Cyanoethylation of 3 in the presence of 
Triton B, followed by hydrogenation/thiocarbonylation, 
furnished lh. Methylation of the Na salt of 3 and hy-
drogenation/thiocarbonylation led to li (Scheme I). 

Substituted pyridines lj-n were conventiently prepared 
from the corresponding pyridine iV-oxides 4. PPA-cata
lyzed ring closure of the nitrile 6a7 with o-phenylenedi-
amine furnished 9, which on nitration/hydrogenation/ 
thiocarbonylation gave lj. Conversion of 6b7 to the imino 
ether 7, followed by cyclization with o-phenylenediamine, 
yielded the key intermediate 8 which on hydrogenation/ 
thiocarbonylation furnished Ik. Displacement of the nitro 
group of 8 with chloride or methoxide ion and subsequent 
nitration/hydrogenation/thiocarbonylation gave 11 and 
lm, respectively. The diisothiocyanate In was prepared 
by subjecting 8 to the standard nitration/hydrogena-
tion/thiocarbonylation sequence (Scheme II). 

The key compound lc was subjected to the following 
reactions. Treatment of the Na salt of lc with 2-
chloroethyl isothiocyanate8 cleanly furnished lo. The Na 
salt of lc, when stirred with BrCN, gave the anticipated 
iV-nitrile, which could not be obtained analytically pure. 
Treatment of lc with 40% aqueous CH20 gave lp . 

Scheme II 
0 

! C H 3 ) 2 S 0 , 

OCH3 

4a, R1 = CH 
b, R1 = NO 

NO2 

lm 

I n -

NO2 

" N = nitration; H = catalytic hydrogenation; T = 
thiocarbonylation. 

Heating lc with CH3I at 100 °C (sealed tube) furnished 
lq after fractional crystallization. Oxidation of lc with 
MCPBA in analogy to the preparation of 2-pyridinyl-
benzimidazole iV-oxides9 furnished lr in 10% yield. Al
ternatively, lr was prepared from 3 (R1 = R2 = H) in a 
five-step sequence. The chelating properties of 2-
pyridinylbenzimidazoles and related compounds have been 
reviewed.10 It was not surprising then to find that lc 
readily chelates a variety of metal ions (i.e., Zn2+, Sb3+, 
Fe3+, Hg2+, Ag+, Zn2+, Sn2+). The isolation of these 
chelates in a pure state offered considerable difficulties. 
However Is, It, and lu were obtained as analytically pure 
1:1 chelates (Scheme III). The chemical properties of 
compounds la-u and summarized in Table I. 

Anthelmintic Activity. The laboratory helminth 
systems that are used in screening chemicals are many and 
varied. Compounds la-u were tested for anthelmintic 
activity in mice experimentally infected with Nemato-
spiroides dubius (nematode) and Hymenolepis nana 
(tapeworm). Carworth CF1 mice (18-20 g weight) were 
each infected per os with 50 larvae of N. dubius and 500 
embryonated H. nana eggs. Sixteen days after infection, 
they were fed Wayne mouse diet containing 0.2% of the 
text compound for 4 days. Using the press-plate technique, 
the small intestine was examined to determine the worm 
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Table I. Properties of Isothiocyanato-2-pyridinylbenzimidazoles 
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2 
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\ N 

AN%% 
J. ^ 
m p , °C 

2 3 6 - 2 3 8 
2 5 8 - 2 6 0 
1 8 7 - 1 8 8 
1 5 7 - 1 5 9 
1 8 5 - 2 0 7 
1 4 0 - 1 5 8 
1 7 3 - 1 7 5 
1 3 5 - 1 3 7 
1 2 9 - 1 4 1 
1 7 4 - 1 7 7 
2 0 7 - 2 0 9 
1 8 0 - 1 8 1 
1 7 8 - 1 7 9 
2 0 5 - 2 0 7 

1 4 0 - 1 5 0 
1 8 4 - 1 8 4 . 5 
2 2 5 - 2 2 7 

2 4 1 - 2 4 4 
3 4 2 - 3 5 0 
2 3 5 - 2 4 0 
2 2 5 - 2 3 0 
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me th 
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A , B 
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yield," 
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15 
25 
80 
63 
1 3 
73 
67 
50 
56 
68 
30 
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C, H, N 
C, H, N 
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solution and washed with MeCN. 
Chromatographed (PE-Et20, 1:1) to yield compound which crystallized spontaneously. C Precipitated from 

to 

to 
to 
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lq 

burden. Nontreated controls and a positive control using 
parbendazole as standard were run with each test. Par-
bendazole at 0.03% X 4 days generally gave complete 
clearance of N. dubius and H. nana. The results are 
summarized in Table II. None of the compounds dem
onstrated activity against N. dubius. 

All evaluations in sheep were preliminary in that par
asite egg counts per gram of feces were utilized to de
termine activity. Egg per gram of feces (EPG) counts were 
conducted 3 days prior to treatment in order to determine 
the degree of parasitism of the test animal. Generally, 
animals were used which had at least 10000 eggs per gram 
of feces, although, on occasion, lambs with 8000-9000 eggs 
per gram were used. An average pretreatment EPG was 
calculated for each test animal and medication was given 
according to individual body weights. Compounds were 
administered orally in gelatin capsules. EPG's were 
conducted daily during the 7 days the animal was on test 
and the final three EPG's were used to calculate an average 
post t reatment EPG. 

The percent reduction in the EPG count for a given 
compound was calculated by the following equation: 

pretreatment egg count - posttreatment egg count 

Table II. Anthelmintic Activity of 
2-Pyridinyl-5-isothiocyanatobenzimidazoles and 
Related Benzimidazoles 

pretreatment egg count 
X 

100 

For comparative purposes the anthelmintic activities of 
2-phenyl-lH-benzimidazole (10a), 2-(2-pyridinyl)-lH-
benzimidazole (10b), 5-isothiocyanato-2-phenyl-lW-
benzimidazole (10c),u and 5-isothiocyanato-2-(4-thiazo-
lyl)-lfl-benzimidazole (10d)12 were also determined. The 
results are summarized in Table II. 

The unsubsti tuted benzimidazole 10a was marginally 
active in the in vivo mouse screen and 10b was inactive. 
In sheep, 10b showed little activity at 50 mg/kg. In critical 
tests, 10a has demonstrated one-sixth the potency of 
thiabendazole.13 In our screen, 10a gave 17% reduction 
at 50 mg/kg. Introduction of the 5-isothiocyanato group 
resulted in enhanced activity: 10c similar to lc was 100% 
active against H. nana. The lack of activity in sheep at 
50 mg/kg was unexpected. Benzimidazole lOd was the 
only derivative to show dual activity in the mouse screen. 

Initial screening of l a -c using the in vivo mouse oral test 
indicated 100% taeniacidal activity for l b and l c , which 
in the case of l c was still observed at the 0.50% level. 
When l c was tested at 200 mg/kg in sheep naturally 
infected with gastrointestinal nematodes, 100% reduction 
of the fecal egg count was observed. This activity was still 

compd 

l a 
l b 
l c 
lc-HCl 
lc-TsOH 
Id 
l e 
If 
l g 
l h 
l i 
l j 
Ik 
11 
1m 
I n 
l o 
l p 
l q 
l r 
I s 
I t 
l u 

lOa'' 
10bff 

10c'1 

10d' 

Mouse ora l : 0 

H. nana 
% clearance 

0 
100 
100 

75 
too 

75 
50 

0 
25 
50 

0 
25 
50 
75 
75 

0 
100 

0 
0 

100 
100 

0 
100 

25 
0 

100 
100° 

Sheep ora l : b 

% reduct . in fecal 
egg coun t 

0 
7 1 c 

100 , c 100, l l d 

95 
0 

52 
15 

0 
83 
n f 

0 
0 
0 
0 
0 
0 
0 
0 

nt 
9IV 

33 
42 

0 
17 
28 

0 
nt 

0 None of the compounds demonstrated activity against 
the nematode JV. dubius, except lOd which gave 90% 
clearance. b All sheep dosed at 50 mg/kg unless indicated 
otherwise. c Dosed at 200 mg/kg. d Dosed at 25 mg/kg. 
e Dosed at 43 mg/kg. f 2-Phenyl-lH-benzimidazole. 
8 2-(2-Pyridinyl)-lH-benzimidazole. h 5-Isothiocyanato-
2-phenyl-lH-benzimidazole. ! 5-Isothiocyanato-2-(4-
thiazolyl)-lH-benzimidazole. ' nt = not tested. 

observed at 50 mg/kg (100%), but at 25 mg/kg l c was 
virtually inactive (11%). Compound lc was not active, 
however, against Monezia species (tapeworm) in sheep or 
against Taenia pisiformis (tapeworm) in dogs. 

Conversion of l c into the hydrochloride salt (lc-HCl) 
resulted in a slightly less active derivative (75% clearance 
of H. nana in the mouse and a 95% reduction in the fecal 
egg count in sheep). Surprisingly, the toluenesulfonic acid 
salt of lc (lc-TsOH), while 100% effective against H. nana 
in mice, was inactive in sheep. The quaternization product 
lq was also inactive in sheep at 50 mg/kg. 
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Isomer lb demonstrated a 7 1 % reduction in the fecal 
egg count in sheep at 200 mg/kg. The anthelmintic ac
tivity (82% reduction at 50 mg/kg) for l g was somewhat 
surprising, since only minimal anthelmintic activity had 
been observed in the primary mouse screen. 

Attempts to improve the anthelmintic activity of l c in 
sheep through molecular modification failed, (a) Addition 
of chlorine or a methyl group to the benzene ring of l c 
resulted in reduced activity ( le and If), (b) Substitution 
of the pyridine ring with either methyl, methoxy, iso-
thiocyanato, or chlorine diminished or abolished the 
anthelmintic activity (Id and l j -n) . (c) Substitution on 
the imidazole NH destroyed the activity ( lh , l j , lo, and 
lp) . (d) Oxidation of the pyridine nitrogen rendered the 
molecule virtually inactive ( l r ) . (e) Chelation of l c re
duced activity ( l s -u ) . Thus, substitution of the NH group 
or the benzene or pyridine rings of l c led to decreased 
activity. Maximum activity required at tachment of the 
isothiocyanato group at the 5(6) position. 

The lack of nematocidal (N. dubius) activity of this 
series in the primary mouse screen and surprising nem
atocidal activity in sheep of several derivatives again 
demonstrates the value of testing in the target species. 

Experimental Sect ion 
Melting points were determined in capillary tubes on a 

Thomas-Hoover Uni-Melt apparatus and are uncorrected. The 
NMR spectra were obtained in Me2SO-d6 with Me4Si as internal 
standard. Neutral alumina (Woelm activity IV) was used for 
chromatography. Combustion analyses were within ±0.4% of the 
theoretical values. IR and *H NMR spectra were consistent with 
assigned structures for all compounds. 

The isothiocyanato compounds la-g were synthesized from 
the appropriate nitro compounds 3 using a general procedure for 
hydrogenation and thiocarbonylation. The synthesis of lc will 
serve as an example. 

5-Nitro-2-(2-pyridinyl)-l.ff-benzimidazole (3c). Method 
A. 2-(2-Pyridinyl)-lfl-benzimidazole was synthesized by PPA 
cyclization14 of o-phenylenediamine and picolinic acid and then 
nitrated as follows. 

Nitration. To a solution of 320 g (1.64 mol) of 2-(2-pyridi-
nyl)-lif-benzimidazole in 750 mL of H2S04 (concentrated) there 
was added 125 mL of HN03 (concentrated) dropwise between 0 
and 10 °C. The mixture was stirred at room temperature for 2 
h and then poured into ice-water. Cautious neutralization with 
50% NaOH provided a solid, which was filtered off and crys
tallized from MeOH to yield 250 g of 5-nitro-2-(2-pyridinyl)-
1/Y-benzimidazole (3c), mp 208-210 °C. 

Method B. To a slurry of 153 g (1.0 mol) of 4-nitro-o-
phenylenediamine in 800 mL of absolute EtOH there was added 
107 g (1.0 mol) of 2-pyridinecarboxaldehyde, and the mixture was 
stirred at room temperature until the azomethine precipitated. 
Then there was added 125 mL of nitrobenzene and the mixture 
was heated to 210 °C after distilling off the EtOH. The mixture 
was cooled, and the resulting solid was filtered off, washed with 
Et20, and crystallized from absolute EtOH to yield 75 g of 3c. 

5-Isothiocyanato-2-(2-pyridinyl)-l.H-benzimidazole (lc). 
Hydrogenation. A mixture of 12.0 g (0.05 mol) of 3c, 1.2 g of 
Pt02 , and 200 mL of absolute EtOH was reduced on a Parr 
hydrogenator at 50 psi until the required amount of H2 was 
absorbed. The mixture was filtered and the solvent was removed 
in vacuo. The residue was crystallized from EtOH to yield 8.4 
g of 5-amino-2-(2-pyridinyl)-lz7-benzimidazole, mp 216-218 °C. 

Thiocarbonylation. To a solution of 8.4 g (0.04 mol) of 
5-amino-2-(2-pyridinyl)-l.ff-benzimidazole in 120 mL of glyme 
and 80 mL of H20 there was added 4.0 g (0.04 mol) of CaC03, 
and the mixture was cooled to 0 °C. Dropwise, 3.2 mL (0.04 mol) 
of thiophosgene was added and the mixture was stirred for 2 h. 
The solvent was removed in vacuo at room temperature and the 
residue was crystallized from MeCN to give 7.5 g of lc, mp 187-188 
°C. 

5- and 6-Isothiocyanato-2-(2-pyridinyl)-li?-benzimida-
zole-1-propanenitrile (lh). To a solution of 15.0 g of 3c in 500 
mL of dioxane, 20 drops of Triton B was added. Then there was 

added 150 mL of acrylonitrile with stirring, and the mixture was 
refluxed overnight. Evaporation of the solvent gave a solid, which 
was crystallized from MeCN to give 14.8 g of 5- and 6-nitro-
2-(2-pyridinyl)-l/7-benzimidazole-l-propanenitrile, mp 182-184 
°C. This compound was subjected to hydrogenation/thiocar-
bonylation to yield lh, mp 135-137 °C. 

5- and 6-Isothiocyanato-l-methyl-2-(2-pyridinyl)-lfl'-
benzimidazole (li). To a solution of 12.0 g (0.05 mol) of 3c in 
250 mL of dry glyme there was added 2.4 g (0.05 mol) of NaH 
(50% oil dispersion) and the mixture was stirred at room tem
perature for 4 h. Then there was added 7.1 g (0.05 mol) of Mel 
and the mixture was refluxed for 2 h. The solvent was evaporated 
in vacuo, a small amount of MeOH was added to destroy unreacted 
NaH, and H20 was added to the residue. The resulting solid was 
filtered off and crystallized from CHC13 to yield 9.7 g of 5- and 
6-nitro-l-methyl-2-(2-pyridinyl)-lH-benzimidazole, mp 185-200 
°C. Hydrogenation/thiocarbonylation of this compound yielded 
li, mp 129-141 °C. 

Substituted Pyridinyl Compounds lj-n. The substituted 
nitriles 6 were synthesized by the method of Okamato and Tani.7 

5-Isothiocyanato-2-(4-methyl-2-pyridinyl)-l.ff-benz-
imidazole (lj). A mixture of 21.6 g (0.2 mol) of o-phenylene
diamine and 23.6 g (0.2 mol) of 2-cyano-4-methylpyridine (6a) 
in 300 mL of PPA was heated to 195 °C under N2 for 2 h. After 
cooling to 130 °C the mixture was poured cautiously into H20 
and neutralized with 50% NaOH. The solid was filtered off and 
washed with H20. Crystallization yielded 16.2 g of 2-(4-
methyl-2-pyridinyl)-lr7-benzimidazole (9), mp 219-222 °C (EtOH), 
which was further subjected to nitration/hydrogenation/thio-
carbonylation to yield lj , mp 174-177 °C. 

2-(4-Isothiocyanato-2-pyridinyl)-1 ff-benzimidazole (Ik) 
and 5-Isothiocyanato-2-(4-isothiocyanato-2-pyridinyl)-
lH-benzimidazole (In). Method C. In a round-bottom flask 
fitted with a drying tube and a gas-inlet tube, there was placed 
a solution of 19.0 g (0.128 mol) of 2-cyano-4-nitropyridine (6b) 
in 60 mL of absolute EtOH. The solution was layered with PE 
(30-60 °C) and cooled to 20 °C. HC1 was bubbled through the 
solution until it was saturated. Et20 was added until no further 
precipitation occurred. The resulting solid was filtered off and 
dried to yield 10.5 g of the imidate 7. To a solution of 4.3 g (0.04 
mol) of o-phenylenediamine in 50 mL of absolute EtOH there 
was added 9.0 g (0.04 mol) of 7 with stirring. The reaction mixture 
became warm; on cooling, the product crystallized. The crystals 
were collected by filtration and washed with H20 to yield 7.5 g 
of 2-(4-nitro-2-pyridinyl)-l/7-benzimidazole (8), mp 223-225 °C. 
Hydrogenation/thiocarbonylation of 8 yielded Ik, mp 207-209 
°C. Nitration/hydrogenation/thiocarbonylation of 8 yielded In, 
mp 205-207 °C. 

5-Isothiocyanato-2-(4-methoxy-2-pyridinyl)-lfl'-benz-
imidazole (11). A mixture of 8.4 g (0.035 mol) of 8 and 3.2 g (0.07 
mol) of NaOCH3 in 200 mL of MeOH was refluxed for 2 h. The 
solvent was removed in vacuo and the residue was washed with 
H20. Crystallization of the resulting solid from EtOH yielded 
7.5 g of 2-(4-methoxy-2-pyridinyl)-lH-benzimidazole, mp 186-188 
CC. Subsequent nitration/hydrogenation/thiocarbonylation 
yielded 11: yield 3.2 g; mp 180-181 °C. 

2-(4-Chloro-2-pyridinyl)-5-isothiocyanato-lH-benz-
imidazole (lm). A mixture of 8.4 g (0.035 mol) of 8 and 25 mL 
of HC1 (concentrated) was heated on the steam bath for 2 h. The 
reaction mixture was poured into H20 and neutralized cautiously 
with 50% NaOH. Crystallization of the resulting solid from EtOH 
yielded 7.3 g of 2-(4-chloro-2-pyridinyl)-l/J-benzimidazole, mp 
191-193 °C. Nitration/hydrogenation/thiocarbonylation provided 
lm, mp 178-179 CC. 

l-(4,5-Dihydro-2-thiazolyl)-5- and l-(4,5-Dihydro-2-thia-
zolyl)-6-isothiocyanato-2-(2-pyridinyl)-1H -benzimidazole 
(lo). lc (5.0 g, 0.02 mol) was reacted according to published 
procedure8 to yield after chromatography 3.0 g of lo, mp 140-150 
°C. 

5- and 6-Isothiocyanato-2-(2-pyridinyl)-lH-benzimida-
zolemethanol (lp). To a solution of 5.0 (0.02 mol) of lc in 200 
mL of MeCN there was added 20 mL of 40% formaldehyde 
solution. The mixture was kept on a steam bath for 5 min. On 
cooling, the product precipitated as feathery needles. After 
standing for 3 h at room temperature, the crystallized mass was 
filtered off and washed with MeCN to yield 4.0 g of lp, mp 
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184-184.5 °C. 
2-(5-Isothiocyanato-l-methyl-lif-benzimidazol-2-yl)-l-

methylpyridinium Iodide (lq). A mixture of 4 g (0.016 mol) 
of lc and 80 mL of Mel in a sealed tube was heated on the steam 
bath for 1 h. A solid separated on standing. The Mel was poured 
off and the solid was dissolved in the minimum amount of DMF. 
The solution was chilled to yield a solid. The above mixture was 
diluted with 3 mL of ice-cold MeCN, and the solid was filtered 
off. Recrystallization of the yellow-brown solid yielded 0.7 g of 
lq, mp 225-227 °C. 

5-Isothiocyanato-2-(2-pyridyl)-liJ-benzimidazole iV-Oxide 
( lr) . Route A. To a solution of 5.0 g of lc in CHC13 there was 
added 5.0 g of MCPBA, and the mixture was stirred at room 
temperature for 2 h. An additional 2.0 g of MCPBA was added, 
and the mixture was stirred for 2 h. The solvent was removed 
in vacuo and the residue was chromatographed. Elution with 
CHC13 furnished a solid, which was crystallized from CHC13 to 
give 0.4 g of lr, mp 241-244 °C. 

Route B. To a solution of 4.2 g of 5-amino-2-(2-pyridinyl)-
lH-benzimidazole in 40 mL of pyridine there was added 2.3 g of 
Ac20. After standing for 1 h, the precipitated product was filtered 
off to yield 4.7 g. Crystallization from MeCN yielded 5-(ace-
tylamino)-2-(2-pyridinyl)-l/Y-benzimidazole, mp 250-252 °C. This 
compound was oxidized9 to the pyridine N-oxide. A mixture of 
1.4 g of 5-(acetylamino)-2-(2-pyridinyl)-Lff-benzimidazole iV-oxide 
and 14 mL of concentrated HC1 was refluxed for 10 min. The 
precipitated product was filtered off and washed with a small 
amount of cold EtOH and then Et20 to furnish 5-amino-2-(2-
pyridinyl)-l#-benzimidazole iV-oxide, which was immediately 
subjected to thiocarbonylation using CHC13-H20 as the solvent 
system. After 1 h, the mixture was filtered and the organic layer 
was separated, dried, and evaporated to yield 1.0 g, identical (IR, 
mixed mixture melting point, microanalysis) with lr. 

5-Isothiocyanato-2-(2-pyridinyl)-lH-benzimidazole-Zinc 
Chloride Complex (1:1; Is). To a solution of 3 g of lc in 250 
mL of MeCN there was added a saturated solution of methanolic 
ZnCl2. The resulting precipitate was filtered off and washed with 
MeCN to yield 4 g of Is, mp 342-350 °C dec. It and lu were 

prepared analogously. 
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Synthesis and Antibacterial Activity of 
l-Hydroxy-l-methyl-l,3-dihydrofuro[3,4-Z)]quinoxaline 4,9-Dioxide and Related 
Compounds 
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A Free-Wilson analysis of the antibacterial activity found in a variety of quinoxaline 1,4-dioxides prepared and 
tested in these laboratories unexpectedly predicted that potent activity should be found in the case where the 
heterocyclic ring system was substituted with an acetyl group in the 2 position and a hydroxymethyl group in the 
3 position (2). The synthesis and antibacterial activity of this compound, which was actually isolated in the hemiketal 
form (3), and of several of its derivatives are reported. l-Hydroxy-l-methyl-l,3-dihydrofuro[3,4-6]quinoxaline 
4,9-dioxide (3) possesses exceptional activity in vivo against Escherichia coli, Salmonella choleraesuis, and Pasteurella 
multocida. 

Quinoxaline 1,4-dioxides (QNO's) are a well-known class 
of synthetic antibacterial agents.1 A series of QNO's of 
medicinal interest includes analogues substituted with a 
hydroxymethyl group in the 3 position (l).2 In the present 

1, R 
2, R 

0 
H, CH3 

COCH, 
or CH,OH 

CH* 
OH 

work, a Free-Wilson analysis3 was carried out from the 
antibacterial activity found in a variety of QNO's prepared 
and tested in these laboratories. Unexpectedly, this 
analysis predicted that potent activity should be found in 
the case where the heterocyclic ring system was substituted 
with an acetyl group in the 2 position and a hydroxymethyl 
group in the 3 position (2). The synthesis and antibacterial 
activity of this compound, which was actually isolated in 
the hemiketal form (3), are reported in this paper. Several 
additional derivatives of this l,3-dihydrofuro[3,4-6]-
quinoxaline ring system were also prepared.4 

Rationale for Drug Design. A Free-Wilson analysis 
of 78 QNO's previously prepared in these laboratories 
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