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and a void volume at 1.42 min. With the above concentrations, 
the radiopurity and chemical purity were consistently in excess 
of 90%, and the radioincorporation efficiency was in the 30 to 
40% range. The reaction gave similar results at 10 and 100 times 
these concentrations, but at one-tenth this concentration the yields 
were drastically reduced. 

Iodination of 7 to form Im and the direct synthesis of lm, when 
performed with lS1ICl in acetic acid but in the absence of perchloric 
acid, resulted in a maximum radioincorporation of 12%. 
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Antihypertensives. N-1H-Pyrrol-1-yl-3-pyridazinamines 

Elvio Bellasio,* Ambrogio Campi, Nunzio Di Mola, a n d  Emiliana Baldoli 

Research Laboratories of Gruppo Lepetit S.p.A., Via Durando 38, 20158 Milano, Italy. Received October 11, 1983 

The hypothesis that the side effects of hydralazine, such as mutagenicity and lupus erythematosus like syndrome, 
might be due to the NHNHz group prompted us to incorporate part of this moiety into a pyrrole ring. Therefore, 
we prepared a series of N-1H-pyrrol-1-yl-3-pyridazinamines and a limited number of N-1H-pyrrol-1-yl-1- 
phthalazinamines by reaction of 3-hydrazinopyridazines and 1-hydrazinophthalazines with y-diketones. Most of 
these compounds, especially in the pyridazine series, showed moderate to strong antihypertensive activity in 
spontaneously hypertensive rats. The decrease in blood pressure generally had a slow onset after either oral or 
intravenous administration. N-(2,5-Dimethyl-lH-pyrrol-l-yl)-6-(4-morpholinyl)-3-pyridazinamine hydrochloride 
(30) (MDL 899) showed no mutagenic activity in several tests and is now in clinical trials in patients. 

The pathogenesis of hydralazine-induced lupus erythe- 
matosus has been correlated with its rate of hepatic ace- 
ty1ation.l With the  discovery of a novel urinary hydr- 
alazine metabolite in man, namely, 3-(hydroxymethyl)-s- 
triazolo[ 3,4-a]phthalazine, the hypothesis was advanced2 
that the functional alcoholic group might provide a handle 
for the formation of a covalent bond to a protein and, thus, 
to production of antibodies to the metabolite. The recently 
discovered mutagenic activity of hydralazine3v4 could also 
be explained by the reactivity of the molecule itself. I n  
particular, t he  high reactivity of t he  hydrazine moiety 
NHNHz for carbonyl groups might cause other chemical 
modifications, resulting in toxic effects. This  hypothesis 
prompted us to incorporate the terminal N H 2  group of 
some antihypertensive 3-hydrazinoyridazines into a pyrrole 
ring. Therefore, we prepared a few N-lH-pyrrol-l-yl-3- 
pyridazinamines (VI, Scheme 11) and tested them for their 
hypotensive a n d  mutagenic activity. T h e  discovery that 
three compounds (29-31) endowed with good antihyper- 
tensive activity were not mutagenic led us to develop this 
class. Some compounds having a phthalazine moiety in- 
stead of pyridazine were also prepared. 

Chemistry. T h e  last intermediates for the  preparation 
of VI are hydrazino derivatives of general formula V (Table 

(1) B. N. La Du, H. G. Mandel, E. L. Way, ‘‘Fundamentals of Drug 
Metabolism and Drug Disposition”; William & Wilkins: Bal- - .  
timore, 1971. 
H. Zimmer, R. Glaser, and J. Kokoea, J.  Med. Chen., 18,1031 
(1975). 
J. Tosk, J. Schmeltz, and D. Hoffmann, Mutat. Res., 66, 247 
(1979). 
C. R. Shaw, M. A. Butler, J. Thenot, K. D. Haegle, and T. S. 
Matney, Mutat. Res., 68, 79 (1979). 

III)(Scheme I), where R represents a tertiary amino group. 
References5r8 for those compounds already known are in 
Table IV. The new analogues were prepared starting from 
3,6-dichloropyridazines I, which were reacted with sec- 
ondary amines in  the  presence (method A) or absence 
(method B) of a solvent, t o  give 3-amino-6-chloro- 
pyridazines I1 (Table I). The substitution of the chlorine 
atom with hydrazine to give V was achieved by one of the 
following three procedures. In the first procedure, reaction 
with hydrazine hydrate as a solvent (method F, R1 = H) 
was found to  be useful only when the  final product had 
a relatively low water solubility. In  most cases, the  iso- 
lation of V as the  hydrochloride involved troublesome 
crystallizations in order t o  satisfactorily eliminate hydra- 
zine hydrochloride, and the final yields were generally very 
low. In some cases, after elimination of the  hydrazine 
hydrate, the residues containing the  compounds V were 
used as such for t he  synthesis of VI. I n  the second pro- 
cedure, compounds V were isolated as the  benzal- 
hydrazones I11 (Table 11), which were easily hydrolyzed 
in dilute mineral acids when concomitant steam distillation 
of the  benzaldehyde was carried out (methods C and E). 
In  the  third procedure, the  hydrochlorides of I1 were re- 
acted with tert-butyl carbazate in methylcellosolve, and 
after mild hydrolysis of t he  tert-butyl esters, the  com- 
pounds V were isolated as the hydrazones I11 (method D). 
One compound, V-24, with a methyl on the  hydrazino 
group (Rl = CH3) was prepared by methylation of the  
corresponding acetaldehyde hydrazone 111-15, followed by 
hydrolysis of the  resulting compound IV. T h e  correct 
position of t he  R1 methyl group was demonstrated by 
catalytic reduction to the  aminopyridazine XI. The  new 
intermediates V are reported in Table 111. 
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Table I 

RH 

Bellasio et al. 

H2/P1 I 
Rl\N/"2 

methods A and B R 4  R3)$ 

R 

V-20-27 

\ N  R44 R3 R 

I1 
mp or bp crystn meth- yield, 

no. R R3 R4 (mm), "C solvent formula anal. od % 

3 N(CH2CHZOCzH,)2 H H 140 (0.2) Ci2Hz,ClN302 C, H, C1, N B 77 

5 2,6-Mez-c-N(CHzCH)20 H H 158-160 EtOH CI0Hl4C1N30 C, H, Nd A 53 

1 N(CH3)(CH2CH20CH3)a H H 68-69 Et20 C8H&lN30 C,H,Cl, N A 65 
2 N(CH2CHZOCH3)z H H 115-118 (0.4)' CloH&lN302* C, H, C1, N B 41 

4 c - N C ~ H ~  H H 130-132 HzO CsHioClN3 C, H, C1, N A 58 

6 4-OH-c-NC6Hio H H 114-116 HzO CgHizClN30 C, H, C1, N A 42 
H H 141-143 EtOAc Cl5HI7C1N40 C, H, C1, N A 70 

W 
8 c-N(CH~CH~)~O (CH2)4 129-130 EtOH C12H16ClN30 C, H, C1, N Be 
n& 

CHB 98-99 EtOH CloH,4C1N30 C, H, C1,N Bf 69 
10 C-N(CH~CH~)~O CH=CHCH=CH 
11 4-OH-c-NCSHio CH=CHCH=CH 140-145 EtOAc C13H14ClN30 C, H, C1, N A 30 

'For the preparation of N-methyl-N(2-methoxyethyl)amine, see W. R. Boon, J.  Chem. SOC., 307 (1947). bHydrochloride: mp 131-132 "C 
(EtOAc). Oil which solidified, mp 33-34 "C. dN: calculated, 18.45; found, 17.57. e For the preparation of 1,4-dichloro-5,6,7,8-tetra- 
hydrophthalazine, see R. H. Homing and E. D. Amstatz, J.  Org. Chem., 20, 707 (1955). fFor the corresponding 3,6-dichloropyridazine, see 
E. Steck, R. P. Brundage, and L. T. Fletcher, J .  Am. Chem. SOC., 76, 44 (1954). 

149-152 EtOAc ClzHizClN30 C1, N A 70 
9 c-N(CHZCH2)20 CH3 

Scheme I' 

H+method E / I  

CH-R, 
II 

H\,/fl 

I 
CI 
I R3qL method C 

(11 NHNHp, (21 R&HO 

or  method D 

R 4  (11 NH~NHCOO+ R 4  

R 
(21 HCI 

Rql 
R (31 RsCHO 

11-1 -1 1 111-12-19 

a RH = secondary amine. IV: R = c-N(CH,CH,),O; 
R, = R, = CH,; R,, R, = H. 
R, = CH,; R,, R, = H. 

XI: R = c-N(CH,CH,),O; 

The preparation of N-1H-pyrrol-1-yl-3-pyridazinamines 
VI, substituted in the 2- and 5-positions of the pyrrole ring, 
was carried out by reaction of V with y-diketones (method 
G) in acetic acid. Sodium acetate was added when the 

Scheme I1 

method G 
R2CO(CH21$OR2 

X 
method H 

c V 

CH30QOCH3 lRp=H l  I 
R 

VI-28-57 
! ? d  

'.fKHb ti, 
+ VI-56 

N 

VI11 
VI1 P 

+ VI-39 NOH-CH31-DMF 

W 
VI-30 IX 

(MDL 899 base) 

compounds were used either as salts or as crude products 
obtained through method F. The y-diketones used were 
acetonylacetone and 3,6-octanedione. 

(5) E. Bellasio, F. Parravicini, and E. Testa, Furmuco, Ed. Sci., 24, 
919 (1969). 
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Table IV 

Bellasio et  al. 

mp or bp yield, % 1% 
no. R R1 Rz R3 R4 (mm), OC (method) formula anal. Pa EDgOb 
28 N(CH2CH20C2H& H CH3 H H 180 (0.2) 70 (GI Ci~H2gN602 C, H, N 2 
29 N(CH2CH20CH3)2 H CH3 H H 112-114' 57 (G) C16H25N502 C, H, N 2.06 2.7 
30 c-N(CH~CH~)~O H CH3 H H 260 decd 61 (GY C14H19N50.HCI C, H, N, C1 1.94 3.9 
31 N ( c ~ H ~ ) ~  H CH, H H 149-150d 29 (G)' C,,HmN, C. H. N 2.73 3.9 
32 N(CHJ(CHzCH20C- H CHj H H 105-106e 52 (G) C;;H;;N,O C; H; N 2.16 7 

33 N(CHs)(CH2CHOHC- H CH3 H H 139-140' 62 (GI' C14H21N50 C, H, N 1.73 7.7 

34 c-NC~H~O H CH3 H H 185-187' 27 (G)p C15H21N5 C, H, N 3.13 10 
35 N(CH2CH=CH2)2 H CH3 H H 135-136e 37 (G)s C16Hz1N6 C, H, N 1.70 11.4 

37 4-OH-c-NC5Hio H CH3 H H 175-177' 28 (G)"' C15H21N60 C, H, N 1.70 12.6 
38 c-N(CH&H2)20 H C2H5 H 186-18gd 41 (G)p ClGH23N50 C, H, N 2.71 15.4 
39 c*N(CHZCH2)20 CH3 CH3 H H 119-1228 49 (G)p C15H21N50 C, H, N 2.21 15.8 
40 C-N(CH~CHZ)~O CH3 H H H 105-117e9h 50 (H) C13H17N50 C, H, N 2 16.5 
41 2,6-Mez-c-N- H CH3 H H 147-14Se 45 (G)',t C16H23N50 C, H, N 2.59 18.5 

42 H CH3 H H 194-196' 51 (G)'tt C21H26N60 C, H, N 3.61 -20 

H3) 

H3) 

36 c-N(CH~CH~)~O COCHS CH3 H H 162-16&' 63P C18H21N502*HCl C, H, N, C1 1.64 11.8 

(CHCH)20 

H CH3 H H 165-167e 50 (G)' C12H17N5 C, H, N 2.18 -22 43 N(CH3)z 
44 c-N(CH~CH~)~S H CH3 H H 202-203' 50 (G)' C14HlgN5S C , H , N , S  n -25 
45 c-N(CH2CH2)zO H CH3 CH3 H 196-198' 23 (G)g C15H21N5O C , H , N  n -26 
46 c-N(CH2CHz)ZNH H CH3 H H 189-191' 18 (G) C14H20N6 C, H, N 1.44 30 
47 c-N(CHZCH2)20 H CH3 -(CH2)4- 236-237' 62 (G) CleH25N50 C, H, N n -33 
48 4-OH-c-NC5H10 H CH3 CH=CHCH=CH 184-186' 40 (G)"J ClBH23NsO C, H, N n -33 

C,H, N 1.94 -43 50 ~ - M ~ - C - N ( C H ~ C H ~ ) ~ N  H CH3 H H 180-182' 21 (G)" C16H22N5 
51 N(CH2-CHOHCH&2 H CH3 H H 137-139' 40 (G)' C16H2~N502 C, H, N 1.55 -54 
52 c-N(CH2CHrJ20 H CH3 CH=CHCH=CH 205-209"' 28 (G)"' C ~ ~ H Z ~ N ~ O  C, H , N  n -91 
53 N(CH2CH20H)(CH2 H CH3 H H 129-131' 40 (G) C15H23N502 C, H, N 1.30 >lo0 

p& 

49 c-N(CH~CH~)~O H CH3 CH3 CH3 234-239' 57 (G) C16H23N6O C, H, N n 35 

CHOHCH,) 
54 C - N C ~ H ~  H CH3 H H 208-209' 42 (G)'$t C14HlgNh C, H, N 2.45 >lo0 

C, H, N n >lo0 
57 H H CH3 CH=CHCH=CH 170-171' 15 (G) C14H14N14 C, H ,N n 

nP = partition coefficient, octanol-phosphate buffer, pH 7.4. bOral dose in milligrams per kilogram produces a 30 mmHg drop of systolic 
blood pressure (calculated on the regression line), ' EtOAc. di-PrOH. e EhO. fi-PrOH-EhO. gHexane. Mixture of three crystalline forms 
melting at 105, 113 and 117 "C. 'EtOH. jDeleted on revision. 'CH3CN. "Me2C0. "Not determined. 'Overall yield from the corre- 
sponding chloropyridazine or phthalazine. P For the corresponding hydrazino derivative V, see ref 5. 9 For the corresponding hydrazino 
derivative V, see ref 6. 'For the corresponding hydrazino derivative V, see ref 7. *For the corresponding hydrazino derivative V, see ref 8. 
tThe corresponding hydrazino derivative V was not isolated. 

55 N(CHZCH20H)2 H CH3 H H 129-131' 39(G)" C16H23N502 C, H, N 1.06 >lo0 
56 C*N(CH~CH~)~O H H H  H 228-229' 2 (H) C12H15N60 

N: calcd. 20.75; found, 20.10. 

Two compounds that were unsubstituted in the pyrrole 
ring were obtained by reaction of V with 2,5-dimethoxy- 
furan (method H) in ethanol, in the presence of hydrogen 

(6) E. Bellasio, A. Ripamonti, F. Parravicini, and E. Baldoli, 

(7) G. Pifferi, F. Parravicini, C. Carpi, and L. Dorigotti, J. Med. 

(8) P. L. Anderson, W. J. Houlikan, and R. E. Manning, German 

(9) K. Okamoto, K. Aoki, Jpn. Circ. J., 27, 282 (1963). 

Farmaco, Ed. Sci., 27, 581 (1972). 

Chem., 18, 741 (1975). 

Offen. 2 062 107, 1970. 

(10) E. Baldoli, unpublished results. 
(11) V. Dezulian, personal communication. 
(12) A Goldblatt, J. Linch, R. F. Hanzal, and W. W. Summerville, 

J. Exp. Med., 59, 347 (1934). 
(13) B. P. Goldstein, F. Ripamonti, and F. Rodenghi, 12th Annual 

Meeting of the European Environmental Mutagen Society, 
Helsinky, June 20-24, 1982. 

(14) A. Assandri, personal communication. 
(15) R. A. Coburn and R. A. Carapellotti, J. Pharm. Sci., 65, 1505 

(16) H. Stetter, Angew. Chem., Int. Ed. Engl., 15, 639 (1976). 
(1976). 

chloride. This reaction proceeded with fairly good yield 
to give compound VI-40 when we started from V-24, which 
has a CH3NNH2 group. In contrast, the reaction carried 
out on VII, which has an unsubstituted hydrazino group, 
gave only traces of the corresponding pyrrole derivative 
VI-56 and a slightly greater amount of the dihydro- 
pyridazine VIII. Compound VI-39 was also prepared by 
methylation of VI-30 in the presence of sodium hydride. 
In this case a derivative (IX) methylated on the pyridazine 
nitrogen was also formed. 

Biological Activity. The antihypertensive activity of 
the  compounds VI is reported in Table IV as the oral 
effective dose (ED30) tha t  produced a drop of 30 mmHg 
in spontaneously hypertensive rats.g No correlation be- 
tween pharmacological activity and octanol-water partition 
coefficient was found. The amino group R is necessary for 
activity; a small number of N-1H-pyrrol-1-yl-3-pyridazines 
VI without this moiety, recently prepared and not reported 
in this paper, were shown to be inactive." Also in the 
phthalazine series, compound VI-57, obtained from hy- 
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Table V. Effects of MDL 899 and Hydralazine, Given Intravenously, on Systolic Blood Pressure and Heart Rate in Conscious Renal 
Hypertensive Dogs" 
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systolic blood pressure, mmHg, at the following times 
treatment Oh 4 h  6 h  8 h  10 h 12 h 20 h 

MDL 899,l mg/kg 190 f 10 168 f 8 150 f 5 140 f 7 147 f 8 165 f 5 187 f 5 
hydralazyne, 0.3 mg/kg 188 f 7 135 f 5 138 f 2 148 f 5 188 f 7 190 f 4 188 f 7 
P NS <0.01 < 0.05 NS <0.01 <0.01 NS 

heart rate, beats/min, at the following times 
treatment Oh 4 h  6 h  8 h  10 h 12 h 20 h 

MDL 899, 1 mg/kg 80 f 7 92 f 10 l o o f  9 110 & 7 107 f 8 105 f 7 105 f 8 
hydralazine, 0.3 mg/kg 78 f 10 128 f 12 140 f 9 132 f 8 125 f 10 118f 6 115f 7 
P NS <0.01 <0.01 co.0 NS NS NS 

Mean plus or minus the standard error for four animals at each compound. * P = MDL 899 vs. hydralazine comparison by analysis of 
variance (P test). 

Scheme I11 

VI-30 (MDL 899) 

VI1 

N-N 

W 
XI1 XI11 

dralazine and acetonylacetone, did not show any antihy- 
pertensive activity in rats either after intravenous or oral 
administration. Weak or moderate activity appeared in 
the analogues VI-48 and VI-52, which have basic groups. 
The most active compound of the series, VI-28, is an oil 
that did not form solid salts. Further pharmacological and 
toxicological evaluation was performed on compounds 
VI-29 and VI-30; the latter (MDL 899) was selected for its 
better therapeutic index. It oral LD6{s in rats and mice 
are, respectively, 2250 and 660 mg/kg." 

Table V shows the effects of MDL 899 and hydralazine, 
give intravemuely, on systolic blood pressure and heart 
rate in conscious renal hypertensive dogs.12 As compared 
to hydralazine, the hypotensive effect of MDL 899 was 
evoked later 0, < 0.01) but it lasted longer (p < 0.01); in 
addition, the increase i9 heart rate was significantly less 
(p < 0.01). No mutagenic activity of MDL 899 was ob- 
served13 in the Ames test; gene conversion and point mu- 
tation tests in yeasts, including a host-mediated test in 
mice; and chromosomal aberration test in Chinese hamster. 
One of the most interesting results of the metabolic study 
in rats was that -20% of the drug was transformed into 
the triazole derivative XI1 (Scheme III).14 This seemed 
to indicate that the drug partially followed a metabolic 
pattern similar to that of hydralazine, although the pre- 
cursor VII containing the N " H 2  moiety was not detected 
in the urine. The hypothesis that the acetyl group nec- 

essary for the formation of the triazole ring might come 
from the pyrrole moiety and not from hepatic acetylation 
was supported by the discovery that the urine of rats 
treated orally with the analogue V1-38, which has two 
ethyls on the pyrrole ring, contained only the ethyltriazole 
compound XIII.14 

Experimental Section 
Melting points were taken in an oil bath and are uncorrected. 

Solvents were removed in vacuo on a Buchi rotavapor. IR spectra 
were registered with a Perkin-Elmer Model 137 spectrophotom- 
eter. NMR spectra were recorded on a Bruker WH-270 instru- 
ment. Chemical shifts are reported as 6 units (part per million) 
with tetramethylsilane as internal reference (6 0.00). All the 
reactions were carried out under nitrogen. Where analyses are 
indicated only by symbols of the elements, analytical results 
obtained are within 0.4% of the theoretical values. 

Met hod A. 6-Chloro-3-[ 4- (2-met hoxypheny1)- 1- 
piperazinyllpyridazine (11-7). A mixture of 3,g-dichloro- 
pyridazine (14.9 g, 0.1 mol) and 1-(2-methoxyphenyl)piperazine 
(36 g, 0.2 mol) in C2H,0H (200 mL) was refluxed for 10 h. After 
evaporation of the solvent, the residue was triturated with HzO, 
and the insolube material was filtered and crystallized from 
EtOAc: yield 21.5 g; NMR (MezSO-d& 8 3.08 (t, 4 H, JCH CH = 
5.5 Hz, CH2NCeH,) 3.74 (t, 4 H, CH2N), 3.81 (8, 3 H, Ck,6), 
6.9-7.2 (m, 4 H, phenyl protons), 7.48 (d, 1 H, J H 4 - ~ 6  = 10 Hz, 

Method B. 6-Chloro-N,N-bis(2-methoxyethyl)-3- 
pyridazinamine (11-2). To bis(2-methoxyethy1)amine (19 g, 0.14 
mol) preheated at 135 OC was added portionwise under stirring 
over 10 min 3,6-dichloropyridazine (10.35 g, 0.09 mol). After the 
addition was complete, the mixture was kept at 145 OC for 30 min, 
cooled to room temperature, and diluted with EtOAc (100 mL). 
The solvent was washed with H20 (3 X 20 mL), dried, and 
evaporated. The crude product (15 g) was purified by silica gel 
chromatography [500 g, mobil phase EtOAc-hexane (1:1)] and 
then by distillation: yield 6.9 g; bp 115-118 OC (0.4 mm). The 
product solidifed on standing: NMR (CDC13) 6 3.34 (8, 6 H, 
CH30), 3.63 (t, 4 H, J = 5.5 Hz, CH2N), 3.78 (t, 4 H, CH20), 7.02 

Benza ldekyde  [6-[Bis(2-methoxyethyl)amino]-3- 
pyridazinyl]hydrazone (111-13). (a) Method C. A mixture 
of 11-2 (7 g, 0.029 mol), hydrazine hydrate (15 mL), and butanol 
(10 mL) was stirred at 98 "C for 48 h, cooled to room temperature, 
diluted with H20 (150 mL), and evaporated to dryness. The 
residue was dissolved in HzO (100 mL), and the unreacted starting 
material was extracted with toluene (2 X 75 mL). The aqueous 
phase was evaporated, and the residue was again dissolved in H20 
(50 mL). Benzaldehyde (7 mL) was added, and the mixture was 
heated on a steam bath for 30 min. After standing overnight, the 
suspension was slowly neutralized with NaHC03 and extracted 
with CHCI,. The solvent was dried and evaporated, and the 
residue was crystallized from C2HEOH yield 3 g; NMR (CDC13) 

Jod0 = 9 Hz, Jmeh = 2.5 Hz, phenyl H4), 7.40 (dd, 2 H, Jod0 = 
9 Hz, phenyl H3 and HE), 7.67 (d, 1 H, HJ, 7.73 (dd, 2 H, phenyl 
H2, HB), 8.36 (s, 1 H, CH=N), 11.92 (br s, 1 H, NH). 

HE), 7.61 (d, 1 H, H4). 

(d, 1 H, JH,-H = 10 Hz, HE), 7.18 (d, 1 H, H4). 

6 3.36 (e, 6 H, CHsO), 3.66 (t, 4 H, J C H ~ C H Z  = 5.5 Hz, CHZN), 3.82 
(t, 4 H, CHZO), 7.12 (d, 1 H, J H ~ - H ~  = 10 Hz, H5), 7.31 (dd, 1 H, 
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(b) Method D. A mixture of 11-2 hydrochloride (2 g, 7.1 m o l ) ,  
tert-butyl carbazate (2.34 g, 17.7 mmol), and methylcellosolve (40 
mL) was refluxed for 12 h. After evaporation of the solvent, the 
residue was suspended in 5% HCl(100 mL), heated at  50 "C for 
10 min, and evaporated to dryness. The solid was dissolved in 
HzO (100 mL) and neutralized with NaZCO3, and the unreacted 
starting material was extracted with toluene. The aqueous phase 
was evaporated to dryness. The residue was treated with HzO 
(50 mL) and benzaldehyde (3 mL) and worked up as described 
in the previous preparation: yield 1.02 g. 

Method E. 6-Hydrazino-N-methyl-N-(2-methoxy- 
ethyl)-3-pyridazinamine Dihydrochloride (V-21). A solution 
of 111-12 (21 g) in 3% HCl(500 mL) was evaporated to dryness. 
The operation was repeated twice until the benzaldehyde was 
completely removed. The residue was crystallized from EtOH- 
Et20 (1:l): yield 1.7 g; NMR (MezSO-d6) 6 3.27 (8,  6 H, CH30 
and CH3N), 3.58 (t, 2 H, JCH~CH? = 5.5 Hz, CHzN), 3.88 (t, 2 H, 

8.3-10.6 (br, 5 H, mobile H). 
Method F. 3-Hydrazino-6-( 1-piperaziny1)pyridazine Hy- 

drochloride (V-25). A mixture of 3-chloro-6-(l-piperazinyl)- 
pyridazine7 (5 g, 25 mol) and hydrazine hydrate (80 mL) was 
stirred at  80 "C for 10 h. The solution was cooled to 10 OC, and 
the precipitate (3 g of the starting material) was filtered off. The 
fitrate was evaporated to dryness, and the residue was crystallized 
twice from EtOH-HzO (4:l): yield 1 g; NMR (MezSO-d6) 6 3.17 
(t, 4 H, J = 5.5 Hz, CHzN), 3.62 (t, 4 H, CHzN), 3.0-4.3 (br 5 H, 
mobile H), 7.05 (d, 1 H, JH*-H~ = 10 Hz, H4), 7.37 (d, 1 H, H5). 

Acetaldehyde Methyl[6-(4-morpholinyl)-3-pyridazinyl]- 
hydrazone (IV). To a stirred suspension of 111-15 (9.95 g, 45 
mmol) in anhydrous DMF (100 mL), was added at  room tem- 
perature 55% NaH in mineral oil (2.38 g, 54 mmol). The mixture 
was heated at  55 "C for 30 min, and a solution of CHJ (7.03 g, 
49.5 mmol) in DMF (15 mL) was slowly added at  10 "C. The 
suspension was heated at  55 "C for 90 min, and then the solvent 
was distilled. The residue was dissolved in EtOAc, and the so- 
lution was washed with HzO (3 X 50 mL). The organic solvent 
was dried and evaporated, and the crude IV was triturated with 
cyclohexane to give 8.3 g, mp 131-134 "C. An analytical sample 
was obtained by crystallization with (CzH5)zO: mp 133-134 "C; 

OCHz), 7.63 (d, 1 H, JCH=CH = 10 Hz, H5), 8.03 (d, 1 H, H4), 

NMR (CDC13) 6 2.22 [d, 3 H, J = 5.5 Hz, CHJCH)], 3.50 (t, 4 
H, J = 5.5 Hz, CHZN), 3.57 ( ~ , 3  H, CHaN), 3.90 (t, 4 H, CHzO), 
7.01 [q, 1 H, CH(CHJ], 7.00 (d, 1 H, J = 10 hZ, H5), 7.82 (d, 1 
H, H4). Anal. (CllHI7N50) C, H, N. 
N-Methyl-6-(4-morpholinyl)-3-pyridazinamine (XI). A 

mixture of V-24 (1 g), acetic acid (55 mL), and PtOz (0.25 g) was 
hydrogenated under normal pressure (220 mL of Hz absorbed over 
10 h). The catalyst was filtered off, and the filtrate was evapo- 
rated. The residue was dissolved in CHzClz (50 mL), washed with 
5% NaHCO, and HzO, dried, and evaporated. The crude product 
(0.1 g) was crystallized from EtOAc: yield 0.05 g; mp 196-198 
"C (lit.14 mp 195-197 "C). 

Method G. (a) N-(2,5-Dimethyl-lH-pyrrol-l-y1)-6-(4- 
morpholinyl)-3-pyridazinamine Hydrochloride (VI-30). To 
a stirred suspension of 3-hydrazino-6-(4-morpholinyl)pyridazine 
(VII,5 20 g, 0.102 mol) in CH,COOH (100 mL) was added over 
5 min acetonylacetone (14.05 g, 0.123 mol). The mixture was 
heated at  65 "C for 3 h and evaporated to dryness. The residual 
oil was suspended in HzO, and the pH was adjusted to 8 with 
NaHC0,. The insoluble material was filtered and crystallized 
from i-C3H70H to give 17 g of the base: mp 189-191 "C. The 
hydrochloride was obtained by cautious addition of ethereal HCl 
to a hot solution of the base in C2H50H NMR (MezSO-d6) 6 2.05 

4.5 Hz, CH,O), 5.73 (8 ,  2 H, pyrrol H), 7.34 (br d, 1 H, J = 9.8 
Hz, H4), 7.95 (d, 1 H, J = 9.8 Hz, H5), 3.5 (br, 1 H, NH), 10.5 (br, 
1 H, HC1). 

Method G. (b) N -  (2,5-Dimt hyl- 1H-pyrrol- 1 -y1)-6-( 2-pro- 
penylamino)-3-pyridazinamine (VI-35). To a stirred suspen- 
sion of 6-hydrazino-N,N-bis( 2-propenyl)-3-pyridazineamine di- 
hydrochloride was added over 15 rnin acetonyl acetone (3.42 g, 
30 mmol), and the mixture was heated at  65 "C for 3 h. After 
distillation of the solvent, the residual oil was suspended in HzO, 
neutralized with NaHCO,, and extracted with EtOAc. The organic 
solvent was dried and evaporated. The resulting oil was purifed 
by chromatography on silica gel [260 g, mobil phase CHC13-C- 

(8, 6 H, CH,), 3.56 (t, 4 H, J = 4.5 Hz, CHZN), 3.74 (t, 4 H, J = 

Bellasio et al. 

H30H (91)]. Crystallization from (CzH5)zO gave 2.9 g of the pure 
compound: NMR (CDCl,) 6 2.08 (s,6 H, CH3C), 4.07 (br d, 4 H, 
JCH~CH, = 5 Hz, CHZN), 4.7-6.0 (m, 6 H, 2CH=CHz), 5.80 (s, 2 
H, pyrrol HI, 6.03 (d, 1 H, J1 = 9.5 Hz, H4), 6.73 (d, 1 H, H5), 7.33 
ns, 1 H, 1 H). 

Method H. 6-(4-Morpholinyl)-N-lH-pyrrol-l-yl-3- 
pyridazinamine (VI-56). To a stirred solution of 3- 
hydrazino-6-(4-morpholinyl)pyridazine (VII,5 18 g, 90 mmol) in 
CzH50H (130 mL) was slowly added at 20 "C a saturated solution 
of HC1 in (C2H5)z0 (45 mL). To the resulting suspension was then 
added dropwise over 20 min 2,5-dimethoxytetrahydrofuran (12 
g, 90 mmol), and the mixture was heated at  reflux for 6 h. The 
solvent was distilled, and the residue was dissolved in HzO. After 
neuralization with NaHCO, (pH 8), the solution was extracted 
with CHC13 (4 X 100 mL). The solvent was dried and evaporated 
to give 13 g of any oily residue, which was chromatographed on 
silica gel [500 g, mobil phase CHC&-EtOAc, (4:1)]. After sepa- 
ration of VIII, the elution was continued with EtOAc, giving VI-56 

3.90 (t, 4 H, CHzO), 6.27 (d, 2 H, J H ~ H ~  = 2.5 Hz, pyrrol H3), 6.32 
(d, 1 H, JH~-H~ = 10 Hz, H4), 6.85 (d, 2 H, pyrrol Hz), 6.90 (d, 1 

34 1,4-Dihydro-l-pyridazinyl)-6-(4-morpholinyl)pyridazine 
(VIII). The compound obtained by chromatography, as described 
in the previous preparation, was crystallized from EtOH: yield 
1.5 g; mp 153-155 "C; NMR (for the attributions, see Scheme 11) 
(CDC13) 6 2.94 (ddd, 2 H, JcH,HC = 0.5 Hz, JcHTH = 3 Hz, J C H r H a  
= 2.5 Hz, =CCHzC), 3.50 (t, 4 H, JCH~CH, = 5 Az, CHZN), 3.85 
(t, 4 H, CHZO), 4.87 (ddt, 1 H, JH -H, = 2.5 Hz, J H ~ - ~  = 8 Hz, Hb), 
6.78 (dt, 1 H, Ha), 6.99 (d, 1 H, QHI-HI = 10 Hz, H5) 7.61 (d, 1 H, 

(0.2 9): NMR (CDC13) 6 3.50 (t, 4 H, J C H ~ C H ~  = 5.5 Hz, CHZN), 

H, H5), 7.65 (9, 1 H, NH). 

H4), 7.66 (dt, 1 H, HJ. Anal. (C12H15N50) C, H, N. 
N-(2,5-Dimethyl-1H-pyrrol-l-yl)-N-methyl-6-(4- 

morpholinyl)-3-pyridazinamine (VI-39). (a) 80% NaH in 
mineral oil (6.3 g, 0.21 mol) was added to a solution of VI-30 (31 
g, 0.1 mol) in anhydrous DMF (250 mL). The suspension was 
stirred at  55 "C for 50 min, and then CH31 (6.8 mL, 0.11 mol) was 
added at  10 OC over 10 min. The mixture was again heated at  
55 "C for 1 h. The solvent was distilled, and the residue was 
suspended in HzO and extracted with EtOAc. The solvent was 
dried and evaporated, and the crude product was chromato- 
graphed on silica gel [1200 g, mobil phase EtOAc-cyclohexane 
(1:3), 4000 mL; EtOAc-cyclohexane (1:2), 3000 mL]. The mixture 
of VI-39 and IX (16 g) thus obtained gave, after three crystal- 
lizations from hexane, 5 g of VI-39 (the mother liquors were 
combined and worked up as described below): NMR (CDCl,) 6 
2.01 (5, 6 H, CH,C=), 3.48 (t, 4 h, JCH,CH, = 6.5 Hz, CHzN), 3.63 
(s,3 H, CH,N), 3.90 (t, 4 H, CHzO), 5.87 (s, 2 H, pyrrol CH=C), 

(b) Compound VI-39 was also obtained by reaction of V-24 with 
acetonylacetone (method G). 

N-(B,B-Dimethyl- lH -pyrrol-l-yl)-2-methyl-6-(4- 
morpholinyl)-3(2H)-pyridazinimine (IX). The combined 
hexane liquors of the previous preparation (a) were evaporated 
to dryness, and the residue was chromatographed on silica gel 
[500 g, mobil phase hexane-EtzO (1:1)]: yield 2.2 g; mp 162-163 
"C (from hexane); NMR (CDC13) 6 2.01 (s, 6 H, CH3C=), 3.22 

H, CH,O), 5.81 (s, 2 H, pyrrol CH=C), 6.28 (d, 1 H, JCH-CH = 

N-(2,5-Dimethyl-1H-pyrrol-l-yl)-N-[6-(4-morpholinyl)- 
3-pyridazinyllacetamide Hydrochloride (VI-36). To a stirred 
solution of VI-30 (6 g) in pyridine (12 mL) was slowly added over 
20 min acetic anhydride (30 mL). The solution was heated at  
110 "C for 1 h and then evaporated to dryness. The oil was 
dissolved in EtOAc (150 mL), and the organic solvent was washed 
with 3% NaHC03 and HzO, dried, and evaporated. The residue 
(8 g) was chromatographed on silica gel [250 g, mobil phase 
cyclohexane-EtOAc (3:2)]. The resulting oil was dissolved in EhO 
(300 mL) and treated with ethereal HC1 until complete precip- 
itation. The product was crystallized from i-C3H70H-Eh0 yield 
4.9 g; IR Y- 1705 (C=O) cm-l; NMR (Me,SO-d,J 6 1.93 (s,3 H, 
CH,CO), 2.12 (s,6 H, 2CH3C), 3.77 (s, 8 H, CHPO and CHzN), 
5.85 (s,2 H, pyrrol H), 8.07 (8 ,  2 H, H4 and H5), 10.62 (br s, 1 H, 
NH"). 

3,6-Octanedione (X, Rz = CzH5). A mixture of propionic 
aldehyde (29 g, 0.5 mol), ethyl vinyl ketone (42 g, 0.5 mol), 3- 

5.98 (d, 1 H, J C H 4 H  = 10 Hz, H4), 6.90 (d, 1 H, H5). 

(t, 4 H, J C H z C H z  = 6.5 Hz, CHZN), 3.78 (s, 3 H, CH,N), 3.83 (t, 4 

10 Hz, H4), 6.78 (d, 1 H, H5). 
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benzyl-5-(2-hydroxyethyl)-4-methyl-1,3-thiazolium chloridelS (13.5 
g, 0.05 mol) and TEA (30.3 g, 0.3 mol) was stirred at  88 OC for 
8 h. After cooling, the mixture was slowly poured into 10% Ha04  
(500 mL), and the resulting solution was extracted with CHClp 
The solvent was washed with HzO (2 X 100 mL), dried, and 
evaporated. The residue was distilled to give 34 g: bp 90-93 OC 
(11 mm); IR Y,, 1720 (C=O), 1140 (CO), 1075,1038,990 cm-'. 

Pharmacology. Oral Treatment. Groups of three male 
conscious spontaneously hypertensive rats (SHR) rats were used. 
The compounds, suspended in aqueous 0.5% methocel HC 90 
DOW, were administered by gavage in a volume of 2 mL/kg. 
Systolic blood pressure (SBP) was recorded before and 2 and 4 
h after treatment. The measurements were taken by the indirect 
tail-cuff method (W + W BP recorder, Electronic Basel) with a 
sensor and pressure cuff, after heating the rats for 20 min at 37 
"C. Heart rate (HR) was calculated from the pressure tracing. 
Regression lines were plotted for the maximum fall in blood 
pressure vs. 1-g dose. 

Intravenous Treatment. Groups of four conscious mongrel 
renal hypertensive dogs were used. The compounds were dissolved 
in distilled water and administered at  0.5 mL/kg. SBP and HR 
were measured in the tail by an indirect technique with the 
recorder already described. 
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Syntheses and Ant helmintic Activity of Alkyl 5( 6)-( Substit uted-carbamoyl)- and 
5(6)-(Disubstituted-carbamoyl)benzimidazole-2-carbamates and Related 
Compounds' 
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A number of alkyl 5(6)-(substituted-~arrbamoyl)- and 5(6)-(disubstituted-carbamoyl)benzimid~ole-2-carbamates 
and related compounds have been synthesized, and their anthelmintic activity against various intestinal helminths 
of experimental animals have been evaluated. A large percentage of the compounds synthesized showed noteworthy 
activity against Ancylostoma ceylanicum and at higher doses against Hymenolepsis nana infections. Compared 
to the alkyl 5(6)- (substituted-carbamoyl)benzimidazole-2-carbamates, the disubstituted carbamoyl analogues were 
found to exhibit better anthelmintic activity. The most active compound of the series, namely, methyl 5(6)-[(N- 
2-pyridy1piperazino)carbamoyll benzimidazole-2-carbamate (901, has been screened against intestinal helminths in 
higher animals and as a micro- and macrofilaricidal agent. Compound 90 has been identified as a broad-spectrum 
anthelmintic agent. Compound 90 has been identified as a broad-spectrum anthelmintic in view of its efficacy against 
A.  ceylanicum (hamsters and dogs), H. nana (rats), Nippostrongylus brasiliensis (rats), Syphacia obvelata (mice), 
A .  tubaeformis (cat), Toxocara spp. (cat), and Litomosoides carinii (cotton rat). 

The incidence of helminth infections is alarmingly high 
in tropical and subtropical regions?3 as a result of poor 
sanitation and lower standard of living. The nonavaila- 
bility of minimal medical facilities for diagnosis of the 
specific helminth infection aggravates the situation even 
further. A research program was therefore initiated to 
obtain a broad-spectrum anthelmintic. 

We report herein the syntheses and anthelmintic prop- 
erties of alkyl 5(6)-(substituted- and -disubstituted-car- 
bamoyl)benzimidazole-2-carbamates (68-901, 1,2-bis[ [2- 
(carbomethoxyamino)-5-benzimidazolyl]carboxamido]- 
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ethane and its phenyl derivature (103 and 1041, bis[4- 
[ [ 2-(carbomethoxyamino)-5-benzimidazolyl]carbox- 
amidolphenyl] sulfide or sulfone (105 and 106) 1,4-bis- 
[ [Z- (carbomethoxyamino)-5-benzimidazolyl] carbox- 
amidolbenzene 1,4-bis[2-(carbomethoxyamino)-5-benz- 
imidazolyl]carboxamido] benzene (109). 

Chemistry. Nitration of 4-acetamidobenzoic acid with 
fuming HN03 at  0 OC furnished 4-acetamido-3-nitro- 
benzoic acid (l).* The reaction of 1 with SOClz gave the 

~~ ~ 
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