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with a slight excess of HNO;. Filtration of the product (8.0 g) and
recrystallization (MeOH—-Pr,0) gave 5.2 g, mp 169-170°,

1-{B-(p-Aminophenoxy )-2,4-dichlorophenethyl]imidazole (58).
—A 20-g (0.053 mole) portion of 57 (base) was added to a re-
fluxing mixture of 13.5 g of Fe dust, 10.6 g of NH,Cl, and 150 ml
of H,O. Refluxing was continued for 6 hr. To the cooled mixture
was added 100 ml of CH,Cly, and solids were removed by filtra-
tion. Stripping of the dried organic phase left crude product,
furnishing 10.0 g of amine after recrystallization from 7-Pr,0;
mp 95-96°.

2-(Bromomethyl)-2-(p-chlorophenyl)dioxolanet (10) (Method
F).—Br, (320 g, 2.0 moles) was introduced dropwise to a solution
nf 310 g (2.0 moles) of 4’-chloroacetophenoie in 600 ml of eth-
vlene glycol at 75°. The colorless mixture was subsequently
stirred for 1 hr at 5°. The crude filtered product was taken up
in 1 1. of CHyCl; and washed with dilute NaOH. Drying, re-
moval of solvent, and recrystallization of the residue from MeOH
gave 465 g (849;) of the product, mp 61-62°.

2-(Bromomethyl)-2-(m-methoxyphenyl)dioxolane (112)

(Method E).—3’-Methoxyacetophenone (150 g, 1.0 mole) in
Et,O-dioxane (400:200 ml) was brominated [160 g (1.0 mole) of
Bry] at 3°. To the decolorized mixture was added 250 ml of
ethylene glycol, whereupon solvents were removed till the tem-
perature reached 150°. The solution was cooled, 1 1. of C¢Hs and

ANTHELMINTIC IMIDOYLUREAS 791

5 g TSA were added, and H,O was removed azeotropically for
18 hr. Washing of the solution with dilute NaOH, drying of the
C¢Hs phase, and removal of the solvent left crude product; this
was purified by distillation over 10 g of K.COs, giving 120 g of
product, bp 145-155° (1.4 mm). The distillate solidified on
standing and was triturated with -PrOH to give 102 g of ma-~
terial, mp 60-61°.
1-[2-(p-Chlorophenyl)-1,3-dioxolan-2-ylmethyl]imidazole

Nitrate (121).—To a solution of sodium imidazole (1.5 moles) in
500 ml of DMF (see preparation of 19) was added 277 g (1.0
mole) of 101, whereupon the solution was kept at 140-145° for
4 hr. Dilution of the mixture with H,O and subsequent cooling
cansed deposition of the product base. This was filtered off, dis-
solved in AcMe—-Pr,0, and treated with a slight excess of HNOj,
giving 290 g (887%) of produet, mp 199-200°.

Acknowledgment.—We thank the “Instituut tot
Aanmoediging van het Wetenschappelijk Onderzoek in
Nijverheid en Landbouw” for financial support. An-
alytical determinations were performed by Messrs. A.
Sels and W. Verkest. It gives the senior author great
pleasure to thank Dr. A. E. F. Chandler for helpful sug-
gestions in the preparation of the manuseript.
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A series of imidoylureas have been synthesized and examined for antihookworm activity in dogs.

Among

the various types prepared, the alkylimidoyl-substituted phenylureas were found most active, and 1-(p-chloro-
phenyl)-3-pentanimidoylurea was selected as the compound of choice, effective in a single dose of 10 mg/kg.

It has been estimated that more than one-fourth of
the world’s human population is infected with one or
more intestinal nematodes.! The consequences of
severe and widespread infections with the hookworms
Ancylostoma duodenale aud/or Necator americanus arve
well documented.2—* Because remedies currently em-
ployed in the treatment of these infections leave much
to be desired we have been engaged in the synthesis of
compounds with potential antihookworm properties.

In the course of screening compounds in dogs
against Ancylostoma caninum and/or Uncinaria steno-
cephala, it was discovered that a series of imidoylureas
of the general formula, R,C(=NR.)NHCONR;R,,
and related structures exhibited interesting activity.

Chemistry.—All of the compounds in Table I with
the exception of 24 and 25 were prepared by treatment
of equivalent amounts of the appropriate amidine
hvdrochloride and isocyanate in acetone or chloroform
in the presence of a base such as Et;N or Na in acetone.

RsN=CO
RiC(=NR,)NH,; -HCl ——— R;C(=NR,;) NHCONR,R;

hase

The synthesis of compounds 33 and 34 was initiated
from the thiocamide® I which was treated with ethyl

(1) (a) N. R, Stoll, J. Parasitol,, 38, 1 (1947); (b) WHO Chronicle, Vol.
22, World Health Organization, Geneva, 1968, p 289.

(2) P. C. Beaver, Public tHealth Papers No. 10, World Health Organiza-
tion, Geneva, 1961.

{3y E. (. Faust and P. ¥. Russell, "Clinical Parasitology."" C. F. Craig
and E. C. Faust, Ed., Lea and Febiger, Philadelphia, Pa., 1964.

(4) M. Roche and M. Layrisse, Am. J. Trop. Med. Hyg., 16, 1032 (19686).

(3) H. Erlenmeyer and IX. Menzi, Helv. Chim. Acta, 31, 2065 (1948).

Scueme 1
RCSNH, + BrCH,COCOOCH, -—
1
CH,
S \CCOOC.,Hs S NH,0H
| !! = IJ —
RC=NH 0 R "N"cooc,H,
HBr
I I1I
Qe P,Os S CH,0H
| —0 ] =
R*NJ\CONHQ 50,0 e B
v v
/Js\j\lﬁIH NH,C) s—j\lhl‘H
N
R™ N7 CocH, R/KN CNH., HCl
VI Vila,R=H
b.R=CH,

bromopyruvate to produce the keto ester IT (Scheme I).
The latter was not isolated but immediately converted
to the thiazole III.. Compound III was converted to
the amide IV” by treatment with NH,OH, and IV was
then dehydrated to the nitrile V.8 In the case of IV
(R = CH,;), dehydration was achieved with benzene-
sulfony! chloride?® in 659, yield. However, under these

(6) M. Erne, F. Ramirez, and A. Burger, thid., 38, 143 (19353).

(7) H. Erlenmeyer and C. J. Morel, ib¢d., 28, 362 (1943).

(8) R. Menassé, B. Prijs, and H. Erlenmeyer, tbid., 40, 554 (1957).

(9) C. R, Stephens, E. J. Bianco, and F. J. Pilgrim, J. Am. Chem. Soc..
77. 1701 (1953).
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I

Ry -ONHCOONR;

No. R: s Rs Ry
1 Et H 4-ClCeH I
2 Pr H 4-CICsH, I
] Bu I 4-CICeH, I1
1 Pent H 14-CICsH, I
) Hex I 4-CICsI L I
6 e I1 4-CICH, I1
7 O H 4-CIC,H, 11
5 Bt H 3,4-CLCHy I
0 But H 3-0.NCsH; IT

10 But H 2-0.NCsH, H

11 But H 4-0.NCsH, H

12 But H 3-F3CCeH, H

13 But H 2-Benzyloxyphenyl  H

14 But H 2-HOCsH; H

15 Bt H 4-3MeOCH H

10 But I 4-BrCeH, I

17 But H 1-CL-2-0. N Gl I

1S But I1 3-CICgH, I1

19 B H 2-CICqH, I

2t) B H p-Tolyl I

21 But I 4-FCH, I

22 But I Ph [T

23 But CH, 4-CIC, I

244 But I 4-ClCgI, CH.

255 But H Ph CH;

26 Ph H 3,4-CL.CeH; H

27 Ph H 1-0,NCsH, 1

25 Ph jai 2-0.NCsH; H

29 Ph H 4-CICsH, H

30 PhCH, 3G 4-CICsH, H

31 Ba H Cyelohexyl I

32 Ph H Bn H

33 4-Thiazolyl H 4-BrCsH, 1

34 2-Methyl-4- H 4-BrCsH, I

thiazolyl

“A = ItOH, B = MeCN, C = Acdle, D = EtOH-Et.O, A

PMF. *Isnlated as the pamoate salt.
conditions, the nitrile V (R = H) could not be prepared.
Cousequently, P.O; was emploved and V (R = H) was
obtained in 389 vield. The amidines VIIa and b were
prepared by treatment of the corresponding nitrile V
with NaOJMe in MeOH followed by the addition of
NH,CI to a solution of the resulting imido ester V1.
Compounds 24 and 25 were prepared by treating the
carbamoyl chlorides VIIIa' and b!! with valeramidinc.
[n view of the difficulty experienced in erystallizing
these compounds. it wax found necessary to isolate
them as their pamoate salts,

NH

NCOC I
/©/ | + CH(CH)CNHHC —»
< CH,

VIIla, X=H
b, X=Cl CH, NH

/©/NCONHC(CH¢).;CHJ
X

24X =Cl
25 X=H

(10) 1. Erdmann and P. Huth, J. FPrakt. Chem., 56, 6 (18971
(11) llofimann-LaRonle, U. 8, Patent 2,449,440 (191R871,

Single i

Recrysip <7 olfective dose,
walvent” vield Mp, °C Jormnla i 03 Lapar ko
A 67 101--196 CiH:CIN;O - HC 25
A S8 206-208 CnHuCINO-HCL 20
A SN 202-204 Cra116CIN,O - HCL 1
A 17 175-179 CialsCINGO - TICT Sl
A S4 165168 Cul T CINGO - TICT 100)
B ™ 156 165 CrlleCINGO - TICH L
B S0 155 - 157 CiplaCINGO - HCT > 100

76 177170 Cr.HCLN,O-HUI >100

b ~1 151163 (,‘rul’lluNﬁ)g'I'l(‘l > 100
A b 140-152 CiulL N0, TICH > 100
A 70 187101 Cool11aNOq - HC 25
B 75 167 -16Y CigH e F3N,O - HCL > 100
) 03 145147 CHus N300 HC > 100

0] 36 17:3-175 Cal: N0, - HC > 100
A\ 5 143 14D N0 HOL > 100
A 63 2122105 CrlluBrN,O - TICH 100
\ 85 170174 Co G CINGO - TICT 1010)
¢ 77 135 157 CoalLisCIN,O - FTC > 100
1 71 132154 (‘mlIu’,(.‘IN;g()'”('I > [K)
B 1553 150 160 CollNGO - TTCT 1O
ST 167172 ol FNLO - HCL 25

A N2 155 156 C N0 HCT > (1)
! Sl 154108 CoHCIN,O - TICE > 100

15 215220 Cye L CINL O >100

. 50 201212 Cy 15N 0, > 100

A 453 164166 Cull CENLO > 100
: 08 18s- 101 CulaN.O; > 100

45 144 146 Co N, Oy > 100

A 5l 215215 CouHuCIN;O - HCL > 100
48 170-171 CoHypCINGO >100

S0 146148 CllyN,O - HICH > 100

K1 159141 CrlN; 0 THCL > 100

7 02 101107 CiHaBrN 0S8 > 100

{ 75 155186 'l BrNOS > 100

~PrOH, ¥ = PhH, G = MeOH, Il = ethylene dichlovide, I =

Testing Procedure.— M ongrel dogs infected in nature
or in the laboratory were used in the assay system.
Most of the naturally iufected dogs harbored 4.
cantnum worms; a small number harbored U. steno-
cephala.  Dogs were infected in the laboratory by the
oral administration of 100-200 filaviform larvac of
AL caninum at least 4 weeks prior to treatment. The
presence of sexually mature worms was determined by
finding ova in the stools. Prior to drug testing, food
(standard laboratory chow) was withheld from the
animals for a minimum of 5 hr and for 3 hr after a
single oral administration of the test compound. Two
or more dogs were tested with each of the compounds.
The animals were sacrificed 3-8 days postmedieation
and the small intestine was examined for worms. The
minimal effective dose was taken as the amount of
conipounid that completely climinated the infeetion
from one or more dogs.

Structure-Activity Relationship.——The initial anti-
hookworm activity was discovered with the 1-(p-
chloropheny!)-3-alkanimidovlurea series. The alkyl
group was varied from Ry = Et to Oct (Table I, 1-7).
All of the members of this series exhibited some degree
of activity, with 3 (R, = Bu) demonstrating the highext
potency.
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In the next stage of this study, the butyl group was
maintained and the substituents about the phenyl ring
were varied (8-22). The activity of the compounds
varied in degree with the nature of these substituents.
Substitntion with Cl in the 4 position of the phenyl
ring enhanced activity (3) while activity diminished
when Cl was moved to the 3 position (18) and the 2
position (19). A similar cffeet was produced with
nitro substitution (9-11). The activity was reduced
somewhat when Cl was replaced by F (21) and to a
larger extent when replaced by Br (16). Wheu R, was
changed to phenyl (26-29), the activity decreased.

Finally, several miscellaneous type homologs were
prepared (30-34), but here again activity against the
parasite was substantially diminished.

The most active compound prepared in this series
was 3, 1-(p-chlorophenyl)-3-pentanimidoylurea, which
was chosen for extensive study. In addition to its
activity against hookworm, 3 and several of its homo-
logs whei administered at higher doses were active
against naturally oceurring dog tapeworm infections
(Dipylidium caninwm and Taenia pisiformis).

Compound 3 is well tolerated in dogs with some
emesis at dose levels exceeding 25 mg/kg. Preliminary
studies indicate that this compound is rapidly excreted
after oral administration. Comprehensive toxicity and
pharmacological studies are underway.

Experimental Section!?

General Procedure for the Imidoylureas (Table I). 1-(p-
Chlorophenyl)-3-pentanimidoylurea (3).—To a cooled mixture
of 4.6 g (0.2 g-atom) of Na in 300 ml of dry AcMe was added 27.2
g (0.2 mole) of valeramidine hydrochloride'® suspended in 50
ml of dry AcMe, with vigorous stirring. The mixture was stirred
for 20 min and then 30.7 g (0.2 mole) of p-chlorophenyl isocyanate
dissolved in 100 nil of dry AcMe was added dropwise with
cooling to the stirred mixture. The addition tovk approximately
40 min. After the addition was complete, the mixture was
stirred for an additional 2 hr with cooling and finally left at room
temperatire nvernight. The mixture was then concentrated to
dryness at 30° n vacuo and the syrupy residue was stirred with

(12) All melting points were run according to the USP procedure and are
wncorrected. Analyses were performed by the staff of M. E. Auerbach and
K. D. Fleischer.

(13) A. P. T. Easson and F. L. Pyman, J. Chem. Soc., 2991 (1931).
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400 ml of cold Et,0. A solid separated. The niixture was shaken
with 100 ml of cold H,O whereupon the solid dissolved. The
organic layer was collected and the aqueous layer was extracted
twice with 100-ml portions of Et:0. The Et,O extracts were
combiied, dried over Drierite, filtered with charcoal, and cooled.
The cooled filtrate was treated with 2 N ethereal HCI until the
mixture was strongly acidic. The solid was collected, washed
with absolute Et,0, and dried in vacuo; yield 50.6 g, mp 196-198°.
Recrystallization from 500 ml of EtOH yielded 34.6 g, mp 202—
2040. Anal. (CunCleOHCl) CI, N

4-Thiazolecarboxamidine (VIIa) was prepared from 4-thiazole-
carbonitrile® according to the procedure of Schaefer and Peters.14
After the solvent was removed, the residue was ground in a niortar
and stirred for 15 min in 30 ml of absolute Et,0. The solid was
collected, washed (Et,0), aud dried; 70 g (93%) of the amidine
hydrochloride was obtained as the hydrate. The white solid was
recrystallized from ¢PrOH to produce 35 g, mp 120-122°,
Anal. (C.H;N;S-HCL-H,0) CL N, S.

2.Methyl-4-thiazolecarbonitrile (V, R = CH;).—Compound
IV (R = CH;) was dehydrated with benzenesulfonyl chloride
according to the procedure of Stephens, et al.® The material was
recrystallized (Et:0), mp 62-64°. Anal. (C;HN,S) C, H, N.

2-Methyl-4-thiazolecarboxamidine (VIIb) was prepared from
V in 809 yield in the same mauner as described for VIIa, mp
149-151°. Anal. (C;H:N,;S-HCl) C, H, N.

Bis[1-methyl-3-(pentanimidoyl)-1-phenylurea] Pamoate (25).
—To a solution of 2.3 g (0.1 g-atom) of Na in 400 ml of dry ¢-
BuOH was added 13.6 g (0.1 mole) of valeramidine hydrochloride
followed by 11 ml of Et;N. Phenylmethylcarbamoyl chloride1®
(13 g, 0.077 mole) in 300 ml of {-BuOH was then added dropwise
over a 30-min period and the mixture was stirred at rooni tem-
perature for 24 hr. The solid (salts) was removed by filtration
and the filtrate was conceutrated to dryness leaviug a viscons
oil. The oil was dissolved in MeOH (100 ml) and the solution
was acidified with ethereal HCl. It was then concentrated to
dryness and the residual oil dissolved in 200 ml of H,O; 23.0
g (0.051 mole) of disodium pamoate in 200 ml of H.O was
added. The precipitate which formed was collected and dried,
31.1 g (509%) being obtained, mp 188-190°. Recrystallization
from -PrOH yielded 17.0 g, mp 201-202°. Anal. (CsHN;07)
C, H, N.

Bis[1-(p-chlorophenyl)-1-methyl-3-pentanimidoylurea] pamo-
ate (26) was prepared in the same manner as 25 from p-chloro-
phenyl-N-niethylearbamoyl chloride!? and valeramidine, nip
180-182°. Anal. (CisHisCIN;0-CsHi606) C, H, N.
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nical assistance in performing the biological evaluation
of the compounds.

(14) F. C. Schaefer and G. A. Peters, J. Org. Chem., 26, 412 (1961).

(15) E. R. H. Jones, F. A. Robinson, and M. N. Straclian, .J. Chem. Soc.,
87 (1946).



