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A series of phenyl-substituted biurets was synthesized and tested for their effect on gastric secretion and the

inhibition of ulcer formation in the pyloric ligated rat.
Phenethylbiuret did not possess any anticholinergic or antispasmodic activity.

potent.

Phenethyl and phenpropylbiuret proved to be the most

It was shown to in-

hibit both polysynaptic and monosynaptic pathways, to inhibit conditioned avoidance response in the rat, and

to potentiate hexobarbital and ether-induced loss of righting reflex.

Compared to other central nervous systein

agents, phenethylbiuret was relatively weak ns a central depressant.

Although the synthesis of some phenyl-substituted
biurcts has been described,? few pharmacological
properties other than weak anticonvulsive activity
have been reported. The observation of oral hypo-
glveemie properties of phenformin® led Boggiano, et al.,?
and ourselves to synthesize and test phenethylbiuret
for such activity. While devoid of hypoglycemic
action, other investigations* on the pharmacological
properties cf hypoglveemic agents suggested the study
of this compound, and some congeners, ou gastric
sceretion and uleer formation in the pylorie ligated rat.
In zddition, the anticonvulsant profile of these com-
pounds was imvestizated.

Experimental

Chemistry.—The 1-substituted hinrets (Table 1i were pre-
pared by the reaction of nitrobiuret with the appropriate primary
or secondary amine according to the procedure of Davis and
Blanchard.? modified by Dunnigan and Close.! The primary
ainines, when not available conunerciully, were prepared by low
pressire hydrogenatioa of thie correspoading nitriles over Raney
nickel.  H-Phenvlpropionitrile and 4-phenyvibutyronitrile were
hydrogenated according to the procechire of Skinner, ef al.,®
and p-tolvlacetonitrile and p-methoxyphenylacetonitrile were
hydrogenated aceording to the procednre of Deminguez, et ol

N-Methylphenethylamine.—The proecedire of Barger and
Iiwins® waus modified as follows.  Phenethiyl chloride (14 g.) and
5.5 g. of wethyvhimine in 60 ml. of metlianol were heated at 100-
110° in o presshre renetion apparstus for 4 hr. The solvent was
digtilled aud the residie, after treatment with sodium hydroxide,
was extricted with ether. The ether layer was dried over sodium
siilfate.  Distilkition of the residae vielded 9.5 g. (70¢%) of prod-
met, bop. 92-04° (15 nun.).

Pharmacological Activity.-—Acute toxicity of these compounds
wis studied in CFW mice by the intraperitoneal route, and the
LD.y was determined by the inethod of Litchfield and Wileoxon.®

Action of the compounds on gastric secretion and incidence of
aleer formation was investigated using the & hr. pyloric ligated
rat.® The details of the procedare emiployed have been de-
<cribed.t Test compounds were administered subcentaneously in

{13 Do AL Dunoigan and WL Close, . Am. Chem. Soe., T8, 3615 (1953).

(4) B. G, Boggiane, V. Petrow, O, Stephienson, and A. M., Wild, J. Pharm.
Pharnaaeel., 18, 7G7 (10613,

(3) G Ungee, L. Freedman, and 8. L. Svapire, Proc. Soc. Expil. Biol, Med..
95, 140 (1077«

(4) J. D, AMeCall, O V. Lee, and A, Hsjdn, Aceh, Intern. Pharmacodyn.,
141, 181 (19G3).

5 T L Duavis ansl K. C, Blanehaed, J. otm. Chem. Sot., 51, 1801 (18203,

i C0 Gl Skinper, WLoshive, R G, Hany, DL C. Fitzgerland, and R. L.
Fakiu, vk, T8, 5047 (1056).

{7y 0. AL Darinener, C. Loper, and I, Franco, J. Ocg. Chem., 26, 1620
(10617,

(85 (L Bocger end AL Bwins, J. Cheni. Soc., 97, 2255 (1910).
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(1940,

£10) L Sbhay, *0 A Konaeov, 80%0 Fels, D) Mecanze, M. Genenstein, pnd
1. Sinlet, Gastroentecslogy, 5,43 (1047).

two equally divided doses, one Immediately following ligation
and the second 4 hr. later. In one experiment, phenethylbiaret
(IT) was administered intraduodenally below the ligation at tine
of operation in a single dose.

The ability of the compounds to modify the seizure patterns pro-
dirced by injection of nicotine, pentylenetetrazole, picrotoxin, and
strychnine was tested in the CFW mouse. A given dose was
adiinistered i.p. and the CDs (mg./kg.) for ench convilsant
agent was determined 30 min. later.

Phenethylbiuret was chosen for further examination of its
pliarmmacological properties.  The following tests were employed:
antichromodacryorrhea,” intestinal motility,’* potentintion of
loss of righting reflex produced by hexobarbital und ether, con-
ditioned avoidance response,’* cffect on monosyvnaptic reflex
{patellar) and polysvnaptic reflex (linguomandibular?y, and
histainine~-induced gastric secretion. !

Results

Injection of the compounds produced ataxia, de-
pression followed by loss of righting reflex, paralysis,
and at higher doses vasodilatation. Some congeners
(e.g., 111, Table II) produced tonie extengor seizures af
lethal dose levels.  Death appeared to be due to respira-
tory collapsc.

The LDj values are summarized in Table 1. In
general, mereasing the length of the alkyl substituents
resulted in a decrease in toxicity. Benzylbiuret was
the exeeption and was least toxic.  Methyl and meth-
oxyl substituents in the pare position of the benzene
ring also resulted in o deercase i toxicity,

Table Il summarizes the effeet of graded doses of the
compounds on gastrie seeretion and on the ncidence
of uleer formation in pylorvie ligated rat.  Included arc
some standard compounds as referenee agents.

Depending on the dose, all derivatives decreasced
gastric secrction to some degree.  Benzylbiuvet (1)
wax least potent and phencthylbiuret (I1) wax most
potent, within the dese ranges investigated.  Certain
compounds (VI1, I11) were more ¢ffcetive at lower dose
levels than at higher. This apparent stimulation of
gastric funetion at higher doses may be evidence of
gvstemic toxicity.  As far as decrease in gastric volime
was concerned, the ethyl or prepyl congeners were the
most effective,

I'ree and total hydrochlorie aeid concentration was
diminished by those compounds containing the shorter
alkyl chains. Those with the longer chains, or those

i11¢ M. AL Winlaey, DAL sebwaluemeier, and W I3 1Taehonrger,
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TasLE 1
SuBSTITUTED BIURETS
R,
|
R1@(CHz)n—N—CONHCONHz
Analyses
Substitutions Yield. Caled. TI'ound
Number R, n Re % M.p.. °C. (o} H N (o} H N
I H 1 H 80 175-176
11 H 2 H 58 140-141°¢ 58.0 6.3 20.3 58.20 6.68 20.89
II1 H 3 H 55 141-142 59.71 6.83 18.99 59.15 7.02 19.16
v H 4 H 66 135-136 61.26 7.28 17.86 61.12 6.96 18.18
\4 H 2 CH; 70 147-148 59.71 6.83 18.99 59.83 6.91 18.56
\2! CH; 2 H 67 174-175 59.71 6.83 18.99 60.11 6.83 19.18
Vi1 CH;0 2 H 62 159-160 55.63 6.33 17.71 55.55 6.56 17.71
@ After completion of this work Boggiano, et al.,? reported m.p. 140-141°,
TasLe I1
ErreoT oN GASTRIC SECRETION AND ULCER FORMATION IN THE RAT
Mouse LDss, Acid concentration,
t.p.. mg./kg. Dose, Gastric vol., ml. 0.01 N NaOH =+ Macrosceoyse
(95%% confidence mg./kg.. ml./100 g. S.E.M. ulcer Ulcer
Number limits) and route B.W. = S.E.M. pH Free Total rating index
Control .. .. 4.2 £ 0.2 1.5 50 = 1.8 1056 = 2.1 9.0x0.6 37.2x2.8
I 1300 200 s.c. 4.3 = 0.7 2.0 22 + 17 75 = 18 8.0 44 .0
(1140-1480) 300 s.c. 2.6 = 0.6 1.6 44 + 21 118 = 7 0 3.5
400 s.c. 3.9 1.5 2.9 7 £ 14 40 = 22 1.0 10.0
11 570 25 s.c. 3.8 = 0.3 1.3 54 £ 9 100 = 10 8.0 30.0
(515-635) 50 s.c. 3.3 £ 0.5 1.3 33 £ 9 111 = 10 6.0 22.5
62.5 s.c. 3.5 = 0.6 4.2 40 = 7 108 = 9 9.5 18.5
125 s.c. 2.2 £ 0.8 . 27 £ 11 80 += 12 3.5 14.0
250 s.c. 0.8 = 0.1 5.5 0 45 = 9 1.5 10.0
400 s.c. 1.2 = 0.3 3.4 0 26 £ 9 0 5.5
500 s.c. 0.9 = 0.1 4.9 2 + 0.6 70 = 10 0 3.0
188 i.d. 1.0 = 0.3 1.5 60 = 9 108 £+ 14 1.0 13.5
375 1.d. 0.1 = 0.04 4.1 0 46° 1.5 15.5
1581 690 25 s.c. 4.3 £ 0.5 1.2 70 £ 10 114 = 8 8.0 37.0
(627-759) 50 s.c. 3.8 = 0.9 1.7 26 = 7 77T £ 7 6.0 37.0
125 s.c. 3.6 £ 0.6 1.3 532 = 8 106 = 7 3.5 13.5
250 s.c. 1.6 = 0.5 3.2 0 52 £ 10 0 1.5
300 s.c. 1.9 = 0.5 1.6 19 &= 11 110 = 13 2.5 14.5
v 780 50 s.c. 4.9 = 0.6 1.6 82 = 7 100 = 6 5.0 38.0
(685-890) 125 s.c. 3.1 = 0.8 1.7 46 = 10 100 = 8 3.5 29.5
250 s.c. 2.0 £ 0.9 1.9 37T £ 7 92 = 7 1.0 10.0
v 800 200 s.c. 2.8 0.5 1.6 45 £ 9 100 = 6 6.0 20.5
(725-880) 400 s.c. 0.7 = 0.2 3.1 13 = 11 120 £+ 14 0 9.0
VI >2000 200 s.c. 26 £ 0.7 2.0 36 £+ 6 104 = 9 4.0 10.5
400 s.c. 1.6 = 0.2 1.6 32 + 11 116 £ 21 4.0 15.0
VII 1600 100 s.c. 1.2 = 0.8 3.1 5+ 2 81 = 6 2.5 15.0
(1430-1795) 200 s.c. 1.9 = 0.8 2.2 20 £ 7 70 = 12 1.5 14.0
400 s.c. 3.4 = 0.7 1.4 47 = 13 110 £ 8 5.0 28.5
Atropine 198 25 s.c. 0.5 £ 0.04 4.5 0 20° 1.0 4.5
(190-203) 50 s.c. 0.6 = 0.05 6.5 0 17¢ 1.5 5.5
Phenobar- 250 30 s.c. 54 = 0.5 1.2 71 £ 10.9 126 &= 13.2 7.5 37.5
bital (236-263) 100 s.c. 0.7 £ 0.1 5.6 0 76 £ 9.8 3.5 14.5
Mepro- 660 200 s.c. 3.2 0.5 1.3 54 = 3.1 122 = 8.2 7.5 30.0
bamate (600-726) 400 s.c. 0.6 = 0.9 2.6 0 83 £ 6.7 3.0 7.0
Phenformin 100 LD min.? 100 s.c. 2.5 £ 0.4 2.9 18 = 6 79 £ 5 2.8 15.8

@ Pooled sample, no 8.E.M. caled.

substituted on the para position of the benzene ring,
were less effective.

All derivatives decreased incidence of ulcer formation
as assessed by either macroscopic or microscopic pro-
cedures. As previously observed,* it was not possible

to correlate the inhibition of uleer formation, gastric
volume, and acid concentration. Phenethylbiuret (1)
gave maximum protection against ulcer formation over
the dose levels tested, and was most effective when
administered by the intraduodenal route. Phenvl-
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TasLE IIT
Action oF Compounps AGaINsT CroNic Conyurstons IN THE MOUSE
Pentylene
Stryehnine Nreotine retrazole ieratasiae
Number Dose, mg., 'kg. CDse, g, kg, Dy g kg, Clie, mag./ Kz CDse gl ke
Control 1.37 205 40 0 41D
(1.20--1.46)" (1.43-2 81 56444 .0y (L TH 40
1 200 No effect No effect Na effect Necetteot
(reduced ‘reduced (redhieed
severity) severity ) severity)
11 200 No effect 4.0 605 N effect
(reduced {(4.28-4 .87 (5.5 (4.4 rredaced
severity ) severity
III 200 1.58 No effect .5 Sonh
(1.49-1.6%) (7.5-25.0) (2NN 58
v 200 No effect Nou effect 14.0 .20
(reduced (7 825 TR
severity )
\Y 200 No effect No efteet G0 Ny effee(
(reduced (35.0-65.5)
severity)
VI 200 No effect No effect N effect No effect
VII 200 No effect No effect No effect No effect
e 454 confidence limits.
Tasre IV

KFFECT OF PHENETHYLBIURET ON VARIOUSs [ESTS

Duose, mg./kg..
and route

256-512 i.p.

Procedure

Antichromodaeryorrhea

Intestinal niotility 2 200-400 s.c.

Potentiation of loss of righting reflex

(a) Hexobarbital 100 i.p.
(h) Kther 100 i.p.

Conditioned avoidance’? 30-150 1.p.

Histamine induced’ gastrie secretion 100 i.v.

propylbiuret (II1) and phenylbutylbiuret (IV) were
effective at the higher doses, but were not as potent as
phenethylbiuret at the lower levels.

Action of substituted birets against clonic seizures
produced by four chemical convulsants is summarized
in Table ITI. Of the series only phenethylbiuret (IT)
showed significant antagonism against nicotine. Against
strychnine convulsions, while the severity was decreased
by most derivatives, only phenylpropylbiuret (III)
showed any significant antagonism. Pentylenetetrazole
convulsions were antagonized by phenethylbiuret, while
compounds I, VI, and VII were imnactive. The re-
mainder facilitated pentylenetetrazole-induced convul-
sions. Similarly with pierotoxin, facilitation was ob-
zerved with three analogs (III, IV, VII) while the
remainder reduced severity but did not modify the
Dy values.

Since phenethylbiuret was the most active against
uleer formation and as an anticonvulsant, it was in-
vestigated for ancillary pharmacological properties
(Table TV). Iu the lightly anesthetized cat, in which
gastric secretion was stimulated by continuous infusion
of histamine (0.1 y/kg./min.), 100 mg./ke. intraven-

Species Observativns

Rat No protection (15 min. pretreatment, 60
min. observation, 512 mg./kg. dose in
lethal range)

Rat No inhibition (1 hr. pretrextment

Mouse Potentiation (17.5 = 1.8 min. Control
rs. 23.9 £ 2.3 treated)

Rt Patentiation (2.2 == 1.5 min. Control »s.
221 £ 3.4 treated)

Rat Antagonism (24%; at 100 mg./kg. £ =
0.05) neurological deficit at 150 mg. /kg.

Cat Autagonisin (50 decrease three of four
eats 100 min. after injection; no effect
nn free or total HCD

onsly of the compound produced a 509; decrease in
three out of four cats. There was no effect on the frec
or total hydrochloric acid concentration of gastric
secretion.

The insoluble nature of phenethylbiuret precluded
the use of many in viwo and ¢n vitro procedures. By the
antichromodacryorrhea test in the rat, doses of 260-
512 mg./kg. ip. failed to demonstrate any anticho-
linergic activity of the compound. Intravenous in-
jection of a 19, suspension of phenethylbiuret (100
mg./kg.) in the anesthetized dog produced a slight
transient depression of blood pressure and did not
modify the action of injected methacholine. Similarly,
intestinal motility measured by the passage of charcoal
along the intestinal tract (charcoal meal test) was not
influenced by subcutancous doses of 200400 mg. /kg.

Phenethylbiuret demonstrated some effect on the
central nervous system. Conditioned avoidance re-
sponse in the rat was significantly inhibited at a dosc
of 100 mg./kg., but higher doses produced a neuro-
logical deficit. The compound inhibited both poly-
svnaptic reflexes and monosynaptic reflexes. Dy,
values were determined to be 41 (29-56) mg. kg, and
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35 (23-52) mg./kg., respectively. Subsequent doses
depressed the polysynaptic pathway to a greater degree
than the monosynaptic reflex. The duration of the
effect was from 40 to 60 min.

Potentiation of the loss of righting reflex induced by
hexobarbital (100 mg./kg.) was observed in the mouse
while ether-induced loss of righting reflex was much
more influenced in the rat. When administered to mice
just recovering from hexobarbital hypnosis!® recurrence
of the loss of righting reflex resulted in 1009, of the
animals tested.

Discussion

The exact mode of action of these substituted
biurets on inhibition of gastric secretion and incidence
of ulcer formation is not clear. Various classes of
compounds will inhibit these gastric parameters in the
ligated rat (.., anticholinergics, antispasmodics,
carbonic anhydrase inhibitors, CNS depressants).
While no data are available on possible inhibition
of carboniec anhydrase, no evidence of diuresis (qual-
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itative observed with acetazolamide) was noted at
near-lethal doses. Phenethylbiuret did not demon-
strate properties of anticholinergic or antispasmodic
agents as tested by the antichromodacryorrhea and
charcoal meal test in animals. It possesses some action
at the level of the central nervous system as evidenced
by anticonvulsant activity, inhibition of poly-and mono-
synaptic reflexes, and conditioned avoidance response.
The potentiation and recurrence of hexobarbital-
induced loss of righting reflex is further evidence of a
central effect, according to the interpretation of Brodie,
et al.® However, by comparison with other central
nervous system agents, such as phenobarbital and
meprobamate, these effects are relatively weak. Doses
of phenobarbital and meprobamate required to produce
comparable protection against ulecer formation pro-
duced signs of neurological depression not observed
with phenethylbiuret.

(15) B. Brodie, P. A. Shore, 8. L. Silver, and R. Pulver, Nature, 178, 1133
(1955).
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A number of guanidine derivatives were prepared for screening for antibacterial activity. Some of these

derivatives were quite active against both Gram-positive and Gram-negative bacteria.

The bacteriostatic

activity of 1,10-di(3,4-dichlorobenzylguanidino)decane dihydrochloride was comparable with Hibitane.

The performance of 1,6-di(4-chlorophenyldiguanido)-
hexane (Hibitane)? as a bacteriostat prompted the
synthesis of a number of guanidines for screening as
antibacterial agents. Although it was reported? that
1,6-di(4-chlorophenylguanidino)hexane possessed 1/

The guanidine derivatives generally were prepared
by condensing amines with the corresponding S-methyl-
isothiuronium iodides. New thioureas and isothiuron-
ium salts prepared during this investigation are listed
in Tables I and II, respectivly. Tables III to VII,

TasLe I
TrioUREAS, (RNH).CS

Analyses. % -

Yield. Empirical C —H— N S
R M.p.. °C. % formula Caled. Found Caled. Found Caled. Found Caled. Found
4-Methylbenzyl 135-136¢ 100 Cy7HzoN oS 71.80 72.02 7.09 7.33 9.85 9.81 11.28 11.26
3,4-Dimethylbenzyl 98-990 99 CroHaN2S 73.03 72.87 7.74 7.66 8.97 8.78 10.26 10.36
3,4-Dichlorophenethyl 124-125¢ 82 Ci:H)eCLN:S?  48.36 48.54 3.82 3.96 6.64 6.82 7.59 7.58
a~Naphthylmethyl 168-169¢ 70 CsHzoNo8 77.48 77.34 565 562 7.86 7.35 8.99 8.60
3,4-Dimethoxyphenethy! 135-1362 93 CaH2N:048 62.35 62.20 6.98 6.90 6.93 7.22 7.93 7.98
2,5-Dichlorobenzyl 169-170/ 76 C)sH,:CLN:S 45.71 46.08 3.07 3.13 7.11 7.39 8.13 8.05
Furfuryl 83-85° 88 C)H)2N,0,8 55.90 55.51 5.12 5.33 11.86 11.60 13.57 13.35

@ Crystallized from ethanol. * From aqueous ethanol.
lized from aqueous dimethylformamide. / From acetone.

the antibacterial activity of Hibitane, the benzyl-
guanidine derivatives were expected?® to exhibit higher
bacteriostatic activities than the corresponding phenyl-
guanidines.

(1) (a) Paper V: D. L. Garmaise. R. W. Kay, R. Gaudry. H. A, Baker.
and A. F. McKay. Can. J. Chem., 39, 1493 (1961): (b) Contribution No. 39,
Monsanto Canada Limited.

(2) G. E. Davies, J. Francis, A. R. Martin, . L. Rose. and G. Swain.
Beit. J. Pharmacol., 9, 192 (19774).

(3) A. I, McKay. Soap and Chemical Specialties, 86, No. 11, 99 (1960).

¢ From ether-hexane.
¢ Caled.: Cl, 35.98.

@ Caled.: Cl, 33.86.
Found: Cl, 36.06.

Found: Cl, 33.60. ¢ Crystal-

inclusive, deseribe the properties of the substituted
guanidines.

In the disubstituted guanidine series, n-nonyl, n-
decyl, n-undecyl, and n-dodecyl derivatives of 4-
chlorobenzyl- and 3,4-dichlorobenzylguanidines dis-
played the highest bacteriostatic activities while in the
benzylguanidine series, the undecyl and dodecyl deriva-
tives were the most active (see Table VIII). N-Nonyl-
N'’-3,4-dichlorobenzylguanidine hydrochloride exhibited



