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T.4BLE 1 
SUBSTITUTED BIURETS 

R~--('J-(cH,), - - A-CONHCONH~ 

Number 

I 
I1 
I11 
I v 
V 
V I  
VI1  

--dubrtitutlons----. 
RI 7l R? 

H 1 H 
H 2 H 
H 3 H 
H 4 H 
H 2 CH:, 
CHa 2 H 
CHIO 2 H 

Yield, 
5% 
80 
58 
55 
66 
70 
67 
62 

hr.p., oc. 
175-176 
140-141' 
141-142 
135-136 
147-148 
174- 1 75 
159-160 

p-- Ca1cd.- 
C H 

58 .0  6 . 3  
59.71 6.83 
61.26 7.28 
59.71 6 .83  
59.71 6.83 
55.63 6.33 

-__ -Found- 
S C H 

20 3 58 20 6 68 
18 99 59 15 7 02 
17 86 61 12 6 96 
18 99 59 83 6 91 
18 99 60 11 6 83 
17 71 55 55 6 56 

a After completion of this work Boggiano, et d . , z  reported m.p. 140-111". 

TABLE I1 
EFFECT ON GASTRIC SECRETIOX AND ULCER FORhL4TlON IS THE I t A T  

Xuinber 

Control 
I 

I1 

I11 

I V  

V 

V I  

VI1  

iltropine 

Phenobar- 
bital 

Mepro- 
bamate 

Phenformin 

Mouse LDs,,, 
i.p., nig./kn. 

(9.59, confidence 
limits) 

. .  
1300 
(1 140-1480) 

570 
(515-635) 

690 
(627-759) 

780 
(685-890) 

800 
(725-880) 

> 2000 

1 GOO 
(143&17'3j) 

198 
(190-203) 

250 
(236-265) 

660 
(600-726) 

Dose, 

and route 
mg./kg., 

* .  
200 S.C. 

300 S.C. 
400 S.C. 

2.5 9.c. 

50 S.C. 

62.5 S.C.  

125 S.C. 

250 S.C. 

400 S.C. 

500 S.C.  

188 i.d. 
375 i.d. 

25 S.C. 

50 S . C .  

125 S . C .  

2-50 S.C. 

500 S.C. 

50 S.C. 

125 S.C. 
250 S.C. 

200 S.?. 
400 S.C.  

200 S.C. 

400 S.C.  

100 S.C.  

200 s.c. 
400 S.C. 

25 S.C.  

50 S.C. 

.so S.C. 

100 S.C. 

200 S.C. 
400 S.C. 

100 LD min.I 100 S.C. 

a Pooled sample, no S.E.XI. calcd 

Gastric vol., 
m1./100 g. 

B.W. i: S.E.M. 

4 .2  =t 0 . 2  
4 .3  f 0 . 7  
2 .6  f 0 . 6  
3.9 =t 1 .5  

3 . 8  f 0.3  
3 . 3  f 0 . 5  
3 . 5  zt 0 . 6  
2 . 2  f 0 . 8  
0 . 8  f 0.1 
1 . 2  =t 0 . 3  
0 . 9  f 0 . 1  
1 . 0  f 0 . 3  
0.1 =t 0.04 

4 .3  f 0 . 5  
3 . 8  f 0 . 9  
3 . 6  f 0 . 6  
1 . 6  f 0 . 5  
1 . 9  =t 0 . 5  

4 . 9  f 0 . 6  
3 . 1  i 0 . 8  
2 .0  f 0.9  

2 . 8  f 0 .5  
0 . 7  f 0 . 2  

2 . 6  f 0 . 7  
1 .6  f 0 . 2  

1 . 2  f 0 . 8  
1 .9  =t 0,s 
3 . 4  f 0 . 7  
0 .5  + 0.04 
0 .6  f 0.05 

5 .4  f 0 . 5  
0 . 7  f 0 .1  

3 . 2  i 0 . 5  
0 .6  f 0 . 9  

2 . 5  f 0 . 4  

-----.4cid concentration,- 
ml. 0.01 N h-aOH i 

S . E. h l  . 
PH Free Total 

1 . 5  50 IIZ 1 . 8  105 =t 2 . 1  
2 . 0  22 f 17 75 f 18 
1 . 6  44 zt 21 118 f 7 
2.9 7 f 14 40 =t 22 

1 . 3  54 f 9 100 zt 10 
1 . 3  53 f 9 111 f 10 
4 . 2  40 f 7 108 f 9 
, . 27 f 11 80 f 12 

5 . 5  0 45 zk 9 
3 . 4  0 26 f 9 
4 . 9  2 f 0 . 6  i o  f 10 
1 . 5  60 f 9 108 f 14 
4 . 1  0 46' 

1 .2  70 f. 10 114 zt 8 
1 . 7  26 f 7 77 it 7 
1 . 3  52 f 8 106 f 7 
3 . 2  0 52 zt 10 
1 . 6  19 f 11 110 f 13 

1 . 6  52 f 7 100 f 6 
1 . 7  46 f 10 100 f 8 
1 . 9  37 f 7 92 f 7 

1 . 6  45 =t 9 100 f 6 
3 . 1  13 f 11 120 f 11 

2 . 0  36 f 6 104 f 9 
1 . 6  32 zt 11 116 f 21 

3 . 1  5 f 2 81 f 6 
2 . 2  30 f 7 70 f 12 
1 . 4  47 f 13 110 f 8 
4 . 5  0 20n 
6 . 5  0 1 7' 
1.2  71 f 10.9 126 f 13.2 
5 . 6  0 76 f 9 . 8  

1 . 3  54 i 3 . 1  122 f 8 . 2  
2 . 6  0 83 f 6 . 7  

2 . 0  1s f G 79 i 5 

Macroscopic 
ulcer 
rating 

9 .0  =t 0.6  
8 . 0  
0 

1 . 0  

8 . 0  
G.0 
9 . 5  
3 . 5  
1 . 5  
0 
0 

1 .0  
1 . 5  

8 .0  
6.0 
3 . 5  
0 

2 .5  

5 . 0  
3 . 5  
1 . 0  

6 .0  
0 

4 . 0  
4 . 0  

2 . 5  
1 . 5  
5 . 0 
1 . o  
1 . 5  

7 . *5 
3 . 5  

7 . 5  
3 . 0  

2 . 8  

v 

N 

20.89 
19.16 
18.18 
18.56 
19.18 
17.71 

Ulcer 
index 

37.2 f 2 . 8  
44.0 

3 . 5  
10.0 

30.0 
22.5 
18.5 
14 .0  
10.0 

5 . 5 
3 . 0  

13.5 
15.5 

37.0 
37.0 
13.5 
1 . 5  

14.5 

38.0 
29.5 
10.0 

20.5 
9 . 0  

10.5 
15.0 

15.0 
14.0 
28.5 
4 . 5  
5 .5  

37.5 
14.5 

30.0 
7 . 0  

15,s 

substituted on the para position of the benzene ring, to correlate the inhibition of ulcer formation, gastric 
were less effective. volume, and acid concentration. Phenethylbiuret (11) 

All derivatives decreased incidence of ulcer formation gave maximum protection against ulcer formation over 
as assessed by either macroscopic or microscopic pro- the dose levels tested, and was most effective when 
cedures. As previously observed, it was riot possible administered by the intraduodenal route. Phend- 



586 \'(JI. (i 

Surnber 

Control 

I 

11 

111 

I \r 

V I  
\'I1 

a !Ei\L confidence limits. 

(reduced 
severit) i 

(reduced 
severif) ) 

200 N o  effect 

200 1.58 

'Loo Yo effect 
i l  4+J Ghi 

(reduced 

Intestinal motility12 

Potentiation of loss of righting re f in  
(i t)  Hexobarbital 

Conditioned :tvoidance13 

Histnniinr induced14 gastric srcrrtion 

I lo j e ,  mg./kg., 
and route 

256--512 i . ~ .  

2o(t400 S.C. 

100 i.p, 

100 i.v. 

propylbiuret (111) aiid phenylbutylbiuret (IT) \\.ere 
effective at the higher doses, but were not as potent as 
phenethylbiuret at the lower levels. 

Action of substituted birets against cloiiic heizures 
produced by four chemical convulsants is summarized 
in Table 111. Of the series only phenethylbiuret (11) 
showed significant antagonism against nicotine. Against 
strychnine convulsions, while the severity was decreased 
by most derivatives, only pheiiylpropylbiuret (111) 
showed any significant antagonism. Pentyleiietetrazole 
convulsions were antagonized by phenethylbiuret, while 
compounds I ,  VI, and VI1 were inactive. The re- 
mainder facilitated pentylenetetrazole-induced convul- 
*ions. Similarly with picrotoxiii, facilitation was ob- 
herved with three analogs (111, Is', T'II) while the 
Iwnaiiider reduced severity but did not modify the 
l<:D5,, values. 

Siiice phenethylbiuret \vas the most active against 
ulcer formation and as an anticonvulsant, it was in- 
vestigated for ancillary pharmacological properties 
(Table IT). I n  the lightly anesthetized cat, in  n-hich 
gastric, secrctioii n as stimulatrd by continuous infusioii 
c)f Iiistaiiiiiic~ (0.1 yIkg.1 iiiiii .),  100 ing./kg. iiitra\ c11- 

ipec l< . i  Obaervatiuns 

Rat S o  protection (15 rnin. pretreatment,, f i0 
ruin. observation, 512 nig./kp. dose in 
1rtli:il rimgel 

Itat XIJ inhibition ( 1  Iir. 1Jretre:itmnit) 

I1Ii~uuc Pirtentiation i 17.5 i 1.h niin. ( 'ontrol  
r.s. 23.9 rt 2 . 3  treated] 

1<:1t I'otentiation (2.2 =t 1.5 rnin. C'onirol P A .  

22.1 =t 3.4 treated1 

1t:it hntagonisrri (24(,c :it 100 nig.jkg. 1' :: 

0.05)  neurologicd deficit iit 150 nig.,!lig. 

( : : I t  .\rit:igi)nisni (50' i ,  decrease three of foiir 
i x t s  100 rnin. after iriiection: no d3't:i.t 
1111 frec. o r  to1:il HC'li 

ously of the coiiipouiid produced a GOYG decrease. 111 

three out of four cats. There nas no effect on the f i w  

or total hydrochloric. arid coiicentratioii of gastric. 
secretion. 

The insoluble nat u i ~ '  of phciietliylbiuret prcrludwl 
the use of many in h o  and zn vitro procedures. By tlir 
antichromodacryorrhea test in the rat, dosrs of 260 
512 mg./kg. i.p. failrd to denioiistrate aiiy anticho- 
linergic activity of  the compound. Iiitraveiious iii- 

jection of u 174 huspension of pheiiet hylbiuret (100 
mg./kg.) in the1 aiiesthetizcd dog produced x slight 
transient depression of blood pressure aiid did not 
niodify the actioii of injected methacholint.. Similarly. 
intestinal motility measured by the passage of' charcoal 
along the iiitestirial tract (charcoal meal test) v'as iiot 
influeliced by subcutaneous doses of 200-400 mg. / kg. 

Phenethylbiurd deinonstrated some efiect on the, 
central nervous system. Conditioned avoidance rc- 
eponse in the rat was significantly inhibited a t  a dosc 
of 100 mg. kg., but highw doses produced a nmro- 
logical deficit. The  compound iiihihitcd h t l i  poly- 
hyiiaptic i ~ > f l r x ~  u i d  iil(J110syliapt ir i~eflcws. Er)5(l 
i u l i i w  \ v e i ~  cktc~riui i icd to I)(> 1 1  (29 56) iiig. Ag. :uid 
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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 hypnosislj recurrence 
of the loss of righting reflex resulted in 100% of the 
animals tested. 

Discus,sion 
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 (ie., anticholinergics, antispasmodics, 
carbonic anhydrase inhibitors, CNS depressants). 
While no data are available on possible inhibition 
of carbonic anhydrase, no evidence of diuresis (qual- 

itative observed with acetazolamide) was noted a t  
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 ~ 1 . ~ 6  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 ulcer formation pro- 
duced signs of neurological depression not observed 
with phenethylbiuret. 

(16) B. Brodie, P. A. Shore, S. L. Silver, and R.  Pulver, Nature, 176, 1133 
(1956). 
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A number of guanidine derivatives were prepared for screening for antibacterial activity. Some of these 
The bacteriostatic derivatives were quite active against both Gram-positive and Gram-negative bacteria. 

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

The performance of 1,6-di(4-chlorophenyldiguanido)- The guanidine derivatives generally were prepared 
hexane (Hibitane) as a bacteriostat prompted the by condensing amines with the corresponding S-methyl- 
synthesis of a number of guanidines for screening as isothiuronium iodides. New thioureas and isothiuron- 
antibacterial agents. Although it was reported2 that ium salts prepared during this investigation are listed 
1,6-di(4-chlorophenylguanidino)hexane possessed 1/30 in Tables I and 11, respectivly. Tables I11 to VII, 

THIOUREAS, (RNH)*CS 
TABLE I 

Analyses, % - 
R M.P., OC. % formula Calcd. Found Calcd. Found Calcd. Found Calcd. Found 

Yield, Empirical -C- 7 - H -  -N- -S- 

4-Methylbenzyl 135-136" 100 Ci7HzJizS 71.80 72.02 7.09 7.33 9.85 9 . 8 1  11.28 11.26 
3,4-Dimethylbenzyl 98-9gb 99 C I ~ H ~ ~ N ~ S  73.03 72.87 7.74 7.66 8 . 9 7  8.78 10.26 10.36 

a-Naphthylmethyl 168-169' 70 C L ~ H ~ O X ~ S  77.48 77.34 5.65 5.62 7.86 7.35 8.99 8.60 

2,5-Dichlorobenzyl 169-1 701 76 C16Hl2C4N2S 45.71 46.08 3.07 3.13 7.11 7.39 8.13 8.05 

3,4-Dichlorophenethyl 124-125c 82 CiiHisClaiT&3d 48.36 48.54 3.82 3.96 6.64 6.82 7.59 7.58 

3,4-Dimethoxyphenethyl 135-136'" 93 C2iH~sX;204S 62.35 62.20 6.98 6.90 6 . 9 3  7.22 7.93 7.98 

Furfuryl 83-85' 88 CiiH12S202S 55,90 55.51 5.12 5 .33  11.86 11.60 13.57 13.35 
a Crystallized from ethanol. ' From aqueous ethanol. From ether-hexane. d Calcd.: C1, 33.86. Found: C1, 33.60. e Crystal- 

lized from aqueous dimethylformamide. ! From acetone. Calcd.: C1, 35.98. Found: C1, 36.06. 

the antibacterial activity of Hibitane, the benzyl- inclusive, describe the properties of the substituted 
guanidine derivatives were expected3 to exhibit higher guanidines. 
bacteriostatic activities than the corresponding phenyl- In  the disubstituted guanidine series, n-nonyl, n- 
guanidines. decvl. n-undecvl. and n-dodecvl derivatives of 4- 

(1) (a) Paper V .  L) L. Gariiiaise, R.  W. Kay,  R. Gaudry,  H. ;2. Baker, 
and A.  F. M ~ K ~ ~ .  can. J .  Chem., 39 ,1493  (1961); (b) Contribution N ~ .  39, 

chlorobenzyl- and 3,4-dichlorobenzylguanidines dis- 
played the highest bacteriostatic activities while in the 

blonsanto Canada Limited. benzylguanidine series, the undecyl and dodecyl deriva- 
tives were the most active (see Table T'III). N-Nonyl- 
X'-3,4dichlorobenzylguaiiidine hydrochloride exhibited 

(2) G .  E. navies ,  J. Francis, A. R. Mart in ,  I;. L. Rose, and G. Swain, 
Brit. J. ~'/lal'maCol., 9 ,  192 ( 1 Y X ) .  

( 3 )  A. I:. RlcKay, Soap  and Chemiwl specioztieu, 36, N ~ .  11, 99 ( 1 ~ 0 0 ) .  


