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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. Martin,  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 ) .  
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Iiroduct (ni .p .  SO-90") w:is isulated Iiy tlic, :iddition of petroIc2iiIii 
ether, yield 14.2 g. (%I>;). 

zAnal. Calcd. for ClaHlsCi2S20S: C, 50.45; H, 5.44: ( ' I ,  
62. Found: (I, 50.25; H, 5.11: CI, 21.75,  

s, 8.61; s, 9.46. 
S-Methylisothiuronium Iodides.-l,3-Di( 4-inethylberi?;yljtiiii I -  

urea (28.4 g., 0.1 mole) was added to methyl iodide (28.4 g., 0.2 
mile) in ethanol (40 ml.) and the solution was allowed t l J  s tmd  
overnight. Evaporation of the solution gave S-nirtliyl-S,S I -  

di(4-niethyll~en~yl)isothiuroniun~ iodide, rn.p. 1251-I 30°j \.ielti 
42.6 g. ( 1009;). Recrystallization frcini ethanol-ether solutiort 
did riot change the melting point. 

The other ieothiuronium salts listed in Table 11 were prepared 
I J ~  this general method. 

S-~~eth~1-~~,~'-di(3,4-dichli~robenzyl)isothiuroniii t i i  chloride 
\V:M prepared by passing the corresponding hydriodide through :I 
i d u n i n  of Amberlite IRA 400 in the chloride form. 

Preparation of Guanidines.----.% solutioii of S-irietliyl-?;,S '- 

ili(4-methylbenz~l)isot~hiuroniuin iodide ($2.0 g.. 0.1  rnole) and 1- 
iiiethy1l)enz~Iaiiiine (12.1 g., 0.1 inc~le I in etlianol (70  ni l . )  \v:is 
1ic~:ited under reflux for 1 Iir. .\<idition of etlter ( i o  nil.) lire- 
vi1.i t it ted S , S ' , S ' '- t ri( 4-nie thy1 t ,en z> I jgumidine Ii ydr iodide, ni .I I ,  

20S-20!)0, yield 41.2 g. (Sir f  'I. 

'l'lit: hpdrioditle salt ( ;39.(i g., U.OS iiiole) in etlioriol (300 r i i l .  

\ \ : is  ]i:issed tlirougli ii i~olunin of .\tiiberlite I R h  4G0 in the ch111- 
r i d e  f ~ i r i i i  (230  in!. 1, and tlie C(J i l i 1 i i i i  was wuehed with etiiano! 

iration of tltc, c1u:itr gave tlie liydrodiluritlc 
O ,  yield ;303 g. ($6f c ) .  Itecr~-stallization froit1 

etlianul -ether raised the riielting point tiJ 2:J7-%:B0. 
The  disubstituted guanidines ('r:hle 111 ), trisubstituted guani- 

tliries ('I'able II-j, and m,W-di(giiimidino ,alkanes (Table V )  werti 
:ill prepared by this general method. l ' c r  obtain ol)tiniuiii yields 
individual prelxirations were varied with regard to t,irne, terii- 
[mxture,  and solvent. Butanol :md ismmy1 alrohol were iirc7cI 
: I *  well :is etli:inol, while in sriiiie i':Lses the. reagents were lieatccl 
iugetlier without solvent. 
3,4-Dichlorobenzylguanidine HydrochIoride:--A x~lutioii 01 

:~,4-tliclilorobrnzyIanii1ie (i35.2 g., 0.2 r i d e )  and  S-methyliso- 
tliiiironiurii iodide (43.6 g., 0.2 rttolel in etliitnol i 100 nil.) n' i is  
li(:atetl under reflux for 3 hr. 'The solution w:is evaporated : i n t i  
tile residue was crystallized froiii ethanol-ether to give :3,4-t!i- 
i~lilorot~enzy1pu:tnidine Eiydriodicte, mp .  167--168", : ield 32.1 g .  
( 7 5 '  ;, 1. 

.lnctl. C:alcd. for  CblI,oC!121S,l: C:, 27.77: I T ,  2.! i l ;  1i:iIogeit. 
Tr7.17; S, 12.13. Fount!: C:, 2i.XU; H, 2.91: li:rlogcn, 56.7i:  
s, I l . f6 .  

A scrlution of tlie liydriotlitle ( 1U.5 g., U.O;i iiiole) iii ctliaiiril 
(,?O 1111. i was passed through R i~rilunm of Ainberlite IK.4 400 in 
the chloride form, and the column was w s h e d  with ethanol (200 
i d . ) .  'l'he eluate was ev:iporated and the residue was cryst:il- 
lized froni etlianol-ether to give : - l ,4- t l ic~)i lorobenz~l~u~i~t i1: l inc~ 
liydrcti~hloride, r11.1). 165-106.d0, yield 5.9 g. (T4(;/;,;i, 

Amd. Calctl. for C8Hll,C1,SJ: C:, 37.73; H, 3.0ti; CII, 41.7s; 
S ,  16.50. Found: C, 37.70; H, 4.0'2: CI, 42.00; S,  16.04. 
N,N'-Di(3,4-diehlorobenzoyl)guanidine.-.-2 solution of 3,4- 

clic~ilorobenzoyl chloride (4.2 g., 0.0'2 mole) in ether (50 ni l . )  
dded to guanidine hgdroc.hhride (8.8% g., 0.04 niole) in .\- 

sodiuin hydroxide (40 ml. ), and the mixture was stirred at rooni 
teniper:iture fclr 4 lir. l'iie products was obtained by evapiir:i- 
tion t r f  the ether solution, ti i .1).  224--235', jield 3.3 g. (81',;). Re- 

iilization f r o n i  :tqueciiis diiiieth!-lfi,rninniide did not clianpe 
t lie nielting point. 

. I  r i f i / .  C : i l d .  for C'13HsC14Sa02: C:, 44.36: H, 2.24; Cl, 
:15.(l(): s, 10.:3i. E'lJlllld: (:, 44.31; 11 ,  2.52'; C:l, %.01: 3 ,  
l ( i .47.  

N-(3,4-L)ichlorobenzoyl~-~ '-(3,4-dichlorobenzyl)guanidinc 
Hydrochloride.----% solutiou of 3,4-dichlorohenzylguauitfiiio Ii>-- 
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TABLE X I  
RA~TERIOSTATIC ACTIVITIES (M.I .P. ,~ 1/X X lo+)  OF AMINOGCANIDIKES, RNHC(=NR')NHSH2. HCI 

Ad. 144. 
pyogenes pyogenes 

var. var. 
aui eus aureus Sarcina 

R R' (S)Q (R)" lutea 
n-Undecyl H 100 160 320 
n-Dodecyl H 640 640 1280 
n-Tetradecyl H 1280 1280 >SI20 
n-Octadecyl €1 160 160 5120 
4-Chlorobenz yl H 20 40 20 

a M.i.c., (S), and (R)  mean the same as in Table VIII. 
3,4-Dichlorobenzyl H 160 160 40 

Strept. 
faecalis 

320 
640 

25120 
2560 

40 
20 

E. coli 
No.  198 

40 
160 
320 

20 
10 
20 

A .  aero- 
genes 

40 
80 

160 
10 
10 
10 

Pseudo- 
monas 

S. pul- aeru- 
lorum ginosa 

160 40 
40 

160 40 
40 10 
80 10 

320 10 

TABLE XI1 
FUNGISTATIC A4CTIVITIES (hf.I.C., 1/x x OF SOME GUANIDINE nERIVATIVES 

Compound 

N-Nonyl-Pu' '-3,4-dichlorobenzylguanidine 
N-Dodecyl-N '-3,4-dichlorobenxylguanidine 
S,S',S "-Tri( 3,4-dichlorobenzyl)guanidine 
N , S  '-Di( 3,4-dichlorobenzyl)-N "-( 4-isopropylbenzy1)guanidine 
1, 10-Deeamethylenebis( 3,4-dichlorobenzylguanidine) 
1 , 1 1-Undecamethylenebis( 3,4-dichlorobenzylguanidine) 
1,12-Dodecamethylenebis(3,4-dichlorobenzylguanidine) 

This substance, which was isolated as a microcrj stalline red solid, 
was sublimed for analysis a t  180" (0.25 mm.). 

Anal. Calcd. for C2H4N6: C, 21.43; H, 3.59; K, 74.98. 
Found: C,21.62; H,3.61; N, 74.42. 

The isolation of 3,6-diamino-1,2,4,5-tetrazine from this type of 
reaction has been previously 

On cooling, the ethanolic solution deposited crystals of the 
hemihydriodide salt of guanazine (3,4,5-triamino-1,2,4-triazole), 
m.p. 192-193", jield 2.71 g. 

Anal. Calcd. for C4H1JX12: C, 13.49; H, 3.68; I, 35.63; 
S,47.20. Found: C, 13.62; H, 3.76; I, 35.85; N,47.19. 

The ethanolic filtrate was evaporated to dryness and the 
residue was crystallized three times from water, giving N-dodecyl- 
S'-aminoguanidine hydriodide, m.p. 88-90', yield 4.71 g. (13%). 

The other monosubstituted aminoguanidines listed in Table VI 
and the a,w-di(aminoguanidino)alkanes described in Table VI1 
were prepared in the same manner. 

Guanazine.-A solution of the hemihydroiodide salt oi  guana- 
zine ( 1.20 g,) in ethanol (50 ml.) was passed through a column of 
Amberlite IRA 400 in the hydroxjl form (50 ml.), and the col- 

(7) F. L. Sco t t  and J .  Reilly, Chem. Ind. (London), 908 (1952). 
( 8 )  C. 11. Lin, E. Lieber, a n d  J. P. Horwitz ,  J .  Am. Chem. Soc., 76, 427 

(1Y54). 

Candida 
albicans 6 

128 
256 
320 
640 
256 

1280 
256 

M .  
rypseum 

1024 
256 
320 
640 
256 
400 
256 

Proteus 
mira- 
bills 
40 
40 
80 
20 
20 
10 

Proteus 
uuz- 

garis 
20 
40 
40 
10 
40 
10 

Tr. 
granulosum 

1024 
128 
640 
640 
128 
640 
128 

umn was washed with ethanol (50 ml.). Evaporation of the 
eluate yielded guanazine, m.p. 254-257' dec. (lit.9 m.p. 257'). 

The conversion of S-methylisothiosemicarbazide to guanazine 
was demonstrated as follows: S-methylisothiosemicarbazide 
hydriodide (2.33 g., 0.01 mole) in water (50 ml.) was passed 
through a column of Amberlite IRB 400 in the hydroxyl form, 
and the column was washed with water (150 ml.). The eluate 
was concentrated to 10 ml., and the solution was heated on the 
steam bath for 1 hr. Evaporation of the solution and recrgstal- 
lization of the pink residue from ethanol (10 ml.) gave guanazine, 
m.p. 253-255', yield 0.16 g. (28%). 

The product was characterized by its picrate, m.p. 284" (lit.9 
m.p. 276") and its benzaldehyde condensation product, m.p. 
199-201' (liL9m.p. 196'). 

An attempted preparation of the triacetyl derivative, m.p. 
240", described by Pellizarri and Repetto,g gave a product, 
m.p. 223-225", which appears to arise from the dehydration of the 
triacetyl derivative. 

Anal. Calcd. for CsH10N6O2: C, 43.23; H, 4.54; S,  37.82. 
Found: C, 43.13; H, 4.62; K, 37.97. 

(9) G. Pellizarri and  A. Repetto. Gam. Chim. Ita! . ,  [2] 37, 317 (1907) 


