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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 uleer formation is not clear. Various classes of
compounds will inhibit these gastric parameters in the
ligated rat (i.e.,, anticholinergics, antispasmodics,
carbonic anhydrase inhibitors, CNS depressants).
While no data are available on possible inhibition
of carbonic 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 ulcer formation pro-
duced signs of neurological depression not observed
with phenethylbiuret.

(15) B. Brodie, P. A. Shore, S. 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 /3

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,

TaBLE I
TrIioURrEAS, (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 CrHeoN:S 71.80 72.02 7.09 7.33 9.85 9.81 11.28 11.26
3,4-Dimethylbenzyl 98-990 99 CrsHuN.S 73.03 72.87 7.74 7.66 8.97 8.78 10.26 10.36
3,4-Dichlorophenethyl 124-125¢ 82 CiHisCLINS?  48.36 48.54 3.82 3.96 6.64 6.8 7.59 7.58
a-Naphthylmethyl 168-169° 70 CsHyoNoS 7748 77.34 565 5.62 7.8 7.35 8.99 8.60
3,4-Dimethoxyphenethyl 135-136¢ 93 CoiHzsN:048 62.35 62.20 6.98 6.90 6.93 7.22 793 7.98
2,5-Dichlorobenzyl 169-1707 76 C1sH12CLN,S 45.71 46.08 3.07 3.13 7.11 7.39 8.13 8.05
Furfuryl 83-85° 88 CuH:2N:04.8 55.90 55.51 5.12 5.33 11.86 11.60 13.57 13.35

¢ Crystallized from ethanol. * From aqueous ethanol. ¢ From ether—hexane. ¢ Caled.: Cl, 33.86. Found: Cl, 33.60. ¢ Crystal-

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., 89, 1493 (1961); (b) Contribution No. 39,
Monsanto Canada Limited.

(2) G. E. Davies, J. Francis, A. R. Martin, . L. Rose, and G. Swain,
Brit. J. Pharmacol., 9, 192 (19534),

(3) A. Y. McKay, Soap and Chemical Specialties, 36, No. 11, 99 (1960),

9 Caled.: Cl, 35.98.

Found: Cl, 36.06.

inclusive, describe 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 undeeyl and dodecyl deriva-
tives were the most active (see Table VIII). N-Nonyl-
N'-3,4-dichlorobenzylguanidine hydrochloride exhibited
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=t mmAE = oo e =t = The thioureas listed in Table I were prepared in the same
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é 2,5-Dichlorobenzyl Isothiocyanate.—2,5-Dichlorobenzyl iso-
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=g SERE SAZZE8 2 Anal. Caled. for CHLCLNS: €, #4107 H, 231; CL 3250,

— i — e — — ~ - x N i Al D14 1 0 v ™ D ~ T
’ z N, 6,42 8, 14.67. Found: C, 44.22: H, 2.30; CI, 32.52; X\,
— E 6.82; 8, 14.64.
_ é — é’_ﬂ = 2,5-Dichiorobenzylthiourea.-— Aqueous ammonium  hydroxide
<l g L = (10 ml. of 287 solution) was added to 2,5-dichlorobenzyl isoth_m-
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vz g2ET g z - : ' . ‘
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222 ERE =SS 2 — tmeo ‘ P
EEEErE = %5 _5 'E £ of m.p. 176-177°, yield 8.8 g. (8?;/[1).‘ ~ .
2R LT TARFAEE ¢ Anal.  Caled. for CGHCLINg: C, 46.53; H, 3.51; halogen,
LS REEELAZA LS E L 41.65; N, 6.51. Found: C, 46.56; H, 5.36; halogen, 41.19;
CERRR = sl sl & N, 6.85. ,
. z N-(2-Tetrahydropyranomethyl)-N'-(3,4-dicliorobenzyl)thio-
= z urea.~A solution of 3.4-dichlorobenzyl isothiocyanate (10.9 g..
T~ T.T $ETT = 0.05 mole) and 2-aminomethyltetrahydropyran (5.8 g., 0.05
23 _ 8% ~%5§ 7:3 = g mole) in ethanol (20 mi. ) was allowed to stand overnight. The
~ 2 EmEE == g - o —

= E Fg ’§ ;‘\.'. ':é ~§ E 7 ?TE E é (4) All meeting points wre uncorrected,  This work was completed before

£z 2 E2Z< =< 2= s o o the requirerient for corrected melting points was introduced by \rmerican

T2 =Z2 2= T EIEEZ = = ; :
. 2 <z 4 "5 i = £ = E f) 3= = Cliemnical Society journuls. Microanalyses were performed by Micro-Tech
; = R R = X 5 = = 5 % = 'g E ; Laboratories, Rkokie. [linois, and by Dr.o ¢ Daessle, Montreal, Quebec.
ST A 4T e = T332 E - 5 A FMeRay, DT Gaisise, R Gandey, T A Baker, G Y. Paris,
ol e B B e -t et ¥ AT R WL ey, G B Just, wod I Schwariz, Jo e Chem. Soe., 81, 4328 11054)
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o,w-DI{AMINOGUANIDINO JALKANES, N H. NHC=NHINH(CH. ), NHCG=NH INHNH.
Vnalyses, 7y
Yield, Fiupirical « H N N
n M.p., °C. o formula Culed Found e, Froarndg Culed. Found Culed. FFoumd
2 202-203** 37 CHiel:Nsg s 127 375 3 N0 B0 02 3NX3 2606 2625
2 240 .5-241.5%° 100 CH,;sCL Ny 19 .44 149.72 6.3 £ 1} I8.6Y 2870 1534 45 67
4 161-162°7 35 CeHy Ny 15.73 15.54 Lo10 boN2 55 I 17 2446 24 63
6 201 .5-203%* 8T CsHaal. Ne 19.76 3" Foav 0 OON 52021 5107 23,05 23 32

¢ Hydriodide. ? Recrystallized from methanoi-ether.

product (m.p. 89-00°) was isolated by the addition of petroleunm
ether, yield 14.2 g. (859).

Anal. Caled. for CHisCLN,OS: C, 50.45; H, 5.44;
21.28; N, 8.41; 8§, 9.62. Found: C, 50.25; H, 5.11; (1, 21.75;
N, 8.61; 8, 9.46.

S-Methylisothiuronium Iodides.—1,3-Di(4-methylbenzyl)thio-
urea (28.4 g., 0.1 mole) was added to methyl iodide (28.4 g., 0.2
mole) in ethanol (40 ml.) and the solution was allowed to stand
overnight. Evaporation of the solution gave S-methyl-N,N'-
di(4-methylbenzyl)isothiuronium iodide, m.p. 129-130°, vield
42,6 g. (1009). Recrystallization from ethanol-ether solution
did not change the melting point.

The other isothiuronium salts listed in Table II were prepared
by this general method.

S-Methyl-N,N"-di(3,4-dichlorobenzyl))isothiuronium chloride
was prepared by passing the corresponding hydriodide through a
column of Amberlite IRA 400 in the chloride form.

Preparation of Guanidines.—A solution of S-methyl-N,N'-
di(4-methylbenzyl)isothiaronium iodide (42.6 g., 0.1 mole) and 4-
methylbenzylamine (12.1 g., 0.1 mole) in ethanol (70 ml.) was
Leated under reflux for 1 hr. Addition of ether (70 ml.) pre-
cipitated N, N, N/ "-tri(4-methylbenzy 1 )guanidine hydriodide, m.p.
208-200°, vield 41.2 g. (8340,

The hydriodide salt (:39.6 g., 0.0% mwole) in ethanol (300 ml.:
was passed through o column of Amberlite IRA 460 in the chlo-
ride form {250 ml.), and the column was washed with ethanol
(250 ml.).  Dvaporation of the eluate gave the hydrochloride
salt, mp. 236-238°, yield 30.5 g. (W57¢).  Recrystallization from
ethanol-ether raised the melting point to 237-238°.

The disubstituted guanidines (Table I11), trisubstituted guani-
dines (Table IV), and «,e-di(guanidino)alkanes (Table V) were
all prepared by this general method. To obtain optimum yields
individual preparations were varied with regard to time, tem:-
perature, and solvent. Butanol and isoamyl aleohol were used
as well as ethanol, while in some cases the reagents were heated
together without solvent.

3,4-Dichlorobenzylguanidine Hydrochloride.-—A solution of
3,4-dichlorobenzylamine (35.2 g., 0.2 mole) and S-methyliso-
thiuronium iodide (43.6 g., 0.2 mole) in ethanol (100 ml.) was
lieated under reflux for 3 hr.  The solution was evaporated and
the residue wuas crystallized from ethanol-ether to give 3,4-di-
chlorobenzylguanidine hydriodide, m.p. 167-168°, yvield 52.1 g.
(78%).

Anal.  Caled. for CsHoCLING: €, 2777, H, 2.91; halogen,
5717, N, 12.15. Found: C, 27.80; H, 2.91: halogen, 56.77;

N, 11.66.

A solution of the hydriodide (10.5 g., 0.03 mole) in ethanol
(50 ml.) was passed through a column of Amberlite IRA 400 in
the chloride form, and the column was washed with ethanol (200
ml.). The eluate was evaporated and the residue was crystal-
lized from ethanol-ether to give 3,4-dichlorobenzylguanidine
hydrochloride, m.p. 165-166.5°, yield 5.9 g. (749).

Anal.  Caled. for C:H,ChiNy: C, 37.73; H, 3.96; Cl, 41.78;
N, 16.50. Found: C,37.70; H, 4.02; Cl, 42.00; N, 16.04.

N,N’-Di(3,4-dichlorobenzoyl )guanidine.—A solution of 3,4-
dichlorobenzoyl chloride (4.2 g., 0.02 mole) in ether (50 ml.)
was added to guanidine hydrochloride (3.82 g., 0.04 mole) in N
sodium hydroxide (40 mnl.), and the mixture was stirred at room
temperature for 4 hr.  The products was obtained by evapora-
tion of the ether solution, n.p. 224-235°, vield 3.3 g. (81%). Re-
erystallization from aqueous dimethylformamide did not change
the melting point.

Anal. Caled. for CipHCLNOQy: C, 44.36; H, 2.24; (],
35.00; N, 10.37. Found: €, 44.31; H, 2.52; Cl, 35.01; N,
10,47,

N-(3,4-Dichlorobenzoyl)-N '-(3,4-dichlorobenzyl)guanidine
Hydrochloride.—A solution of 3,4-dichlorobenzylguanidine hy-

¢ Hydrochloride.

“ Reerystallized from butanol.

driodide (3.46 g., 0.01 mole) in ethanol (20 ml.) was neutralized
with sodium hydroxide (0.40 g., 0.01 mole} in water (40 ml.).
The solution was extracted with ether (70 ml.), and the ether
laver was washed with wuter and dried.  3,4-Dichlorobenzoyl
chloride (2,10 g., (L€1 moled was added and the solution was
allowed to stand overnight. The precipitate was filtered and
recrystallized from ethanol to give the product as the hydro-
chloride, m.j. 223-224° vield 0.71 2. (16¢ ).

Anatl. Caled, for CpHRCENO: C, 42,13, H, 2.53; Cl, 41.47;
N, 0.83. Found: C,41.92; H,2.75; Cl,41.40; N, 10.00.

11-Bromo-N,N-dimethylundecanoamide.—11-Bromoundec~

anole acid (29.4 g, 0,11 mole) in thionyl chloride (30 g.) was
heated under reflux for 1 hr.  The solution was evaporated and
the residue of crude 11-bromoundecanoyl chloride was distilled,
bop. 125-128° (0.1 ) [HES bop. 174-175° (10 mim.)j, vield
RATE ST N AR

A solution of dimethylamine (4.50 g., ¢.10 mole) in ether 125
ml) was added dropwise to Ll-bromoeundecanoyi chloride (10.0
g., 0.04 mole’ in ether (25 ml) at 0°.  After being allowed 1o
stand at room temperature for 1 hr,, the solution was evaporated.
Crystallization of the residue from aqueous ethanol gave 11-
bromo-N,N-dimethylundecanoamide, m.p. 51-53°, vield 83 g.
SR

Aned. Caled, for CuHeBrNO: ) 53,42 H, 8.97; Br, 27.34;
N, 4790 Found: )53.47; H,8.81; Br,26.95; N, 4.58.

11-Amino-N,N-dimethylundecanoamide.—A solution of [1-
Eromo-N,N-dimethylundecanoamide (6.6 g., 0.02 mole) and cou-
centrated ;unmonium hydroxide (200 ml) in dimethvlformamide
(50 mlr was stirred for 3 days at 25° Fvaporation of this
solution /v racwo yvielded w crystalline residue of 11-amino-N,N-
dimethylundecanoumide hyvdrobromide (m.p. 110-112°, vield 5.6
.. The sult on addition to N sodium hyvdroxide (20 ml.) gave
the base, nmip, 38-40°, vield 4.2 g. (804 ).

Anad. Caled, for CgHp N0 ) 68.36; H, 12.30;
Found: O, 65.84: H, 12.21; N, 12,46,

11-Guanidino-N,N-dimethylundecanoamide.—A solution of
11-amino-N, N-dimetby lundecanoamide (3.6 g., 0.02 mole) and
S-methvlisothiuroninm iodide (3.44 ., 0.02 mole) in ethanol
(20 ml.y was hented under reflux for 3 hr.  The solution was
evaporated and the residue was eryvstallized frow. ethanol-ether
giving the product as the hydriodide, nip. 100-102°, yield 2.95 g.
(474700 A portion of the product was treated with aqueous pieric
acid to give -guanidino-N, N-dimethylundecanoamide picrate,
L 1214

Anal, Caled. for CoHN;OL0 O
Found: O, 4832 H,6.65; N, 19.44.

N,N’.Disubstituted-N'’-aminoguanidines.-——A solution of N,-
N -di(4-chlorobenzvD-S-methylisothiuroniuvm  iodide  (10.0 g,
0.02 moled and 859, hydrazine hydrate (1.23 g., 0.02 mole; in
butanol (20 ml} was stirred at 100-105° for I hir.  The solution
was cooled and diluted with ether (100 ml) to vield N,N'-di(4-
chlorobenzyl =N -uminoguanidine  hydriodide, m.p. 169-170°,
vield 9.0 g. (94¢,).  Reerystallization from ethanol-ether raised
the m.p. to 170-170.5°,

The other N,N'-disubstituted-N"~aminoguunidines listed in
Tuble VI were prepured by the same procedure.

N-Substituted-N’-aminoguanidines.—A solution of dodecyl-
amine (18,5 g., 0.1 wole) and S-methylisothiosemicarbazide hy-
driodide (23.3 g., 0.10 mole) in ethanol (100 ml.) was heated
under reflux for 1 hr.  The solution was cooled and diluted with
ether, giving a gumumy pink precipitate (12 g.).  The erude prod-
aet was extracted with hot ethanol (100 ml) giving & small
quantity (018 g} of insoluble 3,6-diamino-1,2,4,5-tetrazine.

N, 1227

48,105 H, 6,660 N, 19.65.

65 Foob Buekle, 1ol AL Pastison, and 130 O Saunders, J.o Cheme Noe.,
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September, 1963 BactErIOSTATS. VI 595
Tasre XI
BactErmostaTic ActiviTies (M.1.c.,* 1/X X 1073) oF AMINOGUANIDINES, RNHC(=NR’)NHNH,-HCI
M. M.
pyogenes pyogenes Pseudo-
var. var. monas Proteus Proteus
aureus aureus Sarcina Strept. E. coli A. aero- 8. pul- aeru- mira- vul-
R R’ (8)e (R)e lutea faecalis No. 198 genes lorum ginosa bilis garis
n-Undeeyl H 160 160 320 320 40 40 160 40 40 20
n-Dodecyl H 640 640 1280 640 160 80 40 40 40
n-Tetradecyl H 1280 1280 >5120 >5120 320 160 160 10 80 10
n-Octadecyl H 160 160 5120 2560 20 10 40 10 20 10
4-Chlorobenzyl H 20 40 20 40 10 10 80 10 20 40
3,4-Dichlorobenzyl H 160 160 40 20 20 10 320 10 10 10
@ M.i.c., (8), and (R) mean the same as in Table VIII,
Tasre XII
FunagistaTic ActivrTies (M.1.c., 1/X X 1073%) oF SoME GUANIDINE IDERIVATIVES
Candida M. Tr.
Compound albicans gypseum granulosum

N-Nonyl-N'’-3,4-dichlorobenzylguanidine 128 1024 1024
N-Dodecyl-N'-3,4-dichlorobenzylguanidine 256 256 128
N,N’,N’"-Tri(8,4-dichlorobenzyl)guanidine 320 320 640
N,N’-Di(3,4-dichlorobenzyl)-N'’-(4-isopropylbenzyl)guanidine 640 640 640
1,10-Decamethylenebis(3,4-dichlorobenzylguanidine) 256 256 128
1,11-Undecamethylenebis(3,4-dichlorobenzylguanidine) 1280 400 640
1,12-Dodecamethylenebis(3,4-dichlorobenzylguanidine) 256 256 128

This substance, which was isolated as a microer; stalline red solid,
was sublimed for analysis at 180° (0.25 mm.).

Anal. Caled. for C.H,Ne: C, 21.43; H, 3.59; N, 74.98.
Found: C,21.62; H, 3.61; N, 74.42,

The isolation of 3,8-diamino-1,2,4,5-tetrazine from this type of
reaction has been previously described.”?

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°, yield 2.71 g.

Anal. Caled. for C;HpIN e C, 13.49; H, 3.68; I, 35.63;
N,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-
N’-aminoguanidine hydriodide, m.p. 88-90°, yield 4.71 g. (13%,).

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

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

(7) F. L. Scott and J. Reilly, Chem. Ind. (London), 908 (1852).
(8) C. H. Lin, E. Lieber, and J. P. Horwitz, J. Am. Chem. Soc., 76, 427
(1954).

umn was washed with ethanol (50 ml.). Evaporation of the
eluate yielded guanazine, m.p. 254-257° dec. (lit.? 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 IRA 400 in the hydroxyl form,
and the column was washed with water (150 ml.). The eluate
was concentrated to 10 ml., and the solation was heated on the
steam bath for 1 hr. Evaporation of the solution and recrystal-
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.?
m.p. 276°) and its benzaldehyde condensation product, m.p.
199-201° (lit.* m.p. 196°).

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

Anal. Caled. for GH;oN¢O,: C, 43.23; H, 4.54; N, 37.82.
Found: C,43.13; H,4.62; N, 37.97.

(9) G. Pellizarri and A. Repetto, Gazz. Chim. Ital., [2] 37, 317 (1907).



