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A series of No-alkyl or -aryl mouo- and bisgnanides i1 which the N1 atom is purt of a he(erneyclic miclens hus

beeir prepared by reaction of au appropriate cyanoguanidine with au amine hydrochloride.

Compounds have

beeu prepared from piperazine, 2-methyl- 4-methyl-, and 2,5-dimethylpiperaziue, 2-aminvethyvlpiperazine, 4-

methylpiperidine, piperidiue, and morpholiue.

Several highly active autibacterial compouuds are reported,

especially  1,4-bis[N-(N1-p-chlorophenylamidino)amidiuo]piperazine dihydrochloride (picloxydine),! which
shows high activity agaiust a wide variety of gram-uegative and gram-positive organisims.

Many substituted biguanides have been shown to
possess  chemotherapeutic  activity against, for in-
stance, protozoa, bacteria, and viruses. Thus Nl-p-
chlorophenyl-N3-isopropylbiguanide (chlorguanil) was
shown by Curd and Rose? to be active against the ma-
laria parasite. Later Rose and Swain? synthesized a
series of bisbiguanides from which 1.6-bis(N?-p-chloro-
phenyl-Nl-biguanido)hexane dihyvdrochloride  (IV,
n = 6) (chlorhexidine), & compound of high antibacte-
rial activity. was developed. A comprehensive series of
over 200 biguanides has also been reported by Wein-
berg,* many of which have significant antibacterial ac-
tivitv.  This last series included a few compounds (e.g..
Ib, X = H, R; = H. Ry = 2.4-dichlorobenzyl) in which
the N'! nitrogen atom of the biguanide was contained
within a heterocvelic system.  Another compound of
this type, N, Ntanhvdrobis(3-hydroxyethyl)biguan-
ide (Ib, X = O, R; = Ry = H) has been reported as an
antiviral agent by Sjoberg® and Melander® effective
against influenza in man and by Schersten’ against
herpes.

It was the object of work now reported to study in
some detail a new, closely related series of mono- and
bishiguanides derived from some simple heterocyelic
svstems particularly with regard to their antibacterial
activity in relation to their chemical structure.

Piperazine and some of its simple alkvl analogs have
afforded bisbiguanides (Table I) of structure la.

R,
R R
$>NCNHC——N N—CNHONS  2HC
R !

[ Y
NH NHR, NH NH

la
R[, l’\g = I‘I, CH,;. l:g, 1{4 = H, CH;;, 1‘-(_;31{:, CsH{Y, Cel[;g\'-;:
Y = F, Cl, Br, CH;

Monobiguanides (Table 1I) of similar type {(Ib) have

R,
X  N—cNHONS

1 g
NH NH

Ib
X = CHj NCH, CHCH; 0, NCH,CH;NHCNHCN R, Ry;

NH NH
R:;, Rq = I‘l, CH;;, C}'{(CH;);, p-C6H4Cl

(1) J. W, James and L. F. Wiggins, Britishi Patent 835,017 (1959).
i2) F. H. 8, Curd and F. L. Rose, /. Chem. Soc., 729 (1946).
(3) V. l.. Rose and G. Rwain, hid., +422 (19561.

been prepared from 4-methylpiperazine, 4-methyl-
piperidine, and morpholine.  Another bisbiguanide
was prepared from the N-2-aminoethvlpiperaziuc
(Table II) in which only one of the biguanide groups
formed part of a heterocyvelie ring.

It was found that the standard methods®® for pre-
paring N!, Ni-substituted biguanides from primary
aliphatic amines were applicable to secondary hetoro-
cvelic amines, Thus the heterocyclic amine hydro-
chlorides were heated in butanol. or in =ome instances
water. with sodium dicyvanimide to give the ¢yvanoguan-

idines of the type ITa and b (Table III).  Suspensions
R,
CNNHC—N N—CNHCN
N R, N
Ila
R, R,=H or CH;
X N—(“,'NHCN
NH
IIb
X =NCH,. 0, NCHZCHzNH%NHCN, CH,, CHCH,
NH

of the cvanoguanidines so prepared were heated in boil-
ing 2-ethoxvethanol with wvarious aromatic and ali-
phatic amine hydrochlorides to give the 1.5-sub-
stituted biguanides of structures [a and b, Some of the
biguanides, particularly those substituted with alkyl
groups at N3, were obtained by treating the hetero-
evelic amine with the evanoguanidine derived from the
aromatic or aliphatic amine. The biguanides (Ia. Ib
where R; and Ry = H) were prepared by fusing cyano-
guanidine with the heterocyclic amine hvdrochloride.®

Biological Results.-—All of the compounds listed in
Tables I-III were screened initially for antibacterial
activity by the conventional ¢n vitro “‘zone of inhibition”
nmethod against a variety of bacteria. None of the
cvanoguanidines or NP-alkyl-substituted biguanides
showed any activity at all. The N3-aryl-substituted

(4) E. D. Weinberg, Antibiot. Chemotherapy, 11, 372 (1961).

{3) B. Sjoberg. Antihiot. Med. Clin. Therapy., T. 97 (1960).

(6) B. Melander, Antihiot. Chemotlierapy, 10, 34 (1860).

{7) B. Reliersten, Svensha Laivrtidn., 56, 3563 (1956).

i8) F. H. 8. Curd. J. A. llendry, T. 8, Kenny. A. G, Murray, and I, L.

Rose, J. Chem. Soc.. 1630 (1948).
t9) L. Bamberger and I.. Neeberger. Ber., 24, 900 (18911.
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ANTIBACTERIAL ACTIVITY OF

HererocycLic BiGUANIDE DERIVATIVES

TabLE I
R, R,
> NCNHE—X N—%NH%N< 2HCI
R I!IH NH R, NH NH
Reaction
Pro- time, Yield. Recrystn
R Ry Rs R Mp, °C cedure hr % solvent?® Formula®
H H CHa p-ClCGH4 281—282 2 16 60 A CgnggClgNw . 2H20
H H H p-CIC:H, 279-282 2 14 79 A CaH3CLNyo
H H CH3 p-ClCGH4 281—282 2 16 60 A szHggCth
CHa H H p—ClCGH_; 2‘)1—2-”)3 2 6 44 A—B C‘HHngl4N10‘O.5H2O
CH; CH; H p-CICsH, 257-260 2 3 60 A-B Ca2H3oCLNy
H H H 'WL-CICGH4 234-235 2 12 11 C C20H26C14wa
H H H 3,4-CL,CsH; 253-255 2 180 10 A CaoHasCleNyo/
H H H p-Bl‘CeH.; 2735-280 2 &b 23 A—C CgngsBmCLszf
H H H p-FCGH.; 273 2 24 23 A—C CgngeClgF2Nlo . H20'f
H H H p-CH30C6H4 261 2 12 19 A— D 022H32012N1002
H H H p-c HacGH4 251 2 12 15 D—E C22Ha2ClgN10
H H H H 257¢ 4 4 25 A CgHzoClgNlo
CH; H H H 264-2654 4 4 26 C CsHiClNy
CHa CHa H H 280—284 4 6 3-_) C C10H24C12Nw
H H H CH(CH;), 259-261 3a 24 70 A CisHzCLNyo
CHa CH3 H CH(CH3)2 235-257 3a 4 41 A ClsHasclgNlo 2H20
H H CH; CH; 273-275 3b 14 84 A Ci2HysClL N1, 0.5 H,0
CH; H CH; CH; 248-250 3b 4 89 A-F Ci3H30CLNyo - 2H20
CH; CH; CH; CH, 283-284 3b 14 71 A Ci1sH3CL Ny - 2H,0

2 A = H,0, B = 2-ethoxyethanol, C = EtOH, D = HOA¢, E = EtOAc, F = Me,CO.
¢ J. Bourdais [{Bull. Soc. Chim. France, 1174 (1962)] reports 288-290°.

mixture before filtration.

for C, H, Cl, N nuless otherwise noted. / Analyzed for C, H, N.

b Solvent partially removed from reaction
4 Lit.c mp 294-296°. ¢ Analyzed

TasLE II

R~

R; Ry X Salt Mp, °C
H p-CICsH, -N(Y)-* 2HCI 256-258
H p-ClCeH4 -CH,- HCl 252
H p-CICsH -CH(CH;)- HCl 251
H p-CICeH, -0- HCl 242-244
H p-CIC¢H. -N(CH;)- 2HCl 235
H H -CH,- 2HCI 215¢
H H -CH(CH,;)- 2HCl 225-226
H H -0- HCI 205-208¢
H H -N(CH;)- 2HCI 212
H CH(CH;). -0- HCI 223-225
CH, CH,; -0- HCl 233-235
a A = H;0, C = EtOH, E = EtOAc, F = Me,CO.

burger® reports 217°.

NHC(=NH)NH(p-CICsH,).

compounds showed considerable activity and were
studied further to determine their minimum inhibitory
concentrations against various bacteria. These results
are tabulated (Tables IV and V) and show several of
the compounds to possess high antibacterial activity
and allow the following conclusions to be drawn.

(1) The bisbiguanides show significant antibacterial
activity. This activity is of a lower order in the mono-
biguanides similarly substituted suggesting that a
difunctional molecule is required for optimum activity.
In comparing the activity of 2 (Table IV) and 13 (Table
V), it is interesting that the introduction of the -CH,-
CHy~ group between a nitrogen atom of the piperazine
molecule and biguanide entity does not affect activity.
This is in agreement with the findings of Rose and

b Solvent partialy removed from reaction mixture before filtration.
4 B. Melander and T. Nelson [U. 8. Patent 3,073.744 (1963)] report 210-212°.
/ Analyzed for C, H, Cl, N unless otherwise noted.

R, A
\N_ﬁNHﬁ_N)ﬂf
NH NH

Reaction
Pro time, Yield, Recrystn
cedure hr % solvent? Formula”

2 4 31 A CHyuyCLNy, - HYO
2 1 20 A-F C]aHmClgI\va”

2 4 48 A-F CMHQ]CI;)N;

2 4b 35 C Ci:HuCLON;

2 4b 48 A-F Ci;HauCLN,

4 3 44 A-C C;H,;CLLN,

4 3 35 A-C CsHi:CLN;

4 2 31 C CeH1,CION,

4 3.3 62 C-E C:HCl:Ng-0.5H,0¢
3a 4 62 C CgHzoClONa

3b 4 80 C CsHisCION;

¢ Bam-
¢Y = CH,CH,NHC(=XNH)-
¢ Analyzed for C, H, N.

NH NH
p-CICgHNHCNHCNH

(CHy)»
PCICHNHENHGNH

NH NH
v

Swain?® in their polymethylene compounds (IV) where
highest antibacterial activity occurred when the sub-
stituted biguanide residues are separated by a poly-
methylene chain of 5-7 units.

(2) The presence of a free hydrogen atom on the N
atom of the biguanide is not essential for antibacterial
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Tasre III
Reaction Yield
tiare, Recrystn fepus] e,
Couagxl Myp, O lir solvent" Y
NCNHC(=NH )ﬁC(=NH)NHCN 300 16 NN
~/\-CH.
NCNHC(=NH)N ~ NC(=NH)NHCN 300 6 =
~fA-CH,
NCNHC(=NH)N  NC(=NH)NHCN 300 14 7
NCNHC(=NH )ﬁC&CH;NHC@NﬂJNHCN 241-244 12 A 0
NCNHC=NHN P 226227 12 A 67
NCN“C‘»"NW‘i ZLC& 150 S A-C 68
NCNHC(=NH )N NCH; 192 15 A-C -5
« A = H,0O, C = EtOH.
TanLe IV
AlLiNvivey INHiBiroRY CONCENTRATIONS
R, R,
R;
SNCNHC—N N—CNHCN  2HCl
R, o U .
NH NHR, NH NH
1. s
e e e N C g b e e (mice),
No, Rt R Rs R S.oaurets I's. pyocyanea S, typht 1. coli mg kg i
1 H H H CeH; 31.23 1000 62.0 125 .
2 H H H p-ClCeH, .95 625 3.0 TN 150
3 H H CH; p-ClCeH 15 500 31 25() L
4 CH; H H p-CICsH, 7.8 125 31.3) 62.5 250
3 CH; CH; H p-CICsH, 7.8 125 51,25 62.) 150
6 H H H m-ClCeH 3.9 02.9 7.8 15.6 150
7 H H H 3,4-(C1):CsHs 3.9 62.5 31.25 31.25 250
S H H H p-BrCqH, 1.95 3125 3.0 3.9 25()
i H H H p-FC.H, 1.95 230 31,20 31.25 16
10 H T 3 p-CH,;OCsH, 60.6 S0t 62.) 500 30
It H H 5 p-CH,C:H., 7.8 00 [5.6 250 S0
12 Chlorhexidiue IV,n =6 3 18 1.5 B)
TasLE V
AMinvivey INHIBITORY CONCENTRATIONS
R, 7\
SNCNHC—N X
R0
NH NH
L1)su
MIC, pg md {ouse),
No. Rs Ry X 8. aureus Ps. pyocyanea S. typhi E. coli mg/kg ip
13 11 p-ClCel14 N(Y 3.9 125 3.9 7.8 150
14 H p-ClCgH, CH. 48 1500 96 200
14 H p-CICeH, CH(CH,) 156 156 7% S 50
16 H p-CIC¢H, -0- 156 620 >1000 625 100
17 H p-CICeH, N(CHjy) 156 625 >1000 625 {50

*Y = CH,CH,HNC(=NH)NHC(=NH)NHC:H.Cl-p.
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TasLE VI
BAcCTERIOSTATIC ACTIVITY OF PICLOXYDINE (2)

Organism MIC. ug/ml
Staphylococcus aureus 3.0
Streptococcus pyogenes Gp.A. 0.76
Streptococcus pneumoniae 3.0
Streptococcus B-haemolyticus 0.76
Bacillus cereus 3.9
Bacillus anthracis 3.0
Clostridium septicum 0.3
Pseudomonas pyocyanea 48.0
Salmonella typhi 6.0
Salmonella typhimuriuwm 19.0
Salmonella pullorum 24.0
Escherichia colt 6.0
Proteus vulgaris 156.0
Shigella sonner 12.0

activity as shown by the fact that the piperazine residue
of 2 replaces the polymethylene chain of 12, chlorhexi-
dine (IV, n = 6), without significantly altering the anti-
bacterial activity.

(3) Activity is reduced in the bisbiguanides when
the center portion of the molecule is made more bulky
by substitution of methyl groups in the 2 and 5 positions
(4, 5) of the piperazine nucleus.

(4) In this series of compounds in order to exhibit
maximum antibacterial activity the bisbiguanide
entity should be substituted at N? by a substituted aryl
group.!® The unsubstituted compound 1 is consider-
ably less active than 2.

(3) Maximum activity is conferred on the bisbi-
guanide when the No-arvl group is substituted by a halo-
gen, chlorine and bromine (2, 8) being more effective
than fluorine (9) when these substituents are in the
para position.

(6) Disubstitution of N5 nitrogen atoms of the bis
molecules by a methyl group (3) decreases activity,
suggesting that a free hvdrogen on N°® is beneficial.

The activity of 2, one of the most active compounds
of the series, has been determined against a wide variety
of bacteria. The results (Table VI) show it to be
highly active against both gram-negative and gram-
positive organisms. This compound, awarded the
British Pharmacopea approved name, picloxydine,

(10) G. E. Davles, J. Francis. A. R. Martin. F. L. Rose, and G. Swain,
Brit. J. Pharmacol.. 9. 192 (1954).
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has recently been introduced for topical application in
both human and veterinary medical areas.

Experimental Section

The compounds shown in the tables were prepared by methods

“closely analogous to those in the specific cases reported below.

Cyanoguanidines (Table IIT). (1) 1,4-Bis(N!-cyanoamidino)-
piperazine.—Piperazine hydrochloride (100 g, 0.63 mole) was
heated with stirring under reflux for 16 hr with sodium di-
cvanimide (122.6 g, 1.26 moles) in BuOH (750 ml). The reaction
mixture was cooled, filtered, washed thoroughly with H,0, and
dried at 80° to give 121 g (889 ) of prodiict, mp 300°.

N1,Ns.Substituted Phenylbiguanides (Tables I and II). (2)1,4-
Bis [N1-(Ni.p-chlorophenylamidino )amidino|piperazine Dihydro-
chloride.—1,4-Bis(Nl-cyanoamidino )piperazine (77 g, 0.35 mole)
and p-chloroaniline hydrochloride (117 g, 0.715 mole) were mixed
with 2-ethoxyethanol (1 1.) to which had been added 1 ml! of
concentrated HCl. The mixture was heated under reflux for
12 hr with efficient stirring, cooled to room temperature, and
filtered. The crude material was washed with Me,CO and dried
at 70° in vacuo (yield 154 g, 799,). The crude material (10 g)
was recrystallized from H.O (1 ., charcoal), the pH being ad-
justed to 3 with HCl. The dihydrochloride crystallized as
colorless needles, was filtered, washed with H:0, and dried,
mp 279-282° (7 g, 709,).

N1,Ns.Alkyl-Substituted Biguanides (Tables I and II). (3a)
1,4-Bis[N1.(N1l.;-propylamidino )amidino|piperazine Dihydrochlo-
ride.—Isopropy! dicyandiamide’ (3 g, 0.04 mole) was heated under
reflux with piperazine dihydrochloride (3.12 g, 0.02 mole) in
2-ethoxyethanol (50 ml) for 24 hr. During the reaction a solid
separated. About half of the 2-ethoxyethanol was distilled at
15 mm after which the reaction mixture was cooled and filtered.
Recrystallization from H.O gave the dihydrochloride, mp 239-
261° (5.7 g, T09).

(3b) 1,4-Bis{N1-(N!.dimethylamidino)amidino|piperazine Di-
hydrochloride.—Dimethyldicyandiamide’ (5 g, 0.04 mole) and
piperazine dihydrochloride (3.12 g, 0.02 mole) wero heated under
reflux in 2-ethoxyethanol (50 ml) for 14 hr. A solid separated
and was filtered after cooling the reaction mixture. The residue
was recrystallized from H,;0 to give the dihydrochloride, mp
273-275° (7.0 g, 849).

Ni.Substituted Biguanides (Tables I and II). (4) 1,4-Bis[N1.
(Nl.amidino)amidino]piperazine Dihydrochloride.—An intimate
mixture of piperazine hydrochloride (10 g, 0.056 mole) and cy-
anoguanidine (8.4 g, 0.1 mole) was heated in a flask in an oil bath
with stirring until molten (ca. 150°). The temperature was
maintained for 4 hr. The cold reaction mixture was extracted
with boiling H,O from which the dihydrochloride separated on
cooling. The product was recrystallized twice from H,O; mp
257° (4.7 g, 259,).
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