
The Synthesis of Some Heterocyclic Derivatives of Biguanicle 
with Antibacterial Activit?- 

A serieh of Si-:tlkyl 01' -aryl moiio- arid biogiiariides i l l  which the SI ;it(im i,. part I I ~  :I he~erric 
been prepared by reaction of an appropriate cyaiiogiiariidirie with i i i i  :rrnirre hydroc*hloiide. Comporinds havr 
bear prepared from piperazine, 2-methgl-, 4-methyl-, mid "~-dimeiliylpiper:tziiie, 2-sniiiioe: hylpiperazine, 4- 
methylpiperidine, piperidine, and morpholirie. Several highly active ailtibacterial cwnipoiiiids :ire reported, 
especially 1,4-bis[,h;1-(S*-p-chlorophenglamidirro)amidi~~o]piperazir~e dihydrochloride (pic.losydii1e),1 which 
shows high activity against a wide variety of gram-negative itlid gram-poyitive i)rg:tiiiim~. 

A \ I a i i j .  substituted higuanides have been showii to 
possess cheniotherapeutir activitj. against. for iii- 
staiiw, protozoa, bacteria, arid viruses. Thus K l - p -  
c~liloropheriyl-S~-isopropylbigu~tiide (chlorguaiiil) mi> 

shown by Curd and Rose' to  be active against the ma- 
laria parasite. I>ater Rose arid S w a i ~ i : ~  synthesized :i 

series of bisbiguariides from which 1 ,&his( S6-p-chloro- 
phetiyI-S'-biguatiido)hexane dihydrochloride (IT-. 
n = 6) (chlorhexidine), a (.ompourid of high antibacte- 
rial activity, was developed. A comprehensive series of 
over 200 biguatiides has also been reported b!. Wein- 

many of which have sigriificatit, tintibacterial a(.- 
tivity. This last series included a few rompoutids ( e . ! / . %  
It), X = H. R, = H, I i 4  = L',4-dichlorohenzyl) in which 
t h e  SL nitrogen atom of the biguanide n 
n.it hiti :I heteroc*yc.lic. system. 
this type. S',S'-i~tihytlrobis(B-hydros.ethyl)bigu~iii- 
ide (111, X = 0, Ita = I& = H) has been reported 
:I!itivir:il agent by Sjoberg& and .IIelarider8 effertivcb 
:rgiiinst influenz:t in man niid liy Schersteii7 against 
11erpes. 

I t  \ w s  the object of work now reported to  stud!, i:i 
some detail a lie\\-, c lose l~~ related series of' mono- :iud 

biguatiides derived from some simple het eroc*yc*lic. 
trms particularly with regard to their mtibac*teri.il 
ivity iu relation to their chemiral structure. 

I'iperuzirie arid some of it imple alkj.1 :~ii:ilogs ha;.c 
aHorded bisbiguariides (Txblr I )  of strurture 121~ 

Another 

.2HC1 

la 

Y = F, C1, Br, CIIi 
le, ,  Iir = H ,  CHI; I ty ,  Iti = H, CH3, i-C3Hj, CsH4Y, C611sY?; 

~\Ionohigriaiiicles (Table 11) of similar tj-pe (Ib) have 

I b  
S = CHI, ?JCHj, CHCH:,, 0, ? ;CH~CHINI- ICNHCSH;~I~~ :  

' I  
GH SE-I 

I{:<, I t1 = H ,  CH:,, CH(CH:+).i, p-CeH,Cl 
.. ~ ~ 

( 1 )  . I .  \V, ,James and L. F. \Vigyins, British Patent 855.017 (14.59) 
121 E'. H. S. Curd and F. L. Rose, J .  Chem. So r . .  729 (19.16). 
r:O I;. I.. Kose and G .  S!vain. i h f L ,  1422 llW561. 

been prepared from l-nietli~~l~,i~~erazi~ic~, 4-tiicth~.I- 
piperidinc. :iiicl morpholiiic. .\riother histiiguaiiitlc 
\\-as prepared froin the S - ' l - a n i i i i o e t h g l p i ~ ~ ~ r ~ ~ ~ i i i c  
(Table 11) i i i  \vhic*h oiilj. otic of the tigwiiiide groups 
formed part of ii 1ieteroc~j.rlic. ring. 

pari rig S . S :- + 11 bs t i t ut ctl ig uuiides froin 1 )ri mttr?. 
aliphatic, wmiiie> were :ipplirable to sec.ontl:ir\. het::ro- 
q.c*lic, mi i i iw Thus the heteroryc~lic~ amiiie hydro- 
chlorides wrc '  h c a t d  i i i  butatiol, or in borne itistatiws 
water, n-ith sodium dic.~.aiiimitle to give the caj.arioguaii- 
d ines  of t,he type I Ia  a i i t i  h (Table 111). Saspeiisions 

It \\.:is fouiid that the staticlard method 

74"' 
CNNHC--N N-CCNHCN 

AH&+ AH 

IIa 
R,, R,=H or CH, 

7+ w- r H H  CK 

IIb 
S = NCH,, 0, NCH,CH,NHCNHCN. CH,, CHCH, 

I t  
NH 

of the c~~a!iogu~iiiitliiie.: s'i prep:iiwi \\-ere hcvitcd iii boil- 
ing '-etl?os\.eth:inol with various aromatic :iritl d i -  
ph:tti(a amine hydro(*hloricle.+ to give th- 1 ,;-sub- 
stituted biguaiiides of strurtures Ia :tiid 11. Some of' the 
higuanides. particularlj- those substituted with alkyl 
groups at Sj, wcrtt obtained by treating the hetero- 
c.yclic* amine with the cyarioguwiiidirie derived from the 
:zromatic* or aliphatic, a~niiic. The biguaiiidcs (Ia, 11) 
xhere  Iia :tiid 11, = H) \\.ere prep:ired by fusing c~yaiio- 
guriidirie with the  heteroryrlic+ itmilie hydrovhloride. 

Biological Results.---All of the compounds listed in 
Tables 1-111 were screened iiiitially for antibacterial 
activity by the cotiveirtional iir rv'tro "zone of  inhibitmion" 
method against n variety of bacteria. Sone of the 
ryanoguanidines or S"alky1-substitut-d big:iatiides 
showed any atbtivity at all. The Waryl-ssbsti t  Jted 

(4 )  E. U. \Veinl,erg. .4ntihiol. Chemother i ipy ,  11, 5 7 2  (1961). 
1 5 )  B. Sjoherg. d n t i h i o l .  J lecr .  C h n .  T h e r a p y ,  1, 97 (1960). 
( 6 )  B. Alelander. .4ntihiot.  Chemother i ipy ,  10, 34 (1960). 

I L < i k o r l i d r c . ,  66, 3563 (1956). 
18) F. H .  X. Curd ,  . I .  .\. I l e n r i r > - .  T, S. l imn?..  .I, G .  l I i i r r a j ,  and I,'. 1.. 

Rose, ./. C'hem. S o ? . ,  1630 , lY48) .  
' $ 1 )  I;. Hamilereer and 1.. +ePi,rreeI'. BPI. ,  24, 900 (18Yll. 
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Ri  R2 R3 

H H CH3 
H H H 
H H CH3 
CHa H H 
CH3 CHI H 
H H H 
H H H 
H H H 
H H H 
H H H 
H H H 
H H H 
CH3 H H 
CHa CHI H 
H H H 
CHI CHI H 
H H CH3 
CH3 H CHI 
CHa C H3 CH, 

TABLE I 

Alp. oc 
281-282 
279-282 
281-282 
2.71-2.53 
2.57-260 
234-23.i 
2.i3-2.53 
2i.i-280 
273 
261 
2,; 1 
2.5ic 
264-265' 
280-284 
2;i9-261 
2.53-2;77 
273-273 
248-2d0 
283-284 

Pro- 
cedure 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
3 a 
3a 
3b 
3b 
3b 

Reaction 
time, 

hr  

16 
14 
16 
6 
S 

12 
186 
86 

24 
12 
12 
4 
4 
6 

24 
4 

14 
4 

14 

1-ield, 
70 
60 
79 
60 
44 
60 
11 
10 
23 
23 
19 
1 .i 
2 .i 
26 
3 .i 
70 
41 
84 
89 
71 

Recrystn 
solventa 

.A 
A 
A 
A-B 
A-B 
C 
A 
A-C 
A-C 
A-11 
D-E 
A 
C 
C 
A 
A 
A 
A-F 
A 

a A = H20, B = 2-ethoxyethanol, C = EtOH, D = HOAc, E s EtOAc, F = .\Ie,CO. * Solvent partially removed from reaction 
Lit.c mp 294-296". e .Analyzed mixture before filtration. 

for C, H, C1, N unless otherwise noted. 
J. Bourdais [Bull. SOC. Chim. France, 1174 (1962)] reports 283-290". 

f Analyzed for C, H, N. 

TABLE 11 

R3 >-CNHC-N -pc 
NH II NH It q R4 

Eeaction 
Pro- time. Yield, Recrystn 

R3 R4 s Salt AIp, OC cedure hr  53 solventa Formula' 

H p-ClC6H4 -N(Y)-e 2HC1 236-258 2 4 31 A CarH,iCl,Nii . HSO 
H p-ClC6H4 -CH,- HC1 232 2 1 20 A-F Ci3Hi,C12S,g 
H p-clC~H;, -CH(CH,)- HC1 251 2 4 48 .A-F Ci4H,iCl?Sj 
H p-ClCsH4 -0- HC1 242-244 2 4h 3.j C Ci2HiiC12ONj 
H p-ClCGH4 -N(CH3)- 2HC1 235 2 4b 48 A-F Ci3H2iClZN, 
H H - C H r  2HC1 2 1 5 ~  4 3 44 A-C C7HiiCLN2 
H H -CH(CH,)- 2HC1 225-226 4 3 35 A-C CaHi;CI,Nj 

1 H H -0- HC1 203-208' 4 - :3 1 C C6HiaClONi 
H H -X(CH,)- 2HC1 212 4 3 . 3 62 C-E C~H~OC~~NP,.O.>H~OQ 
H CH(CH3)z -0- HCI 223-223 3a 4 62 C CnH2oClONj 
CHI CHa -0- HC1 233-235 3b 4 80 C CsHisClONi 

a .4 = H20,  C = EtOH, E = EtOAc, F = IIezCO. * Solvent partially removed from reaction mixture before filtration. c Bam- 
e Y = CH2CH2KHC(=SH)- burgerg reports 21i" .  

NHC(=XH)?JH(p-C1C6H4). 
d B. hlelander and T. Nelson [U. S. Patent 3,073,744 (1963)] report 210-212". 

f Analyzed for C, H, C1, ?J unless otherwise noted. Q rlnslyzed for C, H, S. 

compounds showed considerable activity and were 
studied further to determine their minimum inhibitory 
concentrations against various bacteria. These results 
are tabulated (Tables I V  and Vj  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 tha t  a 
difunctional molecule is required for optimum activity. 
I n  comparing the activity of 2 (Table IV) and 13 (Table 
V),  it is interesting that the introduction of the -CH,- 
CH2- 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 

NH NH 
II u 

pC1CGH4NHCNHCNH 
I 
I 

(CHA 

pClC6H4NH NH NH F S  
NH NH 

lv 
Swain3 in their polymethylene compounds ( IVj  where 
highest antibacterial activity occurred when the sub- 
stituted biguanide residues are separated by a poly- 
methylene chain of 5-7 units. 

The presence of a free hydrogen atom on the S1 
atom of the biguanide is not essential for antibacterial 

(2) 
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T.inLE VI 
BACTEKIOSTATIC ACTIVITY OF PICLOXYDINE (2) 

Organism MIC, pg/ml 

Staphylococcus aureus 3 0  
Streptococcus pyogenes Gp.A. 
Streptococcus pneumoniae 
Streptococcus p-haemolylzcus 
Baczllus cereus 
Bacillus anthraczs 
Clostridium septicuni 
Pseudomonas pyocyanea 
Salmonella typhi 
Salmonella typhimurium 
Salmonella pullorurn 
Escherichia coli 
Proteus uulgaris 
Shigella sonnei 

0 .76  
3 . 0  
0.76 
3 . 9  
3 . 0  
0 . 3  

48.0 
6 . 0  

19 .0  
24.0 

6 . 0  
156.0 

12 .0  

activity as shown by the fact that  the piperazine residue 
of 2 replaces the polymethylene chain of 12, chlorhexi- 
dine (IV, = 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. 

In  this series of compounds in order to exhibit 
maximum antibacterial activity the bisbiguanide 
entity should be substituted at  X5 by a substituted aryl 
group.1° The unsubstituted compound 1 is consider- 
ably less active than 2. 

( 5 )  Maximum activity is conferred on the bisbi- 
guanide when the W a r y 1  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. 

Disubstitution of N5 nitrogen atoms of the bis 
molecules by a methyl group (3) decreases activity, 
suggesting that  a free hydrogen on S5 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 arid gram- 
positive organisms. This compound, awarded the 
British Pharmacopea approved name. picloxydine, 

(4) 

(6) 

(10) 0. E. Davies. J. Francis, A. R. hlart in,  F. L, Rose, and G .  Swain, 
Brtt .  J .  Pharmacol., 9, 192 (1954). 

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 111). ( 1)  1,4-Bis(N1-cyanoamidino)- 

piperazine.-Piperazine hydrochloride ( 100 g, 0.63 mole) was 
heated with &ring under reflux for 16 hr with sodium di- 
cyanimide (122.6 g, 1.26 moles) in BuOH (7.50 ml). The reaction 
mixture was cooled, filtered, washed thoroughly with H20, and 
dried at  80' to give 121 g (88%) of product, mp 300". 

N1,Ns-Substituted Phenylbiguanides (Tables I and 11). (2) 1,4- 
Bis [N1-( N l-p-chIorophenyIamidino)amidino] piperazine Dihydro- 
chIoride.-l,4-Bis( K1-cyanoamidino)piperazine (77 g, O X 5  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 HC1. The mixture was heated under refliix for 
12 hr with efficient stirring, cooled to room temperature, and 
filtered. The crude material was washed with ?\IezCO and dried 
at 70" in uucuo (yield 154 g,  79%). The crude material (10 g) 
was recrystallized from H?O (1 l., charcoal), the pH being ad- 
justed to 3 with HCl. The dihydrochloride crystallized as 
colorless needles, was filtered, washed with H20, and dried, 
mp 279-282" (7 g, 707,). 

(3a) 
1,4-Bis [Nl-(Nl-i-propylamidino)amidino] piperazine Dihydrochlo- 
ride.-Isopropyl dicyandiamide' ( 5  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 a t  
15 mm after which the reaction mixture was cooled and filtered. 
Recrystallization from HZO gave the dihydrochloride, mp 259- 
261" (5.7 g, 70cc). 

(3b) l,l-Bis [Nl-(Nl-dimethy1amidino)amidinol piperazine Di- 
hydrochloride.-Dimethyldicyandiamide7 ( 5  g, 0.04 mole) and 
piperazine dihydrochloride (3.12 g, 0.02 mole) were 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 HzO to give the dihydrochloride, mp 
273-275' (7.0 g, 847,). 

(4) l,l-Bis[Nl- 
(Nl-amidino)amidino]piperazine Dihydroch1oride.-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 HzO from which the dihydrochloride separated on 
cooling. The product was recryst,allized twice from H2O; mp 
287" (4.7 g, 257,). 
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