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The preparation of several 2,4-disubstituted 6-[ (5-nitr0-2-furyl)vinyl]-s-triazines and 3,4-diamino-6-(.i-nitro- 
2-furyl)-s-triazines is described. Some members of the series display high antibacterial activities in  vitro against 
gram-positive and gram-negative organisms. 

1 -p-C hlorophenyl-4,6-diamino- 1,2-dihydro-2,2-di- 
methyl-s-triazine ( I ) ,  a metabolite of chlorguanide (SI- 
p-chlorophenyl-F-isopropylbiguanide), was reported 
to have high antimalarial activity.' Some 2,4-di- 
amino-6-(5-nitro-fl-furyl)-s-triazines (11) showed anti- 
bacterial activity against gram-positive and gram- 
negative organisms.* These facts prompted us to in- 
vestigate systematic syntheses of the s-triazine deriva- 
tives in an effort to obtain useful antibacterial agents. 
Our initial efforts have been directed toward the prepa- 
ration of the vinylogs (111) of I1 in expectation of en- 
hanced a ~ t i v i t y . ~  This paper describes the synthesis 

NH2 NH2 

I I1 

I11 

of several 2,4-disubstitut,ed 6- [ (5-nit'ro-2-furyl)vinyl]- 
s-triazines (111) ,  and the antibacterial testing data for 
these and other derivatives are discussed. 

Chemistry.-The condensat'ion of ethyl 5-nit'ro-2- 
furylacrylate with subst'ituted biguanide nas  first 
tried to obt,ain 111, but all attempts under various con- 
ditions were unsuccessful, starting mat,erials being 
recovered in every case. Therefore, the general pro- 
cedure, which consists of treatment of 5-nitrofurfural 
n-ith s-triazines possessing an act'ive methylene group, 
has been carried out to produce these vinylogs (111) .  

The key intermediates, s-triazine derivatives, were 
prepared by the following methods. 2,4-Dichloro-6- 
met'hyl-s-triazine (IT') v a s  obtained from cyanuric 
chloride and ,1IeJIgBr according to the procedure de- 
scribed by Hirt, et ~ 1 . ~  Aminat'ion of IV with amines at  
low temperat'ure gave the 2-amino-4-chloro-6-methyl- 
s-triazines (V) .5  Displacement of t,he chloro group 
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in V by allcoxides proceeds smoothly to give the 2- 
alkoxy-4-amino-6-methyl-s-triazines ( V I ) .  Compound 
'FT was converted to 2,4-diamino-6-methyl-s-triazines 
(VII) by further amination with appropriate amines in 
higher temperature. On the other hand, the general 
procedure of Overberger, et aL16 was also followed in 
the preparation of 2-alkyl-4,6-diami1io-s-triazines ( V I I )  
from alkylbiguanides and esters. Condensation of 1,l- 
dimethylbiguanide hydrochloride and ethyl acetate in 
the presence of sodium ethoxide afforded the cor- 
responding s-triazine along wit,h a by-product , which 
proved to  be identical with 1 ,I-dimethylbiguanide ace- 
tate. 2-hniino-4-cyanomethyl-6-dimethylamino-s-tri- 
azine rvas prepared by displacement of the chlorine of 
2 - amino - 4 - chloromethyl- 6-diinethylamino-s-tria~ine~ 
with KCS.  The s-triazines that were prepared are 
listed in Table I. 

Treatment of the s-triazines with 5-nitrofurfural led 
to the formation of desired vinylogs (111). The re- 
action mas generally performed by heating the re- 
actants in AcOH or Ac2O in the presence or absence of 
catalysts such as concentrated H2S04 or I<OAc. Using 
the s-triazines substituted with primary amine as start- 
ing materials and AczO for this condensation, the acetyl 
derivatives were isolated. The latter were hydrolyzed 
to the corresponding amino derivatives by boiling in 
alcoholic HCI. \%'hen 2,4-diamino-6- [a-alkyl-P-(5- 
nitro-2-furyl)vinyl]-s-triazines were refluxed with Ac20, 
the diacetyl derivatives were formed, which were con- 
verted to the monoacetyl derivatives by boiling for 16 
hr in a mixture of water and DJIF (see Scheme I). 
The physical and analytical properties of 2,4-disubsti- 
tuted 6- [ (.i-nitro-2-furyl)viriyl]-s-triazines are summa- 
rized in Table 11. 

For the purpose of the comparison in activity with 
their respective vinylogs four nitrofuryl-s-triazines were 
prepared : 2,4-diamino-, 2 a  2-amino-4-methylamino-, 
2-amino-4-dimethylamino-, and 2-amino-4-isopropyl- 
amin0-6-(S-nitr0-2-furyl)-s-triazines~~ (Table 111). 

Screening Results.-The antibacterial activities of 
the compounds herein reported against Escherichia coli 
0-55, Staphylococcus aureus 209P, Bacillus subtilzs PCI 
219, Proteus vulyarzs HX-19, and /lei-obactoi. aeroqenes 
were tested in vitro. As can be seen from Table IV,  
most of these compounds possess activity against both 
gram-negative and gram-positive organisms. The 
data for 2,4-diamino(5-nitro-2-furyl)-s-triazines were 
listed in Table V for the comparison. From these data 
the following observations are apparent: (1) com- 
sintliebired 2-am1n~,--l-ctilor~i-6-metliyl-s-tr1a~1ne liy the cgcl17ation ot 
N,S'-rilcyanoacetamidiDe using dry HCI In acetone. 
(6) C. G. Overberger, F. W. Michelottl, and  P. 11. Carahateas, J .  Am. 

Chem. Soc., 79, 941 (1957). 
(7) S. L. Shapiro, E. S. Isaacs, V Parrino and L. Freedman, J .  O r g .  

Chem., 26, 68 (1961). 
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TABLE 111 

Yield, Recrkstn 
No. ni R: 54 Mp,  OC solvent roriiiula 

24 NHCH3 NHn 67 2 36-2 39 AIeOH-?rIe2COb CaHsNsO3 
2 3 N(CHa)l NH2 41 287 NeOH-DMP C~H&;603 

CiH&jeOj 23 SH1 SH2 69 >300d L)MF= 

26 piHCH(CHj)j SH2 22 1 96- 19 ie &OHc CloHioNsO, 
(i Yellow ponder. b Brown pou-del. Yellow needles. Lit.2B mp >300". e Lit.lb mp 197-197.5". 

TABLE IV 
I n  T'itro ASTIB.~CTEKI.IL Ac-rivwY OF ~ - ~ I T K O F U H Y L V I ~ Y L - S - T I L I . ~ Z I N E S  

>fin inliib concn, pg,"la-------- 
E .  coli  S. aureus B. subtilzs I-'. aulyuris 

pu-0. 0-55 209P P C I  219 HX-19 

1 0.2.i 1 0 . 1  i) 

2 >20 2 , 3 2 , 3 40 
3 1 10 0 . 3 >5 
4 > l . . i 6  >1.36 > 1 .36 > l . , i 6  
1 3.13 1.36 0.78 >23 
6 6.25 0.78 0.193 >2.i 
7 > 2 5  2 3 3.13 >25 
8 >23 6.2.i 1.56 > 2.; 
9 >25 >25 6.23 . . .  

10 >23 12, .i 1.36 
11 >12..i > l2 .5  6.23 >12.5 
12 >25 2 ,i 2 3 > 2 j  
1 3 b  
14 >12.5 6.23 1.36 >12.5 
15 >12.5 12.  .i 0 . i 8  >12..i 
16 >3.13 >3.13 >3.13 > 3 . 1 3  
17 0.3 0.25 0 , .i 5 
18 1.56 0.78 0.19.5 12, .i 
19 3.13 1. $56 1.56 > 23 
20 12.5 3.13 0.39 >2.i 
21 > 25 >25 > 2 5  >23  
22 >23 6.23 0.78 >23 
3-Sitro-2-f uraiiacrylamidec 1.56 3.13 0.78 2 j 

. . .  . . .  . . .  . . .  

.ha15 ses 

N 
C, H, N 
C, H, pi 

'1. aerogenes 

10 
> 40 
> 3 
> 1 .36 

> 2 3  
> 2.5 
> 2 3  
>2.i 

. . .  

. .  

. . .  

. . .  

. . .  
>12.3 
>12 3 
>3.13 

2 .i 
3.13 

2 3 
2 .i 

>2.5 
> 2 5  

6 . 2 5  
3Iiiiimurn inhibitory concentration is the lowest coriceiitration of compound that preveiits visible growth after 48 hr of incubation 

c This compound (see structure below) is stroiiger thaii a t  37". * Could not' be tested due to low solubility in the common solvents. 

nitrofurazone in the in vitro activity. NO, ~ C H = C H C O N H ,  

pounds 1, 3, 5, 6, 17-20 possess high antibacterial 
activity; the excellent activity of 1, 17, and 18 against 
P. vulgaris is especially noteworthy; ( 2 )  insertion of a 
vinyl group between the two hetero rings enhances 
clearly the in vitro activity (compare 1, 3, and 17 with 
24, 25, arid 23) ; (3) there is no significant difference in 
activity betiveen amino compounds and their acetyl 
derivatives. 

Experimental Section 
The preparatioii giveii below are the representative of the pro- 

caedure indicated in Tables 1-111. 
2-Amino-4-chloro-6-methyl-s-triazine.-Alcoholic 12% piH3 

(18.5 g, 0.12 mole) was added dropwise over a period of 1.5 hr 
to a stirred solution of 2,4-dichloro-6-methyl-s-triazine (5  g, 0.03 
mole) in 70 ml of CsH6. After stirring a t  room temperature 
for 2.5 hr longer, the precipitate which had separated was 
collected and crystallized from CHC4, providing a white powder 
(2.5 g,  57YG). 
2-Chloro-4-dimethylamino-6-methyl-s-triazine.-Aqueous 207, 

SH(CHs).l (17 ml, 0.076 mole) was added dropwise over 1 hr to a 
stirrod soliitioii of 2,4-dichloro-6-methyl-~-triazine (10 g, 0.06 
 mol(^) in :L inixture of 70 nil of hltLpCO and 60 nil of HIO. The 

TAI~LE V 
In I'ifro A;V,riIi.\cmw.u. ~ ~ c r r v r n '  U P  

5-NI'rRoFuIiYL-s-'rRI.\ZI~ES 

--__ Min inhib concn, p g :  irilfL------ 

E.  coli  uureus aublil ia uulguris ( rem- 
KO. 0-55 20YP PCI  219 HS-IS  genes 

12. .i 12..i 2.i >2.i >2.i 
24 ) ) 2 . 3 50 25 
23 

25 > 20 > P O  1 >40 >40 
26 .i 0 10 2 , .i YJ .io 
5-Sitro-2- 

S. B. P. A .  

furanacryl- 
amideb 1 . .i6 3.13 0.78 2.i 0.2.5 
a X n i m u m  inhibitory colicelitration is the lowest coiiceiitra- 

tion of compound that prevents visible growth after 48 hr of in- 
cubation at  37". * See footnote c in Table IT. 

temperature of the reaction mixture was maintained below 5'. 
On adding KrC03 (4.2 g, 0.03 mole) under stirring, crystals began 
to separate immediately. After stirring at 0-5" for 1 more hr, 
the product was filtered off and recrystallized from RIe2CO- 
€120; white needles (7.8 g, 7 4 5 )  were obtained. 

2-Amino-4-dimethylamino-6-methyl-s-triazine7 (a).-l,l- 



1)irnethylbiguanide hydrochloride (3.4 g, 0.02 mole) \vas neutral- 
ized with nTa (0.46 g, 0.02 g-atom) in 35 ml of dry MeOH. The 
rtwilting SaCl was filtered, arid AcOEt (1.8 g, 0.02 mole) %-as 
iiitroduced and refluxed for 5 hr. Cooling gave colorless prisms 
(0.9 g, 30%) which were filtered off arid recrystallized (MeOH). 

The filtrate was evaporated to dryness, and the residue wv2i- 
iwrystallized from 3,IeOH to give colorless prisms melting :I{ 

219'. This compound was ascertained to be 1,l-dimethyl- 
bigrianide acetate, an authentic sample of which was obtained 
fri)ni 1,l-diniethylbigiiaiiide and .4cOII. And.  (C,H,jN&) C, 
11, N. 

(b) 2-Amiiio-4-chloro-6-methyl-s-triazine (2 g, 0.014 mole) was 
heated in alcoholic 20% 12ezSII (5 g, 0.02 m d e )  under pressure 
at 100" for 5 hr. The reaction mixture w:is evaporated to dry- 
nens, and the residue was recrystallized from MeOH t o  give color- 
less prisms (1.4 g, 6 5 5 ) .  

2-Amino-4-dimethy~a~ino-6-furfury~-s-triazine.-~n (0.27 g, 
0.012 g-atom) was dissolved in 40 nil of dry MeOH. 1,l-Di- 
nwthylbiguanide hydrochloride ( 2  g, 0.0 12 mole) was then added, 
the resulting NaCl  was filtered, ethyl 2-furylncetat,e i 1 . X  g. 
0.012 mole) T Y ~ . -  iiitroduced, and the mixture wah heated at refltix 
for S hr. I t  was then evaporated to  dryness and the residue was 
i,ruystallized (CsHti) to give white crystals ( 2  g, 76%). 

2-Amino-4-cyanomethyl-6-dimethylamino-s-triazine.-~o :I 
stirred siispension of 2-amino-4-chloromethyl-6-dimethylamino-s- 
triazine' (1.4 g, 0.0075 mole) in 100 ml of EtOH was added 
dropwise a solution of KCN (1.1 g, 0.008 mole) in 1 ml of 1320. 
After heating at  reflux for 4.5 hr, the reaction misture was 
w:tpor:tted to dryness. Cry,?tallizatioo from rlcOEt gave pale 
yellow crystals (1.1 g, 85%). 

2-Amino-4-dimethy lamino-6- [a-methyl+- (5-nitro-2-t'uryl i- 
vinyl]-s-triazine i5).-2-iiniino-4-dimethylamino-6-ethyl-s-tri- 
:izirie (3.1 g, 0.019 mole) was dissolved in 60 ml of AcOH iiicluding 
t i  nil of coriccntratcd H2SO4. Tu this solution 5-nitrofurfurnl 
( 2 . i  g, 0.019 mole) was added and heated a t  100' for 3 iir. The, 

reac:tiuri riiixt lire wits tliliit,ed with 200 ml of €i,O and the separated 
.sulfate was filtered off. The sulfate was neutralized with aque- 
ous IO' 1 SH, t o  yield free base, which was recrystallized f i , o m  
n-PrOI-I-lIesCO to give yellow prisms (1.5 g, 28%). 

2-Ethoxy-4-dimethylamino-6- [P-(5-nitro-2-furyl)vinyl] -s-tri- 
azine (14).-2-Ethouy-4-dimeth3;lamino-6-methyl-s-triazi1ie (2 g, 
0.011 mole) and 5-nitrofurfural (1.5 g, 0.011 mole) xere dissolved 
in  15 nil of hcrO and the solution was heated for 4 hr a t  around 
130'. On cooling, yellow crystals (1.19 g, 3:3yo) wparated. 
Crystallization (EtOH) gave yellow needles. 

2,4-Diacetamido-6- [a-ethyl-p-(5-nitro-2-furyl)vinyl] -s-tri- 
azine (21).-2,4-Diamino-6- [a-ethyl-p-(5-nitro-2-furgl)vinyll -s- 
triazine (0.2 g, 0.0007 mole) was heated under reflux with 5 ml of 
.\r?O for 1.5 hr. On cooling, the diacetyl compound (0.2 g, i 7 c b )  
wparated. Recrystallization (EtOH) gave yellow crystals. 

2-Acetamide-4-amino-6- [a-ethyl-p-(5-nitro-2-furyl)vinyil -s- 
triazine (201.--A solut,ion of 2,4-diacetamido-6[(a-ethyl-/3-(5- 
riitro-2-furyl)vinyl]-s-tria~ine (0.17 g, 0.0005 mole) in 20 nil of 
Il,O-DI\IF (1: 1) was heated a t  refllix for 16 hr. After cooling, 
the product was removed by filtration and purified by recrystal- 
lization from 1132F to give pale yellow needles (0.15 g, 94y0). 

2-Amino-4-dimethylamino-6-(5-nitro-%-furyl)-s-triazine (23). 
-.I soliition of 1,l-dimethylbiguanide (0.65 g, 0.005 mole) and 

riit~thyl 5-nitro-2-furoatc (0.86 g, 0.005 mole) in 20 ml of PrleOII 
\\-as allowed to stand a t  room temperature for 3 hr. The yellow 
product which separated was collected by filtration arid recrystal- 
lized from 3leOfI-I)JIF (1:3) to give yellow needles (0.5 g, 
41 r'  c).  
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