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is apparent. Whether treatment with 5 X 0.1% solution or 
3 X 1% solution is concerned, a coefficient of about 0.17 is 
obtained. This means that in each of the experiments 
evaluated, the activity of the ethanolamine salts is about 
50% higher than that of the corresponding free acids (the 
antilogarithm of 0.17 is 1.47). 

If the general term "activity" has been used so far, this— 
strictly speaking—is not quite correct. Defined precise
ly, one ought to state that the rate-determining step in 
the mechanism of action of this experiment is controlled 
exclusively by the parameter ir. 

However, in this relatively simple animal model only 
the penetration into the stratum corneum can be thought 
of as the rate-determining step. 

We have no satisfactory mechanistic explanation at the 
moment as to why the activity of a compound can be in
creased by about 50% if it is used not in its free form but 
as the ethanolamine salt. A possible explanation would be 
that there is an influence by the ethanolamine on environ
mental factors in the area of infection or on the motility of 
the compounds in the aqueous epidermal layer. 

Acknowledgment. We are indebted to Professor von 
Wasielewski and D. M. Vanderbeke for stimulating dis
cussions of these results. 
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1. X = H, alkyl; n = l-5 

On the basis of Despopoulos's general formula 1, we 
embarked on the synthesis of the nitrofurans 2-4 contain
ing those groups considered essential for tubular excretion 
(Chart I and Table I). Since the acids 3 and 4 were syn
thesized via their esters, the latter compounds were in
cluded for comparison. 

Chart I 

0,N—i, )—CNHCHoCOOH 
0 || 

O 

2 

0,N—<!^—(CH=CH)„—^ r)=0 
N-NCH,COOR, 

X' 

0 NCHXOOR, 
0,N—^ > - C H = < , ^ = 0 

O S 

in N-N ir\ N-NCH) 

O..N—I )—i. )—NHNO, 0,N—I )—i. J—NHNO, 
O Y " " O N 

CH, 

CXN—< )—4>„)—NHNO, 

Nitrofurans with High Renal Excretion 

Eva B. Akerblom 

Department of Organic Chemistry. Pharmacia AB, Sweden. 
Received January 8, 1974 

During the last 20 years a considerable number of nitro
furans with high antibacterial activity have been synthe
sized, but only a few of these are found to be excreted in 
the urine in an antibacterially active form.1-2 Nitrofuran
toin is one example of a nitrofuran compound with a high 
urinary excretion. This may partly be ascribed to its tu
bular excretion.3-4 Other urinary tract antibacterial 
agents of sulfonamide3 and penicillin6 type are also ex
creted tubularly. To obtain new urinary tract antibacteri
al nitrofurans, therefore, it would be advantageous to syn
thesize nitrofuran compounds which are likely to be ex
creted in the tubules. 

Despopoulos has systematized various compounds hav
ing a renal tubular excretion similar to that of 4-amino-
hippurate.7 All these compounds are acids. The renal tu
bular excretion transport of these organic acids is de
scribed as a substrate-specific process involving an inter
action between a transported anion and a receptor mole
cule in the renal cell. Despopoulos gave the general struc
tural requirements (structure 1) for compounds with tu
bular excretion. The two oxygens of the carboxyl group 
and the oxygen of the carbonyl group were assumed to be 
essential for the three-point contact with the receptor. 

X = O, S, NCH3; Y = NH, NCH3, S; R, = H, ethyl 

In addition, a series of nitrofurans with a nitroamino 
group (5-7) was synthesized since we had found earlier 
that 4-methyl-3-nitroamino-5-(5-nitro-2-furyl)-l,2,4-tria-
zole (5b) is excreted tubularly (Chart I and Table I).8 The 
antibacterial activity in vitro and the urinary excretion of 
the new nitrofurans 2-7 were examined. 

Synthesis and Chemical Data. The nitrofurans 3 and 4 
were synthesized from the corresponding nitrofuran com
pounds in which the heterocyclic ring had a NH adjacent 
to the C = 0 group. The sodium salt was prepared and 
then allowed to react with ethyl chloroacetate or ethyl 
bromoacetate. The ester group was then hydrolyzed in 
concentrated H2S04-formic acid. The nitrofurans 5-7 
with a nitroamino group were obtained by nitration of the 
corresponding amino compounds.8 

The pKa values of the acidic nitrofurans were deter
mined by potentiometric titration and are reported in 
Table I. All the nitrofurans 2-7 were stronger acids than 
nitrofurantoin and exist at physiological pH (7.2) mainly 
as anions. 

Biological Data. I. Antibacterial Activity in Vitro. 
The minimal inhibitory concentrations (MIC values) of 
the nitrofurans 2-7 against Staphylococcus aureus, fi-hae-
molytic streptococcus, and Escherichia coli were deter
mined by the twofold serial dilution technique.9 Further
more, some of the nitrofurans were tested using the same 
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technique against Trichomonas vaginalis. As the repro
ducibility of the MIC values in this test was unsatisfacto
ry, the activity is expressed in relation to that of furazoli
done in the same test (MIC value of furazolidone/MIC 
value of nitrofuran). The MIC values of nitrofurantoin 
were included for comparison (Table I). 

The antibacterial activity of the new nitrofurans was 
low. The esters were more active than the acids. Against 
Trichomonas the esters 3c, 3e, and 4a show very high ac
tivity, but this was lost when the ester was hydrolyzed to 
the corresponding acid. 

Our results are in accordance with the earlier observa
tions10-13 that the antibacterial activity, especially 
against gram-negative bacteria, is strikingly decreased 
when nitrofurans are substituted with acidic groups. This 
may be due to an inability of the nitrofurans to penetrate 
bacteria as anions. Nitrofurantoin is a weaker acid than 
the nitrofurans 2-7 and is only partly dissociated at physi
ological pH (7.2). 

II. Urinary Excretion in Dogs. The peroral absorption 
and the urinary excretion of the nitrofurans 2-7 were test
ed in dogs. A single dose of 5 mg/kg was given orally and 
the total urinary excretion was measured for 0-6 hr, using 
a polarographic assay technique.14 This method measures 
the total amount of nitrofuran compounds excreted in the 
urine as a sum of the parent nitrofuran compound and all 
possible metabolites containing an intact nitrofuran 
group. 

For studying tubular excretion probenicid (100 mg/kg) 
was administered together with the nitrofuran compound. 
Probenicid is known to block the acid transport system in 
the renal tubular cell.15 The excretion data are reported 
in Table I and nitrofurantoin is used as a reference sub
stance. 

Five (2, 3b,d,f,h) of six nitrofurans with the essential 
groups for tubular excretion showed a very high excretion, 
20-62%. Further, their excretion was blocked by probeni
cid, indicating a tubular excretion. Two of the esters, 3a 
and 3e, also showed a high excretion, 66 and 34%, respec
tively. However, no unchanged ester compound could be 
demonstrated by tic in dog urine. Probably, 3a and 3e 
were rapidly hydrolyzed in the body. However, probenicid 
did not block the excretion of 3a. The reason for this is 
unknown. 

4a has the essential groups for tubular excretion but is 
not excreted in the urine. This fact may be due to poor 
absorption of 4a from the intestinal tract. Neither are 
other nitrofurfurylidenethiazolones excreted in the urine.t 

The nitrofurans 5-7 were excreted over a longer period 
than the nitrofurans 2-4. In some cases the excretion still 
continued after 6 hr. The excretion values of 5-7 are 
therefore minimum values and might have been a little 
higher if the collection time had been longer. Three of the 
five nitroamino compounds, 5a-c, showed a higher urinary 
excretion than nitrofurantoin. The excretion of 5b,c was 
blocked by probenicid. However, the excretion of 5a, 6, 
and 7 was not blocked by probenicid. 

The blocking of the excretion of 5b,c by probenicid in
dicates a tubular secretion of these compounds but further 
studies are required to confirm this. 

Conclusions 

Despopoulos's general formula 1 for compounds with tu
bular excretion has been found to be valid for nitrofurans 
even when essential structural elements shown in 1 are in
corporated in a heterocyclic ring. Certain nitrofurans with 

tE . Akerblom, personal communication. 
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a n i t roamino group are also rap id ly excreted, p robably by 
the t u b u l a r acid t r anspor t sys tem. 

I t has been possible t o design n i t rofurans wi th a h igh 
ur inary excretion which is p robably due to t u b u l a r secre
tion. The i r h igh u r ina ry excret ion, which is superior to 
t h a t of ni t rofurantoin , ind ica tes good peroral absorpt ion 
and slow metabol ic inac t iva t ion . Excre t ion by the t u b u 
lar acid t r anspor t sys tem requires t h a t the ni t rofurans are 
acids. However, acidic groups decrease the an t ibac te r i a l 
act ivi ty , especially aga ins t gram-negat ive bac ter ia . Al
though ni t rofurantoin is also an acid, it is too weak to be 
complete ly dissociated a t physiological p H , which m a y 
explain its high an t ibac te r i a l ac t iv i ty . W h e t h e r it is possi
ble to design ni t rofurans wi th t u b u l a r excret ion and a 
higher an t ibac te r i a l ac t iv i ty t h a n ni t rofurantoin, or 
whe ther the o p t i m u m has been a t t a i n e d wi th ni t rofuran
toin, has yet to be es tab l i shed . 

Exper imenta l Sec t ion 

The structures of all compounds were assigned on the basis of 
compatible ir, nmr, and mass spectra and satisfactory analyses. 
The melting points are uncorrected. All compounds were ana
lyzed for C, H, N, and S and the analytical results were within 
±0.4% of the calculated values. 

Chemistry. Method A. Synthesis of 3a,c and 4a. Starting ma
terial for the synthesis of 3a was 4-methyl-5-(5-nitro-2-furyl)-
l,2,4-triazolin-3-one,8 for 3c 5-(5-nitro-2-furyl)-l,3,4-thiadiazolin-
2-one, and for 4a 5-(5-nitro-2-furfurylidene)thiazolidine-2,4-
dione.17 The sodium salts of the starting materials were prepared 
by adding 0.05 mol of sodium methylate dissolved in 30 ml of 
DMF to a mixture of 0.05 mol of the starting material and 40 ml 
of DMF. To the sodium salt 5.3 ml (0.05 mol) of ethyl chloroace-
tate was added and the mixture was heated at 90° for 2 hr. DMF 
was then evaporated in vacuo and the residue was treated with 
water. A crude product precipitated. 3c and 4a were recrystal
lized from ethanol. Repeated recrystallizations were required to 
obtain 4a in pure form. 3a was purified from the starting material 
by dissolving in acetone. The starting material was then removed 
by filtration. The acetone solution was evaporated and the resi
due recrystallized from water to give pure 3a. 

Method B. Synthesis of 3e and 3g. The starting material for 
synthesis of 3e was 5-(5-nitro-2-furyl)-l,3,4-oxadiazolin-2-one18 

and for 3g 5-(5-nitro-2-furyl)vinyl-l,3,4-oxadiazolin-2-one.19 The 
sodium salts of the starting materials were prepared by dissolving 
0.025 mol of the starting material in 40 ml of DMF and then add
ing in portions 1.2 g (0.025 mmol) of NaH (dispersed in oil) over a 
period of 45 min at 10-15°. To the sodium salt, 4.2 g (0.025 mol) 
of ethyl bromoacetate was added dropwise. The reaction solution 
was stirred for 3 hr at room temperature and then poured onto 
200 g of ice. The product precipitated and was filtered and recrys
tallized from ethanol. 

Method C. Synthesis of 3b,d,f,h and 4b. 3a,c,e,g and 4a were 
hydrolyzed by adding 0.007 mol of each to a mixture of 0.4 ml of 
concentrated H2SO4 and 18 ml of HCOOH and heating the mix
ture at 70-80° for 24 hr. The solution was then cooled and 3d,h 
and 4b precipitated. 3b,f were obtained by evaporating the 
HCOOH in vacuo. 3b,d and 4b were recrystallized from water, 3f 
from ethyl acetate-CCU, and 3h from acetonitrile. 

Method D. Synthesis of 5a-c, 6, and 7. For synthesis of 5a the 
starting material was 3-amino-5-(5-nitro-2-furyl)-l,2,4-triazole, for 
5b 3-amino-4-methyl-5-(5-nitro-2-furyl)-l,2,4-triazole, for 5c 2-
amino-5-(5-nitro-2-furyl)-l,3,4-thiadiazole, for 6 3-amino-2-
methyl-5-(5-nitro-2-furyl)-l,2,4-triazole, and for 7 3-amino-l-
methyl-5-(5-nitro-2-furyl)-l,2,4-triazole.8 The starting material 
(0.01 mol) was added in small portions to a mixture of 0.7 ml 
(0.01 mol) of concentrated HNO3 and 6 ml of concentrated 
H2SO4 at 0° over a period of 20 min. The mixture was stirred for 
another 60 min at 0° and then poured onto ice. The product was 
collected by filtration and 5a and 7 were recrystallized from 
methanol, 5b from ethanol, and 6 from ethanol-DMF. 5c was re
crystallized from methanol-DMF and then reprecipitated in 
water. 

iV-(5-Nitro-2-furoyl)glycine (2). Glycine (34 mmol) was dis
solved in 75 ml of water and pH was adjusted to 8.5. A solution of 
6 g (34 mmol) of 5-nitro-2-furoyl chloride in 14 ml of dioxane was 
added dropwise to the above solution at room temperature over a 
period of 35 min. The pH of the solution was kept at 8.5 by con

tinuous addition of diluted NaOH. The reaction was completed 
by stirring for 1 hr. The reaction solution was acidified with con
centrated HC1 to pH 0.5 and extracted with ethyl acetate. The 
ethyl acetate phase was collected, dried, and evaporated to give 
6.1 g of crude product. This was recrystallized from ethyl acetate: 
yield, 3.0 g of 2. 
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Potent ia l Ant icancer A g e n t s . 10. S y n t h e s i s of 
A44-[ [ (2 ,4-Diamino-7-pter idyl )methyl ] - iV 1 0 -
methylamino]benzoy l ]g lutamic Acid 
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Georgeta Botez, Vasile Dobre, Ralph Bick.t and 
Ion Niculescu-Duvaz* 
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Hobart, Australia. Received December 6, 1973 

N-[4- [ [ (2 ,4-Diamino-6-p te r idy l )methyl ] -A r l 0 -methylami-
no]benzoyl]glutamic acid (I, M e t h o t r e x a t e ) , synthesized in 
1949 a t t he Amer ican C y a n a m i d Co. , 1 proved to be one of 
the powerful inhibi tors of dihydrofolate r educ ta se 2 and a 
very effective an t i cancer agen t . 3 In order to explore th i s 
s t ruc tura l area, we decided to prepare one of its closely 
re la ted analogs, t he 7-isomer II. 

T h e original procedure for the synthesis of I1 involved 
the condensa t ion in aqueous m e d i u m ( p H 3-3.5) of 
t e t r aaminopyr imid ine (III) wi th t he sodium sal t of TV-[4-
( iV-methylamino)benzoyl]glutamie acid and 1,2-dibromo-
propiona ldehyde . In a l t e rna t e routes of synthesis , the use 

tDepartment of Chemistry, University of Tasmania. 


