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Table I. Compar i son of Activit ies of d-, 1-, and 
(f / -a-Di-r t -heptylaminomethyl-6-bromo-9-
p h e n a n t h r e n e m e t h a n o l agains t P. berghei 

(1 
1 

dl 

160 mgAg 

23.2, 25.5d 

4.7,4.5 
9.9,9.9 

AMST"-0 

80 mgAg 

12.3,12.1 
3.5 
9.5,8.4 

40 mgAg 

9.1,9.5 
1.9,1.7 
7.9,8.1 

20 mgAg 

5.9,6.1 
0.7 
5.9,6.1 

"AMST is the mean survival time (days) above that for controls 
for an average of five mice at the concentration (mg/kg) given. 
When two sets of figures are given, such as 23.2, 25.5, the tests 
were repeated at a different time. "All compounds were tested as 
free bases. We have established that the free base and its hydro
chloride essentially have the same activity. ''All P. berghei tests 
were conducted by the Walter Reed Army Institute of Research. 
dThree cures for five mice. 

cally by Amaya. 0 T h e resolution from a chiral solvent as 
shown in th is pape r may be more pract ical and appl icable 
to o ther bulky racemates or diastereoisomeric salts which 
t end to dissociate easily. T h e mos t in teres t ing feature of 
the resolut ion is t h a t t he optically active salt did not crys
tallize in a 1:1 s to ichiometry of amine to acid bu t r a the r 
one amine to several molecules of acid. Th i s fact m a d e the 
resolut ion feasible. 

T h e Plasmodium berghei tes t in mice 6 gave the resul ts 
shown in Tab le I. I n t e rp re t a t ion m u s t be qualified because 
all forms are active, and differences are small. T h e d form 
appea r s more active t h a n dl which in t u r n appears slightly 
more active t h a n /. Th i s sequence suggests t ha t , if the in
te rca la t ion theory of activity applies,7 '8 t he s ide-chain fixa
t ion wrought by a m i n e - p h o s p h a t e b inding together with 
adjacent hydroxyl group hydrogen bonding to the 2-car-
bonyl group of a t hymine residue does no t wholly control 
the m a n n e r or p ro t rus ion of t he aromat ic group into the 
loop of t he helical D N A s t ruc ture , a t least as far as optical 
an t ipodes are concerned. 

E x p e r i m e n t a l S e c t i o n 

Stock Solution. The stock solution for resolution was a mixture 
of 200 g of d-tartaric acid, 200 ml of MeOH, and 90 ml of H 2 0, the 
total volume being 396 ml. The solution did not deposit crystals at 
room temperature but did become cloudy occasionally with the or
ganic base. In this case a few milliliters of a second stock solution 
(30 g of d- tartaric acid in 80 ml of MeOH) was used to clear the 
cloudiness. 

Recovery of Free Base from Salt. Since the rotation values of 
the base-tartaric acid salt were variable, the salt was reconverted 
to the free base in the following manner whenever rotations were 

T h e discovery t h a t l - [ (5-ni t rofurfuryl idene)amino]-4-
imidazol in-2-one ( l ) 1 is a degradat ive p roduc t of nifura-
dene 2 and t h a t it possesses an t ibac ter ia l proper t ies 

desired. The tartrate salt was dissolved in hot MeOH. The solution 
was partially cooled and strongly rotated while .concentrated 
NH4OH was added dropwise until strongly basic. Excess H2O was 
added and the heterogeneous mixture was heated on the steam 
bath to remove MeOH. The free base was extracted from the 
cooled aqueous mixture with CeH6. This solution was washed with 
H 2 0 , dried, and evaporated to give the crystalline free base. 

Resolution of a-Diheptylaroinomethyl-6-bromo-9-phenan-
threnemethanol. The dl base (27 g) was dissolved in 225 ml of the 
stock solution and held at room temperature until crystallization 
occurred, a time interval of several days to weeks. The crop was re-
dissolved in more stock solution (in the proportion above) and re-
crystallized, and this process repeated to give ever-diminishing 
amounts of crop 1. Crops from the mother liquor were taken also. 
Rotations (aD) of crops varied from +38.2 to +10.2°. The fifth 
crop, 3.82 g, was recrystallized from the stock solution and moni
tored as the free base, the weights and aD of which are shown. 

F r a c t i o n 1 0.65 +43.57° 
F r a c t i o n 2 0.95 +43.8° 
F r a c t i o n 3 0.45 +43.6° 
F r a c t i o n 4 1.5 +38.8° 

Fractions 1, 2, and 3 were combined and recrystallized from MeOH 
with just enough i-CaHyOH added to dissolve the base at the boil
ing point to give transparent plates: mp 51.5-56°; aD +43.6°; 
NMR spectrum identical with the dl base. The resolution perhaps 
could have been accomplished by the systematic triangular crys
tallization technique.9 

The crude I base from the mother liquors of the above recrystal-
lization was resolved in a manner similar to that of the d base ex
cept that /-tartaric acid was used as the resolving agent. The pre
sumably pure / base was obtained as a white powder: mp 55-58°; 
NMR identical with that of the dl base; aD 41° (1 g in 10 ml of i-
C3H7OH). The dl base was a white powder of mp 59-62°. 
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p r o m p t e d the synthesis of a series of subs t i tu ted deriva
tives of 1. 

Chemis try . T h e N- hydroxymethyl compound 2 was pre-

Substituted l-[(5-Nitrofurfurylidene)amino]-4-imidazolin-2-ones 

Har ry R. Snyder , Jr.,* and R a y m o n d F r e e d m a n 
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A series of l-[(5-nitrofurfurylidene)amino]-4-imidazolin-2-ones has been prepared. A new synthesis of 4-alkyl-l-[(5-
nitrofurfurylidene)amino]-4-imidazolin-2-ones involving the oxidative ring closure of 5-nitro-2-furaldehyde 2-(2-
hydroxyethylalkyl)semicarbazones is described. The in vitro testing of the compounds against a variety of bacteria is 
reported. 
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p a r e d by t rea t ing 1 with aqueous H C H O . T h e N - m e t h y l 
der ivat ive 3 was p repared by a sequence of react ions pre
viously r epor t ed for t he p repa ra t ion of l 1 bu t subs t i tu t ing 
t h e use of AT-methylaminoacetaldehyde die thylaceta l for 
aminoace ta ldehyde die thylaceta l . T h e 4-aryl compounds 4 
a n d 5 were p repa red by the acid hydrolysis of 1-acetamido-
4-(4-ni t rophenyl)-4- imidazol in-2-one 3 and l -ace tamido-4-
(4-chlorophenyl)-4-imidazolin-2-one, 3 respectively, in t he 
presence of 5-ni tro-2-furaldehyde. 

Since t he react ion sequence used to p repare 1 and 3 gave 
relatively poor yields, a new synthesis for t he p repara t ion 
of 4-alkyl derivat ives of 1 was desired. T o th is end, a me th 
od for t he oxidat ion of 5-ni tro-2-furaldehyde 2-(2-hydroxy-
ethylalkyl)semicarbazones (6, 8, and 10) to t he correspond
ing ketones was sought in t he expecta t ion t h a t subsequen t 
r ing closure to the imidazolones would occur. 

0,N C H = N N C 0 N H , 
DMSO 

* • 

Ac20, 

CH2CH(0H)R 50_60° 

6, R = CH:i 

8, R = C2H5 

10, R = n-C4H9 

0,N- CH-=NN—<==0 
I NH 

R = iCH3 

R = C2H5 

11, R = n-C4H9 

After several unsuccessful a t t e m p t s , t he desired oxida
t ion was accomplished by the m e t h o d of Albr ight a n d 
G o l d m a n 4 using a DMSO-AC2O mixture . Indeed , when 6, 8, 
a n d 10 were t r ea t ed wi th th is oxidat ion mix tu re , t he corre
sponding imidazolones 7, 9, and 11 were isolated in good 
yields. T h e physical cons tan t s for t he imidazolones are 
given in T a b l e I. 

S c r e e n i n g R e s u l t s . T h e l -[(5-ni t rofurfuryl idene)-
amino]-4-imidazol in-2-ones were screened in vi tro against a 
var ie ty of bacter ia according to procedures previously de
scribed.5 I t can be seen from Table I t h a t as a class t he 
alkyl compounds possess act ivi ty against gram-posi t ive and 
gram-negat ive organisms wi th bu t one except ion. All of t he 
compounds are inact ive against a s t ra in of Pseudomonas 
aeruginosa a t t he d rug levels tes ted . T h e 4-aryl compounds 
appea r to have min imal act ivi ty a t t he levels tes ted. 

A new synthe t ic rou te has been devised to p repare a se
ries of 4-alkyl- l - [ (5-ni t rofurfuryl idene)amino]-4- imidazo-
l in-2-ones. These compounds , which are homologs of a de-
grada t ive p roduc t of n i furadene, 2 possess ant imicrobia l ac
tivity. 

E x p e r i m e n t a l S e c t i o n 

The melting points were taken in an open capillary tube on a 
Mel-Temp melting point apparatus and are corrected. The physi
cal constants of all the final products are listed in Table I. 

l-Hydroxymethyl-3-[(5-nitrofurfurylidene)amino]-4-im-
idazolin-2-one (2). Compound 1 (89.0 g, 0.4 mol) was added to 
boiling 5% aqueous HCHO (3500 ml). The mixture was boiled for 
15 min, cooled, and filtered. An analytical sample was prepared by 
recrystallization from MeNC-2. 

l -Methyl-3-[(5-ni trofurfuryl idene)amino]-4-imidazolin-2-
one (3). This compound was prepared by the method previously 
described1 without isolating the intermediate as follows. To a solu
tion of acetone semicarbazone (115 g, 1.0 mol) in 2-ethoxyethanol 
(600 ml) was added iV-methylaminoacetaldehyde diethylacetal 
(147 g, 1.0 mol). The reaction mixture was heated at reflux for 6 hr. 
The solution was concentrated under reduced pressure and diluted 
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with Et2<3 until a precipitate formed. The solid (unreacted acetone 
semicarbazone) was removed by filtration and the filtrate was con
centrated under reduced pressure. The residue was added to 10% 
H 2 S0 4 (500 ml). A solution of 5-nitro-2-furaldehyde (113 g, 0.8 
mol) in absolute EtOH (500 ml) was added and the mixture was 
heated on the steam bath for 1 hr. The solution was chilled and fil
tered to yield 51 g. The product was recrystallized from MeN02 
(charcoal). 

l-[(5-Nitrofurfurylidene)amino]-4-(4-nitrophenyl)-4-im-
idazolin-2-one (4). To an aqueous MeOH solution of 5-nitro-2-
furaldehyde (28.2 g, 0.20 mol) was added l-acetamido-4-(4-nitro-
phenyl)-4-imidazolin-2-one3 (52.4 g, 0.20 mol). The mixture was 
acidified with concentrated HC1 and heated on the steam bath for 
2 hr. After chilling, the product was collected by filtration and 
dried to yield 58.0 g. The material was recrystallized from aqueous 
DMF (charcoal). 

In a similar manner, 5 was prepared from l-acetamido-4-(4-
chlorophenyl)-4-imidazolin-2-one3 and recrystallized from aque
ous DMF. 

4-Methyl-1 -[ (5-nitrofurf urylidene)amino]-4-imidazolin-2-
one (7). To a solution of 5-nitro-2-furaldehyde 2-(hydroxypro-
pyl)semicarbazone (6,8 37.0 g, 0.14 mol) in anhydrous DMSO (435 
ml) was added AC2O (290 ml). The mixture was stirred at 50° for 
18 hr and poured into a large volume of ice and water. The brick-
red precipitate was collected, washed with H2O, and dried to yield 
26 g. The product was purified by recrystallization from MeN02 
(charcoal). 

In a similar manner, 9 was prepared from 8 and recrystallized 

Ame thop t e r i n (Metho t rexa te , M T X ) is a p o t e n t inhibi
tor of dihydrofolate reduc tases from a var ie ty of sources.2 

Although the affinity of t h e enzymes for t he inhibi tor is 
qu i t e high, t he in terac t ion is noncovalent and p H - d e p e n -
den t . 3 These proper t ies have been exploi ted in n u m e r o u s 
s tudies in which radioact ive M T X has been used to de tec t 
and q u a n t i t a t e t he enzyme. We now wish to repor t t h e syn
thesis of a fluorescein derivat ive of M T X ( M T X - F ) which 
can be used as a visual label for dihydrofolate reduc tases 
and for M T X - t r a n s p o r t systems. 

Der ivat iza t ion of M T X was accomplished via one of t he 
t e rmina l carboxyl groups, since th is region of t he molecule 
is minimal ly involved in b inding to dihydrofolate reduc tas 
es. T h i s is shown by the fact t h a t var ious es ters and amides 
of M T X are only slightly less inhibi tory t h a n t h e pa ren t 
compound 4 ' 5 and by the successful use of M T X l inked 
th rough its carboxyl groups to soluble s t a rch 6 or Sephar -
o s e 7 - 9 in t he purif ication of these enzymes by affinity chro
matography . P r epa ra t i on of M T X - F was carr ied ou t in two 
s teps . Init ially, fluorescein isothiocyanate was t r e a t e d with 
excess of 1 ,5-diaminopentane in d imethy l sulfoxide and the 
resul t ing th iourea was purified by ch romatography on 
DEAE-cel lu lose . Homogene i ty was confirmed by th in- layer 

from MeNC>2. Material recrystallized from MeN02 formed a com
plex which was decomposed by drying at 70° for 2 hr. Compound 8 
was prepared by the method of Gever7 and recrystallized from 
aqueous EtOH (charcoal): mp 184.5-186°. Anal. (C10H14N4 06) C, 
H, N. Compound 11 was synthesized in the above manner from 10" 
and recrystallized from MeN02-
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ters te in for the p repa ra t ion of chemical in te rmedia tes . Mr. 
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ch roma tog raphy (TLC) on cellulose in two solvent systems, 
a n d the presence of t he remaining amino group was dem
ons t r a t ed by react ivi ty with n inhydr in . T h e infrared spec
t r u m indica ted a loss of t he character is t ic isothiocyanate 
peak a t 2100 c m - 1 . In the second s tep, M T X was allowed to 
reac t with 1 equiv of t he preceding p r o d u c t in t he presence 
of carbodi imide. T h e react ion mix tu re was chromato-
g raphed on AE-cellulose and elut ion was achieved with a 
l inear g rad ien t of a m m o n i u m bicarbonate . T h e major com
p o n e n t was purified further by p repara t ive polyacrylamide 
electrophoresis and r ech romatography on AE-cellulose. 
Acid prec ip i ta t ion afforded the desired p roduc t ( M T X - F ) 
as a yellow, amorphous solid. T h e pur i ty and au thent ic i ty 
of M T X - F was confirmed by the absorbance spec t rum, 
T L C , e lementa l analysis, and the ! H N M R spec t rum 
(which indica ted a 1:1 super imposi t ion of t he aminoalkyl-
fluorescein a romat ic p ro ton resonances on the a romat ic 
s ide-chain resonances of M T X in t he region 7-8 p p m ) . 

F rom the m e t h o d of p repara t ion and analyt ical da ta , it is 
concluded t h a t t he d i aminopen tane spacer group is l inked 
covalently to e i ther the a- or 7-carboxyl group of M T X . 
T h e na tu r a l occurrence of 7- l inked folate po lyglu tamates 
(reviewed by Wagner and Folkers1 0) a n d the large size of 

Synthesis of a Fluorescent Derivative of Amethopterin l a 
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Fluorescein isothiocyanate was treated with excess diaminopentane and the remaining unsubstituted amino group of 
the product was condensed, via a carbodiimide-promoted reaction, with a carboxyl group of amethopterin. The final 
product, a fluorescent derivative of amethopterin, was isolated by chromatography on AE-cellulose and preparative 
electrophoresis on polyacrylamide. It was shown to be homogeneous by analytical polyacrylamide electrophoresis and 
thin-layer chromatography. Proof of structure was provided by elemental analysis, absorbance spectra (at pH 7.0, 
<\max at 495 n m ; fluorescence emission at 520 nm), and JH NMR measurements. The fluorescent derivative of a-
methopterin inhibited transport of amethopterin into Lactobacillus casei and L1210 cells. It was also a good inhibi
tor of the L. casei and L1210 dihydrofolate reductases and could be used to provide a fluorescent label for the en
zymes during polyacrylamide electrophoresis. 


