
of tan solid, mp 234-235O.21 This material was suspended in 
20 nil of glacial HOAc and heated to 60" and 4.0 g (0.028 mole) 
of freshly distilled quinaldine and 5 ml of AczO were added. The 
mixture was heated at  reflux for 4 hr and cooled over a week-end, 
and 100 ml of Et20 was added. After filtering and drying, 
5 g (Sly{,) of product, mp 260-272', was obtained. il sample was 
recrystallized from EtOH-MenCO (1: l )  with added DXF to 
increase the solubility; mp 273-274". Anal. (CI,HI,S,OS) 
C, H, S, S. 

2- [2-(2-Amino-5-thiazolpl)vinpl]quinoline (31).--A suspension 
of 0.4 g (1.35 mmoles) of 15 in a mixture of 2 ml of glacial HO;Zc 
and 2 ml of concentrated HCI was heated at reflux for 2 hr to 
give a clear, dark solution. The solution was evaporated t o  
dryness, and the residue was dissolved in 100 ml of H20 and 
treated with saturated SaHC03 until gas evolution stopped. 
The precipitate was collected, washed (HzO), and dried to give 

(21) H. Taiiiyama, U.  Yaaui, and F, Iiioue [ J .  Pharm. SOC. Jap . ,  73, Z i t i  
(1953)l report mp 2Oi 'der .  

0.275 g (SOr c )  of yellow crystals, nip 244-246". Anal. (CI~HI I -  
NZS) C, H, K q  S. 

Attempts to convert the KHz group to NO2 by diazotization in 
the presence of Cu and excess S a S O ?  gave traces of a semisclid 
which had an ir spectrum showing S O ,  bands (1510 and 1340 
em-'), which was similar to the spectrum of 12. A virtually 
identical spectrum was obtained from a crude solid which had 
been isolated from an attempt t o  condense 2-nitro-5-thiazole- 
carboxaldehyde with quinaldine in refluxing HOAc-AczO. 
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Some 3-[(  5-nitrofurfurylidene)amino]h~clantoins and some S-ethor;ycarbonylamino acid nitrofurfurylidene- 
hydrazides have been synthesized for antibacterial screening. Improved procedures for the preparation of 3- 
aminohydantoins have been developed. 

111 view of the chemotherapeutic properties of 
1- [ (5-nitrofurfurylidene) amino Ihydantoins, we syn- 
thesized and screened several 3- [ (5-nitrofurfury1idene)- 
amino]hydantoins (I). Three examples of K-ethoxy- 
carbonylamirio acid hitrofurfurylidenehydrazides 
(11), open-chain forms of the hydantoins, were also 
prepared for antibacterial screening. 

The syiithcsis of several 5,3-disubstituted 3-amino- 
liydaritoins (IV) by heating aqueous solutions of 
S-carboxy-a-amino acid dihydrazides (111) a t  atmo- 
spheric pressure has been reported by Taub2 (method 
B) . 

I 5 
SHCONHNH, 0 

I11 IV 

Earlier, Schlogl, et al.,334 had found this method uii- 
satisfactory for the synthesis of monosubstituted hy- 
daiitoins; yields decreased as the size of the substituent 
decreased, and they were unable to prepare the unsub- 
stituted 3-aminohydantoin or its 5-hydroxymethyl 
analog. We also were unable to prepare either the un- 
substituted or the 3-methyl compound by heating 
aqueous solutions of dihydrazides. 

Nore recently another synthesis of 5,5-disubstituted 
3-aminohydantoin from 5,5-disubstituted hydantoins 
arid hydrazine hydrate was devised by Davidson.6 
The applicability of this method to the preparation of 
5-monosubstituted 3-aminohydaiitoins or to unsubsti- 
tuted 3-aminohydantoin was not mentioned. These 
methods, then, are of limited value for the preparation 
of 3-aminohydantoins. 

We have developed a reliable procedure for the prep- 
aration of 5-monosubstituted 3-amiiiohydantoins (IV, 
R1 = H), which consists of heating under reflux a dilute 
solution of the dihydrazide (111) in DLIF. The com- 
pounds prepared in this way are listed in Table I 
(method A4). This method is applicable for either large 
or small substituents, as well as the unsubstituted com- 
pound. 

Although the procedure of Taub2 \vas uwd for prepa- 
ration of the dimethyl aiid methylethyl compounds 
(Table I, method B), we fourid that the low yield of the 
latter compound could be doubled by a third procedure 
(method C).I This consisted of heating under reflw an 
ethanol solution of ethyl S-ethoxycarbonyl-m-iso- 

(3) I<. Schlogl and G. Korger, Monatsh.  Chem.. 82, i 9 9  (3933);  Chem. . Ibs t r . ,  

(4) I<. Scholgl, J. Derkosch, and E. Waaersich, Monatsh. Chem.. 85, G O 7  

( 5 )  J .  5 .  Davidbon, J .  Chem. Soc., 4646 (1964). 

(1) (a) M. AbramsandB.  Prophete, 211issouri M e d . ,  51, 280 (1934); (b) K. J. 
Hayes, U. S .  Patent 2,610,181 (1952); Chem. :lbs!r., 47, G98Oi (1953); (c) J. G. 
Jlichels, U. S.  I'atent 8,073,973 (1963). 

(2) VV. Taub. U .  S. I'atent 2 , 7 D 7 , l 9 3  (1956); Chem. d b s t r . ,  51, 5841h (1957). 

47, 75lla (1953). 

(1934); Ciiem. dbsir . ,  49, 9 j l l d  (1955). 
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spectra6 of all products (Tables I and 11), with absorp- 
tions a t  5.60-5.65 and 5.80-5.85 1 assigned to the car- 
bonyl groups. 

The compounds in Table I1 mere screened for anti- 
bacterial activity by reported methods.' l l o s t  of the 
hydantoins I showed slight i u  vitro activity against 
gram-posit ive and gram-negative organisms. Tery 
limited activity was observed for these compounds (I) 
\Then tested against SalmoTiella typhosa and Staphylo- 
coccus aureus infections in mice. 

The 54trofurfurylidenehydrazides I1 showed slight 
to fair in vitro antibacterial activity, with limited 
activity against Salmonella typhosa and Staphylococcus 
aureus infections in mice. These compounds I1 ex- 
hibited parasiticidal activity8 in chicks against Eimer ia  
teriella arid Histomorias meleagridis when mixed in feed 
at  0.001 arid 0.002% of thc ration, by the method of 
Johnson . g  

In conclusion, the antibacterial properties of both the 
3- [ (5-nitrofurfurylidene)amino]hydantoins (I) and the 5- 
nitrofurfurylidenehydrazides (11) were inferior to those 
of the 1- [ (5-nitrofurfurylidene) amino Ihydantoins. lo 

Experimental Section 
3-Aminohydantoin (Method A).--A mixture of S-carboxy- 

glycine dihydrazide (70 g, 0.48 mole) and D,MF (2290 ml) was 

(6) L. J. Bellamy, "The Infrared Spectra of Complex RIolecules," 2nd ed, 
John Wiley and Sons, Inc., New York, N. Y., 1958, p 221. 

(7) F. F. Ebetino, W. F. Care)., and B. F. Stevenson, J .  M e d .  Chem., 6 ,  633 
(1963). 

(8) G. C. JVright, U. S. Patent 3,096,347 (1063); Chem. Abstr., 60,  66Oh 
(1964). 

(9) C. A. Johnson, Poullry Sei., 39, l O i 6  (1960). 

heated to boiling in 0.5 hr, with mechanical st'irring. The react'ion 
solution was refluxed for 2.8 hr. The solution was evaporated 
under reduced pressure, and the solid residue was washed with 
EtOH (50 ml). Recrystallization from 25% EtOH (185 ml) 
gave white crystals. 

3- [(5-Nitrof~rfurylidene)amino]hydantoin.-~4 solution of 5- 
nit,ro-2-furaldehyde (47.0 g, 0.33 mole) in Et,OH (350 ml) was 
added gradually to a solution of 3-aminohydantoin (38.4 g, 
0.33 mole) in HzO (500 ml) at 25", with mechanical stirring. The 
mixture was stirred for 1.3 hr, then cooled in an ice bath. The 
resultant pale yellow, crystalline solid was collected and washed 
(HzO), mp 217-222", yield 33.8 g. A second crop (34.9 g, 
mp 223-225') was isolated. The combined product was recrystal- 
lized from 1\IeX02 (1800 ml). 

5-Ethyl-5-methyl-3-aminohydantoin (Method C).--.1 solution 
of ethyl S-ethoxycarbonyl-Dcisovalinate (250 g, 1.15 moles), in 
hydrazine hydrate (570 ml, 11.4 moles) and EtOH (3300 ml), 
was refluxed for 82 hr. The solution was evaporated under 
reduced pressure, and the semicrystalline residue was triturated 
with Et20 (400 ml). The filtered product, mp 120-140") was 
washed with EtZO. Recrystallization from a mixture of Hz0 
(4 ml) and EtOH (120 ml) gave a white, crystalline solid. 

5-Ethyl-5-methyl-3- [( 5-nitrofurf'urylidene)amino] hydantoin 
was prepared by the same procedure as described for 3-[(5-nitro- 
furfury1idene)aminolhydantoin. 

N-Ethoxycarbonylglycine 5-Nitrofurfurylidenehydrazide.--- 
To a solution of ,"-ethoxycarbonylglycine hydrazide (40.5 g, 
0.25 mole) in 505, EtOH (100 ml) was gradually added a solution 
of 5-nitro-%furaldehyde (35.0 g, 0.25 mole) in EtOH (100 ml). 
The product was collected and washed with 70% EtOH; mp 
174-176", yield 66.2 g (937,). Recrystallization from EtOH 
(3600 ml) gave yellow crystals. 

Acknowledgments.-The authors wish to thank Mr. 
Grant Gustin and Mr. Marvin Tefft for the elemental 
analyses, and Mr. Raynrorid Freedman for the micro- 
biologic testing data. 

(10) 6. bfintzer, E. R. Kadison, W. H. Shlaes, and 0. Felsenfeld, Antibiot. 
Chemotherapu, 3. 131 (1953). 
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-1 series of 1,2,4-ouadiaLolylpyridinium quaternary salts has been synthebiLed. These compounds dibplay 
interesting hypoglycemic activity in mice. 

44 3(5)-Pyrazol>l]pj ridinium salts (1, for instance) 
have been found to displal interesting oral hypoglycemic 
activity in alloxan-diabetic mice.' As an initial develop- 
ment of this lead, the p j  razole ring was replaced by aii 
isoxazole ring t c  obtain some novel isoxazolylpyridiiiiuni 
salts2 which also exhibited interesting hypoglj cemic 
activity in laboratory a n i ~ n a l s . ~  l-?vlethyl-4-(3-meth~ 1- 
5-isoxazol> 1)pyridinium chloride (2) has been chosen for 
extensive evaluation as a potential antidiabetic agent.4 
As a further development of the lead, we now describe 

(1) V. J. Bauer, H. P. Dalalian, W. J. Fanshawe, S. R. Safir, E .  C. Tocus, 

(2) V. J. Bauer, \T. J. Fanshawe. H. P. Dalalian, and S. R. Safir, ibid., 11, 
and C. R. Boshart, J. M e d .  Chem., 11. 981 (1968). 

984 (1968). 
3) D. A.  Blickens and S. J. Riggi, Tosicol. i l p p l .  Pharmacol.. in press. 

(4) S. J. Riggi, D. A.  Blicliens, and C. R. Boshart, Diabetes. 17, 646 (1968). 

the s j  nthesis and hypoglycemic activity of a number of 
new 1,2,4-oxadia~olj lpj  ridiriium salts, 5 ,  for instance. 

CH, 
C1- 

1 2 

The slnthesis of uiisyminetrically substituted 1,2,4- 
oxadiazoles by the condensation of an amidoxime with 
XczO has been d e ~ c r i b e d . ~ , ~  Thus the reaction of X c 2 0  
with isoiiicotiiiamidoxime (3)7 provided 4-(5-methj 1- 

( 5 )  F. Tiemann, Ber., 17, 126 (1884). 
(6) K. Clarke, J .  Chem. Soc., 4231 (1934). 
(7) E. Bernabeli, J .  Org. Chem., 22, 1263 (1957). 


