
Nitrofuryl Heterocyclics. 1 

A senrcli for I~PIV chcmotherapeutic riitrofuraiih led to 
an irivrstigatioii of hydantoins I and hpdrourncils 11. 

Thc preparation of the intcrmcdintc urea$ I11 from 
?--timi rio-l-(T,-iiitro-"furyl) thiazole? :ind :ic>-l isocya- 
n:ttcls, the cyclization of haloacyl ureiis (111; R = 
h:iloallcyl) to tlie corresponding Iiydantoini or 1iydrour:t- 
cilq I or 11, :md the iubsequent nlkylatil)n of thehe ( to  
IT') arc clc~crihed in the Experimci1t:d Section. 

Experimental Section3 
The physicd properties of the ciimpcriitrtl.: preptired are  UJI- 

lected ill Tables I, TI, aiid 111. 
1-Substituted 3-[4-(5-Ntro-2-furyl)-2-thiazolyl]ureas (Table 

[).---The appropriate ac*yl isocyatiate4 (loc; escses.) it1 T I I F  
(20 ni l )  wtis atldetl dropwise to :+ ,siispeii;iciti of 2-amiir11-4-(3-tiit1.i,- 

2--iiir).l~thiazole' i4 g )  in TLIF (40 inl) :ur ( I  the inisiure \%-a. stirwil 
1 ..i hi, Ht rooin teinperat,ure [refluxed 1.5 hr with ~-tiinitriJ-.-j-i~il 1'0- 

445-iti1 ro-2-friryl)tliiazoles], The pi'oduc:t wfis  filtered of'l. w:isht~l  
I  Hd)), and recryst,alliaed. 

1 - [4-(5-Nitro-2-furyl)-2-thiazolyl] hydantoins and -hydroura- 
cils (Table II).-XafI (S0';h dispersion in oil; 0.03 mol) w:~s 
added iii porti(~iis to a st,irred suspension of a l-f% o r  3-h:tlo:tcyl i- 
~3-[4-(.i-nitro-3-frir~-l)-%-thiazolyl]iirea (0.03 mol) in DlIF (75 1111) 

:It 0°, :tiid the mixture was stirred a t  rooin t,eniperat,ure i u i t  il  
iieutral (time and temp are given in Table 11). Acirlificatioit 
(AcOII)  arid dilution with HZ0 afforded the protluci, which w:i: 
filtered off, x-ashed (1120), aitd recrystallized. 

3-Substituted 1-[4-(5-Nitro-2-fury1)-2-thiazoIyl] hydantoins 
and -hydrouracils (Table III).---NaII (50cG dispersion in oil: 
0.01 mol) wan :&led iii por t io i i~  t o  R suspension of the hycl:~rrtc~iii  
or 1iydri)iu.iicil (IV; It = 11) (0.01 mol) in  1)lIF (2:  i n l ) ,  foll~rwvt~ti 
1):. the a1kyl:ttiiig agetit (0.011 mol). The mixtnie wis st it,twl 
n t i t i l  neutral (iinie :tiid temp are giveit iir Table 1111, tLc.idifitd 
( AcOIT), and tliliited with H20.  The prodiic:l w:ts c~)llrct c ~ l ,  
i w ~ h e t l  with H,O. anti 

Screening Results. i~oinpoiiiid~ WIY tt+ietl 
i tL i:itro against :L vwiely of bacteria according to  procetliii,t+ 
tlewt,ibed previoii-;ly, It c:m be seen from Table IT-; that most of  
t,he compoimds posse ict,ivity agaiiisi Stuphylococms ( L I I W U S  arid 
S/rcpfor.occiis p!/oyrn Of the acylureas 111, highest in t'iti,o 
act ivitg w a s  obsxved flJr the bromoacetylureti 2; this derivst ivr 
: ~ * I I  had the brcctdest spectriini of activity. Increasing the :wy1 
chain leigth. o r  repl:tc*enie~it~ r b)- CI 01' r3 r e d ~ e d  rhe atiii- 
1)wteri:il activity. For the zed produc.is i,I, 11, :illd I\'), 
grerttwi xvtivity wa.. I 'oiitid i n  hyd:ititoiii 13. Espuiisioit of i l i e  
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( 1  I TG whom all inquiries should be addressed.  
I % )  IV.  K. Sherman and D. E. Dickson, J .  OTQ.  Chem.,  27, 1351 ( i Y 6 2 ) .  
r3) Melting points are corrected, and were determined in a capillary 

I I I I , P .  Analytical resulm were obtained for ( ', H, and N for  all compoundt;. 
ami ,  iinlens otherwise stated,  vere  within i O.-r%;, of t h e  dieoretical values. 

14)  X P K  isocyanates were prepared by tlie method of .I. ,J. Speziale ani1 
1.. li. dmitli 1.1. 0 ~ y .  Chrm.,  27, 3712 (1902) I and were u s e d ,  after distillation 
on tire aspirator and  measurement of ir  spccrra, nitliout further rlrararterirs- 
tion. 



TABLE I1 
1-[4-(.?-NITRO-2-FL?RYL)-2-THI.ZZOLYL] HYD.ZNTOINS AND -HYDROUR.ZCILS (I AND 11) 

NO? yJr&+O 
0-C-NH 

Reaction 
Recrystn t ime (hr),  Yield 

Compd .4 R '  hfp ("Cj solvent" temp ("C) (5%) Formula 

12 (CH,)? H 298 dec A 0.5,  20 96 CiiHsSaO3 
1 3 CHJ H 278-280 A 1, 40 53 CioHsN4O,S 
14 CXIe? H 29.5-296 dec B 3, 100 83 CirHioY'40,S 
1 .i CHEt H 238-239 A 3 ,  20 48 CiPHioNiOiS 

308-309 dec B 1 . 5 ,  20 90 CIiHiN ,OiS. HCON(CHy)$ 10 (CHI)* NO, 
4 A,  AcOH; R,  IINF. h C.  calcd, 39.4; found, 38.9. 

TABLE I11 
3-SUHSTITUTED 1-[4-(~-NITRO-2-FURYL)-2-THI.iZOLYL] HYD-ZNTOINS ZND -HYDROUR.ACILS (11') 

NO2 Q+&'A'T=O 

O=C-N-R 
Reaction 

Recrystn t ime (hrj, Yield Alkylating 
Compd A R agent, M p  ("C) solvent" temp ("C) (5%) Formula 

17 (CHI), Et Et,I 238-240 dec A 1, 3.i 8'2 C13HirN408 
18 CH2 ?I1 e Me1 234-236 .4 1, 40 72 CiiH,N,OjS 
19 (CH,), 3Ie Me1 276-277 dec A 1, 40 61 C I ~ H ~ O N ~ O ~ ~ ~  
20 CH? Et, EtBr 236-239 A 3 ,  40 3 8 CI,HioX;,OjS 
21 (CH?)? n-Pr n-PrBr 210-212 h 4,  40 68 CirHiaN,OjS 
22 CH, CHzCONRle? BrCHrCOh'RIe$ 261-263 dec A 4, 40 26 C ~ ~ H ~ ~ X B O ~ S  

,5 ,  40 41 CIGHiiNjO& 23 CH2 CHZCONEt,, BrCHQCOSEtnb 237-239 dec A 
24 CH,z CHZCO2Et BrCH,C02Et, 176-178 A 4,  40 37 Ci4Hi,N,OiS 
2 ;i CH2 CHSCOXH, BrCHZCOKHp 291-293 dec B 4 ,  40 36 Ci,HsSjOsS 
26 CHI CH,CH=CH? BrCH,CH=CH? 161-163 C 4, 40 36 Ci3HioN408 
27 CH, CH~CSCH BrCH&=CH 219-221 dec C 4 ,  40 13 Ci3H,X;,OjS 
a A, AcOH; B, DRIF; C, aq IIhIF followed by hot H 2 0  wash. 6 W. E. Weaver and W, >r. Whaley, J .  .4mw. Chem. Soc., 69, .il.5 

(1947). C:  cslcd, 46.4: found, 45.8. d N:  calcd, 17.4; found, 16.9. e C: calcd, 46.7; found, 46.2. 

TABLE IV 
In Vitro ANTIBACTERIAL ACTIVITY OF 1-27 

7- __ Minimum inhibitory concentration, pgiml" ---7 

Staphylococcun Mycobacterium Escherichia Streptococcus Salmonella Shigella 
aureus tuberculonis coli  pyogenes typhimurium sonnei 

Compd UC-76 HsiRr VOGEL C-203 r-3 1 c-10 

1 0.31 >20 5 0.63 10 10 
2 h  < 0.08 >20 1 .25  <o.  08 1.2.5 2 . 3  
3 0 .63  >20 20 2 .5  20 >20 
4 0.08 >20 1 .25  0 .31  1.2,5 1 .25  

> 20 >20 
1 10 

ii 0.16 >20 20 0.31 
7 0 .31  > 20 2 .5  < O .  08 
9 5 20 20 0 .31  20 20 

11 10 > 20 >20 1.25 >20 >20 
13 < 0.08 >20 2 .5  < O .  08 1 .25 2 .5  
14 1.23 1 .23  20 0.08 20 >20 
1 .5 2 . 5  5 20 0 .08  10 >20 
16 1 .2r) >20 >20 0 .63  >20 >20 

0 .63  >20 >20 0.63 > 20 >20 
1 10 >20 1.23 >20 >20 

17 
18 
19 1 .2.5 >20 >20 0.31 > 30 >%0 
20 0.16 >20 >20 <0.08 > 20 >20 
21 0.63 > 20 >20 0.08 >20 >20 
22 0.31 0 .31  20 <0.08 20 > 20 
23 1.25 > 20 > 20 <o.  08 > 20 > 20 
24 >20 0.10 > 20 >20 > 20 >20 
2 F, 0.16 > 20 10 <0.08 20 > 20 
26 < 0 .08  0 .63  > 20 <0.08 >20 > 20 
27 < 0.08 >20 >20 0.08 >20 > 20 

a See ref 6. J'Iinimum inhibitory concentration against Diplococcus pnpumoniue and Klebsiella pncumoniae RIGH-2 was 2.5 pg/ml. 




