
HETEROCYCLES, Vol. 2; No. 3, 1974 

S Y N T H E S I S  OF NITRO-, AMINO-, AND POLYCYCLIC FURANS 
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c u s s e d .  
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D. N-Amino Guan id ines  , T r i a z o l e s ,  Imidaaol idinones  and 

Re la ted  Compounds 

Reduc t ion  of 5-Nitro-2-substituted F u r a n s  

S y n t h e s i s  of Po lycyc l i c  F u r a n s  



A .  ~ u r o [ 2  ,3-bIpyridine 

B.  ~ u r o [ 2  ,3-h]quinoline 

Conc lus ions  

Introduct ion 

One of the  most  impor tan t  chemica l  i n t e r m e d i a t e s  f o r  the  s y n t h e s i s  o f  f u r a n  

d e r i v a t i v e s  i s  f u r f u r a l  o r  2-furaldehyde (1). S u l f u r i c  ac id  hycko lys i s  o f  

p e n t o s a n s ,  which a r e  p r e s e n t  i n  was te  p r o d u c t s  s u c h  as o a t  a n d  r i c e  h u s k s  

and c o r n  c o b s ,  p r o d u c e s  p e n t o s e s  which a r e  dehydra ted  t o  f u r f u r a l .  T h e  

s u c c e s s f u l  i n d u s t r i a l  p r o c e s s  f o r  t h e  p roduc t ion  of f u r f u r a l  f rom c o r n  c o b s  

a n d  s i m i l a r  m a t e r i a l s  made  t h i s  s u b s t a n c e  r e a d i l y  a v a i l a b l e .  

Ni t ra t ion  of f u r f u r a l  with n i t r i c  a c i d  a n d  a c e t i c  a n h y d r i d e ,  followed b y  

t r ea tment  of the  in te rmedia te  (2) with a b a s e  p r o d u c e s  5-nitro-2-furaldehyde 

2 
d i a c e t a t e  (3 ) ,  f r o m  which 5-nitro-2-furaldehyde c a n  h e  obtained.  T h e s e  

d e r i v a t i v e s  o f  f u r f u r a l  have  l e d  to the  d i s c o v e r y  of s e v e r a l  important  medicinal  

a g e n t s .  Examples  of f o u r  a someth ine  (-CH=N-) type n i t r o f u r a n s  d e r i v e d  from 

f u r f u r a l  and ava i l ab le  commercial ly  as an t imic rob ia l  a g e n t s  a r e  n i t ro fu ran to in  

[l-(5-nitrofurfurylideneamino)hydantoin] (4 ) ,3  fu razo l idone  [3-(5-nitrofurfuryl- 

ideneamin0)-2-oxazolidinone] (5) ,4  n i t r o f u r a z o n e  (5-nitro-2-furaldehyde semi-  

c a r h a z o n e )  (6)5 and f u r a l t a d o n e  [5-m~r~halinomethyl-3-(5-nitrof~rfur~lidene- 

amino)-2-oxamlidinone] (7).6 E a c h  of t h e s e  d r u g s  is  p r e p a r e d  by condensa t ion  

of the  r e s p e c t i v e  N-amino h e t e r o c y c l e ,  o r  semicarhaa ide .wi th  5-nitro-2-furalde- 

hyde.  . , 

Many o t h e r  n i t ro fu ran  d e r i v a t i v e s  have been  syn thes ized  and eva lua ted  f o r  

chemotherapeu t i c  u t i l i ty ,  and ex tens ive  r e v i e w s  on the  s u b j e c t  are ava i l ab le .  
7 
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A p a r t  of th i s  r e v i e w  p e r t a i n s  to  r e s e a r c h  by the  a u t h o r  on the  s y n t h e s i s  and 

c h e m i s t r y  of some s t r u c t u r a l  v a r i a n t s  of (4). ( 5 ) ,  (61, and (7). 

Metabolism s t u d i e s  of ten p rov ide  n e c e s s a r y  information on  the  mode of 

a c t i o n ,  tox ic i ty ,  and el iminat ion of a d r u g .  In som c a s e s ,  metabolites o r  

s t r u c t u r a l  va r i a t ions  of them have  been found t o  b e  m o r e  e f f i cac ious  than the  

p a r e n t  d r u g .  .A number  of s t u d i e s  c o n c e r n i n g  the  metabolism and mode of 

ac t ion  of n i t r o f u r a n s  have been  r e p o r t e d  .7 Although aminofurans  had been 

pos tu la ted  as re t abo l i t e s  and p r o d u c t s  of b a c t e r i a l  r e d u c t i o n ,  t h e i r  i sola t ion 

and c h a r a c t e r i a a t i o n  w e r e  not r e a d i l y  accompl i shed .  

Reduct ion o f  nitrofuramone ( 6 )  with  Raney nick01 in w a t e r  gave  a solid which 

was  identified as 4-cyano-2-oxobutyraldehyde scmicarbazone  (9) ;  5-amino-2- 

fu ra ldehyde  semicarbai lone ( 8 )  was  postula ted as  a n  T h e  n i t r i l e  

(9) i s  i somer ic  with ( 8 ) .  a n d ,  on the  b a s i s  o f  c h a n g e s  in the u l t r av io le t  a b s o r p -  

t ion  on s t and ing ,  was  thought to  b e  formed from ( 8 ) .  Reduct ion of (6) in abso1:ite 

9 e thano l  with hydrogen  o v e r  palladium on c h a r c o a l  was  r e p o r t e d  to ~ i v e  a d a r k  

r e d  s c a l y  s o l i d ,  ident i f ied a s  ( 8 )  only by i n f r a r e d  a n a l y s i s .  Spectrophotornoric  

c h a n g e s  of so lu t ions  of chemical ly  and biological ly  reduced  ( 6 )  w e r e  iden t i ca l  

on a g i n g ,  and s i m i l a r  t o  those  obtained from t h e  Kaney n icke l  r cduc t ion .  
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I t  was  l a t e r  concluded tha t  on the  b a s i s  o f  s p e c t r a l  d a t a ,  c e r t a i n  n i t ro fu rans  on  

reduc t ion  with A e r o b a c t e r  a e r o g e n e s  yield t h e  cor respond ing  aminofurans  which 

a r e  uns tab le  and undergo  f u r a n  r i n g  f i s s i o n  t o  give open-chain n i t r i l e s  .lo It was  

a l s o  postula ted that  c e r t a i n  n i t r o f u r a n s  a r e  uns tab le  b e c a u s e  of t h e i r  inabi l i ty  to 

form hydrogen bonds with t h e  fu ran  r i n g  oxygen ,  while compounds s u c h  as (8) that  

a r e  c a p a b l e  of in t ramolecu la r  bonding a r e  more  s t a b l e .  

T h e s e  somewhat  inconclusive r e s u l t s  l ed  to a more  ex tens ive  s tudy of the  reduc t -  

ion o f  n i t r o f u r a n s ,  which i s  d i s c u s s e d  in the  r e v i e w .  

T h e  l a s t  p a r t  of the  r e v i e w  c o v e r s  the  a u t h o r ' s  r e s e a r c h  on the  s y n t h e s i s  of 

c c r t a i n  polycycl ic  f u r a n s .  S i n c e  the  fu r0 [2 ,3 -b ]~u ino l ine  (10) a lkaloids  p o s s e s s  

pharmacologic  activity, ' '  t he  s y n t h e s i s  of a f u r 0 [ 2 , 3 - b ] ~ ~ r i d i n e  (11) f rom a 5-  

amino-2-furaldehyde d e r i v a t i v e  was inves t iga ted .  Relat ively  l i t t l e  work  had b e e n  

r e p o r t e d  concern ing  s y n t h e s i s  of th i s  r i n g  s y s t e m ,  and none had dea l t  with t h e  

app1.ication of f u r a n  d e r i v a t i v e s  as p r e c u r s o r s .  

T h e  importance of the  furo[2,3-blquinol ine c l a s s  of a lka lo ids  led to  a cons ide ra t -  

ion of r i n g  c l o s u r e  m t h o d s  involving fu ran  o r  7-lactone d e r i v a t i v e s .  Some examples  

of t h e s e  methods a r e  as follows: 

Dihydrodictamnine (14) h a s  been  p r e p a r e d  by hydrogenat ion of a-(a-methoxy-o- 

12 
nitrobenzylidene)-7-butyrolactone (13) in acid  solut ion.  Lac tone  (13), which may 

b e  c o n s i d e r e d  a dihydrofuranone d e r i v a t i v e ,  was  p r e p a r e d  by diazomethane alkylat -  



ion of ~(o-nitrobenzoy1)-Y-butyrolacione (1 2). 

Although not involving a furan derivative in the cycliaation s t eg ,  Kametani and 

Nemoto prepared dihydronordictamnine (1 7) from the' bensoyl-lactone (1 5 )  +a 

I cyclic hydroxamic acid intermediate (16) and polyphosphoric acid cycliaation. 13 

Ethyl 2-anilino-4-hydroxy-3-furoate (18) has  been c y c l i ~ e d  in boiling dipheuyl 

e the r  to the 4-hydroxyfuro [2,3-blquinolin-3-one (1 9 ) ,  which subsequently was 

converted to dictamnine (1 0 ,  4-rnethoxy). 14 

Zimmer reported the photolytic cyclization of trans- a-(o-aminobenzylidene)- 

Y-butyrolactones (20) to 2,3-dihydrofuro [2,3-blquinolines (21).15 The principal 

products,  however, were the 3-(2-hydroxyethyl)carbostyrils (22). 

H 
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T h e  ex tens ive  u s e  of t r i e t h y l  phosphi te  in t h e  reduc t ive  cycl izat ion o f  n i t ro  cam- 

pounds suggested i t s  poss ib le  u s e  in t h e  cyc l iza t ion  of l ac tones  (12) and (13) t o  

form furoquinol ines  (17) and (14), r e s p e c t i v e l y .  

cadogan ,16  ~ a m e t a n i "  and many others1' have d e s c r i b e d  the appl icat ions of 

t r i e t h y l  phosphi te .  F o r  example ,  Kametan i ,  Yamanaka and c g a s a w a r a 1 9  cyc l ized  

nitrobenzylideneoxaaolinones (23) to t r i c y c l i c  oxazolo[5 ,4-b]quinolines (25) with 

t r i e thy l  phosphi te .  T h i s  r i n g  c l o s u r e ,  a s  i s  t h e  c a s e  with many o t h e r s  involving 

t r i e t h y l  phosph i te ,  was r e p o r t e d  t o  p roceed  through n i t r e n e  intermediate  (24). 

Although many o t h e r  ni t robenayl idene and a f e w  ni t robenzoyl  compounds have 

been  deoxygenated with t r i e thy l  phosph i te ,  t h e  appl icat ion of th i s  r e a c t i o n  to 

Y-butyrolactones s i m i l a r  to (12), (13), and  t h e  n i t ro -der iva t ives  of (20) had not 

b e e n  s tud ied .  Reduct ion of subst i tuted Y - b ~ t ~ r o l a c t o n e s  of th i s  type is d i s c u s s e d  

in  the rev iew.  



SYNTHESIS AND CHEMICAL REACTIONS OF 2-SUBSTITUTED 5-NITROFURANS 

A. 3-Amino-2-iminooxasolidine and 3-Amino-2-oxaaolidinone Derivatives: The 

action of thionyl chloride on 5-nitro-2-furaldehyde 2-(2-hydroxyethyl)semicarba- 

none (26) produced a water soluble hydrochloride, r a the r  than the anticipated 

2-(2-chloroethyl)semicarbazone. Dehydration occurred to give the 2-imino-3- 

(5-nitrofurfurylideneamino)oxazolidine hydrochloride compound (27). 
20 

The iminooxazolidine (27) was readily converted to furazolidone (5) by treatment 

with nitrous acid.  Heating (27) in dilute sulfuric acid o r  in water a l so  gave (5), 

in addition to some of the hydroxyethylsemicarbazone (26). 

A nitrofuran containing both the thiazole and oxaaolidinone moieties was synthe- 

sized.  Thus,  3-amina-2-oxazolidinone was treated with potassium thiocyanate in 

hydrochloric acid to  give a 64 $ yield of 1 -(2-oxo-3-oxazolidinyl)-2-thiourea (28). 

The reaction of (28) with bromomethyl 5-nitro-2-fury1 ketone (29) in ethanol pro- 

duced 3-[4-(5-nitro-2-furyl)-2-thia~ol~lamino ]-2-oxazolidinone (30) in 77 $ 

yield. Thiazole (30) exhibited broad antimicrobial effectiveness. 21 
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The chloromethyl ketone (31), which was a l so  used to prepare (30), was obtained 

from the brornomethyl ketone (29) and concentrated hydrochloric acid.':! Pur ih-  

cation of (31) by recrystallization from carbon tetrachloride gave an insoluble 

product which was identified as the nitrosated compound 5-nitro-2-furanglyoxyloyl 

chloride 1-oxime ( 3 ~ ) . ' ~  Oxime (32) was a l so  prepared by nitrosation of the chloro- 

methyl ketone (31) with sodium nitr i te in acetic acid.  

The nitrous acid was thought to a r i s e  from the acidic displacement of the nitro 

group of e i ther  (29) o r  (31), since i t  was shown that 5-chloro-2-furaldehyde could 

be prepared from 5-nitro-2-furaldehyde and hydrochloric acid. 24 

When (32) was treated with hydroxylamine hydrochloride, in aqueous ethanol, 

in a n  attempt to prepare the oxime, the only product isolated was ethyl 5-nitro- 

2-furoate (33). 23 

8. Rear ran~ement  of 3-Substituted 2-Irninooxaaolidines and Formation of 2- 

Substituted Semicarhaaones: As  previously described,  the action of thionyl chlo- 

r ide  on 5-nitro-2-furaldehyde 2-(2-hydroxyethyl)semicarbaaone (26) produced a 

quantitative yield of the iminooxazolidine (27) r a the r  than the chloroethylsemicar- 

baaone (34). However, when (27) was recrystall ized repeatedly from 95 % ethanol 

o r  from ethanolic hydrogen chloride,  a part ial  transformation to (34) was effected. 

After 30 minutes in boiling xylene, a 96 $ yield of (34) was obtained, while 2 hours 

in boiling toluene resulted in a 73 % yield of (34). The benzaldehyde analog (35) 

underwent the same reaction with thionyl chloride and subsequent r i n g  opening of 



the iminooxasolidine hydrochloride (36) in boiling xylene to give the chloroethyl- 

semicarhazone (37). 25 

The mechanism of r ing  cleavage of the iminooxazolidines probably involves 

chloride ion attack a t  the C - 5 position. This was supported by the observation 

that high concentrations of chloride ions in ethanol increased the r a t e  of semicar- 

hamne formation. Since  the chloroethylsemicarbazone (34) was recovered un- 

changed from thionyl chloride, (34) is not an  intermediate in the furmation of (27) 

from (26). The cycliaation most likely proceeds through a chlorosulfinate inter-  

mediate. 

The chloroethylsemicarbaaones were  treated with severa l  secondary amines. 

Morpholine, 1 -piperazineethanol, piperidine and dimethylamine were combined 

with benzaldehyde 2-(2-ch10roeth~l)semicarbazone (37) in benzene to give the 

corresponding aminoethylsemicarbazones (39). These compounds were  then con- 

verted to nitrofuraldehyde semicarbaaones by acid hydrolysis and condensation 

with 5-nitro-2-furaldehyde. The morpholino derivative was a l so  prepared,  but 

in lower yield, by treating (34) with morpholine in dimethylformamide. If acetic 

acid was u s e d a s  the solvent in place of dimethylformamide, the acetoxyethylsemi- 

carbazone (40) was obtained instead of the morpholino derivative. 

The dimethylamino derivative was identical to that obtained from the reaction of 

dimethylaminoethylhydrazine and potassium cyanate followed by condensation of 

the semicarhazone with 5-nitr0-2-furaldeh~de.~~ The acetoxy compound was a l so  

prepared by a similar al ternate route.  27 

Diethylamine failed to give the amino derivative when combined with (37) in 

dimethylformamide o r  benzene, but gave a small amount of the iminooxazolidine 

(38). 

Ammonolysis of (37) in absolute ethanol followed by treatment with 5-nitro-2- 

furaldehyde produced 1-(2-hydroxyethyl)-l-(5-nitrofurfurylideneamino)guanidine 

hydrochloride (44) r a the r  than the aminoethylsemicarhamne. This compound was 
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a l so  obtained from the reaction of 2-hydrazinoethanol (41) and cyanamide followed 

by condensation of the aminoguanidine (42) with 5-nitro-2-furaldehyde. 
28 

These r e su l t s  indicate that s t rong nucleophiles, dimethylamine, morpholine, 

piperidine and 1 -piperazineetbanol, r eac t  by di rec t  displacement of chloride from 

(34) o r  (37), whereas weaker nucleophiles, ammonia and diethylamine, cause intra- 

molecular displacement of chloride and cyclization to the iminooxaeolidine (38). 

Ammonia then attacks the C - 2 position of (38) to produce the hydroxyethylguanidine 

(43). This mechanism was supported by the fact that (43) can be obtained directly 

from the reaction of (36) with ammonia. 

The chloro-(34), morpholino-, piperidino- and 2-hydroxyethylpiperaaino- 

ethylsemicarbazones of 5-nitro-2-furaldehyde demonstrated good antimicrobial 

activity. 29 

C. Acylhydrasones: Methyl hydrazinoacetate hydrochloride (45), prepared from 

hydrazine and chloroacetic ac id ,  was converted to the amide (46) with ammonium 

hydroxide and then condensed with 5-nitro-2-furaldehyde to give 2-(5-nitrofur- 

furylidenehydrazino)acetamide (47).30 Treatment of (47) with potassium cyanate 

in glacial acetic acid did not produce the expected semicarbazone, but gave the 

acetylated compound (48). The same compound was a lso  obtained by acetylating 

(47) with acetic anhydride. The diacetylated derivative (49) was prepared from 

(47) o r  (48). 

I \ NiyuHCiOOC% - NH2NHCYCONH2 -> O2NOCH=NNllCH2CONH;, 

.HCI 
( 46 ) ( 47 ) ( 4 5  ) 
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The antibacterial screening of (47) and (48) indicated that (48) was highly active 

in vivo against Staphylococcus aureus and Salmonella typhosa, whereas (47) was -- 
inactive. These resul ts  led to the synthesis of many other acylhydrazones, which 

a r e  listed in Table 1 .  30 

The general methods fo r  the preparation of these compounds a r e  as follows: 

(a) Acylation of (47) and other carhonyl derivatives of hydrazinoacetamide (46) with 

anhydrides o r  with acid chlorides in dimethylformamide o r  in pyridine. (h) React- 

ion of methyl hydrazinoacetate hydrochloride (45) with amines, followed by react- 

ion with a nitrofuran carhonyl reagent and acylation. ( c )  Condensation of 5-nitro- 

2-furaldehyde with hydrazinoacetic acid followed by acylation (50), chlorination, 

and reaction with amines (51). (d) Monoacetylation of (48) o r  diacetylation of (47) 

with acetic anhydride and sulfuric acid.  

Compound.(48) was, isolated in two crys ta l  forms. The a form melts a t  254' and 

was obtained a s  voluminous pale yellow needles,  while the 0 form melts a t  238 - 

0 
239 and exis ts  usually as much more dense granular yellow rhomboids. The poly- 

morphs were identical by microanalysis and solution spectra in the infrared and 

ultraviolet. However, they differed when examined in the solid state in the infrared.  

The a form, which i s  the l e s s  stable modification, was converted to by grinding 

in a mortar ,  shaking in water,  o r  by recrystall izing from various solvents with 

rapid cooling. The P form was converted to a by pouring a hot dhethylformamide, 
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a c e t i c  a c i d ,  o r  dimethyl sulfoxide so lu t ion  of t h e  compound i n t o  cold w a t e r .  

C o n v e r s i o n  of @ t o  a a l s o  t a k e s  p l a c e  a t  the  mel t ing point of @ o r  on r e c r y s t a l l i z i n g  

f rom n i t romethane  with s low coo l ing  t o  room t e m p e r a t u r e  a n d  then rap id  cool ing 

i n  a n  i c e  bath.  T h e  a fo rm is more  so lub le  i n  w a t e r  than the  @ fo rm.  

A t abu la t ion  of the  s t r u c t u r a l  v a r i a t i o n s  of the  compounds p r e p a r e d  and t h e i r  

i n  v i t r o  (minimal inh ib i to ry  concen t ra t ion)  a n d  fi =(mice) a n t i b a c t e r i a l  a c t i v i t i e s  -- 
are shown i n  T a b l e  1 .  

D.  N-Amino Guanidines  , T r i a a o l e s  , Imidaaol idinones  a n d  Related Compounds: 
I 

T h e  demons t ra t ion  tha t  a v a r i e t y  of n i t r o f u r a n s  con ta in ing  the  -CH=N-N-C=O(=N-) 
1 

g r o u p  exhibi t  chemotherapeu t i c  ac t iv i ty  l ed  to  the  s y n t h e s i s  of s e v e r a l  o t h e r  types  

of compounds con ta in ing  t h i s  g r o u p ,  e i t h e r  i n  a cha in  o r  as p a r t  of a he te rocyc l i c  

r i n g .  

Methyl hydraz inoace ta te  hydroch lo r ide  (45) w a s  t r e a t e d  with cyanamide t o  produce 

the  c y c l i c  aminoguanidine,  1 -amino-2-iminohydantoin, which w a s  i so la ted  as i t s  

5-ni t rofurfuryl idene d e r i v a t i v e  (52) .  Ni t ro fu ran  (52) is a n  imino analogue of ni t ro-  

fu ran to in  (4 ) .  In the  same  m a n n e r ,  2-dimethylaminoethylhydrazine a n d  2-hydra- 

z inoethanol  (41) w e r e  c o n v e r t e d  t o  the  c o r r e s p o n d i n g  aminoguanidine d e r i v a t i v e s  

(53) a n d  (44) ,  r e s p e c t i v e l y .  28 

T h e  5-ni t rofurfuryl idene d e r i v a t i v e s  of a number  of o t h e r  N-amino compounds ; 

s u c h  as 1,3-diaminoguanidine;  4-amino-I , 2 , 4 - t r i a z o l e ;  4-amino-3,5-dimethyl- 



t r i a z o l e ;  3,4-diamino-5-methyl-1 ,2 ,4 - t r i aao le  a n d  N ,N ' ' -diaminooxamidine; w e r e  

a l s o  p r e p a r e d . 2 8  A l l  of t h e s e  n i t r o f u r a n s  contain  the  -CH=NN&N- g roup .  
I 

S e v e r a l  o t h e r  s u l f u r  containing compounds i n  t h i s  g e n e r a l  c l a s s  w e r e  p r e p a r e d .  28 

The r e a c t i o n  of 5-nitro-2-furaldehyde thiosemicarbaaone (54)  with ch lo roace t i c  a c i d  

i n  a sodium ace ta te -ace t i c  ac id  medium prodrrced 2-imino-3-(5-nitrofurf-urylidene- 

amino)-4-thiazolidinone (55).  T h e  s t r u c t u r e  a s s i g n e d  to (55) w a s  p roved  hy a n  un- 

equivocal  s y n t h e s i s  f rom 5-nitro-2-furaldehyde ch lo roace ty lhydrazone  (56) a n d  

potass ium thiocyanate .  Acylhydrazone (56) was  obtained by t r ea tment  of 5-nitro- 

2-furaldehyde hydrazone  with ch lo roace t i c  anhydr ide .  

p P r o p i o l a c t o n e  w a s  hea ted  wlth (54) i n  ace tone  o r  a c e t i c  a c i d  t o  give the  cyc l i c  

compound 5 ,  6-dihydro-2-(5-nitrofurfurylidenehydrai)- ,3,4-thlazin-4-one (57). 

S e v e r a l  5 -n~ t ro fur fu ry l idene  d e r i v a t i v e s  of N-aminoimidazolidinones, which c a n  

he c o n s i d e r e d  cyc l i c  semicarhaz ides ,were  ~ r e p a r e d . ~ '  Ni t rosa t ion  of 1 -(2-hydroxy- 

ethyl)-2-imidazolidinone (58) with sodium n i t r i t e  i n  1 0  % su l fu r i c  a c i d ,  followed by 

reduc t ion  with z inc a n d  then  condensat ion with 5-nitro-2-furaldehyde p roduced  . 
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1-(2-hydroxyethyl)-3-(5-nitrofurfurylideneamino)-2-imidazolidinone (60).  Conden- 

sa t ion  with benzaldehyde produced the  c o r r e s p o n d i n g  henzylidene de r iva t ive  (59).  

Chlor inat ion with thionyl ch lo r ide  r e a d i l y  conver ted  (59) and (60) t o  the  ch lo roe thy l  

d e r i v a t i v e s  (61) and (62) ,  r e spec t ive ly .  Amination of (61) with morpholine followed 

by a c i d  h y d r o l y s i s  i n  the  p r e s e n c e  of 5-nitro-2-furaldehyde a f fo rded  the 2-morpho- 

l inoethyl  n i t ro fu ran  (63). In addi t ion t o  t h e i r  good ant imicrobial  ac t iv i ty ,  t h e s e  

n i t r o f u r a n s  w e r e  dis t inguished by t h e i r  r e s i s t a n c e  t o  metabolic des t ruc t ion  when 

fed to  an imals .  3 2 

( 63 ) 

REDUCTION O F  5-NITRO-2-SUBSTITUTED F U R A N S  

Catalytic hydrogenat ion of a v a r i e t y  of 5-nitro-2-furaldehyde d e r i v a t i v e s  p roduced  

the  c o r r e s p o n d i n g  aminafurans .  None of the  reduc t ion  in te rmedia tes ,  hydroxylamino 



and nitroso,  could be isolated. The aminofurans a r e  stable in the solid s ta te ,  in 

most c a s e s  can be recrystall ized from organic solvents, decompose slowly in 

aqueous solution and can be acetylated. As expected, the acetylated derivatives 

a r e  more stable in aqueous solution. Table 2 contains some of the amino- and 

acetamido-Eurans prepared.  33 

Most of the hydrogenations were ca r r i ed  out in methanol with 5 % palladium on 

charcoal catalyst a t  2 - 3 atmospheres p res su re .  With the exceptidn of the thione 

compounds, the reductions proceed rapidly to completion within one hour.  In the 

case  of the thione compounds, i t  was necessary to use a large  excess  of catalyst  to 

overcome the poisoning effect  of the sulfur and to complete the reduction within 1 5  

hours. 

The aminofurans showed infrared absorption bands a t  approximately 1235 and 

1020 cm-' characterist ic of the furan r ing,  bands in the NH region and retention 

of bands characterist ic of the side chain. The ultraviolet data (Table 2) indicate, 

in most cases ,  a 20 - 40 nm hypsochromic shift from the maxima of the correspond- 

ing nitrofurans. 

Additional palladium on carbon reductions of nitrofurazone ( 6 )  in absolute ethanol 

9 o r  methanol verified the original r epor t  on the instability of the corresponding 

aminofuran ( 8 )  in ethanol. The instability of (8) in contrast  to the other aminofurans 

in this s e r i e s  may be explained by the following hydrogen bonded farm of ( a ) ,  which 

might be more susceptible to furan ring cleavage. In most of the other compounds 

in Table 2 such hydrogen bonding is impossible. 
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Table 2 

5-Amino-2-substituted Furans 

No. 2-Substituent 

0 

( 67 ) - C H = N - N ~  

L,r" n 
CH -N 

( 68 ) ditto WO 



When a methanolic solution of reduced (6) was treated with 5-nitro-2-furaldehyde 

in the presence of dilute hydrochloric ac id ,  a dark red  Schiff base 577) was obtained. 

Condensation with 3-(5-aminofurfurylideneamino)-2-oxazolidinn (79)gave the 

Schiff base (78). 33 

Compounds (77) and (78) exhibit maxima in the ultraviolet a t  330 - 335 nm in 

water,  which indicates regeneration of the aminofurans. 

Since aminofurans a r e  susceptible to r ing opening in aqueous o r  alcoholic solut- 

a non-hydroxylic solvent, such a s  ethyl acetate,  was used fo r  the preparat-  

ion of (8) and other aminofurans that could not be obtained in methanol o r  absolute 

ethanol. 

Hydrogenation of a suspension of (6) in ethyl acetate in the presence of 5 76 

palladium on charcoal and anhydrous magnesium sulfate gave a yellow solution 

having a single absorption maximum a t  340 nm. Evaporation of the solution gave 

an  amorphous solid which showed one maximum a t  335 nm in water ,  with the appear- 

ance of a second peak a t  275 4m and a concomitant decrease  of the 335 nm absorpt-  

ion. Addition of the solid to a minimum of ethanol gave a yellow crystall ine mate- 

r ia l .  The infrared spectrum supported s t ructure  (8) and ultraviolet absorption 

properties were identical with'those of the amorphous material. 

The hydrochloride (64) of (8) was isolated in 67 % yield, by precipitation from 

a mixture of ethanol and ethyl acetate with 10 % hydrochloric acid. Condensation 
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o f  (64)  with 5-nitro-2-furaldehyde a l s o  gave  (77). 

O t h e r  aminofurans  tha t  could nc t  ue obtained from a lcoho l ic  r educ t ions  but w e r e  

obtainable  in e thy l  ace ta te -e thano l  a r e  compounds (70). (74)  and (75)  in T a b l e  2. 

T h e  s t r u c t u r e  of 5-amino-2-furaldehyde (70) was  f u r t h e r  subs tan t i a ted  by 

condensa t ion  with 3-amino-2-oxazolidinone i n  t h e  p r e s e n c e  of a c i d  to give (79). 

5-Amino-2-furaldehyde ace ty lhydrazone  (75) on  ace ty la t ion  with a c e t i c  anhydr ide  

i n  t h e  p r e s e n c e  of pyr id ine  p roduced  a so l id  tha t  could not b e  pur i f ied by r e c r y s  - 
t a l l i aa t ion .  I n f r a r e d  and u l t r av io le t  s p e c t r a  a n d  R f  va lue  of the  p roduc t  w e r e  

iden t i ca l  with those  of 5-acetamido-2-furaldehyde ace ty lhydrazone  , a metabolite 

of the  c o r r e s p o n d i n g  n i t r o f u r a n .  T h e  isola t ion of th i s  metabol i te  from r a b b i t  u r i n e ,  

and s p e c t r a l  and chromatograph ic  a n a l y s e s  of t h e s e  compounds w e r e  r e p o r t e d  by 

Ol iva rd  a n d - c o - w o r k e r s .  34  

F o r  compara t ive  p u r p o s e ,  the  5-nitrothiophene ana logs  of ( 6 )  and 3-(5-nitro- 

furfurylideneamino)-2-oxazolidinone, fu raao l idone  (5 ) ,  w e r e  r e d u c e d  ca ta ly t i ca l ly  

i n  methanol  o v e r  5 %pa l lad ium on carbon.33 Ace t i c  anhydr ide  ace ty la t ion  of the  

amines  r e a d i l y  p roduced  the  acetamidothiophenes .  T h e  aminothiophene d e r i v a t i v e s  

are v e r y  s t a b l e  i n  aqueous  so lu t ion .  

In  c o n t r a s t  t o  the  n i t r o f u r a n s ,  the  aminofurans  d i d  not exhibi t  s ign i f i can t  & 

v i t r o  a n t i b a c t e r i a l  ac t iv i ty .  - 



From the reduction of 1-(5-nitrofury1ideneamino)-2-imidaaolidinone (80), in 

addition to the corresponding aminofuran (76). the r ing  opened compound, 3-(4- 

cyano-2-oxohutylide~eamino)-2-imidazolidinone (81), which is analogous to (9), 

was isolated in 5.7 $yie ld .  3 5. 

The bacterial  degradation of (80) by Escherichia c* produced (81) as the major 

product (60 - 70 $ conversion); aminofuran (76) i s  not an intermediate in this 

process.35 Chemical reduction of this  type of aminofuran did not produce the 

corresponding nitr i le.  Hydrolysis of a similar aminofuran (79) was found to yield 

a ring-opened levulinic acid derivative; a nitr i le is not involved as an intermediate-. 
36 

Therefore ,  these r e su l t s  indicate that amiuofurans a r e  not intermediates in the 

formation of open-chain nitr i les from type B nitrofurans (82) (R i s  alkyl o r  pa r t  

of a cyclic s t ructure  involving R ' ) .  Possible pathways f a r  the independent forma- 

tion of open-chain nitr i les and aminofurans from t y p  B nitrofurans a r e  as follows. 

The nitrofuran (82) i s  reduced to the hydroxylamine (83) which tautomerizes to 

the - cis-  and s s - o x i m e s  (84a) and (84b). respectively. Fur the r  reduction of 

(84a) leads t o  the formation of an aminofuran (85) which could be hydrolyzed to 

a ring-opened levulinic acid derivative (87) o r  be  converted to an acetamidofuran. 

In contras t ,  the oxime (84b) would he  a preferred  configuration f o r a s - e l i m i n a -  

ion of water,  r ing opening and reduction to nitr i les (86) and (88). The similar 

ultraviolet absorption maxima of (87) and (88) would, therefore,  explain the spect ra l  

changes observed by Beckett and Robinson. 9,10 
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SYNTHESIS OF POLYCYCLIC FURANS 

A .  F U ~ O ~ Z  ,3-blpyridine 

Snyder demonstrated that a variety of furo[2,3-blpyridine-2-carboxylic acid 

derivatives can be prepared by condensation of ethyl 5-amino-2-furoate with 1,3- 

dicarbonyl o r  a-alkoxymethylenecarbonyl compounds followed by thermal cyclin- 

a t i ~ n . ~ ~  This general  method was also applied to a 5-amino-2-furaldehyde deriva- 

tive. 

Reduced furaltadone (7 ) ,  3-(5-aminofurfurylideneamino)-5-morpholinomethyl-2- 

oxaaolidinone (67),was condensed with an excess of diethyl ethoxymethylenemalo- 

nate a t  130 - 140' to give diethyl [5-(5-morpholinomethyl-2-0x0-3-oxasolidinyl- 

iminomethyl)-2-furyl]aminometbylenemalonate (89). Thermal cyclization of (89) in 

boiling Dowtherm A gave a 60 % yield of the furo[2,3-blpyridine (90) .  
37 
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The infrared spectrum of (90) displayed s t rong absorption bands a t  1770 (oxazoli- 

dinone carbonyl) and 1680 cm-' ( e s t e r  carbonyl). There  was no absorption band a t  

1725 cm-l, which i s  the normal frequency f o r  a 5-ethoxycarbonyl band; neither was 

there  a third carbonyl band, which would a r i s e  from a 4-0x0 group. These pro- 

pe r i e s  supported the assigned 4-hydroxy s t ructure  of (90). The  shift in absorpt- 

ion of the e s t e r  carbonyl from 1725 to 1680 cm-I i s  attributable to hydrogen bonding 

with the ortho hydroxy group. 

5. ~uror2 ,3 -b lqu lno lme  

Although many cyclization procedures for the preparation of fur0[2,3-b]~uinolines 

a r e  known, the triethyl phosphite reductive cyclization of o-nitrobenzoyl- o r  o- 

nitrobenaylidene-Y-butyrolactones had not been reported. Recently, the reductions 

of a-(a-methoxy-o-nitrobenzylidene)- (I?) ,  a-(0-nitrobenzoyl)- (12), and a-(6- 

nitroveratrylidene)-Y-butyrolactones were studied. 

Triethyl phosphite reduction of lactone (13) a t  160 - 170' gave a cyclized carbonyl 

containing product, which was,  therefore ,  not the anticipated 4-methoxyfuro[2,3-bl 

quinoline (14). Instead, a 45 % yield of 3,4-dihydro-5-methoxy[1,3]oxazino[3,4-a]- 



indol-l-one (91) was ~ b t a i n e d . ~ '  S ince  there is much evidence fo r  the intermediacy 

of nitrenes in the triethyl phosphite reduction, the formation of (91) by lactone 

r ing expansion to the indole nitrogen could involve a nitrene (92). Addition of the 

nitrene to the lactone carbonyl and olefinic carbons with the formation of an aairidine 

(93), followed by rearrangement would lead to (91). 

A mixture of three  cyclic products was obtained from the reduction of the benzoyl- 

lactone ( E ) . ~ '  Chromatographic separation yielded a t race  of one solid which was 

tentatively identified as a furoquinoline. Spect ra l  data indicated that deoxygenation 

and ethylation had occurred to produce one of four  possible s t ructures :  two l inear ,  

(94a) and (94b), and two angular, (94c) and (94d), furoquinolines. Strong absorp- 

tion a t  1640 cm-I in the infrared suggests a furoquinol-2-one s t ructure  (94d). 

OEt 

The second product was identified as the 5-ethoxy (95; 0.7 %) analogue of 

oxazinoindole (91). Formation of (95) may also involve an asir idine intermediate 

similar to (93) followed by rearrangement and 0-etbylation. The major product 

was the highly fluorescent spiro-indolinone (96; 12.5 $), formed by nitrene in- 

sert ion in the a-position of the lactone. Hydrolysis of (96) with dilute sodium 

hydroxide solution produced the corresponding alcohol, 1,~-dih~dro-2-(2-h~droxy- 



ethyl)indol-3-one (97) i n  4 2  % yie ld .  

Reduct ion of a-(6-nitr0veratrylidene)-Y-butyrolactone (98) with t r i e thy l  phos- 

0 phi te  a t  160 - 165 a f fo rded  low y ie lds  of 3,4-dihydro-7,8-d1methox~[l,3]oxaaino- 

[3,4-alindole-1-one (99) .  e thy l  5.6-dimethoxyindole-2-carboxylate (loo),  and 2.3- 

dihydro-6,7-dimethoxyfuro [2 ,3-bIquinoline (101) .39 Again,  n i t rene  addition r e -  

a c t i o n s  involving the l ac tone  c a r b o n y l  and t h e  olef inic  bond a r e  indicated. 

Ca ta ly t i c  hydrogenat ion of (98) in  methanolic hydroch lor ic  a c i d  o v e r  5 $ palladium 

on c a r b o n ,  the sam p r o c e d u r e  u s e d  to c o n v e r t  the methoxybenzylidene-lactone (13) 

t o  t h e  furoquinoline (14) ,12 gave  only a-(6-aminoveratrylidene)-Y-butyrolactone 

(102). Nmr s p e c t r a l  a n a l y s i s  of (98) and (102) indicated a t rans-configurat ion of 

t h e  c a r h o n y l  and phenyl g r o u p s .  Pho to lys i s  of a n  ethanol ic  solut ion of (102) caused  

i somer iaa t ion  and cycl izat ion to t h e  furoquinoline (101) in 15 % yield.  39 

Me0 NH2 



Conclusions 

Chemical modifications within the 5-nitro-2-substituted furan s e r i e s  have demon- 

s t ra ted  that a variety of changes can be made while retaining or  improving anti- 

microbial activity. Most of  the modifications involve compounds derived from 5- 

nitro-2-furaldehyde in which the aldehyde function i s  part  of a substituted hydra- 

zone,  which in turn may be par t  of an  l inear o r  cyclic groupling. However, it 

was also demonstrated that activity i s  retained when the hydraaone oF azomethine 

(-CH&-) group in fu ra~o l idone  (5) i s  replaced by a thiaeole r ing ,  a s  in nitrofuran 

(30). 

The importance of the 5-nitro-2-fury1 moiety was further demonstrated by the 

synthesis and evaluation of 5-aminofurans. Although this work sltimately contributed 

to the identification of nitmfuran metabolites (75) a d  (81), and to a clarification of 

reductive pathways, the resulting aminofuran derivatives a r e  devoid of significant 

antibacterial activity. 

From these studies,  it i s  concluded that although aminofurans and r ing opened 

nitr i les may be  products of chemical and bacterial  reduction, aminofurans a r e  not 

intermediates in this p rocess ,  a s  had been proposed by other workers.  A proposed 

pathway, invoiving c2- and t=-oximes (84), to account for the independent form- 

ation of aminofuran (85) and nitrile (88) was presented. 

It was a lso  found that aminofurans, especially those wherein the hydrazone nitro- 

gen i s  part  of a r ing  (type B), a r e  relatively s table ,  reactive compounds. This 

was demonstrated by their  ability to form hydrochlorides (64), acetamides (681, 

Schiff bases  (77) and aminomethylenemalonates (89). High temperature cyclization 

of (89) produced the furo[2 ,3-b]pyridine (90). 

Triethyl phosphite reduction of o-nitrobenaoyl- (12). o-nitro-a-methoxybensyl- 

idene- (13), and 6-nitroveratrylidene- (98) Y-butyrolactones yields predominantly 

indole derivatives. A t race  amount of a deoxygenated product was obtained from 

lactone (12), which was tentatively assigned an N-ethylfuroquinolone (94dj s t ructure  



HETEROCYCLES, Val. 2. No. 3. 1974 

on  the  b a s i s  of s p e c t r a l  d a t a .  Reduc t ion  of l a c t o n e  (98) a l s o  p roduced  a f u r o -  

c,uinoline (101), i n  addi t lon to t h e  indo les  (99) a n d  (100). T h e  intermediacy of 

n i t r e n e s  was  pos tu la ted  to  accoun t  f o r  t h e  reduc t ion  p r o d u c t s .  

I t  may be concluded f rom t h e s e  r e s u l t s  t h a t  indo les  a r e  the  p r e f e r r e d  p roduc t s  

when t h e  l ac tone  r i n g  i s  s a t u r a t e d .  R e a r r a n g e m e n t s  involving b r e a k i n g  bonds  i n  

s u c h  a r i n g  a r e  m o r e  l ikely  than  i n  the  r e s o n a n c e  s t ab i l i zed  oxazolone r i n g  (23). 

T h e  format ion of the  a romat ic  oxazolo[5,4-b]quinollne (25) sys tem from (23) is 

t h e r e f o r e  favored .  
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