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1 
Furanomycin (1) is an  a n t i b i o t i c  o b t a i n e d  from t h e  c u l t u r e  b r o t h  of Streptomyees th reomyce t icus .  

The s t r u c t u r e  of was f i r s t  a s s i g n e d  t h e  (aR,2R,5R) c o n f i g u r a t i o n  based on a combina t ion  of 

s p e c t r o s c o p i c  and chemica l  d e g r a d a t i o n  t e c h n i q u e s .  The t o t a l  s y n t h e s i s  of 1, however, r e q u i r e d  

r e v i s i o n  of t h e  o r i g i n a l  a ss ignment  t o  t h e  (crS,ZR,SS) c o n f i g u r a t i o n .  
2  

1 - 
The b i o l o g i c a l  a c t i v i t y  of 1 l e d  u s  t o  p r e p a r e  some a n a l o g s .  Norfuranomycin, an  a n a l o g  w i t h o u t  

t h e  5-methyl group (2) was chosen f o r  t h i s  purpose.  Norfuranomycin p o s s e s s e s  two asymmetric  c e n t e r s  

and therefore can e x i s t  i n  four o p t i c a l l y  active forms (M). 

The key element  i n  t h e  ~ ~ n t h e s i s  of wmpounds  s u c h  as 1 and Z i s  t h e  f u n c t i o n a l i z e d  2,5-dihydro-  

furan moiety.  F ~ r o i c  a c i d  (A) was reduced under  ~ i r c h  c o n d i t i o n s  ro  a f f o r d  2 , s -d ihydrofuro ic  a c i d  

which was t h e n  conver ted  to t h e  corresponding methyl  e s t e r  (A) i n  85% o v e r a l l  y i e l d . 3  Compound 4 

was t r e a t e d  under  n i t r o g e n  w i t h  one e q u i v a l e n t  of d i i s o b u t y l a l u m i n ~ m  h y d r i d e  (DIBAL), i n  anhydrous 



toluene, at -78'C to give aldehyde (2) which was trapped with both 2.4-dinitrophenylhydrazine 

and 1,2-dianilinoethane affording crystalline and 1, respectively. 

- 

The sensitivity of the aldehyde required that the amino acid functionality be introduced under 

mild conditions such as those implicit in the Ugi four-component condensation (~cc).~ Thus, 

quenching of the DIBAL reduction product (5) with 5% aqueous methanol at -78'C followed by the 

addition of d-(+)-a-methylbenzylamine, benzoic acid and c-bt-ylisonitrile in a 2:2:1 ratio 

at OaC,afforded four diastereomerie amino acid derivatives (w) which could be separated 
chromatographically (Scheme 1). 

1. DlBAL ("gy 1. Li. ", -78O ~ d . ,  -78' . 
2. HC1, CH30H 2. 5% aq. CH30H 

3 - 4 - 

Scheme 1 

The total yield for compounds 8a-d was 78% based on 4. The physical properties of these 

- 1 9 7 6 -  
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d e r i v a t i v e s  are shorn i n  Table 1. An X-ray c rys t a l l og raph ic  s t r u c t u r e  of & a n d  fi showed t h e  

abso lu t e  conf igvra t ions  a t  t h e i r  c h i r a l  c en t e r s  to be 2R, u s ,  and ZS, as, r e s p e c r i ~ e l y . ~  These 

de terminat ions  were based on t h e  abso lu t e  con f igu ra t i on  of d-(+)-u-methylbenzylamine as being 

R (Figure 1 ) .  
6 

Compounds =were  subsequently debenzylated G i th  95% formic ac id  a t  50-60°C t o  a f fo rd  the  

corresponding products 9a-d i n  y i e l d s  of 902 o r  higher (Scheme 2) .  The s p e c t r a l  and phys ica l  

p rope r t i e s  of & and % were i d e n t i c a l  except f o r  t h e i r  o p t i c a l  r o t a t i o n s ,  i . e . ,  = +23.0° 

Scheme 2 

D 
f o r  & and [alEtOH = -39.4' f o r  z. Debenzylated compounds and a l s o  exhib i ted  i d e n t i c a l  

phys ica l  and s p e c t r a l  p rope r t i e s .  Their  o p t i c a l  r o t a t i o n s ,  however, were -123.3' f o r  and 

+138.3' f o r  E. These d a t a  i n d i c a t e  t h a t  2 and % are enantiomers as  are and X. The 

assignment of t h e  abso lu t e  stereochemistry of t h e  c h i r a l  c en t e r s  of t h e  subsequent products was 

based on t he se  r e s u l t s .  

The hydrolys is  of  t h e  debwzy la t ed  products (e) proceeded smoothly t o  a f fo rd  t h e  corresponding 

amino a c i d s  (H). This r e a c t i o n  was ca r r i ed  out  by r e f l ux ing  compounds 9a-d i n  12N hydrochloric 
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acid (Scheme 2). Chromatography on silica gel using 15% aqueous propanol gave the isomeric 

norfuranamycins (s). These amino acids gave a reddish brown color when heated with 

ninhydrin. Norfuranomycins exhibited antimicrobial activity against some Pseudomonas 

and Klebsiella strains of bacteria and also against M. 7 

Experimental Procedure - Melting points are uncorrected and were determined on a Thomas Hoover 

Unimelt capillary melting point apparatus. Elemental microanalyses were carried out by 

Robertson Laboratory, Florham Park, New Jersey and by the Analytical Department of the Dow 

Chemical Company, Midland, Michigan. Infrared spectra were obtained on a Perkin-Elmer 137 

1 
spectrophotometer (KBr pellets). The H NMR were recorded at 60 MHz in the designated solvents 

using tetramethylsilane (TMS) as internal reference standard. Chemical shift. are expressed 

in 6 (ppm) downfield from TMS. Where deuterium oxide was employed as the solvent, sodium 3-(tri- 

methylsilyl)tetrade~teriip~~piiiif~ was used as the internal standard. Specific rotations 

were obtained on a Perkin Elmer model 141 polarimeter and are reported as LulD in units of 

degrees ('). 

Preparation of 2.5-Dihydro-2-furaldehyde 2,4-Dinitrophenyl Hydrazone (6 ) :  

A solution (1.5 M) of diisobutylaluminum hydride in toluene (10.4 ml, 16 mol) was added 

dropwise over a period of 30 min to a solution of methyl 2,5-dihydro-2-furoate (2.04 g ,  16 mol) 

in 40 ml of anhydrous ether at -78°C. The reaction mixture was stirred 30 mi" longer at 

-7ReC,treated with 1 ml of methanol, and warmed gradually to ambient temperature. The 

gelatinous product that formed was diluted by addition of 80 ml of 5% hydrochloric acid and 

treated with a solution of 2,4-dinirrophenylhydrazine in 15 ml of concentrated sulfuric acid, 

20 ml of water and 70 ml of ethanol. After 10 min, the ethereal layer was separated, dried 

over anhydrous sodium sulfate, filtered and evaporated under reduced pressure to afford 3.28 g 

of yellow crysrals (6) which were  further purified by recrystallization from ethanol, m.p. 

150-151DC, 74% yield. 

Anal. Calcd for CllH1005N4: C. 47.49; H, 3.62; N, 20.14. Found: C, 47.52; H, 3.90; N, 20.05. 

-1 
IR (KBr): 3200, 1610, 1590, 1320 cm . 'H NMR (DMSO-d6): 6 4.65-4.80 (m, 2H, 5-CH2); 5.20- 

5.60 (m, lH, 2-H); 5.91-6.21 (m, 18, 4-H); 6.23-6.45 (m, lH, 3-H); 7.83 (d, lH, 6'-H); 7.97 

(d, lH, 5'-H); 8.23-8.45 ( q ,  1H, 3'-H); 8.85 (d, lH, N=CH); 11.4 ( s ,  1H, NH). 

Pre~aration of 2-(2,5-Dihydro-2-furyl)-1,3-diphenylhidazolidime a: 
A solution of 2 was generated as described for i. To this solution was added a mixture of 3.4 g 

(16 mol) of dianilinoethane in 100 ml of 5% aqueous hydrochloric acid. After 10 mi", the 

ethereal layer was separated, dried over anhydrous sodium sulfate, filtered and evaporated 
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t o  a f f o r d  3.27 g of c rude  1 which was p u r i f i e d  by r e c r y s t a l l i z a t i o n  from 70% aqueous e i h a n o l ,  

m.p. 97.5-98.5"C, 70% y i e l d .  

Anal. Calcd f o r  C19HZ0N20: C,  78.05 H, 6.89 N, 9.58. Found: C, 78.10 H, 7.02 N ,  9 .53 

IR (KBr): 1600, 1560, 1495,  1380 a-l. 'R NMR (CDC1 ) .  6 3 .51  (s ,  4H, CH2 of  i m i d a z o l i d i n e ) ;  
3 ' 

4.28-4.46 (m, ZH, 5-CH2); 5.10-5.43 (m, broad,  lH, 5-H); 5.53 ( d ,  lH, -N-CH-N); 5.63-5.76 

(m, 2H, 3- and 4-H); 6.22-7.00 (m, 6H, m- and p-aromatic H); 7.00-7.40 (m, 4H, o-aromatic H). 

Reduction of  Methyl 2.5-Dihydrofuroate O and Four Component Condensation of  Aldehyde (I): 

A s o l u t i o n  of methyl  2 ,5 -d ihydrofuroa te  (3.2 g , 0 . 0 2 5  rnol) i n  100  ml of anhydrous t o l u e n e  was 

t r e a t e d  w i t h  a ZM s o l u t i o n  of di isobutylaluminum hydr ide  i n  t o l u e n e  (6.25 m l ,  0.025 mol) ,  added 

dropwise,  w i t h  s t i r r i n g  under n i t r o g e n  a t  -78'C. The r e a c t i o n  was main ta ined  2 h a t  -78°C 

and t h e n  t r e a t e d  w i t h  f i v e  2 0  m l  a l i q u o t s  of 10% aqueous methanol .  The r e a c t i o n  mix ture  was 

r a i s e d  t o  O'Cand t r e a t e d  w i t h  R-a-methylbenzylamine (6 .10  g, 6.4 m l ,  0.05 mol) ,  benzoic a c i d  

(6.10 g ,  0.05 mol) ,  s - b u t y l i s o n i t r i l e  ( 2 . 1  g ,  0.025 mol) i n  a s e q u e n t i a l  a d d i t i o n .  The 

r e s u l t i n g  suspens ion  was s t i r r e d  a t  ambient t empera ture  f o r  1 6 h r ,  d i l u t e d  w i t h  methylene c h l o r i d e  

and e x t r a c t e d  c o n s e c u t i v e l y  w i t h  water, 0.2 N sodium hydroxide,  0 . 1  N h y d r o c h l o r i c  a c i d ,  and 

s a t u r a t e d  sodium c h l o r i d e .  The e x t r a c t s  were d r i e d  over anhydrous magnesium s u l f a t e .  The 

o r g a n i c  l a y e r  was c o n c e n t r a t e d  in and t h e  r e s i d u e  chromatographed on s i l i c a  g e l  u s i n g  e t h e r -  

pe t ro leum e t h e r  (1:2) t o  a f f o r d  compounds 8a-d (7.93 g ,  78% y i e l d )  w i t h  R v a l u e s  0.70, 0.60, 
f 

0.40, and 0.33, r e s p e c t i v e l y .  R e c r y s t a l l i z a t i o n  of t h e s e  i somers  from ether-petroleum e t h e r  

(1:3) gave f o u r  c r y s t a l l i n e  compounds w i t h  i -he ' fo l lowing  mel r ing  p o i n t s :  ?.a, 106--107°C; &, 

114-115'C; &, 163-164'C; 86, 125-12b°C. 

Anal. Calcd f o r  C25H30N203: C, 73.86; H, 7.44; N, 6.89. Found: & C, 73.54; H, 7.64; N, 6.59; 

8b C, 73.50; H, 7.60;  N, 6.70;  & C, 73.88; H, 7.59; N, 6.73; g C ,  73.86; H, 7.60; N ,  6.95. - 

The p h y s i c a l  p r o p e r t i e s  of 8a-d are summarized i n  Table 1. 

Debenzylat ion of  (aR, 2S)-N-~-B~t~l-2,5-dih~dro~-[N-[(R)d-mdfhy1benn~1]beeeemido]-2-furan- 

ace tamide  (Sa) : 

A s o l u t i o n  of & (2.00 g,  0.005 mol) i n  50 m l  of 95% formic a c i d  was s t i r r e d  at 50-60DC f o r  

6 hr .  The mix ture  was d i l u t e d  w i t h  150 m l  o< methylene c h l o r i d e ,  e x t r a c t e d  w i t h  6 n 25 m l  

p o r t i o n s  of wate r ,  d r i e d  over anhydrous magnesium s u l f a t e ,  f i l t e r e d ,  and evapora ted  

t o  a f f o r d  c rude  2 which was p u r i f i e d  by r e c r y s t a l l i z a t i o n  from methylene ch lor ide-pe t ro leum 

D e t h e r .  Yie ld :  1 . 4 3  g (93%), m.p. 127-128.C, [alEtOH + 23.0'. R 0 45 (Merek s i l i c a  g e l  60, 
f '  

e t h e r ) .  

Anal. Calcd f o r  C17H22N203: C, 67.53; H, 7.34; N ,  9.26. Found: C, 67.25; H, 7.05; N, 9.20. 

The same procedure  was used to d e b e n z y l a t e  8b-d. The p h y s i c a l  p r o p e r t i e s  of  9a-d are g i v e n  



i n  Table 1. 

p r e ~ a r a t i o n  of ( 2 %  as)-Amino-2,5-dihydro-2-furanacetic Acid 0: 

A s o l u t i o n  of compound 2 (1.50 g, 0.005 mol) i n  50 m l  of c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (12 N) 

was heated at r e f l u x  f o r  l h r ,  coa led  t o  ambient t empera ture ,  d i l u t e d  w i t h  an equa l  volume of 

wate r ,  and e x t r a c t e d  w i t h  methylene c h l o r i d e .  The aqueous e o l u t i o n  was n e u t r a l i z e d  and 

t r e a t e d  w i t h  d e c o l o r i z i n g  carbon.  Concent ra t ion  of t h e  aqueous s o l u t i o n  and chromatography 

of t h e  r e s i d u e  on s i l i c a  g e l  u s i n g  15% aqueous propanol  as t h e  e l u e n t  a f f o r d e d  c r u d e  $ 

(RE 0.45,  Merck s i l i c a  gel-60,  n-PrOH-H20 7 :3) ,  which was f u r t h e r  p u r i f i e d  by r e c r y s t a l l i z a t i o n  

D 
from aqueous acecone. Yield:  0.321 g  (45%), m.p, 215-216Y decamp.) lallNHCl + 36.6'.  

Anal. Calcd f o r  C6H9N03: C, 50.35; M ,  6.34; N ,  5.79. Found: C, 50.05; H,  5.95; N ,  5.65. 

The same procedure was used t o  o b t a i n  amino a c i d a  2b-d. The p h y s i c a l  p r o p e r t i e s  of t h e s e  

compounds are summarized i n  Table  1. 
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