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Ahstrad - Tne novel ring transformation of 6-hydroxy-6-(2,3,5-tri-g- 

knzoyl-B-D-ribofuranasyl)2,64ihydropyran-3-one (1) with amidines to 

imidazole is described. Treatment of 1 with bewarmdine afforded 3-L2- 

phenyl-4-(2,3,5-tri~-benzoyl-B-D-rlbof~1anosyl)irmdarolyll-2-axo-l- 

propano1 (2) in 53% yield. 'H Kd 13c nmr spectra of 2 accounted for the 

Contribution of tautaneric structure. Deprotection of 2 with mthanolic 

sodium hydroxide afforded 3-[2-phenyl-4-(8-D-ribfuranosyllimidazolyll-2- 

0x0-1-propano1 (51 in 35% yield. Treatment of 1 with Fmthylisourea 

afford& 2-~thoxyimdazole (3) in 27% yield. Treatment of 1 with 

acetmidine afforded 2-mthylimidazole ( 4 )  I" 10% yield. However, 

debenzoylation of 3 and 4 with allviline did not afforded the deprotected 

imidazole C-nuclmsides. 

The imidarole skeleton is found in several naturally cccurring cmpounds whlch include the amino 

acid histidine, histamine, and purines.' A number of reviews2 have presented some imidazole 

nuclwslde and nucleotide chemlstri or blochemistry. However, only a few reports have dealt wlth 

the preparation of imidazole pnuclmslde  analogue^.^ In our studies on the preparation of new 

C-nucleosides by ring transfomtion of 6-hydroxy-6-(2,3,5-tri-~-benzoyl-B-D-ribofuranosyl)-2,6- - 

dihydropyran-3-one (1 1, we have descritd the synthesis of pyrrole,4 quinoraliner5 and lmzine6 

C-nucleosides. In this paper, we describe the novel ring transfomtion of 1 with midines to - 

imidarole ring. 

The condensation of 1 with benzamidine hydrcchloride in the presence of sodim urbanate was 

carried out in chloroform at r m  tapratwe, followed by chrmtographic puriflvtion of the 

prdmt gave 3-[2-phenyl-4-(2,3,5-tr~-~benzoyl-8-D-ribf~1ano~ylli~darolyll2-0xo-l-propanol (2) 

in 53% yield. me stmcture of 2 was established by 'H and 13c nmr and mss spectra. In 

partlalar, the 270 MHz 'H m spectrum featured a singlet at 6 3.93 (decrease in the signal 

intensity on the addition of deuterium oxldel and a doublet at 4.21 (5=6.1 Hz) for the side chain 



methylene protons, and a doublet a t  6 5.34 (J.4.4 Hz) attributed t o  the an-nc hydrogen atm of 

the ribofuranose miety. In the C-H m S Y  and DEPT spectra, the methylene carbon atan of position 

3 is not visible. The missing signal m y  be attributed to exchange occurrmg hetween taut-ric 

forms (Sch- 1 I.' The r-val of the sugar protecting groups in 2 was readily acccmplished with 

mthanollc sdnm hydroxide to afford 3[2-phenyl-4-(B-D-ribofuranosyllimidazolyl1-2-oxo-l- 

propano1 (5) in 35% yleld. Tne stereochmistry of 5 was detumlned by a nuclear Gverhauser effect 

experiment. Irradiation of the 1 ' -H signal (6 4.81 ) in 5 gave a 2.1 % enhancement of the signal 

at 6 3.98 assignable to the 4'-H. Moreover, the isopropylidene acetal (61 was synthesized 

using ptoluenesulfonic acid in acetone. Its 'H m spectrum s h d  two slnglets at 6 1.35 and 

1.61 (46.0.26 ppn; a value of less than 0.10 ppn would be expected i n  the case of an a anomrl.' 

This showed the 0-ribofuranoside configuration had been preserved during the condensation 

Scheme 1 
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0-Methylisourea hydrogen su l fa te  was a l s o  successfully condensed with 1 t o  afford 3-12-methoxy-4- - 

(2,3,5-tris-bwroyl-5-D-rib0furanosyl)imidz-1 -propano1 ( 3 )  i n  27% yield .  Next. 

treatment of 1 with acetamidine ace ta te  gave a 108 yield  of 3-[2-mthyl-4(2.3,5-tri~knzoyl-6- 

D-ribfuranosy1)imihlylI-2-oxol-promo1 ( 4 ) .  Dehenzoylation of 3 and 4 with alkaline did  

not afford the  deprotected imidazole C-nuclwsides. W e  think t h a t  the  formation of imidazoles 

2, 3, a d  4 p d s  by the  s imilar  mhan ism f o r  f o m t i o n  of quinavalines i n  a previous paper.5 

'Ihe out l ine  of the  reaction mechanism is s h m  i n  Schane 2. 

Scheme 2 

MSS spectra were taken on a Hitachi M-80 i n s t m n t  by d i r e c t  inser t ion at 70 eV; fast-atan 

baRbardment ( f a b )  mss spectra w e r e  m on a JMS-HX 11 0. 'H  Mnr spectra were - s u r d  n t h  a 

m - a - 2 7 0  and a GX-400 (JEDL) spectraneter,  with t e t ramthy l s i l ane  as internal  standard. 13c 

Mnr spectra were recorded on a JEOL JNM-EX100 Fourier transform spectrameter o p r a t i n g  a t  25.00 

MHz, with t e t r m t h y l s i l a n e  as i n t e r n 1  standard. Analytical thin-layer chrmtography ( t l c )  was 

p e r f o d  on glass  p la tes  cmted with a 0.5-rrm layer  of s i l i c a  gel  GF254 ( w r c k ) .  The coxpounds 

were detected by uv l i g h t  I254 m).  alum chrmtography was performed on silica gel C-200 (74- 

149 g m ,  Wakcqel). 



3-[ 2-Phenyl-4-(2,3,5-tri~benzoyl-~-D-ribofu~anosyl )inidaz01y11-2-1 -propano1 (2) .  To a 

s o l u t i o n  of 1 1631.4 q, 1.1 -1) i n  chloroform ( 5  m l )  a t  0°C was added benzamidine hydrochlor ide  

h y d r a t e  (730.8 w, 4.5 -1) and sd im c a r b r a t e  1479.7 mg, 4.5 -1) d u r i n g  10  min, The 

m i x t u r e  was s t i r r e d  a t  r o a n  t e m p e r a t u r e  f o r  24 h. Water was added ,  and t h e  m i x t u r e  was 

extracted w i t h  chloroform, and d r i e d  over  magnesium s u l f a t e .  The e x t r a c t s ,  on evapora t ion ,  

a f forded  a ye l low o i l  which was chrcmatographed o v e r  a col- of s i l i c a  g e l  w i t h  chloroform- 

metho l  (99:l 1 as  e l u e n t ,  to g i v e  2 (394.6 mg, 52.8%) as a colorless syrup; ' H  m [(CD3)2SOl 6 

3.93 ( 2  H, s ,  3-11], 4.21 ( 2  H, d ,  Js6.1 Hz, 1-HI, 4.55-4.68 ( 3  H ,  m, 4 '  and 5'-HI. 5.24 (1  H, t, 

J=6.1 Hz,OH),  5.34 (1  H , d , J = 4 . 4 H z ,  1 ' - H ) ,  6.01 11 H, t, J = 4 . 4 H r ,  2'-HI, 6.11 (1 H, t, 5.4.4 

Hz, 3 ' -HJ,  7.34-8.30 (20 H, m, A r H J ,  12.41 (1 H, s ,  NHJ ( a d d i t i o n  of  D20 caused t h e  s i g n a l s  a t  6 

5.24 and 12.41 to disappear ,  t h a t  a t  6 4.21 to sharpen,  and t h a t  a t  6 3.93 decrease  i n  s i g n a l  

i n t e n s i t y l ;  13c m (CE13) 6 64.29, 67.92 (C-5' and -11, 72.49, 77.28, 80.50 ( C - l ' ,  - 2 ' ,  -3' and 

4 1, 125.02-133.44 (Ar-C, imidazole C-4 and 5 1 ,  146.43 ( imidazole  C-2J, 165.45, 167.26 (C=O), 

and 208.15 (C-2); ms ( f a b ,  n i t r a b e n z y l  a l c o h o l  as m a t r i x )  661 (MH', 7%) (Found: MH* 661.2153. 

C38H33N209 r e q u i r e s  661 ,2186).  

3 - [ 2 - M e m - 4 - ( 2 , 3 , 5 - t r i + b e n z o y l - B - D - l  -pmpanol ( 3 ) .  T h i s  

conpound was prepared £ram 1 ,  ~ m e t i l y h s o u r s a  hydrogen s u l f a t e ,  and sodium carbomte as described 

a t o v e  f o r  2 :  a c o l o r l e s s  f m ,  26.8%; 'H  nmr [lCD3J2SOl 6 3.77 ( 3  H, s, MI3), 4.14 ( 2  H, s ,  3-H), 

4.54-4.64 ( 5 H , m ,  4 ' - ,  5 ' - d l - H ) , 5 . 1 5 ( 1  H , b r s , O H J ,  5.20 (1 H , d ,  J = 4 . 7 H r ,  l ' - ~ ) ,  5.83 (1 

H, t, 5 ~ 4 . 7  Hz, 2 ' - H ) ,  5.96 (1 H ,  a p a r e n t  t, 5.4.7 Hz, 3 ' - ~ ) ,  7.38-8.05 (15  H ,  m ,  ArHJ, 11.23 (1  

H, s ,  m ) [ a d d i t i m  of D20 caused t h e  s i g n a l s  a t  6 5.15 and 11.23 to d i s a p p e a r ] ;  13c  m (CCCl3) 6 

56.34 ( a 3 ) ,  64.41, 67.75 (C-5' and -11, 72.49. 77.34, 79.80 (C- l ' ,  -2'.  -3' a d  -4 '1 ,  128.36- 

133.27 (Ar-C, lmidazole C-4 and -51, 153.86 ( imldazole  C-2J, 165.39, 166.62 ( C S ) ,  and 207.80 (C- 

2 ) ;  m (fab, ni t robenzyl  a l c o h o l  as m a t r i x )  615 (MH+, 7%) (Found: MH+ 615.1935. C33H31N2010 

r e q u i r e s  615.1979). 

3-[ 2-Methy1-4-(2,3,5-tri+benzoyl-B-Wrib3f~~~yl )imidaz01y11-2d~0-1 -propem1 ( 4 ) .  This 

cmpund was prepred f r o n  1 ,  a c e t m i d i n e  a c e t a t e ,  and sodium carbonate  as d e s c r i b e d  above f o r  2: 

a colorless foam, 10%; l ~ r u n r  (CCC13J 6 2.02 ( 3  H, s, CH3J, 3.79 ( 2  H, s, 3-H), 4.23 ( 2  H, s, 1 -  

H ) ,  4.67-4.71 ( 3  H, m, 4'- and 5 ' - H ) ,  5.34 (1 H, d ,  J=6.4 Hz, 1'-HI, 5.54 (1  H ,  t , 5.6.4 Hz, 2 ' -  

HI, 5.78 (1 H, t, 5.6.4 Hz, 3 ' - H ) ,  7.37-8.13 (15 H, m, ArH); 1 3 c m  (COCl3) 6 13.69 ICE3), 64.29, 

67.75 (C-5' and -11, 72.39, 79.97 (C-1', - 2 ' ,  - 3 '  and 4 ' 1 ,  128.36-133.85 (Ar-C, imidazole C-4 and 
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51, 144.74 (unidazole C-21, 165.39, 166.73 (C=O), and 207.92 (C-21; ms (fab, lvtroknzyl alcohol 

as mtrix) 599 (m+, 19%) (Found: MH+ 599.1984. C33H31N209 requires 599.20291. 

3-[2-Phenyl-4-(@-~ribfuranmy1)irnida~~1y11-2~l-~l (51. To a solution of 2 (61.1 m3, 

0.09 -1) in methanol (1 ml) was added 5% aqueous NaOH (0.5 ml, 0.63 m l l  at O'C during 30 min, 

the mixture was rendered neutral with acetic acid and evaporated. The residue was 

chr-tcqraphed over a colwnn of silica gel w~th chloroform-methanol (9:l ) as eluent, to give 5 

(11.4 rq, 35.4%) as a colorless foam; 'H m (CD30D) 6 3.31 (2 H, s .  3-HI, 3.76 (1 H, dd, J.2.9 

and 12.1 Hz, 5'-Ha), 3.89 (1 H, dd, 5.2.9 and 12.1 Hz, 5'-Hb), 3.98 (1 H, q, J.2.9 and 6.6 Hz, 4'- 

H), 4.12 (1 H, t, J.6.2 Hz, 2'-H), 4.25 (1 H, dd, 5.6.2 and 6.6 Hz. 3'-HI, 4.37 (2 H, s ,  1-H), 

4.81 (1 H, d, J=6.2 Hz, 1'-H), 7.36-7.84 (5 H, m, ArH); 13c m (CD30DI 6 63.81, 69.26 (C-5' and 

1 72.90, 78.16, 78.96, 87.44 (C-1 ', -2', -3' and -4' I, 127.23-134.32 (Ar-C, imidazole C-4 and 

-51, 148.44 (imldazole C-2), and 209.65 (C-2); ms (fab, glycerol as mtrix) 349 (MH', 34%) ( F d :  

MH+ 349.1398. C17H21N206 requires 349.1 4001. 

3-[2-Phenyl-4- (2,3~isopm~1idene-~-~~ib3f~~anosy1lirnidaz01~11-2-0~~1 -prapanol (6 1. To a 

solutuon of 5 (11 .4 mg, 0.03 mmol) in acetone (1.5 mll was added acetone containing PTSA 

mnohydrate (7 mg) and the mixture was a l l 4  to stand at rmn temperature for 14 h. The 

reaction mixture was neutralized with saturated sodium hydrogen carbmte solution. Water was 

added, and the mixture was extracted with chloroform, and dried over mgnesium sulfate. Tiie 

extracts, on evaporation, afforded a yellow oil which was purified by preparative tlc with 

chloroform-rethaml (99:l ) as eluent, to give 6 (7.3 mg, 57.58) as a colorless oil; 'H m (CX13) 

6 1.35, 1.61 (each 3 H, each 5 ,  isopropylidene Me), 3.75 (1 H, dd, J=2.4 and 12.8 Hz, 5'-Ha), 3.79 

(2 H, s ,  3-H), 3.99 (1 H, dd, J=1.7 and 12.8 Hz, 5'-Hb), 4.34 (2-H, s ,  ?-HI, 4.42 (1 H, apparent 

q, &1.7 Hz, 4'-HI, 4.85 (1 H, dd, 5.3.7 and 6.1 Hz, 2'-HI, 5.00 (1 H, d. Jz3.7 Hz. 1 '-H), 5.04 (1 

H, dd, J=1.7 and 6.1 Hz, 3'-H), 7.33-7.76 (5 H, m, ArH); m (CD213) 6 25.27, 27.44 (M31, 

63.94, 67.86 (C-5' and -1 I, 80.21, 82.84, 86.35 (C-l', 2', -3' and -4'), 113.32 iisopropylidene 

CMe2), 122.62-135.96 (Rr-C, irridaz.de C-4 and -5). 146.78 (imidazole C-21. and 207.28 (C-21. - 
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