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SYNTHESIS OF NITRONUCLEOSIDES' 

Tai-Shun Lin and Robert E. Harmon* 

Department of Chemistry, Western Michigan University 
Kalamazoo, Michigan 49001 

Nitronucleosides are the key intermediates for the syntheses of 

certain aminonucleosides. 

that diastereomeric carbocyclic puromycin analogs act as two distinct 

types of inhibitors, namely, peptidyl transferase substrates and peptidyl 

transferase inhibitors in protein biosynthesis. Several methods have 

been used t o  synthesize 3'-amino-3'-deoxy-hexopyranosyl nucleosides. The 

condensation of nitromethane with sugar dialdehydes has been used with 

much success. 3-5 

nitronucleoside synthesis6 which involves the conversion of 6-benzamido- 

9- (6'-deoxy-6'-nitro-~-D-glucopyranosyl)purine - into 6-benzamido-9-(3'- 

deoxy-3'-nitro-cy-~-ribofuranosyl)purine JI& an intramolecular rearrange- 

Vince and coworkers' have recently reported 

Baer and coworkers have recently reported a L-ribo- 

- 

- 

ment . 
0 L2 N' 

CHzNOz 

AcO by 
OAc 

Ia X = NOa 
Ib X = OH 
Ic X = I  

IIa Y = OCH, 
IIb Y = OAc 
IIc Y = Br 
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C H Z N 0 2  

A c O  QH 

OAc 

V 

OR 

IVa R1 = N(CH.12; R 2  = SCH, 
0 
I ,  

IVb R1 = NHC-$I ;  R, = H 

A s  key s t a r t i n g  compound f o r  t h e  s y n t h e s i s  of L-3'-deoxy-3'-amino- 

nuc leos ides ,  a nuc leos ide  bear ing  a n i t r o  group a t  t h e  C-6' p o s i t i o n  of 

t h e  sugar  moiety is r e q u i r e d .  

a t tempted t h e  p r e p a r a t i o n  of a. 
oxyphosphonium iodide' i n  anhydrous N,N-dimethylformamide a t  room t e m -  

p e r a t u r e  f o r  3 h r  a f f o r d e d  ,& i n  88% y i e l d .  However, a l l  a t t e m p t s  t o  

e f f e c t  t h e  conversion of t h e  iodo n u c l e o s i d e s t o  t h e  corresponding 

n i t r o  d e r i v a t i v e & w e r e  unsuccessfu l .  For i n s t a n c e ,  t rea tment  of,& 

with sodium n i t r i t e  and phlorogluc inol  a t  room temperature  i n  DMSO-DMF 

( 4 : l )  gave only u n i d e n t i f i a b l e  dark  decomposition products .  Conducting 

t h e  r e a c t i o n  a t  0" under n i t r o g e n  atmosphere a l s o  f a i l e d  t o  g i v e &  

Because of t h e  prev ious ly  mentioned unsuccessfu l  r e s u l t s ,  a new approach 

w a s  taken which involved c o n s t r u c t i n g  t h e  n i t r o s u g a r  moiety f i r s t  and 

then condensing it w i t h  pur ine  bases  t o  g i v e  t h e  d e s i r e d  n i t r o n u c l e o s i d e s .  

A s  p a r t  of our  i n i t i a l  approach w e  

Treatment of & w i t h  methyl t r iphen-  

8 
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SYNTHESIS OF NITRONUCLEOSIDES 

Treatment of methyl 6-deoxy-6-iodo-2,3,4-tri-~-acetyl-a-~-glucopyrano- - 

s i d e  w i t h  sodium n i t r i t e  and phlorogluc inol  i n  DMSO-DMF ( 4 : l )  a t  15-20" 

f o r  3 days a f forded  I&' which w a s  conver ted  t o  t h e  te t ra -0-ace ty l  

d e r i v a t i v e  9 i n  70% y i e l d  us ing  Ac20-AcOH ( 1 : l )  mix ture  i n  t h e  pre- 

sence  of concd s u l f u r i c  acid." Compound p& w a s  then  t ransformed i n t o  

I& i n  65% y i e l d  by t r e a t i n g m w i t h  aluminium bromide u s i n g  bromoform 

as so1vent . l2  The convent iona l  hydrogen bromide i n  g l a c i a l  acetic a c i d  

brominat ion process  d i d  not  succeed i n  t h i s  i n s t a n c e .  The bromosugar LIc 

w a s  then condensed wi th  -which w a s  prepared i n  a n  e i g h t  s t e p  syn- 

t h e s i s  according t o  t h e  procedure r e p o r t e d  by B.R. Baker and coworkers13; 

and wi th  I I I b  14'15 i n  t h e  presence of mercuric  cyanide and anhydrous 

calcium s u l f a t e ,  i n  r e f l u x i n g  ni t romethane16 t o  y i e l d  3 and 3 in 
y i e l d s  of 25% and 42% r e s p e c t i v e l y .  The n i t r o n u c l e o s i d e z  w a s  a l s o  

prepared i n  30% y i e l d  by coupl ing t h e  bromide= w i t h  chloromercuric  

salt  of & i n  r e f l u x i n g  ni t romethane.  The t l c  of t h e  r e a c t i o n  m i x -  

t u r e s  revea led  t h e  presence of unreac ted  p u r i n e s  IIIa and = a n d  a n  

u n i d e n t i f i e d  compound, p o s s i b l y  a decomposition product  of n i t r o  bromo- 

sugar  &. 
d i t i o n  f o r  t h e  r e a c t i o n s .  Prolonged h e a t i n g  caused decomposition of t h e  

9 

cw 

W 

- 
It w a s  found t h a t  3 h r  r e f l u x i n g  t i m e  w a s  t h e  optium con- 

n i t r o n u c l e o s i d e s  l e a d i n g  t o  decreased y i e l d s .  

n i t r o n u c l e o s i d e s  = a n d  =were e s t a b l i s h e d  by t h e i r  r o t a t i o n s  which 

are  l e v o r o t a t o r y  and by a r a t h e r  l a r g e  coupl ing c o n s t a n t  observed in t h e  

nmr s i g n a l  ass igned  t o  H-1' .  

The f3-g c o n f i g u r a t i o n  of - 

The a t tempt  t o  couple  t h e  n i t roglucopyranosyl  bromide = w i t h  6- 

d i m e t h y l a r n i n o p ~ r i n e ~ '  i n  t h e  presence of mercuric  cyanide  and anhydrous 

calcium s u l f a t e  us ing  ni t romethane as  s o l v e n t  w a s  unsuccessfu l .  I n s t e a d  

of t h e  d e s i r e d  n i t r o  nuc leos ide ,  a n  u n s a t u r a t e d  n i t r o  sugar  d e r i v a t i v e  
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T-S. LIN AND R. E. HARMON 

V and b l a c k  tar were obta ined .  Mass spectrum and e lementa l  a n a l y s e s  d a t a  

of compound V were i n  accord w i t h  t h e  ass igned  s t r u c t u r e .  

The a c e t y l  groups i n a w e r e  removed us ing  t h e  procedure by 

c a u t i o u s  t rea tment  o f n w i t h  sodium methoxide i n  chloroform a t  0' t o  

g i v e  3 i n  86% y i e l d .  

EXPERIMENTAL, 

Melting p o i n t s  were taken  on a Thomas-Hoover Unimelt appara tus  and 
are uncorrected.  A Beclanan IR-8 spectrophotometer  w a s  used t o  determine 
t h e  i r  s p e c t r a .  The uv s p e c t r a  were obta ined  on a Cary-14 spectrophoto-  
meter. 
spec t rometers  us ing  Me,,Si as i n t e r n a l  s tandard .  The mass s p e c t r a  were 
recorded on ATLAS CH4 o r  LKB 9000 ins t ruments .  O p t i c a l  r o t a t i o n s  were 
measured w i t h  a Perk in  E l m e r  141  polar imeter .  The t l c  w a s  performed on 
Eastman precoated 6061 s i l i ca  g e l  p l a t e s  us ing  t h e  fo l lowing  s o l v e n t  
systems (v/v) :  (a) chloroform; (b) chloroform-ethanol ( 4 : l ) .  The t l c  
p l a t e s  were observed under uv l i g h t  and/or  developed w i t h  iod ine .  The 
e lementa l  ana lyses  were c a r r i e d  o u t  by Midwest Microlab, I n c . ,  Indiana- 
p o l i s ,  Indiana.  

2,3,4,-Tri-~-acetyl-6-deoxy-6-nitro-a-~-glucopyranosyl Bromide 

Anhydrous aluminum bromide (1.6 g, 0.006 mol) w a s  added t o  a s o l u t i o n  of 

6 I I b  (1.9 g, 0.0056 moll i n  50 m l  of bromoform. The mixture  w a s  hea ted  

t o  80" ( o i l  ba th)  w i t h  s t i r r i n g  f o r  24 h r s .  and f i l t e r e d  through c e l i t e  

t o  remove t h e  i n s o l u b l e  material. The bromoform s o l u t i o n  w a s  washed w i t h  

The nmr s p e c t r a  were run  on Varian A-60 and/or  Varian XL-100 

- 

hl 

ice-cold water (2 x 50 ml) ,  d r i e d  (Na2SO4), and evaporated t o  dryness  & 

vacuo. The r e s i d u e  w a s  then  d i s s o l v e d  i n  100 m l  of chloroform,  c l a r i f i e d  

with Nor i t  and t h e  s o l v e n t  w a s  evaporated t o  dryness  under reduced pres-  

sure .  The r e s i d u e  w a s  c r y s t a l l i z e d  from ace tone  t o  g i v e  1.3 g (65%) of 

t h e  product ,  mp 210-212" (dec) ;  +173.4" (C, 1, DMF); i r  (Nujo l ) ,  

1740 (C=O), 1550 (NO,),  1220 w i t h  shoulder  a t  1250 cm-' (C-0) ; nmr 

(CDCl,), 6 6.56 (d, 1, .TI,, = 4Hz, HI) ,  2.10-2.06 ( 3  s, 9, C,, C3 and C 4  

+ OAc), mass spectrum M (rn/e)397=C1,H1.BrNO9. 

Anal. Calcd f o r  C l 2 H I 6 B r N O P :  C ,  36.20; H, 4.05; B r ,  20.07; N ,  3.52. 

Found: C,  36.11; H, 4.12; B r ,  20.75; N, 3.49. 
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SYNTHESIS OF NITRONUCIXOSIDES 

2-Methylmercapto-6-dimethylamino-9-(2',3',4'-tri-~-acetyl-6'-deoxy-6'- 

nitro-#3-~-glucopyranosyl)purine w. - A suspension of 2-methyl- - 

mercapto-6-dimethylamino purine (1.65 g, 7.53 m mol) in nitro- 

methane (150 ml) was dried azeotropically by distilling 50 ml of the 

solvent. 

cyanide (1.90 g, 7.53 m mol) and anhydrous calcium sulfate (1.20 g, 8.82 

m mol) was added and the reaction mixture was then heated to reflux (oil 

bath temp. 110-115") with vigorous stirring for 3hr.with exclusion of 

moisture. The hot mixture was filtered through celite. The filtrate 

was evaporated to dryness under reduced pressure. The residue as well 

as the filter cake were extracted by stirring each with 100 ml of 

chloroform for 20 min. The combined extracts were washed successively 

with 30% aqueous potassium iodide solution (2 x 100 ml) and water (2 x 

100 ml) and then dried over anhydrous sodium sulfate. 

solution (clarified with Norit) was then evaporated to dryness in vacuo 

to afford a glassy syrup (2.60 g) which was crystallized twice from 

ethanol to yield 0.99 g (25%) of ,% as white fine needles, mp 208-210" 
(dec). 

sample, mp 211-212" (dec); [a];' -3.0" (C, 1, CHC13); tlc, Rf = 

0.6(CHC13); ir (film), vmax 1750 (GO), 1590 (C=C, C=N), 1560 (NO,), 

1230 cm-' (C-0); uv (EtOH), Amax 274 nm (E 18,182), Amax 236 nm (&  

25,573); nmr (CDC13), 6 7.74 (s, 1, H-81, 5.93 (d, 1, H-l', with J I ; ~ '  

A mixture of the bromide ,I& (3.00 g, 7.53 m mol) , mercuric 

The chloroform 

A third recrystallization from ethanol gave analytically pure 

= 8.5 Hz), 3.46 [s, 6, N(CH3)2], 2.57 (S, 3, SCHB), 2.10, 2.04, 1-80, 
+ 

(3 s ,  9, 3 acetyl); mass spectrum (70 eV), M. (m/e) 526 = CZOH~SNSO~S. 

- Anal. Calcd for C20H,sNs09S: C,  45.62; H, 4.98; N, 15.96; S, 6.09. 

Found: C, 45.43; H, 4.93; N, 15.91; S ,  6.30. 

Compound IVa was also synthesized in 30% yield 
rv 

densing the bromosugar&(1.75 g, 4.39 m mol) with 

0.68 g) by con- 

the chloromercuric 
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!I?-S. LIN AND R. E. HARMON 

salt of IIIa (2.00 g, 4.39 m mol) in the presence of Celite (3.00 g) in 

refluxing nitromethane (120 ml) according to the procedures described 
w 

previously. 

6-Benzamido-9-(2',3',4'-tri-~-acetyl-6'-deoxy-6'-nitro-$-~-glucopyran- ~ 

osy1)purine m) 6 . - To a solution of N-benzoyladeninel' (1.80 g, 

7.53 m mol) in 120 ml of nitromethane dried by azeotropic distillation 

was added a mixture of the bromosugar (3.00 g, 7.53 m mol), mercuric 

cyanide (1.90 g, 7.53 m mol) and anhydrous calcium sulfate (1.00 9). 

The mixture was refluxed with stirring for 3 hrs under anhydrous con- 

dition. The product was isolated in the same manner described in the 

synthesis of IVa The residue, crystallized twice from ethanol, gave 

1.78 g (42%) of 3 mp203-203.5" (dec); [a];' -26.0' (C, 1, CHC1,); 

tlc, Rf = 0.2 (CHCL,); ir (film), vmax 3280 (MI) ,  1740 (acetyl GO), 

1680 (N-benzoyl C=O) , 1590 (C=C, C=N), 1550 (NOz), 1260-1177 cm-I ( C - 0 )  ; 

uv (EtOH), Xmax 276 nm (&  21,000); nmr (CDCl,); 6 8.76 (s, lH, H-21, 

8.23 ( s ,  lH, H-8), 8.09-7.95 (m, 2H, -Ph), 7.60-7.45 (m, 3H, -Ph), 6.07 

cv' 

(d, lH, H-l', with Jl;z', = 8.7 Hz), 2.11, 2.05, 1.76, (3 S, 9 H, 3 

acetyl) . 
Anal. Calcd for Cz4H~4N6010 : C, 51.80; H, 4.35; N, 15.10. 

Found: C, 51.93; H, 4.27; N, 15.25. 

2-Methylmercapto-6-dimethylamino-9-(6'-deoxy-6'-nitro-~-~-glucopyran- 

osy1)purine w. - To a magnetically-stirred solution of Jb(l.3 g, 

0.00247 mol) in chloroform (20 ml) at 0", was added dropwise a freshly 

prepared solution of sodium (0.3 g, 0.013 mol) in methanol (20 ml). 

The reaction mixture was kept at 0" with stirring for 1 hr, and then 

time water (20 ml) was added. The solution was then acidified to pH 5 

by adding glacial acetic acid dropwise with continued cooling. 

of most of the organic solvents under reduced pressure (bath temperature 

Removal 
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SYNTHESIS OF NITRONUCLEOSIDES 

35') caused sudden c r y s t a l l i z a t i o n  of whi te  c r y s t a l s  from t h e  concen- 

t r a t e d  s o l u t i o n .  The product  w a s  c o l l e c t e d  a t  once, washed w i t h  water,  

ice-cold e t h e r ,  and d r i e d  i n  vacuo over  P205 a t  room temperature;  y i e l d ,  

0.85 g (86%),  mp 180-185' ( d e c ) ,  showing one spot  on t l c  [Rf 0.7, CHC13- 

E t O H  (4 :1) ] .  Two r e c r y s t a l l i z a t i o n s  from e t h a n o l  gave t h e  a n a l y t i c a l  

sample, mp 184-185' (dec) ;  i r  (Nujol) , 3250 (broad, OH), 1620 (C=C, C=N), 

1550 cm-' (NO,). 

Anal. Calcd f o r  CI4H2,,NsO6S: C, 41.99; H, 5.03; N,  20.98; S,  8.00. 

Found: C,  42.13; H, 5.16; N, 21.22; S,  8.15. 

React ion o f =  w i t h  6-Dimethylaminopurine and Mercuric Cyanide. - 

To a s o l u t i o n  of 6-dimethylaminopurine (1.23 g, 7.53 m mol) i n  150  m l  

of ni t romethane d r i e d  by a z e o t r o p i c  d i s t i l l a t i o n ,  w a s  added a mixture  

of t h e  bromide= (3.00 g,  7.53 m mol), mercur ic  cyanide (2.10 g,  

8.28 m mol) ,  and anhydrous calcium s u l f a t e  (3.59 g) .  The mixture  w a s  

re f luxed  f o r  3 h r  w i t h  v igorous  s t i r r i n g .  A t  t h e  end of t h i s  time, t h e  

r e a c t i o n  mixture  had turned  d a r k  brown. The crude  product  i s o l a t e d  

us ing  t h e  method descr ibed  i n  t h e  s y n t h e s i s  of I& w a s  c r y s t a l l i z e d  

3 times from e t h a n o l  t o  y i e l d  w h i t e  needles  (0.34 g) which w e r e  i d e n t i -  

f i e d  as  hydroxyl  g l u c a l  d e r i v a t i v e s  mp 231-233' (dec) ;  m a s s  spectrum 

(70 eV), M. (m/e) 317 = C12HllN09. 
+ 

Anal. Calcd f o r  ClzH1.N09: C, 45.43; H, 4.77; N, 4.42. Found: 

C,  44.83; H, 5.16; N,  4.17. 

Acknowledgment. - This  i n v e s t i g a t i o n  was  supported by t h e  N a t i o n a l  

I n s t i t u t e s  of Heal th ,  Grant No. CA 13118. The a u t h o r s  wish t o  thank 

M r .  V.K. Sood and The Upjohn Company, Kalamazoo, Michigan, f o r  t h e  
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