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The p resen t  p a p e r  gives the resu l t s  of a study of the s te r ic  d i rec t iv i ty  of the condensation of subs t i -  
tuted D-xylofuranuronaldehydes  with n i t romethane.  In te res t  in the n i t romethane  condensation is due to the 
fact  that the compounds fo rmed in this react ion a re  convenient in te rmedia tes  in the synthesis  of der iva t ives  
of cycl i tols  of the natural  s t ruc ture .  As is well-known, the react ion of D-xylofuranuronaldehydes  with n i t r e -  
methane gives  a mix ture  of 6 -n i t ro -6-deoxyhexofuranoses  with the D-gluco and the L-ido configurations 
which is difficult to sepa ra t e  [1-3], the ratio of the e p i m e r s  depending on the nature and posi t ion of the sub- 
st i tuents .  We have shown prev ious ly  [4] that the introduction of a voluminous substi tuent into posi t ion 3 
leads  to an inc rease  in the amount of the gluco i s o m e r  in the mixture  formed.  Thus, in the case  of 1 ,2-O- 
i sopropy l idene-~-D-xy lofuranurona ldehydes  the rat io of the gluco and ido e p i m e r s  is 3.5 : 1, while fo r  the 
cor responding  3-O-benzyl  der iva t ive  it is 9: 1. 

F r o m  this point of view, it appeared  of in te res t  to invest igate  the influence of the nature  and posit ion 
of subst i tuents  at  the glycosidic  cen te r  on the configuration of the new cen te r  of a s y m m e t r y  a r i s ing  as  a r e -  
sult of this react ion  using as  examples  methyl  ~-  and f l -2 ,3-d i -O-benzyl -D-xylofuranos idurona ldehydes  (Va 
and b, respect ively) .  

The initial uronaldehydes  (Va) and (Vb} were  obtained f r o m  3 - O - b e n z y l - l , 2 - O - i s o p r o p y l i d e n e - ~ - D -  
g lycofuranose  [5], which was conver ted  by the act ion of diethyl carbonate  in the p r e sence  of a catalyt ic  amount 
of po tass ium carbonate  into 3 -O-benzy l - l , 2 -O- i soprepy l idene -o~-D-g lucofu ranose  5 ,6-carbonate  (II). The 
methanolys i s  of the l a t t e r  led to a mixture  of the anomer ic  methyl  g lycosides  (IIIa, b), which could be sepa-  
ra ted  chromatograph ica l ly  on si l ica.  The a nomer s  {IIIa) and (IIIb) were  benzylated with benzyl bromide  in 
the p resence  of s i l ve r  oxide and were  then subjected to alkaline hydrolys is .  The resul t ing methyl  ~-  and 
f l -2 ,3 -d i -O-benzy l -D-g lucofuranos ides  (IVa, b) were  oxidized with lead t e t r aace ta t e  to the cor responding  
D-xylurenaldehydes  (Va) and (¥b). 
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The reac t ion  of the fl a n o m e r  (Vb) with n i t remethane  led to the fo rmat ion  of p rac t i ca l ly  a single i so-  
m e r  with the gluco configuration (VIb), as was to be expected  in accordance  with C r a m ' s  rule [6]. The n i t r e -  
methane condensat ion of the a a n o m e r  (Va) g ives  a mix ture  of the gluco and ido e p i m e r s  (Va) and (VII), r e -  
spect ively,  approx imate ly  in a ra t io  of 6: 1, the e p i m e r s  being capable  of ch romatograph ic  separa t ion  on s i l -  
ica gel impregna ted  with bor ic  acid.  The inc rease  in the amount of ido i s o m e r  in the l a t t e r  case  can prob-  
ably be explained by the conformat ion  of the aldehyde (Va), in which the aldehydic and 3-O-benzy l  groups  a r e  
s epa ra t ed  by a g r e a t e r  dis tance than in the m o r e  r igid s t ruc tu re  of 3 - O - b e n z y l - l , 2 - O - i s o p r e p y l i d e n e - a - D -  
xylofuranuronaldehydes .  The gluco configuration of the 6 -n i t r e -6 -deoxyhexofu ranoses  (Via) and (VIb) is con- 
f i r m e d  by t he i r  convers ion  into the cor responding  methyl  D-g lucofuranos ides  (IVa) and (IVb) by reduction 
with l i th ium te t rahydroa lumina te  and subsequent  deaminat ion with n i t rous  acid.  

E X P E R I M E  N T A  L 

The NMR spec t ra  were  taken on a Var ian  Char t  S-100 A ins t rument  with a woxking f requency of 100 
MHz. Tet rame thy l s i l ane  was used  as  in ternal  s tandard.  The IR spec t r a  were  obtained on a P e r k i n - E l m e r  
model  257 record ing  spee t ropho tome te r  (paraffin oil, and a lso  ch lo ro fo rm solutions with concentra t ions  of 
5 • 10 -2 to 5" 10 -3 M). 

The e l emen ta ry  ana lyses  of subs tances  (Via, VIb, and VII) and of the s e m i c a r b a z o n e s  of compounds 
(Va and b) co r responded  to the calcula ted f igures .  

3 - O - B e n z y l - l , 2 - O - i s o p r o p y l i d e n e - ~ - D - g l u c o p y r a n o s e  5 ,6-Carbona te  (II). A solution of 25.0 g of 3 -O-  
b e n z y l - l , 2 - O - i s o p r o p y l i d e n e - ~ - D - g l u c o p y r a n o s e  [5] in 150 ml  of f r e sh ly  dis t i l led diethyl carbonate  was 
t r ea t ed  with 0.25 g of anhydrous po t a s s ium carbonate .  The mix tu re  was s t i r r e d  at the boil f o r  2 h, and then 
500 ml  of diethyl carbonate  was added to it  dropwise  o v e r  4 h with the s imul taneous  e l iminat ion of the so l -  
vent  by dis t i l la t ion until the t e m p e r a t u r e  of the v a p o r s  had reached  125°C. Af te r  the complet ion of the r e -  
action, the mix ture  was cooled to 20°C and was  t r ea ted  with 5 g of KU-2 res in  (H + form),  and then it was  
f i l t e red  and the solvent was dr iven off. Crys ta l l i za t ion  of the res idue  f r o m  100 ml  of methanol  gave 23.2 g 
(85.6%) of (ll) with mp 119-120.5°C, [~]~ - 5 3 . 0  ° (c3.7; chloroform) .  L i t e ra tu re  data: mp 119-120.5°C, [~]~ 
- 5 3 . 7  ° (c 3.7; ch loroform)  [7]. 

Methyl  ~-  and B-3-O-Benzy l -D-g lucopyranos ide  5 ,6 -Carbona tes  (II~,  b). A mix tu re  of 12.0 g of (If), 
6 g of KU-2 r e s in  (H + form) ,  and 250 ml  of absolute  methanol  was s t i r r e d  a t  60-65°C f o r  8 h, cooled to 20°C, 
and f i l tered,  and the solvent was  dr iven off. Chromatography  of the res idue  on a column containing 250 g 
of s i l ica  [ c h l o r o f o r m - m e t h a n o l  (99.5 : 0.5) and (98 : 2), 600 and 1500 ml,  respect ively]  gave 3.90 g (35.2%) of 
(Ilia) and 7.05 g (63.7%) of (IIIb). 

Methyl a - 3 - O - B e n z y l - D - g l u e o p y r a n o s i d e  5 ,6-Carbonate  (Ilia). The substance had mp 62-62.5°C (etha- 
n o l - p e t r o l e u m  ether) ,  [ a ]~  +94.0 ° (c 2.7; methanol) .  L i t e ra tu re  data: mp 62-63°C, [~]~ +93.3 ° (e 2.7; 
methanol)  [7]. 

Methyl  f l - 3 -O-benzy l -D-g lucopy ranos ide  5 ,6-Carbona te  (IIIb). Syrapy substance with [o~]~ - 6 1 . 3  ° 
(c 3.3; methanol) .  L i te ra tu re  data: [~]~ - 6 1 . 2  ° (c 3.3; methanol) [7]. 

Methyl  a -  and /3-2 ,3 -Di -O-  benzy l -D-g lucofuranos ides  (IVa, b). With s t i r r ing ,  a solution of 5.5 ml  of 
f r e sh ly  dis t i l led benzyl  b romide  in 10 ml  of dimethyl  fo rmide  was added to a mix tu re  of 3.90 g of (Ilia), 7.5 g 
of s i l ve r  oxide, 2nd 25 ml  of dimethyl  fo rmamide .  The reac t ion  mix tu re  was kept at  20°C fo r  five days  and 
was f i l t e red  and evapora ted  at  80-100°C (5-7 mm),  and then 200 ml  of ch lo ro fo rm was added to the residue,  
the resul t ing  mix tu re  was f i l te red,  and the solvent was dr iven off. The res idue  was dissolved in 200 ml  of 
acetone,  and this solution was t r ea t ed  with 50 ml  of 0.3 N b a r i u m  hydroxide solution, s t i r r ed  fo r  2 h, and 
f i l tered.  The f i l t ra te  was concent ra ted  to a volume of 50 ml  and ex t rac ted  with e the r  (200 ml), and the ex-  
t r a c t  was  dr ied with anhydrous magnes ium sulfate.  Af t e r  e l iminat ion of the solvent,  a syrupy res idue  was  
obtained which was ch romatographed  on a column containing 200 g of s i l ica  [ c h l o r o f o r m - p e t r o l e u m  e the r  
(1: 1), 500 ml; ch loroform,  600 ml; c h l o r o f o r m - m e t h a n o l  (97.5: 2.5), 900 ml]. The yield of (IVa) was 3 .87g 
(85.5%). Amorphous  substance  with [a ]~  +75.2 ° (c 3.4; chloroform) .  L i t e ra tu re  data: [a ]~  +75.3 ° (c 3.4; 
ch loroform) .  

S imi la r ly ,  6.0 g of (IIIb) gave 6.85 g (90%) of (IVb) with mp 60-61°C ( e t h e r - p e t r o l e u m  ether),  [ a ]~  
- 5 9 . 8  ° (c 2.7; ch loroform) .  L i t e ra tu re  data: mp 59-61°C, [ a l~  --59.8 ° (c 2.7; chloroform) .  

Methyl w- and /~-2 ,3 -Di -O-benzy l -D-xy lo fu ranos idurona ldehydes  (Va, b). With s t i r r ing ,  3.75 g of lead 
t e t r aace t a t e  and, a f t e r  15 min, 2-3 drops  of ethylene glycol were  added to a solution of 3.00 g of (l"Va) in 50 



ml of dry  benzene heated to 50-55°C, a f t e r  which the mixture  was cooled to 20°C and f i l tered.  The f i l t ra te  
was washed with wa te r  (25 ml), dr ied  with anhydrous magnesium sulfate, and the solvent was el iminated in 
vacuum (10 nun). This gave 2.68 g (97.6%) of (Va) (syrupy substance). The semicarbazone  had the composi-  
tion C21H25N3Os, mp 128-129°C (e ther -hexane) ,  [w]~ +59.6 ° (c 2.10; chloroform).  

Similar ly,  2.57 g of (l~rb) gave 2.32 g (98.7%) of (vb) (syrupy substance), semicarbazone  C21H25N3Os, 
mp 161.6-162.5°C (e ther -hexane) ,  [c~]~ - 1 . 7  ° (c 1.18; chloroform).  

Methyl /~-2 ,3-Di-O-benzyl -6-n i t ro-6-deoxy-D-glucofuranos ide  (VIb), C21H25NO7 . A solution of 1.29 g 
of (Vb) in a mixture  of 40 ral of 96% ethanol and 5 ml of ni t romethane was brought to pH 8.5 with a 0.5 N so- 
lution of sodium methoxide in methanol and was s t i r r ed  at 20°C fo r  1 h. Then it was t reated with 4 gofKU-2  
res in  (H + form), f i l tered,  and evaporated in vacuum (10 ram). The residue was dissolved in 10 ml of ether,  
and the solution was washed with wa te r  (20 ml) and dried with anhydrous magnesium sulfate. Elimination of 
the solvent gave a syrupy residue (1.48 g), f rom which chromatography on a column containing 30 g of KSK 
sil ica gel containing 1 g of boric  acid [petroleum e t h e r - e t h e r  (19: 1), 100 ml, and (9: 1), 600 ml] isolated 
1.19 g (80.1~0) of (VIb) with mp 63.5-64.5°C (e ther -hexane) ,  [~]~ - 5 2 . 4  ° (e 0.65; ehloroform).  NMR spec-  
tr tun (CCI4; 5; ppm): 3 . 2 7 -  OCH3; 4.76 (singlet)-  1 H; 7.20 and 7.23 (C6H5). IR spec t rum (CHCI3; cm-i):  
1558 (NO 2 group), 3540 (OH group). 

Methyl ~-2 ,3 -Di -O-benzyl -6-n i t ro -6-deoxy-D-g lucofuranos ide  (Via) and Methyl f l -2 ,3-Di-O-benzyl-6-  
ni t ro-6-deoxy-I . , - idofuranoside (VII). As descr ibed  for  (Vb), 2.58 g of (Va) yielded a syrupy residue (2.77 g) 
chromatography of which on a column containing 60 g of si l ica gel with 2 g of bor ic  acid [petroleum e t h e r -  
e the r  (19 : 1), 200 ml; (9 : 1), 900 ml; (7 : i ) ,  500 ml] gave 2.01 g (71.6%) of (Via) and 0.33 g (11.8%) of (VII). 

Methyl (~- 2, 3-Di- O-benzyl-  6-ni t ro-  6-deoxy-D-glucopyranoside  (Via), C21H~$NO 7. Syrupy substance 
with [~]~ +52.1 ° (c 0.87; chloroform).  NMR spect rum (CC14; 6; ppm): 3.34 - OCH3; 4.77 (doublet) - 1 H 
(4 Hz); 7.27 and 7.31 ppm (C6H5). LR spec t rum (CHC13; cm-i):  1558 (NO 2 group) and 3520 (OH group). 

Methyl f l -2 ,3 -Di -O-benzyl -6-n i t ro -6-deoxy-L- idofuranos ide  (VII), C21H25NOT. Mp 95-96°C ( e the r -  hex- 
ane), [~]~ +40.6 ° (c 0.40; chloroform).  NMR spec t rum (CC14; 5; ppm): 3 . 3 4 -  OCH3; 4.79 (double t ) -  1 H 
(4 Hz); 7.29 and 7.32 (C6H5). IR spec t rum (CHC13; cm-i):  1558 (NO 2 group) and 3530 (OH group). 

P roo f  of the Gluco Configuration of the 6-Ni t ro-6-deoxyhexofuranosides  (Via) and (V]b). A solution of 
0.10 g of (VIb) in 10 ml of absolute e the r  was t rea ted  with 0.05 g of lithium tet rahydroaluminate ,  and the mix- 
ture  was s t i r r ed  at 20°C fo r  1 h, a f t e r  which the excess  of reagent  was decomposed by the addition of 2-3 
drops of wate r  and, a f t e r  f i l tration, the solvent was dr iven off. The residue was t rea ted  with a solution of 
0.05 g of sodium nitr i te  and 0.25 g of p-toluenesulfonic acid in 20 ml of 80% methanol, followed by s t i r r ing  
at 20°C fo r  3 h. Then the react ion mixture  was concentra ted to a volume of 4 rnl and ext rac ted  with e the r  
(15 ml), and the ex t rac t  was washed with wa te r  (5 ml) and dr ied with anhydrous magnesium sulfate. Af te r  
el imination of the solvent, a syrupy residue (0.07 g) was obtained f rom which by prepara t ive  th in - layer  chro-  
matography on sil ica (ch lo roform-methano l ,  20: I) 32 ml (34.4%) of (IVb) was isolated with mp 59.5-61°C, 
[~]~ - 5 9 . 9  ° (e 2.7; chloroform).  

Similar ly,  (Via) gave 33.1% of (IVa) in the fo rm of an amorphous substance, [~]~ + 75.4 ° (c 3.4; chloro-  
form).  

SUMMARY 

1. The condensation of the anomeric methyl 2,3-di-O-benzyl-D-xylofuranosiduronaldehydes with nitro- 
methane has been studied. 

2. It has been shown that the posit ion of the substituent at  the glycosidic c en t e r  has an influence onthe 
s te r ic  d i rect iv i ty  of this react ion.  

3. The s t ruc ture  of the 6-ni t ro-6-deoxyhexofuranos ides  synthesized has been confi rmed by the i r  con- 
vers ion  into known der ivat ives  of methyl  D-glueofuranosides.  
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