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SUMMARY 

The s y n t h e s i s  o f  a mix tu re  o f  D - g l u ~ o s e - 6 - ~ ~ C  and 1,6-anhydro- 

a r e  desc r ibed .  The K i l i a n i  r e a c t i o n  o f  hydrogen cyanide- C w i th  
5-aldo-l,2-0-isopropylidene-D-xylo-pentofuranose a f f o r d e d  ep imer i c  
cyanohydr ins .  Rapid i n  s i t u  h y d r o l y s i s  of t h e  n i t r i l e s  was 
e f f e c t e d  a t  5 O o C  t o  o b t a i n  a m i x t u r e  o f  t h e  co r re spond ing  a l d u r o n i c  
a c i d s .  The l a t t e r  were reduced wi th  LiA1H4.  Hydro lys i s  o f  t h e  
i sop ropy l idene  groups  wi th  t r i f l u o r o a c e t i c  a c i d  gave a mix tu re  o f  
g lucose  and anhydroidose .  A f t e r  chromatographic  s e p a r a t i o n ,  
t h e  l a b e l e d  ca rbohydra t e s  wer ob ta ined  i n  y i e l d s  o f  48% and 25%. 
r e s p e c t i v e l y .  R e s u l t s  o f  a "C NMR s t u d y  o f  t h e  K i l i a n i  
cyanohydr in  r e a c t i o n  a r e  a l s o  r e p o r t e d .  

8-L-idopyranose-6- 3 C and t h e i r  r e s o l u t i o n  by column chroy3tography 

Key words: D - g l ~ c n s e - 6 - ~ ~ C ,  carbon-13, 1 3 C  N M R ,  K i l i a n i  r e a c t i o n ,  ca rbohydra t e s  

INTRODUCTION 

A method for  t h e  s y n t h e s i s  o f  D-glucose l a b e l e d  wi th  i s o t o p i c  carbon a t  t h e  

6 -pos i t i on  was f i r s t  d e s c r i b e d  by Sowden" I. 

p a t t e r n  is  e s t a b l i s h e d  by t h e  r e a c t i o n  of i s o t o p i c  cyan ide  wi th  5-aldo-1,2-0- 

isopropyl idene-D-m-pentofuranose (1). 
n i t r i l e s  ob ta ined  i n  t h e  cyanohydr in  r e a c t i o n ,  Sowden i s o l a t e d  t h e  i sopropyl idene-  

g l u c u r o n i c  a c i d  epimer which was subsequen t ly  l a c t o n i z e d ,  reduced ,  and hydro lyzed  

t o  a f f o r d  D-g l~cose -6 - '~C .  Sha f i zadeh  and Wolfram") modif ied  Sowden's method by 

l a c t o n i z i n g  t h e  mix tu re  o f  ep imer i c  a l d u r o n i c  a c i d s  and s e p a r a t i n g  1.2-0- 

isopropylidene-D-glucurono-Y-lactone from 1,2-0-isoproplidene-L-idurono-Y-lactone 

by column chromatography. Modi f i ca t ions  o f  Sowden's method have a l so  been 

r epor t ed  by S c h a f f e r  and I ~ b e l l ' ~ ) .  

I n  Sowden's p rocedure ,  t h e  l a b e l i n g  

After h y d r o l y s i s  o f  t h e  ep imer i c  

S e p a r a t i o n  o f  t h e  i sop ropy l idene  d e r i v a t i v e  
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o f  D-glucuronic a c i d  was e f f e c t e d  by c r y s t a l l i z a t i o n  o f  t h e  barium s a l t . *  It w a s  

a l s o  shown t h a t  t h e  pH o f  t h e  cyanohydrin-forming r e a c t i o n  a f f e c t e d  t h e  epimer 

d i s t r i b u t i o n  wi th  t h e  h i g h e s t  y i e l d  o f  t h e  D-glucurono epimer b e i n g  formed i n  

a c i d i c  s o l u t i o n .  Advantages i n  us ing  c r y s t a l l i n e  1 were noted .  

We have employed Sowden's method f o r  a s y n t h e s i s  of D-gluc0se-6-~~C and have 

developed o t h e r  m o d i f i c a t i o n s  which s i m p l i f y  and f u r t h e r  improve t h e  s y n t h e s i s .  

We have a l s o  conducted a 13C NMR s tudy  o f  t h e  r e a c t i o n  o f  sodium cyanide-13C w i t l h  

t h e  aldehydo suga r  1. 

RESULTS AND DISCUSSION 

The K i l i a n i  r e a c t i o n  o f  sodium cyan ide  wi th  5-aldo-l,2-0-isopropylidene- 

D - a - p e n t o f u r a n o s e  (1) proceeds  wi th  i n  s i t u  h y d r o l y s i s  of t h e  i n i t i a l l y  formed 

cyanohydr ins ;  t h e  product  be ing  a m i x t u r e  o f  ep imer i c  i s o p r o p y l i d e n e a l d u r o n i c  

a c i d s  having D-glucurono and L-idurono c o n f i g u r a t i o n s .  We have  conducted 

r e a c t i o n s  between 1 and sodium cyanide-13C i n  NMR sample t u b e s  and moni tored  t h e  

evo lv ing  r e a c t i o n s  by 13C NMR spec t roscopy .  S e v e r a l  t echn iques  were employed t o  

i d e n t i f y  s p e c i e s  p r e s e n t  i n  t h e  r e a c t i o n s :  

obse rva t ion  of 13C-15N c o u p l i n g s  i n  r e a c t i o n s  conducted wi th  sodium 

cyanide-' 3C-15N; and a d d i t i o n  o f  a u t h e n t i c  compounds t o  r e a c t i o n  s o l u t i o n s  a t  

a p p r o p r i a t e  times. The chemical s h i f t s  o f  t h e  C-6 r e sonances  f o r  t h e  s p e c i e s  

i d e n t i f i e d  i n  t h e  r e a c t i o n s  a r e  g iven  i n  Table  I .  Scheme I shows t h e  cour se  o f  

t h e  K i l i a n i  r e a c t i o n  and g i v e s  t h e  s t r u c t u r e s  of t h e  v a r i o u s  i n t e r m e d i a t e s  t h a t  

we have observed .  

o b s e r v a t i o n  of 13C chemica l  s h i f t s :  

* I n  a subsequent  paper [ S c h a f f e r  R .  and I s b e l l  H. S. - J .  Am. Chem. SOC. 79: 
3867 (1957) l .  it was shown t h a t  t h e  L-idurono epimer could  b e s t  be p u r i f i e d  a s  
t h e  calcium s a l t .  
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Table I. 

Observed in the Kiliani Reaction of 1 and Na 
13C Chemical Shifts and l3C-l5N Coupling Constants for C-6 Resonances 

13 CN o r  NaI3Cl5N. 

Specie sa 

1,2-IP-D-glucurononitrile (a) 
1,2-IP-L-idurononitrile (2) 

1,2-IP-D-glucuronamide (3) 

1,2-IP-L-iduronamide 

1.2-IP-D-glucurono-3,6-lactone (%) 

1.2-IP-L-idurono-3,6-lactone (9) 
Sodium .1,2-IP-D-glucuronate 

Sodium 1 ,2-IP-L-iduronate 

Chemical Shift ( ppm) 

120.2 

119.1 

178.0 

177.2 

177.5 

177.5 

179.0b 
b 

178.5 

16.6 

16.1 

17.6 

16.9 

a l  ,2-IP = 1.2-0-isopropylidene bpH = 4.5-11. 0 

SCHEME I 
0 

I G,2b 32, 3b 
0 

“!-OH 
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In  t h e i r  s t u d y  o f  t h e  cyanohydrin r e a c t i o n ,  S c h a f f e r  and I s b e l l C 3 )  found t h a t  

t h e  optimun y i e l d  (58%) o f  1,2-O-isopropylidene-D-glucuronate was ob ta ined  i n  an 

a c e t i c  acid-sodium a c e t a t e  b u f f e r  (pH 4.5) .  Unfo r tuna te ly ,  t h e  r e a c t i o n  was slow 

a t  t h i s  pH and r e q u i r e d  25 days  a t  25-30°C t o  r e a c h  comple t ion .  

r e a c t i o n  was conducted i n  a sodium bicarbonate-sodium c a r b o n a t e  b u f f e r  t h e  

r e a c t i o n  was f a s t e r  (5 days  a t  7-9OC and 3 hour s  a t  100°C); however, t h e  y i e l d  o f  

t h e  g l u c u r o n a t e  f e l l  t o  27%. 

wi th  a r e a c t i o n  conducted at .roorn t empera tu re  i n  a pH 4.5 a c e t a t e  b u f f e r  (Tab le  

11. exper iment  t l ) .  Under t h e s e  c o n d i t i o n s  c y a n i d e  a d d i t i o n  was r a p i d ,  be ing  96% 

When t h e  

Our 13C NMR s t u d y  o f  t h e  K i l i a n i  r e a c t i o n  began 

Table  11. E f f e c t  o f  Temperature and pH on Rate o f  Reac t ion  and Ra t io  of P roduc t s  .-, 
i n  K i l i a n i  Reac t ion  o f  1 wi th  N a ’ k N .  

Exp. Cyanohydrin ~ H y d r o l y s i s  Cond i t ions  Product  
No. React ion  pHa I n i t i a l  pH” F i n a l  pH Temp. Time Ratio‘ 
1 4.7 - 4.5 RT 35 d 6 0 ~ 4 0  

2 4.7 7.9 5 .9  RT 64 d 5 8 ~ 4 2 ~  

3 4.5 9.8 9.2 RT a d 4a:52 

4 4.5 11.0 10.6 RT 23  d 46:54 

5 4 .5  7 .5  6.3 50-51’C 105h 5 2 ~ 4 8 ~  

6 4.5 - 4.5 48-5OoC 76 h 60:40g 

aCyanohydrin r e a c t i o n  run f o r  24h a t  room t empera tu re  ( R T )  bAdjusted wi th  NaOH 

‘Ratio o f  D-giucurono t o  L-idurono s p e c i e s ,  de te rmined  from 13C NMR peak a r e a s ,  

expressed  a s  1,2-O-isopropylidene-D-glucuronate t o  1 ,2-0-isopropylidene-L- 

idu rona te  u n l e s s  o the rwise  noted Inc ludes  6% 1,2-IP-D-glucuronolactone 

e Inc ludes  10% 112-IP-D-glucuronamide 

g Inc ludes  10% 1,2-IP-D-glucuronolactone. 

d 

f I n c l u d e s  9% 1,2-1P-D-glucuronamide 

complete i n  6 hour s .  The two cyanohydr ins  

m a l l  l a c t o n e  resonance  (p robab ly  o f  t h e  idurono ep imer)  were p r e s e n t  a t  t h i s  

time. As t h e  h y d r o l y s i s  proceeded a t  room t empera tu re  and pH 4.5. r e sonances  

from t h e  two a l d u r o n i c  a c i d s  2 and appeared and t h e  l a c t o n e  resonance  

and g~ ( i n  a r a t i o  o f  63:37) and a 
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p e r s i s t e d .  The co inc idence  o f  bo th  l a c t o n e s ,  and c, i n  t h e  177.5 ppm 

resonance  was shown by a d d i t i o n  o f  a u t h e n t i c  compounds. About 4% o f  t h e  

g l u c u r o n o n i t r i l e  a remained a f t e r  20 d a y s ,  b u t  was n o t  observed  a f t e r  26 days .  

A smal l  amount o f  t h e  g lucu rono lac tone  d i d  no t  d i m i n i s h  a f t e r  29 days .  The 

f i n a l  epimer r a t i o  o f  60:40 a g r e e s  wi th  t h e  Scha f fe r  and I s b e l l  r e s u l t .  

S ince  our  f i r s t  exper iment  showed t h a t  cyanohydr in  format ion  was r a p i d  and 

h y d r o l y s i s  o f  t h e  n i t r i l e s  was slow, we conducted expe r imen t s  ( e n t r i e s  2 ,3 ,  and 4 

i n  Table 11) i n  which t h e  pH was r a i s e d  a f t e r  cyan ide  had been consmed  i n  o r d e r  

t o  a c c e l e r a t e  t h e  r a t e  o f  h y d r o l y s i s .  Under s l i g h t l y  a l k a l i n e  c o n d i t i o n s  

(exper iment  2 ) ,  t h e  h y d r o l y s i s  was s t i l l  s low,  b u t  r a i s i n g  t h e  pH d i d  i n c r e a s e  

t h e  r a t e  o f  h y d r o l y s i s  d r a m a t i c a l l y  ( expe r imen t s  3 and 4 ) .  Unfo r tuna te ly ,  i n  t h e  

a l k a l i n e  h y d r o l y s i s  t h e  r a t i o  o f  g lucurono epimer t o  idurono epimer i n  t h e  

product  a l d u r o n a t e s  decreased  from t h e  r a t i o  e s t a b l i s h e d  i n  t h e  cyanohydrin- 

forming r e a c t i o n .  The a l t e r a t i o n  o f  t h e  epimer r a t i o  probably r e s u l t s  from 

s e v e r a l  competing r e a c t i o n s .  I n  t h e i r  s tudy  o f  t h e  h y d r o l y s i s  o f  D-glucono- 

n i t r i l e - l - ” C ,  Blazer and Whaley“) found r e v e r s i b i l i t y  o f  t h e  cyanohydrin- 

forming r e a c t i o n  over  a pH r a n g e  o f  5.1 t o  11.6 a s  well a s  d e p r o t o n a t i o n  (and  

t h u s  p o s s i b l e  e p i m e r i z a t i o n )  o f  most of t h e  h y d r o l y s i s  i n t e r m e d i a t e s  over t h e  pH 

range  o f  6.9 t o  11.6.  

The cour se  o f  t h e  h y d r o l y s i s  o f  t h e  n i t r i l e s  2 and i n  b a s i c  s o l u t i o n  

d i f f e r e d  from t h a t  observed i n  a c i d  medium. In  c o n t r a s t  t o  t h e  a c i d  h y d r o l y s i s  

where t h e  n i t r i l e s  p e r s i s t ,  t h e  b a s i c  h y d r o l y s i s  o f  a and was r a p i d .  For 

example, a t  pH 7.9 and 25OC bo th  n i t r i l e s  had d i sappea red  i n  less t h a n  4 hours .  

In  t h e  b a s i c  h y d r o l y s i s  o f  t h e  n i t r i l e s ,  t h e  amides 3 and 3 were seen  a s  

p ran inan t  i n t e r m e d i a t e s .  Amides were no t  observed i n  t h e  c o u r s e  o f  t h e  a c i d  

h y d r o l y s i s .  Bas i c  h y d r o l y s i s  o f  t h e  amides was t h e  r a t e - l i m i t i n g  s t e p  i n  t h e  

o v e r a l l  p rocess .  

The e f f e c t  o f  t empera tu re  on t h e  r a t e  o f  h y d r o l y s i s  was a l s o  i n v e s t i g a t e d .  

A t  a s l i g h t l y  a l k a l i n e  pH, t h e  h y d r o l y s i s  was much more r a p i d  a t  5OoC t h a n  a t  

room t empera tu re  (cf. 105 h vs.  64 d i n  Table  11). 

glucurono t o  idurono epimer r a t i o  was still observed .  Eleva ted  t empera tu res  were 

A s l i g h t  d e c r e a s e  i n  t h e  
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a l s o  found t o  i n c r e a s e  t h e  r a t e  o f  h y d r o l y s i s  i n  a c i d  s o l u t i o n  (exper iment  6 ) .  

and i n  t h i s  c a s e  t h e  epimer r a t i o  was no t  adve r se ly  a f f e c t e d .  A s i m i l a r  se t  o f  

c o n d i t i o n s  was used i n  t h e  s y n t h e s i s  o f  D-g l~cose -6 - '~C .  

The s e r i e s  of  r e a c t i o n s  employed f o r  t h e  s y n t h e s i s  o f  D - g l ~ c o s e - 6 - ~ ~ C  is 

shown i n  t h e  Scheme 11. Our s t r a t e g y  was t o  conduct  t h e  e n t i r e  sequence  o f  

r e a c t i o n s  wi thou t  p u r i f i c a t i o n  or s e p a r a t i o n  of i n t e r m e d i a t e  p r o d u c t s  and t h e n  t o  

s e p a r a t e  t h e  g lucose  and i d o s e  mix tu re  t h u s  ob ta ined .  Our p r e v i o u s  

in  u s i n g  t h e  chromatographic  system o f  Jones  and Wall(7) f o r  

p r e p a r a t i v e - s c a l e  s e p a r a t i o n s  of c a r b o h y d r a t e s  sugges ted  t h i s  t o  be a r easonab le  

approach. 

* 
CHEOH OH 

___) T "20 FA HO O O H  OH 
AND "@&' 

OH 

7 - 8 - 

The s t a r t i n g  m a t e r i a l  , 5-aldo-l , 2-0-is0 propyl  idene-D-*-pen t o  fu ranose  (1) 
was prepared  by t h e  m e t a p e r i o d a t e  ~ x i d a t i o n ( ~ ' ~ )  o f  1 ,Z-O-isopropylidene- 

ccD-glucofuranose. Scha f fe r  and I ~ b e l l ' ~ )  have shown t h a t  it is  d e s i r a b l e  t o  

p u r i f y  1 by c r y s t a l l i z a t i o n  i n  o r d e r  t o  e l i m i n a t e  formaldehyde which consmes 

cyan ide  i n  t h e  cyanohydrin r e a c t i o n .  We have  found t h a t  p a r t i a l  p u r i f i c a t i o n  o f  

- 1 (which f o r  many y e a r s  was known on ly  a s  a sy rup)  by co lunn  chromatography 
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(Dowex 50 ,  Ba++) g r e a t l y  f a c i l i t a t e s  i t s  c r y s t a l l i z a t i o n  from water .  

and I s b e l l  have shown(') t h a t  c r y s t a l l i n e  1 exists a s  a d i m e r i c  5 , 5 ' : 3 ' , 5 - c y c l i c  

a c e t a l .  We have observed t h e  13C-NMR spec t rum o f  1 i n  s o l u t i o n .  

DMSO, o n l y  t h e  dimer is  p r e s e n t  wh i l e  i n  an aqueous s o l u t i o n  o f  1 o n l y  t h e  

Scha f fe r  

In anhydrous 

monomer is  observed .  

The cyanohydrin r e a c t i o n  o f  1 and K13CN was conducted a t  pH 4.5 and 25OC. 

After 16 hour s  13C NMR i n d i c a t e d  t h a t  a l l  o f  t h e  K13CN had been u t i l i z e d .  Small 

amounts o f  i du rono lac tone  fi and i d u r o n i c  a c i d  5b were p r e s e n t  a t  t h i s  time. 

Hydro lys i s  was e f f e c t e d  by h e a t i n g  t h e  r e a c t i o n  a t  5OoC f o r  31 hours ,  a t  which 

time g l u c u r o n i c  a c i d  B, i d u r o n i c  a c i d  S, and g lucurono lac tone  were p r e s e n t .  

Removal o f  c a t i o n s  and evapora t ion  o f  s o l v e n t  gave a product  (presumably an 

a l d u r o n i c  ac id -a ldu rono lac tone  mix tu re )  t h a t  could be reduced d i r e c t l y  wi th  

L i A l H , ,  i n  THF t o  a f fo rd  a m i x t u r e  o f  1,2-O-isopropylidene-D-glu~ofuranose-6-~ 3C 

(&) and 1,2-0-isopr0pylidene-L-idofuranose-6-~~C (@) ; l a c t o n i z a t i o n  ( 1-3.10) 

p r i o r  t o  r e d u c t i o n  is unnecessary .  Hydro lys i s  of t h e  i s o p r o p y l i d e n e  groups  i n  

t h e  &-6J mix tu re  was accomplished wi th  aqueous t r i f l u o r o a c e t i c  ac id  t o  y i e l d  2 

m i x t u r e  o f  D - g l ~ c o s e - 6 - ~ ~ C  (7, a s  a m i x t u r e  o f  a and 6 anomers) and 1,6-anhydro- 

B-L- idopyrano~e-6-~~C (8). 
colunn chrcmatography (Dowex 50, Ba++). 

r e s p e c t i v e l y .  Presumably,  t h e  h y d r o l y s i s  o f  t h e  i sop ropy l idene idose  @ t o  t h e  

anhydro suga r  proceeds  through t h e  in te rmediacy  of L-idose-6-l 3C. 

workers  ( '  ' ' 12) have r e p o r t e d  t h a t  t h e  h y d r o l y s i s  of  i sop ropy l idene ido fu ranose  i n  

d i l u t e  s u l f u r i c  a c i d  g i v e s  idose .  b u t  t h e  product  is known o n l y  a s  a syrup. Our 

Th i s  product  mix tu re  was s e p a r a t e d  i n t o  1 and 8 by 

The y i e l d s  o f  1 and 4 were 48% and 25%, 

Other 

NMR o b s e r v a t i o n s  o f  t h e  h y d r o l y s i s  o f  w i th  t r i f l u o r o a c e t i c  ac id  showed a 

d e c r e a s e  i n  t h e  63.4 ppm resonance  (@) with  a concomi tan t  appearance  and 

i n c r e a s e  i n  a 65.6 ppm resonance  (8).  No major i n t e r m e d i a t e  peaks were observed .  
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M a t e r i a l s  and Methods--l,2-O-Isopropylidene-a-D-glucofuranose was prepared  from 

a-D-glucose by a pub l i shed  p rocedure (13) .  

~ y a n i d e - ~ ~ C - ~ ~ N ( ~ ~ )  were prepared  i n  t h i s  l a b o r a t o r y .  

recorded  us ing  a Varian Model CFT-20 spec t romete r .  Chemical s h i f t s  were 

r e fe renced  t o  s o l v e n t  DMSO-d6 (39.6 ppm) o r  d ioxane  (10  v o l . %  i n  D20, c o a x i a l  

t u b e ,  67.4 ppm) and a r e  r e p o r t e d  r e l a t i v e  t o  TMS. O p t i c a l  r o t a t i o n s  were 

ob ta ined  wi th  a Rudolph Research Autopol I11 po la r i rne t e r .  Melting p o i n t s  were 

observed on a F ischer -Johns  a p p a r a t u s  and a r e  uncor rec t ed .  

Sodium cyanide-13C(14) and sodium 

13C N M R  s p e c t r a  were 

P r e p a r a t i o n  o f  Au then t i c  Samples for NMR Studies--A cyanohydr in  r e a c t i o n  between 1 
and Na 13  C N  was conducted and barium 1,2-O-isopropylidene-D-glu~uronate-6-~ 3C and 

ca lc ium 1,2-O-isopropylidene-L-id~ronate-6-~~C were i s o l a t e d  a s  desc r ibed  by Scha f fe r  

and Isbe11(16) .  The a c i d s  2 and 

s a l t s  w i th  Dowex 50-X4(H+). Acid 

( r e p o r t e d ( 1 7 )  mp 147OC). Acid 

h e a t i n g ,  l a c t o n i z e s  p r i o r  t o  m e l t i n g ) ,  mp 15O-15l0C ( s t a g e  prehea ted  t o  15O0C). 

l a c t o n e s  9 and were prepared  from t h e  a c i d s  and 2 by h e a t i n g  i n  t o l u e n e .  

Lactone 

[a],= +68O ( c  1 .0 ,  MeOH) [ ( r e p o r t e d ( 1 8 )  [ a ]  = +70 ( c  1.0, MeOH)] .  Lac tone  !+& wa.s 

c r y s t a l l i z e d  from C6H6; mp 135-136OC ( r e p o r t e d ( 8 )  137-138OC); [a],: +99.6' ( c  0 .98 ,  

MeOH) [ r e p o r t e d ( 8 )  [a1 = +looo ( c  2 ,  a c e t o n e ) ] .  

t h e  l a c t o n e s  and + by t r e a t m e n t  w i th  NH3-EtOH. Amide was c r y s t a l l i z e d  from 

EtOH: mp 164OC (dec . )  [ r e p o r t e d ( 1 8 )  164' ( d e c . ) ] ;  L a ]  = -11.8' ( c  1.1 ,  H 2 0 )  

( r e p o r t e d ( 1 8 )  [ a ]  = -14 (c 0 . 9 ,  H 2 0 ) .  

mp 137-138OC ( d e c . ) ;  [a], + 9.2 ( c  1.0,  M e O H ) ;  C H NO (93  molI 13C a t  C-6) 

r e q u i r e s  C 46.56 H 6.46, N 5.98, found C 46.81, H 6.71, N 5.73. 

were ob ta ined  by t r e a t m e n t  o f  t h e  co r re spond ing  

was c r y s t a l l i z e d  from E t O A c ;  mp 146-147'C 

was c r y s t a l l i z e d  from E t O H ;  rnp 136-137OC (slow 

'The 

was c r y s t a l l i z e d  from EtOH-C H - mp 119-12OoC ( r e p o r t e d ( 1 8 )  12OOC); 
25 6;5 

25 D 

18 

D 
Amides 2 and were prepared  from 

2 7  

D 
l8 0 

h i d e  3 was c r y s t a l l i z e d  from E t O H ;  
25 

9 15 6 
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5-Aldo-1.2-0-isopropylidene-D-xylo-pentofuranose (1)--1,2-O-Isopropyldene- 

a-D-glucofuranose (152.9g, 0.694 mol) was ox id ized  wi th  NaI04 (152.9 g .  0.715 moll 

acco rd ing  t o  t h e  procedure  o f  Scha f fe r  and I ~ b e l l ' ~ ) .  

a s  a sy rup .  P a r t i a l  p u r i f i c a t i o n  o f  t h e  p roduc t  was accomplished by chromatography 

on a Dowex 50-X8 (Ba++, 200-400 mesh) column (4 .4  x 150 em). 

s o l u t i o n  o f  t h e  c rude  product  (z. 10 g i n  28  m L ) ,  

e l u t e d  wi th  H 0 ( f low r a t e  0.7 mL/min., 3. 17 m L  f r a c t i o n s ) .  

f r a c t i o n s  were c o l l e c t e d :  I 49-64; I1 65-78; I11 79-89; I V  90-104; V 105-115: V I  

116-170. Ino rgan ic  i o n s  were p r e s e n t  i n  f r a c t i o n  I and e t h y l e n e  g l y c o l  was p r e s e n t  

i n  I V .  

major ccmponent. 

h y d r a t e ,  mp 173-175OC. 

1 1 1 - V I  from a l l  column r u n s .  R e c r y s t a l l i z a t i o n  from 3-pentanone gave  1 a s  an 

anhydrous d imer ;  mp 196-197OC ( r e p o r t e d ( 3 )  182-184°C); 13C NMR (DMSO-d6):111.1, 

110.8,  104.8,  89.3.  88 .8 ,  84.5,  83 .0 ,  80 .2 ,  75.9,  74.4,  73.3,  26.7. 26.5,  26.1 ppm; 

13C N M R  (D20):113.6, 105.5, 89.0,  85.5.  83.6. 74 .4 ,  26.5,  26.0 ppm. 

The c rude  product  was o b t a i n e d  

A l i q u o t s  o f  an aqueous 

were app l i ed  t o  t h e  column and 

The fo l lowing  
2 

13C NMR s p e c t r a  o f  111, I V ,  V ,  and V I  were q u i t e  s i m i l a r  w i th  1 being  t h e  

Material from I11 c r y s t a l l i z e d  r e a d i l y  from H20  (2.4 mL/g) as  a 

A t o t a l  o f  90.6 g (68%) o f  1 was ob ta ined  from f r a c t i o n s  

D-Glucose-6- 13  C ( 7 )  and 1,6-Anhydro-@-L-idopyrano~e-6-~~C (8)--A s o l u t i o n  of 1 (6.21 

g ,  33.0 mmol) i n  H 2 0  (198 mL).  1N a c e t i c  a c i d  (120 mL), 1N NaOH (30 m L ) ,  and K13CN 

(1.995 g ,  99.3% K C N ,  90.7 mol% 13C, 30.0 mmol) were added t o  a f l a s k  c o n t a i n i n g  a 

magnet ic  s t i r r i n g  b a r .  The f l a s k  was t i g h t l y  s toppe red  and t h e  s o l u t i o n  was s t i r r e d  

a t  25OC f o r  16 h a t  which time 13C NMR i n d i c a t e d  t h a t  t h e  cyan ide  had been consumed. 

To e f f e c t  h y d r o l y s i s ,  t h e  s o l u t i o n  was hea ted  a t  50°C f o r  31 h .  Ca t ions  were removed 

by pass ing  t h e  s o l u t i o n  through a Dowex 50-X4 ( H + )  column (3.4 x 33 em, z. 300 meq). 

The column was washed wi th  de ion ized  H20  u n t i l  a t o t a l  o f  1 L of e l u a t e  had been 

c o l l e c t e d .  Th i s  s o l u t i o n  was r o t a r y  evapora t ed  t o  a s y r u p  which was d i s s o l v e d  i n  

a b s o l u t e  a l c o h o l  (100 mL)  , f i l t e r e d ,  and evapora t ed .  D i s s o l u t i o n  i n  a b s o l u t e  a l c o h o l  

and evapora t ion  was r e p e a t e d  twice. Reduced p r e s s u r e  was ma in ta ined  u n t i l  t h e  

r e s i d u e  became a f r i a b l e ,  d r y  f r o t h  which weighed 6.95 g .  

This  mixture.  o f  a l d u r o n i c  a c i d s  was d i s s o l v e d  i n  THF (100 m L )  and t h e  s o l u t i o n  

was f i l t e r e d  through a bed o f  Celite t o  remove a f i n e  p r e c i p i t a t e .  The f i l t r a t e  was 
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evapora ted  and r e d i s s o l v e d  i n  THF (100 m L ) .  T h i s  s o l u t i o n  was added dropwise a t  room 

t empera tu re  over  a pe r iod  o f  1 . 3  h t o  a s t i r r e d  suspens ion  o f  L i A 1 H 4  (4.55 g ,  0.12 

mol) i n  THF (200 mL)  under an atmosphere o f  d r y  N2.  

s t i r r i n g  a t  room t empera tu re  was cont inued  f o r  6 h .  

i c e  b a t h ,  t h e  fo l lowing  were c a u t i o u s l y  added: 

(4 .6  mL)  and H20 (15 m L ) .  

s t i r r i n g  was cont inued  u n t i l  H e v o l u t i o n  ceased .  ?he m i x t u r e  was f i l t e r e d  through a 

bed o f  Celite i n  a f r i t t e d  f u n n e l .  A l l  o f  t h e  p r e c i p i t a t e d  m a t e r i a l  was t r a n s f e r e d  

t o  t h e  funnel  by washing wi th  &OH. The p r e c i p i t a t e  i n  t h e  funne l  was tho rough ly  

washed by r epea ted  t r i t u r a t i o n  wi th  H20. 

f i l t r a t e  gave a pH 11.4 aqueous s o l u t i o n  o f  t h e  i s o p r o p y l i d e n e a l d o s e s .  me pH o f  

t h i s  s o l u t i o n  was a d j u s t e d  t o  3.3 by t h e  a d d i t i o n  o f  b w e x  50-X4 (H+). 

f i l t e r i n g  and thoroughly  washing t h e  r e s i n ,  t h e  f i l t r a t e  was evapora t ed ;  t h e  r e s i d u e ,  

a f t e r  d ry ing  a t  5OoC under reduced p r e s s u r e ,  weighed 5.83 g .  

i n d i c a t e d  t h e  r a t i o  o f  & (64 .4  ppn) t o  @ (63 .4  ppn) t o  be  58:42. 

Af t e r  t h e  a d d i t i o n  was comple te ,  

With s t i r r i n g  and c o o l i n g  i n  an 

H 2 0  ( 5  mL) i n  THF ( 1 0  m L ) ,  15% NaOH 

The m i x t u r e  was allowed t o  warm t o  room tempera tu re  and 

2 

Rotary evapora t ion  of MeOH and THF from t h e  

Af t e r  

13C NMR peak a r e a s  

The above m i x t u r e  o f  and @ was d i s s o l v e d  i n  0.5N aqueous CF COOH (100 mL) and 
3 

hea ted  a t  r e f l u x  f o r  3 . 5  h .  Af t e r  c o o l i n g ,  t h e  s o l u t i o n  was evapora ted  t o  a syrup .  

The sy rup  was d i s s o l v e d  i n  water and f i l t e r e d .  The f i l t r a t e  was reduced i n  volume t o  

about  12 m L .  

(4 .4  x 150 cm) and p roduc t s  were e l u t e d  w i t h  de ion ized  H20 ( f l o w  r a t e  0.75-0.8 

m L / m i n ,  z. 15-16 mL f r a c t i o n s ) .  

y i e l d  2.61 g (48% from K13CN); a f t e r  c r y s t a l l i z a t i o n  from H20-EtOH. mp 15O-15l0C, 

Cal = +51.6' ( c  10 ,  H 2 0 )  [ r e p o r t e d ( ' 9 )  mp 146OC, [a1 

and 61.8 ppn. 

y i e l d  1.21 g (25% from K 1 3 C N ) ;  a f t e r  c r y s t a l l i z a t i o n  fYm 3-pentanone, mp 127-128OC. 

[a] = +114O ( c  1.18. ace tone )  [ r e p o r t e d ( 2 0 )  mp 128-12goC, [a] = +113' ( c  1 .2 ,  

a c e t o n e ) ;  1 3 C  NMR (H20) 65.6 ppn. 

This  s o l u t i o n  was a p p l i e d  t o  a Dowex 50-X8 (Ba++. 200-400 mesh) c o l m n  

D - G l ~ c o s e - 6 - ~ ~ C  was c o l l e c t e d  i n  f r a c t i o n s  77-91 ; 

25 25  

D D 
+52.7'1; 13C NMR (H20) 61 .6  

1,6-Anhydro-~-L-idopyranose-6-~~C was c o l l e c t e d  i n  f r a c t i o n s  99-1 11 ; 

25 2 3  

D D 
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