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ABSTRACT

In  a  model study  concerned w ith  th e  mechanism o f g ly co sid ase  

a c t io n , s ix  N -g lycosy lim idazo les and f iv e  N -( te tra -O -a c e ty l-g ly c o s y l)  

im idazo les have been sy n th es iz ed  by th e  condensation  o f  the  a p p ro p ria te  

te tra -O -a c e ty l-g ly c o s y l h a lid e  w ith  im idazo le .

These compounds have been c h a ra c te r is e d  by th e i r  e lem en ta l 

a n a ly s is ,  o p t ic a l  r o ta t io n  and NMR s p e c tra .  In  a l l  cases  th e  |3-anomeric 

compounds predom inated over those  w ith  a -c o n f ig u ra tio n  in  th e  re a c tio n  

p ro d u c ts .
I IA nalysis  o f  H'NMR d a ta  was c a r r ie d  out on a f i r s t  o rd er b a s is ,  

and a lso  by n o n - i te r a t iv e  and i t e r a t i v e  c a lc u la t io n  p rocedures in  o rder 

to  e s ta b l i s h  the  conform ations o f th e  N -g ly co sy lim id azo les . The 

a n a ly s is  re v e a le d  th a t  under c e r t a in  c o n d itio n s , in  fo u r compounds th e  

sugar pyranose r in g  i s  d is to r t e d  from th e  normal ^C^ conform ation .

This d i s to r t io n  has been in te r p r e te d  in  term s o f th e  o p e ra tio n  o f th e  

re v e rse  anomeric e f f e c t .

The h y d ro ly tic  s t a b i l i t i e s  o f 1 -a -  and (3-D -glucopyranosylim idazoles 

have been examined in  w a te r, pH 3 .0  sodium form ate b u f fe r ,  O.56M form ic 

a c id , 6N -hydroch loric  a c id , 1O N-sulphuric a c id  and IN NaOH. O p tic a l 

r o ta t io n  m easurem ents, paper chromatography and a n a ly s is  fo r  e s tim a tio n  

o f  g lucose f a i l e d  to  d e te c t any evidence o f h y d ro ly s is . This r e s u l t  

i s  s tro n g  evidence a g a in s t th e  n u c le o p h ilic  in te rv e n tio n  o f a  h i s t i d in y l  

s id e  ch a in  in  g ly co sid ase  a c t io n .  H y d ro ly tic  cleavage was a lso  a ttem pted  

w ith  s o lu tio n s  o f (y e a s t)  a -  and (almond) |3 -g ly co sid ases, and no g lucose 

was re le a s e d  under c o n d itio n s  in  which s tan d a rd  compounds m ethyl a-D - 

g lu co sid e  and c e llo b io s e  were hydro lysed  s ig n i f i c a n t ly .



The ORL/CL curves o f N -g lycosy lim idazo les and a s e r ie s  o f 

£ -n itro p h e n y l-g ly c o s id e s  have been examined as  an a id  to  e s ta b l is h in g  

anom eric co n fig u ra tio n s  fo r  N -g lyco sy lim id azo les . In  g en era l 

anom eric p a i r s  o f compounds show ORD/CD curves o f op p o site  s ig n , but 

some excep tions have been observed in  th e  case o f N -g lycosy lim idazo les 

1 T-a- and p-D -glucopyranosylim idazoles were found to  possess 

in h ib i to ry  p ro p e r tie s  tow ards th e  enzymes (y eas t)  a -g lu c o s id a se , 

(almond) p -g lu co s id ase  and lysozym e. These p ro p e r t ie s  have been 

in v e s t ig a te d  in  d e t a i l .  The a-anomer shows an unexpected ly  h igh  

degree o f in h ib i to ry  behav io u r.
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CHAPTER 1

G eneral In tro d u c tio n

Enzymes which c a ta ly z e  th e  cleavage o f g ly c o s id ic  lin k a g e s  have 

been th e  su b je c t o f much s tudy . An enzyme o f t h i s  ty p e , namely, 

lysozyme was the  f i r s t  enzyme to  have i t s  th ree -d im en sio n a l s t ru c tu re  

determ ined  by x -ra y  c ry s ta l lo g ra p h ic  s tu d ie s .  ' These enzymes c a ta ly z e  

th e  t r a n s f e r  o f a  g ly co sy l m oiety to  a s u i ta b le  a c c e p to r, which becomes 

th e  aglycone o f a  newly formed g ly c o s id e . The re a c t io n  may be fo rm ally  

rep resen ted ^  as

G -  OR* + R^ 0 -  H - Glycosyl ^ G -  OR  ̂ + RO -  H
tra n s fe ra s e

2
when R = H; th e  re a c tio n  d e sc r ib e s  th e  h y d ro ly s is  o f G -  OR*.

A m ajor o b je c tiv e  o f th e  p re se n t work on th e se  (and o th e r)  enzymes

i s  to  fo rm u la te  th e  mechanisms, i . e .  sequence o f s te p s  by which the

o v e ra l l  r e a c tio n s  p roceed . Only th en  can an u n d ers tand ing  of th e  

c a t a ly t i c  power o f enzymes be o b ta in ed .

There i s  a  la rg e  amount o f l i t e r a t u r e  in  which i t  i s  suggested  th a t  

g ly co sy l t r a n s f e r a s e s  p o sse ss  e s s e n t ia l  im idazo le (from h i s t i d in e )  an d /o r 

carboxyl (from a s p a ra t ic  and g lu tam ic a c id )  re s id u e s  a t  th e  enzyme a c t iv e  

s i t e s .  Enzymes f o r  which th i s  has been proposed a re  shown in  Table 1 .1 .

The evidence based on s tu d ie s  o f v a r ia t io n  o f enzyme a c t i v i t y  w ith  pH 

f o r  th e  p resence o f the  a c t iv e  s i t e  fu n c tio n a l groups should be regarded  

a s  in s u f f ic i e n t  because in te r a c t io n s  in  an enzyme m olecule may cause th e  pK 

o f a  p a r t i c u la r  group to  d i f f e r  s ig n i f i c a n t ly  from i t s  va lue  in  th e  f r e e

amino a c id , and a lso  se v e ra l groups have approx im ate ly  th e  same pK -value.

Thus th e  enzyme a c t i v i t y  change w ith  pH may n o t be a  consequence o f th e



Table 1.1

Enzyme

a-am ylase

P-amylase ^

o t-g lucosidase

p-glucQsidase

Sucrose phospho ro ly lase

Glucamylase

Lysozyme

P o ta to  phosphorylase

Evidence

v a r ia t io n  o f k in e t ic  p aram eters  w ith  pH 

v a r ia t io n  o f k in e t ic  p aram eters  w ith  pH

2, 3—6 

2 ,7 -8

v a r ia t io n  of k in e t ic  p aram eters , p h o to - ^ 
o x id a tio n  in a c t iv a t io n  s tu d ie s .

19i s o la t io n  o f in o sito l-en zy m e complex.

i s o la t io n  and p ro p e r t ie s  of g lu co sy l enzyme.
— 18 

CO2 re a g e n t.
20 15 14,16,17

x -ra y ; t i t r a t i o n ,  00^ re a g e n t.
12,13

v a r ia t io n  o f k in e t ic  p aram eters  w ith  pH.

11

21s t a t e  o f an a c t iv e  s i t e .  Furtherm ore th e  m u ltis te p  n a tu re  o f enzyme 

c a ta ly se d  re a c tio n s  means th a t  a  change o f a c t i v i t y  w ith  pH does n o t 

n e c e s s a r i ly  r e f l e c t  th e  d i r e c t  involvem ent o f a  p a r t i c u la r  group in  a 

r e a c t io n  w ith  th e  s u b s t r a te .

The fu n c tio n  o f  th e  im idazole and carboxyl groups has no t been p re c is e ly  

d e fin e d  in  most c a se s , b u t in  p r in c ip le  they  could  a c t  a s  c a t a ly t i c  groups 

a s  e i th e r  n u c le o p h ile s , g en e ra l b ase s , o r g en e ra l a c id s .  I f  one adopts 

th e  w idely  bu t no t w holly accep ted  p ro p o s itio n  th a t  th e  course o f an 

enzyme re a c tio n  should  be d e sc r ib a b le  in  term s o f known p h y s ic a l o rgan ic  

p r in c ip le s ,  then  some a p p re c ia tio n  o f  th e  non-enzyme c a ta ly z e d  cleavage 

o f g ly c o s id e s  i s  n ecessa ry  b e fo re  the  mode o f in te rv e n tio n  o f enzyme a c t iv e  

s i t e  fu n c tio n a l groups can be a sse sse d .



Group

Im idazole

N ucleophile

H

G eneral a c id

^  ,N ~H

H — N-

G eneral hase

c a rh o x y lic
group

-CO, -CO^H -GO,

H ydro lysis  c a ta ly z e d  hy g ly c o s id a se s  resem bles a c id  c a ta ly z e d  

h y d ro ly s is  o f sim ple a lk y l and a ry l  g ly c o s id e s , in  th a t  c leavage o f 

th e  g ly c o sy l (C-1)-oxygen bond o ccu rs . Like th e  analogous h y d ro ly s is  

o f a o e ta ls ,  g ly c o s id e  h y d ro ly s is  shows s p e c if ic  a c id  c a ta ly s i s ;  

excep t where R i s  an a ry l  re s id u e , base c a ta ly s i s  i s  a b se n t. The 

in te rm o le c u la r  s p e c if ic  a c id  c a ta ly z e d  h y d ro ly s is  o f g ly c o s id e s  i s  

g e n e ra lly  fo rm u la ted  a s  shown below (Scheme.î.1 ) .

CĤ OH

HO O -R

OH

CH„OH

' HO

CHgOH

slow

0t_  H

OH H

^  .fast, k
HOH H}V)H

H,OH

Scheme 1.1

In te rm o le c u la r  base c a ta ly s is  in  th e  h y d ro ly s is  o f a ry l  g ly c o s id es  

p roceeds by a  v a r ie ty  o f mechanisms acco rd ing  to  th e  s tru c tu re  o f the  

g ly c o s id e s . These mechanisms may be c l a s s i f i e d  acco rd ing  to  w hether 

th ey  invo lve  ( i )  in tra m o le c u la r  neighbouring  group p a r t i c ip a t io n  by a 

hydroxyl group ( i i )  b im o lecu la r d isp lacem ent a t  th e  arom atic  carbon atom 

( i i i )  b im o lecu la r d isp lacem ent a t  th e  anom eric carbon.



In te rm o le c u la r  g en era l a c id  c a ta ly s i s ,  g en e ra l base c a ta ly s i s ,  

o r  n u c le o p h ilic  c a ta ly s i s  have no t been e s ta b l is h e d  in  a model
I

system .

G eneral a c id  c a ta ly s i s  has p robab ly  been inc lu d ed  in  every

mechanism o f g ly c o s id ase  a c t io n .  This mode o f c a ta ly s is  has so f a r

on ly  been observed in  a ry l g ly c o s id es  and a o e ta ls .  An example of

g en e ra l a c id  c a ta ly s is  i s  found in  th e  h y d ro ly s is  o f 2-carboxypheny l-

P -D -g lucoside, where an u n io n ized  carboxyl group p ro v id es  in tra m o le c u la r
22g e n e ra l a c id  c a ta ly s i s ,  a s  shown in  Schemel.2,

OK

OH

HO \

OH

H

-  H HOH

OHHO

OH

H,OH

Scheme 1 .2



In tra m o le c u la r  n u c le o p h ilic  c a ta ly s is  has been e s ta b l is h e d  in  the  

h y d ro ly s is  o f 2- ( 0-ca rb cx y p h e n y l)-4 , ^ , 5- te t r a m e th y l - 1, 3-dicxo?ian in  

w a te r . ( S c h e m e lO )»

0 —  Ç (Me)«

0  — C (Me),

COOH

o

■= 0 — CMê  CMe.OH

CO,

y, 0 —C Msg .CfiGgOH

Scheme 1 .3

A nother example o f t h i s  type o f c a ta ly s i s ,  which a t  one tim e was thought 

to  be im portan t in  lysozyme a c t i o n , i n v o l v e s  in tra m o le c u la r  

n u c le o p h ilic  p a r t i c ip a t io n  by an aoetam ido group (Schemel.4).

iCH-

OH
HO

_  H__

— 0.H3O H

ÏH-

OH
HO

m
CH.

-H HO
NHCOCH

h ; oh

Scheme 1.1;

The proposed mechanisms o f enzyme c a ta ly z e d  g ly co sy l cleavage re a c tio n s  

and th e  in te r a c t io n  o f a c t iv e  s i t e  fu n c tio n a l groups may be con sid ered  in  

th e  l i g h t  o f t h i s  d a ta  a v a i la b le  f o r  model compounds. Three examples a re  

p re se n te d  to  i l l u s t r a t e  t h i s .



■Hie.
1. Lysozyme. In^case  o f lysozyme th e re  i s  evidence th a t  the  

c a rh o x y lic  a c id  group o f g lu tam ic  a c id  35 has an abnorm ally h igh  pK ($ .9 )^ ^  

and would he m ainly u n -io n iz e d  in  th e  pH reg io n  6-9 and th e re fo re  ah le  to  

p ro v id e  g en era l a c id  c a ta ly s is ,^ ^ * ^ ^ * ^ ^  analogous to  the  in tra m o le c u la r  

g en e ra l a c id  c a ta ly s i s  d iscu ssed  e a r l i e r .  The ca rh o x y lic  group o f 

A sp a rtic  a c id  52 has a  normal pK (4 . 5 )^^ and could  th e re fo re  a c t  in  i t s  

io n iz e d  form e i th e r  ( i )  a s  a n u c le o p h ilic  c a ta ly s t  to  form a g ly co sy l 

enzyme i n t e r m e d i a t e ^ ^ * ( l )  o r  ( i l )  to  s t a b i l i z e  the  g ly co sy l c a tio n  hy 

an e l e c t r o s t a t i c  in te r a c t io n .^ ^  (Scheme I . 5 )

HOOC - Glu 35

,0— R

OH
—  0

NHCOCH.

- ROH

OgC - Asp 52

OgC - Glu 35

—0

NHCOCH.
OgC - Asp 52

HOOC - GluCH^OH

OH
—  0

NHCOCH

0„C - Glu 35

OH C - Asp 52—  0

NHCOCH.3
OgC -  Asp 52

Scheme 1.5



2. a-am ylase . There has been much sp e c u la tio n  on th e  n a tu re  

o f th e  c a t a ly t i c  groups o f am ylases m ainly based on th e  v a r ia t io n  o f
Y

th e  k in e t ic  param eters  w ith  pH. I t  appears th a t  su lphydry l groups
27and H -term inal amino groups a re  n o t n ecessa ry  f o r  c a t a ly t i c  a c t io n

28and th e  groups proposed a re  im idazolium  and ca rb o x y la te . The p ro -  

to n a te d  im idazole  group i s  v is u a l iz e d  as a c t in g  as  a g en e ra l a c id  c a ta ly s t ,  

and th e  ca rb o x y la te  group a s  s t a b i l i z in g  th e  developing  g lu co sy l c a tio n  

e l e c t r o s t a t i c a l l y  through io n -p a ir  fo rm atio n . (Scheme 1 .6 ) .

OgC — OgC — — ^2^

CHgOH

-ROH ^
OH

—  0

OH

H HOH
--------F”

OH
—  0

OH

H -  Im'*’ -  His Im -  His H-Im*’ -  His

Scheme 1.6

3* P -g a la c to s id a s e . The v a r ia t io n  of enzyme a c t iv i t y  w ith  pH 

in d ic a te d  a dependence on th e  io n iz a t io n  o f two groups o f pKa = 6.67 

and 8 .90  which were co n sidered  to  be im idazole and su lp h y d ry l. I t  was 

suggested  th a t  the  u np ro tonated  im idazole  group a c ts  as  a n u c leo p h ile
29and th e  su lphydry l group as  a g en e ra l a c id ; th e  re a c t io n  in v o lv in g  a

galactosy l-enzym e in te rm ed ia te  (Scheme 1.7)»



H3 -  Cys S -  Cys hS- Cys

HO

OH

OH

-  ROH

HO

Im -  His

OH

HO

OH

OH

OH

Ini -  His Im-His

Scheme 1.7

N u c leo p h ilic  p a r t i c ip a t io n  hy an enzyme fu n c tio n a l group must 

n e c e s s a r i ly  le a d  to  th e  fo rm atio n  o f a glyoosyl-enzym e in te rm e d ia te  

o f  th e  type I  o r I I .

One g en era l approach to  the  in v e s t ig a t io n  o f th e se  p ro p o sa ls  i s  th e  

s tudy  o f th e  p ro p e r t ie s  o f compounds which can he considered  as  models 

o f I  and I I .  This approach has heen a p p lie d  in  t h i s  th e s i s  through the  

study  o f N -g ly co sy lim id azo les .
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CHAPTER 2

SYNTHESIS OP N-GLYCOSYLIMIDAZOLES

INTRODUCTION

The c e n tr a l  theme o f th e  p re sen t in v e s t ig a t io n  i s  th e  s y n th e s is  o f

JH -glycosylim idazoles in  o rd e r th a t  t h e i r  s t a b i l i t y  and conform ational

p ro p e r t ie s  may be s tu d ie d . The h e te ro c y c lic  p o r tio n  o f th e se  g ly c o sy l-
1

amines has been r e f e r r e d  to  as g ly o x a lin e , im inazo le , 1 ,-3 -d ia z o le  and 
2

im idazo le . Im idazole (jl) , which i s  th e  term  used most f re q u e n tly , in d i

c a te s  a f iv e  membered h e te ro c y c lic  r in g  system  c o n ta in in g  an imino group 

and a  t e r t i a r y  n itro g e n , and w il l  be used throughout t h i s  t h e s i s .

N

, -H-N H  

( 1)
3-8 -

S evera l review s on th e  chem istry  o f th e  s o -c a lle d  im idazole n u c leo -
9

s id e s  and n u c le o tid e s  have appeared in  th e  l i t e r a t u r e .  A review  by 

Townsend l i s t s  seventy-one im idazole and s u b s t i tu te d  im idazole n u c leo sid es  

and n u c le o tid e s  o f which f o r ty - f iv e  b e a r  a  fu ran o ay l and tw e n ty -s ix  a 

py ranosy l sugar m oiety . These compounds have been sy n th es iz ed  by v ario u s  

methods, v i z . , condensation  o f heavy m etal s a l t s  o f  im idazole and s u b s t i tu te d  

im idazo les w ith  acy lg ly co sy l h a l id e s ;  r in g  c lo su re  o f g lycosy lam ines; and 

a c id  c a ta ly se d  fu s io n  re a c tio n s  between g ly co sy l p e n ta -a c e ta te  and a 

s u i ta b le  d e r iv a tiv e  o f th e  b a se . I t  i s  no tew orthy th a t  th e  n u c leo sid es  

and n u c le o tid e s  l i s t e d  possess w ithout ex cep tio n  th e  P-c o n f ig u râ tion  a t  th e  

anom eric carbon atom.

The f i r s t  re p o rte d  chem ical sy n th e s is  o f an im idazole n u c leo sid e  was 

accom plished in  connection  w ith  th e  e lu c id a t io n  o f th e  s i t e  o f  g ly c o s id ic
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attachm ent o f p u rin e  n u c leo sid es  i s o la te d  from n u c le ic  a c id s ,  hy th e

condensation  o f t e t ra -O -ace ty l-a -D -g lu co p y ran o sy l bromide ( 2) and th e

s i l v e r  s a l t  o f 5 (4 )-m ethy lim idazo le  ( 3) ,  in  xy lene to  g ive  a

c r y s ta l l in e  4 -n ie thy l-1 ‘'J'-(2’ ,3* ,4* » 6 * -te tra -0 -ace ty l-3 -D -g lu co p y ran o sy l) 
10 *■ “ 

im idazole  (4) in  11^ y ie ld .  .

GAc
AcO Br

OAc

CH

xylene

OAc
AcO

OAc

(2) (3) (4)

This type o f condensation  w ith  subsequent d e a c e ty la tio n  was used by 
11

Bergmann and HeimhoId to  -syn thesize 1 '-D -g lucopyranosy lim idazo le  (5)

and 1"-B-rham nopyranosylim idazole (6) in  y ie ld s  o f 6 .1 ^  and 8% 

re s p e c t iv e ly .

OH
HO

OH

fî
OH OH

(5) (6)

These au th o rs  however d id  not e s ta b l i s h  th e  co n fig u ra tio n s  a t  th e  

anom eric carbons. More r e c e n tly  two groups o f workers have re p o rte d  

th e  sy n th e s is  and c h a ra c te r iz a t io n  o f  bo th  anomers o f H -glucopyranosyl
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12,13
and H-mannopyranosyl im id azo les , Lemieux and S a lu ja  have

sy n th e s ise d  th e  H -g lycosy lim idazp les hy th e  condensation  o f t e t r a - 0 -

ace tg l-a -D -g lu co p y ran o sy l bromide w ith  im idazole in  th e  presence o f

tetra-n-butylammoni-um bromide in  y ie ld s  o f 20^ and 25^  fo r  th e  a -  and

p - anomers r e s p e c t iv e ly .  They were ab le  to  c h a ra c te r is e  and e s ta b l is h

th e  anom eric c o n fig u ra tio n  o f t h e i r  p roducts  m ainly by n u c le a r  m agnetic

resonance (]MR) sp ec tro sco p y . The MDR r e s u l t s  were used to  s tu d y  th e

o p e ra tio n  o f th e  "anom eric e f f e c t"  and " re v e rse  anom eric e f f e c t"  in

th e se  H -glycosylim idazole^, and th i s  a sp ec t w i l l  be d iscu ssed  in  g re a te r

d e t a i l  in  C hapter 3« A nother group o f workers in  Poland, J a in s k t  and 
14,15

Sokolowski have c a r r ie d  out in v e s t ig a t io n s  o f H -g lycosy lim idazo les

d e riv ed  from D -glucose, D-mannose and D -g a lac to se . These au th o rs  have 

been ab le  to  i s o la te  th e  p-anomers, and th i s  c o n f ig u ra tio n a l assignm ent 

was supported  by o p t ic a l  r o ta t io n  s tu d ie s .  Our own s tu d ie s  d iscu ssed  

in  C hapter 4 o f th e  o p t ic a l  r o ta t io n  o f  th e se  g lycosy lam ines, have shown 

t h i s  to  be an u n re lia b le  method o f e s ta b l is h in g  anom eric c o n f ig u ra tio n . 

These au th o rs  however e s ta b l is h e d  th e  pyranoside  s t r u c tu re s  o f t h e i r  

g ly co sid es  by p e r io d a te  o x id a tio n . In  1971» th e y  were ab le  to  sub

s t a n t i a t e  th e  assignm ent o f  th e  P -c o n fig u ra tio n  o f t h e i r  p roducts  by MR
15

sp ec tro sco p y . These au th o rs  however f a i l e d  to  n o tic e  any conform ational

changes in  t h e i r  H -g lycosy lim idazo les.

Of th e  many re a c tio n s  which perm it th e  sy n th e s is  o f  g ly co sid es  from
16

s u i ta b ly  p ro te c te d  g ly c o sy lh a lid e s , th e  K oeings-K norr re a c tio n  i s  one 

o f  th e  most w idely  used f o r  th e  s y n th e s is  o f 0 -g ly co s id es  and in  

p a r t i c u la r  o f o lig o sa c c h a rid e s . In  i t s  o r ig in a l  form th e  re a c tio n  

c o n s is te d  o f  t r e a t in g  a  f u l l y  a c e ty la te d  g ly co sy l h a lid e  w ith  an a lc o h o l, 

d is so lv e d  in  an in e r t  s o lv e n t, in  th e  p resence o f e i th e r  s i l v e r  carbonate 

o r s i l v e r  o x id e . In  th e  b ro ad es t term s i t  can be tak en  th a t  tho se



g ly c o sy l h a l id e s  th a t  h ea r an acyloxy group a t  C-2, which i s  c i^  to  

th e  1-h a lid e  norm ally  re a c t  w ith  in v e rs io n  o f c o n fig u ra tio n , w h ils t 

th e  correspond ing  t r a n s  h a l id e s  re a c t  w ith  r e te n t io n  o f c o n f ig u ra tio n . 

This s t e r o s p e c i f i c i ty  a r i s e s  because th e  ace toxy  group a t  C-2 

p a r t i c ip a te s  in  th e  re a c t io n  hy th e  fo rm ation  o f a 1 ,2 -c y c lic  carho - 

xonium c a tio n  (?) and g u id in g  th e  incoming n u c leo p h ile  in to  th e  1 ,2 -

tr a n s  p o s i t io n .17

0 — C.
‘OH

0 - C

CH

This method i s  th e re fo re  most r e a d i ly  a p p lie d  to  th e  sy n th e s is  of

1 .2 -tr a n s  g ly c o s id e s . An a d d it io n a l  com plica tion  o f th e  Koenigs-Khorr 

r e a c t io n  a r i s e s  due to  th e  a t ta c k  o f th e  incoming n u c leo p h ile  on th e

1 .2 -c y c lic  ion  (?) g iv in g  r i s e  to  diTseteiroisomeric o rtho  e s te r s  (8)

and (9) .
20
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RO CH
RO

CH.

(8) (9)

S ince ac y lg ly c o sy l h a l id e s  a re  g e n e ra lly  p repared  under 

anom erising  c o n d itio n s  th e  therm odynam ically more s ta b le  a -  compounds 

a re  hy f a r  th e  more common in  th e  g lu co se , mannose and g a la c to se  

s e r i e s ,  and th e s e  would th e n  norm ally  re a c t  to  g ive  th e  p -g ly c o s id e s .

The chem ical s y n th e s is  o f a -  compounds has., always proved d i f f i c u l t  

in  th e  p a s t ,  as a-consequence o f th i s  and o f  th e  need to  p rep are  

a -g ly c o s id e s , re c e n t developments have made a v a i la b le  s e v e ra l new 

procedures which have been review ed e x te n s iv e ly  in  th e  l i t e r a t u r e ,  

some o f which a re  d iscu ssed  h e re .

I t  has been dem onstrated  on many occasions th a t  m ercuric  s a l t s  in  

p o la r  so lv en ts  such as n itrom ethane o r a c e to n i t r i l e  favour th e  fo rm ation
25,26 27

o f  a -  g ly c o s id e s . ’ F e r r ie r  and P rasad  were a b le  to  o b ta in  a -  and

P -x y lo sy lx y lo ses  in  25^ and y ie ld s  re s p e c t iv e ly , by th e  condensation

o f  2 ,3 ,4 - tr i -^ -a c e ty l- a - I -x y lo p y ra n o s y l  bromide w ith  benzy l-P -D -xy lo -

pyranoside  2 ,4 -pheny l bo ronate  in  anhydrous n itrom ethane co n ta in in g

m ercuric  cyan ide. In  t h i s  case i t  may be no ted  th a t  a  non p a r t i c ip a t in g

group i s  p re se n t on C-2. The condensation  o f  acy lg ly co sy l h a lid e s  w ith

th e  m ercuric  ( l l )  a c e ta te  complex o f  4 (5 )“^ itro im id a z o le  in  nonpolar
28

so lv en t as to lu en e  i s  re p o rte d  by G ughelnis and Vegin to  g ive
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y ie ld  o f  4“n itro -1 ~ (a-D -ara l)in o p y ran o sy l) im idazo le .

A nother approach invo lves th e  use o f 3 -c h lo r id e s  c a rry in g  a  non-
29

p a r t i c ip a t in g  group a t  C-2. Wolfrom, P i t t e t  and Gillman in tro d u ced  

th e  use o f s ta b le  c r y s ta l l in e  3 ,4 , 6 - t r i -0 - a c e ty l -3 0 -n i t ro -3 -D -  g lu c o - 

py ranosy l c h lo rid e  ( 10) in  a  m odified  K oenigs-K norr r e a c t io n .  In
30

1963 Wolfrom e t a l . re a c te d  iso p ro p y l a lco h o l and 3 ,4 ,6- t r i - O - ^ c e ty l -  

2-0 - n i t r o - 3-D -glucopyranosyl c h lo r id e .

4 - i-PrOHOAÔ
ACO

O-WO,

( 10)

CHgOAo

AggCO. \

O-WO,à
(anhyd)

OAcAcO

0 - P r

c a t a ly t i c  re d u c tio n  and 

a c é ty la t io n i
CH^OAc 0 -P r

OAc
AcO

OAc
AcO

CHgOAc

OAc

OAc
O -Pr

( 11) ( 12)

The a lco h o l served  as so lv en t and r e a c ta n t ,  a 4»7^ y ie ld  o f c r y s ta l l in e  

iso p ro p y l te tra -O -ace ty l-3 -D -g lu co p y ran o s id e  ( I I )  and 359̂  y ie ld  o f th e  

c r y s ta l l in e  a-P-anomer ( 12) were o b ta in ed .

R esu lts  o f  a p p rec iab le  in t e r e s t  have been o b ta ined  w ith  benzy la ted  

g ly co sy l h a lid e s  which a re  devoid o f a p a r t i c ip a t in g  group a t  C-2, and
31

hence a llow  th e  sy n th e s is  o f a -D -g ly co sid es .
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The use o f methyl a -D -g lu co sid e -h o ro n trich lo rid .e  reag en t has

a lso  heen re p o rte d  in  th e  sy n th e s is  o f a -D -g ly co sid es, a lthough  a

m ixture o f  a -  and P-anomers a re  commonly o b ta in ed . Bonner, Bourne 
32

and MclTally . s tu d ie d  th e  re a c tio n s  o f m ethyl a-D -g lucoside-horon  

t r i c h lo r id e  reag en t w ith  a lc o h o ls , phenols and m onosaccharides, and

were ah le  to  o b ta in  m ix tures o f a -  and P-anom ers. Furukawa e t a l .  

were however ah le  to  app ly  t h i s  method s u c c e s s fu lly  tow ards th e  

sy n th e s is  o f  pu rin e  a -D -rih o n u c le o s id e s .

33

SCHgCgHj

(13)

HOHjC

i)P y r id in e

Li)lTa/KH

( g . )

6-heiX2y lth io p u r in e  ( l 3) on re f lu x in g  w ith  th e  h o ro n tr ic h lo r id e  complex

a ffo rd e d  9 -a -D -r ih o fu ra n o sy l-6 - th io p u rin e  (go.) in  53^ y ie ld .

G lycosides have a lso  heen p repared  from g ly c o ls , and work w ith

n i t r o s y l  c h lo rid e  in  p a r t i c u la r  has proved p r o f i ta b le  s in c e  v ia  t h i s

ro u te  have come new syn theses o f a -D -g lucosides and 2-am ino-2-deo x y -a- 
34-37

D -g lu co s id es . A dd ition  o f n i t r o s y l  c h lo rid e  to  tr i -O -a c e ty l-D -

g lu c a l ( 15) gave th e  d im eric  adduct ( 16) which th e n  re a c te d  w ith 

a lc o h o ls  o r phenols in  IT,F-dimethylformamide to  give th e  corresponding  

2-ox im ino-a-D -g lucosides ( 17) .
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AcO

AcO m c l Ad

Aco

AcO

Ad Base

AcOHgC OAc
OAc

N

0 Cl

OAc
0 ’ OAc

16
ROH

AcO

A5O
l a y i  vufic

a c id

OR

AcO

AcO

OR
18

17

( i)  BĤ
( i i )  ACgO

AcO

AcO
OAc

OR
19

Deoxim ation o f  ( 17) u s in g  l ^ v u l i c  a c id  gave th e  K etoglucoside ( 18) 

which on subsequent re d u c tio n  w ith  sodium horohydride and on 

a c é ty la t io n  gave th e  a-D -g lucoside  ( 19) alm ost s te r e o s p e c i f ic a l ly .
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U sing th i s  method phenyl- and a-napht’h y l- te tra -O -a c e ty l-a -U -g lu c o -  

py ranosides were o b ta in ed  in  70^  and 40^  y ie ld s  r e s p e c t iv e ly .

Y ields o f a-anomers o f  n e a r ly  80% were re p o rte d  by th e  same group o f 
• .3 4 -3 7

w orkers, u s in g  prim ary , secondary  and t e r t i a r y  a lc o h o ls  as ag lycones.

A re c e n t advance in  th e  f i e l d  o f n u c leo sid e  sy n th e s is  was th e

advent o f a c id  c a ta ly se d  fu s io n  r e a c t io n .  This techn ique  was f i r s t

used  in  th e  a re a  o f  n u c leo sid e  sy n th e s is  w ith  p u rin es  to  produce 
38

JT -glycosylpurines and has been subseq u en tly  a p p lie d  to  v a rio u s  o th e r 

h e te ro c y c lic  system s. The p re p a ra t io n  o f 2-bromo adenosine (23) 

i l l u s t r a t e s  t h i s  p rocedu re . F usion  o f 2 ,6-dibrom opurine (20) in  

vacuo w ith  1 ,2 ,3 ,5 - te tra -0 r& c e ty l-p -D -r ib o se  (2 l) in  presence o f to lu e n e -  

p -su lp h o n ic  a c id , a f fo rd s  th e  a c e ty la te d  U -ribo fu ran o sy l-^H -p u rin e  (22) 

in  48% y ie ld ;  trea tm e n t o f (22) w ith  m ethanolic  ammonia s im u ltaneously  

d e a c e ty la te s  th e  sugar re s id u e  and re p la c e s  th e  bromine atom 

( p r e f e r e n t ia l ly  a t  C-6) by an amino group to  g ive 2-bromoadenosine (23)•

Br

Br

H

OAc

AcOCHp Q m ethane-

/ s u lphonic A cOHpO ̂  0
a c id . Â 

130°

20

OAc OAc 

21
OAc OAc

m ,

OH OH

Ha/MeOH

23
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A y ie ld  o f  7.8% o f 9-oc-B-glucopyranosyl adenine by th e  fu s io n

re a c t io n  o f  2 ,3 » 4 » 6 - te tra -0 -a c e ty l-1 -0 - tr ic h lo ro a c e ty l-a -D -g lu c o

pyranose and benzam idopurine in  presence o f to lu en e  p -su lp h o n ic  a c id
40

has a lso  been re p o r te d .
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Results and Discussion

In  t h i s  work th e  p re p a ra t io n  d esc rib ed  by Bergmann and Heimhold 

o u tl in e d  below was re p e a te d , when a  c r y s ta l l in e  compound ( 14) was

11

CHpOAc

AoO \ l ° ^ “ /  Br

OAc
Ag

xylene

re f lu x OAc
AcO

OAc

14

OH
HO

OH

m./MeOH

r e a d i ly  ob ta in ed  whose m e ltin g  p o in t 205-206 was in  good agreement 

w ith  th a t  re p o rte d  and th e  elem en tal a n a ly s is  were c o n s is te n t w ith  

th e  s t ru c tu re  ( 14) « The s p e c if ic  r o ta t io n  o f  -7 .3 °  a lso  was in  good 

agreement w ith  th a t  re p o r te d . The MR spectrum  o f ( h ) in  CDCl^ 

showed a a t  4*65 T . fo r  th e  m ethine p ro tons o f th e  g lu c o -

pyranose r in g .  I t  was th e re fo re  no t p o s s ib le  to  e s ta b l is h  th e  

anom eric c o n fig u ra tio n  o f (l4 )«  The fo u r  s ig n a ls  due to  th e  a c e ty l
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m ethyl p ro tons  a t  7 .93 , 7 «95? 8.00 and 8 .14  X a re  in  th e  reg io n

(7 .88  — 8.03 X ) norm ally  found fo r  e q u a to r ia l ly  s i tu a te d  a c e ty l

m ethyl p ro tons on a  6-memhered r in g .^  The 0 -d e a c e ty la te d  compound

(5) m .p. 215- 216° , s p e c if ic  r o ta t io n  + 13 .6°, gave a  MR spectrum  in

DgO which showed th e  anom eric p ro to n  H-1* a t  4 . I 6 T w ith  a  spacing

of 8 .4  Hz. It i s  w ell known that v ic in a l coupling constants are

dependent upon m olecular conform ation i . e .  th e  d ih e d ra l ang le  between
42,43.

th e  hydrogen s u b s t i tu e n ts .  A coup ling  co n stan t o f  8 .4  Hz fo r

H -1* corresponds to  a to r s io n a l  ang le  o f about 180° between th e  C-1*-H 

and C-2’-H bonds which re q u ire s  (5) to  possess  th e  ^ -c o n f ig u ra tio n .

Ho t r a c e  o f th e  a-anomer was d e te c te d  in  th e  re a c t io n  m ixture 

fo llo w in g  th e  procedure o f  Bergmann and Heimhold, hence an a l te r n a t iv e  

method was needed to  s y n th e s ise  th e  a-anomer re q u ire d  fo r  t h i s  work. ■

The follow ing methods were attempted unsuccessfu lly .

(a) Use of methyl a-glucoside-boron tr ich lorid e  complex.
32

Following the experimental procedure o f Bonner ^  a l .  and
a

Furukawa, an a ttem pt was made to  condense excess im idazole w ith  th e  

boron t r i c h lo r id e  complex o f  m ethyl a-D -g lucoside  in  ch loroform . On 

a d d it io n  o f im idazole to  th e  complex a w hite s o l id  p r e c ip i ta te d  

( imi dazo1e-hydro c h io r i  d e ) . A f te r  re f lu x in g  fo r  about two hours th e  

s o lu tio n  was added to  w a te r. The two la y e rs  were se p a ra te d , th e  

aqueous la y e r  was th en  t r e a te d  w ith  IR-4B OH r e s in  to  remove any 

WeûHïBCl  ̂ and co n ce n tra te d  to  a  sm all volume. Thin la y e r  chromato

graphy and paper chromatography rev e a le d  no fo rm ation  o f g ly c o sy l-  

im idazo les in  th e  aqueous as  w ell as in  th e  chloroform  e x t r a c ts .  An 

a ttem p t was a lso  made to  e f f e c t  condensation  in  th e  presence o f 

p y r id in e  which a c ts  as an a c id  a c c e p to r , bu t t h i s  a lso  proved 

u n su c c e ss fu l. - .
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(b) Fusion  method.

P -glucose p e n ta -a o e ta te  and im idazole were m elted to g e th e r  a t  

130-135° under reduced p re s s u re ,c h lo ro a c e t ic  a c id  was added and th e  

re a c t io n  m ixture h ea ted  fo r  one h ou r. The re a c tio n  m ixture was th e n  

e x tra c te d  w ith  ch loroform . The chloroform  e x t ra c t ,  a f t e r  rep ea ted  

washing w ith  w ater, was d r ie d  and co n cen tra ted  to  dryness to  g ive  a 

dark  syrup which, on c r y s t a l l i s a t i o n  from p ro p an -1 -o l, gave 3 -g lucose  

p e n ta -a c e ta te .

(c) Condensation o f  sugar w ith  a base in  th e  p resence o f  phenyl 

polyphosphate .
57,58

The method developed by Schramm and co-w orkers was a ttem p ted , 

when g lu co se , im idazole and phenyl polyphosphate were h ea ted  in  H,H- 

dim ethylform am ide. Ho tr a c e  o f  g lyco sy lim id azo les  were d e te c te d  in  

th e  re a c tio n  m ix tu re .

(d) C ondensation o f  D imeric t r i -0 -a c e ty l-2 -d e o x y -2 -n itro s o -a -D -  

g lucopyranosy l c h lo rid e  (l6 ) and im id azo le .

3 4 -3 7 .
Follow ing th e  experim ental co n d itio n s  developed by Lemieux e t a l .  

f o r  th e  sy n th e s is  o f  ( l 6 ) , ( 16) and im idazole were re f lu x e d  in  d ic h lo ro -  

methane to  o b ta in  th e  oxime which was d i f f i c u l t  to  p u r i f y ,"îhe HMR 

spectrum  o f th e  oxime in  DMSO-d  ̂ showed a  s in g le t  a t  2.1 due to  C=HDH 

p ro to n . The IR spectrum  showed a  weak ab so rp tio n  a t  1660 cm  ̂

a t t r ib u t a b le  to  th e  C=H s t r e tc h in g  v ib r a t io n .  The oxime was th en  

t r e a te d  w ith  la e v u l i r j  c a c id  and e x tra c te d  w ith  ch loroform . The 

chloroform  e x tra c ts  were co n cen tra ted  to  dryness to  g ive a  syrup which 

was th en  reduced w ith  sodium borohydride in  te tra h y d ro p y ra n . A fte r  th e

u su a l work-up fo r  removing b o r ic  a c id , th e  r e s id u a l  s o lu tio n  showed no 

t r a c e s  o f  any g ly c o sy lim id azo le s . In  an o th e r experim ent th e  aqueous
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la y e r  ob ta in ed  a f t e r  th e  trea tm en t o f la e v u lin ic  a c id  and sodium

borohydride was, ana ly sed  fo r  g ly co sy lim id azo le s, no fo rm ation  o f

th e se  compounds was d e te c te d .
44

Todd and co-w orkers in  1953 re p o rte d  th e  sy n th e s is  o f 

l-D -glucopyranosylbenzim idazoles by th e  condensation  o f  te tra -O -a c e ty l-  

a-D -glucopyranosyl bromide and benzim idazole (24) in  d ioxan . Y ields 

o f  3 . 7^  and 21^ o f th e  a -  and P-anomers re s p e c t iv e ly  were o b ta in ed .
45

The same re a c t io n  was subsequen tly  used by F o s te r  e t a l .  in  th e

sy n th e s is  o f 1 -^ lyco sy lb en z im id azo les ,

CHgOAc

OAc BrAcO

OAc H

24

i)  dioxan 
100

i i )  mJMeOE H o \ ° ^

CH.OH CHpOH

46
In  1965, Lemieux and Morgan re p o rte d  th a t  when te t r a -O -a c e ty l-  

a-B -glucopyranosyl bromide ( 2) was re a c te d  w ith  p y rid in e  a  3 :2  m ixture 

o f  th e  anom eric W {te tra -0 -ace ty l-B -g lucopy ranosy l) pyrid in ium  bromides 

were formed in  which th e  q-anomer predom inated. The same re a c tio n  when 

c a r r ie d  out in  th e  presence o f tetra-n-butylam m onium  bromide a ffo rd e d



th e  a-anomer in  over ^0^ y ie ld .

25

Br
OAcOAc BrAcO ammoniiim AcO 

bromideOAc OAc

AcQ

OAc
AcO

BrOAc

26

P y rid in e

AcO

CH
3

OAc
AcO

Br

29

P y rid in e

)AcAcO

30

These au th o rs  concluded th a t  th e  i n i t i a l  p resence o f th e  bromide 

ion  in  th e  re a c tio n  m ixture le d  to  a  ra p id  e q u ilib riu m  o f  th e  s t a r t i n g  

m a te r ia l a-brom ide (2) w ith  i t s  3-anomer (2?) and th a t  th e  therm o

dynam ically  le s s  s ta b le  and more h ig h ly  r e a c t iv e  p-bromide was th e  

source o f  E -(te tra -O -ace ty l-a -D -g lu co p y ran o sy l)  py rid in iu m  bromide (26 ).
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The a c e toxonium io n  ( ^ )  in  p y r id in e  can he in  e q u ilib riu m  w ith  th e  

orthoam ide type in te rm e d ia te s  (29) and (30) . Rearrangement o f (29) 

and (30) was proposed to  le a d  to  th e  fo rm ation  o f thea-anom er (2 6 ). ^^47*13

This proposed mechanism could be extended to  ex p la in  th e  fo rm ation  o f 

an anom eric m ix ture o f g lucopyranosylbenzim idazoles when f r e e  benz

im idazo le  r a th e r  th a n  a  s i l v e r  s a l t  i s  used  in  th e  r e a c tio n , where th e
-  +

Br ion  i s  q u ic k ly  removed by Ag .

In  our hands th e  a d d i t io n  o f  tetraethylam m onium  bromide gave a 

r e a c t io n  m ix ture which was more d i f f i c u l t  to  p u r ify  and d id  no t le a d  to  

a  g r e a t ly  in c re a se d  y ie ld ,  t h i s  method was th e re fo re  abandoned.

F ollow ing th e  experim ental c o n d itio n s  o f  Todd and co-w orkers, 

th e  condensation  o f te tra -O -a c e ty l-a -D -g lu c o p y ra n o sy l bromide ( 2) and 

im idazo le  (^) in  dioxan a t  100° a ffo rd e d  about 2 .4^  o f th e  

1 ' - ( 2 * ,3 * ;4 ',6 * - te tra -0 -a c e ty l-a -D -g lu c o p y ra n o s y l) im id a z o le  (3 l) and 

55^ o f  th e  p-anom er(I4) .

CH^OAc

OAc
AcO \  __  ̂ Br

OAc

+

H-

Dioxan

100 ' AcO

CHgOH
CHpOH

CHpOAc CHpOAc
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The P-anomer was c h a ra c te r is e d .h y  i t s  m e ltin g  p o in t ,  o p t ic a l  

r o ta t io n ,  e lem en tal a n a ly s is  and hy comparison o f i t s  MR spectrum  

w ith  th a t  o b ta in ed  by th e  method o f Bergmann and Heimhold.

-The MR spectrum  o f th e  a-anomer (3 l) i s  reproduced in  F ig .3*1 

page 71 . The param eters a re  p re sen te d  in  Table 3-I-IP;pageloi-Sand w il l  

be d iscu ssed  in  g re a te r  d e t a i l  in  C hapter 3* The chem ical s h i f t  o f 

th e  anom eric p ro to n  o f 3 .8 9 T; and th e  coup ling  co n stan t o f 5»1 Hz a re  

in  accord  w ith  th e  a -c o n f ig u râ tio n . The s p e c if ic  r o ta t io n  o f +118° 

o f ( 31) as compared to  -7 .3 °  f o r  ( 14) i s  c o n s is te n t w ith  t h i s  anomeric 

c o n f ig u ra tio n . The MR spectrum  F ig .^ .^ p ag e  S3 o f th e  0 -d e a c e ty la te d  

a-anomer ( 32) shows th e  anom eric p ro to n  a t  3 . 8 6 w ith  a spac ing  o f 

5 .7  Hz as compared to  4*16 X fo r  th e  p-anomer (5) .  I t  i s  g e n e ra lly  

accep ted  th a t  an a x ia l  p ro to n  w il l  absorb a t  about O.5 ppm h ig h e r f i e l d
43,48

th a n  i t s  e q u a to r ia l  c o u n te rp a r t.

S evera l d e ta i le d  s tu d ie s  o f th e  so lv o ly ses  o f g ly co sy l h a lid e

d e r iv a tiv e s  have been undertaken  and have le d  to  th e  c o n c lu s io n ,re a c tio n

u s u a lly  occurs by way o f  an 8^1 mechanism, a lthough  in v e rs io n s  a re

fre q u e n tly  observed and S^2 c h a ra c te r  i s  known to  in tru d e  under some

c o n d itio n s , n o ta b ly  in  so lv e n ts  o f low p o la r i ty  and in  th e  presence o f
49—53

s tro n g  n u c le o p h ile s .

The work o f R hind-T utt and Vernon ' su ggests  th a t  in  th e  absence 

o f neighbouring  group p a r t i c ip a t io n ,  a-D -glucopyranosyl h a l id e  d e r iv a tiv e s  

re a c t  w ith  predom inant in v e rs io n . Thus th e  fo rm ation  o f  1'■^-(2’ ,3 * ,4 * ,6 * -  

te tra -O -ace ty l-P -D -g lu c o p y ran o sy l)  im idazole ( 14) could r e s u l t  from a 

n u c le o p h ilic  a t ta c k  o f im idazole on th e  a-brom ide (2) w ith  in v e rs io n  o f 

c o n f ig u ra tio n  a t  th e  anom eric c e n tre .  As m entioned e a r l i e r ,  in  th e  

p resence o f bromide ion  a  ra p id  e q u ilib riu m  between th e  a-brom ide (2) and 

th e  p-bromide (27) i s  e s ta b l is h e d  and a  n u c le o p h ilic  a t ta c k  by im idazole 

on th e  P-bromide could fu rn is h  1-’- (2 * ,3 * ,4 * |6 * - te t r a -0 -a c e ty l- a -D -  

g lucopyranosy l) im idazole (3 l) •
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The p-hromide ( ^ )  can also  he expected to y ie ld  read ily  the

1 ,2-acetoxonium ion (^ )  which would react with imidazole to give

orthoamides ( ^ )  and (34)» provided the liberated  hydrogen bromide

is  captured by a su itab le  base such as imidazole i t s e l f .  It has been

proposed that the orthoamides are the major products of the reaction

of glycosyl halide and imidazole only i f  the reaction is  carried out
13

at room temperature.

CĤ OAo

OAo

CĤ OAo

• AoO

OAo
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Aooc:
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AoO
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▼ 1f y
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AoO

OAo

OAoAoO

OAo
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OAo .OAo AoOAoO

CH.3
H,C
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One o f th e  o b je c tiv e s  o f th e  p re se n t work, as a lre a d y  in d ic a te d , 

was to  s tu d y  th e  conform ational p ro p e r t ie s  o f th e  ^ ^g ly c o sy lim id azo le s .

The manno-  and g a la c to -  compounds were sy n th e s ise d  acco rd in g  to  

th e  experim ental p rocedure fo llow ed fo r  th e  gluco compounds i . e . by 

re f lu x in g  th e  a p p ro p ria te  g ly co sy l h a lid e  w ith  two m olar p ro p o rtio n s  

o f im idazole  in  d ry  d ioxan .

The ex p lan a tio n  as to  how th e  p roducts o f th e  re a c tio n  o f t e t r a - 0 -  

acetyl-a-D -m annopyranosyl bromide (35) and im idazole a r i s e ,  fo llow s a 

s im i la r  l in e  o f reaso n in g  to  th a t  developed fo r  th e  gluco s e r i e s .

CEgOAc
AcO

AcO
OAc 0

36

CHpOAc

AcO

^myncoH

CHgOH

OH OH

PAc OA
AcO

35

pAc OA,
AcO

IZ

HO

BrAcOCH,

AcO

39

h i

in
■vfork-up

C H gO A c^^ OH

AcO

40

CH.

o rth o 
amides

CHgOAc CHgOAc

Acb\?^ /Ô H  Aco' OAc

41 42
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By th e  a p p l ic a t io n  o f th e  tr a n s  ru le  and o f  n u c le o p h ilic  p a r t i c ip 

a t io n  o f th e  C-2 ace toxy  group, one would expect th e  a -p roduct to  

predom inate . In  th e  absence o f neighbouring  group p a r t ic ip a t io n  

a-B-mannopyranosyl h a lid e  d é r iv a tif s ,  y ie ld  anom eric m ixtures o f 

p roducts  o f n u c le o p h ilic  a t ta c k  a t  C-1. ' The y ie ld  (4 * 7 ^  o f

1 - (2 f ,3 * ,4 ',6 '- te tra -p -a c e ty i-a -B -m a n n o p y ra n o s y l)  im idazole ( 38) was 

low er th a n  th a t  o f th e  p anomer (37) ( 25A ' We b e lie v e  t h i s  v io la t io n  

o f th e  ”tr a n s  ru le "  to  be due to  absence o f p a r t i c ip a t io n  o f th e  C-2 

ace toxy  group (39) and th e  decreased  s t a b i l i t y  o f th e  a-anomer C^8) 

r e s u l t in g  from th e  o p e ra tio n  of th e  re v e rse  anom eric e ffec t^^ C h ap te r 3) •  

A somewhat in te r e s t in g  o b se rv a tio n  was th e  i s o la t io n  o f a compound 

whose elem ental a n a ly s is  and MR spectrum  suggested  s t r u c tu re  (41) o r 

( ^ ) .

The id e n t i ty  o f  T - ( 2 \  3 ',4 * ,  6 ' - t e t ra-0-acety l-|3 -D -m annopyranosyl)-  

im idazole (37) was e s ta b l is h e d  by i t s  e lem ental a n a ly s is ,a n d  MR . .

; : - ' . J. : ■ * .• param eters a re  g iven  in

Tab 1 es'g.1iyi2pagef04.-y; compound (3 7 )  had a s p e c if ic  r o ta t io n  o f -14 '55°*

1 - ( 2 ' , 3 ' ; 4 ' ; 6 ' - t e t ra-p-acety l-a-D -m annopyranosy l) im idazole (38) 

p o ssessed  a  s p e c if ic  r o ta t io n  o f  +37«7° which i s  in  accord  w ith  th e  a - 

c o n f ig u ra tio n . The MR spectrum  i s  reproduced in  F ig .g .  1land th e  

param eters a re  g iven  in  T ables ^,17^18, page lio -il.

The 0 -d e a c e ty la te d  compound, 1-P-D-mannopyranosyl im idazole (43) 

had a  s p e c if ic  r o ta t io n  o f +27.48° and th e  MR param eters a re  p resen ted  

in  T ables g , 13^14, page io 6 - 7 .

1-a-B-m annopyranosylim idazole (44) p ossessed  a  s p e c if ic  r o ta t io n  

o f +63. 7° and i t s  MR s p e c tr a l  d a ta  a re  p re sen te d  in  Tables g , 15.^16, 

page iog-«i .
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The r e a c t io n  o f te tr a -O -a c e ty l- a -h -g a la c to p y ra n o s y l  brom ide 

( 45) w ith  im id azo le  in  d ioxan  a ffo rd e d  1 - ( 2 \ 3 \ 4 \ 6 * - t e t r a - 0 -  

a c e ty l-3 -D -g a la c to p y ra n o s y l) im id azo le  (47) in  4 3 .7 ^  y ie ld  and an 

im pure sam ple o f  1 - ( 2 * ,3 ',4 * ,6 * - t e t ra -0 -a c e ty l-a -D -g a la c to p y ra n o s y l)  

im id azo le  (48) which a f t e r  r e p e a te d  a tte m p ts  a t  p u r i f i c a t i o n  on a 

s i l i c a  column d id  no t a n a ly se  c o r r e c t ly .  The p o s s ib le  so u rce  o f 

im p u rity  cou ld  be th e  p resen ce  o f  th e  t e t r a  a c e ta te  (51) • I t  was 

however p o s s ib le  to  p u r i f y  th e  0 -d e a c e ty la te d  a-anom er (53) on a  

b a s ic  ion -exchange r e s in  column.
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,OAc Br
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The 1 -(2 *  , 3 ' , 4 * ,6  ' - 1 e t  ra -O -ac  e ty  1 -  P - ^ g a l  ac t  opy rano  sy l ) im id azo le  

(47 ) had a  s p e c i f i c  r o t a t i o n  o f + 1 1 ,43°. M R p a ram e te rs  o f  47 

(T ab les  3 .1 9 -2 0 , pagell2->$ shows a  c o u p lin g  c o n s ta n t o f 9 . I  Hz f o r  th e  

anom eric p ro to n . A co u p lin g  c o n s ta n t o f t h i s  m agnitude co rresp o n d s  

to  a  d ih e d ra l  an g le  o f  ab o u t 180° which r e q u i r e s  th e  g a la c to sy la m in e  

to  p o s se s s  a  c o n f ig u ra t io n .  The 0 -d e a c e ty la te d  p-anomer (52) had  a  

s p e c i f i c  r o t a t i o n  o f +51 . 02° ,

1 - a - ^ g a l  a c t  opy ranosy l im i daz o le  ( ^ )  had  a  s p e c i f i c  r o t a t i o n  o f 

+130. 16° and th e  M R s p e c t r a l  d a ta  Table 3 .2 3 -2 4 , page l/é-iT^support th e  

assignm en t o f  th e  a -c o n f ig u ra t io n  a t  th e  anom eric carbon .
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EXPERIMENTAL

1 - ( 2 * ,3 * ,4 * ,  6 ’ - te t r a - 0 - a c e ty l - p - ^ g lu c o p y r a n o s y l )  im id azo le  (l_4) •

The compound was p re p a re d  a c c o rd in g  to  th e  method o f Bergmann and 

Heimhold hy th e  co n d en sa tio n  o f  te tra -O -a c e ty l-a -B -g lu c o p y ra n o s y l 

brom ide p re p a re d  a c c o rd in g  to  th e  method o f Lemieux^^ and f r e s h ly  

p re p a re d  s i l v e r  s a l t  o f  im id azo le  in  anhydrous x y len e  a t  r e f lu x  

te m p e ra tu re  f o r  4h . The m ix tu re  was f i l t e r e d  h o t and a llow ed  to  s ta n d  

f o r  12 h a t  0° when a  c r y s t a l l i n e  s o l id  d e p o s ite d  which was f i l t e r e d ,  

washed w e ll w ith  w a te r and d r ie d  under v acu o . Thin la y e r  chrom ato

g raphy  u s in g  benzene-m ethanol (9 :1 ) (v /v ) showed t h i s  to  be a  s in g le  

com ponent. C r y s t a l l i s a t i o n  w ith  p ro p a n -1 -o l gave 43^ y ie ld  o f  ( 14)

m .p . 205- 206° ( l i t . ,  2O5- 2O8) ,  [ a U  -  7 .3 °  (o 1 .5  in  CHCl,) [ l i t ,  -9 °

(o 0 .7  in  C H C lj)], 214 mi ( lo g  6 3 .5 8 ) .

E lem en ta l a n a ly s i s  c a lc d . f o r  .

C = 5 1 .2 5 ; H = 5 . 5 6 » N = 7 .03^

R)undC = 51. 13; H = 5 . 41 ; N = 7 .1 9 ^ .

1 -p -B -g lu co p y ra n o sy lim id azo le  (5) .

Compound ( 14) on d e a c e ty la t io n  in  m e th an o lic  ammonia a t  0° fo r

45 m in. and a f t e r  c r y s t a l l i s a t i o n  from p ro p a n -1 -o l gave (55A  y ie ld

o f  (5) • P aper chrom atography u s in g  n -b u ta n o l-e th a n o 1 -w a te r  

(4 0 :1 1 :1 9 ; v /v ) showed t h i s  to  be a  s in g le  com ponent.

m .p . 215- 216° ( l i t "  217- 218° ;  l i t ,  2 18 -220°), [a ]^ ^  + 13 .6° (g 1 .0  in  

EgO) [ l i t .  12° (c  0 .7  in  H^O)]. % 210 nm ( lo g  g 3 .6 3 ) .

E lem en ta l a n a ly s is  c a ld .  f o r  C^H^^O^Hg:

0 = 46 . 93 ; H = 6 .1 2 ;  N = 12.16^

Found C = 4 7 .1 4 ; H = 6 .2 4 ; H = 12 .05^ .
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Compound (5) consumed 1 .76 ; 1.97 and 1.99 moles o f  p e r io d a te

(4 .60  m ol. eq u iv . o r ig i n a l l y  p re se n t)  (T heor. 2 .0 ) a f t e r  1, 5 and 

6 h re sp e  c t i v e l y ,  and gave no form aldehyde and O.84 mole o f 

fo rm ic  a c id .

1 ' - ( 2 * ,3 * »4*»6 ’- te t r a -0 -a c e ty l- a -D -g lu c o p y ra n o s y l)  im id azo le  ( ^ )  .

T e tra -0 -a c e ty l-a -B -g lu c o p y ra n o s y l brom ide (32 .9  g . O.O8O moles) 

and im id azo le  (12 .0  g , 0 .1 ^6  m oles) were d is s o lv e d  in  d ioxan  (80 ml; 

d r ie d  over sodium) and h e a te d  under r e f lu x  f o r  4 h .  The m ix tu re  was 

f i l t e r e d  and a f t e r  a d d i t io n  o f x y len e  (30 ml) k ep t a t  0° f o r  12 h .

A s o l id  was s e p a ra te d  by f i l t r a t i o n ,  washed s e v e ra l  tim es w ith  w a te r 

and d r ie d  in  vacuo. Thin la y e r  chrom atography (benzene-m ethanol 

9 : l )  showed two m ajor components to  be p r e s e n t .  E x t r a c t io n  o f t h i s

s o l id  w ith  d ry  m ethanol gave a  m ix tu re  (4 .O g) r i c h e r  in  th e  f a s t e r

moving component. Chrom atography o f t h i s  m ix tu re  on a  column (lOO x 

4 cm) o f  s i l i c a  g e l (5OO g ) , e lu t in g  w ith  benzene-m ethanol ( 9 : l )  

fo llo w ed  by th i n  la y e r  chrom atography gave th e  anom eric t e t r a - a c e t a t e s  

( 2 .0  g , 6 . 3^  o f  th e  a-anom er and ( I .5 g) o f  th e  p-anom er. 

C r y s t a l l i s a t i o n  o f  (31) from e th a n o l gave pu re  sample m .p. 162-163° 

( l i t ? ,  m .p . 172-173°): [a ]^ ?  +118° (o I .5  in  CECI.) [ l i t . ,  [ 0]^

+ 1 1 1 °]. X 223 nm ( lo g  g 3 .1 0 ) .

E lem en ta l a n a ly s is  c a lc d . f o r  C^yH^gO^Ng:

C = 51 .2 5 ; H = 5 . 5 6 ; N = 7 .03^

Found C = 5 1 . 4 2 ; H = 5 .7 2 ; N = 6.83%
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1 '-a -D -g lu c o p y ra n o sy lim id a z o le  (32)

A m ix tu re  (6g) r i c h e r  in  (y i)  was d e a c e ty la te d  in  m e th an o lic  

ammonia a t  0° to  y ie ld  a  m ix tu re  ( 3 .6  g) o f  1-a and T -p-D -glucopyranosyl- 

im id a z o le s . The m ix tu re  d is s o lv e d  in  10 ml o f  d e io n iz e d  carbon  d io x id e  

f r e e  w a te r was a p p l ie d  on a  column (50 x 3 cm) Dowex 1-X8 (OH”) r e s in  

and e lu te d  w ith  d e io n iz e d  carbon  d io x id e  f r e e  w a te r . F ra c t io n s  (10 ml) 

w ere a n a ly se d  by p aper chrom atography [developm ent w ith  b u ta n -1 - o l -  

e th a n o l-w a te r  (4 0 :1 1 :1 9 )]  to  g iv e  O.9  g ( y ie ld  2 .4/Q o f th e  a anom er.

(R^ o f  a anomer 0 .3 2 ; R^ o f  P anomer 0 .2 4 )•  The a anomer r e s i s t e d  

a t te m p ts  a t  c r y s t a l l i s a t i o n .  [a ]^ ^  + 104° (q , 0 .5 3  in  H^O) [ l i t . ,

W j 3 + 104° ] .  X 220 rm ( l o g e  3 .2 0 ) .

E lem en ta l a n a ly s is  c a lc d . f o r  :

G = 4 6 . 9 5 ; H = 6 .1 2 ; N = 12.

Found 0 = 4 6 .8 3 ; H = 6 .1 9 ; H = 12 .02^.

Compound (32) consumed 1 .0 5 ; 1 .56 and 2 .0 4  moles o f  p e r io d a te  (4 .60

m oles o r ig i n a l l y  p re s e n t)  a f t e r  1 ,5  and 8 h r e s p e c t iv e ly  and gave no 

form aldehyde and O.96 mole o f  fo rm ic  a c id .

1 - ( 2 * ,3 * ,4 % 6 * -te tra -O -a c e ty l-a -D -m a n n o p y ra n o sy l) im id a z o le  ( 38) .

T e tra -^ -a ce ty l-a -D -m an n o p y ran o sy l brom ide (3 2 .8 8  g ; O.O8O moles)

I 55p re p a re d  a c c o rd in g  to  th e  method o f T a l le y  was a llow ed  to  r e a c t

w ith  im id azo le  ( l2 .0  g ; 0 .176  moles) u nder th e  c o n d itio n s  d e sc r ib e d  

f o r  th e  s y n th e s is  o f  ( 3 l ) . A f te r  th e  r e a c t io n  th e  s o lv e n t was removed 

u nder reduced  p re s s u re  to  g iv e  a  dark  brown sy rup  (27 g ) .
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T hin la y e r  chrom atography (benzene-m ethanol ( 9 : l )  showed th e  p resen ce  

o f  an  anom eric m ix tu re  o f  th e  te tra -O -a c e ty l-m a n n o p y ra n o sy l im id azo les  

a lo n g  w ith  s e v e ra l  o th e r  im p u r i t i e s .  The sy rup  was th e n  ta k e n  up in  

ch lo ro fo rm  and th e  ch lo ro fo rm  e x t r a c t  washed s e v e ra l  tim es w ith  w a te r , 

d r ie d  ov er anhydrous sodium s u lp h a te ,  and c o n c e n tra te d  under reduced  

p re s s u re  to  g iv e  a  sy rup  which was d is s o lv e d  in  ch lo ro fo rm  and a p p lie d  

(9 g) on a  s i l i c a  g e l column ( 1OO x 4 cm) and e lu te d  w ith  b en ze n e - 

m ethanol (9 : 1) .  F ra c tio n s  c o n ta in in g  th e  f a s t e r  moving component 

were combined and c o n c e n tra te d  to  d ryness  to  under reduced  p re s s u re  

to  g iv e  a  sy ru p . T his sy rup  on exam ination  by th i n  la y e r  chrom atography 

in  e th y l  a c e ta t e  fo llo w ed  by  v i s u a l i s a t i o n  by io d in e  vapours showed two 

w e ll re s o lv e d  sp o ts  o n ly  one o f w hich was re v e a le d  by sp ra y in g  w ith  2%

e th a n o lic  s u lp h u r ic  a c id .  The sy rup  ( 3 .O g) was th e n  a p p l ie d  on

a n o th e r  s i l i c a  g e l column and e lu te d  w ith  e th y l  a c e ta te  to  g iv e  ( l «5 g ; 

4 . 7% y ie ld )  o f  ( ^ )  . ( ^ )  r e s i s t e d  s e v e ra l  a tte m p ts  a t  c r y s t a l l i s a t i o n

b u t s o l i d i f i e d  under h ig h  vacuum.

Ca]p^ + 37.7° (c 1.35 in CHCl^)[lit., [a]g + 35°].
Xmax ^^5 Mm (m ethanol) ( lo g  £ 3 .1 5 ) .

E lem en ta l a n a ly s is  c a lc d . f o r  ^-]y^22^9^2*

c = 5 1 . 25 ; H = 5 . 5 6 ; N = 7 .03^

Found C = 51.45; H = 5 .70; N = 6 .

F ra c tio n s  c o n ta in in g  th e  im p u rity  were combined and c o n c e n tra te d

to  d ry n ess  to  g iv e  1.0 g o f  w h ite  s o l id  , The IR (KBr d is c )  spectrum

o f  t h i s  s o l id  showed a  s tro n g  a b s o rp tio n  a t  3500 cm  ̂ su g g e s tin g  th e

p re sen ce  o f  an  hydroxy l g roup . The MR spectrum  ( in  CDClO shows s ig n a ls
,7 86

a t  8 .3 2 , 7 .97  and 7 .92  % due to  th e  fo u r  a c e ty l  m ethyl p ro to n s . On th e
A
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b a s is  o f  i t s  e lem en ta l a n a ly s i s .  The compound ap p ea rs  to  be te t r a - 0 -  

ace ty l-B -m annos e .

E lem en ta l a n a ly s is  c a lc d . f o r  0^ :

C = 4 8 .2 7 ; H = 5 .78#

Pound C = 4 8 . 36 ; H = 5 .'

1 -a-D -m annopyranosy lim idazo le  (44)

( ^ )  was o b ta in e d  by d e a c e ty la t io n  o f  (1 .5  g 38) in  m e th an o lic  

ammonia a t  0 ° .  Removal o f  th e  so lv e n t a t  room te m p era tu re  under 

reduced  p re s s u re  gave O.9 g (4 .7 #  y ie ld )  o f  sy rup  which s o l i d i f i e d  to  

a  f in e  powder under h ig h  vacuum. P aper chrom atography u s in g  b u ta n -1- 

o l- e th a n o l-w a te r  (40 :11 :19) o f  t h i s  su b s tan ce  showed i t  to  be a  s in g le

■ sp o t (R j 0 . 235) + 6 3 . 7°  (0 0 .4 5  in  HgO) [ l i t . ,  [ a ] ^  + 6 0 ° ] .

^m ax Mm (w ater) ( lo g  ■£ 3 .5 0 ) .

E lem en ta l a n a ly s is  c a lc d . f o r

0 = 4 6 . 9 5 ;  H = 6 .1 2 ; N = 12.16#

Pound C = 4 6 .7 4 ; H = 6 .2 1 ; N = 11 .99#.

1 - (2 * ,  3* »4* » 6 * -te tra -0 -ace ty l- |3 -B -m an n o p y ran o sy l) im id azo le  (37)

F ra c tio n s  c o n ta in in g  th e  slo w er moving component o b ta in e d  d u rin g  th e  

s y n th e s is  o f  (3#) were combined and c o n c e n tra te d  to  d ry n ess  to  g iv e  a  

sy rup  which s o l i d i f i e d  under h ig h  vacuum to  o b ta in  2 .7  g ( 25#  y ie ld )  o f

( 37) . Thin la y e r  chrom atography o f t h i s  su b s tan ce  u s in g  benzene- 

m ethanol (9 :1 ) showed i t  to  be a  s in g le  com ponent. [a ]^ ^  -1 4 .5 5 °

(c  0 .9 8  in  CHGl^) [ l i t . ,  [ a ] ^  -1 6 .0 ° ]

^max ^^5 Mm (m ethanol) ( lo g  ’£ 3 .2 5 1 ) .
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E lem en ta l a n a ly s is  c a lc d .  f o r

c = 5 1 .2 5 ; H = 5 .56; N = 7.03#

Found C = 5 1 .3 7 ; H = 5 .7 2 ; N = 6 . 84 %

1 -P -D -m annopyranosylim idazole  ( ^ )

D e a c e ty la t io n  o f  (37) (5 g) in  m e th an o lic  ammonia a t  0° gave,

a f t e r  rem oval o f  th e  s o lv e n t ,  ( 3 .O g) o f  (43) ( 16#  y i e l d ) .  P aper

chrom atography u s in g  h u ta n -1- o l - e th a n o l-w a te r  (4 0 : 11: 19) showed i t  to  he

a  s in g le  component (R^ = o .201) . [a ]^ ^  + 27*48° (_c 0 .6 0  in  E^O)

[lit?, [a]jj + 27°].

^  210 nm (w ater) ( lo g  £  3 .OO).max. '

E lem en ta l a n a ly s is  c a lc d . f o r

C = 4 6 . 9 5 ; H = 6 .1 2 ; N = 12.16#

Found C = 4 6 . 84 ; H = 6 .0 8 ; N = 12 .02#.

1 '- ( 2 ' ,3 * ,4 ',6 * - t e t r a - O - a c e ty l - p - D - g a l a c t  opyranosy l) im id azo le  ( ^ )

F o llo w in g  s im i la r  p ro ced u re  to  th a t  adop ted  f o r  th e  s y n th e s is  o f

( 38) ;  te tra -O -a c e ty l-a -D -g a la c to p y ra n o s y l ' brom ide (82 .0  g ; 0 .199  moles)
~  56

p re p a re d  a c c o rd in g  to  th e  method o f  Lemieux, and im id azo le  (30 g;

0 .441  m oles) in  d ioxan  a t  100° f o r  4 h .  F o llo w in g  a  s im i la r  work up 

p ro ced u re  to  th a t  adop ted  f o r  th e  m annosides, 57 g o f  crude sy rup  was 

o b ta in e d  a f t e r  rem oval o f  th e  s o lv e n t .  The sy rup  e x t r a c te d  in  ch lo ro fo rm  

and th e  ch lo ro fo rm  e x t r a c t s  washed s e v e ra l  tim es  w ith  w a te r , d r ie d  over 

anhydrous sodium s u lp h a te  and c o n c e n tra te d  u nder reduced  p r e s s u re .

T hin  la y e r  chrom atography o f  t h i s  sy rup  in  benzene-m ethanol ( 9 : l )  showed 

th e  p re sen ce  o f  im id azo le  g a la c to s id e s . 10 g o f  t h i s  sy rup  d is s o lv e d  in

ch lo ro fo rm  was pu t on a  s i l i c a  g e l column (IOO x 4 cm) and e lu te d  w ith  

benzene-m ethanol ( 9 : l ) .  F ra c t io n s  c o n ta in in g  th e  s low er component were
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combined and c o n c e n tra te d  to  d ryness under reduced  p re s s u re  to  g iv e  s 

sy rup  which s o l i d i f i e d  under h ig h  vacuum to  g iv e  ( 3 . I  g , 4 3 .7 '#  y ie ld )  

o f  (£7) and which r e s i s t e d  f u r th e r  a tte m p ts  a t  c r y s t a l l i s a t i o n .

[cc]^^ + 1 1 .4 f  (c 0.60, in  CHCl^)

7c 225 nm (m ethanol) ( lo g  ^  2 .9 6 ) .

E lem en ta l a n a ly s is  c a lc d . fo r

C = 5 1 .2 5 ; H = 5 . 5 6 ; N = 7 . 03#

Found C = 5 7 .0 7 ; H = 5 .4 9 ; N = 6 . 92# .

1 -p -D -g a lac to p y ran o sy lim id azo le  (52)

D e a c e ty la t io n  o f (47) (5 g) u s in g  m e th an o lic  ammonia a t  0 °  gave

on rem oval o f  th e  so lv e n t a  sy rup  (3 g) (55# y ie ld )  which s o l i d i f i e d

u nder h ig h  vacuum and r e s i s t e d  a tte m p ts  a t  c r y s t a l l i s a t i o n .  P aper

chrom atography u s in g  b u ta n -1 -o l-e th a n o l-w a te r  (40 :11 :19) showed i t  to  be

a  s in g le  component (R^ 0 .286) [a ]^ ^  + 51 .02° (c  1 .6  in  H^O).

X 210 nm (w ater) ( lo g  f  = 3 .00) .max. / \ o

E lem en ta l a n a ly s is  c a lc d . f o r

C = 4 6 . 9 5 ; H = 6 .1 2 ; N = 12.16#

Found C = 47 . 0 5 ; H = 6 .2 6 ; N = 12 .30# .

1_a_D -ga lac to p y ran o sy lim id azo le  (53)

F ra c t io n s  c o n ta in in g  th e  f a s t e r  moving component o b ta in e d  from th e  

s y n th e s is  o f  (47) were combined to g e th e r  and c o n c e n tra te d  to  d ryness 

under reduced  p re s s u re  to  g iv e  a  sy rup  (2 g) w hich was d e a c e ty la te d  w ith  

m e th an o lic  ammonia a t  0 ° .  Removal o f  th e  so lv e n t a t  room te m p era tu re

a f fo rd e d  a  sy rup  ( I . I  g) . P aper chrom atography u s in g  b u ta n -1 -o l - e th a n o l -

w a te r  (40 :11 :19) showed i t  to  be con tam ina ted  w ith  D -g a la c to se .

A p p lic a tio n  o f  t h i s  sy rup  on a  column o f Dowex 1-X8 OH r e s in  and e lu t in g
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w ith  d e io n is e d  carbon  d io x id e  f r e e  w a te r gave 0 ,700  g o f  s o l id

( 5#  y ie ld )  o f  (53) which r e s i s t e d  a tte m p ts  a t  c r y s t a l l i s a t i o n .

P aper chrom atography confirm ed t h i s  to  be a  s in g le  su b s tan ce  (R^ 0 .315)*

[a ]E / + 130. 16° (c 0.60v in  H,.0) . X 214 nm ( lo g  £  = 3*530).■U c max.

E lem en ta l a n a ly s i s  c a lc d . f o r

0 = 4 6 .9 ; H = 6 .1 2 ; N = 12.16# 

Found 0 = 4 6 .2 ; H = 6 .1 9 ; H = 11 .82#.
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CHAPTER 3

APPLICATIOH OF MR TO CONFORMATlOML STUDIES OF 

H-GLYCOS YLIMIDAZOLES

INTRODUCTION

The study of the conformation of organic molecules originated in
1

the early eighteen-nineties, when Sachse pointed out that six 

memhered ring systems could exist free from hond-angle strain in two 

puckered forms, (i) the rigid form (chair) (54) and (ii) the flexible 

form (boat and the skew) (55^56) .

54 55

56

The first application of this observation in carbohydrate chemistry
2

was made by Sponsler and Dore in their interpretation of x-ray data

for ramie-fibre cellulose, who realised that the ideas of chair and boat

forms of cyclohexane derivatives could be applied to pyranoid sugar

derivatives and that D-glucopyranosyl units of cellulose were probably
3chair forms. It was Haworth in 1929 who introduced the term

"conformation of a ring" to describe various geometric forms of the
Apyranose ring. Conformations were later defined as the different
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arrangem ents  in  space o f th e  atoms in  a  s in g le  c l a s s i c a l  o rg a n ic

s t r u c t u r e ,  th e  arrangem ent b e in g  produced by th e  r o ta t io n  o r  tw is t in g

o f  norm al s in g le  bonds.

The e f f e c t  o f  confo rm ation  on chem ical r e a c t i v i t y  was f i r s t

re c o g n ise d  by Hann, M e r r i l  and Hudson and was f u r th e r  e la b o ra te d  
5-9

by I s b e l l  who p ro v id ed  co n c lu s iv e  ev idence o f  th e  n o n -p la n a r

co n fo rm ation  o f  a  p y ran o id  r in g  from an in v e s t ig a t io n  o f  th e  o x id a tio n

o f  f r e e  su g ars  by brom ine. I t  was p r in c ip a l ly  th ro u g h  th e  work o f

H asse l and O tta r  th a t  th e  a c tu a l  confo rm ation  o f  a  m olecule was

b e l ie v e d  to  be determ ined  by th e  non-bonded in te r a c t io n s  o f s u b s t i tu e n t  

11g ro u p s . H asse l re c o g n ise d  th a t  cyclohexane i s  more s ta b le  in  th e

c h a i r  form th a n  in  th e  b o a t form , and th a t  th e  two c h a ir  forms o f  a

m o n o su b s titu ted  cyclohexane have d i f f e r e n t  e n e rg ie s ,  th e  form h av ing

th e  s u b s t i tu e n t  e q u a to r ia l ly  a t ta c h e d  b e in g  therm odynam ically  more

s ta b l e  th a n  th e  one h av in g  th e  group a x i a l l y  a t ta c h e d .  In  an  e x te n s io n

o f  th e s e  id e as  to  p y ran o id  su g a rs , H asse l and O tta r  were a b le  to

p r e d ic t  th e  fav o u red  c h a i r  forms f o r  many su g a r d e r iv a t iv e s ,  th e re b y

f irm ly  e s ta b l i s h in g  th e  te c h n iq u e  o f  co n fo rm a tio n a l a n a ly s is  in  th e

ca rb o h y d ra te  f i e l d .

X-Ray crystal structure analysis is one of the most precise

te c h n iq u e s  a v a i la b le  f o r  d e te rm in in g  th e  co n fo rm ation  o f  a  su g a r m olecu le ,

a s  i t  p ro v id es  v a lu a b le  in fo rm a tio n  on bond le n g th s ,  d ih e d ra l  a n g le s ,

in te ra to m ic  d is ta n c e s  and v a len cy  a n g le s .  A lthough a ldohexoses have

n o t been  e x te n s iv e ly  in v e s t ig a te d  by  x - r a y  c r y s ta l lo g ra p h e r s ,  s t r u c tu r e s

o f  c r y s t a l l i n e  a -and  p -D -g lu co p y ran o sid esare  known by th e  a p p l ic a t io n  o f

12n e u tro n  d i f f r a c t i o n  , and th e  p resen ce  o f  a  p y ran o id  r in g  in  th e  c h a ir  

co n fo rm ation  has been  e s ta b l is h e d .  An example o f  th e  a p p l ic a t io n  o f
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x - r a y  c r y s ta l  s t r u c tu r e  a n a ly s is  to  th e  s tu d y  o f  complex m olecu les 

o f  p a r t i c u l a r  i n t e r e s t  i s  th e  s tu d y  o f  cas im id in e  d ih y d ro c h lo r id e  in  

w hich p-D -g lucose in  a  p y ran o id  form was shown to  adopt a
75

con fo rm atio n  . The a p p l ic a t io n s  o f  x - r a y

c r y s t a l  s t r u c tu r e  a n a ly s is  in  ca rb o h y d ra te  ch em is try  have been  th e

13-15s u b je c t  o f  s e v e ra l  rev ie w s .

The p io n e e r in g  work on th e  confo rm ations o f  su g a rs  in  s o lu t io n  

was c a r r i e d  out by Reeves in  s tu d ie s  o f  th e  complexes formed

from  su g a rs  and t h e i r  d e r iv a t iv e s  in  cupriammonium s o lu t io n s .  He was 

a b le  to  p ro v id e  ev idence th a t  p y ran o id  su g ars  e x i s t  in  c h a ir  conform

a t io n  and th a t  in  most cases  one o f  th e  c h a ir  forms i s  p r e v a le n t .

Boat o r  skew confo rm ations were a ls o  co n s id e re d  i f  non-bonded in te r a c t io n s  

betw een th e  s u b s t i tu e n ts  became la rg e  in  th e  c h a ir  con fo rm atio n .

F o llo w in g  Reeves* in v e s t ig a t io n ,  co n fo rm a tio n a l a n a ly s is  o f  c y c l ic

ca rb o h y d ra te  m olecu les has been  th e  s u b je c t  o f  much s tu d y  and o f 

4 ,2 5 -2 9s e v e ra l  re v ie w s .

The co n fo rm a tio n a l a n a ly s is  o f  p y ran o id  su g ars  and t h e i r  d e r iv a t iv e s
25

may be exp ec ted  to  fo llo w  th e  p r in c ip le s  e s ta b l is h e d  w ith  cyclohexane,

and a ls o  to  e x h ib i t  s e v e ra l  m ajor p o in ts  o f  d i f f e r e n c e .  The symmetry

o f  th e  p y ran o id  r in g  i s  d ec re a se d  by th e  rep lacem en t o f  th e  m ethylene
16

group by an  oxygen atom which a ls o  e x e r ts  a  s te r e o - e le c t r o n ic  

in f lu e n c e  on th e  confo rm ation  th a t  d i f f e r s  from th a t  o f  a  m ethylene 

g ro u p . The f r e e  energy  c o n te n ts  o f  th e  v a r io u s  p o s s ib le  conform ers 

may be c o n s id e re d  to  be de term ined  by v a r io u s  f a c to r s  in c lu d in g  

( i )  s t e r i c  i n t e r a c t io n s ,  ( i i )  bond to r s io n a l  s t r a i n ,  ( i i i )  bond an g le  

s t r a i n ,  ( iv )  e l e c t r o n ic  f a c to r s  in v o lv in g  in t e r a c t io n  o f d ip o le s ,

(v) e f f e c t s  o f  s o lv a t io n  and hydrogen bonding  and in  th e  s o l id  s t a t e ,

/ \ 30(v i)  c r y s ta l* - la t t ic e  f o r c e s .
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One approach  to  th e  co n fo rm a tio n a l a n a ly s is  o f  ca rb o h y d ra te s  is

to  c a lc u la te  th e  f r e e  energy  d if f e re n c e  betw een pyranose confo rm ations

based  on th e  c a lc u la t io n  o f  f r e e  e n e rg ie s ,  f i r s t  e la b o ra te d  by 

31Angyal in  196I .  In  a  co m p ara tiv e ly  r i g i d  system  such  as  th e  

s ix  membered pyranose r in g ,  th e  i n t e r a c t io n  e n e rg ie s  can be e v a lu a te d

and t o t a l l e d .  Such c a lc u la t io n s  have been  c a r r ie d  out s u c c e s s f u l ly
32 33

on c y c l i t o l s  and a c e ty la te d  a ld o s e s .  The c a lc u la t io n s  however,

a r e  b ased  on two assum ptions nam ely ( i )  th e  pyranose r in g  has th e  same

geom etry  a s  cyclohexane and ( i i )  th e  f r e e  e n e rg ie s  a re  a d d i t iv e

fu n c tio n s  o f  energy  term s a s s o c ia te d  w ith  th e  p re sen ce  o f  non-bonded

in t e r a c t io n s ,  t h a t  i s  th e  o ccu rren ce  o f  one in t e r a c t io n  in  a  m olecule

does n o t a f f e c t  th e  m agnitude o f  a n o th e r  one. Both th e s e  assum ptions
34

a re  o n ly  app rox im atio n s and p ro b ab ly  cannot be j u s t i f i e d .  To o b ta in  

th e  co n fo rm a tio n a l f r e e  energy  o f  a  p y ran o id  form in  one o f  i t s  c h a ir  

co n fo rm a tio n s , th e  fo llo w in g  in t e r a c t io n  e n e rg ie s  were ta k e n  in to  

a c c o u n t: ( i )  i n t e r a c t io n s  betw een two s y n -a x ia l  atom s, o th e r  th a n

hydrogen atom s, ( i i )  betw een two atom s, o th e r  th a n  hydrogen gauche on 

a d ja c e n t carbon atom s, and ( i i i )  th e  anom eric e f f e c t  ( i f  p r e s e n t ) , a n d

34t o t a l l e d .  Angyal in  t h i s  way has c a lc u la te d  th e  co n fo rm a tio n a l 

f r e e  e n e rg ie s  f o r  a l l  th e  a ldohexoses and a ld o p e n to se s  and shows good 

agreem ent betw een th e  c a lc u la te d  co n fo rm a tio n a l f r e e  energy  and th e  

predom inant confo rm ations observed  e x p e r im e n ta lly .

An a l t e r n a t i v e ,  t h e o r e t i c a l l y  more s a t i s f a c t o r y  approach , i s  th e  

u se  o f  t h e o r e t i c a l  models in  ab i n i t i o  co n fo rm a tio n a l a n a ly s is  th a t  

i s  co n fo rm a tio n a l a n a ly s is  s t a r t i n g  from th e  laws and p a r t i c l e s  o f  

m a tte r  (n u c le i  and e le c tro n s )  and ta k in g  in to  accoun t a l l  i n t e r a c t io n s  

w ith o u t u s in g  any em perica l p a r a me t e r s . Ab i n i t i o  SCP-LCAO-MO ( s e l f  

c o n s is te n t  f i e l d  l i n e a r  com bination  o f  a tom ic  o rb i ta ls -m o le c u la r  o r b i t a l s )
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c a lc u la t io n s  o f  good q u a l i ty  have been  a b le  to  rep roduce  t o t a l  e n e rg ie s  

o f  v a r io u s  con fo rm ations o f a  m olecule  and g e o m e t r i e s T h e s e  c a l 

c u la t io n s  may be perform ed on r e l a t i v e l y  complex system s and s a t i s f a c t o r y  

answ ers have been  o b ta in e d  in  s e v e ra l  c a s e s .

A p p lic a tio n s  o f  such c a lc u la t io n s  to  co n fo rm a tio n a l a n a ly s is  in
36

ca rb o h y d ra te  c h em is try  a re  r e l a t i v e l y  unknown. Wolfe ^  in  a

th e o r e t i c a l  s tu d y  o f th e  anom eric e f f e c t  have used  an  i n i t i o

(H a rtre e -P o c k )(o n e  e le c t r o n  scheme) c a lc u la t io n  w ith  flu o ro m eth an o l as

73th e  model compound. Zhdanov has r e c e n t ly  de term ined  th e  fav o u red  

con fo rm ations  o f  c y c lo h ex an ed io ls  and c y c l i t o l s  by th e  a p p l ic a t io n  o f 

th e  ex tended  Huckel (MO) (EHMO) m ethod.

Anomeric E f fe c t

Most 1- s u b s t i t u t e d  d e r iv a t iv e s  o f  a-D -g lucopyranose  (and many 

o th e r  su g a rs ) a r e  more s ta b l e  th a n  th e  co rresp o n d in g  P-D-anomers, 

a lth o u g h  th e  fo rm er have th e  bond to  th e  s u b s t i tu e n t  in  th e  a x ia l  

p o s i t io n  and th e  l a t t e r  in  th e  e q u a to r ia l  one. T his p r e d is p o s i t io n  

o f  a  p o la r  s u b s t i tu e n t  a t  C-1 o f  a  p y ran o id  r in g  to  assume a x ia l  

o r i e n t a t i o n  c o n tra ry  to  e x p e c ta t io n s  b ased  m ere ly  on s t e r i c  grounds has 

been  term ed  th e  "Anomeric e f f e c t "  by L e m i e u x . A n  e x p la n a tio n

39o f  t h i s  e f f e c t  was g iv e n  by  Edward in  term s o f th e  re p u ls iv e  

in t e r a c t io n  betw een th e  e q u a to r ia l  carbon-oxygen d ip o le  and th e  d ip o le  

form ed as  th e  r e s u l t a n t  o f  th e  two carbon-oxygen d ip o le s  in  th e  

p y ranose  r in g .  These d ip o le s  form a  sm all an g le  when th e  s u b s t i tu e n t

i s  e q u a to r ia l  ; 57 , and a  la rg e  one when i t  i s  a x i a l ,  .-5§
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Lemieux and Chu . have in te r p r e te d  th e  e f f e c t  in  term s o f  an

e l e c t r o s t a t i c  i n t e r a c t io n  betw een th e  C-1 to  s u b s t i tu e n t  and C -5-0 .5
40

bonds. T his in t e r a c t io n  was l a t e r  a l lu d e d  to  as  th e  " r a b b i t  e a r

e f f e c t "  and was co n s id e re d  to  a r i s e  from  a  r e p u ls io n  o f  th e  e l e c t r i c

d ip o le s  engendered by th e  p a r a l l e l  d is p o s i t io n  o f  e le c t r o n  p a i r s

occupying  non-bonding  o r b i t a l s  o f th e  r in g  h e te ro -a to m  and th e  e l e c t r o
A0-A2

n e g a tiv e  atom bonded d i r e c t l y  to  th e  anom eric carbon atom .

In  accordance  w ith  th e  above e x p la n a tio n s  th e  anom eric e f f e c t  v a r ie s  

in v e r s e ly  w ith  th e  d i e l e c t r i c  co n s ta n t o f  th e  s o lv e n t and i s  d i r e c t l y
jLi|>(7le yr>o«\er>h lr\ “TV>e.

p ro p o r t io n a l  to  th e  m agnitude o f the^C-1 s u b s t i tu t e d  bond.

At e q u ilib r iu m  in  aqueous s o lu t io n  D -g lucose  c o n ta in s  about 64^  

o f  th e  p-anomer and 36% o f  th e  a-anom er, w hereas D-mannose c o n ta in s  67%> 

o f  th e  a-anom er and 33^ o f  th e  P-anom er. T his would ap p ea r to  show

th a t  th e  anom eric e f f e c t  i s  g r e a te r  when th e  hydroxy l group a t  C-2 is  

a x i a l .  In  l e s s  p o la r  media such as m ethanol an  e q u ilib r iu m  m ix tu re  o f 

D -g lucose c o n ta in s  a  h ig h e r  p ro p o r tio n  o f  th e  a-anomer ^  because o f  

d e c re a se d  s o lv a t io n  o f  d ip o le s .  The f r e e  energy  d if f e r e n c e  betw een an  

a x i a l  and e q u a to r ia l  ace to x y  group on a  cyclohexane r in g  i s  0 .6 6  k c a l 

mol  ̂ ( 2 .76  kJ mol in  fav o u r o f  th e  e q u a to r ia l  anomer in  ca rb o n -
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46 A5
te t r a c h l o r id e  o r  carbon d is u lp h id e .  On th e  o th e r  hand th e

f r e e  energy  d if f e r e n c e  betw een p e n ta -0 -a c e ty l-a -D -g lu c o p y ra n o se

and p e n ta -O -ac e ty l-P -D -g lu co p y ra n o se  i s  1.1 k c a l mol  ̂ (4 .60 kJ mol

in  fa v o u r o f  th e  a-anom er in  a  m ix tu re  o f a c e t i c  an h y d rid e  and a c e t i c  
48

a c id .  S im ila r ly ,  under ex p erim en ta l c o n d itio n s  fa v o u r in g  e q u i l i 

b r a t io n  th e  fo rm a tio n  o f  m ethyl D -g lucopyranosides and t e t r a - O - a c e t y l -
44

D -g lucopyranosy l brom ide a f fo rd s  more a-anom er th a n  P-anom er.

Q u a n t i ta t iv e ly  th e  anom eric e f f e c t  can be ex p ressed  as  th e  sum 

o f  th e  f r e e  energy  d if f e r e n c e  f o r  th e  p ro c e ss  shovm. in  eq . ( 1) .

A c

e q . - ( l )

48
and  th e  co n fo rm a tio n a l f r e e  energy  o r "A v a lu e"  f o r  an  a x ia l  

s u b s t i tu e n t  *X* in  cyclohexane a s  shown in  eq . ( 2) .

e q . - ( 2)

i . e .  th e  anom eric e f f e c t  = AG  ̂ 4- A^.
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Thus in  th e  case  o f  p en ta -O -ac e ty l-D -g lu c o p y ran o se  c i t e d  above th e  

anom eric e f f e c t  f o r  th e  ace to x y  group i s  abou t 1 .8  k c a l mol 

( 7 .5  kJ mol . The m agnitudes o f th e  anom eric e f f e c t s  f o r  o th e r  

p o la r  anom eric s u b s t i tu e n ts  a re  g iv en  in  Table 3,1 .

T able  3.1

Anomeric
s u b s t i tu e n t

Compound Anomeric
e f f e c t

S o lven t R ef.

k c a l
mol” 1 kJ mol ^

-OH D -(g lucose) 0 .90 3 .76 w ater 30 , 34

D-(mannose) 1.35 5 .6 4 ff

2-deoxy-B -
g lu co se

1.20 5 .02 U

-OMe OH(pentose)
a ld o p e n to -
p y ran o s id es

1.20 5 .02 ) m e th an o lic
| hci

49

OH(hexose)
a ld o h ex o -
p y ran o s id es

1.40 5.85 50

2-m ethoxy-4-
m e th y l - t e t r a -
hydropyran

1.30

0 .90

5 .43

3.76

p -d ioxane  

a q . m ethanol

47

à l

-GAc p e ra c e ty la te d  
aldohexo -  
py ranoses

p e r  a c e ty la te d  
a l d open t0-  
py ranose

1.50

1.30

6.27

5 .43

) 1:1 a c e t i c  a c id  -  

1 a c e t i c  anh y d rid e

38,33

2- a c e t oxy-4-m ethyl- 
t e t  rahyd ropy ran

-  1.35 5 .69 a c e t i c  a c id 47

-C l t  e t  ra -O -a c e ty l-D -
g lu co p y ran o sy l
c h lo r id e

2.70 11.29 a c e t o n i t r i l e 51

-B r te t r a - O - a c e ty l - B -
g lu co p y ran o sy l
bromide

3.20 13.38 2-b ro m o te tra -  
hydropyran

51
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The q u a n t i ta t iv e  d e f in a t io n  o f  anom eric e f f e c t  assumes th a t  th e  

geom etry o f  th e  p y ran o id  r in g  i s  s im i la r  to  th a t  o f  th e  cyclohexane 

r in g .
37

M artin  in  a  re c e n t  rev iew  p re s e n ts  an accoun t o f  t h e o r e t i c a l  

and ex p erim en ta l work on th e  anom eric e f f e c t .  He e s tim a te d  th e  

m agnitude o f t h i s  e f f e c t  hy summing th e  in t e r a c t io n  e n e rg ie s  o f  u n i t  

hond and lone  p a i r  d ip o le s .  V alues in  good agreem ent w ith  th o se  

observed  were o b ta in e d .

R everse anom eric e f f e c t
52

In  1965» Lemieux and Morgan from  an  MR s p e c t r a l  s tu d y  o f  

some p y rid in iu m  a -D -g lu co p y ran o sid es  d isc o v e re d  th a t  in  H - ( t e t r a - 0 -  

a c e ty l-a -D -g lu c o p y ra n o sy l) -4 -m e th y l-p y r id in iu m  brom ide (39 ) 1

Br

CH
OAc OAc
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l!he pyranose  r in g  i s  s t r o n g ly  d i s to r t e d  from  th e  norm al  ̂ conform

a t io n .  The observed  c o u p lin g  c o n s ta n ts  ( J 1 * ,2 ’ = 2 .8  Hz;

J 2 ’ ,3* = 3.1 Hz; J3* ,4*  = 3 .2  Hz; J4* ,5*  = 5*7 Hz) su g g es ted  a  

n e a r ly  e q u a to r ia l  o r ie n t a t i o n  f o r  th e  py ranose  r in g  p ro to n s , a ls o  th e  

chem ical s h i f t s  o f  th r e e  o f  th e  fo u r  0 - a c e ty l  p ro to n s  were in d ic a t iv e  

o f  a x i a l  o r i e n t a t i o n .  In  view  o f  th e  observed  c o u p lin g  c o n s ta n ts ,
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th e s e  a u th o rs  su g g es ted  th a t  th e  compound ap p ea rs  to  have a  con-

fo rm a tio n  which i s  c lo se  to  th e  co n fo rm a tio n . Such a  s tro n g

d i s t o r t i o n  o f  th e  py ranose r in g  from th e  confo rm ation  must a r i s e

from  pow erfu l non-bonding  in te r a c t io n s  a r i s i n g  from th e  4 -m e th y l-

p y rid in iu m  group when in  a x i a l  o r ie n t a t i o n  a t  th e  anom eric c e n t r e .

S ince  th e  ”A v a lu e "  o f  th e  benzene r in g  i s  b e l ie v e d  to  be in  o rd e r  o f

o n ly  2-3  k c a l  mol  ̂ (8 .3  -  12.5 kJ mol . The d i s t o r t i o n  n o te d  in

( 5 9 )  cou ld  n o t have been  ex p ec ted  on s t e r i c  grounds a lo n e . These

a u th o rs  a rgued  th a t  th e  e s ta b lish m e n t o f  a  p o s i t i v e ly  charged  atom in

a x i a l  o r i e n t a t i o n  a t  th e  anom eric c e n tre  must be ex pec ted  to  meet w ith

a  s t r o n g ly  d e s t a b i l i s i n g  e f f e c t  ( r e l a t i v e  to  when th e  group i s  in

e q u a to r ia l  o r ie n ta t io n )  a r i s i n g  from th e  e l e c t r o s t a t i c  in te r a c t io n s

betw een C-1 to  IT and 0-5 to  0 bonds, when th e  n i t ro g e n  and C-5 atoms

a re  in  gauche r e l a t i o n s h ip .  This phenomenon was f u r th e r  s u b s ta n t ia te d
53

by Lemieux and S a lu ja  from a  s tu d y  o f  th e  e f f e c t s  o f  p ro to n a t io n  

and N -m eth y la tio n  o f  ¥ -g ly c o s y lim id a z o le s .

The re v e r s e  anom eric e f f e c t  has been  invoked to  e x p la in  con

fo rm a tio n a l in v e rs io n  o f  o th e r  g lycosy lam ine  d e r iv a t iv e s  

9-a-D -m annopyranosyladenine h y d ro c h lo r id e  ( 6o) and 7-a-D -m anno- 

p y ra n o s y lth e o p h y llin e  (61 ) have been  shown to  e x i s t  in

CH.

— CH.

PH

OH OH

60 61



th e  con fo rm ation , h av in g  th e  ag lycone in  th e  e q u a to r ia l  

30o r i e n t a t i o n .  The h u lk in e s s  o f  th e  anom eric s u b s t i tu e n t  was a ls o  

c o n s id e re d  to  be a  f a c t o r  in  th e  d e s t a b i l i s a t i o n  o f th e  conform er 

h av in g  th e  ag lycone a t ta c h e d  a x i a l l y .

The anom eric e f f e c t  i s  supposed to  a r i s e  from a  more fa v o u ra b le  

arrangem ent o f  d ip o le -d ip o le  in t e r a c t io n s  when th e  ag lycone  i s  in  

a x i a l  o r i e n t a t i o n ,  w ith  th e  r e v e rs e  anom eric e f f e c t  th e  e l e c t r o  

p o s i t i v e  ag lycone would p r e f e r  th e  e q u a to r ia l  p o s i t io n .  Scheme 3.1 

d e p ic ts  th e  p o s s ib le  o r ig in s  o f  th e  anom eric and re v e rs e  anom eric 

e f f e c t .
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M olecu lar o r b i t a l  c a lc u la t io n s  o f  th e  lT - e le c t r o n  d e n s i t i e s  

and bond o rd e r  have been  c a lc u la te d  f o r  im id azo le  and f o r  a  number 

o f  o th e r  h e te r o c y c l ic  r in g  sy stem s. The g e n e ra l co n c lu s io n s  th a t  

a r i s e  from th e se  c a lc u la t io n s  a re  th a t  im id azo le  shows some deg ree  

o f  a ro m a tic  c h a ra c te r  and th a t  th e  bond o rd e rs  show some s i m i l a r i t y  

to  th e  c l a s s i c a l  s t r u c t u r e .  A lso , th e  amino n it r o g e n  which con

t r i b u t e s  two e le c tro n s  to  th e  system  • u s u a l ly  a t t a i n s  a  p o s i t iv e

ch arg e , w h ile  th e  imino n i t r o g e n  atom a t t a i n s  a  s l i g h t  n e g a tiv e

a s i t i e  
58,60

59c h a rg e . The e le c t r o n  d e n s i t i e s  le a d  to  d ip o le  moments o f  th e

c o r r e c t  o rd e r  o f  magnitu.de.

(+ 25“

M olecu lar d iagram  o f im id azo le  showing n e t 
charges

In  view  o f  t h i s  o b s e rv a tio n  i t  would ap p ea r th a t  th e  re v e rs e  

anom eric e f f e c t  would o p e ra te  in  th e  u n p ro to n a te d  R -g ly c o sy l-  

im id a z o le s .
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Lemieux however has d is c u s s e d  th e  anom eric e f f e c t  and 

r e v e rs e  anom eric e f f e c t  in  R -g ly c o sy lim id azo le s  in  term s o f  th e  

developm ent o f  a  f u l l  p o s i t iv e  charge on th e  im id azo le  r in g  as  

shown in  'Scheme , 3 .2
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In  view  o f th e  d ip o le s  a s s o c ia te d  w ith  th e  im idazo le  r in g  th e  p resen ce

o f  a  f u l l y  p ro to n a te d  im id azo le  r in g  may n o t he n e c e ss a ry  f o r  th e

re v e rs e  anom eric e f f e c t  to  he o b serv ed . A lso , th e  abnorm al conform -
54" 56

a t io n  n o te d  hy Onodera in  th e  case  o f  7-oc-D-mannopyranosyl

th e o p h y ll in e  ( A l)  s u p p o rts  t h i s  argum ent.

The re v e rs e  anom eric e f f e c t  was shown to  o p e ra te  in  ^ - ( t e t r a - 0 -  

a c e ty l-a -D -g lu c o p y ra n o sy l) -4 -m e th y l p y rid in iu m  brom ide (5 2 ), where th e  

p y rid in iu m  g roup ing  i s  fo rc e d  from th e  a x i a l  to  an e q u a to r ia l  o r i e n t 

a t i o n .  James r e c e n t ly  e s ta b l is h e d  th e  con fo rm ation  o f  (5^ )  in

th e  c r y s t a l l i n e  s t a t e  as  b o a t (B ^ ’^  confo rm ation  ( ^ )  .

CH.

: Br

AGO

OAc

59

The MIR d a ta  o b ta in e d  in  case o f  ^  i s  c o n s is te n t  w ith  t h i s

b o a t form . The d r iv in g  fo rc e  tow ards t h i s  con fo rm ation  cou ld  

p a r t i a l l y  be o f  s t e r i c  o r ig in  because o f  th e  la rg e  b u lk  o f  th e  

p y rid in iu m  g ro u p .

To d a te  i t  has no t been p o s s ib le  to  s e p a ra te  th e  s t e r i c  from 

d ip o le -d ip o le  in te r a c t io n s  f o r  th e  s t r u c tu r e s  b e l ie v e d  to  e x h ib i t  th e  

re v e rs e  anom eric e f f e c t ,  s in c e  in  a l l  th e s e  cases  v e ry  s u b s ta n t i a l  

s t e r i c  e f f e c t s  a re  a s s o c ia te d  w ith  th e  a x ia l  o r ie n t a t i o n  o f  th e  ag ly co n e .
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and i t  has n o t a s c e r ta in e d  w hether o r n o t th e s e  a re  th e  o n ly

im p o rtan t d r iv in g  fo rc e s  f o r  a  m olecule  to  adopt a  con fo rm ation  in

w hich th e  ag lycone ta k e s  up an  e q u a to r ia l  o r i e n t a t i o n .
36

Wolfe e t  a d .  ̂ have in  a  t h e o r e t i c a l  s tu d y  th a t  used  an 

ah in i t io  (H artree -F o ck ) c a lc u la t io n  c a r r ie d  out a  t h e o r e t i c a l  s tu d y  o f  

th e  anom eric e f f e c t  w ith  flu o ro m eth an o l as  th e  model compound.
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62

F ig .  62 shows th e  t o t a l  energy  o f flu o ro m eth an o l and th e  e n e rg ie s

o f  th e  v a r io u s  components a s  a  fu n c t io n  o f  r o t a t i o n  ahou t th e

carbon-oxygen bond. T = k in e t i c  energ y ; = coulom bic re p u ls io n
exch , .

te rm ; = n u c le a r -n u c le a r  r e p u ls io n  te rm ; V@@ ~ exchange term
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and Vj^e = n u c le a r - e le c t r o n  a t t r a c t i o n  te rm . These a u th o rs  have

been a b le  to  s e p a ra te  th e  e l e c t r o n - e le c t r o n  re p u ls io n  term  (Vee)

in to  Coulombic and exchange te rm s, th e re b y  p e rm itt in g

th e  s ig n if ic a n c e  o f  th e  coulom bic te rm  to  be a s s e s s e d .  As has been

observed  in  a l l  o th e r  ^  i n i t i o  c a lc u la t io n s  o f  r o ta t io n - in v e r s io n

b a r r i e r s ,  th e  a t t r a c t i o n  and re p u ls io n  term s have o p p o s ite  p h a se s .

I t  i s  c l e a r  from F i g . ^  t h a t  th e  form  o f  i s  n o t d is t in g u is h a b le
36

from  th a t  o f  th e  o th e r  re p u ls iv e  te rm s and hence Wolfe c t  a ^ . , concluded 

t h a t  th e  anom eric e f f e c t  cou ld  n o t be a s c r ib e d  in  any s tr a ig h tfo rw a rd  

way sim ply  to  d ip o le -d ip o le  i n t e r a c t io n .  This view  re q u ir e s  th a t  

th e  coulom bic te rm  be equated  w ith  th e  i n t e r a c t io n  o f  th e  n e t d ip o le s  

due to  in d iv id u a l  atoms o r groups^w hich may n o t be j u s t i f i e d  s in c e  th e  

l a t t e r  may in c lu d e  c o n tr ib u t io n s  a r i s i n g  from in te r a c t io n s  o f  n u c l e i \ .  

One m ight suppose th a t  th e s e  c o n s id e ra tio n s  may a ls o  a p p ly  to  th e
T6

re v e rs e  anom eric e f f e c t .  More r e c e n t ly  J e f f r e y ,  Pople and Radom 

have used  ^  i n i t i o  m o lecu la r o r b i t a l  c a lc u la t io n s  on m e thaned io l a s  

th e  model compound. The r e s u l t s  found f o r  m ethaned io l su g g e s t,  f o r  th e  

s u g a rs , fav o u red  confo rm ations a re  c o n s is te n t  w ith  th e  observed

anom eric e f f e c t .  The r e l a t i v e  e n e rg ie s  o f  p o s s ib le  s t r u c tu r e s  o f  

m e thaned io l a re  shown to  be p a r t i c u l a r l y  r e le v a n t  to  th e  fav o u red  

con fo rm ations a s s o c ia te d  w ith  th e  anom eric carbon  atom in  p y ra n o se s .

The minimum energy  confo rm ation  o f  m ethaned io l was p roposed  to  be 

(+SC + sc) ( s y n c lin a l)

63
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These c a lc u la t io n s  a ls o  show th a t  s h o r te n in g s  o f  th e  C-0 hond o f  th e
0

o rd e r  o f  0 .01  to  0 .0 4  A, r e l a t i v e  to  m ethanol, a re  to  he ex p ec ted ,

and  th a t  hond le n g th s  have a  s tro n g  co n fo rm a tio n a l dependence.

62S ince th e  p io n e e r in g  work o f  Lemieux and co-w orkers in  1958, 

on th e  a p p l ic a t io n  o f  h ig h  r e s o lu t io n  MR sp e c tro sc o p y  to  s t r u c t u r a l  

problem s in  th e  c a rb o h y d ra te  f i e l d ,  t h i s  p h y s ic a l method has developed  

in to  one o f  th e  most pow erfu l to o l s  f o r  th e  in v e s t ig a t io n  o f  con

fo rm a tio n a l a s p e c ts  o f  su g a rs  and t h e i r  d e r iv a t iv e s  in  s o lu t io n ,  and

th e  a p p l ic a t io n  o f  t h i s  te c h n iq u e  has been  d e sc r ib e d  in  s e v e ra l  
63-66

re v ie w s .

MR sp e c tro sc o p y  y ie ld s  b a s i c a l l y  two k in d s  o f  d a ta ,  s p in - s p in  

co u p lin g  c o n s ta n ts  and chem ical s h i f t s .  The r e l a t io n s h ip  betw een th e  

chem ical s h i f t  o f  a  p ro to n  and i t s  environm ent in  s ix  membered r in g  

system s was in v e s t ig a te d  by  Lemieux and co -w o rk ers?^  Three 

c o n c lu s io n s  were reach ed  th a t  p e rm itte d  th e  assignm ent o f  co n fo rm ation  

to  v a r io u s  a ld o p y ran o ses  and t h e i r  d e r iv a t iv e s  v iz .

( i )  th e  anom eric hydrogen atom b e in g  on a  carbon  atom a t ta c h e d  to  

two oxygen atoms i s  s t r o n g ly  d e sh ie ld e d  and u s u a l ly  re s o n a te s  a t  

low er f i e l d  th a n  o th e r  r in g  p ro to n s  ( i i )  a x i a l l y  a t ta c h e d  p ro to n s  

u s u a l ly  re s o n a te  a t  h ig h e r  f i e l d  ( i . e .  th e y  a re  more h ig h ly  sh ie ld e d )  

th a n  e q u a to r ia l ly  a t ta c h e d  p ro to n s  in  ch em ica lly  s im i la r  environm ent 

( i i i )  a x i a l  a c e ty l  m ethyl p ro to n s  u s u a l ly  re s o n a te  a t  low er f i e l d  

th a n  e q u a to r ia l  a c e ty l  m ethyl p ro to n s . A lthough a  few ex ce p tio n s  

have been  found , th e s e  g e n e r a l i s a t io n s  a re  o f  g re a t  use  in  making 

c o n f ig u ra t io n a l  and co n fo rm atio n a l a ss ig n m e n ts .

Lemieux and c o - w o r k e r s a l s o  d isc o v e re d  th a t  v ic in a l  s p in - s p in  

co u p lin g  c o n s ta n ts  a re  dependent upon m o lecu la r confo rm ation  i . e .  th e  

d ih e d ra l  an g le  betw een hydrogen s u b s t i tu e n t s .  K arp lus r a t i o n a l i s e d
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th e  change in  c o u p lin g  c o n s ta n t w ith  th e  d ih e d ra l  an g le  hy th e  

fo llo w in g  r e la t io n s h ip  o b ta in e d  from v a len ce  bond c a l c u la t io n s .

J  = K Cos ■— C

where J  i s  th e  c o u p lin g  c o n s ta n t betw een two hydrogen atoms a t ta c h e d

to  a d ja c e n t carbon atoms a t  a  d ih e d ra l  an g le  o f ^ ; K and C a re

c o n s ta n ts  (C = -0 .2 8  and K = 8 .5  ((| 0 -90°) and 9-5 90° -  180°) .

I t  i s  im p o rtan t to  n o te  th a t  th e  p a ram eters  g iv en  a p p ly  o n ly  to  sp^

h y b r id iz e d  carbon  atom s. L a te r  Anet p o in te d  out t h a t  v ic in a l

c o u p lin g  c o n s ta n ts  a re  a ls o  dependent upon th e  p resen ce  o f  s t r o n g ly

e le c t ro n e g a t iv e  o r  e le c t r o p o s i t iv e  g ro u p s, th e  ca rb o n -ca rb o n  bond

le n g th , bond an g le s  and o th e r  m o lecu la r p r o p e r t i e s .  A b e t t e r  sem i-

t h e o r e t i c a l  r e la t io n s h ip  b ased  on v a len ce  bond, <T - e le c t r o n  c a lc u la t io n s
69

i s  g iv e n  by  Karpluss l a t e r  e q u a tio n

~ + B Cos ^ + C Cos 2(j)) (1 — mAX)

where A, B and C a re  c o n s ta n ts ,  0 i s  th e  d ih e d ra l  an g le  and AX i s  th e  

d i f f e r e n c e  betw een th e  e l e c t r o n e g a t iv i t i e s  o f  th e  s u b s t i tu e n t  and 

hydrogen . C le a r ly  th e r e f o r e  a p p l ic a t io n  o f  th e  K arp lus e q u a tio n  

even w ith  th e  most s u i ta b le  p a ram ete rs  can g iv e  o n ly  an  approx im ate  

e s tim a te  o f  th e  m o lecu la r con fo rm atio n .
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RESULTS Am DISGUSSIOIT

In order mainly to in v estig a te  the phenomenon o f the reverse  

anomeric e f fe c t  an in v estig a tio n  o f the conformations o f  

_N-glycosylimidazoles under various conditions was undertaken.

The value o f the MR method to  provide inform ation regarding the

conformations o f sugar m olecules has the p articu lar  merit that the

perturbations used fo r  the measurement o f resonances have energies

severa l orders o f magnitude lower than those required for  inducing
30

s ig n if ic a n t  conformational change. The MR spectra d iscussed  here 

have been analysed on a f ir s t-o r d e r  b a s is , and the assignments for  

the sugar ring  protons were checked by double resonance experiments.

I t  i s  w ell known that the measured lin e  s p l i t t in g s  derived d ir e c t ly  

from an MR spectrum may d if fe r  from the true J values which are most 

d ir e c t ly  re la ted  to  conformation. Thus i t  i s  important that r e lia b le  

values be obtained from the sp ectra . In th is  work the coupling  

constants derived from the measured lin e  s p l i t t in g s  have been used to  

ca lcu la te  spectra using a n o n -itera tiv e  computer programme (UEA MR 

b a s ic ) .  In general, the J values which on ca lcu la tio n  produced most 

n early  the observed spectrum are those used in  the d iscu ssion s o f  

conformation.

In order to  ca lcu la te  a th eo r e tic a l spectrum, i t  i s  necessary  

only to  read in to  the programme (UEA MR basic) a se t  o f chemical 

s h if t s  and coupling constants, together with ( i )  some input data to  

defin e the frequency range o f in te r e s t , ( i i )  the minimum in te n s ity  of a 

tr a n s it io n  o f in ter e st  and ( i i i )  numbers to  id e n t ify  any d ifferen t types 

o f n u cle i involved . The resu lt o f the computation i s  a tab le  o f  

th eo r e tic a l frequencies and in te n s it ie s  o f sp ectra l l in e s ,  which with
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th e  i n s e r t io n  o f  s u i t a b le  L o re n tz ia n  and G aussian  h a l f  l i n e  w id ths 

(0 .0 3  -  1.0 Hz f o r  p ro to n s)  p ro v id es  a  t r a c e  o f  th e  spectrum  above a  

freq u en cy  s c a le .

The o b s e rv a tio n  o f  a  marked s i m i l a r i t y  betw een ex p erim en ta l and 

th e o r e t i c a l  s p e c tr a  a f fo rd s  some ev idence th a t  th e  s p e c t r a l  a n a ly s is  

i s  v a l id .  I f  how ever, th e  a n a ly s is ' has been  made by an  in e x a c t method 

(g u e ss in g  p aram ete rs  on th e  b a s is  o f  th o se  c lo s e ly  r e l a t e d  system s) i t  

may be d e s i r a b le  to  r e f in e  th e  approx im ate  p a ram ete rs  by u s in g  th e
I

i t e r a t i v e  p a r t  o f  th e  com puter programme. T h is i s  u s u a l ly  done i f  th e  

t r i a l  t h e o r e t i c a l  spectrum  b e a rs  a  re c o g n iz a b le  resem blance to  th e  

observ ed  spec tru m . The i n i t i a l  p a ram ete rs  to g e th e r  w ith  th e  s e t  o f  l i n e  

ass ig n m en ts  o b ta in e d  by m atch ing  l i n e s  in  th e  t r i a l  spectrum  a re  in s e r t e d  

in to  th e  programme ; th e  number o f  i t e r a t i o n s  and th e  s e t s  o f  p aram eters  

to  be v a r ie d  (c o u p lin g  c o n s ta n ts ,  chem ical s h i f t s  o r  bo th) have to  be 

p ro v id ed  a t  t h i s  s ta g e .

In  th e  i t e r a t i v e  programme, c o r re c t io n s  to  th e  chosen p aram ete rs  a re  

so c a lc u la te d  as to  m inim ize th e  d i f f e r e n c e s  betw een t h e o r e t i c a l  l i n e  

f re q u e n c ie s  and a s s ig n e d  ex p erim en ta l l i n e  f re q u e n c ie s  a c c o rd in g  to  a 

c r i t e r i o n  o f  l e a s t  s q u a re s .  The i t e r a t i o n s  a re  te rm in a te d  i f  th e  e r r o r s  

o f  su c c e s s iv e  i t e r a t i o n s  d i f f e r  by l e s s  th a n  ‘̂fo o r  i f  th e  a s s ig n e d  maximum 

number o f  i t e r a t i o n s  i s  reac h ed .

S a t i s f a c to r y  f i t s  w ith  ex p e rim en ta l MR spectrum  u s in g  a  n o n - i t e r a t i v e  

com puter programme (UEA MR BASIC) were o b ta in e d  in  case  o f  th e  fo llo w in g  

compounds.
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Compound
Exp.
Spec.
P ig .

Compu,
Spec.
P ig .

T ables

1 ' - ( 2 * , 3 ' , 4 * , 6  *- t  e t ra -0 -a c e ty l-a -D -g lu c o p y ra n o sy l)
im id azo le  (

3.1 3 .2 3 .9 3.10

” + TEA 3 .3 3 .4 3 .9 3 .10

1^ (2 *, 3 S 4 ’ , 6 ^ -te tra -O -a c e ty l-p -D -g lu c o p y ra n o sy l)
im id azo le  ( i_4)

- - 3 .3 3 .4

1 '-a -D -g lu c o p y ra n o sy lim id a z o le  C ^ ) 3.5 3 .6 3 .7 3 .8

•1 + TEA 3.7 3 .8 3 .7 3 .8

•1 + MOD 3.9 3.10 3 .7 3 .8

12(2*, 3* »4*,  6 ^ -te tra -O -ace ty l-a -D -m a n n o p y ra n o sy l)
~ im id azo le

3.11 ■ - 3 .17 3.18

1 - ( 2 * ,3 * ,4 * , 6 ’- te tra -0 -a c e ty l-P -D -m a n n o p y ra n o sy l)
im id azo le  C ^)

- - 3.11 3 .12

1 '-a-D -m annopyranosy lim idazo le  + TEA - - 3 .15 3 .16

1 '-P -D -m annopyranosy lim idazo le  (^ ) - - 3 .13 3 .14

1 ' - ( 2 * ,3 * ,4 ' ,6 * - te tr a -0 -a c e ty l -p -D -g a la c to p y ra n o s y l) 3.19 3.20
im id azo le

A ttem pts u s in g  an  i t e r a t i v e  programme (UEA MR ITERATIVE) f o r  th e

fo llo w in g  compounds produced s a t i s f a c t o r y  f i t s .  Compu
Spec. Spec. T ab les 
F ig .  P ig .

1 - (2 ';3 ',4 * ,6 * - te t r a -0 -a c e ty l- a -B -m a n n o p y ra n o s y l)  .  .  .o
im id azo le  + TEA °  ̂ °

1 -a -D -g a la c to p y ra n o sy lim id a z o le  + TEA 3*14 3 .15  3 .23  3 .2 4

In  th e  case  o f  1 '-a -D -g a la c to p y ra n o sy lim id a z o le  a tte m p ts  u s in g  an 

i t e r a t i v e  programme to  produce a  s a t i s f a c t o r y  computed spectrum  was 

u n su c c e s s fu l in  s p i t e  o f  v a ry in g  v a r io u s  p a ram ete rs  p e rm itte d  by th e  

programme. One p a r t i c u l a r  f e a tu r e  in  th e  computed spectrum  a t t r i b u t a b l e
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to  p ro to n s  5» 6 and 7 p o s se s s in g  an ABX c h a ra c te r  d id  n o t match w ith  th e

e x p e rim en ta l spec trum . D e ta i ls  o f  th e  v a r io u s  a tte m p ts  made to  o b ta in

a  s a t i s a c t o r y  f i t  a re  g iv en  below . An example o f th e  o u tp u t o b ta in e d  from 
an i n t e r a t i v e  programme i s  shown on pages n ç - 123.

I t e r a t i v e  ru n  Ho. Humber o f  l i n e  numbers V a ria b le  p a ram ete rs  ((5 ; j )
a s s ig n e d

1 10 (o b ta in e d  from t r i a l  v a ry  a l l  S  and J
ru n  ( n o n - i t e r a t iv e ) )

2 38 (o b ta in e d  from t r i a l  v a ry  a l l  S  and J
ru n  Ho. 1)

3 38 (o b ta in e d  from v a ry  s h i f t s  f o r  p ro to n s
ru n  Ho. 2) 5', 6 17 ' and v a ry

4̂,5' 4 ',6 ’ '^5',r

On accoun t o f  th e  v e ry  complex n a tu re  o f  th e  TMR s p e c tr a  o f 

1 -a-D -m annopyranosylim idazo1e and 1 - |3 -D -g a lac to p y ran o sy lim id azo le  

s a t i s f a c t o r y  f i t s  in  c e r t a in  reg ions o f  th e  s p e c tr a  cou ld  n o t be o b ta in e d .

A g ra p h ic a l  r e p r e s e n ta t io n  o f  chem ical s h i f t s  o f  th e  su g a r r in g  

p ro to n s  o f  a c e ty la te d  H -g ly co sy lim id azo les  i s  shown in  F ig s . % .I9- M .

The HER spectrum  (F ig . 3»l )  o f 1 - (2 * ,3 *  4 * ,6 * - t e t r a - 0 - a c e ty l - a -  

D -g lucopy ranosy l) •im idazole ( 31) shows th e  anom eric p ro to n  dow n fie ld  

o f  a l l  py ranose  r in g  p ro to n s  as  e x p ec ted . The c o u p lin g  c o n s ta n ts  

(T ab les  g .9 page 102) observed  a re  in  good agreem ent w ith  th o se  exp ec ted  

f o r  th e  compound in  th e  norm al co n fo rm a tio n . From th e
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m agnitudes o f  th e  co u p lin g  c o n s ta n ts  f o r  J  , , and J . , r ,

which a re  10 .25 , 8 .5  and 10.0 Hz r e s p e c t iv e ly ,  one may in f e r  th a t  

th e s e  p ro to n s  a re  t r a n s - d i a x i a l l y  a rran g ed  w ith  re s p e c t  to  one 

a n o th e r .  The v a lu e  o f  5 .5  Hz f o r  i s  h ig h e r  th a n  th a t  (3  o-3 6Hz)

n o rm ally  found f o r  a -D -g lu co p y ran o s id e s , th u s  s u g g e s tin g  a  sm all 

d i s t o r t i o n  o f  th e  c h a i r  form o f  th e  py ranose  r in g  due to  th e  s t e r i c  

i n t e r a c t io n  o f  th e  im id azo le  r in g .  The gem inal c o u p lin g  o f  12.5 Hz 

i s  c h a r a c t e r i s t i c  f o r  gem inal p ro to n -p ro to n  c o u p lin g .

The MR spectrum  o f  th e  p ro to n a te d  1 ' - ( 2 ’ ,3* ,4*> 6 * - t e t r a - 0 -  

a c e ta l-a -D -g lu c o p y ra n o sy l)^ im id a z o le  (31 ) o b ta in e d  by  th e  a d d i t io n  o f 

t r i f l u o r o a c e t i c  a c id  (TFA) to  CDGl^ s o lu t io n  i s  rep ro d u ced  in  

P ig .g .3 .  The im id azo le  r in g  on p ro to n a t io n  a c q u ire s  a  f u l l  p o s i t iv e  

charge and th e r e f o r e  th e  more fa v o u ra b le  d i s p o s i t io n  o f  th e  d ip o le s  

abou t th e  anom eric c e n tre  sh o u ld  be t h a t  w ith  th e  im idazo lium  group 

in  th e  n e a r  e q u a to r ia l  o r ie n t a t i o n ,  i . e .  th e  compound sh o u ld  e x h ib i t  

th e  re v e rs e  anom eric e f f e c t .  The anom eric p ro to n  ap p ea rs  as  a  q u a r te t  

b o th  in  th e  c a lc u la te d  and observed  s p e o tr a  (F ig .3 » 4 ]‘S*3  ) . The

ap pearance  o f  a  q u a r te t  w ith  sp a c in g  o f  1-5Hz f o r  th e  anom eric p ro to n  

cou ld  be e x p la in e d  i f  H-2* and H-3* a re  s t r o n g ly  coupled  and s e p a ra te d  

by  a  sm all chem ical s h i f t  (as  i s  ev id en t in  t h i s  c a s e ) .  th e n  H-1* 

co u ld  be th e  X o f  an  ABX system , in  which c a se , i t s  t h e o r e t i c a l  

spectrum  c o n s is ts  o f a  q u a r te t  and n o t a  d o u b le t a s  would have been
63

ex p ec ted  on a  f i r s t - o r d e r  b a s i s .  T h is ty p e  o f  c o u p lin g  has been

r e f e r r e d  to  a s  v i r t u a l  lo n g  r a n g e c o u p l i n g  and has been  re p o r te d

71p re v io u s ly  in  th e  l i t e r a t u r e .

The c o u p lin g  co n s ta n t f o r  p ro to n a te d  ( ^  ) T a b le 2 .9  shows 

, 2* ~ Hz, th u s  su g g e s tin g  a  f u r th e r  d i s t o r t i o n  o f  th e  c h a i r  form
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o f  th e  pyranose r in g .  F urtherm ore  th e  o th e r  c o u p lin g  c o n s ta n ts

have changed on p ro to n a t io n  from 10 .25 , 8 .5  a n id  10.0 Hz to  6 .2 5 ,

8 .25  and 8.1  Hz r e s p e c t iv e ly  f o r  J  , , ,  J  and J . ,  r , .  On
j , 4  4 , - ?

th e  b a s is  o f  th e s e  co u p lin g  c o n s ta n ts  i t  i s  n o t p o s s ib le  to  su g g es t 

t h a t  th e  p i^ o n a te d  compound e x i s t s  e n t i r e l y  in  th e  a l t e r n a t e  

co n fo rm a tio n .

The p o s s i b i l i t y  t h a t  th e  p ro to n a te d  compound ad o p ts  a  b o a t

co n fo rm ation  as was shown to  be th e  case  f o r  ^ t e t r a - O - a c e t y l - a -

H -g lu co p y ran o sy l)-4 -m e th y l p y rid in iu m  brom ide (59 ) in  th e  s o l id
61

s t a t e  may be c o n s id e re d . F o r th e  p ro to n a te d  compound to  adop t a

con fo rm ation  ( 64) ,  th e  co u p lin g  c o n s ta n ts  f o r

AcO

OAc

OAc

64

J  , and , sho u ld  be o f  n e a r ly  th e  same m agnitude b u t s m a lle r
4 , 3  3 , 4

th a n  which was observed  to  be t r u e  in  th e  case  o f  p y rid in iu m

a -D -g lu c o s id e . As can be seen  from  th e  co u p lin g  c o n s ta n ts

(T ab le g .9  page loz ) , and a re  o f  th e  same m agnitude,

and th e r e f o r e  on t h i s  b a s is  th e  p re sen ce  o f  th e  f u l l y  p ro to n a te d  
2 ,5

compound in  a  B. - confo rm ation  can be r u le d  o u t .  On th e  same b a s is  

one cou ld  r u le  out th e  p o s s i b i l i t y  o f  an  e q u ilib r iu m  betw een and



69

2,5
B co n fo rm a tio n s f o r  i f  t h i s  were t r u e ,  th e  tim e av erag ed  c o u p lin g

c o n s ta n ts  would he observed  and J  , would s t i l l  be l a r g e r  th a n
4 » 5

Jg ! 31 4 »» which i s  c l e a r ly  n o t o b se rv ed . S im ila r ly  th e

p o s s i b i l i t y  o f  a l t e r n a t iv e  b o a t co n fo rm atio n s such a s  ' * ^

^*^B , B̂  ^*^B and Bq ^ cou ld  be e l im in a te d . A l te rn a t iv e  tw i s t -  

b o a t(S )  co n fo rm a tio n s and ^ w e r e  a ls o  exam ined

f o r  th e  p ro to n a te d  compound and th e   ̂S^ con fo rm ation  ( '  55 ) was

found to  f i t  re a so n a b ly  w ell w ith  th e  EMR d a ta .

¥

CF3GO2

AcOHgC
Ac

65

A lthough th e  e x is te n c e  o f  th e  f u l l y  p ro to n a te d  compound in  th e

1 con fo rm ation  i s  n o t su p p o rted  by th e  M R d a ta ,  a  s o lu t io n  may l i e  

n  th e  c o n s id e ra t io n  o f an e q u ilib : 

c h a i r  co n fo rm a tio n s . (Scheme 3 .^ )

A 1
in  th e  c o n s id e ra t io n  o f an e q u ilib r iu m  betw een th e  two and
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Ad

-AcO OAc

CHgOAc

TFA
AcO

AcO

OAc
-H

OAc )Ac
CPjCOg

Scheme 3 .3

However, i t  i s  d i f f i c u l t  to  re c o n c i le  e x a c t ly  th e  co u p lin g  c o n s ta n ts

w ith  t h i s  in t e r p r e t a t i o n ,  in  p a r t i c u l a r  th e  m agnitude o f J p , _,
^ » 3

( 6 .2 3  Hz) a p p e a rs  to  he r a th e r  low in  com parison w ith  (8 .2 $  Hz)

and J . ,  (8 .1  H z). The in v a ria n c e  o f th e  co u p lin g  c o n s ta n ts  and
4 f 3

chem ica l s h i f t s  w ith  tem p era tu re  f u r th e r  su p p o rts  th e  p re sen ce  o f one, 

r a th e r  th a n  two, predom inant co n fo rm a tio n a l s p e c ie s .

The m agnitudes o f  th e  co u p lin g  c o n s ta n ts  (T a b le t-7 ,  page 100 ) 

o b ta in e d  from th e  M R spectrum  o f 1 -a -H -g lu co p y ran o sy lim id a zo le (3 ^
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P ig .^ ,5 ;  s t ro n g ly  su g g es t th a t  th e  compound p o s se s s e s  th e  noraial 

c o n fo rm a tio n . . p i^ tonation  o f (3^) t y  a d d i t io n  o f  TFA 

produced  v ery  l i t t l e  change in  co u p lin g  c o n s ta n ts .  A change in  th e  

c o u p lin g  c o n s ta n ts  would have been ex p ec ted  i f  th e  compound underw ent 

any s ig n i f c a n t  co n fo rm a tio n a l change, th u s  su g g e s tin g  th a t  th e  

r e v e r s e  anom eric e f f e c t  i s  c o n s id e ra b ly  l e s s  in  th e  d e a c e ty la te d  

compound in  aqueous s o lu t io n  th a n  in  th e  a c e ty la te d  compound in  

ch lo ro fo rm  s o lu t io n .

S ince th e  pKa o f im id azo le  i s  7» in  n e u t r a l  aqueous s o lu t io n ,  

abou t 50^  o f  th e  g ly c o sy lim id a z o le  would be ex p ec ted  to  be in  th e  

p ro to n a te d  form . An a tte m p t was made to  e l im in a te  a l l  p ro to n a te d  

s p e c ie s  by ad d ing  HaOD. The MR spectrum  o f ( _32) in  RaOD i s  

rep ro d u ced  in  P ig .3 .9 -  The c o u p lin g  c o n s ta n ts  ( T ab les3-7page 100) 

show v e ry  l i t t l e  change, a s  a  r e s u l t  th e re  i s  no ev idence  f o r  any 

c o n fo rm a tio n a l change.

1 - ( 2 * ,3 ',4 * ,6 '- te t r a - 0 - a c e ty l - p - D - g lu c o p y r a n o s y l) im id a z o le  ( 14 )

and i-p -D -g lu co p y ran o sy lim id azo le  ( — ) gave RMR c o u p lin g  c o n s ta n ts
» 5 4

(Tabll^5-ij) whose v a lu e s  were c o n s is te n t  w ith  th e  norm al con fo rm ation

in  n e u t r a l  and a c id  s o lu t io n .  P ro to n a tio n  o f  ( 5 ) produced on MR 

spectrum  which showed th e  s ig n a l  due to  th e  anom eric p ro to n  as a  

q u a r te t  w ith  sp ac in g s  o f  3*0 Hz a n d 5 Hz and t h i s  o b s e rv a tio n  was 

a s c r ib e d  to  th e  o p e ra t io n  o f  v i r t u a l  lo n g  range co u p lin g , which was no t 

s u r p r i s in g  as  H-2* and H-3* had n e a r  c o in c id e n ta l  s h i f t s  and were a ls o  

s t r o n g ly  co u p led . ,

The MR spectrum  o f  1 - ( 2 * ,3 * ,4 ’ »^ ’- te tra -O -a c e ty l-a -D -m a n n o -  

p y ran o sy l)  im id azo le  ( 3 ^  i s  rep roduced  in  (P ig .^ .1 l) .  On th e  b a s is  

o f  th e  co u p lin g  c o n s ta n ts  (T ab le3  .fZ pagello ) , th e  compound ( 38 ) 

ap p ea rs  to  have th e  pyranose r in g  d i s to r t e d  from  th e  norm al
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co n fo rm a tio n . The v a lu e  o f J  , , o f  5»1 Hz i s  much l a r g e r  th a n  th a t
' t ^

n o rm ally  r e p o r te d  f o r  a-D -m annopyranosides which e x h ib i t  J  v a lu e s
1- 7 2 .  ’

o f  th e  o rd e r  o f V 5 Hz . a ls o  th e  m agnitudes o f  J  and J
3 » 4 4 ; V

(6 .9  and ^ ,8  Hz r e s p e c t iv e ly )  do no t su p p o rt th e  co n fo rm a tio n .

The MR co u p lin g  c o n s ta n ts  do no t app ea r to  su p p o rt th e  a l t e r n a t e

co n fo rm a tio n . Of th e  v a r io u s  tw is t -h o a t  and bo a t confo rm ations 

B- ^ and confo rm ations (6 5 ) and (66) ap p ea r to  re a so n a b ly  f i t  th e  

MR d a ta  (T able 3 .1 7 .)

AcOH^C, Y
ÇA(

O A c \/c

- ^ 7 /

65 66

I t  i s  w e ll known from th e  energy  p r o f i l e  f o r  th e  d eg en e ra te  

in te rc o n v e rs io n s  o f  th e  c h a i r  conform ers o f  cyclohexane, th a t  th e  

c h a i r  confo rm ations a re  e n e r g e t ic a l ly  more s ta b le  fo llo w ed  by 

tw is t - b o a t  and th e n  th e  b o a t co n fo rm a tio n s , th e  h a l f - c h a i r  b e in g  

th e  l e a s t  s t a b l e .  In  view o f t h i s  f a c t  i t  i s  re a so n a b le  to  expect 

f o r  th e  compound ( 3 ?  ) an e q u ilib r iu m  betw een th e  a l t e r n a t i v e  c h a ir  

conform ers (^C^ ±; ^C^) . The MR d a ta  f i t  w e ll f o r  an e q u ilib r iu m  

o f  t h i s  s o r t .
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AcO

AcO

38

OAcOAc

The e v i d e n c e t h e  n n p ro to n a te d  im id azo le  r in g  adopts an

e q u a to r ia l  o r i e n t a t i o n  p roves th a t  th e  p re sen ce  o f  a  p o s i t iv e  charge

on th e  im id azo le  r in g  i s  n o t n e c e ss a ry  to  observe th e  re v e rs e

anom eric e f f e c t .  T his i s  a ls o  c o n s is te n t  w ith  o b se rv a tio n s  on

o th e r  d e r iv a t iv e s  o f  a -  D m annopyranoses ( ^ j § l )

The v a lu e s  o f  co u p lin g  c o n s ta n ts  (Table3*7) o b ta in e d  from th e

MR spectrum  o f  th e  p ro to n a te d  1 ' '- ( 2 * ,3 S 4 S 6 * - te t r a - 0 - a c e ty l - a - D -

m annopyranosy l)im idazo le  show th a t  th e  compound i s  more h ig h ly

d i s to r t e d  from th e  con fo rm ation  on p r o to n a t io n .  The co u p lin g

c o n s ta n t J  , o f  7*0 Hz su g g e s ts  a  n e a r  t r a n s - d i a x i a l  o r ie n t a t i o n  
• ■

f o r  H -1* and H-2*, and o f  4*25 Hz co rresp o n d s to  a  n e a r  gauche

o r ie n t a t i o n  f o r  H -4’ and H-3*. The MR d a ta  (T a b le 3-7) f i t  re a so n a b ly  

w e ll f o r  th e  a d o p tio n  o f  an  e q u ilib r iu m  betw een th e  two c h a ir  

confo rm ers, w ith  th e  conform er p red o m in a tin g .(S ch em e  3 .4  )
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AcO

AcO
TFA

CHgOAc

Ad OA

AcO

OAc

OAC

OAc

CF COg

Scheme 3 .4

A ttem pts were made to  c o r r e l a te  th e  MR d a ta  to  th e  s ix  

h e a t and tw is t - b o a t  con fo rm ations f o r  th e  p ro to n a te d  compound ' , 

th e  d a ta  d id  n o t f i t  to  any  o f  th e  tw elve  co n fo rm a tio n s , and as a  

r e s u l t  th e y  cou ld  be e l im in a te d .

Eb abnorm al co n fo rm a tio n a l changes were d e te c te d  in  

1 - ( 2 ’ ,3 * ,4 ’ »6’- te tra -0 -a c e ty l-P -D -m a n n o p y ra n o s y l) im id a z o le  ) 

and 1 --P -^ m a n n o p y ra n o sy lim id a z o le . On th e  b a s is  o f  th e  co u p lin g  

c o n s ta n ts  (T able 2̂ 13) th e  compounds ap p ea r to  p o sse ss  th e  norm al 

co n fo rm a tio n .

The co u p lin g  c o n s ta n ts  (Table '5 .15) d e r iv e d  from  th e  MR spectrum  

o f  1 -a-D -m annopyranosy lim idazo le  ( 44) do no t ap p ea r to  su p p o rt th e

norm al co n fo rm atio n . The v a lu e  f o r  and

(3 .7  and 6 .6  Hz re s p e c t iv e ly )  and much sm a lle r  th a n  would have been  

ex p ec ted  f o r  t r a n s - d ia x ia l  p ro to n s  in  th e  co n fo rm a tio n . The MIR 

d a ta  (Tabled" 15) does no t seem to  su p p o rt e i t h e r  th e  tw is t - b o a t  o r  th e
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"boat conformations. However, i t  seems reasonable to suggest an 

equilibrium  between the two chair conformers and and the

CHnOH

OHOH

MR data f i t  reasonably w ell for such an equilibrium .

On protonation o f ( ^ )  the coupling constants J  and J , ,

change from 3*7 and 6 .6  Hz to  4»8 and 3 .6  r e s p e c t iv e ly ,  in d ic a t in g  a

further d is to r tio n  o f the pyranose r in g . The coupling constants

(with the exception o f ^,) obtained for  the protonated compound

have been obtained by deduction as the observed spectrum could not be

analysed on a f ir s t-o r d e r  b a s is . These values were used to obtain

a ca lcu lated  spectrum which did not compare very w ell with the

observed spectrum. Attempts are being made to use an ite r a t iv e

computer programme ' in  order to obtain more r e lia b le  coupling

constants. Hence rigorous d iscu ssion s o f  th ese coupling constants

in  terms o f tw ist boat and boat conformations have been avoided.

The MR spectrum o f 1 --a-D-mannopyranosylimidazole ( 44) in

HaOD shows J  , = 6 .5  Hz. This la rg e  v a lu e  o f J  , cou ld  be due 1,4 I ; 4
to  the io n iza tio n  o f the C-2-0H group, ' which makes the d ipole

1arrangement much more favourable in  the conformation than in  the



normal conformation,
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O
Q) H

H

H '

-  Cg 'bond
a-mannose

-  Cg tond (Ĉ  in  front)

Assuming an eq ailitrin m  "between the two chair conformers in  

the mannose s e r ie s , from the J values observed and making use of
75 . .52

2* = 1"5 and 9.0 Hz for d iequ atoria l and d ia x ia l

protons resp ec tiv e ly  and = 10.0 (Table 31!) for  d ia x ia l
J i4

protons in  the conformation and 3.0 Hz , for  d iequatorial

protons in  the 0^ conformation for a-D-mannopyranose as reference  

standards, the proportions o f 0̂.̂  and have been estim ated

approximately.

Compound 

a-Man Ac 

a-Man Ac 

a-Man-OH 

a-Man-OH

Table J .2  

Solvent & pH

(CD̂ jgCO 
(CDp2C0/a+

491

27 + 

62 f  

56 *

+ means derived from t , , and J . r-*
1,^:* " '3 ,4  ■ 4 ,5

4# derived from g,
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An attempt to estim ate the magnitude of the reverse anomeric 

e ffe c t  from simple em pirical ca lcu la tion s using the datO. o f Table g.2
I (

was made. However, on account o f the very variab le A values 

given in  the lite r a tu r e  for the various groups, i t  was decided  

that fig u res  o f any s ig n ifica n ce  could not be obtained.

The data from Table 5-2. appear to be con sisten t with the fa c t that 

the reverse anomeric e ffe c t  i s  considerably le s s  in  the deacetylated  

compound in  D̂ O than in  the acety la ted  compound in  (CI)^)2 C0 .

The energy contributing to  greater conformational changes in  

g-D-manno-compounds as compared to g-D-gluco compounds as seen  

e a r lie r , would a r ise  ( i)  from s te r ic  preference for the group at 

C-2 to  go equatorial in  the a ltern a tiv e  conformations ( in  the case 

o f the g-D-manno compounds) and ( i i )  the p o ssib ly  greater reverse  

anomeric e f f e c t .  In order to  tr y  to separate these two factors  

a study o f 1 -g-D-galactopyranosylim idazole was undertaken, 

unfortunately the aceta te  o f the g-anomer could not be obtained in  

a pure s ta te .

The magnitudes o f the coupling constants (Table ^.23) for  

1 -g-H -galactopyranosylim idazole suggest that the compound e x is ts  

predominantly in  the normal conformation. On protonation there  

appears no evidence (Table g.23)for any conformational change as was 

evident in  the case o f 1-g-D-mannopyranosylimidazole. This confirms

th at the polar e ffe c t  o f the substituent at C-2 i s  greater than the 

s t e r ic  e f f e c t ,  i . e .  the reverse anomeric e f fe c t  i s  greater when 

the hydroxyl group at C-2 i s  a x ia l rather than eq u atoria l.
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The MR spectrum of 1 -(2 * ,3 * ,4 * ,6 * -te tr a -0 -a c e ty l-P -D -  

galactopyranosyl)im idazole ( ^ )  and the coupling constants 

(Table g.19) support the normal conformation for  ( j j ) • The 

MR. spectrum of V-|3-D-galactopyranosylim idazole ( ^ )  could not 

be in terpreted  on a f ir s t-o r d e r  b asis  on account o f i t s  h igh ly  

complicated pattern . Attempts are being made to obtain coupling  

constants by the use of an ite r a t iv e  computer programme. On 

protonation o f (52) by the add ition  o f TFA the anomeric proton 

appeared as a quartet with a spacing o f 1-5 Hz and 1.0Hz. This
loncj Van^C.

would appear to  be a further observation o f v irtual^coupling  

a r is in g  from the near co incidental s h if t s  o f the stron g ly  coupled 

H-2’ and H-3* protons.
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CHAPTER lu ■

THE STABILITY OF H-GLOCGSYLIMIHAZQLES

IHTROHUCTIOH

One o f  th e  aims o f  t h i s  in v e s t ig a t io n  was th e  s tu d y  o f  th e  s t a b i l i t y  

o f  th e  su g a r-b a se  lin k a g e  in  H -g ly c o sy lim id a z o le s , whose p re p a ra t io n  and 

c h a r a c te r i z a t io n  have been  d e s c r ib e d  in  C hap ters  2 - 4 *

S tu d ie s  o f  th e  v a r i a t io n  o f  enzyme a c t i v i t y  w ith  pH and pho to 

o x id a tio n  in a c t iv a t io n  s tu d ie s  have in d ic a te d  th a t  a  number o f  g ly c o s id e  

h y d ro la se s  and t r a n s f e r a s e s  p o sse ss  e s s e n t i a l  h i s t i d i n e  r e s id u e s  a t  th e

enzyme a c t iv e  s i t e s  (see  C hap ter 1 ) . The ty p e s  o f  enzyme f o r  w hich t h i s
1 —6 7—10 '  11

h as been  proposed  a r e  a-am ylase  p -am ylase , a -g lu c o s id a s e ,
12 1 3 ,Id 15

o l ig o - 1 , 6 -g lu c o s id a se , p h o sp h o ry lase  and p -g a la c to s id a s e .  In

th e  m a jo r i ty  o f  cases  i t  has been  su g g es ted  th a t  th e  im id azo le  r in g  o f  th e

s id e  c h a in  o f  th e  a c t iv e  s i t e  must be in  th e  p ro to n a te d , im idazolium  form

and t h a t  t h i s  group a c t s  as  a  g e n e ra l a c id  c a t a ly s t  o f  th e  g ly c o sy l

c leav ag e  r e a c t io n .

I n h ib i t io n  experim en ts  and p H -a c t iv i ty  s tu d ie s  have d em o n stra ted

th e  p re sen ce  o f  two g roups, a  su lp h th y d ry l group and an  im id azo le  group

15on th e  a c t iv e  s i t e  o f  E . C o li P -g a la c to s id a s e .  W a llen fe ls  and M alho tra  

p roposed  a  mechanism f o r  th e  t r a n s f e r  o f  a  D -g a la c to se  re s id u e  from 

g a la c to s id e  to  an  a c c e p to r  v ia  a  n e u t r a l  im id azo le  group which a c t s  as  a  

n u c le o p h i l ic  c a t a ly s t  o f  th e  g ly c o sy l c leav ag e  r e a c t io n  as  shown in  scheme (4 *

Cys Cys

HS-

OR
HO OH

OR

HO OH

r-H

His

H is
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Cys
‘ 5 -

H
OH

HO
r-H

H is

HO CHpOH
Cys

HS-

’H-

H is
H

Scheme 4 . f

There i s  l i t t l e  ev idence from model s tu d ie s  to  su p p o rt t h i s  p ro p o s a l, 

a lth o u g h  in tra m o le c u la r  n u c le o p h i l ic  a s s is ta n c e  o f  a r y l  g ly c o s id e  h y d ro ly s is  

has "been o b s e r v e d . I f  th e  mechanism shown in  scheme 4 , -j i s  c o r r e c t ,  

th e  g ly c o sy lim id azo liu m  sp e c ie s  would be in te rm e d ia te s  and i t  would

th e r e f o r e  be o f  i n t e r e s t  to  in v e s t ig a te  th e  s t a b i l i t y  o f  th e  su g a r-b a se  

l in k a g e  in  1 -a -D -g lu co p y ran o sy lim id a zo le  ( 3 2 ) and 1 -p -D -g lu c o p y ra n o sy l-  

im id azo le  ( ^ ) •

HO

OH

HO \ P ^

32

S t a b i l i t y  o f  th e  Sugar-B ase Linkage

The s u s c e p t i b i l i t y  to  h y d ro ly s is  o f  th e  su g a r-b a se  l in k a g e  in  1-a 

and P -D -g lu co p y ran o sy lim id azo le  was examined in  w a te r , sodium fo rm ate  

b u f f e r  (pH 3 ) , 0 .565  M -form ic a c id ,  6H -h y d ro ch lo ric  a c id ,  lO H -su lphu ric  

a c id  and H-sodium hydrox ide  a t  100° f o r  c a . 12 h .  O p tic a l r o t a t i o n  

m easurem ents, p ap e r chrom atography and a n a ly s is  by u se  o f  g lu co se  o x id ase  

re a g e n t d id  no t show any  ev idence o f  h y d ro ly s is  o r  an o m e riz a tio n  under th e



132

c o n d itio n s  s p e c i f i e d .  In  a n o th e r  experim ent llp -D -g lu c o p y ra n o sy l—

im id azo le  ( 5 )  was reco v e re d  and c r y s t a l l i z e d  a f t e r  b e in g  h e a te d

under r e f lu x  in  5 ^ -s u lp h u r ic  a c id  f o r  6h , H y d ro ly tic  c leav ag e  was

a ls o  a tte m p te d  w ith  s o lu t io n s  o f  th e  r e s p e c t iv e  a - (y e a s t )  and P-(alm ond)

g lu c o s id a s e s ; no g lu co se  was r e le a s e d  under c o n d itio n s  under which

s ta n d a rd  compounds (m ethyl a -D -g lu co p y ran o sid e  and c e l lo b io s e )  were

h y d ro ly se d  s i g n i f i c a n t l y .

The r e s i s ta n c e  to  a c id  h y d ro ly s is  o f  ^ g ly c o s y l im id a z o le s  may be

r a t i o n a l i z e d  by c o n s id e ra tio n  o f  p o s s ib le  mechanisms o f  h y d ro ly s is  o f
17

g ly co p y ran o sy lam in es . Two ty p e s  o f  mechanism may be d is t in g u is h e d ,

th e  f i r s t  o f  w hich in v o lv e s  th e  fo rm a tio n  o f  a  S c h i f f  base  ( ^ )  and i s

fo llo w ed  by th o se  g ly co sy lam in es  which show m u ta ro ta t io n  and a re  q u i te

r e a d i ly  h y d ro ly sed  in  a c id  s o lu t i o n s .( Scheme 4 .2 ')

R

OH
HO

OH

H

-  /

OH
HO

OH

R

é>1<x

CHpOH

OH
HO

OH 67

H ,O H

OH NHR_ 
+ 2

HOH
.+ OH- H HO

OH

H
/
X

R

R

Scheme 4*2
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A n e c e s s a ry  s te p  in  t h i s  mechanism in  th e  fo rm a tio n  o f  th e  S c h i f f  hase  

in te rm e d ia te  and would app ea r to  r e q u ir e  e le c t r o n  r e le a s e  hy  th e  amino 

n i t r o g e n .  S e v e ra l w orkers have ta k e n  th e  view  th a t  th e

h y d ro ly s is  o f  n u c le o s id e s  in v o lv es  co n ju g a te  a c id  67a and p ro ceed s 

w ith  r in g  open ing . The main argum ent pu t fo rw ard  i s  ano logy  to  th e  

mechanism o f  h y d ro ly s is  o f  g ly c o sy la m in e s , where th e  r in g  open ing  i s  

f a c i l i t a t e d  hy th e  mesomeric e le c t r o n  r e le a s e  o f  th e  amino n i t ro g e n  ( 6$ .

f.
j

68 69 70

With n u c le o s id e s  and g ly c o sy lim id a z o le s  th e  n i t r o g e n  atom i s  n o t amino

h u t e i t h e r  âmido ( 69 ) o r  araidin^TO ) and would r e le a s e  e le c t ro n s  much 

17l e s s  r e a d i ly  , a l s o  in  do ing  so th e  a r o m a tic i ty  o f  th e  h e te r o c y c l ic
" tie  J>focess

system  would he l o s t  and^^is th e r e f o r e  s e v e re ly  r e s t r i c t e d  in  g ly c o sy l

im id azo les  and n u c le o s id e s .  T his mechanism r e q u ir e s  e i t h e r  a  hydrogen 

atom o r  a  lo n e  p a i r  o f  e le c tro n s  on th e  g lycosy lam ine  n it r o g e n  atom .

The second p o s s ib le  mechanism i s  c h a ra c te r iz e d  hy th e  fo rm a tio n  o f  a  

g ly c o sy l carhonium  io n  (71) as shown in  scheme 4*3 » and i s  b e l ie v e d  to  he

x R
^  R

OH
HO

OH

OH
HO

OH

OH
HO

OH
71
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OH
HO

OH

H HgO

-H

CH^OH

OH

OH

H,OH.

Scheme 4*3

fo llo w ed  f o r  a  m a jo r i ty  o f  a c e ta l s  and a  number o f  n u c le o s id e s .  
.2 2 ,2 3

D eoxycy tid ine  ( 7^ i s  one o f  th e  most th o ro u g h ly  in v e s t ig a te d

n u c le o s id e  a s  re g a rd s  mechanism o f  h y d ro ly s is  and th e r e  i s  ev idence
HH«

OH 11
t h a t  one o f  th e  predom inant m onoprotonated forms o f  d e o x y c y tid in e  ; •

' i s  h y d ro ly sed  more r a p id ly  th a n  th e  u n p ro to n a te d  form  s in c e

p ro to n a t io n  w i l l  f a c i l i t a t e  th e  e le c t r o n  flow  a s  shown in  scheme 4 .4 /

m ,

OH

H

0

OH

m ,

0
OH

H,OH

•+
- H HOH

OH
Scheme 4 .4
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The o v e r a l l  r a t e  hy th e  pathway o u t l in e d  in  s c h e m e d e p e n d s  in  

o p p o s ite  sen ses  on th e  c o n c e n tra tio n  o f  th e  c o n ju g a te  a c id  and on th e  

pKa o f  th e  le a v in g  g roup . In  th e  cases  o f  th e  F -g ly c o sy lim id a z o le s , 

th e  im id azo le  ( pKa 7) i s  to o  poor a  le a v in g  group f o r  breakdown o f 

th e  r e s o n a n c e - s ta b i l iz e d  co n ju g a te  a c id  ( 72) to  o ccu r.

OHHO

OH

72

The f a c t  th a t  most n u c le o s id e s  a re  h y d ro ly zed  a t  m easurab le r a t e s

in  a c id  s o lu t io n s  may be a t t r i b u t e d  to  two f e a tu r e s  n o t p re s e n t in

g ly c o sy lim id a z o le s . F i r s t l y ,  i t  has been  w id e ly  observed  th a t  th e

g ly c o fu ra n o s id e s  a re  h y d ro ly sed  more r a p id ly  th a n  th e  co rresp o n d in g

g ly o o p y ran o s id es , and th e  mechanisms in v o lv in g  su g a r r in g  open ing  (A2)

17p ro c e ss  has  been  su g g e s te d . An a l t e r n a t iv e  e x p la n a tio n  i s  th a t  th e  

a tta in m e n t o f  th e  t r a n s i t i o n  s t a t e  le a d in g  to  th e  c y c l ic  oxycarbonium  io n  

i s  accom panied by more s t e r i c  s t r a i n  in  th e  case  o f  p y ran o s id es  th a n  in  

t h a t  o f  fu ra n o s id e s .

S econdly , th e  pKa v a lu e s  o f  th e  b a se s  r e le v a n t  to  th e  forms o f  th e  

n u c le o s id e s  undergo ing  h y d ro ly s is  in  a c id  s o lu t io n s  a re  alm ost c e r t a in ly  

low er th a n  th e  pKa v a lu e  o f  im id azo le , w hich would th e r e f o r e  be exp ec ted  

to  be a  p o o re r  le a v in g  g roup . In  su p p o rt o f  t h i s  ^ -am in o -1-D -r ib o -  

fu ra n o sy lim id az o le -4 -ca rb o x a m id e  (pKa 3»8) i s  more s u s c e p t ib le  to  h y d ro ly s is
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th a n  th e  1 -D -rih o fu ra n o sy l d e r iv a t iv e s  o f  o th e r  im id azo le  d e r iv a t iv e s
24 2A 2.5

o f  h ig h e r  pKa v a lu e s .  1 -H -rih o fu ra n o sy l and 1 -P -D -g a lac to p y ran o sy l

d e r iv a t iv e s  o f  hen z im id azo le  have been  shown to  be ex trem ely  r e s i s t a n t  to  

a c id  h y d r o ly s is .

The extrem e s t a b i l i t y  o f  1 -g lu co p y ra n o sy lim id azo le s  does n o t su p p o rt 

th e  fo rm a tio n  o f  ^ g l y c o s y l h i s t i d i n y l  in te rm e d ia te s  in  enzyme c a ta ly z e d  

g ly c o s id e  h y d r o ly s is .  .

EXPERIMENTAL

H y d ro ly s is  experim en ts

I .  Samples (15 mg) o f  1 -a  and p -D -g lu co p y ran o sy lim id azo le  were h e a te d  

s e p a r a te ly  in  s e a le d  tu b e s  w ith  lO N -su lphu ric  a c id ,  6 H -h y d ro ch lo ric  a c id ,  

0 ,565  M -form ic a c id ,  sodium fo rm ate  b u f f e r  (pH 3) ,  H-sodium h yd rox ide

and w a te r (2 ml o f  each , s e p a ra te ly )  a t  100° f o r  12h. Ho change in  o p t i c a l  

r o t a t i o n  from  th e  i n i t i a l  v a lu e s  was d e te c te d  d u rin g  t h i s  p e r io d .  A f te r  

n e u t r a l i z a t i o n  w ith  IR -120 (H ^ and IR-4B(0H~) r e s in s  th e  s o lu t io n s  were 

a n a ly se d  f o r  g lu co se  by  use  o f  th e  g lu c o se  o x id ase  re a g e n t,  and by p ap er 

chrom atography [developm ent w ith  p ro p a n - I -0I-amm onia (d . 0 ,8 8 ) ( 3 : l ) ] .

P aper chromatograms were sp ray ed  w ith  g lu c o se  o x id ase  re a g e n t (W orthington 

G lu c o s ta t ) , s i l v e r  n i t r a t e  -  sodium hyd ro x id e  re a g e n t o r  th e  P au ly  re a g e n t 

(d ia z o s u lp h a n i l ic  a c i d ) , no ev idence  f o r  a n o m e riz a tio n  o r  h y d ro ly s is  was 

o b ta in e d ,

I I ,  1 -p -D -g lu co p y ran o sy lim id azo le  (0 ,5  g) was h e a te d  w ith  5 ^ s u lp h u r ic  

a c id  a t  100° u nder r e f lu x  f o r  6h, The s o lu t io n  was n e u t r a l iz e d  w ith  5 ^ -  

sodium h y d ro x id e , c o n c e n tra te d  to  d ry n ess  and e x t ra c te d  w ith  d ry  m ethano l.
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C r y s ta l l i z a t io n  o f  th e  e x t r a c t  from p ro p a n -1 -o l gave a  s o l id  (O .l g) 

in d is t in g u is h a b le  from th e  s t a r t i n g  m a te r ia l  (p ap er chrom atography and 

mixed m .p .) •

I I I .  1 -a -D -g lu co p y ran o sy lim id azo le  (0 .020 g) was in c u b a te d  a t  37°

w ith  (y e a s t)  a -g lu c o s id a s e  (O.0 0 2 ^  (Sigma; 2 .1  I n te r n a t io n a l  U n its ,

m easured by th e  r a t e  o f  h y d ro ly s is  o f  p -n it ro p h e n y l a -D -g lu co p y ran o sid e )

in  pH 6 .8  phosphate  b u f f e r  ( l  0 .0 5 ; 20 m l) , and sam ples ( l  ml) were

a n a ly se d  f o r  g lu co se  by  th e  g lu c o se  o x id ase  p ro c e d u re . I t  was

e s ta b l i s h e d  th a t  th e  p re sen ce  o f  im id azo le  a t  th e  le v e ls  a n t ic ip a te d  d id

n o t in v a l id a te  th e  g lu co se  a n a ly s i s ,  and a  c o n tro l  experim ent was c a r r ie d

o u t,  w ith  m ethyl a -D -g lu co p y ran so d ie  (0..0194 g) as  s u b s t r a t e .  Ho
- 6 -

r e le a s e  o f  g lu c o se  from  a -g lu c o sy lim id a z o le  was o b se rv ed .

T -P -D -g lucopy ranosy lim idazo le  (O .O II5 g)was in c u b a te d  a t  37° w ith  

(almond) P -g lu c o s id a se  (O.0 0 2 ^  (Sigma, 1 .5 I n te r n a t io n a l  U n its , m easured 

by  th e  r a t e  o f  h y d ro ly s is  o f  s a l i o in ) in  0 .0 2 M -c itra te  b u f f e r  (pH 5 «3)

(20 m l) . A c o n tro l  experim ent was c a r r i e d  ou t w ith  c e l lo b io s e  a s  th e
- a -

B u b s tra te .  Ho r e le a s e  o f  g lu c o se  from  p -g lu co p y ra n o sy lim id azo le  was 

o b se rv ed .
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CHAPTER -  ^  •

THE OPTICAL ROTATORY PROPERTIES OF H-GLYCOSYLIMIMZOLES 

IHTROHUCTIOH

Sugars have heen  among th e  f i r s t  o rg a n ic  compounds f o r  which 

e x te n s iv e  o p t i c a l .r o t a t i o n  d a ta  has heen  accum ula ted . ■ T h ere fo re  

th e  most u s e fu l  c o r r e la t io n s  o f  c o n f ig u ra tio n s  and confo rm ations 

o f  ca rb o h y d ra te s  w ith  o p t i c a l  r o ta t o r y  power has been  ach iev ed  by 

com parison o f  m o lecu la r r o ta t io n s  a t  s u i t a b le  w ave len g th s , v e ry  o f te n  

a t  th e  sodium D - lin e  (589 nm )•

Hudson was a b le  to  a p p ly  v a n ' t  H o f f 's  " p r in c ip le  o f  o p t i c a l  

s u p e rp o s it io n "  s u c c e s s f u l ly  to  a  la rg e  number o f  ca rb o h y d ra te  d e r iv 

a t iv e s  in  th e  form o f  h is  " i s o r o t a t i o n  r u le s " ,  w hich a tte m p t to  

c o r r e l a te  th e  m o lecu la r r o t a t i o n  w ith  th e  c o n f ig u ra tio n  a t  th e  

anom eric c e n tre  f o r  a  number o f  p y ran o id  d e r iv a t iv e s .  A ccord ing  

to  th e  " i s o r o t a t i o n  r u le s " ,  th e  m o lecu la r r o ta t io n s  o f  g ly c o sy l 

compounds a re  assumed to  be made up o f  two com ponents, 'A ' and 'B ' ; 

c o n t r ib u t io n  'A ' i s  a t t r i b u t e d  to  th e  anom eric c e n tre  and i s  ta k e n  

a s  p o s i t iv e  f o r  a-B -and  P -L -d e r iv a tiv e s  (. ' Z l )  » n e g a t iv e  f o r  

P-D- and a-L d e r iv a t iv e s .  c o n t r ib u t io n  'B ' i s  supposed to

CHgOH CHpOH

73 n

a-anom er P-anomer

Cm^ I  = +A +B [Mg] = —A +B
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a r ise  from the remainder o f the m olecule. According to th is

ru le  stru ctu ra l changes in  one p o sitio n  o f the molecule do not

appreciably a lte r  the contribution o f the oth er. The values o f

'A' and 'B' could be obtained from a knowledge o f the ro ta tion s o f ■

anomeric pair o f g ly co sid es .

Whilst these ru les g ive sa tis fa c to r y  values o f 'A' and 'B' when

comparisons are made on c lo se ly  re la ted  compounds o f sim ilar

structure and configuration , the values from con figu ration a lly
2

d ifferen t compounds are o ften  u n reliab le  and in c o n s is ten t.

The iso ro ta tio n  ru les have been found to break down com pletely in  

severa l instances where chromophoric groups are c lo se  to the anomeric 

cen tre. Attempts to apply the p r in c ip le  o f superposition  to  

asymmetric centres other than the anomeric centre has not met with  

much su ccess.^
A—6

Several em pirical approaches have been devised for

p red ictin g  the sign  and even the magnitude o f the molecular ro ta tion

o f carbohydrate d er iv a tiv e s . These methods assume that separate

conformational u n its  in  the molecule contribute independently to  the

molecular ro ta tion  and that the to ta l  molecular ro ta tio n  i s  obtained

by summing the contribu tions. A more extensive treatment was
4

presented by Brewster who considered a centre o f o p tica l a c t iv ity  

to  be described by a screw pattern of p o la r iz a b ility  o f the e lectrons  

with correla tion s e x is t in g  ( i)  between the handedness o f the screw and 

( i i )  between the amount o f p o la r iz a b ility  and the magnitude o f the 

molecular ro ta tio n . The best correla tion s between the ca lcu lated  and 

experimental values were obtained with compounds that do not absorb 

in  the near u ltr a -v io le t  and have predictab le conformations.
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Lemieux and M artin  have a tte m p te d  to  s im p l ify  th e  r u le s  

p roposed  hy M hiffen^ f o r  p r e d ic t in g  th e  m o lecu la r r o t a t i o n  o f  

p y ran o id  d e r iv a t iv e s  which e x i s t  m ain ly  in  one co n fo rm a tio n .

The s im p l i f ie d  r u le s  r e q u ir e  o n ly  fo u r  r o t a t i o n a l  p a ram ete rs  

^ 'F ig .7 5 )  and a re  c o n s id e re d  in  term s o f  o n ly  " p a irw is e  i n t e r a c t io n s " ,

C

O/O = +45^ O/C = +10°

C

73

O/Co = +113< C/Co + 60°

t h a t  i s  in  term s o f  th e  d ih e d ra l  an g le  d e f in e d  hy  carhon and oxygen 

s u b s t i tu e n t s ,  ( i )  th e  o /O  p aram ete r which r e f e r s  to  oxygen atoms 

in  gauche r e l a t io n s h ip  and b r id g e d  hy two carhon atom s, ( i i )  th e  

O /C  r e l a t io n s h ip  which r e f e r s  to  an  oxygen and a  carhon atom in  

gauche r e la t io n s h ip  and b r id g e d  hy two carhon  atom s, ( i i i )  th e  O /C  

r e la t io n s h ip  which r e f e r s  to  an  oxygen and a  carhon atom in  gauche 

r e l a t io n s h ip  and b r id g e d  hy  carhon and oxygen atoms and ( iv )  th e
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c/C o re la tio n sh ip  which refers to  two carhon atoms in  gauche 

re la tio n sh ip  and bridged hy a carhon and oxygen atom. Using th is  

scheme Lemieux and Martin obtained quite good agreement between 

the observed and ca lcu la ted  D -lin e ro ta tion s of several carbohydrate 

d e r iv a tiv e s .
32

The technique developed hy D jerassi and co-workers which

makes use o f o p tica l ro ta tion  as a function  o f wavelength and is

u su a lly  referred to  as o p tica l rotatory d ispersion  (ORD), has shown

some u t i l i t y  in  providing configurational and conformational
7-9

inform ation about carbohydrates. The phenomenon o f c ircu lar

dichroism (CD) and o p tica l rotatory  d ispersion  (ORD) are in tim ately

rela ted ; the former refers  to  unequal absorption o f righ t and l e f t

c irc u la r ly  polarized  lig h t  hy the o p t ic a lly  a c tiv e  medium, while the

la t t e r  corresponds to  the change in  o p tica l ro ta tion  (unequal

r e fra c tiv e  in d ices o f medium for  righ t and l e f t  c irc u la r ly  polarized

lig h t)  with wavelength. I t  i s  w ell known that when a molecule is

devoid o f a chromophore as in  the case o f a hydroxy compound such as
10

a sugar, then the molecule w il l  u su a lly  exh ib it a p la in  curve.

P la in  curves can he quite u sefu l for  configurational assignments and 

ORD curves o f over e igh ty  methyl g lycosid es and monosaccharides have 

heen measured.^

Important ap p lica tion s o f ORD measurements have heen made on 

compounds p ossessin g  o p t ic a lly  a c tiv e  chromophores absorbing in  the

sp ectra l range under in v estig a tio n , and ex h ib itin g  the phenomenon o f
11 /O

Cotton e f f e c t .  M iles, Robins and Erying have reported an

important study in  attem pting to  correla te  the ORD/CD data

(e sp e c ia lly  CD data) with the absorption hands assoc ia ted  with the
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chromophore and to a scerta in  the e lec tro n ic  tra n s itio n s  

asso c ia ted  with the o p tica l rotatory  a c t iv i t y .

In a recent survey on ORD/cD o f aromatic compounds i t  was

noted that very few o f the th eo r e tic a l aspects o f Cotton e f fe c t s

a ttr ib u ted  to e lec tro n ic  tr a n s it io n s  have been in v estig a ted .
3/> 315

The th eories  o f Condon, A ltar and Erying and o f Kirkwood

provide expressions governing the re la tio n sh ip  between o p tica l

rotatory  strength  and chemical stru ctu re . I t  was shown by Erying .
34

et ad, that o p tica l a c t iv i t y  w il l  be generated by a s in g le  e lectron  

i f  a perturbation due to  the asymmetric force f i e ld  o f surrounding 

atoms w ill  act on the e lec tro n . Some progress along th ese lin e s  has 

been made by severa l in v estig a to rs  employing the one e lectron  theory  

of o p tica l ro ta tio n . • R ecently Moscowitz  ̂ has used th is

concept for  the ca lcu la tio n  of ro ta tio n a l strength  o f e lec tro n ic  

tra n s itio n s  in  ketones and stero id s  and a lso  to  explain  the enhance

ment o f the Cotton e f fe c t  when the benzene r in g  i s  su b stitu ted  with  

oxygen or nitrogen atoms. Erying ^  have described an

improved method.of ca lcu la tin g  ro ta tio n a l strengths o f e lec tro n ic  

tr a n s it  ons a ttr ib u ted  to  the bases in  nu cleosides by a bond-bond 

coupled o s c i l la to r  theory. These authors suggest that the coupled
42

o s c il la to r  theory accounts for  most o f the observed o p tica l 

a c t iv i t y  in  pyrimidine n u cleo sid es.

Because o f the importance o f molecular conformations in  deter

mining b io lo g ic a l a c t iv ity ,  the conformations o f nucleosides and
13

n u cleotides have been a c t iv e ly  studied  over the past decade.

The problem o f conformation o f nucleosides in  so lu tio n  has u su a lly  

been divided in to  two parts, the f i r s t  part being the determ ination o f  

the dihedral angles between the su b stitu en ts (u su a lly  hydrogen) on the 

sugar and the second being the establishm ent o f the r e la t iv e  orien ta tion
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14
o f  th e  h ase  and th e  su g a r abou t th e  g ly c o sy l bond. E lu c id a t io n  

o f  th e  su g a r confo rm ation  in  s o lu t io n  has been  approached p r im a r i ly  

by th e  a n a ly s is  o f  th e  MR c o u p lin g  c o n s ta n ts .  The su g a r conform

a t io n  has been  thou g h t to  have o n ly  m inor e f f e c t s  on th e  o r i e n t a t i o n
14

o f  th e  b ase  about th e  g ly c o sy l bond. The co n fo rm a tio n a l d i s 

t r i b u t i o n  abou t th e  g ly c o sy l bond has n o t been  so e a s i l y  determ ined

and t h i s  problem  has been approached  by th e  a p p l ic a t io n  o f  s e v e ra l
14 43

m ethods. A com plete rev iew  o f  th e  a n a ly se s  o f  n u c le o s id e s

and n u c le o tid e s  co n fo rm a tio n s is  a v a i l a b l e .  The a p p l ic a t io n  o f  ORD/

CD to  t h i s  problem  has re c e iv e d  c o n s id e ra b le  a t t e n t i o n  in  p ro v id in g

in fo rm a tio n  about th e  co n fo rm ation  o f  th e  b ase  w ith  r e s p e c t  to  th e

su g ar r in g .

Most w orkers in  t h i s  a re a  have in t e r p r e te d  t h e i r  r e s u l t s  in  

te rm s o f p r e f e r r e d  ’a n t i*  co n fo rm ation  (see. 7^ ) f o r  b o th  p u rin e  and
14

p y rim id in e  n u c le o s id e s  in  s o lu t io n .

H 0

CH^OH

OH OH

0

-  H

OH OH

H

a n t i  syn

H H

OH OH

-  H

OH OH

anti 76
syn
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15-22
A number o f  re c e n t m easurem ents have shown th a t  th e

s ig n  o f  th e  C o tton  e f f e c t  o f  3 -p u rin e  n u c le o s id e s  and n u c le o tid e s

i s  n e g a t iv e , w h ile  th e  a-anom ers g iv e  a  p o s i t iv e  C otton  e f f e c t .

P y rim id in e  d e r iv a t iv e s  on th e  o th e r  hand have a  n e g a tiv e  C otton

e f f e c t  f o r  th e  a-anom ers and a  p o s i t iv e  C o tton  e f f e c t  f o r  th e

p-anom ers, and th e r e f o r e  do n o t obey Hudson’s i s o r o t a t i o n  r u l e s .
, 16

U lb r ic h t ^  in  a  s tu d y  o f some f i f t y  p y rim id in e

d e r iv a t iv e s  have been  a b le  to  show th a t  th e  v a r i a t io n  in  th e  s ig n  o f 

and m agnitude o f  th e  C otton  e f f e c t  i s  due to  th e  changing  conform

a t io n  o f  th e  p la n a r  p y rim id in e  r in g  w ith  re fe re n c e  to  th e  su g a r r in g .  

R e c e n tly  some w orkers have e s ta b l i s h e d  th e  s ig n  o f  th e  ORD/cD

in  n u c le o s id e s  and n u c le o tid e s  as  a  fu n c tio n  o f th e  su g a r-b a se
25

to r s io n  an g le  (X ). The C otton  e f f e c t  i s  a  fu n c tio n  o f  th e  asymmetry 

o f  th e  environm ent o f  th e  b a se , o r more p r e c i s e ly  o f  th e  o r ie n t a t i o n  

o f  th e  t r a n s i t i o n  d ip o le  o f  th e  b ase  w ith  r e s p e c t  to  th e  asym m etric 

c e n tre s  o f  th e  n e ig h b o u rin g  su g a r m o ie ty . S ince th e re  i s  ev idence 

t h a t  th e  d i r e c t io n  o f  t r a n s i t i o n  d ip o le s  o f  o rd in a ry  p u r in e s  and 

p y rim id in e s  w ith  r e s p e c t  to  th e  n i t r o g e n  atom lin k e d  to  th e  anom eric
27-29

carbon atom a re  no t v e ry  d i f f e r e n t ,  i t  i s  re a so n a b le  to  expect

th a t  th e  s ig n  o f  th e  ORD may r e f l e c t  p r im a r i ly  th e  o r i e n t a t i o n  o f th e  

b ase  w ith  r e s p e c t  to  th e  s u g a r . Model b u i ld in g  s tu d ie s  have shown 

th a t  in  th e  case  o f  p u rin e  n u c le o s id e s  n e i th e r  th e  ’s y n ’ o r  ’a n t i ’ 

confo rm ations n e c e s s i t a te s  v e ry  c lo se  in te ra to m ic  d is ta n c e s ,  w h ile
25,26

p y rim id in e  n u c le o s id e s  a re  c l e a r ly  h in d e re d  in  th e  ’sy n ’ co n fo rm a tio n .

S tu d ie s  o f  ORD o f p y rim id in e  n u c le o s id e s  le d  U lb r ic h t  e t  al^. *^ to

conclude t h a t  p y rim id in e  n u c le o s id e s  r e t a i n  th e  ’a n t i ’ confo rm ation
26

in  s o lu t io n .  K lee and Mu.dd a r e  o f  th e  o p in io n  th a t  th e  conform

a t io n  o f  th e  p u rin e  n u c le o s id e s  sh o u ld  be o p p o s ite  to  th a t  o f  th e
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p y rim id in e s  in  s o lu t io n  s in c e  th e  ORD’s a re  o f  o p p o s ite  s ig n  and 

would he c o n s is te n t  w ith  th e  e x p e rim en ta l t r a n s i t i o n  moments. 

These c o n s id e ra tio n s  would th u s  su p p o rt th e  ’sy n ’ conform âtio n fo r  

o rd in a ry  p u rin e  n u c le o s id e s .
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DISCUSSION OF RESULTS

The o p t i c a l  r o ta t io n  d a ta  f o r  N -g ly co sy lim id az o les  i s  summarised 

in  Table 5 .1. O p tic a l r o ta t io n s  a t  th e  D - lin e  a re  in  acc o rd  w ith  th e  

anom eric c o n f ig u ra tio n  f o r  compounds 1-11 and Hudsons r u le s  app ea r 

to  he v a l id  a t  th e  D -lin e  a s  has heen observed  in  th e  case o f  p u r in e  

n u c le o s id e s .

The ’A’ v a lu e s  o b ta in e d  f o r  N -g ly co sy lim id az o le s  by th e

a p p l ic a t io n  o f  Hudson’s i s o r o t a t i o n  r u le s  a re  a f f e c te d  by th e  changes

in  th e  r e s t  o f  th e  m o lecu le . The ’A’ v a lu e  in  th e  mannose s e r i e s  i s

c o n s id e ra b ly  low er th a n  in  g lu co se  and g a la c to s e  d e r iv a t iv e s  o f

im id a z o le . S im ila r  o b se rv a tio n s  have been  re p o r te d  f o r  m ethyl and

phenyl g ly c o s id e s  (T able 5 , ^ .  The low ’A’ v a lu e  in  th e  mannose
2

s e r i e s  cou ld  be a t t r i b u t e d  to  change o f  c o n f ig u ra t io n  a t  C-2.

Ho s ig n i f i c a n t  in fe re n c e  cou ld  be drawn from th e  ’B’ v a lu e s .

I t  i s  w ell known th a t  th e  s ig n  o f  th e  ORD/cD depends no t o n ly  on

th e  anom eric c o n f ig u ra tio n  bu t a l s o  on th e  o r i e n t a t i o n  o f  th e

ag lycone  w ith  r e s p e c t  to  th e  su g a r r in g  (g ly c o sy l to r s io n  an g le ) o r

more p r e c i s e ly  on th e  d i r e c t io n  o f  th e  t r a n s i t i o n  d ip o le s  a s s o c ia te d

w ith  th e  chromophore w ith  r e s p e c t  to  th e  asym m etric c e n tre s  o f  th e

n e ig h b o u rin g  su g a r m o ie ty . In  H -g ly co sy lim id az o le s  th e  s tro n g

a b s o rp tio n  band a t  220 nm can be a t t r i b u t e d  to  a  77^ - tT" t r a n s i t i o n .

The p o s s i b i l i t y  o f  an  n -T f^  t r a n s i t i o n  i s  l e s s  l i k e l y  as  th e  UV spectrum

o f  _H -g lycosy lim idazo les and o f  im id azo le  i s  u n a f fe c te d  in  t h i s  re g io n
_ *

by changes in  pH, and a ls o  an n - / /  t r a n s i t i o n  i s  c h a ra c te r iz e d  by a

low i n t e n s i t y  band a t  250 nm in  th e  case  o f  f r e e  im id a z o le !^  The
   *

d i r e c t io n  o f  t h i s  // -7 / t r a n s i t i o n  d ip o le  must to  a  c e r t a in  e x te n t 

a f f e c t  th e  s ig n  in  ORD/CD o f  th e s e  g ly c o s id e s  in  th e  s p e c t r a l  range  

under in v e s t ig a t io n .  However, no t h e o r e t i c a l  o r  ex p erim en ta l 

in fo rm a tio n  about th e  t r a n s i t i o n  d ip o le  moment i s  a v a i la b l e .
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I t has heen observed in  the case o f purine nucleosides that 

ro ta tio n  about the g lycosy l bond is  much more free  than in  

pyrimidine n u cleosid es, as a resu lt the amplitude o f the Cotton 

e f fe c t s  are gen era lly  small in  purine nucleosides^^ On s te r ic  

grounds alone i t  should be p o ssib le  for the im idazole ring to  ro ta te  

reasonably fr e e ly  about the g lycosy l bond; th is  would then account 

in  part for  the low amplitudes observed in  the ORD/CD of the  

H -glycosylim idazoles.

The signs of the ORD/CD curves o f compounds a ,c ,d  and i  (Table )

appear to  fo llo w  a pattern which i s  in  accord with the anomeric con

fig u r a t io n s . Compounds with a-configuration  at the anomeric centre 

d isp lay  p o s it iv e  ORD/CD curves, w hile compounds with p-configuration  

d isp lay  negative ORD/CD curves. In order to e sta b lish  the general 

nature o f th is  pattern , a search in  the lite r a tu r e  was made fo r  ORD/CD 

data o f compounds o f known anomeric configuration  p ossessing  a 

pyranoside structure and having an o p t ic a lly  a c tiv e  chromophore at the . 

anomeric cen tre. However, no complete se t  o f data for such compounds

could be found. I t was th erefore decided to  examine the CD properties

o f £ -n itrophenyl-D -glycosid es o f known anomeric configu ration .

The r e su lts  are summarized in  Table 5 ,3  , •

In each case the signs o f the CD curves were opposite for  each 

member o f an anomeric pair o f compounds at each extremum. These 

compounds were found to possess UV absorption maxima at 300 nm and 

220 nm. The extrema in  the CD curves were observed more or le s s  

corresponding to th ese maxima. Compounds a, b, g and h (Table *■5-3 )

a lso  showed a th ird  extremum, but again the signs o f the curves were 

opposite for each anomeric p a ir .
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However, in  cases  o f M g ly c o sy lim id a z o le  compounds b , e and g 

(T ab le   ̂ ) th e  s ig n s  do n o t ap p ea r to  f i t  th e  p a t t e r n  e s ta b l i s h e d .

E x p la n a tio n  f o r  t h i s  d e v ia t io n  may l i e  in  c o n s id e ra t io n  o f  g ly c o sy l 

to r s io n  an g le   ̂ dg  p re v io u s ly  shown in  th e  case  o f  n u c le o s id e s  where 

th e  g ly c o sy l to r s io n  an g le  i s  a  fu n c tio n  o f  th e  s ig n  o f  th e  ORD/CD.

The g ly c o sy l to r s io n  an g le  may n o t be im p o rtan t w ith  £ -n it ro p h e n y l-D -  

g ly c o s id e s  in  which th e  chromophore i s  sym m etrica l and i s  a t  a  d is ta n c e  

from  th e  su g a r r in g  th a n  i s  th e  im id azo le  chromophore in  N -g ly c o sy l-  

im id a z o le s . P o s s ib ly  th e  d e v ia tio n s  from  th e  p a t te r n  a r i s e s  from 

r e s t r i c t e d  r o t a t i o n  abou t th e  C-H bond in  compounds b , e and h 

(T ab le ^ ) in  which th e  s u b s t i tu e n ts  a t  C-1 and C-2 a re  c is

r e l a t e d .

45 ‘The ORD r e s u l t s  o f  th e  P o l is h  w orkers m entioned  e a r l i e r  

(C h ap te r 2 )  in c lu d e  a  p la in  n e g a tiv e  curve f o r  1‘-P -D -g lu c o p y ra n o sy l-  

im id azo le  which i s  in  acco rd  w ith  our o b s e rv a tio n  f o r  t h i s  compound.

The p o s i t iv e  CD observed  in  t h i s  work f o r  1 '-p -D -m annopyranosy lim idazo le  

(43) i s  how ever, a t  v a r ia n c e  w ith  th e  p la in  n e g a tiv e  cu rve observed  

by  th e  above w o rk e rs .

ORD and CD m easurem ents were c a r r i e d  out on a  Cary 60 , Jouan  CD 185

and Cary 61 spectropolarimeterA^ curves were p lo t te d  w ith  w aveleng ths 

in  m illim ic ro n s  [mu] on th e  a b s c is s a  a g a in s t  m o lecu la r r o ta t io n s  [ ( ^ ]  

on th e  o r d in a te .  The m o lecu la r am p litu d e  [ a ]  i s  th e  d i f f e r e n c e  betw een 

th e  m o lecu la r r o ta t io n  a t  th e  extremum o f lo n g e r  w avelength  and th e  

m o lecu la r r o t a t i o n  a t  th e  extremum o f  sh o r te r  w aveleng th  d iv id e d  by 100.

CD curves were p lo t t e d  w ith  le n g th s  in  m illim ic ro n s  [mu] as  a b s c is s a  

a g a in s t  d ic h ro ic  a b s o rp tio n  (AC ) as  o r d in a te .  The s o lv e n t in  which 

th e  compounds were examined was m ethano l.
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CHAPTER 6

THE ENZYME INHIBITORY PROPERTIES OF N-GLUCOSYLIMIMZOLES 

INTRODUCTION

D uring  th e  in v e s t ig a t io n  o f  th e  h y d ro ly t ic  s t a b i l i t y  o f  th e

su g a r-b a se  lin k a g e  in  1 -a -  and p -D -g lu co p y ran o sy lim id azo les  w ith

s o lu t io n s  o f a - (y e a s t )  and p(almond) g lu c o s id a s e s , i t  was found th a t

th e  h y d ro ly s is  o f  th e  enzyme s u b s t r a te s  was in h ib i te d  by th e  r e s p e c t iv e

,1■-D -g lu c o p y ra n o sy lim id a z o le s . The e x c e p tio n a l s t a b i l i t y  o f  th e

g ly c o sy l lin k a g e  in  1 ^ -D -g lu co p y ran o sy lim id azo les  makes them o f

p a r t i c u l a r  v a lu e  f o r  s tu d ie s  o f  g lu c o s id a s e - in h ib i to r  i n t e r a c t io n s .

In  p r a c t ic e  i t  i s  u su a l to  d i s t in g u is h  betw een v a r io u s  ty p e so f

in h i b i t i o n  by c o n s id e ra t io n  o f  th e  c h a r a c t e r i s t i c s  o f  v a r io u s  k in e t i c
1 + 2

p lo t s  o f  ex p erim en ta l d a ta .  Of th e  s e v e ra l  methods o f  g ra p h ic a l

a n a ly s i s ,  th e  method o u t l in e d  by L inew eaver and Burk i s  th e  most w id e ly

u sed , and th e  p lo t s  o b ta in e d  a re  f r e q u e n t ly  r e f e r r e d  to  as  L inew eaver- 
3

Burk p lo t s  o r r e c ip r o c a l  p lo t s ,  o b ta in e d  by  p l o t t i n g  th e  r e c ip r o c a l  o f  

th e  i n i t i a l  v e lo c i ty  ( l / v )  o f  th e  enzyme c a ta ly s e d  r e a c t io n  a g a in s t  th e  

r e c ip r o c a l  o f  th e  s u b s t r a te  c o n c e n tra tio n  ( l / s ) . The c h a r a c t e r i s t i c  

o f  th e s e  p lo t s  f o r  co m p e titiv e  in h i b i t i o n  i s  t h a t  th e  s lo p e s  v a ry  w ith  

i n h i b i t o r  c o n c e n tra tio n , b u t th e  l / v  in te r c e p t  rem ains co nstand  and 

co rresp o n d s to  th e  r e c ip r o c a l  o f  th e  maximal v e lo c i ty  (l/V m ). The 

in t e r c e p t  on th e  h o r iz o n ta l  a x is  co rresponds to  -l/K m (l+  l / K i ) , where 

Kin i s  th e  M ich ae lis  co n s ta n t and Ki i s  th e  in h i b i t i o n  co n s tan t ',.. F o r 

n o n -c o m p e titiv e  in h i b i t i o n  th e  l /S  in te r c e p t  rem ains c o n s ta n t  and th e  

s lo p e s  v a ry  w ith  i n h i b i to r  c o n c e n tra t io n . F o r u n co m p e titiv e  in h ib i t i o n  

th e  s lo p e s  rem ain  c o n s ta n t and a  s e r i e s  o f  p a r a l l e l  l i n e s  i s  o b ta in e d  

( s e t  2 2 ) .
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However, k in e t i c  b eh av io u r in te rm e d ia te  betw een th e s e  th r e e  

ty p e s  o f in h i b i t i o n  may be o b se rv ed . S ince  co m p e titiv e  i n h ib i to r s  

do n o t a f f e c t  th e  maximal r a t e  o f  an  enzyme r e a c t io n ,  i t  i s  o f te n  

in f e r r e d  t h a t  th e y  a c t  by occupying  th e  same s i t e  on th e  enzyme 

u s u a l ly  occup ied  by  th e  s u b s t r a t e .  H on-com petitive  i n h i b i to r s ,  which 

a l t e r  th e  maximal r a t e  b u t not- th e  pseudo b in d in g  c o n s ta n t (K n), a re  

o f te n  assumed to  b in d  a t  a  s i t e  n o t connected  w ith  th e  s u b s t r a te  and 

to  a l t e r  th e  r e a c t i v i t y  o f  th e  en zy m e-su b stra te  complex.

U ncom petitive in h i b i to r s  w hich a re  supposed to  b in d  o n ly  w ith  th e  

e n zy m e-su b stra te  complex a re  r e l a t i v e l y  uncommon.

R e v e rs ib le  in h i b i to r s  can be c l a s s i f i e d  in to  two c a te g o r ie s ,  

th o se  which resem ble  th e  s u b s t r a te  a re  te rm ed  as  s u b s t r a te  analogue
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i n h i b i to r s  and th o se  which resem ble a  s u b s t r a te  t r a n s i t i o n  s t a t e

a r e  term ed t r a n s i t i o n  s t a t e  analogue i n h i b i t o r s .  L ac tones d e r iv e d

from v a r io u s  hexoses have been  s tu d ie d  e x te n s iv e ly  a s  in h i b i to r s  o f  
5 -8

g ly c o s id a s e s ,  and th e y  f a l l  in to  th e  c a te g o ry  o f  t r a n s i t i o n  s t a t e  

ana logue  i n h i b i t o r s .  The h ig h  a f f i n i t y  o f  g ly c o s id a s e s  f o r  th e s e  

la c to n e s  r e f l e c t s  s t e r i c  s i m i l a r i t y  betw een th e  la c to n e s  and th e
p ossib le

g lu c o p y ra n so y l p o r t io n s  o f ^ t r a n s i t i o n  s t a t e s  in  enzymic h y d ro ly s is  o f 

g ly c o s id e s ,  and th e s e  in v o lv e  in te rm e d ia te s  h av in g  h a l f - c h a i r  conform

a t i o n s .  I t  i s  w e ll known th a t  D -g lu c o n o -1 ,5 - la c to n e  ( 7 8 ) assum es a 

h a l f  c h a i r  con fo rm atio n  s im i la r  to  th a t  o f  a  D -g lucopy ranosy l c a t io n  (79 ) .

OHHO

OH

4-

78

OHHO

OH

OH

OH

11

Because o f  th e  p re sen ce  o f  th e  s im ple  py ranose  r in g ,  th e  

H -g lu c o sy lim id a z o le s , cou ld  be re g a rd e d  a s  s u b s t r a te  analogue in h ib i to r s  

o f  th e  r e s p e c t iv e  g ly c o s id a s e s . One would th e r e f o r e  expec t th e  

1 -a -B -g lu c o p y ra n o sy lim id a z o le  to  i n h i b i t  a -g lu c o s id a s e s  and th e  

1 -p -B -g lu c o p y ra n o sy lim id a z o le  to  i n h i b i t  P -g lu c o s id a se s .

R e s u lts  and D isc u ss io n

g ( y e a s t ) g lu c o s id a s e ;

Double r e c ip r o c a l  p lo t s  f o r  th e  i n h i b i t i o n  o f  h y d ro ly s is  o f  

m ethyl g -D -g luco p y ran o sid e  c a ta ly s e d  by a ( y e a s t )g lu c o s id a s e ,  a re  shown 

in  F i g . 6-3-4; p a g e l67^^"thereby c h a r a c te r i s in g  th e  p a t t e r n  o f  i n h ib i t i o n
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a s  c o m p e tit iv e . The range  o f  s u b s t r a te  c o n c e n tra tio n  examined was 

f a r  below  th a t  w hich s u b s t r a te  in h i b i t i o n  was found to  o c c u r .

R e s u lts  o f  th e  s lo p e s  a g a in s t  i n h i b i to r  c o n c e n tra t io n  were found 

to  be l i n e a r  in  each c a se , and th u s  th e  i n h i b i t i o n  was " l i n e a r  

c o m p e ti t iv e " .  The in h i b i t i o n  c o n s ta n ts  (Ki) o b ta in e d  from th e  

i n t e r c e p t s  o f  th e  r e p lo t s  were 0 . 29niM f o r  1 -a -D -g lu co p y ran o sy lim id a zo le  

and 190 mM f o r  1 -p -D -g lu co p y ran o sy lim id az o le  (T able 6 .1 ) . Thus, as 

a s  ex p ec ted  th e  y e a s t  enzyme shows a  h ig h  d eg ree  o f  anom eric 

s p e c i f i c i t y .  The Ki v a lu e s  o b ta in e d  f o r  th e  a-anom er a re  low er th a n  

th e  v a lu e s  o b ta in e d  f o r  D -g lucose  ( 2 .0  mM)  ̂ and f o r  th e  p o te n t i a l  

t r a n s i t i o n  s t a t e  analogue in h i b i to r  1- L - 1- 2-an h y d ro -m y o -in o s it 

( 6 .9  mM).

P-(alm ond) g lu c o s id a s e ;

Double r e c ip r o c a l  p lo t s  f o r  th e  in h i b i t i o n  o f  th e  h y d ro ly s is  o f 

c e l lo b io s e  c a ta ly s e d  by 3-(alm ond) g lu c o s id a s e  a re  shown in  F i g .6-1-2; 

page I n h ib i t io n  was c o m p e titiv e  excep t a t  h ig h  r e l a t i v e  concen

t r a t i o n s  o f  1 '-a -D -g lu c o p y ra n o sy lim id a z o le  which d is p la y e d  non

co m p e titiv e  i n h i b i t i o n .  In  t h i s  case  th e  i n i t i a l  s lo p e  o f  th e  double 

r e c ip r o c a l  p lo t  was used  in  th e  r e p l o t .  R ep lo ts  were l i n e a r  and gave 

Ki v a lu e s  o f  33mM f o r  1 -a -D -g lu c o p y ra n o sy lim id a z o le  and 50mM f o r  

1 -3 -D -g lu c o p y ra n o sy lim id a z o le . These s u b s t r a te  analogue in h ib i to r s  

g iv e  Ki v a lu e s  w hich a re  o f  th e  same o rd e r  o f  m agnitude as  th e  Km

v a lu e  (24 -  2mM) f o r  th e  s u b s t r a te  c e l lo b io s e ,  b u t a re  much l e s s
10

e f f e c t iv e  th a n  D -g lu c o n o -1 ,9 - la c to n e  and n o jir im y c in  ( 8 0 ) .

,CH^OH

H,OHOH
HO

OH

80



161

The la c k  o f  anom eric s p e c i f i c i t y  o f  t h i s  enzyme tow ards

1 -D -gT ucopyranosy lim idazo les i s  somewhat s u r p r i s in g  h u t no t
11

u n iq u e . H i t t a  e t  a l .  d u r in g  an  in v e s t ig a t io n  o f  i n h i b i t i o n  o f 

TaKa-am ylase c a ta ly s e d  h y d ro ly s is  o f  phenyl a -D -m alto s id e  by 

s u b s t r a te  analogue in h i b i to r s  found a  s im i la r  la c k  o f anom eric 

s p e c i f i c i t y  w ith  m ethyl a -D -g a la c to p y ra n o s id e  (Ki 86 mM) and m ethyl 

P -D -g a lac to p y ran o s id e  (Ki 125 mM), as  w e ll a s  w ith  o th e r  g ly c o s id e s .

Lysozyme:

T his enzyme (m ol. w t. 14,600) c o n s is ts  o f  a  s in g le  p o ly p e p tid e

ch a in  h e ld  to g e th e r  by fo u r  d is u lp h id e  r e s id u e s .  The n a tu r a l

fu n c t io n  o f  th e  enzyme i s  th e  l y s i s  o f  b a c t e r i a l  c e l l  w a lls  which

c o n s is t  o f  p o ly sa c c h a r id e  ch a in s  c r o s s - l in k e d  by p e p tid e s  o f  v a ry in g

le n g th .  The p o ly sa c c h a r id e  ch a in  i s  made up o f  d is a c c h a r id e  s u b u n its

c o n s is t in g  o f  P -1 ,4 - l in k e d  2 -d eo x y -2 -ace tam id o -D -g lu co p y ran o s/l and

muramyl a c id  u n i t s .  Bond c leav ag e  occu rs  im m ediate ly  a d ja c e n t to  th e

anom eric carbon  atom o f  th e  muramyl u n i t s .  T his g ly c o s id ic  c leavage

i s  co n s id e re d  to  be th e  f i r s t  s te p  in  th e  l y s i s  o f  th e  c e l l s  and i s

m easured by th e  re d u c t io n  in  t u r b i d i t y  o f a  su sp e n sio n  o f  d r ie d  c e l l s

o f  i^ icrococcus ly s o d ik i t i c u s  in  aqueous b u f f e r  s o lu t io n s .  However,

th e  u se  o f  t h i s  in s o lu b le  s u b s t r a te  i s  somewhat u n s a t i s f a c to r y  because

o f  th e  d i f f i c u l t y  in  o b ta in in g  re p ro d u c ib le  r e s u l t s .

1 -P -B -g lu co p y ran o sy lim id a zo le  d id  no t i n h i b i t  th e  d e g ra d a tio n

o f  th e  c e l l s  by lysozym e, a t  i n h i b i t o r  c o n c e n tra tio n s  o f  up to  69 mM.

T his r e s u l t  was no t unexpec ted  s in c e  a lth o u g h  sm all m olecu les such as

2 -ace tam id û -2 -d eo x y -D -g lu co se  and th e  m ethyl and e th y l  g ly c o s id e s
12

th e re o f  a re  known to  be in h ib i to r y ,  i t  i s  b e l ie v e d  th a t  th e
13 14

2 -ace tam id o  o r  o th e r  2-amino group i s  n e c e s s a ry  f o r  b in d in g .
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1 -a -D -g lu c o p y ra n o sy lim id a z o le  a t  50mM c o n c e n tra tio n  was found 

to  be an  u n co m p e titiv e  in h i b i to r  a s  shown by a  double r e c ip r o c a l  p lo t
/  ^  ,  12,14

P ig .b '5   ̂ page 169. P rev io u s  w orkers have shown th a t  im id azo le

and im id azo le  d e r iv a t iv e s  in  t h e i r  p ro to n a te d  form s in h i b i t  lysozym e, 
by

p o s s ib ly ^ th e  fo rm a tio n  o f  a  charge t r a n s f e r  complexes w ith  th e  t r y p to 

phan re s id u e s  o f  th e  enzyme. T his p ro p o sa l has re c e iv e d  re c e n t

15su p p o rt from an  x - r a y  c r y s ta l lo g r a p h ic  s tu d y  o f  th e  complexes o f

lysozym e w ith  h is ta m in e  and h i s t i d i n e .  These compounds were proposed

to  a c t  as  c o m p e titiv e  in h i b i to r s  a lth o u g h  th e  k in e t i c  d a ta  do n o t seem

to  w arran t t h i s .

The g r e a te r  in h ib i to r y  power o f  1 - a -^ g lu c o p y ra n o s y lim id a z o le

th a n  th a t  o f  th e  P-anomer may be i l l u s t r a t i v e  o f  a  g e n e ra l phenomenon

where by  th e  anom eric c o n f ig u ra t io n  i s  n o t o f  o v e r r id in g  im portance

ex cep t f o r  s p e c i f i c  s u b s t r a t e s .  E th y l 2 -ace tam id o -2 -d eo x y -a-D -

12g lu c o p y ra n o sid e  has been  shown by D avies e t  to  be a  s t ro n g e r

i n h i b i t o r  o f  lysozym e th a n  th e  P-anomer a t  pH 6 .2 .

The r e s u l t s  o f  t h i s  work show th a t  1 -a -D -g lu co p y ran o sy lim id a zo le

i s  a  more p o te n t i n h i b i t o r  o f  g ly c o s id a se s  th a n  th e  co rresp o n d in g

3-anom er. I t  i s  p o s s ib le  t h a t  th e  p r e f e r e n t i a l  b in d in g  o f  th e  a-anom er

may a r i s e  in  p a r t  i n d i r e c t l y  from th e  o p e ra t io n  o f  th e  re v e rs e  anom eric
1

e f f e c t .  A lthough no ev idence f o r  th e  p re sen ce  o f  th e  a l t e r n a t iv e

con fo rm ation  f o r  1 -a -D -g lu c o p y ra n o sy lim id a z o le  i s  n e u t r a l  o r  a c id ic

aqueous s o lu t io n s  i s  d e te c ta b le  by  IMR sp e c tro sc o p y , th e re  i s  ev idence
1

t h a t  1 -a-D -m annopyranosy lim idazo le  ad o p ts  th e  a l t e r n a t iv e  

con fo rm ation  to  a  s ig n i f i c a n t  e x te n t (C hap ter 3 )* ^ h e  d ec re a se d  s t a b i l i t y  

o f  th e  a-anom ers o f t h i s  ty p e  o f  compound may accoun t f o r  th e  g r e a te r  

b in d in g  a f f i n i t y  to  th e  enzymes, i f  b in d in g  in v o le s  d i s t o r t i o n ,  as  has 

been  proposed  f o r  lysozyme and o th e r  ca rb o h y d rases .1 ^
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In  view  o f th e  in h ib i to r y  p ro p e r ty  and th e  extrem e s t a b i l i t y  o f 

H -g lu c o sy lim id a z o le s , th e se  compounds have been  t e s t e d  f o r  b io lo g ic a l  

a c t i v i t y ,  c a r r i e d  ou t in  c o l la b o r a t io n  w ith  Dr. P .J .V . C le a re ,

I . e . I .  P la n t  P r o te c t io n  L td .

Compound

a-anom er

T ested  f o r  

in s e c t i c id e

R esu lt

-v e

P-anomer -v e

a-anom er b a c te r io c id e —ve

P-anomer -v e

a-anom er

P-anomer

seed  d re s s in g  

fu n g ic id e

—ve

weak a c t i v i t y  
a g a in s t  one 
sp e c ie s  o n ly .
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EXPERIMENTAL

I n h ib i t io n  o f  a - ( y e a s t )  g lu c o s id a s e  by 1 -a -L -g lu c o p y ra n o sy lim id a z o le

The r e a c t io n  m ix tu re s  c o n ta in e d  enzyme (Sigma, 0 .0 0 2 ^  w/v) , 

s u b s t r a te  m ethyl a -D -g lu co p y ran o sid e  (2 .0  -  7«5 n#) and in h i b i to r  

(O -  0 .5  mM) d is s o lv e d  in  pH 6 .8  phosphate  b u f f e r  ( l  = O.O5) ( l  m l) . 

A f te r  120 m in. a t ' 37° th e  r e a c t io n s  were te rm in a te d  by h e a t in g  th e  

m ix tu res  a t  100° f o r  2 min, and th e  g lu c o se  l i b e r a te d  was e s tim a te d
16

u s in g  g lu co se  o x id ase  re a g e n t .

I n h ib i t io n  o f  a - (y e a s t )  g lu c o s id a se  by 1 -P -D -g lu co p y ran o sy lim id azo le

The r e a c t io n  m ix tu re s  c o n ta in e d  enzyme (Sigma, 0 .0025^  w/v) , 

s u b s t r a te  m ethyl a -D -g lu co p y ran o sid e  (I.O  -  5*0 mM) and in h i b i to r  

(0 -  75 GiM) d is s o lv e d  in  pH 6 .8  phosphate  b u f f e r  ( l  = O.O5) ( l  m l) .

A f te r  120 m in. a t  37° th e  r e a c t io n s  were te rm in a te d  by h e a t in g  th e  

m ix tu re s  a t  100° f o r  2 min, and th e  g lu co se  l i b e r a t e d  e s tim a te d  u s in g  

g lu c o se  o x id ase  re a g e n t ^

I n h ib i t io n  o f  P-(alm ond) g lu c o s id a se  by 1 -a -D -g lu co p y ran o sy lim id azo le

The r e a c t io n  m ix tu re s  c o n ta in e d  enzyme (Sigma, 0 .0 5 ^  w/v) , 

s u b s t r a te  c e l lo b io s e  (O.O5 -  O.4  mM) and in h i b i to r  (O -  50 mM) d is s o lv e d  

in  pH 5*3 c i t r a t e  b u f f e r  ( l  ml) . A f te r  120 m in. a t  37° th e  r e a c t io n s  

w ere te rm in a te d  by  h e a t in g  th e  m ix tu res  a t  100° fo ^  2 min, and th e  

g lu c o se  d e te rm in ed  u s in g  g lu co se  o x id ase  r e a g e n t .  A b la n k  c o r r e c t io n  

was made f o r  g lu c o se  d e r iv e d  n o n -en zy m ica lly  from c e l lo b io s e .
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I n h ib i t io n  o f  3-(alm ond) g lu c o s id a se  by 1 '-P -D -g lu c o p y ran o sy lim id azo le

The r e a c t io n  m ix tu res  co n ta in ed  enzyme (Sigma, 0 .0 1 2 5 ^  w/v) , 

s u b s t r a te  c e l lo b io s e  (l.O  -  9 .0  mM) and in h i b i to r  (O -  60 mM) d is s o lv e d  

in  pH 5*3 c i t r a t e  b u f f e r  (1 m l) . A f te r  32 m in. a t  37° th e  r e a c t io n s  

were te rm in a te d  by  h e a t in g  th e  m ix tu res  a t  100° f o r  2 min, and th e  

g lu c o se  d e term ined  u s in g  g lu co se  o x id ase  r e a g e n t ^  A b la n k  

c o r r e c t io n  was made f o r  g lu c o se  d e r iv e d  n o n -en zy m ica lly  from c e l lo b io s e .

I n h ib i t io n  o f  Lysozyme by  1" -a -D -g lu co p y ran o sy lim id az o le

The r e a c t io n  m ix tu res  c o n ta in e d  enzyme (Sigma, 1 /L g  ml ^ ) , 

a u b s t r a te  M icrococcus ly s o d ik i t i c u s  c e l l s  (Sigma, 22 -  l8 0 / tg  ml ^) 

and i n h i b i t o r  (O and 50 mM) d is s o lv e d  in  pH 6 .2  phosphate  b u f f e r  

( l  = 0 .067) ( 2 .6  ml) a t  2 0 °. The o p t i c a l  d e n s i ty  o f  th e  m ix tu res  

compared to  a  b la n k  n o t c o n ta in in g  c e l l s  was m on ito red  a t  450 nm u s in g  

Pye Unicam SP I 8OO sp e c tro p h o to m e te r . I n i t i a l  r a t e s  were computed 

u s in g  a  l e a s t  sq u a re s  c u r v e - f i t t i n g  programme.
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GENERAL CONCLUSIONS MD SUGGESTIONS FOR FUTURE WORK

The r e a c t io n  p ro d u c ts  o b ta in e d  by th e  c o n d en sa tio n  o f  th e  

a p p ro p r ia te  g ly c o sy l h a l id e  and im id azo le  in  d ioxan  have been  m ain ly

w ith  |3 -c o n f ig u ra tio n  a t  th e  anom eric carbon  atom . In  view  o f h ig h

b io lo g ic a l  a c t i v i t y  e x h ib i te d  by a  number o f n a t u r a l ly  o c c u rr in g  

ü -g ly c o s id e s  and a ls o  on acco u n t o f th e  i n t e r e s t  in  n u c le o s id e s  w ith  

a -c o n f ig u ra t io n ,  th e  need  f o r  th e  developm ent o f  a  s te y o s e le c t iv e  

s y n th e s is  o f  a -g ly c o s id e s  in  good o v e ra l l  y i e l d  i s  a  prim e need f o r  

f u tu r e  work. The u se  o f  d im eric  3 ,4 ,6 - t r i - 0 - a c e ty l - 2 - d e o x y - 2 - n i t r o s o -  

o c -^ g lu co p y ran o sy l c h lo r id e  in  s o lv e n ts  o f d i f f e r e n t  p o l a r i t y  i s  one 

o f  th e  app roaches which co u ld  be c o n s id e re d .

The o p e ra t io n  o f th e  re v e rs e  anom eric e f f e c t  h a s  been  o b served  in  

c e r t a in  d e r iv a t iv e s  o f N -g lycos y lim id a z o le s '.  The phenomenon o f  re v e rs e  

anom eric e f f e c t  has  so f a r  been observed  o n ly  in  N -g ly c o s id e s  where th e  

n i t r o g e n  atom i s  a  p a r t  o f a  h e te r o c y l ic  a ro m a tic  system . I t  would be 

i n t e r e s t i n g  to  observe  t h i s  phenomenon in  g ly c o s id e s  o f o th e r  ty p e s  o f 

s t r u c tu r e  f o r  e .g .  tria lky lam m onium ; such o b se rv a tio n s  would be r e le v a n t  

to  th e  u n d e rs ta n d in g  o f th e  r e v e r s e  anom eric e f f e c t .

The a p p l ic a t io n  o f com puter a n a ly s i s  to  NMR s p e c tr a  o f c a rb o h y d ra te

d e r iv a t iv e s  h a s  been shown in  t h i s  work. The a p p l ic a t io n  o f such 

a n a ly s i s  in  ro u t in e  work f o r  check ing  s p e c t r a l  a ss ig n m en ts  and o b ta in in g  

r e l i a b l e  and a c c u ra te  d a ta  from ex p erim en ta l s p e c tr a  i s  an a t t r a c t i v e  

te c h n iq u e , a lth o u g h  i t  would ap p ea r th a t  a  r a p id  a n a ly s i s  o f complex 

s p e c tr a  does n o t n e c e s s a r i ly  fo llo w .

The extrem e h y d r o ly t ic  s t a b i l i t y  o f th e  g ly c o s id ic  l in k a g e  in  

JN -g lucosy lim idazo les  e s ta b l i s h e d  in  t h i s  work does n o t su p p o rt nuc leo — 

p h i l i c  in te r v e n t io n  o f th e  h i s t i d n y l  s id e  c h a in  in  g ly c o s id a se  a c t io n .
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There i s  a  la rg e  amount o f ev idence f o r  th e  p re se n c e  o f carboxy l g roups 

a t  th e  a c t iv e  s i t e s  o f a  number o f g ly c o sy l t r a n s f e r a s e s .  In  many 

c a se s  ev idence i s  f a r  from c o n c lu s iv e  and more work on d e f in i t e  

i d e n t i f i c a t i o n  o f  a c t iv e  s i t e  fu n c t io n a l  groups i s  r e q u ir e d .  The fu n c tio n  

o f th e s e  g roups h as  n o t been  p r e c i s e ly  d e f in e d , b u t in  p r in c ip le  th e y  cou ld  

a c t  a s  n u c le o p h ile s ,  g e n e ra l b a se s  o r  g e n e ra l a c id s .  The f i r s t  mechanism 

would presum ably  le a d  to  a  g lycosy l-enzym e in te rm e d ia te  o f th e  type  shown 

below

0
II

0 —  C — Enzyme

which would su b se q u en tly  be h y d ro ly ze d . S tu d ie s  o f th e  p r o p e r t i e s  o f

such e s t e r s  shou ld  be r e le v a n t  to  th e  u n d e rs ta n d in g  o f th e  r o le  o f th e

ca rb o x y l g roups a t  th e  a c t iv e  s i t e s .

In  t h i s  c o n n e c tio n  p re lim in a ry  work-on 1 - 0 - a c e ty l - 2 ,3 ,4 ,6 - t e t r a - O -

m e th y l-I^ g lu c o p y ra n o s id e s  h a s  been c a r r i e d  ou t by th e
CH OMe

\  II
MetXOMa /^O-'c-CE^

OMe
a u th o r .  The h a l f - l i f e  f o r  th e  oc-anomer was found  to  be 290 m in. and 

f o r  th e  (3-anomer to  be 90 m in. f o r  e th a n o ly s is  in  0 . IN -e th a n o lic —HCl 

However, e th a n o ly s is  in  th e  p re sen ce  o f  sodium e th o x id e  was ex trem ely  

f a s t ,  even a t  0 ° . Both alky1-oxygen  and acy l-o x y g en  f i s s i o n  appeared  

to  be fo llo w ed  in  a c id .
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The a p p lica tion  o f ORD/CD data to e sta b lish in g  anomeric config

u ration s fo r  a se t  of compounds has been demonstrated in  th is  work.

The observation that anomeric pa irs of compounds contain ing a ct^mo— 

phoric group at the anomeric carbon atom normally g ive curves of 

opposite sign  may be of general ap p lica tio n .

The in h ib ito ry  p rop erties o f N -glucosylim idazoles towards 

g lu cosid ases has been e sta b lish ed . Although these in h ib ito rs  are 

a ttr a c tiv e  from a s t a b i l i t y  point of view, commercial a p p lica tion  may 

require the development o f e f fe c t iv e  in h ib ito rs  of the tr a n s it io n  s ta te  

or ir r e v e r s ib le  type, rather than o f the substrate analogue type.

R. H. C
LWKAR'V
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The Synthesis and Hydrolytic Stability of 1 -Glucopyranosylimidazoles
By E. J. Bourne, P. Finch,* and A. G. Nagpurkar, Department of Chemistry, Royal Holloway College, Englefield 

Green, Surrey

The synthesis of 1 -a -  and -P-D-glucopyranosylimidazoles via their tetra-acetates and their structural characteris
ation are described. The sug a r-b ase  linkage in these  glycosylamines has been found to be extremely resistant to 
cleavage under a variety of hydrolytic conditions. The significance of this finding to the  understanding of the 
mechanisms of nucleoside hydrolyses and of the  role of histidine in glycosidase action is discussed.

S tu d ie s  of the variation of enzyme activity with pH 
and photo-oxidation inactivation studies have indicated 
that a number of glycoside hydrolases and transferases 
possess essential histidine residues at the enzyme active 
sites. The types of enzyme for which this has been 
proposed are a-amylasej p-amylase,^ a-glucosidase,® 
oligo-l,6-glucosidase4 phosphorylase,® and (î-galacto- 
sidase.® In the majority of cases it has been suggested 
that the imidazole ring of the side chain of the active 
site histidine residue must be in the protonated, imid- 
azolium, form for enzyme activity, and that this group 
acts as a general acid catalyst of the glycosyl cleavage 
reaction. However, such a mechanism is difficult to 
reconcile with the fact that the hydrolysis of alkyl 
glycosides is normally specific acid catalysed only, and 
as would be expected no hydrolysis of methyl a-D- 
glucopyranoside is detected on refluxing solutions in 
water, water-dim ethyl sulphoxide (1 :1), and water- 
hexamethylphosphoramide (1 : 1), each containing a ten 
molar excess of imidazole and acetic acid.’ A different 
role has been proposed ® for a side chain of histidine at 
the active site of E. coli p-galactosidase, in which a 
neutral imidazole group acts as a nucleophilic catalyst of 
the glycosyl cleavage reaction as shown in Scheme l .f  
Again there is little evidence from model studies to 
support this proposal, although intramolecular nucleo
philic assistance of aryl glycoside hydrolysis has been 
observed.®

In order to investigate the role of histidine in enzymic 
glycosyl transfer reactions we have synthesised 1-a- and 
-p-D-glucopyranosylimidazoles, via their tetra-acetates, 
and studied the stability of the sugar-base Hnkage under 
a variety of hydrolytic conditions. The A-glycosyl- 
imidazoles are also of interest because they may exhibit 
the reverse anomeric effect,®-and their hydrolytic

t Originally formulated as a front-side displacement process.

1 K. Myrback, Arkiv. Kemi, 1967, 11, 47; C. Dahl, M. S. 
Thesis, University of Iowa, 1958; S. Ono, K. Hiromi, and Y. 
Yoshikawa, Bull. Chem. Soc. Japan, 1958, 81, 957; E. H. 
Fischer, F. Duckert, and P. Bernfeld, Helv. Chim. A da, 1950, 
33, 1060; J. Earner and R. E. Gillespie, Arch. Biochem. Biophys.,
1959, 58, 252; E. H. Fischer and E. A. Stein, in ‘ The Enzymes,’ 
ed. P. D. Boyer, H. Lardy, and K. Myrback, Academic Press, 
New York, 1960, vol. 4, p. 345; J. A. Thoma and D. E. Koshland, 
jun., J. Mol. Biol. 1960, 2, 169; J. A. Thoma, J. Wakim, and 
L. Stewart, Biochem. Biophys. Res. Comm., 1963, 12, 350; 
C. T. Greenwood, A. W. Macgregor, and E. A. Milne, Arch. 
Biochem. Biophys., 1965, 459, 466; Starke, 1965, 17, 219.

* J. A. Thoma and D. E. Koshland, jun., / .  Amer. Chem. Soc.,
1960, 82, 3329; J. Mol. Biol., 1960, 2, 169; J. Biol. Chem., 1960, 
235, 2511 ; D. E. Koshland, J. A. Yankeelov, and J. A. Thoma, 
Fed. Proc., 1962, 21. 1031.

® O. B. Jorgensen, Acta Chem. Scand., 1964, 18, 1116.

behaviour is relevant to considerations of mechanisms of 
nucleoside hydrolysis.

Synthesis.—The synthesis of the l-^-D-glucopyranosyl- 
imidazoles has been described by Bergmann and 
Heimhold/^ who did not however establish the structures

H i-

HOi:>
His

H i-

HO

'NH
His

CHoOH 
 ̂ 0

CHvOH

S c h e m e  1

and anomeric configurations of their products. More 
recently the synthesis and characterisation of the p- 
compounds have been reported by Jaskinska and 
Sokolowski/^ and of the a- and p-compounds by Saluja.^®

We have synthesised l-(2,3,4,6-tetra-0-acetyl-p-D- 
glucopyranosyl) imidazole by the method of Bergmann 
and Heimhold from ‘ acetobromoglucose ' and the 
silver salt of imidazole; the product was deacetylated

* J. Earner and C. M. McNickel, J. Biol. Chem., 1965, 215, 
723.

® J. Hollo, E. Easzlo, and A. Haschke, Starke, 1966, 18, 337; 
J. Hollo, E. Easzlo, and J. Juhasy, ibid., 1967, 19, 285.

* K. Wallenfels and O. P. Malhotra, in ‘ The Enzymes,’ eds. 
P. D. Boyer, H. Eardy, and K. Myrback, Academic Press, New 
York, 1960, vol. 4, p. 426.

’ Unpublished data.
® D. Piskiewicz and T. C. Bruice, J. Amer. Chem. Soc., 1967, 

89, 6237.
* R. U. Eemieux and A. R. Morgan, Canad. J. Chem., 1965, 43, 

2205; R. U. Eemieux, Pure Appl. Chem., 1971, 25, 527.
S. S. Saluja, Ph.D. Thesis, University of Alberta, 1970.

“  E. Bergmann and H. Heimhold, J. Chem. Soc., 1935, 505.
J. Jasinska and J. Sokolowski, Roczniki Chem., 1969, 43. 

855; Zes. Nauk. IVyz. Szk. Ped. W. Gdansku Mat., Fiz., Chem. 
Prace, 1967, 10, 169.

R. U. Eemieux, Methods Carbohydrate Chem., 1963, 2, 221.
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by treatment with methanolic ammonia. No trace of 
the a-anomer was detected in the reaction mixture; 
this material was obtained by a procedure used by Todd 
and his co-workers for the synthesis of 5,6-dimethyl- 
1-a-D-ribofuranosylbenzimidazole. This method, in 
which an excess of free imidazole was treated with tetra- 
0-acetyl-a-D-glucosyl bromide in dioxan, afforded a 
mixture of anomers. The anomers were separated 
by chromatography on silica gel, or after deacetylation, 
on Dowex 1-X8 (OH"). The structures of the products 
[(la) and (2a)] were established by spectroscopic methods, 
and in the cases of the deacetylated compounds [(lb) 
and (2b)] by periodate oxidation (see Experimental 
section). ^H N.m.r. coupling constants derived from 
the measured line splittings were checked by computer 
calculation; the magnitudes of the values showed that 
the iV-glycosylimidazoles adopted the normal 
conformation in neutral aqueous solution, as did their 
acetates in deuteriochloroform.

RO
CHÿOR 

RO

CH,-OR 
'0,

[!)q; R = Ac 
b; R = H

(2)q; R = Ac 

b; R = H

by the amino nitrogen atom, a process which is severely 
restricted in the glycosylimidazoles and in many nucleo
sides, since the aromaticity of the heterocyclic system

CHjO H
J-ONR2

OH

ÇHÿOH

OH

C HjO H  
/ - O H  

^ ^ N R 2  
HÔ*—f 

OH

H 2 ^ h"

CH.-OH
yLo
/ oh V oH + NHR2

H & ^
OH
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would be lost. This mechanism requires either a hydro
gen atom or a lone pair of electrons on the glycosylamine 
nitrogen atom.

The second possible mechanism (.41 hydrolysis) is 
characterised by the formation of a glycosyl carbonium 
ion as shown in Scheme 3 and is beheved to be followed

Stability of the Sugar-Base Linkage.—The suscepti
bility to hydrolysis of the sugar-base linkage in 1-a- and 
-p-D-glucopyranosylimidazole was examined in water, 
sodium formate buffer (pH 3), 0-565M-formic acid, 
6N-hydrochloric acid, lON-sulphuric acid, and N-sodium 
hydroxide at 100° for ca. 12 h. Optical rotation measure
ments, paper chromatography, and analysis by use of 
glucos'  ̂ oxidase reagent did not show any evidence of 
hydrolysis or anomérisation under the conditions speci
fied. In another experiment 1 - p-D-glucopyranosyl- 
imidazole was recovered and crystallised after being 
heated under reflux in 5N-sulphuric acid for 6 h. Hydro
lytic cleavage was also attempted with solutions of the 
respective a- (yeast) and p- (almond) glucosidases ; no 
glucose was released under conditions in which standard 
compounds (methyl a-D-glucopyranoside and cellobiose) 
were hydrolysed significantly. However the hydrolysis 
of the standards was inhibited by the respective N -  

glucosyhmidazoles, a finding which is at present under 
further investigation.

We believe that the resistance to acid hydrolysis of the 
jV-glycosyhmidazoles may be rationalised by considera
tion of possible mechanisms of hydrolysis of glyco- 
pyranosylamines.i® Two types of mechanism may be 
distinguished, the first of which involves the formation of 
a Schiff base and is followed by those glycosylamines 
which show mutarotation in acid solution and are hydro
lysed quite readily (Scheme 2). A necessary step in this 
mechanism is the formation of the Schiff base inter
mediate ; this would appear to require electron release

A. W. Johnson, G. W. Miller, J. A. Mills, and A. R. Todd, 
J. Chem. Soc., 1953, 3061.

“  B. Capon, Chem. Rev., 1969, 69, 407.

ÇH2OH CHfOH CH,-OH

NHR2* (OH y

I
CH.'OH

OH

C H jO H

HÔ*—f 
OH

S c h e m e  3

for the majority of acetals and a number of nucleo
sides.^’ The overall rate by this pathway depends in 
opposite senses on the concentration of the conjugate 
acid and on the pA^ of the leaving group. In the cases 
of the iV-glycosylimidazoles it appears that the imidazole

H O C H H O C H
2 / = \  
on^ nh

(3)

(pAa ca. 7) is too poor a leaving group for breakdown of 
the resonance-stabilised conjugate acid (3) to occur.

The fact that most nucleosides are hydrolysed at
E. H. Cordes, Progr. Phys. Org. Chem., 1967, 4, 1.
J. A. Zoltewicz, D. F. Clark, T. W. Sharpless, and G. Grahe, 

J . Amer. Chem. Soc., 1970, 92, 1741 ; R. Shapiro and S. Kang, 
Biochemistry, 1969, 8 , 1806.
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measurable rates in acid solution may be attributed to 
two features not present in the glycosylimidazoles. 
Firstly, it has been widely observed that glycofuranosides 
are hydrolysed more rapidly than the corresponding 
glycopyranosides, and the operation of an A2  process 
or of mechanisms involving sugar ring opening has been 
suggested.^® An alternative explanation is that the 
attainment of the transition state leading to the cyclic 
oxycarbonium ion is accompanied by more steric strain 

I in the case of pyranosides than in that of furanosides. 
Secondly the pA& values of the bases relevant to the 
forms of the nucleosides undergoing hydrolysis in acid 
solution are almost certainly lower than the pA& value 

 ̂ of imidazole, which would therefore be expected to be a 
poorer leaving group. In support of this, 5-amino-l-D- 
ribofuranosylimidazole-4-carboxamide (pK^ ca. 3-8) is 
more susceptible to hydrolysis than the 1-D-ribofuranosyl 
derivatives of a number of other imidazole derivatives of 
higher pA» values.^® However the 1-D-ribofuranosyl ®̂ 
and 1-p-D-galactopyranosyl derivatives of benzimid- 
azole (pAa 5 33) are extremely resistant to acid hydro
lysis.

The extreme stability of the I-glucopyranosylimid
azoles appears to mitigate severely against the formation 
of iV-glycosylhistidinyl intermediates in enzyme-cata
lysed glycoside hydrolyses.

EXPERIMENTAL

U .v. spectra (solutions in water or methanol) were re
corded w ith  a Perkin-Elmer 137 U V  spectrophotometer. 
N.m.r. spectra were recorded w ith Varian HA-IOOD and 

? H R -220 instruments, and analysed on a first-order basis. 
Assignm ents for the sugar ring protons were checked by  
double-resonance experim ents and by computer calculation  

I of spectra (program U EA  NM R BASIC *). Optical rota
tions were recorded at am bient temperature w ith  a Perkin- 
Elmer 141 polarimeter. T.l.c. was performed on silica gel 
[Polygram SIL-G sheets (Macherey-Nagel)] ; spots were 
located w ith  iodine or sulphuric acid.

1-(2,3,4, ̂ -Tetra-0-acetyl-^-V)-glucopyranosyl)imidazoU  
(la ).— This compound was prepared according to the pro
cedure of Bergmann and H eim hold." R ecrystallisation  
from propan-l-ol gave needles (43%), m.p. 205— 206° (lit.,^^ 
205— 208°), [a]p" - 7  3° (c 1 5  in CHCI3 ) [lit.,"  - 9 °  (c 0  7 
in  CHCI3 )] (Found: C, 51 15; H, 5 4; N, 7 2. Calc, for 
Ci^HggNgOg: C, 51-25; H, 5 55; N, 7-05%), 214 nm
(log E 3-58), T (CDCI3 ) 2-38 (IH , s, H-2), 2-92 (2H, s, H-4 
and H-5), ca. 4-65 (4H, m, H-1', H-2', H-3', H-4'), 5-71 
(IH , q, /ga',5 ' 4-7, /ea'.eb' 13-0 Hz, H - 6 a'), 5-84 (IH , q, /«b'.s' 
2 7, /sb'.ea' 13 0 Hz, H - 6 b'), 6-05 (IH , octet, J y  9-1, 
/s'.ea' 4-7, /s'.eb' 2-7 Hz, H-5'), and 7-93, 7-95, 8-00, and 
8-14 (each 3H, s, Ac).

) \-^-Ti-GlucopyranosyUmidazole (lb ).— Compound (la) was 
' deacetylated w ith methanolic amm onia a t 0 ° to  give

1-p-D-glucopyranosylimidazole (55%), m.p. 215— 216° (from 
propan-l-ol) (lit.,"  217— 218°; lit .,"  218— 220°), [a]g" 
-f  13-6° (c 1-0 in HgO) [lit.,"  12° (c 0-7 in H^O)] (Found: C, 
47-15; H , 6-25; N, 12-05. Calc, for CgH^^NgOg: C, 46-95;

* Atlas Computer Laboratory, S.R.C., Chilton, Berkshire.
S. G. A. Alivisatos, L. La Mantia, and B. L. Matijevitch, 

Biochem. Biophys. Acta, 1962, 58, 209.

H, 6-1; N . 12-15%), 210 nm (log e  3-63), t  (DgO) 1-58
(0-2H, s, partially exchanged H-2), 2-12 (IH , s, H-4), 2-39 
(IH , s, H-5), 4-16 (IH , d, 8-4 Hz, H-1'), ca. 5-7, (6 H, 
m, H-2' to  H - 6 '). Compound (lb) consumed 1-76, 1-97, 
and 1-99 mol. equiv. of periodate (4-60 mol. equiv. originally 
present) (theor. 2-0) after 1, 5, and 6  h, respectively, and 
gave no formaldehyde and 0-84 mol. equiv. of formic acid.

1- (2,3,4, ̂ -Tetra-O-acetyl-a.-'D-glucopyranosyT) imidazole 
(2a).— Xetra-O-acetyl-a-D-glucopyranosyl brom ide"  (32-9 
g) and im idazole (1 2 - 0  g) were dissolved in dioxan (80 ml; 
dried over sodium) and heated under reflux for 4 h. The 
m ixture was filtered and after the addition of xylene (30 ml) 
kept at 0° for 12 h. A solid was filtered off, washed several 
tim es w ith  water, and dried ; t.l.c. [benzene-m ethanol 
(9: 1 )] showed tw o major components to be present. 
E xtraction of this solid w ith  dry methanol gave a m ixture 
(4-0 g) richer in the faster-moving component. Chroma
tography of this m ixture on a column (100 x  4 cm) of silica 
gel (Merck 7734; 500 g) [elution w ith benzene-m ethanol 
(9 : 1)] followed by t.l.c. gave tetra-acetates (2a) (2-0 g, 
6-3%) and (la) (1-5 g). The former (2a) had m.p. 162—  
163° (from ethanol) 4-118° (c 1-5 in CHCI3) (lit.,"
m.p. 172— 173°, [a% -+-111°) (Found: C, 51-4; H , 5-7; N, 
6-85. Calc, for CiTHgaNgOg: C, 51-25; H , 5-55; N, 7-05%), 

223 nm (log e 3-10), t  (CDCI3) 2-11 (IH , s, H -2),
2-78 (IH . s, H-4), 2-84 (IH , s, H-5), 3-89 (IH , d, 5-1 
H z, H-1'), 4-33 (IH , q, 10-1, 8 - 6  H z, H-3'), 4-64
(IH , q, /a '.3 ' 10-2, 5-3 Hz, H-2'), 4-84 (IH , q,
8-75, /i'.g' 9-9 Hz, H-4')^ 5-74 (IH , q, /ga'.eb' 12 3, /g a .,  
4-6 Hz, H - 6 a'), 5-99 (IH , q, /gb'.sa' 12-45, /gb',5 ' 2-5 H z, 
H -6 b'), 6-45 (IH , octet, 10-0, /g'.ga' 4-4, jg'.gb' 2-3 Hz,
H-5'), and 7-93 (6 H, s), 7-97 (3H, s), and 7-99 (3H, s) 
(4 X Ac).

l-a.-'D-GlucopyYanosylimidazole (2b).— A m ixture ( 6  g) rich 
in a-tetra-acetate (2 a) was deacetylated in methanolic 
ammonia to  yield a m ixture (3-6 g) of 1-a- and -(3-D-gluco- 
pyranosylimidazoles (lb) and (2b). This m ixture was 
applied to  a column (50 X 3 cm) of D ow ex 1-X8 (OH") and 
eluted w ith deionised carbon dioxide-free water. Fractions 
( 1 0  ml) were analysed b y  paper chromatography [develop
m ent w ith  butan-1 -ol-ethanol-w ater (4 0 :1 1 :1 9 )];  frac
tions 215— 240 yielded the a-anomer (2b) (0-9 g, 2-4%), Ap
0-32 [jRp of p-anomer (2a) 0-24], which resisted attem pts at 
crystallisation; [a]jj" -+-104° (c 0-53 in H^O) (lit.,"  - f  104°) 
(Found: C, 46-85; H , 6-2; N, 12-0. Calc, for CgHigNgOg: 
C, 46-95; H , 6-1; N, 12-15%), 220 nm (log s 3-20), 
T (DgO) 1-83 (IH , s, H-2), 2-46 (IH , s, H-4), 2-78 (IH , s, 
H-5), 3-86 (IH , d, Ti'.a' 5-7 Hz, H-1'), 5-82 (IH , q, / .  .i, 5-7, 
Ta',3 ' 10-0 Hz, H-2'), 5-96 (IH , q, /g-.y 10-0, J ,  ..' 8 - 8  Hz, 
H-3'), 6-12 (2H, m, H - 6 a' and - 6 b'), 6-38 (IH , q, 8-9, 
/g ',6 ' 10-0 Hz, H-4'), and 6-62 (IH , octet, /g',*' 10-0, /g'.ga' 
4-8. /g'.gb' 3-2 Hz, H-5').

Compound (2b) consumed 1-05, 1-56, and 2-04 mol. equiv. 
of periodate (4-60 mol. equiv. originally present) (theor. 2-0) 
after 1, 5, and 8  h, respectively, and gave no formaldehyde 
and 0-96 mol. equiv. of formic acid.

H ydrolysis Experiments.— (a) Samples {ca. 0-015 g) of
1-a- and -p-D-glucopyranosylimidazole were heated sepa
rately in sealed tubes with 1 On-sulphuric acid, 6N-hydro- 
chloric acid, 0-565M-formic acid, pH 3 sodium formate buffer, 
N-sodium hydroxide, and water (2 ml of each, separately) 
at 100° for 12 h. No change in optical rotation from the 
initial values was detected during this period. After

"  A. J. Cleaver, A. B. Foster, and W. G. Overend, J , Chem. 
Soc., 1 9 5 9 ,  4 0 9 .
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neutralisation w ith IR-120(H+) and IR-4B(OH~) resins the 
solutions were analysed for glucose by use of glucose oxidase 
reagent "  and by paper chromatography [development w ith  
n-butan- 1-ol-ethanol-w ater (40 : 11 : 19) or propan-l-ol- 
amm onia [d 0 88) (3: 1)]. Paper chromatograms were 
sprayed w ith glucose oxidase reagent (W orthington 
Glucostat), silver nitrate-sodium  hydroxide reagent, or the 
Pauly reagent (diazosulphanilic acid) ; no evidence for 
anomérisation or hydrolysis was obtained.

(6) 1-p-D-glucopyranosylimidazole (0 5 g) was heated 
with 5N-sulphuric acid at 100° for 6 h. The solution was 
neutralised with 5N-sodium hydroxide, concentrated to 
dryness, and extracted with dry methanol. Crystallisation 
of the extract from propan-l-ol gave a solid (0 1 g) in
distinguishable from the starting material (paper chroma
tography and mixed m.p.).

(c) 1-a-D-glucopyranosylimidazole (0-020 g) was incubated  
at 37° w ith  yeast a-glucosidase (Sigma; 2-1 International 
U nits, measured by the rate of hydrolysis of ^-nitrophenyl 
a-D-glucopyranoside) in pH  6-8 phosphate buffer ( /  0-05; 
20 ml), and samples (1 ml) were analysed by the glucose 
oxidase procedure. I t  was established th at the presence of

J. B. Lloyd and W. J. Whelan, Analyt. Biochem., 1969, 30,
4 67 .

imidazole at the levels anticipated did not invalidate the 
glucose analysis, and a control experim ent was carried out 
w ith  m ethyl a-D-glucopyranoside (0-0194 g) as substrate. 
N o release of glucose from the a-glucosylimidazole was 
observed. 1-p-D-glucopyranosylimidazole (0-0115 g) was 
incubated a t 37° w ith  almond |3-glucosidase (Sigma; l g 
International U nits, measured b y  rate of hydrolysis of 
salicin) in 0-02M-citrate buffer, pH  5-3 (20 ml). A control 
experim ent was carried out w ith  cellobiose (0-0171 g) as 
substrate. N o release of glucose from the p-glucosylimid- 
azole was observed.
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