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ABSTRACT 

~ - ~ - G l u c o s i d e s  of pyromeconic acid (3-hydroxy-4-0~0- 
4H-pyra-rT), maltol ( 3 - h y d r o x y - Z - m e t h y l - 4 - 0 ~ 0 - 4 H - p y r a n )  and 
a-hydroxymaltol ( 3 - h y d r o x y - 2 - h y d r o x y m e t h y l - 4 - o x o - 4 H - p y r a n )  
were synthesized in one pot by reaction of stoichiometric 
amounts of acetobromoglucose and preformed hydroxypyrone 
anion followed by catalytic deacetylation with methanolic 
KOH. Products were identified and characterized by 
comparison of mp a n d  molar rotation with literature,and by 
FAB-MS,negative ferric chloride test, and H-1 and C-13 
N M R .  A l l  glycosides were levorotatory, beta and gave 
recognizable pseudo- molecular ions. 

I NT RO 0 U CT I ON 
A l t h o u g h  c o m p l e x  4-0x0-4H-pyran (4H-pyran-4-one;y- 

pyrone) derivatives, e.g. flavonoids, are quite common i n  

nature, simple monocycl ic pyrone derivatives are 
substantially less s o .  Therefore, it is not surprising 
that monocyclic pyrone glycosides are equally uncommon. 
To date only three such materials have been found to occur 
naturally. 
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382 LOOKER AND FISHER 

Pyromeconic acid 8-D-glucoside - (IUPAC:4-oxo-4-H- 
p y r a n - 3 - y l - B - D - g l u c o p y r a n o s i d e ,  ._ C.A. Registry # 5219- 
76-0), 8, has been found in several species of Erigeron 

It has an intensely bitter (fleabane, ragweed). 
taste and central nervous system activity. T h e  first 
study also noted the lack of free aglycon in the species 
that were studied. It was concluded that earlier reports 
o f  the free aglycon were due to decomposition of the 
glucoside during sample handling. 

Maltol B-D-glucoside - - (IUPAC: 2 - m e t h y l - 4 - 0 ~ 0 - 4 H - p y r a n -  
3 - y l - B - D - g l u c o p y r a n o s i d e ,  C. A. Registry # 20847-13-6) 9 
has been found i n  a number of Caryophyllaceae species, 
particularly Dianthus (pinks). I t  has also been found i n  

the larch Larix europaea D C  and the Canadian fir Tsuga 
canadensis, in both of which the free aglycon was thought 
t o  occur alone. T h e  aglycon and glucoside coexist in 
several species of Caryophyllaceae. 

a-Hydroxymaltol 6-D-glucoside _. (1UPAC:Z-hydroxy- 

Registry # 66543-09-3), 10, has been found i n  the 
fernbrake Petris inaequalis Baker var. aequata (Miq.) 
Tagawa. This is t h e  first reported occurrence of either 
a-hydroxymaltol or its glucoside in nature. 

One previous effort to synthesize pyromeconic acid 
8-D-glucosiLe - was unsuccessful under a variety o f  
reaction conditions. One maltol derivative, the B-4- 
ribofuranoside, has been prepared from tribenzoylribosyl 
bromide with m.ercuric cyanide as catalyst. 

- 

3,495 - 
3 4 
3 

’ 3’;b = 

3 

3 
3 

m e t h y l - 4 - o x o - 4 H - p y r a n - 3 - y l - B - D - g l u c o p y r a n o s i d e ,  - - C. A .  

7 

8 
- 

9 

RESULTS AND DISCUSSION 

8 
The experiences of Jerzmanowska and Markiewicz and 

i n  this laboratory have demonstrated the sensitivity o f  

hydroxypyrones to oxidizing metals, esterification 
conditions and competing nucleophiles. Furthermore, 
chelation of 4- and 6- coordinate metal i o n s  by 
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MONOCYCLIC PYRONE GLYCOSIDES 383 

hydroxypyrones appears to be preferred over glycosidation 
using chelating metals as catalysts. I n  no  case was the 
glycoside obtained when such metals were used as 
catalysts. Thus, synthesis of the title compounds was 
possible only by a modififed Michael synthesis inspired by 
DeBruyne and his co-workers (FIG.1). It involved 
reaction of stoichiometric amounts of methanolic 
hydroxypyrone anion (preformed by reaction of the 
aglycon--1, 2 ,  3 )  and acetobromoglucose, I 4, under 
anhydrous conditions. This step was followed directly by 
catalytic deacetylation of the unisolated tetraacetyl 
glucoside ( 5 ,  6 ,  7 ) ,  quenching with ion exchange resin, 
and gravity column chromatographic purification. O n  TLC 
employing silica gel containing a fluorescent indicator 
desired glucosides 8, 9, and - 10 were found to quench the 
fluorescence due t o  short wave U V  light and char with 
ethanolic sulfuric acid, whereas the aglycons quenched the 
fluorescence but did not char, and glycosyl by-products 
charred but did not quench fluorescence. I n  this way 
preliminary identification of both pyrone glucosides and 
by-products could be made in both the crude reaction 
mixture and purified fractions. The R ' s  of these 
compounds in 5:2 CH C1 -MeOH were: - 8 = 0.34, 2 = 0.36, 10 
= 0 . 2 9 .  A l l  three materials were soluble in water and 
D M S O ,  and moderately soluble in lower alcohols. 

10 

f 
2 2  

The synthetic products were further identified by 
comparison o f  molar rotations and melting points with 

I n  Table 1 ,  experimental melting 1 iterature values. 
points of the pyromeconic acid and a-hydroxymaltol 
derivatives (8 - and - 10) agree well with literature values. 
However, the reported melting point of the maltol 
glucoside, 9 ,  from Dianthus, is quite broad, possibly 
indicating an impure sample. Thus, comparison with the 
melting point o f  the synthetic product has limited 
utility. However, the molar rotation of synthetic 9 does 
agree fairly well with the literature value. Similar 

3 , 7  
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384 LOOKER AND FISHER 

. .  
0 

- 1 . ~ 9 ~  

- 2 ,  R - CH3 
- 3, R - CH20H 

- 8 , R = H  

- 9, R = CH3 

- 10,  R = CH20H 

- 5 , R a H  

6 ,  R = 

- 7, R = CH20H 
CH3 - 

FIG. 1. SYXTIIESIS  OF MONOCYCLIC PYRONE GLUCOSIDES.  

TABLE 1 

COMPARISON OF LITERATURE AND EXPERIMENTAL VALUES 
OF PYRONE GLUCOSIDES 

Xeltinq Point Molar Rotation 

Lit. Exptl.. L i t e r a t u r e  Ex p e r i me n t a 1 R e f  

- 8 196-201 195-198 -112'( 1.3X,H20) -94.69(4.5%,H20) 3 
- 9 120-132 115-118 -52.8'(H20Ia -54.07 (5. 2%,H20). 3 

- 10 148 149-152 -39. 3'(2.9%,H20) -38. 8'(4.81,H20) 7 

a. concentration not reported 
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MONOCYCLIC PYRONE GLYCOSIDES 385 

a g r e e m e n t  w a s  found between l i t e r a t u r e  and experimental 
[a] D Values for I 1 0 .  T h e  r o t a t i o n  f o r  s y n t h e t i c  5 agr e e s  
u i t h  the reported value i n  d i r e c t i o n  but is o f  
considerably snaller m a g n i t u d e ,  and may be a t t r i b u t a b l e  t o  
c o n c e n t r a t i o n  effects. 

Elemental a n a l y s i s  of the s y n t h e t i c  m a t e r i a l s  w a s  
c o n s i s t e n t  with c r y s t a l l i z a t i o n  of - 8 and - 9 as 
hemihydrates. T h e  latter a g r e e s  with the l i t e r a t u r e  
report. F u r t h e r m o r e ,  t h e  analysis of a - h y d r o x y m a l t o l  
g l u c o s i d e  showed it t o  c r y s t a l l i z e  as t h e  monohydrate. 
T h e  molecular w e i g h t s  of t h e  a n h y d r o u s  p r o d u c t s  w e r e  
confirmed by f a s t - a t o m  bombardment mass s p e c t r o m e t r y  
( F A B - M S )  in a glycerol matrix. A l l  three s a m p l e s  g a v e  
r e a d i l y  r e c o g n i z a b l e  p s e u d o m o l e c u l a r  i o n s .  F o r  several 
s a m p l e s ,  this a n a l y s i s  also showed the p r e s e n c e  of 
c o n t a m i n a t i n g  methyl B - 4 - g l u c o s i d e  ( Y H  = 185). 

2 0  

3 

+ 

T h e  s t r u c t u r e  and a n o m e r i c  c o n f i g u r a t i o n  of 8, 9 ,  
and w e r e  confirmed by c a r b o n - 1 3  N M R  ( F I G . 2 )  T h e  
chemical shifts of t h e  p y r o n e  and s u g a r  r e g i o n s  (TABLE 2) 
agreed q u i t e  well with published values f o r  t h e  a l y c o n i c  

11 ?2,13 , 14 
h y d r o x y p y r o n e s  and various s u g a r  derivdtives. 
C o m p a r i s o n  with t h e  C - N M R  s p e c t r u m  of a 3 - h y d r o x y f l a v o n e  
g l u c o s i d e  a l s o  showed d is t i n c t s i m i l a r i t i e s ,  
particularly in t h e  s u g a r  region ( s e e  F I G . 3 ) .  A s  c a n  be 
s e e n  from F I G .  3 a  and b., t h e  s u g a r  r e g i o n s  of 
2 - n i t r o p h e n y l  a- and B - 1 - g l u c o s i d e s  - s h o w  enough 
d i f f e r e n c e ,  m o s t  notably between 70 and 80 pp m ,  t o  m a k e  
d e t e r m i n a t i o n  of a n o m e r i c  c o n f i g u r a t i o n  c o m p a r a t i v e l y  
easy. F u r t h e r m o r e ,  as can be s e e n  in F I G .  3b., c. & d., 
t h e  peak pattern in t h e  region f r o m  70 t o  80 ppm i s  not 
very s e n s i t i v e  t o  aglycon s t r u c t u r e ;  nearly identical 
patterns a r e  observed for c a r b o n s  2 ,  3 ,  4 and 5 of g l u c o s e  
in t h e  p - n i t r o p h e n y l  B - D - g l u c o s  3 ide , kaempferol 
(3,5,7,4'-tetrahydroxyflavone)-3-0-, - and p y r o m e c o n i c  acid 
B - D - g l u c o s i d e s ,  as well as in methyl B - ~ - g l u c o s i d e  - (not 
shown). 

1 3  
1 5  

1 3  - 
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386 LOOKER AND FISHER 

L a d - .  . .-.-. ...-....~'--..-...-,..-.-.-. ............ ._. ................ 
WY.Y.U1*.-. 4 -'J7 

a. Pyromeconic a c i d  g l u c o s i d e .  Compound 8. 
--- _-._._... d_.. .............. .. ....... ...................................... 8 ............. 

-y Wc.d-M-- ull&.A"v:.l... .- 
I 

._ -_-- .. ...........- ---_--- ...........-....... 
b. Malto l  g l u c o s i d e .  Compound 9. 

c .--. -...----.- ................ .-C-CL- _._.... -.-..- ........_...._ 
c. a-Hydroxymaltol g l u c o s i d e .  Compound 2. 

FIG. 2. Carbon-13 spectra of title compounds. 
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MONOCYCLIC PYRONE GLYCOSIDES 387 

TABLE 2 

CARBO3-13 CHEMICAL SHIFT ASSICNMENTS. 

C- 

2 

3 

4 

5 

6 

1 '  

2 '  

3 '  

4 '  

5 '  

6 '  

R 

8 - 
P Pm HZ 

146.9 7387.3 

147.6 7426.6 

176.9 8900.2 

117.2 6894.2 

159.6 8025.8 

102.9 5177.1 

74.8 3762.8 

77.2 3880.7 

7 1 . 1  3576.1 

78.1 3929.8 

62.5 3143.9 
- -- 

159.2 8008.5 1S9.8 8039.4 

144.2 7253.6 143.6 7221.9 

179.0 9006.0 179.7 9042.8 

118.3 5953.9 119.1 5990.0 

166.9 8396.5 164.9 8928.5 

. 105.7 5319.2 104.8 5772.5 

75.9 3820.3 76.0 3824.3 

78 .1  3930.1 78.2 3933.0 

71.6 3601.9 71.9 3616.7 

78.8 3960.6 78.7 3960.0 

62.9 3163.4 63.1 3172.6 

17.7(CH3) 889.4 58.8(CH20H) 2959.6 

I t  i s  e m p h a s i z e d  t h a t ,  w h i l e  t h e s e  a r e  n o t  t h e  f i r s t  

s u c c e s s f u l  s y n t h e s e s  o f  m o n o c y c l i c  Y - p y r o n e  g l y c o s i d e s ,  
t h e  e x p e r i m e n t a l  c o n d i t i o n s  u s e d  i n  t h i s  l a b o r a t o r y  g i v e  
s o m e w h a t  h i g h e r  y i e l d s  o f  f r e e  g l y c o s i d e s  t h a n  t h o s e  
p r e v i o u s l y  r e p o r t e d  f o r  t h e  p r e p a r a t i o n  o f  m a l t o l  
r i b o s i d e  ( 9 . 9 6 %  o v e r a l l  f o r  t h e  r i b o s i d e  v s .  1 2 . 6 %  f o r  
m a l t o l  g l u c o s i d e  a n d  2 0 . 1 %  f o r  p y r o m e c o n i c  a c i d  
g l u c o s i d e ) .  P r i o r  t o  o b t a i n i n g  t h e  r e s u l t s  d e s c r i b e d  
h e r e i n ,  r e p e a t e d  a t t e m p t s  were  made  t o  s y n t h e s i z e  8 by 

r e a c t i o n  o f  p y r o m e c o n i c  a c i d  w i t h  a c e t o b r o m o g l u c o s e  i n  
p r e s e n c e  o f  m e r c u r i c  c y a n i d e  a s  c a t a l y s t .  S e v e n  t o  e i g h t  
p r o d u c t s  w e r e  o b t a i n e d ,  w h i c h  r e d u c e d  a n y  y i e l d  o f  8 b e l o w  
a c c e p t a b l e  l e v e l s .  I t  i s  p o s s i b l e  t h a t  c o m p e t i n g  r e a c t i o n  
by  m e r c u r i c  c y a n i d e  a t  C a n d / o r  a t  t h e  e n o l i c  h y d r o x y l  
g r o u p  o f  p y r o m e c o n i c  a c i  d 2 '  o c c u r s .  

9 

- 

I 

- 
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FIG. 3. Carbon-13 chemical shifts of the sugar region 
o f  representative glucosides: 
a. e-Nitrophenyl-a-D-glucopyranoside; - - 

b. p-Ni trophenyl-e-g-glucopyranoside; 
c. Kaempferol-3-~-B-D-g1 -. ucopyranoside; 
d. Pyromeconic acid @-D~-glucop,vranoside. - 

EXPERIMENTAL . -  

General Materials and Methods. All solvents were 
reagent grade, stored over 4 I! molecular sieve. T L C  was 
performed on 10-cm Mylar-backed Merck silica gel 60F 

254 plates. Spots were visualized with 10% H SO in 9 5 2  
ethanol, heated for 30 min at 1 0 5 ' C .  Purification of 2 .4 
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MONOCYCLIC PYRONE GLYCOSIDES 389 

c r u d e  r e a c t i o n  m i x t u r e s  w a s  on a 4 0  x 2 cm c o l u m n  o f  B a k e r  

o r  M e r c k  s i l i c a  g e l .  F r a c t i o n  v o l u m e s  w e r e  2 0 - 2 5  mL, 

c o l l e c t e d  w i t h  a n  I S C O  M o d e l  1 8 5 0  f r a c t i o n  c o l l e c t o r .  

M e l t i n g  p o i n t s  w e r e  t a k e n  on  a M e l - T e m p  a p p a r a t u s ,  

a n d  a r e  c o r r e c t e d .  S p e c i f i c  r o t a t i o n s  w e r e  o b t a i n e d  i n  

w a t e r  o n  a P e r k i n - E l m e r  1 4 1  P o l a r i m e t e r .  A l l  NMR 

s p e c t r o s c o p y  w a s  d o n e  o n  a V a r i a n  X L - 2 0 0  s u p e r c o n d u c t i n g  

i n s t r u m e n t ,  u s i n g  t h e  5mm b r o a d b a n d  p r o b e .  S o l v e n t  w a s  

D 0 ;  r e f e r e n c e  w a s  s o d i u m  3 - ( t r i m e t h y l s i l y l ) - n - p r o p y l  
s u l f a t e .  F A B  m a s s  s p e c t r a  w e r e  t a k e n  on  a n  A E I  MS-50TA 

i n s  t r u m e n t .  
4 - 0 ~ 0 - 4 H - p y r a n - 3 - y l - B - D - g l u c o p y r a n o s i d e  ( P y r o -  

m e c o n i c  A c i d  G l u c o s i d e l .  [ M W  2 7 4  ({)I. A s o l u t i o n  o f  

0 . 5 6 9  p y r o m e c o n i c  a c i d  i n  11 mL o f  2 . 5 %  m e t h a n o l i c  K O H  

( 0 . 0 0 4 9 5  m o l e  KOH) w a s  a d d e d  d r o p w i s e  t o  a s o l u t i o n  o f  

2 . 0 5 5 9  a c e t o b r o m o g l u c o s e  ( 0 . 5 5 5  m o l e )  i n  2 0  mL d r y  

a c e t o n e .  T h e  r e s u l t i n g  m i x t u r e  w a s  s t i r r e d  f o r  8 h o u r s ,  

a f t e r  w h i c h  2 . 5  mL o f  5 %  m e t h a n o l i c  K O H  ( 0 . 0 0 2  m o l e  KOH) 

w a s  a d d e d .  The. r e a c t i o n  w a s  a l l o w e d  t o  p r o c e e d  f o r  a n  

a d d i t i o n a l  3 6  h o u r s ,  t h e n  q u e n c h e d  w i t h  A m b e r l i t e  I R - 1 2 0 H  

i o n - e x c h a n g e  r e s i n .  T h e  r e s i n  w a s  f i l t e r e d  o f f ,  a n d  t h e  

s o l v e n t  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e  w h e n  i n o r g a n i c  

s a l t s  p r e c i p i t a t e d .  T h e  r e s u l t i n g  y e l l o w  s y r u p  w a s  

d i s s o l v e d  i n  1 . 5  mL 1 : l  MeOH-CH C 1  a n d  c h r o m a t o g r a p h e d  

o n  a 4 0 - c m  s i l i c a  g e l  c o l u m n  w i t h  1 0 %  MeOH i n  CH C 1  a s  

e l u e n t .  N o  e f f o r t  was  m a d e  t o  r e m o v e  t h e  i n o r g a n i c  

m a t e r i a l s  f r o m  t h e  l o a d e d  s o l u t i o n .  T h e  f r a c t i o n s  w h i c h  

w e r e  i d e n t i f i e d  b y  TLC w i t h  5 : 2  CH C 1  -MeOH, R = 0 . 3 4 ,  a s  
c o n t a i n i n g  t h e  d e s i r e d  g l u c o s i d e  w e r e  p o o l e d  a n d  t h e  

s o l v e n t  a i r - e v a p o r a t e d .  T h e  o f f - w h i t e  m a t e r i a l  t h u s  

o b t a i n e d  was r e c r y s t a l l i z e d  f r o m  9 5 %  e t h a n o l  ( t h i s  s t e p  

w a s  f o u n d  l a t e r  t o  b e  u n n e c e s s a r y ) ,  a n d  d r i e d  i n  v a c u o  

o v e r  NaOH. A v e r a g e  y i e l d  w a s  2 7 5  mg 

1 9 5 - 1 9 8 ' C ,  [ a ] ~  ( 4 . 5 % ,  H 0 ) - 9 4 . 6 9 4 0 ;  MH 2 7 5 .  C - N M R  
d a t a  a r e  r e p o r t e d  i n  TABLE 2 .  

F o u n d :  C ,  4 6 . 6 7 ;  H ,  5 . 3 9 .  

- 2 

2 2 '  

2 2  

2 2  f 

+ ( 2 0 . 1 % l j  mp 2 0  

2 

A n a l .  C a l c d  f o r  C H 0 * 1 / 2  H O : C ,  4 6 . 6 4 ;  H ,  5 . 3 0 .  
11 1 4  8 2 
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2 - M e t h y l - 4 - o x o - 4 H - p y r a n - 3 - y l - B - D - g l u c o p y r a n o s i d e  
( M a l t o l  G l u c o s i d e )  [ M W  2 2 8  (?)I. M a l t o l  ( 0 . 6 3 9 ;  0 . 0 0 5  
m o l e )  a n d  2 . 0 5 5 9  a c e t o b r o m o g l u c o s e  were t r e a t e d  a s  a b o v e ,  
e x c e p t  t h a t  5% MeOH i n  C H , C l ,  was u s e d  a s  c o l u m n  e l u e n t .  

L L  
S o l v e n t  f r o m  t h e  p o o l e d  f r a c t i o n s  was a i r - e v a p o r a t e d  t o  
2 0 %  o f  i n i t i a l  v o l u m e ,  a n d  t h e  r e m a i n d e r  r e m o v e d  i n  a 
vacuum d e s i c c a t o r  o v e r  NaOH, t h e n  CaSO . T h e  p r o d u c t ,  
0 . 3 6 ,  mp 1 1 5 - 8 ' C ,  s o l i d i f i e d  d u r i n g  t h i s  t r e a t m e n t .  The 

2 0  + 
y i e l d  was 0 . 1 8 1 9 ,  (12.6%); [ a ] ~  ( 5 . 2 % ,  H 0 ) - 5 4 . 0 7 4 ' ,  M H  
2 8 9 .  C - N M R  d a t a  a r e  r e p o r t e d  i n  T A B L E  2 .  

F o u n d :  C ,  4 7 . 9 1 ;  H ,  5 . 9 8 .  

p y r a n o s i d e  ( a - H y d r o x y m a l t o l  G l u c o s i d e l  [ M W  304  (lo)]. 
a - H y d r o x y m a l t o l  ( 0 . 7 1 9 ;  0 . 0 0 5  m o l e )  a n d  2 . 0 5 5 9  

a c e t o b r o m o g l u c o s e  were  t r e a t e d  a s  a b o v e  f o r  p y r o m e c o n i c  
a c i d  g l u c o s i d e ,  u s i n g  1 5 %  MeOH i n  C H  C1 a s  c o l u m n  e l u e n t .  
The p r o d u c t  c r y s t a l l i z e d  d u r i n g  a i r - e v a p o r a t i o n  o f  t h e  
p o o l e d  f r a c t i o n s ;  R 0.29; mp 1 4 9 - 5 2 ' C .  T h e  y i e l d  was 
0 . 1 7 3 9  ( 1 1 . 4 % ) ;  [ ~ ] ~ : ( 4 . 8 % ,  H 0 ) - 3 8 . 8 1 ;  M H +  3 0 5 .  C - N M R  

d a t a  a r e  r e p o r t e d  i n  T A B L E  2 .  

R f  4 

1 3  2 

A n a l .  C a l c d  f o r  C tI 0 * 1 / 2  H 0 :  C ,  4 8 . 4 8 ;  H ,  5 . 7 2 .  

2 - H y d r o x y m e t h y l - 4 - o x o - 4 H - p y r a n - 3 - y l - B - D - g l u c o -  

1 2  1 6  8 2 

2 2  

1 3  
2 

A n a l .  C a l c d  f o r  C H 0 * H  0 :  C ,  4 4 . 7 2 ;  H ,  5 . 5 9 .  
1 2  1 6  9 2 

F o u n d :  C ,  4 4 . 3 1 ;  H ,  5 . 4 6 .  
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