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The formose r e a c t i o n ,  by which a complex mixture  of  s u g a r s  

and s u g a r  a l c o h o l s  ( t h e  so-ca l led  formose) are produced by t h e  

base-catalyzed condensat ion of  formaldehyde, h a s  rece ived  much 

a t t e n t i o n  i n  connec t ion  w i t h  t h e  p r e b i o t f c  s y n t h e s i s  of  carbo-  

h y d r a t e s 2  and t h e  microbia l  u t i l i z a t i o n  of formose. 3-5 

however, h a s  not  been u s e f u l  y e t ,  because of  t h e  complexity of 

t h i s  product  mixture  (Fig.  l a ) .  Therefore ,  It  seemed d e s i r a b l e  

t o  make t h e  r e a c t i o n  more s e l e c t i v e .  

+Fornose Reac t ions .  Pa r t  18. For P a r t  17 ,  see r e f .  1. 

Formose, 
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FIG. 
1. 

The glc patterns of pertrimethylsilylated 
products 

obtained 
from 

(a) 
a conventional 

calcium oxide-catalyzed formose reaction in methanol 
starting 

from 
[HCHO]=1.0 M

 and 
[Ca0]=0.15 M

 
at 

6O
o

C
, and 

(b) 
selective formose reaction.in methanol starting 

from 
[HCHO]=1.0 M, [NaOHI- 

1.0 
M

 and 
[D-fructose]=1.39~10-~ 

M
 at 65°C. 
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A f t e r  s e v e r a l  a t tempts  t o  g a i n  i n s i g h t  i n t o  t h e  formose 

r e a c t i o n  and t o  make i t  s e l e c t i v e ,  w e  have succeeded i n  i s o l a t i n g  

products  from s e v e r a l  r e a c t i o n  mixtures  and have i d e n t i f i e d  them 

as  fol lows:  24-(hydroxymethyl)glycerol, 3,-C-(hydroxymethyl) 

C-(hydroxymethyl)pentulose, 11'12 p e n t a e r y t h r i t o l , '  and 3-C-(hydroxy- 

rnethy1)pentof~ranose.~~ 

formose r e a c t i o n  i n  a non-aqueous s o l v e n t ,  t h e  sodium hydroxide cat- 

alyzed r e a c t i o n  i n  methanol, which is shown t o  produce a branched 

l a c t o n e  as t h e  major product .  I n  a t y p i c a l  experiment, t h e  r e a c t i o n  

w a s  s t a r t e d  w i t h  1.0 M methanol ic  formaldehyde i n  t h e  presence  of 

sodium hydroxide (1.0 N) and D-fructose (1.39x10-' H) a t  6 5  OC under 

n i t r o g e n .  A t  ca. 90% consumption of formaldehyde (15-20 min) ,  t h e  

r e a c t i o n  was, s topped by a c i d i f y i n g  t h e  r e a c t i o n  mixture  t o  pH 6-7 

w i t h  9N methanol ic  ECl. Sugar y i e l d  (35% as g lucose)  w a s  determined 

by t h e  phenol -su l fur ic  a c i d  method.14 The formose v a s  per t r imethyl -  

s i l y l a t e d  and analyzed by gas- l iqu id  chromatography. 

togram shown i n  Fig.  l b  i n d i c a t e s  t h e  somewhat s e l e c t i v e  formation 

of t h e  product  corresponding t o  peak number 11 (33 g l c x ) .  

6-10 

pen ti  t o 1  , '7 ' 'lo 2,A-dl-C-(hydroxymethyl)pentitol, 6,7,9,10 2 , 4 4 i -  

Herein,  w e  wish t o  r e p o r t  a n  a s p e c t  of t h e  

The gas  chroma- 

The product  corresponding t o  peak 11 w a s  i s o l a t e d  by chroma- 

The product  (I.-) 
The 13C-NMR 

tography on charcoa l  wi th  water as  t h e  e l u e n t .  

w a s  ob ta ined  as c o l o r l e s s  c r y s t a l s  (mp. 1 6 1  " C ) .  

spectrum (CD OD; i n t e r n a l  s tandard ,  Me4Si) showed t h r e e  CH2 

carbons (61.94 t ,  62.23 t ,  70.52 t ) ,  a CH carbon (70.27 d ) ,  

a q u a r t e r n a r y  carbon atom (50.97 s) and a carbonyl  carbon atom 

(179.45 s) .  The H NMR spectrum of t h e  compound ((CD3)2SO; 

i n t e r n a l  s tandard ,  M e  S i )  showed f o u r  e q u i v a l e n t  CH pro tons  a t  

6 3.44 ( 8 ,  4H), CH2 protons  a t  6 4.15 (ZH, J-9 Hz) and a CH p r o t o n  

a t  6 4.36 ( s , lH) .  The chemical i o n i z a t i o n  spectrum, us ing  iso-  
butane  as a reagent  gas ,  showed a n  M+l i o n  a t  m/z 163 (base peak) ,  

c o n s i s t e n t  w i t h  t h e  molecular  f O n U d 8  of C H 0 The chemical  

i o n i z a t i o n  mass spectrum u s i n g  ammonia as a r e a g e n t  gas showed 

c h a r a c t e r i s t i c  i o n s  a t  m/z 180 (M+NH4, base  peak) ,  and 150  (M+NHl - 
HCHO). The s h i f t  of t h e  i o n  a t  m/z 180 i n  t h e  CI(NH3) mass 
spectrum t o  m/z 187 (d M+t?D4) i n  t h e  CI(ND3) mass spectrum i n d i -  

3 

1 

4 2 

6 1 0  5' 

+ 

+ 
3 
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328 SHIGEMASA ET AL. 

ca ted  t h a t  t h r e e  a c t i v e  hydrogens of hydroxy group were p re sen t  

i n  t h e  product (L). 
as follows: 2-C-(hydroxymethyl)glycerol, 

p e n t i t o l ,  ' ' ' 2,4-d i-C- (hydroxymethyl) pent  i t o 1  , 
2,4-di-C-(hydroxymethyl)pentulose, 11s12 p e n t a e r y t h r i t o l , 8  and 

3-C-(hydroxymethy1)pentofuranose. l3 

an a spec t  of t h e  fonnose r e a c t i o n  i n  a non-aqueous so lven t ,  t h e  

sodium hydroxide ca ta lyzed  r eac t ion  i n  methanol, which is shown 

t o  produce a branched l ac tone  a s  t he  major product .  

The I R  spectrum of 1. contained a s t rong  

3,-C-(hydroxymethyl) 6-10 

6,7,9,10 

Herein, w e  wish to  r epor t  

I n  a t y p i c a l  experiment, t h e  r e a c t i o n  w a s  s t a r t e d  wi th  1 . 0  M 

methanolic formaldehyde i n  t h e  presence of sodium hydroxide 

(1.0 M) and D-fructose (1.39xlO-' M) a t  65 OC under n i t rogen .  

A t  ca. 90% consumption of formaldehyde (15-20 min). t h e  r eac t ion  

was stopped by ac id i fy ing  the  r e a c t i o n  mixture t o  pH 6-7 wi th  9N 

methanoltc HC1. 

f o r  t o t a l  sugar14 (35%) by gas-liquid chromatography. The gas 

chromatogram shown i n  Fig.  l b  i n d i c a t e s  t h e  somewhat s e l e c t i v e  

formation of t h e  product corresponding to  peak number 11 (33 glcx) .  

The formose w a s  p e r t r i m e t h y l s i l y l a t e d  and analyzed 

The product corresponding t o  peak 11 was i s o l a t e d  by 

chromatography on charcoa l  wi th  w a t e r  as t he  e l u e n t .  The product 

(L) w a s  obtained as c o l o r l e s s  c r y s t a l s  (mp. 161 "C). The 13C-NMR 

2 spectrum (CD OD; i n t e r n a l  s tandard ,  M e  S i )  showed t h r e e  CH 3 4 
carbons (61.94 t ,  62.23 t ,  70.52 t ) ,  a CH carbon (70.27 d ) ,  

a qua r t e rna ry  carbon atom (50.97 s) and a carbonyl carbon atom 

(179.45 s). The H NMR spectrum of t h e  compound ((CD SO; 

i n t e r n a l  s t anda rd ,  M e  S i )  showed four  equ iva len t  CH pro tons  a t  

6 3.44 (s, 4H). CH protons a t  6 4.15 (2H. J-9 Hz) and a CH proton  

a t  6 4.36 ( s , lH) .  The chemical i on iza t ion  spectrum, us ing  i so -  

butane as a reagent  gas ,  showed an  M + l  i on  a t  m/z 163 (base peak), 

c o n s i s t e n t  wi th  a molecular formula of C H 0 The chemical 

i o n i z a t i o n  mass spectrum us ing  ammonia as a r eagen t  gas showed 

c h a r a c t e r i s t i c  i ons  a t  m/z 180 (M+NH4, base peak),  and 150 (M+NH4 - 
HCHO). The s h i f t  of t h e  ion a t  m/z 180 i n  t h e  CI(NH3)  m a s s  

spectrum t o  m/z 187  (d3M+ND4) i n  the  CI(ND3) mass spectrum ind i -  

1 
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THE FORMDSE REACTION 329 

cated that three active hydrogens of hydroxy group were present 

in the product (1>. 
band at 1770 cm-' indicative of a y-lactone. 

The IR spectrum of 1 contained a strong 

The above results led us to assign the product corresponding 

to peak 11 as 3,3-di-C-(hydroxymethyl)-3-deoxy-furanorono-1,4- 

lactone 1, 

1 - 

At present, we have not explained why 1. is formed with such 
selectivity under the reaction conditions employed. However, the 

formation of 1 is of interest from the standpoint of the prebiotic 
syntheses of deoxy sugars. 

mechanistic elucidation for the selective formation of 1. 
We are now undertaking studies on the 

REFERENCES AND FOOTNOTES 

1. Y. Shigemasa, H. Sakai, and R. Nakashima, Nipvon Kagaku 
Kaishi, in press. 

2. N. W. Gabel and C. Ponamperuma, Nature, 2 2 ,  453 (1967). 

3. T. Mizuno. K. Kawai. K. Muramatsu, and K. Bamba, Nippon Nonei 
Kanaku Kalshi, 46, 73 (1972). 

4. T. Mizuno, Kagaku no Rvoiki, 24. 58 (1973). 

5. A. H. Weiss, 0. V. Krylov, H. M. Sakharov, and V. B. 
Ghorochovatski, $. Food Process Preserv., 2, 63 (1978). 

6. Y. Shigemasa, C. Sakazawa, R. Nakashima. and T. Matsuura. 
Orinin of Life, 211 (1978). 

7. Y. Shigmeasa, 0. Nagae, R. Nakashima, C. Sakazawa, and T. 
Matsuura. J. Am. Chem. SOC., Lpp, 1309 (1978). 

8. Y. Shigemasa. Y. Matsuda, C. Sakazawa, and T. Matsuura, B U .  
Chem. SOC. Jpn., 50 ,  222 (1977). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



330 SHIGEMASA ET AL. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Y. Shigemasa, M. Kawahara. C. Sakazawa, R. Nakashima, and T. 
Matsuura, J. Catal., 62, 107 (1980). 

Y.  Shigemasa, T. T a j i .  E. Waki, and R. Nakashima, Bul l .  Chem. 
SOC. Jpn., 54, 1403 (1981). 

Y. Shigmeasa, S .  Akagi, E. Waki, and R. Nakashima, J. Cata l . ,  
65, 58 (1981). 

Y. Shigemasa, S. Akagi, R. Nakashima, and S. S a i t o ,  Carbohvd. -., Bp, C 1  (1981). 

Y. Shigemasa, T. Hamada, M. Hi rabayashi ,  E. Waki, R. Nakashima, 
K. Harada, N .  Takeda, and M. Suzuki. Chem. L e t t . ,  1981, 899. 

M. Dubois, K .  A. G i l l s ,  J .  K. Hamilton, P.  A. Rebers, and 
F. Smith, Anal. Chem., 23, l c O  (1956). 

M. Suzuki ,  K. Harada, N .  T :da, and A. Tatematsu, Biochemical 
Mass Spectrometry,  8.l. 33' 1981). 

T. Matsumoto, M. Komiyam- and S. Inoue, Chem. L e t t . ,  1980, 
839. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


