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COMMUNICATION 

FIRST SYNTHESIS OF DL-2-C-HYDROXYMETHYL-3-PENTULOSE 

IN THE FORMOSE REACTION* 

Yoshihiro Shigemasa. Takaaki Ueda. and Hiroyuki Saimoto 

Department of Industrial Chemistry, Faculty of Engineering, 
Tottori University, Tottori 680, Japan 

Received January 3, 1989 - Final Form February 27, 1989 

The formose reactions' in N,M-dimethylformamide (DMF) catalyzed by 

2-(dimethy1amino)ethanol and thiamine hydrochloride, have been found to 

give rise to dihydroxyacetone and DL-glycero-tetrulose selectively at 

1.1 M and 3.0 M of formaldehyde concentration, respectively. In our 

consecutive study on the formose reaction in DMF, it has been fortunately 

found that the distribution of products is able to be controlled by the 

amount of water added to the reaction mixture. We describe herein the 

first example of the favored formation of DL-2-L-hydroxymethyl-3-pentu- 

lose (GP-19') in the formose reaction using DMF-HzO solvent, and it's 

isolation and structure elucidation. 

In  a typical experiment, the reaction was performed with &,M- 

dimethylformamide (138 mL). H20 (17 mL), and 3.0 M formaldehyde (17.1 g) 

9 
Formose reactions. Part 26. For Part 25, see ref. 1. 
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Fig. 1, GLC patterns of Pert rimethylsilylated products obtained from selective formose 
reactions in: (a) N,N-dimethvlformamide in the presence of 1.1 M formaldehyde, 28 mM 
thiamine hydrochloride, and 0.11 M 2-(dimethylamino)ethanol at 60°C, (b) 138 mL N,N- 
dimethylformamlde and 17 mL water in the presence of 3,O M formaldehyde, SO mM 
thiamine hydrochloride, and 0,3 PI triethvlamine at 75OC, 
Dm, Dd, and Dd': monomer and diastereomeric dimers of dihvdroxvacetone; 
2-H-3-P : 2- hydroxyne t hy 1 -3-pentu 1 ose , 
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FIRST SYNTHESIS OF DL-2-C-HYDROXYMETHYL-3-PENTULOSE 671 

i n  t h e  presence o f  1M t r i e t h y l a m i n e  (25 mL)  and 50 m M  t h i a m i n e  hydroc- 

h l o r i d e  (3.0 g) a t  75°C under n i t rogen.  A t  va r ious  t i m e - i n t e r v a l s ,  a l i -  

q u o t s  ( 5  mL) were  t r a n s f e r r e d  i n t o  a 10-mL f l a s k  and t h e  r e a c t i o n  was 

quenched immed ia te l y  by a c i d i f i c a t i o n  w i t h  9M h y d r o c h l o r i c  acid. These 

a l i q u o t s  were  a n a l y z e d  f o r  f o r m a l d e h y d e  by  t h e  me thod  o f  B r i c k e r  and 

J o h n ~ o n , ~  except t h a t  t h e  absorbance was measured a t  579 nm. The pro- 

d u c t  d i s t r i b u t i o n  as p e r t r i  m e t h y l s i l y l a t e d  p roduc ts  was de termined by 

GLC, t h e  p a t t e r n  o f  which (Fig. l b )  c l e a r l y  i n d i c a t e d  t h e  favo red  forma- 

t i o n  o f  a p r o d u c t  c o r r e s p o n d i n g  t o  peak  number 19l (GP-19I) (30% by  

GLC). 

A f t e r  1 h, t h e  r e a c t i o n  m i x t u r e  was n e u t r a l i z e d  and concen t ra ted  t o  

ca. 50 mL under reduced pressure  (2530°C /1 mmHg), t hen  t h e  concen t ra te  

was passed t h r o u g h  a c o l u m n  o f  a c t i v e  c a r b o n  w i t h  w a t e r  as e l u e n t .  

C o n c e n t r a t i o n  o f  t h e  f i l t r a t e  gave a p a l e - y e l l o w  s y r u p  (14.2 g, con- 

t a i n e d  GP-19' 28% by  GLC). GP-19l (1.3 g, a c o l o r l e s s  s y r u p )  was i s o -  

l a t e d  by r e p e a t i n g  chromatography on c e l  lu ' lose powder w i t h  wet  n-butanol  

as e luent :  

i n t .  standard, sodium2,2-dimethyl-2-si lapentane-5-su l  f o n a t e ) :  

I/ max 3300-3400 (O-H) and 1710 (C=O) cm-'; 'H NMR(D20; 

5 3.61 (d, 

2H, 5-11.7 Hz, -C(OH)(HCHOH)(HCH-OH)), 3.83(d, l H ,  Jz11.7 Hz, -C(OH)- 

(HCHOH)(HCHOH)), 3.83(dd, 1 H, J=5.4 and 12.2 Hz, -HC(OH)(HCHOH)), 

3.85(d, l H ,  J-11.7 Hz, -C(OH)(HCHOH)(HCHOH)), 4.00(dd, I H ,  J t3 .4  and 

12.2 Hz, -HC(OH)(HCHOH)), and 4.86(dd, 1H. J=3.4 and 5.4 Hz. O=C-CH(0H)- 

); 3C-n.m.r.( D20, i n t. s t a n d a r d ,  s o d i  urn 2.2-dimethyl-2-si lapentane-5- 

s u l f o n a t e ) :  6 6 4 . 9 ( t ) ,  6 6 . 4 ( t ) ,  6 7 . 4 ( t ) ,  78.5(d),  86 .8(s ) ,  a n d  

217.4(s), c o r r e s p o n d i n g  t o  3 CH2, a CH, and a q u a r t e r n a r y  C g roups ,  and 

a carbony l  C atom. A f t e r  a c e t y l a t i o n  w i t h  a c e t i c  anhydr ide  i n  p y r i d i n e ,  

t h e  a c e t y l a t e d  p roduc t  1 was i s o l a t e d  by  t h i n  l a y e r  chromatography on 

s i l i c a  g e l  w i t h  me thano l -benzene  (1: lO v / v )  a t  Rf=0.26. The p r o d u c t  1 

was ob ta ined  as a c o l o r l e s s  syrup; Qmax 3400-3450 (O-H), 2920, and 1740 

(C=O) cm-'; ' H  NMR(CDC13: i n t .  s t a n d a r d ,  Me4Si): 6 2.09, 2.10, 2.13, and 

2.16 (each  peak: s, 3H, -C=OCH3). 3.95(s, l H ,  -OH), 4.25 and 4.27(d, l H ,  
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J = l  

and 

OAc 

. 7  Hz, - C ( O H ) (  HCH-OAc)( HCH-OAc) and -C(OH)(HCH-OAc) (HCH-OAc)), 4,38 

4.40(d, 1 H, J=11.7 Hz, -C(OH)(HCH-OAc)(HCH-OAc)  and -C(OH)(HCH- 

(HCH-OAc)), 4.42(dd, 1 H, J=5.9 and 12.2 Hz, -HC(OAc)-HCH-OAc), 

4.65(dd, 1H. J=2.9 and 12.2 Hz, -HC(OAc)-HCH-OAc), and 5.82(dd, l H ,  

J=2.9 and 5.9 Hz, -HC(OAc)-HCH-OAc); 1 3 C  NMR(CDCl3; i n t .  s t a n d a r d ,  

M e q S i ) :  6 20.4(q), 20.6(2q),  20 .7(q) ,  61 .7 ( t ) ,  65 .9 ( t ) ,  6 6 . 7 ( t ) ,  

74.3(d), 77.2(s), 170.0(s), 170.6(s), 170.9(s), 171.6(s), and 203.9(s) 

c o r r e s p o n d i n g  t o  4 O=C-CH3, 3 CH2, a CH, a q u a t e r n a r y  C, and 4 O=C-CH3 

g r o u p s  and a c a r b o n y l  C atom: m.s.(70 eV); m / z  349(MH+, 3), 331(MH+- 

H20, 31 1, 21 7(44), 173(76), 131(86), 61 (100). Thus, t h e  s t r u c t u r e  o f  

t h e  p r o d u c t  1 was e s t a b l i s h e d  as DL-1,4,5,6-tetra-Q-acetyl-2-C-hydro- 

xymethyl-3-pentulose. GC-MS o f  p e r t r i m e t h y l s i l y l a t e d  d e r i v a t i v e  o f  

GP-19l (70  eV); m / z  540(M+, 2). 525(M+-CH3, 4), 435(M+-CH3-Me3SiOH, 31), 

309(97), 308(92), 218(92), 156(97), 73(24). 

CH~OAC CH20H 
I I 

HO-C-CH~OAC HO-C-CH20H 
I I 
C=O C=O 
I I 
CHOAc CHOH 
I I 
CH20Ac CH20H 

1 2 

These r e s u l t s  i n d i c a t e  t h a t  t h e  p r o d u c t  cor respond ing  t o  peak number 19 1 

(GP-19') i s  DL-2-hydroxymethyl-3-pentulose (2-H-3-P)(2). 

On t h e  b a s i s  o f  t h e  f o r m a t i o n  o f  2-H-3-P i t  i s  s u g g e s t e d  t h a t  3- 

pentu lose  would be a p recu rso r  o f  2-H-3-P and shou ld  be formed s e l e c t i -  

v e l y  i n  t h e  formose r e a c t i o n  under s u i t a b l e  r e a c t i o n  cond i t i ons .  We 

have g o t  t h e  exper imen ta l  r e s u l t s  s u p p o r t i n g  t h e  f o r m a t i o n  o f  3-pentu- 

l o s e  i n  t h e  f o r m o s e  r e a c t i o n  c a t a l y z e d  by  t h i a m i n e  h y d r o c h l o r i d e  and 

Pb20(0H)2 i n  d i m e t h y l s u l f o x i d e  and have t r i e d  t o  i s o l a t e  3 - p e n t u l o s e  

f rom t h e  formose. We a r e  now under tak ing  s t u d i e s  on t h e  mechan is t i c  

e l u c i d a t i o n  f o r  t h e  favored f o r m a t i o n  o f  2-H-3-P. It has become appa- 

r e n t  t h a t  2-H-3-P w o u l d  be  a p r e c u r s o r  o f  2,4-bis(hydroxymethy1)-3- 

pentu lose  and 2,4-bis(hydroxymethyl)penti t o 1  wh ich  a r e  formed s e l e c t i v e -  

l y  and i s o l a t e d  f rom t h e  f o r r n o ~ e . ~  
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