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Deoxyhalogenosugars constitute an important class of compounds for 
1-3 the synthesis of other carbohydrate derivatives. 

this class are of interest in their own right, being intensely sweet 
or possessing anti-cariogenic 6 y 7  or male anti-fertility properties. 

Several members of 
4Y5 
8-1 1 

As part of an ongoing programe.on the synthesis of chlorinated car- 
bohydrates, we became interested in the preparation of deoxyhalosorbose 
derivatives. A recent publication12 about selective sulphonylation of sor- 

bose derivatives prompted us to disclose at this time our results on se- 
lective halogenation, which has lead to the preparation of 6-chloro-6-de- 
oxy-L-sorbose - (1) and 1,6-dichloro-1,6-dideoxy-~-sorbose (2). 

Preliminary experiments aimed at the selective halogenation of sor- 
bose itself failed to give encouraging results and therefore the use of a 
blocked cyclic form was envisioned. Readily available sorbofuranose acetal 

- 313 was used as a common starting material. The order of reactivity of the 
various hydroxyl groups was expected to be OH-6 > OH-1 > OH-4. Thus when 

14,15 treated with triphenylphosphine/carbon tetrachloride in pyridine, * 

smoothly led to the monochlorinated derivative 5 in 81 X yield after pu- 
rification. That the chlorine was introduced at position -6 was revealed 
by the high-field resonance of C-6 in the 13C NMR spectrum (S=40.1 ppm) , 
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4 - Sorbose - 

HO I 

OH 
3, 

1 'I 

X & H 

OH 
f X  = c1  

CI 

OH 1 

OH 
6 - 

iii 1 
CI 

i = P [ c6  H 5 1 3 ,  C X4, p y r .  

ii = MsC1, DMF 

iii= OOWEX 

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



SELECTIVE HALOGENATION OF L_-SORBOSE DERIVATIVES - 1 6 1  

the  C-1 resonance remaining unchanged (6=63.6 ppm). Subs t i t u t ion  of car -  

bon t e t r a c h l o r i d e  by carbon tetrabromide gave t h e  corresponding bromo 

de r iva t ive  5. These halogenation r eac t ions  a r e  reminiscent of s i m i l a r  re- 

s u l t s  t h a t  have been obtained with sucrose de r iva t ives .  

namely double displacement of a dimesylate by ch lo r ide .  19,20 This one 
pot  r eac t ion  when appl ied  t o  2 (MsCl/DMF-65'C-18 h) gave 5 i n  79 ,Z iso- 

l a t e d  y i e l d .  For comparison purposes, 5 was a l s o  obtained i n d i r e c t l y .  

Compound I ,  ava i l ab le  in  th ree  s t e p s  from sorbose,21 w a s  submitted t o  t h e  

above triphenylphosphine/carbon t e t r a c h l o r i d e  r eac t ion  which y ie lded  the  

same d ich lo r ina t ed  compound. Once aga in ,  no halogenation of t h e  secondary 

alcohol w a s  observed. 

16-18 

A d i f f e r e n t  approach was necessary t o  ob ta in  a d ich loro  de r iva t ive ,  

Hydrolysis of the  a c e t a l  group w a s  non- t r iv ia l  as a number of a c i d i c  

reagents  ( t o s i c  ac id ,  formic ac id ,  hydrochloric ac id ,  t r i f l u o r a c e t i c  a c i d  

and r e s i n s  such a s  Amberlite 200 o r  IRC 50) were t r i e d  unsucessfu l ly .  Howe- 

ve r ,  exce l l en t  r e s u l t s  were subsequently achieved with Dowex 50W X8, which 

allowed t h e  prepara t ion  of pure _L and 2 i n  q u a n t i t a t i v e  y i e l d .  I t  i s  of 

i n t e r e s t  from a conformational s t a b i l i t y  poin t  of view t o  n o t e  t h a t  2 i n  

aqueous so lu t ion  gave the  expected a and B anomeric forms (13C NMR spectrum) 

but  only one of these  (a) could be de tec ted  f o r  t he  monochlorinated deriva- 

t i v e  r. 

EXPERIMENTAL 

General Methods. Solvents and reagents  were obtained from Aldrich.  

TLC : Precoated s i l i c a  g e l  60 F - 254 p l a t e s  (Merck). Column chromatogra- 

phy : s i l i c a  ge l  (35-70um AMICON). '€I NMR and 13C NMR : Spectrometer 

Brucker WB 300 ; chemical s h i f t s  a r e  expressed i n  ppm r e l a t i v e  t o  tetrame- 

thy l i s ane  a s  an i n t e r n a l  standard (solvent : CDCl  ). For spec t r a  recorded 

in  D20, chemical s h i f t s ,  expressed i n  ppm, are r e l a t i v e  t o  a re ference  lo -  

ca ted  a t  -2000 Hz from Deuterium resonance. Coupling cons t an t s  are given i n  

Hz . 

3 

Melting po in t s  a r e  incor rec ted  and o p t i c a l  r o t a t i o n s  w e r e  determined 

on a Jobin Yvon polarimeter.  
- 1,6-Dichloro-l ,6-dideoxy-2,3-O-~sop~pyl~denelr-~-sorbofuranose (6). 
a )  To a so lu t ion  of carbon t e t r a c h l o r i d e  (20 nL, 206 mmol) i n  pyr id ine  

(145 uL) dr i ed  over KOH, were added I (5 g, 21 mmol) and triphenylphosphine 

(10.5 g, 40 mmol) a t  O°C. The mixture w a s  then s t i r r e d  a t  50 'C f o r  25 min. 
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162 BEAUPERE ET AL. 

and 20 mL of methanol were added t o  quench excess  r e a g e n t s .  After evapora- 

t i o n  of t h e  v o l a t i l e s  under reduced p r e s s u r e ,  c o l u w  chromatography was 
performed. E l u t i o n  wi th  3:2 acetone-cyclohexane a f f o r d e d  2 (4.6 g, 85 X )  : 
mp 69-71 *C; [a]: =-3.0 (C 5 1 ,  EtOH); 'H NMR (CDC13) 6 1.37 (CH3), 1.49 

(CH3), 3.65 (d, H-6 and H-6'), 3.71 (d,  lH, J ,= 11.9 Hz, H-l), 3.76 (d, 

lH, H-l '),  4.29 (d, lH, J4,5= 2.5 Hz, H-41, 4.44 (my IH, J 

4.51 (s, lH, H-3); 13C NMR (CDC13) 6 39.53 (C-61, 44.47 (C-l), 73.90 (C-51, 

81.80 (C-4), 85.16 (C-3), 113.0, 113.51 (C-2 and C i P r ) ,  26.30 (CH3), 27.40 

(CH3). 
Anal. Calcd f o r  CgH1404C12: C,  42.02; H, 5.45; C 1 ,  27.62. Found : 

C, 41.90; H, 5,46; C1 ,  27.58. 
b) A s o l u t i o n  of 3 (1.0 g, 4.54 armol) and mesyl c h l o r i d e  (2.1 g ,  18.33 

1 9 1  
= 7.8 Hz, H-5), 

5Y6 

mmol)  i n  dimethylformamide (25 mTJ was s t i r r e d  a t  65 "C for 16 h .  After 

t rea tment  wi th  a s o l u t i o n  of sodium methoxide i n  methanol and evapora t ion  
of t h e  v o l a t i l e s  under reduced p r e s s u r e ,  c o l u w  chromatography (hexane - 
e t h y l  acetate 8:2) gave pure 5 (1.05 g, 90 X). 

6-Chloro-6-deoxy-2,3-O-~sopropylidene-cl-~-sorbofuranose (4). 
When submit ted t o  t h e  same c o n d i t i o n s  as d e s c r i b e d  f o r  5 (procedure  a )  

compound 2 gave 4 i n  82 X i s o l a t e d  y i e l d  on a 20 mmol scale. Chromatographic 

p u r i f i c a t i o n  was achieved e l u t i n g  w i t h  6:4 hexane - ace tone  : mp 107-108 'C; 

[cf,]26)= +4.0 (C - 1,  MeOH); 'H NMR (CDC13) 6 1.30 (CH3), 1.48 (CH3), 3.65 

(d, ?H, J l y l ,  = 11.6 Hz, H-11, 3.66 (d, 2H, H-6 and H-6'), 3.86 (d,  lH, H-1'); 

4.18 (d, lH, J = 2.5 Hz, H-4), 4.41 (m, lH, J = 7.4 Hz, H-5), 4.42 

(s, lH, H-3); 13C NMR (CDC13) 6 40.10 .(C-6), 63.63 (C-l), 73.85 (C-5), 

82.02 (C-41, 86.10 (C-31, 112.60, 113.63 (C-2 and C i P r ) ,  27.11 (CH3), 26.14 

(CH3) . 
Anal. Calcd f o r  C H 0 C 1  : C ,  45.28; H, 6.29; C 1 ,  14.88. Found : 

C,  45.15; H, 6.40; C 1 ,  14.79. 

495 5Y6 

9 15 5 

6-Bromo-6-deoxv-2,-&-sorbofuranose - (2). 
S u b s t i t u t i n g  carbon t e t r a c h l o r i d e  w i t h  carbon te t rabromide ,  the proce- 

dure a )  d e s c r i b e d  for t h e  p r e p a r a t i o n  of 5, gave 5 i n  82  % y i e l d  from 2 : 
mp 109-110 'C, [a]; = +13.6 (C = 1 ,  MeOH); 'H NMR (CDC13) 6 1.31 (CH3), 

1.50 (CH3), 3.45 (m, lH, J6,6,= 10.6 Hz, J5,6= J5,6,= 6.4 Hz, H-6), 3.50 
(m, lH, H-6'), 3.66 (d, lH, J ,= 11.5 Hz, H-11, 3.87 (d, lH, H-l ' ) ,  4.22 

(d, lH, J4,5= 2.5 Hz, H-41, 4.45 (s, lH, H-31, 4.48 (my 1H,  H-5); 13C NMR 

112.60, 113.77 (C-2 and C i P r ) ,  26.15 (CH3lJ 27.13 (CH3). 

Anal. Calcd f o r  CgH1505Br : C,  38.16; H, 5.30; B r ,  28.30. Found : C, 38.04; 

H, 5.34; Br, 28.16. 

1,1 

(CDC13) 6 27.19 (C-6), 66.63 (C-11, 74.0 (C-5), 81.91 (C-4), 86.12 (C-31, 
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1 , 6-Dichloro-1 , 6-dideoxy-L=-- (2) . 
Dowex r e s i n  (50 WX8 - 14 mL - 70 eq.H ) was added t o  5 (4 g, 15.6 mmol) + 

i n  water (35 mL). The mixture was  s t i r r e d  f o r  3 h a t  60 "C. After  f i l t r a -  

t ion,  the r e s i n  was washed with water. The aqueous phase w a s  then concentra- 
ted under reduce pressure and 2 was obtained as a syrup (3.3 g) which 

c r y s t a l l i z e d  upon standing as a waxy s o l i d  : mp 75 "C (sof tens) ,  88-89 "C 
( fu l ly  melts) ; 13C NMR (D20) 6 44.17 (C-6 a and B) ,  46.79 (C-1 81, 48.0 

(C-1 a) 76.54, 78.18, 79.49 (C-3, C-4, C-5 a), 83.86, 81.13, 77.19 (C-3, 

C-4, C-5 B) 102.67 (C-Za), 107.15 (C-2 8 ) .  
Anal. Calcd f o r  C6H1004C12 : C,  33.18; H, 4.61; C 1 ,  32.72. Found : 

6-Chloro-6-deoxy-L-sorbose (1) . 
Using the procedure described f o r  2, 1 was obtained quan t i t a t ive ly  from 

C, 33.10; H, 4.69; C1,  32.68. 

- 4 as a co lo r l e s s  syrup : 13C NMR (D20) 6 44.21 (C-61, 64.0 (C-l), 75.70, 

76.39, 78.17 (C-3, C-4, C-51, 102.50 (C-2). 

Anal. Calcd f o r  C6H1105C1 : C, 36.27; H, 5.54; C 1 ,  17.88. Found : 

C, 36.41; H, 5.57; C l ,  17.78. 
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