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ABSTRACT 

The reac t i on  o f  2~3~4~6-tetra-~-acetyl-8-D-glucopyranose w i t h  
2.3,4,6-tetra-0-acetyl-~a-~-glucopyranosy L tr i  cFloroacet imidate i n  
CH2CL2  promote3 by BF3;0Et2 g ives BIB-octaacetyltrehalose i n  up 
t o  58% i s o l a t e d  y ie ld ,  which i s  r e a d i l y  deacetylated t o  8,8-trehalose. 
The corresponding 2,3,4,6-tetra-~-acetyl-B-~-glucopyranosyl penta- 
f luorophenyl imidate i s  c o n f i g u r a t i o n a l l y  s tab le  and i n e r t  t o  
coupling under mi ld condit ions. 

INTRODUCTION 

The ready a v a i l a b i l i t y  o f  a.a-trehalose from n a t u r a l  sourcesl 

and t h e  i n t e r e s t  i n  some of i t s  b i o l o g i c a l l y  a c t i v e  d e r i v a t i v e s  has 

l ed  t o  extensive development of i t s  chemistry and the  preparat ion 

o f  a range o f  derivatives! 

uh ich does no t  occur n a t u r a l l y ,  has no t  been s tud ied t o  the  same 

extent r  and has no t  been r e a d i l y  obta inable i n  pure form. Conventional 

va r ian ts  on the  Koenigs-Knorr reac t i on  g i ve  low y i e l d s  o f  B,B-trehslose 

de r i va t i ves  and requ i re  tedious separations o f  the  product from i t s  

stereoisomers. 

By con t ras t r  the anomer B,B-trehaloee, 

2 

This makes the  imidate coupl ing router3 whose most 

3 4 3  
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344 COOK, KHAN, AND BROWN 

0 Ac OAc 

CHZCI '1 BF3:Et20 

Scheme 

e f f e c t i v e  p r a c t i c a l  va r ian t  i s  t he  6-speci f ic  acid-catalysed reac t i on  

o f  a lcohols  w i t h  a-anomeri c tr i chloroacet imidates 14 p a r t i c u l a r l y  

a t t r a c t i v e .  

o f  octaacety l  8.B-trehalose i n  up t o  58x i s o l a t e d  y i e l d .  gccording 

t o  the Scheme. 

We show t h a t  t h i s  can be appl ied t o  the  synthesis 

RESULTS AND DISCUSSION 

There have been feu repo r t s  i n  the  L i t e r a t u r e  on the  chemistry o f  

the i n t e r e s t i n g  disaccharide B15-trehalose l a rge ly  because the  conventional 

syntheses yge unpleasant reagents such as Hg(CN)2 o r  requ i re  tedious 

chromatographic separations. Formation o f  g l y c o s i d i c  l inkages by the 

t r i ch lo roace t im ida te  va r ian t  Qf the  imidate coupl ing r e a c t i o n  has 

now been appl ied t o  B,B-trehalose synthesis. Reaction occurs under 

mi ld  a c i d  c a t a l y s i s  and the  co-product i s  t r ich loroacetamlde.  This makes 

the method very sui, table f o r  large-scale p repara t i ve  work, and base-catalysed 

methanolysis of t he  intermediate BIB-trehalose octaacetate' leads d i r e c t l y  

t o  the  c r y s t a l l i n e  disaccharide. 

shows a nqmber o f  d i f ferences from t h a t  o f  t he  a,a-anomer uhich are 

tabulated belou. 

by 0.23 t o  0.36 ppm i n  t h e  5,B-anomer. 

3 4 

The ' H  NMR spectrum o f  product i n  D 2 0  

Ax ia l  r ing-protons a t  C2, C3 and C5 are more sh ie lded 
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6, B-TREHALOSE 345 

BB 

aa 

TABLE Chemical s h i f t s  of trehalose protons i n  D20. re la t i ve  t o  
in te rna l  DSS. 
operating a t  24 C wi th a sweep width of4KHz.pulse width 60' and 32K data 
points. Coupling constants. 6.B anomer: J1,2 = 7.5; J2.3 = 9.2; 

We thank D r .  S.J. Kimber f o r  these measurements. 

- 
Jhe spectra were recorded using a Eruker WH 300 machine 

J3,4 = 8.9; J 4 . 5  = 9.5; J5,ba = 2.2; J5,6b = 5.6; J~g,6b = 12.4 HZ. 

4-74 3-35 3-45 3-29 3-40 3-85 3-67 

5-20 3-64 3-84 3-44 3-81 3-80 3-77 

It was f e l t  tha t  the corresponding pentafluorophenylimidate 
would provide a useful a l te rna t ive  s ta r t i ng  mater ia l  since Z13,4,6-tetra- 

-0-acetyl-a-g-glucopyranosyl - tr ichloroacet imidate i s  a viscous o i l  

and trace impuri t ies were evident i n  the 'H  NMR spectrum. Replacement 

o f  C C l 3 C N  wi th C s f s C N  i n  the imidate synthesis d i d  indeed lead t o  a 

c rys ta l l i ne  product but we were surprised t o  discover tha t  t h i s  was the 

pure B-anomer. 

stable) a-anomer using KH i n  CH2C12,  a s i l i c a  gel. led t o  i t s  

quant i ta t i ve  recovery. 

cannot be ruled out. 

A l l  attempts t o  equ i l ib ra te  i t  with the (presumed more 

An example o f  the "reverse anomeric e f fec t "  
6 

EXPERIMENTAL 

General Methods 

'H-Nuclear magnetic resonance spectra were obtained on a Sruker UH 300 

(300.13 HHz) instrument. Chemical s h i f t s  (6) are expressed i n  par ts  

per m i l l i o n  from tetramethylsilane. The mass spectrum was recorded 

on a V.G. Micromass spectrometer operating i n  electron impact mode. 

The infra-red spectrum was recorded on a Unicam SP 1000 spectrometer as 

a nu jo l  mull. Optical rotat ions were measured on a Perkin-Elmer 141 

po 1 a r i meter  . 
Commercial solvents were d i s t i l l e d  p r i o r  t o  use from an appropriate 

drying agent according t o  standard procedures. 

d i s t i l l e d  from phosphorus pentoxide; d ie thy l  ether was d i s t i l l e d  

from sodium w i r e  employing sodium benrophenone ke ty l  as an indicator; 
methanol was d i s t i l l e d  from magnesium turnings. 

Dichloromethane was 
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34 6 COOK, KHAN, AND BROWN 

2~3~4,6-Tetra-~-acety1-a-~-g1ucopyranosyL t r i c h l o r o -  

acetimidate. To a s t i r r e d ,  argon-blanketed s o l u t i o n  o f  

2 ~ 3 , 4 ~ 6 - t e t r a - ~ - a c e t y l - ~ - ~ - g l u c o s e Z  (1 .50 g, 4.12 m m o l )  and 

d i s t i l l e d  C C l 3 C N  1.50 m l ,  2.16 g., 15 mmol) i n  d ry  CH2C12(10 m l )  

a t  -78'. there was added a suspension o f  potassium hydride 0.20 g. 

4.99 mmol) i n  d ry  C H Z C L Z  (10 m l ) .  The suspension was al lowed t o  warm 

t o  ambient temperature over 0.5 h. The potassium s a l t s  then f i l t e r e d  

o f f  and t h e  s o l u t i o n  was passed through a shor t  column o f  s i l i c a  g e l  

and concentrated i n  vacuo. 2 ,3~4~6-Tet ra -~ -acety l -a -~ -g lucopyranosy l  

t r i ch lo roace t im ida te  was obtained as an o i  1 (1.6 g, 76%), 

[CDC13.300 MHzI: 6 8.7(brsrNH) 6.55(dlHl,J1,2 = 4 Hz) 5.55 
'H NMR 

trH3rJz,3 = J 3 , s  = 9.5 Hz) 5.2(t,H1+,J1+,5 = 9.5 HZ) 5.15(ddrHz Ji,2 = 4 HZ) 

4.25(meHs,Hr,b) 4.15(dd,H~a J6,6 = 12.5 HZrJ5,6a = 2.5 HZ) 2.0 - 2.15 

(4 x SICOCH3) p.p.m. 

2,3.4,6-Tet ra-9-acety 1 8-0-9 lucopyranosyl pentaf  luoro- 

phenylimidate. 

-acetyl-B-Q-gtucose I (0.90 g, 2.47 mmol) and pentaf  luorobenzoni t r i  l e  

0.80 m l ,  1.22 g, 6.6 mmol) i n  dry  C H Z C L Z  (20 m l )  a t  -78', was added 

t o  d ry  potassium hydride (0.13 g, 3.24 mmol) a l so  h e l d  a t  -78'. 

mixture was s t i r r e d  a t  -78' f o r  0.25 h and then warmed t o  ambient 

temperature over 0.5 h. 

column o f  s i l i c a  g e l  and concentrated i n  vacuo. 

the r e s u l t i n g  s o l i d  from CH2C12/Etz0 gave whi te  c r y s t a l s  o f  

2~3,4 ,6- te t ra-~-acety l - f i -~ -g lucopyranosyl  pentafluorophenylimidate 
(1.24 g, 93%) m.p. 139.5-42'. [a]: = -13.7' (ce4.8,CH2CL2). Found: 

C147.13; H,3.76; C Z ~ H Z O F S N O ~ O  requi res:  C.46.59; t1~3.72YI. M.S. m/z 539 
(M+-2- 67%) 331(M+-CsfsC0NH~ 100%) 213 ( C ~ F ~ C + ( O H ) N H Z B  26%) 

An argon-blanketed s o l u t i o n  o f  2.3.4.6-tetra-2- 

The 

The reac t i on  mixture was passed thvouph a sho r t  

R e c r y s t a l l i z a t i o n  of 

'H NMR 

[(CDs)~S01300 MHzl 6 5.7 ( d r H i r J 1 , z  = 8 Hz) 5.45(t,H3.J2,3 = J3,4 = 9.5 Hz) 

5.13(dd,H2) 5.03(t,Hs.J4,5 = 10 HZ) 4.2(dd#H6arJs,6 = 12.5 Hzr Jsa.5 = 5 Hz) 

4.l(brm,Hs) 4-OZ(ddrHsb,Jsb,5 = 2 HZ)  2.1 = 2.0 (4 x S I  COCH3)ppm. 

I n  CDCL, t he  'H NMR spectrum was h i g h l y  second-order i n  the 5.2 pprn 

region I R  (nu jot )  1745(s) 1230(s) cm-l. 

2,3,4,6-Tetra-C~-acetyl-f3-~-gLuco~yranosyL 2',3'14',6'- 

To a mixture o f  1.14 g (2.24 mmol) 2.3,4,6- tetra-~-acetyl -a-~-  

- t e t  ra-0-acetyl-8-g-g lucopyranosi de; ( 8 ,  B - t  reha lose octaacetate) . -- 

-glucopyranosyl t r i ch lo roace t im ida te  and 0.816 g (2.24 mmol) 
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B,B-TREHALOSE 34 7 

2 ~ 3 ~ 4 , 6 - t e t r a - ~ - a c e t y l - ~ - ~ - g l u c o s e  ( f r e s h l y  prepared) i n  C H 2 C L 2  

(25 m l )  a t  Oo, was added 0.6 m l  (4.88 mmol) BF3: 

CH2C12 (5 ml) w i t h  s t i r r i n g .  The s o l u t i o n  stood for 16 h a t  

room temperature, then saturated NaHC03 aq. (15 m l )  uas added 

and the  separated organic phase washed w i t h  water (3 x 15 m l )  

and saturated NaCL so lu t i on ,  d r i e d  over NazSOs.  and then so lvent  

removed i n  vacuo. ReCrySt8l l iZ8tiOn from Et20/40-60 p e t r o l  

gave 2,3,4,6- t e t r a-2-ac e t y 1 - 8-g-g 1 ucopy ranos y 1 2 .3 * 4 ' , 6 - 
- tetra-~-acetyL-B-~glucopyranoside (0.666 9). 

obtained by f l a s h  chromatography (Et20/40-60 p e t r o l ,  9: l)  and 

combined t o  g i v e  0.869 g (55%) o f  wh i te  needles, m.p. 181.5 - 
183'(Lit.' 181.5 - 182.5'); [cr1200 -15.5°(c5.4.CHCL3), lit.3 -17°(CHC13); 

Et20 i n  

Further product uas 

'H NMR [CDCl , ,  300 MHzl 5.2 (t,H3,J2,3 = J3,4 = 8.5 HZ) 5.15 

(trHsrJi+,s 7 9 Hz) 5.0(trH~,J1,2 = 8.5 HZ) 4.9(d,HlrJ1,2 = 8 HZ) 

4.25(ddiH~a, J5.6 = 4.5 H Z i  J6,6 = 12.5 HZ) 4.IS(dd,H~b J5,6b = 
2.5 H r )  3.75(ddd.H~) 2.0 2.25(4 x s ,  COCH,) ppm. 

A large scale preparat ion af forded 16.91 g (62%) o f  crude 

ma te r ia l  which gave 15.82 g ( 5 8 X )  o f  pure ma te r ia l  on r e c r y s t a l l i z a t i o n  

as before, w i thou t  t h e  requirement f o r  chromatography. 

- 8-g-G __ lucopyranosy 1 8-g-g lucopyranoside (8 ,B-t reha lose) . 
Methanolic NaOMe (1.45 m l  0.1 M) uas added t o  a s o l u t i o n  o f  

2,3.4,6-tetra--g-acety 1-8-g-g lucopyranosy 1 2 ' ,3' 4'i6'  - t e t  ra-2- 

acetyl-B-g-glucopyranoside - (2.24 g, 3.16 mmol) i n  hot  MeOH. The 

s o l u t i o n  was then re f l uxed  f o r  0.25 h, so lvent  removed i n  vacuo 

and the  s o l i d  uas p r e c i p i t a t e d  from MeOH/EtOH and d r i e d  i n  vacuo 

a t  64' f o r  3 h and then 110' f o r  14 h. There uas thus 

obtained 8-D-glucopyranosyl >- 3-l)-glucopyranose as an o f f -wh i te  s o l i d  

(1.059, 97%) m.p. 129-34' ( l i t3 135-40°), Caly = -35.2°(c5.0,H20), 

l i t  -40°(H20). 

co lou r less  p la tes ,  m.p. 134-9', 

[D20,300 MHrl recorded i n  Table. 

A s i n g l e  r e c r y s t a l l i z a t i o n  from H20/Me2CO gave 
= -39°(7.4rH20); 'H NMR 

Attempted epimer isat ion o f  2~3,4,6-tetra-g-acetyl-8-~-gLucopyranosyl 

pentafluorophenylimidate 
To a s o l u t i o n  o f  2~3,4~6-tetra-~-acetyl-B-~-glucopyranosyL 

pentaf luorophenyl imidate (0.63 g,l.17 mmol) i n  CHzCl~(12 m l )  

was added d i s t i l l e d  boron t r i f l u o r i d e  etherate (0.15 1 n l ~ l . 2  mmol). 
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348 COOK, KHAN, AND BROWN 

The s o l u t i o n  was s t i r r e d  f o r  24 h a t  room temperature, then saturated 

aqueous NaHC03 (10 m l )  was added and t h e  separated organic  phase 

washed w i t h  water (3 x 5 m l ) ,  d r i e d  (anhydrous magnesium sulphate) 

and the  so lvent  was removed i n  vacuo. Examination of  t h e  res idue 

('H-NMR) showed on ly  the  presence o f  unreacted s t a r t i n g  mater ia l .  

Attempted coupl ing o f  2,3.4,6-tet r a - ~ - a c e t y l - @ - ~ - ~  lucopyranosy 1 
pentafluorophenylimidate and methanol 

To a s o l u t i o n  o f  2,3,4,6-tet re-0-acety 1-6-E-g lucopyranosy 1 

pentafluorophenylimidate (0.15 gr0.28 mmol) and methanol (0.050 m l ,  
1.2 mmolf i n  C X Z C l 2  ( 5  m l )  was added d i s t i l l e d  boron t r i f l u o r i d e  

etherate (0.040 m l ,  0.32 nunol) a t  0'. The s o l u t i o n  was s t i r r e d  f o r  

16 h a t  room temperature and the  so lvent  was then removed i n  vacuo. 
Examination o f  t he  residue ('H-NMR) shoued on ly  the  presence of  unreacted 

s t a r t i n g  mater ia l .  
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