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ABSTRACT 

Four routes from " t r i  acetyl  gl ucal I' t o  methyl 2,3-di deoxy-a- 
The timing and 3 0-erythro-hex-2-enopyranoside have been examined. 

procedure f o r  the 6-deoxygenation s tep ,  which can be car r ied  out 
before o r  a f t e r  a Ferrier rearrangement, i s  of crucial  importance t o  
t h e  y i e l d  and "ease" of t h e  process. 
respect t o  y i e l d  (62% o v e r a l l ) ,  ease,  and ef f ic iency  involves ( i )  a 
Ferrier rearrangement, ( i i )  deacetylat ion,  ( i i i )  s e l e c t i v e  
sulfonylat ion,  and ( i v )  l i thium aluminum hydride reduction. 

The preferred procedure with 

INTRODUCTION 

During the past e ight  years  we have used 6-deoxyhex-2- 

enopyranosides of the 0 configurat ion i n  a number of our 

synthe t ic  pro jec ts  and, although we1 and others'  have previously 

described routes  t o  these  compounds, we have been constant ly  exploring 

methods t h a t  would make them readi ly  ava i lab le  f o r  ( a )  p i l o t  and 

exploratory s tudies  and/or (b) mult is tep syntheses. 

( a )  and ( b )  a r e  not always compatible. In t h i s  repor t ,  we descr ibe a 

number of routes t h a t  have been examined, and express our preference 

f o r  route  (d) .  

Objectives 
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106 FRASERcREID ET AL, 

SCHEME 1 

1 
75% - - 2 (a/B=4:1) 

a R=Ac 
b R=H 

The experience gained i n  our e a r l i e r  studies, '  coupled w i t h  the  

caused us t o  base # commercial a v a i l a b i l i t y  o f  " t r i a c e t y l  g l u c a l "  (3) 
our recent s tud ies upon t h i s  ma te r ia l .  

- 3, 4-di-~-acetyl-~-rhamna14 (1) o u t l i n e d  i n  Scheme 1, had been 

appl ied t o  the  I -an t i pode  - w i t h  ethanol by Paulsen and Koebernick 

and so an e f f i c i e n t  rou te  t o  L f r o m  3 seemed a l l  t h a t  was required. 

Our f i r s t  e f f o r t s  were the re fo re  d i r e c t e d  toward t h i s  ob ject ive.  

The F e r r i e r  rearrangement3 o f  

5 

(a) Compound 2 was deacetylated and s e l e c t i v e l y  su l fony la ted  t o  g ive 

- 4, as described p rev ious l y  by Brimacombe g c.6 Treatment o f  4 w i t h  

l i t h i u m  aluminum hydr ide (LAH) i n  r e f l u x i n g  THF gave a 1:l mix tu re  o f  

two compounds, which were separated by column chromatography. 

The more p o l a r  product was i d e n t i f i e d  as 5 by a c e t y l a t i o n  t o  1 and 

comparison o f  t he  phys ica l  constants w i t h  the  l i t e r a t u r e  value f o r  i t s  

enantiomer. 

3,6-anhydro sugar 6. 

7 6 The faster-moving product was shown t o  be the  known 

I n  order t o  minimize format ion o f  2, t h e  su l fona te  4 was 

acety la ted and subjected t o  i o d i n o l y s i s .  

i od ide  

- 1 from 3, -4 and L, i n  f i v e  steps, w i t h  a 51% o v e r a l l  y i e l d .  

Reduction o f  t h e  r e s u l t i n g  

w i t h  t r i - n - b u t y l t i n  hydr ide went smoothly t o  g i ve  d iace ta te  

The 80 MHZ 'H NMR spectrum o f  1. revealed i n t e r e s t i n g  i n fo rma t ion  

about i t s  conformation, s ince H3 was coupled t o  H4, H5, H2 and H1, t he  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



ROUTES FROM “TRIACETYL GLUCAL” 

SCHEME 2 

10 7 

Ac20 
2. NaI 

Ac AcO a B ~ ’ i A c ~ c &  

1 AC20 
95% 

#3,4,6-Tri -Q-acetyl-1 ,5-anhydro-2-deoxy-D-arabino-hex-l- - 
e n i t o l  (3,4,6-Tri-~-acetyl-~-glucal). - 

value J =6Hz suggesting a W t ype  r e l a t i o n s h i p  between H3 and H5. 335 
I n  the  course o f  these s tud ies i t  was found t h a t  t he  use o f  z inc  

c h l o r i d e  i n  p lace of boron t r i f l u o r i d e  etherate3 f o r  t he  F e r r i e r  

rearrangement of 1. gave a more r e a d i l y  c o n t r o l l e d  reaction. Although 

the  product 2. (Scheme 1) appeared t o  be homogeneous on TLC, t h e  60 MHz 

SCHEME 3 

AcO 80-90% - H -  &OMe - H O a O M e  

3 - 
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108 FRASER-REID ET AL, 

'H NMR spectrum showed i t  t o  be a 4 : l  mix ture o f  a and B anomers 

judging from the  parameters repor ted by Achmatowicz and co-workers f o r  

t he  racemic modi f icat ions.  
8 

b)  The d i o l  8 would appear t o  be an i d e a l  precursor  f o r  

i s  obta inable i n  80-90% y i e l d  from 3, 
(Scheme 3) i ns tead  o f  4:l as i n  2 (Scheme 1). 

work, 8 was converted i n t o  su l fona te  3 (Scheme 3), and thence i n t o  

i od ide  s. 

s ince i t  

and t h e  a/B r a t i o  o f  8 i s  9 : l  
3 

Fol lowing our  previous 
1 

The deact ivated Raney n i cke l  de iod ina t i on  o f  s used 

e a r l i e r '  was found t o  be r e l i a b l e  on l y  on a comparatively small scale 

(<5 grams); hence t r i - n - b u t y l t i n  hydr ide was used, f rom which t h e  

y i e l d  o f  was 90%. 

c )  

t o  brominate S d i r e c t l y .  

I n  order t o  circumvent t h e  s u l f o n y l a t i o n  step g i v i n g  lo, we sought 

Using N-bromosuccinimide and t r i p h e n y l -  

SCHEME 4 

LiA1H4 

R2° *- r e f .  12 R2° 

H-~i' 

9 
phosphine 

p o s s i b i l i t y  o f  a t tack  a t  t he  a l l y l i c  s i t es ,  and t h e  t h r e a t  o f  ac id-  

cata lyzed rearrangements 

acid. 

f o r  t h i s  task was expected t o  be problematic i n  view o f  t h e  

10 brought about by t races o f  hydrobromic 

It was found t h a t  these s ide react ions could be avoided by 
11 i n c l u s i o n  o f  one equiva lent  o f  pyr id ine;  however, on a 60 gram scale, 
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ROUTES FROM "TRIACETYL GLUCAL" 109 

the  6-bromo-6-deoxy sugar %was i s o l a t e d  i n  on l y  23.4 percent y i e l d  

which on reduct ion w i t h  tri n - b u t y l t i n  hydr ide af forded &. 

d) The "s implest"  rou te  from d i o l  8 t o  &wou ld  be by l i t h i u m  aluminum 

hydr ide reduct ion o f  su l fonate lo; however, we were i n i t i a l l y  dissuaded 

from even at tempt ing such a reac t i on  because su l fonates such as lo are 

comparatively unreactive, t he  reduc t i ve  displacement r e q u i r i n g  f o r c i n g  

condi t ions - as exempl i f ied i n  t h e  reac t i on  o f  4 (Scheme 2 ) .  

comparable condi t ions,  lo would be expected t o  undergo the  reduc t i ve  

rearrangement depic ted i n  Scheme 4, which was discovered i n  t h i s  

Under 

IL 

l abo ra to ry  some years ago. 

To our complete su rp r i se  and g r a t i f i c a t i o n ,  treatment o f  t h e  

su l fona te  

af forded & i n  exce l l en t  y i e l d ,  w i t h  no t race  o f  t h e  corresponding 

3-deoxyglycal. 

w i t h  l i t h i u m  aluminum hydr ide overn ight  a t  room temperature 

12 

Compound can thereby be prepared i n  62% y i e l d  froin " t r i a c e t y l  

g luca l "  i n  f o u r  steps i n v o l v i n g  ( i )  F e r r i e r  rearrangement, ( i i )  

deacety la t ion t o  g i ve  8, ( i i i )  se lec t i ve  s u l f o n y l a t i o n  t o  lo, and ( i v )  

l i t h i u m  aluminum hydr ide redction. 

EXPERIMENTAL 

General Procedures. Me l t i ng  po in ts  were determined on a 

Fischer-Johns heat ing stage o r  a Me1 -Temp apparatus and are 

uncorrected. The H NMR spectra were determined, unless otherwise 

stated, i n  deuter iochloroform con ta in ing  1% te t ramethy l s i l ane  as 

i n t e r n a l  standard w i t h  e i t h e r  a Varian T-60, a Brucker WP-80 o r  a 

Varian HA 100 spectrometer. 

measuring spacings o f  spectra judged t o  be f i r s t - o r d e r .  

1 

Coupling constants were obtained by 
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110 PRASER-REID ET AL, 

Thin l aye r  chromatography (TLC) was performed on glass p la tes  

coated w i t h  s i l i c a  gel (HF-254, E. Merck) t o  a th ickness o f  0.3 mm. 

The chromatograms were f i r s t  viewed under u l t r a v i o l e t  l i g h t ,  then 

exposed t o  i od ine  vapaor, and f i n a l l y  sprayed w i t h  concentrated 

s u l f u r i c  acid. 

v i sua l i sa t i on .  For column chromatography, S i l i c a  Gel (E. Merck 

0.05-0.20 m, 70-325 mesh A.S.T .M. ) was used. 

Heating i n  an oven was requi red f o r  complete 

3,4-Di-O-acetyl-1,5-anhydro-2,6-dideoxy-~-arabino-hex-l-enitol 

(0-rhamnal d iace ta te )  (1). 
(3.0 g, 10.0 mmol) i n  d ry  THF (100 mL) was cooled t o  0' and t o  t h i s  

was added l i t h i u m  aluminum hydr ide (0.38 g, 10.0 mmol). The reac t i on  

mixture was allowed t o  warm up t o  room temperature and then heated t o  

r e f l u x  f o r  8h, a f t e r  which i t  was cooled. The excess reagent was 

destroyed by a d d i t i o n  o f  hydrated sodium su l fa te .  The m ix tu re  was 

f i l t e r e d  through a pad o f  C e l i t e  and d r i e d  over sodium su l fa te .  

Evaporation o f  t he  so lvent  gave 5 and 5 as a 1: l  m ix tu re  (1.04 g, 

80%) which was f r a c t i o n a t e d  on a column o f  s i l i c a  gel by e l u t i n g  w i t h  

10% methanol i n  chloroform. Compound 5, upon a c e t y l a t i o n  w i t h  ace t i c  

anhydride and py r id ine ,  gave 1, i d e n t i c a l  w i t h  t h a t  described i n  (b). 

(a)  A s o l u t i o n  o f  t he  su l fona te  - 

6 

(b)  The su l fonate c w a s  ace ty la ted  (Ac20/pyridine) i n  t h e  usual way. 

A p o r t i o n  o f  t he  product (5.76 g, 15.0 mmol) i n  methyl i s o b u t y l  

ketone (100 mL) was ref luxed w i t h  sodium i o d i d e  (6.75 g, 45.0 mnol) 

f o r  6h. 

i n  d i e t h y l  e ther  (150 mL), washed w i t h  a saturated s o l u t i o n  o f  sodium 

t h i o s u l f a t e  and water, and then d r i e d  over sodium s u l f a t e .  

Evaporation gave syrupy 1 (4.60 g, 90%) which exh ib i t ed  t h e  f o l l o w i n g  

The so lvent  was then evaporated and t h e  residue was d isso lved 

cha rac te r i s t i cs :  [a l to  -97.9' (c 1.8, CHC13); 1 H NMR (80 
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ROUTES FROM “TRIACETYL GLUCAL” 111 

MHz) 6 2.03 ( s ,  3, OCO&13), 2.07 (s ,  3, OCO&13), 3.40 (m, 2, H-6, 

H-6’), 4.1 (my  1, H-5), 5.00-5.40 (m, 2,  H-3, H-4), 4.85 (dd, 1, 

J2 ,3  = 2.0 H z ,  H-2), 6.51 (dd, 1, J = 6.0 Hz, H - 1 ) ;  HRMS 1 Y2 
Calculated f o r  C10H13051: 339.98067; found: 339.97821. 

A so lu t ion  of the compound L1 (5.10 g ,  15.0 mnol) i n  dry benzene 

(50 mL) was ref luxed w i t h  t r i - n - b u t y l t i n  hydride (6.60 g ,  22.5 mnol) 

and a c a t a l y t i c  amount of benzoyl peroxide f o r  3h. 

then evaporated,  and the residue was dissolved i n  a c e t o n i t r i l e  and 

washed w i t h  petroleum e ther .  

gave 1. (3.0 g ,  95%) as  a syrup. 

c h a r a c t e r i s t i c s :  [ d 2 O D  -76.4’ (c  0.28, CHC13); ‘H NMR (60 

MHz) 6 1.30 (d,  3, J=6.0 Hz, CH3), 4.18 (m, 1, H-51, 4-80 (dd, 1, 

The solvent  was 

Evaporation of the a c e t o n i t r i l e  l a y e r  

Compound 1. exhibi ted the following 

J1,2 = 6.0 H z ,  J 

H-4), 5.35 (dddd, 1, J 

= 3.0 H z ,  H-2), 5.15 (dd, 1, J4,5 = 6.0 Hz,  253 
= 8.0 H z ,  J = 6.0 H z ,  H-3), 6.45 (dd, 

3Y4 3,5 
1, J1,3 = 1.4 Hz, H-1); HRMS Calculated f o r  C10H1405: 

214.0841; found: 214.0828. 

Methyl 2,3,6-Tri deoxy-a-D-erythro-hex-2-enopyranosi de (2b).  - 

( a )  3,4-Di -~-acetyl-l,5-anhydro-2,6-dideoxy-~-arabino-hex-l- 

eni t -ol  (1) (D-rhamnal - d i a c e t a t e )  (13.8 g,  0.064 mol) was 

dissolved i n  methylene ch lor ide  (120 mL)  and dry methanol ( 6  mL) and 

f r e s h l y  fused anhydrous zinc ch lor ide  (4.7 g) were added. After  30 

m i n ,  t h e  so lu t ion  turned black and, a f t e r  an addi t ional  20 m i n ,  TLC 

(10% ethyl  a c e t a t e  i n  benzene) indicated consumption of t h e  s t a r t i n g  

mater ia l .  The so lu t ion  was poured i n t o  sa tura ted  sodium bicarbonate  

so lu t ion  (100 mL), and t h e  organic phase was separated and washed 

w i t h  water. 

o i l ,  which was chromatographed over s i l i c a  gel (200 g)  using ben- 

zenelethyl a c e t a t e  ( 9 : l )  as  e luent .  

Drying (MgS04) and usual processing afforded a mobile 

The y i e l d  of 3 was 9.0 g (75%) 
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FRASER-REID ET AL. 112 

and t h e  a,B r a t i o  o f  4 : l  was ev ident  f r o m  t h e  60 MHz specturm as 

described i n  t h e  l i t e r a t u r e .  

a t  1.3 ppm and OAc a t  2.15 ppm. 

are a t  1.4 and 2.05 ppm, respect ive ly .  

I t 3  
Thus f o r  2a-a t h e  CH3 doublet i s  

For a t h e  corresponding s igna ls  

3 
The d i o l  8 obtained i n  the  prescr ibed manner (b) 

g luca l "  (30 g) was d isso lved i n  a mixture o f  p y r i d i n e  (50 mL) and 

methylene c h l o r i d e  (100 mL) and cooled t o  0'. p-To7uenesulfon.yl 

c h l o r i d e  (26 g )  was added i n  one po r t i on ,  and s t i r r i n g  a t  0' was 

maintained f o r  2h. 

product, lJ, was recovered i n  the  usual way 

(46 g, 81% y i e l d ) .  A p o r t i o n  o f  t h e  product (3.8 g, 10.1 mmol) was 

re f l uxed  w i t h  sodium iod ide  (3.2 g, 2 mmol) i n  2-butanone (100 mL) i n  

t h e  presence o f  p y r i d i n e  (0.25 mL, 30 m o l )  f o r  8h. The product 2 
was i s o l a t e d  i n  the  usual way and i d e n t i f i e d  by comparison w i t h  t h e  

prev ious ly  described e t h y l  glycoside. Reduction w i t h  t r i - n -  

b u t y l t i n  hydride, c a r r i e d  out  as described above (1 .+ L), gave $ i n  

91% y i e l d .  

from " t r i a c e t y l  

A f t e r  standing overn ight  a t  room temperature, t h e  
1 and d r i e d  i n  vacuo 

1 

3 
( c )  Methyl 2,3-dideoxy-~-D-erythro-hex-2-enopyranoside (g ) (58.8 g, 

0.368 mol) was d isso lved i n  d ry  i, fi-dimethylformamide (130 mL) under 

an argon atmosphere. Dry p y r i d i n e  (7.8 mL) and N-bromosuccinimide 

(66.3 g, 0.373 mol) were added, and t h e  s o l u t i o n  was cooled i n  a 

carbon t e t r a c h l o r i d e / d r y  i c e  bath (--24'). 

g, 0.377 mol)  i n  dimethylformamide (120 mL) was added dropwise over a 

4h period, wh i l e  mainta in ing cool ing. 

warm up t o  room temperature, and poured i n t o  4 : l  water/ether m ix tu re  

(800 mL). 

- 

Triphenylphosphine (98.8 

The m ix tu re  was then al lowed t o  

The ether  l a y e r  was washed and d r i e d  (Na2S04) and t h e  
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ROUTES FROM "TRIACETYL GLUCAL" 113 

syrup recovered therefrom was redissolved i n  e t h e r  (600 mL) and l e f t  

i n  the r e f r i g e r a t o r  f o r  two days. 

c r y s t a l s  (18.9 g )  which deposited were col lected.  

mother l iquors  was chromatographed over s i l i c a  gel u s i n g  e thyl  

acetate/petroleum ether (1:4) and t h e  bromide & (19.2 g ,  23.4%) was 

i so la ted  as  an o i l .  (For purposes of i d e n t i f i c a t i o n ,  bromide %was 

t r e a t e d  with sodium iodide i n  acetone i n  the usual way." 

was ident ica l  t o  the previously described iodide 9' ). 

The triphenylphosphine oxide 

The syrup from the 

The product 

Bromide 9 (11.0 g, 0.85 mol) i n  benzene (300 mL) was refluxed 

w i t h  t r i -n-buty l t in  hydride (74 g, 0.21 mol) and benzoyl peroxide (50 

mg) f o r  6h. 

e t h e r  (1:4) mixture afforded 

S i l i c a  gel chromatography using ethyl  acetate-petroleum 

(9.9 g ,  80.7%). 

The overal l  y i e l d  of 3 by the route  3+8+$+% was 12-15 

percent. 

(d)  In t h e  four th  route ,  su l fona te  lo (46 g) prepared i n  (b) was 

dissolved i n  te t rahydrofuran (100 m L ) ,  and the solut ion was added 

dropwise over 0.5h t o  a s l u r r y  of l i thium aluminum hydride (10 g) i n  

te t rahydrofuran (150 m L )  a t  0'. 

allowed t o  stand a t  room temperature f o r  2h, a f t e r  which i t  was again 

cooled t o  0'. 

water (10 m L ) ,  15% sodium hydroxide so lu t ion  (10 m L )  and water 

(20 mL)were added slowly i n  succession. 

temperature f o r  2h, t h e  mixture was f i l t e r e d ,  t h e  solvent  removed, and 

t h e  residue dissolved i n  methylene ch lor ide  and dr ied (Na2S04). 

Usual recovery gave an o i l  which was chromatographed on a s i l i c a  

column using methylene chlor ide/diethyl  e t h e r  ( 4 : l )  t o  afford &, 9.9 

g (62% from 2). 

After 2h a t  Oo, t h e  mixture was 

Redis t i l l ed  diethyl  ether (1L) was added slowly and 

After s t i r r i n g  a t  room 
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