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A new po l -u "hyc l ro r1 , ' l a ted  p ipc r id ine  de r i vu t i vc  o f  o - l r r1 , ,  con f l su r r r t i t t n .  l . - i - r l i c l eo r r  -  |  . 5 -
im ino -o - ta l i t o l  (2 ) .  i t nd  l -deox r , ' ga lac tos la t i n  I  have  been  p repu lcc l  r r s ing  t i r cu l t t se - l -pho : -
p h a t c  a l d o l a s e  ( E C ' 1 . 1 . 2 . 1 7 ) .  T h c  6 - a z i c l o - 1 . J . , 1 . - s - t e t r : r h y ' d r o r v h e r u n - l - o n c .  f i r r n t c c l  b r  t h c
enz ) "mc-c i t t i r l l , zec l  condensa t i t t n  o l '  3 -az ido - l -hvd ro r r , ' p ru lp i rna l  unc l  d ih l .d ro r r  i r cc t ( ) l t c -
ph t t spha te .  i s  redLrccc l  s te reospec i f i ca l l y ' t o  the  co r rcspond ing  po l rh i c l ro r r l t r t cc l  p ipc r i t l i nc
der ivat ivc w' i th hydrogen. r  t ( l91 . . \c ;Ldcnr ic l ) r .e: : .  tnc.

I N T R O D U C T I O N

Polyhydroxy la ted  p ipcr id ine  der iva t ives  are  in te res t ing  bccur rsc  rn r rn \  o l ' thcnr
i n h i b i t  g l y c o s y l  h y d r o l a s e s  ( g l y c o s i d a s e s )  ( 1 ) .  a n d  b e c a u s c  t h c l  h a v c  i t n t i v i r - a l
Q - 4 ) ,  a n t i t u m o r  ( 5 , 6 ) .  a n c l  a n t i b i o t i c  a c t i v i t - v  ( 7 ,  S ) . ' f h i s  p u p c r  c l c r n o n s t r a t c s
the  u t i l i t y  o f  a  reccn t ly  i so la ted  fucu lose- l -phosphar te  a lc lo lase  in  svn thcs iz ing
p o l y h y d r o x y l a t e d  p i p c r i d i n e  d e r i v i i t i v c s  ( 9 - l 1 ) .  F u c u k r s e - l - p h o s p h u t c  a l d o l a s e
cata lyzes  the  a ldo l  condcnsat ion  be twccn n ldehydes and d ihyd lo r ) , ' i r cc t ( )nc  phos-
p h a t e .  D H A P .  t o f o r m  2 - k e t o - s u g a r s  w i t h  3 ( R ) . 4 ( R ) s t e r e o c h e m i s t r r  a t  t h c  n c u l r

'  A t i e r  th i s  u .o rk  uas  con tp le tec l  .  a  paper
K .  K . - C . .  K a . j i m o t o .  T . .  C h e n .  L . .  Z h o n g .
62t i0-6189.
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2 . .  I ch i ka r , r , i r .  Y . .  Wong .  C . -H .  (1991)  L  Org .  C l t< , t r r .  56 ,
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formed centcrs (9).  This stereochcmistry is c l i f l 'crent at  the C-3 centcr f rom the
produc t  o f  a ldo l  condensat ion  ca ta lyzed by  the  more  commonly  used rabb i t  musc le
a fdo lase  (RAMA)  (12) .  we chosc  l -deox i rga lac tos ta t in  (n -ga lac to- l -dcor l ,no i i r i -
m y c i n .  1 , 5 - d i d e o x y - 1 . , 5 - i m i n o - g a l a c t i t o l )  a n d  a  n e w  c o m p o u n d .  l . - s - d i d e o r y ' - 1 . - 5 -
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im ino-o- ta l i to l .  as  syn the t ic  ta rge ts  because o f  the  impor tance o f  th is  c lass  o f

compouncls (v ide supra) and because their  synthesis was simple and economical

us ingenzymes ( t3 ,  t4 ) .  l -Deoxyga lac tos ta t inarnd  l , -5 -d ideoxy-1 . -5 - im inc l - t - - ta l i to l .

the  enant iomer  o f  1 ,5 -d ideoxy-1 , ,5 - im ino-o- ta l i to l ,  inh ib i t  ga lac tos idases  (K ,  down

to  1 .6  nu)  and fucos idases  (K ,  down to  l0  pM) ,  respec t ivc ly  (1 '  15) .

Severa l  g roups  have descr ibed the  syn thes is  o f  l -deoryga lac tos ta t in  (16-19)

and l , -5 -d ideoxy-1 ,5- im ino- r - - ta r l i to l  ( /5 )  s ta r t ing  f rom carbohydra tes .  Prcpara t ion

of l -deoxygalactostat in f rom tartar ic acid (20) and by reduct ion of  galactostat in

isolated from natural  sources are ei lso known (21).  Wong and co-workcrs have

recent ly  syn thcs ized l -deoxyga lac tos ta t in  in  an  approach s imi la r  to  tha t  descr ibed

here  us ing  f i rcu lose- l -phosphate  a ldo lase  ( l l ) .  Wong used raccmic  3 -az ido-2-

hydroxypropana l  and DHAP as  subs t ra tes  fo r  fucu lose- l -phosphate  a ldo lase .

Fucu losc- l -phosphate  a ldo lase  reerc tcd  se lec t ive ly  w i th  the  5- isc tmcr  o f  the  a lde-

hyde to give 6-azido-6-deoxy-r--/-r '-rr.,-hex-2-ulose l-phosphate in approximately

20c/c,  y ie ld.  Cleavage of  the phosphate group by acid phosphatase fol lowed by thc

reduc t ion  o f  the  az ido-sugar  w i th  hydrogen resu l tcd  in  l -deoxyga lac tos ta t in .

R E S U L T S  A N D  D I S C U S S I O N

Scheme I  shows thc  syn thes is  o f  l -deoxyga lac tos ta t in .  l .  and  l . -5 -d ideoxy-1 , -5 -

im ino-n- ta l i to l .  2 .  Acro le in  d imethy l  ace ta l  was  or id ized  to  g lyc ida l  d imethy l

ace ta l .  Thc  epox ide  o f  g lyc ida l  d imethy l  ace ta l  was  reac ted  w i th  sod ium az ide  and

gave 3-azido-2-hydroxypropanal  d imethyl  acetal  wi th an overal l  y ie ld of  37%.

The alcohol  was acetylatcd and the acetatc resolved using l ipase fol lc lw' ing the

procedure  o f  Wong (13) .  Reso lved a idchyde was a l lowed to  reac t  w i th  DHAP

wi th  ca te i l ys is  by  fucu lose- l -phosphate  a ldo lase  to  s te reose lec t ivc ly  make thc

cor respond ing  6-az ido-3(R) .4 (R) ,5 (S or  R) - t r ihydroxyhcxan-2-onc  l -phosphatc .

The phosphate group was hydrolyzed with acid phosphatase to the corre sponding

6 - a z i d o - 1 . 3 ( R ) . 4 ( R ) . 5 ( 5  o r  R ) - t e t r a h y d r o x y h c x i t n - 2 - o n c . 5  o r  6 .  T h e  a z i d e  v u ' i t s

reduced w i th  H,  to  the  amine.  the  amine fb rmed a  Sch i f f ' s  basc  w i th  the  kc tonc

in  .s i t t t .  and  the  im ine  was reduced w i th  H. .  f rom the  face  t tppos i te  thc  a r ia l

hydroxy l  g roup.  w i th  h igh  s te reose lec t ivc ly  (>10:  l )  to  the  cor respond ing  p iper i -

d ine  der iva t ive  .  L  o r  2 .  l -Deoxyga lac tos ta t in  and l . -5 -d ideoxy-1 . -5 - im in t l - t> - ta l i to l

were  thus  syn thes ized in4 l  and62% overa l l  y ie ld .  respcc t ive ly .  based on  reso lvcd

3-azido-2-hydroxypropanal  d imethyl  acetal .

E X P E R I M E N T A L  S E C T I O N

Generul  Met lutds

Star t ing  matc r ia ls  w 'c rc  commerc ia l  p roduc ts  ob ta ined t }om A ldr ich .  l )H , \ l )  w 'as

synthes ized accord ing  to  the  proccdure  o f  E f fenbergcr  c t  u l .  (14) .  F t tc t t losc- l -

phosphate aldolase wi is isolated according to thc procedure of  C)zaki  at  u l .  (9) .

NMR spec t ra  were  recorded in  CDCI .  o r  D.O.  Chemica l  sh i f i s  i t l ' c  t ' cp t ) l - t cd  in  6
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(ppm)  us ing  CHCIr  Q.24)  o r  HoD (4 .80)  as  an  in te rna l  s tandarc l .  r rC NMR sh i f i s
were recorded in ppm using CDCI.  i ts  an internal  stanclarcl  or  c l ioxane as an e xternal
s tandard .  E lementa l  ana lyscs  were  per fo rmed by  One ida  Research  Scrv ices .

C o nt p t t r t rt d S t, n t h c.s i.s

3-A:, i t l r r2- l tydro.r t 'pr .opt tnt t l  t l i rnet ln, l  r r t .etr t l (3) .  The proceclurc is s imi lar  to that
repor ted  by  Wong fb r  the  d ie rhy l  acera l  (1J) .  Acro le in  d imerhy l  accrer l  (4 ,s  rn1 .  0 .3 t t
mo l ) .  benzon i t r i le  (30  ml ) ,  and hyc l rogen pcror ide  (30% so ln .32  ml )  were  ac lc lec l
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to a st i r red suspension of  potassium carbonate (4.-53 g.  0.04,5 mmol)  in methanol
(200 ml ) .  A f te r  t4  h  a t  40 'C.  benzon i t r i le  (11  ml )  and H,O:  (20  ml )  were  added.

Af le r  24hzr t  40"C,HrO,  (10  ml )  was  added.  A f ie r  36  h  a t  40"C.  the  so lu t ion  was

coo led  to  20 'C and sod ium az ide  (52  g .0 ,80  mol )  was  added.  The pH was then

maintained at  7.-5 wi th 2 x H,SO. for  the ne xt  36 h.  Af ter evaporat ing the me thatnol .

the  so lu t ion  was par t i t ioned be tween water  (1 ,50  ml )  and CH.Cl .  (200 ml ) .  The

aqueous la ryer  was ex t rac ted  w i th  CH,Cl ,  (2  x  200 ml ) .  The cornb incd  organ ic
phase was ex t rac ted  w i th  b r ine  (  l -50  ml ) .  d r ied  (MgSOa) .  f i l te red .  and concent ra ted

at aspirator prcssure.  Hexane wels added and the solut ion was f i l tered and concen-

t ra ted  a t  asp i ra to rpressure .  The resu l t ing  l iqu id  was d is t i l l ed  (bp  7-5- t l0 "C.  l  Tor r )

and pur i f ied  by  chromatography  on  s i l i c i igc l  (c l r - ren t :  hexane/e thy l  ace ta te  3 / l ) to
prov ide  22 .5  e  87% y ie ld )  o f  3 -az ido-2-hydroxypropana l .  'H  NMR (400 MHz.

C D C I , )  6  4 . 2 8  ( d .  J  :  6 . 3  H z .  l H ) .  3 . 7 - 5  ( m .  l H ) . 3 . 4 4  ( d d .  J  :  1 2 . t t . 3 . 3  H z .  l H ) .

3 . 4 4  ( s . 3 H ) . 3 . 4 1  ( s , 3 H ) . 3 . 3 1  ( c 1 d , J  :  1 2 . 9 . 6 . 0  H z .  1 H ) . 2 . - 5 3  ( h l o a d : .  l H ) :  r r c

N M R  (  1 0 0  M H z .  C D C I . )  1 0 4 . 4 8  . 1 0 . 7 6 .  - 5 - 5 . 6 9 .  - 5 - s . 1 0 .  ' 5 2 ' 2 1  p p m '  A n u l '  C a l c c l '  f o r

C , H r , N , O , : C  4 , 5 . 7 t 1 :  H  6 . 9 1 : N  1 0 . 6 8 .  F o u n d :  C l ; 1 - 5 . - s 3 :  H  6 . 9 7 .  N  1 0 . - 5 4 '

3 -A: i t k t -2 -uce to- r t 'p ropunu l  t l imc t l t t ' l  ucc t t r l (4 ) .  The uceta l  3  t3 . l l  g .  20  mmol ) .

ace t ic  anhydr ide  (2 . -5  ml ) ,  and pyr id ine  (1 . -5  ml )  wcre  s t i r red  a t  10" ( -  f i r r ' ,18  h .

M e t h a n o l  ( 1 . 0  m l )  w a s  a d d e d  e r n d  t h c  s o l u t i o n  u u s  p a r t i t i o n c c l  h c t u e e n  c t h y l

ace ta te  ( l -5  ml )  and we i te r  (10  ml ) .  The organ ic  laycr  was er t rac tcd  r , i ' i th  l0  ml  o f

H , O .  I  x  H C I  t 2  x  l 0  m l ) .  s a r  a q  N a H C O ,  ( 1 0  m l ) .  a n d  b r i n c  ( 1 0  m l ) .  d r i e d
(MgSO*) .  f i l te rcd .  and concent ra ted  r r r  uu( ' t to  to  p rov ide  3 .6 .1  g  (90 , ' t i  1 , ' i c ld )  o f

3 - a z i c l o - 2 - a c e t o x y p r o p a n a r l  d i m e t h y l  a c c t a l .  r H  N M R  ( 4 0 0  M H z .  C ' D C l . ) 6  - s . 0 5  ( t d .

. /  :  , 5 . 6 . 4 . 2 H 2 .  l H ) . 4 . 4 3  ( d . . /  :  _ s . 7  H z ,  1 H ) .  3 . 4 1  ( m .  l H ) .  - 1 . ; 1 1  ( s .  l H ) .  3 . 3 t 1
( s , 3 H ) .  l . l 2  ( s . 3 H ) :  r r c  N M R  ( 1 0 0  M H z .  c D c l r )  1 7 0 . 0 - s .  1 0 1  . 5 i . 1 1 . 3 9 .  - s - 5 . t t 2 .

54 .41 .  -50 .22 .  20 .89  ppm.
Resolr t t ion of '  3-u: , i t lo-2-uc'alo.r t 'pntputtul  t l i r r t t ' t l r t ' l  ucclul .  Thc rcscl l l t t ion was

car r ie  d  ou t  in  a  manner  s imi la r  to  tha t  repo l ted  prcv ious ly  (  / J  ) .  Thc  acc ta te  4  (4 .07

g,20  mmol )  and l ipopro te in  l ipase (2 (X)  n rg .  160.000 U)  were  d isso lvec l  in  100 ml

o f  po tass ium phosphate  bu f tc r  ( -50  mrr .  pH 7 .0) .  The so lu t ion  w ' i t s  t t ta in ta incd  a t
p H 7 . l  u n t i l  2 6  m l  o f  0 . 2 - 5  N  N a O H  h a d  b e e n  a d d e d .  T h c  s o l u t i o n  w a t s  t h c n  c r t r a c t c d

wi th  e thy l  a tcc ta te  (3  x  300 ml ) .  Thc  comt" r inec l  o rgan ic  phase uas  c i r iec l  (MgSOa) .

f i l tered. concentrated at  aspirator prcssurc.  ancl  pur i f icd b-v chrontatography on

s i l i ca  ge l  (e luent :  hexerne /c thy , ' l  a rce ta tc  -5"  I  to  l , ' l )  to  p rov ic le  93-1  n ig  ( -5 . t1  mmol )  o f

t h e  a l c o h o l 3  9 5 %  e e .  R .  v i d e  i n f r a )  a n d  2 . 3 9  g  ( l l . t t  m m o l ) o f  t h c  a c e t i t t e  4 .  T h c

f  c f tover  ace ta te  4  (2 .39  g .  I  l . t t  mmol )  w 'as  then rcsubmi t ted  to  thc  i tbove p t 'ocedurc

wi th  f ipase to  p rov ide  1 .24  g  (6 .2  rn rno l )  o f  thc  ace ta tc  4  (  '98( i  ec .  . t .  v idc

infra).  The acetat te was cl isscl lved in -5 ml of  methanol  containirrg-5 n-rg of  socl i r ' rm

methox ide .  A f ic r  l6  h .  the  so lL r t ion  w 'as  conccnt ra ted  a t  asp i t ' i t to t 'p ressut 'e  i tnd
p u r i f i e d  b y  c h r o m a l o g r a p h y  o n  s i l i c a  g e l  ( e l u e n t :  h c r a n e / c t h y ' l  a c c t i t t e  - l r l  t o  l / l )

t c r  p r o v i d e  t t 6 2  m g  ( - 5 . 4  m m o l ) o f  t h e  a l c o h o l  3 ( > 9 8 r ' (  c c . 5 .  v i c l c  i n f r a ) .  T h e  %  e e

of  each a lcoho l  was  de termined by  mak ing  a  Mt tshcr 's  es te r ' .
6-A.. i t lo-6-t lcoxy-L- l t ' . ro-he.r-2-t t lo.se (5).  Thc arcctal  3 (342 mg. l .  I  mmtt l .  . t  con-

f igura t ion) .  water  ( -5 .0  ml ) ,  and concn HCI  ( l -50  g . l )  were  mixed together  and hcatec l

a t  45"C fo r  l0  h  be tore  be ing  coo led  to  4 'C.  DHAP (18  ml .  2 .0  mmol )  was  added

and the  so lu t ion  was ad jus ted  to  pH 7 .0 .  FucLr losc- l -phosphute  a ldo lase  (40  U)
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was added.  A f te r  4 t t  h  a t  4 'C .  bar ium ch lo r ide  (BaCl ,  '  2H,O.  I  .0  g .  4 .4  mmol  )  und
acetone (-50 ml)  were added. After 24 h more at  4"C. the solut ion was centr i tLrgccl
at  1000 rpm for 30 min.  The supernartant was separated by decantat ion and cl is-
carded. and the sol id was acidi f icd by st i r r ing wi th Dowcx -50W-XU. The acic l i f icc l
solut ion wi is zrdjusted to pH -5.0 wi th I  N NaOH and di luted to 200 ml.  Acid
phosphatase (300 U) was added. After 48 h at  20'C. the solut ion was part ia l ly
concentrated in uu( 'uo and pur i f ied by chromatography on AG-l-X8 (3-5 ml.  HCO,
form,  e luent :  war te r ) ,  Dowex,50W-X8 (20  ml .  e luent :  water ) ,  and then s i l i ca  ge l
(e luent :  n - re thano l /CH,Cl ,  |  :  7  go ing  to  l  :  l )  to  p rov ide  245 mg o f  6 -az ido-6-dcoxy-
n-f ' . ro-hex-2-ulose. Crude 6-azido-6-deoxy-t-- / - r ' , ro-hex-2-ulose- l -phosphate Ia and
b  r e f e r  t o  t h e  t w o  a n o m e r s  ( l : 3  r a t i o  i n  t h e r H  N M R  s p e c t r u m ) l :  ' t C  N M R  ( 1 0 0

M H z .  D . O )  l 0 - 5 . 6 4  ( d .  J  :  8 . 0  H z .  C - 2 i l .  1 0 2 . 9 4  ( d .  J  :  9 . 0  H z .  C - 2 b ) .  7 9 . 3 - 5  ( b ) .

7 8 . 8 7  Q r ) . 1 6 . 9 2  ( a ) . 7 2 . 0 1  ( b ) . 1 1 . 7 1  ( a .  b ) . 6 6 . 1 0  ( d .  /  :  4 . 3  H z .  l b ) .  6 6 . 1 9  ( d . . /
:  4 .3  Hz .  la ) .  51 .94  (6b) .  -51 .66  (6a)  ppm.  6 -Az ido-6-deoxy- r -1 r ' . ro -hex-2-u lose  Ia
a n d  b  r e f e r  t o  t h e  t w o  a n o m e r s  ( l : 3  r a t i o  i n  t h e  r H  N M R  s p e c t r u m ) l :  r t C  N M R
( 1 0 0  M H z .  D , O )  1 0 6 . 1 - s  ( 2 a ) .  1 0 3 . 7 1 ( 2 b ) . 7 9 . 4 2  ( b ) . 7 8 . 6 2  ( a )  . 7 7 . 8 7  Q ) . 7 2 . 2 - s  ( a ) .

7 1 . 9 2  ( b ) .  7 1 . 4 1  ( a )  . 6 3 . 4 6  ( l b ) .  6 3 . 2 2  ( l a ) .  - 5 1 . 9 9  ( 6 b ) .  - 5 1 . 2 9  ( 6 a )  p p m .
I-Dco.wgulocto.stut i r t  ( l ) .  6-Azido-6-deoxy- l -1r ' - ro-hex-2-ulose (  l l0 mg) and pal-

lad ium hydrox idc  (25  mg.20% on carbon.  <50% water )  werc  addec l  to  a  mi r tu rc
of ethanol  (2-5 rnl)  and H,O (2-5 ml) .  Thc solut ion wars hvdrogcnatcd at  1200 psi  f i r r '
24h .  f i l t c red  th rough Ce l i te .  and concent ra ted  r r r  uu( t to .  The res idLre  w i rs  d isso lvcd
in  water  and pur i f ied  by  chromatography ' (AGl -Xt t .  H  

-  
f i r r rn .  l0  rn l .  e lucn t :  I  r t

NH.TOH)  to  p rov ide  t tO mg (0 .49  mmol  .47% y ie ld  f rom the  acc ta l )  o f  l -c leor - ' - -
g a l a c t o s t a t i n .  r H  N M R  ( 4 0 0  M H z .  D . O )  6  3 . 9 7  ( c l d . . /  :  2 . 9 . 1 . 1  H z .  1 1 - , 1 1 .  - 1 . 7 1
( t d .  . /  :  1 0 . 4 .  5 . 2  H z .  H - 2 ) .  3 . 6 0  ( d d . . J  :  I  l . l .  6 . 1  H t . .  H - 6 a ) .  3 . , 5 , s  ( d d .  . /  :  |  1 . 2 .
6 . 7  H z .  H - 6 b ) . 3 . 4 4  ( d d . /  : 9 . 7 . 3 . 2 H 2 .  H - 3 ) . 3 . 0 t i  ( d d . . /  :  1 1 , 6 .  - s . 3  H z .  H - l a ) .
2 . 7 1 ( t d .  /  :  6 . 7 , l . l  H L  H - - 5 ) .  2 . 3 - s  ( d d . . /  :  1 1 . 6 .  1 0 . 9  H z .  H - l b ) :  r ' C  N M R  r l ( X )
M H z .  D . O ) 7 - 5 . 8 6 . 7 0 . 0 6 . 6 8 . 9 7 . 6 2 . 2 1  ,  - 5 9 . 6 6 .  4 9 . 8 1  p p m .  [ , t j i i n  - r 1 1 . 6 '  ( c  1 . 1 . .  H . O )

L l f t .  Q } l  t " l i i *  + - 5 2 . 6 "  ( c  1 . 3 .  H r O ) I .
6-A:, i t lo-6-t leo.rv-r ibo- l tc,r-2-t t lo.sc (6).  The acetal  3 (487 mg. 3.0 mmol.  R crrnl ig-

u rar t ion) .  water  17 . -5  ml ) .  and concn HCI  ( l -50  g . l )  were  rn i red  together  and heatcd
at  4 -5"C fb r  l l  h  be f i r re  be ing  coo led  to  4 'C.  DHAP (36  rn l .4 .0  mmol )  w 'as  ac lc lcc l
and the  so lu t ion  r i ' as  ad jus tcd  to  pH 7 .0 .  Fucu losc- l -phosphatc  a lc lo lasc  ( .10  U)
was addcd and thc  rcac t ion  mix tu re  was le f i  a t  4 "C fo r  30  h .  The resu l t ing  so l r t t ion
was i td jus tcc l  to  pH.+ .8  w i th  phosphor ic  ac id .  w 'a rmed to  20"C.  and d i lu tcc l  r i i th
w a t c r  ( 1 0 0  m l ) .  A c i d  p h o s p h a t a s e  ( 7 0  U ) w a s  a d d e d .  A f i e r 4 t i  h .  t h e  s o l u t i ( ) n  w ' a s
part ia l ly  concentratcd rrr  L)u( ' t t ( )  ancl  pur i f ied b1, chromatography'  on AG-l-Xtt  (3-5

ml .  HCO.  fb rm.  e lucn t :  w 'a tc r ) .  Dowcr  -50W-Xt3  (20  rn l .  e luent :  watc r ' ) .  and thcn
s i l i c a  g e l  ( e l u e n t :  m e t h a n o l / C H . C l .  |  : 7  g o i n g  t o  |  :  l ) t o  p r o v i d c  - 5 7 - 5  m g  o 1 ' 6 - a z i c l o -
6-deoxy-o- r ' ibo-hex-2-u lose  (75% pure .  ma in  contaminant  i s  d ih .vdrorv 'acc tone) .
C l rude 6-az ido-6-deoxy- r ' rbo-her -2-u lose- l -phosphate  Ia  and b  re te r  to  the  two
a n o m e r s  ( 3 : 7  r i t t i o  i n  t h e  r H  N M R  s p c c r r u m ) l :  ' t C  N M R  ( l ( X )  M H z .  I ) . O r  1 0 6 . . 1 . 1
( . 1  : 9 . 7  H z .  C - l a ) . 1 0 3 . 1 7  ( J  : 9 . t 3  H z .  C - 2 b ) . 8 2 . 1 0 ( b ) . 8 1 . 9 t t ( a ) . 7 - 5 . 1 9 ( a ) . 7 2 . 3 1
( a \ , 7 1 . 9 7  ( b )  . 7 1 . 6 6  ( b ) . 6 7 . 3 9  ( . 1  :  4 . l l  H z .  l b ) . 6 6 .  l 7  ( . 1  :  4 . 7  H z .  l a ) .  - 5 3 . t l l  ( 6 b ) .

52.72 (6a) ppm. 6-,4zido-6-deoxy'-r ' r  bo-hex-2-ulosc [a and b rcfer to the t rvo anomers
( l : 2  r a r i o  i n  t h e  r H  N M R  s p e c r r u m ) l :  r r C  N M R  r 1 0 0  M H z .  D . O )  1 0 6 . 9 6  ( 2 a ) .  1 0 4 . - s - 5
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( l b ) . 8 1 . 9 1  ( a ) . 8 1 . 8 2  ( b )  . 7 5 . 4 6  ( a ) , 7 2 . 6 t 1  ( b ) . 7 2 . 0 1  ( a ) . 7 1 . 3 0  ( b ) , 6 4 . 3 1  ( l b ) . 6 3 . 2 0
( l a ) .  - 5 3 . 8 7  ( 6 a ) .  - s 2 . 7 U  ( 6 b )  p p m .

1,5-Dit l t ' t r .n ' -1 ,5- i tn ino-D-tul i to l  Q).  6-Azido-6-deoxy-o-r ibo-hcx-2-ulosc (57-5
mg) and pal ladium hydroxide (-50 mg.20% on carbon .  <50c/(  wi i ter)  were ardded to
a  mi r tu re  o f  meth i ino l  (100 ml )  and H,O ( l -5  ml ) .  The so lu t ion  was hydrogenated
at 1200 psi  fbr  24h. f i l tered through Cel i tc.  and conccntrated i ru uu( ' t to.  Thc residue
uas d isso lved in  water  and pur i f i cd  by  chromatography  (AGl -XtJ .  H-  fo rm,  l0
ml .  e luent :  1  na  NHlOH)  to  p rov ide  303 mg (  I  .86  mmol  .62% y ie ld  f rom the  ace ta l )
r r f  l . - 5 - d i d e o x y - 1 . - 5 - i m i n o - p - t a l i t o l .  r H  N M R  ( 4 0 0  M H z ,  D : O )  6  3 . 9 8  ( m . 2 H ) . 3 . 6 9
( m .  3 H ) .  3 . 1 - 5  ( d d .  J  :  1 4 . 2 . 2 . 6 H 2 ,  l H ) ,  2 . 8 1  t m .  2 H ) ;  r r c  N M R  ( 1 0 0  M H z .  D , O )
7 0 . 3 8 .  7 0 . 1 3 . 6 9 . 9 7 . 6 2 . 1 9 . 5 9 . 7 9 , 4 9 . 7 5  p p m .  A c i c l i f i c a t i o n  w i t h  D C I  r e s u l t e d  i n  a
spec t rum ind is t ingu ishab le  f rom tha t  repor tcd  prev ious ly  fo r  l . -s -d ic leoxy-1 . -5 - im i -
no- l - ta l i to l  ( / J ) .  The compound was charac tc r ized  as  the  peracety la ted  sugar
(Ac,O/pyr id ine).  The two rotomers about the amidc bond are rcf-crr-cd to as arand
b  ( 0 . - s - s : 0 . 4 - 5  r a t i o ) .  r H  N M R  ( 4 0 0  M H z .  C n D u . l g g  K )  6  5 . 7 3  ( 1  .  J  -  2 . 5  H z , H -
3 a ) .  - 5 . 7 1  f t , . 1  :  2 . 6 H 2 .  H - 3 b ) .  5 . - 5 7  ( d d d . . /  :  1 0 . 1 . 6 . , 5 . 2 . , 5  H z .  H - , 5 b ) . 4 . 9 6  ( d d .
J  :  1 3 . 2 .  5 . 4  H z ,  H - l a ) . 4 . 9 2  ( d d .  - /  :  1 1 . 9 .  1 0 . - 5  H z .  H - 6 b ) .  - 1 . t t - 1  ( d d .  J  :  6 . 7 ,
2 . 7  H z .  H - 4 b )  , 4 . 7 4  ( d d d .  J  :  1 1 . 6 .  5 . 4 . 2 . 7  H t .  H - l a ) . 4 . 7 0  ( d d . . /  :  1 2 . 0 .  l 0 . l
H z .  H - 6 a ) , 4 . 6 4  ( d d , . /  :  6 . 4 . 2 . 8 H 2 .  H - 4 a ) . 4 . 3 1  ( d c l d . . /  :  1 1 . 3 .  - s . 1 .  L U  H z . H -
l b ) .  4 . 3 2  -  4 . 2 8  ( m .  F I - - 5 a )  , 4 . 2 9  ( d d .  - /  :  I  l . t t .  2 . l  H z .  H - 6 b ) .  . 1 . 1 0  ( d d .  - /  :  t 2 .  t .
2 . 6 H 2 .  H - 6 a )  , 3 . 4 6  ( d d , J  :  1 3 . - 5 .  5 . 3 H 2 .  H - l b ) . 3 . 3 1  ( d d . . l  :  1 3 . , s .  l l . 3  H z .  H -
l b ) . 2 . 9 0  ( t .  J  :  l 2 . 4 H z .  H - l a ) .  1 . 9 3  ( s . 3 H ) . 1 . 7 9  ( s , 3 H ) .  1 . 7 6  ( s . 3 H ) .  1 . 6 5  ( s .
3 H ) .  1 . 6 3  ( s , 3 H ) .  1 . 6 0  ( s . 6 H ) .  l . - 5 6  ( s . 3 H ) .  l . - 5 6  ( s . 3 H ) .  l . - 5 4  ( s . 3 H ) :  ' r C  N M R
( 1 0 0  M H z .  C o D 6 ,  2 9 8  K )  6 8 . 7 - 5 .  6 t j . 7 2 .  6 1 J . 1 9 . 6 7 . 3 0 ,  6 7 . 1 4 . 6 6 . 3 4 .  6 0 . 1 9 .  - 5 9 . 7 0 .
-5 .1 .02 .  48 .99 .  39 .36 ,  33 .99 .  21 . .56 .  2 t .26 .  20 .52 .  20 .26 .  20 .22 .  20 .  i l .  20 .0-5 .  20 .02
p p m .  r H  N M R  ( 4 0 0  M H z , C o D o .  3 - 5 3  K )  6  - 5 . 6 7  ( t .  J  :  2 . 6 H z . l H ) . 4 . 7 8  ( b r  s .  l H ) .
1 . 1 2  ( b r  s ,  l H ) ,  4 . 6 1  ( b r  s ,  l H ) , 4 . 2 8  ( d d .  J  :  1 1 . 9 .  2 . t l  H z .  l H ) .  3 . 1 0  ( b r  s .  l H ) .
l . t t 7  ( b r  s .  3 H ) ,  L 7 - 5  ( s ,  3 H ) .  1 . 6 9  ( b r  s ,  3 H ) .  1 . 6 4  ( s .  3 H ) .  1 . 6 2  ( s .  3 H  ) .  A n u l ,  C a l c d
t b r  C r 6 H , r N O e :  C  - 5 1 . 1 7 . H 6 . 2 1  ; N  3 . 7 , 5 .  F o u n d :  C  - 5 1 . 4 , 5 :  H  6 . 1 7 :  N  3 . 6 - 5 .
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