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Synthesis of Z-amino-I,z-dideoxy-D-galactitol hydrochloride
a n d 5 - amin o -1,4- anhydro-5, 6- di deoxy- L-gal actitol
hydrochloride

Kim Ade lhors t  and George M.Whi tes idcs

I) t ' l t tu' lntt 'nl  of '  (- lrcni.si l t ' .  HarL'urd L. lr i t  ersit t ' ,  (-urrtbridga, Xltrstrcl t tr . t t , t ts 021,18 (LiSA)

t R e c c i v c c l  O c t o b c r  l l t h .  1 9 9 0 :  a c c e p t e c l  i n  f i n a l  f o r m  N o v c n r b e l  l s t .  l t ) t ) l )

l -Acetamido-1,2-dideoxv-r>-galact i to l  (4)  was preparcd in connect ion wi th our
uurk on the synthesis of  carbohydrates using enzymes ' .  I t  was found that.  whcn 5
\ \ l rs cxposed tc l  conccntratcd hydrochlor ic acid,  i t  sc lcct ively dchydnrtcs to givc

5-unr ino-1,4-anhydro-5,6-didcox)--r  -galact i to l  hydrochlor ide (7).  Compound 5 was
prcr iously reported by Di l ls  ancl  C'ovcy I  as an intcrmcdiatc in thc synthesis of
l -dcor1-r>-tagatose start ing I ' ronr l -anr ino-?-deoxy-r>-galactosc hydrochlor idc ( l ) .

Thc conrpound was not,  howeve r .  isolutcd in purc fornr.  and the onl-v-  physical  data
g i rcn  f t t r  i t  wcrc  Rn va lues .  S incc  t lu r  u in r  * i t :  [o  pur i1 .1  cuch in tc r r r rc r l ia tc  in  thc
srn t l t cs is  o f  5 .  fu l l y  p ro tec tcd  dcr i ra t i rcs  \ \e re  usc t l  n r t l rc r  th l rn  thc  1 ' r roccdurc  o1 '
D i l l s  and C 'ovcr  l .  Severa l  amino-pru l tcc t ing  gr 'o r r I r \  \ \ c rc  Ic : rc r l .  l r r r t  on l l  the
acc tan t ick )  g roup was s tab le  cnough to  sun i rc  thc  R l rnc l  r t rckc l  re r l r re t ion . - l -uo
s y n t h c s c s  o f  l - a c e t a m i d o - 3 , 4 , 5 , 6 - t c t r a - O - u c c t l  l - l - c l c o r r  - n - g u l u e  t o s e  d i c t h y l
d i th ioacc ta l  (2 )  havc  becn repor ted  3 'a .  Howcvcr .  wc  founc l  thu t  in  o r . rc  o l ' thcsc
synthescs '  thc compound descr ibcd as 2 is.  instcad. a s ic lc prror luct .  cthyl  2-
acetamido-3.-1.6-tr i -O-accty l -2-deoxy- 1-thio-p-D-galactopyranosidc ( l  ) .  Rcduct ion
of  2  w i th  Rancy '  n ickc l  guvc .  as  expcc tcd ,  2 -ace tamido-3 .4 .5 .6 - tc t ra -O-acc tv l -1 .2 -d i -
deoxy-o-galact i to l  (4) .  Conrpound 4 could be deprotected quant i tat ivcl l  wi th di lute
hydrochlor ic acid to givc the desired 2-amino-1,2-dideoxy-o-galact i to l  hydrochlor-
ide (5).  I f  4 was deprotectcd by ref luxing with concentrated hydnrchlor ic acid the
intermediate 5 was dehydratcd to give 5-amino-1,4-anhydro-5.6-cl idcoxy-r . -galact i -
to l  hydrochlor idc (7).  Compound 7 could be obtained from 5 in quant i tat ive y ie ld

by'  prolonged heat ing.

Compound 5 was tested as a substratc for  galactose oxidase (o-galactosc :oxygcn
oxidoreductase, EC 1.1.3.9),  s ince oxidat ion at  C-6 of  5 would eive easv access to
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the  know a- l - fucos idase inh ib i to r  . .  l . - i - t l i t l cos-1 . -5 - im ino- l - fuc i to l  
' ' "  (6 ) .  No

conversion of  5 to the corrcsponding ul t lchrdc could be detectcd af tcr  thrcc c lays;
under s imi lar  condi t ions.  complctc or idat ion of  mcthyl  B-n-galactopl 'nrnosidc to
methy l  B-o-go lacro-hcxod ia ldo-1 .5-pr ranos idc  was observed w i th in  c igh t  hours .
Protecting the amino group of 5 as thc ,V-/crl-butoxycarbonyl dcrirativc clid not
improve i ts sui tabi l i ty  as a substratc tor  the enzyme.
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and  the i r  r c la ted  5 -amino- -5 -dcoxya ldoses  and  lac t i rn rs  u rc  po tcn t ia l l y
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E \ P L R I \ l t r \ . 1 . ' \ L

(it 'rrt 'r 'ul ttrctlods.-2-Amino-2-deoxy-o-galactose hydrochloride and Raney
nickcl  \ \crc purchased from Aldr ich,  galactose oxidase was purchased from US
Biochcnr ica l  Co.  and ca ta lase  f rom S igma Chemica l  Co. rH-NMR spec t ra  were
rccordcd a t  -1 (X)  MHz;  'H  sh i f t s  in  CDCIr  a re  re fe renced to  in te rna l  Mc. ,S i  (D
0. (X) ) :  un t l  rH  sh i f t s  in  D,O to  the  s igna l  o f  HDO (6  4 .75) .  '3C-NMR specr ra  wcre
rcctrrdcd at  lOt i  MHz (Bruker AM-400):  r ' rC shi f ts in CDCIr are refercncccl  to thc
c c n t c r  o t ' t h c  C D C I .  p e a k s  ( 6  7 7 . 0 ) . r t c  s h i f t s  i n  D r O  a r e  r e f e r c n c e c l  t e  a n
cr tc rnr r l  d ioxane 6  67 .4) .  TLC p la tes  (EM Sc iencc)  were  coated  w i th  S i l i ca  Gc l
Fr. ,  ( \ lcrck:  0.2 mm). For column chromatography Si l ica Gel 60 (0.040-0.064 mm.
l i ( l - l ( ) ( )  mesh ASTM,  EM Sc ience)  was used.

f -.1<'etuntido-3,4,5,6-tetra-O-acety'l-2-tleoxy-o-galactose diethyl rJithioacetal Q).-
l -Amino-2-deoxy-o-ga lac tose  (1 ,2 .0  g ,9 .3  mmol )  was  mixed w i th  e thanc th io l  (10
nt l )  and concd HCI (17 mL).  and st i r red fbr 2 days at  room tcmperature.  Thc
n l i r tu rc  u ,as  d i lu ted  w i th  water  and the  ac id  ncu t ra l i zed  rv i th  2PbCO.  .  Pb(OH) , .' l -hc  

p rcc ip i ta te  was separa tcd  hr  f i l t ru t ion  and thc  f i l t ra tc  conccnt ra tcc l .  The
resu l t ing  so l id  was suspcndcd in  ho t  E tOH and f i l t c rcd .  Thc  I ' i l t ra te  \ \ r rs  conccn-
tr l l tcd and the remaining solvent cocvaporatcd with pyr ic l ine twicc.  l 'hc rcsic luc
was i tcctr  latcd wi th acet ic anhydr ide (25 mL) in pyr id ine (40 mL) by st i r r ing
ovcrnight at  room temperaturc.  The solut ion was poured onto ice and cxtractcd
wi th  C 'H,C l , .The organ ic  phase was success ivc ly  washed w i th  4  M HCI  and sa td
NaHC'O. solut ion,  dr ied (MgSOo),  conccntratcd,  and pur i f ied on a s i l ica gcl
c o f u m n  r i i t h  l : l  - -  l : 1 0  E t O A c - h e x a n c  a s  c l u a n t  t o  g i v e  2  ( 2 . 6 4  g . 7 3 e  i  )  u s  a
so l id :  i t  cou lc l  hc  recrys ta l l i zed  f rom EtOAc-pc t ru t leum e ther :  mp 133" . Ia ] , , ,  - -5 .6 '
( c '  1 . 0 .  c ' H C ' l  , ) :  l i t .  " '  r p  r 3 7 - 1 3 9 ' ,  [ a ] , ,  -  1 7 " :  r H - N M R  ( c D C l . ) :  r !  - 5 . 8 9  ( c l .  I  H .
/ * , , . ,  1 0 . 3  H z .  N H ) . 5 . 8 4  ( d d ,  I  H ,  - / . , . r  1 . 5 .  . / r r  9 . 1  H z .  H - 3 ) . 5 . 1 0  ( c l t l d .  I  H .  . / r . 5
2 . 2 ,  J , . ( ,  1 . 7 . 1 :  H z .  H - 5 ) , 5 . 1 6  ( d d ,  I  H ,  . / r r  9 . 1 .  / r .  2 . 2 H 2 .  H - 1 ) .  - 1 . - 5 8  ( c l c l c l .  I  H .
, / r . 2  5 . 8 .  . / . .  1 . 6 .  . / . \ r r  1 0 . 2  H 4 H - 2 ) , 4 . 3 3  ( c l d .  I  H .  - / . . ( , ,  1 . 1  H z . . / r , , r ( , r ,  l ) . 0  H z .
H - 6 a ) . 3 ' 8 3  ( d .  I  H .  / r  .  5 . 8  H z . H - l ) , 3 . 3 5  ( c l d .  I  H , / , . 0  7 . 3 .  - / ( , , , ( , r ,  l l . ( )  H z ,  H - 6 b ) ,
2 . 6 9 - 2 . 6 1  ( m .  +  H .  I  - S C H , - ) ,  L 2 6  f t , 3  H ,  /  J . 3  H z ,  C H r ) .  a n c l  1 . 2 - l  ( t .  3  H .  J  7 . 4
Hz,  cH. , ) :  ' ' c - \ \ lR  (c 'DCl . , ) :  6  170.5 ,  170.4 ,  169.g ,  169.7 .  169.2  (5  c=o) .  6g .u
( c - 3 ) ,  6 8 . 2 , 6 1 . 1  ( C ' - + . 5 ) .  6 1 . - 5  ( C - 6 ) ,  5 3 . 8  ( C - 1 ) ,  5 0 . 0  ( C - 2 ) , 2 6 . 0 . 2 5 . 9  ( 2  _ S C H , _ ) .
2 3 . 2 , 2 1 . 3 ,  2 0 . 8 .  1 0 . 7 .  ( - l  C ' H , C O ) ,  a n d  1 4 . 4 ,  1 4 . 2  e  C H r ) .

Ana l .  Ca lcd  fo r  Cr ,H: ,NO, )S, :  C ,4B.4 l ;  H ,  6 .71 ;  S ,  12 .94 .  Founc l :  C .  48 .26 :  H.
6 .73 ;  S ,  12 .99 .

Ethyl 2-acetamido-3,1,6-t ri-O-ucet-vl-2-deoxy- 1 -thio-B-o-galactopl,rano.sitle (3 ). -
This was isolated from thc sccond fract ion of  the chromatography and crystal l izcd
f rom EtOAc;  mp 182 ' ,  [ * ] , ,  -  35 '  (c  1 .2 ,  CHCl , r ) ,  l i t .  3  mp 1g4" ,  [o ] , ,  -22 ;
rH-NMR (cDCl . , ) :  6  5 .46  (bd .  I  H .  / " * , . ,  9 .5  Hz .  NH) ,5 .39  (dd ,  I  H .  . / r .1  3 .2 ,  J r . .5
0 . 9 H a  H - 4 ) , 5 . 1 6  ( d d ,  1  H ,  - / . . r  1 0 . 9 .  " / . r . 1  3 . 3 H z ,  H - 3 ) , 4 . 6 5  ( d ,  I  H ,  J r . . ,  1 0 . 3  H z ,
H - 1 ) , 4 . 2 4 f t r  q ,  I  H ,  J , . . ,  J r . r ,  / r . " * ,  l 0 H z , H - 2 ) , 4 . 1 1  ( d d , 1  H , . / . 5 . ( , . , 6 . 6 , . 4 , . , . 6 h  1 1 . 5
Hz,H-6a) ,4 .11(dd.  I  H ,  J5 .6b  6 .5 ,  - /6 , .6b  lL3Hz,  H-6b) ,3 .93  (d t ,  I  H ,  "L .5  0 .9 , . /s . r , ,
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6 . 6  H z .  H - 5 ) .  l . E l - 2 . 6 : 1  ( m .  - l  H .  2  - S C H , - ) .  I 1 7 .  1 0 5 .  1 . 0 1 .  1 . 9 f 1  ( s .  1 2  H , 4
c H r c o ) .  a n d  l . l f i  ( t .  3  H .  c H . ) ;  ' r c - N M R  ( c ' l ) ( ' l  . ) :  t  s + . 9  ( c - l ) .  7 4 . 4 . 7 1 . 2
(c -5 . - l ) .  66 .9  (C-3) .  61 .6  (C-6) ,  49 .1  (C-2) ,  21 . ,1  ( -s (  I i . - ) .  t . r . l .  20 .7 .  20 .7  (3

C H r C O - ) .  a n d  1 4 . t J  ( C H r ) .

A r n l .  C a l c d  f o r  C , n H . r N O r S :  C , 4 9 . 1 0 ;  H . 6 . - l - 1 :  S .  \ . 1 ( ) .  l i o r r n c l :  C . 4 9 . 1 8 ;  H ,
6.219; S, 8.40.

2-Acetamido-3,1,5,6-tetra-O-uc'etyl-1,2-clit leo.\ '\ '- l)-,(r/[/r 1i /r i/ (-l ) - ' l 'hc dithioac-
e ta l2  (550 mg,  l . l  mmol )  was  added to  a  suspcns ion  t r l  . . t re  t r r l l r  r i r rs l rcc l .  ac t i va tcd
Raney N i  in  E tOH (50  mL) ,  and hcated  a t  rc l ' l L r r  l t r r '  l r ,  h .  Ihc  cu ta lys t  wers
removed by  f i l t ra t ion  and washed w i th  ho t  pyr ic l inc  .u r t l  I  r ( ) l l  Ihc  combincd
f i l t ra te  was concent ra ted  and the  res iduc  s t i r rcc l  o \cn t rg i l  i i r1 l r  . r t ' e r ie  l rnhydr ide
( 1 0  m L )  i n  p y r i d i n c  ( 2 0  m L ) .  T h e  a c e t y l a t i o n  w A s  c l o r . r . ' . r r . r  i . r i ' r , ' . r u t i o n .  b c c a u s e
dcacety la t ion  was somet imcs  observcd  dur ing  thc  rc t l r r . ' l l r r :  r i l t .  r ' r t t . r l r s t  muy be
bas ic ) .  Thc  mix tu re  was pourcd  c ln to  i cc  and cx tn re te  r l  n r l : ' r  (  I l  (  1 . .  l rnc l  thc
o r g a n i c  s o l u t i o n  w a s  s u c c e s s i v e l y  w a s h e d  w i t h . l  M  t l ( ' l  r u t , . :  . . r . . :  \ . r I l (  O , .  t h e n
dr ied  (MgSO.) ,  and conccnt ra ted .  A l though thc  p ro t lue t  sh . \ \ . . t  r 'n i r  , rne  spot  in
T L C ,  i t  w a s  p a s s e d  t h r o u g h  a  s i l i c a  g e l  c o l u m n  ( 1 0  c n r ) r r n . i  ; l L . i . . r  r i r l h  [ : t O A c  t o
g i v e  4  ( 2 3 0  m g . 5 5 " . ) ;  ' H - N M R  ( C D C I , ) :  6  5 . 7 - l  ( r l .  I  H .  / . .  .  , , r  1 1 , , .  \ H ) . 5 . 2 g
( b r  d d ,  I  H .  J . . 6 , ,  8  H z . 5  H z .  H - 5 ) . 5 . 2 0  ( s . 2  H .  F { - i . - l ) .  I  - i  , r r  . r  . i  ,  t l .  /  .  ( ) . f i .

J , . * . , ,  1 0 . 7  H z .  H - l ) .  1 . 3 4  ( d d .  I  H .  - / 5 . ( , r ,  4 . 1 .  . / , , . , , , r .  l l  l  1 1 , .  t l - , , . , ) .  . i  : l  r t l t l .  I  H .
. / , . , , n  J . 9  H z . . / r , , , . ( , r ,  1 1 . 9  H z .  H - 6 ) . 2 . 1 6 , 2 . 1 2 . 2 . 1 0 .  l o l  , , , - , . .  . a  l l . 5  ( ' l l . ( ' O ) .

a n d  1 . 0 5  ( d . 3  H .  / r  ,  6 . E  H z .  H - l ) :  r ] C - N M R  ( ( ' l X  I  r :  r  l - ,  r - .  l - r r . l .  l ( ) 9 . 7 .  1 6 9 . - 5 .
1 6 9 . 4 ,  ( 5  C = O ) ,  7 1 . 3  ( C - 3 ) .  6 8 . 2 .  6 7 . 8  C - 4 .  C ' - - i ) .  ( , 1  r '  r (  - r ,  j . r  l  ( (  - l ) .  1 3 . 1 .  2 0 . 6 .
2 0 . 5 , 2 0 . 5 , 2 0 . 5  ( 5  C H r C O ) .  a n d  l 8 . l  ( C - l ) ' I - A I J \ l \  , r ;  - -  r - f  ,  l r , l - l  ( c a l c . 3 7 6 . 1 6 0 8 )
( M * ) .

2-Amino-1,2-dideoxy-o-galact i to l  l ryt l roclrhtr t t l , '  r5,  -  (  r rnrp()Lrnd 4 (350 mg. 1.0
mmol )  was  suspended in  M HCI  (30  mL)  r rn t l  i r . ' . r1 . . .1  .11  \ r  t i r r  l6  h .  Thc  mix tu re
was then concent ra ted  and thc  p ru tduc t  1 ' l t r : re . i  t i t r , r11gf1  r r  Scphadex G-10 co lumn
w i t h  w a t e r  a s  e l u a n t  t o  g i v e  5  ( 1 7 6  n r g .  t ) ( r / z  ) . r r . r  : \ l ' u p .  ' H - N M R  ( D , O .  p D  2 . - 5 ) :  r )
3 .83  (d t ,  I  H ,  - /1 .5  2 .0 .  J . . ( , ,  ( r .3  Hz .  H-5) . . r . - . r  r t l . l .  I  H .  . /1 . ,  2 .8 .  " / r .1  7 . ( )  Hz .  H-3) .
3 .66  (dq ,  I  H ,  . / r . ,  7 .0 .  J .  r  1 . , \  Hz .  I { - l ) .  L r ) . r  ( r l (1 .  I  H .  . / r . r  7 .8 ,  - /+ . .s  2 .0  t l z .  t { - ,1 ) .
3 . 6 1  ( d ,  2  H ,  J 5 . 6  6 . 3  H z .  l { - ( r a ) .  u n t l  l . j l  ( t l .  . l  H .  . / , ,  7 . 0  H z ,  H - l ) :  r ' ( ' - N M R

( D , O ,  p D  2 . 5 ) :  6  7 1 . 5 .  7 1 : . 7 1 1 . ( )  ( ( ' - . r . 1 . ) ) .  ( r . r . 7  ( C - 6 ) , 4 9 . 6  ( C - 2 ) .  l ( r 0  ( ( ' - l ) :

F A B M S :  m  /  z  1 6 6 .  l 0 t t 3  ( c a l c .  1 6 6 .  l (  l l e  )  ( [ \ l  ( ' l ]  -  
l .

5-Amino-1,4-anhydro-5.6-ditl( '(/.\.J - r -qttluL tittt l  ln'drochloride (7).-( 'onrpounrl I
(230 mg,  0 .6  mmol )  was  suspcndcd in  concd HC' l  (20  mL)  and heatcc l  r r t  rc l ' l u r  l i r r  2
days .  The mix tu rc  was conccnt ra tcd  und pusscd th rough a  Sephac lc r  ( i - l0  c ( ) lL r rnn
wi th  water  as  e luant  to  g ive  7  (110 mg.  9 l i%)  as  a  c rys ta l l inc  so l i t l  th r r t  was
recrys ta l l i zed  f rom EtoH;  mp 213- l l -1 " :  rH-NMR (D,O.  pD 3)  r t  - l . l l  ( r i t l .  l  H .
J t . - , 4 . 0 ,  J ) . 1  2 . 0 H z . H - 2 ) . , 1 . 0 7  ( b r  s .  I  H .  H - 3 ) , 4 . 0 0  ( d d .  I  H .  . / r , , .  1 0 . 1 .  . / r , .  + . 0
H z , H - l a ) , 3 . 8 9  ( b r  d .  I  H ,  / r , , . r b  1 0 . 2 H 2 ,  H - l b ) , 3 . 7 0  ( d d .  I  H .  . i . 1  1 . - i .  . / r .  f i . ( )  H z .
H-4),  3.50 (br dq, I  H, / r . ,  9.  / r  n, ,  J Hz, H-5),  and 1.32 (d.  3 H. . / .  , ,  7 Hz. H-6):



l t l t l lrt,r ' 'r. (; \ l I l hircsidt' / Curhoh,dr. Rc.r. 2-j2 (t992) lg-l-tg7

' ' c -N\1R (D,o.  pD 3)  D 87.0  (c -4) ,  79.7  rc$,77.6  (c -2) ,  14.3  rc - l ) ,  50.1  (c_2) .
and 15.6 (c-6): FABMS rn/z 14g.0972 (calcci l4g.}gi4) Iv - cl l  ' .

[ ' - r t : t r r t i t 'a ' i . ra1' . -Compound 5 (45 mg) was dissolved in 0.05 M phosphatc buffer( l  nrL '  pH 7'00) '  catalase (9900 uni ts)  ancl  galactose oxic lase (50 uni ts)  were
adclcd'  l rncl  the mixture was vigorously st i r rcci  for  3 days under a f low of  O,.rH- \ \ lR  and r3c-NMR spec t roscopv  o f  the  lyoph i l i zed  mix tu re  ,n , r * . . i ' , r i ' u
s ta r t ing  n ta te r ia l .
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