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ABSTRACT

A pract ical  l5-ntmol  large-scale synthcsis o l  p-r . - fucopy'ranosyl  d icyclohex-v lammonium phosphatc
fr t tm t  - fucose in 63cl  overal l  y ie ld was dcvclope d.  The synthcsis took advantagc of  a ncighbor ing I3z-2
group part ic ipat ing in a Koenigs-Knorr- l ike glycosvlat ion.  The sugur phosphate was t ransl i t rnrecl  into
the act iv : r ted sugar nucleoside.  guanosine diphosphate p-r  - fLrcopl"ranosc.  on a gram scale.

INTRODUC]TION

Pract ical  syntheses of  nucleoside phosphate sugars are required to make thcse
compounds avai lable for  syntheses of  o l igosacchar idcs using Leloir-pathway en-
zymesr '1.  The glycosyl  t ransferases that use thesc act ivatecl  sugars as glycosyl
donors are increasingly avai lable,  e i ther commercial ly or through cloningr 5.

l -Fucose is the most hydrophobic of  the sugars commonly encountered in
mammal ian ol igosacchar ides. Ol igosacchar ides containing L-fucose are known as
tumor-associated ant igens and recogni t ion of  these is important in certain diagnos-
tics of cancert'. Oligosaccharides containing r--fucose arc also known as part of
human blood group H determinants;  th is mater ia l  is  the substrate for  the glycosyl
t ransfcrases that construct  the A and B blood group ant igensT. r--Fucose is alsct
found in glycol ip idsE. bacter ia l  polysacchar idesq, and plasma glycoprotc insr0.
Guanosine diphosphate p-r- fucopyranose (GDP-Fuc) is the substratc for  the
fucosyl transferases involved in the biosynthcsis of these substances.

GDP-Fuc has been synthesizcd previously by both enzymic and chemical  mcth-
ods. The enzymic methods usual ly start  f rom guanosine diphosphate a-r)-manno-
pyranose (GDP-Man) and use a GDP-Man oxidoreductase systemrt ' t r .  15.  ut i l i ty
of this method is l imited by the troublesome isolation of the enzyme. The major
problem with chemical  methods is thc lack of  good anomeric control  in thc
synthesis of fucopyranosyl phosphate. Although fucopyranose has the same ovcrall
stereochemistry as galactopyranose, for which anomeric control in glycosylation
react ions can be obtained by neighbor ing-group part ic ipat ion,  i t  is  wcl l  known that
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the  6-dcox) , 'g roup c l im in ish  thc  c l ' f cc t  o f  thc  nc ighbur  g roL lp ' ' .  ( ; l )P- l juc  h l rs  bccr r
svnthcsizccl  t ' ronr /3-r . - l 'ucop) ' ranosyl  phosphutc b1,,  condcnslr t ion rv i t l r  nrrc lcosi( lc
- i ' -phosphutc  l t c t i ' v 'u tc r l  in  thc  lo rm o t '  u  n rorpho l idu tc r r  r ' .  c l ibu t -v lphosph ino th io ic
i t t rh l ' c l r i c lc r ( ' .  in t i c luzo la tc i ' .  anc l  d iphcn l , l  py , ' rophosph i r tc i t .  Nuncz  c t  l r l . r "  h l rvc
r lcscr ibec l  onc  o l ' thc  hcs t  s l "n thcscs  o f  p - r  - fuc t lpv r r rnosr l  phosphatc  us  i t s  t l i c rc lo -
I tcxyl i tmmonium sal t .  \ \ ' i th an ovcral l  v ic lc l  t ' rcnr r . - f  r icosc of '  -50' ' l  .  A nlr jor  c lnrw-
back  rv i th  th is  svn thcs is  i s  tha t  i t  rcc lu i rcs  thc  anonrcr ic  s tub i l i t v  o l '1 .3 . -1 - t r i -O-
luccty ' l -p-r  - l 'ucopvranosc dur ing drr  i r rg.  I l  dr-v ' ing is prolorrgcr l .  the conrpor-rncl
cc lu i l ib r l r t cs  to  u l t  un( )n tc r ic  n t i r tu rc  l l  i th  thc  ( f  lu ton tc r  l l s  the  y - r rcpondcnrn t
c t tn t ' t t rn tc r ' " .  

' l -h is  
compl ica t ion  rn l rkcs  thc  pn lccc lu rc  l css  sa t is l t rc ton  l i r r  l l r rgc -scu lc

syn thcs is .  In  adc l i t ion .  thc  i tnonrc rs  n lus t  bc  scpuru tcd  b l ' l r  cur l [ . rc l ' \ ( )n te  ion-cx-
c h a n g c  c h r o m u t o g r a p h v  u s i n g  a  g r a r l i c n t  s o l v c n t  s v s t c m .  S c h u n b l r t ' l t e  r ' . r n t l  \ \  i l k c n l "
h t tvc  t tscd  l r  s imp lc  condcns l r t ion  rc l rc l ion  l ' r c twce n  l . l . i . l - l c t l ' l r - (  / - r r t ' r ' i r  l - r r - r  -

fucopvranosc  and c ry 's ta l l inc  phosphor ic  l t c ic l  to  svn thcs izc  thc  c ( ) r . r ' r ' \ l )o r r t l i l tg
rr- t  - l 'ucopvrutnosl ' ' l  d icy 'c lohcx-vlanrnroniurrr  phosphatc in 2l l '  ;  orcnr l l  r  ic ld.  Rc-
ccn t l -v ' .  Schmic l t  c t  u l . l l  havc  c lcscr ibc i l  t l r c  s1 , 'n thes is  o1 'bo th  thc  r r  unc l  /3  unonrcr  o1 '
1.3. .1- t r i -O-accty l - r  - fucopvnrnosyl  phosl ' rhutc v iu t r ichloroucct i r r r idatc.

I r r  t l i i s  papcr .  wc  dcscr ibc  a  pnrc t i c r r l .  lu rgc-sca lc .  f i vc -s tcp  syn thcs is  o t '  /3 - r  -

fucopyranosyl  d ic-vclohcx-v- lamntoniunr phosphutc in 63(r l  ovcral l  v ic ld wi th onh
t tne  chrc lmat t tg r l rph ic  pur i l ' i cu t ion .  \ \ ' c  l t l so  t l c r t . tons t ra tc  thu t  th is  conrpor r r r r l  c l r r r  bc
convcr tcd  to  GDP-Fuc o l1  a  snrn t  scu lc .

Rt rsL l t -T 'S , , \N  I )  I ) lS ( ' L jSS loN

Gcncra l l y  g lycos l ' l  phosphatcs  harc  l rccn  i r rcpurcc l  hy  thc  l c i re  t io r l  , r l  l r  t ' r cc
i tnontcr ic hydrt txyl  groLlp i 'u ' i th l tn l tct i rutct l  phosphlr tc prccursor ' .  In otrr  l rp l ' r roucl-r .
wc  have ch t t t t sc t - t  t t t  i t c t i v l t t c  thc  g l l cosr l  cor .111 ' : r1 . r11g111 s incc  i i te  eont ig r rn r t ion  o l '
I . - t ' uc t tsc  shou lc l  makc  ne ighbor ing-gr 'ou l )  1 ' l t r t ie i ; l l r t ion  poss i l r le  i r r  s l rcos ic lc  svn thc-
s is .  w i th  p ropcr  cho icc  o t 'pnr tcc t ion  lo r  the  J -h l t l ro r r I  g roup.  t , suu l l y ' .  acc ty ' l
g roups  arc  p rc fc r rcd  f i r r  th is  n r lc  bLr t  rcac t ion  o t '  -1  r i i th  t r i c th l ' l ammonium
dibcnzy l  phosphatc  in  thc  p rcscncc  o f  an  cxccss  o l ' s i l vc r  carbonatc .  unc lc r  thc
normal condi t ions fc l r  a Kocnigs-Knurr- typc glycosylat ion.  gavc 2.3.4-tr i -O-accty ' l -
r r - t . - fucop-v-ranosvl  d ibenzvlphosplratc (5) as thc only prclduct ( in smal l  scalc.  i t  was
l i lund  tha t  5  z r lso  cc lu ld  [ - rc  ob tu incd  w i thout  us ing  s i l vc r  carbc lna tc  whcn thc
reac t ion  was donc  in  c l r l  acc ton i t r i le ) .  Th is  surpr is ing  rcsu l t  i s  a  goor l  cxantp lc  o1 '
the lacking ncighbor ing-group part ic ipat ion in thc rcact ion of  fucosc as prcvioush'
observcdr ' .  Appurcnt ly.  f i r rmat ion of  thc fucopyranosvl  oxonium ion is prcfcrrcd
t tvcr the acctoxonium ion that can bc fbrmed bctwccn C- I  and C'-2.  arrd thc at tack
by thc phosphclrus nuclcophi le is govcrned by thc anomeric ef fcct .  

- l -h is 
proccss

generatcs products wi th thc a conf igurat ion cxclusivcl-v.  
' fo 

achieve thc lormat ictn
of thc desired B anomcr.  we changed from acctyl  to bcnzoyl  protect ing gr()ups
s ince  an  in tc rmcd ia tc  benzoy loxon ium ion  cun be  s tab i l i zcd  hy  dc locu l i za t ion  o f
the posi t ivc chargc to the benzenc r ing.  Al though the generat ion of  thc glycosyl
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bront idc usual ly is a quant i tat ive react ion,  we never achieved greater than 80-85%
conrcrsion of  the perbenzoylated fucopyranose. Changing the solvent tor  the
bronr inat ion f rom acet ic acid to dichloromethane only decreased the yield.  Reac-
t ion of  the crude glycosyl  bromide 6 on a smal l  scale under the condi t ions
dcscribcd above for the corresponding acetate gave the desired2,3,4-tri-O-benzoyl-
p-r  - fucopyranosyl  d ibenzyl  phosphate 7.  Dur ing scalc-up, only s l ight  excesses of
s ih 'er  carbonate and tr iethylammonium dibenzylphosphate were used, which did
not affect the anomeric configuration. The rcaction gave a 73o/c, ovcrall yicld after
column chromatography. The phosphatc group was deprotectcd by hydrogenolysis
in a mixture of  to luene, pyr id ine,  and tr iethylamine using Pd-C as catalyst .  The
solvent system was choosen to keep the product in solut ion.  Debcnzoylat ion of  the
free phosphate was achieved by refluxing a solution of 2.3. -tri-O-benzo-vl-p-r--

fucopyranosyl ditriethylammonium phosphate (10) in 1 : I mcthanol-cyclohexyl-
amine. The deprotect ion wi th cyclohexylamine has thc advantage over thc normal
deprotect ion wi th sodium methoxide or sodium hydroxide in that  i t  d i rect ly gives
the desired B-r-- fucopyranosyl  d icyclohexylammonium phosphate (11) in thc crys-
tal l ine form. In addi t ion,  large-scale deprotect ion of  l0 using mcthoxidc in
methanol proved to be a very slow reaction unless an undesirably largc excess clf
methoxide was used, because the free phosphatc tcnds to buffer thc rcact ion
mixturc.  The 630/o overal l  y ie ld of  the key intermediate l l  is  e ln important
improvement from the previously reported St)a/r for the large-scalc synthesisr",

Since the goal  of  th is work was to f ind a convenient largc-scalc synthcsis of
GDP-Fuc (12),  wc prepared the target compc-rund on a gram scalc by coupl ing
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excess B-l-fucopyranosyl phosphate to guanosine monophosphate morpholidate
(GMP-morphol idate) fo l lowing the procedure of  Nunez et  a l . re.  In ordcr to make
B-r--fucopyranosyl phosphate soluble in pyridine, the counterion hacl to be changcd
from cyclohexylammonium to triethylammonium. The coupling reaction was car-
ried out under strictly anhydrous conditions for 3.5 days, and gave GDP-Fuc that
could easily be purif ied by ion-exchange chromatography and isolated as a white
powder in 32o/a yield, based on added GMP-morpholidate. B-r--Fucopyranosyl
dil i thium phosphate was recovered in 66% yield. Thus, the yictcl of GDP-Fuc was
640/o, based on the B-r--fucopyranosyl phosphate consumed. By t 'p NMR spec-
troscopy, the GMP-morpholidate from Sigma contained several cquivalents of
inorganic phosphate.  This contaminant might havc reclucecl  thc y ie ld.  The ion-cx-
change chromatography gave a very good separation and proved to be very
reproducible.

EXPERIMENTAL

General methods.-rH NMR spectra were recorded at 400 MHz: H shifts for
solut ions in CDCIi  are referenced to internal  Me.Si  (6 0),  ancl  for  solut ions in
DrO to  HDO 6 4 .7r .  r3C NMR spec t ra  werc  recorded a t  100 MHz (Bruker
AM-400); C shifts for solutions in CDCIr are rcferencecl to the center of the
CDCI-,  peaks (6 17.0),  and for solut ions in D.O to external  1,4-dioxane (6 67.4).
TLC plates (EM Science) were coated with Si l ica Gel 60 F.,s.  (0.2 mm). Column
chromatography was done with Si l ica Gel 60 (part ic le s ize,  0.040-0.064 mm,
230-400 mesh ASTM, EM Science). All moisture-scnsitivc reactions were con-
ducted under Ar.  Dichloromethane and MeCN were dist i l led f rom CaH..  Hydro-
gen bromide in acetic acid, AgrCO., dibenzyl phosphate, ancl l-fucose were
purchased from Aldrich. Molecular sicves wcre activated by heating to > 200'C at
0.15 kPa for 3 days.

2,3,4-Tri-O-acetyl-a-r,-fucopyronosyl bromide (4).-r_-Fucose (l; 3.1 g. 1t3.9 mmol,
95o/ct pure, Aldrich) was suspended in pyridine (20 mL) and Ac,O 00 mL) and
stirred overnight. The homogeneous mixture was poured into ice and extracted
with CHzCI '  ( t l0 mL).  The organic phase was succcssively washed with cold 4 M
HCI (3 x 50 mL) and satd NaHCO., solut ion (3 x 40 mL),  dr ie<J (MgSO.),  ancl
concentrated to give 1,2,3,4-tetra-O-acetyl-l-fucopyranose (2) as a syrup (6.26 g.

t l
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quant i tat ive).  Crude 2 (3.77 g,  l I .4 mmol)  was dissolved in CH.. ,Clr  ?rd cooled to
0'C. To this solution was added 307o HBI-AcOH (6 mL) and the mixture stirred
at room temperature for 30 min; TLC in I : I EtOAc-hexane showed complete
conversion. The mixture was di luted with CH?Cl 200 mL) and washed successivcly
with ice-water and satd NaHCO-, solution, clried (MgSOr), and concentratecj to
give 4 (4.03 g, quantitative), which crystall ized from Et,O-petrolum ether, mp
63-66 'C, l i t22  mp 64-66 'C.  'H  NMR (CDCI . , ) :  6  l . lg  (d ,  J  6 .5  Hz.  H-6) .  t . ( )1 ,2 .06 .
a n d 2 . 1 3  ( 3  x  C H . r c o ) , 4 . 3 6  ( b q ,  J  6 . 5  H z ,  H - 5 ) ,  4 . 9 7  ( d d ,  J  3 . 9 , 1 0 . 0  H z ,  H - 2 ) . 5 . 3 1
(bd, /  3.0 Hz, H-4),  5.36 (dd, J 3.1,  10.0 Hz, H-3).  6.64 k),  /  3.g Hz. H- l ) .  Fc

NMR (cDCl3)  6  15 .4  (c -6 ,  s ) ,20 .4 ,20 .5 ,  and 20 .6  I  x  cH. , ,  s ) ,  67 .8  (c -5 ,  s ) ,  6g .4
(c-2,  s) ,69.8 (c-4,  s) ,70.0(c-3,  s) ,  t19.3 (c-1,  s) ,  169.7, 170.0, and 170.1 (3 x co. s) .

Dibenzyl 2,3,4-tri-O-acetyl-a-t-fucopyranosyl phosphate (5).-The cruclc glycosyl
bromide 4 (3.6 g,  10,2 mmol)  was dissolved in dry CH,Cl,  (20 mL) ancl  st i r recl  wi th
3A molecular s ieves for I  h.  Si lver carbonatc (7.33 g,2J mmol)  was mixcd with 3,A
molecular sieves in a foil-covered flask and cooled to - 78"C. A solution of
t r ie thy lammonium d ibenzy l  phosphate  (6 .1  g ,  17 .5  mmol )  in  d ry  CH,Cl ,05  mL)
was added under Ar, followed by the solution of the glycosyl bromicle 4 ancl
addi t ional  CHrCl,  (15 mL).  The mlxture was st i r red overnight ar room rcmpera_
ture.  When l -LC in 2:1 EtOAc-hexane showed completc conversion to a s inglc
new compound, the mixture was f i l terecl  through Cel i te and pur i f iecl  by column
(2.2 x 17 cm) chromatography (s i l ica gel ;  I  :  I  EtOAc-hexane) ro give 5 (4.05 g,
72%) as a syrup; prolonged exposure to s i l ica gel  rcsul ted in decomposi t ion;  rH

NMR (cDCl . , ) :  6  1 .89 ,  I  .9J ,2 .17  (s ,  3  x  oAc) ,  3 .89  (q ,  . /  6 .5  Hz ,  H-5) ,  5 .01  (d .  2H.
J  7 . 9 H z ) , 5 . 0 1  ( d d ,  I  H ,  J  7 . 5 ,  1 1 . 5  H z ) , 5 . 1 0 ( d d ,  I  H .  /  7 . 5 . i l . 5  H z ) . 5 . 2 4 ( d d .  /
0.8,  3.9 Hq H-4),  5.25-5.34 (m, H-2,3),  6.01 (dd, " /  3.5,  6.8 Hz, H- l ) .  ancl  (  7.29_7.37
( 1 0  H ,  m ) .  r 3 c  N M R  ( c D C l . , ) :  6  1 5 . 6  ( s ,  C - 6 ) . 6 g . 9  ( d ,  J  g . 7  H z . C - 2 ) . 6 9 . 5 . 6 9 . 6  ( c t .
2 C ,  J  6 . 3 H 2 ) , 6 9 . 8 , 7 0 . 2 , 7 0 . 9 ,  ( s ,  C - 3 , 4 , 5 ) ,  a n c l  9 6 . 7  ( d ,  J  4 . 4  H z ,  C - l ) .

Disodium a-vfucopyranosyl phosphate (9).-Compound 5 (3(X) mg. 0.55 mmol)
was dissolved in to luene (10 ml)-pyr id ine (2.5 ml)-rr iethylamine (0.5 mL) and
hydrogenated overnight wi th l0o/r ,  act ivated Pd-C (100 mg) as catalyst .  The
resul t ing syrup was dissolved by adding more pyr id ine,  then f i l tcrecl  through Ccl i tc
and concentrated to give bis( t r iethylammonium) 2,3,4-tr i -O-acetyl-a-r . - fucopyrano-
syl  phosphate 8 as a syrup. This was dissolved in MeOH (10 mL) ancl  thc solut ion
made bas ic  by  add ing  0 .1  M NaOMe-MeOH (12  mL)  and s t i r rcd  fo r  3  days  ro
complete the deprotect ion.  The mixture was neutral ized with dry ice.  conccntratccl
and washed with hot EtOH. The remaining sol id was dissolvcd in McOH ancl
precipi tated by addi t ion of  acetone to give 9 (145 mg,92o/o);  thc NMR data arc in
agreement  w i th  l i te ra tu re  va lues2- , :  rH  NMR (DrO) :  6  1 .13  (d ,  J  6 .7  Hz,  H_6) .3 .65
( d d d ,  J  3 . 6 ,  r 0 . 2 , 2 . 7  H z , H - 2 ) , 3 . 7 4  ( b d ,  J  3 . 1  H z , H - 4 ) , 3 . g 5  ( d d .  J  1 0 . 2 . 3 . 1  H z .
H - 3 ) ,  4 . 2 0 ( b q ,  J  6 . 7  H z ,  H - 5 ) ,  a n d  5 . 3 6  ( d d ,  /  3 . 6 ,  1 . 0 H u H - l ) ;  ' t c  N M R  ( D , o ) :
6  1 6 . 1  ( C - 6 ) . 6 8 . 3  ( C - 5 ) , 7 0 . 0  ( d ,  C - 2 ) , 7 1 . 0  ( C - 3 ) ,  1 3 . 3  ( c - 4 ) ,  a n d  9 5 . 3  ( d .  c - l ) .

Dicyclohexylammonium Bt,-fucopyranosyl phosphate (11).-r.-Fucosc (l; 4.g g,
24.4 mmol, 95o/o pure, Aldrich) was dissolved in pyridine (50 mL) and coolecl tr-r
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0"C. Benzoyl  chlor ide (17.2 9,722 mmol)  was slowly added and the heterogeneous
mixture st i r red overnight at  room temperature.  TLC in l :2 EtOAc-hexane
showed complete benzoylation. The mixture was poured into ice and diluted with
CH2CI2 (100 mL).  The organic phase was successively washed with 4 M HCI
(4 x 60 mL) and satd NaHCO. solut ion (3 x 50 mL),  dr ied (MgSO, )  and concen-
trated to give 7,2,3,4-tetra-O-benzoyl-r--fucopyranose (3) as a syrup (l-i g.quantita-
tive), containing a small amount of benzoic acid. The crude product u us dissolved
in glacial  AcOH (16 mL) and cooled in an ice bath.  Saturated HBr in, . \cOH (16

mL) was added and the solution stirred at room temperature for . l h. 
-l 'hc 

mirture
was di luted with CH2Cl2 (100 mL) and then washed successively wi th icc-water
and satd NaHCO3 solut ion,  dr ied (MgSOo),  and concentrated to girc l . - l . l - t r i -O-
benzoyl-a-r- fucopyranosyl  bromide 6 as a syrup. TLC in 1:2 Eto, \c hcxane
showed that the product contained a smal l  amount of  the start ing nrr tcr ia l .  but
NMR showed that it was sufficiently pure ( > 80%) for the next srcp: ' tJ NMR
(CDCI . , ) :  6  (d ,  J  6 .5 ,3  H-6) ,4 .50  (dq t ,  - /  1 .0 ,  6 .5H2,  H-5) ,5 .63  (dd .  . /  I  t t .  10 . -1  Hz,
H-2) ,5 .85  (dd ,  J  3 .4 ,  1 .0  Hz,  H-4) ,6 .02(dd,  /  10 .5 ,3 .5H2.  H-3) .  and ( r . t ) - l  (d .  . /  4 .0
H z , H - 1 ) .  r 3 C  N M R  ( C D C I . ) :  6  1 5 . g  ( C - 6 ) , 6 g . 6  ( C - 2 ) , 6 9 . 2 , 1 0 . 4 , 7 0 . 8  ( ( ' - . r . 1 . 5 ) .  a n d
8e.4 (C-l) .

Crude 6  (15  g)  was  d isso lved in  d ry  CH. ,CI2  (50  mL)  and s t i r rc t l  r i i th  3A
molecular s ieves (Z g) for  l0 min.  A solut ion of  t r iethylammoniurn t l i l rcnTyl
phosphate(25 .2  mmol )  in  d ry  CH,Cl2  (15  mL)  was added togethcr  * i th  - \g , ( -O,
(8.2 g,  29.7 mmol) .  (Tr iethylammonium dibenzyl  phosphate was prcprrrcr l  l ' , r  rn i r ing
dibenzyl  phosphate wi th excess tr iethylamine nt  0"C, fo l lowed b1, ct) l tet ' r r r r r r r ion in
a  h igh  vacuum.  I t  was  then d isso lved in  CH,Cl . ,  and s t i r red  w i t l r  .1 . \  rn t r l ccu la r
sieves for )  2 h.)  The resul t ing mixture was st i r rcd in a fo i l -covcrcd t ' l r t rk rrnr lcr  Ar
for 15 h and then f i l tered through Cel i te and concentrated. Thc rerrr l r i r rg s i rup
(17 .8  g )  was  pur i f ied  by  chromatography  on  a  s i l i ca  ge l  co lumn (6 .5  l s  enr ) * i th
elut ion wi th |  :2 --  2:  I  EtOAc-hexanc to give pure 2,3.4-tr i -O - l . rcnzor I  -13-r . -

fucopyranosyl  d ibenzyl  phosphate 7 (12.1 g,73o/o overal l )  as a syr l rp:  the er ' rn l ' round
decomposed w i th in  days  a t  0 'C  and,  there fore ,  had to  be  used in t rne t l r r r l c l r :  rH

N M R  ( C D C I . , ) :  6  1 . 3 5  ( d ,  J  6 . 5 H 4 3  H - 6 ) ,  4 . 2 1  ( d q t .  J  1 . 1 , 6 . 5  H z .  t l - 5 ) . - 1  1 7 .  - 1 . 8 6
( d d , 2  H ,  J  J . 2 ,  1 1 . 7  H z ) . 5 . 1 0 . 5 . 1 4 ( d d , 2 H ,  J  7 . 6 .  1 1 . 7  H i l . 5 . 5 7  t t l t l .  /  l 0 + . 3 . 4
H z ,  H - 3 ) , 5 . 6 7  ( d d ,  J  7 . 2 , 8 . 0  H z ,  H - l ) , 5 . 7 5  ( d d .  . /  3 . 5 .  1 . 0  H z .  H - + ) .  r r n t i  5  5 9 .  ( d d .

" /  8 . 0 ,  1 0 . 4 H z  H - 2 ) .  r 3 C  N M R  ( C D C I . , ) :  6  1 6 . 2  ( s .  C - 6 ) , 6 9 . 4  ( d .  I  ( ' .  . /  5  I  H z ) . 6 9 . 6
( d ,  I  C ,  J  5 . 9  H z ) , 6 9 . 8  ( d ,  " /  9 . 4 H z , C - 2 ) . 7 0 . 7  ( s .  C - 4 ) , 7 0 . 9  ( s .  ( ' - . 1 ) .  - l  s  ( s .  C ' - 5 ) .
and 97.1 (d,  /  4.8 IJ^z,  C- l ) .

Compound 7  02 .1  g ,  16 .4  mmol )  was  d isso lved in  to lucnc  (10( l  r r r [ - ) .  and
pyr id ine (20 mL) and tr iethylamine (15 mL) were added. 

- l -hc 
: r r lut ion was

hydrogenated in an H, atmosphere with l \c/o act ivatcd Pd-C'(7()()  nrg)rrs catalyst .
W h e n  T L C  i n  6 : 3 : l  p r o p a n o l - 2 5 o / c  N H , ' H . . ' O - H r O  s h o w e d  q u r u r t i t r r t i i c  r e a c -
t ion,  the mixture was f i l tered and the f i l t rate concentrated to -ei ' , 'c  b is( t r ic thylam-
monium) 2,3,4-tr i -O-benzoyl-B-r-- fucopyranosyl  phosphate (10) as rr  dn toum ,1t2.2

g , 9 8 o / d ;  r H  N M R ( c D C l . , ) :  6 1 . 2 8 ( d , 3  H - 6 ) , 4 . 0 g ( b q t .  r { - 5 ) .  - 5 . , 1 1 - 5 . 5 5  ( n r .  H - 1 . 3 ) ,
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a n d  - 5 . 6 3 - 5 . 1 7  ( m .  H - 2 . ; t ) :  r r c  N M R :  D  l 6 . l  ( s .  c - 6 ) .  ) 2 . 3 . 4 3 . 1  ( C H . C H . N I I . ) .
6 t ) .J  (s .  C- .1 ) .  70 . -5  (d .  . /  8 .0  Hz .  C-2) .  l t .2  (s .  C t -3 ) .  12 :  (C._5 .6) .  anc t  9 -s .e  (d .  , /  L l
Hz .  C- l ) '  Compound l0  ( l l . l  g )  was  c l i sso lvcc l  in  McOH ( -10  nr l . )  r rnc l  c ,uc l .hcr r ' -
l a m i n e  ( ' 1 0  m L )  a n d  h c a t c d  a t  r e f l u x  f o r , l  h . - I ' h c  r c a c t i o r r  w a s  n t o n i t r l r c d  h r ' l ' l - ( '
i n  ( r : 3 . 1  p r t l p a n t l l - 2 5 f i  N H . , ' H . O - H . O .  W h c n  c 1 r - r a n t i t l r t i v c  t l c h e n z o , n , l l r t i o n  \ \ i r \
achicvcd. thc mixturc wi- ts conccntratcd ancl  f ract ionated bct lvccn wutcr ur.rc l
C t I ( '1 . .  The water  phase was w i tshcc l  th ree  t imcs  w i th  C 'F I ( ' I  .  1n6  t6cr  c . rcc r -
t ratccl  t t l  drvncss b-v- ct lcvi tpt l rat ing McOH.' l 'hc pntcluct  rvus diss() l r ,ccl  in h9t t : tOt{
l rnc l  p rcc ip i ta tcd  by  add i t i t ln  o f  l t cc tonc .  

- l ' hc  
pnr t luc t  was  scp l l r tec l  by , t ' i l t ru t i .n  t .

g i r " c  l l  a s  a  w h i t e  s o l i c l  ( 6 . 3  g .  6 3 ' ' 1  o v c r a l l  v i c l c l ) :  n t p  l 7 l - 1 7 9 ' ' ( ' ( h r . . u '  c . l ' r
dcvc loped bc fbrc  me l t ing) :  thc  NMR data  arc  in  agrccr -nent  w i th  pu l - r l i shcd  t l r r l r r r ' :' H  N M R  ( D ' o .  p H  7 . 0 ) :  D  1 . 0 7  ( m .  I  H ) .  r . 1 6  ( d .  . /  6 . . s  H z . 3  r J - 6 ) .  r . r +  ( m .  f i  F I ) .
1 . 5 - s  ( n r .  I  H ) .  1 . 7 0  ( m . ' 1  H ) .  l , 8 f i  ( r n .  1 H ) . 3 . 0 . 1  ( n r .  I  I I ) . 3 . - i l  ( d c l . . /  7 . r .  t , r . t )  H z .
H - l ) . 3 . - 5 7  ( c l d .  /  9 . 9 . 3 . - s  H z .  H - 3 ) . 3 . 6 2  ( c l c l .  . /  . 1 . 5 . 0 . 9  t b . I I - - + ) . 3 . 7 t  ( c i c 1 r .  . /  0 . ( ) .
6 . 8  H z .  H - 5 ) .  a n d  - 1 . 7 3  ( t . . /  7 . 8  H z .  H - l ) :  r ' C  N I v I R  u ) . o .  p H  7 . 0 ) :  a  l 7 . l  ( s .  ( ' - r r ) .
l - 5 . - l  ( s . 2  N H ,  * c , , H r )  l - 5 . 9 . 3 1 . 9 .  - s 1 . 9 . 7 1 . 9  ( s .  c ' - - l ) .  7 2 . j  G .  c - - i ) . 7 3 . 5  ( c l . . /  5 . 1
H z .  C - l ) . 7 4 . 1  G .  C - 3 ) .  a n d  9 9 . 1  ( c l .  /  4 . 3 H 2 . .  C - l ) .  A n a l .  C a l c c l  t o r  C r . F { r , , N . O , p .
0.5H.O :  C. ' t r7.1t8:  H. 8.93: N. 6.10: P, 7.08. Fount l :  ( ' .  -17.-10: Fl .  f i .7 l :  N. 6.0- l :  I , .
7 . 1 1 .

(]uttno.Eirtc diplutslt ltutc p-r -.t ' iu'op;'runo.\(,. r l i l i thitgrt urlt (12).-( '9r1p,u'1 I I
(3.7 g.  t l . ' l  mmol)  was dissolved in watcr ( :10 mL).  appl iccl  to 1 D.1u,cr 59 c. l r r r . ' r r
( E t . N * : 2 0  X  I  c n r ) .  a n c l  c l u t c c l  w i t h  w u t c r  ( l ( X )  m L ) .  J ' h c  c o m b i n c c l  l . r l c t i . n s  u , e  r c
ct lnccntratecl .  ancl  thc residual  solvent wus cocvapr l r i t tcc l  wi th pl , r ic l inc s ix t i r lcs i r t
< - l -5 'C and reduced prcssure.  kccping the f lask rnoisture-frcc by using Ar te Sr ing
thc prcssurc back to normal.  Thc clr -v l l  was dissolvccl  in c l r -v pl , r id inc ancl  uclc lccl  to
a  suspcns ion  o f  guant ls inc  mot tophosphutc  n to rpho l ic ia tc  unc l  . l -n rorpho l i l c - . \ . . \ " -
d icyc lohexy lc t t rb t l xamid inc  ( ,1 .3  g .5 .9  n tn ro l .  -  95( l  pLr re .  S igma)  in  pyr ic l i ' c  g0
mL).  The act ivated nucleosidc mclnophosphatc was prcviously dr iccl  bcforc rc lc-
t ion by cocvaporat ing dry pyr ic l ine thrcc t imcs. Aftcr  coevlrporat ing thc mixturc
with pyr id inc two morc t imcs i t  rvas c l issolvccl  (suspencled) in c l ry pyr ic l inc ( ,S0 nrt , )
and vigt-rrously st i r rcd undcr Ar for  3.5 c lays.  

- l -hc 
rcact ion was monit . rcd hl ,

phospht l rus NMR ( l2 l  MHz).  The procluct  wi ls cgncentratccl .  c l iss6lvccl  in u
min imum amount  o f  watc r  and app l icd  to  a  Dowcx I  co lumn (CI  :  l l  x  I  cnr .
2 (X) -4(X)  mesh) . ' fhc  c t l lumn was e lu tcd  w i th  a  L iC l  g rac l i cn t  (g .g , -  g .5  M)nr ,c lc . f
watcr (  I  L)  and 0'5 M LiCl  (  I  L)  in two connectcd vessels.  ancl  samplcs wcre
col lcctcd in 20 mL fract ions.  Thc appropr iatc f ract ions wcrc cgnccntrutccl  uncl
desa l ted  on  a  Sephadcx  G-10 co lumn (50  x  2 .5  cm)  to  g ivc  thc  L i  sa l t  o f  GDp-Fuc
(1.44 g.43c/o) as a syrup. By reference to an internal  standarcl  of  a known anr.unt
of  acctoni t r i le,  thc product was establ ishcd by rH NMR to be frcc t t f  t - i6 ' I .
Dissolut ion of  the syrup in watcr (5-7 mL) fo l lowcd by adcl i t ion of  ucct .nc ( ;15
m L )  g a v e  1 2  a s  a  w h i t e  s o l i d  0 . 1 2  g ) ;  r H  N M R  ( D , o ) :  6  1 . 1 . 1  ( d .  /  6 . 7  H z .  H _ 6 " ) .
3 ' 4 t t  ( d d .  J  J . 9 , 1 0 . 0  H z ,  H - 2 " ) , 3 . 5 u  ( d c l ,  . /  1 0 . 0 , 3 . 4  H z ,  H - 3 " ) , 3 . 6 3  ( b c l .  . /  3 . 2 H 2 .
H - 4 "  ) , 3 . 6 9  ( b q ,  - /  6 . 7  H z  H - 5 " ) , , 1 . 1 6  ( m , 2  H - 5 ' ) ,  1 . 2 7  ( m ,  H - 4 , ) . 4 . 4 4  ( c j d .  . /  - 1 . 0
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I - I z .  H - 3 ' ) , 4 . 6 5  ( t ,  " /  5 . 5  H z , H - 2 ' ) . 4 . 8 4  ( t .  /  8 . 0  H z ,  H - 1 " ) . 5 . 8 1  ( d . . /  5 . 8  H z .  H - l ' ) ,
a n d  8 . 0  ( s .  H - 8 ) ;  ' r C  N M R  ( D , O ) :  6  1 6 . 5  ( s ,  C - 6 " ) , 6 6 . 3  ( d ,  J  - 5 . 1  H z .  C - - 5 ' , )  7 1 . . 1  ( s .

C - 3 ' ) ,  l 2 . l  ( d ,  J  8 . 0  H z ,  C - 2 " ) .  J 2 . 5 . 1 2 . 2  G .  C - 4 " . 5 " ) .  J 3 . 5  ( s .  C ' - 3 " ) . ' 7 4 . 9  ( s .  C - 2 ' )
8 4 . 5  ( d ,  J  9 . 2 H z . C - 4 '  ) . 8 7 . 9  ( s ,  C - l ' ) , 9 9 . 5  ( d .  /  5 . 9 H a  C - 1 " ) .  1 1 7 . 0  ( s .  C - 5 ) .  1 3 8 . 4
(s .  C- l l ) .  152.6  (s ,  C-4) ,  154.8  (s ,  C-2) .  and 159.7  (C-6 ,6 ' ) .  FABMS:  n t /z  594

lM -  L i l  .  In  add i t ion .  d i l i th ium B- r - - fucopyranosy l  phosphatc  (1 .3 - l  g . -s .2  mmol )
could be rccovcrcd as a second fract ion fn lm the ion-exchange chrornlr tography.
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