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Urid inc 5"-(2-acchunido-2.6-didcoxy-15-I-galaclopylanosyl)  diphosphnic (uridinr 
5 "-diphospho- N-aCclyl-~-l.-l'ticosamillr war, ,;)'nlhcsizcd The key iltlerlllcdJalc. 3,4-di- O- 
acclyl-2-azido-2,6-didcoxy-~3-1 -galaclopyrano,;,,t dibcnzyl pho',phale, was prepared by ;i previ- 
ously tlllknov, iI reaction of cesium dibcnz).l pho,,phalc with the correspondillg c~.-gl.~cosyl 
nitrale and was thcl~ convcrled into the .,V-;~cclylatcd glycosyl pho,~ph;~tc and nuclct~sidc 
diphosphale sug:m, l,ia 3,4-di- O-:icclyl-2-arnino-2,6-didcoxy-I~-I -gaklciopyrano:,$ I phosphalc 
u5itlg mild .'\"-acctylalion and O-dcacctylation 4<~ lllc last synlhclic ,qcp.~. 

Key words: 71yco,L,.l pho~,ph:itcs. ~tlg:.lr lluclcolidc,~, ~llnillO SU~dI'N, N-;Icclyl-i -ti_lCQ'qtll]illr 
pho~;ph,,n+ylation. 

2-Acctan] ido-2,O-dideox~-t . -galactosc ( N - a c e t y l - t -  
fi.lCOsamine) is a c o m p o n e n t  of  many O-.spccific and 
capsular bacterial polysaceharides,  which are charac ter -  
istJs antigens of  microorganisms.  I In part icular ,  the 
.'V-acetyl-L-fucos162 residue is a p<nl of  the capsular  
polysaccharidc~ from Stapio'lococcus "aureu.s types 5 
alld 8:2 MOre tllaia 70% Of Stl'aJi]s isolated i l l  s taphy lo-  
coccal infections belong [o these lypes. The nature of  the 
activated precursor of  tills monos:~ccharide dqring bio- 
'~ynthcsis of  these po lymers  still remains uncte3r,  al- 
though it has been suggested tilat this role could be 
played by uridine 5" - (2 -ace tamido-2 ,6 -d ideoxy- [3 -L-  
~galactopyrano%vll d iphosphate  t i ) .  3 At present,  wc arc 

investigzlting the biosynthesis of  capsular pol.vsaccharidcs 
from staphylococci.  In this con 'ununicat ion,  we describe 
the first chemical  synthesis of  compound  i. Some rcsult:~ 
were reported in the prel iminary comnaunicat ion.  4 
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:'v'-Acetyl-i.-fucosamine derivatives were synthesized 
starting from 3,4-di-O-acctyl- 1.5-anhydro-2.6-dideox.,,- 
i- /yxo-hex-l-cnitol  (3,4-di-O-acctyl-L-fucat, 2), which 
was prepared by the reaction of 2,3,4-tri-O-acetyl-(~-L- 
fucopyranosyl bromidc with Zn in EtOAc in tile pres- 
ence of N-methylimidazole; the procedure was similar to 
thai described 5 lbr 2,3.4,6-tctra-O-acetyl-ct-t)-g!uco- 
pyranosyl bromide. Azidonitrafion of fucal 2 carried out 
as described prcvioust.,, 's gives rise to 2-a;,ido-3,4- 
d i -O- : t ce t y l -2 -deoxy -u -L- fucopyranosy l  nitrate (3a) 
tScheme I). which is easily isolated in thc cr.,,stailinc 
stale. The synthesis o1" 13-pllosphatc .5 fronl the products 
of azidonitration of glycal 2 has been reported recently 
in relation to thc synthesis of guanosine 5 ' - (2-amino-  
2,(~-dideoxy-p-l.-galactop.vranosyl) diphosphatc. 7 The 
procedure used in the study cilcd included reaction of 
the azidonitrat ion products with LiBr and treatment of 
the resulting bromide 3b Ithc yield was no! repelled) 
with dibcnzyl phospimie aild Ag2CO-~ to give dibenzyl 
glycosyl phosphate 4. Oqr attempts to employ thb, pro- 
ccdure tt) prepare co t l l pO t l nd  4. wore only partly success- 
ftd; the yield of the tztrget product was -30%. Therefore, 
we explored other alternatives li)r transit ion fi'onl nitrate 
3a tt) phosphatc 5. 
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Reagents and conditions: ti) NAN,. (NH4)2Ce(NO;L,. Me(-N 
(scc Rcf. 6): (it; Cs()POIOBn) 2, DMF: (iii) FI,, Pd(OHI?/C. 
dioxane; (iv) N,,\S, THF- I ' | ,O  il : I); Iv) NaOi-I, H,O. 

Since nitrate 3a is converted into bromide 3b under 
mild conditions, we suggested that direct transformation 
of nitrate 3a into glycosyt phosphate derivatives would 
also be possible with the use of a sufficiently effective 
reagent. Cesium dibenzyl phosphate was chosen as [he 
phosphorylating rcagcnt because the tlSC of cesium salts 
of weak acids in dipolar aprotic solvents IDMF,  DMSO) 
is x~,etl known to accelerate S.v2 substitution reactions 
(so-called "cesium effcct"g). 

Indeed, when compound 3a was treated with cesium 
dibcnzyl phosphate (1.5 equiv.) in DNIF at 21) ~ 

dibcnzyl phosphate 4 was rapidly formed. The reaction 
,,,,:is completed in 2 h: tile reaction mixture was in i t ia l ly  
hol l logeneot ls  ;.llld then ccsiUlll ni trate precipitated.  The 
target product was obtained in ,";0% yields after column 
chromatography. The i H. I~C. and 3i p N M R .,peel ra of 
{ 2 - azido- 3,4-di- O-acetyl- 2-deox,, -[3-L-fucopyr.I nosyl ) 
dibenzyl phosphate (4) CoIll]|'ill the structure assigned it) 
it and correspond to those reported previously. ? 

Compound 4 was convened into 2-amino-3,4-di-O- 
acctyl-2-dcoxy-l}-t .-l i lcopyranosyl phosphate 15) by 
hydrogcnolysis of Ihc benz.,,l groups accompanied by the 
simultaneous redt,ction of the azido group: the best 
results were obtained when the rcaction was carried out 
in dioxanc with Pd(OH)2/C as the catalyst. Compound 
5 was isolated as an inncr salt in 97% yield and charac- 
icrizcd by NMR spectra ~'c/i R.ef. 7). 

Transition fronl the amiro sugar 5 to N-acct}l dcriv:l- 
rive 7 requires N-acctylation and O-dcacctylaiion. Since 
we intended to use N-ucctylation lbr the introduction of 
the radioactive label into the final product of synthesis, it 
was necessary.' to ensure mild reaction conditions ruling 
out the possibility of O-+N migration of the acctyl groups. 

l ' h c  selective N-ace iy la t ion  of  colltpOtllld ,.5 was 
achie,,ed using N-acctox\,sLlccinimide (NAS). 9 Recently, |0 
a convenient procedure for Ihe synthesis o1' this com- 
pound has been rcporled. It is, apparently, suitable for 
radioactive labeling of the reagent. Compound 5 is 
smc~othly acctylated in an :IqLICOtIS solution of THF at 
pH 7.5 (2 h, 20 ~ The IH NMR spectrum of product 6 
isolated from the reaction mixture after gel chrom:no- 
graphy (TSK [-tW-40. clarion by water) exhibits three 
signals with equal intensities m the region o lS  2.0--2.3. 
which correspond to the .N-acctyl and two O-acetyl groups. 

O-Deacetylation of product 6 (I I1, 20 ~ pH 12) 
followed by neutralization and separation oi'the mixturc 
by gel chromatcJgraphy (TSK HW-40) rcsuhed in the 
isolat ion of 2-acetam ido- 2-dcoxy- [3- L- fucopyra nosyl phos- 
phate (7) as tile disodium sat m 84% yield. The presence 
o1 the signal due to thc N-acctyl group (~ 2.12) and the 
~,ignal of H( I ) corresponding to the l~,-conliguration of the 
anon)eric center ($ 4.98. t, dl.2 = Jl.p = 8.6 Hz) in the I H 
NMR spectrum conilrms the structure of compound 7. 

To convert phosphate 5 into uridme 5 "-(2-amino-3.4- 
di- O-acetyl-2-deoxy-[:~-L-fucopyranosyl) diphosphatc 18) 
(Scheme 2). we employed the reaction of giycosyl phos- 
phate with uridine 5"-phosphoimidazolide, prepared izl 
s#u (~7/i Ret: 7) by treatment of uridine 5"-mollophos- 
phatc with N.N'-carbonyldiimidazole in DMF. The reac- 
lion ',,,'as carried out at a 1.1 : I ratio of sugar phosphate 5 
to the activatcd urictine 5 "-phosphatc derivati;e: the course 
of tile reaction was monitored by "I'LC. Wc developed a 
convenient procedure tbr the isolation of product g bascd 
on gel chromatography with two different columns. Appli- 
cation of the mixture onto a column with Sephadex G-25 
and elutioq with a 25 mM solution of NHaOAc results in 
the separation of the target product 8 from uridine 
5'-monopl~osphate and P1,P2-(uridine-5') diphosphate, 
/brined as a by-product. Re--chromatography of the major 
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fract ion oil a co lumn with T SK  HW-4fl (clutioi] wi th  
water)  remo; 'cs  the glycosyl phospha te  and N H 4 O A c  
impurit ies.  The yield of  c o m p o u n d  8 was 50%. T h e  
plCSCllCC o fc l l cu 'ac tc r i s t i c  i H N M R signals wi th  8 1.02 (d ,  

t-t((}L J = 6.4 Hzi.  I.Sg, 2.{}1 (both  s, OAt) .  3.40 (dd,  
H(2}, Ji.2 = 8.6 Hz, J_L3 = 10.8 Hz).  and 5.20 it, H ( I ) ,  
JI.P = 8.6 Hz) cor responding  to ~- f t icosa lnJnc and s igna ls  
with 8 5.78 Ira), 7.72 (d. J = 8.3 Hz) of the uridirlc 
residue, :is well as two double ts  with 8 -10 .3  {d = 19.3 
Hz) and -13 .0  {d = 19.3 Hz) in the q P  N M R  spec t rum,  
c{mfirms the stnlct t irc o f  d i p h o s p h a t c  8. 
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Reagents and condition.s: H) uridinc 5 '-pho'~phoinlidazolidc. 
D M F :  (it) N-\S, [ 1 . tF - - I I>O (I : I} :  {Jti} NaOH,  H:O. 

C o m p o t l l l d  i ;VqS p r e p a r e d  by selective ,V-acctylatiorl 
of  sugar  nuc l coddc  d i p h o s p h a t c  8 by the m e t h o d  de -  
scr ibed above using 3 equiv, o f  NAg (the reac t ion  is 
comple t e  in 5 h). An al iquot  o f  the reaction mixture was 
separa ted  on a c o l u m n  with T S K  HW-40:  the c o m p l e t e -  
ness {}i" the react ion was c o n f i r m e d  by /he iH N M R  
spec t rum of  the product  9 IIILIS isolated, which c o n -  
t amed  three equally in tense  signals in tile rcgiori oi" 
,2, 2 .0--2 .3 .  The  product  was O-dcacc ty la tcd  at oH 12 Ibr  
3 h. After  neut ra l iza t ion  o f / h e  react ion mixture,  c o m -  
p o u n d  i was isolated by gel cllromatc}graphy OI] LI col -  
u m n  with TSK HW-4{}. The  yield of  uridinc 5 ' - ( 2 - a c e t -  
an3ido-2-Oco• d iphosphatc  ( 1 } iso-  
lated as the d i sodium salt, h o m o g e n e o u s  accord ing  to 
the  data  of  paper  c lcc t rophoros is ,  amoun ted  to 97%: its 
,~tructuro was conf i rmed  by IH. i3c,  and .',lp N M R  
spcclra .  In part icular ,  the p resence  of IH  N M R  signals  
of  the ur idinc  residue at ,3 7.75 (d. H(6))  and 6 5.78 (m ,  
H(5) .  H ( I ' ) )  and  signals :at ;5 4,79 (t, H(I" ) .  JI,2 = 
JI,P = 8.6 HZ). 6 1.85 ( N H A c ) .  and  3̀ 1.(}6 (d, H(6") ,  
J-.x> = 6,9 Hz), co r r e spond ing  to lhc 2 - a c e t a m i d o - 2 -  
dr residue,  and  two 31 p NM R d o u -  
blets proves the s t ructure  o f  d i p h o s p h a t e  1. 

The  synthet ic  scheme tbr  the  preparat ion of  u r id ine  
5 ' -( 2 - a c c l ; i m i d o - 2 - d c o x y -  ~- L- fucopyranosy l  d i p h o s -  
pha tc)  ( i )  ;.IRd 2-acctamido-2-dcoxy-[ .{- i  - (ucopyranosu  

phosphate  (7} with N-ace ty la t ion  as the firull stage, 
developed in tt~is s tudy,  appears  the ll-losi c o n v e n i e n t  for 
lhc illlrt)dtlctioI1 Of ;.I radioact ive  labct from [ l aClace ta i c  
into these c o m p o u n d s  needed  for b iosynthet ic  st\idles. 

E x p e r i m e n t a l  

114 and 13C N M R  spectra wcrc recorued m C l ) ( ' l :  or 1.),O 
at 300 K on a Brukcr WM-25.' ]  , ,pcctromcicr using acetone a:, 
tile inlcnlal s t anda rd . - qP  N M R  spcetr:l were measured iP 
CD(:I~ or D ,O at 300 K on a Brukcr AM-2OU spectrometer 
with 85% tt~PO, l :is the c,acrnal ~.tandard t iV  spectra were 
recorded on a Spec(~rd U V - - V I S  inslrtm~Cl]t ( O D R ) .  Electro- 
phorcsis was pcr ibrn led on a PVEF- I  instrument at a ,,t',ltagc 
gradient o f  ID V cm-h in a O.O5 M tr icth~.lamnmnium bicarbc.n- 
at'c bu;%r (pH 7.5) on F ihrak F N - I 6  paD:r: lhc phospl latc was 
dc lcdcd by the reagent described prc'vJotl~l'f. II l 'hin layer chro- 
malo~r, lphy ~.as carr ied out on gla~s phw'~ with a f ixed ~ilic:l g~.l 
(Merck)  la~el, while Mlic:l ,gel t . iCl l roprep Si 60 (Merck )  wax 
l.lscd lT.)r cotUii ln ch romalogr : lphy .  Oc l  chronl; i tograph.,, wtl~ 
r t)l.lt Oil Scphadc\  ( ] - 2 5  ,,l lpcrl]i lC <600x2.5 1/1111) alld 
I S K  I-1•'-40(S) {800x20  min i  r l-he ~.cpai'alioil wxi~ 
r i l { l l l i lorcd tl:~illg ;l K i la t l c r  dJi tcrc i l l ia l  rc t r ; Ic tomctcr .  Solvclt i 'q 
D M F  ~:is distilled fronl (',ill> m l'll('llf} ;llld stored o v e r 4  A 
molecular sieves: McCN mid EtOAc wcrc distilled from P-O~ 
alld sit>fed over 4 rX mo lecu la r  ~icvcs; d io\ ;u l r  war> dist i l led [iOli l 
L iA IH I  immediately p r io r  io tl,~r M c O H  wa~ dist i l led f lo i l l  
,Mg(OMc)_-. b) tile st;lnd:lrd proccdtlrc; {llld T H F  was di.lilt,-'d 
t'ronl Na- -Ph~CO t l l ldcr  A t .  RC:.l~ClllS Ill~lil Si[Zllla werc fixed. 
l -Mc I l l )  l imidazolc al ld /V .N-c t l rbony ld i im idazo lc  (Ph.lk;I) aild 
PdI()H)21C (Aldrich) ~crc uxcd ,l~ received. CCMUlll dibcnzvI 
pho~ph:llc w'l,, prcpurcd by mi\ing dibcnz31 hydrogen phosphate 
v+ith II}1 cqui~, of (~,,CO~ in at;clonitrilc. The sol,,'c!ll wax 
dislillcd off alltJ the i'csidtlc was di-icd in vdcut; ~lt 3_5 ~C. 

3,4- Di- O-acetyl-  1,5-a nhydro-2,6-dideoxy-i . -0. ,xo- hex- I - 
enitol (2). 2.3,4-Tri-O-acclyt-ct- t - fucopyr;Ino'~yl  bromide 7 
{5.2 Lz. 14.7 lnmol) in 1_5 i l lL  o f  EIOAc wil~ ctdded with ~lirring 
over a pcliod of 15 nlnl [o ;1 mixture of Zn powder (5.7 g) Liild 
I -nlc lhyl in l id, izolc ( t . I  7 ml . )  in 77 n iL o f  boi l ing anhydrou~ 
EIOAc . The i l l ixt t l rc w:.l~> rol luxed fi}r "i) IllJil alld cooled to 
20 '~C. The rcacliOi/ i l l i \ l l i rc  w:.i~, f ihr through coll ie aiid ihc 
I i l lralr w;i.~ welshed wi l i l  10% IICI (2xl . ' ]  rill_). ;i salt lraicd 
solutitm o( .,~al-ICO 3 (3•  roL l .  ',uld w:ilr ulld dried wii i l  
Nil]SO.:. The Ot'g:.lllir rtliHst. �9 W:ls co l lcc l l l ra lcd i n  !.Ylctl(.~ to [zi;r 
221 7 {7f)e;;) or  ConlpOulld 2. which v<l~ thcll uscd tl} prepare 
3a r without additional pur l l ics l ion.  IH N M R  IC'DC13}. 6 :1 .22 
(d. 3 H. tt{6L .Qs = 6.7 | lz);  1.96 (s. 3 I-I, OAct: 2.10 Is. 3 H, 
OAc1:4.20 !br.q, I H, H(5)); 4.62 lot. I H. I'II3). d,.:':~ Jl.: ~ 
6.0 14z. A.4 = 1.2 Hzl: 5.24 Ibrd, I H. H(21); 5.56 (br.d. I H, 
HI4)): 6.45 (dd, I t-|. H(I), J!2 = 1.0 l-lz) (6f Rcf. 7). 

2-Azido-3,4-di- O-acetyl-2-deoxy-~-t.-fueopyranosyi dihenzyl 
llhosphate (4). Cesium dibenzyl phosphatc (480 rag. 1.12 rnmtH} 
was added :it 20 :C with stirring to a solution of compoutld 3a 6 
(250 rag, 0.7S nlmol) hi 0.5 mr, of anhydrous DMF. The 
mixture wa~, stirred for ltll additional 2 h. poured into 3 n iL  of 
brillc, and c\tractcd with CIICI 3 13• hiLL The ol~alliC phase 
wa:, washed ~Gth walcr, dried with Na?SO 4, corlccntr;.ited in 
rattan, and chromatographcd in the pctrotcufn ciher--EtOAc 
system to give 332 mg 180%) of" compound 4, a syrup. R~ 0.27 
(pdrolcum cthcr--EIOAc. 2 : t). iH NMR (CDCI~). 6: I.IS (d, 
3 H, H(M, d~, = 6.9 Hz): 2.03 fs, 3 H. OAt}: 2.15 Is, 3 H. 
OAt}; 3.79 {dd. I I-I, I-1(2). Jl.2 = 8 6  Hz. J2,3 = 10.4 Hz): 3.7J2 
{q. I H, 1115)}: 4.82 (dd, I H. H(3}. JL4 = 4.1 Hz}; 5.09 (m. 
5 H. 1-t!lh PhCI:I2); 5.1S (br.d, I #-I] t-1(4)1; 731 (m, 10 H, 
Ph). i;C NMR (CDCI0.  & 15.6 (C(6)): 20.5 I_(-2H3CO); 60.8 
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(d. Ct2; . . J  = 9.6 Hz); 68.7: 69.U (d. PhC_[-I 2. J =  4.1 [-IzL f,t.) l 
Id. P h ( ] l  2, J =  4.3 H z e  70.1: 7 1 4 : 9 7 . 5  {d. C(I},  J=-: 5.5 Hz): 
127.7 127.g. 128.5. 135.2. 135.3. 135.5 Iall llh): 169.6. 170.2 
(btqh COCH: ) .  ~lp N M R  ICDCI~). , 5 : - 2  75. 

2-Amino-3,4-di- O-aceiyl-2-deoxy-~-L-fueopyranosyl phos- 
phate (5). Frc:,hly prepared compound  4 (25i) rag, I7.47 retool) 
,a.a~ disnol,,'cd in 3 mL  of" dry dioxauc and hydrogenated under 
altll~sf~heri,,; p~vssurc tbr g h and 25 "C over 40 mg of the 
II)% PdtOH)2/C catalyst | 'he calaly~,l v,~r,; 111Iured off and washed 
witll dioxane (3x5  niL) .  Lyophi t iza l ion or  the dioxanc solution 
ga'~c 134 mg (97%1 of  compound  3. Rt 0.35 {propan-2-u l - - I  M 
aqucou'4 NH4OAc. 2 : I). !H N M R  (D.()L 6 : 1 2 3  (d. 3 H. 1I(6L 
d.., -.: {L9 Hz): 2.09 {s. 3 H. OAcL 2,21 is. 3 H. OAt) :  3.59 ~br.t. 
I H. 1tl2), J:.3 : 10.4 Hz); 4.13 Ibr.q. t H. HI5)) :  5.28 (m. ; H. 
tt(17. Fit3), FIt4IL r ;C NMI#` (D2OL  '5. d c p / H z :  15.2 (C(67): 
201, 2(/.4 (both ,;ignals C. 'Hf50):  51.9 Id. C{27. J =  9 5  Hzi: 
69.6; 7t).l: 70 .5 :94.1  (d. C( IL  , /= 4.,S IIzl; 171.0, 173.b (both 
signals _(._'OCit3). ~ P N M R (CDCI~), ,5: -1 .56  

Disodium 2-acetamido-Z-deoxy-[5-L-fueopyranosyl phosphate 
(7). A ,,olul iol l  o f  ;%Lacclo\}<succhHmidc (NAS)  I0 (42 II'lg, 
I).2-<q I i inloi) in 0.44 I l lL  o f  aqucotlh TH F 11 : I) was added with 
"~iirriilg al 20 ~(" to a ~oll.ltJon I.)(c(l l l iptlt i l ld :5 (4() Illg, (}. I-I 111111oll 
in [ ) ]  "~ ti l l ,  o r  water. SlJrril lg was ,,;onlhlucd for  2 h: lhe p i t  o f  
ihc rcaciion miMtiFC equal Io 7.5 was i l ta iniai i lcd h)  adding 
i).l ,Is" NaOH.  ] h e  rccictioil n l ix lurc was cooled Io f) ~C. I M 
No|Oil (0.1 ml..I was added, alld thr nl ixt l i rc w4s kept f l i t  I h ;11 
20 c(. :llld neutral ized by thr [ )owe \  51)D,.x,S Ca!(ltil c• 
t t l ' )  to pH 7.5 tishl 7 a pt.t-rilclci'. The catlol l  cxclian.~L'r wan 
1]ltcrt.'d tilt" ;.llld w:ishcd wi lh W:ltel (3X2 m L )  ]"he l i l l r , l ic wa,, 
coliCClllr;lled ill vucuo lo  O. 1 i / lL ancJ clppilcd Ofllo il TSK II W-41) 
coluinll, Cllld the ctl lUi l l l l  W:lS wasl~ed wi lh Wah2r. The Ir;icliOll,, 
Ct)l]LiJilhlg ti le prodtlcl  were COlllbhlcd. ct)ilCCillralcd i l l l~t.l('{tf)*tl. "l 

5 IllL. dlld trr wifll lhc L),nv,,,2"x 5()\\":" ~ t2,llWm ~2XCllall.gC I'L':'-:ill 
(Na *, (1.5 m[.). The c:.iliotl c\challgr I'CSill was l i l tcrcd o f f  and 
was|led with Water (3x5  niL). Lpt~philizatitnl f rol l l  walcr  g;l','r 
34 mg (84%) o f  compound 7, [o.li) 27 --4.50 ~ (c 1.0, H,( ) ) .  
IH N M R  t.D20).  6 : [ . 3 5  (d...3 H. Ht(~), J4~ = 0.9 Hze: 2.1- 5 C~. 
3 1-4. NAt ) ;  3.27 (br.t, I H, t1(2), J_,.,, :~ 11i.4 t lz) :  3.,v;9 (m, 3 It. 
11(3). H(4).  1.t(5)); 4.98 (I, I t l ,  H I l t ,  J ] .2=  J~.l ' =  ,";.6 Hzl.  

Diammonium uridine 5"-(2-amino-3,4-di-O-acetyl-2-deoxy- 
[3-L-[ucopyramlsyl) diphosphate (8). rriln-hut.vl~aminc (0.073 mL. 
0.3(),.q nnnol)  was added ~i t t l  st irr ing at 2U <C to a :,;oltilion o1 
Ilrldille 5"-phosphale  (100 i119. 0.308 nll l l tt l) ill allhydrou:-, di- 
ovule, ri,c rcactkm mixture was slirrcd lhr an addJtiooal 15 !111tl 
and I )ophi l ized and tl~c residue wa ~, dissolved m 0.5 mL 
o f  anhydrou~ D M F .  : ~ , : V - C a r h o n y l d i i m i d a z o h :  (150 m~. 
(t92 mmolt  was added aqd lhc 111Jxltllr ,,,r stirred under Ar tor 
3 I1:11 2 I) "C. ] h o n  4nhydrous M c O H  1!).{)35 ml.)  ~:is LIddcd and 
lhc IGiIXll.lr0 was stirred lot  20 rain {llld kept i l l V(I('IlO (1 rorr, 
20 ':C) for 15 nl i l l  11o renlo~,o t l l !rcaclcd MoOH.  Con lpou l td  
{100 rag, 0.339 mntot)  in 0.3 m L  o f  anh)drous I ) M F  wa~ :iddcd 
ai 20 ~ to lhe rcsul l ing solut ion o f  Lnidinc 5" -phospho imid-  
azolid0. The mixhl rc was stirred under Ar  ior 24 h, dJlulcd with 
3 111[. o i  :1 25 m M  aqtleotls '~otulioll i l l  ,"q t-140/\c, alid washed with 
CFICI~ (I;+2 m[.). The aqueous layer was cohccntra led in vacuo 
to {).5 mL aild applicd 01110 a cOltl11111 with Sephadcx 0 - ] 5 .  The 
coh',riln was washed with a 25 m M  aqtlCOtlS solution of  N 114OAt, 
the scllar;.ilioll being monilorcd u.qng a UV detector (254 u1111. 
Th,.: fr;iciions ct',n~aining lhc produc! wcrc ct/ilcr O1 vacuo 
io 1.5 rnL, the solution was applied onlo a co lumn  wilt] ISK 
HVv-40, and lhc co lumn was washed with water. Lyophilization 
Of" the |?act)oils coillaJilillg the producl gave 96 mg {50%1 o1 
cornpound 8; paper clectrophorcsis k,lp,<.,.a, <. 1.36. 1H N M I #̀  ( D,OI ,  
6:1.06 Id. 3 H. H ( 6 " L  J>,,~,,. = e, 9 Hz):  1.88 Is, 3 H.  OAcL  2.01 
(s. 3 tt. OAt ) :  3.40 ldd. 1 H, H(2") ,  ./y, ~,,= 10.S Hz):  4, t0 (m. 
5 H. 1.t(2'). t-{137, I-h4"). tt(5"7. H(5")): 5.08 {m, 2 H, H(3"), 

1t(4"~7:5.20 (t. I H, H ( I " L  Jr, y, = Jr, p = 8.(~ Hz): 5.7S f in. 
2 H. H ISL t t ( I  ")): 7.73 (d. 1 H. till;,), Jsx, = 8.3 Itz). I~C' N M R  
tD2() ) .  8 : 15 .6  (C(6"~): 205. 20.6 (bolh signaN CO(.7t1:1:5!.1 
Id, C(2"). , /=  g 9 Itze: 55.7 (d. CIS"L 2 =  5.4 tlzt: 69.9: 70.2; 
"(}.7: 7!).9: (CI3"1. CI4"!. CIS"i. C(2')): 74.4 ((:13"}i: S3.6 td, 
C I 4 ) .  J =  8.g HzL  ,',;9.1 t ( ' ( l ) ) :  95.1 (d. C ( I " ) .  J =  3.,"; Hz): 
IO7L2 IC(5 )Y  142.2 ~('(6i):  1560 (Cf2)7:16(~.7 !CI4)) :  173 l, 
174.1 (hoth signals C O C H ; L  ; Ip  N M R  (D20) .  & -10.3 (d, 
J =  19.3 Hze; -13 .0  ( d . . / =  19.3 t4z). 

Disodium uridine 5"-(2-acetamido-2-deoxy-13-L-fucopyra- 
nosyl) diphosphate (I) .  .,~'-aceto\y'mccinimide (2!.4 rag. 
O.I !  retool)  in 0.4 II1L OI aqttcOU.n I H F  (I : It wa~, added at 
217 "C to a solution of compound 8 (24 rag, 0.038 mrnolt in 
(1.3 mL or  water. t h e  1+,2act)or1 mixture was stirred fi.+r 5 h: the 
pH v:tltic equal to 7.5 was maintained by adding I)+l M NaOfl .  
l h r  mi,/turc wa~; cooled It) I) "C. t .,1,1 NaOH (0.2 int.) v,;,s 
added, and tilt.: mixture wa:, kcpl for 3 11 ill !0  ~ ;llld ncutr:flized 
by iht: Dowcx 5(eVvxg ( l l~l  cation exchanger  to ptl  7.5 using a 
pH-mctcr .  Tile GalliOt1 c~/chau.ger was l]llcrcd o(f and washed 
w*th water ( 3 x 3  I l lL) ;llld lhc ['illr;Itc ~' ls ct)ilCgilll'aled iti W/ClIO 
tO 0 2  [llL Lllld subjected to .~cl chr(Inlatttgrat'~h.v oil a COltllllll 
wiil"l FSK IIV9-40, tile product bcmg clutcd v, iih w:llcr. ] 'hc 
I'raclW, ils COllLiJtlillL2 lhc produci werc lyophilizcd, yield 23 mg 
(97%) llhc COlil,211t Oi ColllpOlllld l .  dc tcrmhlcd  fl-onl ;ib,orplion 
al 20,2 rim. was 96%1. UV. ).,,:,, 262 rim. I11 Nbl |{  l l ) ,OI .  
,5:1.06 (d, 3 H, H(6")..1~..,,,., = 0.9 I IzL  [ N5 f~,, 3 H. N-\c l :  3.(,6 
(m. 2 H, I I (Y ' ) .  t'tl4"'H: 3.72 (dd. I H, t l I 2 " L  JF'.2" = ,";.6 I l L  
,/2- v, = 10.8 Hz):  4.10 (m. fl II. H I2 ' ) ,  H I3 " ) .  H I4 ' ) .  HIS" I ,  
th,5";):  4.79 It. I I I .  H ( I " L  J r  j ,  = S.O I I zL  5.7,v; (m. 2 H, 1415i, 
H I I ) ) :  7.75 Id. 1 I-t. J r , = :  S.3 Hz). l:(.- N M R , [ D ~ O L  ,5 : I53  
(CI6");: 22.2 !CO.QI- O: 521 (t.l. C~2" ' ) . . /=  g.9 HzL {,4.7 (d. 
C(5 ' ) ,  J =  5.4 Hz);  60.4: 70.2. 70.9. 71.2 (C(Y ' ) .  (.'(4"), C(5") ,  
Ct2" ) ) :  73.5 (C(3 ' )~:  ,',;30 ~d. C)4") ,  , / =  g.8 Hz): 8,S.I I C ( l ' l ) ;  
96.1 ( C ( I " ) .  J:= 3.8 14z}: 1!124 (C(5)) :  141.4 tC l6 t } :  151 5 
l O 2 ) ) :  165.8{C(4)): 1731 {.C'O('ttO ~lP N M R ( D , O ) . & - I 0 . 1  
I d , . / =  193 I-Izi: -12 .5  (d. J =  193 Hz). 
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