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The use of cesium dibenzyl and diphenyl phosphates 
for stereoselective synthesis of glycosyl phosphate derivatives 
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Pcraccl:ltcs of I~-gl:,:cosyl dibenz,,I pllospttalcs are formed efficiently in the reaction of 
cesium dibcnzyl phosphate with peracetyl-ot-glycosyl ilitr:llc:-; derived [real ~ -fucopyrano,,c. 
~-gahlctopyranosc. and 2-azido-2-deoxy-l)-galaclopyranosr or with tri-O-acetyl-~t-I- 
l'ucopyrallosyl bromide. Oil the contrary, the reaction oi'thr abovc-nlc~ltiol~cd ,_,lycosyl mtratcs 
with ccsiunl diphcnyl phosphate leads to thermodynamically more stable o.-glycosyl diphenyl 
phosph;Itc t,ia inlcrlllcdidt,2 lormation of the corresponding ~,-anomers. 

Key words: glycos~l nilr:ltc~,, glyco:,yl phosphates, phosphory!ation, stcrco,.;pcci|icity. 

In recent years, I.~ ellzymatJc arid chclllO-CllZvnlatic 
syntheses of oligosaccharides and glycoconjugatcs in- 
volving the use of glycosyl transfcrascs have been inten- 
sively developing. In this connectiolt, the preparation of 
the precursors of their biosynthesis, namely, nucleo~idc 
and polyprcnyI glycosyl diphosphates, becomes quite 
Jn/pollalll. 

Glycosyl phosphates are key compounds in the 
chemical and enzymatic synthesis of these derivatives. 3,4 
Various approaches to the chemical synthesis of glycosyl 
phosphates arc docl.trrlcnled. In the approach based on 
nuctcophilic substitution at the C(I)  atom it] carbohyd- 
rate derivati'~cs, dibcnzyl and diphcnyl phosphates or 
their salts are often u,~cd as the reagents. Acylated 
glycos,,l halides serve as typical substrates in this rcac- 
tioil, although the use of O-gtycosyl tricllh)roacctimi- 
dates, thioglycosidcs, pcnt-4-enyl glycosides, and bicy- 
clic derivatives of sugars lot this purpose has also been 
described (sec a review4). 

Recently. wc demonstrated that the reaction of 
2-azido-3.4-di-  O- acctyl- 2,6-dideoxy-c~-L-gatactopyra- 
nosyl nitrate with cesium dibcnzyt phosphate in DMF 
smoothly gives the corresponding ~-gtycosyl dibenzyl 
phosphate. 5 The disco',eD of the previously tmknown 
transformation of glycosyl nitrates into glycosyl phos- 
phates on treatment wit]] cesium dibcnzyt phosphate 6 
stimulated us to perform a more detailed investigation 
on the possible application of this reaction in the syn- 
thesis of glycosyl phosphate derivatives. 

As the starling compotmds, peracetylatcd o~-glycosyl 
nit rates derived from 6-dcoxy- L-galactopyranose / L-fuco- 
pyranose (I)). D-galactopyranose (2). and 2-azido-2- 
dcoxy-t)-g-flactopymnose 13)) were chosen. The use of 
these compottnd~, makes it possible to study the influence 
of the nature of the substituent at C(2) and the presence 
of the deoxy unit at CI6,~ on the mtc of the reaction and 
the stcreochenHst O' of the resulting products for monosac- 
charide derivatives with the galac.to-configuration. 

ONO 2 Ac? ~./OAc 

OAc AcO 
OAc AcO _ ~NO2 AcO 

1 2 
AcO ~.,OAc 

A c O - ~  

3 N30NO2 

The possibilily of using glyco~;yl nilratcs in the nu- 
clcophilic addilion a{ C(I)  had been denmnstrated car- 
Iier by converting them into glycosyl acctalcs. 7-'~ glyco- 
syl hatidcs, x glycosyl ~anthatcs, 't and methyl, 710 allyl, to 
and bcnzyl glycosides tt-t2 by reactions with the corre- 
sponding alkoxMes. The tr:lnsformatiol~ of peracctyt-ff- 
I>--glycosyl nitrates into 1.2-orthocsters t3 has bccn de- 
scribed and several ntethods Ibr the conversion of glyco- 
s~l nitrates into deri,,atives with a free OH group at C( I ) 
have been developed.14- ~a 

Glycosyl nitrates derived from 2-azido-2-deoxy- 
hcxosc', arc easily prepared b? azidonitration of the 
corresponding gl,,cat.',: wc used this method 11 to prepare 
nitrate 3. Nitrate 2 was synthesized 7 by the reaction of 
pcnta- O-acetyl-13-!)-galactopyranosc with H NO3/CH CI;. 
The IH NMR spectral data for the reaction product 
correspond to those reported in the literature. 13 Nitrate 
I was unknown preqously as well as similar derivatives 
of other 6-dcoxyhcxoses. We showed that this compound 
can bc smoothly synthesized (the yield of the crystalline 
product is 65%) by treatment of tctra-O-acetyI-L- 
litcopyranosc with 100,% HNO; in dichloronlethanc. 
The starting compound is a mixture of e-  and l~-anomers 
($5 : 15) ',rod. thus, in this case, unlike the reaction with 
hexose derivatives, the acetate grottp at C(1) in the 
c~-attomcr peracetatc is also easily replaced. The struc- 
ture of compound I is corlfirmed by the [R spectrum, 
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wilich contains an absorption band typical o f  the ONe, ,  
group (vma,, 165t) c m l ) ;  tile data nf the IH N M R  
(6 e}.43, d. Jl.2 = 3.4 Hz, H(I))  and i.;C NMR (6 96.4) 
spectra indicate tilt cz-coilfiguration or tht C(I )  atom. 

The possibility of" using nitrate I lbr the synthesis of  
[.~-l-t'ucopyranosyl phosphate is of the greatest intercst. 
Tile synthesis or this important glycosyl phosphate has 
been the subject o[" several studies, r T z l  Iil these studies, 
the instability of phosphotricster 4 and its easy isomer- 
ize, iion to the thcrrnodynanlically more stable rz-isomcr 
were ltotcd. 

CsOP(O)(OBn) > 
Sttg(ot)ONO2 . . . . .  ,,. Suo(~)OP(O)(OBn)2 
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Hcrcnlalier. Stl~ is :l ~>tigar rcsidtlc. 

As in tile reaction with 2-azido-3.4-di-O-acetyl-2,6-  
dideoxy-o,-L-gatactopyranosyl nitrate, 5,6 the reaction of 
nitrate I with CsOP(O)(OBn)2 in D M F  proceeds  
smoothly at 20 ~ Phosphotricster 4, isolated after 3 h 
in 64% yield, contains, apparently, no c~-anomcr impu- 
rity, as indicated by the tH and i-~C NMR spectra, 
wilich correspond to those reported in the litera- 
ture. Iva.l&21 Thtis, CsOP(O)(OBn) 2 is stiitablc for the 
synthesis of 13-glycosyl dibtnzyl  phosphates also when ;tit 
acetoxy group is attached to the C(2) atom of the sugar 
residue instead of the azido group. 

Efficient lbrmation of  ff-glycosyl dibcnzyl phosphates 
,,,.';.is also demonstrated in tile rcaction of CsOP(O)(OBn) 2 
with gtycosyl nitrates 2 and 3, derived from i)-galactose 
and 2-azido-2-deoxy-ib-galactose. As may be expected, 
the replacement of the ,,'Vie group at C~5) of monosac- 
charide by the Ct--t;OAc group decreases the rate of 
nuelcophilic substitution at C(I).  After 12 h at 20 ~ 
tile yields of phosr)hotricstcrs 5 and 6 were 75% and 
,~9%. respectively. Ttle data of i l l  and i;C NMR spectra 
confirm the siructurts or  the compotiRds. In the case of 
compotllld .5, the spectra coincide with those dtscribed 
previously. 22 In the case of  6, the chemical shifts and 
multiplicities of the signals most significant for establish- 
ing the configuration are those for H(2) (8 3.83, dd, di. 2 
= S.4 Hz, J2.3 = I0.7 Hz). C(1) (6 97.5, d, di. P = 
4.g Hz) and C(2) (6 60.8, d. J2.p = 6.g Hz). 

The ready avai labi l i ty and the purity or tile starting 
compounds, mild reaction conditions, thc rormation of  
the ~ttreochemically unilbrm product with tile invtrtcd 
configuration at the anomeric ctnttr, and tile h~gh 
product yields inake the rtaction of  acylatcd glycos~l 
nitrates with cesium dibenz.x[ phosphate an attractive 
method for the synthesis of glycos,,I phosphates. 

Wc also investigated tim possibility or tiSillg this 
reagent for the synthesis or glycosyl phosphates from 
glycosyl bromides. The reaction of 2,3,4-tri-O-acctyl-c(- 
L-fucor)yranosyl bromide with CsOP(O)(OBn) 2 in D M F  
t~)r I h smoothly fcirnisl-tes conlpound 4 ii't ,R2% yield. 
The NMR spectra of phosphotricstcr 4 prepared b,v this 
rtaction arc identical to the spectra of phosphoiricster 4 
%,nthesizcd by the reaction with nitrate I. 

As noted above, in the synthesis of glycosyl phos- 
phaltcs based on the nucleophilic substitution at the C( l ) 
atom of monosaccharidt, apart from dibtnzyl phos- 
pilate, diphenyl phosphate is v,.idcly used as tile rca,gcin: 
in this case, tile reaction normally yields thermodynami- 
cally more stable o.-anomcrs of  the glycosyl phosphate 
derivatives. "~ Thus O-(2,3.4-tri- O-:lcetyl-c,-t.-rucopyra- 
nosyl) trichloroacctimid:,,te reacts with (BnO)2P(O)OH 
to afford iS+phosphate 4, + h i l t  its ruactiun with 
(PhO)2P(O)OH aft'~+rds c~-phosphate derivative (7).t8 
]'he transformations of tctra-O-acetyl-o.-i)-galactopyra- 
nosvl bromide into [3-glycosyl phosphate through the 
reaction with AgOP(O)(OBn)223 and into the correspond- 
ins c~-anomer upon reaction with AgOP(O)(OPh) 2 z4 arc 
also kllOWtl. '~Vc were imcrestcd whether a similar rtgu- 
la,ity is obeyed with cesium salts and studied the reac- 
tion el +CsOP{O)(OPh) 2 ~,,ith gl,,,.cosvt nitrates I - -3  un- 
der conditions comparable to those ustd ill tile reaction 
'~,ith CsOP(O)(OBn) 2. The soh.lbility of ccsiurn diphenyl 
phosphate in D M F  is much Icy, or than the solubility of 
cesium dibenzyl phospi~atc; '>re mallaged to obtain a 
holllOgellcOl_lS solut ion By adding l,S-crown-6 to the 
reacliol~ mixture. 

Sug((x)ONO2 CsOP{O)(OPh)2 ,.. Sug(~z)OP(O)(OPh)2 
DMF. 18 .crown-6 

1 - - 3  7 , S a , 9 a  

OP(O)(OPh) 2 Ace /OAC 

OAC Ace R" 

AcO OAc 7 Ace IR 

A c e  ~/OAc 8a,b 

9a.b N 3 R  

8 a , 9 a ;  R = O P ( O ) ( O P h ) 2 ,  R' = H; 
8b .gb:  R = H, R" = OP(O) (OPh)  2 

Under these conditions, futosc derivati~t i smoothly 
reacts with CsOP(O)(OPh~ 2 at 20 ~ after 12 tl, 
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c , . -phosphatc  7 can  bc isolated in 6{}% yield.  The  )H and  
t3C N M R  spec t r a  o f  the p roduc t  c o r r e s p o n d  to d lose  
desc r ibed  previous ly .  18.z5 Thus ,  the use o f  ccs ium diphc-- 
nyl p i~osphalc  a}!ows fl~e symhcs i s  o f  t h c r m o d y n a m i c a t l y  
more  s table  o~-anomcr  o f  glycosyl p h o s p h a t e .  It+ the 
reac t ions  wi th  glvcos.,,l ni t rates  2 and  3, the  react ion also 
yields ~ - a n o m c r s  8a and 9a as the lin;.tl reac t ion  products .  
Howeve r ,  in these  cases,  it is possible  to d e m o n s t r a t e  li~e 
m t e r m e d i a t c  fo rma t ion  o f  l~-phosphatcs  86 attd 9b. wh ich  
are graduaUy c o n v e n e d  into the c o r r e s p o n d i n g  cz-anomers.  
Thus  the  prodl.tc! isolated after the r eac t ion  o f  ga[actos~l 
ni trate 2 w i th  C s O P ! O } ( O P h }  2 p e r f o r m e d  lbr 12 h at 
20 ~C is a 1 : 6 mixture  o f  p h o s p h a t e s  8a and 8h, 
a c c o r d i n g  to the  data  o f  )H N M R  spec t r a  (O'i Rot: 25). 
Pure ( x - p h o s p h a t e  8a can bc o b t a i n e d  {in 60% yield) 
when  the  r c a c t i nn  is car r ied  oul fl~r 12 h at 55 ~ 

W h e n  the  r eac t ion  was p e r t b r m e d  w i t h  2 - a z i d o - 2 -  
d e o x y g a l a c t o s c  der i , ,a t i vc  3 for  2 It at 5{} ~C, the iso la ted 
p roduc t  was  fOtLnd to b c a  1 : 1 m i x t u r e  o f  cz- and  
[ J - p h o s p h a t e s  9a and  9b, Af te r  a d d i t i o n a l  hea t ing  ( 12 !1, 
37 ~  the  r a t i o  o f  lhc  c o m p o , t e n t s  in thc mix ture  
b e c a m e  equa l  to 4 : I. tn this casc ,  the  mos t  characteri .~- 
tic I H N M R s ignals  used to d c t e r m i n c  thc  a n o m c r  ratio 
in the  m i x t u r e  arc the signals  o f  t-t{ I} (8 6.05, dd ,  J].,_ = 

3.4 Hz.  JI .P = 0.4 Hz) and  H(3)  (,5 5.31,  dd ,  J2.~ = 
I(}.4 Hz,  J3.4 = 3.2 Hz) .  w h i c h  c o r r e s p o n d  to thc 
cJ.-isonmr a n d  the  s ignals  with 8 5.22 ( t ,  . / I . :  = J~.P = 

7.6 I-1:4, H ( I ) )  a l ld  4.8{) {dd,  J2.~ = I{}.-I- t t z .  J34 = 
3.2 14z, H { 3 ) ) ,  w h i c h  c o r r e s p o n d  to  the  [3- isomer.  

T h c s c  r c s u h s  d c m o n s t r a t c  that ,  as it] thc  case ~ i t h  
C s O P ( O ) { O B n )  2, the p r i m a r y  r eac t i on  p r o d u c t  is f o r m e d  
up{}ll the  subst i tu t ioP,  ut the C( I ) a t o m  ;vith invers ion o f  
conl~gt l ra t iol l ;  in the case o f  the  d i p h c n y l  p h o s p h a l r  
de r iva t ive ,  it u n d e r g o e s  the  sccol ld  i nve r s ion  o f  co~ll'lgu.- 
ra t ion  at t h e  a n o m c r i c  cen lc r .  ThLts. the  reaction1 o f  
glycosyl  n i t r a t e s  v, qth c e s ium d i p h c n y l  p h o s p h a t e  can bc 
used to p r e p a r e  ( , -g tycosyl  p h o s p h a t e  der iva t ives .  

Experimental 

I11 and I3C N M R  spectra were recorded m CDCI2 at 300 K 
on a Braker WM-25(}  spectrometer u~.ing acctol lc ;ts the internal 
s tandard  el:' NMR >,puctra ,>..crc rc,,:c, rdcd in Cl)Cl~ at 3(.)0 K 
on a Brukcr AM-200 spcctron~cter using external 85",+, H-..PO4 
a.,, the - , tandard The optical rotation wa:-, measured on a .lasco 
DIP-360 automated polarimetcr. I R spectra were measured on 
a Pc)kin-Ehncr  spectrophoton~ctcr. l h i n  layer chromatography 
was pcr tbrmcd in glass plates ,>,ith a fixed silicl gel layer 
<Merck}. Column chromatography was carried out with qlicu 
gel I..iChroprep Si 60 (Merck). Chemicals were purchased from 
Sigma. except lor IS-cr(',v,n-b tFluka). I h c  sol',cnts DMF,  
('1-t2CI ?, afld McCN wc~v disti l led fro, n1 Cat t~ in v~auo and 
"-,tOlcd {}Vel" 4 A molecular  sieves. l h c  CCslLItll S;IID, 0{" 
ph<)spl'u)dicstcrs were prcpmcd b', mixing dibenz.,,I hydrogen 
ph(.)sphatc or  d iphcny]  h,vdrogcn phosphate wi th  1.01 cqui',, o f  
C<2CO 3 I11 t',,lcCN. "l'hc sotvcnt was distilled off  and the residue 
was dried in vacuo at 25 'C. 

Tri-O-acetyl-r nitrate (I). A mixlurc of 
100% FIN();; {d = 1.521 {6 mL} and CII,}CI-~ {9 mL} w:ts added 
dlo[}wJsc at 0 ~'C tO :1 sohltioll ol'lt,.tra-O-:.icct~[-i.-fucopyr:]ilo,;c 21 

{593 rag. 1.7g retool) (a 35 : 15 mixture oft~- :rod ~-isomcrs. 
)1-1 N M R  data} in 3 ml ,  o f  anhydrous (t . I ,CI-. .  l"hc n..ilctu',n 
mix ture  was stirred t;,)r an add i t iona l  5. h and poured in ice 
water, the t',rg;H1Jc phase v,:.)s separated, was}led three tin+es will; 
ice w;ltcr, a saltlrated ,,,OltlliOll of  NaHCO), and :tg21hl will+ 
water, and dncd with Na5SO 4, and the sol,,cat wss cv'tporatcd 
in vocuo. The rcsuhing crystalli~lc inatcrlal win, rccDMallized 
tron~ an Et}O-.pctroleun] e ther  mixture to give 3,g8 mg ~65{_,:,1 
ofcon+pound I. m.p. 79--80 '~C, Io'.12911 -142.3" (c 15. CIICI.,,). 
R r 0.34 (petroleum c t h c l + E t O A c .  2 : 11. Found (e/): C. 43.35: 
H, 5.37: N, 4.38 Ci2HI',NOh). Calculated {%}: C. 42.99: 
H. 5.1 I: N, 4.18. IR {KBr}. v / c m - ! :  1750 {OAt'): 165fl {ONO>L 
I370 :1250  (ONO5): I(),~0: 830. tl-I NMR. 8: 1.1S Id. 3 H. 
HI6). 3.;,.u = 6.{) I-Iz): 2.06 (~,, 3 H. OAt): 2.13 G, 3 I1. OAt}: 
2.21 is. 3 H+ OAt): 4 32 (b rq ,  1 H. HI5}}: 5 23--5.46 ira, 3 t4. 
HI2) ,  H(3+, )-It4)): 6.43 {d, I H.  14tit, Ji. :  = 3 4  Hz). ' ;C N M R .  
6 : 1 5 8  (C(6)); 206 tCO.~l.s 65.6 (C(21}: 67.4 (Ct4)}: 67q  
(.C'C3)}; 70.2 (C{311:96.4 (C{ 1})" 169., x. 170.1, 170.3 +utl :((O%lci. 

Dibenzyl 2,3,4-tri-O-acetyl-f~-I,-fucopyranosyl phosphate 
(4). CsOP(O}{('}Bn}_~ (92 rag. 0.25 rnnlol) was :lddcd ;:t 20 "C to 
a solutmn {}f compound I (50 rag. (}.15 retool) it) 0.13 mL ol 
anhydrous I.)MF and titc mixture x~,as stirred ibr +i h [ h e  
reaction mi\ t tuc was ddulcd with 5 ml_ ()f CHCI:  and ipourcd 
JlllO brine. The organic layer was separated, washed with w4tcr. 
:Ind dried with NQ-..SO 4, and the sol',cnt was c',4ponitcd in 
vglctlo. Colull)ll chf(}mdtogr.tlphy iti the tohlCllC--EtO.,\r 
(3 : 1) + 2% EItN >yslenl ~avc 53 ntg (64%) (ff phtl,phatc 4. 
R, 0.32 (petroleum ctJlcr--l--_tOAc, I : I). ~H NMR, 8:1.22 Id. 
3 II, H(61. Jsx, = 6.9 I-'lz): 1+92 (x, 3 H. {)At'): 1.9g (s. 3 II. 
OAt) :  2.19 (~,, 3 H, OAt): 3.92 (br.q. I H. H(5}): 5.01--5.12 
Ira. 5 H. H{II, C Lt~Ph}: 5.24--5.32 qm. 3 I'1. Ht21. t-li3}. 
H(411:7.29--: ' .36 Ira. 10 H, Ph). I;C NMR, ;5:15.9 (C(611: 
2().5tCO~I.s 68.7 (C{2}, J =  9 8  Hz): 69,5: 69.6: 69.7: 70.2: 
7(}.S; 96.7 (C{I}. ,I-- 43  Hz): I27.,'-;. 12S0. 12,";.5, 1286 
(;dl CPht :  16t).g. 17(}.0. 17{}.5 (all (_'()Me} {:J. R.cf. 19'L 

IDibenzyl 2,3,4,6-tetra-O-acelyl-~-i)-galactopyranosyl phos- 
phate {5) win, prepared shnilarly to phosphate 4 from mtralc 27 
(75 rag, (}. Igl mint}i)alld C:-.OP(O)({)I3II) 2 (109 illg, l}.2 {) ll'llllol} 
in 0.15 mL of ;ulhydr,,+us I)Mf::  the reaction thllc ',;.;is 12 h. 
Column chr{mlatograph5 in the toh)c)lc--Et()/\,,: (2 : I) + 2% 
Elan '.;ystcm ~a','c .,v;7 mg of  phosphate 5 (yield 75e~ ). R! 0.30 
{pctrolcutll cth,.:f--ElOAc. I : I). iH NMI{ (C+,D{>). /3 :148 is. 
3 H, OAt): 1.49 (-.. 3 H, OA~); 1.64 (~,, 3 H, OAt}: I.tm ~'~,. 3 FI. 
OAcL 327 {m. I It, Hi_,'))" 3.9X 4d. 2 H, CH,Ph,  ,/+Lp ~ 
7.0 Hz}" 4.92 td. 2 tt, C.LI?Ph, "]JI.P= 70 IIz): 4.9".<-5.03 ira. 
"~ H. H(6+6'): 5.11 (dd, I H, Hi3) .  J 2 " =  104 Itz, J;.4 = 
3.4 Hz}: 5.37 (dd. I H. H{4}, .I4-~ = 1.1)Itz): 5.47 it, I H, I1(1:., 
712 = i l l ,  = 7.8 llz): 5.74 (dd, I I+1. H(2)): ().96--7.16 Ira. I0 H. 
Ph). 13C' NMR. 8:20.5 (CONIc): 61.1 {C(6)): 60.7 IC<.4)): 6,";7 
(d. C(2), d.= S7 Hz): 69.7. 699  (bnth Ctt  d}h}: 705 ((-'(3)): 71.8 
(C(5)): 96.S (d, C(I}. J : :  4.7 Hz}: 127.~. 127.9, 128.2. 128.6 
(all CPh}: 169.5, 169.9, 17t}0. 170.2 (all C..C,'OMc) ((J. Rcf  22). 

2-Azido- 2-deoxy-3.4,0- tri- O-aeetyl-[~-D-galactopyranosyl 
dihenzyl phosphate (6) was prepared similar ly to phosl~hatc 4 
frol+l nitrate 3 +< {3(} m:.z, 0.0g retool) and CsOI){O){OBn); 
(49 rag, 0.12 mnlol) in 0 I m L  ofardlydrous DM F: the re,lotion 
ti l l lC ~..:.lS J2 h Colun111 chromatography  in the t{}hlclIC .--I:..IO,-\C 
(3 : I} * 2% I!.I;N system gave 42 n t g o t  pl')osphate 0 (.~i',:'Id 
89%), I{,.l>l} -3.$6:  ({ 1.5. C H C I o .  ~t-t NMR. 82 1.05 (s, 3 H. 
OAt) ;  2.(.)7 (s, 3 H. OAt): 2.18 ~'s. 3 H, OAt): 3..";3 (dd. I II. 
14(2). Jr,2 = 7.S I tz. J2.3 = 10.4 tlz): 4.01 (m, I tt, I--t(5.)}: 
4.t}8--4.2(.) {m, 2 H, Hl6.6' . ) :  4.gg (dd, I H,  I t t3) .  J34 = 
3.5 IIzL 510--5.2!.) (m, 5 H, H(I) ,  CH2Ph): 5.38 (dd. I H, 
tJ(4.). J45 = I.t} Hz}: 7.36 {m. 10 H, Ph). ;3C NMR.  
8: 20.5{CO_M_s 6(}.g {d. C{2). d ~  8.6 14z}: 61.0 (C(6) )  60.0 
(C<4)): 09.5, 69.6.69.8; 71.1 (C(311; 71.7 (C(5)k 97.5 {d. C(1). 
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J =  4 8  IIz); 127.8, 1_8.,. 128.6. 129.0, 1~5.7 (;ill Ph}; 169.5, 
169.9. 170.2 fall COMe). ;ll} N M R :  8 - 2 . 1 2 .  

|}ihenzyl 2,3,4-iri-O-aceiyl-I .B-L-fueopyranosyl phosphale  
( 4 )  from 2,3,4-tri-O-acet)l-~-I.-fucopyranosyl  broniide. A ~,o- 
Jut{oil of  CsOP(O)tOBn)  2 (250 nag, {}.35 mnlol)  in 0.3 mL  o( 
anhydrous D M F  wan added at f) ~ it) ;i solution of hronl idc 
!0 zl (~(} lug, I).230 lnnl{)l) in 0.3{) ml ,  {)[;uihydrous DMF.  The 
miXttlrc was stirred fl}r I0 m m  ;1I 0 cC and lhr 50 iTihl ~11 2{) ';C. 
l h c  reaction nu• was di lulcd widl 5 mL ,,it CHCI :  and 
poured into brine. "l-he org;ulic layer was separated, v~alshcd ',>, it I1 
w;ltcr, and dried with Na2SO4, and the hOIv,;.'ll[ w;.is c; 'aporaicd 
in vacuo. ColuIn i l  chronla tograph$ ill lhc I(}]I.ICilC--EIOAr 
{3 " I) + 2e< ;, Elan system gave 97 mg (82"'D) ol  pho',l)halc 4: 
, iccording ILl TLC and 114 N M R  data. it was i{.Icnhcal tci the 
sample  prcparu'd tr(mi nitrate I. 

2,3,4-1"ri-O-acetyl-o~-I.-fucopyranosyl diphenyl phosphate 
(7).  CsOP~(}){OPh)_, (125 rag. 0.328 retool) and lS-crown-(~ 

* ) ( ' a  " " (S5 nlg. {}.32<X n]nlnll were added tit . } t_ to a ~t',ltli it)ll t i [ ' l l i I l ' ; l lc  
I {55 rag. I).164 IliillOI) ill ).15 mL  of ;llthy(lrous I )MF.  "[hc 
1~2;iCtiOI] fHi',.ltlru W;IS 'qirrcd lo t  12 h. cliltlicd will} 5 mL  of 
CI-ICI~, al'ld poured into brine. The org:inic hi.vet w;is sop;Jr;ileal. 
w;ishcd wi lh ~;Itcr. :ind dl'icd wi th i"~d2SO 1 and the solv,eni wan 
cvapor;llcd it~ vactto. C{}lLlI1111 chrolll:ltogr:lphy hl lhc It}lu- 
enc--EtO. : \c  43 : 1) + 2% IZI;N ,',y'qcm gave 51 nlg {60%) o1" 
phosph;llc 7. R! 037 {petroleum e thcr - -ElOAc.  I ' l t .  i H N M R .  
, 5 : I . ( }3  (d,  3 14, HI61.,I-:( = 6 .9  Hz } :  1 8 6  {s. 3 I1. O.. \c);  2.Ol 
Is 3 H, OAt ) ;  .:." Ifl (,~, 3 H, O A t ) :  4.21 (q, I I1., Hi5).  JS(> = 
6.9 Hz): 522 (ddd. I 14, H{2}.  dl, 2 = 3.4 Hz. J2,p = 2, '4, | tz  
.I.,.3 = 10.6 tlz}'s 5.30 {d. I H, t't(41, JL.1 = 2.8 1.1z): 5.3(} {dd. 
I t l .  f i t3)):  61}8 {dd. I i l .  H(I ) ,  ./i.p = 6.3 flz): 7.21--7.3,"; {m. 
IO H. Ph) ({'I. P,c!'. I~). 

2.3,4,6-1"etra-O-acetyl-(~-I)-galactol)yranosyl diphenyl phos- 
phate (8) ',',:Is prepared ~imil<ul) Io pht~:,phalc 7 | tom liiIl;.l[c 
1 (75 nl 7. I}191 111111t)I) ;.llld CsOP(O){( )Ph)2  (136 I11g. 
{}382 Tnn)ot} itl the presence of  I ,R-c i { }~ l l -6  ({J{} Illg. {}.&~,.; film{}1} 
i11 0.15 n i l  0|" anhydrous D,MI=: the i'caction l ime was 12 h ill 
55 oC. Co[i.ilnil chronl ilt),_,Riphy hi the loh lc l lc - -El ( )Ac 12 " I) + 
2% ~I~N x v~ll..lll gcivc 06 nlb' o i  phosphalc 5 fyield 60%). & 0.41 
{pclro]cun] cfl~cr--Et{.)Ac. [ " I). I t |  NMR.  8 :1 .83  (s, 3 H. 
O,,\ci: I 92 (~,. 3 It, OAt}; 201 (s. 3 tt ,  OAt);  2. I4 (s, 3 H, 
( )At ) ;  3.92 (m, 1t4, I.l(O')); 4 I I {m. I H, I11('~): 4.38 (m. I 1'1, 
I- I I51): . ._3 fddd I 1't, t .h2) ,  JI.2 3.2 Hz. ,12.1> = 2.": I tz .  J?.3 
11).4 147.}: 5.39 Idd, I 1't, H(3).  J',.-l= 3.1 Hz}; 5.5I (dd, I H, 
Fh4)..14.~=: 1.0 Hz): (,13 fdd 1 H, t4(I), di.p T M  6.4 Hz); 7.12-- 
7.42 (m. I(} tl, Ph}. i;(,- N M R .  8: 20.5. 2{).6 (both C()~t.c); 61.1 
(C't6)): 669 (d, C~2), d =  6.9 Hz);  67.5 ((5'(4}): ('}8.9 (C(3)); 77.2 
(C{5}); 95,'-; id. C t l / ,  d = 4.8 l.tz); I = ) z  12{}.3. 12{}4. 125.8. 
12S.3, 12').t, 129.9 (:Ill Ph): 17{t.0 (COMcl  (:j; Rd'. 25). 

2-.&zido-2-d eo x y - 3 , 4 , 6 -  t ri- O- acetyl-  o -galactopyranosyl  
diphenyl phosphate (a mixture of tz- and 13-isomers) (9a,b) was 
prepared similarly to phospha t e  7 from nilrale 3 (90 In,g, 
{).24{} retool} aud Cs( )P(O)(OPh} 2 { 183 rag. 0.4,";0 m ~ol) in the 
presence o f  I,%crown-6 (126 rag, 0.481} retool) in {).35 mL of  
anhydrous DMF;  [hc reaction t ime wa.,, 12 h a l  55 ~ Co lumn 
chronlaiography in Ihc to luenc- - [~ tOAc (3 " I) + ,~r,, EI~,,N. 
s vstcnl gave X9 mg 463%} of  phospha l c  9 as a mixturc ()i c{- and 
i'~-isomcrs in 4 " I ratio, IH N M R ,  8 : I .S 6  (s, 2.4 H. or-OAt); 
1.97 (s. 0.6 H. ~-OAc): 2.04 (s. 0.6 tt,  [3-OAc); 2.07 {s, 2.4 H. 

_,.4 H. a -OAt} :  3.8(}-- ~-O&c):  2.14 {s, 0 6 H. [~-OAc): 2.17 {~. "~ ' 
3.91 (m. ( , -H(6 ' ) .  215-H); 3 .94--4 .13 (m. 2.2 {'t, o.-1412), u.-H(6}, 
,~-H(5), l",-tt(6,6")}: 430 (m, 0.8 H. u.-H(5)}; 4 .% (dd, {}.2 H, 

_ , = = - ~I 0.2 !3-H("t) J2.1 10.g t-lz, J3.4 3.4 Hz); 3.=, (t, tt. [~-H(I) .  
JI.2 = "/I.P = 7.6 Hz). 530 (rid, 0.8 H. ~-1-t(3). J.'3 = 11).8 Hz. 
. ]34=  3.2 f lz): 5.36 Id, 0.2 H. 15-t1(4)); 5.46 (d. (}.8 H, 
~x- t t (4 ) } ;  6.{}2 (dd, 0.8 H ,  a . - H ( I ) ,  JI.2 = 3.6 Hz, di. i, = 6.2 H z ) .  

7.16--7.41 (m. 10 H, Ph). 3!p N M R ,  8 : - 1 5 1  cs.-inorncr): 
-15.5  {[$-isonler}.  
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