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ABs-rRAcT 

Fusion of /?-L-fucopyranose tetnacetate with phosphoric acid for I min at 

50” gives a 9:l anomeric misture of the CL- and /?-pyranosyl phosphates. Longer 
fusion times give the a-anomer exclusively. The L-fucofuranose tetraacetates \icre 

synthesized for the first time by acrtolysls of methyl- 2,3,S-tn-O-acetyl-P-L-fucofurarlo- 

side. Fusion of the furanose kLm.actxates with phosphoric acid gave a mixture of the 

fucofuranosyl phosphates in which the /3-anomer predominated tpjz = 2.4). Anomeric 

pairs in the fucofuranosc series appear fo be distingulshable by the chemical shift 

of the C-6 methyi protons, as already shown by Sinclair and Sleeter in the pyranose 

series. 

INTRODI.ICI-ION 

p-L-Fucopyranosyl phosphate has been made enzymicslly by using a fucose 
kinase’ and chemically \ia phosphorylation of 2,3,4-rri-O-acetyl-j?-L-fucopyranose”. 

It appeared to us that application of the kiacDonsld procedure3 to tetra-O-acetyl-fi- 

L-fucopyranose ought to yield the desired /I-phosphate. despite the reported failures’,’ 

in which only &he a-anomer was obtained. 

MacDonald6 has already shown that the initial (kinetic) product in the reaction 

of F-D-glucopyranose pcntaacetate with phosphoric acid is the expected P-phosphate, 

but that the $-phosphate also undergoes a slower anomerization to the a-phosphate. 

As pointed out by MacDonald’ in his first paper on this subject (see also ref. 3), 

the reaction is probably analogous to the well-studied synthesis of acetylated glycosyl 

halides’ from the perncetylated sugar and a hydrogen halide. By this analogy. the 

rate data collected by Capong. and MacDonald’s results for the ghrco series”, one 

may calculate that the optimum time for reaction of j?-L-fucop>ranoje tetraacetate 

with phosphoric acid at 50” so as to produce the ma.umal yield of the B-phosphate 

is of the order of IO sec. This number was calculated by dividing the optimum time 

in the gluco series (5 min) by a kinetic factor of 3 (for conversion into the galacro 

series) and again by a kinetic factor of IO (for conversion into the 6-deouy series)‘. 

‘TO whom correspondence should b+ addressed 
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Chittenden I0 reported the synthesis of /?-D-galactofuranosyl phosphate by 
sewral routes. This is the only aldobexofuranosyl phosphate whose synthesis had 
been achieved prior to this report. 

IXSULTS AND DISCUSSION 

AcelJ fGliOr7 of L-/;:ICOSC. - The h!acDonald fusion with phosphoric acid is 

eKectcd on the peracetylated sugar. As only the pyranose tetraacetates had been 
pr4ousiy described in the fucose series, we undertook preliminary identification 
and partial characterization of the fucofuranose tetraacztates. 

Acetylation of L-fucose with acetic anhydride-pyridine at 0” gave an 86:1-I 
mtxturc of the a-pyranosc and /?-pyranose tetraacctafrs, from whrcb 1,2,3,4tctra-O- 
Abel-~-L-fucopyranosr: readily crystallized. 

Acetylation with acetic anbydride-sodium acetate at 70430, 90, 100, and 140” 
: (reflw) gave a mixture of tetraxetates of almost invariant composition: 60-6594 
; &‘y-ranose; 20-25 D,/o J-pyranose and lx-furanose; and 12-180,: fi-furanose. Westphal 

and F&r’ ’ reported crystallization of the F-pyranose tetraacehte from this mixture 
. tut WC, like otbers’v’ ‘. were unsuccessful in this effort. We have, however, obtained 
’ this compound crystalline by another route’, and find physical constants in agreement 

with chose reported by Westphal and Feier’ ‘. 
rV.n~.r. assignments for rhe fkwse ts!raacetarP_v. - Lesback ~1 01.~ reported 

n.m.r. nssi_munents for the fucopyranose tetraacetatcs. Examination of the H-l 
region of the mixed retraacctates by n.m.r. spectroscopy showed the presence of 
the &pyranose (5 5.70 d, J 8 Hz), a new component resonating at 6 6.2 (broad 
singlet), and a resonance for the rW-pyrznose (6 6.30, broad singlet. J <2 Hz) at 
d 6.30437, but which appeared as a disrorted doublet, J =4 Hz. The furanose 
assignments were made from spectra of a sample of fucofuranose tetraaoxates 
synthesized by Cbittenden’s ro~tc’~ in tbe galacto series via acetolysis of the known 
methyl 2.3,~~b-i-O-ncetyl-B-L-fucofuranosidel 3. The mixed reu-acetates obtained 

contained about 80-8594 of the S 6.2 component (broad singlet) and about 1520% 
cf material having 5 6.35 d, J = 1 Hz. The major component is probably the p- 
furanose tcuaacetatc and the minor one the a-furanose tetraacetate, on the basis 
of the following evidence: the I,?-trans-furanose (p) should be the more-stable 
anomer, and hence present in the larger proportion’ O; the coupling constant for the 
I,%rrans-furanose should be in the range ‘a I-2 Hz, consistent with the broad singlet 
at 5 6.2; and the cis-anomer is expected” to hs\e J = 34 Hz, consistent with the 
doublet at b 6.35. Tbz chemical-shift data for H-l are also consistent with these 
assignments. rlrngyal and Pickles found” that the I ,2-c% anomrr generally resonates 
downfield of t be Iv&u anomcr. 

These n.m.r. assignments for the fucofuranose tetraacetatej are supported by 
rhe chemical shifts of the 3-proton doublet for H-6. The C-metbyl-group region of 

the mixture stows a major doublet at 3 1.28. J = 6.5 Hz. and a minor doublet at 
B 1.20, J = 6.0 Hz. Sincla!r and Slecter’ 5 hare shown that the Q and /3 anomen of 
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20 pairs of Gdeoxypyranose derivatives may be distinguished in this way, as the 

C-methyl group of the ir snomer invariably resonates upfield of that of the p anomer. 

This correlation also appears to hold in the furaoose series. Table I compares the 

methyl resonances for 5 pairs of fucopyrawse and 4 pairs of fucofursnose derivatives. 

I-ABLE I 

C-METHYL RFSONXNC-EzG fN FUCOSE DERIVAil\W 

Compound d J Sol~wlr Refermce 

hlethyl a-L-fucopyranoildz I.16 6.5 
hiethyl &t_-fucopyrmoside I.15 6.5 
hfethyl 2,3.~lri-U-ncel~l-x-L-fucopyranolidr I.13 6.5 
Methyl 7.?.J-TV-O-acel~l-8.L-fucopyrano~ldc I.23 6.5 
2,3,LF-Tn-U-ace~l~-L-fucopy~noje I.15 6.5 
2,3,~Tn-0-3cctyl-B-L-fucop)ranose 1.2’ 6.5 
1,2.3.j-Telra-U-acetyI_x-L-fucop~anose I.14 6.5 
I ,2,3,~Te~-U-acelyl-~-L-fucopy~nose I.23 6.5 
sr-L-Fucopyranos~ I phosphate l.l7J 7.0 
/9-i.-Fucopyr;lnojjl phosphate I .2’9J 70 
hleth>l u-L-fucofuranoslde 1.17 6.0 
hlerhyl /3-L-fucofuranoslde I.21 60 
hl&hyl 2,3,5-tri-O-acelyl a-L-fucofuranosldc 1.23 6.0 
hlethyl 2,3.5-tri-U-acetyl D-L-fucoiuranoside I 30 7.0 
I .2,3.5-Tewa-O-acetyl-z-r-fucofuranose I.20 6.0 
1.2.3,5-Tetra-O-acet~l-&L-fucoiuranose I.?S 6.5 
u-L-Fucofuraoos)l phosphate I.10 7.0 
B-L-Fucofumnr: syl pbosphatc I.23 7.0 
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CDCI, 
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CDCI, 
D-0 
D,O 
D,O 
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CDCI, 
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D>O 
D2O 
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3. 5 
2. 5 
Lhlj pspeP 
this p~ptf 
this pap& 
this papzrC 
this paper’ 
this paper 
this pspcr 
this paper 

“Refs. 2 sod 5 report chemical shlfls 0.5 p.p.m. donnfield of these \alues bccaujr: oi rcfercncln= to 
ewrnal tetramcthyl~ilanc’ sa. *Other resonances: 3.?Y (s, 3, Ohlez); 3.33 (s, 3, OhTeD,. 4. 85(d, I. 
J = -1 Hz, H-11);) 4 90 (br. s, 1. H-l/I). COfhcr rebonanccs: 3.40 (5. 3. Ohlsr); 3.-W :s. 3. Ohlcfi); 
5.6 (m. H-IK); 5.7, H-Ifl. “OLher rcsononccs 6.35 (d. 1. / = 4 Hz. H-12): h 2 ibr S, I. H-18). 

The observed specific rotation of the mixed L-fucofuranose tetraacetates was 
f30’. [hi], = + iO.OOO’. This is con~lstent with the expected rotation for an 80-909/o 

fl-furanose/i&20°/b a-furanose mixture on the assumption that the same change 

(d[hf],) in [hf], takes place in passing from the pyranose to the fursnose form in the 

fUCOSe as in the g&CtOSe series’h (d[bf], a-D-gahcro = - 18,000: d[hl], P-D- 

gahclo = -26,000’). AS [bf], for r-I_-fucopyranose tetraacetate is -37,Sot)’ and 

that for P-L-fucopyranose tetraacetate is - 13,900” (refs. 5 and I I ). the calculated 

values for the a- and p-L-fucofuranose tetraacetntcs are - 19.500 and + 13,000’. 

respectively. XII alternative calculation, using + 1600 for the change from hydroxy- 

methyl to methyl, gives substantially the same figures (-22.000 and + 18.000”. 

respectively)*. 

*Lemieux and hlanm’ ’ hate shown thor this change is about 3000 10 the pjranose serles. U’e 
calculated 1600’ for the furinoje sencs as foIlok%. Erhyl 8-o-galncroiurclnojide hass’B” [hll, = 
-21,200. The value calculated for melhyl-j?-o-galactofuranoslde IS - 19.200 from the dGrcncc 
between rhs methyl and ethyl &coiuranosides lab hl~thyl-8-L-fucoiur~no~lde has lhf], = t X,SOO’ 
(ref. 19). 
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llfacfionakd ftrsion o/ the fucose tctraacetates. - A. With #W-fucopyranose 
tctraacetate. When B-L-Fucopyranose tetraacetate’ was fused with phosphoric acid 
for 90 min (a 5-min fusion gives substantially the same results), the cc-L-fucopyranosyl 
Fhosphate was the only product detectable after conventional isolation6. 00 the other 
hand, fusion for 1 min produced a mixture of the a- and /3-pyranosyl phosphates in the 
approximate ratio 9:1*. Quantitative estimation of the a$ ratio was made from the 
rotation of a sample of known content of sugar phosphate. The two components 
were distinguished as separate spots by electrophoresis at pH 6.5 (ref. 3). Paper 
chromafography in solvent systems A and B gave a single spot. This result excludes 
tje presence of furanose phosphate, as solvcnr B separates the furanose and pyranose 
phosphates (see the neyt section). When tbe appearan= of orthophosphate was 
monitored during acid-caralyzed hydrolysis, a linear, semi-log Flat was found, as 
expected For the mixture of rhe two pyranosyl phosphates, as their rate constants 
difkr’ by only about 10%. 

B. H’ith thr mixed L-fffcose tetraucetares. When &he mixed tetraacetates, 
containing about 659b /Spyranoje, 20 %I cx-pyranose and a-furanose, and 15% B- 
furanose. tvere Fused with anhydrous phosphcric acid For 5 min or longer at 50’, 
only the a-pyranosyi and miasd furonosql phosphates Rare formed. Fusion for 
1 min produced a small quantity of the /3-pyranosyl phosphate as well. The rate of 
appearance of orthophosphote during acidcatalyzzd hydrolysis was nonlinear, 
consistent with a Furanose-pyraaose miuturz. Both electrophoresis at pH 6.5 and 
paper chromatography in solvent B of the I-min fusion mixture gave two spots 
having mobilities corresponding to those given under A and C. The mixed barium 
s,alts were exrunined by 3 ‘P-•.m.r. spectroscopy. Both the I- and 5-min Fusions 
showed a single, broad resonance at 5 - 2.14 p.p.m. The widths at half-height were 
15-20 Hz consistent Gth a mi?cturc. An authentic sample of /3-L-fucopyr=osyl 
phosphate (dicyclohexylammonium salt) gave a single resonance at (5 - 2. I8 p.p.m. 
Hldth at half-height = !O 13 Hz. 

C. IPith I_-fifcoJfranose tetraacetates. - r-Fucofuranosyl phosphate free of 
pyranosyl phosphate was made by a MacDonald Fusion of a mixture of Fucofurano~e 
tttraacetates containing about 80% of the p and 20”’ ,O of the a anomer. Processing 
yielded the barium salt as the trihydrare in about 13% yield. The precipitations 
needed to be ctied out nith special care, as the solubiiity of the barium salt is close 
IO that of barium acetate. The product sbol+ed a single spot on tlectrophoresis at 
pH 6.5, and c single spot upon chromate_graphy in solvent B, Rpi I .57, well separated 
from a standard of the pyranosyl phosphate, Rp, I. 17. Xspinall et a/.” had previously 
shown the utility of this solvent For separatin g the arabinofuranosyl and pyranosyl 
phosphates. The furanosyl phosphates reacted slowly wiLh periodate, consuming 
1 mole of periodate per mole of sugar phosphate during 88 h at 25” and pH 4.3. 
Hydrolysis in 0.3~1 hydrochloric acid at 100” For 20 min gave reducing sugar and 
inorganic phosphate in yields of 100 5 5’?&. The rotation, [Ml, +5680”, is consistent 

‘Fusion nich sdequare mixinp for less f.ba ooe min is difEcult beaux of the xixosity ofrhe melt 
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with 2 /3/a ntio of about 2.4 on the basis of the calculations described in the next 
section. This ratio was confirmed by the 3’P n.m.r. spectrum. which showed two 
partially resolved resocances at 6 -2.22 and -1.735 p.p.m., in the ratio 1:2. The 
widths at half-height were c 10 Hz. The proton n.m.r. spectrum showed 2 broad 
doublet in the H-l region (6 5.46, J = 6 Hz) consistent with P-H coupling for the 
p anomer. A small multiplet at 5 5.2 was assigned to the ry anomer*. The analytical 
sample did not contain enough of the a anomer to resolve satisfactorily the expected 
methyl doubler. Other samples, however, showed an unequal, four-line pattern in 

the methyl region wiih the assigned resonances 6 I. IO (a) and I .23 (/3). (See Table I.) 
Rotations of tire furanose phosphares. - The rotations expected for the fuco- 

furanosyl phosphates have been calculated In two independent ways. Putmnn and 
Hassid’ ’ have shown that tbe 2A value for se\cral pyranosyl phosphates is about 
25,500”. The data of Khorana and coworbcrs in the rlbo series suggest that rhis 
value is not \ety different for the furanoses”.‘3. Although the 2B value for the 
pyranosyl phosphates is not the same as the 2B value for the methyl pynnosides”‘, 
data for the ribofuranoses’8~2 ‘.’ 3 (the only sugars for \c hich comparative data exist) 

suggest that the 2B value in the furanose series IS about the same for the phosphates 
as for the glycosides. Thus, usin g the 2B value taken from the methyl fucofurano- 
sidesI (- IOOO’), we arrive at calculated values of [bl], for the r-fucofuranosyl 
phosphates of about - 12,000 (a, -A- B) and -t 13,000” (fi A - B). These values 
are confirmed by an independent calculation from the arabinofuranosyl phosphates 
(Chart I). Wright and Khoranaz4 gave [Ml,, +20,5OO for methyl ,r-D-arabino- 
furanoside. Methyl /I-L-fucofuranoside has [Ml, + 20,SOO’ (ref. 19).Thus, rheaddition 

of the methyl group has little effect on [hl],. No arabinofuranosyl phosphate has 
been obtained s-ith certain anomeric purity, but Wright and Khorana”’ reported 

*The rat10 or the prolon rc~onanczj could not be dercrmmrd very prccisciy becxusc of hasehne noise. 
It us betwen 2.5 and 4 10 1. 
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that a mixture of the anomeric D-arabinofuranosyl phosphates in which the Q anomer 
predominated had [Ml, = 2800”, whereas Aspinall el al.” imported that a sample of 
L-arabinofuranosyl phosphate that HC?S predominantly the IX anomer had [mn = 
- 12.000”. Thus /3-t_-fucofuranosyl phosphate must have [RI], in the Gkity of 

+ 12,000”. 
These calculaLions also imply chat Chittenden’s value” for the rotation of 

P-o-galactofuranosyl phosphate is in error, as the expected value on the basis of the 

foregoing arguments is about - 14,OOW. 

General methods. - Paper chromatography was performed by the descending 
technique with the following solvents (s//v): (A) 7:1:2 2-propanol-conc. ammonium 
bydrotide+ater”, (B) 3:3: I:3 I -butanol-p_yTidlne-conc. ammocuum hydroxide 
mater (containing O.CI?,b EDTA)“‘, (C) 7~3 ethanol-hr aqueous ammo&urn acetate 

(@-I 7.5)-‘j. Sugars Here revealed by the silver nitrate dip-procedurezb and sugar 
phosphates by the i-lanes-isherwood reagent 27 T.l.c. was carried out on glass plates . 
coated with silica ge! G by using either solLent D (3:7 benzene-thy1 acetate’s) or 

E (butanone saturated with water)“. Paper electrophoresis ws conducted on 
Schlticher and Schuell No. SS9 Orange Ribbon paper, %-cm strips, in 0.0% sodium 
msleate but%r, pH 6.2 or 6.5, at about 5000 bolts !vith a Savant hfodel HV 8000 
apparsrus. Periodate consumption *as measured spectrophotometrically30. Reducing 
sugar, total phojpbare, and inorganic phosphate were mtisured by the methods of 
Pork and Johnson3 “, Fiske and Subbarc& lb, and LOII ry and Lope? ‘=, respectively. 
Reactions with iV,N’-dic~clohexylcarbodiimide were carried out according to the 
procedure of Tener ef al.‘3. Rotations of the sugar phosphates were measured with 
a Jrecisiop of 0.02’ by using a Perkin-Elmer 251 instrument. Other rotations were 
measured using a Bausch and Lomb saccharimeter with a precision of kO.2”. 31P- 
N.m.r. spectra (‘H broad-band decoupled) uere obtained on a Bruker-HFX-5 
(3U.43 h1H.z) instrument. The reference signal was orthophospboric acid (0 p.p_m.). 

Si~mals downfield of this reference are given negative chemical shifts. Ratios of the 
arzx.s under the peaks were taken as measures of the proportions of the various types 
of phosphat<s” (Costello er CI/.~’ also gave data on 3’? spectra of three other 
glycosyl phosphates.) P.m.r. spectra were recorded with a Varian T-60 instrument 
at 35” with tetramethylsilane as internal standard in organic solvents and the HDO 
resollancc at 6 4.67, the aceLate ion resonance at 3 1.93, or acetone at 5 2.0 as the 
reference in D1O. 

Terra-0-acar~,l-L-fucose. -A mixture of acetic anhydride (40 ml) and anhydrous 
sodium aceta:e (4.5 g) was heated to boiling, and L-fucose (IO g, Pfanstiehl) was 
added in small portions. The exothermic reaction required no beating to maintain 
rel’iux during the addition. After the final addition of fucose, the mixture was heated 
briefly to a full boll. The solution was then cooled and poured in a thin stream into 
500 ml of ic+wster with stiti~g. The solution was extracted with chloroform 
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(3 x 50 ml), and the extract was dried (sodium sulfate) and then evaporated in cwcuo 
to a syrup; yield 12 g (59%). [a];’ -27” (chloroform) that failed to crystallize from 
water, ethanol, ether, ethyl acetate, isopropyl alcohol, or petroleum ether. This 
material showed two spots (R, 0.53 and 0.60) upon t.1.c. with so!vcnt D.correspor,ding 
in mobility to the furanose and the pyranose trtraacetates, respecrivelyZS. 

1,2,3,j-Tetra-O-acet~l-8-L-f~ircop~ranose was prepared by the method of Prihar 
and Behrrnan”. 

I.2,3,4-Terra-0-acet~k-L-f~cop~ra~ose was prepared by low-!emperature 
acetylation of L-fucose with acetic anhydride-pyridine5*L’. 

L-Fucose diefiyl dithioaceral was synthesized in 59% yield follo~\ing the proce- 
dure of Wolfrom33 for the galactose derivative; m.p. 166-167’ (lit.3J 167-168.5”). 

L-Fucofuranose tetraacetates. - hlethyl /I-L-fucoiuranoside was synthesized 
and isolated by the method of Gardiner and Percival’g, [a];’ + 117” (li~‘~*‘~ [a];’ 
+ 113’) or, in better yield, from L-fucose diethyl dithioscetal. The procedure of 
Green and Pacsu3’ for methyl j?-D-galactofuranoside yleided 3.6 p of the mixed 
methyl fucosides as a syrup from 4.0 g of L-fucose diethyl dithioacetal. Separation 
on a cellulose column” gave I .97 g of methyl /I-L-fucofuranoside. The proportions 
of the four glbcosides prepared from the thioacetal and by both hlgb- and low- 

temperature direct glycosidation are compared in Table il. 

TABLE II 

PROPOR~ONS OF http hm~L FuC~SIDES (PERCEPT) 

“This paper. *ReC 19. ‘ReC 36. 

Methyl J?-L-fucofuranoside was acetylated to yield the crystalline methyl 
2,3.5-tri-0-acetyl-j?-L-fucofuranoside, [z]i’ +73’ in methanol (lit.’ 3 [#z]z +75.5‘). 
The methyl triacetate was treated I0 with sulfuric acid and acetic anhydride to yield 
an anomeric mixture (80?6 /?, 20 5; a) of the prrviourly unreported L-fucofuranose 
tetraacetates, [cI]~’ +30” (c 0.6, chloroform). This mixture migrated as a single 
component in a t.1.c. system” ( so vent D) that sepvates ihe fucofuranose (RF 0.53) I 
and fucopyranose (RF 0.6) tetraacetates. 

hIethyl a-r-fucofuranoside was also isolated by the method of C&diner and 
Percival”. It was shown to be free of the /?-furanoside and the two pyrnnosidzs by 
t.1.c. on silica gel in solvent E (RF values: /Muranoside 0.5s; a-furanoside 0.41 ; 

a-pyranoside 0.26; /I-pyranoside 0.1 I) . 2q Acetylation of this material with acetic 
anhydride and pyridine at room temperature gake the sample of methyl 2,3,5-rri-0- 

scetyl+L-fucofuranoside, whose n.m.r. characteristics are given in Table 1. 
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MacDotraldfksion reacrions. - A. W’ith the mixedfucose telraacerares (p_wanose 

arrd furanose). Cqwalline phosphoric acid (3 8). which had been dried h ramo 
over phosphorus pentaouide, was melted in a 50-m] flask at 50”. The mixture of 
fwose tetraacztates [(a], -27”. 2 ,e) was added. The mixture was kept for I min 
at 50” and then cooled in ice. ice-cold 2~ lithium hydroxide was added (40 ml) 
with good mixing. After I h at room temperature, the precipitated lithium phosphate 
was filtered off. Tbz pH of the clear, supernatant soiurion was lowered 10 8.5 by 
using Dowex-50W (Hi) resin. The resin \~as removed by filtration. Barium acetate 

(I.4 ,g) wx added and rhe solution concenvated to about 15 ml. Barium salts WIX 
precipiinted by the addition of ethanol (60 ml) follorred by acetone (30 ml). The 
sclts were collected by centrifugation after I6 h at 4’, washed with alcohol and 
acetone, and air dried. These salts wzre dissolbcd in 10 ml of t\ater and reprecipitated 
as before. This material (270 mg) had [.I]~ -46’ (c 1, water). The salts were converted 
into the cyclohc\ylammonium form by passage through a column of Dowcu-5OW 
(I-! ‘) resin at 4” and neutralizttion of the efiuent \+ith cgclohexylamine. Concenrra- 
rion of this effluent and the addition of I2 parts of acetone pave crystals of bis(cyclo- 
hc~ylqammonium) a-t_-fucopyranosyl phosphate, [zlD -67” (c I, water). The mother 
liquors 4ere evaporated (0 a syrup. Elcctrophorejij of an aliquot at pH 6.5 showed 

tv,o spots haling RPicrJre 1.45 (minor) and I.54 (major). Paper chromntopaphy in 
solwnt B also reiraled two spots having R,, 1.17 (minor) and I .57 (major). The 
material that mipated more rapidly in paper chromatography was eked and con- 
centrated. In acetate bufTer, pH 4.3, it consumed on e mole of periodate per mole of 
sugar phosphate during 2 days. Under identical conditions, a-L-fucopyranosyl 
phosphate consumed 2 moles of periodate per mole of sugar phosphste in 3 h. 

B. li’ith jl-L-jiwop~~ratlose terraacetate. A sample of ,!!I+-fucopyra?ose tetrs- 
acetates (I g) \sas mixed with 1 g of anhydrous phosphoric acid on a rotary e\ap- 
orator in ~acuo for one min at 50’. Following rhe addition ofcold,2hl lithium hydro.xide 
(XI ml). the rnixtur* was processed as in (A) to give the barium salt (I00 mg. [‘;(lD 
- 74”). Elrctrophoresis at pH 6.5 shotbed two spots having RPICrJlr 1.15 (major) 

and 1.55 (minor, - I-C?b). In conuast to (A), however, paper chromatography gave 
a single spot in solvents A. B, and C. Anoiher sample was fused with phosphoric 

acid for 90 min and processed sirmlarly. It showed only one spot on electrophoresis 
as already dercnbed, Rp,rr,rc I.-l5. The n/p rauo (9) was determined on a sample of 
the barium salt conraminatcd by barium acetate but free from inorganic phosphate. 
The quantity of fucosyl phosphate was determined by measurement of rhe phosphate 
rtlcased following hydrolysis in lOmar hydrochloric acid for 20 min at 100’ (sealed 
capillag). The [cI]~ values were calculated on the basis of these determinations. Tbc 
I-min fusion sample bad [z],, - 74” and the 90-min sample [z]~ - 82”. 

C. lVit:r L-fucofuranos~~ telraac2lates. .A sample of the mixed fucofuranose 

tetraacetates (725 mg) and I ,g of anhydrous phosphoric acid \\cre mixed, and kept 
fc#r 30 tin ar 55”. The mixture was cooled. Cold, 2hf lithium hydroxide was added fo 
give a pH of I I. This pH wzs maintaioed for I 2 h by ihe periodic addition of Lithium 

h:&oxide solution. Trihthjum phosphate was filtered off and the pH of the filtrate 
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adjusted to 8.5 with Dowcx-50 (H ‘> resin. Thr :esln was removed by filrration and the 
solution conrxntrated in IWCUO (25-30’) to about 5 ml. Barium acetate (0.5s 8) was 

added. followed by 30 ml of ethanol. After 2 h at O”, the precipitate &as collected by 

centrifugation and washed with ethanol aod ether. The product was dissolved in 

4 ml of water, traces of msoluble material here removed by centrifugation, and the 

clear solution was added to 30 ml of ethanol. The precipitate was again collected by 

centrifugation and the precipitation cycle repeated once more. The final product was 

washed with 60% ethanol, acetone, and ether. It was then dried it1 racuo over phos- 

phorus pcntao.xide overnight at room temperature to give the trihydrate of the barium 

salt: yield 120 mg (13%); [#r]i5 f 13’ (c 0.3, water). 

Anal. Calc. for CBH, ,BaOtiP.3H10: C. 16.63; H, 3.92; P. 7.16. Found: 

C. 16.6,; H. 3.81; P, 6.91. 

The hydration nas confirmed by showin g a loss of weight equivalent to 3 Hz0 

per molecule upon drying itr zactto over phosphorus peotaouide for 3 dabs at 56’. 

A preliminary account of some of this work has been published”. 
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