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ABSTRACT 

Condensation of 1,2,3,4,6-penta-0-acetyl-a-L-ldopyranose (I) with phenol 
yrelded phenyl 2,3,4,6-tetra-O-acetyl-a- (2) and B-r_-ldopyranoslde (4) Deacetylatlon 
of 2 and 4 afforded phenyl a- and P-L-ldopyranosldes (3 and 5), respectively, the struc- 
tures of which were vertied by penodate oxldatlon studxes A platinum-catalyzed 
oxtdatton of 3 and 5 produced the amorphous phenyl OL- and /3-L-ldopyranostdurontc 

acids (9 and ll), respectively, which were Isolated as the crystallme cyclohexylam- 
momum salts Phenyl /3- and a-D-glucopyranoslduromc acids are apparent mmor 
byproducts of the catalytic oxldatlons, resulting from an inversIon at C-5 p-Nltro- 
phenyl U-D-mannopyranoslduromc acid and p-mtrophenyl LX- and P-D-galactopyrano- 
slduromc acrds are also described 

INTRODUCTION 

In 1957, it was briefly reported that extracts of skm catalyzed the hydrolysis 
of a tetrasaccharlde derived from dermatan sulfate’ A more recent note described 
the enzymlc release of lduromc acid from desulfated dermatan sulfate by actlon of 
extracts of human tissue, supplemented with j%glucuromdase and hyaluromdase’ 
The present work was undertaken to provide substrates smtable for the study of 
a-L-lduromdase activity, whose occurrence was mdlcated by the reports cited and 
whose existence would have Important lmphcations for the catabohsm of dermatan 
sulfate and other glycosammoglycans The avallablhty, from the chemical syntheses 
described here, of aryl glycosldes of L-lduromc acid and related glycosldes has indeed 
permitted a demonstration of a-L-lduromdase as a dlstmct mammahan enzyme3 

*Taken III part from the Ph D Thesis, 1969, of R B Fnedman Supported by Trammg Grant 
GM00471 and Research Grant AM02479 from the Natlonal Institutes of Health, U S Pubhc 
Health Serwce 
tPresent address Eunice K Shriver Center for Mental Retardation, Waltham, Massachusetts 02154 
(U S A) 
fTo whom mqulrles should be sent 
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124 R B. FRIEDMAN, B. WELSZMANN 

RESULTS AND DISCU!3SION 

Zmc chloride-catalyzed condensatron4 ’ of 1,2,3,4,6-penta-O-acetyl-a-L-rdopy- 
ranose (1) wnh phenol gave syrupy phenyl2,3,4,6-tetra-0-acetyl-g-L-idopyranosrde 
(2) and a small quantrty of the crystalhne B-anomer (4), which were Isolated chromato- 
graphrcally Deacetylation of 2 and 4 yrelded pheny1 or-L-idopyranosrde (3) and the 
/3-anomer 5, respectively Although both 3 and 5 were amorphous, It was possrble to 
con&m then rmg srze, anomerrc configuratron, and rdentrty by a penodate oxrdatron 
study, the resuhs of whtch are shown m Table I. The consumptron of penodate and 
the production of formrc acrd are correct for pyranosrdes Moreover, smce the per- 
xodate oxrdatron products from the a-L-rdosrde 3 and from phenyl a-D-glucopyrano- 
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3 R=H 
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6R=H R’=OPh 
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+ 

OH 

13 

sxde (G) are enantromers, therr optrcal rotatxon values should be equal m magmtude 

but dtRer m sign, a hke relatronsmp should be observed for the periodate oxrdatron 
products from the j?-L-rdosrde 5 and from phenyl j?-B-glucopyranosrde 
cntena6 are satrsfied wrthm accuracy reasonable for the circumstances, 
Table I 

(7) These 
as seen m 

TABLE I 
PERIODATE OXIDATION OF PHENYL L-IDOPYRANOSIDES AND D-GLUCOPYRANOSIDES 

PhenJ glycostde Perzodate 

consumed 
(mole) 

Formzc and 

produced 
(mole) 

Fmal [MJo x 10-j (“) 

a+Idopyranoslde (3) 2 17 098 -32 6 
a-D-Glucopyranoslde (6) 2 20 0 93 -i-310 
F-r-Idopyranoslde (5) 1 90 0 89 -i-300 
j%r+Glucopyranoslde (7) 204 1 02 -35 I 
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PHENYL L-IDOPYRANOSIDURONIC ACIDS 125 

Catalytrc oxrdatrons’ of the rdosrdes 3 and 5 produced phenyl r-r-idopyrano- 
siduromc acrd (9) and phenyl &rdopyranostduromc actd (ll), both amorphous 
These were isolated by chromatography and analyzed as then crystalhne cycIohexyl- 
ammonium salts 10 and 12 The pure, anomenc free acids 9 and 11, regenerated from 
the salts, showed a drflerence m molar rotatton values (AM, = 2A) of -54,000 
As predicted from Hudson’s rules, this 1s opposite m sign from values of 2A calcula- 
ted for known phenyl glycosrdes of the D-series but, for reasons not yet understood, 
corresponds only roughly m magnitude. As calculated from data m the hteratdre, 
2A for the anomenc phenyl a- and /3-D-glucopyranostduromc acids (13 and 8)’ 
IS +68,100, for the anomenc phenyl a- and p-D-glucopyranosidesg (6 and 7), rt IS 
+ 64,600 

The purity of 10 and 12 can, m part, be verified by enzywc tests, since, as 
previously mentroned3, the occurrence in rat hver lysosomes of an a-L-rduromdase 
was demonstrated by use of the a-r-rduromde 9 as substrate Thrs enzyme IS dxstmct 
from j?-D-glucurorudase The latter has no action on 9, mdrcatmg the absence of 
detectable amounts (2%) of the j?-D-glucuromde 8 m 9 Although punficatron of 
a+rduromdase, an enzyme possessmg weak actrvrty, has Just been begun at trme of 
wntmg, It has been possible to demonstrate with crude rat hver preparations an 
enzymrc hydrolyses of 9 as extensive as 91% (unpublished observations) Since 
neither the /3-L-iduromde I1 nor the a-D-glucurorude 13 are attacked by the crude 
enzyme, substantial contamination of 9 with these compounds is also excluded by 
thrs result The same expenments show the absence of 8 or 9 from preparations of 
the jl-r_-rduromde 11 

In the catalytrc oxidatron of the a-r_-rdosrde 3, a small quanttty of crystallme 
byproduct, which was identified as phenyl P-D-glucopyranosxduromc acid (8) by 
comparisons wrth an authentrc specrmen, was Isolated Also, m the products from the 
catalyttc oxrdatron of the /3-L-xdosrde 5, evtdence from colonmetry suggests the second 
crop mater& Isolated m the crystalhzatton of the prmcrple product 12 to be the 
impure salt of a phenyl glucosiduromc acrd By analogy to the rsolation of 8 from the 
oxrdatron product of 3, thts byproduct, which was not characterized,, IS probably the 
cr-D-pyranosrde 13 Attempts to demonstrate the productron of 8 from 9 or of 9 from 8 
under the conditions of the catalytic oxidation were unsuccessful This interesting, but 
presently unexplamed, mversron at C-5 IS apparently mcrdental to the oxrdatron It 
may be speculated that the umdenttied byproducts that result from the catalytic 
oxrdatron of the methyl a- and j?-D-idopyranosidesl’ may be derivatives of L-glucu- 

romc acid, m analogy to the present fmdmgs 

GOOH Coon cool-l 

6H 

14 R=~-NO&H~ 15 R=H, R=p NO&&,0 17 R = H. R=p-NO&H,0 

16R=p-NO,C&@,R’=H 18 R=p-NO.&H_,O, R‘= H 
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Catalytrc oxrdatron of the corresponding p-mtrophenyl glycopyranostdes, 
currently available commercially, readily afforded p-mtrophenyl a-D-mannopyrano- 
siduronic acid (14) and the anomenc p-mtrophenyl CI- and B-D-galactopyranosid- 
uromc acids (15 and 16) The value of 2A calculated for 15 and 16, +101,700, IS 
in satisfactory agreement with the value of +98,300 calculated for the anomerm 
p-mtrophenyl a- and &B-D-glucopyranosiduronlc actds (17 and 18) o-Nttrophenyl 
/j-D-galactopyranoslduronic acid has been described previously’ 

The differential response of derivatives of the various hexuromc actds to color- 
rmetry by the carbazole” and orcmol” (loo”, 30 mm13) methods, which permitted 
the detectton of L-iduromc acid in polysaccharides 14, can be exploited for venficatton 
of the gross identity of uromc acid components of glycosides, as illustrated m Table II 

TABLE II 
u v ABSORPTION AND COLOPJLIETRIC RESPONSE OF ARYL GLYCOPYRANOSIDURONIC ACIDS 

Aryl glyco- 
pyranosrduronrc aad” 

Molar color yreldb 

Carbarole Orcmol Rarro 

Ph a-r-ldo’ (10) 266 2 0 93 0 29 1 49 0 19 

Ph B-r-Ido= (12) 266 7 0 93 0 29 1 50 0 19 
PNP a-o-manno (14) 305 10 6 0 10 1 28 0 08 
PNP a-D-galacto (15) 305 10 5 1 21 144 0 84 
PNP j-D-galacto (16) 304 10 5 1 22 1 49 0 82 
PNP a-o-gluco (17) 304 10 5 1 01 0 97 1 04 
PNP j-D-&CO (18) 303 10 9 1 01 098 1 03 

aAbbrewatlons used, Ph, phenyl, PNP, p-mtrophenyl bathe molar color yields in the carbazole and 
orcmol reactIons and the ratlo between these are taken by definmon as 1 00 for D-glucopyranurono- 
3,6-iactone, used as the reference standard Correspondmg values measured for l,Z~.opropyhdene- 
L-Idopyranurono-3,6-Iactone arc 0 29, 1 46, and 0 20, for D-galacturomc acid, 1 14, 1 41, and 0 81 
These trends roughly follow those reported by Hoffman, Lmher, and Meyer’&, who reported values 
of 0 17, 1 28, and 0 13 for D-mannuromc acid CCyclohexylammonmm salts 

In the u v spectrum, a trtplet peak centered at 266-267 nm 1s characteristic of 
phenyl glycostdes, for example, the phenyl tc- and /?-D-glucopyranosldes and the 
phenyl 2-acetanndo-2-deoxy-or- and j?-D-glucopyranostdes (A,, 266 3, 265 7, 266 5, 
and 265 8 nm, E_, 890,880,870, and 830, respecttvely). E,,, 890 was assumed for the 
amorphous idostdes 3 and 5 m measuring their concentrations Based on measure- 
ments made with the cyclol~exylammonmm salts 10 and 12, shown in Table TI, 
E rrax 930 was assumed for the amorphous rdopyranosiduromc acids 9 and 11 For 
p-mtropheql glycosldes, a broad absorption maxtmum at about 304 nm (E,,, 
10,500) is characteristic, as exemplified by p-mtrophenyl 2-acetamido-2-deoxy-/3-D- 
glucopyranoside (I,,, 303 nm, E,,, 10,400) and the p-mtrophenyl glycostdes bsted 
m Table II 
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EXPERIMENTAL 

General methods - Meltmg pomts are corrected U v spectra were determined 
m aqueous solution with a Cary Model 15 spectrophotometer and I r spectra on 
potassium bromide pressmgs with a Perkm-Elmer Model 137 spectrophotometer 
Optical rotations were measured m a 1-dm tube with a Perkm-Elmer Model 141 
automatic polarlmeter Elemental analyses were performed by Spang Mcroanalytlcal 
Laboratory, Ann Arbor, Mlchlgan 

Chronratograplzy on dmethyl sulfoxrde-srlrclc acldX5 - Sllmc acid (Sdlcar 
CC-7, 300-325 mesh, Malhnckrodt Chemical Works, 675 g) was poured as a slurry 
In toluene to form a column of bed volume of 1550 ml The column was prewashed 
with 1 1 dimethyl sulfoxlde-toluene (7 5 l), ethyl ether-dlmethyl sulfoxlde’5 (9 I), 
dry ether (0 8 l), and 2-lsopropoxypropane-dimethyl sulfoxlde” (1 l), which also 
was used as the developer The syrupy product isolated from the condensation 
of Idose pentaacetate with phenol was applied as a solution m the developer (300 ml), 
supplemented with ethyl ether (50 ml) Following development, small ahquots of the 
effluent fractions were analyzed for hexose by the anthrone method16, after pnor 
evaporation of the solvent A major peak (A) at 5 04 1 was followed by a slightly 
overlappmg smaller peak (B) at 7 20 1 Fractions wlthm each peak were pooled, 
washed with a 10% sodmm sulfate solution, dried, and concentrated to syrups 111 
tam0 

The result of a model experiment m which 50 mg each of the phenyl 2,3,4,6- 
tetra-O-acetyl-a- and b-D-glucopyranosldes were chromatographed on a similar 
column of 13 5-ml bed volume, illustrates further the excellent resolving power of this 
technique Two peaks, at 43 ml and 93 ml, were completely separated 

I,2,3,4,6-Penta-0-acetyl-cr-L-zdopyranose (1) - This compound was prepared 

(cf Ref 17) vra 1,2-O-lsopropyhdene-5 6-di-O-tosyl-a-D-glucofuranose”, which was 
prepared from 1,2-isopropylidene-a-D-glucofuranose (30% yield) and treated” 
to form 3,5,6-tri-O-acetyl-l,2-lsopropylldene-P-L-Idofuranose (64% yield) This was 
transformed into 1 without lsolatlon of additional mtermedlates” lg ” m 24% 
yield Thus, hydrolysis for 7 h m a large volume of bolhng hf sulfuric acid, neutrah- 
zatlon with barium hydroxide, and concentration zn bacuo gave a syrup, acetolysls” 
of which gave 1, m p 94 5-95 S’, [Q1’2 -56 8” (c 1, chloroform), ht I7 m p 95-96”, 
[a]‘,’ - 57” (chloroform) 

Reactron of penta-0-acetyka-L-Jdopyranose (1) zolth pJlenoI - In prehmmary 
experiments of this Helfench condensation, conditions reported as optimal for the 
preparation of phenyl 2,3,+6-tetra- O-acetyl-a-D-glucopyranoside’ were tried 
However, for the isolation of the products obtamed from 1, a greatly decreased zmc 

chloride concentration and a shortened heating interval proved to be essential 
A flask arranged for vacuum dlstlllatlon was charged with 1 (12 g), molten phenol 
(40 ml), and a solution of zinc chloride (1 3 g) m 19 1 acetlc acid-acetlc anhydnde 
(3 ml) The flask was heated m an 011 bath at 88” with occasional shaking, while 

the pressure was mamtamed at 38 mm After 20 mm, the temperature was raised and 
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the mrxture was mamtamed for 33 mm more at 122-124” and 25 mm After coohng, 
the residue was drssolved m chloroform, washed twrce wrth a 10% sodmm sulfate 
solution, once with a 2M sodium hydrovlde solutron (170 ml) contammg ice, and four 
times with a 10% sodmm sulfate solutxon The syrup (14 g) obtained by drymg with 
sodmm sulfate and removal of the solvent zrl tactto was subJected to chromatography 
on a column of dimethyl sulfoxrde-srliclc acrd, as described rn the preceding para- 
graphs The syrup from peak A (7 4 g), [a]‘,” - 80” (c 1 23, chloroform), was identified 
by subsequent reactrons as phenyl 2,3,4,6-tetra-O-acetyl-a-L-rdopyranosrde (2) 
The syrup from peak B crystalhzed readrly on drlutron wrth ethanol Recrystalhzatron 
from ethanol gave 1 67 g of phenyl 2,3,4,6-tetra-O-acetyl+L-xdopyranosrde (4), 
m p 103 5-104”, [LY]*~ + 64 2” (c 1 1, chloroform) 

Anal Calc for C,,,Hz4016 C, 566, H, 566 Found C, 567, H,568 
Phenyl a-(3) and B-L-zdopyranoside (5) - Sodmm methoxlde (0 04 mmol) 

was added to a borhng solutton of 2 (6 3 g) m chloroform-methanol After heatmg 
for an addmonal 2 mm, the solutron was kept for 2 h, neutrahzed with acetrc acrd, 
and evaporated zn uaczro Thus gave 3 3 g of syrupy 3, [m]g3 -125” (c 0 54, water), 
calculated from a concentratton established by u v measurements Srmrlar deacetyla- 
tron of 4 gave amorphous 5, [a]g +55” (c 1 0, water), calculated from a molar con- 
centration based on the weight of crystalhne 4 from whrch rt was produced 

Penodate oxrdatlon studies were performed with the rdostdes 3 and 5, whose 
imtial concentrations (about 4mM) were establrshed by u v measurements The plateau 
values of the penodate consumptron and formrc acrd generatron21 shown m Table I 
were observed after reactron wrth unbuffered 0 02hr sodmm metapenodate for 24 h 
at 25” Also shown are plateau values (4 h) of molar optrcal rotatron measured for 
reactron mrxtures at 25” mrtrally contamm g 0 02M phenyl glycosrde and 0 065,~ 
sodmm metaperxodate In thus expenment, the molar concentratron of 3 was measured 
by u v absorptron and that of 5 from calculations based on the weight of crystalhne 
tetraacetate 4, from which It was produced 

Oxzdatzon of phenyl a-L-zdopyranoszde (3) - Adams’ platu *rrn oxrde catalyst 
(Engelhardt Industnes), suspended m water, was reduced wrth hydrogen at about 
atmosphenc pressure for 20 mm on a Parr shaker The resultmg platmum black, 
after repeated washmg wrth water, was used for oxrdattons on the day of preparation 
A solutron of 4 (3 2 g) m water (125 ml) was treated wrth Nonte A to remove some 
rumor turbrdrty About 0 5 g of catalyst was suspended by vrgorous sturmg m this 
solutron, wh,ch was heated at 70-72” m a water bath whrle a stream of oxygen was 
passed through rt As the oxrdation progressed, 0 5M sodmm hydrogen carbonate was 
added m portrons to mamtam a pH value of 6 4-7 6 Portrons (0 5 g) of fresh catalyst 
were added after 1,2, and 3 h Based on expenence m earher expenments, the reactron 
was termmated after 4 5 h After removal of the catalyst and adJustment of the pH to 
5 with acetrc acrd, the solutron was concentrated ztr uacuo to 10 ml and applied to a 
250-ml (bed volume) column of Dowex 1(X-8, HCO,) 0rcmol-posltrve’3 peaks 
observed on elutron wrth 0 75&r formrc acid mcluded a small one at 0 8 1, which 
was not mvestrgated (presumably unchanged 3), and another small peak (G) at 

C’arbohyd Res, 24 (1972) 123-131 



PHENYL t-IDOPYRANOSIDURONIC ACIDS 129 

9 5 I, which was well resolved from the major peak (I) at 10 7 1 Peaks G and I 
accounted for 8% and 77% of the orcmol-posrtrve matenal applied to the column 
The pooled fractrons of the peaks were freed of formrc acid by contmuous extractron 
wrth ether, and concentrated rrz zacuo to syrups 

Hydrolyzates of ahquots of the materrals from peaks G and I(0 8hl hydrochlonc 
acrd, 1 h, 100”) were subJected to paper chromatography m several solvent sys- 
temsz2 z3 that separate rduromc acrd24 and glucuromc acrd Hydrolyzates from peak 
G showed only spots for glucuromc actd, and hydrolyzates from peak I showed only 
spots for rduromc actd 

The syrup from peak I farled to crystallize On treatment with cyclohexylamme 
(10 ml) and addmon of ether, a crystalline sohd separated Recrystalhzatron from 
ethanol-ether gave 0 61 g of cyclohexylammomum (phenyl a-L-rdopyranosid)- 
uronate (lo), m p 181-183’ (dec ), [ct12z -56 8” (c 0 9, water) 

Anal CaIc for C1sHZsNO,- C, 58 7; H, 7 11 Found C, 58 4, H, 7 29 
The pure, free acid 9 was regenerated from a solutton of 10 by passage through 

a column of Dowex 50 (H’), its concentratron was calculated from u v measurements; 
[@I’,” -86” (c 0 2, water) 

The syrup obtamed from peak G of the Dowex-l chromatogram soon crystal- 
lized when drluted with a little water The m p of the crystals (158 5-159 5”) was not 
depressed on admrxture with authentrc phenyl fi-D-glucopyranosrduromc acrd25, 
and the I r. spectrum was rdentrca1 with the spectrum of thus compound 

Oxrdatron of phenyi B-L-zdopyranosrde (5) - A solutron of 5 (prepared from 
0 64 g of 4) m water (12 ml) was vrgorously stured wrth freshly prepared platmum 
black (0 2 g) at 85” whrle oxygen was passed through the suspensron A 0 5~ sodium 
hydrogen carbonate solutron was added m 0 l-ml portrons, and the mixture was 
tested between addrhons with short range pH mdrcator paper The pH of the mixture 
remained below 7 at 24 mm from the start, when the theoretrcal quantrty of sodmm 
hydrogen carbonate (3 0 ml) had been added_ The mixture was cooled after an addl- 
tional 2 mm After removal of the catalyst, the deep-orange solution was apphed to 
a column of drethylammoethylcellulose (12~ml bed volume, Whatman DE 52), 
which had previously been equrhbrated wrth 0 Olhf trrs(hydroxymethyl)ammomethane 
acetate buffer of pH 7 1 and washed with water Followmg the addltron of the Ioad, 
the column was washed wrth water (these washmgs were drscarded) and eluted wrth 
0 075~ sodmm acetate (120 ml), a procedure found m model experrments with 8 
to yield an aryl glycosrduromc acid fraction 26 The eluate was passed through Dowex 
50 (H’) to remove sodmm ions and repeatedly concentrated m uacuo wrth addrtton 
of water to remove acetic acrd A sohd separated at once on treatment of the final 
residue, a yellowrsh syrup, with cyclohexylamme (0 2 ml) m ethanol (2 ml) Thxs was 
filtered off and washed sparingly with ethanol and coprously with ether In the filtrate, 
a second crop of solid (G’) separated 

The first crop of material (76 mg), was sublected to colonmetry for uromc acrd 
and u v spectrophotometry The carbazole-orcmol ratio was 0 22, the value expected 
for a derwatlve of lduromc acid The orcmol color value and the u v absorption both 
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corresponded to a content of 48 mg of a phenyl rdosrduronrc acrd (59 mg of salt), 
the rmpunty was beheved to be the carbamate of cyclohexylamme A solutron of the 
sohd m drlute acetrc acrd was concentrated to dryness zn Laczzo, and the residue was 
recrystalhzed from ethanol-ethyl acetate contauung a IntIe drhtte acetic acrd, to grve 
55 mg of pure cycIohexyIammomum (pheny1 B-L-rdopyranosrd)uronate (12), m p 
219” (dec), [rx]g +73 2” (c 0 2, water) 

AnaZ Calc for C,8H26N07 C, 58 7; H, 7 i 1 Found C, 58 5; H, 6 81 
The pure, free acrd 11, regenerated from 12 as for the a-anomer 9, had [a]g 

-I- 115” (c 0 2, water) 
The second crop of matenal (G’, 44 mg), had a carbazole-orcmol ratro of 0 85, 

nearly correct for a derrvatrve of glucuromc acid The orcmo1 coIor vaIue and u v 
absorptron both corresponded to a content of I5 mg of a phenyl glucosrduromc acrd 
(as free acid) 

p-Nztrophenyi a-D-mannopyranoszduronzc aczd (14) - Thus compound was 
prepared by oxrdatron ofp-mtrophenyl a-D-mannopyranosrde (0 I4 g, Prerce ChemrcaI 
Co ) as described for 5 With 0 1 g of catalyst, the theoretrcal amount of sodmm 
hydrogen carbonate reacted after an oxrdatron of I1 mm Crystalhzatron of 14 (0 07 g) 
occurred during concentratron of the ehrate from the Dowex-50 cohrmn The com- 
pound was recrystalhzed from water for analysis, m p 234” (dec ), [a]% + 113 3” 
(c 0 2, water) 

Anal CaIc for C,.H,3N0, C, 45 7, H, 4 16, N, 444 Found C, 45 8, H, 4.10, 
N, 445 

p-Nzfrophenyl a-D-galactopyranoszduronzc aczd (15) - Thus compound was 
sun11arIy prepared by cataiytic oxrdatron of p-rntrophenyl a-D-gaiactopyranoside 
(0 15 g, Prerce ChemrcaI Co ) The product crystalhzed (0 08 g) durrng concentration 
of the eiuate from the Dowex-50 column and was recrystalhzed from aqueous ethanol 
for analysrs, m p 260”, [a]F -?- 186 4” (c 0 2, water) 

Anal CaIc for Cr2H,,N0,- C, 45 7; H, 4 i6, N, 4 44 Found. C, 45 8; H, 4 21, 
N,444 

p-Nztrophenyl /?-D-galactopyranoszduronzc aczd (16) - Thus compound was 
smularly prepared by oxrdatron ofp-mtrophenyl j?-D-galactopyranosrde (0 45 g, Srgma 
ChemrcaI Co ) It crystalhzed on bemg kept overmght (0 08 g) after evaporatton 
of the Dowex 50-column eluate and was recrystalhzed from water to gave a mono- 
hydrate, m p 165-167” (dec) [a]L3 - 122 2” (c 0 2, water), talc loss 5 4, loss at 60”, 
found 6 0) 

Anal Calc forC,,H1,N0,.C,45?,H,416,N,444 Found-C,455,H,421; 
N,434 

Addztzonal optzcal rotatzon measurements - They are reported on an anhydrous 
basrs and were measured for p-mtrophenyl cx-D-glucopyranosrduromc acrd monohy- 
drate (17), prepared as descrrbed7, [or]2 + 184 8” (c 0 2, water); and forp-mtrophenyl 
B-D-ghrcopyranosiduroruc acid monohydrate (18), [a]‘,” - 127 2” (c 0 2, water), 
purchas,ed from Calbrochem (Los Angeles, Cahforma) 
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