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Note 

Loss of C-5 hydrogen during conversion of D-glucuronic acid 
Into methyl cr-D-glucopyranoside’ 

HARKY S PRIHAR, RANGASW~VY MEGANATHAN, AND DAVID SIDNEY FEINGOLD? 

Depnrtment of Mxrobrolog> , School of Medmne, Urmersrry of Putsburgh, 
prttsburgh, Pennsylcanra 15261 (U S .-I ) 

(Recened October Eth, 1977, a ccepted for pubhcalon III rewsed form, December ISth 1977) 

When heated m anhydrous, methanohc hydrogen chloride, D-glucurono- 
lnctone IS converted Into methyl (methyl D-glucopyranosld)uronate’ (1) The Jotter, 
on reduction with hthlum alummum hydride m aprotic solvents or wth soduu-n 
borohl drrde rn aqueous me&urn, has been reported fo gn e inethyl r-u-glucopyranoblde 
(3) m 35% qleid’ In our studies of the mecharusm of 5-eplmenzanon durmg the 
blosynthesls of heparm from precursor urldme 5’-(r-D-glucopyrdnosyluromc acrd 
p>rophosphate)3, \\e sought a convement method for the con\erslon m hgh yield of 
o-glucuromc acid mto 3 on a mlcromolar scale ExammatIon of the reduction of 1 
\\ith sodmm borohydrlde m methanol revealed that the reaction occurs wth essentially 
complete loss of H-5, but not of hydrogen at other carbon atoms Details are presented 
m this Note 

Mufermls - 3H-LabeIed D-glucose was pdrcnased from the Racbochemlcal 
Center, Amersham-Searle U S A, and Z3H-labeled glycerol \\\ds purchased from 
ICN Pharmaceuticals, Irvme, CA Undme 5’-(x-D-glucopyranosyluromc acid 
pyrophosphate), specifically 3H-labeled m various powlons, ktas prepared from 
D-[2-3H]glucose (5 mCl//lmol), D-[3-3H]glucose (2100 ,G//lmoi), u-[4-3H]giucose 
(6 100 mG/irmoI), or D-[5-3 H]glucose (2400 @//tmol) by the method previously 
descnbed3 Phosphate &esterase I (from G orah adatnatzterts venom) and albahne 
phosphatase (from Esclzcrtclm colt) were obtamed from Worthm,oton Blochemlcal 
Corporation, Freehold, New Jersey, and glycerol dehydrogenase and r-glutamzc 
dehydrogenase from Srgma, St LOUIS, h-irssourl Methanol was dried by dlstlllatlon 
from magnesrum methoxlde and stored over molecular sieves Paper chromatography 
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was performed on Whatman No 1 paper m the followmg solvents A, 7 3 (V/V) 
ethanol-&r ammomum acetate, pH 7 5, B, 4 1 5 (v/v/v) I-butanol-ethanol-water 
(upper phase), C 14 7 IO (v/v/v) I-butanol-propanolc acid-waterA, and D, 7 2 1 
(v/v/v) I-propanol-ethyl acetate-water Carbohydrates were detected wth alkalme 
sliver rutrate , ,olycerol and 1,3-d~hydrouy-2-propanone wth potassmm permanganate 

spray (3 ml M aqueous potassmm permanganate diluted to 100 ml wth acetone), and 

glutanuc acid M Ith nmhydrm6 
PI spat ffttott 0J D-gltrcrrt otztc ncrdf, ottt urrdttte 5’-(z-D-glttcopi t ntfosl Irtt otttc ncrcf 

pl t opltosphnte) - Incubation mwures contamed the folio\\ mg m a final volume of 
60 jtl Tr~s HCI pH 7 5 2 5 jrmol, magnesmm chloride, 0 -i Llmol ‘%labeled or 
specIfically “H-labeled urIdme 5’ (x-u-glucopyranosyluromc acid pyrophosphate) 

0 5 mC1. and phosphate dlesterase I (1 mg) After 1 h at 3.Y, the nurture ii as heat for 
2 nun at 100’ 4iLalme phosphatase (5 ~‘1) x\as added to the cooled ml\ture and. after 

LL further 45 nun at 25”, the mlwxe itas subjected to electrophoresls on WhatmLm 
3 MM paper m 0 OS\r ammonnun formate. pH 3 6 The smgie radlonctI\e compound 
present xx hlcn had the mobIhty of o-glucuromc acid, ~1;~s eluted 1~1th \\ater pur~lied 

by paper chromatozraph} m solvent -1, and finally eluted wth water 

SJ nthrcr \ of metll I 1 r-D-ghrcop~ I LWOSI& (3) fi 01~1 u-gl~~r otuc am/ - Unlabeled 
w$ucuromc acid (1 mg) \ias Iruled \%~th specGicallJ 3H-lnoeled, or ‘X-uruforml~ 
Idbeled (0 2 mCI) o-glucuronlc acid, obtamed as already described m a Teflon-lmed 

scre\\-cap tube and the nurture 1ta.s dried at 37” III a ~xuum Dry methanol (I ml) 

‘md acet>l chloilde (70 pl) \\ere added, and the tube was t&tlj capped After 4 h at 
S5’ the nxlture \\as cooled to 25’ sohd sodnun borohJdrIde (40 mg) \\as added all 
at once (the temperature of the nurture at this pomt rose to 45’), and the tube \\a> 
Immediately c;tpped and nzalntdmed for I2 11 at 25’ The mI\ture \\as then diluted 
\\~th 5 ml of \\.~ter and the pH \\as adJusted to 2 0 ulth Doiieu-50 (H-) to decompose 
the excess of borohl drlde The resin \\ as removed by filtratron and botx acid present 
III the mrlture \\ds ~emo\ed b> repeated ebaporatlon of methanol from the product 

under dInmushed prewue The salt-free residue \\rls subjected to paner chromato- 
graph\ In sokent B RadIoactwty \\as located by strip scanrung, and the labeled - 
compound ~cas eluted L\ Ith L\ dter and rechromatographed m solvent C The product 
\\ ‘1s Identified as 3 b} cochromatography I\ Ith authentic, unlabeled 3 m solvents B and 
C Only the Y anomer LX&S detectable 1x1 the product upon chromatography III solvent 

C under condmons that separate the anomers Upon heatmg In XI HCI for 30 min at 
100” only one ra&oactIve compound, havm, D the chromatographx moblhty of 
wglucose m solvent D, \ias released from the presumed methyl D-glucopyranoslde 

Compound 3 L\as degraded by a mo&ficatIon of the method of Smith et a/ ’ 

After treatment wth perIodate as described by these authors, fornuc acid was dIstIlled 
from the mixture at room temperature The residue was treated wth sodmm boro- 
hydride \\Ith subsequent hqdrolysIs by hydrochlorxc acId7 The glycerol and glyco- 
aldehlde formed Lxeere separated by paper electrophoresis on Whatman No I 

filter paper m 0 111 sodnun hydrogensulfite, 0 01 XI sodmm acetate buffer, pH 4 7, and 
the radIoactI\e compound> \tere located wth a Nuclear-ChIcago 4rr strip counter 
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Glycerol eluted from electrophoretograms was further purified by paper chromato- 
graphy m solvent D and eluted with water The glycerol Isolated was Incubated In 
50 1~1 of 0 %I ammomum carbonate, pH S 5, contammg 100 ifg of glycerol dehydro- 
genase, 1 Llrnol of NAD +, 0 5 icmol of 2-oxoglutarate, and 100 /cg of r_-glutamIc 
dehydrogenase After 24 h at 25’, the mixture was SubJected to chromatography on 
Whatman No 1 paper m solkent D Under these condmons, the label of [2-3H]- 

glycerol could be recovered quantltatlvely III D-glutamlc acid 

KLSULTS AND DISCUSSION 

Umformly ‘*C-labeled D-glucuromc acid m I “A methanollc hydrogen chlonde 
LL‘L~ heated m a sealed tube for 4 h at 52’ the acid was neutralized w&h sliver car- 

bonate, and the sliver salts \%ere filtered off Methanol \\as remoled under a stream 

of mtrogen and the product was reduced with aqueous sodmm borohydrrde by 
,Iddltlon of sodnun borohydnde (40 mg) In 1 ml of water After subsequent processing, 
‘1s described, the mixture \\as resolved mto five components by paper chromato- 

graphy In solvent C The best yield of methyl r-u-glucopyranoslde (3) thus Isolated, 

based on radloactlvlty, was about 15% When sohd sodium borohydnde (40 mg) \\ as 
added directly to the anhydrous nurture wlthout prior removal of hydrochlonc acid 
or methanol ‘*C-labeled 3 could be Isolated from the mlrture m 95% yield Also, 
u-[I-~H]- D-[;-~H]- and D-[ -3 4 HI-glucuromc acid gave 3 m >95% yield (based on 

radIoactlvlty) Methyl z-D-glucopyranoslde (3) from +[2-3H]glucuronlc acid 

yielded glycolaldehyde as the sole radloactlve product of perlodate degradation m the 
case of D-[3-3H],olucuronlc acid, only [3H]fornlate resulted D-[4-3H]Glucuron~c acid 

L relded [I -3 HIglycerol (shown by the mablhty of glycerol dehl drogenase and glutamlc 
dehydrogenase to transfer the ‘H to 2-ouoglutarate) These results sho\~ that the 
only 3H label prese nt In e,lch of the labeled methyl r-D-,olucopyranosIdes \\as present 
at the posltlon of orlgmal labelm g of the parent D-glucose used for preparation of 
uridme 5’-(r-D-glucopyranosyluromc acid pyrophosphate) However under ldentlcal 
condltlons, D-[5-3H)glucuronic acid lost >S5% of the trltmm. methyl ‘L-D-[~H]- 
glucopyranoslde \Las isolated In less than 15% vleld (based on radloactlvlt>) In- 
dlcatmg loss of at least SP o of the mmal label at C-5 No other labeled matenLll 
could be detected on chmmatograms Con\erslon of authentic u-[S-3H]glucose Into 
methyl ~-II-[ 3 H]glucopyrdnoslde by the method of Fischer’ proceeded with no loss of 
label, and perlodate degradation of tIus compound m&cated that the label \\a5 

located at C-5 (as sho\\n by transfer of all of the label from [3H]glycerol to ?-oko- 
glutarate by the combmed action of glvcerol dehydrogenase and glutamlc dehldro- < 
genase) 

Loss of H-5 during converslon of methyl (methyl u-glucopyranosld)uronate (1) 
Into 3 probably does not Involve 4 Sdehydratlon such as has been demonstrated 

N Ith o-glucopyranoslduronate 4-sulfonates’ or u lth r-D-glucopyranosyl-(I -+4)-m>- 

glucopyranoslduronates ‘O In the latter two examples, the presence of a good leavrng- 
group at C-4 promotes /I-elmunatlon with the resultmg formatron of a 4 5-un- 
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saturated product However, as compound 1 1s unsubstltuted at C-4 there IS no 
promoting effect of a leavmg c oroup possible Furthermore, mvolvement m the reactlon 

of dehydration leading to a double bond between C-4 and C-5, followed by rehydra- 
tlon, might be expected to occur wth some randomlzatlon of configuration at C-4 
and C-5, ylekimg a nuxture of methyl glycosldes However, such randomlzatlon did 
not occur, as only D-glucose was detectable m a hydrolyzate of the methyl glycoslde 

prepared by day of D-glucuromc acid 
When the series of reactIons, described for conversion of D-glucuromc acid mto 

3 was performed \\lth sodmm methollde Instead of sodmm borohydnde, loss of 
S3H (by converslon mto a volatile product, presumably methanol) \\as m the order 

of IO”!, suggestmg that basic condltlons contrlbute to lablhzatlon of H-5 In the hght 
cf this observation, the formatlon of 3 from 1 may reasonably be explamed as follows 

O?l OH 01 

1 2 3 

The mtermedlate 2 resultmg from base-catalyzed enohzatlon of 1 very rapldly 

ewhanges 3H wth the medmm Removal of 2 from the reacrlon by reduction lath 
BHZ shifts the equlhbrmm bet\\een 1 and 2 to the right thereby allo~~np eltenslve 
3H ewhanee to occur As no other he\opyranosldes are formed the overall reaction 
must procezd w Ith retention of the orIgIna configuratlon at C-5 
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