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The reduction1 of glycosxlxally bound N-acetylneurammx acid methyl 
ester wrth so&urn borohydnde grves the glycosrde of an IV-acetylnonulos~mme 

(5-acetamido-3,5-ldeoxy-D-gZycero-D-galacto-nonulose), and mdd acrd hydrolyses of 
the ketoslde yields the free N-acetylnonulosamme 1 Durmg the course of our stu&es 
on the propertres of ganghosrde mtema1 esters’, we noted that reduction of ganghosrde 

ester wrth sodmm borohydrrde, followed by nuld acrd hydrolyses leads to the for-matron 

of nonulosamme 1 and a less polar product (3) ( as observed by t 1 c ) whrch gave the 

HO 

lR=Ac 
2R= HOCH,CH 

HO 

3R= AC 

4 R = HOCH2C0 

same charactenstrc pmk color wrth the resorcinol spray-reagent as gave 1 Compound 
3 was also formed by mdd acid treatment of 1. in tlzls report, we present evidence that 
3 IS an internal acetal, namely 5-acetamtdo-2,7-anhydro-3,5-&deoxy-D-gly- 
D-g&c?+nonulopyranose The N-glycolylnonulosamme 2 was shown to form an 
analogous anhydnde 4 It is known that heptuloses in the presence of dilute aqueous 

acid are m equrhbrmm -w&h then 2,7-anhydndes3+j The data presented here mchcate 
that nonulosammes behave srrmlarly 

A nxxture of N-acetylneurammosyllactosylceramide and N-glycolylneu- 
rammosyllactosylceramide (IV-acetyl- and N-glycolyl-G,,) was treated unth glacial 

acetic acid to form the internal ester, reduced, and hydrolyzed The &aIyzabIe 
products formed were per(tnmethylwlyl)ated and analyzed by g 1 c (bottom trace of 

Fig 1) Standard nonulosamme 1, acid-treated 1, and acid-treated nonulosamine 2 
were sm&.rly chromatographed, as shown m Fig. 1 _ Peaks B and D were formed when 
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Fig 1 Gas-hqmd chromatography of compound 1 and products formed by mdd acid treatment 
of 1 and of 2 The per(trunethyMyl)ated samples were Injected on a 3% OV-I column, and the 
temperature was programmed from 190” to 230” at 2” IIXI-~ GnrS IS slalosyilactosylceramrde 
Untreated 2 gave only peak C The lower curve was given by reduced, acid-treated N-acetyl- and N- 
glycolyl-GM3 mtemal ester. 

1 and 2, respectrvely, were subjected to nnld acrd treatment Low-resolutron mass- 
spectra of these compounds were obtamed by combmed g 1 c -m s The spectra of the 
per(tnmethylsrlyl)ated denvatrves of 1 and 3 (peaks A and B, Frg 1) are shown m 
Frgs 2 and 3 The tnmethylsrlyl derrvatrve of 3 gave nse to a nlolecular Ion havmg an 
m/e value of 565, which IS 162 mass umts beIow the moi wt of nonulosamme The 
molecular ran of 1 (w/e 727) was not observed, but a strong srgnal IS visible at m/e 712 
(M‘f- - 15) These results suggested a drEerence of one atom of oxygen and two tn- 
methylsrlyl groups. Thus, it appears that 3 IS an anhydro denvatrve of 1 The strong 
signal at m/e 360 (K f - 205) m the spectrum of 3 mdrcates the removal of the C-S-C-9 
fragment with maintenance of the anhydnde structure The fragmentatron pattern of 3 
1s consrstent with a 2,7-mternal acetal form of an IV-acetylnonulosamme Hrgh- 
resolutron mass spectra were obtained by dnect-probe analysrs and some of the most 
rmportant ions and their deduced composrtrons are grven rn Table I The exact 
masses of these ions provide confirmatory evrdence of the relatronshrp of the formulas 
of 1 and 3, the anhydro fragments denved from 3 bemg 162 mass units below the 
correspondmg fragments derrved from 1 (Table I) Thus, the structural change of P to 
3 mvolves the loss of one molecule of water wrth the formatron of a 2,7-anhydro ring 
Studies of the IV-glycolyi denvatrves gave srmrlar mass-spectral data, but the mass 
numbers of the correspondmg Ions that have an N-acyl group were mcreased by 
88 mass umts. 

Larger amounts of 1 and 3 were obtamed from colonumc acid [poly(iV-acetyl- 
neurarnnnc acid)] by treatment with glacral acetrc acrd to form the polylactone, then 
reductron ‘with sodmm borohydnde, and subsequent rmld acid hydrolysis Compound 
1 was separated from the anhydro derivative 3 by s~lrca gel coIumn chromatography 
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TABLE I 
PRECISE MASSES OF FRAGMEENTATION IONS FROM 

PER(TRA4ETHYLSILYL)ATED COMPOUNDS 1 AND 3 OB-r- BY 

HIGH-RESOLUTION MASS SPECl-ROhlETRY 

Compound 1 Compound3 

Fragmentatron eons Measued mass Deducedformula Measured mass Deducedformula 
(m/e) (m/e) 

Mt 727 3639 C2&69NOsS16 565 2743 C,,Hs,NO,% 
M$-15 712 3404 &&&J0.&& 550 2508 Cdkd’&% 
Mz -89(90) 638 3216 ~z&&o~~~~~~ 475 2242 CzoH41NOsS13 
M’-103 624 3060 CZ~HSEN~~SIS 462 2066 Cic&oNO&% 
Mt -205 522 2560 CZIH~SNOSS~ 360 1663 CdbNOsS1z 
M+ -294 271 1186 C12HfJO3Sl2 

&I’-456 271 1186 cl2H2303s~2 

The vrsrble absorptron spectra of the resorcmol chromogens formed from 1 and 3 were 
identical (Am, 560 nm) and were drstmct from that obtamed with iV-acetyineurarmmc 
acrd The resorcmol reactron was shown to be apphcabie for the quantrtatrve 
determmatron of both 1 and 3 Treatment of 3 with nuld acrd gave 1 Although 
optnnal condmons for the formatron of 3 from 1 and the reverse reactron were not 
sought, the mterconversron under acrd condrtrons was demonstrated and the 
eqmhbnum ratio under the rmld acid condltlons used IS probably close to one The 
reducmg power (as measured by the femcyamde procedure) of 1 and 2, relatrve to 
N-acetylneurammrc acid, was found to be 0 5 and 0 15, respectrvely Compound 1 

was rea&ly reduced withm 15 mm at room temperature wrth sodmm borohydnde, 
whereas 3 remamed unchanged under these condrtrons When 1 was treated wrth 
sodrum perrodate, 3 equrv of tbrs reagent were consumed per mole of the sugar 
Under snmlar condmons, 3 consumed only 1 equiv. of perrodate These data are 
consrstent with the structure proposed Exammatron of models mdrcates that only the 
cc anomer IS capable of formmg an Internal anhydnde with the hydroxyl group at C-7 
Expenmentai evtdence for thrs cotiguratron was obtamed from optical rot&on 
measurements Brossmer and Holmqmst’ showed that the rotatxons of the a glycosldes 

of 1 are less negahve than that of 1 We observed a large poslhve change, from [@ 
-31” for 1 to [cx]g + 74” for 3 Thrs difference suggests that the glycosyl hnkage of 3 
has the a configuratron We, therefore, propose that 3 be assigned the structure 
5-acetarmdo-2,7-anhro-3,5-ldeoxy-D-glynose 

GeneraI met/lo& - The slahc acid content of ganghosldes and of their internal 
esters was determined by the resorcinol method6, which was also used for the quanti- 
tatrve determmatron of 1 and 3 by measurement of absorbance at 560 nm. The 
reducmg power was determmed by the ferricyamde method of Park and Johnson’ 
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Preparative t 1 c. was performed on Slhca Gel G (250 pm) plates (Analtech) with 
60 35 8 (v/v) chloroform-methanol-water as the developmg solvent Detection was 
achieved with the resorcmol reagent’ G 1 c was performed on a 2760A Hewlett- 
Packard gas chromatograph eqmpped wrth a flame-iomzatron detector and a 1 8 m 
glass-column packed with 3% OV-1 on Chromosorb W Per(trimethylsrlyl)atron was 
performed wrth hexamethyllsllazane~~orotrunethylsrlane-~,~-bis(t~ethyls~yl)- 
tnfiuoroacetamide-pyrrdme (2 1-l 4) at room temperature for 30 mm and ahquots 
were drrectly analyzed by g 1 c. or g 1 c -m s Low-resolution mass spectra were 
obtamed wrth a Perkm-Elmer-Hrtachr RMU-6L mstrument, interfaced with a 
Perkin-Ehner 990 gas chromatograph Gas-chromatographrc condrtrons were as just 
described,, w&h interface valve and molecular separatroo held constant at 250”. The 
romzatron voltage was 70 eV_ Hugh-resolution mass spectra were obtamed with a 
DuPont CEC-I10 photoplate mstrument with acceleratron voltage held at 6 eV 
Samples were introduced through the sohd-probe inlet All data were gathered. 
processed, and presented by an IBM 1800 computer and related perrpherals as 
presented elsewhere ’ Optrcal rotatrons were determmed w~tb a Zerss polanmeter 

Cltemzcals - N-acetylneurammosyllactosylceranude (I?-acetyl-G,,) and 
IV-glycolyl neurammosyllactosylcerarmde (N-glycolyl-G,,) were isolated from bovine 
adrenal glandslO 5-Acetanudo-3,5-drdeoxy-n-glycero-D-gaIacto-nonulose was a gift 
from Dr R Brossmer (Instrtut fur Brochemre der Umversrtat Herdelberg) Colormmc 
acrd was obtamed from Koch-Lrght Laboratones, Colnbrook, England, and the 
Silica Gel 60 prepacked column was purchased from E Merck, Darmstadt, Germany 

Ganglzoszde rnternai esters - A solutron of ganghosrde (l-5 mg) m glacial 
acetrc acrd (1 ml) was mamtamed for five days at room temperature The acetrc acrd 
was evaporated under a stream of mtrogen at 40” and the residue drssolved in 95% 
methanol Altematrvely, the ganghosrde sample was &ssolved m aqueous salt solutron 
and treated wrth 0 1~ 3-(3-duuethylammopropyl)-1-ethylcarbodumrde at a pH of 
5 1 for 0 5 h accordmg to the method employed by Shrager and Proferal w&out 
added glycme methyl ester Isolatron of the internal ester was accomphshed by passmg 
the reactron nuxture through a mrxed-bed column contarmng Dowex 50 (H+) and 
DEAB-cellulose (AcO-) The neutral mtemal ester was eluted from the column with 
aqueous methanol 

5-Acetanzzdo-3,5-dzdeoxy-D-glycero-D-gal (X) and S-glycolylamido 
analog (2) EAcetamzdo-2,7-anlzydro-3,5-dzdeo~-D-glycero-D-galacto-zzonu~opyr~ose 

(3) and 5-glycolylamzdo analog (4) - (a) From the gangIzoszde zntenzal ester. A 
ganghoslde Internal ester preparation was &ssolved m methanol (2 mg/ml) and the 
solution cooled m an ice-bath An equal volume of cold 2% sodmm borohydnde m 
methanol was added, and the reactron mrxture was kept overmght at 4”. The solutron 
was diluted wrth water (0 5 vol) and neutrahzed wrth Dowex 50 (Hi) After filtratron, 
the solution was evaporated to dryness, and methanol was added and evaporated three 
trmes to remove methyl borate The residue was purilied by preparative t 1 c A marker 
lane was sprayed wrth the resorcmol reagent, whrch produces a charactenstic pink 
color Fvlth reduced ganghosides The reduced ganghosrde was hydrolyzed w?th 12 5m~ 
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sulfunc acid for 1 h at 80” The solution was neutrahzed with Dowex 2 (AcO-), and 
the products of hydrolysis (1, 2, 3, and 4) were isolated by preparative t 1 c When 
relatively large quantities of rmxed ganghosrdes were processed, the hydrolysis rmxture 
was dialyzed and the dlalyzable products were collected and punfied by t 1 c 

(6) From coZom~nzc aczds A suspension of colormmc acid (1 g) m glacial acetxc 
acid (50 ml) was kept for five days at room temperature The acetic acid was removed 
under reduced pressure, and the resxdue was suspended m water (50 ml) and cooled 
with an ice-bath Sodium borohydrlde (0 5 g), dissolved m cold water (10 ml), was 
added to the suspension The reactron rmxture was kept overmght at 4” The rmxture 
was neutiahzed with Dowex 50 and atered The soluuon, which contamed the 
reduced colommlc acid, was evaporated to dryness under reduced pressure, and 
methanol was added and evaporated three tunes to remove methyl borate The 
reduced product was hydrolyzed either by treatment with 12 5~ sulfunc acid at SO”, 
as Just imhcated (tbs method yrelds a preponderance of nonulosamme), or It was 
bolled at reflux for 2 h m aqueous solution (50 ml) with Dowex 50 (5 g), and then 
filtered (tlus treatment shfts the equlhbnum toward the anhydro derivative) The 
products were isolated after neutrahzatlon with Dowex 2 (AcO-) 

The nonulosamme was separated from the anhydro derivative by gra&ent 
elutlon from a S&ca Gel 60, prepacked Merck column (size B) A I-hter hnear chloro- 
form-methanol-water gradlent was used to elute the column The solvent proportlons 
by volume changed from 60 25 4 to 10 10 3 Fractions (5 ml) were collected, and 
ahquots tested with the resorcmol spray reagent The anhydro demvative appeared m 
fractions 78-94 and nonulosamme m fractions 135-145 These fractions were pooled 
and evaporated to dryness under reduced pressure The residue from each of the two 
pools was dissolved ml 1 (v/v) methanol-water. The solution was partltloned with an 
equal volume of hexane The lower phase was evaporated to dryness and the products 
dned m an Abderhalden pistol m the presence of phosphorus pentaoxlde The 
preparations were pure, as judged by t 1 c and detection with the resorcmol spray 
reagent and charring with 40% sulfullc acid, yield, 124 mg of nonulosamme and 
154 mg of glycosan, [a];’ of 1, -31” (c 2 8, methanol), [ajk’ of 2, +74” (c 2 5, 
methanol) 

Perzodate oxzdatzon Absorbance of the sodium metaperlodate reagent was 
measured (light-path 1 0 mm) at its maxlmum wavelength (223 nm) with a Pye 
Umcam Model SP 1800 spectrophotometer A known equivalent of D-manmtol was 
added to 12m~ sodmm penodate and the optical density was contmuously recorded 
until It stablhzed With this techmque, It was demonstrated that 1 mol of D-manmtol 
consumes 5 equlv. of penodate m less than 20 mm 1 consumed 2 96 equlv of 
perlodate per mol wlthn 20 mm, and 3 consumed only 0 955 eqmv of penodate per 
mol m less than 20 mm 
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