
Carhohydrare Hrsavrh, 171 (lY83) XY-Y7 

Elscvier Science Publishers B.V., Amsterdam Pnnted I” The Netherlands 

FURTHER STUDIES OF THE HYDRAZINOLYSIS OF 2-ACETAMIDO-l-N- 
ACYL-2-DEOXY-B-D-GLUCOFYRANOSYLAMINES* 

PING W. TANG ANU J. MICHALL WILLIAMS” 

C’kmis~ry Department, University College. Swansea SA2 SPP (Great Brirain) 

(Received January 3lst. 7983; accepted for publication, March 7th. 19X3) 

ABSTRACI 

I-Deoxy-D-fructose hydrazone is shown to be the major product of the hyd- 
razinolysis of 2-amino-2-deoxy-D-glucose hydrazone and can be detected as a 
minor product of the hydrazinolysis of 2-acetamido-1-N-acetyl-2-deoxy-P-D-gluco- 
pyranosylamine. The hydrazinolysis conditions (loo”, 30 h, no catalyst) of Bayard 
and Montreuil are inefficient for the cleavage of the amide groups of 2-acetamido- 
1-N-acetyl-2-deoxy-B-D-glucopyranosylamine, unchanged starting-material and l- 
N-acetyl-2-amino-2-deoxy-P-D-glucopyranosylamine accounting for 70% of the 
product mixture. Under the same conditions, the hydraxinolysis of 2-acetamido-l- 
N-(L-P-aspartyl)-2-deoxy-P-D-glucopyranosylamine gave 2-amino-2-deoxy-o- 
glucose hydrazone as major product together with - 14% of I -dcoxy-D-fructose 
hydrazone. Participation by the carboxyl group of the asparagine residue is in- 

voked to account for the greater reactivity of the asparagine derivative. The hy- 

drazinium sulphate-catalysed hydrazinolysis gave a higher yield (44%) of l-deoxy- 

D-fructose hydrazone when applied to the asparagine derivative. The implications 

of these results in relation lo the hydrazinolysis of glycopeptides and glycoproteins 

are discussed. 

INTRODUCTTON 

Hydrazinolysis is a convenient reaction for the isolation of the asparagine- 
bound carbohydrate moieties of glycoproteins’-‘. It also N-deacetylates N- 
acetylhexosamine and N-acetylneuraminic acid residues, and the resulting glycan- 
amine can be degraded regiospecifically by the nitrosation procedures. However, 

excessively vigorous conditions can cause degradation, and two sets of conditions 

are currently used for such hydrazinolyses: (a) the hydrazinium sulphate-catalysed 

reaction’ as modified by Kochetkov and his co-workers”, which involves heating 
at 105” for 10 h, and (h) the uncatalysed reaction used by Bayard and Montreuil”, 

which involves heating at 100” for 30 h. 

‘Saccharide Hydrazones, Part 2. For Part I, see ref. 14. Preliminary communication: P. W. Tang and 
J. M. Williams, Carbohydr. Res.. 113(1983) ClW15. 
**TO whom correspondence should bc addressed. 
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RFSlll ‘IS 

When 2-amino-7-drouy-~~~-glncose hydrochlor-idr was dissolved in anhyd~nus 

hydrazine, the acyclic hydrazone I was formed, as shown by “‘C-n.m.r. spectros- 
copy”. When the hydrazine solution wai heated In B closed tutx at 11Kl’ for 30 h. 

‘FI- and “C‘-n.m.r. measurements indicated that, in addition to the hydrazone of 
2-amino-2-deoxy-D-glucose. a compound containing a methyl group wa?r present. 
The singlet in the ‘II-n.m.r. spectrum and the chemical shifts (‘H. 8 1 .8-l: ‘-‘CT. 13.X 
p_p.m.) suggested the partul structure CH,-C!‘=NNH~. ;rnLl 1 hc compound w a\ 
stinwrr 10 Lx identical. by comparison 01 thr ‘H- and !‘C-n.m r. qxctra. uith the 
compound prepared from I-dcoxy-n-fructose and hydrm7ine. That this compound 

was I-deoxy-wtructose hyclrarone (2) &as confirmed as tallows. The product mix- 
ture. after removal of hydrazinr. was treated with nitrou\ acid to convert the hvd- 
razones into the corresponding saccharides. The formation of I-deosv-I)-fructose 
wn\ monitored by t.1.c. and comparison with an authentic sample. The most p~<>mi- 
nent signals in the ’ v-17 111.1. spectrum cOlreS ponrlrtl tri ttw majl>r laulomer. I- 
dcoxy-p-D-fl-uctopyranose Ii; the nitrosalwn 01 aldose hydrazones at pH 4.5 gives 
both the corresponding aldose and the glycosylhydrazinc 14. The nitrosation prod- 
uct was reduced with sodiunl horodeuterlde and acetylated. G.1.c. analysis then re- 

waled a compound with a retention time Identical to that ot I-clt-ux?-I.-mannitol (L- 
rhamnitol) pcnta-acetate. G.l.c.--m.h. confirmrd the I-deo~~he~irr~l structure. and 

the ion at rnlz 8X (MeC_‘DOAc ) was consistent with the prcbcncc of druteI-ium at 
c-7 I. ‘rhr ‘H-n.m.r. spectrum of the product contained two Gnglcts ;I! 6 I 1X and 
1.25. which wcrc assigned to H-l ~>f the eplmerlc pentzacetateq of I-deouy-n-man- 
nit01 and I~deuxy-D-glucitul. 
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To assess the extent of such degradation in the hydrazinolysis of glycopep- 
tides and giycoproteins. Z-acetamido-l-N-acetyl-2-deoxy-~-D-glucopyranosyI- 
amine was heated in anhydrous hydrazine at 100” for 30 h (Bayard-Montrcuil con- 
ditions) and at 105” for 10 h in the presence of hydrazinium sulphate (Kochetkov 
conditions). The product of hydrazinolysis under BayarddMontreuil conditions 
contained approximately equal amounts of starting material, a mono-N-acctyl 

compound, and 2-amino-2-deoxy-D-glucose hydrazone. The mono-N-acetyl com- 
pound was identified as l-N-acetyl-2-amino-2-deoxy-P_D-glucopyranosylaminc 
from the n.m.r. signals of H-l (doublet at 6 4.89, J,,Z 9.5 Hz) and H-2 (broadened 
triplet at fi 2.70. J,,, 9 Hz). Of the acetohydrazide released, -16% was converted 
into 4-amino-3,5-dimethyl-1,2,4-triazole (Me at 6 2.39 in the ‘H-n.m.r. spectrum; 
see ref. 12). 

The hydrazinolysis of 2-acetamido-l-N-acctyl-2-deoxy-P-D-glucopyranosyl- 
amine under Kochetkov conditions has been reported12. Repetition of the experi- 
ment gave the same results. and l-deoxy-D-fructose hydrazone was identified as a 
minor product by ‘H- and “C-n.m.r. spectroscopy. Three singlets (S 1.84. 1.95, 
and 2.37) in the ‘H-n.m.r. spectrum were assigned to l-deoxy-D-fructose hyd- 
razone , acetohydrazide, and 4-amino-3,5-dimethyl-1,2,4-triazole, respectively. 
The yield of l-deoxy-D-fruClOSe hydrazone, estimated from the ‘H-n.m.r. spcc- 
trum, was 22%. 

The hydrazinolysis of 2-acetamido-1-N-(L-P-aspartyl)-2-deoxy-Pluto- 
pyranosylaminr (GlcNAc-Asn) under Bayard-Montreuil conditions resulted in 
complete amide cleavage with the formation of 2.amino-2-deoxy-D-glucose hyd- 
razone and a small proportion (-14%) of l-deoxy-D-fructose hydrazone. Under 
Kochetkov conditions, the same compound gave a higher yield (-44%) of l- 
denxy-D-fructose hydrazone. 

DISCUSSION 

We have ~hown’~ that 2-amino-2-deoxy-D-glucose hydrochloride is converted 
into the acyclic hydrazone in hydrazine solution at room temperature, and that the 
same hydrazone is formed in the hydrazinolysis of 2-acetamido-l-N-acyl-2-deoxy- 
@-D-ghlcopyranosylamines. The formation of I-deoxy-D-fructose hydrazone as the 
major product in the hydrazinolysis of 2-amino-2-deoxy-D-glucose hydrazone is re- 
levant to the hydrazinolysis of glycoproteins and glycopeptides containing as- 
paragine-bound oligosaccharides. Evidence for the partial degradation of lhe 2- 
acetamido-2-deoxy-D-glucose residues in glycoproteins appears in several pa- 
per&15, and the residue linked to asparagine was identified’ as the one which was 
partially modified. 

The conditions of hydrazinolysis used by Bayard and Montreuil were cstab- 
lished using methyl 2-acetamido-2-deoxy-P_D-glucopyranoside as a model”. How- 
ever. this is not an entirely satisfactory model for the cleavage of the IWO amide 
linkages in the GlcNAcPAsn moiety. The Bayard-Montreuil conditions (100” for 
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The mrfficiency of the Bayard Montreuil conditions 7s wrprising m view r>f 
the claim’ that a reaction time of only X-l 2 h at 100” is sufficient to effect the Com- 

plete release of the asp”t”pine-hound (,li8”5ac”lraride~ 111 gl>coprotein5 and 

glycopcptidcs. Rcaclton for 30 h caused some unspecilied clegrad:ttion ol I~C reduc- 

lng 7-acetamido-7-deoxy-D-glucose residue. A possible explanation ior rhe dlftcr- 
cncc in efficiency of the hydrnrinolysir of 7-acetnmid~~-l-,li-:~csfyl-~-deory-~~-~~- 
glucopyranosylamine and of glycoproteins or glycopeptides ii that ;m intramolecu- 
lar reaction of the inter-mediate plycopeptide hydraTIde (3) txCu~> :i\ shown in 

Schemr 1. ‘L‘hat such neifhbouring-group effects are important is Thown by the 

complete amide clcavagc schievcd uhcn Rayat-ti-Mol-rtrcuiI hvdr;vinolysis WHS 
applied IO ?-acetam~do-l-R;-(r.-~-aspartyl)-~-deo~~-~-~~-gluc~~~yran~~~~l~mine ‘The 
much grcatcr reactivity of this compound muyt be due to neighh~~uring-grorlp par- 
ticip:ition by the c:rrhoxyl gr~wp ;I$ chown in 4. The more cfticwnt Kochetkov hyrl- 
razinolvsis forms 7-aminO-2-deoxq-D-gluCOsC hydrazonc more rapidly. and thus 
more degradation to l-dcclx~-t,-fl-:lct~)~e occurs. 

‘l‘hus. when hydraztnolysis followed by N-acetylation is used to isolate the as- 
paraginc-bound catbohydr:rte moieties of plycoprotcim or gl~copeptidrs, the 
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Bayard-Montreuil conditions are preferred to those of Kochetkov in order to 
minimise the degradation of the 2-acetamido-2-deoxy-D-glucose residue that is 
linked to asparagine. However, when hydrazinolysis is used also to effect N- 
deacetylation prior to nitrosation, the more efficient Kochetkov-hydrazinolysis is 
preferred. For example, application of the hydrazinolysis-nitrosation degradation- 
procedure to glycopeptides which contain the common scqucnce (Man)*Man- 
GlcNAc-GlcNAc-Asn would result in partial degradation of only the GlcNAc re- 
siduc attached to asparagine and hence a diminished yield, after reduction, of 25 
anhydro-D-mannitol in the degradation product mixture. Such a diminished yield 
has been found in the product from IgM glycopeptide’h, and we have now iden- 
tified l-deoxymannitol by liquid chromatography of the perbenzoate derivative17. 
The sequence (Man),Man-GlcNAc-Asn would give a mixture of three tetrasac- 
charides. one with a terminal 2,S-anhydro-D-mannitol residue (normal product), 
and two with l-deoxy-D-glucitol and l-deoxy-D-mannitol residues (degraded prod- 
ucts). 

Takasaki and co-workers have claimed’, without citing any evidence. that 
formation of the glycosylamine 5 and its conversion into glycosylhydrazine are rela- 
tively rapid reactions, which are followrd by a slow tautomerisation to give the 
hydrazone that is susceptible to degradation. A more likely reaction-sequence in- 
volves nucleophilic attack of hydrazine on the acyclic imine-tautomer of the 
glycosylamine, to give the hydrazone. We have shown that hydrazones tautomerise 

CH==NNHr CH-. 

I I 
C=NNHZ ~ - C=NNHZ 
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slowly to the glycosylhydrazincs in aqueous medium, although we have not studied 
the rate of this reaction for hydrazine solutions. Tn hydrazine solutions. the equilih- 
rium favours the hydrazone tautomers’J. 

The t-deoxy-D-fructose can be envisaged as arising Gcr the 1.2.bishydraronc, 
the formation of which resembles osazone tormation. A Wolff-Kishner reaction at 
C-l, possibly facilitated by intramolecular catalysis involving a six- or seven-mem- 
bered ring transition-state as depicted in Scheme 2. would then give I-deouv-n- 
fructose hydrazone. A similar reaction at C-2 would give ‘-ciet,xy-i,-~lrrr!,,~l~, 
hexose hydrazone, and it is noteworthy that a 2.deoxy-n-arahino-heurtol dcrtv;.t~v,’ 
was recently identified as a minor product of the sequential hydrazinolysis. nitrrwt- 
tion, and reduction of glycopep~rdes” 

EXPERIMENTAL 

Gencraf. - Melting points were determined on a Kofler hot-stage and are 
corrected. N.m.r. spectra were recorded with Varian HA-IOU (‘H) and XI_-100 
“3C) spectromctcrs. “C-N.m.r. spectra of hydrazinc solutions wcrc measured 
using D20 in a coaxial cell for the pulsed lock. Tetramethylsilane and sodium 
2,2.3,3-tctradeuterio-3-trimethylsilylpropionatc (T.S.P.) were used as references 
in deuteriochloroform and cleuterium oxide solutions. respectively. The apparent 
coupling constants are the directly observed line-spacings. G.1.c. waz performed 
with a 5% SE30 column (2 m) at 223”. Mass spectra wet-e recorded with an MS9 
spectrometer. 

Hydrazinc solutions, in glass tubes with side-arms and Teflon taps, were de- 
gassed, using the freeze--thaw method over nitrogen. and then heated in a Berghot 
heating-block. the temperature of which wan regulated to +O.S”. 

Hydruzindysis of ?'-amino-2-deo.~~-~-~lflcose hydrazone - A mixture of 2- 
amino-2-deoxy-D-glucose hydrochloride (0.2 g) and anhydrous hydrazine (2 mL. 
Aldrich Chemical Co.) was kept at 100” for 30 h. ‘l’he liC-n.m.r. spectrum then 
showed six strong signals at 13.7. 65.8. 74.6, 76.6, 77. I, and 154.6 p.p_m_. together 
with wcakcr signals calmrspondings to 2.amino-2.dcoxy-D-gtucohr hyclr:~un~. The 

hydrazine was removed in vacua over cont. H2S0,, to give a syrup. N.m.r. data 
(D20): ‘H. 8 7.73 (s). 7.52 (s). 7.29 (d. J 5.S Ifz). 5.54.S (region obscured by 
HOD lock), 4.&-3.4(m). 2.18. 1.96. 1.94, and 1.85 (all s. the strongest absorption 
being at 1.85): “C the six strongest signals corresponded to i-deoxy-n-fructose . 
hydrazone (see below, C-2 was readily identified in the off-resonance proton-dc- 
coupled spectrum as a singlet); wcakcr signals for 2-amino-2-deoxy-wglucose hyd- 
razone were present. e.g., 148.5 and 94.1 (C-l of acyclic and cyclic tautomcrs); un- 
assigned weak signals included 150.1, 11.7. and 10.7 p.p.m. 

I-Ueo.rl.~D-fnrt.lr,.\r h_vdrcizo?w. ~~ Crystalline I -deoxy-D-fructose” (86 mg) 
was dissolved in anhydrous hydrazine (I mL), and the solution was kept overnight. 
Hydrazinc was removed rn wxxo over cont. HSO 3. to gave the syrupy hydrazone. 
N.m.r. data (D,U): ‘11. 6 1.82 (s. 3 H, H-l) and 3.5-3.X (m. 5 H); “C. 13.X (C-l). 
65.4 (C-6). 73.8, 74.9, 76.3, and 157.4 (C-2). 
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Nitrosafion of the product of hydrazinolysis of 2.amino-2-deoxy-D-glucose 
hydrazone. -The hydrazinolysis product from 2-amino-2-deoxy-D-phrcose hydro- 
chloride (2.25 mmol) was dissolved in water (25 mL), and sodium n:,~i’c (0.93 g. 
13.5 mmol) added. The solution was cooled in ice, and glacial acetic acid (ii.81 mL) 
was added at intervals to maintain the pH at 6.5. The reaction was monitored by 
t.1.c. (Kieselgel 60 GF, methanol), using aniline hydrogenphthalate reagent to de- 
tect I-deoxy-D-fructose (orange, RF 0.6). Ninhydrin was used to detect the hyd- 
razone (yellow-pink, RF 0.1-0.2). More sodium nitrite (0.69 g) and acetic acid 
(0.54 mL) were required. the reaction being complete after an overnight period. 
The solution was deionised by using Amberlite MB-3 resin (300 mL). Evaporation 
of the filtrate plus washings to dryness gave a syrup (0.294 g) which was analysed 
by “C-n.m.r. spectroscopy. Signals corresponding to 1-deoxy-n-fructose were pre- 
sent, the most prominent ones being those of the P-pyranose tautomer: (D*O) 
27.4, 66.0, 72.0. 72.2, 74.8, and 100.9 p-p-m. These values corresponded to those 
rcportcd by Angyal”, after allowing for the different reference used*, Many of the 
signals of the minor tautomers were also detected. Other signals in the anomeric 
carbon region (9&105 p.p.m.) were probably due to glycosyl azides’4. 

To an ice-cooled solution of sodium borodeuteride (48 mg, 1.14 mmol) in 
water (1 mL) was added dropwisc during 10 min a solution of the foregoing product 
(135 mg) in water (1 mL). After 2 h at room temperature, excess of reducing agent 
was destroyed with Amberlite IR-120 (H+) resin (6 mL). The filtrate plus washings 
were concentrated to dryness, and boric acid was removed from the residue con- 
ventionally as methyl borate. The syrupy product (134 mg) was treated with 
pyridine (2 mL) containing acetic anhydride (1 g) overnight at room temperature. 
The usual work-up gave a colourless syrup (151 mg). N.m.r. data (CDCI,): 1.18 (s) 
and 1.25 (s). G.1.c. gave a major peak having a retention time (3.3 min) identical 
to that of 1-deoxy-L-mannitol penta-acetate, and g.l.c.-m.s. identified a l- 
deoxyhexitol penta-acetate containing one deuterium atom. Mass spectrum: m/z 
304 (0.4), 232 (1.6), 160 (2.5), and RX (1.1). These ions, less one mass-unit, were 
present in the mass spectrum of l-deoxy-L-mannitol penta-acetate, and ions not 
containing deuterium were present in both spectra, e.g., m/r 289 (0.9) and 43 
(100). 

Hydrazinolysis of 2-acctamido-I-N-acetyl-2-deoxy-~-D-glucopyranosylamine. 
- A solution of 2-acetamido-l-N-acetyl-2-deoxy-P_D-glucopyranosylamine1* (0.2 
g) in anhydrous hydrazine (2 mL) was kept at 100” for 30 h, and then concentrated 
in wcuo over cont. HaSO,, to give a syrupy product. N.m.r. data (DZO): “C, 
strong signals corresponding to the starting material’* were present plus signals at 
178.1, 175.7 (CO of AcNHNH,), 151.2 and 94.7 (C-l of 2-amino-2-deoxy-D-gluco- 
se hydrazone tautomers), 22.6 (Me of AcNHNHz), and 11.8 p.p.m. (Me of tri- 
azole); ‘H, B 7.26 (very weak d, J 5.5 Hz), 5.06 (d, J 8.5 Hz), 4.89 (d, J 9.5 HZ; a 
probe temperature of 50” was used to move the HOD signal upfield and reveal this 

‘The chemical shift of 1.4.dioxane wth respect tu T.S.P. is 69.20 p.p.m. 
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signal). 4.G3.3 (m). 2.70 (bt, J9 Hz). 2.39 (s. Me of triazole). 2.0X (s. Me of mono- 
N-acetyl Compound). 3.02 (s, Me of starting material), and 1 .95 (s. Me of 
AcNHNH?); ratios of last 4 s, 10:25:4X:58. 

Hydmzinolysis of 2.acetnrnido-l-N-( I .-p-as~ur~_~l)-17-t1~~~~.~~~-~-1~-~l~c~~op~rc~~~o~ 

.s_vIumirzf~. ~-- (n) Kochr~h-m conditionr. A mixture of the aspartylglycosyl- 

amine (15 mg), hydrazinium sulphate (30 mg), and anhydrous hydrazrne (0.5 mL) 
was heated at 1OS” for 10 h. and then concentrated to give a syrupy residue. N.m.r. 
data (D.0): “C, 11.8 and 156.2 (triazole), 13.0. 65..S. 73.9. 73.X. 76.4. 157.5 (I- 
deoxy-wfructose hydrazone). 72.6 and 175.6 (AcNHNH,). 41.2. 53.4. 171.1. and 
176.9 (aspartic hydrazide). 93.7 and 147.1 p.p.m. (weak, C-l 01 2-amino-2-dcoxy- 
D-gfuCOSC hydrazonc tautomers); ‘H. 6 1.87 (s, Me of I-dtroxy-I,-frr~ctusr hyd- 
raznne). 1.94 (s. weak). l.YX (s. M~~CONHNH,). ? JO (s. Me of triazole). 7.5 (m. 
CH, of aspartic hydrazide), and 7.78 (d. .I 5.5 Hz. H-l of’-amino-;l-deoxy-D-gluco- 
se hydrazone): ratio of Me singlets (I-deoxy-t)-fructose hydrazone to I-est). 
X:59.5. 

(h) f3uyar~~--Monfreuil conditions. The asparlylglycosylamine (44 mg) in 
anhydrous hydrazine (0.5 mL) was heated at 100” Cur 30 h. N.m.r. analysis of the 
product, as above. r-cvealed the same products HS in ((1). hut the relative amounts 
of 3-amino-3.5-dimethyl- .2,J-triazole and l-deoxy-D-fructose hydrazone were 
less. In the ‘II-n.m.r. spectrum. the ratio of Me singlets (1-deoxy-r)-fructose hyd- 
razone to the rest) was Ih: 114. 

Detrctim OJ I-d~t,x~v-vmrolnitnl in the de~rrrdnt~on product from IgM gl~cnpt~p- 

lidc. ~ The product ( 1 mg) from the sequential hydrazinolysis. nitrosation. and rc- 
duction ot IgM glycopeptide” was benzoylatcd, and analyscd by liquid chr<>matog- 
raphy”. In the monosaccharide region, peaks Corresponding to the benzoates of l- 
dcoxymannitol and 2.5.anhydro-D-mannitol were detected. 
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