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ABSl-RAC.X 

The complete interpretation of hgh-resolution p.m r spectra and the accurate 
chermcal sh& and coupling constants, obtamed after computer slmulatlon of the 
spectra, of the tnmethylsdyl (TMS) derlvauves of SIX 2-acetamido-2-deoxy-D-aldo- 
hexopyranoses are given. All pyranoid rings occur m the 4c1(D) chair conformation. 
The preferred conformation of the C-5-CH,OTMS group depends on the con- 
figuration at C-4 Only the cherrucal shifts and the line widths of the signals of NH 
and H-l of the j&D-gluco- and the j?-D-gala&o-pyranose denvatlves were found to be 
strongly dependent on the temperature Tlus observation can be mterpreted m terms 
of the preferred conformation of the acetamido group At room temperature, the 
CIS and trans conformatlons of this group, mth respect to the rmg, are present in a 
dynanuc eqmhbnum The mtermedlate conformations are populated to a very low 
extent Because of the smularlty in couphng constants JNH,Z, It is proposed that tins 
situation is also present in the cc-D-gluco- and c+D-galacto-pyranose denvatlves, 
whereas the trans conformation 1s populated m the D-mannopyranose denvatives. 

INTRODUCTION 

In the framework of p m r studies”’ of pertrimethylslly1 (TMS) denvatlves of 
mono- and ohgosacchandes, we now investigated 2-acetanudo-2-deoxyaldohexopy 
ranoses The determination of the structure of thxs type of sugar IS relevant to the study 
of glycoprotems, whxh contain ammo sugars A few p m r studies of the structures of 
ammo sugars and the= denvatives in solution have been reported Izuml’ concluded 
that the “C,(D) chair conformation prevlls for 2-acetamido-2-deoxy+D-galactopyra- 
nose 111 deuterium oxide This conformation was also found for derivatives of 2-ammo- 
2-dcoxy-D-&copyranose4-‘, 2-amino-2-deoxy-D-galactopyranose5, and 2-amino-2- 
deOXy-D-I!IaMOpyranOSe 5*6. On the basis of the JNH z couplmg constant., Hirano* 
proposed that the acetarmdo group of a number of ammo sugars occurs m the trans 
conformation ~th respect to the pyranold ring 

We now report on the structures of TMS derivatives of 2-acetarmdo-2-deoxy- 
aldohexopyranoses deduced from accurate p m r data obtamed by computer 
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srmulatron of hrgh-resolutron p m r. spectra The conformation(s) of the rmg, the C-5 
subsutuent, and the acetanudo group were mvestigated The mfiuence of the latter 
group on the structure of the compounds was lnferred from comparrsons wrth TMS- 
aldohexopyranoses To corroborate the conclusions about the rmg structures, spectra 
were recorded at temperatures 111 the range of 25 to -80” 

RESULTS AND DISCUSSION 

Spectrum zrzterpretutzon - The 220-MHz p m r spectra of the 1,3,4,6-tetralus- 
O-trimethylsilyl derivatives of 2-acetamido-2-deoxy-a-D-glucopyranose (l), -8-D- 

glucopyranose (2), -a-D-mannopyranose (3), -/3-D-mannopyrarose (4), -a-u-galacto- 
pyranose (5), and -/I-D-galactopyranose (6) were recorded for solutions m acetone-& 
The spectra of 1 and 3 showed much, high-order complexity, and therefore 300-MHz 
spectra were also measured 

The spectra can be subdivided mto the following groups of signals (1) four 
strong, sharp singlets for the TMS methyl groups at 6 0 1-O 2; (2) a smglet for the 
NAc-methyl group at 6 1 86-192, (3) the muluplets for the non-anomenc protons 
between 6 3 O-4 5, (4> a doublet for the anomenc proton at 6 4 7-5 2, and (5) a 
broad doublet for the NH proton at 6 6 2-7 2 

The lmtlal parameters of the protons (groups 3 and 4) attached to the carbon 
skeleton were obtamed from a first-order, sub-spectral analysrs Refinement of these 
data was achieved by the calculation of theoretical spectra in an mterachve, iterative 
procedure with the spin-snnulahon program SIMEQ’ untrl a good agreement was 
obtained with the observed spectra. In these calculations, the spm system was treated 
as an eight-spin system XABCDEFG (NH, H-l, H-2, up to and mcludmg H-6’) All 
vicmal coupling constants were taken to be posmve, and the gemmal couplmg 
constants to be negative The observed and calculated 300-MHz spectra of the non- 
anomeric protons of the a-D-mannopyranose denvahve 3 are shown in Fig 1 The 
refined p m r parameters and the first-order chemical shifts of the NH, TMS-methyl, 
and NAc-methyl protons of compounds l-6 are given m Tables I and II 

The structure of the pyranozd rungs. - The drhedral angles between the vrcmal 
rmg protons of compounds l-6 (Table I&4) were calcuiated from the observed, 
vlcmal-couphng constants .T1,z to J4,5 (Table II) by usmg a motied Karplus 
relation* For comparison, the data of the correspondmg pentakis-TMS denvahves 

*For the calculation of couplmg constants from &hedral angIes and for the reversed procedure, 
the folIowmg, moddied Karplus relation’ was used. 

JR~ =(66-lOcosq5+56cos2q5)(l -&f,AX,), 
P 

m which q5 IS the dihedral angle between the protons m the fragment H-C-C-H’, AXI =&-XH 
represents the merence m electronegatlvrty X between a substituent R and hydrogen, f, amounts to 
0 15 when the dihedral angle ~9 between R and H m H-GC!‘-R IS larger than 90”, a& 0 0.5 when ~9 1s 

smaller than 90” The fouowmg values for X, as determmed by the method of Cavanaugh and 
Dailey I’=‘, were used 

Xa=21,Xorats=35,XNWc=32;~=25,Xo, =33 
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TABLEII 

PROTON COUPLING CONSTANTS (HZ) OF THE TM.5 DERIVATIVES OF 2-ACETAhfIDCJ-z-DEOXY- 

ALDOHEXOPYRANOSES IN ACETONE-de 

TMS derruatrve of Jlz Jz 3 J3 o Jz, 5 Js 6 J 66 J 66 s Nli 2 

a-D-GlcNAcp“ (1) 3 5 100 86 -b 25 13 -118 100 
fl-D-GkNAcp (21 8 0 87 94 87 27 27 -mb 95 
a-D-ManNAcp” C3) 1 7 49 90 89 55 20 -114 78 
jh-ManNAcp (41 1 6 43 90 91 64 22 -110 100 
a-D-GalNAcp 

:; 
35 104 25 09 54 71 -96 100 

B-D-GalNAcp 80 100 24 08 60 73 -93 95 

OData from 300-MHz spectrum bNot observed 

of D-aldohexopyranoses (TMS-aldohexopyranoses), which have the 4c1(D) than 
conformatron ‘, are given m Table IILB Table III shows that correspondmg angles 
in the two series of compounds have similar magmtudes This leads, n-r combmatron 
wnh the observatron that Jl,z IS independent of temperature m the range of 25 to 
-SO”, to the conchwon that the pyranold rings of l-6 occur in a smgle conformation, 
the 4C,(~) conformatron In the fragment C-l-C-2-C-3, the angles between vrcmal 
axlal-equatonal protons are smaller, and the angIes between vlcmal dlaxial and 
vmmal diequatonal protons are larger m compounds l-6 than m the correspondmg 
TMS-aldohexopyranoses Consequently, the pyranoid rings m l-6 are less flattened 
m the region C-l-C-2-C-3 This drmimshed flattemng Indicates that an acetamido 
group exhrbits less stenc hindrance with neighbounng OTMS groups than does an 
OTMS group 

TABLE III 

CALCULATED DIHEDRAL ANGLES (4 H,R ) FOR THE TM.5 DERIVATIVES OF 2-ACETMIDO-2-DEOXY- 

ALDOHRXOPYRANOSES (A) AND ALDOHEXOPYRANOSES (B) 

Configuratron A 

4 12 

a-D-Gkp 46 
/3-D-Gkp 149 
a-D-M_ 64 

E-:2 - - 46 63 
&D-Galp 149 

B” 

42 3 43 4 445 4 12 4 23 43 4 445 

161 151 - 50 154 151 156 
151 158 151 145 149 150 151 

38 154 153 59 56 156 154 

166 43 154 56 154 74 49 73 158 54 154 55 155 67 
161 57 76 144 143 63 72 

“Data taken from Ref 1 

The preferred conformation of the C-.5-CW,OTMS group -- The couphng 
constants J5,6 and J5,6* are time-averaged parameters ansmg from the contnbuuons 
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of the various conformatrons of the Cd-CH,OTMS group The three staggered 
rotamers 1, 2. and 3 (Fig 2) are the most important cor&ormations”*12 The mole 
fractrons n (Table IV) of these rotamers can be inferred from the observed coupling 
constants .J5+ and J5,6 by means of the followmg, theoretical couplmg constants1 

(‘75.6)1 = (J5,6’)2 = 20 HZ, (Js ,& = (J5 6*)1 = 11.1 HZ, and (Js,s)s =(J5 643 = 
1 6 Hz. The couphng constants J5,6 and J5,6. and, by consequence, n, and n, can 
be interchanged (rotamer 3 contributes evenly to both couphng constants) In 
the g&c& derivatives 5 and 6, the assignment of J5,6 and 55,6. can be made on the 
basis of the gemmal coupling constants J6,6e Molecular orbital theory13 predrcts an 
algebraic increase of J6 ,6 with the contnbutron of the rotamer in which the C-6-C-5- 
0-5 plane bisects the axis between H-6 and H-6’ (rotamer 1) The value for J6,60 m 
TMS-aldohexopyranoses varies 1 2 between - 9 6 and - 11 8 Hz The relatrvely large 
values (- 9 6 and - 9 3 Hz, respectively) found for 5 and 6 indicate that rotamer 1 IS 
preponderant Rotamer 3 1s strongly drsfavoured ur 5 and 6 because of the 1,3- 
parallel interactron between OTMS-4 and OTMS-6 It 1s reasonable to assume that 
thus finding can be extrapolated to the D-gluco- and D-manno-pyranose derivatrves 
(1-I) Because a 1,3-parallel mteraction 1s present m rotamer 1 of these compounds, 
the lowest values for n1 represent the most probable mole fractions (Table IV). 
Therefore, the conflguratxon at C-4 IS the crucial factor m the conformatronal 
preferences of the C-5-CH20TMS group, as was also found for TMS-aldohexo- 
pyranosesl Evidently, the replacement of an OTMS-group at C-2 by an acetarmdo 
group has no sigmfkant mfluence on the orientation of the substituent at C-5 

TABLE IV 

CALCUJLATELJ MOLE FFtACl-IONS (n> OF THE ROTAMERS 1,2, AND 3 OF THE C-5-C-6 FRAGMENT OF 

THE TMS DERlVATlVES OF 2-ACETAhfIDO-2-DEOXYALDOHEXOPYRANOSES 

TMS detmattve of n1 & n3 

a-D-GlcNAcp (1) 000 0 10 090 
fl-D-GkNAcp (2) 0 11 0 11 0 78 
a-D-ManNAcp (3 002 041 0 57 
p-D-MmNAcp :: 004 0 50 046 
or-D-GalNAcp 0 56 0 38 006 
B-D-GalNAcp (6) 0 58 042 000 

H-6’ H-6 O-6 

‘,::@“,1”, ::;I$::~ “.::$iz 

H-5 H-5 H-5 

1 2 3 

Fig 2 The three staggered rotamers (1,2, and 3) of the CS-CH,OTMS group 
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The preferred conformatron of the C-Z-NHAc group - It IS generally accepted 
that the acetanudo group has a planar structure with NH and GO m trans arrange- 
ment” ‘4-l ‘. The proton-proton couplmg in a fragment CH-NH IS dependent on the 
tiedral angle, analogous to the couplmg m a fragment CH-CH” *’ 6 The value of 
JNH H IS -0 Hz when the angle IS 90”. Values of -9-10 Hz or 9-l 1 Hz are observed 

A B 

Fig 3 The CIS (A) and trans conformatlon (B) of the acetarmdo group with respect to the rmg m 
the TMS derlvatlves of 2-acetanudo-2-deoxy-8-D-glucopyranose (2) and -/3-u-galactopyranose (6) 

H-l (1) 

Hi H-l (2) 

Fig 4 Temperature dependence of the s~gnais of H-l of the TMS denvatlves of 2-acetanudo- 
2-deoxy-a-D-ducopyranose (1) and -&D-gkopyranose (2) m acetone-d, 
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for angles of 0” or 180”, respectively The relatively large values found for JNH,1 for 
compounds 1-6 (Table IT) correspond to dihedral angIes of -O” or - 180”. For this 
observation, there are three alternative explanations the acetamldo group adopts 
only the CIS conformatxon mth respect to the rmg (Fig 3A); only the trans confor- 
matron IS adopted (Fig 3B); both conformations are present and may exchange 
(mtermedlate orlentatlons do not contrIbute sq+kantly) Temperature expenments 
were camed out m order to obtain further mformatlon on these posslblhties 

On decreasing the temperature, JNH 2 remamed constant, whereas the NH 
signals m 2 and 6 broadened more than m the other compounds below -lo”, .I& 2 
could not be measured m 2 and 6 Surpnsmgly, the broademng of the NH signals m 
2 and 6 is accompamed by a strong, upfield sblft of the slgnal for H-l (Fig 4 and U), 

t 51- 

Jlppml 

LS- 

L7- 

I L= 20 
L 

0 -20 -40 -60 -80 

Temper&we (degrees) 

Si- 

477 
20 0 -20 -40 
Temperature (degrees) - 

Fig 5 Temperature dependence of the chermcal shifts of H-l of the TMS denvatwes of 2-acetanudo- 
Zdeoxy-a-D-&co- (1, - --), -&D-ghco- (2, -0-), -a-D-manno- (3, -A-), -B-D-manno- 
(4, --pB--)l -a-D-galacto- (5, -X -), and -j-D-galactopyranose (6, -_O-) m acetone-& (A) and 111 
chloroform-d (B) 
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whrle the hnes of this doublet broaden and coalesce at -40”. Below thrs temperature, 
a gradual sharpemng of the coalesced lmes IS observed (Fig 4) For the other com- 
pounds, no such temperature dependence IS found (cf. H-l of 1, and H-l of 2, m 
Fig 4) It has to be noted that, for all compounds, .Jr,2 is temperature independent 

The magnettc environment of an axial H-l proton next to an equatorial 
acetamido group (m 2 and 6) is strongly temperature dependent, m contrast to the 
magnetrc envrronments of an rgBuatona1 H-l proton next to an equatonal acetamrdo 
group (m 1 and 5) and of an axral H-l or an equatonal H-l proton next to an avral 
acetamido group (m 3 and 4, respectrvely) It is reasonable to assume that the onenta- 
tron of the carbonyl fun&on of the acetamrdo group with respect to H-l 1s responsrble 
for thrs effect In 2 and 6, thrs function IS located qmte close to H-l when NH and H-2 
are CIS (Fig 3A), whereas m trans onentatron this functron IS far removed (Frg 3B) 
In the other compounds (1,3,4, and 5), the carbonyl group 1s far removed from H-l 
m the crs as well m the trans conformatron The observed temperature effect on the 
chemical shift can be Interpreted as a change of the relatrve proportions of the cxs and 
trans conformatrons At room temperature, the chemrcal shift of H-l of 2 and 6 
arises from both couformatronal extremes Below -8O”, the chemical shrft results 
from the presence of only one conformer Presumably, the energetrcally favourable 
trans-form prevails at low temperatures, because of less stenc hmdrance with 
nelghbourmg groups The coalescence of the signal for H-l mdrcates that, at mter- 
medrate temperatmes, the rate of rotation around the C-2-N bond becomes of the 
order of magnitude of the chemical-shrft dflerence of H-l m the two environments 
Such an exchange phenomenon would also explam the observahons for the NZ-I 
srguals (see above) 

The effect of temperature on lme broadeIllng and chemical shifts of H-l are 
unaltered when NHAc is replaced by NDAc Hence, a strong drpole-drpole relaxatron 
between NH and H-l, caused by a relahvely slow rotatron around the C-2-N bond, 
can be excluded as an explanatron of the line-width phenomenon 

To determme whether acetone 1s an essentral factor m the observed effects on 
the srgnals for H-l, spectra for soluhons m chloroform were recorded In the latter 
solvent, the same vanahon of hne wrdth urlth temperature IS observed However, the 
chemical-shrft effects are Iess pronounced (Frg 5B) 

In conclusron, it is proposed that, at room temperature, the CIS and trans 
conformatrons of the acetanudo group m 2 and 6 are present m a dynamic eqmllbrmm 
The slrmlarny of the JNH,Z values for 1, 2, 5, and 6 suggest that the conformational 
preferences of the acetamrdo groups m all these compounds are idenhcal In the 
marmopyranose denvahves 3 and 4, the situahon is dfierent, as the sterrc mterachons 
between the acctamrdo group and other ring-subshtuents make the CIS arrangement 
very unhkely The large value (10 Hz) for JNK,2 m 4 mdtcates that the trans arrange- 
ment 1s almost exclusrvely populated The somewhat smaller value (7 8 Hz) observed 
m 3 shows that, besrdes the trans form, nerghbourmg conformahons also contnbute 
considerably 
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Preparatzon of the pertrimethyIszlyI derzvatzves - An aqueous soluhon of the 
2-acetamrdo-2-deoxyaldohexopyranose was anomerrzed durmg 24 h and then 
lyoplulized, and the resrdue was treated wrth hexamethyldis&r.zane and chloro- 
tmnethylsrlane m dry pyncime I7 For the temperature experiments, 12% (w/v) 
solutrons of the anomenc mrxture m acetone-d6 or m chloroform-d wele used For 
the exchange of the amide hydrogen m the acetamrdo group by deuternrm, 60 mg of 
the anomeric mrxture was &ssolved m chloroform-d and shaken for 8 h with 
deutermm oxide and a trace of tnethylamme Thrs procedure was repeated three 
times urltb renewal of the layer of deutermm oxrde_ The degree of deuteration was 
checked by p m r spectroscopy For the 220- and 300-MHz p m r spectra, the pure 
anomers were separated from the anomenc mrxtures by preparative g I c A Pye 
Model 105 Gas Chromatograph was used, provrded wrth a flame-romzation detector 
and a glass column (2 mx 9.6 mm outer diameter) contammg 10% of OV-17 on 
Chromosorb W/NAW (30-60 mesh) at 230’ Nitrogen was used as earner gas 
Soluhons (3-6%) of the anomers were prepared m acetone-d, 

P m r. spectroscopy - The 220- and 300-M& p m r spectra were run on a 
Varran HR-220 spectrometer (TN0 Central Laboratones, Delft, The Netherlands) 
and a Varran HA-300 spectrometer (Laboratory of NMR spectroscopy, Ghent, 
Be&mm), at a probe temperature of -25’ Spectrum slmulatrons were run on a 16 k 
Vanan 6201 computer coupled wrth an XL-100 spectrometer, using a modrfled 
SIMEQ spin-srmulatron program ’ Chenncal shifts are grven relahve to that of 
tetramethylsrlane (mdrrect to acetone-d6 - 6 2 05) with an accuracy of -0 005 p p m 
The accuracy of the coupling constants is -0 1 Hz The temperature and deuteratron 
expcnments were performed with a Vanan HA-100 spectrometer. 
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