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Abstract—3C-13C coupling constants for all aldopyranoses of the D-series were calculated in terms of the
self-consistent finite perturbation theory. General relations holding in the stereochemical behavior of the
13¢_13¢ coupling constants for the pyranose ring were found. The results obtained make it possible to perform
conformational analysis and assign configuration of the anomeric center in molecules of carbohydrates and
products of their metabolism, containing a pyranose fragment.

Determination of configuration and conformation
of the pyranose ring in carbohydrates, nucleic acids,
nucleotides, nucleosides, purine bases, proteins,
co-enzymes, and products of their metabolism is very
important for studying and predicting their biological
activity [1]. NMR spectroscopy is widely used to
ascertain the configuration of anomeric center and
for conformational analysis of biological molecules
containing carbohydrate fragments [2]. Here, relevant
parameters are spin—spin coupling constants for those
carbon nuclei which exhibit pronounced stereo-
chemical effects, depending on the arrangement of
neighboring atoms and groups and conformation of
the molecule [3, 4].

The available experimental data on **C-3C coupl-
ing constants in carbohydrates [5, 6] suggest that these
guantities are sensitive to stereochemical effects
determined by molecular conformation and configura-
tion of the anomeric center. Specific interest in
1¢c B¢ coupling constants for carbohydrates arises
from wide application in biochemical studies of carbo-
hydrates and their derivatives selectively enriched
with the 13C isotope [2]. Experimental measurement
of B¥C-1C coupling constants in such systems is
a common routine: they can be determined directly
from a standard 3C NMR spectrum with broad-band
decoupling from protons. In the present work we per-
formed theoretical calculations of 3C-3C coupling
constants for pyranose ring with the goal of studying
stereochemical relations holding therein and elucidat-
ing possible ways of their use in stereochemical
analysis of biomolecules having a pyranose ring.

It is known that cyclic monosaccharides give rise
to two anomeric forms (or configurations). A carbo-
hydrate molecule is refferred to as a-anomer if the
configuration of the anomeric center (at the semiacetal
hydroxy group, C) coincides with that of the asym-
metric carbon atom which determines its pertinence
to the D- or L-series (C°). In addition, each anomer
can exist as an equilibrium mixture of normal (C1)
and dternative (1C) chair conformers, as shown
below using glucose as an example:

B-D-Glucose C1

B-D-Glucose 1C

Assignment of configuration of the anomeric center
in carbohydrates, their metabolites, and other bio-
logical molecules having a pyranose fragment is not
aways unambiguous, and conformational analysis of
these species by conventional methods is not always

1070-4280/03/3905-0663$25.00©2003 MAIK “Nauka/Interperiodica’



664

possible. In order to reveal new potentialities in
stereochemical analysis of carbohydrates, we calcu-
lated direct 3C-13C coupling constants for the ano-
meric carbon atom in - and B-anomers of all four
possible aldopentopyranoses and eight aldohexopyra-
noses of the D-series. The calculations were performed
in terms of the self-consistent finite perturbation
theory (SCPT% in the INDO approximation. Our
interest in the “J; , coupling constant originates from
the fact that just this constant is most sensitive to
configuration and conformation of the pyranose ring
[3, 5, 6].

Semiempirical calculations of 3C-3C coupling
constants in organic molecules are based on the use
of empirical parameters, specifically of those setting
s-electron density on carbon atoms and radii of their
p orbitals. Such calculations require a proper choice
of the procedure for optimization of geometric param-
eters. It is especialy important in the case of carbo-
hydrates for which rotation of hydroxy groups about
the C—O bonds should be taken into account [7].
We performed a comparative analysis of traditional
NDDO semiempirical methods for geometry optimiza-
tion (MNDO, AM1, PM3), as well as of nonempirical
methods, including those based on the restricted
Hartree-Fock theory for closed shells (RHF) and
the density functional theory (DFT) involving the
most popular Becke three-parameter hybrid functional
[8] in combination with the Lee-Y ang-Parr functional
(B3LYP) [9]. Geometry optimization in terms of the
DFT-B3LYP method was performed with the use of
the Pople standard polarization basis set 6-31G** [10]
(which includes polarization p-functions on hydrogen
atoms and polarization d-functions on carbon and
oxygen atoms) and the Dunning standard correlation-
consistent polarization basis set cc-pVDZ [11] which
employs analogous sets of polarization functions but
with different contraction coefficients. The results
showed that both semiemperical and nonempirical
geometry optimization methods overestimate the
C-C? bond length on the average by 0.02 A relative
to the experimental X-ray diffraction data (this is
explained by tight molecular packing in crystal). The
bond angles O°C*C?, HCC?, O?C?Ct, and HC?C! are
reproduced well by al methods with an accuracy of
1-2°, while the bond angle O'C'C? at the anomeric
center is always overestimated by 4-8° relative to
the experimental value 107.8°. By contrats, the endo-
cyclic bond angle C3C?C! is aways underestimated
by 4-6° (experimental value 113.2°). The above
differences between the calculated and experimental
bond angles can aso be attributed to distortion of
the structure of B-D-glucose in the crystalline lattice.
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The dihedral angle HCC?H is reproduced by the
MNDO and AM1 methods with an accuracy of 1°,
whereas the PM 3 procedure gives considerably poorer
results. On the other hand, DFT-B3LY P nonempirical
calculations surprisingly overestimate the HCC?H
angle (on the average, by 4°), while the classica
RHF/6-31G** procedure gives avaue of 177.1° which
exceeds by 2° the experimental angle (175.2°). On the
whole, the B3LYP method with both 6-31G™* and
cc-pVDZ bass sets is characterized by the minimal
average relative error (1.7-1.9%), i.e., it reproduces
best the experimental geometry. The maximal average
relative error (3.4%) was found for the PM3 method.
Semiempirical MNDO and AM1 methods, as well as
nonempirical RHF procedure, are characterized by
an average relative error of 2.1-2.6%.

As concerns 1\]1’2 values calculated with the use of
geometric parameters optimized by different methods,
the AM1 procedure ensured the best agreement with
the experimental value: 1J,, = 462 Hz against
46.0 Hz [12]. On the whole, semiempirical geometry

optimization methods overestimate 'J, ,; the largest
13, value (49.2 Hz) was obtained by the MNDO
method. By contrast, nonempirical methods give
lower 13, , values than that found experimentally, the
lowest value being obtained with B3LYP/6-31G™*
geometry optimization (41.3 Hz).

Thus, comparison of the optimized geometric
parameters of B-D-glucose C1 with the X-ray diffrac-
tion data does not allow us to prefer nonempirical
methods over semiempirical, though nonempirical
RHF and DFT-B3LYP calculations with the 6-31G**
basis set give somewhat better results. Among the
nonempirical methods, B3LY P reproduces the experi-
mental geometry most accurately with the use of the
Pople standard polarization basis set 6-31G*™*, while
the Dunning standard correlation-consistent polariza-
tion basis set cc-pvVDZ gives dightly worse results.
Similar results were obtained by RHF calculations
with the same basis sets.

Among the semiempirical methods, best reproduc-
tion of the experimental geometry was achieved with
MNDO and AM1 which are traditionaly used for
geometry optimization of organic compounds. How-
ever, MNDO optimization of geometric parameters is
inferior to AM1 in the calculation of the coupling
constants. The PM3 method gives the maximal
average relative error (3.4%) in the reproduction of
experimental geometry; in addition, it considerably
overestimates the coupling constant.

Undoubtedly, while selecting a procedure for op-
timization of geometric parameters we were interested

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 39 No. 5 2003



13c_13C COUPLING CONSTANTS IN STRUCTURAL STUDIES: XXXIII.

in reliable reproduction of the experimental geometry,
but the problem of reproduction of experimental
1Bc B¢ coupling constants was nevertheless more
important. In addition, taking into account a great
deal of calculations, we also aimed at shortening the
computation time (for example, geometry optimiza-
tion of only one form of B-D-glucose C1 by the
B3LYP/cc-pvDZ method takes more than 8 days).
For this purpose, we examined J1 » values for normal
and aternative conformations of both anomers of
mannose, calculated by the SCPT INDO method with
geometric parameters optimized by different proce-
dures, and compared them with the available experi-
mental data. Using semiempirical MNDO and PM3
methods for geometry optimization, we obtained
clearly overestimated coupling constants le The
results obtained with the AM1 method were compar-
able with those derived from nonempirica RHF and
DFT-B3LYP calculations. The b&st agreement with
the experimental coupling constant le for a-D-man-
nose C1 (46.7 Hz) was observed with the use of AM1
geometry optimization (46.9 Hz), and for B-D-man-
nose Cl1 (experimental value 42.7 Hz), with the
RHF/cc-pVDZ method. In the latter case, the calcu-
lated J1 » value was exactly the same as experimental.

It should be noted that the C'~C? bond in all the
examined forms of mannose, optimized by the semi-
emplrlcal methods, is considerably longer than the
C!—C2? bond optimized by the nonempirical methods
and that the MNDO method gives unreasonably over-
estimated values. Similar results were obtained for
bond angles. We can conclude that the use of MNDO
and PM3 is clearly inappropriate, while the results
of AM1 calculations approach those obtained by the
nonempirical RHF and DFT-B3LYP methods. It
should be kept in mind that in all cases the 3c-3C
coupling constants were calculated on a semiempirical
level (SCPT INDO) [13]. Taking into account the
results of comparative analysis of different methods
for optimization of geometric parameters (with respect
to reproductlon of both experimental geometry and
experimental *C-13C coupling constants) and the
problem of savmg computation time, in all subsequent
calculations of le for the series of pento- and hexo-
pyranoses |-XXIV we used geometric parameters
optimized by the semiempirical AM1 method.

Table 1 contains the calculated coupling constants
le for four pentopyranoses. ribose, arabinose,
lyxose, and xylose; the corresponding values for eight
hexopyranoses: allose, altrose, glucose, mannose,
gulose, idose, galactose, and talose are given in
Table 2. Depending on the steric structure of the
pyranose ring, the range of variation of the calculated
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le values exceeds 5 Hz. A good agreement between
the calculated and available experimental data is
observed. It should be noted that any experimentally
measured coupling constant refers to an equilibrium
mixture of the normal and alternative conformers.
Therefore, comparison of the calculated and experi-
mental data is justified only when one conformer is
known to predominate. For example, B-D-lyxose exists
mainly as C1 conformer (87%) [5, 12], and Table 1
contains the experimental le value (in parentheses)
only for B-D-lyxose C1 (VIIla). a-D-Lyxose consists
of 38% of 1C conformer and 62% of C1 conformer
[5, 12], i.e., the fractions of its normal and alternative
conformers are comparable; therefore, the experi-
mental coupling constant for the a-anomer of lyxose
(Vlla, VIIb) was given twice (Table 1). The same
applies to a-D-ribose (I11a, I11b), a-D-atrose (Xla,
X1b), and a-D-idose (XIXa, XIXb) [12]. Neverthe-
less, the dlfference between the calculated and experi-
mental 13C-13C coupling constants as a rule does not
exceed 1-2 Hz, which is comparable with the experl-
mental error in their determination from survey *C
NMR spectra recorded with broad-band decoupling
from protons from samples selectively enriched in
Be isotope.

In the framework of the Ramsey fundamental non-
relativistic perturbation theory of spin-spin interaction
[14], the total coupling constant value includes three
different constituents originating from three physicaly
indistinguishable mechanisms of nuclear magnetic
spin interaction through bond electrons (indirect spin-
spin interaction): Fermi-contact (FC), which is a con-
tact interaction between nuclear and electron spins
directly on the nucleus surface; spin-dipole (SD),
which is a dipole interaction between spatialy
separated (in contrast to the contact interaction)
nuclear and electron spins, and spin-orbital (SO),
which is an interaction of nuclear spins with the
orbital angular moments of electrons (here, we do not
consider division of spin-orbital interaction into
diamagnetic and paramagnetic constituents). Then, the
total coupling constant may be represented as the sum
of the above three contributions:

J=Jec * Jop * Jsor @

These contributions together with the total 'J;,
values for pyranoses [-XXIV are given in Tables 1
and 2. It is seen that in al cases the Fermi-contact
contribution prevails. The negative spin-orbital con-
tribution varies within a very narrow range from -2.3
to —2.1 Hz, whereas the positive spin-dipole contribu-
tion is the same for al the examined compounds and
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Table 1. C'-C? coupling constants (Hz) in pentopyranoses, calculated by the SCPT INDO method

Orientation of the OH 11 a
Compound group on C! and C2 Jso Jsp Irc Jio

D-Arabinose

a-D-Ara-Cl (la) aa 2.2 14 46.1 45.3

a-D-Ara-1C (Ib) ee 21 14 47.1 46.4 (45.7)

B-D-Ara-Cl (lla) ea 2.2 14 46.5 45.7

B-D-Ara-1C (I1b) ae 21 14 46.8 46.1 (45.7)
D-Ribose

a-D-Rib-C1 (l11a) ae 21 14 45,5 44.8 (43.2)

a-D-Rib-1C (I11b) ea 2.2 14 45,7 449 (43.2)

B-D-Rib-C1 (IVa) ee 2.1 14 48.8 48.1 (47.0)

B-D-Rib-1C (1Vb) aa 2.1 14 48.2 475
D-Xylose

a-D-Xyl-Cl (Va) ae 2.1 14 46.7 46.0 (46.1)

o-D-Xyl-1C (Vb) ea -2.3 14 46.5 45,7

B-D-Xyl-Cl (Vla) ee 2.1 14 47.1 46.4 (45.9)

B-D-Xyl-1C (VIb) aa 2.2 14 49.4 48.6
D-Lyxose

a-D-Lyx-C1 (Vlla) aa 2.2 14 47.8 47.1 (47.1)

a-D-Lyx-1C (VIIb) ee 2.1 14 48.4 47.7 (47.1)

B-D-Lyx-C1 (VIlla) ea 2.2 14 45.3 445 (43.2)

B-D-Lyx-1C (VIIIb) ae 21 14 48.4 a47.7

& In parentheses are given the experimental coupling constants from review [3] for predominant conformers or comformers present

in comparable amounts.

is equal to 1.4 Hz. The overal contribution from
the noncontact interactions with opposite signs is
negligible, and it amost does not depend on the
conformation or configuration of the pyranose ring.
Thus, just the Fermi-contact contribution makes

the 3C-C coupling constant sensitive to stereo-
chemical effects in the pyranose ring. This conclusion
is important, for nonempirical calculations of *C-3C
coupling constant in carbohydrates, which normally
require tremendous computer power, could be limited
to calculation of only Fermi-contact interaction. It is
known that calculation of the latter is by an order of
magnitude less expensive than analogous calculation
of the spin-dipole contribution. Such calculations of
carbohydrates in terms of the density functional theory
(DFT-B3LYP) have recently been performed for the
first time [7, 15].

Detailed analysis of the variation of J,, values
(Tables 1, 2) allowed us to revea the following
stereochemical relations:

(1) Normal conformations of pento- and hexopyra-
noses with axial orientation of the hydroxy group on

C* are characterized by greater 'J;, vaues for the
a-anomers than for the B-anomers by about 3 Hz. In
the a-anomers, the hydroxy groups on C! and C? are
axial, i.e, they are arranged trans with respect to each
other. In the B-anomers, the hydroxy group on C! is
equatorial. This relation is clearly observed for normal
conformers of lyxose (Vlla and Vllla), mannose
(XVa and XVla), idose (XIXa and XXa), and talose
(XXIIla and XXIVa). The difference in the coupling
constants (~3 Hz) is quite sufficient for unambiguous
assignment of configuration of the anomeric center;

(2) Contrastingly, in norma conformers of pento-
and hexopyranoses with equatorial orientation of the
hydroxy group on C? the coupling constant 'J, , is
greater for the B-anomers in which the hydroxy
groups on C! and C? both are equatorid; i.e., they
appear gauche with respect to each other. Thisrelation
is expressed very weakly for normal conformers of
xylose (Va and Vla), glucose (XI11a and XIVa), and
galactose (XXla and XXlla), for which the difference
in the coupling constants is less than 1 Hz, but is
clearly seen for normal conformers of ribose (I11a and
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Table 2. C'-C? coupling constants (Hz) in hexopyranoses, calculated by the SCPT INDO method
Orientation of the OH 11 a
Compound group on C! and C2 Jso Jsp Irc Jio

D-Allose

o-D-All-C1 (1Xa) ae 2.1 1.4 455 44.8 (45.4)

o-D-All-1C (1Xb) ea -2.3 1.4 44.2 43.4

B-D-All-C1 (Xa) ee 2.1 14 48.6 47.9 (47.3)

B-D-All-1C (Xb) aa 2.2 14 47.0 46.2
D-Altrose

a-D-Alt-C1 (Xla) aa 2.2 14 46.0 45.2 (46.2)

a-D-Alt-1C (XIb) ee 2.1 14 465 45.9 (46.2)

B-D-Alt-C1 (Xlla) ea -2.3 14 46.3 45.5 (43.9)

B-D-Alt-1C (XI1b) ae 2.1 14 465 45.8
D-Glucose

a-D-Glc-C1 (XIlla) ae 2.1 14 465 45.8 (46.2)

o-D-Glc-1C (X111b) ea -2.3 1.4 452 44.4

B-D-Glc-C1 (XIVa) ee 2.1 14 46.8 46.2 (46.0)

B-D-Glc-1C (XI1Vb) aa 2.2 14 48.3 475
D-Mannose

a-D-Man-C1 (XVa) aa 2.2 14 47.6 46.9 (46.7)

a-D-Man-1C (XVb) ee 2.1 1.4 47.9 47.2

B-D-Man-C1 (XVla) ea 2.2 1.4 45.0 442 (42.7)

B-D-Man-1C (XVIb) ae 2.2 14 47.4 46.6
D-Gulose

a-D-Gul-C1 (XVIla) ae 2.1 14 48.4 47.7 (45.9)

o-D-Gul-1C (XVIIb) ea -2.3 14 44.7 43.8

B-D-Gul-C1 (XVIIla) ee 2.1 1.4 48.4 476 (47.7)

B-D-Gul-1C (XVIIIb) aa 2.2 1.4 47.3 46.6
D-ldose

a-D-1do-C1 (XIXa) aa 2.2 14 495 48.7 (46.2)

a-D-1do-1C (XIXb) ee 2.1 14 465 45.8 (46.2)

B-D-ldo-C1 (XXa) ea -2.3 14 46.7 45.9 (43.8)

B-D-1do-1C (XXb) ae 2.1 14 46.3 45.6
D-Galactose

o-D-Gal-C1 (XXla) ae 2.1 1.4 46.7 46.0 (46.0)

o-D-Gal-1C (XXI1b) ea -2.3 1.4 45.8 44.9

B-D-Gal-Cl (XXIla) ee 2.1 14 46.8 46.1 (45.9)

B-D-Gal-1C (XXIIb) aa 2.2 14 49.0 48.2
D-Talose

a-D-Ta-C1 (XXIlla) aa 2.2 14 48.3 475 (46.5)

o-D-Ta-1C (XXI11b) ee 2.1 14 48.2 475

B-D-Ta-Cl (XXIVa) ea -2.3 14 45.7 44.8 (42.3)

B-D-Tal-1C (XXIVb) ae 2.2 14 455 44.7

& In parentheses are given the experimental coupling constants from review [3] for predominant conformers or comformers present

in comparable amounts.
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IVa) and allose (I Xa and Xa). In the latter cases, the
difference in the coupling constants exceeds 3 Hz;

(3) The 1J12 values for alternative conformations
of pento- and hexopyranoses with axial hydroxy group
on C? are on the average by 3 Hz greﬁer for the
B-anomers with axial hydroxy group on C! than for
the a-anomers in which the hydroxy group on C! is
equatorial. This pattern is observed for alternative
conformers of ribose (I11b and 1Vb), xylose (Vb and
VIb), dlose (IXb and Xb), glucose (XIllb and
X1Vb), gulose (XVIIIb and XVIIIb) and galactose
(XXIb and XXIIb);

(4) By contrast, alternative conformations of
pento- and hexopyranos&s with equatorral hydroxy
group on C? are characterized by greater le val ues
for the a-anomers in which the hydroxy group on C!
is also equatorial, so that it is arranged gauche with
respect to 2-OH. This tendency is seen most clearly
for aternative conformers of talose (XXIIIb and
XXIVb), and it is much weaker for mannose (XXVb
and XXVIb), arabinose (Ib and Ilb), and idose
(XIXb and XXb);

(5) For the a-anomers of pyranoses wrth drfferent
orlentatl ons of the hydroxy groups on C! and C?, the
le values for normal conformers C1 (with axral
hydroxy group on C! and equatorial hydroxy group
on C?) are greater by 1-4 Hz than the corresponding
values for the aIternatrve conformer (with equatorral
hydroxy group on C* and axial hydroxy group on C?).
This relation is typical of the a-anomers of allose
(IXa and IXb), glucose (Xllla and XlIIIb), gulose
(XVllaand XVI1Ib), and galactose (XXla and XXIb);

(6) On the other hand, the B-anomers of pyranoses
with different orientations of the hydroxy groups on
C' and C* are characterized by smaller 1J,, values
(by 2-3 Hz) for the norma conformers where the
anomeric hydroxy group is equatorial and the hydroxy
group on C? is axial, as compared to the aIternatrve
conformer (with axial hydroxy group on C! and

equatorial hydroxy group on C?). This pattern is
observed, e.g., for B-D-lyxose (Vllla and VIIIb) and
B-D-mannose (XVla and XVIb).

The above data demonstrate a pronounced stereo-
specificity of the 2*C-13C coupling constants in carbo-
hydrates with respect to (1) orientation of the anomeric
hydroxy group in the conformationally homogeneous
anomers, eg., in the normal conformers of o- and
-anomers of lyxose (Vlla and VIIla) and mannose
(XVa and XVla), and (2) different conformations
of the same anomer, eg., as in a-D-gulose C1 and
a-D-gulose 1C (XVIla and XVIIb) and in B-D-galac-
tose C1 and B-D-galactose 1C (XXlla and XXI1Db).

DANILOVA, KRIVDIN

The available experimental data (which were excel-
lently reproduced by our calculations) confirm mainly
the first two of the above six relations, which make
it possible to assign the configuration of anomeric
center in the norma conformation of pyranoses. On
the other hand, the remaining relations alow us to
determine the configuration of anomeric center in
pyranoses existing in the aternative conformation,
as well as to perform conformational analysis of bio-
logical molecules having a pyranose fragment; these
relations were established by us for the first time.

The above six relations may be regarded as
a practical guide to assignment of the configuration
of anomeric center and conformational analysis of the
pyranose ring in carbohydrates. They can be reduced
to three sr mple and more general rules which associate
the ¥3C-13C coupling constant with orientation of the

hydroxy groups on C* and C? of the pyranose ring:

(1) Carbohydrates in which the hydroxy groups on
c! and C? both are axia (aa) are characterrzed by
considerably larger coupling constant le than those
(the other anomer or conformer) having equatorial
anomerrc hydroxy group and axial hydroxy group
on C? (ea);

(2) The coupling constant le for a carbohydrate
with axial anomeric hydroxy group and equatoria
hydroxy group on C? (ae) is larger than that for its
other anomer or conformer with equatorral hydroxy
group on C! and axial hydroxy group on C? (ea);

(3) The coupling constant Jl’2 for a carbohydrate
with equatorial hydroxy groups on C! and C? (ee)
is as a rule larger than that for its other anomer or
conformer with axial anomeric hydroxy group and
equatorial hydroxy group on C? (ae).

Taking into account the importance of our results
for stereochemical analysis of carbohydrates, we tried
to interpret the above relations in terms of the
CLOPPA approach [16] which considers contributions
from particular localized molecular orbitals (LMO) to
the total ¥C-*C coupling constant in the INDO
approximation. The total coupling constants calculated
by the CLOPPA and SCPT methods in the INDO
approximation are identical.

In terms of the CLOPPA approach, which is based
on the polarrzatr on propagator theory [17], the coupl-
ing constant le is considered to consist of a large
number of elementary contributions J.,, Jjp, aising
from two-species excitation with participation of two
occupied (i, j) and two vacant (a, b) LMOs. The latter
can be related to lone electron pairs on the oxygen
atom and chemical bonds of interest in the pyranose
fragment according to the MO localization:
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1, =2 Jra jb' (2)

ia,jb

A

Jiajp = Qa1 Piajp b, 2 ©)

Here, SP,an is the polarization propagator matrix
which is affected by the perturbation operators J,a 1
and J b, 2 corresponding to the above listed spin-spin
mteractron mechanisms (here, only the Fermi-contact
interaction was taken into account, for the contribu-
tions from noncontact interactions were negligible),
and Q is a numerical constant.

In order to determine factors responsible for the
observed stereochemical effects, we selected a set of
pyranoses for which these effects are pronounced most
strongly. On the one hand, the set |ncI uded pyranose
anomers for which the difference in le is related
to different configurations of the anomeric center
(the first four pairs); on the other hand, these were
different conformers of the same anomer, for which
the difference in le is related to different conforma-
tions of the pyranose ring (the latter three pairs).

Table 3 gives the most interesting LMO contribu-
tions to 'J;,, calculated by the known Engelmann
procedure for localization of initial molecular orbitals
[17]. This procedure involves representation of LMO
as a linear combination of canonical MOs in such
away that their projection onto the selected AO basis
be maximal. Thus, one localization step gives one
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or several LMOs with maximal projections onto the
selected basis of atomic orbitals which describe
a particular molecular fragment, chemical bond, or
lone eectron pair on a heteroatom. At each next
localization step, the number of nonlocalized MOs
is reduced at the expense of LMOs obtained at pre-
ceding steps, which are not involved in localization
at the given step.

However, unlike the multistep Engelmann proce-
dure, in the present work each lone electron pair (as
one bonding MO) and each chemical bond (as one
occupied and one antibonding MO) were locaized
separately by one-step procedure for each molecular
fragment of each form of carbohydrate. We believe
that such approach is more correct though consider-
ably more laborious.

The data in Table 3 show that the most significant

contribution to 3, is that from the C'~C? bond.
It even exceeds the calculated total values on the
average by 15%. Next follow the contributions of the
C!—H and C?>~H bonds (2.2, and 5.4%, respectively),

while the contributions of the C'-O! and C>*-0?
bonds turned out to be insignificant (less than 1%).

The overall contributi ons from Ione electrone pairs
of two oxygen atoms O! and O as a rule do not
exceed 1 Hz (less than 2% of the total value), Whereas
the contributions from both O—H bonds (at C! and
C?) are equal to zero. This result was quite surprising.

Table 3. Contributions of LMOs to the coupling constant 1J1’2, calculated by the CLOPPA INDO method

g Contributions of LMOs to 1J;,, Hz
Compound 2 13,2 Hz
EE| o |otH|CclH | Cclol O? | O*H | CPH | C20? ctc?|
a-D-Lyx-C1 (Vila) | aa | 07 | 00 | 16 | 03 |-01 | 00 | 24 | 00 | 538 |47.1(47.])
B-D-Lyx-Cl (VIlla) | ea | 09 | 00 [-02 | 01 | 00 | 00 | 25 | 00 | 518 |445(432)
a-D-Man-C1 (XVa) | aa | 06 | 00 | 16 | 03 | 00 | 00 | 25 | 00 | 534 |46.9(46.7)
p-D-Man-C1 (XVla) | ea | 10 | 00 [-03 | 01 | 00 | 00 | 25 | 00 | 512 |442(427)
a-D-Xyl-1C (Vb) ea | 07 | 00 | 00 | 01 | 05 | 00 | 20 | 00 | 528 |457(46.1)
B-D-Xyl-1C (VIb) aa | 06 | 00 | 1.8 | 03 | 05 | 00 | 21 | 01 | 556 |486(459)
a-D-All-1C (1Xb) ea | 09 | 00 |03 | 01 | 03 | 00 | 25 | 00 | 502 |434(45.4)
B-D-All-1C (Xb) aa | 05 | 00 | 1.8 | 03 |07 | 00 | 25 | 00 | 524 |46.2(47.3)
a-D-Gul-C1 (XVIla) | ae | 04 | 00 | 15 | 02 | 03 | 00 | 22 | 00 | 545 |47.7(45.9)
a-D-Gul-1C (XVIIb) | ea | 09 | 00 |02 | 01 | 00 | 00 | 25 | 00 | 508 |43.8(45.9)
a-D-1do-C1 (XIXa) | aa | 03 | 00 | 18 | 02 | 06 | 00 | 21 | 01 | 556 |48.7(46.2)
a-D-1do-1C (XIXb) | ee | 10 | 00 | 05 | 01 | 05 | 00 | 33 | 00 | 526 |458(46.2)
p-D-Gal-C1 (XXIla) | ee | 08 | 00 | 07 | 01 | 09 | 00 | 33 | 00 | 529 [46.1(45.9)
B-D-Gal-1C (XXIlb) | aa | 12 | 00 | 1.7 | 03 | 02 | 00 | 22 | 00 | 548 [482(45.9)

& In parentheses are given the experimental coupling constants from review [3].

® Lone electron pair.
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Table 4. Contributions (Hz) of LMOs to the 13C-13C
coupling constants of a- and B-D-mannose C1, calculated
by the CLOPPA INDO method

LMO | a-D-Man-C1 (XVa) | B-D-Man-C1 (XVla)
cl-c? 53.4 51.2
Cl-H 1.8 -0.3
cl-ot 0.3 0.1
cl-o° 0.8 0.4
C2—H 2.8 2.9
c2-02 0.0 0.0
c2-c3 2.4 1.8
Ol—H 0.0 0.0

O! (LEP) 0.6 1.0
o°—C® 0.0 0.0

O° (LEP) 0.0 0.0
O?—H 0.0 0.0

O? (LEP) 0.0 0.0
C3—H 0.0 0.0
ci3—c? 0.0 0.0
ci-08 0.0 0.0
Total? 61.5 (46.7) 56.1 (42.7)

& In parentheses, the experimental values from [14] are given.

Taking into account published data on the effect of the
oxygen lone electron pairs on the coupling constant
JCC in alcohols [18] and ethers [19], we believed
that just these and the correspondl ng O—H bonds will
determine the difference in *J-.. Nevertheless, we
made an attempt to analyze contributions of molecular
fragments (chemical bonds and lone electron pairs),
which could explain the observed stereochemical
behavior of the coupling constants le for different
pyranose anomers and conformers.

A clear relation is seen for the le values for each
particular monosecchande (Table 3). In all cases, the
difference in 1J;, results from the contributions of
c!-c? and C'-H LMOs, i.e, of those involving the
anomeric carbon atom. For example, le for -D-
lyxose C1 is on the average greater by 3 Hz than J1 2
for B-D-lyxose C1. This difference originates from
(1) greater contribution (by ~2 Hz) of the C!-C?
LMO for the a-anomer and (2) greater contribution
(by ~1.5 Hz) of the C'—H LMO for the same anomer.
In all other casee (Table 3), the contributions of the
c'-C? and C'-H LMOs are the marn factors re-
sponsible for the observed differencesin le between
the anomers and conformers. The contrrbutlons of
lone electron pairs on the oxygen atoms at C* and C2
as arule do not exceed 0.5 Hz while the differencesin
the 13, values are 2-3 Hz.

DANILOVA, KRIVDIN

Table 4 gives more detailed data on LMO contribu-
tions to the coupling constants le for the a- and
B-anomers of mannose (C1 conformer) for which
13 bonds and 6 lone electron pairs on three oxygen
atoms were taken into account. The contributi ons of
remote bonds (which include neither C nor C?) are
msgnrfrcant and the experimental difference between
le for the a- and B-anomers of mannose (A® Jio ™
4 Hz) can be explained primarily by the different

contributions of c'-c? (AY,, ~ 2 Hz) and C'-H
LMOs (A J1, ~ 2 Hz) and to a lesser extent by those
of C'-0° (AY;, ~ 0.4 Hz) and C'-O' LMOs
(A%, ~ 0.2 HZ). The contributions of lone electron
pairs on the anomeric oxygen atom are 0.6 and 1.0 Hz
for the a-anomer and [(-anomer, respectively; i.e.,
they “act” in the opposte direction. The contribution
of the O? LEP is negligible.

Summarizing the data in Tables 1-3, it should be
noted that the differencesin J1 , for different anomers
and conformers are quantitatively reproduced by the
SCPT INDO calculations and that (according to the
results of analysis of LMO contributions in terms of
the CLOPPA approacz) these differences originate
mainly from the C'-C? and C'~H LMOs while the
contributions of all other bonds and lone electron
pairs are insignificant.

Thus our calculatrons show that the coupling con-
stant between the C! and C? atoms in pyranoses is
very sensitive to orientation of the anomeric hydroxy
group and conformation of the pyranose ring. We
were the first to reveal genera relatrons hoIdrng in
the stereochemical behavior of the C-C? coupling
constants of pento- and hexopyranoses, which can be
used for unambiguous assignment of configuration of
the anomeric center and conformational analysis of
carbohydrates and products of their metabolism pos-
sessing a pyranose fragment.

EXPERIMENTAL

Quantum-chemical calculations were performed
with the use of SCPTINDO [13], CLOPPA [16],
MOPAC [20], GAMESS [21], and DALTON [22]
software packages under Linux Red Hat 7.1 (Kernel
2.4.2-2). In the SCPT INDO calculations of 3C-13C
coupling constants, the following parameters were
taken for carbon atoms: s-electron density szc(o)
3.2328 and dimensions of 2p orbitals <r—>> = 2.8256.
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