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Improved Karplus Equations for 3Jci ns in Aldopentofuranosides: Application to the
Conformational Preferences of the Methyl Aldopentofuranosides
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The effects of electronegativity and stereochemistry upon three bénréH coupling constants®d y) are

widely appreciated and have been taken into consideration in the development of Karplus equatierS-for H

C—H fragments. These equations have found particular use in the conformational analysis of molecules
containing aldopentofuranose residues. This paper demonstrates the effect of anomeric stereochemistry upon
3Jc1ain aldopentofuranosides and proposes Karplus equations that account for this effect. These new equations
are shown to provide improved results for the determination of furanose ring conformation when compared
to those obtained solely withly 4 data. The equations described here should be applicable to furanose
derivatives containing any substituent at the anomeric center.

Introduction

It is difficult to overstate the importance of the furanose ring
in biology. These moieties are found as constituents of nucleic
acids! bacterial, parasitic, and fungal cell wall polysaccharitles,
as well as other natural produété key characteristic of these
ring systems is their inherent flexibility, which profoundly
influences their role in biological processes. Consequently,
understanding the conformational preferences of furanose rings
is an important area of research.

Given their presence in nucleic acids, early studies in the
area of furanose conformation focused on defining the confor- . .
mational preferences of the sugar residues present in DNA andthrough the use of appropriate Karplus equatithghese
RNA, 2-deoxyp-p-erythro-pentofuranose angko-ribofuranose, equations reI_até]H,H with a dl_hedral angl_e that can, in tu_rn, be
respectivelyt The analysis of a large number of nucleoside correlat_ed withP and ®,,. This analysis is most conveniently
crystallographic structures by Altona and Sundaralingam led done via the computer program PSEUR®DWhich assumes
to the development of a model that can be used to describe thethat the previously mentioned two state N/S model is v.al'ld. The
conformational preferences of any furanose fifighis model PSEUROT approach has proven useful for determining the
makes use of the pseudorotational wheel (Figure 1) to describeconformational preferenc_es of numerous five-membered #hgs.
the possible ring conformers. Structurally similar conformers 't has long been appreciated, however, that for most systems
are located near one another on the wheel such that only smalhere is more than one set of conformer pairs that can reproduce
conformational distortions between twist (T) and envelope (E) the observedJ.”** Empirical, not experimental, methods are
conformers are required for pseudorotafibetween adjacent typically used to deter_mlne whlc_h set of mathematically p_ossmle
conformers. Although there are 20 idealized E and T conforma- conformers are physically feasible. For example, certain solu-
tions, furanose rings can adopt an infinite number of conforma- tions are ruled out given that the conformers predicted have
tions that differ slightly from these ideal geometries. Each con- Unlikely orientations of ring substituents, e.g., the C-4 hy-
former can be described by two parameters, the pseudorotationafifoxymethyl group is placed in a pseudoaxial orientation. In
phase angleR) and the puckering amplitud@;), which can other cases, it can be useful to compare the results of these
be calculated from five endocyclic torsion angles of the fifig. analyses with available crystal structure data. However, the

The relationship between tievalue and the various conformers ~ COMPlexity of the problem sometimes precludes the empirical
of a furanose ring is shown in Figure 1. In the model developed approach; therefore, an experimental solution to this problem
by Altona and Sundaralingam, the solution conformation of a Would be advantageous.
furanose ring can be described as an equilibrium mixture of ~ Three bondH—*3C coupling constants in furanose rings vary
two conformers, one in each of the northern and southern as a function oP, and it has been shown that thelse; values
hemispheres, termed the N and S conformers, respectively. are useful probes of ring conformatihOf all of the 3Jc

A method commonly used for determining the N and S Presentin a furanose ring, it appeared fat 14 would be the
conformers populated by a furanose ring in solution involves Most straightforward to measure from proton-coupR&INMR
the measurement of three bond hydrogégdrogen NMR spectra of unlabeled substrates. The useJfips in the

coupling constants3y 1) and the interpretation of these data conformational analysis of furanose rings requires that a Karplus
curve be available for relating the coupling constant magnitude

* Address correspondence to Todd L. Lowary. E-mail: lowary.2@ tO & dihedral an9_|e- Although Karplus relationships for@—
osu.edu. C—H fragments in carbohydrates have been repdied,the
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Figure 1. Pseudorotational itinerary for maldofuranose ring.
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Figure 2. Methyl furanosides—8. Methyl a-p-arabinofuranosidelj, methyl 3-p-arabinofuranoside?j, methyl a-p-ribofuranoside 3), methyl
[-D-ribofuranoside 4), methyl a-pb-lyxofuranoside %), methyl 3-p-lyxofuranoside §), methyl o-p-xylofuranoside ), methyl 5-p-xylofuranoside

®).

curves that have been derived by experimental miéathegary in methanoPk* Anomers were purified by silica gel chromatog-
markedly from one that was determined via computational raphy.

methods® In an effort to determine which curve to use, we NMR Spectroscopy_NMR Spectra were obtained on 300 mM
calculated théJc; g values for some methyl furanosides (see solutions in BO at 27°C at 500 tH) and 125 MHz £C). All
below). These calculations showed that fortherabinofuranose 14 NMR spectra matched those previously repoRedd-

ring system, théJci s magnitudes for a given dihedral angle  ditional 'H NMR spectra were recorded at 35, 45, 55, 65, 75,
differed significantly as a function of anomeric stereochemistry, and 85 °C. The 3Jc 4 values were measured from one-
thus suggesting that the orientation of the aglycone is an gimensionaf®C NMR spectra that were obtained by selective
important variable. However, none of thi 4 Karplus relation- decoupling of coupled protons and first-order analysis.

sh|ps repor_ted to (_jate have |nclud_ed terms to account _for PSEUROT Analysis.For all PSEUROT calculations using
differences in the orientation of substituents along the cou_plmg single temperatur&l, ,; data, thedy, of both conformers was
pathway. We have therefore developed an equation specific forkept constant at 3%s computational and crystal structure data

5 ; - . . ,
Jc1,Hain pentofuranosides parametrized such that the orientation suggest that this is a reasonable puckering amplitude for these

and _electr_onegativity of the 1Csubstitue_nt is taken into furanose ring systent8:?6.27In PSEUROT calculations using
consideration. We have also measutégl sin methyl pento- 8Jyn data measured from spectra recorded over a range of

furanosided —8 (Figure 2) and have shown that the magnitude temperatures, thaby, of both conformers was allowed to

of this coupling constant can, in some cases, be used to Clarlfyoptimize in addition to th® values and the relative populations.

LheierZil:gﬁ dngErSE;ESTWgﬂC]%' 23225' o-rl;hjn(\jl\:aorrsi:a:%ri)r?rt?ﬁe-rhe values of the parameteé&saandB used were those previously
conformational preferences of furanosides and related gmol- calculated for these ring systeffisand the substituent elec-
P tronegativities employed were as follows: 1.25 for OH, 1.26

16
ecules. for OR, 0.68 for CHOH, 0.50 for CH(OR), and 0.0 for H.
For each ring system, a series of four calculations A were
carried out in which the starting® value of the N and S
Computational. Density functional theory (DF T} calcula- conformers were as follows: run APy = 50, Ps = 150; run
tions were performed using Gaussian®® the gas phas¥. B: Py = 50, Ps = 250; run C: Py = 320, Ps = 250; and run
For each methyl furanosidd—8, 30 idealized envelope D: Py = 320,Ps= 150.
conformers were generated at the B3LYP/6-31G* level as
previously reported® The3Jcy s values were calculated for each  Results and Discussion
B3LYP/6-31G*®! optimized geometry using the deMon-KS
program augmented by the deMon-NMR cé@dd&he Perdew Previously Reported 3Jcoch Karplus Equations. Three
and Wang exchange and the Perdew correlation functional with Karplus equations fotJcocn in carbohydrates have previously
the IGLO 11122 basis set were used for all of the deMon-NMR  been reported =15 The Mulloy*3 and Tvarosk¥ equations were
calculations. A FINE grid with 32 (for the calculation of the developed through the measurement@focy in rigid com-
PSO and DSO contributions to spispin couplings) and 64  pounds for which crystal structures were available. By assuming
(for the FC term) points of radial quadrature was employed in that the CG-O—C—H dihedral angles in these molecules were
the deMon-NMR calculations. These calculations provided a the same in solution as in the crystal structure, it was possible
data set of 24GJcy p4 values, 120 with ther-stereochemistry to derivedJcocn Karplus equations. More recently, Serianni and
at the anomeric center and 120 with {hestereochemistry. In co-workers used DFT calculations of disaccharide models to
these conformers, all,€O,—C,—H, dihedral angles fall within calculate’JcocH values that were then used to develop a Karplus
a range between 80 and I5From a practical point of view, relationship® In comparing the curves obtained from the
the lack of dihedral angles in the-®0° and 156-180° range experimentabJcocq with the one developed from the computed
is not a concern as the constraints of the five-membered ring coupling constants, discrepancies are evident, particularly for
prohibit dihedral angles with these magnitudes. Therefore, dihedral angles near 0 and F8(Figure 3). To assess which
although any Karplus curve resulting from a fit of these data equation would be best for the analysis of furanosidic glycosides,
may be poorly parametrized for€0,—Cs—H, dihedral angles  we calculated théJcy g in the envelope ring conformers of
around 0, it will be well-parametrized for those dihedral angles both methyb-arabinofuranosided (@and2) using deMon-NMR.
that are normally present in five-membered rings. A comparison of thes&lcocn values (Figure 3) indicated that
Synthesis.All methyl furanosides were prepared from the the anomeric stereochemistry does influence the magnitude of
respective reducing sugar by treatment with hydrochloric acid 3Jci ns in these ring systems, with thg-glycoside coupl-

Methods
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" T enaarabinosd TABLE 2: Coefficients for Eqs 1—3
® beta-arabinose ..
Serianni eq
9 o Tvaroska [
_ coefficient 2 le 16 3
N
Z ] A 8.14 8.14 8.14 8.14
E B —-0.61 —0.61 —0.61 —0.61
% C —-0.15 —-0.15 —-0.15 —-0.15
o 3 Dy 0.71
£ Ds 0.72
Y Davg 0.71
S = 1.46
= 1.47
1 Eavg 1.46
Fo 443
» Fp 40.1
[} 100 150 Favg 42
C1-H4 Dihedral Angle 1.26 1.26 1.26
Figure 3. Comparison of Tvaroska (ref 14) and Serianni (ref 15) H 0.62 0.62 0.62
C—0O—C—H Karplus curves with the deMon-NMR calculatég; 14 reducedy? 35.7 18.9 25.2 22.0

values forl (open circles) an@ (solid circles). The Mulloy (ref 13) ) )
and Tvaroska curves are essentially identical, and so only one of theseT0 assess this, several of the compourddsi2, Figure 4) used

curves is shown. to develop the previous experimentddocq Karplus equations
were optimized at the B3LYP/6-31G* level of theory. The
3Jcocn values were then calculated with the deMon-NMR
program and compared to the experimental values. Analysis of
the results (Table 1) showed that the calculated deMon-NMR

© OH 3Jcoch values are typically too large by an average of 16.7%
9 10 and therefore should be scaled by 0.833. This scaling factor is
consistent with those used in previous rep&&.
o, o 0: 4 Karplus Equation Devel t.Th f this stud
Sl y arplus Equation Development. The purpose of this study
/\qo 03___07 was to develop a single Karplus equation relatidgy 14 and
o the G—0,—C,—H, dihedral angle that would be applicable to
OAc OAc all aldopentofuranosides. The observed influence (Figure 3) of
11 12 anomeric stereochemistry on the magnitud&lef 14 suggested
Figure 4. Compounds used to determine scaling factor for calculated that terms must be included that address this structural feature.

Drawing from previous work on the development 3f; 1
Karplus relationship8,the data were fit to an equationof the
form of eq 1.

3
JCl,H4—

TABLE 1: Comparison of Calculated and Experimental
3JCOCH for 9—122

, exp 3calcd difference 3‘JCl,H4= Aco€0 + Bcod) + C +
0,

compound path JcocH JcocH (%) G[D — 005(0(5) +FEx QI+

10 C1—Hegendo 1.4 1.90 19
CiHewo 22 2.35 3 HID — E{cos(=6(&) + F x H)]} (1)
Ci1—Hs 5.6 6.18 15

110 Cs—H, 5.1 6.07 36 In this equation, parametefs—F can be optimized to best fit
Cs—H; 5.1 5.26 7 the data set, while paramet&sandH are the electronegativities
Ci—Hs 5.9 6.81 10 of the substituents at;CThe & term is+1 for a-glycosides

12 Cr—Ha 2.3 2.88 25 and —1 for g-glycosides. This form of the Karplus equation

13 gj::; gé géi 3%3 would the_refore be general_ for all furanose rings and could be
Co—H, 6.0 6.84 14 paramemzed for any substlt_uer_n at the anomeric center (e.0., a

avg difference (%) 16.7 nucleoside base) by substitution of the appropriate group’s

electronegativity into the equation.

A three step process was used to develop the appropriate
equation. First, the scalédc; n4values of all methyl furanosides
1-8 (240 data points) were fit to a truncated version of eq 1,
ings being, in general, larger than those of tiglycosides which included only paramete—C. This fitting procedure
for a given G—H, dihedral angle. This suggested that the provided eq 2.
previously reportedJcocn Karplus equatiori$~15 were insuf-
ficient because the effect of substituent stereochemistry had not
been considered.

DeMon-NMR Scaling. Also shown in Figure 3 is that the  Second, using these values #rC, the effect of stereochem-
3Jcocn Values calculated by deMon-NMR are generally too large istry at the anomeric center was taken into account by fitting
when compared to those predicted by either the Serianni or thethe data for thex-glycosides in Figure 2 to the full eq?2.The
Tvaroska equations. Therefore, before beginning to develop aresult was eq Xx. The same procedure was used with the
new Karplus equation, it was necessary to determine whethercoupling constants from thgglycosides to provide eqA-The
the deMon-NMR calculate@lcoch values required scaling as  values forD—F for these equations are given in Table 2, and
was reported for other ab initio calculated coupling const&®fs.  the magnitudes of these parameters for both equations are very

2 Coupling constants are in H2Ref 14.¢ Cano, F. H.; Foces-Foces,
C.; Jimenez-Barbero, J.; Bernabe, M.; Martin-Lomas,Qdrbohydr.
Res 1984 155 1.

331114 = 8.14c080 — 0.61co¥ — 0.15 2)
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Figure 5. Plot of the difference between thdc; ng calculated by . . .
Karplus egs Ia and 18 and the3Jcy s calculated by deMon-NMR Figure 6. Comparison of Karplus curves generated from eqgs(4elid

for 1-8 (Karplus equationsdeMon-NMR). triangles), 18 (solid circles), and 4%, ref 15).
similar. Finally, averaging of thB—F values from eqs b and TABLE 3: Results of PSEUROT Calculations for 1-82
1-3 yielded the general Karplus eq 3. compound
%)y = 8.14c08) — 0.61c08 — 0.15+ rurf t 2 s 4 5 6 7 8
' A Py 44 353 119 338 24 36 114 348
G[0.71— 1.46{cos(6(&) + 44.36)]} + %N 39 8 4 8 71 60 11 66
H[O.7l _ 1.46{ COg(—O(E) + 44_34)]} (1-0.) Ps 123 162 125 85 145 139 122 265

%S 61 14 96 14 29 40 89 34
RMS 00 00 01 00 00 00 01 0.0

3 — _ _
J1e= 8.14c080 — 0.61c0$ — 0.15+ B Py 70 353 37 28 20 36 309 27

GI0.72— 147 cos(H(E) + 40.1G)]} + ?N 2% 1%623 22798 271% 2?59 16309 13:8 357
H[0.72 ~ 147 co$(— () + 40.1H)]} (1) %S 33 14 71 27 35 40 61 55

3 RMS 00 00 00 00 00 00 00 00
Je1ha= 8.14c089 — 0.61co¥ — 0.15+ C Py 70 352 37 338 20 349 309 348
%N 67 87 29 8 65 77 39 66
G[0.71— 1.46cos(6(%) + 42G)]} + Ps 238 187 278 85 219 305 188 265
H[0.71— 1.46 coS(—0(&) + 42H)]} (3) %S 33 13 71 14 35 23 61 34

RMS 00 01 00 00 00 03 00 00
Calculating the reducegf value for egs 3 allowed us to D Py 70 353 37 338 24 345 324 348
assess the goodness-of-fit of these equations to thetias. %N 67 8 29 86 71 74 8 66
shown in Table 2, any of the three forms of eq 1 are superior Ps 238 162 278 8 145 95 124 265

to eq 2 and averaging the valuesdF from egs le. and 18 %S 33 14 71 14 29 26 92 34

had only a minimal effect on the ability of this relationship to RMS 00 00 00 00 00 00 00 00
accurately reproduce the coupling constant data. To further 2See Supporting Information for coupling constants used. Calculated
check the fit of this equation to the data, the differences betweenusing a constan®y, (Altona—Sundaralingam puckering amplitude)

the deMon-NMR calculate@lc; yq values and those predicted E?;igl 1P_N BéEdZPSASZ{Ll_SS;T:,aEIQS a:ms‘ésﬁﬁdf r;)fs.a(l)t!Orrl].lanlI ghﬁe:ngle'
by eq 3 were calculated as a function of dihedral angle (Figure 54 5 550. 1un C: Py, = 320, Ps = 250: run D: Py, = 320, Ps =

5). The even distribution of error above and below zero reflects 150 ¢|n Hz.

the quality of the fitting procedure. A comparison of the curve ] ) .
produced by eq 3 with that propogédly Serianni shows much these calculations are presented in Table 3. AIt_hough for a given
similarity (Figure 6). Thea-glycoside curve lies just below, molecule some runs gave the same results, in all cases, more
and thes-glycoside curve lies slightly above that derived from than one set of ring conformers can reproduce the experimentally

Serianni’s equation (eq 4}. measuredJy y. With some ring system$@nd7), as many as
three mathematically distinct solutions were found.
33(:1 Ha= 7.49c080 — 0.96c0¢ — 0.15 4 For each conformer pair, we next calculated the expected

magnitude of the experiment&lc; y4 Using the PSEUROT-

A significant advantage of eq 3, however, is that it can be derived conformer populations. This was done by the generation
applied to any tetrahydrofuran ring-containing molecule through of graphs that correlate® in 1—8 with the G—04—Cs—Hg4
substitution of the appropriate group electronegativities. dihedral angle (see Supporting Information). Armed with this

Assessing the Conformational Preferences of Furanosides information, it was possible to extract the dihedral angles for
1-8. With eq 3 in hand, it was possible to further clarify the each ring conformer, which were then converted to the predicted
conformational preferences of methyl glycosides8. PSEUROT 3Jc1,nafor both members of the conformational ensemble using
analyses of the rin§Jy 1 in 1—8 were done as described inthe eq 3. The predictedJcy ng values were then determined by
Methods section. When carrying out these analyses, it is taking a weighted average of these coupling constants based
necessary to provide the program with starting N and S con- on the PSEUROT conformer populations.
formers that are subsequently optimized. For each ring system, Presented in Table 4 is a comparison ofifg n4calculated
a series of four calculations, differing only in the identities of as described above (predictél; 14 with the value measured
the starting N and S conformers, were d8n&-The results of by experiment (exgJcina). For five of the eight compounds,
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TABLE 4: Comparison of Experimental and Predicted
3JC1,H4 in 1-82

Houseknecht et al.

TABLE 5: Results of PSEUROT Calculations for 1—-8 Using
3Jun Measured over a Range of Temperatures

predicted®Jcy nd compound
compd runA runB° runC  runDF  exp3Jcima rurp 1 2 3 4 5 6 7 8
1 (a-arabino) 0.1 2.2 2.2 2.2 <0.5 A Dy(N) 22 57 6 47 34 35 13 31
2 (f-arabino) 1.3 1.3 1.6 1.3 3.2 Py 60 47 16 358 37 38 26 348
3 (a-ribo) 0.1 3.6 3.6 3.6 <0.5 %N 82 70 71 57 85 66 36 78
4 (B-ribo) 2.2 1.9 2.2 2.2 2.7 ®n(S) 33 38 56 4 32 42 45 42
5 (a-lyxo) 0.3 2.0 2.0 0.3 3.7 Ps 170 132 130 36 110 148 140 244
6 (-lyxo) 0.4 0.4 24 15 2.2 %S 18 30 29 43 15 34 64 22
7 (a-xylo) 0.2 4.3 4.3 0.3 <0.5 RMS 01 09 03 01 08 00 01 01
8 (B-xylo) 31 3.7 31 31 24 B ®n(N) 26 57 7 57 47 38 12 31
a Coupling constants are in Hz. Structures are in FigufeSze text Pn 62 42 345 43 22 62 47 348
for the method by which these coupling constants were calcuied. %N 75 73 69 65 a7 59 42 78
legend for Table 1 and the Methods section for definitions. Pn(S) 53 14 >4 15 45 43 48 42
Ps 226 199 305 234 235 190 142 244
%S 25 27 31 35 53 41 58 22
this coupling constant can be used to eliminate all but one of RMS 01 08 01 01 00 00 01 01
. . . dn(N) 37 39 25 40 29 47 50 34
the soluthns obtained from the PSEUROT calculations. For Py 328 341 321 323 312 318 284 345
example, in the case df, the value offJc; ha measured from %N 74 88 65 84 52 47 41 79
the 13C NMR spectrum is<0.5 Hz, which correlates only with ®n(S) 17 29 23 29 57 57 42 41
the mathematical solution obtained from run A. The other Ps 219 93 279 220 225 245 199 245
possible solution, obtained from runs-B®, predicted a mag- %S 26 12 3 16 48 53 59 21
nitude of 2.2 Hz forJcy pse Similar arguments can be used to RMS 27 00 01 13 07 06 01 01
select a single PSEUROT solution f8r(run A), 5 (run B/C), D ®(N) 57 39 24 40 39 46 12 34
6 (run C), and8 (run A/C/D). F N 71 336 309 336 22 352 33 346
. . . %N 40 85 93 98 70 53 42 78
In contrast, for methyd-D-xylofuranosidey, it was possible dn(S) 2 42 48 21 40 20 48 39
. . . . m
to eliminate only one of the three solutions. The experimental < 268 157 120 180 141 98 145 246
8Jc1,ma measured from the NMR spectrum is consistent with %S 60 15 7 2 30 47 58 22
the conformers calculated from either run A or run D. We note, RMS 01 08 01 03 00 00 01 021

however, that the equilibrium predicted from these runs is
heavily biased toward the same S conformer (rurPa= 122,
89%; run D: Ps = 124°, 92%) and that the difference between
these solutions is in the identity of the N conformer, which
makes only a very small contribution to the overall conforma-
tional ensemble. Therefore, although fidg; p4 value did not
allow us to unambiguously determine the conformation of the
minor conformer in this equilibrium, it did allow us to rule out
the solution that predicted a 60:40 N:S mixture of conformers
with Py = 309 andPs = 188 (runs B/C).

For the remaining two molecules, meth$dp-arabinofura-
noside,2, and methylB-p-ribofuranoside4, the 3Jci 14 Mmag-
nitude is uninformative as both PSEUROT solutions for these
molecules would be expected to givéa; n4 value of similar
size. As with7, the predicted conformational ensemble 2of
and4 is an equilibrium heavily biased to one conformer. In the
case of, all four runs gave the same predominant N conformer
(Pn = 352-353), which is similar to the conformation of the
ring in the available crystal structufé?Run C differs from the
others in the identity of the minor S conformer (run €s =
187; runs A, B, and D: Ps = 162). Although PSEUROT
analysis offJy 4 measured o# predicts an equilibrium biased
toward the north, the two solutions differ in the identity of the
major and minor conformers (run BPy = 28°; Ps = 219;
runs A, C, and D:Py = 338; Ps = 85°) and the®Jcy 14 cannot
be used to differentiate between them.

In cases such & 4, and7, other'H—13C coupling constants

aSee Supporting Information for coupling constants uded=
Altona-Sundaralingam pseudorotational phase anglg,= Altona-
Sundaralingam puckering amplitudenitial Py and Ps values: Run
A: Py =50, Ps = 150; Run B: Py = 50, Ps = 250; Run C: Py =
320, Ps = 250; Run D: Py = 320,Ps = 150.¢In Hz.

probe the structure of the minor conformer by high-level
computational methods.

In general, the predictedc; pa values agreed well with those
measured by experiment; however, in some cases &.§,,
and 8), the agreement was poorer. As described above, the
predicted®Jcy g values were obtained from the PSEUROT
results and any inaccuracies in these analyses will be reflected
in the expected magnitude of this coupling constant. Although
the RMS errors in these PSEUROT calculations are excellent
(see Table 3), it should be appreciated that in these rings only
three3J, 4 values are available for analysfi{y po, 3JH2,H3, and
8Jus.He). Five parameters are required to describe the conforma-
tion of these rings (th® and ®, of both conformers and the
percentage of one of them); therefore, the system is underde-
termined. The results presented in Table 3 were calculated by
using an approach that is standardi'lin these analyses: the
@, of both conformers is kept fixed (39in this study).
However, the validity of setting thé, of both conformers to
a fixed value can be questioned and to obtain additional data
for these PSEUROT calculations, we have measured NMR
spectra forl—8 over a range of temperatures (35, 45, 55,

could possibly be used to differentiate between the PSEUROT 65, 75, and 85°C). Using the coupling constants measured

solutions. Measurement of the3@alues may, however, prove
difficult using unlabeled substrates due to overlap in the proton-
coupled'*C NMR spectra. Furthermore, for rings such2aand

7, in which the only difference between the two solutions is
the identity of a minor conformer, it is unlikely that any
parameter could unequivocally identify the structure of the minor

from all of the spectra recorded over this temperature range, it
was possible to perform the PSEUROT analyses in which all
five parameters were allowed to optimize. The coupling
constants measured from these variable temperature NMR
experiments are provided in the Supporting Information; the
results of the subsequent PSEUROT calculations are given in

species. For systems of this type, it may prove more feasible to Table 5.
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TABLE 6: Comparison of Experimental and Predicted
3Jcima in 2, 5, and 8 Using PSEUROT Conformer
Populations Obtained from 3J, 4 Values Measured over a
Range of Temperature$

predictecd?Jcy nd
compd runA runB runC  runD*  exp3Jcima
2 (p-arabino) d d 21 2.8 3.2
5 (o-lyxo) 0.0 3.4 d 0.4 3.7
6 (3-lyxo) 0.6 2.1 d d 2.2
8 (B-xylo) 2.8 2.8 2.9 2.9 2.4

a Coupling constants are in H2See text for the method by which
these coupling constants were calculate8See legend for Table 1 and
the Methods section for definition$éNot calculated.
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approach leads to results that are consistent with the experi-
mental 3Jc1 14 magnitude. In other cases (e.q), better
agreement between the predicted and the experiméhals
value is obtained by the OP approach, in which these analyses
are carried out with a larger number of measui&gy and the
puckering amplitudes®,) are not fixed. However, we have
found that the OP approach often leads to solutions in which
one or both of the conformers have puckering amplitudes
significantly larger or smaller than is likely.

When comparing the PSEUROT results for a given molecule
using the FP vs OP approach, the agreement between the two
methods varies. Fo2, 6, and8, similar results are obtained,
while for the compounds with thg-lyxo stereochemistrys),
the agreement is poorer. This comparison was not possible for

Comparison of the data in Tables 3 and 5 shows thatin someq 3 4 and7 because the OP amplitude approach only gave

cases, the results are similar. However, whendhiewas not

solutions with physically unreasonabig, values. Finally, the

kept fixed, one or both conformers often optimized to puckering gata presented in Table 7 are consistent with available crystal

amplitudes that were either unreasonably higlf\s7 low (2°).
For compound2, 5, 6, and 8, the conformer identities and

structure®’ for 1, 2, 4, 5, and7, in that the ring conformation
in the crystal structure is similar to one (usually the major)

3Jcina values. In these calculations, we used only those js 38> with a range of 35-45°, which is also consistent with

PSEUROT solutions in which th@,, of both conformers was

between 29 and 4%s we considered structures with larger or

the puckering amplitudes provided in Table 7.

smaller puckering amplitudes as physically unlikely. For the ~gnclusions
same reason, we have not performed these calculations for any

of the conformer pairs given in Table 5 ftr 3, 4, and7. The
predicted®)c; w4 values for2, 5, 6, and8 are shown in Table 6

This report has detailed the development of a Karplus
equation that accounts for the effects of anomeric stereochem-

and are compared to the experimental magnitude of this couplingistry upon the magnitude of tHéc; wain aldopentofuranosides.

constant. For all four compounds, one of the predictkd 14

Derivation of this equation was achieved first by calculating

values agrees closely with the experimental coupling constant. (deMon-NMR) theJcy wa values for 30 B3LYP/6-31G* opti-
For 2, 5, and8, the agreement between the predicted and the mized envelope geometries of each methyl aldopentofuranoside
experimentalJcy 4 values is significantly better than those (Figure 2) to provide a data set of 240 coupling constants. These

calculated using the PSEUROT results with a fixed (Table
4).

data were then fit to a six term Karplus equation to give eq 3,
which is applicable to all aldopentofuranosides. After its

These investigations have allowed us to further clarify the development, eq 3 was used to further clarify the ring confor-

conformational preferences of methyl glycosides8. The
PSEUROT solutions that best fit the measui&g and®Jcy pa

mational preferences of methyl furanosides8. Although there
are limitations in the use of this approach, it can be used as a

data using both the fixed puckering (FP) amplitude and method to clarify the results of PSEUROT calculations derived
optimized puckering (OP) amplitude approaches are listed in only from 2Jy 4y magnitudes.

Table 7. This information was compiled from the data in Tables
3—6 and is compared to available crystal structure &ata.

It should be possible to apply eq 3 to tetrahydrofuran rings
that contain other substituents at the anomeric center through

Although it was not always possible to identify a single the substitution of the appropriate group electronegativity into
conformer pair that best fits the measured coupling constantthe equation; however, some reparametrization may be neces-

data, the combined use &Jy 4 and3Jcy ng has allowed us to

sary. Efforts toward the application of this equation to other

narrow the number of conformer solutions using a method other tetrahydrofuran rings is currently in progress both experimentally

than intuition. With some of these compounds (ely.the FP

and computationally.

TABLE 7: Preferred Conformations of 1—8 as Determined by a Combination of PSEUROT and’Jcy yg4 Analysis?

with @,P fixed at 39 with optimized®,,? crystal
compd Pre % N P %S N % N P %S @py(N)° Dy(SY P OPh
1 (a-arabino) 44 39 123 61 d d d d d d 54 39
e e e e e e e e e e 58 38
2 (B-arabino) 353 87 162 13 336 85 157 15 39 42 326 39
352 86 187 14 341 88 93 12 39 39 g g
3 (o-ribo) 119 4 125 96 d d d d d d g g
4 (f3-ribo) 338 86 85 14 d d d d d d 337 35
28 73 219 27 d d d d d d 349 43
5 (o-lyxo) 20 65 219 35 22 47 235 53 a7 45 27 43
6 (5-lyxo) 349 77 305 23 62 59 190 41 38 43 g g
7 (o-xylo) 324 8 124 92 d d d d d d 160 40
8 (5-xylo) 348 66 265 34 348 78 244 22 31 42 g g
e e e e 345 79 245 21 34 41 g g
e e e e 346 78 246 22 34 39 g g

a Compiled from Tables 36 and ref 26° @, = Altona—Sundaralingam puckering amplitude? = Altona—Sundaralingam pseudorotational
phase angle! In all mathematical solutions, one or both conformers hdgh,anagnitude outside the 2319° range.¢ Not applicablef Compounds
1 and4 have two molecules in the asymmetric unit célNo crystal structure is availablé ®,, were calculated by multiplying the Cremer-Pople

puckering amplitudes in ref 26 by 100.
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