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SUMMARY: The coupling constant (*J,,) between a pair of vicinal
protons of an oxygen containing five membered ring was expressed as a
function of the prseudorotation parameters: the phase angle of pseudoro-
tation (P) and the puckgring amplitude (g ). The resulting equation,
which also includes parameters for the adjustment of the ring geometry,
was parametrized for the tetrahydrofuran as model compound, using
molecular mechanics calculations. The resolution of the equation gave
all the *J,, , values for the pseudorotation itinerary. The conformation of
the o and [3 anomers of methyl tetrofuranosides and pentofuranosides
was established from the best fit berween calculated and experimental
coupling consiants.

. RESUMEN: La constante de acoplamienio (°J,,, ) para cada par de pro-
tones vecinos de un anillo oxigenado de cinco miembros se expres6 en
. funcion de los pardmetros pseudorrotacionales: el dngulo de fase de
pseudorrotacién (P) y la amplitud de plegamiento (¢_). La ecuacién re-
sultante, que incluye pardmeiros que definen la geometrta del anillo, se
parametrizé mediante cdlculos de mecdnica molecular realizados sobre .
‘un compuesto modelo, el tetrahidrofurano. Por resolucién de dicha ’
ecuacion, se obtuvieron todos los valores d¢’J,,, a lo largo de todo el ci-
clo pseudorrotacional. La comparacién de las constantes de acopla-
-miento experimentales con las calculadas’permitié establecer la confor-
macién mds probable para los anémeros &y B de 1odos los metil tetro-
Jurandsidos y pentofurandsidos. '

INTRODUCTION |

_ The conformational properties of furanose rings have received considerable atten-
tion in recent years because of their influence in the stnicture, conformation and
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dynamic of nucleic acids and other biopolymers. Thus, conformational preferences
were assessed by means of molecular mechanics (1-3) and atﬂquMO-calculaqons
" (4.5) or by analysis of 'H-'H (1,6,7), 'H-'*C and *C-*C spin couplings (8.9), obtained
. from the NMR tra of the furanoid compounds. As furanose rings may assume twist
(T) or envelope (E) conformations, which are readily interconverted (i.e., with relatively
low activation barriers) by the process of pseudorotation (6,8.10), the interpretation of
. NMR data is complicated since a ime-averaged spectrum of all the pscudorotamers is
obtained (8,10). However, taking int6 account that the spectral data of furanoses and
furanosides are readily available (6,8). we have developed (11) a realiable procedure for
the conformational assignments of furanose and thiofuranose derivatives from 'H-'H
coupling constants L. ). In this procedure, the conformational preferences of those
rings may be established from the best fit between calculated and measured 33.. . values.
For a given compound all the °],, ,, couplings can be calculated for the full pseu orotation
itinerary, using the following equation: . :

’(.‘IP = Plscos’[kg:—bﬂmc‘::(l’ + &hase)«rc] ;ff co}s; {ﬁaﬁlﬁa‘;cos(P + phase)+c] + P, + TAY,
+ Pjcos?{Ei (ka+bg_cos(P + phase + :
¢ ) "Ax.- = Ay St 12'-§X,-""’"""“ : 03

Equation (1) gives 3, . as a function of the pscudorotation parameters: the phase
angle of pseudorotation (P), and the puckering amplitude(@,)). As eq. (1) isbasedon the
Altona’s generalization (12) of the Karplus equation, it includes corrections by the
electronegativity (A%) and relative oricntation () of the substituents. The parameters P, -
P, were taken from Ref. 12 (sets E and D), and k values were fixed as zero for cig protons
and + 1 for gans protons. -

RESULTS AND DISCUSSION

In order 10 express L, , as a single function of P, the terms a, b, c and 9, of eq. (1)
were determined as previcusly described (11). The angle g_ was calculaied fbr amodel
compound: tetrahydrofuran (THF) by means of molecular mechanics calculations,
using the PCMODEL program (from Serena Software, Bloomington, Indiana), which
incorporates Allinger’s MM?2 force ficld (13). The value obtained for g_ (40.3°) was in

- good afree_mcm with those obtained from the X-ray diffraction data for other furanoid
rings (14.15). The geometry of the ring was adjusted through the parameters a, b, and
¢ in eq. (1), whose determined values (11) were a=122.4,b=1.11 and c=1.28.

.. Although a single value of °},,, can correspond to several different pseudorotamers,
a os:tf'of,.thr‘gg or four coupling constants for pentoses. or tetroses, respectively, allows
o ormational assigments for the furanose ring. Thus.. the resolution of eq. (1) for
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1 a-D-erythrofuranoside gives the correlation of L. ,, 1, 5. 15, and )5 with P, along
Egn;)ieudorotation itinerary (tzgxblc I). As shown in Ble T, a single segment of the
pseudommtion cycle (P= 144-180) which matches the calculated \ylth the obscrvcchi
values (table IT) can be identified. For all the compounds studied, the calcl;lllaﬁ)
couplings for the given segment of the itinerary have been directly averaged (table 11),
i.e. assuming equal population of all the conformers of the rcgion, 1 order to determine
the wends in coupling constant values. However, the estimauon of the conformational
composition within the region, on the basis of calculated couplings, is not recommended
as serious distortion may be obtained. The averaged ] values cz_llculated for methyl e
D-erythrofuranoside (J, ,4.7.1,,4.8,1,,5.3 and ], 1.8 Hz) are in good agreement with
the experimental data (table 1), indicating a 2’1‘?? i’.}.-T3 conformational equilibrium for
the compound.

Besides of a good correlation between the calculated and experimental ] values

(table II), the following criteria ‘of stability for a substituted furanoid fng (6,8) were

cousidered in orden to assess its conformation: a) the anomeric substituent will prefer

a guasi-axial orientation (anomeric effect), b) the bulky side chain will tend to take up

a guasi-equatorial disposition, and c) ring substituents will locate in staggered orienta-.

tion. Thus, the pseudorotamers of methy! «-D-erythrofuranoside in the *T,-*T; region *
satisfy the anomeric effect, and are essentially free of eclipsing or paralell interactions.

For the compound, Serianni and Barker (8) and Angyal (6), proposed approximately the
same preferred conformation. - :

_ For methyl 8-D-erythrofuranoside, a single region of the pseudorotation itinerary,

which matches with the experimental J values, was not found. This fact would suggest

that the compound is conformationally unstable, and therefore the observed couplings

arc averaged in a complex fashion. Accordingly, Serianni and Barker (8) have found

poor complemeéntarity for Jvalues, and they were notable of performin conformational -

assignments. Angyal (6) suggested that the conformation of methyl ﬁ-D-exythrofura-

noside can be described as a mixture of T, and *T, forms. which occupy opposite sides

in the pseudorotation cycle. However, we have observed that the best correlation

between calculated and experimental ] values result from the average of the 'Eand ‘T,

conformers. These appear to be rather stable conformations, as they satisfy the

anomeric ; effect, and HO-2 and HO-3 lic in a staggered disposition. )

The procedure here described when plied 1o methyl a-D-threofuranoside and its

f anomer dictates preferred °T,-*T, and *T-'T, conformations, respectively. in good-

agreement with the results obtained by considering J,;and L, . couplings (8).

The conformation of methyl a-D-ribofuranoside on the basis of the [, couplings -
was, according to Angyal (6), difficult to assign. However, our calculated coplings fit
with those measured for the °T,-%E. segment (table II), which should be the most
go;eptdaxedm’l‘ch:u%mmsmgn in thx.zrggxc;(n arg stabilized by the axial orientation of

anom ernann and Barker ! v imi nati

(E.-7E) for methyl a-Deribofuranoside. ._ () have found a similar conformapon

Methy!l B-D-ribofuranoside is conformationall i ! l '

) ) : \ _ y located in the 'T,-’T, segment. In
§p(11§e of the sust;u'opg‘ preference for the *T, conformation proposed (6). our caﬁ:ulations
indicate a substantial contribution of the QE and 'T, conformers to the equilibrium. Their
m:ca‘;gnstfs ofot:éhfrmg::‘nenﬁ:f 1, ,and the decrease of ], ,, with respect to the.
) xpcc Ty n. The other furanosides that, as methyl §-D-ri _
noside, .bave. the aqomenc'subsnmcnt and the side chain an C-4 g‘;‘gngrttgd])s;ub;;ut’l?e
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foregoing mentioned stability criteria for the 'T,-’T, segment. Accordingly, calculated
and experimental °], . values for methyl ‘P-D-ambinofuranosidc, methyl B-D-xylofura-
:noside, and methyl 8-D-lyxofuranoside fit the 'T,-*T, region. o :
The analysis performed on methyl o-D-arabinofaranoside indicated that the E-E,
conformations would be preferred in accordance with previous reports (6.8). However,
of all the furanosides studied, this compound showed the poorer complementarity
between experimental and calculated couplings (1able II) for the proposed pseudorota-
tion segment. As furanosides having O-1 and the C4 side chain in a grans disposition
can not sarisfy simultaneously all the criteria of stability, they are expected to populate
different regions of the pseudorotation itinerary (6). Thus, the 1, ,and ], , values lower
‘than the expected ones for the E.-E. region, would suggest the contribution of other
conformations for methyl a-D-arabinofuranoside. Similarly, the conformation of
-methyl a-D-xylofuranoside and methyl a-D-lyxofuranoside can be described as a
mixture of °T, and T, ,{or ’E) conformers. The 3], values calculated, given in table IT,
comrespond t0 mixtures having 50% of each f6rm. The good agreement between
calculated and experimental ] values obtained suggests substantial contribution of
pseudorotamers from opposite sides of the itinerary, in the conformational equilibrium
of both compounds. :

TABLE X
Calculated *Ly values (Hz) for methyl a-D-erythrofuranoside (8_=40.3)

Conform. p(®) dy,2 2.3 i3 6 J3.40 Conform. p(®) Ji,u a3 J3.4 Iy 40
]Tz 0 3.4 “o . 8.4 9.5 2 180 5.1 4.3 3.6 1.3
3 18 6.3 &.4 7.6 i0.1 Eq 128 5.8 ‘4.6 2.7 1.4
r, 36 5.4 5.2 7.3 10.2 v, e 6.3 5.5 - 2.3 1.5
E, sa 6.2 6.4 7.6 10.1 “g 23¢ 6.2 6.6 7.7 L.a
T, 72 6.3 7.3 8.4 9.5 ‘1, 252 5.4 7.2 3.6 )
% %0 5.8 3.1 2.1 8.3 £, 270 A3 8.1 5.2 1.3
o'l'l - 108 5.t 7.7 v.a 6.4 l1~° . z88 3.4 7.5 .0 2.5
€, 126 ‘6 6.6 8.6 4.3 e 06 2.7 e 8.6 .7
2"1 4 4.3 3.5 e 25 "rz 324 2.5 3.2 v.4 6.4

2 162 4. 46 5.2 L3 [ 362 2.7 4.6 9.1 T 8.3

RREY AR S

Bt Ao il B |



Conformational analysis of furanosides.

111

TABRLE I
Experimental and calculated 31?’" values for methyl D-terofuranosides angd methyl D-
pentofuranosides, and their preferred conformations,
Coapound Y1, ¥31.3 “3.4 Ty 40 Conéorma:lon
b2 _
Ep.3Cale.® Eg. cage . Q. o, cac. Ref. 6 Ref. 8 This work
2 0, 2 2 2
c-erythrofuranoside 6.6 4.7 5.6 4,8 4.9 5.3 2.2 1.8 E T‘— T3 Tl- T)
3-etsthrofuranostde 2.9 3.3 “8 5.5 5.0 5.6 35 5 'y 0y l‘lz.'rz
3~ribofuranaside .2 5.0 6.2 6.3 3.3 2.8 EI-ZE OTI'ZE
8-ribofurancgide 1.2 1.2 4.6 4.9 6.9 7.4 31‘2 l1’2-3E 172-312
@~arabloofuranoside 1.7 1.¢ 3.3 2.6 5.9 6.5 O rL-EJ 5;‘5[
B-atabinofutanoslde 4.6 4.8 8.0 “8.3 7. 7.0 lE-ZE szvst
A-threofuranoyide 0.5 1.3 1.2 i.l 58 g4 3.3 3.2 OE-ZE OTl‘zr3
a-zhreofu:anoslde L.e 51 4 .2 6.1 4.7 L1 3.8 ‘E~IT2 ‘TO'ITZ
a-xylofuranostde ‘.5 i 5.5 s5.3 6.1 5.4 'TJ.STz '21'3-)1'2
8~xylofuranosida b.sd .2 1.7 1.9 5.1 4.7 JTZ lfz‘Jrz
Pirmofuranostds 35 35 4.7 4.3 s 3, 1, 2r3.3z
8-lyxofurancstde 8 5.0 5.0 5.2 4 .9 31:2 ’Tz-’fz
’Exp.: observed d values from Ref. 8 (600 MHz, H,0).
“Calc: Caldulated ] valyes from eq. (1) and averaped for the preferred regions of the
Pseudorotation 1tnerary (see the text). %.s.: broad singlet.
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