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2,3-O-Isopropylidene-f#-D-ribofuranose. An NMR Study
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The 'H- and '3C-NMR data of the dimeric anhydride 1 of 2,3-O-isopropylidene-g-p-ribofuranose are
reported together with the 'H-NOE values. The data show that the products of the polymerization of 1,5-anhydro-
2,3-0 -isopropylidene-#-p-ribofuranose are « - and f-p-ribofuranans and not an a-pD-ribofuranan and a g-p-ribo-
pyranan as claimed before [2] [3].

Introduction. — The dimeric anhydride 1 of 2,3-0O -isopropylidene-S-D-ribofuranose, a
known compound [1], was prepared in one step from a mixture of the methyl D-ribosides
(a- and f-D-ribofuranosides 3 and 4, respectively, as well as ¢- and f-D-ribopyranosides
S5and 6, respectively) and acetone/H,SO,/CuSO,. Since in 1957 1 was not characterized by
NMR spectroscopy, the 'H- and "C-NMR spectra were now recorded and the '"H-NOE
values determined. Searching the literature for reference compounds, it was detected that
the products of the polymerization of 1,5-anhydro-2,3-0 -isopropylidene-f-p-ribofura-
nose, described as an a-D-ribofuranan and a f-D-ribopyranan [2] [3], were in fact a- and
p-D-ribofuranans. This is shown in this paper by a comparison of the reported NMR data
with those of 1 and the four methyl D-ribosides 3-6 [4].
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Table 1. 'H-NMR Data of §-D- Ribofuranose Derivatives 1,2, andT

H-C(1) H-C(2) H-CQ) H-C@) H,,;,—C(5) H,.,—C(5) CHyongy CHsey
1 5.05 4.51 4.82 429 377 3.68 148 131
(J<03) (J23)=6) (J(2,3)=6, (55 =115 (J(55) =115,
J34)=1) J@4,5)=2) J(4,5) = 1.5)
2[5 513 5.48 5.76 3.6-4.4(J(5,5) = 13.5,
=0 @G@3H=5 ([23)=53 J(4,5endo) = J(4,5ex0) = 1.5)
J3.4)=13)
7031 505 3.82 3.76 411 393 34
(=00 @(@23)=43) (J@23)=43, (J(5.5)=10,5, (J(5,5) =105,
J3,4)=19) J@,5 =24  J45=19)

Results and Discussion. — Dimer 1 is obtained in 35% yield by reacting an unsepa-
rated mixture of the four methyl b-ribosides 3—6 (obtained by methylation of p-ribose in
MeOH/HCI) with acetone/H,SO,/CuSO,. The 'H-NMR spectra of 1, its corresponding
2,3,2" 3’ -tetraacetate 2 (5], and 2,3-di-O -methyl-(1 - 5)-f-p-ribofuranan (7; from [3], but
as revised structure) are collected in Table 1. Table 2 shows the "C-NMR data of 1 and
the polymeric anhydrides 7-12 [2] [3], together with the data of the four methyl D-ribo-
sides 3—6 [4]. The NOE values of 1 are presented in Table 3.

The assignment of the 'H-NMR spectrum of 1 is straightforward given the rigid
2,3-0-isopropylidene-ribofuranose moiety, and the observed coupling constants define
the f-D-ribofuranose configuration (¢f. e.g. [6]). In addition, the NOE values (7Table 3)
corroborate the conformation of the central ten-membered ring, as determined by Szarek
[5] for the 2,3,2",3'-tetraacetate analogue 2 on the basis of the small vicinal coupling

Table 2. 3C-NMR Chemical Shifts of D-Ribose Derivatives
C(1) C2) CB C4 Co5) (CH;),C CH; CH,

B-D-Series
2,3:2",3'-Di-O-isopropyliden-f#-p-ribo-
furanose 1.5":1",5-dianhydride (1)

in CDCl, 1066 865 818 87.6 65.2 111.7 264 249
in CD,Cl, 106.9  86.7 822 878 65.4 111.8 264 248
2,3-0-Isopropylidene (1— 5)-f-D-ribo-
furanan (8) in CH,Cl, (2] 109 86 82 86 70 112 27 25
(1-5)-f-p-Ribofuranan (9) [2] 1082 747 719 817 70.4
Methyl f-p-ribofuranoside (4) [4] 108.0 743 70.9 83.0 62.9
Methyl f-p-ribopyranoside (6) [4] 103.1 71.0 68.6 68.6 63.9
2,3-Di-0-methyl-(1 - 5)-p-D-ribo-
furanan (7) [3] 1057  81.5%) 82.0%) 80.9%) 70.8
o-D Series
2,3-0-Isopropylidene-(1-—-5)-a -D-ribo-
furanan (10) in CH,Cl, [2] ca.103 ca.82 ca.82 c¢a.82 ¢a.70 ca.ll6
(1-5)-o-D-Ribofuranan (11) [2] 1029 715 704  83.6 68.6
Methyl «-D-ribofuranoside (3) [4] 103.1 71.1 69.8 84.6 61.9
Methyl a-p-ribopyranoside (5) [4] 1004  69.2 70.4 67.4 60.8
2,3-Di-0-methyl-(1 - 5)-a-p-ribo-
furanan (12) [3] 102.1  81.4% 82.9% 79.1%) 68.0

?)  Assignment may be interchanged.
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Table 3. H-NOE Values for 1*)

Proton irradiated  Proton observed

H-C(1) H-C(2) H-C(3) H-C(4) H—=C(5)  H,(,—C(5)
H-C(1) 0.05 0.05 n.d.
H-C(2) 0.07 0.17
H-C(3) 0.15 0.04 0.03
H-C@) 0.05 0.04 0.06
H,,.,—C(5) 0.20 0.19 n.d.
H,,,—C(5) 0.06 0.09 0.17 n.d.
CHspao 0.06 0.06
CH,,,, 0.13 0.10

3 n.d. = not determined.

between H—C(4), and H,,,,—C(5) and H,,,—C(5) (sece Table I). These coupling constants
are very similar in 1 indicating already an identical conformation, ‘which exhibits an
up-down-up-down arrangement of the four O-atoms within the ten-membered ring’ [5]
(¢f. A). This is born out, e. g., by the large NOE values between H,,,—C(5) and H—C(1),
by the large and similar NOE values between H—C(4) and both H,,—C(5) and
H,,,—C(5), and, finally, by the NOE value of 0.09 between H, ,~C(5) and H—C(3). The
exo and endo CH, groups can be differentiated nicely by their NOE values with H—C(1)
and H—C(4), and H—-C(2) and H—C(3), respectively, confirming thereby the §-D-config-
uration of the ribose moiety. A comparison of the 'H coupling constants of 1 and 2 shows
them to be very similar, except J(3, 4) which is much smaller in 1 as a consequence of the
rigidity of the 2,3-0-isopropylidene-ribofuranose moiety ( Table 1). In conclusion, cou-
pling constants and NOE values firmly establish the dimeric ribofuranose structure of 1
in agreement with the earlier work [1] [5].

Hexo Hendo

Hexo

The assignment of the “*C-NMR spectrum of 1 (7Table 2) is based on a selective
'H-decoupling experiment. The data of 1 in CD,Cl, allow a direct comparison with the
polymeric anhydride 8 [2]. As can be seen, the chemical shift of 1 and 8 are very similar,
given the precision with which the shifts can be read from Fig. 5 in [2]. The only exception
is C(5) which absorbs at higher field in 1 than in 8 due to steric compression in the dimer
1. Polymer 8, however, is reported to be a f-D-ribopyranan. Since 1 is undoubtedly a
ribofuranose dimer, it is shown by the reported "C-NMR data of 8, its deprotected
derivative 9, and the corresponding 2,3-di-O-methyl derivative 7 that these compounds
are all ribofuranoses.

The chemical shift of the following three C-atoms can be used for that purpose: C(1), C(5), and C(4). The very

low chemical shift of C(1) in 8 (109 ppm) and 9 (108.2 ppm) are already indicative of f-D-ribofuranoside (cf. the
chemical shift of C(1) in methyl #- D-ribofuranoside (4; 108.0 ppm) with that of the a-p-anomer 3 (103.1 ppm) and
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of both methyl D-ribopyranosides 5 and 6 (100.4 and 103.1 ppm, resp.)). Furthermore, C(5) in 8 or 9 shows a
downfield shift of ca. 6 ppm as compared with the same C-atom in methyl 8-p-ribopyranoside (6). This cannot be
explained by the pyranan structure as glycosidic-bond formation in 4-position should cause a small upfield shift of
C(5) (¢f. e.g. C(5) in (1->4)-oligosaccharides [7]). In a furanan structure, however, the downfield shift of C(5) is
easily understood as the g-effect upon glycoside-bond formation at C(5).

Finally, C(4) absorbs at rather low field (e. g. 81.7 ppm in 9). The downfield shift induced by glycosidic-bond
formation at C(4) in pyranoses, though, is ca. 9 ppm (¢f. C(4) in (1-4)-oligosaccharides [7]), resulting in an
expected shift of 77.6 ppm for C(4) in a B-D-ribopyranan as calculated from methyl g-p-ribopyranoside (6).
Compared with this value, the agreement of C(4) in 9 (8§1.7 ppm) with C(4) in methyl f-D-ribofuranoside (4; 83.0
ppm) is much better.

A further argument in favor of the furanan structure derives from the chemical-shift values of the o -D-isomers
10-12, reported (correctly) to be a-p-ribofuranans. A comparison with methyl a-D-ribofuranoside (3) and the
corresponding pyranoside 5 shows the same trends for the chemical shifts of C(1), C(5), and C(4) as discussed
above for the f-p-anomers. Indeed, the shift differences (44,) between corresponding C-atoms in 9 and 11, and in
4 and 3, respectively, are virtually identical (the 4, represent the effect on . induced by the change of configura-
tion at the anomeric C-atom).

A final argument is presented by the '"H-NMR spectrum of 2,3-di-O -methyl-(1 - 5)-8-
D-ribofuranan (7; Table 1[3]), the &, of which can be correlated to f-D-ribofuranan 9 with
the aid of methylation shifts (cf. e. g. [8]). The following coupling constants in 7 and 2 are
very similar: J(1, 2) (0 Hz for both 7 and 2), J(2, 3) (4.3 Hzfor 7, 5Hz for 2), J(3,4) (7.9
Hz for 7, 7.3 Hz for 2). It is concluded again that the configuration and conformation of
the ribose rings are identical in 2 and 7. As expected, both J(4, 5) are completely different
in the ten-membered ring compound 2 and in the extended polymer 7. On the other hand,
the coupling constants of 7 bear no resemblance to those reported for the ribopyranoses
or the methyl ribopyranosides [4], a fact which was explained [3] by an unusual conforma-
tion of the six-membered ring.

On the basis of the arguments presented, the reported (1 —4)-f-p-ribopyranan struc-
tures are in fact (1 5)-f-p-ribofuranans. A central claim in [2] [3] is, therefore, invalid.

Experimental. — The '*C-NMR spectra were recorded on a Varian-XL-300, the "H-NMR spectra on a
Bruker-4M-360 spectrometer. The NOE difference spectra were obtained from a degassed CDCl, soln.
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