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Abstract

Recent advances in structural and conformational analysis of fluorinated carbohydrates by NMR spectroscopy are
reviewed. Characteristic 'H, '*C, and ""F NMR chemical shifts and coupling constants for selected examples are
given and the spectral data of a series of fluorinated carbohydrates were collected in continuation of the review of
Csuk and Gléanzer [Adv. Carbohydr. Chem. Biochem., 46 (1988) 73—177]. © 2000 Elsevier Science Ltd. All rights
reserved.
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1. Introduction

Nuclear magnetic resonance (NMR) spec-
troscopy has been of primary importance in
elucidating the structure and stereochemistry
of carbohydrates, proteins, nucleic acids, and
other natural or synthetic products [1-4].
The advances in NMR in the last two
decades are due to the construction of high-
field spectrometers (up to 800 MHz) com-
bined with highly efficient computer systems
and the introduction of new NMR tech-
niques, facilitating higher sensitivity as well
as increased resolution and correlating power
of the experiments. Highlights in this respect
were the introduction of two- and higher-di-
mensional methods with implementation of
inverse correlation techniques [5—10] and the
use of field-gradient technology, which
greatly reduces experiment times [10—135].

Monosaccharides and fluorinated monosac-
charides can easily be analyzed in most cases
by conventional one-dimensional (1D) NMR
techniques using comparative 'H and "C
data of analogous compounds. In complex
spectra of oligo- and polysaccharides, unam-
biguous assignment of signals and extraction
of NMR parameters, spin coupling constants
and chemical shifts, in general, are only pos-
sible if appropriate 2D or multi-dimensional
correlation methods determining connections
and spatial proximities of atoms are used.

Fluorinated carbohydrates contain a fur-
ther NMR-active nucleus, fluorine, which
possesses favorable NMR properties: 100%
natural abundance, high sensitivity (yg/yy =
0.94), and high chemical-shift resolution [16].
YF chemical shifts and "F-'H, "F-13C, or
YF_F couplings are additional parameters
that can be immensely helpful in structural
and conformational analysis.

Due to their excellent NMR properties, °F
labels can be used as appropriate NMR
probes for investigating biologically relevant
compounds and various processes in biologi-
cal and medical systems [17,18]. For this pur-
pose, the substance to be studied is "“F
labeled in a specific position to facilitate the
assignment of resonances [19]. Another pro-
cedure is the introduction of labeled com-

pounds into organisms in order to detect
their position, conversion or other interac-
tions by in vivo or in vitro ""F measurements.
In this way, the solution structure of E. coli
tRNA [20], DNA-protein interactions [21],
and metabolism of S-fluorouracil [22-24],
which is of special interest in cancer research,
have been studied.

The increased importance of fluorinated
carbohydrates in chemistry and biochemistry
and the new possibilities in structural and
conformational analysis given by NMR en-
couraged us to write this paper as an exten-
sion of the prominent review of Csuk and
Glanzer [25].

2. 'H, C, and ’F NMR spectroscopy

An excellent guide for performance of
NMR experiments was delivered by Braun et
al. [26]. Experimental aspects of two-dimen-
sional NMR were described in detail by Hull
[27].

The structure of fluorinated monosaccha-
rides, and of course non-fluorinated com-
pounds, can easily be analyzed on the basis
of standard 'H and "*C and, additionally, *F
NMR spectra. Differentiation between C,
CH, CH,, and CH, signals in the *C NMR
spectrum follows from DEPT (distortionless
enhancement of polarization transfer) [7,28]
or APT (attached proton test) spectra [29]. If
comparison of NMR data with those of
analogous compounds is unsuccessful, a com-
plete assignment of all "H and '*C signals, in
general, is possible by recording 'H,'H-COSY
(correlation spectroscopy) and *C,'H correla-
tion spectra. '"H,"H-COSY [7,30,31] correlates
coupled protons (vicinal or geminal cou-
plings), whereas 'C,'H correlation (HET-
COR, heteronuclear correlation) [9,32] or the
inverse (proton-detected) variants 'H,"*C-
HMQC (heteronuclear multiple quantum
coherence) [9,33] and 'H,"*C-HSQC (het-
eronuclear single quantum coherence) [34],
respectively, correlate carbon atoms with di-
rectly bound protons.

Furthermore, coupling with fluorine atoms
can be helpful in the assignment of signals in
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'H and "*C NMR spectra, respectively (see
Section 3). The direct extraction of spin cou-
pling constants from "H NMR spectra might
be difficult for complex coupling patterns or
if multiplets overlap. The spectra can be sim-
plified by the classical spin decoupling tech-
niques [35-37] or Dby recording 2D
correlation spectra, for example, 2D J-re-
solved '"H NMR spectra [7] or phase-sensitive
'H,'"H-COSY spectra [7,31]. In the case of
higher-order coupling, computer-aided spec-
tral analysis of the coupled multiplets has to
be performed [38].

Conformational analysis i1s mainly based
on the angular dependence of coupling con-
stants (Karplus relationship [39-41]). The
analysis can be greatly supported by classical
NOE (nuclear Overhauser enhancement) dif-
ference spectroscopy [8,42—45], which allows
the spatial proximity of protons to be deter-
mined. Recording of 2D NOESY spectra
[42,46] supplies NOE information for all pro-
tons in a molecule in a single experiment. In
connection with TOCSY (total correlation
spectroscopy) spectra, NOESY or ROESY
(rotating frame Overhauser enhancement
spectroscopy) experiments [42,47,48], respec-
tively, are the most important tools for inves-
tigating the solution structure of complex
carbohydrates, oligo- and polysaccharides,
glycoproteins or other carbohydrate con-
taining compounds [49]. Unlike COSY,
TOCSY spectra [50] can in principle correlate
all protons of a chain with each other. There-
fore, they are successfully used for identifica-
tion of single residues in oligosaccharides
[49,51].

Various 1D versions of 2D experiments
with selective excitation have been developed,
which can alternatively supply necessary in-
formation concerning the assignment in a
sometimes shorter time. In this respect the
ID TOCSY method [52,53] should be men-
tioned; it i1s sometimes preferable, in particu-
lar, in complex spectra in which a separate
proton signal, e.g., the anomeric proton, can
be used as starting point for the magnetiza-
tion transfer. This method has often been
used for the analysis of oligosaccharides or
oligonucleotides in which the proton reso-

nances of identical component residues barely
differ in their chemical shifts [54,55].

Problems of localization of substituents at
the ring atoms or branching of molecules
that do not follow from 'H or '*C NMR
spectra can be solved by means of long-range
heteronuclear (*C,"H) COSY spectra: '*C,'H-
COLOC (correlation spectroscopy via long-
range coupling) [9,56] or the more sensitive
inverse variant 'H," C-HMBC (heteronuclear
multiple bond correlation) [9,57]. For exam-
ple, the position of an acetyl group might be
indicated by coupling of the CO carbon atom
to the corresponding ring proton over three
bonds. Furthermore, long-range *C,'H cou-
plings across glycosidic bonds might be im-
portant for sequence or conformational
analyses [58,59].

Compared with proton and carbon NMR,
multi-dimensional NMR spectroscopy includ-
ing fluorine plays only a secondary role. For
fluorinated monosaccharides, the "F chemi-
cal shifts and coupling constants, in general,
can easily be extracted from 1D NMR spec-
tra. However, in the case of crowded spectra
the use of 2D "F NMR techniques was
found to be a powerful tool in structural and
conformational analysis, e.g., of fluorinated
oligonucleotides [19].

Another means for identification of sig-
nals is the determination of relaxation rates
of nuclei, particularly the spin—lattice relax-
ation time 7, as a molecular mobility
parameter [60—62]. An example of this is the
assignment of "F NMR resonances observed
for 3-deoxy-3-fluoroglycogen given in Ref.
[63].

3. NMR chemical shifts and coupling
constants

3.1 "H NMR spectroscopy

3.1.1 "H chemical shifts.

Fluorine substitution in carbohydrates, in
general, causes low-field shifts of the signals of
adjacent protons. This effect is largest for

geminal protons. (For the following structures
see Refs. [64,65].)
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3.1.2 ®F,'"H coupling constants.

The "F,'H couplings are mainly determined
by the Fermi-contact term [66] and are there-
fore similar to the 'H,'"H couplings, e.g., the
dependence of *Jp.;; on the dihedral angle as
well as the relation 2Jp > 3Jpy >4y for
saturated systems.

Geminal couplings °J ;. The values of gemi-
nal coupling constants for pyranoses are in the
range 43-59 Hz, and those for furanoses in
the range 49-66 Hz [67]. For fluorinated
pyranose derivatives, an increment system has
been developed based on substituent effects
[68]. (For the following structures see Refs.
[65,69-74].)
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Vicinal couplings °J,,. An angular depen-
dence is characteristic for this type of coupling
[75—-80]. In addition, the coupling constants
are found to depend on the electronegativity
of neighboring substituents [67]. In general,
for aliphatic compounds, the dependence can

be stated analogously to *Jyy:

3
JF,H trans >

Jen cis > JEn gaucnee HOWever, this range is
valid only for structurally similar systems,
since electronic substituent effects may exert a
strong influence. (For the following structures
see Refs. [65,69-74,76,79,81].)
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Long-range "F,"H couplings. Couplings
over four and five bonds are relatively fre-
quent. The largest magnitude is observed
when the coupled nuclei adopt a coplanar ‘W’
arrangement [65,67,82].

2',3'-Dideoxy-4’-fluoroalkylnucleotides  ex-
hibit long-range ’Jy and °J.p couplings,
which are mainly transmitted via a through-
space mechanism [83]. Through-space cou-
plings can always occur if the nuclei
concerned are in spatial proximity [84,85].
Generally, long-range couplings transmitted
either via through bond or through space are
highly sensitive to the steric environment of
the coupled atoms [86], therefore, their general
applicability as a tool for stereochemical stud-
ies is questionable. (For the following struc-
tures see Refs. [73,83,87—-89].)
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°H e~ 1.5
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4JF4 ~1.0 AcO 4‘]“ ~5.7
AcO o F
Ref. [73] Ref. [73]
OAc
H
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F 0

5 4
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. 102 B: =0
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3.2 3C NMR spectroscopy

3.2.1 BC chemical shifts.

An excellent review on '*C NMR data of
monosaccharides has been published by Bock
and Pedersen [90]. Introduction of fluorine
into a carbohydrate molecule causes a signifi-
cant low-field shift of the signals of the adja-
cent carbon atoms (o effect) [91]. (For the
following structures see Refs. [90,92,93].)
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3.2.2 ®F,°C coupling constants.

The "F,"*C coupling constants can be di-
rectly taken from the proton broad-band de-
coupled *C NMR spectra. They represent a
useful tool for assigning the '*C NMR signals.
In spectra of polyfluorinated carbohydrates
higher-order couplings may require computer
analysis [38,93,94].

Couplings over one bond 'J... The cou-
plings, ranging between 160 and 250 Hz, are
influenced by the steric and electronic effects
of substituents attached to the coupled carbon
atom, as well as by the orientation of the
fluorine atom. Increasing electronegativity of
the substituent causes an increase in the cou-
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pling constant. (For the following structures see
Refs. [40,72,92,95,96].)

Geminal couplings °J . . These coupling con-
stants are in the range 15-40 Hz. They are
found to be dependent on the orientation of
electronegative substituents attached to the
coupled carbon atom with respect to the
fluorine [67]. (For the following structures see
Refs. [40,72,92,95,96].)
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Vicinal couplings °J . The angular depen-
dence of vicinal F,C couplings, ranging from 0
to 20 Hz, parallels that of *Jp.y; and *Jyy yy [39]
(Karplus-type relationship [40,41]). Further-
more, the influence of electronegative sub-
stituents, attached directly or adjacent to the
coupled carbon atom, has been found on the
magnitude of coupling constants [40]. (For

;
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the following structures see Refs. [40,72,-
74,92,95,96].)
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Long-range couplzngs "J . c. "F,PC couplings
over four bonds, *Ji - may often be detected;
their magnitude is found to depend on the ori-
entation of the coupled nuclei [40,92]. Cou-
plings over five or six bonds are also known
[83,97]. (For the following structures see Refs.
[40,83, 92 97 98].)
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3.3 ”F NMR spectroscopy.
F NMR data of fluorinated carbohydrates
have been reviewed in Refs. [25,67]; those of
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specifically fluorinated compounds are in com-

pounds are included in a series of articles
[99-104].

3.3.1 '°F chemical shifts.

There are characteristic '’F chemical shift
ranges for different types of CF groups (see
Table 1).

In the case of aldohexopyranosyl fluorides, o
anomers show characteristic high-field shifts
with regard to B anomers, due to the higher
shielding of the axially positioned F atom com-
pared with the equatorially positioned fluorine.
For the o and f anomers of deoxy-monofluoro-
hexopyranoses, there are no such significant
differences. The corresponding shifts in fura-
nosyl fluorides depend greatly on the configu-
ration at the other ring atoms. (For the
following structures see Refs. [65,69—-71,73,

76,81,103].)
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Table 1
Characteristic '°F chemical shift ranges (Hz) for the different
types of CF groups

Range Group  Examples
—65to —90 OCRF, 3.,6-anhydro-2,2-difluoro-D-
glucofuranoses
—110 to —140 CR,F,  2-deoxy-2,2-difluorohexo-
pyranoses;
OC(R)F hexofuranosylfluorides
—135to —150 OCHF  glycosylfluorides

— 180 to —220 RCHF
—225 to —245 CH,F

2-deoxy-2-fluorohexopyranoses
6-deoxy-6-fluorohexopyranoses

3.3.2 PF,°F coupling constants.

The F,"F couplings can be extracted from

e PF{'H} NMR spectra. For complex spec-
tra, e.g., of polyfluorinated compounds, sim-
plifications may be obtained, for instance, by
using selective decoupling or recording two-di-
mensional correlation spectra [16,19,26]. If nec-
essary, computer simulations for complete
spectra analysis can be used [38,94].

Geminal couplings °J . The coupling con-
stants *Jp.  for aliphatic CF, groups range from
200 to 350 Hz, and for =CF, from 10 to 100 Hz.
(For the followmg structures see Refs. [105—
108].)
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Vicinal couplings “J ... For 1,2-difluoropyra-
noses, vicinal F,F coupling constants are found
in the range 10—20 Hz. Generally, in contrast
to *Jy y and *Jg 4, there is no correlation with
the dihedral angle (Karplus relationship [41])
for *Jp.  because of dominating substituent ef-

fects. (For the following structures see Refs.
[70,76,109,110].)
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Long-range couplings "J . . Long-range cou-
plings over four and five bonds have been re-
ported [111,112]. They are of special interest,
because the coupling constants may be en-
larged by the spatial proximity of coupled nu-
clei (through-space couplings [84] (see F.H
couplings)). (For the following structures see
Refs. [71,111-113].)
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Table 2

NMR data for pyranoses with fluorine atom at C-12

2.0 (F2.1)
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(F6b.5)
384 177 530 333 340 3042 | 1041 | 834 | 677 | 678 | 600 | 61 | -1526 | cDbCh
(6a.b) (F1)
2113
(F2)
79 T0.1 33 ] 62 (5.60) B35 | 1912 | 251 6 32 180
6.2 (5.6b) 2.0 | 2.0 | #20 | F20 | F1.0
2305 | 253
(FLO) | (FI.O)
S31(FLD) | 4838 1 | 33(24)
(F2,2) (F2.3)
233
(F1.2)
¥y 379 | 33545 | 33545 | 411G 037 | 850 | 673 | 688 | 626 7552 | CDeh
3.77 (5b) (1)
2093
(F2)
27 100 T6@sb) | 132 33 | 1908 | 189 77 33 180
(5a.5b) €20 | 720 | ¢20 | 20 | Flo
205 | 256
FIL.O) | F1.0)
SIFLD | 485 6
(F2.2) (F1.5b)
233
(F1.2)
365 390410 | 3904.10 | 390410 | 38163 | 1040 | 1097 | 787 | 785 | 652 | 682 | -1370 | coch,
4.36 (6b) (F2)
-145.7
F1)
100G6a| 100 | 2200 | 2255 | 310 34
5.5 (5.6b) F1.0 | 2.0 | F2.0)
506 | 336
(F2.0) | (F1.0)
505 (FL.D)




Table 2 (Continued)

[122]

o 531 360403 | 4.60-493 | 4.60-403 | 4.13-422 1068 | 1122 | 793 783 724 1235 | CDCh
o <:_Z—F (5a.b) (F2)
7 -1437
MezC\O-'"' i~F (F1)
BnO 2230 | 2399 | 196 31
[117] (FLO) | (F2,0) | (F2.0)
45.0 28.0
(F2.0) | FL.O)
639 (FL1)
SO0 162 6.29 515 310435 | 410435 | 1051 52.0 685 69.6 66.2 613 Me,SO-d,
(6a.b) '
26 10.4 92 2300 | 294
518 303
541 743 (2b) 796 7.80 361 126 CDCT,
1.82 (2a)
7.7 (1.2a) 133 87 89 62
26(1.2b) | (2a2b)
5.1(2b3
AcO 7.4E2a.3;
[119] 518 7.8 (F2b)
12.8 (F.2a)
5.75 741 733 761 70 315 (6a) | 1092 | 498 775 738 778 9.5 CDCT,
4.0 (6b)
6.8 0.7 11.0 2160 | 230 7.0
554 148
5.00 398 344 1.09 341 702 (6a) | 1022 | 620 66.7 | 68.60r | 774 | 68.60r CDCl;
433 (6b) 71.6 71.6
7.7 10.3 125 2136 | 208 6.1 98
528 125
577 157 510 524 4.09 127 1069 | 476 70.0 684 69.4 174 CDC,
16 38 93 92 6.2 2240 | 358 34 '
50.7 2.7
548 5.10 464 481 | 3.98 (5a.b) 104.1 67.6 75.5 725 60.2 71322 | CDCL,
ol Yo F 2.7 4.0 6.7 5.5 (4.50) 2288 | 350 15
ClhiC ) 5.8 (4.5b)
\Hko OC(O)NHCgH1 1 54.0 7.0




Table 2 (Continued)

0 6.89 785 760 502 369 (50) 1045 | 721 664742 8.7 930 | Me;SO-dg
H11C6HN(0)C—<:> wF 401 (5b) ('H, %)
40 58 37 34 (4.53) 125 2265 | 233 CDCly
% 3.1(4,5b) | (5a.5b) P
552 253
ChC H
[122]
HaC, 5.56 3.08-3.90 | 3.08-3.00 | 3.08-3.90 | 3.08-3.90 24 1077 | 717 70.0 74,5, 72.6 T7.0 D,0
HOw- 25 6.0 2220 | 250 5.0
53.0
575 513 531 551 136 136(6a) | 1043 | 674 669 673 694 806 | -150.7 | cDClL
4.43 (6b) (F1)
2321
AcO (F6)
27 11.0 33 12 37(5,6a) | 92 (6a,6b)| 2289 | 24.0 52 38 1726
. C F6,C) | (FI, F6,
ad onc 6.1 (5,6b) (FLO) | (FL,O) (F6,C) (23? (F6.C)
[124] (F6,C)
534(FL1) | 235 152 424
(F1.2) (F6.5) | (F6.6ab)
OAc 517 367 | 503512 | 503512 | 381 430(6a) | 1078 | 639 23 679 72.0 618 | -1394 | CDCh,
4.18 (6b)
74 49 (5.6a) 12.6 2180 | 233 58
2.5 (5,6b)
515 121
511 538 525 | 415445 | 4.15445 | 1203 | 725 712 66.4 749 603 | -689 CDCl
(6a,b)
10.0 95 122 2813 | 237 36 25
83
537 537 5.26 719 419(6a) | 1203 | 687 70.7 66.8 726 | 60.6 864 CDCl;
4.32 (6b) -82.8
92 92 43 (5.6b) 133 2560 | 306 94 28,40 1488
271.7 | (Fab,C) (Fa,b,C)
(Fa,b,C)
175 (Fa.2)
3.4 (Fb2)
5.68 527 353 520 756(6a) | 1066 | 704 70.4 570 94.7 655 | -1502 | CDCh
4.41 (6b)
73 93 10.0 12.6 2228 | 246 106 732
521 4.0
A0 OAc
[126]

2 For further examples (fluorine atom in anomeric position) see Refs. [126-130].



Table 3

NMR data for pyranoses with fluorine atom at C-2*#

Structure O[ppm] | H-1 H-2 H-3 H-4 H-5 H-6 | C-1 | C2|C3|C4|C5]C-6 F | Solvent
J [Hz] Ji2 J3 J34 Jus Jse | Jeaew | Jrca | Jrca | Jrcs | Jrca | Jres | Jrce | JEF
Jr.1 Jr2 Jr3 Jra Jrs Jre
HoC 305 782 376 384 T90 (6 | 993 | 870 | 339 | 2 | 1498 | 1037 CDCT,
o 4.92 (6b)
B20m OMe 27 238 38 13 293 | 1860 | 164 0
71 387 301
NS OF
[131]
oG 163 326 330 3536 | 3536 730 985 | 897 | 520 | 719 | 702 7.7 CDCT,
0 76 a4 10 63 B35 | 1860 | 182 a2
HO OMe 20 381 92
HN  F
[131]
B 183 796 760 5.0 17 [ 3576 | 90 | 876 | 6i1 | 700 | 711 314 Coch,
3.44 (6b)
o 77 38 32 95 | 27Gea | 113 B33 | 1945 | 167 34
B2 OMe 6.6 (5.6b)
3 3638 74 s
338 (1) 331 398 709 114 04 | 1135 | 748 72.4,73.9, 79.0 coc,
3.87(Ib)
110 101 27 381 | 2257 | 234
(la,1b)
20 (F.la) 334
7.3 (F.1b)
568 ) 338 | 410430 | 410330 687 | CDCh
(6a.b)
o 32
AcO / 44
AcO F
[133]
HaC, 392 703 361 740 5 673 | 896 | 1335 | 734 | 781 198 acotone—ds
"0 94 92 92 6.0 200 | 1890
HO—<:2:O 480 16.0
HO F




Table 3 (Continued)

OAC 495 449 553 5.00 399 | 425(6a) | 969 873 70.6 68.1 672 613 CDCI,
4.08 (6b)
39 9.6 93 95 46(56a) | 124 204 | 1945 | 195 72
2.4 (5.6b)
<05 492 2.1 <05
5.76 F¥) 532 479 373 124 oIl 885 726 709, 72.7 17.1 CDCI,
82 9.0 9.4 9.8 62 240 | 1920 | 140
32 51.0 14.0
5.01 490 467 551 450 | 447(6a) | 992 89.0 52.1 66.1 66.5 63.1 | -1882 | pyridine-ds
457 (6b)
20 45 45 85 20(5.6a) | 125 316 | 1781 | 267
5.5 (5,6b)
10.5 46.0 9.0 20
6.60 474 5.45 5.50 449 | 415(6a) | 869 842 68.9 67.5 703 60.7 | -1953 | CDCL,
4.09 (6b)
42 96 33 12 62(56a) | 114 256 | 1950 | 180 76
6.8 (5,6b)
50.0 134 35
527 437 533 399 381 321 (6a) | 793 87.0 73.7 675 76.1 61.4 CDCI,
4.04 (6b)
102 8.8 9.8 938 4.6 (5.6a) 125 240 | 1910 | 200 7.0
22 (5.6b)
20 496 14.1
5.40 787 514 532 434 | 429(6a) | 823 88.7 703 68.9 66.0 621 | -1894 | CDCHL,
4.08 (6b) :
o 18 25 10.0 938 49(56a) | 122 26 | 1875 | 175
ACO SCaHiy 2.5 (5,6b)
153 49.8 278
AcO  F
[72]
0 5.74 467 520 534 41.38 917 86.5 70.1 68.0 64.2 CDCI,
AcO" “OAc (Sab)
75 92 35 13 (5a.5b) 25 186 20
A0 F 48 50.9 12.4




Table 3 (Continued)

5.01 4.44 426 3.70 3.79 (5a) 92.1 872 71.6 67.1 59.0 -201.1 | acetone-dg
3.46 (5b)
3.1 3.1 9.8 (4.5a) 11.1 197.0 10.0
48 (4.5b) | (5a,5b)
3.1 46.6 3.1
4.56 3.72-3.94 | 3.72-3.94 3.42 372394 | 974 116.1 775 79.2° 66.5 68.3 -118.3 CDCly
(62) | ®b) -
4.38 (6b) -136.0
(Fa)
10.0 5.0 (5,6b) 10.5 28,20 | 255.0 193 8.7 2515
(Fa,b,C) | (Fa,b,0) | (Fab,0) | (F.0)
15.0 (Fa,1) 15.0 (Fa,3)
4.2 (Fb,3)
4.60 3.84 3.77 425 3.69(6a) | 1000 | 1158 78.2 78.5 62.4 69.6 -107.1 CDCls
4.30 (6b) (Fb)
-116.9
. (Fa)
10.0 10.0 (5,6a) 10.0 40,28 268,240 [ 32,21 7.0 271.0
5.5(5,6b) | (Fa,b,C) | (Fa,b,C) | (Fab,C) | (F,0)
9.0 (Fa,1)
1.0 (Fb,1)
5.69 475 488 421-4.24 84.5 1136 81.6 782 724 1278 CDCl;
(5a,b)
6.6 273 246.9 215
132 13
4.81 4.42 5.12 5.42 3.88-4.18 | 3.884.18 | 88.0 87.4 70.9 67.5 72.8 61.1 -205.5 CDCl;
(6a,b)
8.5 9.7 35 1.0 23.1 188.7 18.8 3.2
4.0 50.8 13.0 26
3.82 (1a) 3.89 430 430 416 (6a) | 64.1 104.7 71.6 72.8 72.4 62.4 CDCl;
3.76 (1b) 4.02 (6b)
15.1 75 3.5 (5,6a) 13.0 26.1 228.0 26.5 35
(1a,1b) - 2.4 (5,6b)
23.0 (F,1a) 254 2.4 (F,6b)
23 (F,1b)
4.86 5.64 425-432 3.93 3.81(6a) | 955 156.5 107.3 75.6 65.4 69.5 CDCls
425432
(6b)
1.8 8.7 4.5 (5,6b) 10.0 342 272.0 12.9 7.7
10.0 (5,6a) | (6a,6b)
0.5 135 6.5

2 For further examples (fluorine atom at C-2) see Refs. [142-144].




Table 4

NMR data for pyranoses with fluorine atom at C-3 2

5.0 (F.4b)

Structure o[ppm] | H-1 H-2 H-3 H-4 H-5 H6 | C-1 | C2|C3|C4)|CS5]|C6] F |Solvent
J [Hz] Ji2 D3 J34 Jis Js6 Joaso | Jrc1 | Jrca | Jres | Jrca | Jres | Jrceo | JRF
Jr.1 Jr2 Jr3 Jra Jrs Jr6
o on 388 (1a) 351 398 380 | 353(6a) | 6d4dor | 971 892 | 680 | 705 | 6ddor | 2094 D0
HOw L8 T\, 3.55 (Ib) 341(6b) | 643 64.3
\4 3% —OH 12.9 9.8 3.6 16(5.6a) | 121 19.1 183.1 17.5 84
Ho' ¥ 1(zlagt;) 503 133 o
. ,la . ..
[145] 20 (F 1ty
on 523 3.80 502 | 208(3a) | 405 | 363(6a | 942 | 743 | 884 | 287 | 689 | 6353 | 1923 | CDCL+
, 1.79 (4b) 3.60 (6b) D,0
o 20 30 | 1200343 | 120 | 65663 | 120 9.0 150 | 1820 | 200 1.0 30
OH 50(34b) | (4adb) | 33 (5.6b)
12,0 (4a,5)
2.5 (4b.5)
£ OBn 535 6.0 470 | 85 (F4a)
[146] 5.5 (F.4b)
oH 360 3.80 473 | 204(da) | 348 | 368(6a) | 934 | 755 | 909 | 276 | 715 | 648 | -1866 | CDCL+
1.81 (4b) 3.63 (6b) D0
o s 30 |1200G4a) | 120 | 35Ge6a | 120 10.7 150 | 1850 | 200 1.0 3.0
oH 50(34b) | (4a4b) | 6.0 (5.6b)
12.0 (4a.5)
23 (4b.5)
23 65 465 | 85 (Fda)
5.0 (F.4b)
514 320 502 | 160da) | 400 | 371(6a) | 944 | 778 | 883 | 321 700 | 647 | 2010 | CDCL+
1.94 (4b) 3.53 (6b) D0
80 25 2104 | 134 | 30G.6a | 120 30 170 | 1755 | 200
3.5(34b) | (4adb) | 6.0 (5.6b)
11.7 (4a.5)
2.3 (4b.5)
T 285 504|435 (Fda)
11.0
(F.4b)
628 530 546 302 | 370394 | 3.70394 1936 | Me.S50d.
33 95
12 363 305
779 363 766 | 1540 T34 1884 | CDCh
2.15 (4b)
40 90 | 115 (3.4a)
5.5 (3.4b)
40 13.5 530|120 (F4a)




Table 4 (Continued)

4.85 4.17 4.93 4.06 3.78 3.93(6a) | 100.8 57.5 90.0 73.4 63.3 624 | -195.8 | pyridine-ds
4.01 (6b) (®C,”F)
35 10.0 9.5 9.5 10.5 (5,6a) 10.5 8.9 172 189.6 16.7 74 pyridine-ds
6.0 (5,6b) /D0 14:1
35 11.0 54.0 11.0 (H)
5.64 4.80 5.50 4.80 4.49 392 (6a) | 80.7 69.7 87.8 672 722 624 | -211.0 CDCls
3.53 (6b)
o 6.9 0.5 0.5 9.2 3.8 (5,6a) 12.1 74 9.1 177.6 14.8
BZzOww Theo 289 53.7 289
4.40 5.28 4.61 5.55 383 [4.17(6ab)| 1008 70.0 89.0 67.0 69.9 61.4 | -200.3 CDCly
8.0 9.5 35 1.0 6.5 10.6 25.7 194.0 16.6 2.4
(5,6a,b)
AcO 12.0 47.0 6.0 1.0
6.07 4.73 4.17 3.89-4.05 | 3.89-4.05 -199.4 CDCly
(6a,b)
9.8
51.9 28.8
6.57 6.67 510 [4.37(6ab) -202.4 CDCl;
1.7
0 11.2 75
\ Theo
F o]
[151]
0 454 3.50-3.70 400 423(6b) | 99.0 74.8 1185 77.8 60.3 68.7 | -1153 CDCl;
ph.,.....< 3.50-3.70 -130.2
Ol Yo OMe (6a)
_ 4.0 10.2 5.0 (5.6b) 10.3 3.0 18.5 245 18.5 236.7
F £ OBn 10.2 (5,6a) |  (6a,6b) (Fa,b,C) | (Fab,C) | (Fa,b,C)
4.0 18.5 (Fa,2) 18.5 (Fa4) 2.5 (F,6b)
[116]

2 For further examples (fluorine atom at C-3) see Refs. [152-156].




Table 5

NMR data for pyranoses with fluorine atom at C-4*

(Fb,5)

Structure O6[ppm] | H-1 H-2 H-3 H-4 H-5 H6 [C-1 | C2|C3|C4|C5]CH6 F | Solvent
J [Hz] Ji2 J23 J34 Jas Js6 Joasb | Jrce1 | Jrca | Jres | Jrca | Jres | Jrce | JEE
Jr1 Jr2 Jr3 Jr4 JEs Jr6
353 %0 383 740 780 13336y | 952 | 1336 | 1217 | 8 | 742 | 613 | 1715 | cbch
3.88 (6b)
34 96 a5 15 | 67G6a | 80
1.8 (5.6b)
472
357 624 378 765 | 3856a) | 956 | 1351 | 1220 | 1630 | 755 | 755 | 954 | cDCh,
3.95 (6b) 1178
280.0
526 513 345 | 3.7663) 1261 | CDCh
3.95 (6b) (Fa)
1195
(Fb)
35 8066 | 113 2750
3.0 (5.6b)
225
(Fb,5)
3.0 (Fa5)
745 5.59 265 | 397 (6ap) 1244 | CDChL
(Fa)
1235
(Fb)
6.4 282.8
30 18.6 (Fa,5)
(Fab,2) 9.8 (Fb,5)
6.52 404 385 241 | 381 (6a) 1251 | CDCh
3.95 (6b) (Fa)
1214
(Fb)
56 56 T7G6a) | 110 256.3
2.2 (5.6b)
56 | 80(03) 237




Table 5 (Continued)

FaC, 6.61 544 610 Y 301 138 9.6 701 705 o138 579 73 CDCT;
o 4.0 10.4 93 10.0 6.1 77 198 | 1883 | 237
F 0Bz 34 0.9 13.0 30.0 40 10
5.68 307 332 5.00 329 | 420 (6ab)| 878 67.5 8.5 858 713 0.9 216 CDCh,
39 10.7 26 2.6 17.1 1856 | 18.1
265 475
6.25 1.0 76.9 68.8 85.8 68.1 514 | 2194 | CDCL
40 24 186 | 1866 | 186 6.1
26.4 503 26.4
345 390412 | 510 502 | 300412 | 464 6a) | 1031 | 694 712 86.3 735 619 | 2164 | CDCh,
451 (6b)
73 105 30 65 (5.60) TT.0 172 | 1860 | 188 37
7.5 (5.6b)
-+ O(CHp)7CH
(CHalrCHs 10 27.0 3500 27.0 1.0 (F.6a)
BzO  OH
[150]

2 For further examples (fluorine atom

at C-4) see Refs. [161-163].




Table 6

NMR data for pyranoses with fluorine atom at C-5°2
Structure S[ppm] | H-1 H-2 H-3 H-4 H-5 H-6 C1|C2|1C3|C4]|C5]C-6 F | Solvent
J [Hz] Ji2 3 J34 Jus Jse | Jeasv | Jrc1 | Jrc2 | Jres | Jrca | Jres | Jrcs | JrE
Jr Jr2 Jr3 Jr4 JEs Jr6
F 5.80 366 515 | 293 @) 764 ST | 703 | 653 | 395 | 1128 | 263 Toeh
HC..f o 2.15 (4a)
0Bz 20 104 | 51040 | 136 305 | 2256 | 257
115(.4a) | (dadb)
328 (F.da) 1738
5.0 (F.db)
337Ga) | 524 353 307 TDCh
232 (3b)
133 71 9567
(3a.3b)
115 Bad)
5.9 (3b.4)
AcO 213 509 278
[164]

2 For further examples (fluorine atom at C-5) see Refs. [165,166].




Table 7

NMR data for pyranoses with fluorine atom at C-62

[114]

Structure 6 [ppm]| H-1 H-2 H-3 H-4 H-5 H-6 C-1]| C2| C3 | C4 C-5 | C-6 F | Solvent
J[Hz] Ji2 S J34 Jus Js6 Joasr | Jrct | Jrea | Jres | Jrca | Jres | Jres | JEE
Jri Jr2 Jr3 Jr4 Jr5 Jr6
F 5.60 985 | 704 | 696 | 752 | 734 | 824 | 2308 |Me,504,
o 1.0 63 173 | 1698
HOuwuuer O NO, 25.7 479
(F,6a,b)
487 321 a3 3.58 354 | 468,462 | 1037 | 5750t | 841 | 710 | 762 | 81 | -2352 | cDCh
(62.) 56.0 R
85 100 85 250G6a) | 105 76 174 | 1698 CDCN
4.5 (5,6b) (c)
225 470
(F,6a,b)
448 522 5.03 544 | 387401 | 451(6a) | 1014 | 690 | 709 | 672 | 716 | 809 | 2309 | cCDCh,
4.43 (6b)
80 105 35 10 | 65G6a) 10 60 235 | 1720
5.5 (5.6b)
125 %65
(F,6a,b)
463 3.53 401 3.58 3.84 576 979 | 794 | 815 | 766 | 686 | 1136 | -1326 | CDCh
41352
3.6 97 87 84 11 43 199 | 2438 | 2837
18.4 (Fa,5) | 54 (Fa.0,6)
8.7 (Fb,5)

2 For further examples (fluorine atom at C-6) see Refs. [169-172].




Table 8

NMR data for furanoses with fluorine atom at C-12

Structure S[ppm] | H-1 H-2 H-3 H-4 H-5 H6 | C1|C2|C3|C4|C5]|C6}| F |Solvent
J [Hz] J12 J3 JS34 Jus Js6 Joasdr | Jrc1 | Jrca | Jrea | Jrca | Jres | Jrce | JRF
JE.I Jr2 JE3 Jr4 Jrs Jrs
Aco— 368 374 778 334 528 | 459(6a) | 1133 | 843 783, 80.0 586 | 627 cDe,
L o 416 (6b)
..... F - .
AcO 0 59 38 ] S1G6b) | 125 2227 | 418
2.5 (5.6a)
o__0 592 62 <10
CMe,
[74]
PivO 563 | 458480 | 458480 | 458480 | 430 5a) 1078 | 808 | 815 | 791 532 1500 | cDch,
O ..F 4.17 (5b)
’ 35 35@5a) | 121 236 | 206 22
. 35(4.5b) | (5a,5b)
o__o 4.5 15.1
CMe,
[125]
PO 3.76 372 780 352 | 4.054.20 156 | 853 | 8656 | 811 544 64 | CDCh,
I 0. F (5a,b)
\Q/ 6.0 6.0 223 306 27
— 619
o__0o
CMe,
[125]
Ao 376 339 318 775 530 | 421(6b) | 1116 | 788 | 760 | 801 | 680 | 623 CDCT
A F 4.65 (6a)
AcO’ 0 0 5.1 10.1 2.2 (5,62) 12.6 2293 35.6 23
3.8 (5.6b)
610 38 54
5.00 326 330 766 531 | 413(60) | 1069 | 781 762 | 777 | 612 | 623 CDCT
4.60 (63)
338 35 50 25(G6a) | 123 2355 | 194
4.7 (5.6b)
616 12.6
316 700 793 757 716 128 TS | 834 | 814 | 823 | 734 174 oo,
27 I 6.1 a0 6.4 215 | 292
633 80
6. o
CMez
[174]
320 2.00 392 758 710 T8 1118 | 839 | 815 | 823 | 785 a4 cDCT,
o 23 T 61 36 63 D15 | 214 33
HCu.. ¢ 0% 672 73
4
6\/
CMe,
[174]

2 For further examples (fluorine atom in anomeric position) see Refs. [175-179].




Table 9

NMR data for furanoses with fluorine atom at C-2 2

Structure S[ppm] | H-1 H-2 H-3 H-4 H-5 H6 | C1]C2]C3]|C4)|C5]C-6 F | Solvent
J [Hz] Ji2 J23 Jia4 Jas Jso | Jeasw | Jrca | Jrca | Jres | Jred | Jres | Jrce | JrE
JE1 Jr2 Jr3 Jr4 JEs Jr6
HOM,C_ _O_ _cytosine 6.46 165 338 378 37.1 1083 | 69.0 80.5 3584 71710 | Me,SO-d,
\< Z 3.72 (5a,b)
\—/=S0,pMP 9.0 2.0 (4,52) 13.0 388 | 2290 | 162
WG F 25(4,5b) | (5a,5b)
[180] 225 21.5
o o 512 778 754 (4a) 1706 | 9090 70.7 9.1 CDCT,
4.09 (4b)
7.0 7.0 (3.4a) 95 220 | 1940 | 210 11.0
HO F 7.0 (3.4b) | (4a4b)
[137] 51.0 17.0 1.0 (F4a)
ACO 541 5.64 5.04 130 (5a) 1670 | 867 728 746 0.2 CDCl
°__o 4.26 (5b)
75 75 3.0 (4.53) 13.0 220 | 1960 | 230 8.0
3.0(4,5b) | (5a.5b)
AcO F 52.0 21.0 1.5 (F.5b)
[137]
HO 1726 | 928 71.7 1.8 60.1 D.0
‘\&O 220 | 1960 | 210 10.0
HO F
[137]
BrO 532 173 764 389 169.7 | 954 73.0 73.9 66.8 1987 | CDCL
° o 3.89 (Sa,b)
74 8.1 18 (4.52) 112 1928 | 217
i 1.8(4.55) | (5a.5b)
HO F 528 22.0 2.2 (F.5b)
[181]
BrO 514 | 452-4.60 | 448451 | 3.81-388 1702 | 865 683 73.8 675 2168 | CDCh,
....... O _o (5ab)
(_f v 7038 | 188
184
HO F
[181]
Ho H o 5.36 197 533 708 | 913 309 806 592 748 | -189.3 | acetone-ds
3 o
41 738 14 270 | 1910 | 246 538
o 50.9 205
[182]
HO 524 758 3.89 (5a) 1718 | 878 358 798 613 2085 | CDCly
l.. O_o 3.80 (5b)
(_74 7.0 72 (4.50) 12.1 222 1985 183 56
3.7(45b) | (5a.5b)
HsC F 51.0 11.0
[96]




Table 9 (Continued)

HO 525 2.6-2.85 132 3.98 (5a) 172.5 87.6 35.5 85.8 61.8 2077 CDCl
o _o 3.70 (5b)
6.6 2.4 (4.5) 12.7 20.8 1912 193
L 3.0 (4.5b) | (5a,5b)
HaC F 525 20.4
[96]
HO 5.13 2729 4.48 3.90 (5a) 90.3 39.6 80.2 60.4 1945 CDCl;
l. 9o 3.72 (5b)
10.0 82 2.4 (4,53) 127 190.3 19.2 8.0
14 (4,5b) | (5a,5b)
HaC F 53.4 26.0
[96]
HO 4.84 2628 4.05 3.92 (5a) 1712 91.7 374 82.2 60.8 2002 CDCl,
o _o 3.64 (5b)
10.2 938 2.4 (4,52) 132 225 197.8 19.4 7.6
4.6 (4,5b) | (5a,5b)
HsC F 52.0 219
[96]
BzO 5.76 4.99 4.69 162.5 111.6 69.5 78.5 62.3 CDCl;y
oo 4.76 (5a,b)
32.1 258 15.7 56
SI~F 33.6 263 30.7
B2O F (Fa,b,C) | (Fa,b.C) | (Fa,b.C)
[183]
BzO 6.13 557 4.84 4.66 99.6 1222 71.0 82.8 62.5 CDCl;
O ..oMs 4.76 (5a,b)
255 259 183
STISF 483 286 38.5
BzO F (Fab,C) | (Fab.C) | (Fa.b,C)
[183]
HO 6.17 436 4.04 3.83 36.8 1249 72.1 83.4 62.2 D,0
O _uracil 3.98 (5a,b)
24.4 257 19.3 7.1
SISF 40.0 261 272
HO F (Fa,b.C) | (Fa,b.C) | (Fa,b.C)
[183]
BnO 5.06 482 4.00-4.20 | 4.00-4.20 | 3.62 (5a.b) 106.1 99.3 76.3 83.9 70.0 CDCl,
O ..OMe <1.0 <10 5.0 (4,52) 34.4 181.8 173 <2.0
5.0 (4,5b)
; 10.0 50.0
HO F
[184] .
BnO 532 4.58 430 3.84 (5a) 103.2 88.4 205.9 78.1 69.0 CDCl;
0 ...0Me 3.78 (5b)
15 1.5 (4.53) 10.0 289 189.2 134 <2.0
25(4,5b) | (5a5b)
o F 9.0 50.5 35
[184]
BnO 5.30 5.16 4.14 | 3.75 (5a.b) 982 89.4 205.1 76.5 68.0 CDCl;
O ..OMe ° 45 2.5 (4,52) 146 | 2099 | 273 37
2.5 (4,5b)
<1.0 49.5 <1.0
0 F
[184]




Table 9 (Continued)

) 5.06 791 417 426 ]3.62 (3a.b) 1015 | 885 70.1 843 69.7 CDCly
O ..OMe 40 55 3.0 (4.53) 165 | 201.0 15.9 2.1
3.0 (4,5b)
<1.0 50.0
HO F
[184]
BrO 508 777 . 727 3.84 (5a) 1047 | 935 713 778 9.0 <DCl,
O .om 3.75 (5b)
- OMe
<1.0 45 6.5 35 (4,53) 11.0 30.0 185.1 16.0 2.0
4.0(4,5) | (5a.5b)
HO F 10.0 525
[184]
HO 5.28 4.79 420 4.06 3.65 (5a) -217.5 | acetone-ds
0L .oH 3.56 (5b)
34 46 85 4 (4.52) 14
~ 3(4,56) | (5a.5b)
HO F 12.5 533 206
[138]
HO 529 762 336 394 3.72 (5a) 99.5 96.0 70.5 834 625 2079 | acetone-ds
O _om 3.59 (5b)
06 41 73 35 (4.50) 28 174 13
Pt 3.5 (4,5b)
HO F 108 541 252
[138]
HO 5.06 5.25 1.802.60 | 425 |3.65 (5ab) 35.9 o1.1 328 775 63.0 D0 ('H)
O(__cytosine (3a,b) Me,SO-d;
3.0 16.0 185.0 20.0 o)
19.0 53.0
F
[185]
HO - 398 (1a) 125 712 435 | 3.80(6ab)| 622 1132 | 800 623 CDCl
o} 3.87 (1b) .
o 152 0.0 , 379 226 335
/ (1a,1b)
HO ~ O7CMe, 63 (F.1a) 47
[141] 52 (F,1b)
MsO 5.10 798 2.99 755 732 (5a) 1092 | 100.7 | 73.0 80.1 713 71903 | CD:CN
O___oMe 421 (5b)
26 71 72 2.8 (4.53) 13 359 1810 | 204 36
89 (4.5b) | (5a.5b)
(Me)N F 156 336 282
[186]
0. 774 (1a) 794 726 729 (5a) 741 1022 | 78.7 733 1.0 11 | Me,SO-d,
0/" """" 4.44 (1b) 4.24 (5b)
\\f\/_z. . 1.0 73 15 (4,50) 125 220 | 1771 343
A~ (1a,1b) (5a,5b)
Ph & SN 3.0 (F,13) 80 38
\={ 26.0 (F.1b)
COOEt
[187]

2 For further examples (fluorine atom at C-2) see Refs. [188-190].




Table 10

NMR data for furanoses with fluorine atom at C-3 2

Structure o[ppm]| H-1 H-2 H-3 H-4 H-5 H6 | C1 | C2 | C3 | C4 | C5 | C6 F | Solvent
J [Hz] Ji2 D3 J34 Jus Js6 Joago | Jrc1 | Jrca | Jrea | Jrca | Jres | Jres | JeE
JE.1 Jr2 Jr3 Jra Jrs JE6
BnO 487 4.04 477 | 433 | 3.66(5a) 1101 | 777 | 973 832 | 693 CDCl,
O ...OMe 3.61 (5b)
: <10 <10 18 24 (452) | 108 <20 | 244 | 1874 | 271 91
2.4 (4,5b) | (5a,5b)
F  OH 12.9 51.6 26.1
[184]
BnO 467 449 440 | 3.69 (5a,0) 1060 | 992 | 937 | 815 | 693 CDCl;
O__..OMe 1.8 3.6 (4,52) <20 183 | 1916 | 26.0 8.1
3.6 (4,5b)
SO 54.0 26.4
F HO
[184]
BrO 4.86 4.70 448 | 3.74 (52) 98.1 99.2 867 | 764 | 676 CDCl,
O .ome 3.68 (5b)
: 23 55(@5a) | 100 <20 183 | 1958 | 260 | <20
L-oH 6.0 (4,5b) | (5a,5b)
F HO 12 54.0 272 | 1.8 (F,5b)
[184]
BnO 436 410 526 435 | 3.75(5a) 108.1 | 7480r | 912 | 7480r | 67.1 CDCl,
O .oMe 3.63 (5b) 76.6 76.6
18 51 57 42452 | 108 <20 | 1580r | 1922 | 1580r | 92
3.6 (4,5b) | (5a,5b) 14.0 14.0
F OH 18 72 537 159 | 1.8 (F,5a)
[184] 1.8 (F,5b)
BrO 5.07 436 494 438 | 3.71 (%) 101.7 | 7650r | 97.1 | 7650r | 674 CDCl,
O .oMe 3.64 (5b) 77.3 77.3
49 24 37 49452 | 105 45 | 2890r | 1812 | 2890r | 104
6.7 (4,5) | (5a,5b) 20.4 20.4
F OH 196 5238 250 | 1.2 (F,5b)
[184] , :
BzO 5.67 230(2a) | 524 479 | 4.38 (52) 99.1 403 | %5 822 | 63.8 1736 | CDCh,
0...OH 2.36 (2b) 4.41 (5b)
52(1,2a) | 5.5 (2a,3) 12 50(452) | 116 207 | 1774 | 258 10.0
; <03(1,2b) | <0.9 45(4,5b) | (52,5b)
F (2b,3)
150
[191] Q)
39.0 (F2a)| 550 251
230

(F.2b)




Table 10 (Continued)

BzO 2.84 (2a) 5.36 5.01 4.52 (5a) 173.2 35.8 90.0 82.5 63.1 CDCl
o o 3.00 (2b) 4.65 (5b)
19.0 3.9 (4,5a) 12.5 239 1824 27.0 10.7
(2a.2b) 31450 | (5ab)
F 1.4 (2a,3)
5.8 (2b,3)
[191] 270 (F2a)| 530 15 (F,53)
33.0
(F.2b)
BzO 2.91 (2a,b) 5.48 4.85 4.62 (5a) 36.5 88.8 81.0 61.7 -195.9 CDCls
°. o 4.80 (5b)
25.0 186.0 20.0 14.0
53.0
F
[191]
6.33 2.50 5.34 4.10 3.53 82.3 37.0 95.2 84.5 61.2 -177.1 Me,SO-ds
o (ab) (5a,)
L@/ " 204 1733 222 11.6
R
) 53.9 27.9
-
[192]
BzO 4.40-4.64 5.48 5.28 4.40-4.64 | 4.40-4.64 69.2 71.7 90.4 80.2 63.8 CDCl3
O. (1a) (5a,b)
4.06 (1b)
F:- :DBZ 9.5 (1a,1b) 5.0 35 <1.0 14.6 192.0 248 7.3
6.5 (1b,2)
(193] 1.5 (F,1b) 13 535
BzO 6.74 2.60 (2a) 532 4.84 4.52 (5a) 98.7 394 93.1 84.1 63.6 CDCls3
O .08z 2.50 (2b) 4.43 (5b)
<1.0 (1,2a) 15.6 12 42 12.0 <1.0 21.0 180.8 26.9 10.0
) 54(12b) | (a2b) (4,530) | (5a,5b)
3 12 (22,3)
5.4 (2b,3)
[193] 384 55.2 27.6
(F,2b)
22.8 (F,2a)
BzO 6.73 2.64,2.78 543 4.70 4.50 (5a) 99.2 394 93.5 833 63.6 CDCls
O _ogs Qa)b) 4.46 (5b)
35,55 15.6 2.0 54 12.0 <1.0 21.8 181.5 25.2 8.9
) (.2ab) | (a2b) (4,530) | (5,5b)
F 35,55
(2a,b,3)
[193] 27.6,25.8 54.6 21.6
(F.2ab)




Table 10 (Continued

o 5.96 472 5.06 4.08 3839 | 4.60(6a) | 1042 81.1 92.7 78.0 57.8 82.5 CDCl;
4.79 (6b)
37 0 2.1 10.0 6.5 (5,6a) 9.9 324 1855 19.7 72 1733
2.4 (5,6b) ®.,0) | 0 | #,0 | F0 | (F60)
18.4
(F6,C)
0 105 49.9 274 47.1
(F3,2) #33) | . (F3.4) (F6,62)
46.6
(F6,6b)
4.48 3.80 442 3.78 339 322(6a) | 109.3 83.7 98.3 79.1 71.8 634 | -188.9 D,0
3.14 (6b)
19 4.0 46 42,68 118 43 274 1824 253 6.4
(5,6a,b)
F OH 16.6 54.8 245
[162]
HO 5.16 2.18 (2a) 521 4.17 3.47 (5a) 106.3 40.4 95.6 86.3 63.2 acetone-ds
O _oMe 2.34 (2b) 3.56 (5b)
3.4(1,2a) 15.0 12 7.1 (4,52) 114 21.6 175.6 226 10.0
) 57(1,2b) | (2a,2b) 5.1(4,5b) | (5a,5b)
3 5.9 (2a,3)
2.5 (2b,3)
[195] 29.0 (F,2a)| 550 236 5.8 (F,5a)
29.6 6.2 (F,5b)
(F,2b) ] .
HO 5.06 2.06 (2a) 5.08 4.19 3.53 (5a) 105.8 40.1 94.6 85.5 62.4 acetone-ds
L(_Oj"IOMe 2.24 (2b) 3.63 (5b)
0.8 (1,2a) 14.9 2.1 42 (4,52) 11.8 21.1 177.6 23.6 9.6
) 55(1,2b) | (2a,2b) 42(4,5b) | (5a,5b)
3 1.0 (22,3)
6.7 (2b,3)
[195] 261 (F2a)| 564 262 | 5.5 (F,5a)
35.9 6.2 (F,5b)
(F,2b)
BnO 4.50-4.70 517 4.50-4.70 ‘| 3.79 (5a,b) 1736 | 9180r | 762 | 91.80r | 67.8 CDCl,
o_ o 95.5 95.5
4.4 42 379.2
532
F OH
[196]
MsO 492 2.81 5.05 421-4.40 | 4.21-4.40 1056 | 7490r | 977 | 7490r | 716 -186.4 | CD:CN
O _OMe (5a,b) 80.7 80.7
4.4 7.0 4.4 107 | 1870r | 1820 | 187or 5.7
) 29.1 29.1
F N(Me), 0 25.8 57.6 252
[186]

2 For further examples (fluorine atom at C-3) see Refs. [197-201].




Table 11

NMR data for furanoses with fluorine atom at C-4

Structure S[ppm] | H-1 H-2 H-3 H-4 H-5 H6 | C1|C2[C3|C4|CS5|Co6] F |Solvent
J[Hz] | Ji» J23 J34 Jas Jse | Jeaev | Jrca | Jeca | Jrcs | Jrca | Jres | Jrcs | JEF
Jr.1 Jr2 Jr3 Jra Jr s Jis
I .30 529 5.49 3.463.65 1037 | CDCh
[e) (5a,b)
Adenine-9-yl 1.0 6.4
FoA 122 13.5
16.5
o_ 0
“CMe, (F,5,b)
[202]
HO 6.26 516 5.50 3.90 1149 | cDCl,
o (5ab) ('H)
Adenine-9-yi 25 7.0 CD;0b
A 90 122 (°F)
H Y 122
o_ 0
\C/M e (F,5a.,b)
[202]
Ho 6.46:6.54 | 2.903.03 | 4.84-4.96 702 (50) 1245 | CDCh
(2a) 3.87(5b)
\ O\ —~Ade(Br; 2.57-2.68
F (2b)
62 (1,2a) | 5.1 (2b.3) 1.9
BnO 6.8(1.2b) | 7.1 2a3) (5a,5b)
[202] 132
(2a,2b)
18 8.6 1.6 (F,53)
1.5 (F,5b)
Ho 686692 | 2.802.90 | 447 3.96-4.06 71075 | CDChy
L oo Ade(@n) (2a) (5a.b)
e(Bn), 2.59-2.70
a0 (2b)
65 (1.22) | 44 (2b3)
BnO 7.5 (1,2b) 142
[202] (2a.2b)
7.5 44




Table 12

NMR data for furanoses with fluorine atom at C-5

[205]

Structure S[ppm] | H-1 H-2 H-3 H-4 H-5 H6 | C1|C2|C3|C4]|C5]C¢C-6 F | Solvent
J [Hz] Ji2 J23 J34 Jas Jse | Jeaev | Jrc1 | Jrca | Jrcs | Jres | Jres | Jrcs | JRF
Jr,1 Jr2 Jr3 Jra Jrs Jr6
ro. 9 o 793 301 778 1717 | 75.60r | 7560r | 75.1 1217 725 CDC,
3 (_7/ 743 74.3
e 54 41 350 | 2798
o\ /b 58
CMez
[203]
Fso...é/oH 5.55 768 796 347 1015 | 849 78.6 776 | 1230 12 CDC,
538 12 0.6 324 | 2790
O\ /O 6.3
CMez
[203]
F 5.89 339 718 752 | 463 (5ab) 92.8 81.0 76.0 858 833 CD,0D
O .. thymine 4.6 4.6 6.4 19.2 170.3
214 482
HO  OH
[204]
F 6.17 5.26 701 326 | 462 (5ab) 915 2.7 79.7 851 818 Me,SO-dy
KG/RZ 20 75 187 | _167.0
6_ 0
CMez




Table 13
NMR data for furanoses with fluorine atom at C-6

Structure o[ppm]| H-1 H-2 H-3 H-4 H-5 H-6 C1| C2| C3 |C4 | C5 ] C6 F | Solvent
J [Hz] Ji2 Ja3 J34 Jis Jss Joasp | Jrcot | Jrca | Jrea | Jrca | Jres | Jres| JiE
JE1 Jr2 Jr3 Jr4 JEs Jrs
oH 5.72 430 375 .26 421 1052 | 824 | 829 | 768 | 687 | 1244 | -7180 CeDs

0. 3.8 0 34 53 31.0 281.6
FAC ~ ) 0 o3
H \ .
''''' /CMez
Al o




Table 14
NMR data for furanoses with fluorine atom in 1’-position

Structure S[ppm] | H-1 H-2 H-3 H-4 H-5 Ho6 | C-1 | C2]C3|C4]C5|Co F | Solvent
J [Hz] Ji2 23 J34 Jus Js6 Joasw | Jrcar | Jrc | Jres | Jrca | Jres | Jree | JRE
Jr.1 Jr2 Jr3 Jra4 Jrs Jre
TBOMSO 528 781 145 377 14900 | 1214 1056 | CDCh,
s o, F 3.72 (6a,b) -1226
N 6.1 11.2 285 19.0
\« 3 F 270 13.0
Fy (Fab,C) | (Fab,C)
98.0
- 534 771 396 4.42 1504 | 11838 71004 | CDCh,
6.1 42 8.4 6.7 (6,72) 290 49.0 1175
70(6,70) | 274 14.0
(Fab,C) | (Fab.C)
83.0
535 1.86 392 746 1504 | 11838 1020 | CDCh
-118.0
6.0 38 738 566,7a) | 288 49.0 83.0
49(6,70) | 274 14.0
(Fab,C) | (Fab,C)
5.88 522 786 429 445 1109 | 103.6 71238 | CDCh,
-129.6
56 32 83 66(6,7a) | 250 350 3930
6.6 (6,7b) 244 22,0
(Fab,C) | (Fab.C)
569, 53.7
(Fa,b,1)
637 5.10 769 7.07 742 1600 | CDCh
6.1 44 8.3 6.7 (6,7a)
6.7 (6,7b)
74.7
5.90 3.60 783 783 3.60 341 1145 | 80.1 1278 | CDClL
66 32 78 58 (6,7a) | 243 23.0
46(670) | 238 23.0
(Fa.b,C) | (Fa,b,C)
574,535
(Fa,b,1)
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4. NMR tables

Table 2 [114—126], Table 3 [72,115,116,131 -
141], Table 4 [116,135,145-151], Table 5
[89,150,157-160], Table 6 [89,164], Table 7
[114,150,167,168], Table 8 [74,125,173,174],
Table 9 [96,137,138,141,180—187], Table 10

Glossary
List of used abbreviations:
N(Bn)2
Ade(Bn), N7 SN
LY

o)
NPht N

o)
pMP 4-Methoxyphenyl
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