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'H and '*C NMR Data for 3-O-, 4-O- and 3,4-Di-
O-glycosylated Methyl a-L-Rhamnopyranosides’
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'H and 13*C NMR data for a series of 3-O-, 4-O- and 3,4-di-O-glycosylated methyl a-L-rhamnopyranosides are
presented. The glycosylation effects on the spectra of disaccharides and the deviation from additivity values in the

spectra of trisaccharides were determined.
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INTRODUCTION

To develop a computerized approach for the structural
elucidation of regular branched polysaccharides,??
series of different branched trisaccharides need to be
studied.* This examination is necessary for the eluci-
dation of both glycosylation effect databases and devi-
ations from additivity, which are used in computational
calculations.®> Previously, series of 2,3-di-O-glycosyl
derivatives of methyl a-L-thamnopyranoside,>’ methyl
a-D-mannopyranoside,® 3,4-di-O-glycosylated methyl
a-3° and p-pD-galactopyranosides'® were studied as
models with 2,3- and 4,3-axial-equatorial branching
points, respectively, and series of 2,3-di-O-glycosylated
methyl «- and p-D-glucopyranosides!!-'®> and B-p-
galactopyranosides'?!3 were investigated as models
with 2,3-di-equatorial branching. To develop a database
for structures with 3,4-di-equatorial branching points
we examined 13C NMR spectra of the 3,4-di-O-glycosyl
derivatives of methyl a-L-rhamnopyranoside (1-16) that
have monosaccharide substituents with the a-D-, -D-,
o-L- and B-L-configurations. Together with trisaccha-
rides 1-16 respective consistent disaccharides (17-24)
were also studied. An NMR study of the trisaccharides
1-16 and the disaccharides 17-24 is described in this

paper.

RESULTS AND DISCUSSION

Tables 1 and 2 give the 'H NMR and !*C NMR chemi-
cal shifts for compounds 1-24. The assignments of the

* Correspondence to: A. S. Shashkov.

1 Synthesis, NMR and Conformational Studies of Branched Oligo-
saccharides. Part 17. For Part 16, see Ref. 1.

Contract grant sponsor: RFF1, Contract grant number: 93-03-18196.

© 1997 by John Wiley & Sons, Ltd.

signals in the spectra for disaccharides 17 and 20 were
taken from Ref. 4, for 18 from Ref. 14 and for 19 from
Ref. 6. The 13C data obtained for 22 and 23 are in good
agreement with the published values.!*!5 For other
compounds (1-16, 21 and 24), '"H NMR and *C NMR
spectra were recorded and assigned. Assignments of the
'H NMR spectra (Table 1) of these compounds were
made*® using a combination of COSY and relayed and
double-relayed coherence transfer COSY 2D experi-
ments, in addition to 1D double resonance in the differ-
ence mode as described.!® Assignments of the '3C
NMR spectra (Table 2) were made*® by using 2D
1H-13C correlation spectroscopy and !3C NMR data
for the corresponding methyl glycosides in cases of gly-
cosylating sugar residues.

The glycosylation effects'® in the '3C NMR spectra
of disaccharides, which are the differences in chemical

X-(1-3)

AN
o — L-Rha-OMe X~(1 - 3)-a-L-Rha-OMe
7

Y-(1-4)

X Y X
1 o-D-Man o-D-Man 17 oa-D-Man
2 a-D-Man B-D-Glc 18 pB-p-Glc
3 oa-D-Man o-L-Rha 19 «-L-Rha
4 o-D-Man p-L-Fuc 20 fS-L-Fuc
5 B-p-Glc o-D-Man
6 pB-p-Glc p-D-Glc Y-(1 - 4)-a-L-Rha-OMe
7 B-p-Glc o-L-Rha
8 p-p-Glc B-L-Fuc Y
9 o-L-Rha o-D-Man 21 o-D-Man
10 o-L-Rha p-D-Glc 22 B-p-Gle
11 «-L-Rha o-L-Rha 23 o-L-Rha
12 o-L-Rha B-L-Fuc 24 B-L-Fuc
13 B-L-Fuc a-D-Man
14 p-L-Fuc B-D-Glc
15 B-L-Fuc a-L-Rha
16 p-L-Fuc B-L-Fuc
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'H AND !3C NMR DATA FOR «-L.-RHAMNOPYRANOSIDES 415
Table 1. '"H NMR data (D,O, é in ppm, J in Hz) for oligosaccharides 1-16, 21 and 24
Compound Residue H-1 H-2 H-3 H-4 H-5 H-6a H-6b  OMe Jia Jaoa Jaa Jas Js.6a Jsev  Jeasb
1 o-D-Man-(1 »3)- 5.06 4.00 3.87 3.65 19 30 90 9.0
a-D-Man-(1 ->4)- 510 399 381 3.67 19 35 95 9.5
o-L-Rha-OMe 474 420 402 375 385 1.36 3.41 25 25 856 8.5 6.0
2 o-D-Man-(1 -»3)- 5.07 398 390 367 ° 387 *® 20 35 95 9.5
B-b-Glc-(1 -4)- 466 326 ° b b 390 374 75 85
a-L-Rha-OMe 473 419 4.04 39 135 — 3.40 25 25 85 85 6.0
3 o-D-Man-(1 ->3)- 5.08 400 379 371 360 392 3.77 1.9 25 12,5
o-L.-Rha-(1>4)- 515 4.03 3.73 349 381 1.31 1.5 9.6 9.6 6.5
o-L-Rha-OMe 475 424 402 372 383 137 — 3.41 22 22 96 9.6 6.0
4 a-D-Man-(1 ->3)- 498 395 417 363 431 385 3.77 20 35 100 100 25 50 125
p-L-Fuc-(1->4)- 445 336 361 371 374 1.30 80 100 35 <1 6.5
a-L-Rha-OMe 473 414 394 370 382 1.37 3.40 20 20 95 9.5 6.0
5 B-b-Glc-(1 -3)- 464 334 ° b b 3.88 3.73 75
a-D-Man-(1 ->4)- 511 399 384 368 402 ° ° 20 30 95 9.5
o-L-Rha-OMe 470 422 403 3.88 383 1.36 3.40 25 25 8.0 8.0 6.0
6 B-p-Glc-(1 »3)- 4.67 3.35 388 374 75 21 65 13.0
B-b-Glc-(1 - 4)- 477 324 ¢ d d 390 3.72 80 8.0 1.5 45 125
a-L-Rha-OMe 468 416 401 381 375 1.35 3.39 19 32 90 6.0
7 B-b-Gle-(1-3)- 461 335 351 ° b 390 3.73 8.0 <1 80 11.8
a-L.-Rha-(1>4)- 524 410 3.72 348 380 1.30 20 32 095 9.5 6.2
o-L-Rha-OMe 470 421 400 3.68 382 1.36 3.41 20 3.0 90 9.0 6.0
8 B-0-Glec-(1 -»3)- 453 334 349 ° b 389 373 75 90 75 <1 50 125
p-L-Fuc-(1->4)- 448 349 365 374 378 1.29 75 95 35 6.5
a-L-Rha-OMe 469 416 389 371 384 1.39 3.40 20 30 90 9.0 6.0
9 o-L-Rha-(1 ->3)- 5.01 410 3.81 346 ° 1.35 <1 30 95 9.5 6.0
a-D-Man-(1 - 4)- 5.05 397 381 368 ° ° ° 20 20 90 9.0 —
o-L-Rha-OMe 465 4.00 390 368 ° 1.28 3.40 20 20 90 9.0 6.0
10 B-L-Rha-(1 - 3)- 496 4.04 374 439 374 1.21" 15 30 95 9.5 6.5
B-b-Glc-(1 - 4)- 455 321 f f f 3.84 3.68 80 90 20 125
a-L-Rha-OMe 459 392 389 ¢ o 1.28" 3.33 20 30 6.0
11 o-L-Rha-(1 ->3)- 497 396 384 346 385 1.28 15 30 95 9.5 6.3
o-L-Rha-(1 ->4)- 5.05 391 372 348 381 1.30 156 25 95 9.5 6.0
o-L-Rha-OMe 466 4.02 393 363 382 1.35 3.40 20 3.0 95 9.5 6.0
12 a-L-Rha-(1-3)- 512 414 3.80 3.44 1.27 1.8 35 95 9.5 6.5
p-L-Fuc-(1 -4)- 443 343 364 372 3.76 1.37 75 100 35 <1 6.0
a-L-Rha-OMe 465 398 3.88 3.69 1.27 3.39 20 30 90 9.0 6.5
13 p-L-Fuc-(1->3)- 442 346 362 372 374 1.27 75 95 35 <1 6.5
a-D-Man-(1 ->4)- 5.01 396 393 365 440 387 3.78 <1
o-L-Rha-OMe 472 411 397 375 3.79 1.3 3.40 20 3.0 5.5
14 B-L-Fuc-(1->3)- 449 356 3.68 378 382 1.30 80 100 34 6.6
B-b-Glc-(1 - 4)- 4.67 330 354 ¢ d 394 376 80 11.0 2.0 125
a-L-Rha-OMe 476 415 4.08 ° ¢ 1.44 3.43 20 3.2
15 p-L-Fuc-(1->3)- 443 355 368 377 380 1.31 75 110 35 4.0 6.5
a-L-Rha-(1 - 4)- 5.26 424 375 350 381 1.33 156 35 95 9.5 6.0
o-L-Rha-OMe 476 412 406 371 381 1.39 3.44 1.5 30 856 9.5 6.0
16 B-L-Fuc-(1->3)- 453 361 367 °© ¢ 1.29 70 95 30 6.0
p-L-Fuc-(1 ->4)- 456 353 364 °© ¢ 1.29 75 95 30 6.0
a-L-Rha-OMe 473 410 416 i 1.40 3.43 25 25 80 6.0
21 o-D-Man-(1 —-4)- 498 4.01 382 371 392 381 3.79 20 3.0 98 9.8
a-L-Rha-OMe 470 394 380 353 377 1.33 3.40 1.8 35 95 9.5 6.2
24 p-L-Fuc-(1->4)- 447 353 369 380 388 1.30 80 100 35 <1 6.5
a-L-Rha-OMe 474 4.04 383 358 384 1.40 3.43 15 35 95 9.5 6.0

23,74-3.82 (m. 2H: H-5, — 6b-Man).

»3.41-3.54 (m. 3H: H-3,—4,—5-Glcin2and 5; m. 2H: H-4, —5-Glc in 7 and 8).

©3.72-3.86 (m. 2H: H-6a, —6b-Man in 5; m. 2H: H-4, —5-Rhain 14; m. 4H: H-4, — 5-Fuc. H-4, —5-Fuc’ in 16).
93.39-3.50 (m. 3H: H-3,—4, —5-Glc in 6; m. 2H: H-4, —5-Glc in 14).
©3.77-3.92 (m. 5H: H-5-Rha. H-5-Rha’. H-5, — 6a, — 6b-Man).

3.34-3.47 (m. 3H
93.65-3.72 (m. 2H

:H-3, -4, —5-Glc).
: H-4, — 5-Rha)

_"The assignments may be interchanged.
'3.80-3.91 (m. 2H: H-4, — 5-Rha).
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416 E. A. KHATUNTSEVA, A. S. SHASHKOV AND N. E. NIFANT’EV

Table 2. 13C NMR data (D,0, é in ppm, 6070 °C) for oligosaccharides 1-24, methyl rhamnoside 25 and hexopyranoses 2629

Compound Residue C-1 C-2 C-3 C-4 C-5 C-6 OMe
1 o-D-Man-(1 - 3)- 97.8 71.3 71.7 68.1 74.8 62.3
a-D-Man-(1 - 4)- 101.6 70.9 71.8 68.2 74.8 62.3
o-L-Rha-OMe 101.6 67.25 74.5 77.5 69.45 18.7 56.2
2 a-D-Man-(1 - 3)- 97.4 715 721 68.9 74.3 62.3°
B-b-Glc-(1 - 4)- 103.56 75.0° 77.6 71.2 77.3 62.1°
o-L-Rha-OMe 101.9 67.0 75.32 77.3 68.2 18.3 56.3
3 o-D-Man-(1 - 3)- 96.5 711 71.8 67.6 74.8 62.1
a-L-Rha-(1 - 4)- 102.7 71.8 71.4 72.7 70.9 17.55°
o-L-Rha-OMe 101.7 66.3 75.2 78.3 68.2 18.7¢ 56.0
4 a-D-Man-(1 - 3)- 97.1 71.6 71.4 68.6 73.4 62.3
B-L-Fuc-(1 > 4)- 104.3 73.0° 74.3 73.2 71.7 17.0
o-L-Rha-OMe 101.8 67.6 72.8° 78.5 69.6 18.1 56.2
5 pB-b-Glec-(1 - 3)- 1041 74.7 77.4 70.8 77.2 62.1
a-D-Man-(1 - 4)- 101.6 71.3 71.6 68.1 74.7 62.3
o-L-Rha-OMe 101.6 70.8 80.8 78.6 69.0 18.75 56.2
6 B-b-Glc-(1 - 3)- 104.7 74.9 77.6° 71.0° 77.3 62.3¢
B-b-Glc-(1 - 4)- 103.8 75.2 77.4° 71.3° 77.3° 62.1°
o-L-Rha-OMe 101.8 71.3 81.8 79.45 68.6 18.4 56.2
7 B-b-Glec-(1 - 3)- 104.8 74.65 77.5 70.9 77.2 62.1
a-L-Rha-(1 - 4)- 102.7 71.6 71.6 73.4 70.7 17.82
o-L-Rha-OMe 101.75 71.4 82.2 79.1 68.5 18.92 56.1
8 B-b-Glec-(1 - 3)- 105.75 74.7 76.5 70.9 771 62.1
B-L-Fuc-(1 > 4)- 104.6 72.3° 74.3 72.4¢ 72.3° 16.4
o-L-Rha-OMe 101.6 71.15 81.0 80.4 69.2 18.0 56.0
9 o-L-Rha-(1 - 3)- 103.7 71.7° 71.6° 73.4 70.4 18.7
a-D-Man-(1 - 4)- 1021 71.4° 71.6° 67.9 74.8 62.4
o-L-Rha-OMe 101.8 71.6° 79.9 78.9 69.2 17.8 56.1
10 a-L-Rha-(1 - 3)- 103.7 71.5 71.7 73.4 70.4 17.8
B-b-Glc-(1 - 4)- 103.9 74.7 77.25° 71.2 77.1¢ 62.2
o-L-Rha-OMe 101.95 71.2 80.5 78.7 68.7 18.35 56.2
1 o-L-Rha-(1 - 3)- 103.8 72.1° 72.0° 73.5 70.6 18.0
a-L-Rha-(1 - 4)- 103.2 72.1° 71.9° 73.3 70.9 17.8
o-L-Rha-OMe 1021 71.4 81.5 80.1 68.8 18.7 56.3
12 a-L-Rha-(1 - 3)- 102.8 71.32 71.62 73.5 70.3 17.9
B-L-Fuc-(1 > 4)- 104.8 72.6 74.3 72.0 72.8 16.9
o-L-Rha-OMe 101.8 71.32 76.5 81.4 69.3 18.1 56.1
13 B-L-Fuc-(1 - 3)- 101.6 721 73.7 72.9 71.95 16.8
a-D-Man-(1 - 4)- 101.3 71.5 71.5 68.4 74.3 62.6
o-L-Rha-OMe 101.6 69.5 77.0 76.6 68.9 18.5 56.1
14 B-L-Fuc-(1 - 3)- 102.3 71.8 74.3 72.5 72.6 16.6
B-p-Glc-(1 - 4)- 105.1 75.25 77.2 71.0 77.2 62.1
o-L-Rha-OMe 101.6 68.9 79.0 80.9 68.9 18.3 56.1
15 B-L-Fuc-(1 - 3)- 101.9 721 74.3 72.8 721 16.7
o-L-Rha-(1 - 4)- 102.8 71.45 71.6 73.3 70.7 17.8
o-L-Rha-OMe 101.7 68.9 79.25 78.3 68.4 18.7 56.1
16 B-L-Fuc-(1 - 3)- 101.9 715 74.3 72.6 72.2 16.7
B-L-Fuc-(1 - 4)- 103.56 72.0 74.3 72.6 72.4 16.7
o-L-Rha-OMe 101.6 69.45 761 79.3 69.55 18.5 56.2
174 o-D-Man-(1 - 3)- 97.5 71.6 71.75 67.85 73.9 62.1
a-L-Rha-OMe 102.05 67.2 75.45 71.6 69.75 18.05 56.1
18'% p-b-Gle-(1 - 3)- 105.0 74.9 77.3 711 77.2 62.2
a-L-Rha-OMe 102.0 71.2 81.5 72.5 69.7 18.2 56.1
19¢ o-L-Rha-(1 - 3)- 103.3 711 711 73.0 70.0 17.6
o-L-Rha-OMe 101.8 70.8 79.0 72.4 69.6 17.6 56.1
204 B-L-Fuc-(1 - 3)- 102.35 71.9 74.2 72.7 72.4 16.8
a-L-Rha-OMe 101.95 69.2 79.7 71.9 69.65 18.15 56.15
21 o-D-Man-(1 - 4)- 102.7 71.8° 71.7° 68.2 74.6 62.3
a-L-Rha-OMe 102.0 72.02 70.7 82.7 68.75 18.3 56.1
22 p-b-Glc-(1 - 4)- 104.6 75.4 77.3 71.15 77.3 62.3
a-L-Rha-OMe 1021 71.5 71.75 82.6 68.4 18.2 56.2
23 o-L-Rha-(1 - 4)- 102.8 71.8 72.3 73.3 70.6 17.8
a-L-Rha-OMe 1021 71.7 71.9 81.1 68.3 18.6 56.1
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'H AND '3C NMR DATA FOR o-L-RHAMNOPYRANOSIDES 417
Table 2. Continued

Compound Residue C-1 Cc-2 Cc-3 C-4 C-5 C-6 OMe
24 p-L-Fuc-(1 —»4)- 104.5 72.2 74.3 72.6 72.3 16.6

o-L-Rha-OMe 102.0 70.9 70.6 83.7 68.4 18.0 56.2
25'7 o-L-Rha-OMe 1021 71.3 71.6 73.3 69.6 17.8 55.9
26'8 o-D-Man-OH 95.3 72.0 71.5 68.2 73.7 62.3
27'° p-p-Glc-OH 971 75.4 77.0 70.9 77.2 62.1
288 o-L-Rha-OH 95.2 721 71.3 73.5 69.5 18.0
292° B-L-Fuc-OH 97.3 72.8 74.0 72.5 71.9 16.7

a.b.c Assignments may be interchanged.

shifts of the respective carbon atoms in the monosac-
charide fragments of disaccharide and in corresponding
monosaccharides (the *C NMR data for the respective
monosaccharides 25-29 are also included in Table 2),
are summarized in Table 3. These data are in good
agreement with a previously published!® glycosylation
effect database and supplement it.

The deviation from additivity values (AA), which were
observed in the case of branched trisaccharides 1-16 are
presented in Table 4. These values represent the devi-
ation between experimental and calculated chemical
shift values for the respective carbons C-1-C-6 of the
bisglycosylated unit and for C-1’" and C-1” [anomeric
carbons of the 3- and 4-substituents; the numbering of
the carbon atoms is shown on the formula of the trisac-

charide (1)], which are used in computational calcu-
lations.?3

The AA values for carbon atoms in the methyl o-L-
rhamnopyranoside fragment, for example for C-i, were
calculated using Eqn (1) and for C-1' and C-1" using
Eqns (2) and (3), respectively.

AASC-i = §Crigg — 6C-i(y 3y — 6Cri(y gy

+ 5C'ia-L-Rhap-0Me (1)
AASC-1' = 5C-1pg — 5C-1/; 5, 2)
AASC-1" = 5C-14g — 5C-1 3)

In Eqn (1), 0C-iys, 6C-ijy3), 0C-iy.4 and 6C-
i,.L-Rnap-ome ar€ the chemical shifts of C-i in '*C NMR

Table 3. Effects of glycosylation on the chemical shifts (ppm)of the 13C resonances in disaccharides 17-24

Compound C-1 C-2 C-3 C-4

17 —0.05 —-4.1 3.85 -1.7
18 -0.1 -0.1 9.9 -0.8
19 -0.3 -0.5 7.4 -0.9
20 -0.15 -21 8.1 -1.4
21 -0 0.7 -0.9 9.4
22 0 0.2 0.15 9.3
23 0 0.4 0.3 7.8
24 -0 -0.4 -1.0 104

c-5 c-6 c-1 c-2 C-5'
0.15 0.25 2.2 -0.4 0.2
0.1 0.4 7.9 -05 0
0 -0.2 8.1 -1.0 0.5
0.05 0.35 5.05 -0.9 0.5
—0.85 0.5 7.4 -0.2 0.9
-1.2 0.4 7.5 0 0.1
-1.3 0.8 7.6 -0.3 11
-1.2 0.2 7.2 —-0.6 0.4

Table 4. Deviations from additivity in '3C NMR spectra of trisaccharides 1-16 (ppm)

Compound C-1 Cc-2 C-3
1 —0.45 —0.65 —0.05
2 -0.15 -0.4 -0.3
3 —0.35 -1.3 —0.55
4 -0.15 0.8 -1.65
5 -0.3 -1 0.2
6 -0.2 -0 0.15
7 —0.25 -0.2 0.4
8 -0.3 0.35 0.5
9 0.1 0.1 1.8

10 0.15 0.2 1.35

1 0.3 0.2 2.2

12 0.1 0.9 -1.5

13 —0.35 -0.4 -1.8

14 —0.35 -0.5 —-0.85

15 —0.25 -0.7 -0.75

16 —0.25 0.65 -2.6

c-4 c-5 c-6 c-1 c-1
-35 0.565 0.15 0.3 =11
-3.6 —0.35 -0.15 —-0.1 -11
-11 —0.25 -0.15 -1.0 -0.1
-35 1.05 -0.15 -0.4 —0.2

3.3 0.15 0.05 -0.9 =11
-2.35 0.1 —-0.2 -0.3 -0.8
-1.2 0.1 -0.1 -0.2 -0.1
-25 0.7 -0.4 0.75 0.1
-2.9 0.45 -0.3 0.4 -0.6
-3.0 0.3 0.35 0.4 -0.7
-0.1 0.5 0.3 0.5 0.4
-1.4 0.9 0.3 -0.5 0.3
-4.7 0.1 -0.15 —-0.75 -1.4
-0.3 0.45 —0.25 —0.05 0.5
-1.4 0.05 -0.25 —-0.45 0
-3.0 1.1 0.15 —0.45 -1.0
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spectra of the examined trisaccharide, (1 — 3)- and
(1 — 4)-linked disaccharides and methyl o-L-rham-
nopyranoside (25), respectively.

The data from the Table 4 show that almost all tri-
saccharides display significant AA values, especially for
glycosylated C-3 and C-4 of the branched rhamnose
moiety (from —4.7 up to 2.2). Also, the anomeric
carbons in monosaccharide substituents have consider-
able AA values (from — 1.4 up to 0.75). This situation is
different from that observed in a study of series of 2,3-
di-O-glycosylated  a-D-glucosides'!'2  and  B-D-
galactosides'*!3 with 2,3-diequatorial branching, which
included compounds with three different types of AA
values:  significant (JA|>2 ppm), moderate
(1 <|AA| <2 ppm) and small (AA| <1 ppm). Com-
parison of the AA values for these series indicates that
there are significant differences between the oligosac-
charides with similar types of branching but with differ-
ent character and orientation of substituents
neighboring the branching point. Thus, the conclusion
can be drawn that the transfer of AA values from trisac-
charides with 2,3-diequatorial branching to stereoche-
mically similar structures with 3,4-diequatorial
branching®° is not correct. This is the reason why AA
values obtained for model trisaccharides with similar
character and orientation of neighboring substituents
should be used when performing computer-based calcu-
lations of the spectra of branched polysaccharides.

The correlation between the deviations from addi-
tivity in the !3C NMR spectra of branched trisaccha-
rides 1-16 and their stereochemical properties together
with a detailed comparative analysis of the data for die-

quatorially branched oligosaccharides with different
positions of the branch point, including 2,3-di-O-gly-
cosylated a-D-glucosides and f-D-galactosides and 3,4-
di-O-glycosylated «-D-glucosides and o-L-rhamnosides
will be considered in a further paper in this series.?!

EXPERIMENTAL

The 1D and 2D NMR experiments were performed’?
on solutions (2-5%) in D,0 at 60-70 °C using Bruker
WM-250 (for 'H) and AM-300 (for *3*C) spectrometers
with acetone as the reference (‘H 2.225 ppm; *3C 31.45
ppm). Assignments of the '"H NMR spectra (Table 1)
were made*® using a combination of COSY and
relayed and double-relayed coherence transfer COSY
2D experiments, and also 1D double resonance in the
difference mode as described!® (standard Bruker soft-
ware for ASPECT-2000). The HDO signal was sup-
pressed during relaxation delay (1 s). D, was 33 ms (0.25
J; J =71.5 Hz). The spectral windows were ca 500 Hz
(the region of the pyranose ring protons only). Data sets
consisting of 256 t, experiments each with 512 data
points were zero-filled to 512 data points. Prior to
Fourier transformation, the FIDs were multiplied with
a sine-bell window function (not shifted).

Assignments of the 3C NMR spectra (Table 2) were
made*® by using 2D 'H-!3C correlated spectroscopy.
The typical spectral window was 500 Hz for 'H and
5000 Hz for 13C (the regions of pyranose ring protons
and carbon atoms only). Data sets consisting of 256 ¢,
experiments each with 2K data points were zero-filled
to 512 data points. For detection of 'J correlations, D,
was set to 3.2 ms and D, to 1.6 ms (0.5 and 0.25 J,
respectively; J = 155 Hz). FIDs were multiplied with a
square sine-bell window function (shifted by p/2) in
both directions, prior to Fourier transformation.

The syntheses of compounds 1-24 have been
published previously.!#15
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