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Note

N.m.r. spectra ('H, 3C) of the methyl mono-, di-, and tri-O-acetyl-B-D-
xylopyranosides, and additivity effects
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(Received November 1st, 1982; accepted for publication. December 8th, 1982)

In a recent communication on 'H- and "*-C-n.m.r. chemical shifts for acetyl-
ated methyl a- and B-D-xylopyranosides in solution in (CD5),SO. McEwan et al.'
reported good additivity of acetylation effects and. from the nearly constant Jy 4
values, concluded that the conformation of the pyranoid ring was altered very lit-
tle, if at all, by the introduction of an acyl group at any position. For benzoylated
methyl B-D-xylopyranosides in solution in CDCls, we have found® that (a) '*C ben-
zoylation effects are not additive, (b) coupling constants depend on the number
and position of benzoyl groups, and (c) benzoylation affects conformer popula-
tions.

Therefore, we have undertaken a limited study of '*C- and 'H-n.m.r. spectra
of all possible mono-, di-, and tri-O-acetyl derivatives of methyl B-D-
xylopyranoside as solutions in CDCls. in order to identify the factor (substituent or
solvent) responsible for the reported difference in behaviour.

Syntheses of the acetylated methyl B-D-xylopyranosides have been de-
scribed*~7, and n.m.r. measurements were carried out as described previously?.
With the exception of three pairs of lines noted in Table I, all '*C chemical shifts
were assigned unambiguously by '*C-'H heteronuclear-decoupling experiments.
Ambiguity in the assignment of the signals of C-2 and C-3 for methyl 4-O-acetyl-g-
D-xylopyranoside (4) is not important, since the chemical shifts differ only by 0.01
p-p.m. For methyl 2.3-di-O-acetyl-B-D-xylopyranoside (5). the chemical shifts of
these signals differ by 5 p.p.m. and they can be assigned according to the additivity
rule. The signals for C-2 and C-4 of methy! 2.4-di-O-acetyl-B-D-xylopyranoside (6)
were also assigned according to the additivity rule, although less convincingly.

The '*C chemical shifts of O-acetyl derivatives of methyl 8-D-xylopyranoside
in CDCl, (Table I) differ appreciably (up to +2.5 p.p.m.) from those determined'
in (CD;),S0. Therefore, it is not surprising that significantly different acetylation-
shifts ('3C-DCS values of Table II) were found. Most remarkable was the small,

0008-6215/83/$ 03 00 © 1983 Elsevier Science Publishers B V.



NOTE

POLIRGR] SY) UIIim SaUI] O} DY) JO JUSWUBISSY | " (OSHE(T)) PAPPE Yyum poInseaN, -

p
16 6915¢9°0L1
0T0LU 0Ll
9576916 1L1

r
Us L1

286

1L 0T
LLOT 1L 0T
€L 0758 0T
6°00°T6 0¢
TLOT6L0T
96°0¢
L0 1T
86 0C

299y
1°Ls
87°9¢
£9°9¢
SL'9s
6695
£5°95
01°¢s
tHOO

8619 t6'R9
79 S0 69
9109 SF80L
€LY C5'89
67°19 £eIL
[SRNY LL°89
rleo 89°6Y
9¢'¥9 8¢°89

13 D

"POPINIALION,, “Burdnodap oandagas 1 opet 94 10u pined ed

9¥ 1L vLOL
0sesL LL1L
$9°69 JAT
0E'SL 2S¥0L
STTL RA A
9 LL L1'1L
99°¢L 0L
£CSL 68 1L

£ <D

85101
SO ¥01
LE7001
857101
v eol
88 €01
9L°001
ST ol

-0

EA4 WV
oV BA4
BA4 H
H oY
v H
H Y
H H
H H

pSIAISONVIADO TAN-CU-- TR IADV- TAHT JA 804 SLAIHS T¥DIN

EA4
H
v
B4
H
H
Y
H

el

v

1@ vt suounjos oy (w drd g 4 10113) 9[RS @ Y1 U0 SHIYS [BAWIY ),

e ND e

punoduio)

I W IRAD,

13149Vl



NOTE

TABLE 11

287

13C-DCS VALUES FOR O-ACETYLATION OF METHYL B-D-XYLOPYRANOSIDES, AND THE CALCULATED CHEMI-

CAL-SHIFTS

Compound C-1 C-2 C-3 C-4 C-5

d ~2.49 0.13 ~2.57 1.30 -1.22

3¢ 0.63 -0.72 2.23 0.39 0.79

44 ~0.01 0.24 —3.08 2.95 -3.07

5t 101.39 71.30 74.89 70.07 63.93
0.19) (—0.85) 0.41) (~1.55) (0.80)

6’ 100 75 72.26 69.58 72.63 60.07

(-0.38) (—1.05) (0.07) (—1.79) (0.09)

7° 103.87 71.41 74.38 71.72 62.08
(0.18) (0.36) (—0.88) (=2.67) (0.33)

8° 101.38 71.54 71.81 73.02 60.86
0.20) (~0.80) (—0.35) (—4.08) (1.12)

“Calculated by subtracting the chemical shift for the parent compound 1 from the corresponding shift
for the monobenzoate. *Calculated as the sum of the corresponding chemical-shift for 1 and of the ap-
propriate DCS values. Values in brackets are the differences between the experimental and calculated
chemical-shifts.

positive DCS value for C-4 on 3-O-acetylation; B-acetylation shifts are usually!-®°
in the range of —1to —4 p.p.m.

The deviations from the additivity (i.e., the differences between the calcu-
lated and experimental chemical-shifts for di- and tri-acetates) are smaller for
acetylation than for benzoylation® of methyl 8-D-xylopyranosides with CDCl; as
solvent, but are much larger than found', with (CD;),SO as solvent, for acetylation

TABLE III

13C-DCS VALUES FOR DEACETYLATION OF METHYL 2,3,4-TRI-O-ACETYL-B-D-XYLOPYRANOSIDE, AND THE
CALCULATED CHEMICAL-SHIFTS FOR METHYL O-ACETYL-B-D-XYLOPYRANOSIDES

Compound C-1 C-2 C-3 C-4 C-5
7 2.47 1.03 2.04 0.1 0.43
6 -1.11 0.47 -1.81 0.90 -1.82
5¢ 0.00 0.01 4.03 ~0.42 2.75
4 102.84 72.24 71.69 70.95 60.59
(0.40) (0.11) (0.46) (0.38) (0.70)
3® 104.05 71.48 77.34 68.63 65.16
(-0.17) (=0.31) 0.12) (0.14) (- 0.01)
2b 100.37 70.92 73.49 70.42 62.91
(0.39) (1.10) (—0.83) 0.74) (0.24)

“DCS values calculated by subtracting the corresponding chemical-shift for the reference compound 8
from that for the dibenzoate. *The chemical shifts calculated as the sum of the corresponding shift for
8 and the appropriate DCS values. Values in brackets are the differences between the experimental and
calculated chemical-shifts.



NOTE

288

wd dyy g resaagesod depemao (pusiy 2 [ g v oun wasas pagdnes
S, ZH s 07 doag, (W dd b g4 oy suoposd popdsoy aguons {OSSUD) + YU JURAJON paxIuL i POISER, AG-H H0] Py ukgl poy
chEﬂ,:wiﬁm.I_:,:E&?uz,_%NI::I“r:::oufﬁ.i?,,,\t; Eui.d,\_::ﬂ.:.:,f:_;L__::..rr:_w..lu_%:.f,} .é:::;::..l:m::uLE:::i.

S0

c1

S LI L8 (1Y w5 8 PN ILv 9N Lr e JA3RY eb t s6F Lbs ot ort 8
911~ €6 £y PLEN AR 8 R0 L Xy or < e (X33 o0t o't [H13 Jds € Sl L
P 949 ct 0L 0L SCs T £l Lt ¥ stt by T 8L ¢ 08t 8t 9
L1l— 6% 6t LN N8 489 0T 01 ¢ Lt ¢ e ¥ 80t 0R ¢ oOR't Aot 8T $
g Si et L st L 98’ <l P Ly ¥ or t W [¥AR 0s ¢ £t t
L= €0 ts SN SR TR 9 LT < ey (231 SOt LL Y (%R 0s ¢ scr €
o1~ 0L 9¢ 8% 1L vl s 8y e LIty 0L ¢ 59 sLt 9t t 4
[N S 0ot 0's N £ L _ Lr'e 61 ¢ L (MRS 9t ¥ Ice el v 2l
e ) =t T B i WO ANO pSH sl F-H £H T i H
(211} siuppuon Suipdne. ) (@) ,\:\:\, JRRLIELD) punoduey

(8—1) SHUISONY A A0 TN ¢ TRV -0 TAHT IO EDAD ) v Ivd 3 v N}

AlH19V.L



NOTE 289

TABLE V

ESTIMATES OF *C; CONFORMER POPULATIONS (P) FORMETHYL O-ACETYL-3-D-XYLOPYRANOSIDES (1-8)°

Compound® P Pyt Average

1 0.86 0.89 0.87 £0.02
2 0.58 0.57 0.58 £0.M1
3 0.88 0.81 0.82+0.01
4 0.68 0.62 0.65 £0.03
5 0.82 0.77 0.79 £0.03
6 0.60 053 0.56 +0 04
7 0.86 0.81 0.83 £0.03
8 0.80 0.75 0.78 £0.03

“In mol fractions. "For numbering of the compounds, see Table 1. ‘Estimated from the equation J, » =
8.1P; +1.0(1 — Py). “Estimated from the equationJy s =11.1 Py + 1.5(1 — Pyy).

of the same compounds. For example, application of the additivity rule gives a
wrong prediction of shielding order of skeletal carbons for 8 [predicted: 8§(C-4) >
8(C-3) > 8(C-2); observed: 8§(C-3) > 8(C-2)> 8(C-4)], which invalidates the rule
for assignment purposes.

Acetylation DCS-values and the calculated shifts in Table IT are based on the
chemical shifts for 1. which served as a reference compound. Since the chemical
shifts were shown above to be solvent-dependent and since the data for 1 had to be
obtained using a mixed solvent, the additivity rule should be better satisfied if
deacetylation DCS-values®®? are considered. These values are based on the chem-
ical shifts for the triacetate 8, the data for which were obtained using the same sol-
vent as for the other compounds. The data in Table III indicate that this is the case;
the additivity rule is satisfied with a standard deviation of +0.52 p.p.m. [for
(CD3),80, the standard deviation was +0.40 p.p.m. for the same series of com-
pounds'] which, for many purposes, is acceptable.

The non-validity of the additivity rule for the series of benzoylated methyl 8-
D-xylopyranosides was explained? in terms of conformational heterogeneity in
which the populations of the *C, conformers varied between 28 and 88%. Using
the J, > and J, 5 values (Table IV), conformer populations for solutions in CDCl;
were derived for 2-8. The conformer populations given in Table V seem to be
realistic, since they exhibit good. linear correlation with ’C chemical shifts of
MeO-1 signals which are dependent on conformer populations'” (notable devia-
tions occur only for 5 and 8). In qualitative agreement with the extent to which the
additivity rule is satisfied in the series considered, the conformer populations of
acetates vary for solutions in CDCI; more than for those in (CD3),SO and less than

those for benzoates in CDCls.
The conclusion of Yoshimoto ef al.'!, accepted by McEwan et al.', that the

conformation of the pyranoid ring is altered very little, if at all, by the introduction
of an acyl group at any position is not substantiated by our results, which indicate
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that the conformer populations of the pyranoid ring depend on the nature and posi-
tion of the acyl group. and on the solvent.
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