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Note

N.m.r. ("H and 13C) studies of some cis- and trans-fused 4,6-O-benzylidene-
hexopyranoside derivatives

Er1zABETH LEE, PATRICK MCARDLE, AND PATRICIA BROWNE
Chemistry Department, University College, Galway (Ireland)
(Received May 2nd, 1989; accepted for publication, July 25th, 1989)

BC-N.m.r. spectroscopy is now used widely in structural studies of carbo-
hydrates!—3. We now report on the assignment of the 3C-n.m.r. spectra of a series
of cis- and trans-fused methyl 4,6-O-benzylidene-D-hexopyranosides: cis-fused,
methyl 4,6-0-benzylidene-3-O-methyl-8-p-idopyranoside* (12); trans-fused, the 2-
O-methyl (1), 3-O-methyl (2), 2-O-methyl-3-O-p-tolylsulfonyl (3), and 3-O-methyl-
2-O-p-tolylsulfonyl’ (4) derivatives of methyl 4,6-O-benzylidene-a-D-galacto-
pyranoside’®, the 2-O- (10) and 3-O-methyl® (11) derivatives of methyl 4,6-O-
benzylidene-a-p-altropyranoside® (9), and the 2-O-p-tolylsulfonyl’ (7), 3-O-methyl
(6), and 3-O-methyl-2-O-p-tolylsulfonyl (8) derivatives of methyl 4,6-O-benzyl-
idene-a-p-allopyranoside’ (5). N.m.r. line-shifts (*H) induced by Eu(fod), were
used for some assignments.

IBC-N.m.r. data for these glycosides are given in Table I; those for § and 9
are taken from previous work!. Selective 'H-spin decoupling and off-resonance
experiments were used for some compounds. For example, the 1*C-n.m.r. spectrum
of 5 contained four signals at lowest field due to the six aromatic carbons [137.5
(quaternary carbon), 129.4 (p-C), 128.5 and 126.5 p.p.m. (0- and m-C)]. Selective
irradiation of H-7 confirmed that the signal at 102.0 p.p.m. was due to C-7. The
signal at 100.7 p.p.m. was assigned to C-1 following selective irradiation of H-1.
Likewise, the signals at 68.2, 69.3, 784, and 57.5 p.p.m. were assigned to
C-2,3,4,5, respectively. The off-resonance spectrum showed that the signal at 56.5
p-p.-m. was due to the MeO carbon, and the signal at 69.6 p.p.m. was assigned to
C-6.

Comparison of the 13C-n.m.r. data for the a-allo compounds 5 and 6 showed
that 3-O-methylation caused a downfield shift (9.3 p.p.m.) of the resonance for the
a-carbon (C-3), a slight upfield shift (0.2 p.p.m.) of the signal for the B-carbon
(C-2) having an equatorial hydroxyl group, as expected, and a downfield
displacement (1.3 p.p.m.) of the resonance for C-4.

0008-6215/90/% 03.50 © 1990 Elsevier Science Publishers B.V.



263

‘IS*aN wof pragusop ‘urd-g,

€8¢ 9°¢¢ S 101 9°69 999 7't $'8L 9'99 2001 O OH (41
$3113s op1-d
¢'8¢ 8'SS 701 £'69 9'8S €LL 8L 869 6°101 O OH 1
¥'8S 9°6S ot 169 T8s S9L '99 T°6L L'66 OH O 1] §

- 0'sS 8°101 8'89 8°LS 0'9L 8'89 969 9101 OH OH 6
SOLIS 04D-0
¥'19 €95 0°Cot 0°69 L'LS 1°6L T°LL 8¥L 0°'86 ON OSL 8
- £9¢ 6101 8°89 9'LS 8L €£'89 1472 8'86 OH OsL L
S'LS §9¢ 1201 69 S'LS L'6L 9'8L 0'89 1°001 O OH 9
- §'9¢ 0701 9'69 €LS P'8L €69 7'89 L'00T OH OH s
SILI3S O]p-0
'8¢ 8'SS 0°107 1°69 §'29 (172 0°6L 6'9L S'86 O 0OsL [ 2
$°6S 9°sS L'001 0°69 129 T'sL 8L TsL 9°86 OsL O €
9°LS LSS 101 969 679 LIL T8L 0'89 7001 O OH (4
768 9°sS €101 £°69 "9 0'9L 9'89 8L 786 OH 0N £
SOLI3S O1IDDS-0

£ 4
423

1My I-OFHD HOYd 9D D [ 40 £ [49; -0 suanmnsgng punoduio)

NOTE

SAAISONVIAJOXTH-A-ANFAITAZNIE-()-9 'y TAHLIN YOd »VIVA LAIHS TVOINTHD U W N-Dg|

19479VL



NOTE

*(1g punoduo)) ¢-H Surpnpxa ‘suo101d [[e 103 pIUIRIQO 213 J)ENSqNS 0} juaBeal Yiys jo onel Jejow ‘sa PYHYs psonput jo s3old sul-1ySrenss poog) “ones
a1exsqns/f(poying SuIsearoul YiImM JUIISEq ) 03 ISOUI[e pauapeolq [gudts s souts ojord [AxoIpAY ay) 10§ PIULEIQO 5q 10U PIROI BIEP IS SIBINIY, NS
poonput )sa1eard 31 NQUxS YoIYm (s)uadarpdy oyi 01 paspuron dre punodwod udAE v 105 SIFYS [ "21LISqDs Jo jou 1ad £(poj)ng jo jow 1od rwird g,

1 8¢ L1 01 $'1 A €€ T 3 ot 6 a
80 Lo 6 60 60 €1 o€ 0¢ ot o€ o
0€ T €4 23 $C € 76 $'s ot '6 LS o1
€T - 0vl 97 'z ve £6 89 €8 ot 96 9
6¢ Lt L1 91 L1 Lt L€ 01 r'6 L9 x
8¢ 61 Lyl Pl $'T b1 T'e e ot g'8 0 T
kN{uM

Koy I-0°W HO LH 39-F eg-H SH bH £H -H I'H punoduio)

264

ZI-01 ANV ‘9 ‘T ‘T SANNOJNOD ¥O4 (H;) ¢+SINAIAVYO-LAIHS FALLYTHY ‘AIAYISE0

Idi1dvi



NOTE 265

TABLE 11

OBSERVED AND CALCULATED, RELATIVE SHFIT-GRADIENTS ('H) FOR MODEL A FOR COMPOUND 11, AND FOR
MODEL D FOR COMPOUND 12

Proton 11 12

Obs. Calc. Obs. Calc.
H-1 13.3 13.3 H-1 15.6 16.0
H-2 37.4 31.4 H-2 26.6 26.5
H-3 11.0 11.0 H-3 9.3 9.5
H4 11.0 10.7 H-4 6.0 6.1
H-6a 4.9 4.8 H-6a 3.7 3.7
H-6e 34 33 H-6e 4.0 4.2
H-7 3.5 3.9 H-7 2.6 2.6
Eu---0-2(A) 3.38 Eu---0-1(A) 3.48
R 1.25% Eu---0-2(A) 2.51

R 1.88%

Comparison of the BC-n.m.r. data for the a-altro compounds 9-11 showed
that 2-O-methylation caused upfield shifts in the resonances for the p-carbons (1.9
and 2.4 p.p.m. for C-1 and C-3, respectively) and strong deshielding (9.5 p.p.m.)
of the a-carbon (C-2), as expected. Likewise, 3-O-methylation caused the expected
downfield shift (9.3 p.p.m.) for the C-3 signal and deshielding of the B-carbons (0.2
and 1.3 p.p.m. for C-2 and C-4, respectively).

Comparison of the data for 5 and 7 showed that 2-O-sulfonylation caused
upfield shifts in the resonances for the B-carbons (1.9 and 1.0 p.p.m. for C-1 and
C-3, respectively) and strong deshielding of the a-carbon (6.2 p.p.m. for C-2).

The above data should be of use in aiding the assignment of “C-n.m.t.
spectra of related carbohydrate structures.

Eu(fod) y-induced shifts. — Table 11 shows the relative shift gradients for the
2-0- (1) and 3-O-methyl (2) o-D-galacto derivatives, the 3-O-methyl a-D-allo
derivative (6), the 2-O- (10) and 3-O-methyl (11) a-D-aliro derivatives, and the
3-O-methyl B-D-ido derivative (12), derived from the experimental plots of induced
shift vs. molar ratio of shift reagent to substrate. The chemical shift for the hydroxyl
signal for 12 is accompanied by a larger than normal chemical shift for the
resonance of MeQO-1. Furthermore, the MeO-1 oxygen and the hydroxyl oxygen
are oriented ideally for chelation to lanthanide. When the shift data for 12 were
fitted to the “C; conformation, using the chelation model D8, which involves
alternate co-ordination and magnetic-axis generation by each of the ligating atoms,
axial symmetry about each lanthanide-oxygen bond, and only four unknown
parameters, the reasonable fit described in Table III resulted. Compound 12 adopts
the *C, form in chloroform solution®. The chemical shift for the hydroxyl signal for
the 3-O-methyl a-altro derivative (11), together with the relatively small values for
the resonances of the methoxyl protons, indicates exclusive binding with the shift
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reagent by the hydroxyl oxygen. The shift data for 11 were fitted to the *C, con-
formation using the simple single-site model A, in which the magnetic axis is
coincident with the europium-oxygen bond and with axial symmetry in the
Eu(fod);-substrate adduct, and gave a reasonable Eu distance of 3.38 A from the
co-ordinating oxygen (Table III).

Attempts to fit the shift data for 1, 2, 6, and 10 to either models A or D were
not successful. However, the following qualitative points can be made. (a) The
data for the galacto 2-O- (1) and galacto 3-O-methyl (2) derivatives are almost
identical, indicating that the europium is co-ordinated in a similar manner. (b) The
negative (i.e., upfield) induced shifts observed for MeO-1 and MeO-3 in the 3-0O-
methyl allo derivative 6 show that the magnetic axis makes an angle greater than
the magic angle (54.7°) with the Eu-H vectors of these groups. Therefore, it is
possible that the angular contribution to the observed shift could be dominant and
could make calculation of induced shift less reliable. (¢) The relatively marked
induced shifts observed for H-1/5 for 1, 2, 6, and 10 contrast with the more rapid
fall in induced shift, in the order H-2, H-1, H-3, observed for 11 and 12. These
data, together with the chemical shifts for the OMe signals of the former, suggest
that Eu co-ordinates to more than the single, dominant, hydroxyl donor site in
these systems.

Compound r' R2 R* R' ”® R®  Compous R R° R R R R
1 a~gaiacto MeO M H MeO H OH 5 a-alto MeO H H OH (o] H
2 MeO H H OH H MeO 6 Me O H H OH MeO H
3 MeQ H H MeO H OTs 7 MeO H H OTs OH H
4 MeC H H OTs H MeO 8 Me O H H OTs M™MeQO H
12 @-ido R MeO OH H MeO H 9 & altro MeO H OH H QH H
10 Me O H MeO H OH H
" MeO H OH H MeO H
EXPERIMENTAL

The benzylidenehexopyranoside derivatives 1-4, 5§, 7, and 9-12 were
prepared as described*7. Methyl 4,6-O-benzylidene-3-O-methyl-2-O-p-tolyl-
sulfonyl-a-D-allopyranoside (8), prepared by Purdie methylation of 77, had m.p.
173-175° {from chloroform-light petroleum (b.p. 40-60°)], [a], +52° (c 1, chloro-
form). 'H-N.m.r. data (CDCl,): §7.84 and 7.45-7.34 (d, 2 H; and m, 7 H; Ph and
MeC4H,), 5.46 (s, 1 H, PhCH), 4.61 (d, 1 H, J,, 42 Hz, H-1), 4.53 (1, 1 H, J, , 3.6



NOTE 267

Hz, H-2), 3.87 (bs, 1 H, H-3), 3.66 (t, 1 H, J5 4, 9.5, J5, ¢ 10.1 Hz, H-6a), 3.56 (dd,
1H,J;,3.3,J,59 Hz, H-4), 3.47 (s, 3 H, MeO-3), 3.33 (5, 3 H, MeO-1), and 2.44
(s, 3 H, Ts-Me). The overlapping 2-proton envelope (8 4.4-4.2) was due to H-5,6e.
During the shift study, these resonances were resolved to give a q (Js¢ 5.1 Hz,
H-6e) and a m (H-5). Complete assignment was possible by spin-decoupling of the
normal and shifted spectra.

Anal. Calc. for C,;H,,0,8: C, 58.65; H, 5.82. Found: C, 58.48; H, 5.85.

Methyl 4,6-O-benzylidene-3-O-methyl-a-p-allopyranoside (6), obtained by
conventional detosylation of 8 (125 mg, 0.3 mmol) with methanolic 2M sodium
methoxide (5 mL), had m.p. 130-133°, [a], +116° (c 1.1, chloroform). 'H-N.m.r.
data (CDCl,): 6 7.49-7.35 (m, 5 H, Ph), 5.49 (s, 1 H, PhCH), 4.66 (d, 1H, J, , 4.4
Hz, H-1),4.33 (q, 1L H, Js¢, 5.1, Jg, ¢, 10.3 Hz, H-6¢), 4.13 (m, 1 H, H-5), 3.86 (d,
1H, J;, =J,; = 2.8 Hz, H-3), 3.63 (s, 3 H, MeO-3), 3.46 (s, 3 H, MeO-1), and
2.98 (d, 1 H, J, o 12 Hz, HO-2). The overlapping 3-proton envelope (8 3.8-3.6)
was due to H-2,4,6a. During the shift study, these resonances were resolved to give
at(Jsg 10 Hz, H-6a), a dd (J;, 2.6, J, 5 9.6 Hz, H-4), and a m (H-2).

Anal. Cale. for C;sH,,0: C, 60.80; H, 6.80. Found: C, 60.41; H, 6.81.

'H-N.m.r. data . — {a) Methyl 4,6-O-benzylidene-2-O-methyl-a-D-galacto-
pyranoside (1): 8 7.54-7.36 (m, 5 H, Ph), 5.56 (s,  H, PhCH), 5.0 (d, 1 H, J,, 3.5
Hz, H-1), 3.68 (s, 1 H, H-5), 3.61 (dd, 1 H, J, ; 10 Hz, H-2), 3.53 (s, 3 H, MeO-2),
3.45 (s, 3 H, MeO-1), and 2.50 (d, 1 H, J; oy 8.1 Hz, HO-3). The overlapping
4-proton envelope (8 4.3-4.0) was due to H-3,4,6a,6¢). During the shift study, these
resonances separated to give two well resolved dd (H-64,6¢), a s (H-4), and a bs
(H-3). The coupling constants (J¢, ¢, 12.4, J5 o, = J5 4, = 1.8 Hz) confirm that H-5 is
symmetrically disposed with respect to H-6a,6e.

(b) Methyl 4,6-O-benzylidene-3-O-methyl-a-D-galactopyranoside (2): 8 7.43~
7.25 (m, 5 H, Ph), 5.48 (s, 1 H, PhCH), 4.87 (d, 1 H, J, , 3.8 Hz, H-1), 4.30 (d, 1
H,J,,3.3Hz, H-4),4.22(d, 1 H, J,,, 12.5 Hz, H-6e), 3.59 (s, 1 H, H-5), 3.50 (dd,
1H,J,510.1,J;, 3.5 Hz, H-3), 3.43 (s, 3 H, MeO-3), 3.39 (s, 3 H, MeO-1), and
2.24 (d, 1 H, J, o 6.8 Hz, HO-2). The 2-proton envelope at § 4.15-4.05 was as-
signed to H-2,6a. During the shift study, these resonances separated to give a bs
(H-2) and a d (H-6a).

(¢c) Methyl 4,6-O-benzylidene-2-O-methyl-3-O-p-tolylsulfonyl-a-D-galacto-
pyranoside (3): 8 7.83 and 7.47-7.34 (d, 2 H; and m, 7 H; Ph and MeC,H,), 5.42
(s, 1 H, PhCH), 441 (d, 1 H, J;, = J, 5 = 3.5 Hz, H-4), 425 (dd, 1 H, J5¢, 1.8,
Jes. 12.6 Hz, H-6¢), 4.03 (dd, 1 H, H-6a), 3.81 (dd, 1 H, J;, 3.4, J,310.2 Hz, H-2),
3.64 (bs, 1 H, H-5), 3.39 (s, 3 H, MeO-1), 3.27 (s, 3 H, MeO-2), and 2.39 (s, 3 H,
Ts-Me). The overlapping 2-proton envelope (8 5.0-4.9) was due to H-1,3. During
the shift study, these protons gave a d (H-1) and an unresolved dd (H-3). These
assignments were made by spin-decoupling of the normal and shifted spectra.

(d) Methyl 4,6-O-benzylidene-3-O-methyl-2-O-p-tolylsulfonyl-a-D-galacto-
pyranoside (4): 87.84 and 7.45-7.31 (d, 2 H; and m, 7 H; Ph and MeC¢H,), 5.51
(s, 1 H, PhCH), 4.96 (d, 1 H, J , 3.5 Hz, H-1), 4.9 (dd, 1 H, J, 5 10 Hz, H-2), 4.30
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(d, 1 H,J,53.5Hz, H-4),4.25 (bd, 1 H, Jg,, 12.6 Hz, H-6e), 4.10 (bd, 1 H, H-6a),
3.7(dd, 1H, J;,3.5 Hz, H-3), 3.64 (bs, 1 H, H-5), 3.41 (s, 1 H, McO-3), 3.28 (s,
3 H, MeO-1), and 2.42 (s, 3 H, Ts-Me).

(e) Methyl 4,6-O-benzylidene-a-D-allopyranoside (8): 6 7.5-7.35 (m, 5 H,
Ph), 5.43 (s, 1 H, PhCH), 4.76 (d, 1 H, J, , 4.2 Hz, H-1),4.36 (q, 1 H, J5 . 5, J,,
10.4 Hz, H-6e),4.28 (t, 1 H, J, 3 = J5, = 3 Hz, H-3), 4.11 (m, 1 H, H-5), 3.64 (dd,
1 H, J,59.6 Hz, H-4), 3.36 (s, 3 H, MeO), 2.93 (d, 1 H, J, o4 11.7 Hz, HO-2), and
2.62 (d, 1 H, J; o 6.6 Hz, HO-3). The 2-proton envelope (8 3.79-3.73) was due to
H-2,6a. During the shift study, these resonances were resolved to give a t (J5 ¢, 10
Hz, H-6a) and a bs (H-2).

(f) Methyl 4,6-O-benzylidene-2-O-p-tolylsulfonyl-a-D-allopyranoside (7): &
7.83 and 7.46-7.34 (d, 2 H; and m, 7 H; Ph and MeC.H,), 5.53 (s, 1 H, PhCH),
4.82(d,1H,J,,3.7Hz, H-1),4.52 (t, 1 H, J;, 3.5 Hz, H-2),4.32 (q, 1 H, Js4, 5,
Joae 10 Hz, H-6¢€), 3.72 (t, 1 H, J5¢, 9.7 Hz, H-6a), 3.45 (dd, 1 H, J;,3.3, J,59.7
Hz, H-4), 3.43 (s, 3 H, MeO-1), 3.05 (d, 1 H, J; o,y 7.4 Hz, HO-3), and 2.42 (s, 3
H, Ts-Me). The 2-proton envelope (8 4.2—4.0) was assigned to H-3,5. During the
shift study, these resonances separated to give a m (H-3) and a sextet (H-5). These
assignments were made by spin-decoupling of the normal and shifted spectra.

(g) Methyl 4,6-O-benzylidene-2-O-methyl-a-D-altropyranoside (10): 6 7.5—
7.34 (m, 5 H, Ph), 5.60 (s, 1 H, PhCH), 4.73 (s, 1 H, H-1), 4.31 (q, 1 H, J4, 5.1,
Joae 10 Hz, H-6¢), 3.91 (dd, 1 H, J, 5 10, /5, 3 Hz, H-4), 3.83 (t, 1 H, J5¢, 10 Hz,
H-6a), 3.48 (d, 1 H, J, , 3.2 Hz, H-2), 3.44-3.43 (25, 6 H, MeO-1,2), and 3.0 (d, 1
H, J; oy 7.1 Hz, HO-3). The 2-proton envelope (8 4.2—4.1) was due to H-3,5. Dur-
ing the shift study, these resonances separated to give a bm (H-3) and a m (H-5).
These assignments were made by spin-decoupling of the normal and shifted spectra.

(h) Methyl 4,6-O-benzylidene-3-O-methyi-a-D-altropyranoside (11): & 7.48—
7.34 (m, 5 H, Ph), 5.54 (s, 1 H, PhCH), 4.55 (s, 1 H, H-1), 3.56 (s, 3 H, MeO-3),
3.40 (s, 3 H, MeO-1), 2.63 (d, 1 H, J, o4 5.3 Hz, HO-2). The 2-proton envelope (&
4.4-4.2) was assigned to H-5,6e. During the shift study, these resonances separated
to give a q (J5¢, 5.1 Hz, J,, 10.1 Hz, H-6¢) and a m (H-5). The 2-proton envelope
at 8 4.1-3.98 was due to H-3,4 and was not resolved in the shift study. The 2-proton
envelope at 8 3.9-3.7 was assigned to H-2,6a. During the shift study, these protons
gave a t (Js4, 10 Hz, H-6a) and a m (H-2).

(i) Methyl 4,6-O-benzylidene-3-O-methyl-B-p-idopyranoside (12): 8 7.48-7.35
(m, 5 H, Ph), 5.53 (s, 1 H, PhCH), 4.62 (s, 1 H, J,, <1 H, H-1),4.4 (d, 1 H, J,,,
12.8 Hz, H-6e), 4.10 (d, 1 H, H-6a), 4.03 (s, 1 H, H-4), 3.61 (s, 3 H, MeO-3), 3.48
(s, 3H, MeO-1), and 3.2 (d, 1 H, J, o4 9.1 Hz, HO-2). The 3-proton envelope at
6 3.8-3.6 was assigned to H-2,3,5. During the shift study, partial resolution of these
resonances gave a d (H-2), but the resonances for H-3,5 were not resolved. The
H-6a, 6e resonances were resolved to give two dd (J5¢, = J5 6 = 1.8 Hz).

N.m.r. spectra were recorded at 24° with a Jeol GX-270 spectrometer for
solutions in CDCl, (internal Me,Si). Shift reagent was added until the molar ratio
of reagent to substrate was 0.35, and spectra were recorded after each addition.
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Good straight-line plots of induced shfit vs. molar ratio of shift reagent to substrate
were obtained for all the compounds studied. Calculations were made by the grid-
search procedure?!%. For model D, each point in a grid-search procedure has two

calculated-shift contributions (one from each magnetic axis). These were added

calculated-shift tributions (one from each magnetic axis). These were add
with equal weights, and scaled to experimental shift-gradients. The best fit was that
which had the lowest R-factor, where R = [2(Gg. — Gops J/2(Gop )] X 100.

; ‘ 7 :
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