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We can find ornly a few, systematic carbon-13 n.m.r. studies on protected
simple carbohydrates (permethylated?'? or peracetylated3~7 derivatives), in contrast
to those on nonprotected derivatives. However, it is important to study the cor-
relations between structure and chemical shifts of the skeletal carbon atoms for
routine structural determinations of reaction products in synthetic carbohydrate
chemistry.

In this article, we focus on the chemical-shift changes caused to bD-gluco-
pyranosyl skeletal carbon atoms by changing one of the five acetoxyl groups of
1,2,3,4,6-penta-0O-acetyl-f-D-glucopyranose (1) to a hydroxyl group (by deacetylation)
or to a 2,3;5,6-di-O-isopropylidene-a-D-mannofuranosyloxy group (mapnofuranosyl-
ation)*, and two such groups of 1,2,3,4,6-penta-QO-acetyl-a-D-glucopyranose (2).

EXPERIMENTAL

Carbon-13 n.m.r. spectra. — Spectra were measured at room temperature in
chloroform-d with tetramethylsilane (internal standard) with a Varian NV-14
(15.1 MHz) or CFT-20 (20 MHz) spectrometer in the pulsed, Fourier-transform
mode under proton-ncise decoupling, and in the deuterium-lock mode. Signals were
assigned by partial decoupling, by selective proton irradiation, or by reference to
published data: compounds 1 (ref. 3), 2 (ref. 3), and 2.,3;5,6-di-O-isopropylidene-o-D-
mannofuranose® (10).

*We selected o-D-mannofuranosyl-np-glucopyranoses for determining the shift on glycosylation,
because the resonance lines arising from each skeleton appear in quite a different range and make
assignment of the lines easy (see Table I). The differences between the shift by mannofuranosylation
and by glucopyranosylation will be reported elsewhere.
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Matzerials. — D-Glucopyranose penta- and tetra-acetates were prepared
according to known procedures: 1 (ref. 9), 2 (ref. 9), 2,3,4,6- (3) (ref. 10), 1,3,4,6- (4)
(ref. 11), 1,2,4,6- (5) (ref. 12), 1,2,3,6- (6) (ref. 13), and 1,2,3,4-tetra-O-acetyl-B-D-
glucopyranosel# (7), 2,3,4,6- (8) (ref. 15), and 1,3,4,6-tetra-O-acetyl-a-p-gluco-
pyranose'® (9). The 2,3;5,6-di-O-isopropylidene-«-p-mannofuranosyl-p-gluco-
pyranose tetraacetates; 2,3;5,6-di-O-isopropylidene-z-D-maanofuranosyl 2,3,4,6-
tetra- O-acetyl-g-p-glucopyranoside (11); 1,3,4,6-tetra-O-acetyl-2- (12), 1,2,4,6-tetra-
O-acetyl-3- (13), 1,2,3,6-tetra-O-acetyl-4- (14), and 1,2,3,4-tetra-O-acetyl-6-0-
(2.,3:5,6-di-O-isopropylidene-a-D-mannofuranosyl)-g-p-glucopyranose (15); 2,3;5,6-
di-O-isopropylidene-a-p-mannofuranosyl 2,3,4,6-tetra- O-acetyl-a-D-glucopyranoside
(16), and 1,3.,4,6-tetra- O-acetyl-2-0-(2,3;5,6-di- O-isopropylidene-o-D-manno-
furanosyl)-a-D-glucopyranose (17) were synthesized by condensation of 2,3;5,6-di-O-
isopropylidene-1-O-phenoxycarbonyl- or -1-0-(2,2,2-trichloroethoxycarbonyl)-«-n-
mannofuranose!? with the corresponding D-glucopyranose tetraacetates. Details of
the syntheses will be reported elsewhere.

DISCUSSION

Chemical shifts of the p-glucopyranose tetraacetates 3-9, and 2,3;5,6-di-O-
isopropylidene-«-D-mannofuranosyl! b-glucopyranose tetraacetates 11-17 are given in
Table I, together with data for the reference compounds 1, 2, and 10.

The shifts of the resonance position for the respective skeletal carbon atoms of
the carbohydrate are indicated as 45°R, defined as follows:

A$°R = (compound in question) — & (standard compound having an OR
group). Thus A5624° denotes the chemical-shift change on the nth carbon atom
following deacetylation or replacement of an acetyl group by a 2,3;5,6-di-O-iso-
propylidene-e-D-mannofuranosyl group. Downfield shifts are indicated by positive
values.

The deacetylation shifts (45°4°) calculated by reference to the standard com-
pound 1 are summarized in Table II, together with two deacetylation shifts based on 2.
Typical shifts are not observed at the deacetylated position («-carbon; 4624 = +0.4
to +0.8 p.p.m.), but on the adjacent carbon atom(s) (f-carbon; 4574 = +2 to
+3 p.p.m.), in contrast to the cyclohexanol equatorial acetates (45%4¢ = approxi-
mately —3, 4694° = approximately+4 p.p.m.)'® and acetoxy steroids (439%° = —1
to —4, 4604° = +1 to +4 p.p.m.)'°. These differences may be due to interactions
between the substituent to be changed and nearby substituents, especially on f-carbon
atoms. Consequently, for the b-glucopyranose acetates, it is deduced that the primary
upfield shift caused by deacetylation as observed in cyclohexanol acetates, and the
downfield shift caused by the changes in interaction with the neighboring substituents,
are practically cancelled out and result in only a small downfield shift on the e¢-carbon
atom.

Deacetylation of the acylal acetoxyl group of 1 and 2, to give 3 and 8, respec-
tively, causes a significant shift (4694° = +3.6 p.p.m. for 3, and 4634° = —3 p.p.m.
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TABLE II
DEACETYLATION SHIFTS (A5CA%) FOR THE D-GLUCOPYRANOSE ACETATES

Compound Deacetylation A45°4¢ (p.p.m.)

position
C-1 Cc-2 -3 CcH4 Cc-5 C-6
3 1 +3.6 +2.8 —0.2 +0.7 —0.8 +0.6
4 2 +2.0 +0.8 +2.2 o —0.3 +0.2
S 3 +0.1 +2.4 +0.4 +2.4 o +0.5
6 4 +0.1 0 +2.3 +0.5 +2.1 +1.1
7 6 +0.1 +0.1 0 +0.4 +2.2 —0.6
8 1 +0.8 +2.0 +0.2 +0.7 -3.0 +0.6
9 2 +2.3 +0.4 +32 —-0.1 -0.2 +0.3

2Calculated as 6(3—7) — 6(1), or 6(8 or 9) — 5(2); downfield shift is indicated by a positive value.

for 8), together with the typical downfield shifts on f-carbon atoms. As regards
comparing the 6494¢ values of 3 and 8 with other, normal A834° values, the inter-
actions between C-1 and C-2 substituents seem to be similar to those in the other
examples. Therefore, the larger downfield shifis observed at C-1 of 3 may be
attributed to larger changes in the interaction between the C-1 equatorial substituent
and the lone-pair electron lobes of the pyranoid ring-oxygen atom in gauche relation-
ship, in contrast to the smaller downfield shift observed on C-1 of 8, in which smaller
interactions are expected between the axial substituent and the electron lobes, one
being in gauche and the other in anti relationship.

A significant upfield shift in C-5 of 8 was observed, together with a set of
smaller, downfield shifts on the adjacent carbon atoms (C-4 and C-6). A similar
tendency may be observed in the f anomer 3, but the upfield shift on C-5 is very small.
Although this set of shifts resembles the shift observed upon the hydrolysis of ethers
to the corresponding alcohols (upfield shift on the a-carbon atom and a downfield
shift on B-carbon atoms?%:2!), we could not find any positive evidence for the
presence of an intermediate 2,3,4,6-tetra- O-acetyl-aldehydo-p-glucose in equilibrium
with 3 and 8.

Deacetylation of the primary acetoxyl group of 1 to give 7 causes, in addition
to the typical downfield shift of C-5 (8-carbon atom), a small upfield shift (4524° =
—0.6 p.p.m.) on the a-carbon atom. This different shift-tendency observed at C-6 may
be explained by a contribution of smaller downfield shift resulting from the smaller
decrease of steric interactions between the less-hindered primary (C-6) substituent
and the neighboring groups.

Summarizing the deacetylation shifts for the glucopyranose pentaacetates, a
typical downfield shift (2-3 p.p.m.) and small downfield shift (up to 1 p.p.m.) may be
observed on the 8- and x-carbon atoms, respectively, except with primary or acylal
acetoxyl groups. (Fig. 1).

Table III summarizes the shifts observed when an acetyl group is replaced by
a 2,3;5,6-di-O-isopropylidene-«-pD-mannofuranosyl group (45°4°; mannofuranosyl-
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Fig. 1. Resonance positions of skeletal carbon atoms of 1,2,3,4,6-penia-O-acetyl-f-D-glucopyranose
@), 1,2,3,6-tetra-O-acetyl-f-p-glucopyranose (6), and 1,2,3,6-tetra-O-acetyl-4-0-(2,3;5,6-di-O-
isopropylidene-z-p-mannofuranosyl)-f-p-glucopyranose (14). (p-Glucopyranosyl moicties only.)
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TABLE Il

2,3;5,6-DI- O-1SOPROP YLIDENE~Z-D~-MANNOFURANOSYLATION SHIFTS (46°A€)° OF THE
D-GLUCOPYRANOSYL MOIETY, CALCULATED FROM 2,3;5,6-DI1-O-ISOPROPYLIDENE-
-D-MANNOFURANOSYL D-GLUCOPYRANOSE TETRAACETATES

Compound Mannosylation  46°4° (p.p.m.)

position

C-1 C-2 C-3 C-4 C-5 C-6
i1 1 +7.0 +1.0 0 +0.2 —-0.5 +0.3
12 2 +2.2 +4.0 +0.1 +0.3 —0.3 0
13 3 +0.2 +0.1 +5.2 +2.3 —0.1 +0.4
14 4 —0.1 (1] +2.0 +5.5 +2.1 +1.0
15 6 +0.1 )] +0.4 0 +0.6 +2.9
16 1 +2.2 +0.8 +0.1 +0.5 -1.8 +0.2
17 2 —0.3 +2.7 +0.8 +0.4 —0.1 +0.2

SCalcutated as 6(11—15) — 6(1), or d(16 or 17) — 5(2); downfield shift is indicated by a positive
value.

ation shift) on the D-glucopyranose moiety, based on the pentaacetates 1 or 2;
Table IV gives the tetra-O-acetyl-D-glucopyranosylation shifts (46°%; gluco-
pyranosylation shift) of the sekeletal carbon atoms of the mannofuranosyl moiety,
based on 10, respectively. Mannofuranosylation gives typical downfield shifts of the
a-carbon atom (4824° = 42.2 to +7.0 p.p.m.), in addition to a2 smaller shift of the
B-carbon atoms (A6§A°= —0.3 to +2.3 p.p.m.). These ambiguous shifts, observed
especially on the p-carbon atom, may be attributed to the steric effect between the
neighboring substituents and the bulky 2,3;5,6-di-O-isopropylidene-a-D-manno-
furanosyl group; the most favored rotameric orientation around the glycosyl bond
is 'quite different in each instance, and therefore, variation in the changes of steric
interaction caused with the adjacent substituents is reflected in the wide distribution
of the 4694 and A5*° values. From this viewpoint, smaller 4634° values correspond
well to smaller downfield shifts (Aéf,’“ = +0.6 to +0.8 p.p-m.; C-5 of 15, C-2 of 16,
and C-3 of 17) or even an upfield shift (4 62“ = —0.3 p.p.m.; C-1 of 17) on f-carbon
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atoms. The upfield shift for C-5 of 16 (4594° = —1.8 p.p.m.) is attributable to the
steric effect, the 1,3-diaxial interaction, or a kind of so-called y-effect!® between the
C-1 substituent and the syn-axial H-5. Small shifts observed on the carbon atoms
other than C,and C; may be due to subtle conformational change caused by insertion
of the bulky mannofuranosyl group.

In conclusion, mannofuranosylation generates a typical downfield shift on the
a-carbon atom (2-7 p.p.m.), and small downfield shifts on the f-carbon atoms
(less than ~2 p.p.m.) (see Fig. 1), thus resembling glycosylation shifts earlier

reported”.

TABLE 1V

NOTE

TETRA-O-ACETYL-D-GLUCOPYRANOSYLATION SHIFT (45°F)? OoF THE MANNOFURANOSYL MOIETIES,

CALCULATED FROM 2,3;5,6-DI- J-ISOPROPYLIDENE-%~-D-MANNOFURANOSYL D-GLUCOPYRANOSE

TETRAACETATES
Compound Linking to A46°% (p.p.m.)
position

C-1 Cc-2 C-3 C-4 C-5 C-6
11 O-1 of §-p-Glc +6.0 —0.5 -0.3 +1.1 —0.5 +0.3
iz 0O-2 +5.6 —0.4 —0.3 +1.0 —0.4 o)
13 0-3 +7.1 —0.3 —-0.2 +0.9 —-0.2 —-03
i4 O-4 +8.1 —0.1 —0.1 +1.5 -0.3 +0.2
15 0-6 +52 —0.5 —-0.2 +0.4 —0.1 +0.2
16 O-1 of «-D-Glc +1.2 —0.7 —0.1 +1.0 —0.4 +0.2
17 0-2 +3.6 —0.5 -0.3 +1.2 —04 +0.3

aCalculated as 6(11 —17) — 6(10); downfield shift is indicated by a positive value.

Comparing the glycosylation shifts (45°) of the mannofuranosyl moiety of 12,
13, 14, and 15 (Table IV), it is interesting that the order of the downfield shift observed
for C-1 corresponds* well, but in reverse, to the reported orders of the nucleo-
philicities of the hydroxyl groups of B-pD-glucopyranosides??:%?4: 6-OH>2-OH>

3-OH>4-OH.

ACKNOWLEDGMENT

The authors thank Dr. Hiroshi Sugiyama, Tohoku University, for valuable

discussions.

REFERENCES

1 J. Haverkamp, M. J. A. DEBIE, AND J. F. G. VLIEGENTHART, Carbohydr. Res., 39 (1975) 201-211,

and references cited therein.

2 S. A. ABBas, A. H. HaNEs, aND A. G. WELLS, J. Chem. Soc., Perkir Trans. I, (1976) 1351-1357.

3 D. E. DORMAN AND J. D. ROBERTS, J. Am. Chem. Soc., 93 (1971) 4463—4472.

*Perlin?? had reported such a correlation between the carbon-13 and proton n.m.r. chemical shifts
of aldopyranoses and the relative rates of oxidation of hemiacetal hydroxyl groups by bromine.



NOTE 277

[~ -3 - WV I Y

roOR=2 v
o:<<mzuwﬂwwg\mozuz

—
V]

16
17
18
19
20
21

22
23
24

. VIGNON AND J. A. YVOTTERO, Tetrahedron Lett., (1976) 2445-2448.
. GAGNAIRE, F. R. TARAVEL, AND M. R. VIGNON, Carbohydr. Res., 51 (1976) 157-168.
. VIGNON AND P. J. A. VoTTERO, Carbohydr. Res., 53 (1977) 197-207.
XCOFFIER, D. Y. GAGNAIRE, AND F. R. TARAVEL, Carbohydr. Res., 56 (1977) 229-238.
HRUT, G. H. JONES, J. G. MoOFFATT, M. L. MADDOX, A. T. CHRISTENSEN, AND S. K. Byram,
m. Chem. Soc., 97 (1975) 4602-4613.

. WOLFROM AND A. THoMPSON, Methods Carbohydr. Chem., 2 (1963) 211-215.
. ALLEN, Methods Carbohydr. Chem., 1 (1962) 372-374.

. Lemieux aAND G. HUBER, Can. J. Chemn., 31 (1953) 1040-1047.
IWAsmGE AND H. Saexi, Chem. Pharm. Bull, (Tokyo), 15 (1967) 1803—1806.

. KOEPPEN, Carbohydr. Res., 24 (1972) 154-158.

- REYNoLDS AND W. L. Evans, Org. Syn. Coll. Vol., 3 (1965) 432-434.
AKAZAKI, M. SEKIYA, N. SAKAIRI, AND Y. IsHiDO, unpublished results.
ELFERICH AND J. ZIRNER, Chem. Ber., 95 (1962) 2604-2611.
SHIDO, S. INABA, H. KOMURA, AND A. MATSUNO, J. Chem. Soc. D, (1977) 90-91.
ERUI, K. Torl, AND N, Tsusit, Tetrahedron Lezt., (1976) 621-622.
GGERT, C. L. VANANTWERP, N. S. BHACCA, AND C. DIERASSI, J. Org. Chem., 41 (1976) 71-78.
OoNNO AND H. HikiNo, Tetrahedron, 32 (1976) 325-331.
G E. MAcCIEL, in G. C. Levy (Ed.), Topics in Carbon-13 NMR Spectroscopy, Vol. 1, John Wiley
and Sons, New York, 1974.
A. S. PERLIN, Can. J. Chem., 49 (1971) 1972-1976.
J. M. WiLLiams AND A. C. RICHARDSON, Tetrahedron, 23 (1967) 1369-1378.
J. CompTON, J. Am. Chem. Soc., 60 (1938) 395-399.

‘Omw<w

o Nk

MADH T Zg N



