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N.m.r. assignments of acetyl and trityl groups in derivatized carbohydrates
via proton-carbon long-range couplings®

MARTIN L. APPLETON, CHARLES E. COTTRELL, AND EDWARD J. BEHRMAN
Department of Biochemistry, The Ohio State University, Columbus, Ohio 43210 (U.5.A.)
{Received April 11th, 1986; accepted for publication in revised form, June 1st, 1986)

A two-dimensional, heteronuclear shift-correlated n.m.1. technique known
as H,C-COLOC (*H-1C correlation spectroscopy via long-range couplings) has
been developed to detect specifically TH-3C spin-spin coupling through two and
three bonds?, Other n.m.r. techniques are also capable of detecting 'H-'3C long-
range couplings, for instance selective INEPT (selective insensitive nuclei enhanced
by polarization fransfer)®, DEPT (distortionless enhancement by polarization frans-
fer)*, FUCOUP (fully coupled)’, LR HETCOSY (long-range 'H-'3C heteteronuc-
lear correlation spectroscopy), C-relayed H,C-COSY (1*C-relayed 'H-3C correla-
tion spectroscopy)’, and a modified version of the 'H-detected heteronuclear
multiple quantum experiment?.

We applied the COLOC technique first to methyl 2,3,4,6-tetra-O-acetyl-a-D-
glucopyranoside (1), as this molecule has already had its acetyl methyl-proton
peaks assigned in several solvents by chemical techniques®. We then examined
3,4,6-tri-O-acetyl-D-glucal (2), methyl 1,2,34-tetra-O-acetyl-g-D-glucopyranuro-
nate (3), and 2,3,4,3' 4'-penta-O-acetyl-6,1’,6'-tri-O-tritylsucrose {(4), in order to
assign each of the individual acetyl- and trityl-group signals in the 'H- and BC
n.m.r. spectra to a specific position in each molecule.

Assignment methods for the n.m.r. signals of individual substituents in
derivatized carbohydrates are useful for determining both position and degree of
substitution. Previous methods for assigning individual acetyl- and methyl-group
resonances involved unambiguous synthesis of derivatives containing a tri-
deuterioacetyl or trideuteriomethyl group at one position. A summary of such work
has been given'? and several subsequent papers have appeared!!. Another method!?
utilizes lanthanide shift-reagents for acetyl-proton assignments.

For each individual acetyl group in 1-4, the methyl 'H signal and carbonyl
BBC signal are assigned based on the COLOC spectrum (Fig. 1). This is ac-
complished by taking advantage of two long-range couplings, one between a sugar-

*See ref. 1 for a preliminary report of this work.
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ring proton and the carbonyl carbon of its respective acetyl group (three-bond cou-
pling) and the other between this same carbonyl carbon and the acetyl protons
(two-bond coupling). The methyl C signal of each group is then assigned from
'H-13C one-bond couplings in a conventional, H,C-COSY (*H-C correlation
spectroscopy) experiment. In order for such assignments to be made, the sugar-ring
proton assignments must be known from previous experiments.

In previous synthetic work? with 1, the individual acetyl-methyl 'H signals
were assigned to specific positions in the molecule by the unambiguous synthesis of
derivatives specifically substituted at one position by a trideutericacetyl group.
During this work it was also found that the acetyl-methyl 'H shifts of 1 were solvent
dependent. The agreement of the COLOC acetyl-methyl proton assignments with
those from this synthetic work (Table I) proves COLOC’s ability to make such
assignments and allows it to be extended with some confidence.
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Fig. 1. COLOC spectrum of 1 in CDCl;. The complete 'H spectrum is along the horizontal axis,
whereas only the carbonyl region of the 3C spectrum is along the vertical axis. Two artifacts appear
along the vertical at ~3.75 p.p.m. (for measuring conditions, see Experimental Section).

Our initial COLOC experiments were hampered by the presence of a large
number of harmonic artifacts along the F, axis, apparently arising from the acetyl-
methyl groups. These artifacts were eliminated after the installation of a digital
phase-shifter capable of more accurately controlling the radiofrequency (r.f.)
phases. Precise control of the r.f. phase appears to be very important for this
application of COLOC.

We also attempted to assign the acetyl-methyl proton peaks of 1 by using the
DEPT technique adjusted for long-range couplings. This experiment succeeded,
but was not as sensitive as the COLOC experiment because of the additional
refocussing delays in the DEPT technique. '

The ring protons of 1 have been assigned previously in chloroform-d,
benzene-dg, and pyridine-ds (Table I1)°. The ring- and acetyl-group carbon assign-
ments of 1 in each of these solvents, along with previous ring-carbon assignments
in chloroform-d, are recorded in Tables Il and IV, respectively. The 3-OAc and
6-OAc methyl 'H signals of 1 in benzene-d,, which were unresolved at 100 MHz in
the previous synthetic work®, were distinguishable at 500 MHz and were assigned
(Table I). We found that water (~15 mol% relative to the solvent) in the sample
of 1 dissolved in pyridine-d; reversed the relative positions of the 4-OAc and 6-OAc
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TABLEI

METHOXYL AND ACETYL METHYL 'H CHEMICAL SHIFTS

Compd. Solvent MeO Me-1 Me-2 Me-3 Me-4 Me-6 Ref.
1 CDCL, 3.42 2.07M 2,005 2.025 2.093 9
3.417 2.074 2.006 2.027 2.095 a
CsDN 3.35 1.971 2.021 2.032 2.035 9
3.368 1.980 2.042 2053 2054 ab
CsDg 3.00 1.641 1.743 1.719 1.743 9
2.971 1.635 1,738 1713 1734 ¢«
2 CD(Cl, 2.047 2.078 2.094 a
3 CDhCl, 3.747 2.119 2.041 2.031 2.041 @
4(G) CDCl, 1911 1956  1.591 a
(F)y* 1931 1972 a

“The present paper. *The systematic difference between these values and those of ref. 9 may be due to
a difference in referencing. “Glucopyranosyl residue. “Fructofuranosyl residue.

TABLE I

{H-N.M.R. CHEMICAL SHIFTS

Comp. Solvent H-1 H-2 H-3 H-4 H-5 H-6a H-6b  Ref.
1 b, 4.96 4.89 5.49 5.07 3.92 4.09 4.29 9
4953 4.89% 5473 5.063 398 4113 4263 =
CsDN 5.17 5.26 5.90 5.42 4.13 4.30 4.43 9
5200 5292 5917 5.462 4.155 4346 4490 ¢
CeDyg 4.89 5.04 5.80 5.27 3.83 4.06 4.29 9,13
4.892 5047 5826 5298 3.828 4.082 4267 =
2 CD,;COCD,; 6.543 4.842 5311 5174 4334 4182 4398 14
CDCl, 6.53 4.81 534 5.20 4.19 4.09 4.29 15
6472 4.849 5348 5223 4260 4203 4404 ¢
3 CDCl, 5.80 4.90-5.40 4.18 16
5777 5142 5316 5247 4193 e
4(G)* CDCl, 5.32 4.81 5.16 5.21 3.96 3.32 3.26 17

5.30 4.79 5220r 517 ~4.15 ~3.18 -~2.77 18°
5322 4809 5190 5229 3975 3172 2767 =

H-ta H-Ub
4 (F)¢ 3.32 3.26 5.83 5.36 4.14 3.37 3.30 17
~3.35 ~3.25 5.82 5.35 ~4.30 4 ¢ 18°

3333 3268 5.839 5364 4142 3380 3307 ¢

“The present paper. ®Glucopyranosyl residue. ‘Approximate values estimated from a published
spectrum. “Fructofuranosyl residue. ‘Mot assigned.

methyl 'H signals and also caused shifts in other signals. The nonequivalent
methylene protons of 1 have previously been assigned in benzene-d by synthesis of
6-monodeuterio derivatives’® (Table II). Based on the values for Js¢, and Js g,
these assignments can be extended to other acetylated glucose derivatives, includ-
ing 1 in other solvents and 2 (Tables II and V).

Assignment of the acetyl-group resonances in the 'H and ¥C spectra of 2 and
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TABLE 111
B3C CHEMICAL SHIFTS
Compd. Solvent MeQG (-1 C-2 C-3 C-4 C-5 C-6 Ref.
1 CDCl, 35.6 96.3 704 697 68.2 66.8 615 19
55.4 98.9 709 702 68.7 67.3 621 20
55.46 968 70.83 70.15 6861 67.19 61.97 =«
C,DsN 5.2 97.29 7131 7068 6930 67.83 62.47 ¢
CDg 54.99 97.17 7143 7073 69.15 67.73 62.07 =
2 Chdl, 145.5 993 675 67.3 74.0 61.3 21
145.67 99.05 6747 67.27 7401 6142 =
3 CDC, 52.99 91.41 7023 7187 68.97 73.04 16683 ¢
4(GY CDhdl, 90.14 7003 7081 6845 69.21 60,70 =
(Fy 63.11 10542 7626 7621 80.07 6392 =«

*The present paper, assignments were made by using H,C-COSY. *Glucopyranosyl residue. “Fructo-
furanosyl residue.

TABLE IV

ACETYL-GROUP CARBONYL AND METHYL P*C CHEMICAL SHIFTS

Compd. Solvent C=0-1 C=0-2 C=0-3 C=0-4 C=0-6 Me-l Me2 Me-3 Med Meb

1 CDCL, 170.10 170.01 169.56 170.59 2068 20.65 20.58 20.69
C.DN 170.19 170.25 169.83 170.48 2044 20.50 20.45 20.56
CDq 169.72 169.69 169.30 169.99 20.17 2035 20.19 20.27

2 CDCl, 170.37 169.55 170.55 20.98 20.79 20.71

3 CDCl, 168.80 169.16 169.87 169.38 20.75 20.52¢ 20.55 20.46°

4Gy CDCL 169.86 170.14 168.83 20.54 2076 20.39

(Fy 169.46 169.49 20.62 20.87

“Assignments may be reversed. *Glucopyranosyl residue. “Fructofuranosyl residue.

3 was straightforward (Tables I and IV). Previous assignments of the ring 'H and
BC resonances and 'H-'H coupling-constants of 2 and 3 have been substantiated
and expanded, as shown in Tables II, II, and V. Previous ring-proton assignments
and '"H-'H coupling-constants of 4 have been expanded and corrected as shown in
Tables II and V. The ring-carbon assignments of 4 are recorded in Table II1L.

The initial COLOC spectrum of 4 (102 ms evolution period and 40 ms
refocussing period) revealed only couplings to the acetyl groups on the glucose
residue. Measurement of appropriate long-range coupling-constants showed that
all of the ring-proton to carbonyl-carbon couplings were ~3 Hz and that the
carbonyl-carbon to methyl-proton couplings were ~7 Hz. These values were similar
to those found for 1-3. A second experiment using slightly different delay-times
(125 ms evolution period and 42 ms refocussing period) revealed the couplings of
the acetyl groups on the fructose residue. However, the coupling of glucose H-2 to
its carbonyl group disappeared. In a COLOC experiment covering the entire 3C
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TABLE V

'H~'"H COUPLING CONSTANTS (Hz)

Comp. Solvent ¥ Jy3 34 Jis Js 68 Js.a Jousn  Ref.
1 CDhCl, 3.5 9.5 9.5 10.0 2.5 4.6 12.2 9
3.7 10.2 9.5 10.2 2.3 4.7 12.3 a
C;D;N 4.0 9.5 9.5 10.0 2.5 5.0 12.5 9
3.6 10.3 9.6 10.1 2.5 4.9 12.2 a
CDy 3.5 9.5 9.5 10.0 2.5 4.5 12.2 9
3.6 10.2 9.5 10.0 24 4.6 12.3 °
2 CD,COCD; 6.15 3.25 5.79 775 3.16 599 -12.35 14
Ji3= — 1.39
CDhdCl, 6.4 32 6.4 6.8 2.4 6.3 14.0 15
Ji3= 1.3
6.2 33 5.7 7.6 31 5.8 12.1 a
Ji3= 1.2
3 CDCl, 7.0 b & b 16
7.7 9.0 9.6 9.6 “
4(G)* CDCl, 38 10.0 10.0 10.0 1.75 3.25 1025 17
3.8 9.9 9.9 9.9 1.8 31 10.4 s
(F¥ Jn= 1025 5.2 5.2 5.7 5.2 10.0 17

Juw= 103 52 52 60 54 100 @

“The present paper. *Not assigned. “Glucopyranosy! residue. “Fructofuranosyl residue.

spectrum of 4 (rather than just the carbonyl region), the interglycosidic coupling
between glucose H-1 and fructose C-2’ was observed.

The acetyl-group assignments of 4 are shown in Tables I and IV. Interest-
ingly, the 4-OAc resonances in the glucose residue are shifted significantly upfield.
A similar effect has been seen for the 4-OAc methyl protons in methyl 2,3,4-tri-O-
acetyl-6-O-trityl-a-® and -8-'0 D-glucopyranoside. This upfield shift was attributed
to shielding of the 4-OAc by the 6-OTr group, the effect being similar to that ob-
served on almost all proton resonances in aromatic solvents. A similar, although
much smaller, shielding-effect occurs for the remaining acetyl-methyl protons of 4.
Shielding and deshielding effects on ring protons in acetyltritylsucrose derivatives
have been studied’®.

Assignment of the trityl-group !H and PC resonances of 4 (Table VI) was
accomplished by using COLOC, FUCOUP, and 'H-'H decoupling experiments, A
COLOC experiment allowed the methane carbon atoms in each trityl group to be
assigned from their coupling to the methylene protons at positions 1’,6’, and 6.
Coupling of the methane carbons to the aromatic ortho protons allowed assignment
of these protons, which were downfield of both the meta and para protons (Fig.
2a). Decoupling of the ortho protons at each position allowed assignment of the
meta protons on the trityl group at position 1’, while the remaining meta and para
protons were not sufficiently resolved for exact assignment (Fig. 2a). A second
COLOC experiment showed coupling of ortho protons to the ortho (one-bond cou-
plings sometimes appear), meta, and para carbons, but did not allow unambiguous
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TABLE VI

'H anp BC CHEMICAL SHIFTS AND 'H-'H COUPLING CONSTANTS (Hz) FOR THE TRITYL GROUPS OF 4 IN
CDCl,

Position Protons Carbon atoms
ortho meta J,, Tonp Jop ipso ortho meta para  Methane
Iy 7458 7.267 8.1 8.1 12 14331 128.83 127.87 127.15 87.14
& 7398 ¢ 8.1 ¢ 14 143.72 128.65 127.80 127.02 86.99
6 7352 = 8.1 @ 1.4 143.72 12878 127.70 126.81 B86.17

ameta Protons at these positions and para protons from all three positions formed a broad multiplet
extending from 7.139-7.227 (Fig. 2a).

distinction between these three groups (Fig. 2b). The ortho carbon atoms at each
position were identified from one-bond couplings in the H,C-COSY spectrum. In-
tensity differences in the carbon spectrum were used to distinguish the mefa and
para carbon atoms (Fig. 2b). Individual assignment of the meta and para carbons
then followed from the COLOC experiment. Coupling of the meta protons to the
ortho and meta carbons at the 1’ position supported the foregoing assignments, as
did previous carbon assignments for triphenyimethanol and chlorotriphenyl-
methane?. Finally, a FUCOUP experiment (which, because of its fully coupled
nature, works best for quaternary carbon atoms) identified individual ipso carbons

a 4 meta 6, 6
+ )
para 8, 1, 6

78 77 768 7.5 74 73 72 7.1 7.0 69

b 130

ipso

6+¢

i

144 142 140 138 138 134 132 130 128 126
P.p.m,

Fig. 2. Aromatic region of the 'H (a) and *C (b) spectra of 4 in CDCl;, showing the trityl-group assign-
ments at each position.
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from their coupling to ortho protons. This specific two-bond coupling did not
appear in any of the COLOC experiments.

EXPERIMENTAL

All n.m.r. experiments were performed with a Bruker 500 MHz spectrometer
equipped with a digital phase-shifter. Wilmad 528-PP or 535-PP sample-tubes were
used. Generally, spectra were recorded at a probe temperature of ~27°, The 'H
spectra of 1 in C,D, were recorded at 24°. The 1*C spectra of 3 and 4 were recorded
at 30°. All solvents were dried (multistage technique) with 3A molecular sieves
(10-20% w/v) which had been activated® by heating for 24 h at 300°. Compounds
were dried in vacuo in the presence of P,O,,. Generally, solutions were ~10%
(w/v); compound 3 was 8% (w/v). A 10% solution of 1 in CD; appeared to be
supersaturated, as crystals appeared after some time; measurements were there-
fore made on a saturated solution. Compounds 2 and 3 were purchased from the
Sigma Chemical Co.; 1 was synthesized according to the literature procedure?, as
was 4 (ref, 24). All spectra were analyzed on a first-order basis, with chemical shifts
in p.p.m. (8) downfield from internal Me,Si (1% v/v). Coupling constants (Hz) are
the measured peak spacings and are accurate to £0.5 Hz.

H,C-COLOC and H,C-COSY experiments were performed with the micro-
programs supplied by Bruker (COLOC.AU and X,H CORRD.AU respectively).
The delays in the H,C-COSY and H,C-COLOC experiments were typically 3.5 and
102 ms respectively, for the evolution period and 2 and 40 ms respectively, for the
refocussing period. A typical COLOC experiment required 12-14 h for data
acquisition.

NOTE ADDED IN PROOF

Several papers have just appeared in which acyl group assignments have been
made by n.m.r. techniques®.
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