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Abstract 

The structure of the exocellular capsular polysaccharide expressed by Escherichiu coli 

08 : K48 : H9 has been investigated by hydrolysis and methylation analysis, and by NMR 
spectroscopic studies of the polysaccharide and of the oligosaccharides generated by 
solvolysis with anhydrous HF. The capsular polysaccharide was shown to have the repeating 
unit: 

+ 3)-P-D-GlcpNAc-(1 + 4)-P-D-GlcpNAc-(1 4 4)-/?-D-GlcpA-(I --f 
3 
t 
1 

p-L-sugp 

where p-L-Sugp represents 2,3-diacetamido-2,3,6-trideoxy-P-L-mannopyranose. 

1. Introduction 

Bacteria of the genus Escherichiu cob, for which the structures of the capsular 
antigens of some 55 of the 74 encapsulated strains identified [l] are known, show a 
high degree of heterogeneity in the chemistry of their capsular (K) antigens. 
Several different amino sugars have been reported as constituents of these polysac- 
charides, of which 2-acetamido-2-deoxy-D-glucopyranose (GIcNAc) and 2- 
acetamido-2-deoxy-D-galactopyranose (GalNAc) are the most common. N- 
Acetylneuraminic acid (NeuSAc) is less frequently encountered whilst 2- 
acetamido-2-deoxy-L-fucopyranose has only been found in the K87 polysaccharide 
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[2]. 2-Acetamido-2-deoxy-D-mannopyranose has only recently been found to occur 
in a capsular polysaccharide in this genus [3], although the unusual aminouronic 
acid, 2-acetamido-2-deoxy-b-mannopyranuronic acid (ManNAcA), is the acidic 
component of the K7 antigen [4]. The capsular polysaccharide from E. coli K48, 
which is another example of a K-antigen that contains no simple hexose residues, 
contains the first diamino sugar to be encountered in a capsular polysaccharide in 
this genus. 

2. Results and discussion 

Isolation and purification.-The bacteria (E. coli 08 : K48 : H9, culture no. 
A290a) were grown on Mueller-Hinton agar and the acidic capsular polysaccha- 
ride (PSI was isolated by selective precipitation using cetyltrimethylammonium 
bromide in the conventional manner [5]. Further purification of PS was effected by 
dialysis and ion-exchange chromatography on DEAE-Sepharose Cl-6B. The puri- 
fied material showed a broad distribution of molecular weights on Sephacryl S500 
with an average n/r, of 5 x 105. 

Sugar and methylation analysis.-The polymer was resistant to acid hydrolysis (4 
M CF,CO,H) and the constituent sugars were not released in molar proportions. 
GlcA and GlcN were identified by analytical GLC-MS of the derived alditol 
acetates following methanolysis, carboxyl-reduction, and hydrolysis of a sample of 
PS. Analysis of the derived acetylated (- )-2-octyl glycosides [6] by GLC showed 
that GlcA and GlcN had the D configuration. Methylation of PS followed by 
GLC-MS analysis of the derived, methylated alditol acetates revealed the pres- 
ence of 4-linked GlcA, 3-linked GlcN, and a very small amount of 3,4-linked GlcN, 
indicative of a branch point. No methylated alditol acetate of a terminal residue 
was detected. 

NMR spectroscopy.-The ‘H and 13C NMR spectra of the polysaccharide were 
consistent with a tetrasaccharide repeating unit, thus indicating the presence of a 
fourth sugar residue. The ‘H NMR spectrum of PS showed, inter alia, a doublet at 
S 1.36 for a 6-deoxyhexosyl residue, three signals [S 1.97 (3 H), 2.02 (3 H), 2.05 (6 
H)] for methyl protons of four NAc groups, and, in the anomeric region, a signal 
with a small coupling constant at 6 5.07 and a complex of overlapping peaks 
integrating for four protons at 6 4.5-4.6. 

The 13C NMR spectrum of PS (Fig. 1) showed the presence of four anomeric 
carbons (99.83, 101.20, 101.95, and 103.46 ppm), five signals for carbonyl carbons 
(171.74, 174.87, 175.02, 175.27, and 175.61 ppm), four signals for methyl carbons 
(22.68, 22.94, 23.02, and 23.42 ppm), four signals attributable to C-N carbons of 
aminodeoxy sugars (52.19, 54.61, 54.89, and 55.83 ppm), and one signal for the 
methyl carbon of a 6-deoxyhexosyl sugar (18.00 ppm). These data indicated the 
presence of four acetamido functions in the repeating unit. This, in conjunction 
with the methylation data, indicated that the fourth residue was a diacetami- 
dotrideoxyhexose. 
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Fig . 1 . 13C NMR spectrum of PS at 328 K for the spectral region 18-170 ppm. 

The chemical shifts for the ‘H and 13C resonances of the residues in the 
repeating unit of PS were assigned from COSY [7], HOHAHA [8], HETCOR [9], 
and NOESY [lo] experiments. The four residues in the repeating unit were 
labelled a-d in order of decreasing chemical shift of their H-l resonances (Table 
1). The ‘H-chemical shifts for residues a, b, and d could readily be traced from the 
COSY (Fig. 2) and HOHAHA spectra of PS; however, for unit c, the connectivity 
pattern could not be traced with certainty beyond H-2 because of poorly defined 

Table 1 
NMR data a (400 MHz) for PS 

Residue 1 2 3 4 5 6a 6b 

P-&P H 3J b 5.07 1.2 4.55 4.1 10.0 3.96 3.28 9.6 5.7 3.52 1.36 

C 99.83 52.19 54.61 70.87 74.46 18.00 

b H 4.60 3.40 3.66 3.81 4.04 
+ 4)-@GlcA C 103.46 73.01 74.60 80.91’ 74.25 171.74 

C H 4.60 3.68 3.87 3.88 3.47 3.73 3.88 
+ 3,4)-P-GlcNAc C 101.95 54.89 78.64 76.73 75.91 60.70 

d H 4.52 3.88 3.78 3.59 3.42 3.85 3.91 
+ 3)p-GlcNAc C 101.20 55.83 83.28 69.76 76.73 61.88 

a Chemical shifts with acetone as internal reference, 6 2.23 and 31.07 ppm, respectively, for ‘H and 13C. 
b ‘H-‘H coupling constants in Hz. ’ Linkage carbons underlined. 
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Fig. 2. COSY contour plot of PS for the spectral region S 3.3-5.3. The ‘H resonances of the J-coupled 
spin systems for Sug are illustrated on the spectrum. al connotes H-l of the residue, and al,2 connotes 
the cross-peak between H-l and H-2 of the residue, etc. The 1-D spectrum is displayed along the 
f,-axis. 

cross-peaks for this residue. These ‘H resonances were compared with r3C chemi- 
cal shift values obtained from a ‘H-13C shift correlation (HETCOR) experiment 
(Fig. 3) and, once all known ‘H chemical shifts had been correlated with their 
respective 13C chemical shifts, four unassigned sets of ‘H-13C chemical shifts 
remained. The set of low intensity at 6 3.73,3.88/60.70 clearly belonged to 
H-6a,H-6b/C-6 for residue c; of the remaining three sets (6 3.47/75.91, 6 
3.87/78.64, and 6 3.88/76.73), the first two were assigned to H-5/C-5 and 
H-3/C-3 of c from observed NOE cross-peaks in the NOESY spectrum between 
H-l and H-5 and between H-3 and H-5. The remaining set therefore belonged to 
H-4/C-4 of c. Comparison of the ‘H and 13C NMR data for residues b, c, and d 
with literature values for methyl glycosides [ll-131 permitted the residues in the 
repeating unit to be identified as indicated in Table 1, and their linkage positions 
were confirmed by the observed 13C glycosylation shifts [14] for C-4 of b, C-3 and 
C-4 of c, and C-3 of d. The NMR data therefore accord with the presence of 
3-linked P-GlcNAc, 3,4-linked P-GlcNAc, 4-linked /3-GlcA, and a terminal 2,3-di- 
acetamido-2,3,6_trideoxyhexose (Sug). The fact that unit c gave such poorly defined 
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Fig. 3. ‘H-13C shift-correlation map of the spectral region f2 (120-10 ppm) and fI (3.1-5.2 ppm) for 
PS. Correlated cross-peaks assigned to Sug are illustrated on the spectrum. al represents H-l/C-l, etc. 

cross-peaks could be ascribed to short T, values for this residue, resulting from 
reduced mobility at the branch point [15]. 

The ‘H-‘H coupling constants measured for Sug (residue a) indicated that it 
had the LWZIZ~O configuration (Tables 1 and 2). A coupled HMQC spectrum [16] of 
PS gave a Jct,u_t value of 166 Hz for Sug, identical to the Jc_l,H_I value recently 
reported for a terminal P-ManNAc [17]. A value of 175 Hz was recorded for 
methyl 2,3-diacetamido-2,3,6-trideoxy-cr-D-mannopyranoside synthesised in our 
laboratory, suggesting a p-linkage for Sug. This was conclusively proved from the 
strong interresidue NOES observed between H-l and H-3, H-l and H-5, and H-3 
and H-5 in the NOESY spectrum of PS. 

The sequence of the residues a-d in the repeating unit was established from the 
2D-NOESY experiment and was confirmed by an HMBC [18] experiment. The 
relevant inter- and intra-residue NOE contacts are presented in Table 3. The 
observed interresidue NOE contacts between anomeric protons and the relevant 
protons of the adjacent glycosidically linked residues are consistent with the 
following structure for the repeating unit: 

d 
--) 3)-P-D-GlcpNAc-(1 --, 4)-P-D-GlzpNGc-(1 4 4)-@-D-GlEpA-(1 --) 

: 

/I-SAgp a 
where Sug is 2,3-diacetamido-2,3,6-trideoxy_P-mannopyranose. 
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Table 2 
‘H and 13C NMR data a for the oligosaccharides TS and DS 

‘H TS DS 13C TS DS 

H-l 5.10/5.14 b (1.5) c 
H-2 4.60/4.62 (4.1) 
H-3 3.96/3.97 (10.5) 
H-4 3.29/3.31 (9.5) 
H-5 3.54/3.56 (6.2) 
H-6 1.36/1.38 

C H-l 
cu-GlcNAc H-2 

H-3 
H-4 

H-5 
H-6a 
H-6b 

5.23 (3.6) 
3.86 (9.3) 
4.02 (10.0) 
3.86 

3.86 
3.83 
3.72 

/3-&cNAc 
H-l 
H-2 
H-3 
H-4 
H-5 
H-6a 
H-6b 

4.73 (8.5) 
3.64 (10.4) 
3.85 
3.85 
3.44 
3.87 
3.68 

d H-l 
P-GlcNAc H-2 

H-3 
H-4 
H-5 
H-6a 
H-6b 

4.47/4.49 (8.1) 
3.77/3.78 (10.0) 
3.54/3.55 (9.1) 
3.48/3.49 (9.1) 
3.40 
3.89 
3.91 

4.97/4.99 (1.8) 
4.48/4.51 (4.1) 
3.96/3.98 (10.2) 
3.30/3.31(9.4) 
3.49/3.52 (6.1) 
1.35/1.38 

5.24 (3.4) 
3.85 (9.9) 
3.93 (9.7) 
3.55 (9.4) 

3.87 (5.5X1.8) 
3.82 (12.0) 
3.77 

4.74 (8.6) 
3.64 (9.9) 
3.73 (9.7) 
3.52 (9.1) 
3.45 (5.8M2.1) 
3.90 (12.2) 
3.74 

C-l 99.81/99.91 100.42/100.55 
C-2 52.06/52.07 52.28/52.29 
c-3 54.68/54.71 54.38/54.42 
c-4 71.15,‘71.16 70.56/70.57 
c-5 74.50/74.53 74.53/74.64 
C-6 17.92/18.01 17.97/18.03 

C-l 91.39 91.76 
c-2 53.26 53.41 
c-3 76.39 ’ 79.96 
c-4 76.45 70.29 

C-5 71.69 72.29 
C-4 60.61 61.27 

C-l 95.50 95.59 
c-2 56.02 56.03 
c-3 79.11 82.36 
c-4 76.42 70.35 
c-5 76.03 76.52 
C-6 60.70 61.45 

C-l 101.69 
c-2 56.95/56.98 
c-3 74.3 
c-4 71.18 
c-5 77.16/77.17 
C-6 61.78 

’ Chemical shifts with acetone as internal standard, S 2.23 and 31.07 ppm, respectively, for ‘H and 13C. 
b Signals doubled due to the reducing GlcNAc residue. ’ ‘H-‘H coupling constants in Hz. d Linkage 
carbons underlined. 

Long-range heteronuclear correlation data from the HMBC experiment ac- 
corded with this structure and in addition served to confirm the assignments for 
H-3/C-3 and H-4/C-4 of the disubstituted GlcNAc residue. Three-bond correla- 
tions were observed from H-l of b to C-3 of d (83.28 ppm), H-l of c to C-4 of b 
(80.91 ppm), H-l of a to C-3 of c (78.64 ppm), and H-l of d to C-4 of c (76.73 

ppm). 
Attempts to isolate Sug using established procedures involving hydrolysis, 

methanolysis, and acetolysis were unsuccessful. In order to generate smaller 
fragments for further study, a sample of PS was subjected to solvolysis with 
anhydrous HF. This method is particularly suitable for polysaccharides of this 
nature as it preserves N-acyl substituents and under suitable conditions can be 
highly selective. Amino sugars and uranic acid residues are known to show greater 
stability than hexoses and deoxyhexoses, and the presence of a second N-acyl 
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Table 3 
Observed NOES for PS 

Residue Proton 

a H-l 5.07 b 

H-2 4.55 
H-3 3.96 
H-6 1.36 

b H-l 4.60 

H-3 3.65 

C H-l 4.60 

H-3 3.87 

d H-l 4.52 

H-3 3.78 

LI Interresidue (linkage) NOES are underlined. 

b Chemical shift in ppm. 

NOE at 

4.55 (a, H-2); 

3.52 (a, H-5); 

3.96 (a, H-3) 
3.52 (a, H-5) 

3.28 (a, H-4) 

3.66 (b, H-3); 

3.78 (d, H-3) 

4.04 (b, H-5) 

3.87 (c, H-3); 

3.81 (b, H-4) 

3.47 (c, H-5) 

3.78 (d, H-3); 

3.88 (c, H-4) 

3.42 (d, H-5) 

3.96 (a, H-3) 

3.87 a (c, H-3) 

4.04 (b, H-5) 

3.47 (c, H-5) 

3.42 (d, H-5) 

group is known to cause additional stabilisation of the glycosidic linkages of amino 
sugars [19]. Accordingly, PS was expected to be highly resistant. HF solvolysis of 
PS afforded two principal oligosaccharides (TS and DS) which were isolated by 
GPC. GlcNAc was the only monosaccharide isolated. 

NMR analysis of TS and DS.-A detailed study of TS and DS using 1D ‘H and 
13C NMR spectroscopy (COSY, HMQC, HMQC-TOCSY [20], and HMBC) gave 
the data listed in Table 2. These data show that TS and DS have the following 
structures: 

TS DS 

P-D-Gl&NAc-(1 --, 4)-D-GicNAc ~-&-(I + 3)-o-Gl:NAc 

t 

&S&p a 

The chemical shifts for the ‘H resonances of residues a and d could be readily 
traced from the connectivities in a COSY spectrum of TS. The disubstituted 
reducing GlcNAc residue, unit c, however, could only be fully assigned from 
HMQC and HMQC-TOCSY spectra (Fig. 4) because of considerable signal 
overlap. The ‘H and 13C resonances for the residues in DS were fully assigned 
from COSY and HMQC experiments. 

Long-range three-bond rH-r3C correlations (Fig. 5) in the HMBC experiment 
performed on TS enabled it to be sequenced as indicated. Furthermore, it served 
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Fig. 4. HMQC-TOCSY ‘H-‘“C contour plot of the spectral region f, 50-105 ppm (13C) and f2 
3.2-5.4 ppm (‘HI for the reducing trisaccharide, TS. Heteronuclear connectivities for Sug are con- 
nected by broken lines where Hl,CZ represents a connectivity from H-l of Sug to C-2, etc. 

to confirm the acyl substitution pattern of Sug and the two GlcNAc residues, i.e.. 
connectivities were observed between the ring protons linked to the acyl-sub- 
stituted carbons and the carbonyl carbons of the acyl substituents. 

Absolute configuration of Sug.--Due to the resistance of Sug to hydrolysis, its 
absolute configuration could not be determined using conventional methods. 
However, a tentative assignment was made on the basis of 13C chemical shift 
differences, as described by Lipkind et al. [21], from the disaccharide P-Suga-(1 * 
3)-D-GlcNAc. 

In a disaccharide, the formation of the glycosidic linkage between the two units 
leads to predictable changes in the 13C NMR spectra of both the glycon and the 
“aglycon” (Sug and GlcNAc, respectively). These effects depend on the position 
and configuration of the glycosidic linkage, the general configuration of the 
aglycon, and the relative absolute configurations of both residues [211. If the 
absolute stereochemistry of the aglycon is known, the absolute stereochemistry of 
the glycon can be deduced from the influence it has on the 13C chemical shifts of 
the aglycon. 
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Fig. 5. HMBC spectrum of TS for the spectral region fI 48-105 ppm (13C) and fi 3.2-5.4 ppm (‘H). 

Only the three-bond interresidue connectivities are indicated. Hla-C3&x) connotes the through-bond 

connectivity from H-l of residue a to C-3 of residue c when c exists as the a anomer, etc. 

The largest differences in chemical shift are observed for those carbons involved 
in the glycosidic linkage (the a-effect, with a large downfield shift) and the carbons 
immediately adjacent to the substituted carbon on the aglycon, which experience 
smaller upfield shifts (the p-effect) [22]. i3C Chemical shifts can also be affected by 
inductive effects and by spatial proton-proton interactions (y gauche effects) 
which polarize C-H bonds, resulting in unique changes in the shielding of the 
carbon nuclei involved [22]. The latter effect only occurs when the aglycon carries 
at least one equatorial proton at a P-carbon. In the present study, since the 
aglycon has the gluco configuration, any changes in the 13C chemical shifts at the 
p-carbons can be attributed to inductive effects which occur when one of these 
carbons is in close proximity to the ring oxygen of the glycon 1221. 

In disaccharides of this nature, it is known that the aglycon tends to orientate 
itself away from the side of the glycon which carries substituents, i.e., at C-2, C-3, 
and C-4, and towards the side of the ring where the ring oxygen is situated which is 
less sterically hindered [22]. Accordingly, the P-carbon, for which a relatively larger 
(in absolute value) negative P-effect of glycosylation is observed, should be closer 
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Table 4 

13C Chemical shift glycosylation effects for DS at 303 K 

D-GlcNAc p-Sugp-cl--+ ?+D-GlcNAc 

a Anomer 

C-l 91.67 91.76 

c-2 54.91 53.41 

c-3 71.52 79.96 a 

c-4 70.91 70.29 

C-5 72.40 72.29 

C-6 61.43 61.27 

p Anomer 

C-l 95.76 95.59 

c-2 51.55 56.03 

c-3 74.73 82.36 a 

c-4 70.69 70.35 

c-5 76.78 76.52 

C-6 61.59 61.45 

0 Linkage carbons underlined. 

Chemical shift difference 

0.09 

- 1.50 

8.44 

- 0.62 

-0.11 

-0.16 

-0.17 

- 1.52 

7.63 

-0.34 

- 0.26 

-0.14 

to O-5 of the glycon ring. It is therefore possible to determine the absolute 
stereochemistry of the glycon in this class of disaccharides, if the absolute stereo- 
chemistry of the aglycon is known, by observing which /?-carbon experiences 
greater deshielding. 

A 13C spectrum of GlcNAc was run under conditions identical to those for the 
spectrum acquired for /3-Sugp-(1 + 3)-D-GlcNAc, and the chemical shift differ- 
ences (Table 4) between the GlcNAc’s were compared. The results show that C-2 
of the reducing GlcNAc experiences greater deshielding than C-4. This deshielding 
is attributed to the closer proximity of C-2 to O-5 of the glycon than C-4. The 
minimum energy conformations established for the disaccharides /?-r_-Sugp-(1 --) 
3)-D-GlcNAc and p-o-Sugp-(1 --+ 3)-D-GlcNAc show that this is only possible 
when Sug has the L configuration. This evidence suggests that Sug has the L 

configuration. 

3. Conclusion 

The structure of the repeating-unit oligosaccharide of the capsular polysaccha- 
ride of E. coli K48 is as shown in the abstract. Although several diaminouronic 
acids, diaminodideoxy sugars, and diaminotrideoxy sugars have been encountered 
in Nature [23-261, this is the first report of the occurrence of 2,3-diacetamido- 
2,3,6-trideoxy+-L-mannopyranose. Recently, Anderson et al. [271 reported the 
presence of 2-acetamido-3-formamido-2,3,6-trideoxy-o-mannopyranose in the O- 
antigen of E. co/i 0119. 
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4. Experimental 

General methods.-Analytical GLC was performed with a Hewlett-Packard 
5890A gas chromatograph, fitted with a flame-ionisation detector and a 3392A 
recording integrator, with helium as carrier gas, A J&z W Scientific fused-silica 
DB-17 bonded-phase capillary column (30 m x 0.25 mm; having a film thickness of 
0.25 pm), with a head pressure of 100 kPa, was used for separating alditol acetates 
and partially methylated alditol acetates. The temperature programme used was: 
180°C for 2 min then 3°C mine1 to 240°C. A Hewlett-Packard 5988A GLC-MS 
instrument, with the same column, was used to confirm the identities of derivatised 
sugars. Acetylated octyl glycosides were prepared according to the procedure of 
Leontein et al. [6] and were separated by GLC on the above column, using the 
same programme but with a column pressure of 140 kPa. PS (in the acid form) was 
methylated according to the Hakomori procedure as modified by Phillips and 
Fraser [28], and methanolyses were carried out with refluxing 3% methanolic HCl 
at 80°C for 16 h. Samples were carboxyl-reduced with NaBH, in anhyd MeOH and 
hydrolyses were performed with 4 M CF,CO,H at 125°C for 1 h. The molecular 
weight determination of PS was performed on a dextran-calibrated column of 
Sephacryl S500 (70 X 1.6 cm), using 0.1 M NaOAc buffer (pH 5.00) as eluent. 
Material was detected by refractive index. 

Isolation and purification of the K48 polysaccharide.-An authentic culture of E. 
coZi 08 : K48 : H9 (A290a) was obtained from Dr. I. Orskov (Copenhagen), and the 
bacteria were propagated on Mueller-Hinton agar at 37°C for 18 h. The harvested 
bacteria were suspended in aq 1% phenol and stirred at 4°C for 48 h after which 
the cells were removed by ultracentrifugation and the polysaccharide was isolated 
by precipitation of the supernatant solution into ETOH. Acidic polysaccharide was 
purified by selective precipitation using cetyltrimethylammonim bromide and then 
further purified by dialysis (12000 MW cut-off) and finally by ion-exchange 
chromatography on DEAE-Sepharose Cl-6B, using gradient elution with NaCl 
(0.1-0.5 M). 

Degradation of PS with anhydrous HF. -PS (20 mg) was subjected to solvolysis 
with anhyd HF (introduced using the apparatus described by Sanger and Lamport 
1291) and the sample was left to stir for 3 h at 25°C. Excess of HF was removed 
under a stream of N, after which 50% AcOH (2 mL) was added and the mixture 
stirred for 1 h in order to hydrolyse the resulting glycosyl fluorides. The AcOH was 
removed at 40°C under reduced pressure and the residue reconstituted in 0.5 mL 
of water. This was applied to a column of Bio-Gel P-2 (70 X 1.6 cm>, using water as 
eluent, and the resulting fractions were isolated and freeze-dried. 

NMR spectroscopy .- Samples were deuterium-exchanged several times by 
freeze-drying from D,O, and then examined as solutions in 99.99% D,O (0.45 mL) 
containing a trace of acetone as internal standard (6 2.23 for ‘H and 31.07 for 
13C). Spectra were recorded on a Bruker AMX-400 spectrometer equipped with an 
X32 computer. Experiments on PS were carried out at 328 K and all experiments 
on TS and DS at 303 K. COSY-45 experiments were performed on PS and TS 
whilst a COSY-90 pulse sequence was used for DS. Data matrices were typically 
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512 x 2048 data points with 64 transients per t, delay and were zero-filled to 1024 
data points in the t, dimension. Prior to transformation and symmetrisation, a 
non-shifted sine-bell window function was applied and the digital resolution of the 
resulting matrices was typically 3.5 Hz per point. The NOESY experiment was 
performed using a similar data set with a 0.3-s mixing delay, and a phase-shifted 
sine-squared window function was applied during transformation. For the HO- 
HAHA spectrum of PS, a mixing time of 84 ms was used, and for TS 89 ms, with 
shifted sine-squared filtering in t, and t,. The ‘H-‘“C shift-correlated (HETCOR) 
experiment was recorded using a spectral width of 12.02 kHz in t, and 1.8 kHz in 
t 1, and processed with Gaussian functions. Inverse experiments: HMQC, 256 X 4096 
data matrix with 72 scans per t, value, zero-filled to 1024 data points in t,, l-s 
recycle delay; HMQC-TOCSY, 512 X 4096 data matrix, 80 scans per t, value, 
mixing time 2.5 ms with a l-s recycle delay; HMBC, 256 X 2048, 112 scans per t 1 
value, A 1 and A 2 durations of 3 and 60 ms, respectively, l-s recycle delay and a 
sine-squared filter. 
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