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APPENDIX A

Report on NMR Analysis of Enoxaparin
Oligosaccharides




COVINGTON & BURLING

1201 PENNSYLVANIA AVENUE NW WASHINGTON

WASHINGTON, DC 20004-2401 NEW YORK o) o] VA UTTE 0 DY
TEL 202.662.6000 SAN FRANCISCO - 1 - Lli daots ‘{'Q Do
FAX 202.662.6291 LONDON
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February 20, 2004
BY HAND DELIVERY

Dockets Management Branch (HFA-305)
Food and Drug Administration
Department of Health and Human Services
5630 Fishers Lane, Room 1061

Rockville, Maryland 20852

Re:  03P-0064/SUPP 1

Ladies and Gentlemen:

On February 12, 2004, on behalf of Aventis Pharmaceuticals Inc. (“Aventis™), we filed a
supplement (the “Supplement”) to Aventis’ Citizen Petition of February 19, 2003 (03P-
0064/CP1). We understand that FDA filed the Supplement to that docket as 03P-0064/Supp 1.

The Supplement contains several reports of preclinical studies, included as Appendices A
through I. Several pages of those reports bear “confidential” or “strictly confidential” stamps.
Please be advised that these stamps should have been removed prior to submission of the
Supplement, and are included on those documents in error. Aventis does not consider this
material to be confidential at this time. Therefore, on behalf of Aventis, we request that you treat
all of the materials accompanying the Supplement as non-confidential material.

Thank you for your attention to this matter. Please do not hesitate to contact me should
you have any questions. Thank you.

Sincerely,

I

Peter O. Safir
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Full NMR characterization of the Enoxaparin ATII binding sites:

NMR characterization of octasaccharides containing the ATIII binding
pentasaccharide.

Results of NMR analysis of pure octasaccharides.
(See figures of ANNEX 1)

Octasaccharide batch P-32444-19-1 (G4528).

The proton spectra are shown in figures 1-3 and the« signals integration agrees with an
(,

octasaccharide structure consisting of GlcN-IdoA-G- AU«remdgss in 4:2:1:1 ratio. A weak signal
n z;
at 5.40 ppm indicates the presence of another monosa~ S 81due at the reducing end, as

5, "\/

vl
All proton and carbon cheﬁgl‘iial”shsftk are reported in the table at page 16.
The interglycosidic correlatlonsﬁwere determined by HMBC (fig. 14, 15) and NOESY (fig.12,
13) experiments, confirming AU-GlcNnac 65-G-GleNys 3 65-Ios-GleNns 65-Ios-GleNns 65 as the

main octasaccharide component. The NOE between H1 of IdoAs and H4 of ManNnys s residues

(fig. 13) confirms also the presence of a small amount of AU-GleNnac 6s-G-GleNns 3 65-12s-
GICNNs,ss-Izs-ManNNs,ss octasaccharide. (ﬁg. 17)
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P Octasaccharide batch P-32077-80-3 (G4529).

The proton spectra are shown in figures 18-20 and the signals integration agrees with the
presence of the following residues: GlcN, IdoA, G, and AU, in 3:1:1:1 ratio. Moreover, four
unknown anomeric signals at 5.57, 5.62, 5.36 and 5.34 ppm are present, which integration ratio

is 0.53-0.38-0.53-0.38 respectively. A weak signal at 6.00 ppm indicates the presence of a AU

§ residue bearing a sulfated group in position two (fig.20). The protons chemical shift pattern of
iﬁf each residue was determined by COSY and TOCSY spectra (fig. 21-24) which provide the
T presence of the following monosaccharide residues: AU, GlcNnsgs, GlcNnssges, GleNnacss,
‘ GlcA and three IdoAjs. One of the IdoAss residues corresponds to IdoAss linked to GleNns gs,
5 whereas the others two (Is(1) and I,s(2)) show unusual anomeric chemical shift values (5.36

and 5.34 ppm) (fig. 24). The chemical shifts pattern of the residues showing anomeric signals at
5.57-5.62 ppm agree with 1,6-anhydro-GlcNnsgs and 1,6-anhydro-ManNygges respectively,

BRI

according to signal assignments described in the Aventis patent N° 2800074. The HSQC
spectrum allowed carbon chemical shifts measurement of all residues including those of the 1,6-
P’“‘ anhydro units (fig. 25-27). All proton and carbon chemical shifts are present in the table at page
‘., 29.

f The interglycosidic correlations were determined by NOESY experiment (fig.28), confirming
AU-GleNnac 6s-G-GleNns 3 s5-Ios-GleNns 6s-Ios-(1,6-an-GleNns 6s)  and  AU-GleNyac65-G-
GleNns 3,65-I2s-GlcNns 65-Ios~(1,6-an-ManNns 6s) as the main octasaccharides present in the

sample (58% and 42% respectively). Moreover, the NOESY experiment confirms that IdoAss

T v e TR AR gy -

residues with anomeric signals at 5.357 and 5.343 ppm are linked to 1,6-an-GlcNys s and 1,6-
an-ManNys s, respectively.

Octasaccharide batch P-32444-16-1 (G4530).
. The proton spectra are shown in figures 31-33 and the signals integration agrees with a
octasaccharide structure consisting of GlcN, IdoA, G and AU in 4:2:1:1 ratio.
Protons chemical shift pattern was determined by COSY and TOCSY spectra (fig. 34-36)
o~ indicating the presence of the following monosaccharide residues: AUss, GlecNng s,

R

GlcNns gsred, GlcNns3es, GlcNnacss, IdoAss, IdoA and GicA. Moreover, a weak signal at
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P‘ 5.82 indicates the presence of a small amount of AU (less than 5%) (fig. 33). The HSQC

spectrum allowed both carbon chemical shifts measurement and resolution of the overlapping
signals detected from homonuclear correlation spectra (fig. 37-39). All proton and carbon
chemical shifts are reported in the table at page 41.

The intergiycosidic correlations were determined by NOESY experiment (fig.40), confirming
AU,s-GlcNys 65-1-GleNnac, 6s-G-GlcNns 3, 65-Ios-GlcNns s as predominant  octasaccharide

sequence (more than 95%). (fig. 42)

Results of NMR analysis of octasaccharide mixtures.

Batches P31267-28-BIE10(G4532), P-32077-48-3 (G4531) and P-32077-48-4 (G4613).

In order to define the different environment of 3-O-sulfated glucosamine residues (A*) inside
the oligosaccharide chains, three octasaccharide mixtures were studied by NMR. In particular, an
octasaccharide mixture (batch P31267-28-BIE10 - G4532), its AT-affine fraction (batch
P32077-48-3 - G4531) and AT-non affine fraction (P-32077-48-4 - G4613) were studied. In
figure 43 the proton spectra of the three mixtures are compared. The spectrum profile of the
total mixture closely resembles the one of the non-affine fraction; only H4 signal of AU residue
(5.82 ppm) is slightly stronger in the total mixture with respect to non-affine fraction. The
profile of affine mixture significantly differs from the others: signals of H4 AU, H1 IdoA, H2 G
and H2 A* in particular appear strongly enhanced if compared to the others two samples. Since
these signals were originally present in the spectra of the total mixtures as minor signals, it can
be concluded the total mixture to be mainly composed by non-affine structures. In order to detect
other differences between total, affine and non-affine mixtures, the three samples were analysed
by 2D-NMR spectroscopy (TOCSY and HSQC experiments). By comparison of the anomeric
region of HSQC spectra (fig. 50, 56, 64) it could be observed that while total and non-affine
fractions contain an Ired residue (‘H 5.44 ppm, °C 95.57 ppm), the affine mixture does not
contain this structure. Moreover, in HSQC spectra of total and non-affine mixtures (fig. 50 and
64) a signal at 'H 4,77 ppm and 13C 102.84 ppm can be spotted, which is totally absent in the
spectrum of the affine fraction (fig. 56). By TOCSY assignment (fig. 61), this signal has been

0
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attributed to a Gys residue, a quite unusual structure which NMR assignment has been previously
reported by Sugahara (J. Biol. Chem. 1995, 270 (15), 8696-8705). Such residue was identified
also in the hexasaccharide sample ZKAO067 (described in a previous report). The closely
resemblance between their chemical shifts suggests in both cases the occurrence of the structure
-Ans65-Ga2s-. As reported in the cited article, even if G28S unit is located in the highly sulphated
blocks in heparin, its structure-activity correlation has not been demonstrated. The almost
exclusive presence of this residue in the non-affine fraction may suggest its poor contribution if
any, to antithrombotic activity.

H1/H2 region of TOCSY spectrum of the total octasaccharide mixture (fig. 47) shows the
presence of at least seven different signals belonging to A* residues. The chemical shift
differences. between each A* residues can be due to different neighbour residues or to the
position of the pentasaccharide inside the octasaccharide chains. Since A* HI/H2 signals
correlation are particularly resolved in comparison with the other signals of the pentasaccharide
residues, they are used as probe to compare the different A* environment in the octasaccharide
mixtures.

In the expansion of TOCSY spectrum (fig. 65) comparison between H1/H2 cross-peaks of A*
residues of the total-mixture and the cross-peaks of the three pure octasaccharides (colored
picture), is shown. In spite of the small differences in chemical shifts (probably due to small
differences in ion strength or pH), the correlation peaks B and D correspond to internal (green
and red) and reducing -AnacGA*IA (blue) sequences, respectively. In fact, octasaccharides
G4528 and G4529, which differ only in the reducing end residue (four units distant from A*),
show the same H1/H2 chemical shift values. The cross peaks A, C, E and F indicate the presence
of different sequences containing the A* residue. Figure 66 shows the same region of TOCSY
spectrum of the affine octasaccharide mixture: all signals observed in the spectra of the three
pure octasaccharides described before are present. Signals not observed in the assigned
woctasaccharides sequences are also detected, such as signals A and G.

Finally, the same analysis performed on the non-affine mixture (G4613) permits to identify the
environment of A* in non-affine sequences, by identification of further cross peaks not present
in the affine fraction. Even if weak cross-peak A, present also in the affine-mixture, may be due

to a non complete elimination of the affine structures, the intense cross-peaks C and the weaker

2
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5&3 and F peaks (fig. 67), not observed in the affine mixture, belong to A* residues of non affine
sequences. The presence of no affinity sequences could be due to the cleavege of the

pentasaccharide sequence or the lack of essential sulfate groups for the binding to AT.

In the following table the measured chemical shifts of the different A* residues (A-G) are

shown. Comparison with A* chemical shifts values of pure octasaccharides is also indicated

N.B. in green, red and blue are indicated chemical shifts of A* in G4528, G4529 and G4530

respectively.

G453 1= affine fraction

,‘M)

G4532= total mixture

G4613= non-affine fraction

(coloured numbers). o
i

H1 H2 H3 H4 H5 |

A* in AFFINE SEQUENCES

G4531 o
5.485 3.475 4.392 nd nd "

residue A e

G4531 5.523 3.470 4.395 3.992 4.168
residue B | (5.527-5.528) | (5.459-5.455) | (4.381-4.376) | (3.978-3.975) | (4.179-4.165) v
G4531 5.541 3.470 4.385 3.986. 4.177 o
M residue D (5.546) (3.463) (4.371) (3.979) (4.179)
G4531 AR
5.506 3.444 4.421 3.972 nd ¥

residue G }F‘
1

A* in NON-AFFINE SEQUENCES i

G4532/G4613 i
5.532/5.539 | 3.479/3.478 | 4.404/4.406 4.050/nd 4.187/4.179 i

residue C i

G4532/G4613
5.550/5.554 | 3.426/3.426 | 4.370/4.367 4.081/nd nd i
residue E 1 ;
G4532/G4613 ity
5.532/5.539 | 3.398/3.399 nd nd nd i
residue F ; ;
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i)

NMR Methods

Monodimensional and bidimensional proton NMR spectra were recorded at 500MHz with a Bruker
Avance 500 spectrometer equipped with a 5mm TXIz probe.

Samples were dissolved in °H,0 (99.9%) and freeze dried to remove residual water. After exchanging the
samples three times, they were dissolved in 0.6 m! of 24,0 (99.996%). Chemical shifts are given in ppm
downfield from sodium trimethylisilyl propionate as external standard (precision of + 0.003ppm). All
experiments were made at 25° C. Proton NMR spectra were recorded with presaturation of residual
water signal, with a recicle delay of 12s and 128 scans. 2D homonuclear correlation spectra of pure
octasaccharides were acquired with 32 scans for each of 512 free-induction decays. TOCSY spectra of
the two octasaccharide mixtures were acquired with 1024 free-induction decay in order to increase a1
resolution. 2D DQF-COSY and TOCSY were measured in phase-sensitive mode using TPPI, and Fourier
transformed onto a data matrix of 4x2K with a phase shifted (n/3) square sine-bell function. The 'H/**C
chemical shift correlation (HSQC) spectra were performed using z-gradients for coherence selection.
They were obtained with carbon decoupling during acquisition period in phase sensitivity-enhanced pure
absorption mode. The spectra were acquired with a nuiling time of 2s, 1024 data points in F2, 512
increments in F1, 32 or 64 scans per increment. The final matrix size was zero-filled to 4Kx2K and
multiplied with shifted (n/3) sine-bell-square prior Fourier transformation. NOESY experiments were
recorded with 32 scans, 2k data points for 02 and 512 increments in ©1. A mixing time of 300ms was

used.
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H sbectrum - 54528 (P-32444-19-1) (Octasaccharide Aventis) T= 308K
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'H spectrum - 64528 (P-32444-19-1) (Dctasacéharide Aventis) T= 308K
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) COSY spectrum - G4528 (P-324¢ }9-1) (Octasaccharide Aventis) T= 308K
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)TOCSY spectrum - G4528 (P-32444-19-1) (C “}saccharide Aventis) T= 308K
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TOCSY spectrum - G4528 (P-32444-18-1) (Octasaccharide Aventis) T= 308K
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TOCSY spectrum - G4526 (PuSAA"A{}4=1Q=1) (Octasaccharide Aventis) T= 308K
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TOCSY spectrum - G4528 (P-32444-19-1) (Octasaccharide Aventis) T= 308K
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HSQC spectrum - G4528 (P=3&§44-=19=1) (Octasaccharide Aventis) T= 308K
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" HSQC specirum - G4528 (P-32444-19-1) (Ocz;saccharide Aventis) T= 308K
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HSQC spectrum (anomeric region) - ”“jSZS (P-32444-19-1) (Uctasaccnarae Avenus) 1 — svon
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NOESY spectrum (mix. 300ms) - G4528 (P-32444-19-1) (Octasaccharide Aventis) T= 308K
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NOESY spectrum (mix. 300ms) - G452€  }-32444-19-1) (Octasaccharide Aventis) T= 309'4)
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HMBG spectrum - G4528 (P-  444-19-1) (Octasaccharide Aventis) T= 308K
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HSQC/HMBC - G4528 (P-32444-19-1) (Octasaccharide Aventis) T= 308K
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76.5- i -76.5
77.04 -77.0
77.5-] -77.5
78.04 -78.0
] 277 Ca-Aus :
78.5- H1-A* pe 4,%3 L 78.5
4 H1-Ays ’ [
79.04 i w7 £79.0
] 1 WF*%J * &f\‘ 3
79.5- @ C4-€‘?Qﬂ%‘§ il £79.5
. 3 il :
80.0- 13 5 ﬂ&d 800
80.5 L 80.5
81.0 il ca-A 81.0
: ] “H‘ " NAc 1 .
81.5] H1-AU L 81.5
82.0 : v 1 v 1 ’ LI I i i v ! i 1 1 i 1 T I i I N ' 1 v ! i r82'0

6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 ppm
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1H-13C chemical shifts G4528 (P-3< “‘)Ac"ﬁ 9-1) (Octasaccharide Aventis) T= 308K )
AU ANAC G ‘ A* EZS ANS EZS ' ANsﬂ.ﬁ’@d M@@Nsﬁ’@d :
(1) (2) (AsBred)
H/CH 5.164/ 5.430/ 4.615/ 5.628/ 5.181/ 5.447] 5.222/ 5.456/ 5.403/
103.96 99.69 103.92 09.05 102.53 99.32 102.28 03.94 95.71
(4.720/98.77)
| H2/C2 3.820/ 3.960/ 3.394/ 3.455/ 4.340/ 3.298/ 4.332/ 3.276/ 3.617/
73.35 56.26 76.30 59.96 79.99 60.83 79.56 60.83 60.33
(3.063/63.87)
H3/C3 4.252/ 3.829/ 3.705/ 4376/ 4178/ 3.659/ 4.200/ 3.712/ 4.081/
72.41 72.13 79.33 79.06 73.43 72.38 72.54 72.38 70.12
H4/C4 5.814/ 3.858/ 3.820/ 3.975/ 4.167/ 3.796/ 4.138/ 3.750/ 3.727]
110.50 80.90 79.39 75.78 78.96 78.43 78.96 80.00 nd
| H&IC5 4.051/ 3.7771 4.165/ 4.822/ 4.022/ 4.782/ 4. 144/ 4,108/
71.84 79.90 72.47 73.143 72.20 72.65 71.33 71.95
HE/CB 4.461- 4.501- 4.469- 4.382- 4.393-
, 4.198/ 4.270/ 4.271/ 4.321 4.315/
68.79 68.66 69.20 69.87 69.87
16




Octasaccharide sequences of sample batch- P-32444-1 9-1 (G4258) :

AU-Ayac 65-G-Ans 3 65-l2sPns 65-l2sPns 65 = 80%

x - - o~ 0
AU-Aypc 65-G-Ans 3,65 losPns 65125 Malns 6s = 10%

AN 17




3 1H spectrum - G4529 (P-32077-80-3) (Octas }haride Aventis) T= 308K )
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ppm
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H spectrum - G4529 (P-32077-80-3) (Octasaccharide Aventis) T= 308K
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3 COSY spectrum - G4529 (P-320 f)7=8®=3) (Octasaccharide Aventis) T= 308K
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TOCSY spectrum - G4529 (P-32077-80-3) (Ou;%saccharéde Aventis) T= 308K
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TULSY Specuiuim - U404y U’=@/*3H=UU=@; L LLESAUUNISI UG MYSHILD ) 1 wwvwes -
6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 p}p
125 | i A 1 \ | : 1 . | : L ) I . | . ] . | L | A { ; I N !
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R | S 90--1@5 --------------- TR, I O i
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: . H5 | HE 3 g H2
5.7 b $ '
3 ., |
4 { ¢
] i f
>-87 L%Hg ............ S jgf Hi R .H@;@ .......... Ha
’ x
5.9 )
] |
| Alyg }
6.04 | H4 § H b gH2 H3 .
] [ ] i I I 1 1 I I | l I i [ T
60 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 ppm
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TULS Y SpEectiuin - U434y U“’“Qﬂ"‘-y [ ~0U~Y ) (\WJULaS@UUIIGH VUG MYGHINg) 1 wwwis

e
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| I ] I I I I 1 | | I 1 | 1 I 23
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TOCSY spectrum - G4529 (P-32077-80-3) (Octasaccharide Aventis) T= 308K

6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2
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)} HSQC spectrum - G4528 (F-320/1 {-BU-3} (um%gaccnauus MYSHIUS) = wuuis

5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2
pp 1 i DT I n |
| €2 1,6an-GlcNred |
55 = - 55
] o o |
Q&i@@@:@%@m@@@ i
60 @ - 60
4 [e:2] L
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€6 ‘ﬂﬁam@ﬂci\!f_eﬁ
@ D
@x_____—\,.—————dé?
: 75 *°C6 1.8an-ManNred 3
70 - @ - 70
] o I
¢ & @ & Qﬁ%@g Cl ) o) o
] g @ 2 @
75~ -75
| " ° oed . I
o006
| o> N Bac e ]
80 & = - 80
A . @ [i%37s] 5
N T T T T | | T
\‘-\ 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 ppm
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N\

6.0 5.8 5.6 5.4 5.2 0 4.8 4

ppm | . { L { N i | " | |
96— _ 96
98 A - 98
100 Fs 100

Buac = g 1,6(2) -
&
102 fas(1) [ 102
©
1 1,6an-GlcNred
104 ¢ e €D 104
o AU G
1,6an-ManNred
106 - 106
108 - 108
110- 110
AU4

112 112
114- 114

i i ] I T ' | T I
6.0 5.8 5.6 5.4 5.2 .0 4.8 4. ppm

HSQC spectrum (anomeric region) - Gé&-a}Q (P-32077-80-3) (Octasaccharide Aventis) T= %BK
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Red = inter-glycosidic linkage

NOESY spectrum (mix. 300ms) - G4529 (. 32077-80-3) (Octasaccharide Aventis) T= 308t

ppm  5:8 5.6 5.4 5. 4 4.2 4.0 3.8 3.6 3.43.2 |
515 H1-AU HE-Ays,  HE-Ays,  Ha-Ayy -5
s o4 H14sl) g kg A
. 4 H4-Ayg
5. 3-— . H4-1,6anManNygred £ 5.3
- H FLiTTTITITIIiIiERIIRIIIIIII I I BanGIcNgred "
a4 WA e e T e 5.4
H1-A T MO HaL g e . E
j NAc g 12 (1,2 o
5.3 N | S N S 0 IR
5.6 v H3+Ha-To U ] 5.6
3 1 e
5.7 % | f{ £ 5.7
5.8 3 0 ) § i 5.8
=y ! ; ; 5
; ' 8 3
5.9 T T | T — 1.9
5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 ppm
~
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3 - s G SIS \IHJIED U“'“Q/«-’&SI r-oU-5) (Jctasaccnariae Aventis) = 308K \’

AU | A G At | e Ays lys le 1,6an- | 4,6an-
‘g (1) (2) ManN- GleN-

: red reol
Hiict | 5470/ | 5433/ | 4619 | 5527/ | 5.194/ | 5390/ | 5.357/ 5.343/ 5.625/ 5.577/
103.80 | 99.57 10{5.92 98.91 | 102.33 | 90.72 101.48 100.33 104.18 103.78
H2/C2 | 3.827/ | 3.964/ | 3.396/ | 3.459/ | 4.345/ | 3.302/ 4.37/ 4.37/ 3.213/ 3.488/
7323 | 56.16 76.20 50.43 | 79.82 60.74 78.7 78.7 58.5Q 54.96
H3/C3 | 4.253/ | 3.828/ 3.?05/ 4381 | 41721 | 3685/ | 4246/ 4.259/ 3.800/ 4,064/
69.66 | 72.03 79.21 78.99 72.36 72.26 71.64 71.49 72.97 71.04
HAIC4 | 5.821/ | 3.870/ | 3.817/ | 3.978/ | 4.166/ | 3804/ | 4.129/ 4.129/ 3.835/ 3.900/
1104 | 80.82 7?.26 75.68 | 78.79 78.29 78.85 78.85 78.93 80.38

H5/C5 4018/ | 3789/ | 4179/ | 4.815/ | 4.055/ | 4.581/ 4.649/ 4.83/ 4.83/

72.09 79.89 7323 | 7295 71.72 71.60 71.67 76.1 76.1
H6IC6 4.461- 4.503- 4.474- 4.210- 4.234-
4.203/ 4273/ 4.269/ 3.807/ 3.780/

68.69 68.74 69.09 68.08 67.43
29



Octasaccharide sequences of sample batch- P-32077-80-3 (G4259) :

AU“ANAG,6S“G"ANS,3,6S=HZsaANS,GS"BZS‘:Jﬁ 6 an-GlcNyg 6s = 58%

l,-1,6an-ManNys es = 42%

(2)

AU“ANAC,GS"6=ANS,3,BS°nzsaANS,SSa

~ 30




1H spectrum - G4530 (P32444-16-1) (Oclasa. J}aride Aventis) T= 308K
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>“H spectrum - G4530 (P32444-16-1) (Octasa. ﬁ)aréde Aventis) T= 308K ’ ‘}




) 'H spectrum - G4530 (P32444-16-1) (Octasse “}ﬁaﬂde Aventis) T= 308K )

T
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) COSY spectrum - G4530 (P32444-16 ’) (Octasaccharide Aventis) T= 308K
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R,

3 TOCSY spectrum - G4530 (P32444- 1%3-1) (Octasaccharide Aventis) T= 308K )
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)

TOCSY spectrum - G4530 (P32444=16=1) (Octasaccharide Aventis) T= 308K

ppm 1 1 | i " I o i i i | 1 i i
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} HSQC spectrum - G4530 (P32444 }1) (Octasaccharide Aventis) T= 308K
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““) HSQC spectrum - G4530 (P32444-16-1) (O« paccharide Aventis) T= 308K
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HSQC spectrum (anomeric region) - G4530 (P32444-16-1) (Octasaccharide Aventis) T= 308K
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NOESY spectrum (mix. 300ms) - G4530 (P32444-16-1) (Octasaccharide Aventis) T= 308K
Red = inter-glycosidic linkage

ppm 8.0 3.6 3.6 3.4 3.2
] Ml :
505 H4-Ay,, L 5.05
5.10-] 510
5.15] o5
i >l 5
5.20-; @H4-ANSI'ed -5 20
5.25] 505
5.30- 5. 30
5.35] § o "@ﬁ -5.35
5.40 Anac [} H->18 ~5.40
] 3 H4-G ;
5.45 ’ @@ L 5.45
! 1t i
250 | S S DURI T PSSR 4o -pifiy Ha-Ays 5.50
5.55-] O SO - SO @? S
5.60 T ‘ ¥ I Al l T | 5.60
6.0 .8 3.6 3.4 3.2 ppm
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1H-13C chemical shifts G4530 (P-32444-16-1) (Octasaccharide Aventis) T= 308K

AU Ays low Anpe A bs Aysred
H4/c1 | 6.511/ 5.360/ 5.018/ 5.402/ 4.616/ 5.546/ 5.188/ 5.459/
100.13 98.47 104.84 099.74 103.89 98.78 102.38 | 93.87
H2/C2 | 4.634/ 3.287/ 3.790/ 3.941/ 3.394/ 3.463/ 4.326/ 3.282/
77.35 60.23 71.46 56.62 76.24 59.44 80.45 60.72
H3/C3 | 4.327/ 3.654/ 4.134/ 3.783/ 3.708/ 4.371/ 41473/ 3.709/
65.60 72.45 70.62 72.36 79.12 79.02 73.57 72.25
H4/C4 | 5.993/ 3.840/ 4.077/ 3.737/ 3.800/ 3.979/ 4474/ 3.791/
108.71 80.92 77.68 80.18 79.49 75.74 79.01 79.23
H5/C5 3.994/ 4,788/ 4.027/ 3.783/ 41479/ 4747/ 4.130/
71.51 71.42 71.00 79.90 72.37 73.34 71.24
H6IC6 4.366- 4. 348- 4.501- 4.429-
4.2211 4,221/ 4.275/ 4.307/
686.98 68.98 68.77 69.65

41



Octasaccharide sequences of sample batch- P-32444-16-1 (G4530) :

AUos-Pys-i-Anac-G-Pys 3es-lasPAnses = 100%

42
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H4 AU,g

Hé AU,

G4632 octasaccharides mixture
octasaccharides mixture
octasaccharides mixture

G4632 non-affine
G4632 affine
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H spectrum - G4532 (P-31267-28-BIE10) (@C&a’saccharides mixture Aventis) T= 308K




) 'Hspectrum - G4532 (P-31267-28-BIE10) ( Yasaccharides mixture Aventis) T= 308K )

ooy

ppm
N

—N 45




"H spectrum - G4532 (P-31267-28-BIE10) (Octasaccharides mixture Aventis) T= 308K
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TOCSY spectrum - G4532 (P-31267-28-BIE10) (Octasaccharides mixture Aventis) T= 308K
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| } HSQC spectrum - G4532 (P-31267-28-BIE1 A’)(Octasaccharides mixture Aventis) T= 308K
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HSQC spectrum (anomeric region) - G4532 (P-31267-28-BIE10) (Octasaccharides mixture Aventis) T= 308K
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TH spectrum - G4531 (P32077-48-3) (Octasacfc}harideg mixture affine-fraction) T= 308K
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) 'H spectrum - G4531 (P32077-48-3) (Octa. Ycharides mixture affine-fraction) T= 308K )
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1H spectrum - G4531 (P32077-48-3) (Octasaccharides mixture affine-fraction) T= 308K
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HSQC spectrum - G4531 (P32077-48-3) N)ctasaccharides mixture affine-fraction) T= 308’ ”}
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HSQC spectrum - G4531 (P32077-48-3) (Octasaccharides mixture affine-fraction) T= 308K
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HSQC spectrum (anomeric reéion) - G4531 (P32077-48-3) (Octasaccharides mixture affine-fraction) T= 308K
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'H spectrum - G4613 (P32077-48-4) (Octasaccharides mixture non-affine fraction ) T= 308K
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H spectrum - G4613 (P32077-48-4) (Octasaccharides mixture non-affine fraction ) T= 308
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TOCSY spectrum - G4613 (P32077-48-4) (Octasaccharides mixiure non-affine fraction ) T
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IULS T SPECTTUm - G4613 (P32077-48-4° "pctasaccharides mixture non-affine fraction ) T "ngSK
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HSQC spectrum - G4613 (P32077-48-4) “tasaccharides mixture non-affine fraction ) 1= =yon
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HSQC spectrum - G4613 (P32077-48-4) (Ocﬁasaccharides mixture non-affine fraction ) T= 308K
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HSQC spectrum - G4613 (P32077-48-4° Yctasaccharides mixture non-affine fraction ) T=3p8K
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