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SALES DE 6’ -SIALIL-LACTOSA Y PROCESOS PARA SU SINTESIS Y PARA

LA SINTESIS DE OTROS ALFA-SIALIL-OLIGOSACARIDOS

Campo de la Invencidn

La presente invencidn se refiere al campo de las
sales de 6'-sialil-lactosa: la presente invenciédn también
se refiere al campo de los procesos para la sintesis de
los a-sialil-oligosacaridos y en particular al campo de los
procesos para la sintesis de 6"'-sialil-lactosa y sus
sales.

Antecedentes de la Invenciédn

Los a-sialil-oligosacéaridos de la férmula (I)

OH COOH

OH
HO
AcH 0/ “OR

HO
()
en donde R es un residuo de mono, di u oligosacarido con
grupos hidrdxilos libres, estan presentes en los tejidos de
los mamiferos y las aves y en la forma predominante de 1los
lipooligosacéridos, lipopolisacéaridos o glicanos de las
glucoproteinas. Los mismos existen en una variedad de enlaces
glucosidicos, mas tipicamente la o(2-3) y a{2-6) galactosa (o
lactosa). La funcién de estos sialdsidos varia ampliamente en

los animales de acuerdo con la heterogeneidad estructural de

la porcién del oligosacdrido. Los mismos son mediadores de
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eventos inter o intra-celulares y en particular desempefian un
papel importante en la fisiologia y el crecimiento de muchos
agentes patdgenos (DK Ress, et al., Current Organic

Synthesis, 2004, 1, 31-46).

OH
HO LOH  COOH
H.C
Y wd oA o
© © ] o OH
HO HO
OH OH
(1a)
Un litro de leche humana contiene

aproximadamente 5-10 ¢g de oligosacaridos libres, este
contenido es semejante al contenido de las proteinas vy
excede el contenido de los lipidos. Mas de 130 diferentes
cligosacaridos fueron identificados en la leche humana
(Human Milk Oligosaccharides - HMO), las formulaciones de
la leche artificial para bebés se derivan de la leche de
bovino y contienen solamente cantidades de traza de estos
oligosacaridos que son especificos de la especie humana.
Los bloques de construccidn fundamentales de los
oligosacaridos de la leche humana son 5 monosacéarideos, D-
glucosa (Glc), D-galactosa (Gal), N-acetilglucosamina
(GlcNAc) L-fucosa (Fuc) y Acido sidlico (dcido N-acetil-
neuraminico, Neu5Ac). E1 extremo de reducciédn terminal

puede ser formado por la lactosa (Galpl-4Glc) o méas
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unidades repetitivas (hasta 15 unidades) de N-acetil-
lactosamina (Galpl-3/4G1cNAc) . La lactosa 0
polilactosamina puede ser tratada con sialilo con 1los
enlaces a 2-3 y/0 a 2-6. Los ejemplos de sialdsidos de la
leche humana son: 3'-sialil-3-fucosil-lactosa (3'S3FL),
6’ -sialil-lactosa (6'SL}, 37'-sialil-lactosa ({3'SL), 37-
sialil-lactosamina (3'"SLN), 6’ -sialil-lactosamina
(6’ SLN) .

Entre los sialdésidos presentes principalmente en
los tejidos del mamifero y en la leche humana, el compuesto
de la férmula (Ia) la 6’-sialil-lactosa (N-acetilneuraminil-
lactosa, a-NeuNAc-(2 - 6)-p - D - Gal-{l - 4)-D-Glc o 6’-LS)
es de 1mportancia particular a causa de gque es un
constituyente importante de las glucoproteinas vy los
glucolipidos involﬁcrados en varios eventos de las rutas
celulares incluyendo el reconocimiento celular.y la respuesta
inmunolégica. La 6'-LS y sus sales son interesantes como
suplementos en las formulaciones alimenticias para los
infantes. En cuanto a las sales de la 6'-~sialil-lactosa en la
literatura solamente la sal de sodio (Numerc de CAS: 157574-
76-0; FW: C23H38NO19Na, la sal de sodio de la 6'-sialil-
lactosa, sal de sodio de la 6'-N-acetilneuraminil-lactosa) y
la sal de amonio, ya son conocidas. Aungque la sal de sodio es
aceptable para las substancias alimenticias y farmacéuticas,

la sal de amcnic es potencialmente tTéxica a causa del ion
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amonio. Por esta razén es necesario proporcionar la 6'-1LS en
formas alternativas de la sal con respecto a unas conocidas
que puedan ser aceptables para las substancias alimenticias y
farmacéuticas.

En el westado del arte vya se conocen varias
estrategias para la sintesis de los sialil-oligosacaridos
{incluyendo la 6’-LS) y todas anticipan un método convergente
en el cual el fragmento sidlico activado (donador}) estd unido
regio y estereo-selectivamente a la porcidén del oligosacarido
(aceptor). Para esta etapa clave de unidén en la literatura va
se conocen tres estrategias sintéticas diferentes las cuales
anticipan un método exclusivamente enzimatico, exclusivamente
quimico o quimio-enzimatico.

En cuanto a las rutas enzimdticas, se utilizaron
las familias de 1las sialiltransferasas vy transialidasas
(enzimas que agregan el Aacido sidlico a los oligosacaridos en
una ruta estrictamente especifica). Los ejemplos de esta ruta
de sintesis son reportados en A. T. Beyer et al Adv.
Enzymol., 1981, 52, 23-175, en J. Weinstein et al. J. Biol.
Chem., 1982, 257, 13845-13853.

Sin embargo, son varias las limitaciones en el uso
de estas enzimas:

1) la disponibilidad limitada de estas enzimas

2) la necesidad de sintetizar el donador del

substrato activado CMP-NeuAc, o PNP-NeulAc

10
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3) la especificidad estricta de las
sialiltransferasas que reducen la flexibilidad en el uso para
la sintesis de los sialdsidos naturales {Ichigawa Y. et al.
Analytical Biochem 1992, 202, 215-238, S. Sabesan et al. J.
Am. Chem. Soc., 1986, 108, 2068-2080, O. Hindsgaul et al. J.
Biol. Chem., 1991, 266, 17858-17862, H. J. Gross et al. Eur.
J. Biochem. 1988, 177, 583-589).

En cuante a las rutas quimio-enzimaticas, estas
incluyen la sintesis quimica del aceptor vy luego la
sialilacién enzimatica como en S. Sabesan et al., J. Am,
Chem. Soc., 1986, 108, 2068-2080.

Enfocéandose exclusivamente en las rutas quimicas se
enfatiza que la formacidén del enlace glucosidico con el &cido
sidlico es una reaccidédn mas bien dificil a causa de que la
misma es 1impedida por el hecho de gque el donador esta
impedido electrbnica y estéricamente por el grupo carboxilo
germinal. Ademés, la falta de un grupo funcional scbre C-3
regula su asistencia anquimérica para controlar la
estereoquimica y conduce a la formacidn de subproductos por
nedio de la reaccidn de eliminacién; finalmente la formacién
de la unidén con una configuracién o es termodindmicamente
desventajosa con relacién al efecto anomérico. En un intento
por remediar estos defectos en el estado del arte, se han
desarrcllado wvarias estrategias para la preparacién de

donadores y aceptores siadlicos activados adecuadamente con

H
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los grupos hidrdéxilo protegidos adecuadamente gque se hacen
reaccionar por medio de varios métodos de glucosilacién.

Con respecto al donador sié&lico, se va a enfatizar
que la arquitectura molecular complicada imparte un grado
substancial de dificultad en su sintesis, proteccién vy
activacidén. La naturaleza multifuncional (3 grupos hidréxilo
secundarios) asi como el centro anoméricoe terciario,
complican el trabajo del especialista en quimica sintética.
Cominmente en el estado del arte se sabe bien que el donador
sialico puede ser activado como el 2-xantano (A. Marra et
al., Carbohydr. Res., 1989, 187, 35}, como la 2-aril sulfona
(Y. Du et al, 1998, 308, 161), comc el 2-fosfito (RR Schmidt
et al., Tetrahedron Lett., 1992, 33, 6123 o CH Wong et al.,
J. Am. Chem. Soc., 1992, 114, 8748) o como el derivado de 2-
halo. Entre todos estos grupos los derivados de haldgeno son
preferibles porque el fosfito y los derivados tio requieren
reactivos todxicos para su sintesis y no son faciles de
manejar en la industria. Entre los haldgenos, el derivado del
cloro es preferido porque es estable y facil de sintetizar,
en efecto el derivado del bromo es inestable y tiende
facilmente a eliminarse y conduce a mezclas anoméricas
durante las reacciones de glucosilacién. E1 derivado de
fluoro requiere una sintesis mds elaborada que el derivado
del cloro y tiende a formar enlaces fp-glucosidicos. El

derivado del cloro podria ser el donador mas facil de hacer vy

1L
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utilizar.

Con respecto a la estructura del donador, otras
rutas sintéticas, todavia més complejas que algunas previas,
requieren la inclusién sobre el C-3 del acido sidlico de un
grupo funcional que proporciona asistencia anquimérica en la
reaccidén de glucosilacién para prevenir la eliminacién
competitiva en la posicién 2,3. Por esta razdén los grupos
tales como el feniltio o el fenilselenio han sido
introducidos (Y. Ito et al., Tetrahedron Lett., 1988, 29,
3987 o en L. 0. Kononov et al., Tetrahedron Lett., 1997, 38,
1599). Estas rutas requieren asi etapas miltiples para
obtenér el donador activo para la reaccidn de glucosilacién
partiendo generalmente del 2.3-deshidro NeuAc con
rendimientos que varian de acuerdo con la especificidad
obtenida y la facilidad de purificacién obtenidas de los
compuestos intermedios.

Por esta razdn, para la sintesis de los
sialiloligosacaridos de la férmula (I) y en particular la 6’SL,
podria ser preferible emplear eficientemente un derivado de

sialilo simple como el donador de 2-cloro de la férmula (II)

orP ' X

OP
PO 0oR
AcHN 077 "COOR,

PO
(1

en donde P es un grupo protector adecuado, R1 es un grupo
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alquilec y X es cloro; (que se puede obtener por los métodos
reportados en R. Kuhn et al., Chem. Ber., 1966, 99, 511, A.
Marra et al., Carb. Res., 1988, 190, 317-322 y NF Byramova et
al., Carb. Res., 1992, 237, 161-175) a causa de que también
es facil sintetizarlo a escala industrial sin el uso de
reactivos muy todxicos, y conduce a la formacién especifica de
los enlaces a en las reacciones de glucosilacién. El1 uso de
este donador sialico, sin embargo, se redujo
significativamente después de sus primeras aplicacicnes y el
estado del arte se dirige hacia donadores mucho méas
complejos.

Por 1o que respecta a la activacién del aceptor
para la sintesis de 6’SL, en la literatura existen aceptores
substituidos con grupos protectores de éter, por ejemplo
grupos bencilo cuya remocidn, gque requiere hidrogenacidén, no
es manejable facilmente (G. Pazynina et al. Tetrahedron Lett,
2002, 43, 8011-8013) y por 1lo tanto dificil de aplicacién
industrial.

Los a-glucdsidos del acido sialico fueron
preparados por la reaccidén de Koenigg-Knorr involucrando
el uso de Ag (I) como un promotor [Koenigs, W., Knorr, E.
Chem. Ber., 1901, 34, 957] o utilizando la modificacién de
Helferich que utiliza el Hg(II} como el promotor
[Helferich, B.; Zirner, J. Chem. Ber., 1962, 95, 2604].

Los substratos elegidos en estas reacciones son los

14
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haluros de p-glucesilo. Ya se conocen muchas variaciones de
estos métodos clésicos que fueron disefiados para mejorar
las oportunidades de empleo vy los rendimientos. Las
diferencias principales entre estas variaciones estan
relacionadas con la eleccidn del contra anién del promotor
metdlico. Los promotores utilizados mas comunmente son
AgOTf, AgyC0s, HgX; (X = haluro), y Hg(CN),. En general va
se sabe que los promotores de Ag(I) son ma&s activos y
estereoselectivos (Pazynina G. et al. Tetrahedron ZLett,
2002, 43, 8011-8013) pero estos deben ser utilizados en
grandes cantidades (6-7 eq. con relacidén al aceptor)
incrementando asi el costo de la sintesis (incluyendo el
desecho de 1la producciédn residual), mientras gue los
promotores de Hg (IT) proporcionan rendimientos mas
elevados (H. Paulsen et al. Angew. Chem. Int. Ed. Engl.
1982, 927-928) pero puede presentar dificultades en el
manejo debido a su toxicidad.

Por 1lo tanto es evidente la necesidad de un
proceso para la sintesis de los compuestos de la férmula
{I) que sea simple y econdmico, aplicable a escala
industrial, y por consiguiente que permita superar 1los
problemas técnicos mencionados anteriormente relacionados
con los procesos conocidos en la literatura.

Breve Descripcidén de la Invencién

La presente invencidn resuelve 1los problemas
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anteriores por los compuestos de la férmula (Ib)

B OH
HO OH CO0-
N o e
H,C
\H/ HO OH OH
° 5% o O ,oH
HO HO
OH OH |
S n

(Ib)

en donde M™ es elegido del grupo que consiste de K' Ca?* Mg?
sr™ Fe® Al%. La materia objeto adicional de la presente
invencidén es un proceso para la sintesis de los compuestos de

a-sialil-oligosacaridos (1) de la férmula (I)

0

en donde R es un residuo de mono, di u oligosacédrido con los
grupos hidrdxilo libres; el proceso comprende al mencs una etapa:
a) la unidén por medio de la reaccidén de Koenigs-Knorr del

donador sidlico de la férmula (IT)

oP '
oP X
PO COOR
AcHN 0 1
PO

(1

en donde P es un grupo protector adecuado, Rl es un grupo

16
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alquilo, y X es un haldgeno; con un aceptor de la férmula
R'OH en donde R’ es un residuo de mono, di u
oligosacéarido protegido adecuadamente con grupos
protectores P’ y que contienen cero, uno © mas grupos
hidréxilo libres; estos grupos protectores P’ pueden ser
los mismos o diferentes entre si y de aquellos presentes
en el donador;

tal reaccidédn de Koenigs-Knorr caracterizada por el hecho de
que el promotor metalico basado en Ag(I) es utilizado en
cantidades molares entre 0.5 y 2.0 eq., con respecto a las
moles del aceptor;

para obtener un compuesto intermedio de la férmula (III)

op oF COOR,
PO .
AcH 0/ “or!
PO

(i

en donde P, Rl y R’ son como se definieron anteriormente.

En particular, el proceso mencionado
anteriormente proporciona una ruta conveniente de
sintesis para la 6'SL, y luego para sus sales de la
férmula (Ib) en las cuales M"™ es Na', K', NH,", ca?', Mg?,
sr?*, Fe?', A1%,

Otras ventajas de la presente invencidén son
descritas posteriormente en la descripcidn

detallada.
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Descripecidén Detallada de la Invencién

La materia objeto de la presente invencidén son los

compuestos de la formula (Ib)

OH
HO OH  COO-

H Mn+
0

HC N
\ﬂ/ HO H OH

o
o o
HO OHG&AAOH

OH CH ]

(Ib)

en donde M™ es elegido del grupo que consiste de K, ca?,
Mg?", sr®*, Fe**, A1’ en donde n = 1, 2, 3 en correspondencia
con el estado de oxidacién de M. Preferentemente M™ es Ca?’,
Mg?* o K.

Los compuestos de la férmula (Ib) son todos
aceptables alimenticia y farmacéuticamente y son udtiles como
ingredientes activos potenciales o] Como suplementaos
alimenticios (tales como suplementos en formulaciones de
leche artificial para infantes).

En particular 6’SL como:

- la sal de calcio es potencialmente Util para
promover el crecimiento de los huesos;

- las sales de calcio y potasio son potencialmente
utiles en el mantenimiento, la promocidn ¢ restablecimiento
del transporte apropiado a través de las membranas bioldégicas

y la diferencia fisiolégica del potencial de la
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transmembrana;

- la sal de hierro es potencialmente util para
cualesquiera situaciones patolégicas que requieren la
integracién del Fe.

La sal de «calcio en particular tiene mejores
propiedades fisico-quimicas que la sal de sodio bien conocida
Yy su cristalizacidén es més fécil. En efecto, durante la fase
de cristalizacidén, existe 1la formacién de un sélido
cristalino, facil de ser manejado y por consiguiente mas
facil de ser manipulado atn a escala industrial vy su
filtracién no tiene problemas a causa de que es rapida y
permite un lavado eficiente del sélido.

En el caso de la sal de sodio, en lugar de esto,
durante la fase de cristalizacidén se obtiene inicialmente
un sélido gomoso, dificil de ser agitado, que tiene que ser
molido, y su filtracién resulta lenta y laboriosa. La
estabilidad de las dos sales parece gue va a ser semejante.

Otro aspecto positive de la sal de calcio es el
hecho de que partiendo de una misma matriz de 6'SL en 1la
forma acida, 1la sal de calcio es una obtenida con una
pureza més elevada: por ejemplo la misma matriz de la 6’SL
ha suministrado un cristal de la sal de sodio a una pureza
de 87 % de HPLC y de un cristal de la sal de calcio a una
pureza de 93 % de HPLC.

Las sales tanto de potasio como de magnesio muestran
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caracteristicas fisico-quimicas semejantes a la sal de sodioc asi
como su cristalizacidén tiene una tendencia semejante.

Los compuestos de la formula (Ib) anteriormente
descritos pueden ser preparados por 6/SL siguiendo los métodos
conocidos en el estado del arte para la preparacidén de las sales
a partir de los acidos carboxilicos correspondientes, por ejemplo
los mismos pueden ser preparados preferentemente a partir de una

solucién de 6°SL agregando una base que contiene M?Y tales como

. los hidrdéxidos, carbonatos o bicarbonatos (es decir, KCOH, Ca(OH)g,

Mg (OH)., etc.., K;CO;, CaC0;, MgCO;, etc.; KHCO;, etc.) hasta pH 8-
10. Después de la remocién del solvente la sal obtenida se
purificté por cristalizacién a partir de 1los alcoholes o las
mezclas de agua/alcohol; preferentemente metanol, etanol y sus
mezclas con agua.

Opcionalmente, antes de la remocidn del solvente es
posible remover el exceso de 1la base no disuelta por
filtracidén, si esta presente.

Para otro aspecto, la presente invencién se
relaciona con un proceso para la sintesis de los e-sialili-

oligasacaridos de la férmula (I)
OH COOH

OH
HO

AcHN 0/ “OR
HO

U]

en donde R es un residuc mono, di u oligosacaride con los

20
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grupcs hidroxi libres, preferentemente R se selecciona entre
la galactosa, glucosa, glucosamina, lactosa, lactosamina,
fucosil-lactosa; mas preferentemente R se selecciona entre la
6’ -galactosa, 3’-glucosa, 3'-glucosamina, 6’'-lactosa, 3'-
lactosa, 6’ -lactosamina, 3'-lactosamina, 3’ -3-fucosii-
lactosa;
tal proceso involucra al menos una etapa:
a) la unidén por la reacciédn de Koenigs-Knorr de un donador
sidlico de la férmula (II)

oP X

oP
PO

AcKN
PO

)

07 ~COOR;

en donde:

P es un grupo protector adecuado;

Rl es un alquilo, preferentemente Me, Et, o Pr;

X es un haldgeno, preferentemente cloro;

con un aceptor protegido adecuadamente de la fédrmula R/OH en
la cual R' es un residuo de mono, di u oligosacarido
protegido adecuadamente con los grupos protectores P’ y que
contiene cero, uno © mas dJgrupos hidréxilo libres: estos
grupos protectores P’ pueden ser iguales o diferentes entre
si y de aguellos presentes en el donador:; la reaccidn de
Koenigs—-Knorr estd caracterizada por el hecho de gque el

promotor metalico basado en Ag{I) es utilizado en cantidades

2
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molares entre 0.5 y 2.0 eq., comparado con las moles del

aceptor; para obtener un compuesto intermedio de la férmula

(TTI)
p
F op COOR,
PO .
AcHN O/ “or
PO

(M
en donde P, Rl y R’ son como se definieron anteriormente.

Para un aspecto preferido, este proceso
también incluye después de la etapa (a), la siguientes
etapa:

b) la remocién de los grupos protectores P, P’ y Rl para
obtener los compuestos de la férmula (I) como se describieron
anteriormente.

La remocidén del grupo protector b) es efectuada de
acuerdo con los métodos conocidos en el estado del arte {TW
Green y PGM WUTS. Green’s Protective Groups 1in Organic
Synthesis. Ed Wiley ed 4. 2006).

Para un aspecto preferidoc este promotor metdlico es
utilizado en una cantidad molar entre 0.75 y 0.85 eqg. molares
comparado con las moles del aceptor.

Para un aspecto preferido el promotor metdlico se
selecciona entre las sales de Ag(I) tales como AgOTf, Ag.COs,
y mas preferentemente es Ag,CO;.

Para un aspecto preferido la unién de a) se lleva a
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cabo en un solvente polar aprdético, preferentemente se lleva
a cabo en diclorometano.

Para un aspecto preferido la unidn a) se logra
agitando la mezcla a una temperatura entre 20 y 40 °C
durante un tiempo entre 5 y 10 dias; preferentemente la
mezcla se agita a 30 °C durante 7 dias.

Para un aspecto preferido P y P’ son
seleccionados independientemente entre bencilo y acilo,
preferentemente P \'s P’ son seleccionados
independientemente de acetilo, benzoilo o benzoilo mono
o di-substituido con grupos alcoxi, haldgeno, nitro.

Para un aspecto preferido P y P’ son acilos.
Para un aspecto més preferido P y P’ son iguales y son
acetilo. En donde R es 6'-lactosa en el proceso de la
presente invencién con P = P’ = RAC existe una
distincidn adicional de los procescs conocidos para la
sintesis de 6’SL porque en este casco el aceptor
utilizado en la presente invencidén no muestra grupos
bencilo y en consecuencia tiene la ventaja de evitar la
hidrogenacién catalitica para la remocidon de los grupos
protectores.

Para un aspecto preferido, este aceptor R’'OH
protegide adecuadamente tiene un grupo hidréxilo libre
y reactivo en C-6 de la porcidén galactosidica, en un

aspecto preferido particularmente el aceptor es un

25



10

20

25

18

derivado de lactosa de la formula (IV):

HO  OH OP'
ov-g\&,a{p&f\
oF' oP

(IV)

OP'

en donde P’ es un grupo protector adecuado; preferentemente
P’ es acilo, mas preferentemente acetilo.

Por lo tanto, para un aspecto preferido particularmente,
la presente invencién se refiere a la sintesis de 6'SL de la
férmula (Ia) en donde R = 6'-lactosa por el proceso descrito
anteriormente en el cual P y P’ son Ac, X es cloro y Rl es metilo;
en esta combinacidén particular, la reaccién de unién en la cual el

aceptor es un compuesto de la formula (IVa)

o OHO OAc
0,
AcO Oyﬂi§§::wav
AcO
OAc OAcOAc

(IvVa)

proporciona el compuesto de la férmula (IIIa)

OAc COOMe
OAc
AcO
o
AcHN

AcO HO >0 OAc

Acog%,c}@
OAc OAcC™DAC
(ina) -

que sorprendentemente puede ser utilizado como el mismo ha
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sido obtenido desde la mezcla sin refinar hasta la reaccién
subsiguiente de la desproteccidén consecutiva de los grupos de
hidréxilo y de 1la funcién de carboxilc hasta el carbdn
anomérico del acido sidlico y la produccién del compuesto
6'SL de 1la férmula (Ia). Preferentemente se ha procedido
primerc a la remocidén de los grupos acetilo y luego hasta 1la
hidrélisis del éster metilico.

Esta desproteccidén consecutiva se lleva a cabo como
se sabe en el estado del arte. Preferentemente la remocién de
los dgrupos Ac es efectuada utilizando wuna base tal como
metdéxido de sodio, etdxido de sodio o hidréxido de sodio, més
preferentemente metdéxido de sodio, utilizando un alcohol
primario como un solvente, semejante al metanol o etanol, aun
mas preferentemente metanol. Preferentemente, la hidrélisis
del éster metilico en el carbono anomérico del &acido sialico
se lleva a cabo en las condiciones basicas con NaOH 1 M.

Preferentemente, cuando se complementa la
hidrélisis del éster metilico, la acidificacién final de 1la
mezcla de reaccidn se efectua por resinas de intercambio
iénico, en particular una resina catidénica fuerte vy una
resina anidnica débil, para obtener un material eluido que
contiene 67SL.

El donador sidlico utilizado en el proceso descrito
anteriormente, en particular cuando X es cloro yv R’ es

lactosa protegida por la férmula (IV) con P = P’ = Ac, es
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simple o facil de preparar y facil de utilizar. Este eleccidn
ha revelado sorprendentemente gque resuelve adecuadamente los
problemas de los procesos conocidos, a pesar de que el estado
del arte se ha dirigido hacia donadores mucho mas complejos.

La cantidad del metal promotor utilizado en 1la
etapa a} es reducida sorprendentemente comparado con el
estado del arte conocido, 0.5-2.0 equivalentes contra 6-7
equivalentes, y por lo tanto se reduce el costo de la
sintesis y los costos del desecho de 1la produccidn de
residuos.

El producto de la reaccidn de acoplamiento se lcgra
sorprendentemente con suficiente pureza para ser utilizado
como estd en la reaccidn subsiguiente de desproteccidédn para
obtener los sialil-oligosacdridos desprotegidos con buenocs
rendimientos y pureza. Ademéds, se debe sefialar que el proceso
para la reaccidén de unién de la presente invencidn es
estereoselectiva a causa de que el isémero o es el f1nico
obtenido.

El proceso de la presente invencidén por lo tanto es
factible a escala industrial.

La presente invencidén también se refiere a un
proceso para la sintesis de los compuestos de la féormula
(Ib) en el cual M™ es Na', K', NH,", Ca®', Mg?', sr?, Fe%,
AL, tal proceso incluye la preparacién de 6’SL por medio

del proceso descrito anteriormente; preferentemente las

26
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sales de la férmula (Ib) pueden ser preparadas directamente
por el material eluido que contiene la 6'SL, obtenido
después del tratamiento con las resinas de intercambio
idénico después de la hidrélisis del éster metilico, por la
adicién de una base que contiene M(™) tales como por ejemplo
los hidréxidos, carbonatos o bicarbonatos {es decir, KOH,
Ca(OH)2, Mg(CH},, etc., KyCO;, CaCOs, MgCO0s, etc.; KBCOs,
etc.) hasta pH 8-10.

Los compuestos de la férmula (II) pueden ser
obtenidos por las técnicas conocidas para el estado del
arte tales como los reportados en (R. Kuhn et al., Chen.
Ber., 1966, 99, 611, A, Marra et al., Carb. Res., 1989,
196, 317-322 y NF Byramova et al., Carb. Res., 1992, 237,
161-175).

La sintesis del aceptor protegido adecuadamente
puede ser 1llevada a cabo siguiendo el conocimiento del
experto en el arte, en particular la sintesis del aceptor de
la férmula (IIIa) en donde P es Ac se lleva a cabo de acuerdo
con los métodos cconocidos de acuerdo con el Esgquema de

Reaccidén 1.

OH OH
Benzaldehido
OH ____.,‘ “ “’"“"“'MHO

H,0 DMF

"
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Ph

H
_L\\O OAc
0 0
AcO. *Y OAc
AcO AcO

CH;COOH
HzO

OH OH

OAc
&/ Z&/
AcO. G, OAc
AcO

AcO

(IVa) Esquema de Reaccidn 1)

De acuerdo con la invencién, alcoxi significa, por
ejemplo -OMe, —-0OEt, -OnPr, -0iPr, -OnBu, -0iBu, -0OtBu.

De acuerdo con 1la invencién haldgeno significa
flior, cloro, bromeo, yodo.

De acuerdo con la invencidén algquilo es una cadena
de alquilo lineal o ramificado que contiene 1 a 6 atomos de
carbono posiblemente substituidos por uno o més grupos
seleccionados entre haldgeno, hidroxi, alcoxi, nitro.

De acuerdo con la invencibébn arilc es benceno
eventualmente reemplazado por uno o mas grupos seleccionados
de haldgeno, alcoxi, nitro.

De acuerdo con la invencién acilo significa un
grupo -0CO-algquilo, o -0CO-arilo en el cual alquilo y arilo
son como se definieron anteriormente.

De acuerdo con la invencion, monosacérido significa

un polioxialdehido (aldosa) o una polioxicetona (cetosa) o un
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azucar simple de la férmula (CHzO)n, CoHznOn-1r CrHonOn-iNH; o
ChH200n-1NHAC con n = 3, 4, 5, 6.7; el mismo significa dentro
de la definicién la totalidad de los estereoisdmeros posibles
y todas 1las formas abiertas o ciclicas o semiacetales o
semicetales intramoleculares como un ejemplo de las formas de
piranosile o furanosilo; por ejemplo, gliceraldehido, alosa,
altrosa, arabinosa, eritrosa, fucosa, galactosa, glucosa,
glucosamina, N-acetil-glucosamina, idosa, lixosa, mancsa,
psicosa, ribosa, desoxirribosa, sorbosa, tagatosa, treosa,
xilosa y las cetosas correspondientes estan incluidas en la
definicidén.

De acuerdo con la invencién, disacarido
significa un compuesto polioxidrilado que consiste de dos
monosacaridos enlazados a través de un enlace acetédlico o
glucosidico tanto O-glucosidico ¢ N-glucosidico; dentro de
la definicidén estan incluidos la totalidad de los posibles
estereoisbmeros y todas las formas abiertas o ciclicas:;
por ejemploc estan incluidas la lactosa, lactosamina, N-
acetil-lactosamina, maltosa, celobiosa, sucrosa,
trehalesa, turanosa.

De acuerdo con la invencién, oligosacarido
significa un polimero formado de tres a 6 monosacaridos
unidos conjuntamente por enlaces glucosidicos para formar
cadenas de sacéridos lineales o ramificadas, por ejemplo

estan incluidas la rafinosa, melezitosa, maltotriocsa,

29
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acarbosa, estaquiosa.

Parte Experimental

Ejemplo 1

Preparacién de la di 4’,6”-0O-bencilidenclactosa

Se agregan 200 g (0.555 mol) del monohidrate de
lactosa bajo agitacién a 1.4 1 de N,N-dimetilformamida vy
luego se agregan 202 ml (1.39 mol} de benzaldehido dimetil
acetal y 5.28 g (0.028 mol) del acido p-toluenosulfénico
monohidratado. La suspensién resultante se calienta a 55 °C y
la temperatura se mantiene hasta que la TLC fue exitosa (16-
18 horas) (Farmacopea). Después de enfriamiento a temperatura
ambiente se agregan 4.7 ml de trietilamina hasta pH 7-8. lLa
mezcla se concentra para obtener 700 ml de la solucidn, la
cual se drena en 3 litros de acetona caliente (50-55 °C),
manteniendo una agitacidén vigorosa. La precipitacién se
complementa por enfriamiento de la mezcla a 0+5 °C. El
precipitado se filtra, se lava con 0.7 litros de acetona fria
y se seca, obteniéndose 208 g de 4',6'-0-bencelidenc lactosa
(mezcla de andmeros o/f) como un producto blanco (ensayo de
HPLC 66%, 0319 mol, rendimiento: 57%).

Por cristalizacién doble, primero por MeOH y luego
por MeOH/H;0 4/1 v/v, se obtiene una muestra analitica
enriquecida en un andmero a, la caracterizacién de RMN es
reportada:

'H RMN (DMSOds, 300 MHz): & ppm 7.51-7.34 (5H, m, Ph); 6.36

30
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(d, Jon-» = 4.8 Hz, 1H, Cl-OH); 5.58 (s, 1H, PhCH); 5.28 (4, J
= 4,2 Hz, 1H, OH); 5.01 (d, J = 5.7 Hz, OH); 4.92 ({(seudo t,
Jou-y = Ji1 = 4.0 Hz, 1H, H-1); 4.68 (d, J = 6.9 Hz, 1H, OH):
4.45 (m, 2H, 2xOH); 4.37 (d, Jir-» = 7.5 Hz, 1H, H-1'); 4.16-
3.95 (m, 3H); 3.84-3.11 {(m, 9H) (H-2, H-3, H-4, H-5, CH; -6,
H-2’, H-3', H-4’, H-S’, CH: -6'}).
'3C RMN (DMSOds, 75 MHz): & ppm 138.5, 128.6, 127.9, 126.2
{Ph):; 103.1 (C-1'}); 99.8 (PhCH); 92.1 (C-1); 79.6, 75.8,
72.2, 11.6, 71.3, 69.9, 69.8, 68.5 (Cc2, cC2', C3, C3', (4,
C4', C5, C5'); 66.2 (C6'); 60.3 (C6).
Rf {(farmacopea, UV-vis y naftoresorcina) = 0.7,
Ejemplo 2
Preparacidén de 4',6'-O-p-metoxibencilinlactosa

Se agregan 200 g (0.555 mol}) de monochidrato de
lactosa bajo agitacidon a 1.4 1 de N,N-dimetilformamida vy
luego se agregan 237 ml (1.39 mol) de p-metoxibenzaldehido
dimetil acetal y 5.28 g (0.028 mol) de acido p-
toluenosulfénico monohidratado. La suspensidén resultante se
calienta a 55 °C y la temperatura se mantiene hasta que
resulté una TLC positiva (16-18 horas) (Farmacopea). Después
de enfriamiento a temperatura ambiente se agregan 5.0 ml de
trietilamina hasta pH 7-8. La mezcla se concentra y el
residuo se cristaliza en 3 litros de acetona caliente (50-55
°C). La precipitacién se complementd por el enfriamiento de

la mezcla a 0+5 °C. El precipitado se filtra, se lava con
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2x200 ml de acetona fria, obteniéndose 219 g de 4',6"'-0-p-
metoxibencelideno lactosa (mezcla de andémeros o/f) como un
s6lido amarillo tenue (ensayo de HPLC 76%, 0361 mol,
rendimiento: 65%). La cristalizacién a partir de acetona
caliente/H20 4/1 v/v dio una muestra analitica comc una
mezcla anomérica o/f (1/1 mol/mol), la caracterizacién de RMN
es reportada:

'H RMN (DMSOds, 300 MHz): & ppm 7.38 (d, J = 8.7 Hz, 2H), 6.93
(d, J = 8.7 Hz, 2H) (Ph); 6.70 (d, Joy-1 = 6.6 Hz, 1H, C1-0OH
B): 6.36 (d, Jou-1 = 4.1 Hz, 1H, C1l-OH «); 5.52 (s, 1H, PhCH
atp); 5.27 (m, 1H, OH o+4p); 5.04-4.95 (m, 1H, OH atp); 4.92
(seudo t, J = 4.1 Hz, H-1 «); 4.72-4.60 (m, 1H, OH otB):
4.56-4.28 (m, H-1' a+p + H-1 B + 2XOH at+f); 4.12-3.92 (m, 3H):
3.76 (s, 3H, OMe); 3.80-3.11 (m, 9H); 2.98 (m, 1H B).

C RMN (DMSOds, 75 MHz): & ppm 159.4, 130.9, 127.6, 113.2
(Ph); 103.0 (C-1' a+p):; 99.7 (PhCH ot+B); 96.7 (C-1B}: 92.1
{C-1le); 79.6, 79.2, 75.7, 74.9, 74.8, 74.6, 72.2, 71.6, 71.3,
9.9, ©9.8, 68.4 (C2, C2', C3, C3', C4, C4', C5, C5' uat+p):

©6.2 (C&’ atB); 60.4, 60.3 (C6 a+B); 55.1 (OMe a+f).

Rf (farmacopea, UV-vis y naftoresorcina) = 0.8.
Ejemplo 3
Preparacidén de 1,2,3,6,27,3" -hexa-0O-acetil-47,6’ -0-

benciliden-p-D-lactosa
Se agregan 100 g (0.153 moles a partir de HPLC) de

la 47,6’ -0-bencilidenolactosa obtenida de acuerde con el
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ejemplo 1 y 256 ml (1.84 mol) de trietilamina a 600 ml de
metil etil cetona. La mezcla de la reaccién se calienta a
60 °C y se agregan por goteo 174 ml (1.84 mol) de anhidrido
acético manteniendo la temperatura interna abajo de 70 °C.
La mezcla de la reaccidén se agita a 70 °C hasta que la TLC
fue exitosa (10-12 horas) (AcOEt). El solvente se evapora y
el residuo se disuelve en 270 ml de diclorometano y 200 ml
de agua. Se agrega NaOH al 30 % bajo agitacidén hasta pH 9-
9.5, luego se separan las capas; la capa acuosa se extrae
nuevamente con 75 ml de diclorometano. Las capas orgéanicas
colectadas se lavan con 200 ml de agua, y luego se agrega
una solucidn de HCl al 32 % bajo agitacién hasta pH 1-1.5.
La capa acuosa acida se extrae con 75 ml de diclorometano.
Las capas organicas colectadas se lavan entonces con 370 ml
de NaCl al 20 %, se seca sobre Na;SO, anhidro y se decolora
con carbdn vegetal y bentonita. El1 solvente se concentra y
el residuo se utiliza como tal en la siguiente reaccidén. La
dosificacibn de HPLC dio 103 g {0.151 mol) de
1,2,3,6,27,3" -hexa-0O-acetil-4', 6'-0O-bencilideno lactosa
esencialmente como el andémero f$ (andmero a < 10 % mol)
(rendimiento: 99 %). Una muestra analitica que contiene 9 %
en mol de un andémero o fue obtenida por cristalizacién a
partir de MeOH caliente; la siguiente es la caracterizacién
de RMN {(andémero p).

'H RMN (CDCl;, 300 MHz): & ppm 7.54-7.34 (m, 5H, Ph); 5.68 (d,
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Jy-» = 8.4 Hz, 1H, H-1), 5.47 (seudo s, 1H, CHPh); 5.32-5.21
(m, 2H, H-3+H-2"), 5.07 {(dd, Jz.3= 9.6 Hz e J,., = 8.4 Hz, 1H,
H-2}, 4.87 (dd, Js-2» = 10.4 Hz e Jar_sr = 3.8 Hz, 1H, H-3'),
4.54-4.43 (m, 2H, H-1’+H-6a), 4.38-4.25 (m, 2H, H-4'+H-6'a),
4.14 (dd, Jep-sa = 12.2 e Je-s = 4.6 Hz, 1H, H-6b), 4.04 (d,
Je'b-6ra = 12,3 Hz, 1H, H-6'b}, 3.90-3.70 (m, 2H, H4+H5); 3.46
{seudo s, 1H, H-5')}, 2.14-2.00 (6xCOCH3).
C RMN (CDCls, 75 MHz): & ppm 170.8, 170.4, 170.1, 169.7,
169.0, 168.9 (6xCOCHs); 137.5, 129.3, 128.3, 126.6 (Ph);
101.4 (CHPh); 101.1 (C-1f); 91.8 (C-1); 75.5, 73.8, 73.2,
72.4, 72.2, 70.5, 69.0, 68.5 (c-2, C-3, Cc-4, Cc-5, Cc-2', C-3’,
C-4', C-5"); 66.6 (C-6"); 61.8 (C-6), 20.9-20.7 (6xCOCHj3).
Rf (AcOEt:hexano = 1:1, UV-vis y H;S04/MeOH) = 0.3.
Ejemplo 4
Preparacién de 1,2,3,6,2",3'-hexa-0O-acetil-4', 6’ -0O-p-
metoxibenciliden-f-D-lactosa

Se agregan 100 g (0.165 moles de dosificacidn por
HPLC} de la 4',6’'-0O-p-bencilidenolactosa obtenida de acuerdo
con el ejemplo 2 v 242 ml (1.74 mol) de trietilamina a 600 ml
de metil etil cetona. La suspensidén se calienta a 60 °C y se
agregan por goteo 164 ml ({(1.74 mol) de anhidrido acético
manteniendo la temperatura interna abajo de 70 °C. La mezcla
de la reaccidn se agita a 70 °C hasta que la TLC positiva fue
exitosa (10-12 horas) (AcOEt:hexano = 1:1). El solvente se

evapora y el residuo se disuelve en 270 ml de diclorometano y
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200 ml de agua. Se agrega NaOH al 30 % bajo agitacién hasta
pH 9-9.5, luego se separan las capas; la capa acuosa se
extrae nuevamente con 75 ml de diclorometanc. Las capas
organicas colectadas se lavan con 200 ml de agua, y luego se
agrega una solucidén de HCl al 32 % bajo agitacidén hasta pH 1-
1.5, La <capa acuosa acida se extrae con 75 ml de
diclorometano. Las capas orgénicas colectadas se lavan
entonces con 400 ml de NaHCO; saturado, con 400 ml de NaCl al
20 3%, se secan sobre Na,S0, anhidro y se blanquea con carbén
vegetal y bentonita. El solvente se concentra y el residuo se
utiliza como tal en la siguiente reaccién. La dosificacién de
HPLC dio 110 g (0.155 mol) de 1,2,3,6,2",3"-hexa-0O-acetil-
4',6’'-O-p—metoxibenciliden—-lactosa esencialmente como el
anémero f (rendimiento: 94 %). Una muestra analitica fue
obtenida por cristalizacién a partir de MeOH caliente; la
siguiente es la caracterizacién de RMN (anémero B).

'H RMN (CDCls, 300 MHz): & ppm 7.36 (d, J = 8.7 Hz, 2H), 6.88
(d, J= 8.7 Hz, 2H) (Ph); 5.66 (d, J1-» = 8.4 Hz, 1H, H-1};
5.40 (seudo s, 1H, CHPh); 5.24 (seudo t, Jzp = Js4 = 9.6 Hz, 1
H, H-3); 5.23 (dd, Jz.-3» = 10.2 Hz e Jproyr = 7.8 Hz, 1H, H-
2'y; 5.04 (dd, Jz.3 = 9.6 Hz e J,; = 8.4 Hz, 1H, H-2); 4.84
{dd, Jsz--2» = 10.2 Hz e Js4» = 3.6 Hz, 1H, H-3'), 4.46 (dd,
Jea-66 = 12.0 Hz e Jg-5 = 1.5 Hz, 1H, H-6a); 4.44 (d, Jirp =
7.8 Hz, 1H, H-1'); 4.28 (d, Js-a» = 3.6 Hz, 1H, H-4'); 4.25

(d, Jgrg-6rp = 12.6 Hz, 1H, H-6'a): 4.12 (dd; Jeb-6a = 12.0 e Jgp-5
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= 4,5 Hz, 1H, H-6b), 4.00 (dd, Jep-ea = 12.6 Hz e Jgrg-sr = 1.5
Hz, 1H, H-6'b}; 3.87-3.69 (m, 2H, H4+4H5); 3.79 (s, 3H, OMe);
3.42 (seude s, 1H, H-5"); 2.09, 2,07, 2.03, 2,02, 2.00
(6xCOCH3) .
3¢ RMN (CDCls;, 75 MHz): & ppm 170.8, 170.4, 170.1, 169.6,
168.93, 168.89 (6xCOCHs); 160.3, 130.1, 127.9, 113.7 (Ph);
101.3 (CHPh); 101.1r (C-1"); 91.8 (C-1); 75.5, 73.8, 73.2,
72.4, 72.1, 70.5, 69.0, 68.4 (C-2, C-3, C-4, C-5, C-2', C-3',
c-4', C-5'"); 66.5 (C-6"); 61.8 (C-6), 55.4 (OMe); 20.9-20.6
(6xCOCHa} .
Rf (AcOEt:hexano = 1:1, UV-vis y H»S0s/MeCH)= 0.2.
Ejemplo 5
Preparacién de 1,2,3,6,2’,3'-hexa-0O-acetil-p-D-lactosa

El jarabe que contiene 100 g {0.15 moles) de la
1,2,3,6,2",3" -hexa-0~acetil-4’,6"-0-bencilidenclactosa
obtenida de acuerdo con el ejemplo 2 se disuelve en 400 ml de
dcido acético glacial. La mezcla de reaccidn se calienta a 80
°C y luego se agregan 100 ml de agua (precalentada a 80 °C),
agitando la mezcla a esta temperatura durante 1.5 horas. La
mezcla de reaccién se enfria entonces réapidamente a
temperatura ambiente y se agregan 500 ml de tolueno y 350 ml
de agua y se extrae. La capa acuosa se extrae con 150 ml de
tolueno. Las capas de tolueno combinadas contuvieron
1,2,3,6,27,3"-hexa-0-acetil-4’, 6’ -O-bencilidenclactosa que no

reacciond, que puede ser utilizada en otra reaccién. La capa
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acuosa, que contiene 1la 1,2,3,6,2",3"'-hexa-0-acetil~p-D-
lactosa, se extrae sucesivamente con 500 ml y 150 ml de
cloruro de metileno; los extractos organicos se lavan con
3¥150 ml de agua, se secan sobre sulfato de sodioc anhidro vy
se concentran. El residuo se cristaliza a partir de 580 ml de
acetato de isopropilo caliente (50-55 °C), obteniéndose
después del secado 30.8 g de la 1,2,3,6,2",3" -hexa-0O-acetil-
f-D-lactosa {(0.05 mol) como un sélido blanco vyesoso.
Considerandc que en 1las capas de tolueno combinadas se
recuperaron 20.2 g de la 1,2,3,6,2",3'-hexa-0-acetil-4',6’'-0-
bencilidenoclactosa que no reacciond (0.03 mol}, el
rendimiento es del 42 %.

P.f. 188-190 °C.

'H RMN (CDCl;, 300 MHz): 5 ppm 5.68 (d, Ji., = 8.1 Hz, 1H, H-
1), 5.24 (seudo t, J3z2 = Jz-¢ = 9.3 Hz, 1H, H-3), 5.19 (dd,
Jar-3r = 10.2 Hz e Jzreyr = 7.8 Hz, 1H, H-2'), 5.05 {(dd, J;.z =
9.3 Hz e Jp.; = 8.1 Hz, 1H, H-2), 4.88 {(dd, J3-»r = 10.2 Hz e
J3rgr = 3.3 Hz, 1H, H-3"), 4.49 {(d, Jdyr.2r = 7.8 Hz, 1H, H-1"),
4.49 (dd, Jsa-eb = 11.1 Hz e Jea-s = 1.8 Hz, 1H, H-6a), 4.15-4.05
(m, 2H, H-4'+H-6b}), 4.00-3.70 (m, 4H, H-4+H-5+H-6'a+H-6'b),
3.56 (seudo t, J = 5.4 Hz, 1H, H-5'}, 2.96 (d, Jop4 = 4.2 Hz,
C4'-0OH), 2.59 (dd, Jow-sr = 7.5 e 4.8 Hz, C6'-QH), 2.11, 2.09,
2.08, 2.07, 2.04, 2.03 {(6xCOCHs).

°C RMN (CDCls, 75 MHz): & ppm 170.6, 170.4, 1790.3, 169.7,

169.6, 169.0 (6xCOCHa): 101.2 (C-1"), 91.7 {C-1), 75.9 (Cc-4),

Kl
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74.6 (C-5'), 73.7 (C-3"), 13.6 (C-5), 73.1 (C-3), 70.7 (C-2),
69.7 (C-2"}), 67.8 (C-4'), 62.1, 62.0 (C-6, C-6"), 20.9, 20.8,
20.7 (6xXCOCH3) .
Rf (AcOEt, UV-vis y HpS0,/MeOH)= 0.4.
Ejemplo 6
Preparacidn de di 1,2,3,6,2',3'~hexa-0O-acetil-f-D-lactosa

El jarabe qgue contiene 100 g (0.14 mol) de 1la
1,2,3,6,2’,3’-hexa-0O-acetil-4’, 6’ -0O-p-
metoxibencilidenolactosa obtenido de acuerdo con el ejemplo 4
se disuelve en 400 ml de acido acético glacial, y la mezcla
se agita a temperatura ambiente durante 4.5 horas. Se agregan
500 ml de tolueno y 350 ml de agua, luego se extrae. La capa

acuosa se extrae con 150 ml de tolueno. Las capas de tolueno

combinadas contuvieron la 1,2,3,6,2’,3"-hexa-0O-acetil-4’,6" - -

O-p-metoxibencilidenolactosa que no reacciond, gque pueden ser
utilizadas en otra reaccién. La capa acuosa, que contiene la
1,2,3,6,2",3'-hexa-0-acetil-p-D-lactosa, se extrae
sucesivamente con 500 ml y 150 ml de cloruro de metilenco; los
extractos orgéanicos se lavan con 3x150 ml de agua, se secan
socbre sulfato de sodio anhidro y se concentran. El residuc se
cristaliza a partir de 580 ml de acetatc de isopropilo
caliente (50-55 °C) obteniéndose, después del secado, 40.6 g
de la 1,2,3,6,2’,3" -hexa-0-acetil-p-D-lactosa (0.07 mol,
rendimiento del 50 %) como un sélido blanco pulvurento cuyas

caracteristicas son semejantes al sélido obtenido del ejemplo 5.
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Ejemplo 7
Preparacidén de 1la {5-~acetamido-4, 7,8, 2-tetra-0-acetil-3, 5-
didesoxi~-D-glicero-a-D-galacto-non-2-ulopiranosilonato de
metilo)=-(226)=-2,3-di-O~acetil-p-D-galactopiranosil-(1=>4)-
1,2,3,6-tetra-0-acetil-p-D-glucopiranosa

100 g (06.168 mol) de l1la 1,2,3,6,2',3"'-hexa-0-acetil-
p-D-lactosa, obtenida de acuerdo con el ejemplo 3, se
disuelven en 600 ml de diclorometano, luego se agregan 250 g
de los tamices moleculares de 3A. La solucidén se agita durante
5-10 minutos y luego se agregan 38.0 g del carbonato de plata
(0.14 mol}. Se agrega una solucidén de 128.5 g (0.252 mol) (1.5
ed.) del derivado de cloro de la férmula (II) en donde P es
acetilo, X es cloro y Rl es metilo, en 500 ml de diclorometano
y la solucién se mantiene en agitacidén vigorosa a 30 °C
durante 7 dias hasta que desaparecidé el derivade de cloro
(TLC, CHyClz: MeOH = 10:1), luego la mezcla de reaccidn se
filtra sobre dicalite y se removid el solvente, obteniéndose
un residuc solido quebradizo (aproximadamente 230 g), que
contiene una mezcla del producto de 1la condensacién, 1la
1,2,3,6,2",3"-hexa-0-acetil-p-D-lactosa y el producto de la
eliminacién 2.3 de (II), asi como una traza de la 4,7,8,9-
tetra-O-acetil-NANA. Por C RMN se evaludé una conversién de
aproximadamente 90 %. Se obtuvo una muestra analitica del
producto condensado por cristalizacidén a partir de etanol:éter

isopropilico = 1:3 v/v como un sé6lido amorfo blanco:
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'H RMN (CDCl;, 300 MHz): & ppm 5.66 (d, Ji-» = 8.4 Hz, 1H, H-
1); 5.42-5.10 (m, b5H, H-3+H-2'+H-7"+H-8"+NH); 5.01 ({(seudo t,
Jz-y = 8.4 Hz, 1H, H-2); 4.%94-4.78 (m, 2H, H-3'+H-4"}; 4.53-
4,27 {(wm, 3H, H-1'+H-6a+H-9"); 4,24-3.92 {m, b5H, H-6b+H-4'+H-
5"+H-6"+H-9"b); 3.92-3.50 {(m, 5H, H-4+H-5+H-5'+H-6’a+H-6'b};
3.80 .(s, 3H, COOCHs), 2.93 (s amp., 1H, OQH); 2.55 (44,
J3rreq-37ax = 12.6 e J3rreg-4» = 4.5 Hz, 1H, H-3"eq); 2.17-1.97
{31H, 10x CH3CO e H-3"ax), 1.86 (s, 3H, NHCOCH;).
3¢ RMN (CDCls, 75 MHz): & ppm 171.05, 170.98, 170.5, 170.4,
170.29, 170.28, 170.24, 170.0, 169.6, 169.4, 169.0, 168.0
(OAc, NHAc, COOMe); 100.8 (C-1'}; 99.1 (C-2"}); 91.7 (C-1}):
5.7, 13.7, 73.6, 12.94, 72.90, 72.4, 70.7, 69.7, 68.95,
66.87, ©67.4, 06.3 (C-2, C-3, C-4, C-5, cCc-2r, C-3*, C-4', C-
5', C-4'*, C-6*'', C-7'", C-8"); 62.6, 62.4, 62.1 (C-6, C-6',
C-9r"):; 53.2 (OCH3) ; 49.4 (C-5"); 37.4 (C=-3""); 23.2
(NHCOCHs), 21.1, 20.9, 20.8, 20.74, 20.67 (10xCH3CO).
Ejemplo 8
Preparacidén de la (5-acetamido-3,5-didesoxi-D-glicero-a-D-
galacto-non-2-ulopiranosilonato de metilo)-{2>6)-p-D-
galactopiranosil-(1-4)- (a/p)-D-glucopiranosa

230 g del producto sin refinar, obtenido de acuerdo
con el ejemplo 7, se disuelven en 1.4 1 de MeCOH, luego se
agregan 29.6 ml de metdxido de sodio en metanol al 25 % en
peso. La solucién se mantiene en agitacidén a temperatura

ambiente durante 12 h; en el control de TLC positivo
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(Farmacopea) la misma fue neutralizada con 39 g de IR120 (H")
seca. La resina se filtra y el solvente se remueve por medio de
un rotoevapcrador, obteniéndose 143 g del residuo, utilizado en
siguiente reaccién. El rendimientoc fue cuantitativo.
' RMN (D,0, 300 MHz): & ppm 5.21 (d, J1-» = 3.6 Hz, 1H, H-la),
4.66 (d, Jy-, = 7.8 Hz, 1H, H-1#), 4.42 (d, Jy-2» = 7.5 Hz, 1H,
H-1"), 4.15-3.45 (m, 19H}, 3.89 (s, 3H, COOCH;), 3.29 (m,
1H), 2.70 (dd, Jsrreq-37rax = 12. 9 e Jzrreq-arr = 4.8 Hz, H-3"eq),
2.03 (s, 3H, NHCOCH3), 1.88 (seudo t, UJsrrax-37eq = J3rrax-arr =
12.9 Hz, H-3"ax)}.
C RMN (D;0, 75 MHz): & ppm 175.5 (NHCOCH3), 170.4 (COOMe),
103.9 (C-1*), 99.6 (c-2''), 96.3 (C-1B), 92.5 (C-la), 80.5,
80.4, 75.2 (2C), 74.4, 4.0, 73.5, 73.0, 72.2, 71.7, 71.3,
71.2, 70.5, 69.0 (2¢), 67.9 (C-2, ¢c-3, C-4, C-5, Cc-2', C-3’,
c-4', C-5', C-4'', Cc-6'', C-7'", C-8'"), 64.0 (C-6'), 63.8
(C-9"), ©60.8 e 60.7 (C-6at+tp), 54.1 (COOCH3), 52.3 (C-5"), 39.6
(C=-3"), 22.8 (NHCOCH3).
Ejemplo 9
Preparacién de la 5-acetamido-3,5-didesoxi-D-glicero—-o-D-
galacto-non-2-ulopiranosilonato de sodio-(226) -p-D~
galactopiranosil-(1-24)~ (a/p)-D~glucopiranosa

143 g del producto de 1la desacetilacidén sin
refinar, obtenido de acuerdo con el ejemplo 8, se disuelven
en 715 ml de agua. El pH se lleva a la neutralidad con NaOH

acuoso y luego se agregan 23 ml de NaOH al 30 %, manteniendo

W
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la temperatura de la solucibén abajo de 10 °C. La solucidén se
agita a temperatura ambiente durante 24 h. En el control de
TLC positivo (Farmacopea) la solucidén se hace pasar a través
de IR120(H")/IRA96(0H ). El material eluido se ajusta a pH 9
con NaQOH, se concentra hasta un Jjarabe, vy se scmete a
separacidn varias veces con EtOH absoluto hasta que se
obtiene un sdélido blanco quebradizo que es recristalizado a
partir de EtOH al 96 %. Se obtuvieron 77.3 g.

Los datos de 'H y 'C RMN para este compuesto estuvieron de
acuerdo con aquellos reportados en la literatura (L. Dorland
et al., Eur. J. Biochem. 1978, 87, 323; J.P. Kamerling et
al., Carbohydr. Res, 1982, 100, 331).

'H RMN (D,0, 300 MHz): & ppm 5.22 (d, Ji-, = 3.8 Hz, 1H, H-la),
4.66 (d, Ji;-»= 7.8 Hz, 1H, H-1B), 4.43 (d, Jy,—»» : 7.6 Hz, lH,
H-1"), 4.02-3.48 (m, 19H), 3.31 (m, 1H), 2.71 (dd, Jzrreq-377ax =
12.5 e Jzrreq-qrr = 4.7 Hz, H-3"eq), 2.03 (s, 3H, NHCOCHs), 1.74
(seudo t, Jzrrax-3'1req = Jarrax-4r» = 12.5 Hz, H-3"ax).

3¢ RMN (D,0, 75 MHz, referencia externa de acetona): & pPpm
175.6 (NHCOCHa), 174.1 (CO0O"), 103.9 (C-1'), 100.9 ({Cc-2'"),
96.3 (C-1p), 92.5 (C-la), 80.4, 80.3, 75.30, 75.26, 74.4,
74.3, 73.2, 73.0, 2.4, 72.3, 71.7, 71.4, 70.6, 69.2, 69.04,
69.01 (C-2, C-3, C-4, ¢C-5, c-2', C-3', C-4', C-5'", Cc-4'', C-
grr, c-7'*, C-8""), 64.2 (C-6"), 63.3 (C-9™), 60.9 e 60.8 (C-
batp), 52.4 (C-5''"), 40.7 (C-3"), 22.7 (NHCOCHs;).

[0]52%%: +9.3° (c:1%, H,0).
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P.f.: 191,4+194.2 °C (T descomposicién)

Ejemplo 10

Preparacién de la 5-acetamido-3,5-didesoxi~-D-glicero-a-D-
galacto-non-2-ulopirancsilonato de calcio-(2>6)-p-D-
galactopiranosil-{1-24)-(a/p}-D-glucopiranosa

100 g del producto de 1la desacetilacidén sin
refinar, obtenido de acuerdo con el ejemplo 8, se disuelven
en 500 ml de agua y la solucidén se enfria a 4 °C. E1l pH se
lleva a la neutralidad con NaOH acuosc v luego se agregan 23
ml de NaOH al 30 %, manteniendo la temperatura de la solucién
abajo de 10 °C. La solucién resultante se mantiene en
agitacidn a temperatura ambiente durante 24 h. En el control
de TLC positivo (Farmacopea) 1la solucién se hace pasar a
través de IR120(H")/IRA96(OH ). El material eluido se ajusta a
pH 8.7 con Ca(OH)., se filtra y luego se concentra hasta un
jarabe a 65° Brix. Esta jarabe se hace gotear en 540 ml de
metanol a 50 °C. La suspensién resultante se mantiene en
agitacidén vigorosa a 50 °C durante 1 hora, luego a
temperatura ambiente durante 1 hora, y luego se filtra bajo
vacio. El so0lido se lava con 160 ml de metanol y se seca bajo
vacio a 50+:55 °C. Se obtuvieron 46.2 g.
'H RMN (D»0, 300 MHz): & ppm 5.22 (d, Ji-2 3.8 Hz, 1H, H-lo},
4.66 (d, Ji-» 7.8 Hz, 1H, H-1B), 4.43 (d, Jyr-2»: 7.8 Hz, 1H, H-
1), 4.02-3.48 {(m, 19H), 3.31 (m, 1H), 2.71 (dd, Jarreqarax

12.0 e Jarreg¢r+ 4.5 Hz, H-3"eq), 2.03 (s, 3H, NHCOCH3;), 1.74
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(seudo t, Jzrrax-37veq = J3rrax-4r+ = 12.0 Hz, H-3"ax).

1> RMN (D;0, 75 MHz, referencia externa de acetonitrilo): &
ppm 175.5 (NHCOCH3), 174.1 (C00O"}, 103.8 ({(C-17), 100.8 (C-
2'"y, 9%6.2 (C-1p), 92.4 (C-le), 80.3, 80.3, 75.26, 75.22,
74.4, 74.3, 73.1, 73.0, 72.4, 772.2, 71i.7, 71.4, 70.5, 69.1,
69.13, 69.00 (Cc-2, C-3, C-4, C-5, Cc-2', C-3', Cc-4', C-5', C-
4!, C-e'", C-7'', C-8'"}), 64.2 (C-6"), 63.3 (C-9"), 60.9 e
60.7 (C-6atp), 52.4 (C-5""), 40.7 (C-3"), 22.7 (NHCOCH;).
Ensayo como Ca®t: 98.3 %.

la]p?®°C: +10° (c:1%, Hy0).

P.f.: 204.5:206.6 °C (T descomposicién)

IR v ¥4 3400, 1612, 1380, 1033 cm™.

Ejemplo 11

Preparacién de la 5-acetamido-3,5-didesoxi-D-glicero-a-D-
galacto-non-2-ulopiranosilonato de potasio-{236)-p-D-
galactopiranosil-{124)-{a/p)-D~glucopiranosa

100 g del producto de 1la desacetilacidn sin
refinar, obtenido de acuerdo con el ejemplo 8, se disuelven
en 500 ml de agua y la solucidén se enfria a 4 °C. El pH se
lleva a la neutralidad con NaCOH acuoso y luego se agregan 23
ml de NaOH al 30 %, manteniendo la temperatura de la soluciédn
abajo de 10 °C. La solucidén se agita a temperatura ambiente
duranfe 24 h. En el contrecl de TLC positivo (Farmacopea) la
solucidén se hace pasar a través de IR120(H")/IRR96(0OH™). E1

material eluido se ajusta a pH 10 con KOH, se concentra hasta
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un jarabe, y se somete a separacidn varias veces con EtOH
abscluto hasta que se obtiene un s6élido quebradizo blanco que
es recristalizado a partir de EtOH absoluto. El1 sélido se
seca bajo vacio a 50+55 °C. Se obtuvieron 35.7 g.

'H RMN (D;0O, 200 MHz): & ppm 5.22 (d, Ji- 3.8 Hz, 1H, H-1a),
4.66 (d, J,-» 7.8 Hz, 1H, H-1p), 4.43 (d, Jir-er: 7.6 Hz, 1H, H-
1), 4.02-3.48 (m, 1S8H), 3.31 (m, 1H), 2.71 (dd, Jarreg-377ax
12.0 e Jzrreq-4vr 4.4 Hz, H-3"eq}, 2.03 (s, 3H, NHCOCHs), 1.74
(seudo t, Jarrax-377eq = J3rrax-4+» 12.0 Hz, H-3"ax).

C RMN (D;0, 75 MHz, referencia externa de acetona): 3 ppm
175.5 (NHCOCHa), 174.0 (CO0O7), 103.8 (C-1"), 100.9 (C-2'"),
96.2 (C-1p), 92.4 (C-la), 80.3, 80.2, 75.22, 75.1%8, 4.4,
74.3, 73.1, 12.%, 2.4, 7z2.2, 71.7, 71.4, 70.5, 69,1, 69.04,
69,01 (Cc-2, C-3, C-4, C-5, Cc-2', C-3’, C-4', C-5", C-4'", C-
6'’, c-7'*, C-8""), 64.1 (C-6"), 63,2 (C-9"), 60.8 e 60.7 (C-
batp), 52.4 (C-5""), 40.7 (C-3"), 22.6 (NHCOCHi).

[@]p2°°C: +9.8° (c: 1%, H0).

P.f.: 179.3:182.8 °C (T descomposicién)

IR v ®¥F e 3391, 1612, 1379, 1034 cmt.

Ejemplo 12

Preparacién de la 5-acetamido-3,5-didesoxi-D-glicero-a-D-
galacto-non-2-ulopiranosilonato de magnesio- (226)-p=-D-
galactopiranosil-{12>4}-(a/p) -D-glucopiranosa

100 g del producto de 1la desacetilacién sin

refinar, obtenido de acuerdo con el ejemplo 8, se disuelven
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en 500 ml de agua y la solucidén se enfria a 4 °C. El pH se
lleva a la neutralidad con NaQOH acuoso y luego se agregan 23
ml de NaOH al 30 %, manteniendo la temperatura de la solucién
abajo de 10 °C. La solucidén se agita a temperatura ambiente
durante 24 h. En el control de TLC positivo (Farmacopea) la
solucién se hace pasar a través de IR120(H")/IRA96(CH ). El
material eluido se ajusta a pH 9.8 con Mg0O, se concentra
hasta un residuo sometido a separacidén varias veces con EtOH
absoluto hasta que se obtiene un sélido quebradizo blanco gque
es recristalizade a partir de EtOH absocluto. Se obtuviercn
50.8 g.

‘H RMN (D0, 300 MHz): & ppm 5.22 {(d, Ji-, 3.6 Hz, 1H, H-
le), 4.66 (d, J;-» 8.1 Hz, 1H, H-1B), 4.43 (d, Jyr-pr: 7.5
Hz, 1H, H-1"), 4.02-3.48 (m, 19H), 3.31 (m, 1H), 2.71
(dd, J3rreq-37vax 12.3 € J3rreg-e-r 4.5 Hz, H-3"eq), 2.03 (s,
3H, NHCOCH3), 1.74 (seudo t, J3r/ax-3r7eqg = J377ax-qrr 12.3 Hz,
H-3"ax}) .

13C RMN (D,0, 75 MHz, referencia externa de acetonitrilo): &
ppm 175.5 (NHCOCHs), 174.1 (Co07), 103.8 (C-1'), 100.9 (C-
2"")y, %96.3 (C-1p), 92.4 (C-la), 80.3, 80.2, 75.26, 75.23,
74.4, 74.3, 73.1, 73.0, 72.4, 72.2, 7i.7, 71.4, 70.6,
69.1, 69.00, 68.96 (C-2, C-3, C-4, C-5, c-2', C-3', C-4',
c-5*, Cc-4'', C-6&'', C-7'', C-8''}), 64.2 (C-6'), 63.3 (C-
om"), 60.9 e 60.7 (C-6a+B), 52.4 (C-5"'), 40.7 (C-3"), 22.7

{NHCOCH3) .
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Ensayo como Mg®*: 97.5 %
[0]5?%°C: +9.8° (c: 1%, H.0).
P.f.: 183.1+185.1 °C (T descomposicién)

IR v "™t 3391, 1634, 1379, 1035 cm™ .
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REIVINDICACIONES
1. Compuestos de la foéormula (Ib)
— on —
HO OH CoO-
N ; 0 e
N ?
HO OH OH
° 90 O +OH
HO HO
OH OH
L —1in
(Ib)

caracterizados porque M™ es elegido del grupo que consiste de K,
Ca2+, Mg2+, Sr2+, Fa?t y NG

2. Los compuestos de conformidad con la
reivindicacién 1, caracterizados porque M" es elegido del grupo
que consiste de K', ca®, Mg®.

3. Un proceso para la preparacidén de los compuestos
de la

féormula (Ib) de conformidad con cualquiera de las

reivindicaciones 1-2 partiendo de 1a 6’-sialil-lactosa,

caracterizado porque comprende agregar a una solucién de 6/SL una
base que contiene M'™' para obtener un valor de pH de 8-10.
4, Un

proceso para la preparacidn de los

compuestos de a-sialil-oligosacaridos de la férmula (I)

OH

()

en donde R es un residuo de mono, di u oligosacarido con los
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grupos hidroxi 1libres; caracterizado porgque comprende al
menos una etapa de:
a) unir por medio de la reaccidén de Koenigs-Knorr un donador

sidlico de la férmula (I1I)

oP
oP X
PO COOR
AcHN 0 1
PO

(m

en donde P es un grupo protector adecuado, R; es alquilo, y X
es haldgeno;

con un aceptor de la formula R'’OH en donde R’ es un residuo
de mono, di u oligosacarido protegido adecuadamente con
grupos protectores P’ y que contiene cero, uno ¢ mas grupos
hidroxi libres; en donde los grupos prot?ctores P’ pueden ser
los mismos o diferentes entre si y de agquellos presentes en
el donador;

la reaccién de Koenigs-Knorr tiene como particularidad el
hechce de gque el promotor meté&lico basade en Ag(l) es
utilizado en cantidades molares entre 0.5 y 2.0 eq., con
respecto a las moles del aceptor;

para obtener un compuesto intermedio de la férmula (IIT)

opP

oP COOR,
PO .
AcH 07/ “or
PO

(i

W
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en donde P, Rl y R’ son como se definieron anteriormente.

5. El pProceso de conformidad con la
reivindicacién 4, caracterizado porque ademds comprende,
después de la etapa (a), la siguiente etapa:

b) remover los grupos protectores P, P’ y R; para
obtener los compuestos de la foérmula (I) de conformidad con
la reivindicaciébn 4.

6. El proceso para la preparacitn de 6'SL de
conformidad con cualgquiera de 1las reivindicaciones 4-5,
caracterizado porque R es la 6'-lactosa.

7. Un proceso para la preparaciétn de 1los
compuestos de la férmula (Ib), en donde M"™ es Na', K', NH,",
ca®, Mg**, sr?, Fe® o RAl1*, caracterizado porque comprende la
preparacién de 6’SL por medio del proceso de conformidad can
la reivindicacidén 6.

8. Los compuestos de 1a formula (Ib) de
conformidad con cualquiera de las reivindicaciones 1-2,
caracterizados porque se utilizan como medicamentos y agentes
de integracidén de los alimentos.

9. Composiciones farmacéuticas vy alimenticias,
caracterizadas porgque contienen los compuestos de la férmula
(Ib) de conformidad con cualgquiera de las reivindicaciones
1-2 y al menos otro ingrediente aceptable alimenticia o

farmacéuticamente.
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RESUMEN DE LA INVENCION

La presente invencidén se refiere a un proceso para
la sintesis de los a-sialil-oligosacaridos y en particular de
la 6'-sialil-lactosa y sus sales, que comprende una etapa de
unién por la reaccidn de Koenigs-Knorr bajo condiciones que

permiten su uso a una escala industrial.
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6'-SIALYLLACTOSE SALTS AND PROCESS FOR THEIR SYNTHESIS AND
FOR THE SYNTHESIS OF OTHER A-SIALYLOLIGOSACCHARIDES

FIELD OF INVENTION

The present invention relates to the field of salts of 6'-sialyliactose: the present
invention also relates to the field of processes for the synthesis of a -sialyl-
oligosaccharides and in particular to the field of processes for the synthesis of 6'-
sialyllactose and its salts.

BACKGROUND
a-Sialyl-cligosaccharides of formula (1)
OH COCH
OH
HO
AcHN o/ "OR
HO

0
wherein R is a mono- di- or oligosaccharide residue with free hydroxyl groups are
present in mammals and birds tissues and in predominant form of
lipooligosaccharides, lipopolysaccharides or glycans of glycoproteins. They exist in
a variety of glycosidic bonds, more typically a(2-3) and a(2-6) galactose (or
lactose). The function of these sialosides varies greatly in animals according to the
structural heterogeneity of the oligosaccharide portion. They are mediators of inter
and intra-cells events in particular play an important role in the physiology and
growth of many pathogen agents {DK Ress, et al., Current Organic Synthesis,
2004, 1, 31-46).
OH

HO OH  GOCH

H
N
Hac\l_( )
HO OH OH
0 0 O oy
HO OHO
OH CH
{la)
One litre of human milk contains about 5-10 g of free oligosaccharides, this

content is similar to the content of proteins and exceeds the lipid content. More
than 130 different oligosaccharides were identified in human milk (Human Milk
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Oligosaccharides - HMO), formulations of artificial milk for babies derive from
bovine milk and contain only trace amounts of these oligosacchandes that are
specific of the human species. The fundamental building blocks of
oligosaccharides of human milk are the 5 monosaccharides D-glucose (Glc), D-
galactose (Gal), N-acetylglucosamine (GicNAc), L-fucose (Fuc) and siaiic acid (N-
acetyl-neuraminic acid, Neu5Ac). The terminal reducing end can be formed by
lactose (Gall31-4GIc) or more repetitive units (up to 15  unit) of N-
acetyllactosamine (Gal31-3/4GIcNAc). Lactose or polylactosamine may be
sialylated with a 2 -3 and / or a 2-6 bonds. Examples of sialosides of human milk
are: 3'-sialyl-3-fucosylactose (3'S3FL), 6'-sialyllactose (6'SL), 3'-sialyllactose
(3'SL), 3-sialyllattosamine (3'SLN}, 6'-sialyllactosamine (6'SLN).

Among sialosides mainly present in mammalian tissues and in human milk the
compound of formula (la) 6'-sialyllactose (N-acetylneuraminyi-lactose, a-NeuNAc-
(2 — 6)-B - D-Gal-{1 — 4)-D-Glc or 6'-SL) is of particular importance because it is
an important constituent of glycoproteins and glycolipids involved in various cell
pathway events including cell recogniton and immune response.
The 6'-SL and their salts are interesting as supplements in food formulations for
infants. As for the salts of the 6'-sialyllactose in literature only the sodium salt
(CAS Number: 157574-76-0; FW. C23H38NO19Na, 6'-sialyllactose sodium salt,
6'-N-Acetylneuraminyl-lactose sodium salt ) and the ammonium salt are known.
While the sodium salt is acceptable for food and pharmaceuticals, the ammonium
salt is potentially  toxic  because of the ammonium ion.
For this reason it is necessary to get 6'-SL in altemative salt forms to the known
ones that may be acceptable for food and pharmaceuticals.

At the state of the art various strategies are known for synthesis of sialyl-
oligosaccharides (including 6'SL) and all foresee a convergent approach in which
the sialic activated fragment (donor) is regio-and stereo-selectively bound to the
oligosaccharide portion {acceptor). For this key step of coupling in literature three
different synthetic strategies are known which foresee an exclusively enzymatic
approach, exclusively chemical or chemo-enzymatic.

As for the enzymatic pathways families of sialyltransferases and transialidases
(enzymes that add the sialic acid to oligosaccharides in a strictly specific way)
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were used. Examples of this route of synthesis are reported in A.T.Beyer et al Adv.
Enzymol., 1981, 52, 23-175, in J. Weinstein et al. J.Biol.Chem., 1982, 257, 13845-
13853.
However several are the limitations in the use of these enzymes:
1) the limited availability of these enzymes
2) the need to synthesize the donor of activated substrate CMP- NeuAc. or
PNP-NeuAc
3) the strict specificity of the sialyltransferases which reduces the flexibility in use
for the synthesis of natural sialosides (Ichigawa Y. et al. Analytical Biochem 1992,
202, 215-238, S. Sabesan et al. JAm.Chem.Soc., 1986, 108, 2068-2080, O.
Hindsgaul et al J.Biol.Chem., 1991, 266, 17858-17862, H.J.Gross et al.
Eur.J.Biochem. 1988, 177, 583-589).
As for the chemo-enzymatic pathways these include chemical synthesis of the
acceptor and then enzymatic sialylation as in S. Sabesan et al., J Am.Chem.Soc.,
1986, 108, 2068-2080.
Focusing exclusively on chemical ways it is emphasized that the formation of the
glycosidic bond with sialic acid is a reaction rather difficult because it is hampered
by the fact that the donor is electronically and sterically hindered by the geminal
carboxyl group. Moreover, the lack of functional group on C-3 rules out its
anchimeric assistance for controlling stereochemistry and leads to the formation of
by-products through the reaction of elimination; finally the formation of the binding
with a configuration is thermodynamically disadvantaged in relation to anomeric
effect. In an attempt to remedy these defects in the state of the art various
strategies have been developed for the preparation of suitably activated sialic
donors and acceptor with adequately protected hydroxyl groups that are reacted
through vanious glycosylation methods.
Regarding the sialic donor it is to be emphasized that the complicated molecular
architecture imparts a substantial degree of difficulty in its synthesis, protection
and activation. The multifunctional nature (3 secondary hydroxyl groups) as well
as the tertiary anomeric center, complicate the work of synthetic chemist. Currently
to the state of the art is weli known that the sialic donor can be activated as 2-
xanthate (A. Marra et al., Carbohydr.Res., 1989, 187, 35), as 2-aryl sulphone (Y.



10

15

20

25

30

8717PTWO 4

Du et al, Carbohydr. Res., 1998, 308, 161), as 2-phosphite (RR Schmidt et al.,
Tetrahedron Lett., 1992, 33, 6123 or CH Wong et al., J. Am.Chem.Soc., 1992, 114,
8748) or as 2-halo derivative. Among all these groups the halogen derivatives are
preferable as the phosphite and the thio derivatives require toxic reagents for their
synthesis and not easy to handle in the industry. Among the halogens the chioro
derivative is preferred as it is stable and easy to synthesize, in fact the bromo
derivative is unstable and tends easily to eliminate and lead to anomeric mixtures
during glycosilation reactions. The fluoro derivative requires a more elaborate
synthesis than the chloro derivative and tends tc form B glycosidic bonds. The
chloro derivative would be the easiest donor to make and use.

Regarding to the structure of the donor, other synthetic routes, still more complex
than previous ones, require the inclusion on the C-3 of sialic acid of a functional
group that gives anchimeric assistance in the glycosilation reaction to prevent
competitive elimination in 2,3 position. For this reason groups such as phenylthio
or phenyiselenium have been introduced (Y. Ito et al., Tetrahedron Lett., 1988, 29,
3987 orin L.O. Kononov et al., Tefrahedron Lett., 1997, 38, 1599). These
pathways thus require multiple steps to obtain the active donor for the
glycosylation reaction generally starting from 2.3-dehydro NeuAc with yields that
vary according to the obtained specificity and the ease of purification of the
intermediates.

For this reason for the synthesis of sialyloligosaccharides of formula (1) and in
particular the 6'SL it would be preferable to employ efficiently a simple

sialylderivative as the 2-chloro-donor of formula (ll)
oP X

OP
PO

AcHN
PO

(In)
where P is a suitable protecting group, R1 is alkyl group and X is chlorine;
(obtainable by methods reported in R. Kuhn et al.,, Chem.Ber., 1966, 99, 611, A.
Marra et al., Carb.Res., 1989, 190, 317-322 and NF Byramova et al. , Carb. Res,
1992, 237, 161-175) because it is also easily to synthesize on an industrial scale

0-7 ~COOR,

without the use of very toxic reactives, and it leads to the specific formation of a
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bonds in the glycosilation reactions. The use of this sialic donor, however,
decreased significantly after its first applications and the state of the art addresses
towards much more complex donors.
As for the acceptor activation for the synthesis of 6'SL, in the literature there are
acceptors substituted with ether protective groups, for example benzyl groups
whose removal, requiring an hydrogenation, is not easilymanageable (G .
Pazynina et al. Tetrahedron Lett, 2002, 43, 8011-8013) and therefore difficult for
industrial application.
a-glycosides of sialic acid were prepared by the Koenigs-Knorr reaction involving
the use of Ag (I) as a promoter [Koenigs, W., Knorr, E. Chem. Ber., 1901, 34, 957]
or by using the Helferich modification that uses Hg (ll) as promoter {Helferich, B.;
Zirner, J. Chem. Ber., 1962, 95, 2604]. The substrates chosen in these reactions
are B-glycosyl-halides. Many variations of these classical methods are known
which were designed to improve employment opportunities and yields. The main
differences between these variations are related to the choice of counter anion of
the metallic promoter. The most commonly used promoters are AgOTf, Ag.COs,
HgXa (X = halide), and Hg(CN).. In general it is known that Ag(l) promoters are
more active and stereoselective (Pazynina G. et al. Tetrahedron Lett, 2002, 43,
8011-8013) but these should be used in large guantities (6-7 eq in relation to the
acceptor) thus increasing the cost of synthesis {including the disposal of waste
production), while Hg(ll) promoters provide higher yields (H. Paulsen et al.
Angew.Chem.Int.Ed.Engl, 1982, 927-928) but can present difficulties in handling
due to their toxicity.
It is therefore evident the need for a process for the synthesis of compounds of
formula (1) which is simple and economical, applicable on industrial scale, and
hence allowing to overcome the technical problems above mentioned related to
processes known in the literature.

SUMMARY OF THE INVENTION

The present invention solves the above problems by compounds of formula (lb)

56



5

10

15

20

8717PTWO 6

COO-

o
OH OH
o
o o
HO 0&)%0“
OH OH

(Ib)
where M™ is chosen from the group consisting of K* Ca®* Mg®* Sr**Fe®* Al>*,

Further subject-matter of the present invention is a process for the synthesis of o-

sialyl-oligosaccharides () compounds of formula (1)
OH

0
wherein R is a mono-, di-or oligossaccharide residue with free hydroxyl groups;
said process comprising at least one step:

a) coupling by means of Koenigs - Knorr reaction of a sialic donor of formula (I1)
oP X

OoP
PO

AcHN
PO

(In
wherein P is a suitable protecting group, R1 is an alkyl group, and X is a halogen;
with an acceptor of formuta R'OH where R’ is a mono-, di-or oligosaccharide

07 ~COOR,

residue suitably protected with protecting groups P' and containing zero, one or
more free hydroxyl groups; these protecting groups P' may be the same or
different from each other and from those present in the donor;

such Koenigs-Knorr reaction characterized by the fact that the metallic promoter
hased on Ag(l) is used in molar quantities between 0.5 and 2.0 eq respect to the
moles of acceptor;

to obtain an intermediate of formula (i)
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OF o COOR,
PO
AcHN o/ “or
PO

{ny
where P, R1 and R 'are as defined above.
In particular, the process above mentioned provides a convenient route of
synthesis for the 6'SL and then for its salts of formula (Ib) in which M™ is Na*, K",
NH,', Ca®*, Mg®, Sr**, Fe?, A",
Other advantages of the present invention are discussed later in the detailed
description.

DETAILED DESCRIPTION
Subject matter of the present invention are compounds of formula (Ib)

OH

OH cCOO-

o
8 OH OH
0 0
HO ‘%&&»OH
OH OH

(Ib)
wherein M™ is chosen from the group consisting of K*, Ca®*, Mg¥, Sr**, Fe**, Al

M

where n = 1, 2, 3 in correspondence to the oxidation state of M. Preferably M™ is
Ca®, Mg*' o K".
Compounds of formula (Ib) are all alimentary and pharmaceutically acceptable and
are useful as potential active ingredients or as food supplements (such as
supplements in formulations of artificial milk for infants).
In particular 6'SL as:

- calcium salt is potentially usefut to promote bone growth,

- potassium and magnesium salts are potentially useful in maintaining,

promote or restore proper transport through biological membranes and the

physiological difference of transmembrane potential;
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- iron salt is potentially useful for any pathological situations that require an
integration of Fe;

The calcium salt in particular has better chemical-physical properties than the well-
known sodium sait and its crystallization is easier. In fact during the crystallization
phase, there is the formation of a crystalline solid, easy to be handled and thus
easier to be managed even at industrial scale and its filtration has no problem
because it is fast and allows an efficient washing of the solid.
In the case of sodium salt, instead, during the crystallization phase a rubbery solid
is initially obtained, difficult to be stirred, which has to be grinded, and its filtration
results slow and laborious. The stability of the two salts appears to be similar.
Another positive aspect of the calcium salt is the fact that starting from a same
matrix of 6'SL in acid form the calcium salt is the one obtained with higher purity:
for example the same matrix of 6'SL has supplied a crystal of sodium salt at 87%
HPLC purity and a crystal of calcium salt at 93% HPLC purity.
Both potassium and magnesium salts show chemical-physical characteristics
similar to the sodium sait as well as their crystallization has a similar trend.
Compounds of formula (Ib) above described can be prepared by 6'SL following
known methods at state of the art for the preparation of salts from the
corresponding carboxylic acids; for example they can be preferably prepared from
a solution of 6'SL by adding a base containing M"* such as hydroxides, carbonates
or bicarbonates (ie, KOH, Ca (OH) 2, Mg (OH) ,, etc.., K;CO3, CaCO;3, MgCQO, etc;
KHCO;, etc..) until pH 8-10. After removal of the solvent the obtained salt are
purified by crystallization from alcohols or mixtures of water / alcohol; preferably
methanol, ethanol and their mixtures with water.
Optionally before the removal of the solvent it is possible to remove the excess of
undissolved base by filtration, if present.
For another aspect the present invention relates to a process for the synthesis of

a-sialyl-oligosaccharides of formula (1)
OH

OH COOoH
HO
AcHN 0/ “or
HO

(1
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wherein R is a mono-, di- or oligosaccharide residue with free hydroxy groups,
preferably R is selected between galactose, glucose, glucosamine, lactose,
lactosamine, fucosillactose; more preferably R is selected between 6'-galactose,
3'-glucose, 3'-glucosamine, 6'-lactose, 3'-lactose, 6'-lactosamine, 3'-lactosamine,
3'-3-fucosillactose;

such process involving at least one step:

a) coupling by Koenigs-Knorr reaction of a sialic donor of formula (Il)

op
oP X
PO

XoH 07 ~COOR,

(1)

wherein:

P is a suitable protecting group;

R1is an alkyl, preferably Me, Et, or Pr;

X is a halogen, preferably chlorine;
with a suitably protected acceptor of formula R'OH in which R’ is a mono-, di- or
oligosaccharide residue suitably protected with protecting groups P' and containing
zero, one or more free hydroxyl groups: these protecting groups P 'can be equal or
different from each other and from those present in the donor;
said Koenigs-Knorr reaction is characterized by the fact that the metailic promoter
based on Ag (l) is used in molar quantities between 0.5 and 2.0 eq compared to
moles of acceptor,; to obtain an intermediate of formula (IH)

OoP
oOP COOR,
PO
AcH O/ “or
PO

D)

where P, R1 and R’ are defined as above.

For a preferred aspect this process also includes after step (a), the following step:
b) removal of protective groups P, P 'and R1 to obtain compounds of formula (1) as
described above.
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The removal of the protective group b) is performed according to methods known
to the state of the art (TW Green and PGM WUTS. Green's Protective Groups in
Organic Synthesis. Ed Wiley ed 4. 2006).

For a preferred aspect this metalfic promoter is used in molar amount between
0.75 and 0.85 molar eq compared to moles of acceptor.

For a preferred aspect said metallic promoter is selected between Ag(l) salts such
as AgOTf, Ag.CO3, and more preferably is AgCOa.

For a preferred aspect the coupling a) is conducted in aprotic polar solvent,
preferably is conducted in dichloromethane.

For a preferred aspect said coupling a) is achieved by stirring the mixture at a
temperature between 20 and 40° C for a time between 5 and 10 days; preferably
the mixture is stirred at 30 ° C for 7 days.

For a preferred aspect P and P' are independently selected between benzyl and
acyl, preferably P and P' are independently selected from acetyl, benzoyl or
henzoyl mono-or di-substituted with alkoxy, halogen, nitro groups.

For a preferred aspect P and P 'are acyls. For a more preferred aspect P and P
are equal and are acetyl. Where R is &'-lactose in the process of the present
invention with P = P '= Ac there is an additional distinction from known processes
for the synthesis of 6'SL as in this case the acceptor used in the present invention
do not show benzy! groups and consequently has the advantage of avoiding
catalytic hydrogenation for the removal of protective groups.

For a preferred aspect this acceptor R'OH adequately protected has a free and
reactive hydroxyl group at C-6 of the galactosidic moiety, in a particularly preferred
aspect the acceptor is a lactose derivative of formula (1V):

HO oW oP
OP'&/M
oP OoP™Sop

(V)
where P' is a suitable protecting group; preferably P' is acyl, more preferably
acetyl.
For a particularly preferred aspect therefore the present invention relates to the
synthesis of 6'SL of formula (la) where R = 6'-lactose by the process above
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described in which P and P' are Ac, X is chlorine and R1 is methyl;, in this
particular combination, the coupling reaction in which the acceptor is a compound

o OHO QAc
O
AcO
OAc OA COAc

of formula (IVa)

(IvVa)
provides the compound of formula (llla)
OAc COOMe
QAc
AcO
AcHN

O
AcO HO o OAc
A@&&/O&i\e\
OAc OAC™OAC

(lla)
that surprisingly can be used as it has been obtained from the crude mixture to the
subsequent reaction of sequential deprotection of the hydroxyl groups and of the
carboxyl function to the anomeric carbon of the sialic acid and production of the
compound 6'SL formula (la). Preferably it has to proceed first to the removal of
acetyl groups and then to the hydrolysis of methyl ester.
This sequential deprotection is carried out as known to the state of the art.
Preferably the removal of the Ac groups is performed using a base such as
sodium methoxide, sodium ethoxide or sodium hydroxide, more preferably sodium
methoxide, using a primary alcohol as a solvent, like methanol or ethanol, most
preferably methanol. Preferably the hydrolysis of methyl ester at anomeric carbon
of the sialic acid is carried out in basic conditions with NaOH 1M.
Preferably when the methyl ester hydrolysis is completed, final acidification of the
reaction mixture is performed by ion exchange resins, in particutar a strong
cationic resin and a weak anionic resin, to obtain an eluate containing 6'SL.
The sialic donor used in the process above described, in particular when X is
chiorine and R' is lactose protected by formula (IV) with P = P' = Ac, is simple or
easy to prepare and easy to use. This choice has revealed surprisingly adequate
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to solve the problems of known processes, despite the state of the art had directed
towards much more complex donors.

The amount of promoter metal used in step a) is surprisingly reduced compared to
the known state of the art, 0.5-2.0 eq versus 6-7 eq, and therefore reduces the
cost of synthesis and the costs of disposing of waste production.

The product of coupling reaction is achieved surprisingly with enough purity to be
used as it is in the subsequent reaction of deprotection to obtain the deprotected
sialyl-oligosaccharides with good yields and purity. Furthermore it should be noted
that the process for the coupling reaction of the present invention is
stereoselective because the a isomer is the only one obtained.

The process of the present invention is therefore feasible on industrial scale.

The present invention also refers to a process for the synthesis of compounds of
formula (Ib) in which M" * is Na *, K *, NH**, Ca?*, Mg?*, S?* Fe?*, AI®* such
process including the preparation of 6'SL through the process above described;
preferably the salts of formula (Ib) may be prepared directly by the eluate
containing 6'SL, obtained after ion exchange resins treatment after hydrolysis of
methyl ester, by addition of a base containing M(" %) such eg hydroxides,
carbonates or bicarbonates (ie, KOH, Ca(OH),, Mg(OH),, etc.., KaCOs, CaCOs,
MgCOs etc.; KHCQO,, etc..) until pH 8-10.

Compounds of formula (ll) can be obtained by techniques known to the state of
the art such as reported in (R. Kuhn et al., Chem.Ber., 1966, 99, 611, A. Marra et
al., Carb. Res, 1989, 190, 317-322 and NF Byramova et al., Carb. Res, 1992, 237,
161-175).

The synthesis of the suitably protected acceptor can be carried out following the
knowledge of the man of the art, in particular the synthesis of the acceptor of
formula {lila) where P is Ac was carried out according to methods known in
agreement with the Scheme 1.

%]
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Ph
OH OH OH
o e &,
d|Me acetale
HO 0
Ho W ac.ptol.
solfonico
. H0 DMF

Ph l
-

00 OhAc
e
AcO %\MOAG
AcO AcO

CH,COOH
H,0

OH OH

A T

(IVa)Schema 1
According to the invention alkoxy means, for example -OMe,-OFEt, -OnPr,-OPr, -
OnBu, -0OBu, -OfBu.
According to the invention halogen means fluorine, chlorine, bromine, iodine.
According to the invention alkyl is a linear alkyl chain or branched containing 1 to 6
atoms of carbon possibly substituted by one or more groups selected between
halogen, hydroxy, alkoxy, nitro.
According to the invention aryl is benzene eventually replaced by one or more
groups selected from halogen, alkoxy, nitro.
According to the invention acyl means a group -OCO-alkyl, or -OCO-ary! in which
alkyl and aryl are defined as above.
According to the invention monosaccharide means a poiyoxyaldeide (aldose) or a
polyoxyketone (ketose} or a simple sugar of formula (CH20)n, CaH210On-1, CrH2nOn-
1NH3 or CaH210n1NHAC with n = 3,4,5 , 6.7, it means within the definition all the
possible stereoisomers and all open or cyclic forms or intramolecular semi
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acetales and semiketales as an example the pyranosyl and furanosyl forms; for
example, glyceraldehyde, allose, altrose, arabinose, eritrose, fucose, galactose,
glucose, glucosamine, N-acetyl-glucosamine, idose, lixose, mannose, psychose,
ribose, deoxyribose, sorbose, tagatose, treose, xylose and corresponding ketoses
are included in the definition.

According to the invention disaccharide means a compound polyoxydrilated
consisting of two monosaccharides linked through an acetalic or glycosidic both O-
glycosidic or N-glycosidic bond; within the definition are included all of the possible
sterecisomers and all forms of open or cyclic; for example lactose, lactosamine, N-
acetyl-factosamine, maltose, cellobiose, sucrose, threalose, turanose
are included.

According to the invention oligosaccharide means a polymer formed of three to 6
monosaccharides joined together by glycosidic bonds to form linear saccharide
chains or branched, for example raffinose, melezitose, maltotriose, acarbose,
stachyose are included.
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EXPERIMENTAL PART

EXAMPLE 1

Preparation of di 4',6’-O-benzylidenlactose

200 g (0.555 mol) of lactose monohydrate were added under stirring to 1.4 | of
N, N-dimethyiformamide and then 209 ml (1.39 mol) of benzaldehyde dimethyl
acetal and 5.28 g (0.028 mol) of p-toluenesulfonic acid monohydrate were added.
The resulting suspension was heated at 55°C and the temperature was
maintained until TLC was successful (16-18 hours) (Pharmacopoeia). After cooling
at room temperature 4.7 ml of triethylamine were added until pH 7-8. The mixture
was concentrated to obtain 700 m! of solution, which is drained in 3 liters of hot
acetone (50-55°C), maintaining a vigorous stiming. The precipitation was
completed by cooling the mixture to 0£5°C. The precipitate was filtered, washed
with 0.7 liters of cold acetone and dried, obtaining 208 g of 4'.6'-C-benzylidene
lactose (mixture of a / B anomers) as white product (assay HPLC 66%, 0319 mol,
yield: 57%).

By double crystallization, first by MeOH and then by MeOH/HO 4 /1 v /v, an
anaiytical sample enriched in a anomer was obtained, the NMR characterization is
reported:

'H NMR (DMSOds, 300 MHz): 6 ppm 7.51-7.34 (5H, m, Ph); 6.36 (d, Jon.1= 4.8
Hz, 1H, C1-OH); 5.58 (s, 1H, PhCH); 5.28 (d, J= 4.2 Hz, 1H, OH); 5.01 (d, J= 57
Hz, OH); 4.92 (pseudo t, J1.on= J12= 4.0 Hz, 1H, H-1); 468 (d, J= 6.9 Hz, 1H, OH);
4.45 (m, 2H, 2xOH); 4.37 (d, Jy2= 7.5 Hz, 1H, H-1"); 4.16-3.95 (m, 3H); 3.84-3.11
(m, 9H) (H-2, H-3, H-4, H-5, CH; -6, H-2’, H-3’, H-4’, H-5", CH, -6).

*C NMR (DMSOds, 75 MH2): 5 ppm 138.5, 128.6, 127.9, 126.2 (Ph); 103.1 (C-1");
99.8 (PhCH);, 92.1 (C-1); 79.6, 75.8, 72.2, 71.6, 71.3, 69.9, 69.8, 68.5 (C2, C2,
C3, C3, C4, C4', C5, Cb'), 66.2 (C6’); 60.3 (C6).

Rf (pharmacopoeia, UV-vis and naftoresorcine)= 0.7
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EXAMPLE 2

Preparation of 4',6'-O-p-methoxybenzylidenlactose

200 g (0,555 mol) of lactose monohydrate were added under stirring to 1.4 | of N,
N-dimethylformamide and then 237 m! (1.39 mo!) of p-methoxybenzaldehyde
dimethyl acetal and 5,28 g {0,028 mol) of p-toluenesuifonic acid monohydrate
were added. The resulting suspension was heated at 55°C and the temperature
was maintained until positive TLC resulted (16-18 hours) (Pharmacopoeia). After
cooling at room temperature 5.0 mi of triethylamine were added until pH 7-8. The
mixture was concentrated and the residue was crystallized in 3 liters of hot
acetone {50-55°C). The precipitation was completed by cooling the mixture at
0+5°C. The precipitate was filtered, washed with 2x200 mi of cold acetone,
obtaining 219 g of 4',6'-O-p-metossibenzyliden lactose (mixture of a/ anomers) as
a pale vyellow solid (assay HPLC 76%, 0361 mol, vyield: 65%)
Crystallization from hot acetone/H20 4/1 viv gave an analytical sample as a a/f
anomeric mixture (1/1 mol/mol), the NMR characterization is reported..

'H NMR (DMSQds, 300 MHz): & ppm 7.38 (d, J= 8.7 Hz, 2H), 6.93 (d, J= 8.7 Hz,

2H) (Ph); 6.70 (d, Jon.«= 6.6 Hz, 1H, C1-OH B); 6.36 (d, Jon+= 4.1 Hz, 1H, C1-OH
a), 552 (s, 1H, PhCH a+B); 5.27 {m, 1H, OH a+p); 5.04-4.95 (m, 1H, OH a+B);
4.92 (pseudo t, J= 4.1 Hz, H-1 a); 4.72-4.60 (m, 1H, OH a+p); 4.56-4.28 {m, H-1’
a+B + H-1 B+ 2xOH a+B); 4.12-3.92 {m, 3H); 3.76 (s, 3H, OMe); 3.80-3.11 {m,
9H); 2.98 (m, 1H B).

*C NMR (DMSQds, 75 MHz): & ppm 159.4, 130.9, 127.6, 113.2 (Ph); 103.0 (C-1’
a+f), 99.7 (PhCH a+B), 96.7 (C-1B); 92.1 (C-1a);, 79.6, 79.2, 75.7, 74.9, 74.8,
746,722,716, 71.3, 699, 69.8, 684 (C2, C2, C3, C3, C4, C4, C5, C5 o+p);
66.2 (C8’ a+B), 60.4, 60.3 (C6 a+P), 55.1 (OMe a+B).

Rf (pharmacopoeia, UV-vis and naftoresorcine)= 0.8

&t
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EXAMPLE 3

Preparation of 1,2,3,6,2',3'-hexa-O-acetyl-4',6'-O-benzyliden-§-

D-lactose

100 g (0.153 moles from HPLC) of 4',6-O-benzylidenlactose obtained according to
example 1 and 256 ml (1.84 mol) of triethylamine were added to 600 m! of methyl
ethyl ketone. The reaction mixture was heated at 60 °C and 174 ml (1.84 mol) of
acetic anhydride were dropped maintaining the internal temperature beiow 70°C.
The reaction mixture was stirred at 70°C until TLC was successful {10-12 hours)
(ACOEt). The solvent was evaporated and the residue dissolved in 270 mt of
dichloromethane and 200 ml of water. NaOH 30% was added under stirring up to
pH 9-9.5, then the layers were separated; the aqueous layer was extracted again
with 75 ml of dichlorcmethane. The coliected organic layers were washed with 200
ml of water, and then HCI solution 32% was added under stirring up to pH 1-1.5.
The acid aqueous layer was extracted with 75 ml of dichloromethane. The
collected organic layers were then washed with 370 m! of NaCl 20%, dried over
anhydrous Na,50, and decolorized with charcoal and bentonite. The solvent was
concentrated and the residue used as such in the next reaction. HPLC dosage
gave 103 g (0,151 mol) of 1,2,3,6,2',3-hexa-O-acetyl-4', 6'-O-benzylidene lactose
essentially as B anomer (a anomer <10 moi%) (yield: 99%). An analytical sample
containing 9 mol% of a anomer was obtained by crystaliization from hot MeQH:
following is the NMR characterization (B anomer).

'H NMR (CDCl3, 300 MHz): 5 ppm 7.54-7.34 (m, 5H, Ph); 5.68 (d, Ji»= 8.4 Hz,
1H, H-1), 5.47 (pseudo s, 1H, CHPh); 5.32-5.21 (m, 2H, H-3+H-2'), 5.07 (dd, J2.5=
9.6 Hz & J21= 8.4 Hz, 1H, H-2), 4.87 (dd, J3.2= 10.4 Hz & J3.4= 3.8 Hz, 1H, H-3"),
4.54-4.43 (m, 2H, H-1"+H-6a), 4.38-4.25 (m, 2H, H-4'+H-6'a), 4.14 (dd, Jgp.es= 12.2
€ Jeps= 4.6 Hz, 1H, H-6b), 4.04 (d, Jevea = 12.3 Hz, 1H, H-6'b), 3.90-3.70 (m, 2H,
H4+H5); 3.46 (pseudo s, 1H, H-5), 2.14-2.00 (6xCOCH,).

C NMR (CDCls, 75 MHz): Sppm 170.8, 170.4, 170.1, 169.7, 169.0, 168.9
(6xCOCHs); 137.5, 129.3, 128.3, 126.6 (Ph); 101.4 (CHPh); 101.1 (C-1'); 91.8 (C-
1), 75.5,73.8, 73.2, 72.4, 72.2, 70.5, 69.0, 68.5 (C-2, C-3, C4, C-5, C-2.C-3, C-
4, C-5), 66.6 (C-6"); 61.8 (C-6), 20.9-20.7 (6xCOCHa).

68
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Rf (AcOEthexan=1:1, UV-vis and HzS04/MeOH)= 0.3

EXAMPLE 4

Preparation of 1,2,3,6,2’,3'-hexa-O-acetyl-4',6'-O-p-

methoxybenzyliden-B-D-lactose

100 g (HPLC dosage 0.165 mol) of 4'6-O-p-methoxybenzylidenlactose obtained
according to example 2 and 242 mi (1.74 mol) of triethylamine were added at 600
ml of methyi ethy! ketone. The suspension was heated at 60°C and 164 mi {1.74
mol) of acetic anhydride were dropped maintaining the internal temperature below
70°C. The reaction mixture was stirred at 70°C until positive TLC was successful
(10-12 hours) (ACOEL: hexane = 1:1). The solvent was evaporated and the residue
dissolved in 270 ml of dichloromethane and 200 m! of water. NaOH 30% was
added under stirring up to pH 9-9.5, then the layers were separated; the aqueous
tayer was exfracted again with 75 ml of dichloromethane. The collected organic
layers were washed with 200 ml of water, and then HCI solution 32% was added
under stirring up to pH 1-1.5. The acid aqueous layer was extracted with 75 ml of
dichloromethane. The collected organic layers were then washed with 400 ml of
saturated NaHCO;, with 400 m! of NaCl 20%, dried on anhydrous Na,SQ, and
bleached with charcoal and bentonite. The solvent was concentrated and the
residue used as such in next reaction. HPLC dosage gave 110 g (0,155 mol) of
1,2,3,6,2', 3-hexa-O-acetyl-4',6'-O-p-methoxybenzylidenlactose essentially as B
anomer (yield: 94% ). An analytical sample was obtained by crystallization from
hot MeQOH; following is the NMR characterization (g anomer).

'H NMR (CDCls, 300 MHz): 6 ppm 7.36 (d, J= 8.7 Hz, 2H), 6.88 (d, J= 8.7 Hz, 2H)
(Ph); 5.66 (d, J1o= 8.4 Hz, 1H, H-1); 5.40 {pseudo s, 1H, CHPh); 5.24 (pseudo t,
Jao= Jas= 8.6 Hz, 1H, H-3); 5.23 (dd, J».3= 10.2 Hz e J;-4= 7.8 Hz, 1H, H-2'); 5.04
(dd, Joa3= 9.6 Hz e J.4= 8.4 Hz, 1H, H-2); 4.84 (dd, J3»= 10.2 HZ e J34= 3.6 Hz,
1H, H-3'), 4.46 (dd, Jea-sb = 12.0 Hz @ Jsas= 1.5 Hz, 1H, H-63); 4.44 (d, J;.o= 7.8
Hz, 1H, H-1"); 4.28 (d, J4#3= 3.6 Hz, 1H, H-4'); 4.25 (d, Jsasv= 12.6 Hz, 1H, H-6'a);
4.12 (dd, Jebea= 12.0 € Jeps= 4.5 Hz, 1H, H-6b), 4.00 (dd, Jsbea = 12.6 HZ € Jebs:
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= 1.5 Hz, 1H, H-6'b); 3.87-3.69 (m, 2H, H4+H5); 3.79 (s, 3H, OMe); 3.42 (pseudo
s, 1H, H-5%); 2.08, 2.07, 2.03, 2.02, 2.00 (6xCOCHs).

'3C NMR (CDCls, 75 MHz): 6 ppm 170.8, 170.4, 170.1, 169.6, 168.93, 168.89
(6xCOCHa); 160.3, 130.1, 127.9, 113.7 (Ph); 101.3 (CHPh); 101.1 (C-1); 91.8 (C-
1), 75.5,73.8,73.2,72.4, 72.1, 70.5, 69.0, 68.4 (C-2, C-3, C-4, C-5, C-2',C-3, C-
4', C-5), 66.5 (C-6’); 61.8 (C-6), 55.4 (OMe); 20.9-20.6 (6xCOCH3).

Rf (AcOEt:hexan=1:1, UV-vis and H,;SO4/MeQOH)= 0.2

EXAMPLE 5

Preparation of 1,2,3,6,2',3'-hexa-O-acetyl-f-D-lactose

The syrup containing 100 g (0.15 moles) of 1,2,3,6,2' 3-hexa-O-acetyl-4',6-O-
benzylidenlactose obtained according to example 2 was dissolved in 400 mi of
glacial acetic acid. The reaction mixture was heated at 80°C and then 100 ml of
water (preheated at 80°C) were added, stirring the mixture at this temperature for
1.5 hours. The reaction mixture was then rapidly cooled to room temperature and
500 ml of toluene and 350 ml of water were added and extracted. The aqueous
layer was extracted with 150 ml of toluene. The combined toluene layer contained
not reacted 1,2,3,6,2', 3-hexa-O-acetyl-4'6'-O-benzylidenlactose, which can be
used in another reaction. The aqueous layer, containing 1,2,3,6,2',3'-hexa-O-
acetyl-p-D-lactose, was extracted successively with 500 ml and 150 ml of
methylene chioride; the organic extracts were washed with 3x150 m! of water,
dried over anhydrous sodium sulphate and concentrated. The residue was
crystallized from 580 ml of hot isopropyl acetate (50-55°C), obtaining after drying
30.8 g of 1,2,3,6,2',3-hexa-O-acetyl-p-D-lactose (0.05 mol) as a chalky white solid.
Considering that in the combined toluene layers 20.2 g of unreacted 1,2,3.6,2' 3
hexa-O-acetyl-4' 6'-O-benzylidenlactose (0.03 mol) were recovered, the yield is
42%.

Mp 188-190°C.

'H NMR (CDCls, 300 MHz): & ppm 5.68 (d, J12= 8.1 Hz, 1H, H-1), 5.24 (pseudo t,
Jas=J3e= 9.3 Hz, 1H, H-3), 5.19 (dd, Jy3= 102 Hz e J,+=7.8 Hz, 1H, H-2), 5.05
(dd, J2.3= 9.3 Hz e J2= 8.1 Hz, 1H, H-2), 4.88 (dd, J32= 10.2 Hz e J3.4= 3.3 Hz,
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1H, H-3"), 4.49 (d, Jy2= 7.8 Hz, 1H, H-1"), 4.49 (dd, Jea.sv= 11.1 Hz € Jeas= 1.8 Hz,
1H, H-8a), 4.15-4.05 (m, 2H, H-4'+H-6b), 4.00-3.70 (m, 4H, H-4+H-5+H-6'a+H-
6'b), 3.56 (pseudo t, J= 5.4 Hz, 1H, H-5), 2.96 (d, Jons= 4.2 Hz, C4-OH), 2.59
(dd, Jous= 7.5 & 4.8 Hz, C6'-OH), 2.11, 2.09, 2.08, 2.07 2.04, 2.03 (6xCOCHs).
3C NMR (CDCls, 75 MHz): & ppm 170.6, 170.4, 170.3, 169.7, 169.6, 169.0
(6xCOCHs); 101.2 (C-1)), 91.7 (C-1), 75.9 (C-4), 74.6 (C-5), 73.7 (C-3), 73.6 (C-
5), 73.1 (C-3), 70.7 (C-2), 69.7 (C-2), 67.8 (C-4), 62.1, 62.0 (C-6, C-6), 20.9,
20.8, 20.7 (BxCOCHs).

Rf (AcOEt, UV-vis and H,SO4/MeCH)= 0.4

EXAMPLE 6

Preparation of di 1,2,3,6,2' 3'-hexa-0O-acetyl-p-D-lactose

The syrup containing 100 g (0.14 mol) of 1,2,3,6,2' 3-hexa-O-acetyl-4',6'-O-p-
methoxybenzylidenlactose obtained according to example 4 was dissolved in 400
ml of glacial acetic acid, then 100 mi of water were added and the mixture was
stirred at room temperature for 4.5 hours. 500 ml of toluene and 350 ml of water
were added then extracted. The aqueous layer was extracted with 150 ml of
toluene. The collected toluene layer contained 1,2,3,6,2',3'-hexa-O-acetyl-4' 6'-O-
p-methoxybenzylidenlactose not reacted, which can be used in another reaction.
The aqueous layer, containing 1,2,3,6,2',3-hexa-O-acetyl-p-D-lactose, was
extracted successively with 500 ml and 150 ml of methylene chloride; the organic
extracts were washed with 3x150 m| of water, dried on anhydrous sodium sulphate
and concentrated. The residue was crystallized from 580 ml of hot isopropyl
acetate (50-55°C) obtaining, after drying, 40.6 g of 1,2,3,6,2',3"-hexa-O-acetyl-p-D-
lactose (0.07 mol, yield 50%) as white powdery solid whose characteristics are
similar to the solid obtained from Example 5.

EXAMPLE 7

H
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Preparation of {methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-
a-D-galacto-non-2-ulopyranosylonate)-(2—6)-2, 3-di-O-acetyl--D-
galactopyranosyl-{1—4)-1,2,3 6-tetra-C-acetyl-B-D-glucopyranose

100 g (0,168 mol} of 1,2,3,6,2' 3-hexa-0O-acetyl-p-D-lactose, obtained according
to example 3, were dissolved in 600 mi of dichloromethane, then 250 g of
molecular sieves 3A were added. The solution was stirred for 5-10 min and then
38.0 g of silver carbonate (0.14 mol) were added. A solution of 128.5 g (0,252 mol}
(1.5 eq) of chlorine derivative of formula (1) wherein P is acetyl, X is chloro and R1
is methyl, in 500 ml of dichloromethane was added and the suspension was
maintained in vigorous stirring at 30°C for 7 days until chlorine derivative
disappeared (TLC, CH.Cl,: MeOH = 10:1), then the reaction mixture was filtered
on dicalite and the sclvent removed, obtaining a brittle solid residue (about 230 g),
containing a mixture of condensation product, 1,2,3,6,2',3-hexa-O-acetyl--D-
lactose and product of 2.3 elimination of (il), as well as a trace of 4,7,8,9-tetra-O-
acetyl-NANA. By *C NMR a conversion of about 90% mol was evaluated. An
analytical sample of the condensate product was obtained by crystallization from
ethanol: isopropyl ether = 1:3 viv as a white amorphous solid:

'H NMR (CDCl3, 300 MHz): §ppm 5.66 (d, J1.,= 8.4 Hz, 1H, H-1); 5.42-5.10 (m,
SH, H-3+H-2'+H-7"+H-8"+NH); 5.01 (pseudo t, J..s= 8.4 Hz, 1H, H-2); 4.94-4.78
(m, 2H, H-3'+H-4"); 4.53-427 (m, 3H, H-1+H-6a+H-98"); 4.24-3.92 (m, 5H, H-
6b+H-4'+H-5"+H-6"+H-9"b); 3.92-3.50 (m, 5H, H-4+H-5+H-5+H-6’a+H-6'b); 3.80
(s, 3H, COOCHs5), 2.93 (broad s, 1H, OH); 2.55 (dd, Jyeqaax= 12.6 € Jyeqa= 4.5
Hz, 1H, H-3"eq); 2.17-1.97 (31H, 10x CHsCO e H-3"ax), 1.86 (s, 3H, NHCOCH,).
3C NMR (CDCls, 75 MHz): & ppm 171.05, 170.98, 170.5, 170.4, 170.29, 170.28,
170.24, 170.0, 169.6, 169.4, 169.0, 168.0 (OAc, NHAc, COOMe); 100.8 (C-1’);
99.1 (C-2); 91.7 (C-1); 75.7, 73.7, 736, 72.94, 72.90, 724, 70.7, 69.7, 68.95,
68.87, 67.4, 66.3 (C-2, C-3, C4, C-5, C-2°, C-3', C-4, C-5, C4", C-6”, C-7", C-8);
62.6, 62.4, 62.1 (C-6, C-6', C-97); 63.2 (OCH3); 49.4 (C-57); 37.4 (C-3°); 23.2
(NHCOCHSs), 21.1, 20.9, 20.8, 20.74, 20.67 (10xCH3COQ).

EXAMPLE 8

¥
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Preparation of (methyl 5-acetamido-3,5-dideoxy-D-glycero-a-D-galacto-non-2-

ulopyranosylonate)-(2—6)-B-D-galactopyranosyi-(1-—»4)-(a/B)}-D-glucopyranose

230 g of the crude product, obtained according to example 7, were dissolved in 1.4
t of MeOH, then 29.6 ml of sodium methoxide in methanol 25% by weight was
added. The solution was kept stirring at room temperature for 12h; at positive TLC
control (Pharmacopoeia) it was neutralized with 39 g of dry IR120 (H"). The resin
was filtered and the solvent removed by rotavapor, obtaining 143 g of residue,
used in next reaction. The yield was quantitative.

'H NMR (D0, 300 MHz): 5§ ppm 5.21 {d, J1.2 3.6Hz, 1H, H-10), 4.66 (d, J;.» 7.8Hz,
1H, H-1B), 4.42 (d, Jyo: 7.5Hz, 1H, H-1’), 4.15-3.45 (m, 19H), 3.89 (s, 3H,
COOCH,), 3.29 (m, 1H), 2.70 (dd, J3eqsax 12.9 € J3oqs 4.8 Hz, H-3"eq), 2.03 (s,
3H, NHCOCH:S), 1.88 (pseudo t, Jsaxseq= Jaaxa 12.9 Hz, H-3"ax).

3C NMR (D,0, 75 MHz): & ppm 175.5 (NHCOCH,), 170.4 (COOMe}), 103.9 (C-1),
99.6 (C-27), 96.3 (C-1B), 92.5 (C-1a), 80.5, 80.4, 75.2 (2C), 74.4, 74.0, 73.5, 73.0,
72.2, 71.7,71.3,71.2,70.5, 69.0 (2C), 67.9 (C-2, C-3, C4, C-5, C-2’, C-3, C-4,
C-&, C-4", C-8", C-7", C-8"), 64.0 (C-6"), 63.8 (C-9"), 60.8 e 60.7 (C-6a+B), 54.1
(COOCH,), 52.3 (C-57), 39.6 (C-3"), 22.8 (NHCOCHS,).

EXAMPLE 9

Preparation of sodium _5-acetamido-3,5-dideoxy-D-glycero-a-D-galacto-non-2-
ulopyranosylonate-(2—6)-p-D-galactopyranosyi-(1—4)-{a/B}-D-glucopyranose

143 g of the crude deacetylationproduct, obtained according to example 8, were
dissolved in 715 ml of water and the solution was cooled at'4°C. The pH was
brought to neutrality with aqueous NaOH and then 23 ml of NaOH 30% were
added, maintaining the temperature of the solution below 10°C. The solution was
stired at room temperature for 24h. At positive TLC control (Pharmacopoeia) the
solution was passed through IR120(H")IRASE6(OH). The eluate was adjusted to
pH 9 with NaOH, concentrated to syrup, and submitted to stripping several times

with absolute EtOH until obtaining a brittle white solid that is re-crystallized from
EtOH 96%. Obtained 77.3 gr.

3
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'H and **C NMR data for this compound were in agreement with those reported in
the literature (L. Dorland et al., Eur. J. Biochem. 1978, 87, 323; J.P. Kamerling et
al., Carbohydr. Res. 1982, 100, 331).

"H NMR (D0, 300 MHz): 8 ppm 5.22 (d, J1.2 3.8Hz, 1H, H-1a), 4.66 (d, J1.o 7.8Hz,
1H, H-1B), 4.43 (d, Jy27 7.6Hz, 1H, H-1'), 4.02-3.48 (m, 19H), 3.31 (m, 1H), 2.71
(00, Jyoqzax 12.5 € Jyeqer 4.7 Hz, H-3"€q), 2.03 (s, 3H, NHCOCHs), 1.74 (pseudo
t, Jarax-3eq = Jaaxa 12.5 Hz, H-3"ax).

3C NMR (D20, 75 MHz, external reference acetone): & ppm 175.6 (NHCOCHS;),
1741 (COQY), 103.9 (C-1°), 100.9 (C-2%), 96.3 (C-1B), 92.5 (C-1a), 80.4, 80.3,
75.30, 7526, 74.4, 74.3, 73.2, 73.0, 72.4, 723, 71.7, 71.4, 70.6, 69.2, 69.04,
69.01 (C-2, C-3, C-4, C-5, C-2, C-3,C4, C-5, C4,Co", C7 C-8), 642 (C-
6'), 63.3 (C-9"), 60.9 € 60.8 (C-6u+p), 52.4 (C-5"), 40.7 (C-3"), 22.7 (NHCOCHs).
[0]o2%C: +8,3° (€:1%,H:0)

Mp: 191,4+194,2 °C (T decomposition)

EXAMPLE 10
Preparation calcium 5-acetamido-3, 5-dideoxy-D-glycero-a-D-galacto-non-2-

ulopyranosylonate-(26)-B-D-galactopyranosyl-{1—4)-(o/B)-D-qlucopyranose

100 g of crude deacetylation, obtained according to example 8, were dissolved in
500 ml of water and the solution was cooled at 4°C. The pH was brought to
neutrality with aqueous NaOH and then 23 mi of NaOH 30% were added,
maintaining the temperature of the solution below 10°C. The resulting solution was
kept stiring at room temperature for 24h. At positive TLC control (Pharmacopoeia)
the solution was passed through IR120 (H") / IRA96(OH). The eluate was
adjusted at pH 8.7 with Ca(OH);, filtered and then concentrated to syrup at 65 °
Brix. This syrup was dropped in 540 ml of methanol at 50°C. The resulting
suspension was maintained in vigorous stirring at 50°C for 1 hour, then at room
temperature for 1 hour and then filtered under vacuum. The solid was washed with
160 ml of methanol and dried under vacuum at 50+55°C. Obtained: 46.2 g

'H NMR (D0, 300 MHz): 5 ppm 5.22 (d, J1.2 3.8Hz, 1H, H-1a), 4.66 (d, J1.2 7.8Hz,
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1H, H-1PB), 4.43 (d, Jy-2: 7.8Hz, 1H, H-1’), 4.02-3.48 (m, 19H), 3.31 (m, 1H), 2.71
(dd, Jyeq.3ax 12.0 € Jzeqa 4.5 Hz, H-3"eq), 2.03 (s, 3H, NHCOCH,), 1.74 (pseudo
t, Jrax-3req= Jraxa 12.0 Hz, H-3"ax).

*C NMR (D0, 75 MHz, internal reference acetonitrile): 5 ppm 175.5 (NHCOCHs3),
174.1 (COO), 103.8 (C-1), 100.9 (C-2"), 96.2 (C-1B), 92.4 (C-1a), 80.3, 80.3,
7526, 7522, 744, 743, 73.1, 73.0, 72.4, 72.2, 71.7, 71.4, 70.5, 69.1, 69.13,
69.00 (C-2, C-3, C-4, C-5, C-2", C-3, C-4, C-5, C-4", C6", C-7", C-8"), 64.2 (C-
6), 63.2 (C-97), 60.9 e 60.7 (C-B6a+B), 52.4 (C-57), 40.7 (C-37), 22.7 (NHCOCHS,).
Assay as Ca®: 98,3%

[a)o 2 +10° (c:1%,H:0)

Mp: 204,5+206,6 °C (T decomposition)

IR v ¥ nax : 3400, 1612, 1380, 1033 cm™.

EXAMPLE 11

Preparation of potassium S5-acetamido-3,5-dideoxy-D-glycero-a-D-galacto-non-2-
ulopyranosylonate-(2—6)-3-D-galactopyranosyl-(14)-(a/p)-D-glucopyranose

100 g of the crude deacetylation product, obtained according to example 8, were
dissolved in 500 mi of water and the solution was cooled at 4°C. The pH was
brought to neutrality with aqueous NaOH and then 23 ml of NaOH 30% were
added, maintaining the temperature of the solution below 10°C. The solution was
stired at room temperature for 24h. At positive TLC control (Pharmacopoeia) the
solution was passed through IR120(H"ARA96(OH’). The eluate was adjusted to
pH 10 with KOH, concentrated to syrup, and submitted to stripping several times
with absolute EtOH until obtaining a white brittle solid that is re-crystallized from
absolute EtOH. The solid was dried under vacuum at 50+55°C.

Obtained 35.7 gr

'H NMR (D0, 200 MHz): 8 ppm 5.22 (d, J1.2 3.8Hz, 1H, H-1a), 4.66 (d, J1» 7.8Hz,
1H, H-1B}, 4.43 (d, Jy» 7.6Hz, 1H, H-1’), 4.02-3.48 (m, 1SH), 3.31 (m, 1H), 2.71
(dd, Jzeq-3vax 12.0 € J3eqa 4.4 Hz, H-3"eQq), 2.03 (s, 3H, NHCOCHs), 1.74 (pseudo
t, Jarax-aveq = Jaraxar 12.0 Hz, H-3"ax).
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3C NMR (D0, 75 MHz, internal reference acetone): & ppm 175.5 (NHCOCHS),
174.0 (COQO’), 103.8 (C-1), 1009 (C-27), 96.2 (C-1B), 92.4 (C-1a), 80.3, 80.2,
7522, 7519, 74.4, 743, 73.1, 729, 724, 72.2, 71.7, 71.4, 70..5, 69.1, 69.04,
69.01 (C-2, C-3, C-4, C5, C-2", C-3, C-4, C-5, C-4", CH", C-7", C-8"), 64.1 (C-
6'), 63.2 (C-9"), 60.8 e 60.7 (C-6a+p), 52.4 (C-5"), 40.7 (C-3"), 22.6 (NHCOCH:>).
[alo 2 +9,8° (c: 1%, H20)

Mp: 179,3+182,8°C (T decomposition)

IR v *¥ max : 3391, 1612, 1379, 1034 cm™.

EXAMPLE 12
Preparation of magnesium 5-acetamido-3,5-dideoxy-D-glycero-a-D-galacto-non-2-

ulopyranosylonate-(2—6)-B-D-galactopyranosyl-(1-54)-(a/ B)-D-giucopyranose

100 g of the crude deacetylation product, obtained according to example 8, were
dissolved in 500 mi of water and the solution was cooled at 4°C. The pH was
brought to neutrality with aqueous NaOH and then 23 mi of NaOH 30% were
added, maintaining the temperature of the solution below 10°C. The solution was
stired at room temperature for 24h. At positive TLC control (Pharmacopoeia) the
solution was passed through IR120(H"YIRA96(OH’). The eluate was adjusted to
pH 9.8 with MgO, concentrated to residue submitted to stripping several times with
absolute EtOH until obtaining a white friable solid that is re-crystallized from
absolute EtOH.

Cbtained: 50.8 g

"H NMR (D0, 300 MHz): & ppm 5.22 (d, J1.> 3.6Hz, 1H, H-1a), 4.66 (d, J1.2 8.1Hz,
1H, H-1B), 4.43 (d, Jy»: 7.5Hz, 1H, H-1), 4.02-3.48 (m, 19H), 3.31 (m, 1H), 2.71
(dd, Jzeqaax 12.3 € Jzeqa 4.5 Hz, H-3%eq), 2.03 (s, 3H, NHCOCH,), 1.74 (pseudo
Y, Jsraxareq = Jaaxar 12.3 Hz, H-3%ax).

®C NMR (D0, 75 MHz, intemal reference acetonitrile): 5 ppm 175.5 (NHCOCH,),
174.1 (CCQ"), 103.8 (C-1), 1009 (C-2"), 96.3 (C-1B), 92.4 (C-1a), 80.3, 80.2,
7526, 7523, 74.4, 743, 731, 73.0, 724, 722, 71.7, 71.4, 70.6, 69.1, 69.00,
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68.96 (C-2, C-3, C4, C-5, C-2,, C-3, C-4, C-5, C-4", C-6", C-7", C-8"), 64.2 (C-
6'), 63.3 (C-9*), 60.9 € 60.7 (C-60+p), 52.4 (C-57), 40.7 (C-3"), 22.7 (NHCOCH,).
Assay as Mg®": 97,5%

(oo 2 +9,8° (c: 1%, H20)

Mp: 183.1+185.1°C (T decomposition)

IR v *& . 3391, 1634, 1379, 1035¢cm’™.

H
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CLAIMS
1. Compounds of formula (Ib)

OH

HO OH OO
H O\ M+
HaC\[(N SV
5 HO OH OH
0 o
HO O@%O“
OH oH |

(Ib)
5 wherein M™ is chosen in the group consisting of K", Ca®, Mg®*, Sr**, Fe?*
and AP,
2. Compounds according to claim 1 wherein M™ is chosen in the group
consisting of K*, Ca®*, Mg*".

3. A process the preparation of compounds of formula (Ib) as defined in any of
10 claims 1-2 starting from €'-sialyllactose (6'SL), said process comprising
adding to a solution of 6'SL a base containing M™ to obtain a pH value of 8-
10.
4.  Process for the preparation of a-sialyl-oligosaccharides compounds of
formula ()

15

()

wherein R is a mono-, di- or oligosaccharide residue with the hydroxy groups

free; said process comprising at least a step of;

a) coupling by mean of Koenigs-Knorr reaction of a sialyc donor of formula (1)
oP
OP X
PO

AcHN
20 PO

()

0-7 ~COOR,

78
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wherein P is a suitable protecting group; R, is alkyl, and X is halogen;
with an acceptor of formula R'OH wherein R’ is a residue mono-, di- or
oligosaccharide suitably protected with protecting groups P’ and containing
zero, one or more free hydroxy groups; wherein said protecting groups P’
can be the same or different among each others and from those present on
the donor;
said reaction of Koenigs-Knomr characterised by the fact that the Ag(l) based
metallic promoter is employed in molar amounts 0.5 - 2.0 eq respect with the
moles of acceptor,

to obtain an intermediate of formula (1l)
OoP

op COOR,
PO
AcHN O/ “orR
PO

(1
wherein P, R1 and R’ are as defined above.

5. Process according to claim 4 further comprising, after step (a), the following
step:

b) removing protecting groups P, P’ and R, to obtain compounds of formula (1)
as defined in claim 4.

6. Process for the preparation of 6'SL according to any of claims 4-5 wherein R
is &'-lactose.

7. A process the preparation of compounds of formula {Ib) wherein M™ is Na®,
K*, NH,', Ca®, Mg®, Sr**, Fe o AP* said process comprising the
preparation of 6'SL by mean of the process according to claim 6.

8. Compounds of formula (Ib) according to any of claims 1-2 for use as
medicaments and food integrators.

9. Pharmaceutical and foodstuff compositions containing compounds of
formula (lb) according to any of claims 1-2 and at least an other ingredient
pharmaceutically or alimentary acceptable.
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6'-SIALYLLACTOSE SALTS AND PROCESS FOR THEIR SYNTHESIS AND
FOR THE SYNTHESIS OF OTHER A-SIALYLOLIGOSACCHARIDES
ABSTRACT

The present invention relates to a process of synthesis of a-sialyl oligosaccharides
and in particular of 6'-sialyllactose and its salts comprising a step of coupling by
Koenigs-Knorr reaction under conditions that allow its use on an industrial scale.
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IV-1-3 Teléfono No. +392 362161
1V-1-4 Facsimile No. + 39236216366
1V-1-6 Direcién de correo electronico NOTAGE@NGPATENT.IT
IV-2  Mandatarios Adicionales los mandatario(s) adicional(es) con la misma
direccion que el agente nombrado primero
1V-2-1 Nombre(s) GERVASI, Gemma; APPOLONI, Romano;
CINQUANTINI, Bruno; CATTANEQ,
Elisabetta; PALLADINQ, Massimo Saverio;
DE ROS, Alberto
v Designaciones

V-1 Lapresentacion de este petitorio constituye bajo
la Regla 4.9(a), la designacitn de todos los Estados
contratantes afiliados al PCT en la fecha de presen-
tacién intemacional, para el otorgamiento de cual-
quier clase de proteccion disponible y, en donde
sea aplicable, para el otorgamiento de las



8717PTWO-Dz
PETITORIO PCT
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Reimpresion (Original en Forma Electronica)

patentes tanto regional como nacional

Reivindicacion de Prioridad de la
solicitud nacional mas cercana
V1-1-1  Fecha de presentacion

VI-i1-2 Namero

VI-1-3 Pais

VI-1

06 abril 2009 (06.04.2009)
FI2009A000071
IT

VI-2 Incorporacién para referencia: en donde
un ¢lemento de la solicitud internacional referido en
el Articulo 11(1)(1ii){(d) o (¢) o una parte de la
descripcion, reivindicaciones o figuras referidas en
la Regla 20.5(a) no esta contenida de otra manera en
esta solicitud internacional pero esta contenida
completamente en Ia solicitud previa cuya prioridad
gs reivindicada en la fecha en la cual uno o mas
elementos referidos en el Articulo 11(1)(iii) fueron
recibidos primero por la Oficina receptora, este
elemento o una parte, esta sujeto a la confirmacién
bajo la Regla 20.6 incorporada para la referencia cn
esta solicitud internacional para los propositos de la
Regia 20.6.

VII-1 Autoridad de Biisqueda Internacional Elegida

Oficina Furopea de Patentes  (EPO) (ISA/EP)

VII-2 Peticién de uso de los resultados de una bisque-

da anterior, referencia a esta blsqueda
VII-2-1 Fecha de presentacion
VII-2-2 Numero de solicitud
VII-2-3  Pais (u Oficina regional)
VI1I-2-5 Los documentos estan disponibles

para el uso en una forma y mancra
aceptables para el mismo y por lo

tanto no e$ necesario que sea presentada
por ¢l solicitante ante el ISA (Regla

16 octubre 2009 (16.10.2009)
105003 IT FI 20090071

IT

Una copia de los resultados de la bus-
queda previa

12bis. 186):
VIII Declaraciones Niimero de declaraciones
VIII-1 Declaracion en cuanio alaIdentidad del mventor -
VIII-2  Declaracion en cuarto al cargo del solicitante, en 1
cuanto a la fecha de presentacion internacional, para

la aplicacion y para que sea otorgada una patente
VIII-3  Dedlaracion en auanto al cargo del solicitante, en cuanto -

ala fecha de presentacion intermacional, para reivindicar

la priondad de la soficttud previa
VII-4 Dedaracion dela inventoria (solamente para los propdsitos -

dela designacién de Yos Estados Unidos de América)
VIII-5  Dedaracion en cuantoa las descripciones no perudiciales -

0 excepciones por la falta de novedad
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Reimpresion (Original en Forma Electronica)

VIII-2-1 Declaracion: Autorizacion para
Solicitar y para que sea otorgada

una patente

Declaracién en cuanto al cargo con relacion a esta solicitud internacional
del solicitante, en cuanto a la

fecha de presentacion interna-

cional, para solicitar y para

que sea otorgada una patente

(Reglas 4.17(ii) y 51bis. 1(a)(ii)),

en un caso en donde la declaracion

bajo la Regla 4.17(iv) no es apropiada:

Nombre:

INALCO S. P. A estd autorizado para
solicitar y para que le sea otorgada una
patente en virtud de lo siguiente:

VIII-2-1 INALCO S. P. A esta autorizado en calidad
(11) de empleador del inventor, TAMERL ANI,
GIANCARLO
VIII-2-1 INALCO S. P. A esta autorizado en calidad
(1) de empleador del inventor, LOMBARDI, Haria
VIII-2-1 INALCO S. P. A. esta autorizado en calidad
(i) de empleador del inventor, BARTALUCC],
Debora
VIII-2-1 INALCO S. P. A. esta autonizado en calidad
(ii) de empleador del inventor, DANESI, Andrea
VIII-2-1 INALCO S. P. A. esta autorizado en calidad
(i) de empleador del inventor, SALSINI, Liana
VIII-2-1 un acuerdo entre INALCO S.P.A. y CIPOLLETTI,
-(a1) Giovann, fechado el 29 de septiembre de
_ 1971 (29.09.1971)
VIII-2-1 INALCO S. P. A esta autorizado en calidad
(it) de empleador del inventor, MANONI, Marco
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Reimpresion {Original en Forma Electronica)

IX Lista de verificacion numero de hojas carpetas electrénicas anexas
IX-1  Petitorio 6 s1
IX-2  Descripcion 26 si
IX-3  Reivindicaciones 2 si
IX-4  Resumen 1 sl
IX-5 Figuras 0 no
IX-7 TOTAL 35
Elementos anesos documentos anexos  carpetas electronicas anexas

IX-8  Hoja de calculo de derechos - si
IX-18  medio fisico PCT-SAFE - -
IX-20  Figura de los dibujos la cual

debe acompafiar al resumen
I[X-21  Lenguaje de la solicitud {taliano

Internacional
X-1 Firma del solicitante o mandatario (PKCS7 Firma Digital)

0 representante comin
X-1-1 Nombre BORSANOQ, Corrado
X-1-2 Nombre del que firma
X-1-3 Cargo
PARA USO DE LA OFICINA RECEPTORA SOLAMENTE

10-1 Fecha de recepcion real de la 06 abnii 2010 (06.04.2010)

solicitud internacional pretendida
10-2 Figuras:
10-2-1 Recibidas
10-2-2 No recibidas
10-3 Fecha corregida de la recepcion real

debido a que se recibieron posteriormente

pero a tiempo los papeles o dibujos que

complementan a solicitud internacional

pretendida
10-4 Fecha de la recepcion a tiempo de las

correcciones requeridas bajo el Articulo

11(2) del PCT
10-5 Autoridad de la Busqueda Internacional ISA/EP
10-6  Transmisién de la copia de busqueda

retardada hasta que se paguen los
derechos de la busqueda

RESERVADO PARA LA OFICINA INTERNACIONAL

Fecha de recepcion del ejemplar original
por la Oficina Internacional
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116
PCT REQUEST
Print Out (Oripival in Blsttronic Form)
0 For recelving Office use only
0-1 Intemational Application No.

0.2 Internalional Fikng Date

0-3 Nams of recaiving Office and "PCT
International Apphcation™

L2 Form PCT/RD/M D1 PCT Request
0-4-1 Prepared Using PCT-SAFE

Version 3.51.044.220 MT/FOP
20100101/0.20.5.18

0-5 Petition
The undersigned requests that the
prasent international application be

processed sccording to the Patant
Cooperation Traaty
o ?%ﬂggOﬁmesmxmmuwun International Bureau of the World
. Intellectual Property Organizatjon
{RO/IB)
Q-7 Applicant's or agent’s file reference 8717PTHO~DZ
I Title of Invention SALY DI 6'-SIALILLATTOSIO E PROCESSO PER
L2 LORO SINTESI E PER LA SINTESI DI
ALTRT ALFA~SIALILOLIGOSACCARIDIY
1l Applicant
K] This persan is Applicant only
W2 |Aopficant for A1l designated States except US
4 {Name INALCO S.P.A.
5 |Address Via Calabiana 18
2013% MILANO
Italy
-6 State of nationalty 7
1I-7 Siabe of residence IT

k-1 Applicant andfor inventor

l-1-1 | This person is hpplicant and inventor

-1-2  |Applicant for us only
f-4-4  IName (LAST, First} TAMERLANI, Giancarlo
W15 |Address ia Turati 13
40030 CASTEL DI CASIO
Italy
1l-1-6  |State of nalionakity ™

iH1-7  |Stale of residence IT




8717PTWO-Dz

2/6
PCT REQUEST
] Print Out (Original in Electranic Form)
-2 Applicant andfor inventor
W-2-1  {This person is Applicant and inventor
il-2-2  |Applicant for US only
1-2-4  [Nare {(LAST, First) LOMBARDI, Ilaria
li-2-5 [Address Via Sanc 17/A
51016 MONTECATINI TERME
Italy
-6 |State of nafionality IT
-2-7  [State of residence IT
-3 |Applicant andier inventor
W-31  |This personis Applicant and inventor
H-32  |Applicent for US only
-34  [Name {LAST, Firsy) BARTALUCCI, Debora
NIl-35  [Address ia Pietramarina 257
50059 VINCI
Italy
k36 [State of nationality IT
137 |State of residence IT
14 Applicant andfor inventor
41 This personis Applicant and inventor
-4-2  JApplicent for US only
-4-4  [Name {LAST, Firsl) DANESI, Andrea
W45  |Address Viale Adua 177
51100 PISTOIA
Italy
M-4-6  [State of nationaifty IT
147 |State of residence IT
li-5 Applicant and/or inventor
W-5-1  [This personis Applicant and inventor
-5 |Applicant for 0SS only
IH-5-4  |Mame {LAST, First) SALSINI , Liana
W-55  |Address Via Antonio Gramsei, 238
55047 SERAVEZZA
Italy
1-5-6  (State of nationafity IT
-3-7  |State of residence

IT
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38
PCT REQUEST
Print Out {Criginal in Electronic Form)
n-s iApplicant and/or Inventar

-6-1  |This person s pplicant and inventor
I-8-2  LApplican for 8 iny
64  [Neme LAST, FirsD ONI, Marco
W65 Jhddress lVia Carmignanese 103
50059 VINCI
ltaly
fil-6-6  State of nationality IT
1167 [State of residence T
-7 Applicant andlor Inventor
H-7-1  |This personis IApplicant and inventor
72 jApplicant for US only
M-7-4  [Name (LAST, First) CIPOLLETTI, Giovanni
W.7-5  lAddress Via Magolfa 13
20143 MILANO
Italy
I-7-6  |State of nationality IT
WI-7-7  [State of residence IT
v |Agent or common representative; or
address for comespondence
The person identified betow Is hereby/ Agant

lhas been appointed to act on behalf of
the applicant{s} before the competent
Internationat Authorities as:

Iv-1-1  {Name {LAST, First) 'BORSANG, Corrado

V-1-2  |Address Corso di Porta Vittoria 9
MILANO 20122
ITtaly

N1-3  [Telephone No. +39 2 362161

V-14  |Facsimite No. +39 2 36216366

V-1-5  [e-mail OTAGEQANGPATENT. IT

V-2 Additional agent(s)

additional agent(s) with same address as
first named agent

IV-2-1  {Namefs) GERVAST ,Gemma; APPOLONT , Romano;
CINQUANTINI,Bruno; CATTANEO,Elisabetta;
PALLADINO ,Massimo Saveria; DE
ROS ,Alberto

v DESIGNATIONS

V-4 The filing of this raquest constitutes

under Rule 4.8{a), the designation of
all Contracting States bound by the
PCT an tha internationat filing date,
for the grant of every kind of
protection avallable and, wheore
applicable, for the grant of both
reglonal and natlonal patents.

£9
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PCT REQUEST

416

Prirk Out (Origial in Hectronic Form)

Vi
Vi-1-1
Vi1-2
Vi-1-3

Pticrity claim of earlier national
application
Fillrg dertes

Number
Couritry

FIZ009A000071
1T

06 April 2009 (06.04.2009)

Vi2

Incorporation by referance :

where an slement of the intemational
application referred to in Aticle
11(1)(l)(d) or (e) or a part of the
description, daims or drawings referred
o in Rule 20.5(a) is not otherwise
contained in this intamational application
but is complstely contained in an earlier
application whose peiority is daimed on
{ho date on which one or more alemants
refarred to in Articla 11{1}{iK) were first
recaived by the recelving Office, that
cloment o part I, subject to confir-
mation under Rule 20,8, incorporated by
reference in this intemational application
for the pumoses of Rule 20.5.

Vi1

International Searching Awthority
Chosen

Eurcpean Patent Office (EPO)

(ISA/EP)

vii-2

Vil-241
vil-2.2
Vii-2-3
\il-2-5

Request 1o use results of earlier
search; reference to that search

Filing date
Application Number
Gountry {or regional Office)

Documents are available fo the ISA Ina
form and manner acceptable to it and
therafore do not need to be submitted by
ihe applcant to the 1SA {Rule 12bls. 1{):

IOS003 IT FI 20090071
IT

16 Cctober 2009 (16.10.2009)

A copy of the results of the earlier

search

vill
Viii-1

vil-2

Vili-3

VHI-4

Vill-5

Doclarations

Number of declarations

Daclaration as to the identity of the
imventor

Dedclaration as to the applicant’s
entilfermant, as at the Inkemational filing
date, to apply for and be granted a
patent

Declaration as to the applicant's
entittament, as at the international fiing
date, to claim the priority of the earlier
application

Dectaration of mventorship (only for the
purposes of the designation of the
tinited States of America)

Declaration as to non-proludicial
disclosures of exceplions o tack of

novelty
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PCT REQUEST
Print Out {Original in Blectranic Form)

Yil-2-1 |Declaration: Entitlament to apply for

and be granted a patent

Deciaration as to the applicant's : : : .

enlifement, =5 at the itemational fing In rglat:!.on to this international

date, to apply for and be granted a application

patent (Rules 4.17(H) and 51bis.1{a)(@]},

in a tase where the declaration under

Rule 4.17(iv} Is not appropriate:

Name {LAST, Firs) INALCO S.P.A. is entitled to apply for
and be granted a patent by virtue of the
following:

I‘)""'?--W INALCO S.P.A. is entitled as employer of
the inventer, TAMERLANI, Giancarlo

;"“-2-1(" INALCO S.P.A., is entitled as employer of
the inventor, LOMBARDI, Ilaria

Bflfl-z-ﬂi INALCO S.P.A. is entitled as employer of
the inventeor, BARTALUCCI, Debora

i‘;"“‘?‘w INALCO S.P.A. is entitled as employer of
the inventor, DANESI, Andrea

?;'m-z-ui INALCO S.P.A. is entitled as employer of
the inventor, SALSINI, Liana

i\‘_p;lll-2-1ﬁ an agreement between INALCO $.P.A. and
CIPOLLETTI, Giovanni, dated 29 September
1871 (29.09.1971)

i}‘""'z"(i INALCO S.P.A. is entitled as employer of
the inventor, MANONI, Marco
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6/6
PCT REQUEST
Print Cnet (Criginal in Electronic Fonn)

1X Check list Number of sheels Elactranic file(s) attached
X-1 Requast {including declaration shaets) 6 4
X2 [Description 26 v
X3 [Claims 2 Y
1X-4 Abstract 1 4
IX-5 Drawings 0 -
1X-7 TOTAL 35

Accompanying ltems Paper dotument(s} attached Electronic file(s) attached
IX-8 Fee calkcutation sheet - v
1X-18  |PCT-SAFE physical media - -
20  JFlgure of the drawings which should

accompany the abstract
1X-21  |Language of filing of the international Italian

application
X1 Signature of applicent, agent or

common representstive
X-1-1  |Name {LAST, First)
X-1-2  |Name of signatory
X-1-3 _ |Capacly

FOR RECEIVING OFFICE USE ONLY

101 Date of actual receipt of the

purported International application
10-2 Drawings:
10-2-1 |Received
10-2-2  [Mot recaivad
10-3 Corrected date of actual recelpt due

ta later but timely received papers or

drawings completing the purported

International application
10-4 Date of limely receipt of the required

corrections under PCT Article 11{2)
10-5 International Searching Authority IZA/EP
10-6 Transmittal of search copy delayed

until saarch fes is pald

FOR INTERNATIONAL BUREAU USE ONLY

111

Date of receipt of the record copy by

the international Bureau




TRATADO DE COOPERACION EN MATERIA DE PATENTES

PCT

REPORTE DE BUSQUEDA INTERNACIONAL
(Articulo 18 y Reglas 43 y 44 del PCT)

Rcferencia de archivo del solicitanie o apodcrado:  |PARA UNA ACCION  Véase Forma PCT/ISA/220) asi como, en

ADICIONAL donde sea aplicable, el punto 5 posterior.
8717PTWO-Dz
No. de solicitud internacional: Fecha de presentacién internacional (dia/mes/aiio): |Fecha de prioridad (dia/ mes/ afio):
PCT/IB2010/051470 06/04/2010 06/04/2009
Solicitante:
INALCO S.P. A

Este reporte de biisqueda internacional ha sido preparado por esta Autoridad de Basqueda Intemnacional y se transmite al solicitante
de acuerdo al Articulo 18. Una copia se transmite a la Oficina Iniernacional,
Este reporte de bisqueda internacional consiste de un total de 6 hojas.

También esta acompaftado de una copia de cada documento de la técnica previa citado cn este reporte.

1. Bases del reporte
a. Con respecto al lenguaje, la bisqueda internacional se llevé a cabo con base cn
la solicitud internacional en el lenguaje en el cual se presento la misma,
[[E]] en una traduccién de la solicitud internacional en , ¢l cual es el lenguaje de una traduccién
provista para los propositos de la biisqueda imernacional (Regla 12.3(a) y 23.1(b)).

b. [ ] Este reporte de biisqueda internacional ha sido establecido tomando en cuenta la rectificacién de un error obvio autorizado
por o notificado a esta Autoridad bajo la Regla 91 (Regla 43bis.1(a)))

C. EI Con respecto a cualquier secuencia de nucledtidos y/o amino4cidos descrita en la solicitud internacional,
véase Bleque No. 1.

2. [ ] Ciertas reivindicaciones se encontré que no son investigables (Véase ¢l Recuadro IT).

3. [X] Esta faltando la unidad de la invencién (véase el Recuadro ITE).

4. Con respecio al titulo
el texto esta aprobado como se presentd por el solicitanie.

D el texto ha sido establecido por esta Autoridad para Icerse como sigue:

5. Con respecto al RESUMEN,
el texto esta aprobado como sc presentd por ¢l solicitante.

D ¢l texto ha sido establecido, de acuerdo a Ia Regla 38.2(b). por csta Autoridad como aparece en el
bloque [V. El solicitanie puede, on ¢l término de un mes a partir de la fecha de envio de este
reporte de bisqueda inlemnacional, presentar comentarios a esta Autoridad.

6. Conrespecto a las figuras
a. lafigura de las figuras que va ser. publicada con el resumen es: Figura No.
Como se sugiere por el solicilante.
debido a que ! solicitante fracaso ¢n sugerir una Figura.
debido a que esta figura caracteriza mejor la invencion.
b. [ ] ninguna de las figuras va a ser publicada con el resumen.

Forma PCT/1SA/210 (primera hoja) (julio 2009)

%



REPORTE DE BUSQUEDA INTERNACIONAL No. de solicitud internacional

PCT/IB2010/051470

A. CLASIFICACION DEL TEMA
INV. CO7TH13/06 A61K31/702 A23L1/09
ADD.

De acuerdo a Ia Clasificacion de Patentes Internacional (IPC) o a la clasificacion nacional y a la IPC.

B FIELDS SEARCHED

Deocumentacién minima buscada (sistema de clasificacion segnido por los simbolos de clasificacion):
CO7TH A23L  A6IK

Documentacion buscada diferentc a la documentacién minima, a la exiension que tales documentos estan incluidos en los campos
buscados:

Base de datos electronicos consuliados duranie la bisqueda internacional (nombre de la base de datos y, en donde sea practico,
términos de basqueda utilizados):
EPO-Internat, CHEM ABS Data

C. DOCUMENTOS QUE SE CONSIDERA QUE SON RELEVANTES

Cita del documento, con indicacion, en donde sea apropiado, de los pasajes rclevantes Relevante para la
Reiv. No.
A RENCUROSI A ET AL: *Human milk 1-9

Oligosaccharides; an enzymatic protection

step simplifics the synthesis of 3'- and
6'-O-sialyllactose and their analogues”
CARBOHIDRATE RESEARCH, ELSEVIER SCIENTIFIC
PUBLISHING COMPANY, AMSTERDAM, NL,
vol. 337, no. 6,

15 marzo 2602 (15-03-2002), paginas 473-483,
XP004343543

ISSN: 0008-6215

cormpuesto (11);

pagina 478

Documentos adicionales se enlistan en 1a continuacién del bloque C Véase familia de patenies ancxa.

* Categorias cspeciales de los docwinentos citados "T" documento posterior publicado después de 1a fecha de presemtacién
"A" documento que define €] estado general de 1a técnica €] cual oo se considera internacional o fecha de prioridad y no en conflicto con 1a solicitud, pero
ser de particular relevancia. citado para entender el principio o teoria fundamental de la invencidn.
"E" documento anterior publicado cn o después de la fecha de presentacion X" documento de relevancia particular; la invencién reivindicada no puede ser
internacional. considerada nuegva o no se puede considerar que involucre una etapa inventiva
"L" documento el cual puede arrojar dudas sobre la(s) reivindicacion{es) de cuando ¢l documento es considerado de manera aislada.
prioridad o el cual se cita para establecer la fecha de publicacion de otracita  "Y” documento de particular relevancia; no se puede considerar que la invencién
u otra razbn especial (como se especifica) involucre una ctapa inventiva cuando el documetito es combinado con uno o
"0O" documento que se refiere a una descripeion oral, uso, exhibiciém u otro medio mis de tales documentos, tal combinacion seria obvia para una persona
"P" documente publicado antes de 1z fecha de presentacién internacional pero experimentada en la técnica.
después de ta fecha de prioridad reivindicada. "&" documento miembro de la misma familia de patentes.
Fecha de 1a terminacién real de Ia busqueda internacional Fecha de envio del reporie de bitsqueda intemacional
17 septiembre 2010 23/09/2010
Nombre y direccion de correspondencia de 1a 1SA/ Funcionario Autorizado
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk Bardili, Burkhart
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Forma PCT/ISA/210 (segunda hoja) (abril 2005)
pagina 1 de 2
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REPORTE DE BUSQUEDA INTERNACIONAL

No. de solicitud internacional

PCT/IB2010/051470

C (Continuacién) DOCUMENTOS CONSIDERADOS RELEVANTES

Categoria* Cita dcl documento, con indicacion, en donde sca apropiado, de los pasajes relevantes

Relevante para la
reivindicaciéon No.

A MULLER H E ET AL; "Occurrence and some
properties of neuraminidases in

Haemophilus avium and Hacmophilus
paragallinarum”

VETERINARY MICROBIOLOGY, ELSEVIER BV, NL,
vol. 2, no. 4,

1 diciernbre 1977 (01-12-1977), pdginas
303-312, XP023915296

ISSN: 0378-1135

[recuperado el 01-12-1977])

tabla 1

Y WO 2007/090894 A (NESTEC SA |CH]; SPRENGER
NORBERT [CH]; MORGAN FRANCOIS |FR};
BERROCAL) 16 agosto 2007 (16-08-2007)
reivindicaciones 1,9

Y WO 92/11017 A (MONSANTO CO [US])
9 julio 1992 (09-07-1992)
reivindicacion 4, tabla 1

Y WO 94/03184 A (NEOSE PHARM INC [US])
17 fcbrero 1994 (17-02-1994)
pagina 11; reivindicacion 1

X PAZYNINA G ET AL: "Simple stereoselective
synthesis of alpha2-6

sialooligosaccharides”

TETRAHEDRON LETTERS, ELSEVIER, AMSTERDAM
NL LNKD-
DOI:10.1016/S0040-4039(02)01983 4,

vol. 43, no. 45,

4 noviembre 2002 (04-11-2002), paginas
8011-8013, XP004387177

ISSN: 00404039

tabla 1

£

1-9

1-3.8.9

1-3,8,9

1-3,8,9

4-7

Forma PCT/ISA/210 (continuacién de Ja segunda hoja) (abril del 2005)

pagina 2 de 2
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REFORTE DE BUSQUEDA INTERNACIONAL No. dg solicitud internacional

PCT/1B2010/051470

Bloque II Observaciones en donde ciertas reivindicaciones se encontraron no pudieron ser investigadas (Continuacion del
punto 2 de la primera hoja)

Este reporte internacional no ha sido cstablecido con respecto a ciertas reivindicaciones bajo ¢l Articulo 17(2) del PCT por las
siguientes razoncs:

1. | | Reivindicaciones Nos.:

debido a que se relacionan con iemas que no requicren ser buscados por esta Autoridad, especialmente:

2. ] [ Reivindicaciones Nos.:

debido a que se relacionan con partes de la solicitud internacional que no cumplen con los requerimientos prescritos a tal
extensién que ninguna bisqueda internacional significativa sc puede llevar a cabo, especificamente:

3. | j Reivindicaciones Nos.:

debido a que son reivindicaciones dependientes y no estan redactadas de acuerdo con las segundas y terceras oraciones de
la Regla 6.4(a).

Biloque III Observaciones en donde se carece de unidad de la invencion {Continuacién del item 3 de la primera hoja)

La Autoridad de Bitsqueda Internacional encontré miltiples invenciones en esta solicitud inlernacional, como sigue:

véase hoja adicional

1. [X| Ya que todas las cuotas de biisqueda adicionalcs fucron pagadas a tiempo por la solicitante, esic reporte dc blisqueda

cubre todas las reivindicaciones que se pudieron investigar,

2. | [ Ya que todas las reivindicaciones que se pudieren investigar pudieron scr buscadas sin esfuerzo que justifique una cuota

adicional, esta Autoridad no invita al pago de ninguna cuota adicional.

3. | | Yaque solamente algunas de las cuotas de biisqueda adicionales requeridas fueron pagadas oportunamente por la

solicitante, este reporte de bisqueda internacional cubre solamentc aquellas reivindicaciones para las cuales se pagaron
cuotas, especificamente las reivindicaciones Nos.:

4. | | Ninguna cuota de bisqueda adicional requerida fue pagada oportunamente por la solicilante. Consecuentcmente, csle

reporte de busqueda internacional esti restringido a la invencion primero mencionada en las reivindicaciones; estd
cubieria por las reivindicaciones Nos.:

Observacion en protesta | | Las cuotas de busqueda adicionalcs estuvieron acompafiadas por la protesta de la solicitante, y
donde sea aplicable, el pago de una cuota de protesta

]_I Las cuotas de bisqueda adicionales estuvieron acompaiiadas por la protesta de la solicitante pero
la cuota de protesta aplicable no fuc pagada dentro del tiempo limite especificado en la
invitacién

| X [ Ninguna protesta acompaii6 ei pago de las cuotas de bisqueda adicional.

Forma PCT/ISA/210 (continuacion de la primera hoja (2)) (abril del 2005)
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No. de solicitud internacional

PCT/IB2010/051470

INFORMACION ADICIONAL CONTINUA DE PCT/ISA/ 210

Esta Autoridad de la Blisqueda Internacional encontrd {(grupos de) invenciones miltiples en
esta solicitud internacional, como sigue:

1. reivindicaciones: 1-3, 8,9 {(completamente); 7 (parcialmente)

sales de K, Ca, My, Sr, Fe y Al de 6'-sialil lactosa y su preparacién;
compeosiciones que comprenden estas sales y su uso como aditivos para las composiciones
alimenticias y farmacéuticas.

2. reivindicaciones: 4-6 (completamente); 7 (parcialmente)

(2a} un método para la preparacidén de los alfa-sialil oligosacadridos protegidos de
la férmula (I}

(2b) un método para la preparacién de los alfa-sialil oligosacédridos desprotegidos
correspondientes

(2¢) la preparacién de la sal de sodio y amonio de la 6'-sialil lactosa que
involucra el proceso de la invencidn (2a)




REPORTE DE BUSQUEDA INTERNACIONAL

Informacidn sobre los miembros de la familia de patentes

No. de solicitud internacional

PCT/IB2010/051470

Documento de patenie citado en el Fecha de Miembro(s) de la familia de Fecha de publicacion
Reporte de Bisqueda publicacién patente(s)
WO 2007090894 A 16-08-2007 AT 468027 T 15-06-2010
AU 2007213677 Al 16-08-2007
CA 2641842 Al 16-08-2007
CN 101400267 A 01-04-2009
EP 1988786 Al 12-11-2008
ES 2342625 T3 09-07-2010
PT 1988786 E 22-06-2010
Us 2009092729 Al 09-04-2009
ZA 200807763 A 25-11-2009
KO 9211017 A 09-07-1992 US 5164374 A 17-11-1992
WO 9403184 A 17-02-1994 AU 4993893 A 03-03-1994

Forma PCT/ISA/210 (anexo de la familia de patentes) (abril del 2005)

98



PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent's file reference FOR FURTHER 388 Form PCTASAZ20

871 7PTHO-DZ ACTION as woll as, whare applicable, item 5 below,
Intemafional appiication No. Intamaticnal filing date fdapimonthiyaar) (Earllest} Priorlty Date {day/monthiyear)
PCT/IB2010/051470 06/04/2010 06/04/2009
Applicant

INALCO S.P.A.

This international sezrch report has been prepared by this Intemational Searching Authority and is transmitted to the applicart
according to Article 18. A copy is balng transmitted o the international Bureau.

This internationsl search report corsistsof atotalol 6 sheets.
[X]  itis aiso accompanied by a copy of sach por art document cited in this ropart.

1. Basls of the report
6. With regard to the language, the International ssarch was carriod oul on the basis of:
the International applcation n the language in which it was fileg

I'1  atrensiatcn of the intarnational application into . which is the language
of a translation furrished for the purposes of mtemational seerch (Rules 12.3(a) and 23.1(b))

This Intematlonal search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 81 (Rule 43.6bis{a)).

=

B¢ O OO

2]

WHh regard to any nucleotide and/or amino acld sequence disclesed In the Intermational application, see Box No. I.
Cortain claims were found unsearchable {See Box No. ll)
Unity of invantion Ia Iacking (sae Box No i)

4. With regard to the title,
the text i approved as submitted by the applican
the text has baen established by this Authority #o read as follows:

3]

5. Wih regand io the abstract,
ths text I3 approvad s subinitied by the applicant

(:] tha taxl has bean established, acconding 1o Rule 38.2(b), by this Authority as il appears in Box No. IV. The applicant
may, within one month from the date of mailing of this intemational search repori, submit comments o this Authority

6, With regard fo the drawings,
2. the ltgure of the drewings to be publishad with the abstract is Figure No.
[T]  assuggested by the applicant
[} esselected by Ihis Authority, because the epplicant failed fo sugges! a figure
D as selected by this Authority, because this figure better characterizes the invention
b. [ ]  none of the figues Is 1o be published whh the abstract

Form PCTASAR10 {first shest} {July 2008)
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Infemational application No.
INTERNATIONAL SEARCH REPORT PCT/1B2010/051470

Box Na.fl  Observations where certaln clalms were found unsearchable (Continuation of Hem 2 of first aheet)

This intemational search report has not been estabiishad in respect of cartain dlaims undar Article 17{2)(a) for the ioiowing reasons:

1. D Claims Nos.:
because they relate to subject matter noi required fo be searched by this Autharity, namely:

2. I:I Claims Nos.:

bacause they relate o parts of the Intemational application thet do not comply with the prascribed requirements to such
an eatant thet no merntngful intemational search can ba cerfad out, speclilcally:

a D Claims Mos.:
because they ere dependent claims and are not drafted In accordance with the sacond and third sentences of Rute 5.4(a).

Box No. il Observations where unity of Inventian Is lacking (Continuation of item 3 of first sheet)

This Intemational Searching Authorty faund multiple kventions in this international application, as follows:

see additional sheet

1. E] As all requirad additional search tees were timely pald by the applicant, this International search report covers all searchable
claims.

2. D As aﬁo see:rg';able claims coukd ba ssarched without atfort Justifying an additional fees, this Authorfty did not invite payment of
addiional 3.

3 D As-only some of the required additional search fees were limely paid by the applicant, this Intemational search report covers
only those clatms for which tees were paid, specitically clains Nos.:

4. D No required addittonal saarch foes were timely pakd by the applicant. Consaquently, this Intermatfonal search report is
rastricted ta the Invention first mentionsd in tha claims; it is covared by claims Nos.:

Remark on Protest DThe addillonal search tees were accompanled by the applicant's protest and, whare applicabla, the
payment of a protest fee.

DThe additional search feas ware accompaniad by the applicant’s protes! but the applicable pratest
foe was not pakd within the time imit specified in the invitation.

BND protest accompanied the payment of addittonal search fess.

Form PCT/ISA/210 (continuation of first sheat {2}) (April 2005)



Imtematione! Application No. PCT/IB2010 /051470

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

This International Searching Authority Found muitiple (groups of)
inventions in this international application, as follows:

1. claims: 1-3, 8, 9(completely); 7(partially)

K, Ca, Mg, Sr, fe and A} salts of 6’-sialyl lactose and
their preparation; compositions comprising these salts and
and their use as additives for food and pharmaceutical
compositions

2. claims: 4-6(completely); 7(partially)

(2a) a method for the preparation of protected alpha-sialy)
oligosaccharides of formula (I)

(2b) a method for the preparation of the corresponding
deprotected alpha-sialyl oligosaccharides

(2c) the preparation of the sodium and ammonium salt of
6’-sialyl lactose involving the process of invention (2a)




INTERNATIONAL SEARCH REPORT

tiesmationa) appiication No
PCT/182010/051470

CLASSIFICATION OF SUBJJE

ADD.

CT MATTER
TNV CO7H13/06 A61K31/702 A23L1/09

According 1o intemational Patens Classification {IPG) of to both nationa) classdication end PG

8. FIELDS SEARCHED

CO7H A23L A61K

Minfhum gocumentzlion ssarched (claseiication system foliowed by classiNcation symbals)

Oocumentalion segcched ather than minirim documentation to the extent al such documents 3re (NGuded in the fislds sesrched

EPO-Internal, CHEM ABS Data

Elettronic data base consulied during the intemational search (name of data base ang, where practical, search temrs used)

€. DOCUMENTS CONSIDERED TO BE RELEVANT

Catagory’ | Chatlon of document, with indicafon, where appropriate, of the relovanl passages Ralevark to elalen No.

vol. 337, no. 6,

XP004343543
ISSN: 0008-6215
compound (11);
page 478

A RENCUROSI A ET AL: "Human milk
oligosaccharides: an enzymatic protection
step simplifies the synthesis of 3'- and
6'-0-sfalyliactose and their analogues™
CARBOHYDRATE RESEARCH, ELSEVIER SCIENTIFIC
PUBLISHING COMPANY. AMSTERDAM, KL,

15 March 2002 (2002-03-15), pages 473-483,

1-9

m Furthar dacuments are listed in the centiuation of Box C.

E See paiont tamily annex.

* Special categories of cited documents :

*A* dotument defining tha general state of the arl which is not
considered 10 be of particular relevance
E" eé\fmer documen bt pubiished on or after the kmtemanona
g da
o dnmma#wﬁﬂ-um Throw doublts on priosity dalm(a)nr
which Is cked mwabllsh the pubiication daig of anothar
citation or other spedial reason (as spechisd)
0" decumen mlering ¥ an osal disclosure, uge, exhibiion or
other msans
"P" documem pub¥ished prior to the intemationat filing daie byt
teter than the prionty date clalmesd

“T* Ister document pubdshed after the internatonal filing data
or prigrity date and nal in conflict with the application but
cited 1o undersiand the printipla or feory underlying tha

“X* document of paricular retevance; the claimed invention
canndt be considered novel or cannot be consigered 10
invglve an inventive step when the document is taken alone

* document of particulsr relevance; the claimed invention
cannol b considered to involve an inventive step wher the
document is combined with one or more ather such docu—
m?hrn: :-lﬂ'! combmakion belng cbvious (o a persan skiked
inthe a

8" dogument mambes of the same patent amily

Dare of the actual completion of the intemationat search

17 September 2010

Data of maing of the tormational search repon

23/09/2010

Name and maling address of the ISA/
Eurcpean Patent Cifice, £.B. 5818 Patenttaan 2
NL - 2280 HV Rijswijk
Tel, {(+31=70) 340-2040,
Fax (+21-70) 340-3N18

Authorized officer

Bardili, Burkhart

Fatm PCTASARZO {second sheet) (Aped 2005)

page 1 of 2
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INTERNATIONAL SEARCH REPORT

Inteenations! epplication No
PCT/1B2010/051470

C[Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Calegory' | Citation of document, with indication, where appropriate, of the relevam passages

Relevani to daim MNo.

A MULLER H E ET AL: “Occurrence and some
properties of neuraminidases in
Haemophilus avium and Haemophilus
paragallinarum®

VETERINARY MICROBIOLOGY, ELSEVIER BV, NL,
vol. 2, no. 4,

1 December 1977 (1977-12-01), pages
303-312, XPD23915296

I58N: 0378-1135

[retrieved on 1877-12-01]

table I

Y WO 2007/090894 A (NESTEC SA [CH]; SPRENGER
NORBERT [CH1; MORGAN FRANCOIS [FR];
BERROCAL} 16 August 2007 (2007-08-16)
claims 1,9

Y WO 92/11017 A (MONSANTO CO [US])

9 July 1992 (1992-07-09)

claim 4; table I

Y W0 94/03184 A (NEOSE PHARM INC [US])

17 February 1994 (1994-02-17)

page 11; claim 1

X PAZYNINA G ET AL: “Simple stereoselective
synthesis of alpha?-6
sialooligosaccharides”

TETRAHEDRON LETTERS, ELSEVIER, AMSTERDAM,
NL LNKD-
D0I:10.1016/50040-4039(02)01983-4,

vol. 43, no. 45,

4 November 2002 (2002-11-04), pages
B011-8013, XP004387177 .

ISSN: 0040-4039

table 1

1-9

1-3,8.9

1-3,8,9

1-3,8,9

Form POTASAZ10 tcontinuation of soCand shoet) Ao 2005}
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lmamabma} applicatian No.
INTERNATIONAL SEARCH REPORT PCT/182010/051470

Box Mo. Il Ubservations where certain ¢lalms were found unsearchable (Continuation of item 2 of first sheet)

This intemational search report has not baon established in respect of certain claims under Aricle 17(2)(a) tor the following reasons:

1. [] craims e

because they relate to subjoct malter not regquired o be searched by this Authority, namely:

2. D Clalms Nos.:

because they relate to parts of the intemational application that do notl comply with the prescribed requirements to such
an extent thet no meaningful intemational search can be camied out, spacifically:

a Claims Nos.:
because they are dependent clalms and are not drafted tn accordance with the second and third sentences of Rule 65.4(a).

Box No. 0l  Observations where unity of invention is tacking (Continusation of item 3 of first shest)

This Intemational Searching Authority found muttiple inventions in this international application, as follows:

see additional sheet

1. As afl required additional search faes were tmaly pakd by the appilcant. this intemnational search report covers all searchable

clalms.

2. D As &) searchable claims could be searched without effort justifying an additionat faes, this Authority did not invite payment of

additional fees.

3. As only some of the required addoitional search fees werg tlmely paid by the applicant, this Intermational search report covers

onty those clalms for which tees were paid. specificaliy claims

4, D No required additional search fess wem timely paid by the applicant. Consequently, this intemational ssarch report is
restricted to the invention Hiest mentioned in the ciatms; R is covered by daims Nos.:

Remark on Protest The additional search fees were accompaniad by the applicant’s protest and, where applicable, the

payment ol & protest fee.

The additiona) search fees were accompanied by the applicant's protest but the applicable protest

teo was not paid wilthin the time limit specified in the invitation.

m No protest accompaniad the payment of additional search fees.

Form PCTASA/210 (continuation of first sheet (2)) (April 2005}
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FURTHER INFORMATION CONTINUED FROM  PCTASA! 21

This International Searching Authority found multiple {(groups of)
inventions in this international application, as follows:

1. claims: 1-3, 8, 9(cempletely); 7(partiailly)

K, Ca, Mg, Sr, Fe and Al salts of 6’-sialyl lactose and
thetr preparation; compositions comprising these salts and
and their use as additives for food and pharmaceutical
compositions

2. claims: 4-6{completely); 7(partially)

(2a) a method Tor the preparation of protected alpha-sialyl
oligosaccharides of formuta (1)

(2b) a method for the preparation of the corresponding
deprotected alpha-sialyl oligosaccharides

(2¢) the preparation af the sodium and ammonium salt of
6’-sialyl lactose involving the process of invention (Z2a)




INTERNATIONAL SEARCH REPORT

Information on patent Lamily memberg

Internptinnal application No

PCT/1B2010/051470
Patent document Publication Patant family Publication
cited in search repont date member{s) date
WO 2007090894 A 16-08-2007 AT 468027 T 15-06-2010
AU 2007213677 Al 16-08-2007
CA 2641842 Al 16-08-2007
CN 101400267 A 01-04-2009
EP 1988786 Al 12-11-2008
ES 2342625 13 09-07-2010
PT 1988786 E 22-06-2010
Us 2009092729 Al 09-04-2009
ZA 200807763 A 25-11-2009
Wo 9211017 A 09-07-1992 US 5164374 A 17-11-1992
W0 9403184 A 17-02-1994 AU 4993893 A

03-03-1994

Fonm PCTASA210 (paient Iamily arvex) (Age) 2005)



TRATADO DE COOPERACION EN MATERIA DE PATENTES

10

Dela
AUTORIDAD DE LA BUSQUEDA INTERNACIONAL
Para: PCT
BUSQUEDA INTERNACIONAL
(Regla 43bis.1 del PCT)
Fechadecnvic véase la forma PCT/ISA/210
(dia/mes/afio): {segunda hoja)
Referencia de archivo del solicitante o apoderado: PARA ACCION  véasc el parrafo 2 posterior
véase la forma PCT/ISA/220 ADICIONAL
No. de solicitud internacional: Fecha de presentacidn internacional Fecha de prioridad (dia/mes/afio):
PCT/IB2010/051470 (dia‘mes/afio);  06.04.2010 06.04.2009

Clasificacion de Patente Internacional (IPC) o clasificacién nacional e IPC:
INV: CO7TH13/06 AG1K31/702 A23L1/09

Solicitante:
INALCO SPA.

1. Esta opinion conticne indicaciones que se refieren a los siguieates puntos
[ Base de la opinién

11[_]Prioridad
11 I:I No se establece opinién con respecto a novedad, paso o elapa inventiva y aplicabilidad industrial
IV|X | Falta de unidad de la invencion

VX | Declaracién justificada bajo la Regla 43bis. 1(a)(i) con rcspecto a novedad, etapa o paso inventivo o aplicabilidad
industrial; citas y explicaciones que apoyan tal declaracién.
VI [:] Ciertos documentos citados

VI D Ciertos defectos en la solicitud internacional

Vi D Ciertas obscrvaciones en la solicitud interacional
2. ACCION ADICIONAL

Si se hace una solicitud de examen preliminar internacional, esta opinién serd considerada usualmente que va a ser una opinién
escrita de la Autoridad del Examen Preliminar Internacional (‘IPEA”). Sin embargo, esto no aplica cn donde ¢t solicitante elija una
Anitondad diferentc de aquella quc 1a primera que va a ser el IPEA y la IPEA elegida ha notificado a la Oficina Intemacional bajo la
Regla 66.1bis(c) que las opiniones escritas de esta Autoridad de la Blisqueda Internacional no scran consideradas asi.

Si esta opinién, como se proporciond anteriormente, sc considera que va a ser una opinién escrita de la IPEA, el solicitante es
invitado a presentar ante la IPEA una contestacién escrita conjuntamente, cn donde sea apropiada, con enmiendas, antes de la
expiracion de tres meses desde la fecha de envio por correo de 1a Forma PCT/ISA/220 ¢ antes de la expiracién de 22 meses desde ia
fecha de prioridad, cualquiera que expire al altimo

Para opciones adicionales, véase la Forma PCT/ISA/220.

3. Para detalles adicionales, véanse las notas de la Forma PCT/ISA/220.

Nombre y direccién de correspondencia de la ISA: Fecha de complemento|Funcionario Autorizado
European Patent Office de esta opinidn

D-80298 Munich Bardili, Burkhart

Tel. +49 §9 2399 - ( véase la forma

Fax: +49 89 2399 - 4465 PCT/ISA/210 Teléfono No. +49 89 2399-2132

Forma PCT/ISA/237) (portada) (julio del 2009)



OPINION ESCRITA DE LA No. de solicitud intemacional
AUTORIDAD DE BUSQUEDA INTERNACIONAL PCT/IB2010/051470
Recuadro No. L Base de la opinion

1. Con respecto al lenguaje, esta opinién ha sido establecida con base en:

[X] 1a solicitud internacional en el lenguaje en ¢l cual la misma fue presentada,

[ ] una traduccidén det lenguaje original en el siguiente lenguaje , el cual es ¢l lenguaje de una traduccion provista para los
propésitos de 1a biisqueda internacional (bajo las Reglas 12.3(a) v 23.1(b)).

2. [ ] Esta opinién ha sido establecida tomando en cuenta la rectificacién de un error obvio autorizado por o notificado a esta
Autoridad bajo la Regla 91 (Regla 43bis. 1(a)))

3. Con respecto a cualguier secuencia de nucledtidos y/o aminodicidos descrita en la solicitud intemacional y nccesaria para la
invencidn reivindicada, esta opinién ha sido establecida con base en:

a. {medios)
[ 1 en el formato escrito
[ ] en la forma electrénica

b. {tiempo)
[ ] en la solicitud internacional como se presentéd
[1 junte con la solicitud internacional en la forma electrdnica
] subsiguientemente a esta Autoridad para el propdsiteo de blusgqueda

4, [ ] ademés, en el caso de que més de una versidn o copia de un listado de secuencias
y/o tabla que se relaciona con el mismo, haya sido presentado o provisto, las
declaraciocnes requeridas de que la informacidn en las copias subsiguientes o
adicionales es idénticas a aquella en la sclicitud comc se presenté o que no va mas
alld de la solicitud como se presentd, cuando sea apropiado, fueron proporcionadas.

4. | ] ademds, en el caso de gque mas de una versidn o copia de un listado de secuencias
y/o tabla que se relaciona con el mismo, haya sido presentadec o provisto, las
declaraciones requeridas de que la informacidén en las copias subsiguientes o
adicionales es idénticas a aquella en la solicitud como se presentd o no va mas
alla de la solicitud como se presentd, cuando sea apropiado, en donde sea provisto.

5. Comentarios adicionales:

Forma PCT/IPEA/237 (abril del 2007)
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OPINION ESCRITA DE LA AUTORIDAD DE LA

No. de solicitud internacional

BUSQUEDA INTERNACIONAL

PCT/1B2010/051470

Recuadro IV. Falta de unidad de Ia invencidn

Pagado derechos adicionales

[ ] satisfecha

véase la hoja separada

D no ha pagado las cuotas adicionales.

No satisfecha por las siguicntes razones

| ] las partes que se refiercn a las reivindicaciones Nos.

I. [X] Enrespuesta a la invitacién (Forma PCT/IPEA/206) a restringir o pagar las cuotas adicionales la solicitante ha, dentro del
limite de tiempo establecido:
D pagado las cuotas adicionales bajo protesia, y en donde sea aplicable, los derechos de la protesta

D pagado las cuotas adicionales bajo protesta pero no ha pagado los derechos aplicables de la protesta

2. [ ] Esta autoridad considera que no se cumple con ¢l requerimiento de unidad de la invencién por las siguientes razones y decidid
no invitar a la solicitantc a restringir o a pagar las cuotas adicionales:

3. Esta Autoridad considera quc el requetimiento de unidad de 1a invencion de acuerdo con IaRegla 13.1, 132y 13 3 es

4. En consecuencia, esie reporte ha sido restablecido con respecto a las siguientes partes de la solicitud internacional;

q [X] todas las partes de la solicitud

1. DECLARACION

V. Declaracién justificada bajo Ja Regla 43bis.1(a)(i) con respecte a la novedad, etapa inventiva o aplicabilidad industrial;
citas y explicaciones que apoyan tal declaracion.

Novedad (N) Si: | Reivindicaciones | 1-9
No: | Reivindicaciones
Etapa Inventiva (IS) Si: | Reivindicaciones

No: | Reivindicaciones | 1-9

Campo de aplicacion industrial {IA) Si:| Reivindicaciones | 1-9
No: | Reivindicaciones

‘ 2. Citas y explicaciones

Véase 1a hoja separada

Forma PCT/ISA/237 (abril del 2007)

1
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Solicitud Internaciona} No. PCT/IB2010/051470
CPINICN ESCRITA DE LA AUTORIDAD DE BUSQUEDA INTERNACIONAL -
HOJA SEPARADA

Con respecto al punto IV

Falta de unidad de 1la invencién

La solicitud comprende dos invenciones:

Invencidn (1):

(1) Sales de K, Ca, Mg, Sr, Fe y Al de la 6'-sialil lactosa y
Su preparacidn; composiciones gque comprenden estas sales y su
uso come aditivos para composiciones alimenticias vy
farmacéuticas; (reivindicaciones 1-3, 8, 9 {(completamente); 7
(parcialmente));

Invencioén (2):

(2a) un método para la preparacién de alfa-sialil
oligosacéridos protegidos de la férmula (I) ({reivindicacidn
4} ;

(2b) un método para la preparaciétn de alfa-sialil
oligosacaridos desprotegidos correspondientes

(reivindicaciones 5, 6);

(2c) la preparacidén de la sal de sodio y amonio de la 6’'-
sialil lactosa gque involucra el proceso de la invencién (2a)
(reivindicacién 7 (parcialmente)).

De acuerdo con la Regla 13.1 y 13.2 del PCT, el requerimiento
de unidad de la invencidén solamente puede ser satisfecho si
un grupo de invenciones estd relacionado asi para formar un
solo concepto inventivo general, es decir si existe una
relacidén técnica entre las invenciones que involucra una o
mas de las mismas caracteristicas o de caracteristicas
técnicas correspondientes, consideradas como un todo, que se
haya heho scbre el arte previo.

Cuando se evalia la unidad de la invencidén, 1la autoridad de
la busqueda internacional estéd obligada a seguir las Reglas
de la Busqueda y el Examen del PCT. De acuerdo con la Parte
ITI, Capitulo 10, parrafo 10.12 de estas Reglas, una
reivindicacidén independiente para un producto dado, una
reivindicacién independiente para un proceso especialmente
adaptado para la fabricacién del producto, Y una
reivindicacidén independiente para un wuso del producto
satisfacen los requerimientos de unidad de la invencidén a
priori. La invencién (1) como se definié anteriormente
corresponde a esta situacién.

Tres invenciones adicionales, es decir las invenciones (2a),
{Z2b) Yy (2¢) como se definieron anteriormente, son
reivindicadas. La invencidn (2a) especifica un proceso para
la preparacidén de una clase de oligosacaridos protegidos que
incluyen la 6’-sialil lactosa protegida. De acuerdo con las
invencicnes (2b) y (2c), se hace uso de este proceso para

Forma PCT/ISA/237 (hoja scparada) (hoja 1) (EPO-abril del 2005)
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preparar los oligosacaridos desprotegidos correspondientes y
la sal de sodio y amonio de la 6’'-sialil lactosa.

En consecuencia, las invenciones (2a), {(2b} y (2c) estén
relacionadas entre si por un solo concepto inventivo general.

Esta pendiente que si las invenciones examinadas (1) y (2)
estan relacionadas por un solo concepto inventivo general.

De acuerdo con el parrafo 10.15 de las Reglas de la Busqueda
y el Examen del PCT referidas anteriormente la unidad de la
invencion debe ser considerada cuidadosamente si varias
reivindicaciones de la misma categoria estéan presentes. En el
presente caso, varias reivindicaciones de proceso han sido
presentadas. Es evidente que los procescos de la invencion (2)
no estdn especialmente adaptados para la manufactura del
producto de la reivindicacidén 1 puesto que el proceso de 1las
invenciones (2a) y (2b) estd disefiado para la preparacidén de
una amplia clase de oligosacadridos y no para la preparacidn
de la 6’'-sialil lactosa y el proceso de la invencién (2c¢}
conduce a compuestos que no forman parte de la invencidén {1).
Ademas, se reconoce en la descripcidn que los oligosacaridos
de acuerdo con la férmula (I) y en particular la 6'-sialil
lactosa y los procesos para su preparacidén estan comprendidos
en el estado del arte.

Por consiguiente, estos compuestos no pueden ser considerados
gue sean caracteristicas técnicas de las invenciones
identificadas anteriormente dentro del significado de 1la
Regla 13.2 del PCT.

Por consiguiente, no existe un solo concepto inventivo
general que enlazce las invenciones (1) vy (2) como es
requerido por la Regla 13.1 del PCT.

Con respecto al punto V

Declaracidén justificada con respecto a la novedad, etapa
inventiva ¢ aplicabilidad industrial; citas y explicaciones
que apoyan tal declaracidén

Invencidén (1):

1. Las sales de sodico y amonio de la 67-sialil lactosa son
descritas en D1/Carbohydr. Res. 337, 473 (2002) Y
D2/Veterinary Microbiology 2, 303 (1978), respectivamente.
D3/WO  2007/090894 y D4/WO  92/11017 se refieren a
formulaciones nutritivas y farmacéuticas que comprenden la

Forma PCT/1SA/237 (hoja scparada) (hoja 2) (EPO-abril del 2005)
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6'-sialil lactosa. Puesto que las sales descritas en 1la
reivindicacién 1 no son descritas en estos documentos, la
materia objeto de la invencién (1} es novedosa.

2. E1 problema técnico que va a ser resuelto por la materia
objeto de 1la invencidén (1) frente a D3 (o D4) es 1la
provisién de formulaciones de la 6'-sialil lactosa adecuadas
para usc farmacéutico o nutritivo. Se sabe bien en el arte
que los compuestos activos farmacéuticamente pueden ser
utilizados en la forma de sales farmacéuticamente
aceptables. D5/WO 94/03184 describe sales farmacéuticamente
aceptables de los compuestos semejantes como se reivindics,
es decir las sales de potasio, calcio y magnesio de 1los
cligosacaridos que comprenden una porcidén de sialil lactosa.
Parece que una combinacién de los documentos D3 (o D4) y D5
conduce directamente a una persona experta a la materia
objeto de las reivindicaciones 1-3, 8 y 9. Por consiguiente,
la invencidén reivindicada no involucra una etapa inventiva
(Articulo 33(3) del PCT).

Invencién {2):

1. Dé/Tetrahedr. Lett. 43, 8011 (2002) describe la sintesis
de varios alfa-2-6 sialooligosacédridos en donde un donador
de clorurc de sialilo de la férmula (1) es unido con un
aceptor de mono o disacarido en la presencia de carbonato de
plata. El carbonato de plata es utilizado en una cantidad de
7 mol por mol del aceptor. La sintesis del alfa-2-6
sialooligosacéarideo de acuerdo con la reivindicacién 4 es
novedosa tomando en cuenta el hecho de que
significativamente menos promotor es utilizado.

2. La sintesis reivindicada es ilustrada en el ejemplo 7.
Sin embargo, la pureza y el rendimiento del producto
obtenido no han sido proporcionados. Por lo tanto, no existe
evidencia en el registro de que el mismo rendimiento que en
D6 sea obtenido por el uso de menos promotor de plata. Por
consiguiente, el problema técnico subyacente en la solicitud
puede ser observado scolamente en la provisién de un método
adicional para preparar un alfa-2-6 sialooligosacarido. Una
persona experta podria saber que este problema podria ser
resuelto por 1la reduccién de 1la cantidad del promotor
sugerido en el arte previo relacionado. Las cantidades
reducidas del promotor que todavia hacen posible una
reaccién de unidédn entre el donador y el aceptor podria ser
identificada por experimentos de rutina. Por consiguiente,
la materia objeto de las reivindicaciones 4-7 no involucran
una etapa inventiva.

Forma PCT/1SA/237 (hoja separada) (hoja 3) (EPO-abril del 2005)
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International Bureau under Rule 66.1bis(b) that written apinions of this International Searching Authority

will not be so considered.

if this opinion is, as provided above, considered 1o be a written opinion of the IPEA, the applicant is inviled to
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Box No.! Basis-of the opinion

. With regard to the tanguage, this opinion has been established on the basis of:

K the international application in the language in which it was fitled

0 a translation of the international application intc , which is the language of a translation furnished for the
pumoses of internationat search (Rules 12.3(a) and 23.1 (b)).

. O This opinion has been established taking into account the rectification of an obvious mistake authorized

by or nofitied 0 this Authority under Ruls 81 (Rule 43bis.1{a))

. With regard to any aucleotide andlor amino acid sequence disclosed in the international application, this

opinion has been established on the basis of a sequence listing filed or furnished:
a. (means)

O on paper

O in efectronic form
b. {time}

O in the international application as filed

O together with the international application in elactronic form

00 subseqguently to this Authority for the purposes of search

. O In addition, in the case that mors than one version or copy of a sequence listing has been filed or furnished,

the required statements that the information in the subsequent or additional coples is identical to that in the
appfication as filed or does not go beyond the appiicetion as fiied, as appropriate, were turnished.

. Additipnal comments:

Form PCTASA/237 (April 2007)
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Box No. IV Lack of unlty of iInvention

1. B in response to the invitation (Form PCTASA/206) to pay additional fees, the applicant has, within the
applicable time limit:

B

0
O
o

2. L] This Authority found that the requirement of unity of invention is not complied with and chose not to invite

paid additiona! fees
paid additional fees under protest and, where applicable, the protest fee
paid additional fees under protest bul the applicable protest fee was not paid

not paid additional fees

the applicant 10 pay additional feas.

3. This Authority considers that the requirement of unity of invention in accordance with Ruie 13.1, 13.2and 13.3 is

O complied with

not complied with for the following reasons:

see separate sheet

4. Congequently, this report has been established in respect of the following parts of the international application:

all parts.

1 the parts ralating to claims Nos.

Box No.V  Reasoned statement under Rule 43bfs.1{a){l) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement
1. Statement
Noveliy (N) Yes: Claims 19
No: Claims
Inventive step {1S) Yes: Claims
No:  Claims 18
Industrial applicability (1A) Yes: Claims 1-3

No: Claims

2. Citations and explanations

see separate sheet

Form PCTASA/237 (Aprl 2007)



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/IB2010/051470
Be ltem [V

Lack of unity of invention

The application comprises two inventions:

Invention {1}

(1) K, Ca, Mg, Sr, Fe and Al salts of 6'-sialyl lactose and their preparation;
compositions comprising these salts and and their use as additives for food and
pharmaceutical compositions; (claims 1-3, 8, 9 (completely); 7 (partially));

venti ),

(22) a method for the preparation of protected alpha-sialyl oligosaccharides of farmula
("} {claim 4 );

(2b) a method for the preparation of the corresponding deprotected alpha-sialyl
oligosaccharides (claims 5, 8);

(2c) the preparation of the sodium and ammonium salt of 6™-sialyl lactose involving the
process of invention (2a) (claim 7 (partially))

According to Rule 13.1 and 13.2 PCT the requirement of unity of invention may only
be fulfilled if a group of inventions is so linked as to form a single general inventive
concept, i.e. if there is a technical relationship among the inventions involving one or
more of the same or corresponding technical features that define contribution with
each of the claimed inventions, considered as a whole, makes over the prior ar.
When assessing unity of invention the international searching authority is obliged to
follow the PCT Search and Examination Guidelines. According to Part Ill, Chapter 10,
paragraph 10.12 of these Guidelines an independent claim for a given product, an
independent claim for a process specially adapted for the manufacture of the said
product, and an independent claim for a use of the said product fuifills the
requirements of unity of invention a priori. Invention (1) as defined above corresponds
to this situation.

Three further inventions, i.e. invention (2a), (2b} and (2¢) as defined above, are
claimed. Invention (2a) specifies a process for the preparation of a class of protected
oligosaccharides including protected 6'-sialyl lactose. According to inventions {2b)

Form PCTASA/SY (Separate Bhest) (Sheel 1) {EPO-Apri 2005)

1



WRITTEN OPINION OF THE Imernational application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/IB2010/051470

and {2c) use is made of this process to prepare the corresponding deprotected
oligosaccharides and the sodium and ammonium salt of &'-sialy! lactose.
Consequently, inventions (2a), (2b) and (2¢c) are linked with each other by a single
general inventive concept.

Itremains to be examined whether inventions (1) and (2) are linked by a single
general inventive concept.

According to paragraph 10.15 of the PCT Search and Examination Guidelines referred
to above unity of invention should be looked at caretully if several ¢claims of the same
category are present. In the present case, several process claims have been filad. !t is
apparent that the processes of invention (2) are not specially adapted for the
manufacture of the product of claim 1 since the process of inventions (2a) and (2b)
are designed for the preparation of a broad class of oligosaccharides and not for the
preparation of 6'-sialyl lactose and the process of invention (2c) resuits in compounds
which do not form part of invention (1). Furthermore, it is acknowledged in the
description that oligosaccharides according to formula () and in particular 6™-sialyl
lactose and processes for their preparation are comprised in the state of the art.
Hence, these compounds cannot be considered to be special technical features of the
above-identified inventions within the meaning of Rule 13.2 PCT.

Thus, a single general inventive concept linking inventions (1) and (2) as required by
Rule 13.1 PCT does not exist.

ReltemV

Reasoned statement with regard to novelty, inventive step or industrial
applicabllity; citations and explanations supporting such statement

Invention (1):

1. The sodium and ammonium salts of 6'-sialy| lactose are described in D1/ _
Carbohydr. Res. 337, 473 (2002) and D2/ Veterinary Microbiology 2, 303 (1978),
respectively. D3/ WO 2007/020894 and D4/ WO 92/11017 relate to nutritional and

Form PCTASAR27 {Saparaa Sheet) (Sheet 2) (EPO-Aorl 200y
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pharmaceutical formulations comprising &"-sialy! lactose. Since the salts recited in
ciaim 1 are not disclosed in these documenits the subject-matter of invention (1) is
novel.

2. The technical problem to be solved by the subject-matter of invention (1) vis-a-vis
D3 {or D4} is the provision of formulations of 6'-sialyl lactose suitable for
pharmaceutical or nutritional use. It is well-known in the art that pharmacsutically
active compounds may be used in form of pharmaceutically acceptable salts. D5/
W(O84/03184 discloses pharmaceutically acceptable salts of similar compounds as
claimed, i.e. the potassium, calcium and magnesium salt of oligosaccharides
comprising a sialyl lactose moiety. 't appears that a combination of documents D3 (or
D4) and D5 directly leads a skilled person to the subject-matter of claims 1-3, 8 and
9. Hence , the claimed invention does not involve an inventive step (Article 33(3)
PCT).

invention (2):

1. D&/ Tetrahedr. Lett. 43, 8011 (2002) describes the synthesis of several alpha-2-6
sialooligosaccharides wherein a sialyl chloride donar of formula (1) is coupled with a
mono or disaccharide acceptar in the presence of silver carbonate. The silver
carbonate is used in an amount of 7 mol per mol of acceptor. The synthesis of the
alpha-2-6 sialooligosaccharide according to claim 4 is novel on account of the fact that
significantly less promoter is used.

2. The claimed synthesis is illustrated in example 7. However, the yield and purity of
the obtained product has not been given. Therefore, there is no evidence on file that
the same yield as in D6 is obtained by use of less silver promoter. Hence, the
technical problem underlying the application may only be seen in the provision of a
further method to prepare an alpha- 2-6 sialooligosaccharide. A skilied person would
know that this problem coutd be solved by reducing the amount of promoter
suggested in the related prior art. The reduced amounts of promoter still enabling a
coupling reaction between donor and acceptor could be identified by routine
experiments. Thus, the subject-matter of ciaims 4-7 does not involve an inventive
step.

Form PCTASAIZS7 (Separale Sheet) (Sheel 3).(EPO-April 2005)
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For all international applications filed on or after 01/01/2004 the competent
1SA will establish an ISR It is accompanied by the WO-ISA. Unlike the
former written opinion of the IPEA (Rule 66.2 PCT), the WO-I18A is not
meant t0 be responded to, but to be taken into consideration for further
procedural steps. This document explains about the possibilities.

Within 2 months after the date of mailing of the ISR and the WO-13A the
applicant may file amended claims under Art. 19 PCT directly with the
International Bureau of W1PQO. The PCT reform of 2004 did not changs
this procedure. For further information please see Rule 46 PCT as well as
form PCT/184/220 and the corresponding Notas to form PCT/ 1S4/ 220.

in principle, the WO-1SA will be considerad as the writtan opinion of the
{PEA. This should, in many cases, make it unnecessary to file a demand for
international preliminary examination. If the applicant nevertheless wishes
to file a demand this must be done before expiry of 3 months after the
date of mailing of the ISRIWO-ISA or 22 months after priority
date, whichever expires iater (Rule 54bis PCT). Amendments under Art.
34 PCT can be filed with the |PEA as before, normally at the same time as
filing the demand (Rule 66.1 (b) PCT).

If a demand for international preliminary examination is filed and no
comments/amendments have been receivad the WGO-1SA will be transformed
by the IFEA into an IPRP (international Prefliminary Report on Patentability)
which would merely reflect the content of the WO-ISA, The demand can still
be withdrawn (Art. 37 PCT).

After recoipt of the ISR/WO-ISA the applicant may file informal comments
on the WO-1SA directly with the international Bureau of WIPQ, These
will be communicated to the designated Offices together with the |PRP
(intemational Prefiminary Report on Patentability) at 30 months from the
priority date. Please also reler to the next box.

At the end of the international phase the Intarnational Bureau of WiPO will
transform the WO-IGA or, if a demand was filad, the written opinion of the
IPEA into the IPRP, which will then be transmitted logether with possible
informal comments to the designated Offices. The IPRP raplaces the former
IPER (international preliminary examination report).

Ruie 43 PCT, Rule 43bis PCT, Rule 44 PCT, Rule 44bis PCT, PCT Newsletter
12/2003, OJ 11/2003, QJ 12/2003
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11 August 2011 (11.08.2011)

Applicant's or agent's file reference

8717PTWO-Dz IMPORTANT NOTICE
International application No, Iniernational filing date (dey/month/year) Prierity date (day/montlyenr)
PCT/IB2010/051470 06 April 2010 (06.04.2010) 06 April 2009 (06.04.2009)
Applicant

INALCO S.P.A. et al

1.

2,

4.

ATTENTION: For any designated Olfice(s), for which the time limit under Articte 22(1), as in force from 1 April 2002 (30 months
from the priovity date), dees not apply, please see Form PCI/IB/308(First Notice) issued previasly.

Notice is bereby given that the followiug designated Office(s), for which the tme limit under Article 22(1), as in force from 1 April
2002, does apply, hashave requested that the commimication of the international application, as provided for in Article 20, be
effected under Role 93bis.1. The International Bureau has affected that communication on the date indicated halow:

14 October 2010 (14.10.2010}

AU, AZ, BY, CN, CO, DZ, EP, HU, KG, KP, KR, MD, MK, MY, MZ, NA, NG, PG, RU, 5Y, TM, US

In accordance with Rule 47.1(c-his)(i), those (¥ffices will accept the present notice as conclusive evidence that the communication of
the intermational application has duly taken place on the date of wailing indicated above and 1o copy of the international application
is required to be fumished by the applicant to the designuted Diffice(s).

The following designated Offices, for which the fime timit under Article 22(1), as in force from 1 April 2002, dues apply, have ot

requested, as at the time of mailing of the present notice, that the communication of the intemational application he cffected under
Rule 93biu1 :

AE, AG, AL, AM, AO, AP, AT, BA, BB, BG, BH, BR, BW, BZ, CA, CH, CL, CR, CU, CZ, DE, DK, DM, DO, EA, EC,
EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT, HN, HR, iD, IL, IN, i5, JP, KE, KM, KN, KZ, LA, LC, LK, LR, LS, LT,
LY, MA, ME, MG, MN, MW, MX, NI, NO, NZ, OA, OM, PE, PH, PL, PT, RO, RS, 5C, SD, SE, SG, SK, SL, SM, ST,
SV, TH, T), TN, TR, TT, UA, UZ, VC, VN, ZA, ZM, ZW

In accordance with Rule 47.1(c-bis)(ii), those Offices acrept the present notice as conclusive evidence that the Contracting State for

which that Office ads as 4 designated Office does not require the furnishing, wnder Article 22, by the applicant of a copy of the
international application.

TIME LIMITS for entry into the national phase

For the designated or elected Office(s) listed above, the appticable time limit for entering the national phase will, subject to what is
said in the following paragraph, be 30 MONTHS from the pricrity date.

In practice, time linits other than the 30-month tine Jimit will continbe to apply, for various periods of time, in respect of cerlain
of the designated or elected Office{s) listed above. For regular updates on the applicable time lishits (30 or 31 months, or other
time linit), Office by Cffive, refer w the PCT Gazette, the PCT Newslewrer and the PCT Applicant's Guide, Volume 1I, Natiopal
Clutpters, all available from WIPQ's Internet site, at httpe//www.wipo.int/pct/en/index html.

It is the applicant; sele responsibility to manitor all these time limits.

The Interpational Butean of WIPQ Authnrized officer
34, chemin des Crlamhettes )
1211 Geneva 20, Switzedand Cecile Chatel

Facstmile No. +41 22 338 82 70 c-mail: mib@wipo.int

Fomn PCTAR/I08(Second and Supplementory Notice) (Janoary 2004)
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Notes are based on the requiraments of the Patent Gooperation Treaty, ihe Regulations and the Adminisiretive Instructions
undar thet Trealy. in case of discrepancy between thesa Notes and ihase requirements, the latter are appticable. For mora
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When? Within 2 months from the date of transmittal of the intemational search report or 18 months from the priorily date,
whichevet limg [imkt expires tater. It shoukd be noted, however, that the amendments will be considerad as having
besn received on time if they are received by the Intemational Bureau afier the expiralion of the applicabla time
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NOTES TO FORM PCT/iSA/220 (continued)

The fetler must indicate the diflerancas betwean tho claimes as filed and the ckims as amended. It must, in
particular, indicate, in connection with each claim appearing in the interrational application (il being understood
that identical Indications concerning geverat ctaims may be grouped),whether

{} theclaim is unchanged;

(it} thecleim Is cancellad:;

(Ri} the clalm ls naw:;

{iv the claim repiacas one or more claims as filed;
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accompanying (etter:

1. [Where origihally there were 48 dalms and afier amendment of some elaims thers ars 51]:
"Claims 1 (o 29, 31, 32, 34, 35, 37 1o 48 replacad by amended olaims bearing the same numbere:
claims 30, 33 and 36 unchenged; new claims 49 1o 51 added.”

2. [Where criginally there were 15 daims and after amendment of all cdaime there are 11):
‘Claims 1 to 15 replaced by amanded clalms 1 o 11,*

3. [Whare ¢riginally ihere were 14 claims and tha amendments conslet in cancelling some claims and In adding
new claims):
*Clalms 110 6 and 14 unchanged; claims 7 to 13 cancalled; new clalms 15, 16 and 17 added " or
*Claims 7 to 13 cancelled: new claims 16, 16 and 17 added; all othar claimg unchanged.”

4. [Where varlous kinds of amendments are mado):
"Glalms 1-10 unchanged; claims 11 to 13, 18 and 19 cancelled; claims 14, 15 and 16 replaced by amendad
claim 14; elaim 17 subdivided Into amended claims 15, 16 and 17; new claims 20 and 21 added.”

"Statement under article 18(1)" (Rule 45.4)

The amendments may be accompanied by a statement explaining the amendments and indicaling any impact
that such amendments might have on the deseription and ihe drawings (which cannot ba amended under Aricle 18(1)),

The siaternent will be published with the intemnalional application and the amended daims,
It must be in the language in which the International application is to be published.
it must bo brief, not exceeding 500 words f In English or if transigted inic English.

it should not be confused with and does not reptace the letter indicating the differencos between the claims as filed
and as amended, It rwist ba filed on A soparate shaet and must be identified as euch by a heading, profarably by
using tha words "Statement under Article 18(1)."

Itmay not contaln any disparaging comments on the internatioral search report or the relevance of citations
contalned in that report. Refarenca fo citations, retevant ko a given claim, contained in the intemational search
rapori may ba made only in connection with an amendmant of that claim.

Consequence if a demand for international predlminary examination haa aiready been filod

it, ai the ima of fillng any amondments and any accompanying stalement, undar Article 19, a demand for
Imernational pralininary examination has aready bean submitted, the applisant must pratarably, at the lime of
filing tha amendments (and any stalement ) with the international Bureau, also fite with the Intemational
Prsfiminary Examining Authority a copy of such amendments {and of any tatement) and, where required, a
transtation o such amendments for the procedure betors thal Authority {see Rules 55.3(a) and 62.2. first
sentence). For turthar information, see the Notes to the demand form (PCTAPEA401),

i a demand for international prefiminary examination is made, the written opinion of the Intemnationa’ Searching
Authority will, except in-ceriain cases where the Intermational Prefiminary Examining Authority did not act as
Intemationa! Searching Awthority and where it has notified the international Bureaus undor Rule 66.1his(h), bs
considered la ba g wrilten opinton of the Internalional Preliminary Examining Authorty. If a demand Is made, the
applicant may submit o the Interational Prefiminary Examining Authority a reply to the writtan opinion together,
whera appropriale, wilh amerdments belore the expiration of 3 months from the date of mailing of Form
PCTASA/Z20 or before the expiration of 22 months from the priority date, whichever expires later {Rule 43bis. 1(c)).

Consadquence with regard to translatian of the interrationat application for entry inla the netional phasa

Tha applicant’s attention is drawn to the (act thal, tpon entry inte the naiional phass, a translation of the clalms as
amanded under Arlicle 19 may have to be fumished to the desinated/alectad Offices, instead of, or In addition to,
the transtation of the daims as filed.

For further detaits on the requirements of each designated/elacied Office, see the PCT Applicant's Guide,
National Chapters.
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6'-SIALYLLACTOSE SALTS AND PROCESS FOR THEIR SYNTHESIS AND
FOR THE SYNTHES!S OF OTHER A-SIALYLOLIGOSACCHARIDES
FIELD OF INVENTION
The present invention relates to the field of salts of 6'-sialyllactose: the present

5 invention also retates to the field of processes for the synthesis of a -sialyl-
oligosaccharides and in particular to the field of processes for the synthesis of 6'-
sialyllactose and its salts.

BACKGROUND
a-Sialyl-oligosaccharides of formula (1)

OH COOH

OH

HO

_ . AcHN 07/ "OR

10 HO

M

wherein R is a mono- di- or oligosaccharide residue with free hydroxyl groups are
present in mammals and birds tissues and in predominant form of
lipooligosaccharides, lipopolysaccharides or glycans of glycoproteins. They exist in
15 a variety of glycosidic bonds, more typically a(2-3) and a(2-8) galactose (or
lactose). The function of these sialosides varies greatly in animals according to the
structural heterogeneity of the oligosaccharide portion. They are mediators of inter
and intra-cells events in pardicular play an important role in the physiology and
growth of many pathogen agents (DK Ress, et al, Current Organic Synthesis,
20 2004, 1, 31-46).

OH
HO OH  COOH

H\E
H,C N O
jo( HO H OH
o) 0
HO OMOH
OH OH

(a}
One litre of human milk contains about 5-10 g of free oligosaccharides, this
content is similar to the content of proteins and exceeds the lipid content. More
25 than 130 different oligosaccharides were identified in human milk (Humarn Milk
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Oligosaccharides - HMO), formuiations of artificial milk for babies derive from
bovine milk and contain only trace amounts of these cligosaccharides that are
specific of the human species. The fundamental building biocks of
cligosaccharides of human milk are the 5 monosaccharides D-glucose (Glc), D-
galactose {Gal), N-acetylglucosamine {GIcNAc), L-fucose (Fuc) and sialic acid (N-
acetyl-neuraminic acid, Neu5Ac). The terminal reducing end can be formed by
lactose (GalR1-4Glc) or more repefitive unifs (up to 156  wunit) of N-
acetyllaclosamine (Gallb1-3/4GIcNAc). Laclose or polylactosamine may be
sialylated with a 2 -3 and / or a 2-6 bonds. Exatnples of sialosides of human milk
are: 3'-sialyl-3-fucosylactose (3'S3FL), 6-sialyllactose (6'SL), 3'-sialyllaciose
{3'SL), -3'-sialyllattosamine (3'SLN), 6'sialyllactosamine (6'SLN).

Among sialosides mainly present in mammalian tissues and in human milk the
compound of formula (1a) 6'-sialyliactose {(N-acetylneuraminyi-lactose, a-NeuNAc-
(2 — 6)-p - D-Gal{1 — 4)-D-Glc or 6-SL) is of particular importance because it is
an important constituent of glycoproteins and glycolipids involved in various cell
pathway events including cell recogniton and immune response.
The 8-St and their salts are interesting as supplements in food formulations for
infants. As for the salis of the &'-sialyllactose in literature only the sodium sait
{CAS Number: 157574-76-0; FW: C23H38NO19Na, B'-sialyllactose sodium salt,
6'-N-Acetylneuraminyl-lactose sodium salt } and the ammonium salt are known.
Vhile the sodium salt is acceptable for food and pharmaceuticals, the ammonium
salt is potentially toxic because of the  ammonium ion.
For this reasen it is necessary to get 6-SL in alternative salt forms to the known
ones that may be acceptable for food and pharmaceuticals.

At the state of the art various strategies are known for synthesis of sialyl-
oligosaccharides (including 6'SL) and all foresee a convergent approach in which
the slalic activated fragment {donor) is regio-and stereo-setectively bound to the
oligesaccharide portion (acceptor). For this key step of coupling in literature three
different synthetic strategies are known which foresee an exclusively enzymatic
approach, exclusively chemical or chemo-enzymatic.

As for the enzymatic pathways families of sialyltransferases and transialidases
(enzymes that add the sialic acid to oligosaccharides in a strictly specific way)

10
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were used. Examples of this route of synthesis are reported in A.T.Beyer et al Adv.
Enzymol., 1981, 52, 23-175, in J. Weinstein et al. J.Biol.Chem., 1982, 257, 13845-
13853.
However several are the limitations in the use of these enzymes:
1) the limited availabiiity of these enzymes
2)  the need to synthesize the donor of activated substrate CMP- NeuAc. or
PNP-NeuAc
3) the strict specificity of the sialyitransferases which reduces the flexibility in use
for the synthesis of natural sialosides (Ichigawa Y. et al. Analytical Biochem 1992,
202, 215-238, S. Sabesan et al. JAm.Chem.Soc., 1986, 108, 2068-2080, O.
Hindsgaul et al J.Biol. Chem., 1991, 266, 17858-17862, H.J . Gross et al.
Eur.J Biochem. 1988, 177, 583-589).
As for the chemo-enzymatic pathways these inciude chemical synthesis of the
acceptor and then enzymatic sialylation as in S. Sabesan et al., J Am.Chem.Soc.,
1986, 108, 2068-2080.
Focusing exclusively on chemical ways it is emphasized that the formation of the
glycasidic bond with sialic acid is a reaction rather difficult because it is hampered
by the fact that the donor is etectronically and sterically hindered by the geminal
carboxy! group. Moreover, the lack of functional group on C-3 rules out its
anchimeric assistance for controlling stereochemistry and leads to the formation of
by-products through the reaction of elimination; finally the formation of the binding
with a configuration is thermodynamically disadvantaged in relation to anomeric
effect. In an attempt to remedy these defects in the state of the art various
strategies have hean developed for the preparation of suitably activated sialic
donors and acceptor with adequately protected hydroxyi groups that are reacted
through various glycosylation methods.
Regarding the sialic donor it is to be emphasized that the compficated molecular
architecture imparts a substantia! degree of difficulty in its synthesis, protection
and activation. The multifunctional nature (3 secondary hydroxyl groups) as well
as the tertiary anomeric center, complicate the work of synthetic chemist. Currently
to the state of the art is well known that the sialic donor can be activated as 2-
xanthate (A. Marra et al., Carbohydr.Res., 1989, 187, 35), as 2-aryl sulphone (Y.
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Du et al, Carbohydr. Res., 1998, 308, 161), as 2-phosphite (RR Schmidt et al.,
Tetrahedron Lelt.,. 1992, 33, 6123 or CH Wong et al., J. Am.Chem.Soc., 1992, 114,
8748) or as 2-halo derivative. Among ali these groups the halogen derivatives are
preferable as the phosphite and the thio derivatives require toxic reagents for their
synthesis and not easy to handle in the indusiry. Among the halogens the chloro
derivative is preferred as it is stable and easy to synthesize, in fact the bromo
derivative is unstable and tends easily to eliminate and lead to anomeric mixtures
during glycosilation reactions. The fluoro derivative requires a more efaborate
synthesis than the chloro derivative and tends to form B glycosidic bonds. The
chloro derivative would be the easiest donor to make and use.

Regarding to the structure of the donar, other synthefic routes, still more complex
than previous anes, require the inclusion on the C-3 of sialic acid of a functional
group that gives anchimeric assistance in the glycosilation reaction to prevent
competitive elimination in 2,3 position. For this reason groups such as phenylthio
or phenylselenium have been introduced (Y. Ito &t al., Tetrahadron Lett., 1888, 29,
3987 or in L.O. Kononov et al., Tetrahedron Left., 1997, 38, 1589). These
pathways thus require muliiple steps to obtain the active doner for the
glycosylation reaction generally starting from 2.3-dehydro NeuAc with yields that
vary according to the oblained specificity and the ease of purification of the
intermediates.

For this reason for the synthesis of sialyloligosaccharides of formula (f) and in
particular the 6'SL it would be preferable o employ efficiently a simpte

sialylderivative as the 2-chloro-donor of formula (1)
op T x

oP
PO

ACHN o
PO

(in
where P is a suitable protecting group, R1 is alkyl group and X is chlorine;
(abtainable by methods reported in R. Kuhn et al.,, Chem.Ber., 1966, 99, 611, A.
Marra et al., Carb.Res., 1989, 180, 317-322 and NF Byramova et al. , Carb. Res,
1992, 237, 161-175) because i is also easily to synthesize on an industrial scale

COOR,

without the use of very {oxic reactives, and it leads to the specific formation of a
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bonds in the glycosilation reactions. The use of this sialic donor, however,
decreased significantly after its first applications and the state of the art addresses
towards much more complex donors.
As for the acceptor activation for the synthesis of 6'SL, in the literature there are
acceptors substituted with ether protective groups, for example benzyl groups
whose removal, requinng an hydrogenation, is not easilymanageable (G .
Pazynina et al. Tetrahedron Let, 2002, 43, 8011-8013) and therefore difficult for
industrial application.
o-glycosides of sialic acid were prepared by the Koenigs-Knarr reaction involving
the use of Ag (1) as a promoter [Koenigs, W., Knorr, E. Chem. Ber., 1901, 34, 957]
or by using the Hefferich modification that uses Hg (ll) as promoter [Helferich, B..
Zirner, J. Chem. Ber., 1962, 95, 2604]. The substrates chosen in these reactions
are B-glycosyl-halides. Many variations of these classical methods are known
which were designed to improve employment opportunities and yields, The main
differences between these variations are related to the choice of counter anion of
the metallic promoter. The most commonly used promoters are AgOT!, Ag.COs,
HgX2 (X = halide), and Hg{CN);. In general it is known that Ag(f) promoters are
more active and sterecselective {Pazynina G. et al. Tetrahedron Left, 2002, 43,
8011-8013) but these should be used in large quantities {6-7 eq in relation to the
acceptor) thus increasing the cost of synthesis (including the disposal of waste
production), while Hg(ll) promoters provide higher yields (H. Paulsen et al.
Angew.Chem.Int.Ed.Engl, 1982, 927-928) but can present difficulties in handling
due to their toxicity. ‘
It is therefore evident the need for a process for the synthesis of compounds of
formula (1) which is simple and economical, applicable on industrial scale, and
hence allowing to overcome the technical problems above mentioned related to
processes known in the literature.

SUMMARY OF THE INVENTION

The present invention solves the above problems by compounds of formula (Ib)
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(Ib)
where M™ is chosen from the group consisting of K' Ca** Mg®* Sr*Fe® AI*,

Further subject-matter of the present invention is a process for the synthesis of o-

sialyl-oligosaccharides (1) compounds of formula (1)

OH
hO oH  COOH
H “3
N o
HO
0
N

wherein R is a mono-, di-or oligossaccharide residue with free hydroxyl groups;

said process comprising at least one step:

a) coupling by means of Koenigs - Knorr reaction of a sialic donor of formula (l1)
OoP X

opP
PO

AcHN
PO

(n
wherein P is a suitable protecting group, R1 is an alkyl group, and X is a halogen:;
with an acceptor of formula R'OH where R’ is a mono-, di-or oligosaccharide
residue suitably proiected with proteciing groups P* and containing zero, one or

07 ~COOR,

. more free hydroxyl groups; these protecting groups P' may be the same or

different from each other and from those present in the donaor;

such Koenigs-Knorr reaction characterized by the fact that the metallic promoter
based on Ag(l) is used in molar quantities between 0.5 and 2.0 eq respect to the
moles of acceptor,; '

to obtain an intermediate of formula (111}
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AcHN 0/ “or
PO

(1

where P, R1 and R 'are as defined above.
in particular, the process above mentioned provides a convenient route of
synthesis for the 6'SL and then for its salts of formula (Ib) in which M™ is Na*, K,
NH,', Ca®', Mg¥, Sr*, Fe™ A"
Other advantages of the present invention are discussed later in the detailed
description.

DETAILED DESCRIPTION
Subject matter of the present invention are compounds of formula (Ib}

B OH
HO OH Q0- .
H Mno
HSCYN 0 o
HO H,
0 o
HO

OH

0
0,_,’0§</’\4)°“
OM OH
- —_dhn
{ib)

wherein M™ is chosen from the group consisting of K*, Ca®*, Mg®*, Sr*, Fe”, AP
where n = 1, 2, 3 in correspondence to the oxidation state of M. Preferably M™ is
Ca®, Mg* o K.
Compounds of formula (ib) are all aiimentary and phammaceutically acceplable and
are useful as polential active ingredients or as food supplements (such as
supplements in formulations of artificial milk for infants).
In particular 6'SL as:
- calcium salt is potentially useful to promote bone growth;
- polassium and magnesium salts are potentially useful in maintaining,
promote or restore proper transport through biclogical membranes and the
physiological difference of fransmembrane potential;
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- iron salt is potentially useful for any pathological situations that require an
integration of Fe;

The calcium salt in particular has better chemical-physical properties than the well-
known sodium salt and its crystailization is easier. in fact during the crystallization
phase, there is the formation of a crystalline solid, easy to be handled and thus
easier to be managed even at industrial scale and its filtration has no problem
because it is fast and allows an efficient washing of the solid.
in the case of sodium salt, instead, during the crysiallization phase a rubbery solid
is initially obtained, difficult to be stirred, which has to be grinded, and its filtration
results slow and laberious. The stability of the two salts appears to be similar.
Another positive aspect of the calcium salt is the fact that starting from a same
matrix of 6'SL in acid form the calcium salt is the one obtained with higher purity:
for example the same matrix of 8'SL has supplied a crystal of sodium salt at 87%
HPLC purity and a crystal of calcium salt at 93% HPLC purity.
Both potassium and magnesium salts show chemical-physical characteristics
simifar to the sodium salt as well as their crystallization has a similar trend.
Compounds of formula (Ib) above described can be prepared by 6'SL following
known methods at state of the art for the preparation of salts from the
corresponding carboxylic acids; for example they can be preferably prepared from
a solution of 6'SL by adding a base oonta;ining M™ such as hydroxides, carbonates
or bicarbonatles {ie, KOH, Ca (OH) 2, Mg (OH) 4, elc.., KxCQO3, CaCO;, MgCO; etc,;
KHCO;, etc..) untit pH 8-10. After removal of the solvent the obtained salt are
purified by crystailization from alcohols or mixtures of water / alcoho!; preferably
methanol, ethanal and their mixtures with waler.
QOptionally before the removat of the solvent it is possible to remove the excess of
undissolved base by filtration, if present.
For another aspect the present invention relates to a precess for the synthesis of
a-sialyl-oligosaccharides of formula {I)

OH OH COOH
HO
AcH O OR
HO

M
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wherein R is a mono-, di- or ofigosaccharide residue with free hydroxy groups,
preferably R is selected between galactose, glucose, glucosamine, lactose,
lactosamine, fucosilactose; more preferably R is selected between 6'-galactose,
J'-glucose, 3'-glucosamine, 6'-lactose, 3-lactose, 6'-lactosamine, 3'-lactosamine,
3'-3-fucosilaciose;
such process involving at least one step:
a) coupling by Koenigs-Knorr reaction of a sialic donor of formula (1)

orP X

oP
PO

AcH o
PO

(m

COOR,

wherein:

P is a suitable protecting group;

R1 is an alkyl, preferably Me, Et, or Pr;

X is a halogen, preferably chlorine;
with a suitably protected acceptor of formula R'OH in which R' is a mono-, di- or
oligosaccharide residue suitably protected with protecting groups P' and containing
zero, one or more free hydroxyl groups: these protecting groups P ‘can be equal or
different from each other and from those present in the donor;
said Koenigs-Knorr reaction is characterized by the fact that the metallic promoter
based on Ag () is used in molar quantities between 0.5 and 2.0 eq compared to
moles of acceptor; to obtain an intermediate of formula (1)

P
Pop  COOR,
PO
AcH OR’
PO
(i)

where P, R1 and R’ are defined as above.

For a preferred aspect this process also includes afier step (a), the following step:
b) removal of protective groups P, P 'and R1 to obtain compounds of formula (1) as
described ahove.
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The removal of the protective group b} is performed according to methods known
to the state of the art (TW Green and PGM WUTS. Green's Protective Groups in
Organic Synthesis. Ed Wiley ed 4. 2006). '
For a preferred aspect this metallic promoter is used in mofar amount between
0.75 and 0.85 molar eq compared to moles of acceptor.
For a preferred aspect said metallic promoter is selected between Ag(l) salts such
as AgOTTf, AgCQOs, and more preferably is Ag2COs.
For a preferred aspect the coupling a) is conducted in aprotic polar solvent,
preferably is conducted in dichioromethane.
For a preferred aspect said coupling a} is achieved by stirring the mixture at a
temperature between 20 and 40° C for a time between 5 and 10 days,; preferably
the mixture is stirred at 30 ° C for 7 days.
Far a preferred aspect P and P' are independently selected between benzyl and
acyl, preferably P and P' are independently selected from acetyl, benzoyl or
benzoyl mono-or di-substituted with alkoxy, halogen, nitro groups.
For a preferred aspect P and P "are acyls. For a more preferred aspect P and P
are equal and are acetyl. Where R is 6'dactose in the process of the present
invention with P = P '= Ac there is an additiona) distinction from known processes
for the synthesis of 6'SL as in this case the acceptor used in the present invention
do not show benzyl groups and consequently has the advantage of avoiding
catalytic hydrogenation for the removal of protective groups.
For a preferred aspect this acceptor R'OH adequately protected has a free and
reactive hydroxyl group at C-6 of the galactosidic moiety, in a parlicularly preferred
aspect the acceptor is a lactose derivative of formula (IV):
HO  oH oP'
ong&, Ay
OoF’ OP™0p*
(V)
where P' is a suitable protecting group; preferably P' is acyl, more preferably
acetyl.
For a particularly prefesred aspect therefore the present invention relates to the
synthesis of 6'SL of formufa (la) where R = &'lactose by the process ahove
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described in which P and P' are Ac, X is chiorine and R1 is methyl; in this
particular combination, the coupling reaction in which the acceptor is a compound

Q OHO OAc
O
AcO 0/&&,
AcC
OAc OAG OAc

of formula (1vVa)

(IVa)
provides the compound of formula (llia)
OAc COOMe
OAc
AcO
0
AcH
AcO HO o OAc
Aco&,o@:&\
OAc OAC™0DAC
(Ilfa) -

that surprisingly can be used as it has been obiained from the crude mixiure to the
subsequent reaction of sequential deprotection of the hydroxyl groups and of the
carboxyl function to the anomeric carbon of the sialic acld and production of the
compound 6'SL formula (la). Preferably it has to proceed first to the removal of
acetyl groups and then to the hydrolysis of methyl ester.

This sequential deprotection is camied out as known to the state of the art.
Preferably the removal of the Ac groups is performed using a base such as
sodium methoxide, sodium ethoxide or sodium hydroxide, more preferably sodium
methoxide, using a primary alcohol as a solvent, like methanol or sthanol, most
preferably methanol. Preferably the hydrolysis of methyl ester at anomeric carbon
of the sialic acid is carried out in basic conditions with NaOH 1M.

Preferably when the methyi ester hydrolysis is completed, final acidification of the
reaction mixture is performed by ion exchange resins, in particular a strong
cationic resin and a weak anionic resin, to obtain an eluate containing 6'SL.

The sialic donor used in the process above described, in particular when X is
chlorine and R’ is lactose protected by formuia (IV) with P = P' = Ac, is simple or
easy to prepare and easy to use. This choice has revealed surprisingly adequate
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to solve the probiems of known processes, despite the state of the art had directed
towards much more complex donors.

The amount of promoter metal used in step a) is surprisingly reduced compared to
the known state of the art, 0.5-2.0 eq versus 6-7 eq, and therefore reduces the
cost of synthesis and the costs of disposing of waste production.

The product of coupling reaction is achieved surprisingly with enough purity to be
used as it is in the subsequent reaction of deprotection to obtain the deprotected
sialyl-oligosaccharides with good yields and purity. Furthermore it should be noted
that the process for the coupling reaction of the present invention is
sterecselective because the a isomer is the only one obtained.

The process of the present invention is therefore feasible on industriat scale.

The present invention also refers to a process for the synthesis of compounds of
formuia (ib) in which M™ *is Na *, K *, NH**, ca?*, Mg®*, SP**, Fe?", A®* such
process including the preparation of 6'SL through the process above described;
preferably the salis of formuia (1b) may be prepared directly by the eluate
containing 6'SL, obtained after ion exchange resins treatment after hydrolysis of
methyl ester, by addition of a base containing M(" *} such eg hydroxides,
carbonates or bicarbonates (ie, KOH, Ca(OH);, Mg(OH), elc.., K2COa, CaCQO,,
MgCO; etc.; KHCO3, etc..) until pH 8-10.

Compounds of formula (ll) can be obtained by techniques known to the state of
the art such as reported in (R. Kuhn et al., Chem.Ber., 1966, 99, 611, A. Mamra et
al., Carb. Res, 1989, 190, 317-322 and NF Byramova el al., Carb. Res, 1992, 237,
161-175).

The synthesis of the suitably protected acceptor can be camied out following the
knowledge of the man of the art, in particular the synthesis of the acceptor of
formula (llla) where P is Ac was carmied out according to methods known in
agreement with the Scheme 1.
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A %, OAc
AcO 0

CH3COOH
H0
OH OH OAc
m m
A G, QA
AcO AcO

) (IVa)Schema 1
According to the invention alkoxy means, for exampie -OMe,-OEL, -OnPr,-QiPr, -
OnBu, -OiBuy, -OtBu.
According to the invention halogen means fluorine, chlorine, bromine, iodine,
According to the invention atky! is a linear alkyl chain or branched containing 1to 6
atoms of carbon possibly substituted by one or mare groups selected between
halogen, hydroxy, alkoxy, nitro.
According to the invention aryl is benzene eventually replaced by one or more
groups selected from halogen, alkoxy, nitro.
According to the invention acyl means a group -OCOQ-alkyl, or -OCQO-aryl in which
alkyl and aryl are defined as above.
According to the invention monosaccharide means a polyoxyaldeide (aldose) ora
polyoxyketone (ketose) or a simple sugar of formula (CH0),, CaHznOn1, CrH2nOn
1NHz or CHznOn s NHAC with n = 3,4,5 , 6.7; it means within the definition all the

possible steresisamers and all open or cydlic forms or intramolecular semi
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acetales and semiketales as an example the pyranosyl and furanosyl forms; for
example, glyceraldehyde, allose, altrose, arabinose, eritrose, fucose, galactose,
glucose, glucosamine, N-acetyl-glucosamineg, idose, lixose, mannose, psychose,
ribose, deoxyribose, sorbose, tagatose, treose, xylose and corresponding ketoses
are included in the definition.

According to the invention disaccharide means a compound polyoxydrilated
consisting of two monosaccharides linked through an acetalic or glycosidic both O-
glycosidic or N-glycosidic bond; within the definilion are included all of the possible
stereoisomers and all forms of opan or ¢cyclic; for example lactose, lactosaming, N-
acetyi-lactlosamine, maltose, cellobiose, sucrose, threalose, turanose
are included.

According to the invention cligosaccharide means a polymer formed of three to &
mongsaccharides joined together by glycosidic bonds to form linear saccharide
chains or branched, for example raffinose, melezitose, maltotriose, acarbose,
stachyose are included.
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EXPERIMENTAL PART

EXAMPLE 1

Preparation of di 4',6'-O-benzylidenlactose
200 g {0.555 mol) of lactose monohydrate were added under stirring to 1.4 | of

N,N-dimethylformamide and then 209 mi {1.39 mo!) of benzaldehyde dimethyl
acetal and 5.28 g {0.028 mal) of p-toluenesulfonic acid monohydrate were added.
The resulting suspension was heated at 55°C and the temperature was
maintained until TLC was successful (16-18 hours) {Pharmacopoeia). After cooling
at room temperature 4.7 ml of friethylamine were added until pH 7-8. The mixture
was concentrated to obtain 700 ml of solution, which is drained in 3 liters of hot
acetone (50-55°C), maintaining a vigorous stiring. The precipitation was
completed by cooling the mixture to 0£5°C. The precipitate was filtered, washed
with 0.7 liters of cold acetone and dried, oblaining 208 g of 4',6'-O-benzylidene
lactose {mixture of a / § anomers) as white product {assay HPLC 66%, 0319 mal,
yield: 57%).

By double crystallization, first by MeOH and then by MeOH/HO0 4/ 1 v/ v, an
analytical sample enriched in o anomer was obtained, the NMR characterization is
reported:

'H NMR (DMSOds, 300 MHz): 5 ppm 7.51-7.34 (5H, m, Ph); 6.36 (d, Jon.1= 4.8
Hz, 1H, C1-OH); 5.58 (s, 1H, PhCH); 5.28 (d, J= 4.2 Hz, 1H, OH); 5.01 (d, J= 5.7
Hz, OH); 4.92 (pseudo t, Jy.ou= J1-2= 4.0 Hz, 1H, H-1); 4.68 (d, J= 6.9 Hz, 1H, OH);
4.45 (m, 2H, 2xOH); 4.37 (d, Jyz= 7.5 Hz, 1H, H-1"), 4.16-3.95 (m, 3H); 3.84-3.11
(m, 9H) (H-2, H-3, H-4, H-5, CH: -6, H-2', H-3', H4', H-5', CH; -6").

3¢ NMR (DMSOds, 75 MHz): 5 ppm 138.5, 128.6, 127.9, 126.2 (Ph); 103.1{C-1");
99.8 (PhCH);, 92.1 (C-1); 79.6, 75.8, 72.2, 71.6, 71.3, 69.9, 69.8, 68.5 (C2, C2,
C3, C3, C4, C4', C5, CF'), 68.2 (CB'); 60.3 (CS6).

Rf (pharmacaopoeia, UV-vis and naftoresorcine)= 0.7
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EXAMPLE 2

Preparation of 4’,6’-0-p-methoxybenzylidenlactose

200 g {0,555 mol) of lactose monchydrate were added under stirring to 1.4 1 of N,
N-dimethylformamide and then 237 ml (1.39 mol) of p-methoxybenzaldehyde
dimethy! acetal and 5,28 g (0,028 mol) of p-toluenesulfonic acid monohydrate
were added. The resulting suspension was heated at 55°C and the temperature
was maintained until positive TLC resulted {(16-18 hours) (Pharmacopoeia). After
cooling at roam temperature 5.0 ml of triethytamine were added until pH 7-8. The
mixiure was concentrated and the residue was crystallized in 3 liters of hot
acetone {50-65°C). The precipitation was completed by cooling the mixture at
0+5°C. The precipitate was filtered, washed with 2x200 mi of cold acetone,
obtaining 219 g of 4',6"-0O-p-metossibenzyliden lactose (mixture of a/f anomers) as
a pale yellow solid (assay HPLC 76%, 0361 mol, yield: 65%)
Crystallization from hot acetone/H20 4/1 v/v gave an analytical sample as a a/p
anomeric mixture (1/1 mol/mol), the NMR characterization is reported:.

'H NMR (DMSOds, 300 MHz): 3 ppm 7.38 (d, J= 8.7 Hz, 2H), 6.93 (d, J= 8.7 Hz,
2H} (Ph); 6.70 (d, Jor+= 6.6 Hz, 1H, C1-OH B); 6.36 (d, Jou+= 4.1 Hz, 1H, C1-OH
a); 5.52 (s, 1H, PhCH a+B); 5.27 (m, 1H, OH a+8); 5.04-4.95 (m, 1H, OH a+B);

4.92 (pseudo t, J= 4.1 Hz, H-1 a); 4.72-4.60 (m, 1H, OH a+pB), 4.56-4.28 (m, H-1"

a+p + H-1 B+ 2xOH a+B); 4.12-3.92 {m, 3H); 3.76 (s, 3H, OMe); 3.80-3.11 (m,
9H); 2.98 (m, 1H ).

3G NMR (DMSOds, 75 MHz): 5 ppm 159.4, 130.9, 127.6, 113.2 (Ph); 103.0 (C-1'
a+B); 99.7 (PhCH a+B) 96.7 (C-1B); 92.1 (C-10); 79.6, 79.2, 75.7, 74.9, 7438,

74.6,72.2, 71.6, 71.3, 69.9, 69.8, 68.4 (C2, C2', C3, C3', C4, C4, C5, CY a+B);

£6.2 (C6' a+p); 60.4, 60.3 {CB a+p); 55.1 (OMe a+3).
Rf (pharmacopoeia, UV-vis and naftoresorcine)= 0.8
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EXAMPLE 3

Preparation of 1,2,3,6,2',3"-hexa-O-acetyl-4’,6’-0-benzyliden-fB-D-lactose

100 g (0.153 moles from HPLC) of 4',6'-O-benzylidenlactose obtained according to
example 1 and 256 ml (1.84 mol} of triethylamine were added to 600 m| of methyl
ethyl ketone. The reaction mixture was heated at 60 °C and 174 mi (1.84 mol) of
acetic anhydride were dropped maintaining the internal temperature below 70°C.
The reaction mixture was stimred at 70°C until TLC was successful (10-12 hours)
(AcOEL). The solvent was evaporated and the residue dissolved in 270 ml of
dichloromethane and 200 mi of water. NaOH 30% was added under stirring up to
pH ©-9.5, then the layers were separated; the agueous layer was exiracted again
with 75 ml of dichloromethane. The coliected organic layers were washed with 200
ml of water, and then HC} solution 32% was added under stirring up to pH 1-1.5.
The acid aqueous layer was extracted with 75 ml of dichloromethane. The
collected arganic iayers were then washed with 370 m! of NaCl 20%, dried over
anhydrous Na;S0, and decolorized with charcoal and benteonite. The solvent was
concentrated and the residue used as such in the next reaction. HPLC dosage
gave 103 g (0,151 mol) of 1,2,3.6,2', 3-hexa-C-acetyl-4', 6'-O-benzylidene lactose
essentially as B anomer (a anomer <10 mol%}) (vield: 99%). An analytical sample
containing 9 mol% of a anomer was obtained by crystallization from hot MeOH;
following is the NMR characterization (B anomer).

'H NMR {CDCis, 300 MHz): 6 ppm 7.54-7.34 (m, 5H, Ph); 5.68 (d, J;o= 8.4 Hz,
1H, H-1), 5.47 (pseudo s, 1H, CHPh); 5.32-5.21 {m, 2H, H-3+H-2"), 5.07 (dd, Jz.5=
9.6 Hz e J24= 8.4 Hz, 1H, H-2), 4.87 (dd, Jy»= 10.4 Hz e J3.4= 3.8 Hz, 1H, H-3'},
4.54-4.43 (m, 2H, H-1"+H-6a), 4.38-4.25 (m, 2H, H-4'+H-6'a), 4.14 (dd, Jerea= 12.2
e Jevs= 4.6 Hz, 1H, H-6b), 4.04 (d, Jspea = 12.3 Hz, 1H, H-6'b), 3.90-3.70 (m, 2H,
H4+H5); 3.46 (pseudo s, 1H, H-5°), 2.14-2.00 (6xCOCHa).

3C NMR (CDCl;, 76 MHz): 5ppm 170.8, 170.4, 170.1, 169.7, 169.0, 168.9
(6xCOCH;); 137.5, 129.3, 128.3, 126.6 (Ph); 101.4 (CHPh); 101.1 (C-1"); 91.8 (C-
1); 756.5, 73.8, 73.2, 72.4, 72.2, 70.5, 69.0, 68.5 (C-2, C-3, C-4, C-5, C-2',C-3', C-
4, C-5'}; 66.6 (C-6'), 61.8 (C-8), 20.9-20.7 (8xCOCHs). '

Rf (AcOEt:hexan=1:1, UV-vis and H,S04/MeOH)= 0.3
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EXAMPLE 4

Preparation of 1,2,3,6,2’,3"-hexa-O-acetyl-4’,6’-0-p-methoxybenzyliden-B-D-

lactose

100 g (HPLC dosage 0.165 mol) of 4',6'-O-p-methoxybenzylidenlactose obtained
according to example 2 and 242 ml (1.74 mol) of triethylamine were added at 600
ml of methyl ethyl ketone. The suspension was heated at 60°C and 164 ml (1.74
mol) of acetic anhydride were dropped maintaining the internal temperature below
70°C. The reaction mixture was stimed at 70°C until positive TLC was successful
{(10-12 hours) (AcOEL: hexane = 1:1). The solvent was evaporated and the residue
dissolved in 270 ml of dichloromethane and 200 mi of water. NaOH 30% was
added under stirring up to pH 9-9.5, then the layers were separated, the aqueous
layer was extracted again with 76 mi of dichloromethane. The collected arganic
layers were washed with 200 mi of water, and then HCI solution 32% was added
under stirring up to pH 1-1.5. The acid aqueous layer was extracted with 75 ml of
dichloromethane. The collected organic layers were then washed with 400 ml of
saturated NaHCOa, with 400 ml of NaCl 20%, dried on anhydrous NazS0O,4 and
bleached with charcoal and bentonite. The solvent was concentrated and the
residue used as such in next reaction. HPLC dosage gave 110 g (0,155 mol) of
1.2,3,6,2",3-hexa-O-acetyl-4',6'-O-p-methoxybenzylidenlaclose essentially as @
anomer (yield: 94% }. An analytical sample was obtained by crystallization from
hot MeQOH; following is the NMR characterization (B anomer).

'H NMR (CDCls, 300 MHz): 5 ppm 7.36 (d, J= 8.7 Hz, 2H), 6.88 (d, J= 8.7 Hz, 2H)
(Ph); 5.66 (d, J1.o= 8.4 Hz, 1H, H-1); 5.40 (pseudo s, 1H, CHPh); 5.24 (pseudo {,
J32= J3u= 9.6 Hz, 1H, H-3); 5.23{dd, J.3= 10.2 Hz € J>.1+= 7.8 Hz, 1H, H-2'), 5.04
(dd, J2.5= 9.6 Hz € Jz4= 8.4 Hz, 1H, H-2); 4.84 (dd, Jy2= 10.2 Hz € J3.4= 3.6 Hz,
1H, H-3'), 4.46 {dd, Jea.sp = 12.0 Hz e Jga5= 1.5 Hz, 1H, H-Ba); 4.44 (d, Jy-2= 7.8
Hz, 1H, H-1"); 4.28 (d, J¢-.3= 3.6 Hz, 1H, H-4'); 4.25 (d, Jsaev= 12.6 Hz, 1H, H-6'a),
4.12 (dd, Jgo8a= 12.0 € Jgps= 4.5 Hz, 1H, H-6b}, 4.00 (dd, Jebsa = 12.6 HZ € Jsb5
= 1.5 Hz, 1H, H-6'b); 3.87-3.69 (m, 2H, H4+H5); 3.79 (s, 3H, OMe); 3.42 (pseudo
s, TH, H-5'); 2.09, 2.07, 2.03, 2.02, 2.00 (6xCOCHs).
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3C NMR (CDCly, 75 MHz): & ppm 170.8, 170.4, 170.1, 169.6, 168.93, 168.89
(6xCOCH;); 160.3, 130.1, 127.9, 113.7 (Ph); 101.3 (CHPh); 101.1 (C-1'); 91.8 (C-
1); 75.5, 73.8, 73.2, 72.4, 72.1, 76.5, 69.0, 68.4 (C-2, C-3, C-4, C-5, C-2',C-3, C-
4', C-5'); 66.5 (C-6'); 61.8 (C-6), 55.4 (OMe); 20.9-20.6 (6xCOCHS3).

Rf (AcOEthexan=1:1, UV-vis and H50/MeQOH)= 0.2

EXAMPLE 5

Preparation of 1,2,3,6,2',3"-hexa-O-acetyl-p-D-laclose

The syrup containing 100 g (0.15 moles) of 1,2,3,6,2,3"-hexa-O-acetyl-4',6'-O-
benzylidenlactose obtained according to example 2 was dissolved in 400 mi of
glacial acetic acid. The reaction mixture was heated at 80°C and then 100 ml of
water (preheated at 80°C) were added, stirring the mixture at this temperature for
1.5 hours. The reaction mixture was then rapidly cooled to room temperature and
500 m! of toluene and 350 m! of water were added and extracted. The aqueous
tayer was extracted with 150 ml of toluene. The combined toluene layer contained
not reacted 1,2,3,6,2', 3-hexa-O-acetyl-4',6'-O-benzylidenlactose, which can be
used in another reaction. The aqueous layer, containing 1,2,3,6,2',3-hexa-O-
acetyl-B-D-lactose, was extracted successively with 500 ml and 150 ml of
methylene chloride; the organic extracts were washed with 3x150 ml of water,
dried over anhydrous sodium sulphate and concentrated. The residue was
crystailized from 580 ml of hot isopropy! acetate (50-55°C), obtaining after drying
30.8 g of 1,2,3,6,2',3"-hexa-O-acetyl-p-D-lactose {0.05 mot) as a chalky white solid.
Considering that in the combined toluene layers 20.2 g of unreacted 1,2,3,6,2',3-
hexa-O-acetyl-4',6'-0O-henzylidenlactose (0.03 mol) were recovered, the yield is
42%.

Mp 188-180°C.

'H NMR (CDCl3, 300 MHz): 3 ppm 5.68 (d, Jio= 8.1 Hz, 1H, H-1), 5.24 (pseudo t,
J32=J34= 9.3 Hz, 1H, H-3), 5.19 (dd, Jz.3= 10.2 Hz e J»4=7.8 Hz, 1H, H-2'), 5.05
(dd, Jo2= 9.3 Hz e Jo.4= 8.1 Hz, 1H, H-2), 4.88 (dd, Ja>= 10.2 Hz @ Jy4= 3.3 Hz,
1H, H-3'), 4.49 (d, Jy2= 7.8 Hz, 1H, H-1"), 4.49 (dd, Jg. 4= 11.1 Hz € Js:.5= 1.8 Hz,
1H, H-6a), 4.15-4.05 (m, 2H, H-4'+H-6b), 4.00-3.70 (m, 4H, H-4+H-5+H-6'a+H-
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6'b), 3.56 (pseudo t, J= 5.4 Hz, 1H, H-5"), 2.96 (d, Jona= 4.2 Hz, C4-OH), 2.59
{dd, Jons= 7.5 e 4.8 Hz, C6-0OH), 2.11, 2.09, 2.08, 2.07 2.04, 2.03 (6xCOCH.).
¥C NMR (CDCls, 75 MHz): & ppm 170.6, 170.4, 170.3, 169.7, 169.6, 169.0
(6xCOCH;s); 101.2 (C-T), 81.7 {C-1), 75.9 (C-4), 74.6 (C-5), 73.7 (C-3"), 73.6 (C-
5), 73.1 (C-3), 70.7 (C-2), 69.7 {C-2"), 67.8 (C-4"), 62.1, 62.0 (C-6, C-6"), 20.9,
20.8, 20.7 (6xCOCH,).

Rf (AcOEt, UV-vis and HS504,/MeOH)= 0.4

EXAMPLE 6

Preparation of di 1,2,3,6,2",3"-hexa-0O-acetyi-B-D-lactose

The syrup containing 100 g (0.14 mol) of 1,2,3,6,2',3"-hexa-O-acetyl-4',6'-0-p-
methoxvhenzylidenlactose oblained according to example 4 was dissclved in 400
ml of glacial acetic acid, then 100 mi of water were added and the mixture was
stirred at room temperature for 4.5 hours. 500 ml of toluene and 350 ml of water
were added then extracted. The aqueous layer was extracted with 150 ml of
toluene. The collected toluene layer contained 1,2,3,6.2,3"-hexa-O-acetyl-4',6-O-
p-methoxybenzylidenlactose not reacted, which can be used in another reaction.
The aqueous layer, containing 1,2,3.6,2',3-hexa-O-acetyl-p-D-actose, was
extracted successively with 500 m! and 150 ml of methylene chlaride; the organic
extracts were washed with 3x150 ml of water, dried on anhydrous sodium sulphate
and concentraied. The residue was crystallized from 580 mi of hot isopropyl
acetate {60-55°C) obtaining, after drying, 40.6 g of 1,2,3,6,2',3"-hexa-O-acetyl-$-D-
lactose (0.07 mol, yield 50%) as white powdery solid whose characteristics are
similar to the solid obtained from Example 5.

EXAMPLE 7

Preparation of (methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-
a-D-galacto-non-2-ulopyranosylonate)-(2—6)-2,3-di-O-acetyi-p-D-
galactopyranosyl-{1—-4}-1,2,3,6-tetra-O-acetyl-B-D-glucopyranose
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100 g {0,168 mal) of 1,2,3,6,2',3'-hexa-O-acetyl-p-D-lactese, obtained according
to example 3, were dissolved in 600 m! of dichloromethane, then 250 g of
molecular sieves 3A were added. The solution was stirred for 5-10 min and then
38.0 g of silver carbonate (0. 14 moi) were added. A solution of 128.5 g (0,252 mal)
(1.5 eq) of chlorine derivative of formula (i) wherein P is acetyl, X is chloro and R1
is methyl, in 500 ml of dichloromethane was added and the suspension was
maintained in vigorous stiming at 30°C for 7 days uniil chlorine derivative
disappeared (TLC, CH,Cl: MeOH = 10:1), then the reaction mixture was filtered
on dicalite and the solvent removed, obtaining a brittle solid residue {about 230 g),
containing a mixture of condensation product, 1,2,3,6,2',3-hexa-0O-acetyi-p-D-
lactose and product of 2.3 elimination of (li), as well as 3 trace of 4,7,8,9-tefra-O-
acetyl-NANA. By “C NMR a conversion of about 80% mol was evaluated. An
analytical sample of the condensate product was obltained by crystaliization from
ethanol: isopropyl ether = 1:3 v/v as a white amorphous solid:

'H NMR (CDCl, 300 MHz): 5ppm 5.66 (d, J1.2= 8.4 Hz, 1H, H-1); 5.42-5.10 (m,
5H, H-3+H-2'+H-7"+H-8"+NH); 5.01 (pseudo t, J,= 8.4 Hz, 1H, H-2); 494-4.78
(m, 2H, H-3'+H4");, 453-4.27 (m, 3H, H-1"+H-6a+H-9"); 4.24-3.92 (m, 5H, H-
6b+H-4'+H-5"+H-6"+H-9"b); 3.92-3.50 (m, 5H, H4+H-5+H-5'+H-6'a+H-6'b); 3.80
(s, 3H, COOCH,), 2.93 {broad s, 1H, OH); 2.55 {dd, Jreqsax= 12.6 € Jagqa= 4.5
Hz, 1H, H-3"eq); 2.17-1.97 (31H, 10x CH>CO e H-3"ax), 1.86 (s, 3H, NHCOCH3).
3C NMR (CDCla, 75 MHz): & ppm 171.05, 170.98, 170.5, 170.4, 170.29, 170.28,
170.24, 170.0, 169.6, 169.4, 169.0, 168.0 (OAc, NHAc, COOMe); 100.8 (C-1");
99.1 (C-2°); 91.7 (C-1); 75.7, 73.7, 73.6, 72.94, 72.90, 72.4, 70.7, 69.7, 68.95,
68.87, 67.4, 66.3 (C-2, C-3, C-4, C-5, C-2', C-3, G4, C-5', C4", C-67, C-7", C-87);
62.6, 62.4, 62.1 (C-6, C-6', C-9"); 53.2 (OCH,); 49.4 (C-5"); 37.4 (C-3"); 23.2
(NHCOCHS3), 21.1, 20.9, 20.8, 20.74, 20.67 (10xCH;CO).

EXAMPLE 8
Preparation _of (methy! 5-acetamido-3,5-dideoxy-D-glycero-a-D-galacto-non-2-

ulopyranosylonateH{2—6Y-B-D-ogalactopyranosyi-{ 1 >4 /B D-glucopyranose

230 g of the crude product, obtained according to example 7, were dissolved in 1.4
| of MeOH, then 29.6 ml of sodium methoxide in methanol 25% by weight was
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added. The solution was kept stirring at room temperature for 12h; at positive TLC
control (Pharmacopoeia) it was neutrafized with 39 g of dry {R120 (H"). The resin
was filtered and the solvent removed by rotavapor, obtaining 143 g of residue,
used in next reaction. The yield was guantitative.

'H NMR (D20, 300 MHz): 5 ppm 5.21 (d, J1.2 3.6Hz, 1H, H-1a), 4.66 (d, J;.2 7.8Hz,
1H, H-1p), 4.42 (d, Jy: 7.5Hz, 1H, H-1'), 4.15-3.45 (m, 19H), 3.89 (s, 3H,
COQCH,), 3.29 (m, 1H), 2.70 (dd, Jyeqaax 12.9 € Jxeqe 4.8 Hz, H-3"eq), 2.03 (s,
3H, NHCOCH;), 1.88 (pseudo t, Jrargveq = Jaaxs- 12.9 Hz, H-3"ax).

SC NMR (D20, 75 MHz): 5 ppm 175.5 (NHCOCH,), 170.4 (COOMe), 103.9 (C-1"),

.99.6 (C-27), 96.3 (C-1pB), 92.5 (C-1a}, 80.5, 80.4, 75.2 (2C), 74.4, 74.0, 73.5, 73.0,

72.2, 71.7, 71.3, 71.2, 70.5, 69.0 (2C), 67.9 (C-2, C-3, C-4, C-5, C-2', C-3, C-4',
C-5, C-4°, C-6", C-7", C-8"), 64.0 (C-6'), 63.8 (C-9"), 60.8 e 60.7 (C-6a+p), 54.1
(COOCH;), 52.3 (C-5), 39.6 (C-3"), 22.8 (NHCOCH;).

EXAMPLE 9
Preparation of sodium_ S-acetamido-3,5-dideoxy-D-glycero-a-D-galacto-non-2-

ulopyranosylonate{2-—»6}-8-D-galactopyranosyl-{1—4¥{a/ luco! nose

143 g of the crude deacetylationproduct, obtained according to example 8, were
dissolved in 715 ml of water and the solution was cooled at 4°C. The pH was
brought to neutrality with aqueous NaCH and then 23 ml of NaOH 30% were
added, maintaining the temperature of the sclution below 10°C. The solution was
stirred at room temperature for 24h. At positive TLC control (Pharmacopoeia) the
solution was passed through IR120{H"}/IRA96(OH). The eluate was adjusted to
pH 9 with NaOH, concentrated to syrup, and submitted to stripping several times
with absolute EtOH until obtaining a brittle whita solid that is re-crystallized from
EtOH 96%. Obtained 77.3 gr.

'H and ’C NMR data for this compound were in agreement with those reported in
the literature {L. Dorland et al., Eur. J. Biochem. 1978, 87, 323; J.P. Kamerling et
al., Carbohydr. Res. 1982, 100, 331).

'H NMR (D;C, 300 MHz): 5 ppm 5.22 (d, J12 3.8Hz, 1H, H-1a), 4.66 (d, J12 7.8Hz,
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1H, H-1B), 4.43 (d, Jy-z: 7.6Hz, 1H, H-1'), 4.02-3.48 (m, 19H), 3.31 {m, 1H), 2.71
(dd, Jyeqrax 12.5 € Jyeqs 4.7 Hz, H-3"eg), 2.03 (s, 3H, NHCOCHS,), 1.74 (pseudo
t, J3axaeq = Jraxa 12.5 Hz, H-3"ax).

C NMR (D;0, 75 MHz, external reference acetone): & ppm 175.6 (NHCOCHS,),
174.1 (COO’), 103.9 (C-1"), 100.9 (C-2"), 96.3 {C-1p), 92.5 (C-1a), 80.4, 80.3,
75.30, 75.26, 74.4, 74.3, 73.2, 73.0, 72.4, 72.3, 71.7, 71.4, 70.6, 69.2, 69.04,
69.01 (C-2, C-3, C-4, C-5, C-2, C-3, C4', C-5, C-4", C-6", C-T", C8"), 64.2 (C-
6'), 63.3 (C-97), 60.9 e 60.8 (C-Ba+p), 52.4 (C-57), 40.7 (C-3"), 22.7 (NHCOCHs).
[alp ®C: +9,3° (¢:1%,H20)

Mp: 191,4:-194,2 °C (T decomposition)

EXAMPLE 10
Preparation  ealcium ____5-acetamido-3 5-dideoxy-D-alycero-a-D-galacto-non-2-
ulopyranosylonate-(2-»6)-B-D-galactopyranosyiH{1-»4)-{a/B}-D-glucopyranose

100 g of crude deacetylation, oblained according to example 8, were dissolved in
500 m! of water and the solution was cooled at 4°C. The pH was brought to
neutrality with agueous NaOH and then 23 ml of NaOH 30% were added,
maintaining the temperature of the solution below 10°C. The resulting solution was
kept stirring at room temperature for 24h. At positive TLC control (Pharmacopoeia)
the solution was passed through IR120 (H') / IRA96(OH). The eluate was
adjusted at pH 8.7 with Ca(OH), filtered and then concentrated to syrup at 65 °
Brix. This syrup was dropped in 540 ml of methanol at 50°C. The resulting
suspension was maintained in vigorous stirring at 50°C for 1 hour, then at room
temperature for 1 hour and then filtered under vacuum. The solid was washed with
160 mi of methano! and dried under vacuum at 50+55°C. Obtained: 48.2 g

H NMR (D20, 300 MHz): 5 ppm 5.22 (d, J,1 3.8Hz, 1H, H-1a), 4.66 {d, J1.» 7.8Hz,
1H, H-1B), 4.43 (d, Jr2: 7.8Hz, 1H, H-1"), 4.02-3.48 (m, 19H), 3.31 (m, 1H), 2.71
(dd, Jyeq3ax 12.0 @ Jzeqs 4.5 Hz, H-3"eq), 2.03 (s, 3H, NHCOCHS), 1.74 (pseudo
t, Jraxaeq = Jraxs 12.0 Hz, H-3"ax).

C NMR (D20, 75 MHz, intemal reference acetonitrite): § ppm 175.5 (NHCOCHs),
174.1 (CO0O), 103.8 (C-17), 100.9 (C-2"), 96.2 {C-1p), 92.4 (C-1a), 80.3, 80.3,
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75.26, 75.22, 744, 743, 73.1, 73.0, 72.4, 72.2, 71.7, 71.4, 70.5, 69.1, 69.13,
69.00 (C-2, C-3, C-4, C-5, C-2, C-3', C-4, C-5, C-4", C-6", C-T", C-8"), 64.2 (C-
6'), 63.2 (C-9"), 60.9 e 60.7 (C-6a+p), 52.4 (C-57), 40.7 (C-3"), 22.7 (NHCOCHs).
Assay as Ca*": 98,3%

(602" +10° (¢:1%,Hz0)

Mp: 204,5+2086,6 °C (T decomposition)

IR v " ax : 3400, 1612, 1380, 1033 cm™.

EXAMPLE 11
Preparation of potassium 5-acetamido-3.5-dideoxy-D-glvcero-a-D-galacto-non-2-

ulopyranosylonate-{2—6)-p-D-galactopyranosyl{ 124 {o/B}-D-glucopyrancse

100 g of the crude deacetylation product, obtained according ta example 8, were
dissolved in 500 ml of water and the solution was cooled at 4°C. The pH was
brought to neutrality with aqueous NaOH and then 23 mi of NaOH 30% were
added, maintaining the temperature of the solution below 10°C. The solution was
stirred at room temperature for 24h. At positive TLC control {Pharmacopoeia) the
solution was passed through IR120{H"YIRA96(OH’). The eluate was adjusted to
pH 10 with KOH, concentrated to syrup, and submitted to stripping several times
with absolute EtOH until obtaining a white brittle solid that is re-crystaliized from
absolute EtOH. The sofid was dried under vacuum at 50=55°C.

Obtained 36.7 gr

'H NMR (D0, 200 MHz): 5 ppm 5.22 (d, J12 3.8Hz, 1H, H-1a), 4.66 (d, J;2 7.8Hz,
1H, H-1B), 4.43 (d, Jy-2: 7.6Hz, 1H, H-1"), 4.02-3.48 (m, 19H), 3.31 (m, 1H), 2.71
(dd, Jreqrax 12.0 € Jreqa- 4.4 Hz, H-3"eq), 2.03 (s, 3H, NHCOCH:), 1.74 (pseudo
t, Jrax3eq= Jraa 12.0 Hz, H-3"ax).

BC NMR (D;0, 75 MHz, internal reference acetone): & ppm 175.5 (NHCOCHS),
174.0 (COO’), 103.8 (C-1°), 100.9 (C-2"), 96.2 (C-1B), 92.4 (C-1a), 80.3, 80.2,
75.22, 75.19, 74.4, 74.3, 73.1, 729, 724, 72.2, 71.7, 71.4, 70.5, 69.1, 69.04,
69.01 (C-2, G-3, C-4, C5, C-2, C-3, C-4, C-5, C4", C-6", C-7", C-8"), 64.1 (C-
6), 63.2 {C-97), 60.8 e 60.7 (C-6a+p), 52.4 (C-57), 40.7 {C-3°), 22.6 (NHCOCH;).
[a]o ™ +9,8° (¢: 1%, H,0)
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Mp: 178,3+182,8°C (T decompaosition)
IR v " ey : 3381, 1612, 1379, 1034 cm™.

EXAMPLE 12

Preparation of magnesium S-acetamido-3,5-didecxy-D-glycero-a-D-galacto-non-2-
ulopyranosylonate{2—6}--D-qalactopyranosyH{1—+4Ha/ B}D-glucopyranose

100 g of the crude deacetylation product, obtalned according to example 8, were
dissolved in 500 ml of water and the solution was cooled at 4°C. The pH was
brought to neutrality with agueous NaOH and then 23 mi of NaOH 30% were
added, maintaining the temperature of the solution below 10°C. The solution was
stirred at room temperature for 24h. At positive TLC control (Pharmacopoeia) the
solution was passed through IR120(H' YIRAS6{OH). The eluate was adjusted to
pH 9.8 with MgO, concenirated to residue submitted to stripping several times with
absolute EtOH until obtaining a white friable solid that is re-crystallized from
absolute EtOH.

Obtained: 50.8 g

"H NMR (D0, 300 MHz): § ppm 5.22 (d, J1.2 3.6Hz, 1H, H-10), 4.66 (d, J1.» B.1Hz,
1H, H-1p), 4.43 (d, Jy-z: 7.5Hz, 1H, H-1"), 4.02-3.48 (m, 19H), 3.31 (m, 1H), 2.71
(dd, Jaeqrax 12.3 € Jyeqs 4.5 Hz, H-3"eq), 2.03 (s, 3H, NHCOCH,), 1.74 (pseudo
t, Jraxzeq™ Jraxse 12.3 Hz, H-3"ax).

3¢ NMR {D,0, 75 MHz, intemal reference acetonitrile): & ppm 175.5 (NHCOCHS3},
174.1 (COQO’), 103.8 {C-1'), 100.9 (C-2°), 96.3 (C-1p), 92.4 (C-1a), 80.3, 80.2,
75.26, 7523, 74.4, 743, 73.1, 73.0, 724, 722, 717, 71.4, 70.6, 69.1, 69.00,
68.96 (C-2, C-3, C4, C-5, C-2’, C-3', C-4, C-5', C-4", C-6", C-7", C-87), 64.2 (C-
6'), 63.3 (C-9"), 60.9 e 60.7 (C-6a+p), 52.4 (C-57), 40.7 (C-3"), 22.7 (NHCOCHz3).
Assay as Mg®": 97,5%

[a]o 22 +9,8° (¢ 1%, H,0)

Mp: 183.1+185.1°C (T decomposition)

IR v "® ey - 3391, 1634, 1379, 1035 cm™.
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CLAIMS
1. Compounds of formula (ib)
[~ ]
OH
HO o4  COO-
H Mn+
H,C N 0O o
\n/ HO OH OH
0 0 O on
HO OHO
L OH on - |,
_ (Ib)
5 wherein M™ is chosen in the group consisting of K*, Ca®, Mg®', Sr**, Fe*'

and AP,

2.  Compounds according to claim 1 wherein M™ is chosen in the group
consisting of K*, Ca®*, Mg®*.

3. A process the preparation of compounds of formula {Ib) as defined in any of

10 claims 1-2 starting from 6&'-sialyllactose (6°SL), said process comprising

adding to a solution of 6'SL a base containing M™’ to obtain a pH value of 8-
10.

4. Process for the preparation of a-sialyl-oligosaccharides compounds of

formula (1)

OH
HO LOH  GOOH

H
N o
HaC\[( OR
o HO

N

wherein R is a mong-, di- or aligosaccharide residue with the hydroxy groups

15

free; said process comprising at least a step of:

a} coupling by mean of Koenigs-Knorr reaction of a sialyc donor of formuila (1)
oP X

oP
PO
e 07 ~COOR,

20 PO
()
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wherein P is a suitable protecting group; Ry is alkyl, and X is halogen;
with an acceptor of formula R'OH wherein R’ is a residue mono-, di- or
oligosaccharide suitably protected with protecting groups P' and containing
zero, one or more free hydroxy groups; wherein said protecting groups P’
can be the same or different among each others and from those present on
the donor;
said reaction of Koenigs-Knorr characterised by the fact that the Ag(l) based
metallic promoter is employed in molar amounts 0.5 - 2.0 eq respect with the
moles of acceptor;

to obtain an intermediate of formula (Ill)
oP

oP COOR;
PO
WOR'
PO
()]
wherein P, R1 and R’ are as defined above.

5. Process according to claim 4 further comprising, after step (a). the foliowing
step:

b) removing protecting groups P, P’ and R to obtain compounds of formula (1)
as defined in claim 4.

6. Process for the preparation of 6'SL according to any of claims 4-5 wherein R
is 6'-lactose.

7. A process the preparation of compounds of formula (Ib) wherein M™ is Na”,
K', NH,*, Ca%, Mg®, S, Fe* o AP said process comprising the
preparation of 6'SL by mean of the pracess according to claim 6.

8. Compounds of formula (Ib) according o any of claims 1-2 for use as
medicaments and food integrators.

9. Pharmaceutical and foodstuff compositions containing compounds of
formula (Ib) according to any of claims 1-2 and at least an other ingredient
phamaceutically or alimentary acceptable.
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Simple stereoselective synthesis of a2-6 sialooligosaccharides
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Abstract—The sialylation approech reported by A. Khorlin et

for stercoslective 02-6 sialyleiion of galeclopyrencae 4,6-dho

u} 30 years ago has been madified into a highly practioal procedure
Is. © 2002 Blovier Science Ltd. Al rights reserved.

Giycoprotein and glyoolipid carbohydrate chains termi-
heted by sinlic acids play an &xceptionai rols in coll
recognition and cross-talk, cell-pathogen interactions,
Immune response and in other coliular events. For
example, they might act as self” ligands that intersct
with siglecs on mieloid cells, thereby preventing inap-
propriate sell-reactivity.! An approach to the systematic
undotsianding of structure-function relationships of
sialooligosaccharides requires efficient synthetic meth-
ods for regio- and stereoscleciive sialylation. However,
the presence of an electron-withdrawing carboxy group
as well os the lack of a co-participating substituent
adjacent to the anomerie centre of the sialic acid, ofien
results in low siercoselectivity of sialylation {especially
when a primary hydroxyl group is used as the glycosyl
acceptor),? end in a high rate of concarrent 2,3-climjng-
tion in the sialyl donor.

The first synthesis of oligosaccharides containing the
o-N-acetylncuraminic (NeuSAc) residue wes described
by Kborlio et al. gbout three decades ago, In the cited
work, cbloride 1 was used as the glyoosy! donor, silver
carbonais was chosen as the promoter-catalzst; the
vields of a2-6-sialodisnccharides reached 18%.% Later,
the search for effective sialylation mtthods was focused
on tho modification of the promoter-catalyst, the glyco-
syl donor, and the resction conditions. S0, the donor 1

was used with sllver silicate, silver salicylate and silver’

carbonate/triflate; thioglyeoside donors 2 in combina-
tion with varions elecirophilic promoters were also
studled.® An additional group (X =Cl, Br or SeR, gee 2,
Fig. 1) was introdused at -3 for co-participation in
#yeosylalion, which gave an improvemnent of the yield
and sclectivity, but such groups bad to be removed

Keywords: oligosroohariden; mafic acids; sialylstion,
* Comespanding wuthor, Tel.: +7.095-330-7138; fax: 37-095-330-5592;
e-mail; bovin@snrb.siobesrary

after the reaction.® Extra acylation of the S-N-acetyl
group or jis substitution by N, {see 3, Fig. 1) increased
the efficiency of glycosylation »®? A signifiontt, rise in
a-stersoselectivity was observed for donor 4 with the
aceloacetoxy groups at C4 end C-5.7 Although thesc
studies improved the yield and/or a-stereoselectivity of
siglylation, these advantages were nullified by the multi-
step synthesis of the complicated NeuSAc-denors and
by the need for climination of additional substituents.

We reinvestigated the synthesis of a2-6-gialooligosac-
charides under the classical Koenigs-Knorr conditions
used by Xhorlin et al., e Ag,COy-promoted glycosy)-
ation wiib the readily prepared donor !. In contrast 1o
the ciled work, where acteplors with one Iree hydroxyl
group at C.5 were used, we glycosylated less hindersd
4,6-diols, namely, the mono- and disaccharide acceptors
39 with two froe hydroxyl groups {Scheme 1),
Monosaccharide 10 with three unprotocted hydroxyls
was alzo sialylated (Scheme 2).t A typical procedure for

AD  Oha : A0 Oho .
Ay oSt o
AchN CODNe AcHN o coom
Al Acl
1 2: X =H, CI, Br, 8eR
e
SR
Ao O™y A,
Y COOMe MM COOMa
AoO 20

3 Y = AN, BoclAoN, N, 4 2 =-COCH,0Ac

Figure 1, Siuly! donors,

1 Syntheses of nsceptors 5-10 were described turdier;™ 12 gynthesis-of
the glycoayl cliboride 1 was porfomned according to the simpl
enc-pot progedure.

040-4039/02/% - poe front maticr € 2002 Rleevier Seience Lad, AN rights reserved,
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Scheme 1. Sialylation of mono- and disaccharide diols with 1 under the Koenigs-Knorr conditions, sp = (CH,),NHCOCF,.

Scheme 2. Urusual sialylation of triol 10 with 1 under the Koenlgs-Knorr conditions, sp=(CH,;NHCOCF;,

10

sialylation was as follows. To 8 mixture of acceptor
510 0.] mmol), Ag,CO (0.7 mmol), and molecular
sieves 4 A (1 @) in CH,C; or CICH,CH,Cl (5 mL) was

D'n

mo ut

i ArQ OA: o0
—laa A:'.I;l. y mw
AG
A
Cap Ow
18

added & solution of the glycosyl chloride 1 (0.3 mmol)
in the same solvent (5 mLj (for details ses Tuble 1), The
reaction mixture was stirred at room temperdture with

‘Fabke 1. Sisfylation of saccharides under the Koonigs—Knarr conditions (Schemes 1-2)

Glyeosyl Product  Solvent Time {dayz) Yidd of the a-anomea  o/B pnomer catin Reoovery of the avceptar (%)
aoceplor &y

5 11 CH,Q, 3 95 # in trace 10

6 12 CH,Q, 7 B4 &f) 50

7 13 CHJ, 7 20 8 in tmoo 25

8 P} CICALCHCL S 13 251 20

] 15 CH., 3 82 B in tracc 10

18 16 CICHCHO 7 48 P in frace 10

17 4]

" Ylelds of a-sinlocligosacearkics 11-17 age given based on the glyoowyl acceptos reactsd.
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TLC meonitoring, then filtered, the solids were washed
with CHCIyMeOH 1041, and the combined filirate was
cohcentrated in vacuo. The residue was subjected to
chromatography on silica gel. The 'H NMR spectra of
the siglooligosaccharides 11, 12, 14 obtained are identi-
cal to those desoribed eatlier.'® The structures of 13,
15, 16 and 17 wete confirmed by ‘H NMR; the speclra
are available as supplementary matetial.

Glycosylation of acceptors 5-9 witb an excess of donor
1 in the presence of silver carbonate in CHCL or
CICH,CH,O gave rise to o2-6 sinloolipesacchatides in
85-95% yields. A significant prevalence of the ¢-anomer
was observed; In some cases the B-anomer was detectad
in only trace amounts. The results obtained arc gum-
matised in Tabie 1.

The stereoselectivily of sialylation and the degroe of
acoeplor conversion depend on the neture of the sol-
vent {CH,Cl, or CICH,CH,CL), which should be chosen
80 as to provide noceptor solubitity, The combination
of silver carbonate with silver triflate as & co-promoter
accelerates the sialylation, but, &t the same time,
increases the vields of the P-anomer and the glycal,

The results of sialylation of triol 10 appeared to be
rather unexpected (Scheme 2). Barlier, upon plycosyla-
tion of this compound by the glycosyl bromides of Gal,
GleNAg, and Galpl-4GieNAg™ the conventiona! reae-
tivity of the galactopyrsmose hydroxyl groups was
obszrved, {.¢. the sabstliution ocourred at the primacy
6-OH proup. Howsver, glycosylation with donor 1
resulted in two products, 3-Q-sialylated 16 and 3,6-di-
O-slalylated 17, while none of the expected 6~O-sialyl-
ated product was isolaied, The observed clevaied
reactivity of the 3-OH group, might he explaingd by
participation of the acetamido group at G2 of the
galectose moiety. Attempiz to sialylate the palactose
derivatives with a OAc or OH group at C-2 Instead of
NHAc did not give rise to the 3-O-sigloside. The six
saccharides icsted as glycosyl acceptors, efther with one
hydroxy! group at C-3, or with two OH groups at C-2
and C-3, or C-3 und CH, or with three at C-2, C-3 and
C-4 of the galactose yiclded no 3-Q-sialylaied product,
Thus, except in one case, the silver carbonate-promoled
sialylation of saccharides with the donor 1 oowurs at the
primary 6-OH proup.

A comparison of (be resulls presented here with the
data on &2-6 slalylatdon®° with more complex glycosyl
donors demonstrates that, being more convenlent,
Kocnigs-Knorr plycosylation s also rather effeclive
with respeot to the yield and stereoselectivity. Another
advantage is thai Ag,COspromoted sialylation does

! Glycosylation of 8 with N-glycolyt nnalog of chloride 1 gave rim to
6% yicld of a-disacharide, affi=6:1,

A3OTITIA_L >

niot destroy the ncetamido group in the plycosyl acoop-
tor a5 documented for glycosylation with NeuSAc thio-
glycosldes,'* As to generality of this method, it should
be mentioned that the synthesiz of an oligossccharide
containing ¥-glycolylnenraminic acid has beon sncoess-
fully performed.* The only drawback of the heteroge-
neous reaction desoribed is thet in some oases a part of
a plycosyl acceptor remaing unseacied; however, the
unreacted substance is recovered quaniitatively,

Being highly practical, the approach presented pives
hope that the syathesis of ¢-sialooligosacchatides indls-
pensable for glycobiclogical investigations, will become
rontine,
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Re ltem )il

Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

The subject-matter of claims 4-7 has not been searched and is not considered in this
Written Opinion.

Re Itam 1V
Lack of unity of invention

The application comprises two independent inventions:

Invention (1) as defined in claims 1-3, 8, 9 relates to new salts of 6'-sialyl lactose and
compositions comprising these salts. Invention (2) as defined in the remaining claims
relates to a process to prepare a group of sialyl oligosaccharide acids of formula (1) and
new and known 6'-sialyl lactose salts as defined in claim 7 involving a Koenigs-Knorr
reaction of a sialyl donor (Il) with a suitable saccharide acceptor.

Itis acknowledged in the description that sodium and ammonium salts of 6'-sialyl
lactose are known. Consequently, as explained at page 3 of the description the
technical problem to be solved by the subject-matter of invention (1) is the provision of
new formulations of 6'-sialyl lactose. The solution of the problem consists in the salts
recited in claim 1. Invention (2) relates to a different problem which may be seen in the
provision of a new method to synthesis sialyl oligosaccharides and the use of this
method in the preparation of a group of 6'-sialyl lactose salts which is different
compared with the group recited in claim 1 and includes the known ammonium and
sodium salt of 6'-sialyl lactose. Hence, there is no relationship between these inventions
involving a common or corresponding special technical feature making a contribution
over the prior art. Thus, a single general inventive concept is not present.

Beltem V
Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

The sodium and ammonium salts of 6'-sialy! lactose are described in D1/ Carbohydr.
Res. 337, 473 (2002) and D2/ Veterinary Microbiclogy 2, 303 (1978), respectively. D3/
WQ 2007/080884 and D4/WO 92/11017 relate to nutritional and pharmaceutical
formulations comprising 6'-sialyl lactose. The salts recited in claim 1 are not disclosed

Form IT237-3 (separate shoet) {July 2008) (sheet 1)
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in the above-mentioned documents. Thus, the subject-matter of claims 1-3 and 8 and 8
is novel.

The technical problem to be solved by the subject-matter of invention (1) vis-a-vis D3
(or D4) is the provision of formulations of 6™-sialyl lactose suitable for a pharmaceutical
ar nutritional use. D5 discloses oligosaccharides comprising a sialyl lactose moiety and
their pharmaceutically acceptabie salts. These salts include the potassium, calcium and
magnesium salt. Thus, claims 1-3 and 8-9 lack an inventive step.

Be ltem Vill
Certain observations on the international application

The integer "n" in ctaim is not defined.

Form IT237-3 (separate sheel) (July 2008) (sheet 2)
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Human milk oligosaccharides: an enzymatic protection step
simplifies the synthesis of 3'- and 6’-O-sialyllactose and their
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Absiract

We describe a chemo-enzymatic synthesis of 3'- and 6'-O-sialyllactose, two trisaccharides occurring in the *acidic fraction’ of the
buman milk oligosaccharides and endowed with potential antiadhesive activity. The key step is the highly regiosclective
6-0 -acylation of benzyllactoside, which gave acoess to suitably prolected lactose building blocks 10 be used as acceptors in the
stalylation reaction. Moreover. the synthesis of the carboxymethyl and sulfo analogues of the title compounds is reported. © 2002

Elsevier Science Ltd. All rights reserved.

Keywords: Human milk oligosaccharides; Enzymatic &-Q-acylation; Benzyllactoside

1. Introduction

The oligosaccharide fraction is the third most abun-
dant solid constituent (between 12 and 20 g/I) of
human milk and consists of more than one hundred
different structures. Despite many investigations'—* that
have been reported on the subject, the physiological
role of these compounds is not completely understood.
The fact that human milk oligosaccharides bear struc-
tural homology to cell-surface glycoconjugates used as
receptors by pathogens may suggest their implication in
protecting breast-fed infants from infections. Concern-
ing this issue, evidence has emerged that these oligosac-
charides are able 10 inhibit the adhesion of
Streptococcus pneumoniae and Haemophilus influenzae
to human pharingeal or buccal epithelial cells.? More-
over, the fucosylated fraction of small human milk
oligosaccharides inhibits the Escherichia cofi adhesion
(o uroepithelial cells.?

* Corresponding author. Fax: + 39-02-58354061.
E-mail address: lay{@mailserver.unimi.it (L. Lay).

In this study, we wmed our attention to sialylated
human milk oligosaccharides. It has been recently
demonstrated® that whey glycoproteins, containing N-
acetylneuraminic acid, exert a potential inhibitory effect
on S-fimbriae mediated adhesion of E. coli.

In order to assess the antiadhesive properties of
sclected oligosaccharides present in human milk, we
describe herein the synthesis of 3- and 6-O-sialyllac-
toses and their corresponding simplified analogues
where the sialic acid unit is replaced by a negatively
charged group such as a sulfate and a carboxymethyl
group. Sulfate groups may serve as an effective sub-
stituent for sialic acid® in some biclogical systems and
3-O-suffo-lactose has recently been found as an
oligosaccharide present in dog milk.® Morcover the
carboxymethyl group in analogues of sialyl Lewis X
was shown to be useful for mimicking the negativc
charge of sialic acid.” In previous papers, we reported
on the use of lipase catalysed acylation as a tool to
prepare useful building blocks for oligosaccharide syn-
thesis.**' In the present paper, the enzymatically
catalysed 6'-O-acylation of lactose has becn exploited
for designing a versatile chemo-enzymatically protected
lactose building block useful for the synthesis of both
3'- and 6’-O-sialyllactoscs.

0008-6215/02/% - see front matter © 2002 Elsevier Science Litd. All rights reserved.
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E 7 AP = C{CHy)y
SR R*=H

Scheme 1. Reagents and conditions: (a) trifluoroethyl levuli-
nate, C. anfarctica lipase, THF, 40°C, 4 days, 83%; (b)
acetone, CSA, Sikkon, refl, 4 h, 78%; (c) BzCL Py, DMAP,
CH,Cl,, 0°C—rt, 48 h, 80%; (4} TFA (60%), CH,Cl,
0°Cort, 1 b, 85%; (c) AcONH,NH,, EtOH-Et,0, rt, 20
min, 97%; (f) BzCN, TEA, THF, —25°C, 17 h, 50%; (g)
TFA (60%), CH,Cl,, 0°C—rt, 1.5 h, 92%.

2. Results and discussion

The scleclive protection of the 6-OH position ol
benzyllactoside 1'> with a levulinoyl group was
achieved in high yield through an enzymatic acylation*!
catalysed by Coendida antarctica Yipase in THF (Scheme
1). The subscquent protection of 37,4-positions of 2 as
isopropylidene acetal afforded compound 3. Full ben-
zoylation of 3 gave the versatile building block 4 useful
for thc synthesis of the target compounds. In fact,
orthogonal deprotection of isopropylidenc or levulinoyl
groups afforded acceptors 5 and 6, respectively (Scheme
1}, which wcre scparately submitied to sialylation using,
sialyl phospile 9% as a donor (Scheme 2).

Glycosylation of acceptor 6 in acetonitrile at — 40 °C
with trimethylsilyliriffuoromethansulfonate (TMSOQTT)
as g promoter, allorded the ¢'-0O-sialyllacioside 10a/b

OOOG:I? DAz . P(OCHglx
on %
g é e

as a 2.1 a/p mixture in 58% overall yield (Scheme 2).
Lven though selectivity was not high, the two isomers
were completely scparated by MP chromatography.
Anomeric configuration of the newly formed glycosidic
linkage for 10a and 10b was determined by comparison
of NMR data of the iwe compounds. In accordance
with the known 'H NMR empirical rules,!*-1¢ § H-3"cq
()=2.73>06 H-3"ey (B) =2.61, § H4" () =452 < ¥
H-4" (B) =549, Jpu g (@) =79 Hz > J;np (B =3.1 Hz.

Disappointingly, sialylation of acceptor 5 resulted in
a complex mixture of produets from which most of the
aceeptor was recovered unreacted and the supposed
3-Q-sialyllactose derivative was isolated in a very poor
yield. These poor results might be due to the steric
hindrance and to the presence of electron withdrawing
groups closc 10 the reactive centre. Therefore, a new
and more reactive acceptor 8 was synthesised through
sclective benzoylation’” of 3 followed by acidic hydroly-
sis of the isopropylidene aceial (Scheme 1).

Sialylation of this new acceplor in acctonitriie—"THE
at — 44 °C in the presence of TMSOTY as a promoter,
afforded the 3-O-sialyllactoside 12 in 51% yicld
(Scheme 2). This result is in line with that reported by
Lonn ¢t al,,'® who used a very similar acceptor empioy-
ing a glycosyl xanthate as the donor. The (2°—3)
glycosylation rcgiochemisiry was ascertaincd from the
observation of COSY cross-peaks between OH-2' (4
3.17 and H-2' (§ 3.75) and OH-4' (§ 2.38) and H.4' (§
3.63). Morcover, the HMBC!® experiment showed the
presence of the expected cross-peak between H-3" (8
4.09) and the qualernary carbon (C-2” (§ 97.6). The «
configuration of the newly formed glycosidic linkage
was determined on the basis of the occurrence of the
NeuSAc H-4 signal at & 4.97, as well as the S, g. =84
Hz; these data are in accordance with the reported
trend for similar compounds.'™"

The synthesis of §-0- and 3-0-sulfated analogues of
the corresponding sialyllactoses was based on two dif-
lerent sirategies. Lactoside 15 was oblaied in (hree

i
ke

Scheme 2, Reagents and conditions: (a) 9 (1.7 equiv), TMSOTT, CHy,CN, —40°C, 1 h, 58%, ofB 2:1; (b) TFA (60%), CH.Cl,;

{©) McOH, MeONa; (d) NaOH, water, () H,, Pd/C, H,0; () 9 (2 equiv), TMSOTL, CH;CN-THF,

43435434 _)_>

-4°C, 2 b, 51%.
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O
"'?E o oH jé
HO. %\:& 4 O.HE% !‘[ﬁ
1 1 P=Bn
l,bl [: W RP«H
zn* 0-90:Ha
R d, e HG OH
Ao Eo#
1% Rlatav, RP=aAc 1 AP=Bn
GE 15 R'~H A=t hl: 7=
Scheme 3. Reagents and conditions: (a) tifluorocthyl Ievuli-
nate, C. enfarctica lipase, THF, 40 °C, 4 days, 83%; (b) Ac,O,
Pv, 80%; {c) AcONH;NH;, EtOH-Et,Q, i, 2 h, 98%; (d)
SO,NMe; 1.5 equiv, DMF, 60°C, 2 days; (&) McONa,
MeOH, 11, 81%; (1) Bu,SnO (1.1 cquiv), McOH, refl, 16 ; ()

SO NMe; (2 equiv), DMF, rt, 2 days, 75%; (h) H,, P4/C,
MeOH —water, rt.

sieps from henzyllactoside 1 through enzymatic 6'-0-
levulinoylation, followed by acetylation {— 14) and re-
moval of the levulinoyl group with hydrazinium acetate
(Scheme 3). The sulfation of 15 (80,NMe, complex),
followed by deacetylation, provided the 6-0-sulfated
lactoside 16. The 3'-0-sulfated lactoside 18 was ob-
tained in a one pot procedure,?! hy treatment of henzyl-
lactoside 1 with Bu,Sn0 and SO;NMe, complex
{Scheme 3).

The same approach was applied to the synthesis of
¥-O-{alkoxycarbonyl) methyllactoside (Scheme 4). In
this case, the alkylation of the stannylene acctal ob-
tained from benzyliactoside 1 produced compound 20
and the comresponding lactone 21. This mixiure was
treated without separation with sodium methoxide (—
22), followed by acetylation to afford pure compound
23 in good vield. The acctylation step was required in
order to better purify the compound. The introduction

Kord

of the (alkoxycarbonyl) methyl group at 6'-pesition was
first attempted by treatment of 15 with ethyl bromoac-
ctate in the presence of Ag,0 and TBAI Disappoint-
ingly, & complex mixture of products was obtained,
probably derived from acyl migration and/or hydroly-
sis. Much better results were achieved on the benzylated
compound 26,22 which was synthcsised in three steps
from benzyllactoside I through repiosclective 6'-O-sily-
lation,?* which afforded compound 25, followed by full
benzylation and final §-(3-desilylation. Thus, alkylation
of 26 with rert-butyl-bromoacerate® afforded com-
pound 27 in almost quantitative yield (Scheme 4).
Finally, compounds 10a, 12, 16, 18, 23 and 27 were
conventionally deprotected to afford the title com-
pounds 11, 13, 17, 1%, 24, and 28, respectively. Full
deprotection of compound 10a was achicved by acidic

- hydrolysis of the isopropylidene group, followed by

Zemplén deacylation, saponification of the methylester
with NaOH, and hydrogenolysis of the anomeric benzy)
group, affording the 6'-0-sialyllaciose 11 (Scheme 2).
NMR data for 11 are in agrecment with those previ-
ously reported for the natural compound.2® Compound
12 was converted into the known compound 13 by
Zemplén deacylation, saponification with NaOH, and
hydrogenolysis of the anomeric benzyl cther. NMR
data for 13 are consistent with those reported for the
natural compound® and by Ogawa.’® Sulfated lactose
derivatives 17 and 19 were quantitatively obtained from
16 and 18 by hydrogenclysis ol the anomeric benzyl
ether. Zemplén deacylation of 23, followed by one-pot
saponification with NaOH and hydrogenolysis, af-
forded compound 24, whereas 28 was obtlained {rom 27
by acidic hydrolysis of the terf-butyl cster followed by
hydrogenolysis of the remaining benzyl groups. Final
desalting of the deprotected compounds was pecformed
by gel permeation chromatography through a Sephadex
G10 column, followed by freeze-drying.

R Y

.

%ﬂlé“‘?\n 22 R'= H, Py e

ah 23 R' = Ac, R = CHy, ¥ Bn
l o

2 A =H Al=Na", R7=H

25 A'=TDS, AFf=H
[9)
L—— R'=H. Af=Bn

Scheme 4. Reagents and conditions: (2) Bu,SnO 1.1 equiv, MeOH, refl, 16 b; (b) BrCH,COOEt 5 equiv, TBAL, DMF, 40 °C, 48
by, (¢) MeONa, MeOH, 11, 24 b; (d) Ac0, Py, 1, 24 h, 56% [rom 1; (&) MeONa, MeOH, i, 16 h, then waler, 20 h; () H,, Pd/C,
91% from 23; (g) Bu,SnO 1.1 equiv, McOH, refl, 16 h; (h) TDSCl 1.1 equiv, THF, rt, 18 k, 76%; (i) BnBr, NaH, DMF, rt, 16
b; (I} TBAT, TIIF, 0°C —r1t, 6 h, 66 from 25; (m) BrCII,COOtBu, NaOIl, (Bu),NI1SO,, C1I,Cl,, 4 h, 96%; (n) TT'A (10%),

CH,Cly, 30 min; (0) Hy, PA(OH),/C, T2 b, 95%.
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Results of antiadhesion tests and BIACORE analysis
will be reported elsewhere.

3. Experimental

General methods.—'H and *C NMR spectra were
recorded on Varian Gemini 200, Bruker AC 300,
Bruker Avance 400, Bruker Am 500 and Bruker 600
DRX spectrometers. The IIMBC spectra were acquired
using 128 scans per scrics in 1K x 256W data points
and opumised for the 3., of 8 and 4 Hz. Melting
points were detcrmined with a Biichi apparatus and are
not corrected. Optical rotations were measured at rt
with a Perkin-Elmer 241 polarimeter. TLC was carmied
out on E. Merck Silica-Gel 60 F,,, plates (0.25 mm
thickness), and spots were visualised by spraying with a
solution containing H,80, (31 mL), ammonium molyb-
date (21 g) and Ce(SQ,), (1 g) in SO0 ml water,
followed by heating at 110°C for 5 min. Column
chromatography was performed by the fash procedure
using E. Merck Silica-Gel 60 (230—400 mesh). Elemen-
tal analyses were performed using the Carlo Erha ele-
mental analyser 1108. In the description of the 3C
spectra, signals corresponding Lo aromatic carbong were
omirtted. Lipase from C. antarctiva was purchased from
Roche Diagnostic (Chirazyme® 1.-2, ¢.f. C2 lyo). Sol-
vents were dried by standard procedures.

Benzyl 6-O-levulinoyl-f-D-galactopyranosyl-(1 — 4}-
B-D-glucopyranoside (2).—Benzyl B-D-lactoside (1)!2
(700 mg, 1.62 mmol) was suspended in dry THF (70
mL). Trilluorcethyl levulinate® (22 g, 113 mmol) and C.
antarctica lipase (2.1 g) were added, the suspension was
shaken for 4 days at 40°C and monitored by TLC
(8:1.5:0.5 EtOAc—MeOH-water). The enzyme was
filtered, and the solvent was removed under diminished
pressure. Purification by flash chromatography (10:1
EtOAc-MeOH) afforded compound 2 as a white foam
(713 mg, 83%). Optical rotation valuc and NMR data
are in agreement with those reported by us in 4 previ-
ous publication.®

Benzyl 3,4-O-isopropylidene -6-O-levulinoyl-f-n-
gulactopyranosyl-(1 — 4)-B-D-glucopyranoside  (3).
Compound 2 (53 mg, 0.1 mmol) was dissolved in
acetone (3 ml} in an inert atmosphere, sikkon (180 mg)
was added and Lhe mixture was slirred [or 30 mun. Then
a catalytic amount of camphorsulfonic acid (CSA) was
added and the suspension was refluxed for 4 h while
monitoring the reaction by TLC (9.5:6.5 EKtOAc-
McOH). After cooling to rt, the mixture was ncu-
tralised with TEA, sikkon was filtered off and the
solvent was removed under diminished pressure. Purifi-
cation by flash chromatography (9:1 EtOAc-MeCH)
afforded compound 3 as a white foam (44 mg, 78%):
{=]® +9.8° (¢ 1.7, MeOH); 'H NMR (CDCl,, 300
MHz): 6 7.35-720 (m, 5H, H,), 487(d, 1 H, J11.8

4343543A_ | >

Hz, CHHPh), 4.64 (d, 1 H, CHHPh), 442 (d, 1 H, J,,
7.7 Hz, H-1), 437 (84, | H, Jepam 120, Jo 5 3.2 Ha,
H-6'a), 433 (d, 1 H, 7, 8.1 Hz, H-17, 426 (dd, 1 H,
Jyns 8.6 Hz, H-6'b), 412-4.05 (m, 3 H, H4', H-3,
H-3), 3.85 (m, 2 H, H-6a, H-6b), 3.64-3.38 (m, 5 H,
H-2, H4, H-5, H-2, H-5), 277 2.73 (m, 2 H, CH,
lev.), 2.62-2.58 (m, 2 H, CH; lev.), 2.20 (s, 3 H, CH,4
lev.), 1.49 (5, 3 H, CH, isoprop.), 1.30 (s, 3 H, CH,
isoprop.); *C NMR (CDCl,, 75.44 MHz): 4 207.0 (CO
lev.), 172.6 (COO lev.), 1106 (Cq isoprop.), 103.0,
101.8 (C-1, C-1"), 81.7, 79.3, 74.9. 74.3, 73.7, 73.2, 73.1,
71.5 (C-2, C-3, C4, C-5, C-2, C3, C4, C5), 713
(CILPh), 63.4, 622 (C-6, C-67, 31.8 (CI1,COCII, lev.),
280 (CH, lev.), 27.9 (CH,COO lev.), 26.2 (2 CH,
isoprop.). Anal. Caled for C,H.0,, (570.583) C,
56.83, H, 6.71. Found: C, 56.95 H, 6.67.

Benzpl 2-Q-benzayi-3,4-O-isopropylidene- 6-O-levuli-
noyl- f-p-galactopyranosy!-(1 -+ 4)-2,.3,6- iri-O-benzuyl-
B -D-glucopyranoside (4).—Compound 3 (272 mg, 0.48
mmol) was dissolved in dry CH,Cl, (5 mL) under N,
atmosphere, then pyridine (410 pL, 5.1 mmol), DMAP
(cat)} and benzoyl chloride (360 uL, 3.1 mmol) were
added at 0 °C and the reaction mixture was stirred 48 h
at rt. The reaction was quenched with MeOH and the
solution was concentrated under diminished pressurc.
Pudfication by flash chromatography  (6.5:3.5
petroleum ether-LEtQAc) afforded 4 as white foam (378
mg, 80%): [w]® +24.4° {¢ 1.3, CHCL), 'H NMR
(CDCl,, 300 MH): § 8.10-7.08 (m, 25 H, H,,). 5.63 (L,
1H, Jy, =Jy, 93 Hz, H-3), 5.44 (t, 1 H, H-2), 5.08 (¢,
V' H, Jyp=Jys 7.4 Hz, H-2), 480 (d, | H, J 12.6 Hz,
CHHPh), 4.68 (d, 1 H, J,, 7.8 Hx, H-1), 4.64 (d4, 1 H,
Jgas 2.8 Hz, H-62), 4.62 (d, 1 H, J,.» 7.6 Hz, H-1"), 4.57
(d, 1 H, CHHPh), 4.50 (dd, | H, Jo ¢ 118, Jou 4.8
Hz, H-6b), 4.24-4.18 (m, 2 H, H4, H-3), 4.05 (dd, 1
H, Joo 17, Joa 5.8 Hz, HA), 395 (dd, 1 H, Je,em
1.5, Jgo5 4.9 Hz, H-6'3), 3.82-3.73 (m, 2 H, H-5,
H-5),3.64(dd, 1 H, Jgp s 7.0 Hz, H-6), 2.77-2.73 (m,
2 H, CH, lev.), 2.56-2.51 {m, 2 H, CH, lcv.), 2.20 (s, 3
H, CH; lev), 1.48 (s, 3 H, CH; isoprop.), 1.22 (s, 3 H,
CH, isoprop.); *C NMR (CD(l,, 50.29 MHz): § 206.3
(CO Iov), 1722 (COO 1ev), 165.9, 1654, 165.1, 164.8
(COO0Bz), 110.7 (Cq isoprop.), 100.2, 99.1 (C-1, C-17,
76.9, 75.5, 713.6, 73.2, 73.0, 72.7, 72.0, 70.9 (C-2, C-3,
C4, C-5 G2, C-3, C4, C5), 70.3 (CH,Ph), 62.7
(C-6, C-67, 37.9 (CH,COCH; lev.), 29.7 (CH;CO lev.),
27.9 {CIL,COO lev.), 27.3, 26.0 (2 CI1, isoprop.); Anal.
Caled for CoHo 0 (987.007): C, 66.93; H, 5.51.
Found: C, 66.99; H, 5.55.

Benzyl 2-0-benzoyl-6-Q-levulinoyl-§ -D-galactopyran-
osyl- (1= 4)- 2,3,6- tri- Q- henzoyl- § - D- glucopyrannside
(5).—Compound 4 (400 mg, 0.41 mmol), was dissolved
in CH,(Cl; (20 mL) and cooled to 0°C. A 60% aq
CF;COOH (4 mL) was added under vigorous stirring
(TLC 1:1 petrolcum ether—EtOAc). After 30 min at
0 °C and 30 min at rt, the rcaction mixturc was dihuted
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with CH,Cl;, neutralised with NaHCO, and partitioned
between water and CH,Cl,. The organic phase was
dred over Na,SQ,, filtered and concentrated under
diminished pressure. Purification by flash chromatogra-
phy (1:4 petroleum ether—EtOAc), afforded 6 (325 mg,
85%) as an amorphous white solid: [«]% + 19.7° (¢ 1.0,
CHCl,); '"H NMR (CDCl;, 200 MHz): § 8.09-7.08 (m,
25 H, Hp,), 5.56 (t, | H, J,3=1J,, 9.5 Hz, H-3), 5.46
(dd, t H, J,, 74 Hz, H-2), 5.3 (L 1 H, J1. > = J5. 3 8.5
1iz, 11-2Y), 4.80 (d, 1 I1, J 12.5 11z, CHIIPh), 4.65 (d, 1
H, J, 7.5 Hz, H-1), 460-4.47 (m, 4 H, H-6a, H-6b,
H-1', CHHPh), 413 {1, | H, J,,=J,; 9.4 Hz, H-4),
3.82-335 (2 m, 8 II, 1I-5, 1I-¥, 114, 1I1-5, 1164,
H-6'b, 2 OH), 2.74-2.67 (m, 2 H, CH, lev.), 2.51-2.43
(m, 2 H, CH; lev.), 2.16 (s, 3 H, CH; lev.); *C NMR
(CDCl,, 300 MHz): § 206.7 (CO lev), 172.4 (COO
lev.), 166.1, 166.0, 165.3 (COOB7), 101.1, 98.8 (C-1,
C-1M, 76.4, 75.5, 713.5, 73.1, 72.4, 72.3, 71.7, 68.6 (C-2,
C-3, C4, C-5, G2, C-¥, C4, C-59, 1.3 (CH,I’h),

62.8, 61.8 (C-6, C-69, 37.9 (CH,COCH; lev), 29.8

{(CH,CO lev), 27.7 (CH,COO lev.). Anal. Caled for
Cs:HsaOy, (946.943). C, 65.96; W, 5.32. Found: C,
65.92; H, 5.34.

Benzyl 2-Q-benzayl-3,4-O-isopropylidene-f-p-galac-
topyranosyl- (1 — 4)-2,3,6- tri-Q-benzayl- f -D-glicopy-
rangside (6).—Compound 4 (356 mg, 0.36 mmol) was
dissolved in 1;! LEiOII-Lt,0 (8 ml), then a 1 M
solution of AcONH,NH, in EtOH (0.4 mlL) was
dropped at ri. Afller 20 min, (he solvents were removed
under diminished pressure and purification by flash
chromatography (3:1 toluene-FtQAc) afforded com-
pound 5 as a white solid (309 mg, 97%). mp 202-
203 °C; [«]8 +26.7° (¢ 1.0, CHCL,); '"H NMR (CDCl,
200 MHz): § 8.05-7.15 (m, 25 H, H,), 5.62 (t, 1 H,
Joa=Jo3 8.8 Hz, H-3), 549 (dd, 1 H, J,, 7.3 Hz, H-2),
5.14(t, 1 H, Jp» 7.3 Hz, H-2), 431 (4, 1 H, 7 12.5 Hz,
CHHPh), 471 (d, 1 H, H-1), 464 (dd, 1 H, J,.q 122,
Jsa,s 2.2 Hz, H-6a), 4.61 (d, 1 H, J}- ;. 7.5 Hz, H-1"), 4.58
{(d, 1 H, CHHPh), 4.47 (dd, 1 H, J; 4.7 Hz, H-6b),
4.25 4.16 (m, 2 H, H-4, H-3), 4.00 (dd, 1 H, J,5 5.65,
Jos 201 Hz, H4), 3.8 (ddd, 1 H, H-5), 3.56 (m, 1 H,
H-57, 3.43-3.17 {m, 2 H, H-6'a, H-6D), 1.51 (s, 3 H,
CH, isoprop.), 1.28 (s, 3 H, CH, isoprop.); °C NMR
(CDCL, 50.29 MIIz: § 1659, 1655, 1652, 164.9
(COOBz), 110.7 (Cq isoprop.), 100.5, 99.0 (C-1, C-1%,
77.0, 75.8, 73.9, 734, 73.3, 73.0, 71.8 (C-2, C-3, CH4,
C-5, C-2, C-¥, C4, C-5), 70.3 (Cil,Ph), 62.8, 61.8
{C-6, C-67, 27.4, 26.1 (2 CH,; isoprop.). Anal. Caled for
CooHogO,s (888.907): C, 67.56; H, 5.44. Found: C,
67.62; H, 5.51.

Benzyl 3,4-Q-isopropylidene -6-Q-levulinayl-f -D-
galactopyrancsyl-(1— 4}-2,6-di-O- benzoyl- f-p-pluco-
pyranoside (7).—To a solution of 3 (300 mg, 0.53
mmol) in dry THF (7.5 mL), TEA (0.37 mL, 2.65
mmol) was added under Ar atmosphcre. The reaction
mixture was cooled to —25°C, and a solution of

BNSDOCID: <XP. A343543A_1_>

BzCN (204 mg, 1.56 mmol) in THF (2.5 mL) was
added dropwise. The rcaction mixmre was stirred for
17 h {TLC 119 MeOH-EtOAc), diluted with FtQAc,
quenched with MeOH (0.3 mL) and allowed to warm at
ri. After concentration under diminished pressure, se-
quential purification by flash and MP chromatography
(8:1.5 toluenc--acetone) afforded 7 (203 mg, 50%), as a
white foam. [x]® —154° {¢ 1.0, CHCl,); 'H NMR
{CDCl,, 600 MHz): ¢ 8.11-7.15 (m, 15 H, H,), 5.2
(dd, 1 11, J,5 9.4 11z, 11-2), 4.87 (2d overlapped, 2 1T,
H-6a, CHHPh), 4.70 (d, I H, 7 12.6 Hz, CHHPh), 4.60
(d, 1 H, 7,5 8.1 Hz, H-1), 4.55 (A4, 1 H, Jo 05 12.0, Jous
5.2 Iz, 11-6b), 4.39 {(dd, 1 II, J, 60 12.1, Jop» 2.8 11z,
H-6'a), 430 (d, | H, J,., 8.3 Hz, H-17, 425 (dd, 1 H,
Jensy 9.4 Hz, H-6b), 4.10-4.06 (m, 3 H, H-3, H-4,
H-5), 3.87 (t, 1 M, J,, 92 Hz, H-3), 3.69 (br dd, i H,
J.s 10.0 Hz, H-5), 3.63 (br dd, 1 H, J,, 6.3 Hz, H-2,
361 (1, 1 H, H-4), 2.54-2.35 (m, 4 H, 2 CH; lev.), 2.02
(s, 3 H, CH; lev.), 1.51 (s, 3 H, CH, isoprop.), 1.32 (s,
3 H, CH; isoprop.); *C NMR (CDCl,, 150.86 MHz): 6
206.8 (CO lev.), 171.6, 166.8, 165.3 (CO lev., Bz), 110,7
{Ca isoprop.), 103.4 (C-17, 98.9 (C-1), 82.2 (C4), 79.1
(C-3 or C-47), 73.7 (C-3), 73.6 (C-5), 73.4 (C-29), 73.1
(C-2), 73.0 (C-¥ or C-4), 71.5 (C-5), 70.3 (CH,Ph),
63.9 (C-6), 63.2 (C-6), 37.6 (CH, lev.), 29.6, 28.0 (2
CH. lev.), 27.8, 26.2 (2 CH, isoprop.). Anal. Caled for
CallaOys (778.795): C, 63.23; 11, 5.95. Found: C,
63.20; H, 5.89.

Benzyl  6-Q-levdinoyl-fi-0-galactopyranasyl-(1 — 4)-
2,6-di-0-benzoyl-§ -D-glucopyranoside (8). —Com-
pound 7 (564 mg, 0.72 mmol) was submitied to the
same conditions described {or the preparation of 5.
Purification by flash chromatography (EtOAc) afforded
8 (490 mg, 92%) as an amorphous glassy solid: ja &
—37.0° (¢ 1.1, CHCl,); "H NMR (CD(l,, 300 MHz):
8.15-7.11 (m, 15 H, M), 519 (, 1 H, J,, 8.7 Hz,
H-2), 485 (d, 1 H, H-6a}), 4.81 (d, 1 H, CHHPh), 4.62
(d, T H, J;; 7.2 Hz, H-1), 459 (d, 1 H, J 11.3 Hz,
CHHPh), 454 (dd, 1 H, Jg, 5 5.6, Je.q 11.9 Hz, H-6b),
444 (br s, 1 H, OH), 434 (4, 1 H, J,, 7.8 Hz, H-1),
4.28 (dd, | H, S« 3.3 Hz, H-6'a), 4.24 (dd, 1 H, Jy 5
44, Jyoon 11.8 Hz, H-6D), 401 (br s, 1 H, OH),
390 3.63 (m, 7 H, 11-3, H4, H-2’, H-¥, H4, H-5,
OIl), 3.54 (m, 1 11, I1-5), 3.31 (br s, 1 II, OID),
2.57-2.40 (m, 4 H, 2 CH, lev.), 2.03 (s, 3 H, CH, lev.);
3C NMR (CDCl,;, 50.29 MHz, 50°0): § 207.2 (CO
lev.), 173.0, 167.1, 165.7 (COO lev,, Bz}, 104.3 (C-19),
99.5 (C-1), 81.8, 73.8, 73.3, 71.3, 68.7 (C-2, C-3, C4,
C-5, C-2, C-3, C4, C-5), 70.6 (CH,Ph), 64.2, 63.6
(C-6, C-6Y, 37.9 (CH,COCH, lev.), 29.2 (CH, lev),
28.1 (CH.COO lev). Anal. Caled for Cul,0)6
(738.731): C, 61.68; H, 5.73. Found: C, 61.63; H, 5.77.

Benzyl (methyl  5-acetamido-4,7,8,9-tetra-Q-acetyl-
3, 5-dideoxy-»-glycero-a-1>-galacto-non- 2-ulopyranosyl-
onate)-{2— 6)- 2-0-benzoyl- 3,4-O-isopropylidene- f -D>-
galactopyranosyl-(1— 4)-2,3,6-1ri-O-benzoyl-f -D-gluco -

12
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pyranoside (10a) and its isomer (1Ub).—Compound 5
(350 mg, 0.44 mmol) and phosphite donor 9'* (468 mg,
0.76 mmol) were dissolved in dry CH;CN (4 mL), and
cooled to —40 °C. A 0.5 M solution of trimethylsilyl-
trifluoromethansulfonate (TMSOTH) in CHCN (150
ul, 0.075 mmol), was dropped under vigorous stirring.
After 1 h, the reaction mixture was neutralised with
TEA and concentrated. Flash chromatography purifica-
tion (95:5 toluene-E(OH) of the crude afforded a mix-
ture of 10a, 10b and glycal® which was further purified
by MP chromatography to give 10a (236 mg, 3%%) and
10b (115 mg, 19%) as white amorphous solids: 10a, [2]5
+6.8° (¢ 1.0, CIIClLy); 11 NMR (C,D, 500 MILz): &
830691 2 wm, 25 H, H, ), 592 (ddd, 1 H, Jyu g, 7.7
He, H-87), 5.87 {m, 2 H, H-2, H-3), 560 (t, | H, /y 5
7.2 Hz, H-2), 5.44 (dd, | H, Jg 5 2.3, Jop- 7.9 Hz,
H-7), 489 (d4, | H, Joq 11.8, Je.s 6.2 Hz, H-6a),
4,80 (m, 3 H, H 6b, H-4", H 1), 470 (dd, 1 H, Jg-g-,
2.9, Jou g 12.2 Hz, H-9"a), 4.63 (d, 1 H, J 12.7 Hz,
CHHPh), 4.52 (m, | H, H-4), 444 (d, | H, CHHPh),
4.41 {(m, 2 H, H-}, H-5), 4.29 (dd, 1 H, Jg-g~, 7.7 Hz,
H-9b), 4.10 (84, 1 H, Jerr 2.3, Joer 10.8 Hz, HE"),
401 (dd, 1 H, J, 5 2.0, Jy, 5.4 Hz, H-4), 3.96 3.87
(m, 3 H, H-3', H-6'a, NI), 3.86 (br ¢, 1 H, H-5%, 3.59
(1, 1 H, Jo.gu 94, Jops 8.3 Hz, H-6'b), 3.42 (5, 3 H,
COOCH,), 3.34 (bor t, 1 H, H-3), 2.73, (dd, 1 H,
Jrveqrrax 128, Jymeqar 4.7 1Iz, TE-3%q), 2.20 (s, 3 II,
CH,A0), 2.07 (s, 3 H, CH,AQ), 1.96 (t, 1 H, Jyp - 120
Hz, H-3"ax), 1.92 (s, 3 H, CHyAc), 1.58 (s, 3 H,
CH,A¢), 1.56 (s, 3 H, NHCOCIL), 1.54 (s, 3 H, CH,
isoprop.), 1.40 (s, 3 H, CH, isoprop); “C NMR
(CDCL;, 100.62 MH.): 4 1713, 171.1, 170.7, 170.4,
170.3, 168.3, 166.4, 1658, 165.6, 1654 (COOAc,
NHAg, Bz, COOCH,), 110.7 (Cq isoprap.), 100.2, $9.4,
9.4 (C-1, C-1, C-27), 774, 77.6, 74.3, 73.7, 73.2, 12.6,
71.7, 69.3, 65.0, 680 (C-2, C-3, C4, C-5, C-7, C-3,
4, C-5, C4", C-67, C-7", C-8"), 70.7 (CH,Ph), 63.5,
63.1, 629 (C-6, C4, C.9), 53.2 {COOCH,), 499
(C-5M), 38.1 (C-3"), 21.9, 26.6 (2 CH,, isoprop.), 23.6
(NHCOCH,), 214 21.2 (4 CH;Ac). Anal. Caled for
CooH+sNO,, (1362.335): C, 61.71; H, 5.55; N, 1.03.
Found: C, 61.66; I, 5.52; N, 0.57. 10b, {212 +23.5° (¢
1.0, CHCL); 'H NMR (C.Ds, 500 MHz): 4 8.19 6.98
(2 m, 25 11, 11, 5.98 (t, 1 I1, 11-3), 5.88 (dd, 1 11, Jgo v
2.0, Jougr 3.1 Ho, H-77), 5.83 (1, 1 H, /55 8.8 Hz, H-2),
5.63 (1, 1 H, H-2), 5.60 (ddd, 1 H, H-8"), 5.49 (ddd, 1
11, Jog 10.1 11z, 1147, 526 (dd, 1 11, Joopgm 12.4,
Jora e 2.5 Hz, H-9"8), 496 (d, 1 H, Jg 334 9.5 Hz, NH},
479(d, 1 H, J,.> 7.9 Hz, H-1), 477 (dd, | H, J,, s 2.5,
Jensn 11.8 Hz, H-62), 474 (d4, T H, Jq, 5.1 Hz, H-6b),
4.69(d,1H, 7127 Hz, CHHPh), 463(d, 1 H, J,, 7.2
Hz, H-1), 4.51 (dd, 1 H, Jyps- 8.1 Hz, H-9"b), 4.47-
4.43 (m, 3 H, CITHPh, H-6", H-5"), 428 (d4, l H, J,,
84, J,5 94 Hz, H-4), 417 (dd, 1 H, J3 4 5.5, Jp 5 1.7
Hz, H-4"), 4.07 (m, 1 H, H-6'a), 3.97 (dd, 1 H, /,; 7.3
Hz, H-3), 3.88 (m, 2 H, H-5, H-6'b), 3.61 (ddd, 1 H,
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H-5), 3.40 (s, 3 H, COOCH,), 2.61 (dd, 1 H, Jseq3ax
12.9, Jyry o 4.9 Hz, H-3"eq), 1.92 (5, 3 H, CH,Ac), 185
(s, 3H, CH;Ac), 182 (1, 1 H, Jypp o 11.5 Hz, H-3"ax),
1.71 {5, 3 H, CH;Ac), 1.65 (s, 3 H, CH, isoprop.), 1.59
(s, 3 H, CH;Ac), 1.55 {s, 3 H, HNCOCH,), 1.38 (5, 3
H, CH, isoprop.); “*C NMR (C,D,, 125.72 MHz): §
170.8, 170.4, 1703, 169.6, 167.3, 166.1, 165.5, 1652
(COOAc, NHAc, Bz, COOCH,), 110.9 (Cq isoprop.),
100.7 (C-17), 99.8 (C-1), 99.19 {C-2), 77.1 (C-37), 76.5
(C-4), 713.9 {C-29, 73.6 (C-3), 73.5 (C-8™), 73.4 {C4"),
73.3 (C-2) 73.1 (C-5), 72.9 (C-6™), 71.9 (C-5), 7104
({CH,Ph), 69.0 (C-77), 69.0 (C-4M, 63.6 (C-6), 63.2
{C.91, 625 (C-6"), 52.4 (COOCIL,), 49.9 (C-5), 38.0
(C-3"), 21.7 (CH,; isoprop.), 26.7 (CH; isoprop.), 22.9
(HNCOCH,), 20.8, 20.6, 20.48, 20.4 {4 CH,Ac), Anal.
Caled for C,gH, N, (1362.335). C, 61.71; H, 5.55; N,
1.03. Found: C, 61.78; H, 5.54; N, 0.96.

Sodium S-acelamidp-3,5-dideoxy-D-glycero-z-D-
galacto-non- 2-ulopyranosylonate- (2 - 6)- f-D-galacio-
pyranosyl-(1 = 4)-v-glucopyranose (11). - To a solution
of 10a (235 mg, 0.17 mumol) in CH,Cl,, a 600% aq soln
of CF,COOH was added at 0°C, and the rcaction
mixture was stirred at this temperature for 3 h (TLC 9:1
toluene-F1OH). After dilution with water, ncutralisa-
tion with Na,CO, and cxtraction with CH,Cl,, the
organic phase was separated, dried over Na,50, and
concentrated to dryness. The obtained residue was then
dissotved in McOH {4 mL) and trcated with a 0.5 M
solution ol MeONa in MeOH (110 pul) for 48 h at rL
(TLC 3:1:0.25 CHCi,—MeOH-water). The reaction
mixture was neutralised with Amberlite TR-120 resin
{H~ form), concentrated under diminished pressure,
dissolved in water (3 mL) and freeze-dried. The ob-
tained compound was dissolved in water (3 mL),
treated with 1 M agq NaOH (180 uL) for 24 h and
freeze-dricd. The residue was dissolved in 1:4 MeOH-
water {6 mL) and submitted to hydrogenolysis in the
presence of 10% Pd/C for 24 b {TLC 6:3:1 acetone—
BuOH-watcr); the mixturc was filicred through Celite
and freeze-dricd. The residve was loaded omo a Sep-
hadex G 10 column (¥, = 150 mL, F, =300 mL) and
clutcd with 1:3 EtOH -water. The fractions containing
the product were collected and froeze-dried giving 11
(82 mg, 74%) as a whiic foam. '1I and '*C NMR data
for thia compound are in agreement with those reported
in Lhe literature.?®

Benzyl (methyl S-acetamido-4,7,8,9-tetra-Q-acetyl-
3,5-dideoxy-n-glycero-2-n-galacto-non-2-ulopyranosyl-
onate }-(2— 3)-6-levulinoyl-f -o-palactopyranosyl-(1—+4)-
2,6-di-O-benzoyl-f -D-glhicopyranoside (12), —Com-
pound 8 (1) mg, 0.13 mmol) and phosphite donor $*°
(160 mg, 0.26 mmol) were dissolved in 2:1 CH,CN-
THF (1.5 mL), and cocled to —~44°C. A 05 M
TMSOTT solution in CH,CN (50 pL, 0.025 mmol) was
dropped under vigorous stirring. After 2 h, the rcaction
mixture was ncutralised with TEA and concentraied.
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Flash chromatography purification (95:5 CHCl,-
MeOH)} of the crude mixture afforded unreacted 8 (22
mg, 22%) and a mixture of 12, glycal®® and other
unidentified compounds (presumably isomers of 12},
which was further purified by MP chromatography (3:2
toluene acelone) to give 12 (81 mg, 51%) as a white
amorphows solid: []% —14.6° (¢ 0.7, CHO,); 'H
NMR (CDCl, 600 MHz): § 8.09-7.10 (m, 15 H, H,)),
531 (td, 1 H, Jp g = Jgu g 8.8, Jgogp 2.5 Hz, H-8),
527 (brd, 111, IT-77), 525 (1, 1 IL, Jy 5= /a5 9.5 112,
H-2), 522 (d, 1 H, Js 3 9.6 Hz, NH), 497 (td, 1 H,
Tsrangr = Jerse 10.5, Ty o 4.6 Hz, H-4"), 4.93 (br d, |
I, Joaen 10.7 Hz, 11-62), 4.82 (d, 1 1L, J 126 Iz,
CHHPh), 461 (d, 1 H, CHHPh), 460 (d, 1 H, J,, 7.8
Hz, H-1), 453 (dd. 1 H, J4, 5 5.6 Iz, H-6b), 452 (d, 1
H, J;.» 7.9 Hz, H-1"), 442 (s, 1 H, OH), 430 (dd, I H,
Jyagn 124 Hz, H-9"2), 427 (m, 2 H, H-6'a, H-6'D),
410 (brd, 1 H, Jos- 9.2 Hz, H-6"), 408 (1 H, dd, J.. 5
9.1, Jy .y 3.4 He, H-37), 3.93 (m, 2 H, H-5", H-9"b), 3.84
(ry 1 H, J,5=7,, 88 Hz, H-3), 3.82 3.68 (m, 4 H,
H-4, H-5, H-2, H-5, 3.80 (s, 3 H, COOCH,), 3.63 (br
s, 1 H, H-4), 317 (d, | H, J 2.0 Hz, OH), 2.66 (44, 1
H, J50q 3 13.0 Hz, H-3"eq), 2.63 2.43(m, 4 H, 2 CH,
lev.), 2.38 (d, 1 H, J, o 3.0 Hz, OH), 2.13 (5, 3 11, CH,
lev.), 2.05 (s, 3 H, CH,Ac), 2.02 (s, 3 H, CH,Ac), 2.01
(s, 3 H, CH;A¢), 200 (1, 1 H, H-3"ax), 1.96 (s, 3 H,
CILAc), 1.88 (s, 3 11, IINCOCH,); °C NMR (CDCl,,
150.86 MHz): & 206.9 {CO lev.), 172.6, 170.8, 170.5,
170.2, 170.1, 168.1, 166.2, 165.4 (Y COOAc, NHACc, Bz,
COOQCH,, lev.), 104.2 (C-19, 95.0 (C-1), 97.6 (C-2),
823 (C-5), 76.5 (C-3), 736 (C-3), 73.2 (C-T", 73.0
(C-6™), 72.9 (C-4), 72.4 (C-5), 70.1 (CH,Ph), 69.0 (C-
27, 68.8 (C-8"), 68.2 (C-47), 67.9 (C-4"), 67.0 (C-2), 63.6
(C-6), 63.2 (C-6), 62.4 (C-97), 53.3 (COOCH,), 49.8
(C-5"), 37.7, 37.6 (C-3", CH,COCH, lev.), 30.9 (CH,
lev)), 27.9 (CH,COO lev), 23.1 (HNCOCH,), 21.1-
206 (4 CHsAc). Anal Caled for CiHoNO,,
(1212,159): C, 57.47; H, 5.74; N, 1.16. Found: C, 57.54;
H, 6.64;: N, 1.19.

Sodium S-acetamido- 3, 5-didleoxy-n-glycero-a -p-
galacto-non- 2-ulopyranosylonate-(2— 3)- i -D-galacio-
pyranosyl-(1 — 4)-p-glucopyranose (13).—To a solution
of 12 (35 mg, 0.029 mmol) in MeOH (2 mL), a 0.5 M
solution of MeONa in MeOII (12 pl)) was added and
the reaction mixiure was stirred for 48 h at t (T1.C
3:1:0.35 CHCl;-MeOH-water). The solution was neu-
tralised by Amberlite IR 120 resin (I1* form), filtered,
concentrated under diminished pressure and, afier dilu-
tion in water, frecze-dried. The resulting product was
dissolved in water (1 mL), treated with 1 M aq NaOH
(80 pL) for 24 h and frecze-dried. The residue was
dissolved in 1:4 MeQH-water (3 mbL) and hy-
drogenclysed in the presence of 10% Pd/C for 24 h
(TLC 6:3:1 acetone BuOH water). The mixture was
filtered through Celite and freeze-dried. Finally the
rcsidue was loadcd onto a Scphadex G 10 column
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(Vo=17 mL, ¥, =23 mL) and eluted with 1:9 FtQOH-
water. The fractions containing the product were col-
lected and freeze-dried giving 13 (16 mg, 84%) s 1
while powder. 'H and '*C NMR data for this com-
pound are in agrecment with those reported in the
literature, ™

Benzyl 2 3,4-tri-G-acespl-6-O-levulinoy!-f -D-galacio -
pyranosyl-(1-+ 4}- 2,3,6-iri-O-acetyl- ff - D- glucopyran-
oside (14).-—To compound 2 (110 mg, 0.21 mmol) in
pyndine (4 mL), Ac,0 (2 mL) was added and the
mixture was stirred at rt for 24 h. The reaction mixture
was quenched with MeOH and concentrated. The
residue was diluied with BtOAc and washed with 5%
HCI, then with water. The organic layer was dried over
Na,S0,, concentrated and purified by flash chromatog-
raphy (4:1 FtOAc-petrolcum cther) affording 14 (130
mg, 80%) as a while foam: [2 — 28.7° (¢ 1.1, CHCL);
'H NMR (CDCl,, 200 MHz): é 742-7.23 (m, 5§ H,
Hy), 533 (brd, 1 H, Jyy 3.0 He, H4), 517 (1, 1 H,
Joa=U349.2 Hz, H-3), 510 (dd, ! H, J,, 7.6 Hz, H-2),
495 (m, 2 H, H-3", H4"), 485 (d, 1 H, JF 123 He,
CH1IPh), 4.60 (d, 1 1L, CHIIPhL), 4.49 (m, 3 11, II-1,
H-1', H-6a), 4.20-4.03 (m, 3 H, H-6b, H-6'a, H-6'h),
3.84 (m, 2 H, H-4, H-5), 3.60 (ddd, 1 H, s, 2.0, Js e
49, 71,598 Hz, H-5), 2.74 (m, 2 H, CH, lev.), 2.53 (m,
2 H, CH, lev)), 2.21, 2.16, 2.05, 2.00, 1.94 (5 5, 21 H,
CH,Ac, lev.); *C NMR (CDCl; 50.29 MHz): ¢ 206.1
(CO lev), 172.1, 170.2, 170.0, 169.7, 1694, 168.% (&
COOAc), 100.9, 99.0 (C-1, C-19, 76.1, 72.7, 71.8, 70.9,
70.5, 69.6, 66.7 (C-2, C-3, C4, C-5, C-2, C-3, C-4,
C-5), 706 (CH,Ph), 62.0, 60.9 (C-6, C-§), 377
{CH,COCH, lev.), 29.5 {(CH; lev.), 27.7 (CH,COO
lev.), 20.7-20.5 (6 CHaAc). Anal. Caled for CuH, O,
(782.739): C, 55.24; H, 5.92. Found: C, 55.29; H, 5.96.

Benzyl 2,34-tri-O-acetyl-f-D-galactopyranospl-(1 -
4)-2,3,6-1ri-O-acetyl-p -D-glucopyranoside (15), —Com-
pound 14 (95 mg, 0.12 mmol) was dissolved in I:1
EtOH-Et,0 (2 mL} and AcONH;NH, (13 mg, 0.14
mmol) was added at rt. After 2 h, the mixture was
concenlraled and purified by Nash chromalography (9:1
tolucne—acctonc) affording 15 (81 mg, 98%) as a whitce
foam: [a]y —13.3° (¢ 0.8, CHCl,); *H NMR (CD(l,
200 MHz): 6 7.35-7.13(m, 5 H, H,,), 5.34 (4, 1 H, J,
33Hz, H4), 5.17(t, 1 H, J,, = J,, 92 Hz, H-3), 5.14
(dd, 111, J,.» 7.6, Jo. 5 10.4 11z, 11-27), 498 (dd, 1 II,
H-3), 496 (dd, | H, J,, 7.4 Hz, H-2), 486 (4, 1 U, J
12.2 Hz, CHHPh), 4.62-4.51 {m, 4 H, H-1, H-1, H-6a,
CHHPh), 4.09 (dd, 1 H, Jg, e 11.9, Jgu s 5.2 Hz, H-6b),
386 (bry, t H, Jo5 9.6 Hz, H-4), 3.70-3.48 (m, 4 H,
H-5, H-§, H-6'a, H-6b), 2.17-1.95 (6 5, 18 H, CH,Ac);
1*C NMR (CDCl,, 75.44 MHz): 6 170.9, 170.4, 170.1,
169.9, 169.6, 169.1 (6 COOAC), 101.1, 99.0 (C-1, C-19,
76.2, 741, 7.5, 72,6, 71.7, 710, 69.5, 67.7 (C-2, C-3,
C4, C-5, C.2, C-¥, C4, C-5), 70.0 (CH,Ph), 62.1,
60.8 (C-6, C-69, 20.9-20.7 (6 CH;Ac). Anal. Caled for
CaHaoQyy (684.639). C, 54.38; H, 5.89. Found: C,
54.36; H, 5.82.
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Benzyl 6-O-sulfo-f-D-galactopyranosyl-(1— 4)-8 -D-
glucopyranoside sodium salt (16).—Compound 15 (186
mg, 0.27 mmol), was dissolved in dry DMF (3 mlL) in
Ar atmosphere, the SO,NMe; complex (56 mg, 0.40
mmol) was added and the reaction mixture was stirred
at 60°C (TLC 4:1 CH,Cl, MeOH). After 48 h, the
reaction was quenched with a few drops of MeCH and
concentrated. Flash chromatography purification
(CH(Ql,, then 10:1 CHCl;~MeOH, and 5:1 CHCl,-
MeOIl) afforded a white amorphous solid (203 mg).
The resulting product was dissolved in dry McOH (8
ml) under nitrogen; after cooling to 0°C a 1 M
solution of MeONa in MeOll (400 pl) was added and
the reaction mixture was stirred at @ for 7 h. The
solulion was percolzled on a columnn (1 x 10 cm) lled
with Dowex 50 WX8 (H* form) resin and the eluatc
was concentrated and purified by flash chromatography
{5:8:0.7 MeOH -CHCl,-waler}. The [raclions conlain-
ing the product were concentrated to a volume of 3 mlL
and percolaied on a Dowex 50 WX8 (Nat form)
column (1> 10 cm). The resulting cluate was finally
concentrated to dryness affording 16 (117 mg, 81%%), as
a white amorphous solid: [af5 — 11.5° (¢ 0.6, water);
'H NMR (D,0, 500 MHz): § 7.51-7.42 (m, 5 H, H,,).
494 (d, 1 H, J 11.7 Hz, CHHPh), 4.77 (d, 1 H,
CHHPh), 4,57 (d, 1 H, J,, 8.1 Hz, H-1), 448 (d, 1 K,
Jy.z 74 11z, 1I-17), 4.21 (appearing as a d, 2 II, J 6.2
Hz, H-6'a, H-6'b), 4.00 (dd, 1 H, J, ;<2 Hz, H-4),
3.99-3.98 (m, 2 H, H-6a, H-5}, 3.81 (dd, 1 H, J. 4, 5.1,
Joaop 12.4 Hz, H-6b), 3.69 {dd, 1 H, Jo5 100, Jo 0 3.5
Hz, H-3), 3.64 (m, 3 H, H-3, H-4, H-5), 3.56 (dd, 1 H,
H-2), 3.38 (1, 1 H, Jo,; 94 Hs, H-2); *C NMR (D0,
125.72 MHz): § 105.9 (C-17), 103.9 (C-1), 82.3 (C-4),
77.5 (C-S), 77.3 (C-3), 75.6 (C-2), 75.7 (C-5), 752
(C-3), 74.3 {CH.Ph), 73.5 (C-2), 71.1 (C-4), 70.0 (C-
6), 631 (C-6). Anal. Caled for C,;H,;NaQ,S
{(534.465): C, 42.70; H, 5.09. Found: C, 42.75; H, 5.17.

6-0-Sulfo - - »-galactopyranosyl- (1 — 4)-D-glucopy-
ranose sodium salt (17T).—A solution of 16 (25 mg,
0.046 mmol) in 3:1 Me¢OH water (4 mL) was hy-
drogenolysed in the presence of 10% PdjC for 16 h,
(TLC 6:3:1 acctone—BuOH—watcr). The mixture was
filtered through Celite and freeze-dried. The residue was
Ioaded onto a Sephadex G 10 column (V=17 mL,
V,=23 ml) and ehited with 1:9 FtOH-water. The
{raclion containing the producl were collceled and
freeze-dried affording 17 (18 mg, 88%) as a white
powder: [a]f +29.4° (¢ 1.0, water); "H NMR (D,0,
200 MHz). 5 5.28 (d, 0.28 H, J,4,4 3.4 Hz, H-la), 4.72
(d, 0.7 H, Jy,, 7.9 Hz, H-1), 4.57 (d, 1 H, J,.,, 7.7 Hz,
H-19, 4.27 (appearing as a d, 2 H, H-6a, H-6h),
4.06-3.56 (m, 9.3 H, H-2¢, H-3, H-4, H-5, H-6a, 1-6b,
H-2, H-¥, H4', H-5Y, 336 (br t, 0.7 H, 7 ,, 9.1 Hz,
H-2B);, *C NMR (CDCl, 75.44 MHz): 103.9 (C-17,
96.5 (C-1pB), 92.6 (C-la), 804, 80.2, 75.5, 75.2, 74.6,
73.7, 73.2, 723, 720, 71.6, 70.9, 69.1, 68.2 (C-69, 61.1
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(C-0m), 61.0 (C-6B). Anal. Caled for C,;H,; NaO,,S
(444.342): C, 32.44; H, 4.76. Found: C, 3249, H, 4.72.

Benzyl  (3-O-sulfo-f-D-galactopyranosyl)-(1 — 4)-5 -
D-glucopyranoside sodium salt (18). —Compound 1 (218
mg, (.50 mmol) and Bu,Sn0 (i35 mg, 0.54 mmol) were
stirred in refluxing dry MeOH (4 mL) for 2 h under
nitrogen. The reaction mixture was concentrated to
dryness and the dry dibutylstannylene iniermediate was
treated with SO,NMe; complex (144 mg, 1.0 mmol) in
dry dioxane (4 ml) at rt. After 48 h, the reaction was
diluted with McOH (3 mL), filtered and concentrated.
The residue was then punfied by flash chromatography
(5:8:1 MeOII-CIICl,—water); the fractions containing
the preduct were concentrated, dissolved in MeOH and
percolated inlo a calion exchange resin column (Dowex
50 WX8, H* form, 1 x 10 cm). The eluate was concen-
trated and percolated on a Dowex 50 column (Na*
form, 1 % 10 ¢m) alfording, aller removal of the sol-
vents, I8 (200 me, 75%) as a white amorphous solid:
[al —172° {c 1.0, MeOH), 'H NMR {(D,0, 500
MHz): 6§ 495 (d, I H, J 11.4 Hz, CHHPh), 4.78 (d, 1
H, CHIiPh), 458 (d, ! H, J,.» 7.9 Hz, B-17, 4.57 (d,
1 H,J,; 80 Hz, H-1), 434 (dd, 1 H, J.5 9.8, T 3.3
Hz, H-3),4.30 (d. 1 H, J,. . <1 Hz, H-4), 401 (dd, !
H, Joea 2.3, Jousr 124 He, H-62), 3.84 (dd, | H, J.
5.2 Hz, H-6b), 3.78 (m, 1 H, H-5", 3.75 (m, 2 H, H-6'4,
I1-6b), 3.70 (t, 1 11, J,5 9.7 11z, II-4), 3.70 (t, 1 II,
H-2), 364 (t, | H, J,, 8.9 Hz, H-3), 3.59 (ddd, | H,
H-5), 3.37 (,, 1 H, J,5 9.2 Hz, H-2); *C NMR (D,0,
125.72 MHz): § 105.4 (C-19, 103.9 (C-1), 82.9 (C-3",
813 (C4), 777 (C-5), 776 (C-5), 77.2 (C-3), 75.8
(C-2), 74.3 (CH,Ph), 71.9 (C-2), 69.6 (C-4"), 63.7 (C-
67, 629 (C-6). Anal. Caled for C,H,;NaO,,8
(534.465). C, 42.70; H, 5.09. Found: C, 42.77; H, 5.12.

3-0-Sulfo- §-p-galactopyranosyl- (1 — 4)- p-glucopy -
ranose sodium salt {(19).—Compound I8 (40 mg, 0.075
mmol) was submitted to the same procedure described
for 17, affording 19 (32 mg, 96%) as a white powder:
[« +40.7° {¢ 1.1, watcr). 'H and *C NMR data arc
in agreement with those reporied in the literature for
the naturat compound.®

Benzyl  2,4,6-O-tri-O-aceipl-3-O-methoxycarbonyl-
methyl- f-v -galactopyranosyl- (1 - 4)- 2,3,6- tri-O-ace-
1yl-B-p-glucopyranoside (23).—Compound 1 (200 mg,
0.46 mmol) and Bu,8nO (125 mg, 0.50 mmol) were
stirred in refluxing dry MeOH (4 mL) under N, lor 16
h. The reaction mixture was concentrated 10 dryness
and the dibutylstannylene intermediate, after coevapo-
ration with (oluene, was dissolved in dey DMFE (4 mL)
under Ar and treated with ¢thyl bromoacetate (255 pL,
2.3 mmotl) and TBAI (cat.y at 40 °C for 48 h (TLC 8:1.5
CH,Cl,-McOH). The reaction mixlure was concen-
trated under diminished pressure and chromatographed
to give a pale yellow syrup (181 mg) containing two
compounds, namely the expected product 20 and the
corresponding, lactone derivative 21, The mixlure of
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these compounds was dissolved in dry MeOH {4 mL)
and treated with a 1 M solution of McONa (30 pL) in
McOH. After the complete conversion of the faster
moving compound into the second (TLC 4:1 CH,Cl,-
MeOH), the mixture was neutralised with Amberlite IR
120 (H* form) and concentrated leading 1o crude com-
pound 22, The residue was dissolved in pyridine (4 mlL)
and treated with Ac,QO (2 mL). After one night, the
reaction mixture was concentrated, diluted with CH,Cl,
and washed with water. The organic layer was sepa-
raicd, dried over Na,S0Q, and concentrated. Purification
by flash chromatographby (1:1 EtOAc—petroleum ether)
afforded 23 as a white foam (193 mg, 56% from 1): [2]&®
—9.6° (¢ 1.1, CHCl,); ‘H NMR (CDCl,, 200 MHz): §
7.40-7.21 (m, 5 H, Hy), 5.39 (br d, 1 H, Jy . 3.1 Ha,
H-4Y, 515t 1 H, J,,=J,,9.0 Hz, H-3), 5.00 (¢, | H,
Jyx 7.9 Hz, H-2), 495 (1, | H, J,, 7.8 Hz, H-2), 4.36
(d, 1 H, J 12.3 Hz, CHHPh), 4.59 (d, 1 H, CHHPh),
4.54 (dd overlapping signal, 1 H, H-6a), 4.52 (d, 1 H,
Ji, 80 Hz, H-1), 446 (d, 1 H, J,» 8.1 Hz, H-1"),
4.19-4.08 (m, 5 H, H-6b, H-6a’, H-6b", OCH,CO0),
380 (t, 1 H, Jou=Jy5 9.8 Hz, H-4), 3.75 (br 1, 1 H,
Jog=Jdsg 1.0 Hz, H-5), 3.72 (s, 3 H, COOCH,),
3.63-3.58 (m, 2 H, H-5, H-3), 2.13 (5, Y H, 3 CH,Ac¢),
2.08, 2.04, 198 (35, 9 H, 3 CH,Ac); \3%C NMR (CDCl,,
50.29 MHz): & 170.3, 170.2, 170.0, 169.6 (6 COOAc, 2
overlapping signals), 101.0, 98.9 (C-1, C-1"), 78.3, 76.2,
729, 727, 717, 0.6, 70.5, 65.2 (C-2, C-3, C4, C-5,
C-2, C-3, C4, C-5), 710.6 (CH,Ph), 66.0, £2.1, 61.2
(C-6, C-6, OCH,C0Q), 51.7 (COOCH,), 20.70-20,59
(CH;Ac). Anal. Caled for CoH,0,6 (756.702): C,
5397, 1, 5.86, Found: C, 54.01; H, 5.81.
3-0-Carboxymethyl- B-p-galactopyranosyl-(1 — 4)-D-
glucapyranpse sodium sali (24).—To a solution of com-
pound 23 (20 mg, (L026 mmol) in MeOH (3 ml), a 0.5
M solution of MeONa in MeOH (30 pl) was added
and the reaction mixture was stirred at rt for 16 h, Then
waler (2 mL) and 0.5 M solution of MeONa in MeOH
(30 L) were added, the mixture was stirred for addi-
tional 20 h at i, then concentrated under diminished
pressure. The residue was dissolved in 1:1 MeOH-wa-
ter and hydrogenolysced in the presence of 107 Pd/C for
16 b, (TLC 6:3:1 acetone BuOH water). The mixture
was filtered through Celite and fregze-dried. The residuc
was dissolved in 0.1 M NaOH (0.5 m1.), loaded onto a
Sephadex G 10 column (V, =17 ml., V,=23 mL) and
eluted with 1:9 LtOIT-water. The fraction containing
the product were collected and freeze-dried giving 24 (9
mg, 91%) as a white powder: [af? +59.1° (¢ 0.5,
water); ‘H NMR (D,0, 300 MHz): § 5.26 (d, H 0.3,
Fio2 3.8 He, H-1a), 470 (d, H 0.7, J,3, 7.9 Hz, H-1B),
4.52 (d, 1 H, J., 7.8 Hz, H-1"), 411 (br s, 3 H),
4.06-3.56 (m, 10.3 H), 3.32 (bt, 0.70 H, J 8.3 Hz,
H-2p); *C NMR (D,0, 75.44 MHz): 179.2 (COO™),
103.6 (C-17, 96.6 (C-1P), 92.6 (C-1a), 82.7, 79.1, 79.0,
759, 75.6, 75.1, 74.6, 73.5, 72.2, 720, 709, 70.7, 66.2
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(C-2, C-3, G4, C-5, C-2, C-3, C4,C-5 e and PB), 69.3
(OCILCOO™), 61.1 (C-69, 60.9 (C-68), 60.8 (C-6m).
Anal. Caled for C,;H;;NaQ; (422.314): C, 39.82; H,
5.49. Found: C, 39.80; H, 5.57.

Benzyl 6-Q-thexyldimethylsilyl-§-0-galactopyranosyl-
(I — 4)-8-D-glucopyranoside (25).—Compound 1 (200
mg, 0.46 mmol) and Bu,SnO (125 mg, 0.50 mmol) were
stirred in refluxing dry McOH (4 mL) lor 16 h. The
reaction mixture was concentrated to dryness and the
dibutylstannylcne intermediatc was dissolved in dry
THF (3 ml) and treated with TDSC1 (102 pL, 0.52
mmol) at rt [or 18 h. Alter adding some drops of TEA,
the solution was concentrated under diminished pres-
surc. Purification by flash chromatography (95:5 then
9:1 CH,(Ol, MeOH) afforded 28 (201 mg, 76%). In
order to allow an unambiguous identification of the
product, a portion of 25 (50 mg) was submitied to
standard acetylation (Ac,0, Py) and characterised. [2
—29.4° (¢ 1.3, CHCl,); '"H NMR (CDCl;, 200 MHz): §
7.38-7.22 (m, 5 H, Hy,), 539 (br d, 1 H, Jy, 3.1 Hz,
H-4), 514 (1, | H, J,,=J,; 9.3 Hz, H-3), 5.08-4.91
{m, 3 H, H-2, H-?, H-3"), 485 (d, 1 H, J 12.3 Hz,
CHHPh), 4.59 (d, 1 H, CHHPh), 4.53-4.45 (m, 3 H,
H-1, H-1", H-6a), 4.10 (dd, 1 H, /g, 0 11.8, /s 4.8 Hz,
H-6b), 3.82 (1, 1 H, J, .= J, 5 9.5 Hz, H-4), 3.70-3.50
(m, 4 H, H-5, H-5, H-6'a, H-6h), 2.12, 2.11, 2.03, 2.02,
1.99, 1.95 (6 5, 18 H, 6 CH,Ac), 1.60 (dg, 1 H, H TDS),
0.91-0.79 (m, 12 11, 4 CIL,, TDS), 0.07, 0.04 (2 5, 6 II,
2 CH,Si TDS).

Benzyl 2,3,4-tri-OQ-benzyl-f -u-galactopyranosyl-(1 —
4)-2,3,6-tri-O-benzyl-B-v-glucopyranoside (26).—10 a
solution of 25 (165 mg, 0.29 mmol) in dry DMF (2
mE}, BnBr (415 pl,, 3.49 mmol) and NaH (60% suspen-
sion in mineral oil 104 mg, 2.60 mmol) were added, and
the reaction mixiure was stirred at rt overnight (TLC
1:9 EtOAc-petroleum ¢ther). After quenching the ex-
cess of NaMl with MeOH, the reaction mixture was
concentrated, the residuc was diluted with CH,Cl, and
the organic phase was washed with water. The organic
layer was scparated, dried over WNa,50, and concen-
trated. The residue was purified by flash chromatogra-
phy (0.6:10 E1OAc-pelroleum ether) atfording a
oolourless syrup {300 mg). The resulting compound was
dissolved in THF (10 ml)) and, after cooling the solu-
tion to — 12°C, treated with a | M TBAF solution
(540 pl., 0.54 mmol). The reaction mixture was stirred
at rt for 6 h (TLC 2:3 EtOAc-petroleum ether), then
the solution was diluted with FtOAc, and washed with
satd NH,Cl. The organic layer was separated, dried
over Na,S0,, filtered and concentrated, The crude com-
pound was purified by flash chromatography (3:7 then
2:3 FtOAc-petroleumn ether) affording 26 (185 mg,
66%) as a white foam: [«]5 — 12.6° (¢ 1, CHCl,), lit.*?
— 14° (¢ 1.29, CIICl,). NMR data for this compound
arc in agrecment with those reported in the literaturc,??

11
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Benzyl  2,3,4-1ri-O-benzpl-6-O-tert -butoxycarboxy-
methyl- §-D- galactopyranosyl- (1 — 4)- 2,3,6-tri-O - ben-
zyl-R-D-glicopyranaside (2T).—To a solution of com-
pound 26 (120 mg, 0.12 mmol) i CH,CL, (0.2 mlL),
tert-butyl bromoacetate (377 pL, 147 mmalb),
Bu,NHSO, (51 mg, 0.16 mmol) and 33% aq NaOH (0.8
ml.) were added and the reaction mixture was siirred at
ri for 4 h (TLC 2:3 EtQAc-petrolcum ether). The
reaction mixture was dituted with water and extracted
with CII,Cl,, the organic layer was separated, dried
over Na,S0O,, filtered and concentrated. The crude com-
pound was purified by flash chromatography (1:9 then
l:4 ItOAc-peteoteum ether) affording 27 (129 mg,
96%) as a colourless syrup: [¢]¥® + 3.2° {¢ 1.1, CHCl,);
'H NMR (CDCl,, 300 MH»): § 5.00 (d, 1 H, J10.7 He,
CIIHPh), 498 (¢, 1 H, 7 11.8 Hz, CHHPh), 494 (d, 1
H, J 12,1 Hz, CHHPh), 490 (d, 1 H, J 10.9 Hz,
CHHPh), 480 (d, 1 H, J 11.2 Hx, CHHPh), 4.75 (d, ]
H, CHHPh), 474 (d, 1 H, CHHPh), 473 (d, 1 H, J
11.8 Hz, CHHPh), 4.69 (d, 1 H, CHHPh), 4.65 (d, 1 H,
CHHPh), 4.63 (d, 1 H, CHHPh), 455 (d, 1 H, J 12.]
Hz, CHHPb), 448 (d, J 7.3 Hz, H-1 or H-1), 442 (d,
J 69 Hz, H-1 or H-19, 441 {d, 1 1, CHHPh), 4.15
3.90 (m, 2 H), 3.83-3.70 (m, 4 H), 3.65(d, 1 H, 7 16.4
Hz, OCHHCQO), 3.57-3.29 (m, 8 H), 144 (5,5 H, 3
CHay-Bu); “C NMR (CDCl,, 75.44 MHz): § 1694
(COO:-Bu), 102.8, 102.5 (C-1, C-1'), 83.0, 82.5, 81.9,
80.0, 76.7, 75.2, 73.5, 73.0 (C-2, C-3, CH4, C-5, C-2,
C.3, G4, C-5), 75.3, 75.2, 75.0, 64.7, 73.2, 72.6, T0.9,
69.3, 69.0, 68.3 (7 CH,Ph, C-6, C-6', OCH,COO¢-Bu),
60.3 (Cq ¢-Bu), 281 (CHsy-Bu). Anal. Caled for
CeHz0p5 (1087.297): C, 74.01; H, 6.86. Found: C,
74.09; H, 6.8%.

6-0-Carboxymethyl- f-v-galactopyranosyl-(1 — 4}-p-
glucopyranose sodium solt (28).— 1o a solution of 27
(49 mg, 0.045 mmol) in CH,Cl,, 16% CF,COOH in
CH.Cl, (mnl) was added. The reaction mixture was
stirred at rt for 30 min (TLC 3:7 EiQAc—petroleum
cther) and concentrated to dryness. The obtained com-
pound was dissolved in 1:1 EtOAc MeOH and submit-
ted to hydrogenolysis in the presence of 10%
PAOH),/C Tor 72 h (TLC 6:31 acctonc—BoOM -—wa-
ter). The mixture was filiered through Celite and (reeze-
dried. The residue was dissolved in 0.1 M NaOII (0.5
ml.), loaded onto a Sephadex G 10 colummn {V,=17
ml, V¥, =23 mL) and cluted with 1:9 EtQH-waler, The
fraction containing the product were collected and
freeze-dried giving 28 (18 mg, 95%) as a white powder:
& +24.2° (¢ 0.6, water); 'H NMR (D,0, 300 MHz)
4 5.35(d, 0.3 H, J,., 3.8 Hz, H-1a), 481 (H-1f), 4.58
(d, 1 H, J,.»- 7.8 Hz, H-1"), 4.17-3.65 {m, 13.3 H), 3.42
(i, 0.7 H, J 8.4 Hz, H-2B);"*C NMR (1D,0, 75.44 MHz):
4 178.7 (COO™), 103.8 {(C-19, 96.6 (C-1B), 92.7 (C-1q),
79.8, 79.7, 75.7, 75.3, 74.7, 14.2, 72.3, 12.1, 71.8, 69.6
(C-2,C-3,C4,C5C-1,C2,C-3,C4,C-5 aand ),
70.9, 70.6 (CH,COO~, C-6), 61.1 (C-6B), 61.0 (C-6q).
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Anal. Calcd for CHsNaOQ;, (422.314): C, 39.82; H,
5.49. Found: C, 39.88; H, 5.56.
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ABSTRACT

Miiller, H.E. and Hinz, K.-EL, 1978. Occurrence and some properties of nearaminidases in
Haemophilug avium cnd Heemophilus paragallingrum. Vet. Microbiol, 2: 303—3812.

The enzyine neuraminidpse ( = siplidese, N-acetylneuraminate glycohydrolase) occurs
in Haemophilus ovim and H. paragallinmrurm which are both pathogens of poultry. The
neuraminidases of these organisms have different properties, i.e., Michaelis constants (K,
and substrate specificity. The substrates investigated were N-acetylneuraminyllactose (NL},
colominic acid sodium salt (Cot), and bovine submaxillary mucin (BSM), which bear o-keto-
sidic 2~ 3, 2-»8, and 2-6 linkages of N-acetylneursminie acid, respectively. The neuramini-
dase of H, paragallinarum had a narrow substrate speetrum, splitting only the a-ketosidie
2-+6 linkage of N-acetylneuraminic acid of BSM. In contrast, the nearaminidase of H.
avium had a brogd substrate apectrum and split all linkages investigated in the different
subsirates, i.e., the 23, 246, and 28 linkage, with slight preferenca for the 2-8 linkaze,
The temperature of optimal activity of the neuraminidase of H. gmium was between 14
and 62°C. Heat inactivation was found to occur between 62 and 60°C with some resctiva-
tion of the neuraminidase at 68° C. Finally, there wes an innctivation by EDTA.

INTRODUCTION

The agglutination of red cells by bacteria i» . useful screening test for detec-
tion of neuraminidase. It has been well known for many years that bacteria
of the Haemophilus group agglutinate erythrocytes (Kraus and Ludwig, 1902),
but for a long time the search for neuraminids e was unstuccessful (Miiller,
1971a). Recently, however, weak activity of & uraminidase was described in
five Haemophilus species affecting human beings by Tuyau and Sims (1974,
1975} and Miiller and Hinz (1977).

Therefore, we investigated two Haemophilus species occurring in poultry
{Page, 1962; Yamamota and Somersett, 1964; Hinz, 1973a, b, 1975, 1976).
As a working hypothesis, it was proposed that neuraminidase is a common en-
zyme of bacteria well adapted to their life in animals or man, because N-ace-
tylneuraminic acid-containing substances as substrates of neuraminidase occur
in animals but not in plants. On the other hand, neuraminidase seems to be
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involved in the pathogenicity of some organisms for men end animals
(Milllez, 19744, b). Thus, the properties of neuraminidases in two different
species of a well defined family are interesting, especially since H. paragalii-
narum gnd also H. avium are pathogenic bacteria for some poultry (Page,
1962; Yamamota and Somersett, 1964; Hinz, 1976; Hinz and Kunjara, 1977a,
b; Hinz and Miillex, 1977). H. paragallinarum is a well defined pathogen
causing infectious coryza in fowls (Hinz, 19782, b, 1976, 1976). H. avium is
a newly established species which requires the V-factor but not the X-factor
or seyum for growth. X-factor independence is confirmed by the ability to
carry out biosynthesis of porphyrin from 5-aminolevulinic acid. H, gvium
produces nitratase, but gives negative reactions to the urease, indole, oxidase
and a-fucosidage tests.

In contrast to H. paragallinarum, strains of H. evium always produce cata-
lase, alkaline phosphatase and a-glucosidase, produce acid from galactose and
trehalose, and do not require serum for optimal growth. Most of the H. avium
strains are esterase negative, produce yellow pigment and do not require CO,
for optimal growth. In further contrast, H. avium differs from H. paragallinarum
in its inability to cause infectious coryza of chickens after experimental appli-
cation on the mucous membrane of the respiratory tract. The type strain of

H, avium is IPDH 2654. It has been deposited in the American Type Culture
Collection (ATCC) under the number 29546.

MATERIALS AND METHODS
Strains

The following strains were investigated:
H. avium 0002 (isolated from the heart of a sick fowl);
H, avium 0003 (isolated from the laryngeal lobe of a sick fowl);
H, avium 64, 94, 1254, and 2654 (isolated from the respiratory tract of sick
fowls).
H. paragallinarum 0083 and 0222 (isolated hy Page, 1962);
H. paragallinarum 133, 1516, 1696, 1598, 1645, 1666, 2213, 2403, and 2600
(isolated from the respiratory tract of fowls suffering from infectious coryza);
H. paragallinarum 17766 (isolated by Yamamoto and Somersett, 1964).

Growth medium
The strains were cultivated on Difco Brain Heart Infusion Agar with the

addition of sterile f-nicotinamide adenine dinucleotide (3-NAD) (100 pg/ml),
L-cysteine hydrochloride (100 pg/ml) and 1% fowl serum.

Preparation

The 18-h cultures were harvested and washed with a 0.15 M NaCl solution
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TABLE I
Properties of substrates uged in the investigation of Hoemophilus avium and Haemophilus parogallinarum
neuraminidases
No. Substrate Origin of Purveyor Form of linksge References
the substrates of the bound NAN
1 N-Acetyloenrami- Cow’s milk Fa. Boehringer, 85% «,2-+3 Von Nicolai (1971),
nyllactose, Mannheim, 16% o,2-6 Von Nicolal and
NH, salt Germany Zllliken (1974)
(NL)
2 Colominie Escherichic Dr. Y. Uchida, «,2-+8 McGuire and Binkley
acid, sodium coli Uiji, Kvoto, {1964), Uchida et
salt (Col.) Japan al. (1973)
3 Bovine sub- Submaxillary Fa. Boehringer, «,2-6 Muller et al.
maxillary gland of Mannheim, (1976),
mucin cattle Cermany Pigman and Gottachalk
(1966)
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caoled to 4°C. The bacterial suspensions were standardized conventionally in
100 mg protein/mi, as determined by the biuret methed, and homogenized
for 2 min by an Ultratnrrax (Janke & Kunkel KG) with cooling.

Substrates of neuraminidase assay

The substrates used for the studies on neuraminidase activities are listed in
Table L.

Neuraminidase assay

The enzyme assay was carried out by mixing 0.1 ml of the homogenized
hacterial suspension and 0.1 ml of 1 mg/ml of the different substrates, dis-
solved in a 0.05 M sodium pyruvate buffer, pH 5.5, in a Britton-Robinson
buffer system ranging from pH 3.0 to 9.0, respectively. The reaction mixture
was incubated far 60 min at 37°C. The enzymatically liberated N-acetylneura-
minate (NAN) was determined uging Warren's colorimetric thiobarbituric acid
assay (Warren, 1959) as is described in previous papers (Miiller, 1971b).

Cholera neuraminidase

The investigated Heemophilus neuraminidases were compared with thit of
Vibrio choleree neuraminidase, 500 U/ml, established 28 100%, obtained from
Behringwerke, Marburg, Weet Germany.

RESULTS

Activities and substrate specificities of the neuraminidases of H. avium and
H. paragallinarum, respectively, are listed in Table I1.

Generally, H. avium neuraminiisse shows a stronger activity than that of
H. paragallinarum. Furthermore, one can see some differences of the substrate
specificity of both enzymes in respect of NL and Col as substrates, but no
significant diffarences were found in respect of BSM. The liberation of NAN
from NL and Col was determined as functions of the quantities of substrates
(Fig.1). There are important differences of both enzymes and, furthermore,
of both investigated substrates. The Michaelis constants (K, ) are obtained by
transformation and graphic extrapolation according to Lineweaver-Burk
(Table III). There are stronger affinities of F. avium neuraminidase to the
studied substrates than of H. paragallinarum neuraminidase to these substrates.

Due to the weak activity of H. paraguliinarum neuraminidase, some other
investigations were carried out using the more active nenraminidase of H.
avium.

The activity of this enzyme, plotted as NAN liberated for the three sub-
strates (NL, Col, and BSM) as a function of pH in a Britton-Robinson buffer
system ranging from pH 3.0 to 9.0 (Rauen, 1964, pp. 90—104), is shown in

23915206A_|_>
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TABLE 11

Activity of nouraminidases using different subsirates, expresged as percentage of a
Vibrio cholerae neuraminidase standard (500 U/ml) = 100%

No. Strain  Species % NAN [iberation from

NL. Col  BSM

1 0002 Hoemophiius gvium 61 100 11
2 0008  Huemophilus guium 88 82 28
3 64  Hoemophilus avium 86 95 30
4 94  Haemophilus gvium 47 100 14
5 1254  Heemophilus avium 79 100 35
] 2664 Haemophilus avium 59 100 30
7 0088  Haemophilus paragallinarum 12 1 20
8 0222  Haemophilus paragallinarum 3 1 10
9 783  Haemophilus paragallinarum 2 7 3
10 1516 Haemophilus paragellinarum 11 1 2
11 1596  Haemophilus paragallinarum 13 ] 3
12 1698  Hgemophilus parogallinarum 2 1 11
13 1645  Heemophilus paragallinorum 5 4 17
14 1656  Haemophilus paragallinarum 4 1 26
15 2213  Haemophilus paragailinarum 3 1 8
16 2403 Haemophilus paragallinarum 9 1 17
17 2600 Hoemophilus parogollinarum 7 1 11
18 17766  Haemophilus peragallinarum 3 1 23

TABLE HI

The Michaelis constants (K, } of Haemopkilus avium and Haemophilus paregallinarum
neuraminidase, respectively, using different substrates at pH 5.6

Neuraminidase of: Substrate Kn (M}
Heemophilus avium NL 8x 10°%
(strain 0002 and 64) Col 5% 107"
BSM 10-*
Haemophilug paragollinarum NL 3x 10
(Strain 1596 and 2403) Co) 3x10?

Fig.2. Col as substrate is hydrolysed the best within a broad pH range be-
tween 5.5 and 7.0. BSM is cleaved at two distinct optima at pH 5.5 and 8.0,
possibly due to the presence of N-acetylneuraminate and O-acetylneuraminate
groups in BSM. NL occupies a middle position, probably due to the nonhomo-
geneity of this substrate, which consists of 85 and 15% N-acetylneuraminyl
(2-3) lactose and N-acetylneuraminy! (2-6) lactose, respectively. Regarding
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Fig. 1. The liberation of NAN fram NL and Col by neuraminidase of Heemophilus avium
and Heemophilus paragailinarum, respectively, in a 0.05 sodium pyruvate buffer, pH 5.5.

the pH optimum at 5.5, there are similar observations with other microbial
neuraminidases (Miiller, 1974a). The activity of the H. avium neuraminidase
as a function of temperature is plotted in Fig.8. One can see a considerable
temperature gradient and a rximum of engyme activity within the range
between 44 and 52°C. There are some differences in the temperature for op-
timal enzyme activity for the various substrates,

The thermal stability of neuraminidase from H. gvium is shown in Fig.4.
All other known microbial neuraminidases possess similar properties. They
are also, without exception, heat labile.

Regarding the ability of activation by divalent cations, especially by calcium
ions, and inactivation by EDTA, respectively, there are some differences be-
tween bacterial and viral neuraminidases (Miiller, 1974a). In respect of the
rough enzyme preparation, containing traces of calcium from the medium,
that we investigated, the activity of the enzyme is a function of EDTA con-
centration, as is shown in Fig. 6. The pH was maintained at a constant level,
and one can see evident inactivation of the enzyme by 10~ M EDTA. There-

fore, it is suggested that there is also an activation of H. evium neuraminidase
by divalent cations. '
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Fig.8. The activity of neuraminidase of Haemopkilus avium as function of temperature.
NL, Col and B8M were incubated 30 min, The liberated NAN is plotted as a pereentage.,

DISCUSSION

Twao aspects of our results should be discussed: the properties of the two
neuraminidases, and, as a conclusion of that, the possible function or patho-
genicity of the enzymes. The optimal enzyme temperature, plotted in Fig.3,
can be discussed as a function of the molecular weight of the substrates, be-
cause the strongest activity with the low molecular weight NL is at 44°C,
whereas the BSM is cleaved best at 52°C. It cannot be excluded that there is
a linkage function. Consideration of the enzyme kinetics shows evidence that
the molecular weight of the substrates is more important than other factors.
Similarly, the neuraminidase activity dependence on the pH is aiso a function
of the molecular weight (Miiller, 1974a).
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enzyme activdy (NAN hberated}

Regarding the different linkages of the terminal NAN to carbohydrates in
the three substrates used (Table I}, the results in Table II suggest that the

neuraminidase of H. paragallinarum splits specifically only the a-ketosidic
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2-6 linkage of NAN on BSM, but not the «,2-+3 and the «,2-*B linkages of
NL and Col, respectively. As can be seen in Table II, the neuraminidase ac-
tivity against NL is somewhat higher than that against Col. This fact might
be related to the impurity of the NL because it contains about 15% a,2+6
bound NAN,

Compared to the H paragallinarum enzyme, the neuraminidase of H. avium
is generally stronger, has a broader substrate spectrum and less cubstrate specific
ity. In other words, the H. avium neuraminidase splits all investigated NAN-
containing substances more or less in the same manmer. Therefore, it resem-
bles the neuraminidase from Vibrio cholerge. In relative terms, the a,2-+8
linkage in Col is hydrolysed the best.

The pathogenicity of bacterial neuraminidase can be seen as a function of
ita activity and breadth of the substrate spectrum, respectively (Miiller, 1974a,b:
Miiller et al., 1976). Therefore, the weak H. parggallinarum neuraminidase
seems not to be an important pathogenetic factor by splitting effects. The
physiological function may be more in the reversible attachment on cell
surfaces and in the nutrition of the organisms, because N-acetylneuraminate
pyruvate lyase, as the following enzyme in the chain of reactions, eplits the
free NAN into the two metabolisable substances pyruvate and N-acetylmanno-
samine (Hinz and Miiller, 1977).

In contrast, the neuraminidase of H. avium shows a strong activity and a
broad substrate spectrum, hydrolysing all linkages investigated in this study.
Therefore, the enzyme may be involved in the pathogenicity of H. avium, as
it has been shown to be also in other bacteria with neuraminidases possessing
similar broad substrate spectra. This hypothesis is supported by the fact that
H. avium does not cause a specific clinical picturs such as H. paragallinarum
does,
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products comprising said oligosaccharide mixture.
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OL1IGOSACCHARIDE MIXTURE

Field of the invention

The invention relates to an oligosaccharide mixture, food products comprising said

oligosaccharide mixturc and processcs for producing said oligosaccharide mixture.

Background of the invention

The human colon is colonised with a wide range of bacteria that have both positive and
negative effects on gut physiology as well as having other systemic influences.
Prcdominant groups of bacteria found in the colon include bacteroides, bifidobacteria,
cubacteria, clostridia and lactobacilli. The bacteria present have fluctuating activities in
response o substrale availabilily, redox polential, pH, O; tension and distribution in the
colon. In general intestinal bacteria can be divided into species that exert either
potentially harmful or beneficial effects on the host. Pathogenic effects (which may be
caused by clostridia or bacterorles, for example) include diarrhoes, infections, liver
damage, carcinogenesis and intestinal putrefaction. Health-promoting effects may be
caused by the inhibition of growth of harmful bacteria, stimulation of immune
functions, improving digestion and absorption of essential nutrients and synthesis of
vitamins. An increase in numbers and/or activities of bacterial groups (such as
Bifidohacterium and Lactohacillus) that may have health promoting properties is

desirable,

As far as infants specifically are concerncd, immediatcly before birth, the gastro-
intestinal tract of a baby is thought to be sterile. During the process of birth, it
encounters bacteria from the digestive tract and skin of the mother and starts to become
colonised. Large differcnces exist with respect to the composition of the gut
microbiota in rcsponsc to the infant’s feeding. The faccal flora of breast-fed infants
includes appreciable populations of Bifidobacteria with some Lactobacillus species,
whereas formula-fed infants have more complex microbiota, with Bifidobacteria,
Bacteroides, Clostridia and Streptococci all usually present. Afier weaning, a pattern of

gut microbiota that resembles the adult pattern becomes established.
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Mother's milk is recommended for all infants. However, in some cascs breast feeding
is inadequate or unsuccessful for medical reasons or the mother chooses not to breast
feed. Infant formulae have been developed for these situations.

One approach to promote the numbers and/or activities of beneficial bacteria in the
colon is the addition of prebiotics to foodstuffs. A prebiotic is 2 non-digestible food
ingredient that beneficially affects the host by selectively stimulating the growth and/or
activity of one or a limited number of bacteria in the colon, and thus improves host
health. Such ingredients are non-digestible in the sensc that they are not broken down
and absorbed in the stomach or small intestine and thus pass intact to the colon where
they are selectively fermented by the beneficial bacteria. Examples of prebiotics
include certain oligosaccharides, such as fructooligosaccharides (FOS) and

galactooligosaccharides (GOS).

Human milk is known to contain a larger amount of indigestible oligosaccharides than
most other animal milks. In fact, indigestible oligosaccharides represent the third
largest solid component (afier lactose and lipids) in breast milk, occwrring at a
concentration of 12-15 g/1 m colostrum and 5-8 g/l in mature milk. Human milk
oligosacchandes arc very resislant (o enzymatic hydrolysis, indicating thal these
oligosaccharides may display csscntial functions not dircctly related to their calorific

value.

As the compesition of human milk becomes beiter undersicod, it has also been
proposed to add prebiotics to infant formula. Various infant formulas supplemented
with prebiotics such as mixtures of fructooligosaccharides and galaclooligosaccharides
for example arc commercially available, However, such mixtures approximate only
roughly the mixture of oligosaccharides in human miltk. Over 100 different
oligosacchartde components have been detected in human milk some of which have not
been so far detected in animal milks such as bovine milk at all or have been detected
only in small quantities. Examples of classes of human milk oligesaccharide that arc
present in bovine milk and colostrum only in very small quantities or not at all are

sialylated and fucosylated oligosaccharides.
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US Patent Application No. 2003/0129278 dcescribes an oligosaccharide mixturc based
on oligonsaccharides produced from one or several animal milks which is characterized
in that it comprises at least two oligosaccharide fraclions which are each composed of
at least two different oligosaccharides, with free lactose not pertaining thereto. The
total spectrum of the oligosaccharides present in the oligosaccharide mixture differs
from those present in the animal milk or animal milks from which the oligosaccharide
fractions were extracted. Further a) if said oligosaccharides are extracted from only
one animal milk, the proportion of neutral oligosaccharides to acidic (sialylated)
oligosaccharndes is 90-60: 10-40 weight %, or b) if said oligosaccharides are extracted
from at least two animal milks, the oligosaccharides exiracted from two different
animal milks each make up 10 weight % of the total amount of oligosaccharides

present in the oligosuccharide mixture.

An object of the invention is to provide an oligosaccharide mixture which is effective

as a prebiotic, particularly in the human gut.

Summeary of the invention

In one aspect the invention relates to an oligosaccharide mixture which comprises 5-70
wi% ol at least one N-acctylaled oligosaccharide selected from the group comprising
GalNAcoal,3GalBl,4Gle and Galfl,6GalNAcal,3Galpl,4Gle, 20-90 wt% of at lcast
one neulral oligosaccharide selected from the group comprising Galpl,6Gal,
Galp1,6Galpl 4Gl GalB1,6Gaipl,6Gle, Galpl,3Galpi,3Gle, GalBl1,3Galp1,4Glc,
GalB1,6Galpl,6Galpl,4Glc, Galpl,6Galp1,3Galpl,4Glc Galpl,3GalB1,6Galpl,4Gic
and Galfi1,3Galfi1,3Galp1,4Glc and 5-50 wi% of at least one sialylated oligosaccharide
selecled from the group comprising NeuAca2,3Galp1,4Gle and NeuAco2,6GalB1,4Gle.

This ingredient is a new protective and immuno-modulating ingredient that is
particularly effective as a prebiotic. The mixture is structurally closer to human breast
milk oligosaccharides than commercially available prebiotic ingredients, such as FOS
and GOS, for example in that it includes a mixture of acidic and neutral

oligosaccharides.
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In an cmbodiment the oligosaccharide mixture may be derived from animal milk, such

as one or more of cows’ milk, goats’ milk or buffalo milk.

In another aspect the invention relates to a food product comprising an oligosaccharide
mixture as described above. Optionally the food product is an infant food or formula,
but the product may be any food or drink consumed by babies, infants or adults.
Consumption of a food product containing such an oligosaccharide mixture as a
prebiotic will selectively promote the growth and/or activity of one or a limited number

of beneficial bacteria in the colon, and thus improve host health.

Brief Description of the Drawings

Figure 1 shows Bifidobacterium breve, {A, B} B. longum (C, D) and C. perfringens (E,
F)counts in the small intestine (jejunum) and stool after 2 weeks of the intervention
described in Example 3. Mcdian bactcrial counts cxpressed as log valucs with robust
standard deviation are represented for the control group and group with the OS mixture
according to the invention. Probabilities for an effect are indicated based on robust

ANOVA. (N =9 to 10). (NA, not applicable due to values below limit of detection.

Figure 2 shows relalive overall metabolic activily of C. perfringens over the time of
feeding of the intervention described in Example 3. Data arc represented as box and
whisker plot with median and interquartile range of the control group (grey boxes) and
the group with the OS mixture (white boxes). (N=9 to 10). Effect of Lhe prebiotic was
significant for day 0 and day 14 as evaluated by median test involving Fisher-Exact test
(p <0.005).

Figure 3 shows Bifidobacterium breve, B. longum and C. perfringens counts in small
intestine (jejunum)(A,C,E) and stool (B,1),F) after 2 weeks of intervention. Median of
bacterial counts expressed as log values with interquartile ranges are represented for the
control group, the group with neutral galacto-oligosaccharides only and the group with

the oligosaccharide mixture according to the invention. ND, not detected.

Detailed description of the invention
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In the present specification, the following words are given a definition that must be

taken inlo account when reading and interpreiing (he descriplion, examples and claims.,

“Infant formula’™: foodstuff intended for the complete nutrition of infants during the
first four to six months of life. (Article 1.2 of the European Commission Directive
91/321/EEC of 14 May 1991 on infant formulac and follow-on formulae)

It has to be understood that infants can be fed solely with infant formulae, or that an
infant formula can be fed by the mother or other care-giver as a complement to human
milk. The term “infant formula” as used herein is synonymous with the widely used

expression “slarter formula”.

N-acetylated oligosaccharides: oligosaccharides having an N-acetyl residue.

Neutral oligosaccharides: those oligosaccharides which have no charge and no N-acety!

residue.

“Prebiotic”: a non-digestible food ingredient that beneficially affects the host by
selectively stimulating the growth and/or aclivity of one or a limited number o[ bacteria
in thc colon and thus improves host health. (Gibson and Roberfroid “Dictary
Modulation of the Human Colonic Microbiota: Introducing the Concept of Prebiotics™
J. Nufr 125:1401 - 1412)

“Oligosacchande”: carbohydrate having a degree of polymerisation (DP) ranging from

2 o 20 inclusive but not ncluding lactose.

Sialylated oligosaccharides: oligosaccharides having a sialic acid residue with

associated charge

The invention provides an oligosaccharide mixture which comprises 5-70 wt% of at
least one N-acetylated oligosaccharide selected from the group comprising
GalNAce1,3Galpl,4Glec and Galpl,6GalNAcal,3Galpl,4Glc, 20-90 wt% of at least
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onc ncutral oligosaccharide sclected from the group comprising GalPl,6Gal,
Galp1,6Galp1,4Glc  Galp1,6Galpl,6Gle, Galp1,3Galf1,3Gle, Galp1,3Galf1,4Glc,
Galpl,6Galpl,6Galpl,4Gle, GalBl,6Galpl,3Galpl,4Glec GalBl,3GalBl,6Galf1,4Glc
and Galf1.3GalB1,3Galp1,4Glc and 5-50 wt% of at least one sialylated oligosaccharide
selected from the group comprising NeuAca2,3Galp1,4Gle and NeuAca2,6GalBi,4Glc

and infant or adult food products comprising such an oligosaccharide mixture.

Preferably the mixture comprises 10-70 wi% of the specified WN-acetylated
oligosacchanide(s), 20-80 wi% of the specified neutral oligosaccharide(s) and 10-50
wt% of the specified sialylated oligosaccharide(s). More preferably the mixture
comprises 15-40 wt% of the N-acetylated oligosaccharide(s), 40-60 wt% of the other
neutral oligosaccharide(s) and 15-30 wt% of the sialylated oligosaccharide(s). A
particularly preferred mixture is 30 wi% of the N-acetylated oligosaccharide(s), 50
w1% of the neutral oligosaccharide(s) and 20 wt% of the sialylated oligosaccharide(s}).

Aliernatively, the mixture may conveniently comprise 5-20 wi% of the specified N-
acetylated oligosaccharide(s), 60-90 wt% of the specified neutral oligosaccharide(s)
and 5-30 wi% of the specified sialylated oligosaccharide(s)

The oligosaccharide mixlure of the invention may be prepared from one or more animal
milks. The milk may be obtained from any mammal, in particular from cows, goats,

buffalos, horses, clephants, camels or sheep.

Alternatively the oligosaccharide mixture may be prepared by purchasing and mixing
the individual components. For example, synthesised galacto-oligosaccharides such as
Galp1,6Galpl1.4Gle Galp1,6Galpi,6Glc, Galf1,3Galpl,4Glc,
Galp1,6Galp1,6Galp1,4Gle, Galp1,6Galp1,3Galp1,4Glc and
Galp1,3Galp1,6Galfi1,4Glc and mixtures thereof are commercially available under the
trade marks Vivinal ® and Elix’or ®. AOther suppliers of oligosaccharides are Dextra
Laboratories, Sigma-Aldrich Chemic GmbH and Kyowa Hakko Kogyo Co., Ltd.
Altematively, specific glycoslytransferases, such as galactosyltransferases may be used

to produce neutrat oligosaccharides.
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The N-acctylated oligosaccharides may be prepared by the action of glucosaminidasce
and/or galactosaminidase on N-acetyl-glucose and/or N-acetyl galactose. Equally, N-
acelyl-galaclosyl transferases and/or N-acelyl-glycosy! transferases may be used for
this purpose. The N-acetylated oligosaccharides may also be produced by fermentation
technology using respective enzymes (recombinant or natural}) and/or microbial
fermentation. In the latter case the microbes may either express their natural enzymes
and substrates or may be engincered to produce respective substrates and enzymes.
Single microbial cultures or mixed cultures may be used. N-acetylated oligosaccharide
formation can be initiated by acceptor substratcs starting from any degree of
polymerisation (DP) from DP=1 onwards. Another option is the chemical conversion
of keto-hexoses (c.g. fructose) cither free or bound to an oligosaccharide (e.g.
lactulose) into N-acetylhexosamine or an N-acetylhexosamine containing
oligosaccharide as described in Wrodnigg, T.M.; Stutz, A.E. (1999) Angew. Chem, Int.
Ed. 38:827-828.

The sialylated oligosaccharides 3 sialyl-lactose and 6 sialyl-lactose may be isolated by
chromatographic or filtration technology from a natural source such as animal milks,
Alternatively, they may also be produced by biotechnology using specific
sialyltransferases either by enzyme bascd fermentation technology (recombinant or
nalural enzymes) or by microbial fermentation technology. In the lailer case microbes
may cither express their natural cnzymes and substratcs or may be cnginecred to
produce respective substrates and enzymes. Single microbial cultures or mixed
culiures may be used. Sialyl-oligosaccharide formation can be initialed by acceplor

substrates starting from any degree of polymerisation {(DP) from DP=1 onwards.

In a preferred aspect of the invention, the oligosaccharide mixlures described above are
incorporated into a food product. In the context of the present invention, the term
“food product” is intended to encompass any consumable matter. Hence, it may be a
product intended for consumption by humans, in particular infant formula, follow-up
formula, baby food such as infant cereals and the like. In particular, the
oligosaccharide mixtures of the invention can be incorporated into infant formulas,

dehydrated milk or cereal mixtures.
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The food product may be prepared in any suitable manncr known in the art according to
the type of product and the oligosaccharide mixture of the invention may be added to
the preduct al an appropriale siage in the manufacturing process. For example, an
infant formula may be prepared by blending together the protein source, any
carbohydrates other than lactose and the fat source in appropriate proportions.
Emulsifiers may be added if desired. Vitamins and minerals may be added at this point
but are usually added later 1o avoid thermal degradation. Any lipophilic vitamins,
emulsifiers and the like may be dissolved into the fat source prior to blending. Water,
preferably water which has been subjected to reverse osmosis, may then be mixed in to

form a liquid mixture.

The liquid mixture may then be thermally treated to reduce bacterial loads. For
example, the liquid mixture may be rapidly heated to a temperature in the range of
about 80 °C to about 110 °C for about 5 seconds to about 5 minutes. This may be

carricd out by stcam injcction or by heat cxchanger, ¢.g. a platc heat cxchanger,

The liquid mixture may then be cooled to about 60 °C to about 85 °C, for example by
flash cooling. The liquid mixture may then be homogenised, for example in two stages
at about 7 MPa to about 40 MPa in the first stage and about 2 MPa to about 14 MPa in
the second slage. The homogenised mixture may then be further cooled to add any heat
sensitive componcents such as vitamins and mincrals. The pH and solids content of the

homogenised mixture is conveniently standardised at this point.

The homogenised mixture is transferred to a suitable drying apparatus, such as a spray
drier or frecze dricr, and converted to powder. The powder should have a moisture
contend of less than about S % by weight.

The oligosaccharide mixture of the invention is preferably added directly to infant
formula by dry mixing. However, if it has been prepared from an animal milk, for
example as described below, it may be convenient to add the oligosaccharide mixture
without first removing all the lactose. As infant formula contains a carbohydrate
component which is often wholly or partially constituted by laclose, it will be apparent
to the person skilled in the art that the amount of carbohydrate in the infant formula

BNSDOCID; <WQ 200709089441 _|_>
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will nced to be adjusted to take into account the additional carbohydrate that will be
provided by the oligosaccharide mixture. The final concentration of the
oligosaccharide mixture in the baby or infant food product or formula 1s preferably
from 0.3 to 4%, preferably 0.75 to 1.54% by weight of dry matier. This corresponds to
a concentration of from 0.2 to 5 grams per litre of reconstituted formula, preferably 1 to
2 g/l. However, these amounts should not be considered as limitative and should be
adapted to the target population, for example bascd on the weight and age or health of
the baby or infant. Preferably, the formula or feed containing the oligosaccharide

mixture of the invention is fed to the baby at every feed.

Alternatively, the oligosaccharide mixtures may be added to wet infant or adult food
products by wet mixing. The mixture may be added to baby or infant formula at
concentrations of from about 0.2 to 5 grams of oligosaccharides per litre of product
However, these amounts should not be considered as limitative and should be adapted
to the target population, for cxample bascd on the weight and age of the baby or infant,
or the health of the specific population.

Although it is preferred to supplement food products specifically targeted towards
infant or baby nutrition, it may be beneficial to supplement food products not
specilically targeted, or targeted (o the adull population, For example, the
oligosaccharide mixturcs of the invention can be incorporated into healthcare nutrition
products and nutritional products for the elderly. Such food products may include milk,
yoghurt, curd, cheese, fermenied milks, milk-based (ermented products, ice-creams,

fermented cercal based products, or milk-based products, among others.

In addition io the oligosaccharide mixiure of the inveniion, a food product such as an
infant formula may comprise one or morc further oligosaccharides which are added
separately.

The invention will now be illustrated by reference to the following examples.

Example 1
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Onc method of preparing an oligosaccharide mixture according to the invention will

now be described by way of example only.

200,000 litres of a whey ultrafiltration permeate are pre-concentrated to 22% (w/w)
total solids (TS), pasteurised at about 75°C for about 30 seconds and then concentrated
by evaporation at 60°C to reach a TS of 59% (w/w). The liquid is cooled in a
crystalliser at a rate of 2°C per hour for a period of 24 hours to crystallise the lactose,
Crystallised lactose is washed then removed by a wringer The remaining liquid
(mother liquor) is clarified through a decanter. The 77000 litres st 17.7% TS obtained
from the clarifier are re-concentrated by evaporation at 60°C to reach a TS of 55%
(w/w) and subject to a second lactose crystallisation step under the same conditions as
before. The 29000 litres at 20.55 TS of the mother liquor thereby obtained are
demnineralised by a combination of electrodialysis and ion exchange in a manner known
per se yielding 28500 litres of a 90% demineralised liquor at 17.3 % TS. This liquor,
which contains approximatcly 1.5 grams per litre of a mixturc of about 30wt%
GalNAcal,3Galpl,4Gic  and  GalBl,6GalNAcal, 3Galpl,4Gle, 350 wt% of
Galp1,6GalBl1.6Gle, Galfl,6Galfl.4Glc and GalBi,3Galpl AGlc and 20 wi% of
NeuAca2,3Galp1,4Glc and NeuAco2,6Galpl,4Gle, depending upon the starting
material, may either be added directly to a food product such as an infant formula or

may by [urther concentrated in 2 manner known per se lo those skilled in the arl.

For example, the lactose remaining in the liquor may be hydrolysed into glucose and
galactose and these monosaccharides may be either be removed by nanofiltration or, if
desired, the galactose may be at least partially polymerised for example by the action of
-galactosidase to preduce galacto-oligosaccharides which will also be retained by the

nanofiltration membrane.

Example 2

An example of the composition of an infant formula containing a preparation according
to the present invention is given below.

Nutrient per 100kcal per litre
Energy (kcal) 100 670
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Protein (g) 1.83 12.3
Fat (g) 5.3 35.7
Linaleic acid (g) 0.79 5.3
a-Linolenic acid (mg) 101 675
Lactose (g) 11.2 74.7
0OS mixture from Example 1 {g) 0.15 1.0
Minerals (g} 0.37 2.5
Nu (my) 23 150
K (mg) g9 590
Cl (mg) 64 430
Ca (mg) 62 410
P (mp) 31 210
Mg (mg) 7 50
Mn (ug) 8 50
Se (ug) 2 13
Vitamin A (ug RE) 105 700
Vitamin D {(pg) 1.5 10
Vitamin E (mg TE) 0.8 ' 5.4
Vitamin K1 (ug) 8 54
Vitamin C {mg) 10 67
Vitamin Bl (mg) .07 0.47
Vitamin B2 {mg) Q.15 1.0
Niacin {mg) 1 6.7
Vitamin B6 (mg) 0.075 0.50
Folic acid (ug) 9 60
Pantothenic acid (mg) 0.45 3
Vitamin B12 (pg) 0.3 2
Biotin (ug) 2.2 15
Choline (mg) 10 67
Fc (mg) 1.2 8
1 (pg) 15 100
Cu (mg) 0.06 0.4
Zn {(mg) 0.75 5
Example 3

The effect of an oligosaccharidc mixture according to the invention on the
5  establishment and composition of the intestinal microbiota was investigated in germ

free mice.

C3H mice were kept germfree uatil the age of 8 weeks and fed on a semi synthetic AIN
diet. At Day -1 of the intervention, a single dose of a human baby microbiota cocktail
10 was given to each mouse by gavage. The mice were divided into 2 groups and their

diet was changed to an AIN diet containing for one group 1.2 % (w/w) lactose as
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additional carbohydratc and for the other group 1.2 % (w/w) lactosc and 2.5 % (w/w) of
an oligosaccharide mixture according to the invention composed of 5 % (w/w) sialyl-
oligosaccharides, 5 % (w/w)} N-acetylaled oligosaccharides and 90% (w/w) neutral

oligosaccharides.

The microbiota establishment was evaluated in small intestine and stool afler 14 days
of intervention by plate counting Bifidobacterium breve, B. longum, and Clostridium
perfringens. From Figure 1 it may be seen that both resident Bifidobacteria showed
increased counts in small intestine and especially in stool. On the other hand C.

perfringens counts were reduced in small intestinc and especially in stool.

Over time of feeding the relative metabolic activity of C. perfringens was monitored by
measuring levels of 168 RNA. Briefly, RNA was extracted from freshly collected
faecal samples and RINA was subjected to a RT-PCR reaction to specifically amplify
168 IRNA. PCR products were scparated by denaturing gradicnt gel clectrophorcesis
and C. perfringens 16S rRNA was quantified and normalized to the E. coli 165 tRNA
signal that remained constant during the time of feeding. As may be seen from Figure
2 only one day afier the intervention (Day 0 in Figure 2) the metabolic activity of C.
perfringens was considerably and significantly reduced by the OS mixture according to
the invention as compared to the coniro! group and remained lower for the duration of

the intervention.

Example 4

The effect of an oligosaccharide mixture according to the invention on the
eslablishment and composilion of the intestinal microbiola was compared with the

effect of neutral oligosaccharides alone in gnotobiotic mice.

C3H mice were kept germfree until the age of 6 weeks and fed on a semi synthetic AIN
dict. A single dose of a human baby microbiota cocktail was given to each mouse by
gavage and the microbiota was allowed to establish itself for two wecks. The mice
were divided into 3 groups and their diet was changed to an AIN diet containing for the
first group 1.2 % (w/w) lactose as additional carbohydrate, for the second group 1.2 %

BNSDOCID: <W 200709088441 _|_>

203



WO 2007/090894 PCT/EP2ODTAIS12ER
13

(w/w) lactosc and 2.5 % (w/w) galacto-oligosaccharides and for the third group 1.2 %
(w/w) lactose and 2.5 % (w/w) of an oligosaccharide mixture according to the
invention composed of 5 % (w/w) sialyl-oligosacchartdes, 5 % (w/w) N-acetylaled

oligosaccharides and 90% (w/w) neutral oligosaccharides.

The microbiota establishment was evaluated in small intestine and stool after 14 days
of intervention by plate counting Bifidobacterium breve, B. longum, and Clostridium
perfringens. From Figure 3 it may be seen that both resident Bifidobacteria showed
increased counts in small intestine and especially in stool in presence of the OS mixture

10  inthe diet, In presence of only the neutral galacto-oligosaccharides, the resident 5.
fongum did not show increased counts in either small intestine or stool. C. perfringens
counts were reduced in small intestine and also in stool in the presence of the OS
mixture according to the invention. However, in presence of only the neutral galacto-
oligosaccharides, increased levels of C. perfringens were found in stool. Together,

15 these findings strongly suggest that the oligosaccharide mixturc according to the
invention has effects on microbiota balance that arc superior to neutral oligosaccharides

alone.
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Claims

1. An oligosaccharide mixture which comprises 5-70 wi% of at least one N-acelylaled
oligosaccharide selected from the group comprising GalNAcal,3Galpl,4Glc and
Galp1,6GaiNAcal,3Galp1,4Glc, 20-90 wt% of at least one neutral oligosaccharide
selected from the group comprising Galp1,6Gal, Galp1,6Galpl,4Glc
Galp1,6Galpl,6Gle, Galpl,3Galpl,3Gle, Galpl,3Galp1,4Gle,
GalB1,6Galp1,6Galp1,4Glc, Galp1,6Galp1,3Galp1,4Gic Galpi,3Galp1,6Galf1,4Glc
and Gal$1,3Galp1,3Galp1.4Glc and 5-50 wi% of at least one sialylated oligosaccharide
selected from the group comprising NeuAca2,3Galp1,4Glc and NevAca2,6Galp1,4Glc,

2. An oligosaccharide mixture as claimed in Claim 1 which comprises 10-70 wi% of
the N-acetylated oligosaccharides, 20-80 wt% of the neutral oligosaccharides and 18-50

wt% of the sialylated oligosaccharides.

3. An oligosaccharide mixture as claimed in claim 1 or 2 which comprises 15-40 wt%
of the N-acetylated oligosaccharides, 40-60 wt% of the neutral oligosaccharides and
15-30 wt% of the sialylated oligosaccharides.

4. An oligosaccharide mixture as claimed in any preceding claim which comprises 30
wt% of the N-acetylated oligosaccharides, 50 wt% of the ncutral oligosaccharides and
20 wt% of the sialylated oligosaccharides.

5. An oligosaccharide mixture as claimed in Claim 1 which comprises 5-20 wt% of
the N-acetylated oligosaccharides, 60-90 wt% of the neutral oligosaccharides and 5-30
w1% of the sialylated oligosaccharides

6. An oligosaccharide mixture as claimed in any preceding claim which is derived

from animal milk.

7. An oligosaccharide mixture as claimed in claim 6 which is derived from onc or

more of cows’ milk, goats’ milk or buffalo milk.
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8. An oligosaccharidc mixturc as claimed in any of claims 1 to 6 which is made

synthetically.

9. A food product comprising an oligosaccharide mixture as claimed in any preceding

5 clam.

10. A food product as claimed in Claim 9 which is an infant formula.

11, A food product as claimed in Claim 9 or 10 which comprises from 0.3 to 4% by
10 weight based on dry matter of the oligosaccharide mixture.
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USE OF SIALYLLACTOSE FOR THE TREATMENT OF ARTHRITIS

Background of the Inveption

This invention relates toc compositions and method
for the treatment of arthritis and related autoimmune
diseases.

A known feature of autoimmune diseases is the
presence of immune complexes. Immune complexes help
eliminate foreign bodies such as microorganisms. In
patients with diseases associated with immune complexes,
the formation of the immune complex can be a malfunction
of the normal system whereby in some cases the antibody
response is directed against native material (self-
antigen). 1In other cases the immune response is
directed against the foreign substance repeatedly
introduced into the systen.

In rheunmatoid arthritis, for example, the chronic
inflammation of the synovial membrane of affected
joints, as well as many of the extra-articular
manifestations ¢f the disease, have beer ascribed to
immune complexes (either localized in the joint or
circulating). ' The immune complexes in patients with
rheumatoid arthritis consist of IgG homopolymer
complexes [i.e. IgG-(IgG)n, self-associated] or
heteropolymers [(i.e. IgM-({JgG)n}], thereby suggesting
that the immunoglobuline are both the antigen and the
antibody. In addition, complement components are
frequently bound to these complexes. The IgG molecules
found in the complexes are referred to as IgG-rheumatoid
factor (IgG-RF) while the IgM molecules in the complexes
are called IgM-rheumatoid factors (IgM-RF).

In rheumatoid arthritis it has long been
postulated that auto-sensitization to IgG may play a
pivotal role in the pathogenesis of the disease, and

gtnTAZ >
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immune complexes are formed through the binding of the
IgM, IgG, or IgA rheumatoid factors to the constant
region domains of IgG molecules. The immunogenic site
on IgG has been localized to the Fc moiety, but there is
no evidence for amino acid changes in the Fc of this
IgG. Data on the carbohydrate composition of IgG
present in the intermediate ccmplexes isclated from the
serum of patients with rheumatoid arthritis invariably
show an increased level of sialic acid (usually Fab-
associated) as compared to normal serum IgG [Hymes and

Mullinax, J. Biol. Chem. 254, 3148 (1979); and Hansson
et al., Scand. J. Fmmunol. 13, 57 (3981)1, and decreased

content of Fc-associated'galactose [Hymes and Mullinax,
supral. In one case, this sialic acid was shown to
occur on light chains, and was crucial for IgG self-
association, since its removal by neuraminidase
treatment abolished complex formation [Hymes and
mMullinax, supra). In a recent study [Pekelharing et
al., Ann. Rheum. Ris. 47. 91 (1988)] it was found that
serum IgG from patients with rheunatoid arthritis had a
lower carbohydrate content and therefore presumably
jower Fab N-glycosylation, consistent with the
sequestration into complexes of IgG enriched in Fab N-
glycosylation. Together, these observations suggest
that immune-complex formation in rheumateoid arthritis
could involve both Fab N-glycosylation and agalacteosyl
structures in the Fc. The molecular mechanism whereby
these two factors might contribute to IgG auto-
antigenicity or gself-association are not known, but a
stud}‘of the crystal structure of Pc provides sone
insight into this. The crystal structure [Sutton and
Phillips, Biochem. Soc. Trans. 11, 130 (1982)] clearly
indicates that each N-linked oligosaccharide in the Fc
can interact with the protein surface of the CH2 domain,
principally via the (NeuNAca2-6)Galfl=4 segment of the
Man o+6 arm. This is the principal non-covalent
protein-oligosaccharide interaction in Fc, and serves to
restrain the Fc oligosaccharides, and also to mask
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certain underlying Fc polypeptide determinants., It is
therefore suggested that the change in the degree of
occupancy of the Fc carbohydrate-binding site, secondary
to decreased outer-arm galactosylation of Fc
oligosaccharides, could lead to IgG self-association
through one of the fcllowing mechanisms. First, through
the insertion into this vacant site of an appropriate
Fab-linked oligosaccharide from another IgG molecule.
Second, through the interaction of the affected IgG with

" either naturally cccurring or induced anti~GlcNAc

antibodies. Third, through interaction of the affected
IgG with antibodies induced against the peptide (or
peptide~oligosaccharide) epitopes previocusly largely
masked by the native oligeosaccharide. Self-association
of IgG could occur by any of these mechanisms. Further,
occupation of the vacant oligosaccharide-binding site by
other serum or synovial fluid glycopreotein or cartilage
components can also be envisaged.

Additional background information concerning
glycosylation patterns in serur IgG of rheumatoid
arthritis patients can be had by reference to the
following four recent publications:

Parekeh et al., "Asgsociation of Rheumatoid
Arthritis and Primary Osteocarthritis with Changes in the
Glycosylation Pattern of Total Serum IgG," Nature 31¢,
452-457 (1985). ' _

Parekh et al., "Galactosylation of IgG Associated
Oligosaccharides: Reduction in Patients with Adult and
Juvenile Onset Rheumatoid Arthritis and Relation to
Disease Activity," Lancet i, 966-969 {1988).

Parekh et al., "A Comparative Analysis of Disease-
Associated Changes in the Galactosylation of Serum IgG,"
<. of Autoimmunity 2, 101-114 (1989).

Rademacher et al., "The Role of IgG Glycoforms in
the Pathogenesis of Rheumatoid Arthritis,® Springer

Seminars in Immunopatholoay 10, 231-249 (1988).

A recent publication by Pearson and Jamnejad,

ICSU Short Rep.. 2 (Adv. Gene Technol.}, 269-270 (1$85),
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reported that when rheumatoid factor IgM 1s incubated
vith sialyl-N-acetyl-lactose as an additional step in a
conventional ELISA test, there was less subsequent
interaction with the normal antigen IgG. However, no
data are given and the naming of the sugar compound is
indefinite. The reported conclusions were that
rheumatoid factor from some patients may be specifically
blocked by the sialyl-N-acetyl-lactose and that the
enzyne galactosyl transferase thus may be involved in
the etiology of rheumatoid arthritis.

The known relationships between sialyloligo-
saccharides and rheumatoid arthritis can be summarized
as follows: N-acetylneuraninosyl oligosaccharides of
great structural diversity are the major constituents of
human milk. That these structures may be important
comes from the studies of witt et al. (Nutr. Metab. 23,
51-61, (1979)] who suggested that these oligosaccharides
were not just storage forms of slalic acid but were
apsorbed and distributed to the tissues intact. Since
these studies, it has also become evident that
sialyloligosaccharides are important as bacterial anti-
adhesions, preventing infection in the newborn.

The urinary excretion of sialyloligosaccharides 1s
known to increase during pregnancy. Interestingly,
there is a pregnancy dependence for the excretion of
sialyl N-acetyl-lactosamine isomers in urine in contrast

‘to sialyl lactose containing isomers in human milk. The

blood serum levels have not been measured. Urinary
sialyloligosaccharido excretion can be used as an
indicater of disease activity in patients with

rheumatoid arthritis {Rbeymatol. Int. i, 7-10, (1981);
, 405-409 (1978)]. Both the

urinary excretion of sialyl-lactose and sialyl-N-
acetyllactosamine isomers are increased in the disease.
More recent studies have shown that sialyl lactose

and s1aly1—N-acety1lactosamine may be low-molecular

weight acute phase reactants {Ann. of Rheum. Dis. 44,

268-271 (1982)]1. In this comparative study rheumatoid
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arthritis (RA) patients, with active, aggressive RA had
a significantly higher urinary sialyl lactose content,
serum CRP and SAA levels than patients with mild
disease. In SLE, while sialyl lactose excretion was
elevated relative to controls, the excretion correlated
neither with serum CRP nor with SAA. This suggests the
specific control mechanisms operate for the synthesis of
sialyloligosaccharides in RA and pregnancy.

Still more recently, sialyleligosaccharides
containing inositol have been found in pregnancy urine
{Carb. Res, 113, 221-229 (1983)].

NeuNAca2-3Galfi~-1L-myo~inositol
Their excretion by non-pregnant individuals has not yet
been reported.

Research into 'factors' from the urine of pregnant’
women was initiated in the 1940's by Hench in his search
for the pregnancy factor which causes the remission of

arthritis in pregnant women [Mavo Clin. Proc. 24, 167~
178, (1949)]. BHis fractionation of urine led to the
eventual discovery of cortisone. Subsequent studies,
howaver, showed that cortisone was not the elusive
pregnancy 'factor', which still remains chemically
undefined today.

Brief Description of the Invention

In accordance with the present invention,
compositions and method for the treatment of arthritis
and related autoimmune diseases are provided. The
method comprises treating the immune complexes in a body
fluid such as serum or synovial fluid by exposure to an
oligosaccharide containing a structural component that
inhibits or disrupts the degree of eccupancy of the Fc
carbohydrate binding site on 1gG.
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In accordance with conventional nomenclature, the
Fc is the crystallizable fragment of the antibedy
molecule obtained by papain digestion as distinguished " .

5 from the Fab or antigen-binding fragment.

The preferred oligosaccharides for use in the
method of invention are trisaccharides which contain
either a reducing terminal glucose or N-acetyl~-
glucosanine (GlcNac) residue substituted with the

10 disaccharide N-acetylneuiaminyl a~3(6) galactopyranose
{i.e. NeuNAca3 (6)Galp~). These oligosaccharides are
jllustrated by the trisaccharide N-acetylneuraminyl
c+3(6) galactose f-~4 glucose, also referred to as
sialyllactose, where the galactose and glucose residues

15 are in the D-pyranose configuration.

sialyllactose is commercially available and also
occurs naturally in human milk and bovine colestrum in
mixtures of the (2-3) and (2~6)-p-D-galactopyranosyl
isomers. In bovine colostrum the mixture is about 83%

20 (2—+3) or J' isomer and 9% {2-6) or &' isomer; whereas in
human milk these isomers exist substantially in the
reverse proportions. These commercially availabile
mixtures generally also contain a small amount of
2,6(3)-sialyllactosamine. See, e.9., Table I, below.-

25 These oligosaccharide compounds are alsc found in the
urine [Derappe et al., Carbohyd. Res. 145, 341-347
(1985)] and serum [Example 4 hereinafter] of pregnant
women.’

The effectiveness of the sialyllactose in

30 disrupting or disaggregating immune complexes in the
serum and synovial fluid of rheumatoid arthritis
patients is demonstrated by comparison with other sugars
such as the monosaccharides, glucose, N-acetyl-
glucosanine, N-acetylneuraminic acid (sialic acid) and

35 galactose, and the disaccharide, N—acetyllactosamine,

which were ineffective.

BNSDOCID: <WO
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While the specification concludes with clainms
particularly pointing out and distinctly claiming the
subject matter regarded as forming the presant
invention, it is believed that the invention will be
better understocd from the following description taken
in conjunction with the accompanying drawings in which,
briefly:

FIG. 1 shows the ultracentrifuge analysis of (a)

" serum from a normal person (Control); (b) serum from a

patient with rheumatoid arthritis (RA-); and (c) serum
from the same rheumatoid arthritis patient treated with
bovine sialyllactose (Sigma mixture, see Table I, below)
{(RA+) in an embodiment of the invention.

FIG. 2 shows the ultracentrifuge anhalysis of the
serum from a second patient with rheumatoid arthritis
{a) without (RA-) and (b) with (RA+) treatment by bovine
sialyllactose as in FIG. 1.

FIG. 3 shows the ultracentrifuge analysis of the
serum from & third patient with rheumatoid arthritis (a)
without (RA-) and (b) with (RA+) treatment by bovine
sialyllactose as in FIG. 1.

FIG. 4 is a graphical representation which shows
precipitin curves that demonstrate the effectiveness of
bovine sialyllactose compared to a control {no
siallyllactose) on the binding of rheumatoid factor
complexes to heat aggregated IgG in another embodiment
of the invention. FIG. 4 also should be compared with
FIGS. 5=-6.
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FIG. 5 is a graphical representation which shows
precipitin curves that demonstrate the ineffectiveness
of glucose compared to a control (no glucose) on the
pinding of rheumatoid factor complexes to heat
aggreqgated IgG.

FIG. 6 is a graphical representation which shows
the precipitin curves that denmonstrate that galactese,
N-acetyllactosamine, N-acetylglucosamine and sjalic acid
all cause an increase in the binding of rheumatoid
factor complexes to heat-aggregated IgG when compared to
control (no added sugar or +glucose). )

FIG. 7 is a graphical representation that shows
the effect of sialyllactose (+SL} on rheumatoid factor
in human serum compared to similar serum fluid samples
without siallylactose (~SL), both at pH 7, when analyzed
by a commercial ELISA (Melisa Rheumatoid HAII
Impunoassay), in which absorbance at 495 nm is plotted

against serum dilution.

FIG. 8 is a graphical representation that shows the
elution profile resulting from high performance anion
exchange chromatography (HPEA) of human pregnancy serum

using an eluant of 150 mM sodium hydroxide/100 mM sodium

acetate, a flow rate of 1 nlL/min and triple pulsed
amperometric detection (Dionex BiolC System). A, B and
c indicate the elution positions of compounds shown 1in

Table I, below.

As illustrated by the results shown in these
figqures, the effectiveness of oligosaccharides to
inhibit or disrupt the formation of immune complexes can
pe determined by several methods such as, e.qg.,

a) ultracentrifuge analysis;

b} quantitative precipitin test; and

¢) enzyme-linked immunosorbent assay.

emll? :m m#l}ggh?_l_>
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In the ultracentrifuge analysis, the
oligosaccharide-treated serum or synovial fluid of a
rheumatoid arthritis patient is compared to rheumatcid
arthritis control samples which have not bean thus
treated and with samples from a normal person. The y-
globulin in a normal person will exhibit a sedimentation
rate or velocity 7S which is indicative of monomeric
IgG. The sample from a rheumatoid arthritis patient
will have a fast-sedimenting material. According to
Stanworth and Henney, Immynoloqy 12, 267-274 (1967), the
IgG-containing complexes in patiente with rheumatoid
arthritis can range from 118 to >1005. In the
cligosaccharide-treated samples from rheumatoid
arthritis patients, this fast-sedimenting material will
disappear and be converted essentially to 7S,

The guantitative precipitin test for rheumatoid
arthritis is based essentially on serologic reactions.
According to this test, the patient's serum is reacted
with a variety of serological systems, all of which
contain y-globulin in some form or a component of Cohn
Fraction II obtained from plasma or serum, which is

largely y-globulin (Cohn et al., J, Clin. Invest. 23,
417-432 (1944); Cohen et al., J, Amer. Chem, Soc. 683,

459-475 (1946)). If the patient's serum is positive for
rheumatoid arthritis, the presence of the so-called
rheumatoid factor will cause the agglutination or
immunopgpcipitation reaction which can be compared with
normal control samples.

In the quantitative precipitin test, the
rheumatoid factor preferably reacts with the y=globulin
which has been heat aggregated to form an equivalence
precipitate. This test is further described, for
example, by Jatfe, J, Lab, Clin. Med, 60 (1), 409-423
{1962).

In the quantitative precipitin test as used
herein, the oligosaccharide-treated serum or Bynovial
fluid of a rheurmatoid arthritis patient is compared to

B241017A2_1_>
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the rheumatoid arthritis sample without such treatment
and/or contrel samples from a normal patient.

In a conventional enzyme-linked immunosorbent
assay (ELISA), an antigen or antibody is linked to an
insoluble carrier surface. The thus sensitized carrier
surface captures the corresponding antibody or antigen
from the test solution (e.g., serum). An enzyme-—
labelled antiglobulin attaches to the antigen or _
antibody compleX, which is detected by the enzyme label
changing the color of an added substrate. The optical
density of the final color is directly proportional to
the amount of unknown antikody Or antligen in the
original test solution. See, €.9., Engvall and
perimann, Immunochemistry 8, 871-874 (1971); L. Immunol.

109, 129-135 (1972} ..
In a typical ELISA procedure, horseradish

-peroxidnse ie used as the labeling enzyme and o-

phenylenediamine is used as the peroxidase substrate.
The reactions are conveniently carried out in plastic
microplate wells in which the colorimetric end-point is
determined by a spectrophotometric reading at, e.g., 482
nm. The optical density can be plotted against
concentration of the known antibody linked to the
carrier and the concentration of the unknown read from a

standard curve.

An ELISA test for rheumatoid arthritis is
jllustrated hereinafter (Example 3) by use of the
commercially-available Melisa Rheumatoid HAII (human
anti-immunoglobulin immunoglobulins) Immuncassay Kit
from Walker Laboratories Ltd., Cambridgeshire, England.
The reagents in this kit react equally with all
{mmunoglobulin classes, whereby it measures IgG plus IgM
rheunatoid factors. S5ee, €.9., Gioud-Paquet et al.,

, 65-71 (1987), and
PCT Inter. Appln. WO 88709933, published December 15,
1988. This kit uses IgG coated onto a micropin solid
phase and peroxidase labelled IgG as the enzyme blank.

Serum samples are mixed with the labelled IgG and

RS Mo e BTS2
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allowed to interact with the micropins. Rheumatoig
factors cross link the labelled IgG with the solid phase
IgG. In the absence of rheumatoid factors, label cannot
bind, thereby giving very low assay blanks. The enzyme
substrate in this test is o-phenylenediamine-HEC1l in
citrate buffer and horseradish peroxidase is used as the
enzyme.

The following detailed examples on the use of
sialyllactose for the treatment of serum and synovial
fluid from rheumatoid arthritis patients will further
illustrate the invention although it will be-understood
that the invention is not limited to these specific
examples. ’

Example 1

Human blcod serum (about 400 ul) was dialysed at
4°C for 3 hours against a buffer composed of 20 mM
sodium phosphate/0.1 M NaCl, pH 7.4, containing 0.005%
sodium azide, using a BRL continucus-flow dialysis
apparatus (Bethesda Research Laboratories). Serum was
then diluted with an equal volume of this buffer and
centrifuged rapidly (about 10 minutes) at room
temperature through a 0.5 m Teflon® filter. Half of
the diluted serum was raised to 10 =M in :
sialyllactose/lactosamine, pH 7.4, (mixed isomers from
bovine colostrum, Sigma Chemical Company), and an equal
velune of buffer was added to the other half of the
diluted serum. Both samples were incubated at 37°C for
12 hours and then subjected to ultracentrifuge analysis
(Beckman Ultracentrifuge, Model E, fitted with a
schlieren optical system). Runs were performed at 20°C
and 59,200 rpm. Photographs were taken at 6 minute
intervals. A control sample from a normal healthy
pPerson with very little high molecular weight was also
run.

The results from the sera of 3 patients with
rheumatoid arthritis are shown in Figures 1 to 3. Three
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time frames are shown for each sample (at 6 minutes, 12
minutes and 18 minutes, raspectively, left to right).
The small peak moving away from the meniscus is of
sedimentation velocity 7S, and therefore monomeric IgG.
There is very little faster sedimenting material in the
control sample (Figure 1a), but a considerable amount of
fast sedimenting material in the serum samples from
patients with rheumatoid arthritis (Figures 1b, 2a, 3a).
some of this larger material ie discrete, and some is
very large. Most of thie fast sedimenting material
disappears upon incubation with sialyl-lactose and the
serum has been converted to normal (Figure 1c, 2b, 3b).
of particular interest is the observation that the 7§
peak generally has a greater area after incubation with
sialyllactose then before, implying that the fast
sedimenting material contains 1gG which can ke
dissociated from the complexes with sialyllactaose.

Tt is thus seen that in the ultracentrifuge
analysis, IgG has been dissociated frem rheumatoid
factor complexes by siallylactose at physiological pH.

Example 2

Heat aggregated IgG was prepared by heating Cohn’
Fraction I to 63" for 15 minutes. Increasing amounts
of heat aggregated IgG were added to a constant volume
of the sample being tested. The reaction mixture was
incubated for 4 hours at 37°C and retained for 16 hours
at room temperature to allow the equivalence precipitate
to form. The supernatants were removed after
centrifugation; the precipitates were washed twice with
phosphate buffered saline and dissolved in 1M NaOH. The
optical density (OD) or absorbance at 280 nM of the
resulting solution was plotted against the amount in
milligrams of heat aggregated IgG from which they were

derived.
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The following samples were tested:

{a) Human blood serum containing rheumatoiq
factor complexes was dialysed against 0.1 M sodium
acetate, pH 3.5, to dissociate the complexes. Half of
the sample was made 10 mM in slalyllactose (pH 3.5) and
then returned to pH 7 with sodium hydroxide. The other
half had an equivalent amount of phosphate buffered
saline (PBS) added instead of sialyllactose and was also
returned to pH 7 with sodium hydroxide.

The results are shown in Figure 4. The
precipitin curve obtained from the sample containing
sialyllactose was significantly lower than the curve for
the control which contained no sialyliactose or other
sugar. The amount of precipitate formed at equivalence
was decreased by 17% in the sample containing
sialyllactose. 1In a similar assay comparing glucose
with control, Figure 5, little or no effect upon the
precipitin curve was observed for glucose

(b) Identical assays were run as in (a) except
that 10 mM of other sugars were used instead of 10 mM
sialyllactose. The other sugars used for comparison
with the oligosaccharide sialyllactose were the
monosaccharides, glucose, N~acetylglucosamine, N-
acetylneuraminic acid (sialic acid) and galactose, and
the disaccharidé, N-acetyllactosamine.

The results are shown in Figure 6. the
precipitin curves obtained from the samples containing
these other sugars resulted in an increase in
precipitate when compared to the curve for the control
which contained no sugar.

It is thus seen that re-association of rheumatoid
factors to form complexes was inhibited by the presence
of sialyllactose but not by the other sugars.

0211017A2_1 >
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Example 3

The commercially-available Melisa Rheumatoid HAII
Immunoassay Kit (Walker Laboratories Ltd.,

s cambridgeshire, England)} was utilized to test directly
whether or not siallactose/lactosamine (+SL) isomers can
prevent the binding of anti-immunoglobulins to
rheumatoid factors, i.e. prevent complex formation.
Figure 7 shows that in the presence of -

10 sialyllactose/1actosamine (+SL)}, less rheumatoid factor
could be detected in the serum of a patient with
rheumatoid arthritis than ip similar serum in the
absence of sialyllactosé/1actosamine (-SL). Since
immune-complex formation is coencentration dependent, the

15 effect of sialyllactose at the higher serum dilution
shows this as a specific inhibitory effect. Results of
the serum samples were read directly from a standard
curve supplied by the manufacturer since the dilution
factor of 1:100 1s already included in the value stated

20 on the standard labels.

Example 4

This example illustrates the presence and

25 availability of sialyllactose/1actosanine isomers in
pregnancy sera from human sources. Pregnancy sera from
human third trimester sources were screened by
procedures which consisted of preparation of
deproteinised serum sanmples and high performance anion

30 exchange chromatography (HPEA) with pulsed amperometric
detection (Dionex Biolc System). The general
methodology of HPAE with PAD for the separation of
positional isomers of oligosaccharides is déscribed by
Hardy and Townsend, Proc. Natl. Acad, Sci. USA 83, 3289-

35 3293 (1988); Townsend et al, Nature 33, 179-380 (1988). o
The following conditlons were used in screening the

pregnancy sera of this example:

BNSDOCID: <WO 821101
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Serum (100 pl) is diluted with 500 ul distilled
water and 200 ul 0.3M barium hydroxide, vortexed and
allowed to stand for 10 nin at room temperature. After
the addition of 200 ul of 0.18M zinc sulphate, the
mixture was vortexed for 2 min and centrifuged at 1500
g. The resulting supernatant of 150 uxl (eguivalent to
15 pl serum) was chromatographed by HPAE (Dionex BioLC)
using an eluant of 150 mM sodium hydroxide/100 mM sodium
acetate, flow rate of 1 nmL/min and utilizing triple
pulsed amperometric detection.

The results of this screening are shown in Figure 8
and compared to results obtained in the analysis of
sialyllactosellactosamine isomers in colostrum as set
forth in Table I. The results are expressed in percent
of isomer and assume an equal response factor for the
different isomers.

Iable I
Feak A Roak B Beak ¢
6' wsialyllactose

Sera 5' sialyllactosamine or 3* pialyle
Source 3' sialyllacto- lactose
{Colostrum) samine
Sigma -1 gy 83s
Bovine
Sigma trace TTes . 23%
Human
Honsanto -, ids 108 76y
Bavine

*Predominantly 6' sialyllactose

The amount of the sinlyliactose or other active
cligosaccharide which would normally be administered
therapeutically is primarily dependent upon the physical
characteristics of the recipient and the severity of the
arthritic conditions. The amount to be administered
must be an effective amount, that is, an amount which is

21117820 >
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medically beneficial but does not present toxic effects
which overweigh the advantages which accompany its use.
Adninistration of the active oligosaccharide in
physiologically acceptable solutions such as, for
exanple, physiologic saline, is illustrative of a
suitable parenteral solution of the oligesaccharide.
According to witt et al., Nutxr. Metab. 23, 51-61 (1979),
these oligosaccharides are orally absorbed intact.

other suitable formulations of the active
oligosaccharide in pharmaceutically acceptable diluents
or carriers in therapeutic dosage form can be prepared
by reference to general texts in the pharmaceutical
field such as, for example Remington's Pharmaceutical
Sciences, Ed. Arthur Osol, 16th ed., 1980, Mack '
publishing Co., Easton, Pennsylvania. An illustrative
method of administration is by direct injection into the

‘synovial fluid contained in the joint cavities, bursae

20

25

30

315

and tendon sheaths of the rheumatoid arthritis patients.
an illuétrative-effective amount of sialyllactose to
dissociate immune complexes in the serum or synovial
fluid of a rheumatoid arthritic patient and thereby
release a relatively small protein having rheumatoid
factor activity and a molecular weight of about 14 kDa
as determined by SDS-PAGE under reducing conditions is
about 10 uM. This protein contains the sequence (SEQ ID
NO:1)

Phe Thr Ile Ser Arg Asn Asp Ser Lye Asn Thr Leu Tyr Leu
5 10

in which the aéparagine in the Asn Asp Ser portion of
the sequence is optionally glycosylated.

various other examples will be apparent to the
person skilled in the art after reading the foregoing
disclosure without departing from the spirit and scope
of the invention. Tt is intended that all such other
examples be included within the scope of the appended

claims.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

{i) APPLICANT: Radomacher, Thomas W.
Dwak, Raymond A.

(ii) TITLE OF INVENTION: Uee of Oligosaccacharides for Treatment
of Arthritis

(iii) NUMBER OF SEQUERCES: 1
{iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Scott J. Meyer
{B)} STREET: 800 North Lindbergh Blvd.
(C) CITY: St. Louis,
(D) STATE: Misgouri
(E} COUNTRY: U.S.A.
{F} ZIP: 63043

(v} COMPUTER READABLE PORM:
(A) MEDIUM TYPE: Ploppy disk
{8 COMPUTER: IBM Pé compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D} SOPTWARE: Patentin Release #1.24

{vi) CURRENT APPFLICATION DATA:
(A} APPLICATICN NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

lnsbocID: <wo
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(vili} ATTORNEY /AGENT INFORMATION:
{A} NAME: Meyer, Scokt J.
(B) REGISTRATION NUMBER: 25,275
{C) REFERENCE/DOCKET NUHMBER: 07-27(496)A

{ix) TELECOMMUNICATION INFORMATION:

{A) TELEPHONE: (314) 694-3117
(2) INFORMATION FOR SEQ ID RO:l:

(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 amino acids
{B) TYPE: smino acid
(C) STRANDEDKESS: single
(D) TOPOLOGY: linsar

{1i) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l:

Phe Thr Ile Sar Arg Asn Asp Ser Lys Asn Thr Leu Tyr Leu
1 5 10
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WHAT IS CLAIMED:

1. A method for treatment of arthritis or a
related autoimmune disease that exhibits immune
complexes in a body fluid such as serum or synovial
fluid comprising exposing said body fluid to an
oligosaccharide containing a structural component that
inhibits or disrupts the degree of occupancy of the Fe
carbohydrate binding site on IgG.

2. The method of Claim 1 in which the boedy fluid
is serum.

3. The method of Claim 1 in which the body fluid

- 1s that of a rheumatoid arthritis patient.

4. The method of Claim 1 in which the
oligosaccharide is sialyllactose.

5. The method of Claim 2 in which the
oligosaccharide is sialyllactose.

6. The method of Claim 3 in which the
oligosaccharide is sialyllactose.

7. The method of Claim 1 in which the body fluid
is the serum of a fheumatoid arthritis patient and the
cligosaccharide is sialyllactose.

8. The method of Claim 1 in which the
oligosaccharide is administered in pharmaceutically
acceptable agqueous solution.

2. The method of Claim 7 in which the
oligosaccharide is administered in Pharmaceutically
acceptable aqueous solution.

10. A method for dissociating immune complexes in
the serum or synovial fluid of a rheumatoid arthritis
patient by treatment of said serum or synovial fluid
with a small but effective amount of sialyllactose to
thereby release a protein having rheumatoid factor
activity and a molecular weight of about 14 kDa as

35 determined by SDS~PAGE under reducing conditions and
contains the sequence (SEQ ID No:1)
Phe Thr Ile Ser Arg Amn ASp Ser Lym Asn Thr Leu Tyr Lou
5 10
P21I01TA2_| >
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in which the asparagine in the Asn Asp Ser portion of
the sequence is optionally glycosylated.
11. The metheod of claim 10 in which the amount of

sjalyllactose is 10 uM.
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Description

Compositions For Treating and Inhibiting
Gastric and Duodenal Ulcers

Related Applications:

This application is a Continuation-in-Part Application of
U.S. Serial No. 07/922,519, filed on July 31, 1992, the entire
contents of which are hereby incorporated by reference.

Technical Field

The present invention relates to compounds and
compositions for treating and inhibiting gastric and duodenal
ulcers, and to methods of treating and inhibiting gastric and
duodenal ulcers.

Bac oun

Infection by the gram-negative, spiral, microaerophilic
bacterium Helicobacter pylori (H. pylori), formerly known as
Campylobactor pylori (C. pylori), is a primary cause of non-
autoimmune gastritis, is a factor in peptic ulcer disease and
is more common in patients with gastric carcinoma. First
isolated by Warren (Lapcet {1983) 1:1273) and Marshal (Lancet
(1983) 1:1273~5), H. pylori has been isolated in gastric
tissue biopsies in patients throughout the world. While the
precise mechanism of inflammation is not well understood, H.
pylori is found in association with the apical surfaces of
gastric mucous=-secreting cells.

Due to the site specificity of attachment, it has been
suggested that there are specific attachment sites for H.
pylori which exist on gastric and ducdenal mucous-secreting
cells. Numerous studies have been undertaken to attempt to
identify the specific binding site of H. pylori.

O3 184AT_I_>
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Evans et al (Infection and Immwunity (1988) 56:2896~2906)

reported that H. pylori binding to an erythrocyte receptor is
preferentially inhibited by N-acetylneuraminyl-a(2-+3)-Gal f1-+4
Glc [NeuAc({2-3)-lactose] as compared with NeuAc(2-6)-lactose.
Sialoproteins which contain the NeuaAc(2-3)Gal isomer of NeuAc-
lactose, i.e., human erythrocyte glycophorin A, fetuin, and
human o,~macroglobulin, alsc inhibited H. pylori binding, but
at much higher concentrations (mg/ml) than that observed for
Neulc (2—+3)-lactose, while no inhibition was observed for the
corresponding asialoproteins.

These researchers further observed that NeuAc-lactose
{(also called sialyllactose) containing primarily the
KeuAc (2-+6)}Gal isomer showed no inhibition of binding, leading
the researchers to conclude that the receptor on the
erythrocytes is a sialoprotein containing NeuAc(2-3)Gal.
Although the Neulc(2—+3)Gal moiety, which Evans et al believed
to be the specific site of binding for H. pylori, is a
structure which occurs widely in nature, they rationalized the
selective binding of H. pylori to be due to the unique
gastrointestinal environment. This, in their view, accounts
for the lack of further colonization by H. pylori.

Evans et al (Infection and Immunity (1989) 57:2272-2278)
have also observed that H. pylori binds to monolayers of Y-1

nouse adrenal cells. But, this adherence can be prevented by
pretreating the Y-1 cells with neuraminidase and is blocked by
sialyllactose-containing fetuin.

Lingwood et al (Lancet (1989) 2:238-241) have reported
the isolation of a gastric glycerolipid material which they
observed to behave as a receptor for H. pylori. The material
was isolated from red blood cells, and mucosal scrapings of
pig stomach and human stomach. The investigators postulated
that the material was a sulphated alkylacylglycero-lipid, but
the actual structure of this material was not been reported.
Subsegquent investigations (Lingwood et al., Infection and
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Irmunity (1992) 60:2470-2474) showed that this receptor is

phospatidylethanolamine.
Tzovelekis et al (Infection and Immunity (1991) 59:4252-

4253) reported binding inhibition of H. pylori to HEp-2 cells.
by gastric mucin. The investigators observed that purified
mucin showed the greatest inhibition of X. pylori binding
while asialomucin exhibits somewhat diminished inhibition and
periodate-oxidized mucin exhibited the lowest level of
binding. On these observations, the researchers concluded
that sialic acids are at least partially responsible for the
binding interaction between H. pylori and human gastric mucin.

Thus the binding inhibition studies all point to a .
pylori binding specific receptor which possesses an N-
acetylneuraminic acid (sialic acid) (Tzouvelekis et _al and
Evans et al) bound in a 2-3 manner to a lactose (Evans et al).

In addition to the numerous binding inhibition studies,
methods have been pursued to treat gastric and duedenal ulcer
patients. Colloidal bismuth subcitrate (CBS) has been used
successfully in treating both gastric and duodenal ulcer
diseases (for a review, see Lambert in Reviews of Infectious
Diseases (1991) 13 (Suppl. 8):5691-5. CBS has proven
effective as a histamine B2 antagonist and has been associated
with lewer relapse rates after cessation of therapy attributed
to CBs’s ability to eradicate H. pylori. Bismuth
subsalicylate (BSS) has also been observed to inhibit ZH.
pylori.

Additional studies in eliminating H. pylori have been
conducted using the proton pump inhibitor, omeprazole.

Coleman et al (U.S. Patent No. 4,935,406) reported a
method for relieving gastrointestinal disorder, resulting from
H. pylori population, through the administration of bismuth
(phosph/sulf)ated saqcharide compositions. The saccharide

BNSDOCID: <WO. GH0I1BAAT 1 >
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compositions according to this method are simple phosphates
and sulfates of aldose and Ketose monosaccharides.

Clinical trials have been reported (Evans et al, Ann.
Internal Med. (1991) August 15, 115(4):266-9) in treating H.
pylori using ranitidine in conjunction with a "triple therapy"
of amoxicillin or tetracycline, metronidazole (an
antiprotozoal), and BSS. The clinical studies suggested that
ulcer healing was more rapid in patients receiving ranitidine
plus the "triple therapy” than in patients receiving
ranitidine alone.

However, long-term eradication of this organism has been
difficult with these therapies. The antibiotic approach runs
the risk of the development of new antibiotic resistant.
strains. Thus, a method of treating H. pylori with good long-
term eradication has not yet been developed.

.

closu the ent

Accordingly, ohe object of the present invention is to
provide novel compositions and methods for inhibiting and/or
treating gastric and/or duodenal ulcers.

Another object of the present invention is to provide a
method for inhibiting the adhesion of Helicobacter pylori to
mammalian tissue, including eliminating Helicobacter pylori
from the stowach and/or duodenum of a in need thereof patient.

Another object of the present invention is to provide a
kit for detecting the presence of Helicobacter pylori in a
sample.

All of the above objects of the present invention and
other objects which are apparent from the description of the
invention given herein below have been discovered by the
inventors to be satisfied by a composition comprising an

840318401 _|_>
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oligosaccharide selected from the group consisting of Formula
I

0, .;-w" 0w
N/ \ MM\\./D -y
W-O‘xxL,/’/*\Q,//IO‘\L/"’T\&JJ'
; Formula IYI
qH Q-wn -4
ké://fo Q/if:gi::iSerp'#
W0 N 40 \ )

or a mixture therecf;
wherein:
X is independently OH or NHAc;

Y is independently H, or an amino acid or a peptide of
2-100, preferably 2-20, amino acids; and ‘

W, W/, and W" are each independently H or

-
’

where 2 is independently H or a pharmaceutically acceptable

020318401 _|_>
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cation; and

P is independently H or

where Z is defined as above;

wherein at least one of W, W/ or W" is an a-N-
acetylneuraminic acid moiety, and

wherein W’ and W" are not simultaneously an a-N-
acetylneuraminic acid moiety

with the provisc that the compound of Pormula IX is not
NAN «(2~3)Gal f1~4 Glu or NAN a(2-6)Gal Bl=-4 Glu.

A composition containing at least one oligosaccharide of
Formula I or Formula II alone, or in combination with an H2
blockef, an antibiotic and/or an antiulcerative compound, has
been found by the inventors to be effective at inhibiting the
binding of Helicobacter pylori to the gastric and ducdenal
mucosa and relieving the effects of gastric and ducdenal
ulecers.

Best Mode for Carrying Out the Invention

The following abbreviations are used throughout the text:
"GalNAc" for N-Acetylgalactosamine; "Gal" for galactose; "Glc"
for glucose; "GlcNAc" for N-Acetylglucosamine; "MAN" or

YNeuAc" for N~-Acetylneuraminic acid; and "ser" for serine.

In the oligosaccharide of Formyla I, the OH group at the

B40T184AT_|_>
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4-pogition of the sugar on the right side of the molecule
represents both the axial and equatorial epimeres. When the
0OH at the 4-positien is in the axial position, then the sugar
on the right side of the molecule is a Gal or GalNAc moiety.
When the OH at the 4-position is in the equatorial position,
then the sugar on the right side of the mclecule is a Glc or
GlcNAc moiety. Thus the core structure of Formula I
represents either a Gal f1-3 Gal, Gal f1-3 GalNAc, Gal B1-3
Glec or Gal £1-3 GlcNAc.

The oligosaccharides according to Formula I of the
present invention comprise a core made up of an a-N-
acetylneuraminic acid moiety bound via its 2-position to
either the 3-pasition or 6-position of a g-galactose moiety,
which, in turn, is bound via its 1-position to the 3-pasition
of a galactose, N-acetylgalactosamine, glucoese or N-
acetylglucosamine moiety, which is bound via its é-position to
the 2-position of an e-N-acetylneuraminic acid.

Alternatively, any of the e-N-acetylneuraminic acid groups,
but not all simultaneously, may be replaced with H.

In a preferred embodiment, this core structure further
comprises an amino acid bound to the oxygen at the 1-position
of the galactose, N-acetylgalactosamine, glucose or N=-
acetylglucosanine moiety, to provide as shown below an
oligosaccharide of Formula I:

wherein X is OH or NHAc, Y is serine or threonine, W and W/
are each an a-N-acetylneuraminic acid moiety, W" is H and 2 is
independently H or & known pharmaceutically acceptable cation.

BNSDOCID: <WQ 840 84A1_|_>
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Specifically, the oligosaccharide of Formula I may be
Formuia lIa

M oowe M 0¥
0 0
OH x

or Formula Ib

R 0
- W HO ’-g/o
L) \ \ O_Y
W—0 N 9\/‘\§,.,-1“

wvhere X, ¥, W, W, W, Z and P are as defined above for
Formula I.

In other preferred embodiments, the oligosaccharide of
Formula I is selected from the group NANe2-3GalfSl-3 (NANa2-

6)GalNAc, NANa2-3Galfl-3(NANo2-6)GalNAcal-ser, NANa2-3GalBi-
3GalNAc,

NANa2-6Galf1-3 (NANa2-6)GalNAc, NANa2-6Galfl-3 (NANa2-
6)GalNAcal-ser, NANa2-6Galfl-3GalNAc, Galfl-3 (NANa2-6)GalNAc,

NANa2-3Galfl-3 (NANe2-6)Gal, NANx2-3Galji-3 (NANa2-6)Galal-
ser, NANa2-3GalBl-3Gal,

RANa2-6Galfl-3 (NANa2-6)Gal, NANe2-6Galfi-3 (NANa2-6)Galal-
ser, NANa2-6Galfl-3Gal, Galfl-3(NANa2-6)Gal,

9403188A1_|_>
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NANa2-3Galfil~3 {NANa2-6)}GlcNAc, NANa2-3Galfl-3 (NANa2-
6)GlcNAcel-ser, NANa2-3Galgl=3GlcNAc,

NANg2-~6Galfl-3 (NANa2-6)GlCcNAc, NANaz2-6Galfl-3 (NANa2-
6)GlcNAcal-ser, NANa2-6Galfl-3GlcNAc, Galfl-3 (NANa2-6)GlcNAcg,

NANa2-3Galfl-3 (NANa2-6)Glc, NANe2-3Galfl-3 (NANe2-6)Glcal-
ser, NANe2-3Galfl-3Glc, '

NANa2-6Galfl-3 (NANa2-6)Glc, NANa2-6Galfl-3 (NANa2-6)Glcol-
ser, NANa2-6Galfl-3Glc, Galfl-3 (NANa2-6)Glc and a mixture
thereof.

The oligosaccharides according to Formila II of the
present invention comprise a core made up of an a-N-
acetylneuraminic acid ndiety bound via its 2-position to
either the 3-position or é~position of a f-galactose moiety,
which, in turn, is bound via its 1-position to the 4-position
of a2 glucose or N-acetylglucosamine moiety, which is bound via
its é6~position to the 2-position of an a-N-acetylneuraminic
acid. Alternatively, any of the a-N-acetylneuraminic acid
groups, but neot all simultanecusly, may be replaced with H.
However, the compound of Pormula II does not include NAN
a(2=3)CGal B1-4 Glu or NAN a(2-6)Gal fl1-4 Glu.

In a preferred embodiment, this core structure further
conprises an amino acid bound to the oxygen at the l-position

of the glucose or N-acetylglucosamine moiety, to provide as
shown below an oligosaccharide of Formula II:

OH

-w-

w_ow HO \
X
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wherein X is OH or NHAc, Y is serine or threonine, W and W’
are each an a-N-acetylneuraminic acid moiety and 2z is
independently H or a known pharmaceutically acceptable cation.

In other preferred embodiments, the oligosaccharide of
Formula I is selected from the group NANe2-3Galfl-4 (NANa2-
6)GlcNAc, NANa2-3Galfl=-4 (NANa2=-6)GlcKAcal~ser, NANa2-3Galfl-
4G1lcNAc,

NANg2-6Galfl—-4 (NANa2-6)GlcHAc, HANa2-6Galfl-4 (NANa2-
6)GlcNacal~ser, NANe2-6Galfl-4GlcNAc, Galfl-4 (NANa2-6)GlcNAc,

NANa2-3Galfl-4 (NANa2~6)Glc, NANa2-3Galfl-4 (NANa2-6)Glcal-
ser,

NANa2-6Galfl-4 (NANa2~6)Gle, NANa2-6Galfli-4 (NANa2=-6)Glcal-
ser, CGalfl-4(NANa2-6)Glc and a mixture thereof.

In addition, for the oligosaccharide of Formula I or
Formula II the group Y may represent an anino acid or peptide
of from 2-100 amino acids, preferably 2-20 amino acids. It is
noted that the glycoprotein fetuin, contains a peptide of at
least 500 amino acids.

In addition, any one of or all of the free hydroxyl
groups on the oligosaccharide of Formula I or Formula II may
be acylated with a C, , acyl group by treatment with a suitable
acylating agent such as acetyl chloride, propionyl chloride,
butyryl chloride or acetic anhydride.

The a-N-acetylneuraminic acid moieties as they appear in .

Formula I or II may further be substituted at the B-position
with an e-N-acetylneuraminic acid moiety. Accordingly for all
of the above-identified compounds of Formula I and Formula II
any of the c-N-acetylneuraminic acid moieties may be replaced
by NANa2-8NANa2-. This may be done by treating a mono o-N-
acetylneuraminic acid compound of Formula I or II with CMP-NAN

940318441 _I_>
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and an a-N-acetylneuraminic acid transferase specific for
transfer to an a-N-acetylneuraminic acid.

Oof the bis sialylated oligosaccharides of the present
invention, are for example the bis sialylated compounds of
Formula II, NAN@Z-8NANa2-3Galfl-4Glc and NANa2-8NANa2-6Galjfl-
4Gle.

Any known suitable pharmaceutically acceptable cations
may be used with the oligosaccharides of Formula I or Formula
II, including the cations of conventional non=-toxic salts
including a metal salt such as an alkali metal salt {e.g.
scdium salt, potassium salt, etc.) or an alkaline earth metal
salt {e.g. calcium salt, magnesium salt, etc.), an ammonium
salt, an organic base salt (e.g. trimethylamine salt,
triethylamine salt, pyridine salt, picoline salt,
dicyclohexylamine salt, N, N/-dibenzylethylenediamine salt,
etc.), an organic acid salt (e.g. formate, acetate,
trifluoroacetate, maleate, tartrate, methanesulfonate,
benzenesulfonate, toluenesulfonate, etc.), an inorganic acid
salt (e.g. hydrochloride, hydrobromide, sulfate, phosphate,
etc.), a salt with an amino acid {(e.g. arginine salt, aspartic
acid salt, glutamic acid salt, etc.), and the like..

The structure NANe2-3Galfl-3 (NANa2-6)GalNAc has been
identified as an 0-linked carbohydrate found in bovine Factor
X (Mizvochi et al, J. Biol. Chem. (1977) 255:3526), bovine
high-molecular weight ininogen (Endo et al, J. Biochem, Tokyo
(1977) 82:545), human plasminogen, (Hayes et al, J. Biol.
Chem. (1979) 254:8777), immuncglobulin (Chandraskaren et al,
J. Biol. Chem., (1981) 256:1549), the f-subunit of human
choricnic gonadotropin, (M. Kessler et al, J. Biol, Chem.
{(1979) 254:7909), bovine fetuin (R. Spiro et al, J. Biol,
Chem. (1974) 249:5704) and human apolipcprotéin C=-III (P.
Yaith, Biochem. Biophvs, Acta (1978) 541:234).

The oligosaccharide of the present invention may be
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obtained using any known method, inecluding {1) enzymatically,
using one of the inventor’s method described in published
international application WO 91/16449, (2) synthetically,
using classical organic chemistry, or (3) by degradation of a
natural occurring oligosaccharide, glycolipid, or
glycopeptide.

The compound HANa2-3Galgfl-3(NANa2-6)GalNAc—-itol, wherein
the acetal of the terminal GalRAc has been raeduced to the
primary alcohol, may be obtained by alkaline hydrolysis and
NaBH, reduction of fetuin. Illustrative hydrolysis conditions
consist of reacting fetuin in 0.05 M NaOH and 1M NaBH, at 50°C
for 16h in water.

The compound NANa2-3Galfl-3 (NANa2-6)GalNAc-peptide may be
obtained by protease mediated degradation of fetuin in agueous
solution at abkout 50°C.

However, as a pharmaceutically acceptable source of this
compound, the hydrolysis product of fetuin may be disfavored
due to the poasible presence of mad cow’s disease. While
purification and treatment techniques can rule out transfer of
this virus to the composition, enzymatic synthesis is still
preferred.

The present oligosaccharide may be administered in
conjunction with a known proton pump inhibitor eor a known H2
receptor antagonist. A representative proton pump inhibitor
is omeprazeole, and representative H, antagonists include
cimetidine, ranitidine, nizatidine and famotidine. 'The amount
of proton pump inhibitor and H, antagonist administered in
conjunction with the present oligosaccharide is about the same :
amount administered for their known therapy. Accordingly,
effective dosages of the proton pump inhibitor and H, can be
determined by routine experimentatien.

Alternatively a known antiulcerative compound may be used
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in conjunction with or as a replacement for the H2 receptor
antagonist. Suitable antiunlceratives include aceglutamide
aluminum complex, c¢—acetamidocaproic acid zinc salt,
acetoxolone, arbaprostil, benexate hydrochloride, bismuth
subcitrate sol, carbenoxolone, cetraxate, cimetidine,
enprostil, esaprazole, famotidine, ftaxidide, gefarnate,
guaiazulene, irsogladine, misoprostol, nazatidine,
ornaprostil, y-oryzanol, pifarnine, pirenzepine, plaunotol,
ranitidine, rioprostil, rosaprostol, rotraxate, roxatidine
acetate, sofalcone, spizofurcne, sucralfate, teprenone,
trimoprostil, trithiozine, troxipide, and zolimidine. The
amount of antiulcerative administered in conjunction with the
present oligosaccharide is about the same amount administered
for its known therapy. Accordingly, effective dosage of the

-antiulcerative can be determined by routine experimentation.

Alternatively, the present oligosaccharide may be
administered in conjunction with an antibiotic with activity
against H. pylori. Suitable antibiotics include
metronidazole, tetracycline, bismuth, erythromycin, macrolide,
gquinoline and amoxicillin. The amount of antibiotic
administered in conjunction with the present oligosaccharide
is about the same amount administered for its known therapy.
Accordingly, effective dosage of the antibiotic can be
determined by routine experimentation.

The anti-H. pylori compositicns of the present invention
contains one or a plurality of oligosaccharides of Formula I
or Formula II in association with any suitable liquid or
solid, pharmaceutically acceptable carrier or excipient,
preferable in a form suitable for oral or enteral
administration. 1In addition, the anti-H. pylori compositions
of the present invention are preferably pyrogen free.

The anti-H. pylori compositions are usually administered

as a mixture with a carrier suitahly selected depending upon
the route for administration using standard formulations. For
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example, the compound of the present invention may be
adninistered in the form of tablets which may be prepared
using known techniques by adding to a powder of the active
ingredient of the present invention an excipient such as
starch, lactose, sucrose, glucose, crystalline cellulose,
calcium carbonate or kaolin, a hydroxypropylcellulose, a
glucose solution, a sucrose solution, water or ethanol, a
disintegrator such as starch, agar, gelatin powder,
carboxymethylcellulose calcium (CMC-Ca),
carboxymethylcellulose sodium (CMC-Ra), crystalline cellulose,
calcium carbonate or sodium hydrogencarbonate, or a lubricant
such as magnesium stearate, calcium stearate, talc, macrogoal
4,000, macrogoal 6,000 or stearic acid.

The mixture is then subjected to compression molding by a
conventicnal takleting method, and if necessary, applying a
sugar coating by means of a concentrated sugar seolution
containing e.g. gum arabic, talc, polyvinylpyrrolidone,
polyethyleneglycol and/or titanium oxide, applying a filnm
coating by means of a film—-forming agent composed of e.q.
polyvinyl acetal diethylaminoacetate,
hydroxypropylmethylcellulose, hydroxypropylcellulose,
ethylcellulose or polyvinylpyrrolidone or applying an enteric
coating by means of a film-forming agent composed of e.g.
ethylcellulose phthalate, cellulose acetate phthalate or
hydroxypropylmethylcellulose phthalate.

These pharmaceutical compositions may be in the form of
granules or fine granules which may be prepared by adding to
the active ingredient of the present invention a binder such
as starch, gelatin, gum arabic, methylcellulose, sodium
carboxymethylcellulose, heavy silicic anhydride or light
silicic anhydride, followed by kneading and granulation by
usual methods; or as a powder of the active ingredient of the
present invention by itself; or as capsules which may be
prepared by adding to the active ingredient of the present
invention an excipient such as lactose, starch or crystalline
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cellulose and/or a lubricant such as magnesium stearate,
calcium stearate or talc, and filling the mixture into
capsules.

A solution or suspension may be prepared by adding any
diluent customarily, used in the art. For example, suitable
diluents include water, ethyl alcohol, propylene glycél,
polyoxyethylene soxbitol, and sorbitan esters. Sodium
chloride, glucose or glycerol may be incorporated into such a
liquid preparation in an amount sufficient teo prepare an
isotonic solution. The therapeutic composition may also
further contain ordinary disseclving aids, buffers, pain-
alleviating agents, art preservatives, and optionally coloring
agents, fragrances, flavors, sweeteners and other
pharmacologically active agents such are well known in the
art.

Suitable compositions may take the form of a sclution,
suspension, tablet, coated tablet or any pharmaceutically
acceptabkle form suitable for delivery to the stomach or
duodenumn.

According to a preferred embodiment of the present
invention, the oligosaccharide or anti-H. pylori compositions
are administered enterally to a patient in need thereof to
inhibit H. pylori binding or eliminate H. pylori colconies from
the patient’s stomach and/or duodenum.

Typically, suitable patients are humans. However the
present method is also applicable to treatment of animals,
including but not limited to mammals such as cows, horses,
sheep, goats, dogs, cats, rodente and non-human primates, fowl
such a chickens, turkeys and ducks, and fish.

Suitable amounts of the composition teo be administered

include those which produce an effective stomach concentrztion
of ocligosaccharide of from 1 upg to 10,000 mg/ml per dose,
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prefaerably 100 to 1000 pg/ml. When a proton pump inhibitor,
H2 antagonist, or antiulcerative is coadministered, the
composition is formulated to provide batween 10-500 mg,
preferably 100-300 mg of the proton pump inhibitor, H2
antagonist, or antiulcerative daily. Dosage forms include
such unit dosage forms such as tablets, capsules, solutions or
suspensions.

In another embodiment of this invention the
oligosaccharide of Formula I or FPormula II is provided as a
multivalent molecule. In this embodiment, at least one type
of the oligosaccharide of Formula I or Formula II is bound to
a polymer using known techniques so as to produce a polymer to
which more than one individual molecules of the
oligosaccharide of Formula I or Formula II are covalently
attached. The polymer backbone is sufficiently long to
provide a multivalent molacule leaving froem between 2-~1i,000,
preferably 10-100, more preferably 20-30 molecules of the
compound of Formula I or Formula II bound to the polymer.

The oligosaccharide of Formula I or Formula II is
preferably bound to the polymer via the free anomeric carbon
of the galactose, N-acetylgalactosamine, glucose or K-
acetylglucosamnine moiety of Formula I or the glucose or N-
acetylglucosamine moiety of Formula II when Y = H, or the
peptide when Y = peptide. Suitable polymers are any polymer
material which may be reacted with the anomeric carbon of a
saccharide, such as a polylysine, a polyacrylamide or a
cyclodextrin. '

For example, the oligosaccharide of Formula I or Formula
II may be bound to a support to form a bead wherein the
surface of the bead is bound with the compound of Formula I or
Formula II.
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Another embodiment of this invention, which relates to.
one of the inventor’s application serial no. 07/241,012, filed
September 2, 1988, provides a kit for detecting H. pylori.

The kit is analogous to a kit for performing ELISAs, but uses
a compound of Formula I or Formula II which is bound to a
so0lid support, instead of the antigens or antibodies bound to
solid supports normally found with ELISA kits. The kit
comprises a container, and contained therein, the compound of
Formula I or Formula II bound to a solid support. The
compound of Formula 1 or Formula II is bound to a polymer
support through the anomeric carbon of the galactose, N-
acetylgalactosamine, glucose or N-acetylglucosamine moiety of
Formula I or the glucose or N-acetylglucosamine moiety of
Formula II in the case where Y = H and through the amino acid
or the peptide when Y = amino acid or peptide. A sample to be
tested for H. pylori is contacted with the bound compound of
Formula I or Formula II. Bound H. pylori may be detected by
standard means such as labeled antibodiles.

Other features of the invention will become apparent in
the course of the following descriptions of exemplary
embodiments which are given for illustration of the invention
and are not intended to be limiting thereof.

* * *

Example 1. Synthesis of tetrasaccharide NANe2-3 Gal B81=-
3 {NANg2-6)GalNA

An aqueous solution of equimolar equivalents of galRAc
and UDP-~gal is stirred at 40°C in the presence of a 8 1-3
galactosyltransferase for a sufficient time to effect coupling
of the two moieties. The g 1-3 galactosyltransferase is
isolated from porcine submaxillary glands. HNext, three molar
equivalents of CMP-NAK are introduced along with an o 2-6
sialyltransferase, to form the monosialo compound. Finally an
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a 2-3 sialyltransferase is intrcduced in the prasence of three
more equivalents of CMP-NAN to form the tetrasaccharide.

nthesis of id charide a2-3 Gal
B1-3 (NANa2-6) GalNAcfl-Serine

An aqueous solution of equimolar equivalents of galNAc O-
linked to serine and UDP-gal is stirred at 40°C in the '
presence of a £ 1-3 galactosyltransferase for a sufficient
time to effect coupling of the two moieties. The f 1-3
galactosyltransferase is isolated from porcine submaxillary
glands. Next three molar equivalents of CMP-NAN are
introduced along with an a 2-6 sialyltransferase to form the
menosialo compound. Finally an ¢ 2-3 sialyltransferase is
introduced in the presence of three more equivalents of CMP-
NAN to form the glycopeptidesaccharide.

An anti-Helicobacter composition is prepared by mixing
100 mg of the tetrasaccharide of Example 1 with 250 mg of the
H, receptor antagonist ranitidine. The mixture is then
suspended in a mixture of water and propylene glycol.

Example 4

An anti-Helicobacter composition is prepared by mixing
100 mg of the tetrasaccharide of Example 1 with 250 mg of the
proton pump inhibitor omeprazole. The mixture is then
suspended in a mixture of water and propylene glycol.

Example 5

An anti-Helicobacter composition is prepared by mixing
100 mg of the tetrasaccharide of Example 1 with 250 mg of a
combination of metronidazole, tetracycline, and amoxicillin.
The mixture is then suspended@ in a mixture of water and
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propylene glycol.

Example 6

As a therapeutic treatment, a patient infected with X.
pylori is treated with the composition of Example 3. The
patient is treated orally four times daily with each dosage
providing an effective stomach concentration of 100 pg/ml.
Therapy is continued for two weeks, after which examination
showed eradication of the H. pylori bacteria. After
eradication, maintenance therapy with the composition of the
present invention is continued to prevent recurrence.

Example 7. Synthesis of tetrasaccharide NANo2-3 Gal 81-
4 (NANa2~6) G1cNAC

An aqueous solution of eguimolar equivalents of glcNAc
and UDP-gal is stirred at 40°C in the presence of a 8 1-4
galactosyltransferase for a sufficient time to effect coupling
of the two moieties. The B 1-4 galactosyltransferase is
isclated from porcine submaxillary glands. Next three molar
eguivalents of CMP-NAN are introduced along with an a 2-6
sialyltransferase, to form the monosialo compound. Finally an
a 2-3 sialyltransferase is introduced in the presence of three
more equivalente of CMP-NAN to form the tetrasaccharide.

Example B. Synthesis of tetrasaccharide NANa2-3 Gal f1-
3 - NAC

An agueous solution of equimolar equivalents of glcNAc
and UDP-gal is stirred at 40°C in the presence of a § 1~-3
galactosyltransferase for a sufficient time to effect coupling
of the two moijeties. The B 1-3 galactosyltransferase is
isolated from porcine submaxillary glands. Next three molar
equivalents of CMP-NAN are introduced along with an a 2-6
sialyltransferase, to form the monosialo compound. Finally an
@ 2-3 sialyltransferase is introduced in the presence of three
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more equivalents of CMP-NAN to form the tetrasaccharide.

Obviously, numerous modifications and variations of the
present invention are possible in light of the above
teachings. It is therefore to be understood that within the
scope of the appended claims, the invention may be practiced
otherwise than as specifically described herein.
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Claims

1. A method of treating or inhibiting an ulcer in the
stomach or duodenum of a patiesnt in need thereof, comprising
administering to the stomach or duodenum of said patient, an
effective amount of a composition comprising an

oligosaccharide selected fron tbe group consisting of Formula
I

OH 0—W
| J-w
) BHO 0
" OH X

;+ Formula II

or a mixture thereof;
wherein:
X is independently OH or NHAc;

Y is independently H, or an amino acid or a peptide of
2~100, preferably 2-20, amino acids; and

W, W/, and W are each independently H or

-
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whare 2 is independently H or a pharmaceutically acceptable
cation; and

P is independently H or

where Z is defined as above;

wherein at least one of W, W or W' is an a-N-
acetylneuraminic acid moiety, and

wherein W and W" are not simultanecusly an a-N-
acetylneuraminic acid moiety |

with the proviso that the compound of Formula II is not
NAN «(2-3)Gal f1-4 Glu or NAN a(2-6)Gal pl-4 Glu.

2. The method of Claim 1, wherein X is OH.
3. The method of Claim 1, wherein X is NBAc.
4. The method of Claim 1, wherein Y is H.

5. The method of Claim 1, wherein Y is serine or
threonine.

6. The method of Claim 1, wherein Y is an amino acid or ’
2 to 20 amino acids long peptide.

7. The method of Claim 1, wherein Y is a peptide of from
2 to 20 amino acids.
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g. The mathod of Claim 1, wherein at least one of 2 is

9, The method of Claim 1, wherein at least one of 2 is a
pharmaceutically acceptable cation.

10. The method of Claim 1, comprising inhikiting a
gastric ulcer in said patient.

11. The method of Claim 1, comprising inhibiting a
duodenal ulcer in said patient.

12. The method of Claimr 1, comprising treating a gastric
ulcer in said patient.

13. The method of Claim 1, comprising treating a
duodenal ulcer in said patient.

14. The method of Claim 1, comprising coadministering an
H2 blocker to said patient.

15. The method of Claim 1, comprising coadministering an
antiulcerative compound to said patient.

16. The method of Claim 1, comprising coadministering a
proton pump inhibitor to said patient.

17. The method of Claim 1, comprising coadministering an
antibiotic compound to said patient.

18. The method of Claim 1, wherein a plurality of
molecules of said oligosaccharide are covalently bonded to a
pharmaceutically acceptable polymer via the free anomeric
carbon of the galactose, N-acetylgalactosamine, glucose or N-
acetylglucosamine moiety of Formula I or the glucose or N-
acetylglucosanine meiety of Formula II when Y is H and via the
amino acid or the 2 to 100 amino acids-long peptide moiety
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when Y is an amino acid or a 2 to 100 amino acids~long
peptide.

13. The nmethod of Claim 18, wherein said
pharmaceutically acceptable polymer is a polylysine, a
polyacrylamide or a cyclodextrin.

20. The method of Claim 10, wherein a plurality of
molecules of said oligosaccharide are covalently bonded to a
pharmaceutically acceptable polymer, via the free ancmeric
carbon of the galactose, N-acetylgalactosamine, glucose or N-
acetylglucosamine moiety of Formula I or the glucose or N-
acetylglucosamine wmoiety of Formula II when Y is H and via
the amino acid or the 2 to 100 amino acids-long peptide meiety
when Y is an amino acid or a 2 to 100 amino acids-leng
peptide.

21. The method of Claim 20, wherein said
pharmaceutically acceptable polymer is a polylysine, a
polyacrylamide or a cyclodextrin.

22. A composition comprising, in association with a
carrier or excipient suitable for enteral administration, an
amount effective for Helicobacter pylori binding inhibition,

of a composition comprising an oligosaccharide selected from
the group consisting of Formula I

O , 0—W
O-w o 0 0
OH X

; Formula I

240316441 8 >
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9H 0-w" 0 0 0
0 0¥
w0
OH H X

or a mixture thereof;
wherein:
X is independently OH or NHAc;

Y is independently H, or an amino acid or a peptide of
2-100, preferably 2-20, amino acids; and

W, W7, and W" are each independently H or

-~

where Z is independently H or a pharmaceutically acceptable
cation; and

P is independently H or

whera 2 is defined as above;

wherein at least one of W, W’ or W" iz an o-K-
acetylneuraminic acid moiety, and

wherein W’ and W" are not simultaneously an g=-N=-
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with the proviso that the compound of Formula II is not
NAN a(2-3)Gal fl=-4 Glu or NAN a{2-+6)Gal fi-4 Glu.

23. The composition of Claim 22, further comprising an
amount effective for E2 blocking of an H2 blocker.

24. The composition of Claim 23, wherein said H2 blocker
is selected from the group consisting of cimetidine,
octreotide, enterogastrone, ranitidine, nizatidine and
famotidine.

25. The composition of Claim 22, further comprising an
antiulcerative amount of an antiulcerative compound.

26. The composition of Claim 22, further comprising a
proton pump inhibiting amount of a proton pump inhibitor.

27. The composition of Claim 26, wherein said proton
pump inhibitor is omeprazole.

28. The composition of Claim 22, further comprising an
antibiotic effective amount of an antibiotic effective against
H. pylori.

29. The composition of Claim 28, wherein said antibiotic
is selected from the group consisting of metronidazole,
tetracycline, bismuth, erythromycin, macrolide, quinoline,
amoxicillin and a mixture thereof.

30. A solid composition according to Claim 22. '

31. A liquid composition according to Claim 22.

32. The composition of Claim 22, wherein X is OH.
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33. The composition of Claim 22, wherein X is NHAc.
34. The composition of Claim 22, wherein Y is H.

35. The composition of Claim 22, wherein Y is an amino
acid or 2 to 100 amino acids-long peptide.

36. The composition of Claim 35 wherein Y is a peptide
of from 2 to 20 amineo acids.

37. The composition of Claim 22, wherein at least one of
2 is H. '

38. The composition of Claim 22, wherein at least one of
2 is a pharmaceutically acceptable cation.

39. A kit for determining the presence of Helicobacter
pylori in a sample, comprising:

(i) a container and

(ii) an oligosaccharide selected from the group
consisting of Formula I

H , . 0—W
O-w o o 0
1 0 O—Y
W—0
CH X
; Formula II
0|H O_wn 0 _w 0
"o GHO 0=
OH p
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or a mixture thereof;
wherein:
X is independently OH or NHAcC;

¥ is independently H, or an amino acid or a peptide of
2=-100, preferakly 2-20, amino acids; and

W, W ’, and W" are each independently H or

where Z is independently H or a pharmaceutically acceptable
cation; and

P is independently H or

ﬁhere Z is defined as above;

wherein at least one of W, W or W" is an a-N- .
acetylneuraninic acid moiety, and

wherein W’ and W" are not simultaneously an oa-N=-
acetylneuraminic acid moiety
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with the proviso that the compound of Formula II is not
NAN o (2-+3)Gal-S1-4 Glu or NAN a{2-6)Gal fl-4 Glu.

40. The kit of claim 39 wherein X is OH.
41. The kit of claim 39 wherein X is NHAc.
42. The kit of claim 3% wherein ¥ is H.

43. The kit of claim 39 wherein Y is an amino acid or a
2 to 100 amino acids-long peptide.

44. The kit of claim 43, wherein ¥ is a peptide of from
2 to 20 amino acids.

45. The kit of claim 39 wherein at least one of Z is H.

46. The kit of claim 39 wherein at least one of Z is a
pharmaceutically acceptable cation.

47. The kit of ¢Claim 39, wherein a plurality of said
oligosaccharide, covalently bonded to a pharmaceutically
acceptable polymer via the free anomeric carkbon of the
galactose, N-acetylgalactosamine, glucose or N- ‘
acetylglucosamine moiety of Formula I or the glucose or N-
acetylglucosamine moiety of Formula IT when Y is H and via
the amine acid or the 2 to 100 amino acids-long peptide moiety
when Y is an amino acid or a 2 to 100 amino acids-long
peptide, are bound to said solid support.

48. The kit of Claim 47, wherein said pharmaceutically
acceptable polymer is a polylysine, a polyacrylamide or a
cyclodextrin.

49. A method of eliminating Helicobacter pylori from the
stomach or duodenum of a patient in need thereof, comprising

administering to said patient an Helicobacter pylori
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eliminating effective amount of composition comprising an

oligosaccharide selected from the group consisting of Formula
I

OH 0—W

\\;"0 aom...l\(/(]
W“3-\4,,r”ﬂP§l,z”'o‘\i,/”’T\lJJ“

; Formula II

Ddﬂ}) ,/1\$i/”’0 )

or a mixture thereof;
wherein:
X is independently OH or NHAc;

Y is independently H, or an amino acid or a peptide of
2-100, preferably 2-20, amino acids; and

W, W 7, and W" are each independently H or

t d
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where Z is independently H or a pharmaceutically acceptable
cation; and

P is independently H or

where Z is defined as above;

wherein at least one of W, W or W" is an a-N-
acetylneuraminic acid moiety, and

wherein W’ and W" are not simultaneously an a-N-
acetylneuraminic acid moiety

with the proviso that the compound of Formula II is not
NAN a(2-+3)Gal f1-4 Glu or NAN a(2-+6)Gal Bl1-4 Glu.

50. The method of Claim 49, wherein X is OH.
5i. The method of Claim 4%, wherein X is NHAc.

S2. The methed of Claim 49, wherein Y is gserine or
threonine.

53. The method of Cclaim 49, wherein Y is an amino acid
or a 2 to 20 amino acids long peptide.

54. The method of Claim 49, wherein at least one of 2 is

55. The method of Claim 49, wherein at least cne of Z is
a pharmaceutically acceptable cation.
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56. The method of Claim 49, wherein said patient has
been diagnosed as having a duodenal ulcer.

) 57. The method of Claim 49, wherein said patient has
been diagnosed as having a gastric ulcer.

58. The method of Claim 49, wherein said administration
is oral.

59. The method of Claim 49, wherein said administration
is enteral.

60. The method of Claim 49, wherein a plurality of said
oligosaccharide are covalently bonded to a pharmaceutically
acceptable polymer, via the free ancmeric carbon of the.
galactose, N-acetylgalactosamine, glucose or N-
acetylglucosamine moiety of Formula I or the glucose or N-
acetylglucosamine moiety of Formula ITI when Y is H and via
the amino acid or the 2 to 100 amino acids—-long peptide moiety
when ¥ is an amine acid or a 2 to i00 amino acids-long
peptide.

61. The methed of Claim 60, wherein said

pharmaceutically acceptable polymer is a polylysine, a
polyacrylamide or a cyclodextrin.
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