
Probiotics to Improve Gut Microbiota Field of the
Invention This invention relates to the administration
to infants delivered by Caesarean section of a
specific probiotic bacterial strain capable of
promoting an early bifidogenic gut microbiota.
Background to the Invention Immediately before birth,
the gastro-intestinal tract of a baby is thought to be
sterile. During the normal process of birth, it
encounters bacteria from the digestive tract, skin and
environment of the mother and starts to become
colonised. The faecal microbiota of a healthy,
vaginally-delivered, breast-fed infant of age 2 to 4
weeks which may be taken as the optimum microbiota for
this age group is dominated by Bifidobacteria species
with some Lactobacillus species and lesser amounts of
Bacteroides such as Bacteriodes fragilis species, to
the exclusion of potential pathogens such as
Clostridia. After the completion of weaning at about 2
years of age, a pattern of gut microbiota that
resembles the adult pattern becomes established. It
should be noted that, in the healthy,
vaginally-delivered, breast-fed infant, Bifidobacteria
form the basis of the microbiota accounting for 60-90
% of total bacteria in the infant gut. Breast feeding
also promotes intestinal barrier development which,
together with bifidobacterial domination leads to
enhanced absorption and therefore utilisation of
ingested nutrition. Grdnlund et al have studied the
faecal microbiota of healthy infants born by caesarean
section and compared it with that of a comparable
group of infants born by vaginal delivery. They
concluded that the gut flora of infants born by
caesarean delivery may be disturbed for up to six
months after the birth. Specifically they noted that
the rates of colonisation by Bifidobacteria and
Lactobacilli in the caesarean group reached the rates
of colonisation in the vaginally delivered group only
after one month and ten days respectively (Grdnlund et
al, "Fecal Microflora in Heathy Infants Born by
Different Methodsof Delivery: Permanent Changes in
Intestinal Flora After Cesarean Delivery", Journal of
Pediatric Gastroenterology and Nutrition, 28:19 - 25).
Other workers have suggested that this
delayed/aberrant colonisation may have specific
consequences in terms of the subsequent development of
the infant and have linked these consequences to the
differences in gut flora. For example, Laubereau et al
found that infants born by caesarean section had a
greater risk of diarrhoea than vaginally delivered
infants (Laubereau et al, Caesarean Section and
gastrointestinal symptoms, atopic dermatitis and
sensitisation during the first year of life", Arch Dis
Child 2004;89:993-997). Negele et al found that
caesarean delivery may be an additional risk factor
for wheezing and allergic sensitisation to food
allergens up to the age of two years (Negele et al
"Mode of delivery and development of atopic disease
during the first 2 years of life" Pediatr Allergy
Immunol 2004:15:48 - 54). It has also been suggested
that systemic low-grade inflammation and a sub-optimal
gut microbiota may also be implicated in the
development of obesity (Fantuzzi G. "Adipose tissue,
adipokines, and inflammation" J Allergy Clin Immunol.
2005;l 15:91 1-919,. Backhed F, Ding H, Wang T, et al.
"The gut microbiota as an environmental factor that
regulates fat storage" Proc Natl Acad Sci USA. 2004;
101:15718- 15723). Mother's milk is recommended for
all infants. However, in some cases 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. 



In the recent past, certain strains of bacteria have
attracted considerable attention because they have
been found to exhibit valuable properties for man if
ingested. In particular, specific strains of the
genera Lactobacilli and Bifidobacteria have been found
to be able to colonise the intestine, to reduce the
capability of pathogenic bacteria to adhere to the
intestinal epithelium, to have immunomodulatory
effects and to assist in the maintenance of
well-being. Such bacteria are sometimes called
probiotics and it has already been proposed to add
suitable probiotic bacteria to infant formulae.
Extensive studies have been carried out to identify
new probiotic strains. For example, EP 0 199 535, EP 0
768 375, WO 97/00078, EP 0 577 903 and WO00/53200
disclose specific strains of Lactobacilli and
Bifidobacteria and their beneficial effects. More
recently, some concerns have been expressed about the
addition of probiotic bacteria to infant formula which
is intended as the sole source of nutrition for
infants in the first six months of life. These
concerns were summarized in the medical position paper
from the ESPGHAN Committee on Nutrition entitled
"Probiotic Bacteria in Dietetic Products for Infants"
(Journal of Paediatric Gastroenterology and Nutrition,
38:365-374). The intestinal microbiota plays an
important role in the hydrolysis of indigestible
oligosaccharides and polysaccharides to absorbable
monosaccharides and activation of lipoprotein lipase
by direct action on the villous epithelium. Further,
it has recently been demonstrated that human milk
contains not only oligosaccharides but also
Bifidobacteria. At the same time, genomic studies have
convincingly shown that Bifidobacteria present in the
gut of breast-fed infants, such as Bifidobacterium
longum, are specially equipped to utilize breast-milk
oligosaccharides as nutrients. Bifidobacterium longum
is also adapted to the conditions in the large
intestine where energy harvest from slowly absorbable
carbohydrates takes place. In short, more and more
evidence is emerging which suggests that the
establishment of an appropriate intestinal microbiota
early in life may be a significant in subsequent
healthy development. At the same time the proportion
of caesarean deliveries continues to increase reaching
as much as 70% of all births in some countries. It is
therefore clear that there is a need to provide a
means to promote the rapid establishment of an
appropriate intestinal microbiota in infants where
this does not occur naturally. This need is
particularly acute given the current practice of
routinely administering prophylactic doses of
antibiotics to pregnant women who undergo an elective
caesarean delivery. Summary of the Invention As noted
above, in the healthy, vaginally-delivered, breast-fed
infant, Bifidobacteria form the basis of the
microbiota accounting for 60-90 % of total bacteria in
the infant gut. The species of Bifidobacteria that are
predominantlyfound in such infants are Bifidobacterium
breve, Bifidobacterium infantis, and Bifidobacterium
longum. The present inventors have surprisingly found
that administration of a specific strain of a
different species of Bifidobacteria, namely
Bifidobacterium lactis CNCM 1-3446 promotes the
development of an early bifidogenic intestinal
microbiota in infants delivered by caesarean section.
Accordingly the present invention provides the use of
Bifidobacterium lactis CNCM 1-3446 in the manufacture
of a medicament or therapeutic nutritional composition
for promoting the development of an early bifidogenic
intestinal microbiota in infants delivered by
caesarean section. The invention further provides the
use of Bifidobacterium lactis CNCM 1-3446 in the
manufacture of a medicament or therapeutic nutritional
composition for 



reducing the risk of subsequent development of allergy
in infants delivered by caesarean section. In a
further aspect, the invention provides the use of
Bifidobacterium lactis CNCM 1-3446 in the manufacture
of a medicament or therapeutic nutritional composition
for preventing or treating diarrhoea in infants
delivered by caesarean section. The invention extends
to a method of promoting the development of an early
bifidogenic intestinal microbiota in infants delivered
by caesarean section comprising providing a
therapeutic amount of Bifidobacterium lactis CNCM I-
3446 to an infant born by caesarean section and in
need of the same. The invention further extends to a
method of reducing the risk that an infant delivered
by caesarean section will subsequently develop allergy
comprising providing a therapeutic amount of
Bifidobacterium lactis CNCM 1-3446 to an infant born
by caesarean section and in need of the same. The
invention also extends to a method of preventing or
treating diarrhoea in an infant delivered by caesarean
section comprising providing a therapeutic amount of
Bifidobacterium lactis CNCM 1-3446 to an infant born
by caesarean section and in need of the same.Without
wishing to be bound by theory, the present inventors
believe that administration of Bifidobacterium lactis
CNCM 1-3446 to an infant born by caesarean section in
some way as yet incompletely understood primes the
gastrointestinal tract of the infant to favour
subsequent colonisation by those species of
Bifidobacteria which are commonly found in the tracts
of healthy, vaginally delivered infants. It is thought
that this beneficial colonisation reduces the risk of
episodes of diarrhoea such as have been shown to
afflict infants delivered by caesarean section. It is
further thought that the beneficial colonisation
reduces the risk of subsequent development of allergy
as manifested for example by wheezing and/or
sensitisation to food allergens. It should be noted
that it is neither the object nor the effect of such
treatment to promote colonisation by Bifidobacterium
lactis CNCM 1-3446 itself but rather to promote
colonisation with other species so as to achieve an
early bifidogenic intestinal microbiota comparable
with that found in healthy, breast-fed,
vaginally-delivered infants. Brief Description of the
Drawings Figure 1 shows the B. breve and B. longum
counts in faecal and jejunal content samples at day 14
of treatment in gnotobiotic mice gavaged with a human
baby microbiota; and Figure 2 shows C.perfringens
counts in jejunal content and faecal samples at day 14
of treatment in gnotobiotic mice gavaged with a human
baby microbiota. Detailed Description of the Invention
In this specification, the following terms have the
following meanings:- "early bifidogenic intestinal
microbiota" means for an infant up to the age of 12
months an intestinal microbiota which is dominated by
Bifidobacteria such as Bifidobacterium breve,
Bifidobacterium infantis, and Bifidobacterium longum
to the exclusion of appreciable populations of such
species as Clostridia andStreptococci and which is
generally comparable with that found in a
vaginallydelivered, breast fed infant of the same age.
"infant" means a child under the age of 12 months.
"prebiotic" means a 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 (Gibson and Roberfroid "Dietary
Modulation of the Human Colonic Microbiota:
Introducing 



the Concept of Prebiotics" J. Nutr 125:1401 - 1412).
"probiotic" means microbial cell preparations or
components of microbial cells with a beneficial effect
on the health or well-being of the host. (Salminen S,
Ouwehand A. Benno Y. et al "Probiotics: how should
they be defined" Trends Food Sci. Technol. 1999:10
107-10). All references to percentages are percentages
by weight unless otherwise stated. Bifidobacterium
lactis CNCM 1-3446 is sold inter alia by the Christian
Hansen company of Denmark under the trade mark Bbl2. A
suitable daily dose is from 10e5 to 1Oe 1 1 colony
forming units (cfu), more preferably from 10e7 to 1Oe
10 cfu. Preferably the Bifidobacterium lactis CNCM
1-3446 is co-administered with a prebiotic. Suitable
prebiotics include certain oligosaccharides, such as
fructooligosaccharides (FOS) and
galactooligosaccharides (GOS). A combination of
prebiotics may be used such as 90% GOS with 10% short
chain fructo-oligosaccharides such as the product sold
under the trade mark Beneo(r) P95 or 10% inulin such
as the product sold under the trade mark Beneo(r) HP,
ST or HSI. A particularly preferred prebiotic is an
oligosaccharide mixture which comprises 5-70 wt% of at
least one N-acetylated oligosaccharide selected from
the group comprising GalNAcal,3Gal bl,4Glc and
Galbl,6GalNAc al,3Gal bl,4Glc, 20-90 wt% of at least
one neutral oligosaccharide selected from the group
comprising Galbl,6Gal, Galbl,6Gal bl,4Glc Galbl,6Gal
bl,6Glc, Galbl,3Gal bl,3Glc,Galbl,3Gal bl,4Glc,
Galbl,6Gal bl,6Gal bl,4Glc, Galbl,6Gal bl,3Gal bl,4Glc
Galbl,3Gal bl,6Gal bl,4Glc and Galbl,3Gal bl,3Gal
bl,4Glc and 5-50 wt% of at least one sialylated
oligosaccharide selected from the group comprising
NeuAca2,3Galbl,4Glc and NeuAca2,6Galbl,4Glc. Such an
oligosaccharide mixture is described in more detail in
WO2007/090894, the contents of which are incorporated
herein by reference and is referred to hereinafter as
"the oligosaccharide mixture described above".
Preferably the oligosaccharide mixture described above
comprises 10-70 wt% of the specified N-acetylated
oligosaccharide(s), 20-80 wt% 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^), 40-60 wt% of the other neutral
oligosaccharide(s) and 15-30 wt% of the sialylated
oligosaccharide^). A particularly preferred mixture is
30 wt% of the N-acetylated oligosaccharide^), 50 wt%
of the neutral oligosaccharide^) and 20 wt% of the
sialylated oligosaccharide^). Alternatively, the
oligosaccharide mixture described above may
conveniently comprise 5-20 wt% of the specified
N-acetylated oligosaccharide(s), 60-90 wt% of the
specified neutral oligosaccharide(s) and 5-30 wt% of
the specified sialylated oligosaccharide(s) The
oligosaccharide mixture described above may be
prepared from one or more animal milks. The milk may
be obtained from any mammal, in particular from cows,
goats, buffalos, horses, elephants, camels or sheep.
Alternatively the oligosaccharide mixture described
above may be prepared by purchasing and mixing the
individual components. For example, synthesised
galacto-oligosaccharides such as Galbl,6Gal bl,4Glc
Galbl,6Gal bl,6Glc, Galbl,3Gal bl,4Glc, Galbl,6Gal
bl,6Gal bl,4Glc, Galbl,6Gal bl,3Gal bl,4Glc and
Galbl,3Gal bl,6Gal bl,4Glc and mixtures thereof are
commercially available under the trade marks Vivinal
(r) and Elix'or (r). Other suppliers of
oligosaccharides are Dextra Laboratories,
Sigma-Aldrich Chemie GmbH and 



Kyowa Hakko Kogyo Co., Ltd. Alternatively, specific
glycoslytransferases, such as galactosyltransferases
may be used to produce neutral oligosaccharides.The
N-acetylated oligosaccharides may be prepared by the
action of glucosaminidase and/or galactosaminidase on
N-acetyl-glucose and/or N-acetyl galactose. Equally,
N-acetyl-galactosyl transferases and/or
N-acetyl-glycosyl 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 engineered to produce respective substrates and
enzymes. Single microbial cultures or mixed cultures
may be used. N-acetylated oligosaccharide formation
can be initiated by acceptor substrates starting from
any degree of polymerisation (DP) from DP=I onwards.
Another option is the chemical conversion of
ketohexoses (e.g. fructose) either 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 based fermentation technology
(recombinant or natural enzymes) or by microbial
fermentation technology. In the latter case microbes
may either express their natural enzymes and
substrates or may be engineered to produce respective
substrates and enzymes. Single microbial cultures or
mixed cultures may be used. Sialyl-oligosaccharide
formation can be initiated by acceptor substrates
starting from any degree of polymerisation (DP) from
DP=I onwards. Other probiotic bacteria may be
administered with the Bifidobacterium lactis CNCM
1-3446. Any lactic acid bacteria or Bifidobacteria
with established probiotic characteristics may be
used. Suitable probiotic lactic acid bacteria include
Lactobacillus rhamnosus ATCC 53103 obtainable inter
alia from Valio Oy of Finland under the trade mark
LGG, Lactobacillus rhamnosus CGMCC 1.3724,
Lactobacillus reuteri ATCC 55730 obtainable from
Biogaia or Lactobacillus paracasei CNCM
1-2116.Suitable further probiotic Bifidobacteria
strains include Bifidobacterium longum ATCC BAA-999
sold by Morinaga Milk Industry Co. Ltd. of Japan under
the trade mark BB536, the strain of Bifidobacterium
breve sold by Danisco under the trade mark Bb-03, the
strain of Bifidobacterium breve sold by Morinaga under
the trade mark M-16V and the strain of Bifidobacterium
breve sold by Institut Rosell (Lallemand) under the
trade mark R0070. A mixture of lactic acid bacteria
and Bifidobacteria may be used. The Bifidobacterium
lactis CNCM 1-3446 optionally with the oligosaccharide
mixture described above is preferably administered to
the infant immediately after delivery and thereafter
for at least the first two months of the life of the
infant. More preferably, administration continues
until the infant reaches six months of age. The
Bifidobacterium lactis CNCM 1-3446 may be administered
directly to the infant or, if the mother is
breast-feeding, via the mother. If administration is
to be via the mother, this may be as a supplement in
the form of tablets, capsules, pastilles, chewing gum
or a liquid for example. The supplement preferably
also contains the oligosaccharide mixture described
above in an amount of from 0.2 to lOg/day. The
supplement may further contain protective
hydrocolloids (such as 



gums, proteins, modified starches), binders, film
forming agents, encapsulating agents/materials,
wall/shell materials, matrix compounds, coatings,
emulsifiers, surface active agents, solubilizing
agents (oils, fats, waxes, lecithins etc.),
adsorbents, carriers, fillers, co-compounds,
dispersing agents, wetting agents, processing aids
(solvents), flowing agents, taste masking agents,
weighting agents, jellifying agents, gel forming
agents, antioxidants and antimicrobials. The
supplement may also contain conventional
pharmaceutical additives and adjuvants, excipients and
diluents, including, but not limited to, water,
gelatine of any origin, vegetable gums,
ligninsulfonate, talc, sugars, starch, gum arabic,
vegetable oils, polyalkylene glycols, flavouring
agents, preservatives, stabilizers, emulsifying
agents, buffers, lubricants, colorants, wetting
agents, fillers, and the like. In all cases, such
further components will be selected having regard to
their suitability for the intended
recipient.Alternatively, the Bifidobacterium lactis
CNCM 1-3446 may be administered to the mother in the
form of a therapeutic nutritional composition. The
composition may be a nutritionally complete formula. A
nutritionally complete formula for administration to
lactating women according to the invention may
comprise a source of protein. Any suitable dietary
protein may be used for example animal proteins (such
as milk proteins, meat proteins and egg proteins);
vegetable proteins (such as soy protein, wheat
protein, rice protein, and pea protein); mixtures of
free amino acids; or combinations thereof. Milk
proteins such as casein and whey, and soy proteins are
particularly preferred. The composition may also
contain a source of carbohydrates and a source of fat.
If the formula includes a fat source in addition to
the DHA, the fat source preferably provides 5% to 40%
of the energy of the formula; for example 20% to 30%
of the energy. A suitable fat profile may be obtained
using a blend of canola oil, corn oil and high-oleic
acid sunflower oil. A source of carbohydrate may be
added to the formula. It preferably provides 40% to
80% of the energy of the formula. Any suitable
carbohydrate may be used, for example sucrose,
lactose, glucose, fructose, corn syrup solids,
maltodextrins, and mixtures thereof. Dietary fibre may
also be added if desired. Dietary fibre passes through
the small intestine undigested by enzymes and
functions as a natural bulking agent and laxative.
Dietary fibre may be soluble or insoluble and in
general a blend of the two types is preferred.
Suitable sources of dietary fibre include soy, pea,
oat, pectin, guar gum, partially hydrolysed guar gum,
gum Arabic, fructooligosaccharides and
galacto-oligosaccharides. Preferably, if fibre is
present, the fibre content is between 2 and 40 g/1 of
the formula as consumed, more preferably between 4 and
10 g/1. In addition, the formula also preferably
contains the oligosaccharide mixture described above
in an amount of from 0.2 to 5 grams per litre of
reconstituted formula, preferably 1 to 2 g/1. The
formula may also contain minerals and micronutrients
such as trace elements and vitamins in accordance with
the recommendations of Government bodies such as the
USRDA. For example, the formula may contain per daily
dose one ormore of the following micronutrients in the
ranges given:- 300 to 500 mg calcium, 50 to 100 mg
magnesium, 150 to 250 mg phosphorus, 5 to 20 mg iron,
1 to 7 mg zinc, 0.1 to 0.3 mg copper, 50 to 200 mg
iodine, 5 to 15 mg selenium, 1000 to 3000 mg beta
carotene, 10 to 80 mg Vitamin C, 1 to 2 mg Vitamin Bl,
0.5 to 1.5 mg Vitamin B6, 0.5 to 2 mg Vitamin B2, 5 to
18 mg niacin, 0.5 to 2.0 mg Vitamin B12, 100 to 800 mg
folic acid, 30 to 70 mg biotin, 1 to 5 mg Vitamin D, 3
to 10 IU Vitamin E. 



One or more food grade emulsifiers may be incorporated
into the formula if desired; for example diacetyl
tartaric acid esters of mono- and di- glycerides,
lecithin and mono- and di-glycerides. Similarly
suitable salts and stabilisers may be included. The
formula is preferably enterally administrable; for
example in the form of a powder for re-constitution
with milk or water. Alternatively, or in the case of
infants who are not breast fed, the Bifidobacterium
lactis CNCM 1-3446 may be administered to the infant
as a supplement, for example as a daily dose of 1Oe 10
cfu dissolved in water and administered on a spoon.
For infants who are not breast fed, the
Bifidobacterium lactis CNCM 1-3446 may be conveniently
administered in an infant formula. An infant formula
for use according to the present invention may contain
a protein source in an amount of not more than 2.0
g/lOOkcal, preferably 1.8 to 2.0 g/lOOkcal. The type
of protein is not believed to be critical to the
present invention provided that the minimum
requirements for essential amino acid content are met
and satisfactory growth is ensured although it is
preferred that over 50% by weight of the protein
source is whey. Thus, protein sources based on whey,
casein and mixtures thereof may be used as well as
protein sources based on soy. As far as whey proteins
are concerned, the protein source may be based on acid
whey or sweet whey or mixtures thereof and may include
alphalactalbumin and beta-lactoglobulin in whatever
proportions are desired.The proteins may be intact or
hydrolysed or a mixture of intact and hydrolysed
proteins. It may be desirable to supply partially
hydrolysed proteins (degree of hydrolysis between 2
and 20%), for example for infants believed to be at
risk of developing cows' milk allergy. If hydrolysed
proteins are required, the hydrolysis process may be
carried out as desired and as is known in the art. For
example, a whey protein hydrolysate may be prepared by
enzymatically hydrolysing the whey fraction in one or
more steps. If the whey fraction used as the starting
material is substantially lactose free, it is found
that the protein suffers much less lysine blockage
during the hydrolysis process. This enables the extent
of lysine blockage to be reduced from about 15% by
weight of total lysine to less than about 10% by
weight of lysine; for example about 7% by weight of
lysine which greatly improves the nutritional quality
of the protein source. The infant formula may contain
a carbohydrate source. Any carbohydrate source
conventionally found in infant formulae such as
lactose, saccharose, maltodextrin, starch and mixtures
thereof may be used although the preferred source of
carbohydrates is lactose. Preferably the carbohydrate
sources contribute between 35 and 65% of the total
energy of the formula. The infant formula may contain
a source of lipids. The lipid source may be any lipid
or fat which is suitable for use in infant formulas.
Preferred fat sources include palm olein, high oleic
sunflower oil and high oleic safflower oil. The
essential fatty acids linoleic and a-linolenic acid
may also be added as may small amounts of oils
containing high quantities of preformed arachidonic
acid and docosahexaenoic acid such as fish oils or
microbial oils. In total, the fat content is
preferably such as to contribute between 30 to 55% of
the total energy of the formula. The fat source
preferably has a ratio of n-6 to n-3 fatty acids of
about 5:1 to about 15:1; for example about 8:1 to
about 10:1. The infant formula may also contain all
vitamins and minerals understood to be essential in
the daily diet and in nutritionally significant
amounts. Minimum requirements have been established
for certain vitamins and minerals. Examples 



of minerals, vitamins and other nutrients optionally
present in the infant formula include vitamin A,
vitamin Bl, vitamin B2, vitamin B6, vitamin B12,
vitamin E, vitamin K, vitamin C, vitamin D, folic
acid, inositol, niacin, biotin, pantothenic acid,
choline, calcium, phosphorous, iodine, iron,
magnesium, copper, zinc,manganese, chloride,
potassium, sodium, selenium, chromium, molybdenum,
taurine, and L-carnitine. Minerals are usually added
in salt form. The presence and amounts of specific
minerals and other vitamins will vary depending on the
intended infant population. If necessary, the infant
formula may contain emulsifiers and stabilisers such
as soy lecithin, citric acid esters of mono- and
di-glycerides, and the like. Preferably, the infant
formula will contain the oligosaccharide mixture
described above in an amount of from 0.2 to 5 grams
per litre of reconstituted formula, preferably 1 to 2
g/1. The infant formula may optionally contain other
substances which may have a beneficial effect such as
lactoferrin, nucleotides, nucleosides, and the like.
Both the infant formula and the nutritional formula
described above may be prepared in any suitable
manner. For example, they may be prepared by blending
together the protein, the carbohydrate source, and the
fat source in appropriate proportions. If used, the
emulsifiers may be included at this point. The
vitamins and minerals may be added at this point but
are usually added later to 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 temperature of the water is conveniently
about 500C to about 800C to aid dispersal of the
ingredients. Commercially available liquefiers may be
used to form the liquid mixture. The liquid mixture is
then homogenised; for example in two stages. The
liquid mixture may then be thermally treated to reduce
bacterial loads, by rapidly heating the liquid mixture
to a temperature in the range of about 800C to about
1500C for about 5 seconds to about 5 minutes, for
example. This may be carried out by steam injection,
autoclave or by heat exchanger; for example a plate
heat exchanger. Then, the liquid mixture may be cooled
to about 600C to about 85C; for example by flash
cooling. The liquid mixture may then be again
homogenised;for example in two stages at about 10 MPa
to about 30 MPa in the first stage and about 2 MPa to
about 10 MPa in the second stage. The homogenised
mixture may then be further cooled to add any heat
sensitive components; such as vitamins and minerals.
The pH and solids content of the homogenised mixture
are conveniently adjusted at this point. The
homogenised mixture is transferred to a suitable
drying apparatus such as a spray drier or freeze drier
and converted to powder. The powder should have a
moisture content of less than about 5% by weight. The
Bifidobacterium lactis CNCM 1-3446 may be cultured
according to any suitable method and prepared for
addition to the nutritional or infant formula by
freeze-drying or spray-drying for example.
Alternatively, Bifidobacterium lactis CNCM 1-3446 can
be bought from Christian Hansen under the trade mark
Bb 12(r) already prepared in a suitable form for
addition to food products such as nutritional and
infant formulas. The Bifidobacterium lactis CNCM
1-3446 may be added to the formula in an amount
between 10e3 and 1Oe 12 cfu/g powder, more preferably
between 10e7 and 1Oe 12 cfu/g powder. The invention
will now be further illustrated by reference to the
following examples :- 



Example 1 An example of the composition of a suitable
infant formula to be used in the present invention is
given belowA METHOD FOR THE PREPARATION O F AN
ENANTIOMER O F A TETRACYCLIC BENZAZEPINE. The present
invention relates to a method for the preparation of a
tetracyclic benzazepine, in particular of mirtazapine,
in substantial enantiomeric excess of the R or S form.
The invention further relates to a novel intermediate
and its use for the preparation of mirtazapine having
a substantial enantiomeric excess of the R or S form.
The invention further relates to a method for the
preparation of an intermediate tetracyclic compound
having substantial enantiomeric excess of the R or S
form. Mirtazapine ( 1 ,2,3,4,
10,14b-hexahydro-2-methyl-pyrazino[2,1-a]pyrido[2,3c][
2]benzazepine) is a tetracyclic compound having the
formula IV: Formula IV The compound is chiral and the
racemic mixture finds widespread use as a medicine for
the treatment of depression. Other medical uses for
mirtazapine have also been reported e.g., WO 99/25356
and WO 01/58453 disclose its use in the treatment of
sleep disorders and apnea. Investigations into the
biological effects of the enantiomers of mirtazapine
(e. g. O'Connor and Leonard, Neuro-pharmacology, 1986,
vol. 25, pp.267-270 ; Kooyman et al., 1994, vol. 33,
pp. 501-507 ; De Boer et. al., Neuro pharmacology,
1988, vol. 27, pp. 399-408 ; Gower et al., 1988, vol.
291 , pp 185-201 ) mention the compound in its pure
enantiomeric forms. There is a need to make the
enantiomers, in particular the S-mirtazapine available
in large quantities. The present invention provides
for improvement of an efficient production of large
quantities of enantiomerically pure mirtazapine and
related benzazepines. A variety of methods are known
in the art for the preparation of mirtazapine. US
4062848 describes variations within a four stage
synthetic scheme by which the synthesis of mirtazapine
can be accomplished starting from a 2-substituted
nicotinitrile.Further modifications to various stages
of this route have subsequently been described in WO
00/62782, WO 01/23345 and US 6,376, 668. According to
the method described in US4062848 mirtazapine can be
obtained as a result of ring closure of a compound of
formula (A), Formula A Examples of such agents include
acids such as sulfuric acid, concentrated hydrochloric
acid, picric acid, trifluoroacetic acid, phosphoric
acid, polyphosphoric acid (PPA), phosphorus
oxychloride, phosphorus pentoxide and Lewis Acids such
as aluminium chloride, ferric chloride, zinc chloride,
tin chloride, titanium chloride, boron trifluoride,
antimony pentachloride and zirconium tetrachloride. In
US4062848 preparation of mirtazapine is exemplified by
ring closure using concentrated sulfuric acid. In
WO00/62782 it is indicated that concentrated sulfuric
acid is most preferred. The optical resolution of
racemic mirtazapine has also been addressed in
US4062848. By the method disclosed in US4062848,
enantiomerically pure mirtazapine is obtained by
forming diastereomeric salts by reaction of racemic
mirtazapine with enantiomerically pure
dibenzoyltartaric acid in ethanol, filtering off the
thus formed diastereomeric salt, followed by
regeneration of the free base by treatment with
aqueous ammonia. In this method resolution of the
enantiomers occurs at the end of the synthetic pathway
after having manufactured a racemic mixture of
mirtazapine. It follows therefore that the overall
yield of each enantiomerically pure compound obtained
is relatively low and can never be more than 50%.
Another drawback of such a late stage enantiomer
separation is that significant amounts of waste are
generated. It would be beneficial to have a more
economic and environmentally benign method in which
enantiomerically pure mirtazapine could be prepared
with an overall improved 



yield.In US4062848 a remark is made that pure
enantiomers of mirtazapine might also be obtained
synthetically by using optically active precursors for
the last ring closure step. However, it was found that
the method described in US4062848 and WO00/62782 with
concentrated sulfuric acid does not sufficiently
retain optical purity. Apparently, those reaction
conditions allow excessive racemisation. In document
WO 2005/005410 it is described that for the synthesis
of enantiomerically pure mirtazapine by ring closure
of an enantiomerically pure compound of above formula
(A), stereochemical integrity in the starting material
can be preserved by making a specific selection out of
the above mentioned ring closing reagents. The method
comprises forming mirtazapine with enantiomeric excess
comprising ring closure of a compound according to
formula (A) having enantiomeric excess by treatment
with a suitable acid in the absence of a solvent or a
suitable combination of an acid and an organic
solvent. The inventors have found that the reaction
described in WO 2005/005410 can proceed without
substantial racemization by selection of the
appropriate conditions, but that under such conditions
a significant amount of side products is formed that
complicates purification of the enantiopure
mirtazapine and consequently deteriorates the overall
yield of the process. Reversely, the formation of side
products can be prevented only at the cost of loss of
optical purity. It is therefore an object of the
invention to provide a method for the preparation of
mirtazapine, in particular of mirtazapine in
enantiomerically pure form or with an enantiomeric
excess of the R or S form that does not have the above
drawbacks. This object has been achieved in the method
according to the invention for the preparation of
mirtazapine (formula IV) having a substantial
enantiomeric excess of the R or S form, said method
comprising the steps of a: providing a carboxylic acid
compound according to Formula I having a substantial
enantiomeric excess of the R or S form, b: converting
the carboxylic acid group of compound I into a ketone
group, producing a ketone compound of Formula Il , c :
optionally reducing ketone compound Il with a mild
reducing agent to form the intermediate hydroxy
compound of Formula III and d: forming the mirtazapine
of Formula IV by reduction of the ketone compound Il
or of the hydroxy compound III using a strong reducing
agent.Formula I Formula Il Formula Il Formula IV This
reaction was found to proceed without any substantial
racemization and without formation of any significant
amount of side products. The reaction product can be
used for preparing pharmaceutical preparations without
the necessity of further purification or of optical
resolution. The method of the invention enables the
production of mirtazapine and formulations thereof
having an enantiomeric excess of the R or S form of at
least 80% and comprising side products in an amount
below 10 wt% more preferably less than 5 weight
percent and most preferably less than 2 weight percent
(wt% expressed as the total weight of the side
products divided by the total weight of the obtained
reaction product x 100%). Preferably the enantiomeric
excess of the desired enantiomer is at least 90%, more
preferably more than 95%. The term mirtazapine is used
here in the generic meaning that is commonly used to
refer to the chemical compound as a base but also to
the salts and solvates thereof. The term mirtazapine
as used in the description can refer to the S form,
the R form or the racemic form, as will be clear from
the context in which the term is used. The term
mirtazapine supplemented with the prefixes (R) or (S)
specifically refers to the enantiomers of the
compound. The structure formulas incorporated in this
description depicting one particular form are intended
to cover the S form, the R form and the 



racemic form unless specifically indicated otherwise.
The compound with Formula III comprises, apart from
the main chiral centre at carbon atom 14b, an
additional chiral centre at the carbon atom to which
the hydroxyl group is attached. Consequently of this
compound four stereoisomers can exist comprising two
diastereoisomers, viz. (R, R), (R,S), (S,R) or (S,S).
However, in this description the indication R or S
form only refers to the absolute configuration at the
chiral centre that is present at carbon atom 14b in
the middle ring adjacent to the nitrogen.The term
"enantiomeric excess" refers to the difference between
the amounts of each of the enantiomers present in a
mixture, relative to the total amount of the compound
in the mixture expressed as percentage (x 100%). In
separate embodiments the term "substantial
enantiomeric excess" refers to an enantiomeric excess
of more than 50%, preferably more than 70%, more
preferably more than 80%, even more preferably more
than 90% and most preferably more than 95%. The term
"enantiopure" or "substantially enantiopure" implies
in separate embodiments an enantiomeric excess of at
least 80%, more preferably at least 90%, even more
preferably more than 95%. The term "side product"
refers to products in the obtained reaction product
other than mirtazapine (in S or R form) or its
unreacted intermediate. The presence of side products
does not influence the enantiomeric excess of an
enantiomer of a compound of the invention, as the
enantiomeric excess is calculated solely with the
amounts of enantiomers of the compounds of the
invention. The amount of side products however is
relevant for the utilization of the obtained
mirtazapine as biologically active compounds. As the
removal of substantial amounts of unwanted side
products is costly and time consuming, the amount of
side products should be as low as possible. Detailed
description of the method of the invention Step a The
method of the invention starts with a carboxylic acid
with Formula I in substantial enantiomeric excess or
preferably in substantially enantiopure form. Such
compound can for example be obtained by diastereomeric
crystallisation of the racemic mixture as described in
US4062848, which is incorporated herein by reference.
Step b In this step the carboxylic acid group of
compound I is converted into a ketone group, producing
a ketone compound of Formula II. Preferably the
carboxylic acid group is first activated with an
activator and subsequently reacted with a Lewis acid.
The activator is preferably a chlorinating agent,
preferably thionyl chloride, oxalyl chloride or
phosphorus oxychloride. This activation leads to an
intermediate acid chloride compound. This compound is
then reacted with a Lewis acid. The Lewis acid
preferably is a metal halogenide, preferably aluminum
chloride, tin chloride, iron chloride or zinc
chloride. It was found that this reaction step
proceeds without substantial racemisation and that the
ketone intermediate compound of Formula Ilcould be
obtained maintaining the enantiomeric excess of the
carboxylic acid compound, in particular even in a
substantially enantiopure form. Steps c and d In one
embodiment, the ketone with Formula Il can be first
reduced with a weak reducing agent in a separated step
(c) to the alcohol with Formula III, which alcohol is
then, in a subsequent step, reduced to mirtazapine
with Formula IV. In an alternative preferred
embodiment, the ketone with Formula Il can be reduced
in a one step reaction with a strong reducing agent
directly to mirtazapine of Formula IV. It is believed
that the reduction of the ketone with Formula Il to
mirtazapine with Formula IV in a one step reaction
proceeds via the intermediate alcohol of Formula III.
In this case the alcohol is not obtained as a separate
intermediate product, but is believed to be present in
the reaction mixture of the reduction. In optional
step c, the ketone compound of Formula Il is reduced
to an intermediate 



hydroxyl compound with Formula III that can be
isolated. This reduction is a mild reduction. The
reducing agent suitable for this mild reduction step
(c) is a hydride, such as a metal hydride or a
borohydride. Prefered metal hydrides are alkali metal
hydride, preferably lithium aluminum hydride,
diisobutylaluminum hydride, lithium
tri-tertbutoxyaluminumhydride, sodium
bis(2-methoxyethoxy)aluminumhydride, etc. Prefered
borohydrides are alkaliborohydrides, preferably sodium
borohydride, lithium borohydride, lithium
tri-sec-butylborohydride, lithium triethylborohydride,
sodium triacetoxyborohydride etc. As described above,
the hydroxyl compound formed in step (c) is expected
to be a mixture of diastereomers, as this compound
with Formula III is a diastereomeric compound having
two chiral centres. However, the absolute
configuration at the second chiral center (that of the
hydroxyl group) is not relevant for the preparation of
the end product. In final step (d) the ketone compound
Il of step (b) or hydroxy compound III of step (c) are
reduced using a strong reducing agent. Preferably, the
strong reduction agent comprises a mixture of a metal
hydride reduction agent as described above in step (c)
and a metal halogenide, preferably a mixture of an
aluminum hydride and an aluminum halogenide,
preferably in a molar ratio between 2.5 and 3.5 such
that the reducing agent alane (aluminium trihydride)
is generated in situ to act effectively as the
reducingagent. Preferred metal hydride are alkali
metal hydrides, preferably lithium aluminum hydride or
diisobutyl aluminum hydride. An alternative strong
reduction agent is a mixture of a borohydride and a
strong acid, preferably having the acid in molar
excess, preferably a mixture of sodium borohydride and
methanesulfonic acid or sulfuric acid. During any of
the process steps of the method of the invention
dicalite can be added to the reaction mixture to
prevent lump formation. The reaction is carried out in
a solvent. The solvent type is chosen in view of the
chosen reactants and reaction conditions. In case of
metalhydride reducing agents, the solvent is aprotic
to prevent reaction with the solvent, for example
tetrahydrofuran. In case of borohydride a protic
solvent can be chosen, for example sulfuric
acid/water. Generally, the reaction temperatures can
be varied between -3O0C and the reflux temperature of
the solvents used. The reaction temperature is
preferably higher than 400C to get an acceptable
reaction rate. On the other hand the reaction
temperature is chosen not too high to prevent side
product formation, typically below about 100 0C.
Eventually the product mirtazapine can be crystallized
as a free base or as a salt with a biological
acceptable counter ion as is known in the art. The
obtained product can then be used in the preparation
of a pharmaceutical preparation without further
optical resolution steps or purification steps. US 4,
062, 848 describes a ketone compound as a precursor to
prepare mirtazapine and makes a broad general
statement that optically active compounds can be made
from optically active (enantiopure) precursors. The
document does not describe how to get substantially
enantiopure precursors and does not disclose that, in
a specific reduction step as specified in the present
invention, such substantially enantiopure precursors
can be converted to mirtazapine whilst maintaining the
high enantiomeric excess and at a low impurity level.
All examples of preparing enantiopure mirtazapine
involve resolution of the final product. Further,
inventors have found that reduction methods described
in this prior art document result in considerable
racemization, so the broad statement is merely an
unsubstantiated desideratum. Therefore, the disclosed
method in this prior art document does not lead to
specific mirtazapine precursor hydroxyl compound III
or mirtazapine in substantially enantiopure form. The
general statement therefore does not provide a
specific pointer to enantiopure intermediate compound
of formula II. The hydroxyl compound according to
formula IIIin racemic or other form has not been
described. Therefore, the invention also relates 



to the ketone compound according to formula Il ((14bS
or R)-1 ,3,4,1 4b-tetrahydro-2-
methyl-pyrazino[2,1-a]pyrido[2,3-c][2]benzazepin-10(2H
)-one) in a mixture having an enantiomeric excess of
the R or S form or in enantiopure R or S form and to
the 5 hydroxyl compound according to formula III ( 1
,2,3,4,10,14b-hexahydro-2-
methylpyrazino[2,1-a]pyrido[2,3-c][2]benzazepin-10-ol)
in racemic form, in a mixture having a substantial
enantiomeric excess of the R or S form or in
enantiopure form. In particular, to such compounds
having enantiomeric excess of the R or S form of at
least 80%, preferably at least 95% and comprising side
products in an amount below 10 10 wt%, preferably
below 2 wt%. The invention also relates to the use of
said compounds for the preparation of mirtazapine
(formula IV) having a substantial enantiomeric excess
of the R or S form. In view of avoiding undesired side
effects in use, for example as a anti-depressant, it
is 15 important that the mirtazapine is as pure as
possible, that is having a high enantiopurity and low
side product content. The mirtazapine obtained by the
method according to the invention meets this
requirement and therefore is most suitable for use in
a pharmaceutical formulation. The invention therefore
also relates to a pharmaceutical formulation
comprising mirtazapine having an enantiomeric excess
of the R or S form 0 of at least 80%, preferably at
least 95% and comprising side products thereof in an
amount below 10 wt%, preferably below 2 wt% in the
form of the base or in the form of a pharmaceutical
acceptable salt thereof. The intermediate alcohol
compound III obtained in step (c), 1,2,3,4,1
0,14b-hexahydro- 5
2-methylpyrazino[2,1-a]pyrido[2,3-c][2]benzazepin-10-o
l, is a novel compound which can advantageously be
used for the preparation of mirtazapine. The compound
can optionally be prepared according to different
methods than described above. The invention also
relates to a method for the preparation of mirtazapine
by reduction of compound III with strong reducing
agents as described above, in particular for 30
mirtazapine having a substantial enantiomeric excess
of the R or S form. The invention is also directed to
the use of a compound having Formula III, preferably
in substantially enantiopure R or S form, for the
preparation of mirtazapine, preferably having
enantiomeric excess of the R or S form. 35 The method
according to the invention is specifically developed
for the preparation of mirtazapine, but has been found
to be equally applicable for the preparation of
othertetra cyclic compounds. Therefore, the invention
is also directed to a method for the preparation of a
tetracyclic compound according to formula Vl, having
substantial enantiomeric excess of the S or R form,
wherein, instead of the carboxylic compound of formula
I , a carboxylic compound according to formula V
having substantial enantiomeric excess of the S or R
form, is used in steps a-d of the method of the
invention described above, forming a compound of
Formula Vl wherein Y and X and Z represent ring
structures comprising five to eight ring member atoms
and wherein ring structure Y preferably represent an
aromatic ring optionally comprising heteroatoms,
preferably pyridine or benzyl. Formula V Formula Vl
Ring structure X preferably also represents an
aromatic ring structure optionally comprising
heteroatoms, preferably pyridine or benzyl. Ring
structure Z preferably is a partially unsaturated or
saturated ring comprising five to eight ring member
atoms, preferably comprising a second nitrogen atom in
the ring. Ring structures X, Y and/or Z may comprise
one or more substitutions each independently selected
from alkyl, aryl, alkyl-aryl or alkoxy optionally
comprising one or more unsaturated bonds or one or
more hetero atoms or halogen, hydroxy or sulfur
containing groups. All the reagents and other
conditions described above for steps a to d of the
method of the invention for the preparation of
mirtazapine in substantial enantiomeric excess of 



the R or S form, apply accordingly to the method of
the invention for the preparation of a tetracyclic
compound according to formula Vl, having substantial
enantiomeric excess of the S or R form. The invention
is illustrated by the following Examples. Example
1Preparation of
(S)-2-(4-methyl-2-phenyl-1-piperazinyl)-3-pyridinecarb
oxylic acid (compound I) The enantiopure carboxylic
acid, 2-(4-methyl-2-phenyl-1-piperazinyl)-3-
pyridinecarboxylic acid (compound I), can be prepared
starting from (S)-1-methyl-3- phenylpiperazine and
2-chloro-3-cyanopyridine as shown in the scheme below.
In order to obtain significant quantities of
(S)-1-methyl-3-phenylpiperazine for use in the
synthesis of (S)-mirtazapine, a classical resolution
using (S)-(+)-Anicyphos was exploited (see Figure 1).
From a series of resolving agents, this compound
appeared the most effective. First the salt of
(S)-1-methyl-3-phenylpiperazine with (S)-(+)-
Anicyphos was crystallized from water. The free base
of (S)-1-methyl-3- phenylpiperazine was liberated by
treatment with sodium hydroxide and extraction with
ethyl acetate. In this way
(S)-1-methyl-3-phenylpiperazine was obtained in an
overall yield between 35-40% and with an ee >98%.
Alternatively (S)-1-methyl-3- phenylpiperazine can be
obtained via an enzymatic resolution of the racemic
mixture, according to WO2007/1 44409. Lastly, a
stereoconvergent synthesis of (S)-1-methyl-3-
phenylpiperazine starting from (S)-phenylglycine can
be accomplished via processes that have been described
for the racemate in WO 2003/024918, 2003 and
JP2007/284358. Compound (S)-1
-methyl-3-phenylpiperazine.(+)Anicyphos salt 100 g of
(R,S)-1-methyl-3-phenylpiperazine (1) (567 mmole) and
154.5 g of (+)- Anicyphos (571 mmole) were dissolved
in 250 ml of water by heating the mixture to reflux.
After cooling down to room temperature a seed crystal
was added. After two hours, the white crystals formed
were collected by filtration and dried in a vacuum
oven at 40 0C for 2 1 hours. This provided 121 g (48
%) with an ee of 85.5%. The crystals were dissolved in
water ( 1 19 ml) at reflux temperature. After cooling
down the crystallization started. After one hour the
crystals were collected by filtration and driedin a
vacuum oven at 40 0C. The yield of the crystals of
(S)-1-methyl-3- phenylpiperazine.Anicyphos salt was
105.8 g (42 %, ee 99.0%). The ee was determined by
HPLC analysis: Chiralcel OD 250*4.6mmlD (Daicel), 5 %
iso-propylalcohol in hexane, flow rate 1.0 ml.min 1 ,
UV-detector, column temperature 40 C, retention times
5.6 min, 6.3 min. (S)-1 -methyl-3-phenylpiperazine
(S)-1-methyl-3-phenylpiperazine.(+)Anicyphos salt (100
g) was suspended in dichloromethane (378 ml). To this
stirred suspension 25% ammonium hydroxide (63.2 ml)
diluted with water (315 ml) was added. The layers were
separated. The dichloromethane layer was washed three
times with saturated aqueous solution of sodium
chloride. The dichloromethane layer was dried with
magnesium sulphate, and evaporated to dryness. This
yielded 30.3 g (75%, ee 99.0%) of (S)-1-methyl-3-
phenylpiperazine as colourless oil that crystallized
upon standing. 1H-NMR data (CDCI3) : d (ppm): 1.90 (s,
1H, NH), 2.0 (t,1 H, CHax) , 2.16 (dt, 1H, CHax) ,
2,32 (3H, s, CH3) , 2.85 (m, 1H, CHeq) , 2.89 (m, 1H,
CHeq) , 3.12 (dt, 1H, CHax) , 3.15 (m, 1H, CHeq) ,
3.88 (dd, 1H, CHbenzy,), 7.23-7.41 (m, 5H, Ar-H). The
ee was determined by HPLC analysis: Chiralcel OD
250*4.6mmlD, 10 mm (Daicel), 5 % iso-propylalcohol in
hexane, flow rate 1.0 ml.min 1 , column temperature 40
C, UVdetector (210 nm), retention times 5.8 min and
6.7 min.
2-[(2S)-4-methyl-2-phenyl-1-piperazinyl1-3-pyridinecar
bonitrile 



A mixture of (S)-1-methyl-3-phenylpiperazine (21 .7 g,
123 mmole), 2-chloronicotinitrile (21 .7 g, 157
mmole), KF (21 .7 g, 373 mmole), and DMF (65 ml) was
heated to reflux temperature for 23.5 hours. The DMF
was evaporated and to the crude product ethyl acetate
(45 ml) and water (64 ml) of 60 0C were added. The
mixture was refluxed for 10 minutes. The aqueous layer
was separated from the organic layer and was extracted
with ethyl acetate (45 ml). The collected ethyl
acetate layers were evaporated to dryness. This
furnished
2-[(2S)-4-methyl-2-phenyl-1-piperazinyl]-3-pyridinecar
bonitrile (53.5 g, >100%, ee 97.6%) as a brown oil
that was directly used in the subsequent step. 1H-NMR
data (CDCI3) : d (ppm): 2.38 (s, 3H, CH3) , 2.57 (m,
1H, CH), 2.78 (m, 2H), 2.95 (dd, 1H, CH), 3.6 (m, 1H,
CH), 5.43 (t, 1H, CHbenzyi) , 6.79 (dd, 1H, Ar-H),
7.18 (m, 1H, Ar-H), 7.26 (m, 2H, Ar-H), 7.37 (m, 1H,
Ar-H), 7.78 (dd, 1H, Ar-H), 8.26 (dd, 1H, Ar-H).The ee
was determined by HPLC analysis: Chiralcel OD-H 250*4.
mrnlD, 10 mm (Daicel), 3 % iso-propylalcohol in
hexane+0.1 % diethylamine, flow rate 1.0 ml.min 1 ,
column temperature 40 0C, UV-detector (295 nm),
retention times 6.6 min and 7.7 min.
2-[(2S)-4-methyl-2-phenyl-1-piperazinyl1-3-pyridinecar
boxylic acid
2-[(2S)-4-methyl-2-phenyl-1-piperazinyl]-3-pyridinecar
bonitrile (53.5 g) was dissolved in methanol (86.8 ml)
and the solution was heated to 50 0C. A 33% sodium
hydroxide solution (127.4 ml) was added and the
reaction mixture was refluxed for three days. The
mixture was diluted with water (22 ml) and the
methanol was evaporated. Thus formed oil was separated
from the salty aqueous phase and dissolved in water
(96 ml) by increasing the temperature to 80 0C. The pH
was adjusted 5.5  0.5 by adding sulphuric acid and the
solution was stirred for 15 minutes. Water was removed
by coevaporation with toluene (320 ml). The solution
was filtered to remove the salts. The filtrate was
evaporated to dryness and the crude product was
co-evaporated twice with a mixture of methanol (87 ml)
and water (2 ml). The residue was dissolved in acetone
( 109 ml) at 50 0C after which the solution was cooled
to ambient temperature at which it was stirred
overnight. The mixture was stirred for another hour at
- 10 0C after which the crystals of
2-[(2S)-4-methyl-2-phenyl-1-piperazinyl]-3-pyridinecar
boxylic acid were collected by filtration and dried in
a vacuum oven. The yield of the crystals was 20.9 g
(57%, ee >99%). 1H-NMR data (CDCI3) : d (ppm): 2.43
(s,3H, CH3) , 2.61 (t, 2H, CH2) , 3.12 (m, 3H,
CH2+CH), 3.42 (dt, 1H, CH), 4.79 (dd, 1H, CHbenzyi) ,
7.1 1-7.28 (m, 4H, Ar-H), 8.25 (dd, 1H Ar-H), 8.54
(dd, 1H Ar-H). The ee was determined by HPLC analysis:
Chiralcel OD-H 250*4.6mmlD, 10 mm (Daicel), 10 %
iso-propylalcohol in heptane, flow rate 1.0 ml.min 1,
UV-detector, column temperature 40 0C. A. Preparation
of (14bS)-1,3,4, 14b-tetrahydro-2-methyl-pyrazino[2,
1-a]pyrido[2,3- c][2]benzazepin-10(2H)-one (ketone
Compound II) Thionyl chloride (4.91 ml, 67.3 mmol) was
added drop wise to a solution of (10.0 g, 33.6 mmol)
2-(4-methyl-2-phenyl-1-piperazinyl)-3-pyridinecarboxyl
ic acid (compound I) and N,N-dimethylformamide (5 ml)
in dichloromethane (100 ml) at about 0 0C under a
nitrogen atmosphere. The reaction mixture was stirred
at room temperature for one hour. Then aluminum
chloride (24.2 g, 181 mmol) was added in portions to
the reactionmixture at about 0 0C. The reaction
mixture was stirred at room temperature until the
reaction was completed. To the reaction mixture was
added water (500 ml), dichloromethane (500 ml) and a
solution of sodium hydroxide (36.53 g, 913 mmol) in
water (100 ml). The reaction mixture was filtered over
dicalite. The organic layer was separated from the
water layer. The water layer was extracted twice with
dichloromethane (250 ml). The three organic layers
were combined and washed twice with water (250 ml).
The organic layer was dried with magnesium sulphate,
filtered and the solvent was evaporated under 



vacuum. The brown oil was dissolved in ethanol (170
ml) and 146 ml of the ethanol was evaporated under
vacuum. The solid was crystallized from the ethanol
for about an hour at room temperature and one hour at
about 0 0C. The solid was isolated and dried at 40 0C
under vacuum resulting in the title product as a
yellow solid (6.54 g, 69.9% yield, defined as mole%
relative to the starting compound). Purity according
HPLC was 100% (HPLC purity being defined as main peak
area divided by total peak area x 100%), the
enantiomeric purity according HPLC-chiral was 100% and
the melting point according DSC was 150.6 0C. The
obtained product is characterised by 1H-NMR (CDCI3,
600 MHz) as follows: d = 2.35 (dt, 1H), 2.44 (s, 3H),
2.55 (dd, 1H), 3.02 (m, 1H), 3.20 (dt, 1H), 3.38 (d,
1H), 4.42 (d, 1H), 4.90 (m, 1H), 6.85 (dd, 1H), 7.35
(dt, 1H), 7.56 (dt, 1H), 7.62 (dd, 1H), 8.02 (d, 1H),
8.36 (dd, 1H), 8.51 (dd, 1H). B. Preparation of
S-mirtazapine A solution of aluminum chloride ( 1 .43,
10.7 mmol) and lithium aluminum hydride (32.3 ml, 32.3
mmol) in tetrahydrofuran (21 ml) was added drop wise
to a solution of the product of step A (6.00 g, 2 1.5
mmol) in tetrahydrofuran (18 ml) at about 0 0C under a
nitrogen atmosphere. The reaction mixture was stirred
at 50 0C for 20 hours. A solution of sodium tartrate
dihydrate (5.96 g, 25.9 mmol) in water (49 ml) was
added to the reaction mixture at about 0 0C resulting
in a suspension in the water layer. The pH of the
solution was set at 14 with sodium hydroxide solution
(4 M). The organic layer was separated from the water
layer. The water layer was extracted twice with
toluene (60 ml). The three organic layers were
combined and washed twice with water (60 ml). The
organic layer was dried with magnesium sulfate,
filtered and the solvent was evaporated under vacuum
resulting in the title product in nearly quantitative
yield. The product was pure according to NMR. The
enantiomeric purity according HPLCchiral was 100%.The
crude product was dissolved in ethanol (15.8 ml). To
this solution a solution of maleic acid (2.75 g, 23.7
mmol) in ethanol (7.9 ml) was added. The solution was
stirred during a night at room temperature. The solid
was isolated and dried at 40 0C under vacuum and gave
a white solid (5.28 g, 70 % yield). Purity according
HPLC was 96% and the enantiomeric purity according
HPLC-chiral was 100%. 1H-NMR (CDCI3, 400 MHz): d =
2.98 (s, 3H), 3.30 (dt, 1H), 3.46 (t, 1H), 3.53 (d,1
H), 3.55 (m, 1H), 3.56 (dt, 1H), 3.68 (m, 1H), 3.98
(m, 1H), 4.47 (dd, 1H), 4.59 (d, 1H), 6.26 (s, 2H),
6.92 (dd, 1H), 7.14 (m, 1H), 7.22 (m, 1H), 7.22 (m,
1H), 7.29 (m, 1H), 7.53 (dd, 1H), 8.13 (dd, 1H).
Example 2 A.Preparation of (14bS)-1,2,3,4, 10, 14b-
Hexahydro- 2-methylpyrazino [2, 1-alpyrido
[2,3-cl[2lbenzazepin-1 0-ol (hydroxy! compound III)
Lithium aluminum hydride (3.51 ml, 3.51 mmol) was
added drop wise to a solution of the product of
Example 1A (0.98 g, 3.51 mmol) in tetrahydrofuran (10
ml) at about 0 0C under a nitrogen atmosphere. The
reaction mixture was stirred at room temperature for 1
hour. To the reaction mixture were added water (10
ml), ethyl acetate (10 ml) and a sodium hydroxide
solution (8.3 M, 6 ml). The pH of the water layer was
14. The organic layer was separated from the water
layer. The water layer was extracted twice with ethyl
acetate (10 ml). The three organic layers were
combined and washed twice with water (10 ml). The
organic layer was dried with magnesium sulfate,
filtered and the solvent was evaporated under vacuum
resulting in the title product as a light yellow solid
(0.987 g, 100%). Purity according HPLC was 95%.
Diastereomeric ratio is approximately 85/15. 1H-NMR
(MeOD, 400 MHz): d = 2.38 (s, 3H), 2.46 (dt, 1H), 2.62
(dd, 1H), 2.96-3.03 (2*m, 2H, - 1) , 3.53 (dt, 1H),
3.70 (dt, 1H), 4.42 (d, 1H), 5.53 (broad s, 1H), 6.89
(dd, 1H), 7.20-7.41 (4H.-7-8-9-10), 7.59 (dd,1 H),
8.12 (dd, 1H). B. Preparation of S-mirtazapine 



Lithium aluminium hydride (3.3 ml, 1M in THF) was
added dropwise to a solution of aluminium chloride
(143 mg, 1.07 mmol) in tetrahydrofuran (15 ml) at O0C.
After 15 minutes a solution of the compound III
obtained in Example 2A in tetrahydrofuran (10 ml) was
added. The reaction mixture was heated to 5O0C for 18
hours. When the reaction was completed, a solution of
sodium tartrate dihydrate ( 1 g, 4.3 mmol) in water
(10 ml) was added to the reaction mixture at about 0
0C resulting in a suspension in thewater layer. The pH
of the solution was set at 14 with sodium hydroxide
solution (4 M). The organic layer was separated from
the water layer. The water layer was extracted twice
with toluene (10 ml). The three organic layers were
combined and washed twice with water (10 ml). The
organic layer was dried with magnesium sulfate,
filtered and the solvent was evaporated under vacuum
resulting in the title product (0.24 g, quantitative).
The product was pure according to NMR and HPLC. The
enantiomeric purity according HPLC-chiral was 100%.
Example 3 A. Preparation of (14bS)-1, 3,4,
14b-tetrahydro-2-methyl-pyrazino[2, 1-a]pyrido[2,3-
c][2]benzazepin-10(2H)-one (Compound II) Thionyl
chloride (22 ml, 301 mmol) was added drop wise to a
solution of 2-(4-methyl-2-
phenyl-1-piperazinyl)-3-pyridinecarboxylic acid
(compound I , 44 g, 148 mmol) and N,Ndimethylformamide
(22 ml) in dichloromethane (440 ml) at about 0 0C
under a nitrogen atmosphere. The reaction mixture was
stirred at room temperature for 75 minutes. Then
aluminum chloride (39.5 g, 296 mmol) was added to the
reaction mixture at about 0 0C. Over the course of 8
hours three additional portions of aluminium chloride
(each 19.7 g, 148 mmol) were added. The reaction
mixture was stirred at room temperature until the
reaction was completed. To the reaction mixture was
added water (2200 ml), dichloromethane (1320 ml) and a
solution of sodium hydroxide (147 g, 3.7 mol) in water
(440 ml). The reaction mixture was filtered over
dicalite. The organic layer was separated from the
water layer. The water layer was extracted twice with
dichloromethane (500 ml). The three organic layers
were combined and washed twice with water (600 ml).
The organic layer was dried with magnesium sulphate,
filtered and the solvent was evaporated under vacuum.
The title compound was obtained as an oil (39.7 g, 96%
yield)., the crude product was sufficiently pure for
use in the following step. The enantiomeric purity
according HPLCchiral was 100%. As opposed to example
1, in example 3 there is no intermediate
crystallisation step to isolate compound II. The crude
compound Il thus obtained was sufficiently pure
according to NMR for direct use in the following step
to be converted into S-mirtazapine according to the
procedure as described in Example 1 step B. Example 4
A. Preparation of mirtazapineRacemic
1,2,3,4,10,14b-Hexahydro-2-methylpyrazino[2,1-a]pyrido
[2,3-c][2]benzazepin- 10-ol (100 mg, 0.36 mmol) is
dissolved in sulfuric acid (10 ml). To this solution
sodium borohydride (135 mg, 3.6 mmol) was added. The
reaction mixture was stirred at ambient temperature.
After two hours the reaction was completed. To the
reaction mixture was added water (10 ml), ethyl
acetate (10 ml) and 33% aqueous sodium hydroxide
solution (42 ml). After separation of the layers, the
water layer was extracted with ethyl acetate (10 ml).
The combined ethyl acetate layers were washed three
times with water (10 ml) and were subsequently dried
with magnesium sulphate and evaporated under vacuum.
This furnished the title compound in a yield of 75 mg
(80%). The product was identified by NMR and had an
HPLC purity of 96%. This example shows that sodium
borohydride in sulfuric acid is a good reduction agent
for reducing the hydroxyl compound Il to mirtazapine.
Example 5 A. Preparation of mirtazapine 



Racemic hydroxyl compound III (100 mg, 0.36 mmol) is
dissolved in methanesulfonic acid (10 ml). To this
solution sodium borohydride (135 mg, 3.6 mmol) was
added. The reaction mixture was stirred at ambient
temperature until completion. To the reaction mixture
was added water (10 ml), ethyl acetate (10 ml) and 33%
aqueous sodium hydroxide solution (42 ml). After
separation of the layers, the water layer was
extracted with ethyl acetate (10 ml). The combined
ethyl acetate layers were washed three times with
water (10 ml) and were subsequently dried with
magnesium sulphate and evaporated under vacuum. This
furnished the title compound in a yield of 80 mg
(85%). The product was identified by NMR and had an
HPLC purity of 99%. This example shows that sodium
borohydride in methanesulfonic acid is a good
reduction agent for reducing the hydroxyl compound Il
to mirtazapine.CLAIMS 1. A method for the preparation
of mirtazapine (formula IV) having a substantial
enantiomeric excess of the R or S form, said method
comprising the steps of a: providing a carboxylic acid
compound according to Formula I having a substantial
enantiomeric excess of the R or S form, b: converting
the carboxylic acid group of compound I into a ketone
group, producing a ketone compound of Formula Il , c :
optionally reducing ketone compound Il to form the
intermediate hydroxy compound of Formula III, d:
forming the mirtazapine of Formula IV by reduction of
the ketone compound Il or of Formula I Formula Il
Formula III Formula IV 2. The method according to
claim 1, wherein the formed mirtazapine has an
enantiomeric excess of the R or S form of at least 80%
and the obtained mirtazapine product comprises side
products in an amount below 10 wt% (wt% expressed as
the total weight of side products divided by the total
weight of the obtained reaction product x 100%). 3.
The method according to claim 2 wherein the
enantiomeric excess is at least 95% and the amount of
side products is below 2 wt%. 4. The method according
to claims 1 to 3, wherein the reduction step (c) is
done with a hydride as reduction agent. 5. The method
according to claims 1 to 3, wherein the reduction step
is done with a mixture of a metal hydride reduction
agent and a metal halogenide as reduction agent. 6.
The method according to claims 4 or 5, wherein the
hydride is a metal hydride.7. The method according to
claims 1-3, wherein the strong reduction agent is
mixture of a borohydride and a strong acid. 8. The
method according to claims 1 to 7, wherein in step (b)
the carboxylic acid group 5 is first activated with an
activator and subsequently reacted with a Lewis acid.
9. The method according to claim 8, wherein the
activator is a chlorinating agent. 10. A compound
according to formula Il in a mixture having an
enantiomeric excess of 10 the R or S form or in
enantiopure pure R or S form. 11. A compound according
to formula III in racemic form, in a mixture having a
substantial enantiomeric excess of the R or S form or
in enantiopure pure R or S form. 15 12. The compound
according to claim 10 or 11 having enantiomeric excess
of the R or S form of at least 80%, and comprising
side products in an amount below 10 wt%. 13. The use
of any of the compounds according to claims 10 to 12
for the preparation of mirtazapine (formula IV) having
a substantial enantiomeric excess of the R or S 0
form. 


