
AMINO ACID SEQUENCES DIRECTED AGAINST CXCR4 AND OTHER
GPCRs AND COMPOUNDS COMPRISING THE SAME The present
invention relates to amino acid sequences that are
directed against (as defined herein) G-protein coupled
receptors (GPCRs) and in particular to CXCR4 and
CXCR7, as well as to compounds or constructs, and in
particular proteins and polypeptides, that comprise or
essentially consist of one or more such amino acid
sequences (also referred to herein as amino acid
sequences of the invention', comp ounds of the
invention', and "polypeptides of the invention",
respectively). Furthermore, the invention provides
anew method of making amino acid sequences that are
directed against transmembrane protein, and in
particular for multiple spanning transmembrane
proteins for which the native conformation cannot be
reproduced in other "in vitro" system (e.g. GPCRs in
general). The invention also relates to nucleic acids
encoding such amino acid sequences and polypeptides
(also referred to herein as "nucleic acids of the
invention" or "nucleotide sequences of the
invention"); to methods for preparing such amino acid
sequences and polypeptides; to host cells expressing
or capable of expressing such amino acid sequences or
polypeptides; to compositions, and in particular to
pharmaceutical compositions, that comprise such amino
acid sequences, polypeptides, nucleic acids and/or
host cells; and to uses of such amino acid sequences
or polypeptides, nucleic acids, host cells and/or
compositions, in particular for prophylactic,
therapeutic or diagnostic purposes, such as the
prophylactic, therapeutic or diagnostic purposes
mentioned herein. Other aspects, embodiments,
advantages and applications of the invention will
become clear from the further description herein.
GPCRs are a well-known class of receptors. Reference
is for example made to the following reviews: Surgand
et al, Proteins 62:509-538 (2006); Vassilatis et al,
Proc Natl Acad Sci U S A 100:4903-4908 (2003) and
Pierce et al., Nat Rev MoI Cell Biol 3:639-650 (2002);
as well as to for example: George et al., Nat Rev Drug
Discov 1:808-820 (2002); Kenakin, Trends Pharmacol Sci
25:186-192 (2002); Rios et al., Pharmacol Ther
92:71-87 (2001); Jacoby et al., ChemMedChem 2006, 1,
760-782; and Schlyer and Horuk, Drug Discovery Today,
11, 11/12. June 2006, 481; and also for example to
Rosenkilde, Oncogene (2001), 20, 1582-1593 and Sadee
et al., AAPS PharmSci 2001; 3; 1-16; as well as to the
further references cited therein. G-protein-coupled
receptors (GPCRs) are the largest class of
cell-surface receptors (more than 1000 genes are
present in the human genome). They can be activated by
a diversearray of stimuli, e.g. hormones, peptides,
amino acids, photons of light, and these receptors
play a large role in the central nervous system and in
the periphery. GPCRs are proteins with 7 transmembrane
domains with highly conserved domains. As half of all
known drugs work through G-protein coupled receptors,
it is commercially very attractive to select
Nanobodies against this protein family. It was
estimated that in the year 2000 half of all modern
drugs and almost one-quarter of the top 200
best-selling drugs are directed against or modulate
GPCR targets (approximately 30 in total). However, due
to their architecture of 7 membrane-spanning helices
and their strong tendency to aggregate, it's a very
challenging target class. GPCRs can be grouped on the
basis of sequence homology into several distinct
families. Although all GPCRs have a similar
architecture of seven membrane-spanning a- helices,
the different families within this receptor class show
no sequence homology to one another, thus suggesting
that the similarity of their transmembrane domain
structure might define common functional requirements.
Depending on the size of the extracellular domain
three families are discriminated. Members of Family 1
(also called family A or rhodopsin-like family) only
have small extracellular loops and the interaction of
the ligands occurs with residues within the
transmembrane cleft. This is by far the largest group
(>90% of the GPCRs) and contains receptors for
odorants, small molecules such as catecholamines and
amines, (neuro)peptides and glycoprotein hormones.
Rhodopsin, which belongs to this family, is the only
GPCR for which the structure has been solved. Family 2
or family B GPCRs are characterized by a relatively
long amino terminal extracellular domain involved in
ligand-binding. Little is known about the orientation
of the transmembrane domains, but it is probably quite
different from that of rhodopsin. Ligands for these
GPCRs are hormones, such as glucagon,
gonadotropin-releasing hormone and parathyroid
hormone. Family 3 members also have a large
extracellular domain, which functions like a "Venus
fly trap" since it can open and close with the agonist
bound inside. Family 



members are the metabotropic glutamate, the
Ca2+-sensing and the g-aminobutyric acid (GABA)B
receptors. Traditionally small molecules are used for
development of drugs directed against GPCRs, not only
because pharmaceutical companies have historical
reasons to work with these, but more importantly
because of the structural constraints of Family 1
GPCRs, which have the ligand binding site within the
transmembrane cleft (Nat Rev Drug Discov. (2004) The
state ofGPCR research in 2004. Nature Reviews Drug
Discovery GPCR Questionnaire Participants 3(7):575,
577-626). For this reason it proved to be difficult or
impossible to generate monoclonal antibodies against
this target class. The amino acid sequences of the
invention (and in particular Nanobodies of the
invention) can solve this particular problem by means
of their intrinsic property of binding via extended
CDR loops into cavities (as further described herein).
Some non-limiting examples of therapeutically relevant
GPCRs are for example the following, which are all
targets of known drugs that have either been approved
or are in clinical development. The text between
brackets indicates the desired action of an amino acid
sequence, a Nanobody or a polypeptide of the invention
(i.e. as agonist or antagonist): Class A GPCRs
Muscarinic Ml receptor Adrenoceptor - Histamine
receptor 5-HT GPCR Cannabinoid receptor Class A
hormone protein GPCR Chemokine - Galanin Melanocortin
Neuropeptide Y receptor Neurotensin receptor Opioid -
Somatostatin Vasopressin like receptor Prostanoid
receptor Class B GPCRs - ACTH releasing factor
receptor (modulator); Class C GPCRs GABA B receptor
(agonist); Metabotropic glutamate receptorSome other
non-limiting examples of therapeutically relevant
GPCRs are mentioned in Table C. A more extensive list
of human GPCRs is given in Table D. CXCR4, (a CXC
chemokine Receptor), also called fusin, is an
alpha-chemokine receptor specific for
stromal-derived-factor-1 (SDF-I also called CXCL12), a
molecule endowed with potent chemotactic activity for
lymphocytes. This receptor is one of several chemokine
receptors that HIV isolates can use to infect CD4+ T
cells. Traditionally, HIV isolates that use CXCR4 are
known as T-cell tropic isolates. Typically these
viruses are found late in infection. It is unclear
whether the emergence of CXCR4-using HIV is a
consequence or a cause of immunodeficiency. CXCR4's
ligand SDF-I is known to be important in hematopoietic
stem cell homing to the bone marrow and in
hematopoietic stem cell quiescence. Unusually for
chemokines, SDF-I and CXCR4 are a relatively
"monogamous" ligandreceptor pair (other chemokines
tend to use several different chemokine receptors in a
fairly "promiscuous" manner). Because the interaction
between SDF-I and CXCR4 plays an important role in
holding hematopoietic stem cells in the bone marrow,
drugs that block the CXCR4 receptor appear to be
capable of "mobilizing" hematopoietic stem cells into
the bloodstream as peripheral blood stem cells.
Peripheral blood stem cell mobilization is very
important in hematopoietic stem cell transplantation
(as a recent alternative to transplantation of
surgically-harvested bone marrow) and is currently
performed using drugs such as G-CSF. GCSF is a growth
factor for neutrophils (a common type of white blood
cells), and may act by increasing the activity of
neutrophil-derived proteases such as neutrophil
elastase in the bone marrow leading to proteolytic
degradation of SDF-I. The polypeptides and
compositions of the present invention can generally be
used to modulate, and in particular inhibit and/or
prevent, GPCRs mediated signalling and/or to 



modulate the biological pathways in which GPCRs are
involved, and/or to modulate the biological
mechanisms, responses and effects associated with such
signalling or these pathways. As such, the
polypeptides and compositions of the present invention
can be used for the prevention and treatment (as
defined herein) of GPCR-related diseases and
disorders. Generally, "GPCR-related diseases and
disorders" can be defined as diseases and disorders
that can be prevented and/or treated, respectively, by
suitably administering to a subject in need thereof
(i.e. having the disease or disorder or at least one
symptom thereof and/or at risk of attracting or
developing the disease or disorder) of either a
polypeptide or composition ofthe invention (and in
particular, of a pharmaceutically active amount
thereof) and/or of a known active principle active
against GPCRs or a biological pathway or mechanism in
which GPCRs is involved (and in particular, of a
pharmaceutically active amount thereof). Examples of
such GPCR-related diseases and disorders will be clear
to the skilled person based on the disclosure herein.
Thus, without being limited thereto, the amino acid
sequences and polypeptides of the invention can for
example be used to prevent and/or to treat all
diseases and disorders that are currently being
prevented or treated with active principles that can
modulate GPCRsmediated signalling, such as those
mentioned in the prior art cited above. It is also
envisaged that the polypeptides of the invention can
be used to prevent and/or to treat all diseases and
disorders for which treatment with such active
principles is currently being developed, has been
proposed, or will be proposed or developed in future.
In addition, it is envisaged that, because of their
favourable properties as further described herein, the
polypeptides of the present invention may be used for
the prevention and treatment of other diseases and
disorders than those for which these known active
principles are being used or will be proposed or
developed; and/or that the polypeptides of the present
invention may provide new methods and regimens for
treating the diseases and disorders described herein.
Other applications and uses of the amino acid
sequences and polypeptides of the invention will
become clear to the skilled person from the further
disclosure herein. Generally, it is an object of the
invention to provide pharmacologically active agents,
as well as compositions comprising the same, that can
be used in the diagnosis, prevention and/or treatment
of GPCR-related diseases and disorders and of the
further diseases and disorders mentioned herein; and
to provide methods for the diagnosis, prevention
and/or treatment of such diseases and disorders that
involve the administration and/or use of such agents
and compositions. In particular, it is an object of
the invention to provide such pharmacologically active
agents, compositions and/or methods that have certain
advantages compared to the agents, compositions and/or
methods that are currently used and/or known in the
art. These advantages will become clear from the
further description below. More in particular, it is
an object of the invention to provide therapeutic
proteins that can be used as pharmacologically active
agents, as well as compositions comprising the same,
for the diagnosis, prevention and/or treatment of
GPCR-related diseases and disorders and of the further
diseases and disorders mentioned herein; and to
provide methods for thediagnosis, prevention and/or
treatment of such diseases and disorders that involve
the administration and/or the use of such therapeutic
proteins and compositions. Accordingly, it is a
specific object of the present invention to provide
amino acid sequences that are directed against (as
defined herein) GPCRs, in particular against GPCRs
from a warm-blooded animal, more in particular against
GPCRs from a mammal, and especially against human
GPCRs; and to provide proteins and polypeptides
comprising or essentially consisting of at least one
such amino acid sequence. In particular, it is a
specific object of the present invention to provide
such amino acid sequences and such proteins and/or
polypeptides that are suitable for prophylactic,
therapeutic and/or diagnostic use in a warm-blooded
animal, and in particular in a mammal, and more in
particular in a human being. More in particular, it is
a specific object of the present invention to provide
such amino acid sequences and such proteins and/or
polypeptides that can be used for the prevention,
treatment, alleviation and/or diagnosis of one or more
diseases, disorders or conditions associated with
GPCRs and/or mediated by GPCRs (such as the diseases,
disorders and conditions mentioned herein) in a
warm-blooded animal, in particular in a mammal, and
more in particular in a human being. It is also a
specific object of the invention to provide such amino
acid sequences and such proteins and/or polypeptides
that can be used in the preparation of pharmaceutical
or veterinary compositions for the prevention and/or
treatment of one or more diseases, 



disorders or conditions associated with and/or
mediated by GPCRs (such as the diseases, disorders and
conditions mentioned herein) in a warm-blooded animal,
in particular in a mammal, and more in particular in a
human being. In the invention, generally, these
objects are achieved by the use of the amino acid
sequences, proteins, polypeptides and compositions
that are described herein. In general, the invention
provides amino acid sequences that are directed
against (as defined herein) and/or can specifically
bind (as defined herein) to GPCRs; as well as
compounds and constructs, and in particular proteins
and polypeptides, that comprise at least one such
amino acid sequence. More in particular, the invention
provides amino acid sequences can bind to GPCRs with
an affinity (suitably measured and/or expressed as a
KD-value (actual or apparent), a R value (actual or
apparent), a kon-rate and/or a koff-rate, or
alternatively as an IC50 value, as further described
herein) that is as defined herein; as well as
compounds and constructs, and in particular proteins
and polypeptides, that comprise at least one such
amino acid sequence.In particular, amino acid
sequences and polypeptides of the invention are
preferably such that they: bind to GPCRs with a
dissociation constant (KD) of 10~5 to 10~12
moles/liter or less, and 7 1 - 11 preferably 10 to 10
moles/liter or less and more preferably 10 to 10
moles/liter (i.e. with an association constant (KA) of
10 to 10 liter/ moles or more, and preferably 107 to
1012 liter/moles or more and more preferably 108 to
1012 liter/moles); and/or such that they: bind to
GPCRs with a kon-rate of between 10 M s to about 10 M
s , preferably between 103M4 S 1 and 107M4 S1, more
preferably between 104 M 1S4 and 10 7M4 S4 , such as
between 105M4 S 1 and 107M4 S1; and/or such that they:
bind to GPCRs with a koff rate between Is 1 (t1/2=0.69
s) and 10 6 s 1 (providing a near irreversible complex
with a t1/2 of multiple days), preferably between 10 2
s4 and 10 6 s , more preferably between 10 s and 10 s
, such as between 10 s and 10 s . Preferably, a
monovalent amino acid sequence of the invention (or a
polypeptide that contains only one amino acid sequence
of the invention) is preferably such that it will bind
to GPCRs with an affinity less than 500 nM, preferably
less than 200 nM, more preferably less than 10 nM,
such as less than 500 pM. Some preferred IC50 values
for binding of the amino acid sequences or
polypeptides of the invention to GPCRs will become
clear from the further description and examples
herein. For binding to GPCRs, an amino acid sequence
of the invention will usually contain within its amino
acid sequence one or more amino acid residues or one
or more stretches of amino acid residues (i.e. with
each "stretch" comprising two or amino acid residues
that are adjacent to each other or in close proximity
to each other, i.e. in the primary or tertiary
structure of the amino acid sequence) via which the
amino acid sequence of the invention can bind to
GPCRs, which amino acid residues or stretches of amino
acid residues thus form the "site" for binding to
GPCRs (also referred to herein as the "antigen binding
site"). The amino acid sequences provided by the
invention are preferably in essentially isolated form
(as defined herein), or form part of a protein or
polypeptide of the invention (as defined herein),
which may comprise or essentially consist of one or
more amino acid sequences of the invention and which
may optionally further comprise one or more further
amino acid sequences (all optionally linked via one or
more suitable linkers). For example,and without
limitation, the one or more amino acid sequences of
the invention may be used as a binding unit in such a
protein or polypeptide, which may optionally contain
one or more further amino acid sequences that can
serve as a binding unit (i.e. against one or more
other targets than GPCRs), so as to provide a
monovalent, multivalent or multispecific polypeptide
of the invention, respectively, all as described
herein. Such a protein or polypeptide may also be in
essentially isolated form (as defined herein). The
amino acid sequences and polypeptides of the invention
as such preferably essentially consist of a single
amino acid chain that is not linked via disulphide
bridges to any other amino acid sequence or chain (but
that may or may not contain one or more intramolecular
disulphide bridges. For example, it is known that
Nanobodies - as described herein - may sometimes
contain a disulphide bridge between CDR3 and CDRl or
FR2). However, it should be noted that one or more
amino acid sequences of the invention may be linked to
each other and/or to other amino acid sequences (e.g.
via disulphide bridges) to provide peptide constructs
that may also be useful in the invention (for example
Fab' fragments, F(ab') 2 fragments, ScFv constructs,
"diabodies" and other multispecific 



constructs. Reference is for example made to the
review by Holliger and Hudson, Nat Biotechnol. 2005
Sep;23(9): 1126-36). Generally, when an amino acid
sequence of the invention (or a compound, construct or
polypeptide comprising the same) is intended for
administration to a subject (for example for
therapeutic and/or diagnostic purposes as described
herein), it is preferably either an amino acid
sequence that does not occur naturally in said
subject; or, when it does occur naturally in said
subject, in essentially isolated form (as defined
herein). It will also be clear to the skilled person
that for pharmaceutical use, the amino acid sequences
of the invention (as well as compounds, constructs and
polypeptides comprising the same) are preferably
directed against human GPCRs; whereas for veterinary
purposes, the amino acid sequences and polypeptides of
the invention are preferably directed against GPCRs
from the species to be treated, or at least
cross-reactive with GPCRs from the species to be
treated. Furthermore, an amino acid sequence of the
invention may optionally, and in addition to the at
least one binding site for binding against GPCRs,
contain one or more further binding sites for binding
against other antigens, proteins or targets. The
efficacy of the amino acid sequences and polypeptides
of the invention, and of compositions comprising the
same, can be tested using any suitable in vitro assay,
cell-based assay, in vivo assay and/or animalmodel
known per se, or any combination thereof, depending on
the specific disease or disorder involved. Suitable
assays and animal models will be clear to the skilled
person, and for example include the expression of the
receptors in Xenopus oocytes, after which the coupling
of many GPCRs to ion channels allows the activation or
inhibition of these GPCRs to be monitored in oocytes
via voltage clamping techniques. Heterologous GPCRs
can be functionally expressed in the oocyte by
injecting exogenous, GPCR-encoding mRNA into the
oocyte and then allowing 20 the oocyte's endogenous
cellular machinery to translate and insert the
receptors into the plasma membrane (see, e.g., Houamed
et al., Science 252:1318- 21, 1991; Dahmen et al., J .
Neurochem. 58:1 176-79, 1992.) Following functional
expression of receptors, the ability of ligands to
induce transmembrane conductance changes can be
observed via a two-electrode voltage clamp system
(Dahmen et al., supra), which can detect either a
depolarization or hyperpolarization of the membrane
potential. Other techniques for screening GPCRs will
be clear to the skilled person, for example from the
handbooks, reviews and prior art cited herein. These
include for example the radioligand binding assays, as
for example used in Lundstrom et al., J Struct Funct
Genomics. 2006 Nov 22; [Epub ahead of print] and as
described in Andre' et al., Protein Sci 5:1 115
(2006); Hassaine et al., (2006) Prot Purif Expr
45:343; Nicholson et al. J Pharmacol Exp Ther. 2006
May;317(2):771-7. [Epub 2006 Jan 25]. and Vilardaga et
al., J Biol Chem. 2001 Sep 7;276(36):33435-43. Epub
2001 May 31, for example using membrane preparations
that can be made as described in Hovius et al., (1998)
J Neurochem 70:824. Some HTS techniques for screening
GPCRs are mentioned in Table 4 of the review by Jacoby
et al. Also, according to the invention, amino acid
sequences and polypeptides that are directed against
GPCRs from a first species of warm-blooded animal may
or may not show cross-reactivity with GPCRs from one
or more other species of warm-blooded animal. For
example, amino acid sequences and polypeptides
directed against human GPCRs may or may not show cross
reactivity with GPCRs from one or more other species
of primates (such as, without limitation, monkeys from
the genus Macaca (such as, and in particular,
cynomolgus monkeys {Macacafas cicularis) and/or rhesus
monkeys {Macaca mulatto)) and baboon {Papio ursinus))
and/or with GPCRs from one or more species of animals
that are often used in animal models for diseases (for
example mouse, rat, rabbit, pig or dog), and in
particular in animal models for diseases and disorders
associated with GPCRs (such as the species and animal
models mentioned herein). In this respect, it will be
clear to the skilled person that such
cross-reactivity, when present, may have advantages
from a drug development point ofview, since it allows
the amino acid sequences and polypeptides against
human GPCRs to be tested in such disease models. More
generally, amino acid sequences and polypeptides of
the invention that are cross-reactive with GPCRs from
multiple species of mammal will usually be
advantageous for use in veterinary applications, since
it will allow the same amino acid sequence or
polypeptide to be used across multiple species. Thus,
it is also encompassed within the scope of the
invention that amino acid sequences and polypeptides
directed against GPCRs from one species of animal
(such as amino acid sequences and polypeptides against
human GPCRs) can be used in the treatment of another
species of animal, as long as the use of the amino
acid sequences and/or polypeptides provide the desired
effects in the species to be treated. 



The present invention is in its broadest sense also
not particularly limited to or defined by a specific
antigenic determinant, epitope, part, domain, subunit
or confirmation (where applicable) of GPCRs against
which the amino acid sequences and polypeptides of the
invention are directed. For example, amino acid
sequences of the invention may be raised by suitably
immunizing a mammal (such as a Camelid) with GPCR that
has been expressed in a suitable expression system or
that has been isolated from a suitable cell or cell
fraction. In particular, amino acid sequences of the
invention may be raised against GPCRs (or suitable
parts or fragments thereof) that have been refolded
(for example using the techniques described in the
review by Kiefer, Biochim. Biophys. Acta, 1610 (2003),
57-62), and amino acid sequences, Nanobodies and
polypeptides that are directed against and/or that
have been raised against a refolded GPCR form a
further aspect of the invention. The amino acid
sequences and polypeptides of the invention may
generally be directed against any desired GPCR, and
may in particular be directed against a GPCR that has
at least one extracellular loop or domain. Examples of
such GPCRs will be clear to the skilled person based
on the prior art cited herein According to a specific
aspect of the invention, an amino acid sequence or
polypeptide of the invention may be directed against
(as defined herein) a GPCR that is expressed on the
surface of a cell and/or against at least one
extracellular region, domain, loop or other
extracellular epitope of a GPCR. For example, such
amino acid sequences may be raised by suitably
immunizing a mammal (such as a Camelid) with a cell or
cell fraction that has a GPCR or its surface.In
particular, according to this aspect, an amino acid
sequence or polypeptide of the invention is directed
against (as defined herein) at least one extracellular
region, domain, loop or other extracellular epitope of
a GPCR, e.g. human CXCR4 and/or human CXCR7, and is
preferably further such that said amino acid sequence
or polypeptide of the invention is capable of
modulating (as defined herein) said GPCR, e.g. human
CXCR4 and/or human CXCR7. More in particular,
according to this aspect, an amino acid sequence or
polypeptide of the invention is directed against (as
defined herein) at least one extracellular region,
domain, loop or other extracellular epitope of a GPCR,
e.g. human CXCR4 and/or human CXCR7; and is preferably
further such that said amino acid sequence or
polypeptide of the invention is capable of (fully or
partially) blocking said GPCR, e.g. human CXCR4 and/or
human CXCR7. According to this aspect of the
invention, the amino acid sequence or polypeptide of
the invention may be directed against any suitable
extracellular part, region, domain, loop or other
extracellular epitope of a GPCR, e.g. human CXCR4
and/or human CXCR7, but is preferably directed against
one of the extracellular parts of the transmembrane
domains or more preferably against one of the
extracellular loops that link the transmembrane
domains. The amino acid sequence of such suitable
extracellular parts, regions, domains, loops or
epitopes may be derived by Kyte-Doolittle analysis of
the amino acid sequence of the pertinent GPCR, e.g.
human CXCR4 and/or human CXCR7; by aligning GPCRs
belonging to the same (sub)families and identifying
the various transmembrane domains and extracellular
parts, regions, domain or loops; by TMAP-analysis; or
by any suitable combination thereof. The invention
also relates to amino acid sequences and (as further
defined herein) that are directed against and/or have
been raised against such extracellular parts, regions,
domains, loops or epitopes (and/or that are directed
against and/or have been raised against suitable parts
or fragments of such extracellular parts, regions,
domains, loops or epitopes and/or against synthetic or
semi-synthetic peptides that are derived from or based
on such extracellular parts, regions, domains, loops
or epitopes). In particular, amino acid sequences and
polypeptides of the invention are preferably such that
they: - bind to an extracellular part, region, domain,
loop or other extracellular epitope of a GPCR (as
described herein) or against a peptide derived
therefrom with a dissociation constant (KD) of 10 5 to
10 12 moles/liter or less, and preferably 10 7 to 10
12 moles/liter or less and more preferably 10 8 to 10
12 moles/liter (i.e. with an association constant(KA)
of 10 to 10 liter/ moles or more, and preferably 10 to
10 liter/moles or more and more preferably 108 to 10
12 liter/moles); and/or such that they: bind to an
extracellular part, region, domain, loop or other
extracellular epitope of a GPCR (as described herein)
or against a peptide derived therefrom with a kon-rate
of between 102M4 S 1 to about 107M4 S1 , preferably
between 103 M 1S4 and 10 7M4 S4 , more preferably
between 10 M s and 107M s , such as between 105M s and
10 7 M4 S 1; 



and/or such that they: - bind to an extracellular
part, region, domain, loop or other extracellular
epitope of a GPCR (as described herein) or against a
peptide derived therefrom with a koff rate between Is4
(t 1/2=0.69 s) and 10 6 s4 (providing a near
irreversible complex with a t1/2 of multiple days),
preferably between 10 2 s4 and 10 6 s 1, more
preferably between 10 3 s and 10 s , such as between
10 s and 10 s . Preferably, a monovalent amino acid
sequence of the invention (or a polypeptide that
contains only one amino acid sequence of the
invention) is preferably such that it will bind to
bind to an extracellular part, region, domain, loop or
other extracellular epitope of a GPCR (as described
herein) with an affinity less than 500 nM, preferably
less than 200 nM, more preferably less than 10 nM,
such as less than 500 pM. Also, according to this
aspect, any multivalent or multispecific (as defined
herein) polypeptides of the invention may also be
suitably directed against two or more different
extracellular parts, regions, domains, loops or other
extracellular epitopes on the same antigen, for
example against two different extracellular loops,
against two different extracellular parts of the
transmembrane domains or against one extracellular
loops and one extracellular loop. Such multivalent or
multispecific polypeptides of the invention may also
have (or be engineered and/or selected for) increased
avidity and/or improved selectivity for the desired
GPCR, and/or for any other desired property or
combination of desired properties that may be obtained
by the use of such multivalent or multispecific
polypeptides. Generally, it is expected that amino
acid sequences and polypeptides of the invention that
are directed against an extracellular loop or domain
of a GPCR (or against a small peptide derived
therefrom or based thereon), and/or that have been
screened against, selected using and/or raised against
an extracellular loop or domain of a GPCR (or against
a small peptide derived therefrom or based thereon)
will also be able to bind (and in particular,
tospecifically bind, as defined herein) to such an
extracellular loop or domain (or peptide derived
therefrom) that forms part of a GPCR (or at least one
subunit thereof) that is present on the surface of a
cell. Thus, such (peptides derived from) an
extracellular loop or domain may find particular use
in methods for generating amino acid sequences and
polypeptides of the invention (as defined herein); and
such methods and uses form further aspects of the
invention; as do amino acid sequences, Nanobodies and
polypeptides of the invention that are directed
against or raised against such an extracellular loop,
domain or peptide derived therefrom. For example, such
a method may comprises the following: a) a step of
suitably immunizing a Camelid with a suitable antigen
that comprises the desired extracellular part, region,
domain, loop or other extracellular epitope(s), or
with a suitable peptide derived therefrom or based
thereon, such that an immune response against the
desired extracellular part, region, domain, loop or
other extracellular epitope(s)is raised. The antigen
may be any suitable antigen that is capable of raising
an immune response against the desired extracellular
part, region, domain, loop or other extracellular
epitope(s); such as, for example and without
limitation, whole cells that are alive and overexpress
the desired extracellular part, region, domain, loop
or other extracellular epitope(s) on their surface in
their native confirmation, cell wall fragments thereof
or any other suitable preparation derived from such
cells, vesicles that have the desired extracellular
part, region, domain, loop or other extracellular
epitope(s)on their surface, a subunit or fragment of a
subunit of a GPCR, e.g. human CXCR4 and/or human
CXCR7, that comprises the desired extracellular part,
region, domain, loop or other extracellular
epitope(s), or a synthetic or semi-synthetic peptide
that comprises and/or is based on (the amino acid
sequence of) the desired extracellular part, region,
domain, loop or other extracellular epitope(s), more
preferably, whole cells (e.g. HEK293) that are alive
and overexpress the desired extracellular part,
region, domain, loop or other extracellular epitope(s)
on their surface in their native confirmation; and b)
a step of selection for binding for the desired
extracellular part, region, domain, loop or other
extracellular epitope(s) using cell membranes
preparation of different (than the one using in
immunization) and several cell types overexpressing
said GPCR, e.g. human CXCR4 and/or human CXCR7. This
may for example be performed by selecting from a set,
a collection or a library of cells that express heavy
chain antibodies on their surface (e.g. B-cells
obtained from a suitably immunized Camelid) and using
acell membranes preparation of e.g. a first type of
cells such as e.g. CHO for a first round selection and
e.g. a second type of cells such as e.g. COS-7 cells
for a second round selection, by selecting from a
(naive or immune) library of VHH sequences or Nanobody
sequences by using a cell membranes preparation of
e.g. a first type of cell 



such as e.g. CHO for a first round selection and e.g.
a second type of cell such as e.g. COS-7 cell for a
second round selection, or by selecting from a (naive
or immune) library of nucleic acid sequences that
encode VHH sequences or Nanobody sequences by using a
cell membranes preparation of e.g. a first type of
cell such as e.g. CHO for a first round selection and
e.g. a second type of cells such as e.g. COS-7 cell
for a second round selection; which may all be
performed in a manner known per se; and optionally c)
washing only mildly with a buffer such as PBS without
detergents; and which method may optionally further
comprise one or more other suitable steps known per
se, such as, for example and without limitation, a
step of affinity maturation, a step of expressing the
desired amino acid sequence, a step of screening for
binding and/or for activity against the desired
antigen (in this case, the GPCR), a step of
determining the desired amino acid sequence or
nucleotide sequence, a step of introducing one or more
humanizing substitutions (e.g. as further described
herein), a step of formatting in a suitable
multivalent and/or multispecific format, a step of
screening for the desired biological and/or
physiological properties (i.e. using a suitable assay,
such as those described herein); and/or any suitable
combination of one or more of such steps, in any
suitable order. Such methods and the amino acid
sequences obtained via such methods, as well as
proteins and polypeptides comprising or essentially
consisting of the same, form further aspects of this
invention. The amino acid sequences, Nanobodies and
polypeptides of the invention may also bind to the
GPCR at the same site as the endogenous agonist (i.e.
at an orthosteric site), so as to activate or increase
receptor signalling; or alternatively so as to
decrease or inhibit receptor signalling. The amino
acid sequences, Nanobodies and polypeptides of the
invention may also bind to the GPCR in such a way that
they block of the constitutive activity of the GPCR.
The amino acid sequences, Nanobodies and polypeptides
of the invention may also bind to the GPCR in such a
way that they mediate allosteric modulation (e.g. bind
to the GPCR at an allosteric site). In this way, the
amino acid sequences, Nanobodies and polypeptides of
the invention may modulation of the receptor function
by binding to different regions in the receptor (e.g.
at allosteric sites). Reference is for example made to
George etal, Nat Rev Drug Discov 1:808-820 (2002);
Kenakin, Trends Pharmacol Sci 25:186-192 (2002) and
Rios et al., Pharmacol Ther 92:71-87 (2001)). The
amino acid sequences, Nanobodies and polypeptides of
the invention may also bind to the GPCR in such a way
that they inhibit or enhance the assembly of GPCR
functional homodimers or heterodimers. The amino acid
sequences, Nanobodies and polypeptides of the
invention may also bind to the GPCR in such a way that
they prolong the duration of the GPCR-mediated
signalling. The amino acid sequences, Nanobodies and
polypeptides of the invention may also enhance
receptor signalling by increasing receptor-ligand
affinity. Polypeptides of the invention that are
directed against a GPCR and its ligand may also
provide for enhanced binding of the ligand to the GPCR
by cross-linking the ligand to the orthosteric site;
and/or stabilize of the binding of the ligand to the
orthosteric site. Thus, a further aspect of the
invention relates to a multispecific polypeptide of
the invention (as defined herein) that comprises at
least one amino acid sequence of the invention (such
as a Nanobody) against a GPCR proteinase and at least
one binding unit directed against its natural ligand.
Such multispecific proteins may further be as
described herein. Also, as will be clear from the
further disclosure herein, and depending on the GPCR
against which they are directed and their desired
(therapeutic) effect, the amino acid sequences,
Nanobodies and polypeptides of the invention may act
as (full or partial) agonists, (full or partial, and
competitive or non-competitive) antagonists or as
inverse agonists of the GPCR (and/or of the ligand of
the GPCR) and/or of the biological function, pathway,
mechanism, effect, signalling or response associated
therewith. They may do so in an irreversible but
preferably reversible manner. In a preferred
embodiment, the amino acid sequence or polypeptide of
the invention is a (full or partial, and competitive
or non-competitive) antagonist or an inverse agonist
of the GPCR of the invention, more preferably the
amino acid sequence or polypeptide of the invention is
a Nanobody that is a (full or partial, and competitive
or non-competitive) antagonist or an inverse agonist
of the GPCR of the invention. Our results show that
nanobodies in monovalent and/or multivalent format,
and 



possibly also the amino acid sequence or polypeptide
of the invention, can act as neutral antagonists or
inverse agonists on constitutively active GPCR showing
the wide applicability of Nanobody platform. A
significant number of the top selling GPCR drugs
behave as inverse agonists rather than neutral
antagonists (Milligan G. (2003). MoI. Pharmacol.
64:1271-1276)and it has been claimed that inverse
agonists may have specific therapeutic benefits
compared with neutral antagonists for several diseases
including cancer (Kenakin T. (2004). MoI. Pharmacol.
65:2-1 1). Furthermore, inverse agonists maybe
superior over neutral antagonists to inhibit other
functions. In a preferred embodiment, the amino acid
sequence or polypeptide of the invention is a
"monoclonal" amino acid sequence or polypeptide, by
which is meant that at least each of the one or more
amino acid sequences directed against the GPCR that
are present in said protein or polypeptide (and
preferably all of the immunoglobulin sequences that
are present in said protein or polypeptide) are
"monoclonal" as commonly understood by the skilled
person. In this respect, it should however be noted
that, as further described herein, the present
invention explicitly covers multivalent or
multispecific proteins that comprise two or more
immunoglobulin sequences (and in particular monoclonal
immunoglobulin sequences) that are directed against
different parts, regions, domains, loops or epitopes
of the same GPCR, and in particular against different
extracellular parts, regions, domains, loops or
epitopes of the same GPCR. It is also within the scope
of the invention that, where applicable, an amino acid
sequence of the invention can bind to two or more
antigenic determinants, epitopes, parts, domains,
subunits or confirmations of GPCRs. In such a case,
the antigenic determinants, epitopes, parts, domains
or subunits of GPCRs to which the amino acid sequences
and/or polypeptides of the invention bind may be
essentially the same (for example, if GPCRs contains
repeated structural motifs or occurs in a multimeric
form) or may be different (and in the latter case, the
amino acid sequences and polypeptides of the invention
may bind to such different antigenic determinants,
epitopes, parts, domains, subunits of GPCRs with an
affinity and/or specificity which may be the same or
different). Also, for example, when GPCRs exists in an
activated conformation and in an inactive
conformation, the amino acid sequences and
polypeptides of the invention may bind to either one
of these confirmation, or may bind to both these
confirmations (i.e. with an affinity and/or
specificity which may be the same or different). Also,
for example, the amino acid sequences and polypeptides
of the invention may bind to a conformation of GPCRs
in which it is bound to a pertinent ligand, may bind
to a conformation of GPCRs in which it not bound to a
pertinent ligand, or may bind to both such
conformations (again with an affinity and/or
specificity which may be the same or different).It is
also expected that the amino acid sequences and
polypeptides of the invention will generally bind to
all naturally occurring or synthetic analogs,
variants, mutants, alleles, parts and fragments of
GPCRs; or at least to those analogs, variants,
mutants, alleles, parts and fragments of GPCRs that
contain one or more antigenic determinants or epitopes
that are essentially the same as the antigenic
determinant(s) or epitope(s) to which the amino acid
sequences and polypeptides of the invention bind in
GPCRs (e.g. in wild-type GPCRs). Again, in such a
case, the amino acid sequences and polypeptides of the
invention may bind to such analogs, variants, mutants,
alleles, parts and fragments with an affinity and/or
specificity that are the same as, or that are
different from (i.e. higher than or lower than), the
affinity and specificity with which the amino acid
sequences of the invention bind to (wildtype) GPCRs.
It is also included within the scope of the invention
that the amino acid sequences and polypeptides of the
invention bind to some analogs, variants, mutants,
alleles, parts and fragments of GPCRs, but not to
others. When GPCRs exists in a monomeric form and in
one or more multimeric forms, it is within the scope
of the invention that the amino acid sequences and
polypeptides of the invention only bind to GPCRs in
monomeric form, only bind to GPCRs in multimeric form,
or bind to both the monomeric and the multimeric form.
Again, in such a case, the amino acid sequences and
polypeptides of the invention may bind to the
monomeric form with an affinity and/or specificity
that are the same as, or that are different from (i.e.
higher than or lower than), the affinity and
specificity with which the amino acid sequences of the
invention bind to the multimeric form. Also, when
GPCRs can associate with other proteins or
polypeptides to form protein complexes (e.g. with
multiple subunits), it is within the scope of the
invention that the amino acid sequences and
polypeptides of the invention bind to GPCRs in its
non-associated state, bind to GPCRs in its associated
state, or bind to both. In all these cases, the amino
acid sequences and polypeptides of the invention may
bind to such multimers or associated 



protein complexes with an affinity and/or specificity
that may be the same as or different from (i.e. higher
than or lower than) the affinity and/or specificity
with which the amino acid sequences and polypeptides
of the invention bind to GPCRs in its monomeric and
nonassociated state. Also, as will be clear to the
skilled person, proteins or polypeptides that contain
two or more amino acid sequences directed against
GPCRs may bind with higher avidity to GPCRs than the
corresponding monomeric amino acid sequence(s). For
example, andwithout limitation, proteins or
polypeptides that contain two or more amino acid
sequences directed against different epitopes of GPCRs
may (and usually will) bind with higher avidity than
each of the different monomers, and proteins or
polypeptides that contain two or more amino acid
sequences directed against GPCRs may (and usually
will) bind also with higher avidity to a multimer of
GPCRs. Generally, amino acid sequences and
polypeptides of the invention will at least bind to
those forms of GPCRs (including monomeric, multimeric
and associated forms) that are the most relevant from
a biological and/or therapeutic point of view, as will
be clear to the skilled person. It is also within the
scope of the invention to use parts, fragments,
analogs, mutants, variants, alleles and/or derivatives
of the amino acid sequences and polypeptides of the
invention, and/or to use proteins or polypeptides
comprising or essentially consisting of one or more of
such parts, fragments, analogs, mutants, variants,
alleles and/or derivatives, as long as these are
suitable for the uses envisaged herein. Such parts,
fragments, analogs, mutants, variants, alleles and/or
derivatives will usually contain (at least part of) a
functional antigen-binding site for binding against
GPCRs; and more preferably will be capable of specific
binding to GPCRs, and even more preferably capable of
binding to GPCRs with an affinity (suitably measured
and/or expressed as a K -value (actual or apparent), a
KA-value (actual or apparent), a kon-rate and/or a
koff-rate, or alternatively as an IC5O value, as
further described herein) that is as defined herein.
Some non-limiting examples of such parts, fragments,
analogs, mutants, variants, alleles, derivatives,
proteins and/or polypeptides will become clear from
the further description herein. Additional fragments
or polypeptides of the invention may also be provided
by suitably combining (i.e. by linking or genetic
fusion) one or more (smaller) parts or fragments as
described herein. In one specific, but non-limiting
aspect of the invention, which will be further
described herein, such analogs, mutants, variants,
alleles, derivatives have an increased halflife in
serum (as further described herein) compared to the
amino acid sequence from which they have been derived.
For example, an amino acid sequence of the invention
may be linked (chemically or otherwise) to one or more
groups or moieties that extend the half-life (such as
PEG), so as to provide a derivative of an amino acid
sequence of the invention with increased half-life. In
one specific, but non-limiting aspect, the amino acid
sequence of the invention may be an amino acid
sequence that comprises an immunoglobulin fold or may
be an amino acidsequence that, under suitable
conditions (such as physiological conditions) is
capable of forming an immunoglobulin fold (i.e. by
folding). Reference is inter alia made to the review
by Halaby et al., J . (1999) Protein Eng. 12, 563-71.
Preferably, when properly folded so as to form an
immunoglobulin fold, such an amino acid sequence is
capable of specific binding (as defined herein) to
GPCRs; and more preferably capable of binding to GPCRs
with an affinity (suitably measured and/or expressed
as a KD-value (actual or apparent), a KA-value (actual
or apparent), a kon-rate and/or a koff-rate, or
alternatively as an IC5O value, as further described
herein) that is as defined herein. Also, parts,
fragments, analogs, mutants, variants, alleles and/or
derivatives of such amino acid sequences are
preferably such that they comprise an immunoglobulin
fold or are capable for forming, under suitable
conditions, an immunoglobulin fold. In particular, but
without limitation, the amino acid sequences of the
invention may be amino acid sequences that essentially
consist of 4 framework regions (FRl to FR4
respectively) and 3 complementarity determining
regions (CDRl to CDR3 respectively); or any suitable
fragment of such an amino acid sequence (which will
then usually contain at least some of the amino acid
residues that form at least one of the CDR's, as
further described herein). The amino acid sequences of
the invention may in particular be an immunoglobulin
sequence or a suitable fragment thereof, and more in
particular be an immunoglobulin variable domain
sequence or a suitable fragment thereof, such as light
chain variable domain sequence (e.g. a VL-sequence) or
a suitable fragment thereof; or a heavy chain variable
domain sequence (e.g. a VH-sequence) or a suitable
fragment thereof. When the amino acid 



sequence of the invention is a heavy chain variable
domain sequence, it may be a heavy chain variable
domain sequence that is derived from a conventional
four-chain antibody (such as, without limitation, a VH
sequence that is derived from a human antibody) or be
a so-called VHH-sequence (as defined herein) that is
derived from a so-called "heavy chain antibody" (as
defined herein). However, it should be noted that the
invention is not limited as to the origin of the amino
acid sequence of the invention (or of the nucleotide
sequence of the invention used to express it), nor as
to the way that the amino acid sequence or nucleotide
sequence of the invention is (or has been) generated
or obtained. Thus, the amino acid sequences of the
invention may be naturally occurring amino acid
sequences (from any suitable species) or synthetic or
semi-synthetic amino acid sequences. In a specific but
non-limiting aspect of theinvention, the amino acid
sequence is a naturally occurring immunoglobulin
sequence (from any suitable species) or a synthetic or
semi-synthetic immunoglobulin sequence, including but
not limited to "humanized" (as defined herein)
immunoglobulin sequences (such as partially or fully
humanized mouse or rabbit immunoglobulin sequences,
and in particular partially or fully humanized VHH
sequences or Nanobodies), "camelized" (as defined
herein) immunoglobulin sequences, as well as
immunoglobulin sequences that have been obtained by
techniques such as affinity maturation (for example,
starting from synthetic, random or naturally occurring
immunoglobulin sequences), CDR grafting, veneering,
combining fragments derived from different
immunoglobulin sequences, PCR assembly using
overlapping primers, and similar techniques for
engineering immunoglobulin sequences well known to the
skilled person; or any suitable combination of any of
the foregoing. Reference is for example made to the
standard handbooks, as well as to the further
description and prior art mentioned herein. Similarly,
the nucleotide sequences of the invention may be
naturally occurring nucleotide sequences or synthetic
or semi-synthetic sequences, and may for example be
sequences that are isolated by PCR from a suitable
naturally occurring template (e.g. DNA or RNA isolated
from a cell), nucleotide sequences that have been
isolated from a library (and in particular, an
expression library), nucleotide sequences that have
been prepared by introducing mutations into a
naturally occurring nucleotide sequence (using any
suitable technique known per se, such as mismatch
PCR), nucleotide sequence that have been prepared by
PCR using overlapping primers, or nucleotide sequences
that have been prepared using techniques for DNA
synthesis known per se. The amino acid sequence of the
invention may in particular be a domain antibody (or
an amino acid sequence that is suitable for use as a
domain antibody), a single domain antibody (or an
amino acid sequence that is suitable for use as a
single domain antibody), a "dAb" (or an amino acid
sequence that is suitable for use as a dAb) or a
Nanobody(tm) (as defined herein, and including but not
limited to a VHH sequence); other single variable
domains, or any suitable fragment of any one thereof.
For a general description of (single) domain
antibodies, reference is also made to the prior art
cited above, as well as to EP 0 368 684. For the term
"dAb's", reference is for example made to Ward et al.
(Nature 1989 Oct 12; 341 (6242): 544-6), to Holt et
al., Trends BiotechnoL, 2003, 21(1 1):484-490; as well
as to for example WO 06/030220, WO 06/003388 and other
published patent applications of Domantis Ltd. It
should also be noted that, although less preferred in
the context of thepresent invention because they are
not of mammalian origin, single domain antibodies or
single variable domains can be derived from certain
species of shark (for example, the socalled "IgNAR
domains", see for example WO 05/18629). In particular,
the amino acid sequence of the invention may be a
Nanobody(tm) (as defined herein) or a suitable
fragment thereof. [Note: Nanobody(tm), Ncmobodies(tm)
and Nanoclone(tm) are trademarks ofAbfynx N VJ Such
Nanobodies directed against GPCRs will also be
referred to herein as "Nanobodies of the invention".
For a general description of Nanobodies, reference is
made to the further description below, as well as to
the prior art cited herein. In this respect, it should
however be noted that this description and the prior
art mainly described Nanobodies of the so-called "VH3
class" (i.e. Nanobodies with a high degree of sequence
homology to human germline sequences of the VH3 class
such as DP-47, DP-51 or DP-29), which Nanobodies form
a preferred aspect of this invention. It should
however be noted that the invention in its broadest
sense generally covers any type of Nanobody directed
against GPCRs, and for example also covers the
Nanobodies belonging to the so-called "VH4 class"
(i.e. Nanobodies with a high degree of sequence
homology to human germline sequences of the VH4 class
such as DP-78), as for example described in the US
provisional application 60/792,279 by Ablynx N.V.
entitled "DP-78-like Nanobodies" filed on April 14,
2006. 



Generally, Nanobodies (in particular V HH sequences
and partially humanized Nanobodies) can in particular
be characterized by the presence of one or more
"Hallmark residues" (as described herein) in one or
more of the framework sequences (again as further
described herein). Thus, generally, a Nanobody can be
defined as an amino acid sequence with the (general)
structure FRl - CDRl - FR2 - CDR2 - FR3 - CDR3 - FR4
in which FRl to FR4 refer to framework regions 1 to 4,
respectively, and in which CDRl to CDR3 refer to the
complementarity determining regions 1 to 3,
respectively, and in which one or more of the Hallmark
residues are as further defined herein. In particular,
a Nanobody can be an amino acid sequence with the
(general) structure FRl - CDRl - FR2 - CDR2 - FR3 -
CDR3 - FR4in which FRl to FR4 refer to framework
regions 1 to 4, respectively, and in which CDRl to
CDR3 refer to the complementarity determining regions
1 to 3, respectively, and in which the framework
sequences are as further defined herein. More in
particular, a Nanobody can be an amino acid sequence
with the (general) structure FRl - CDRl - FR2 - CDR2 -
FR3 - CDR3 - FR4 in which FRl to FR4 refer to
framework regions 1 to 4, respectively, and in which
CDRl to CDR3 refer to the complementarity determining
regions 1 to 3, respectively, and in which: i)
preferably one or more of the amino acid residues at
positions 11, 37, 44, 45, 47, 83, 84, 103, 104 and 108
according to the Kabat numbering are chosen from the
Hallmark residues mentioned in Table A-3 below; and in
which: ii) said amino acid sequence has at least 80%
amino acid identity with at least one of the amino
acid sequences of SEQ ID NO's: 1 to 22, in which for
the purposes of determining the degree of amino acid
identity, the amino acid residues that form the CDR
sequences (indicated with X in the sequences of SEQ ID
NO's: 1 to 22) are disregarded. In these Nanobodies,
the CDR sequences are generally as further defined
herein. Thus, the invention also relates to such
Nanobodies that can bind to (as defined herein) and/or
are directed against GPCRs, to suitable fragments
thereof, as well as to polypeptides that comprise or
essentially consist of one or more of such Nanobodies
and/or suitable fragments. SEQ ID NO's 238 to 253 give
the amino acid sequences of a number of VHH sequences
that have been raised against human CXCR4 (Table 1).
Table 1: Nanobodies directed against human CXCR4 (SEQ
ID NO: 254):Table 1.1: CDRs of Nanobodies directed
against human CXCR4 (SEQ ID NO: 254):PROCESS FOR THE
PRODUCTION OF ALKYLSNE CARBONATE The present invention
relates to a process for the production of alkylene
carbonate. Processes for the production of alkylene
carbonates are known. WO-A 2005/003113 discloses a
process in which carbon dioxide is contacted with an
alkylene oxide in the presence of a suitable catalyst.
The catalyst disclosed is a tetraalkyl phosphonium
compound. WO-A 2005/003113 discloses that the catalyst
used has been recycled. US-A 4,434,105 also discloses
a process for the preparation of alkylene carbonates.
Various catalysts are disclosed. US-A 4,434,105 also
describes that the catalyst after completion of the
reaction may be reused. In a continuous process the
reaction product containing alkylene carbonate and
catalyst has to be subjected to a work-up treatment.
Such work-up treatment generally includes distillation
to separate the alkylene carbonate product from the
catalyst. According to WO-A 2007/104 730 , it was
found in a continuous alkylene carbonate production
process using a phosphonium catalyst, that the
activity of the catalyst decreases if the catalyst is
being reused without taking appropriate steps to
remove contaminants therefrom. Therefore, WO-A
2007/104730 proposes that the used catalyst is
purified before it is recycled. 



The contaminants which are removed according to said
WO-A 2007/104730, are decomposition products of the
phosphonium catalyst , such as phosphine oxides . By
removing the latter contaminants, a build-up of these
contaminants in the continuous process is avoided. In
Example 1 of WO-A 2007/104730, a catalyst
solutioncomprising both propylene carbonate and used
phosphonium catalyst (tetrabutyl phosphonium bromide;
Bu4PBr), also containing some tributyl phosphine oxide
(i.e. Bu3P=O), was subjected to distillation. Two
consecutive distillations were needed to first remove
the propylene carbonate and then to remove most of the
tributyl phosphine oxide. The residue consisted mainly
of the tetrabutyl phosphonium bromide . The insertion
of carbon dioxide into the oxirane moiety of alkylene
oxides is a reversible reaction. That is to say,
alkylene oxide may also be formed back from alkylene
carbonate under release of carbon dioxide. It is
expected that some contaminants which are formed
during the production of alkylene carbonate and/ or
the work -up of the alkylene carbonate containing
reaction mixture, may catalyze such back-reaction.
Above-mentioned WO-A 2007/10473 0 does not mention the
removal of contaminants which may catalyze the
backreaction of alkylene carbonate into alkylene oxide
and carbon dioxide. Further, the present inventors
have found that phosphine oxides do not catalyze such
back- reaction, which is demonstrated in the Examples
below. The object of the present invention is to
provide a continuous process for the production of an
alkylene carbonate from an alkylene oxide and carbon
dioxide using a phosphonium catalyst which is recycled
in the process, wherein the back-reaction of alkylene
carbonate into alkylene oxide and carbon dioxide is
prevented as much as possible and the recovery of
alkylene carbonate can therefore be maximised.
Surprisingly, it was found that this object is
achieved by carrying out, in said continuous alkylene
carbonate production process using recycled catalyst,
atreatment of alkylene carbonate and/or catalyst with
a sorption agent comprising carbon. Accordingly, the
present invention relates to a process for the
production of an alkylene carbonate by the reaction of
an alkylene oxide with carbon dioxide in the presence
of a phosphonium catalyst in which process (a) the
alkylene oxide, carbon dioxide and phosphonium
catalyst are continuously introduced into a reaction
zone from which a product stream containing alkylene
carbonate and phosphonium catalyst is withdrawn; (b)
alkylene carbonate and a stream containing phosphonium
catalyst are separated from the product stream; (c)
the alkylene carbonate, separated in step (b) , is
recovered as product; and (d) the stream containing
phosphonium catalyst, separated in step (b) , is
recycled to the reaction zone, in which process a
treatment of alkylene carbonate and/or catalyst with a
sorption agent comprising carbon is carried out. In
above-mentioned WO-A 2007/104730, it is suggested that
before recycling the used phosphonium catalyst, it is
purified by subjecting it to adsorption. However, 



specific sorption agents are not mentioned in WO-A
2007/104730. The present inventors, on the other hand,
have tested a variety of sorption agents and
surprisingly found that a sorption agent comprising
carbon gave the best results in terms of preventing
the back-reaction of alkylene carbonate into alkylene
oxide and carbon dioxide and maximising the recovery
of alkylene carbonate, which is demonstrated in the
Examples below. A further advantage of the present
process resides in the fact that the process pre-empts
the necessity toinclude a bleed stream via which any
contaminants catalyzing said back- react ion, have to
b e withdrawn from the process . In Comparative
Examples 2 and 3 o f US2003 0212280, high surface area
carbon (1100 and 1350 m 2/g, respectively) is used to
treat propylene carbonate that contains and Br
species. In the present specification, sorption means
a process in which one substance (the sorption agent)
takes up or holds another substance by absorption,
adsorption or a combination o f both. In the present
process, the sorption agent to be used in the sorption
treatment comprises carbon. Said sorption agent
comprising carbon may b e a carrier which carries
carbon on its internal and/or external surfaces.
Preferably, said carrier comprises an inorganic oxide,
for example aluminum oxide (Al2O3 or alumina) ,
silicon oxide (SiO 2 or silica) or titanium oxide (TiO
o r titania) . Preferably, said sorption agent
comprising carbon is a substance which mainly consists
o f carbon, for example a substance comprising 80 to
100 wt.% of carbon, preferably 90 to 100 wt.% of
carbon, more preferably 95 to 100 wt.% o f carbon,
most preferably 98 to 100 wt.% o f carbon, and highly
preferably 99 to 100 wt.% o f carbon. An example o f
such substance which mainly consists o f carbon and
which is an especially preferred sorption agent in the
present process, is active carbon, also referred to in
the art as activated carbon, active (char) coal or
activated (char) coal. Said active carbon is a
substance which contains macropores (pore diameter > 5
0 nm) , mesopores (pore diameter 2-50 ran) and
micropores (pore diameter < 2 nm) , and which
comprises o ffrom 99 to 100 wt.% of carbon and has a
surface area (internal and external) of from 100 to
2000 m2/g as determined by nitrogen gas adsorption.
Preferably, the surface area of the active carbon
which may be used as the sorption agent in the present
process, is of from 500 to 1500 m2/g. The sorption
agent to be used in the present process may have a
particle size over a broad range, and can have any
shape. For example, said sorption agent may have a
particle diameter < 0.18 mm (e.g. powdered activated
carbon) or a particle diameter in the range of from 0
.2 to 0.7 mm (e.g. granulated activated carbon) or a
particle diameter in the range of from 0.8 to 5 mm
(e.g. extruded activated carbon) . The treatment of
alkylene carbonate and/or catalyst with the sorption
agent comprising carbon may be carried out anywhere in
and any time during the present process . For example
: (i) said treatment may be carried out during the 



production of alkylene carbonate in the reaction zone
in step (a) ; and/ or (ii) said treatment may be
carried out during the separation in step (b) ; and/or
(iii) the stream containing catalyst separated in step
(b) may be subjected to said treatment before said
stream is recycled to the reaction zone; and/or (iv)
alkylene carbonate separated in step (b) may be
subjected to said treatment before the alkylene
carbonate is recovered in step (c) . With any of these
treatments with the sorption agent comprising carbon,
it is possible to prevent backreaction of alkylene
carbonate into alkylene oxide and carbon dioxide as
much as possible. Further, the sorptionagent to be
used in the present process, may be suspended or
fixed. Therefore, the sorption agent may be suspended
(or slurried) in the reaction mixture that is present
in the reaction zone or reactor in step (a) in the
present process. Further, the sorption agent may be
suspended in the product stream which in step (b) of
the present process, is separated into alkylene
carbonate and a stream containing phosphonium
catalyst. Such separation may be carried out by
distillation in a distillation column, as is further
discussed below. In the latter case, the sorption
agent may be suspended in the distillation column. In
general, if after treatment with a suspended sorption
agent, the sorption agent needs to be removed from a
particular stream or mixture, this may be achieved by
filtering. Still further, the sorption agent may be
suspended in the stream containing phosphonium
catalyst separated in said step (b) before it is
recycled, in step (d) of the present process, to the
reaction zone in step (a) . For example, the separated
stream containing phosphonium catalyst may be stored
in a vessel before it is recycled to the reaction zone
in step (a) . In the latter case, the sorption agent
may be suspended in the (storage) vessel. After
treatment with the sorption agent, the suspended
sorption agent may be removed, e.g. by filtering.
Alternatively, the suspended sorption agent may be
sent to the reaction zone in step (a) . The sorption
agent may also be suspended in any part of the lines
and pipings that connect the reaction zone, reactor,
distillation column and/or (storage) vessel as
discussed above, as long as such part of a line or
piping is bounded both downstream and upstream by a
membranethrough which the sorption agent cannot
permeate but through which the reactants and/or
products and/or any solvent can permeate. In all of
the foregoing cases, the sorption agent may be fixed
rather than suspended, which means that the reaction
zone, reactor, distillation column and/or (storage)
vessel, or part thereof, and/or part of a line or
piping as discussed above, is filled with such amount
of sorption agent that the sorption agent becomes
fixed (immobile) rather than suspended (mobile) .
Still further, it is envisaged that in all of the
foregoing cases, a portion of the mixture containing
reactants and/or products and/or catalyst in question,
i.e. not the entire mixture in question, is treated
with the sorption agent comprising carbon. This also
results 



in the advantages of the present invention, as by
doing so the build-up of any contaminants catalyzing
the backreaction of alkylene carbonate into alkylene
oxide and carbon dioxide, is avoided. Suitably, such
portion represents of from 1 to 90 %wt, more
preferably from 2 to 50 %wt, most preferably from 5 to
25 %wt of the mixture in question. The catalyst is a
phosphonium compound. Such catalysts are known, e.g.
from US-A 5,153,333, US-A 2,994,705, US-A 4,434,105,
WO-A 99/57108, EP-A 776,890, WO-A 2005/003113 and WO-A
2007/104730. Preferably, the catalyst is a phosphonium
halide of formula (R) 4PX, in which X means halide and
each R can be the same or different and can be
selected from an alkyl, alkenyl, cyclic aliphatic or
an aromatic group. The group R suitably contains from
1 to 12 carbon atoms . Good results are obtained with
R being a C1 8 alkyl group. Most preferred are groups
R being selected from methyl, ethyl,n-propyl,
isopropyl, n -butyl, isobutyl, and t-butyl groups.
Preferably, the halide ion is bromide or iodide. It
appeared that the bromide and iodide compounds are
more stable than the corresponding chloride compounds.
The most preferred phosphonium catalyst is tetra
(n-butyl) phosphonium bromide . In step (d) of the
present process, a stream containing phosphonium
catalyst is recycled to the reaction zone in step {a)
. Since the presence of a solvent shows a stabilising
effect on the catalyst it is preferred to recycle the
phosphonium catalyst to the reaction zone in the
presence of a solvent. This solvent may be an alcohol.
Suitable alcohol solvents are alkylene diols, in
particular ethanediol or propanediol. The use of
ethanediol or propanediol has a further advantage when
the alkylene carbonate is converted to alkylene glycol
(alkanediol) , and the alkylene glycol is used as
solvent for the catalyst. The phosphonium catalyst
containing recycle stream to step (a) suitably
contains some alkylene carbonate. The alkylene
carbonate ensures that the phosphonium catalyst is in
liquid form, which facilitates transportation.
Further, in a case where an alcohol is used as solvent
for the catalyst, the combination of said alcohol and
alkylene carbonate has a stabilising effect on the
catalyst. The amount of catalyst in the reactor or
reaction zone in step (a) may conveniently be
expressed in mole catalyst per mole alkylene oxide.
Due to a lower amount of by-products, the carbonation
is suitably carried out in the presence of at least
0.0001 mole of the catalyst per mole alkylene oxide.
Preferably, the amount of catalyst present is such
that it ranges from 0.0001 to_ - 0.1 mole catalyst,
more preferably from 0.001 to 0.05, and most
preferably from 0.003 to 0.03 mole catalyst per mole
alkylene oxide. The alkylene oxide that is contacted
with the carbon dioxide in step (a) of the present
process, is suitably a C2-4 alkylene oxide, preferably
ethylene oxide and/or propylene oxide, or mixtures of
such C2~4 alkylene oxides. Where ethylene oxide is
used, the produced alkylene carbonate is ethylene
carbonate. Where propylene oxide is used, the produced
alkylene carbonate is propylene 



carbonate . As mentioned above, the reaction of carbon
dioxide with the alkylene oxide is reversible. That
means that the alkylene carbonate formed may convert
back into carbon dioxide and the alkylene oxide. In
step (a) of the present process, the molar ratio
between carbon dioxide and alkylene oxide may be as
low as 0.5:1, more suitably from 0.75:1. However, in
view of the reversibility of the reaction it is
preferred to ensure at least a slight excess of carbon
dioxide, such as 1.0:1 to 10:1, more preferably from
1.01:1 to 2:1, most preferably from 1.01:1 to 1.2:1. A
suitable means to establish an excess of carbon
dioxide is to conduct the reaction at an elevated
carbon dioxide pressure and keeping the pressure
constant by dosing carbon dioxide. The total pressure
ranges suitably from 5 to 200 bar; the partial carbon
dioxide partial pressure is preferably in the range
from 5 to 70, more preferably from 7 to 50, and most
preferably from 10 to 30 bar. The reaction temperature
in step (a) of the present process can be selected
from a wide range. Suitably the temperature is
selected from 30 to 300 0C . The advantage of
relatively high temperature is the increase inreaction
rate. However, if the reaction temperature is too
high, side reactions may occur, or the undesired
decomposition of the catalyst may be accelerated.
Therefore, the temperature is suitably selected from
100 to 220 0C . The skilled person will be able to
adapt other reaction conditions as appropriate. The
residence time of the alkylene oxide and the carbon
dioxide in the reactor or reaction zone in step (a) of
the present process can be selected without undue
burden. The residence time can usually be varied
between 5 min and 24 hours, preferably between 10
minutes and 10 hours. Conversion of alkylene oxide is
suitably at least 95%, more preferably at least 98%.
Dependent on the temperature and pressure the
residence time may be adapted. The catalyst
concentration may also vary between wide ranges.
Suitable concentrations include from 1 to 25 %wt,
based on the total reaction mixture. Good results can
be obtained with a catalyst concentration of 2 to 8
%wt, based on the total reaction mixture. In step (a)
of the present process, only one reactor may be used.
However, it is also feasible to carry out the reaction
of step (a) in two or more reactors. In such cases it
may be advantageous to provide for the optimal amount
of excess carbon dioxide in the reactors by removing
or adding carbon dioxide between the reactors . The
reactors are suitably conducted under plug flow
conditions. It is even more preferred to have a
back-mix reactor, e.g. a Continuously Stirred Tank
Reactor (CSTR), followed by a plug- flow reactor. Such
a combination is known from e.g. US-A 4 ,314 ,945 .
The desired product alkylene carbonate may be
recovered from the product mixture originating
fromstep (a) in the following way. First of all,
carbon dioxide and light components may be separated
from the crude reactor effluent from said step (a) in
one or more gas -liquid separators to form a bottoms
stream containing alkylene carbonate and catalyst.
Said light components are compounds, other than carbon
dioxide, which have a 



boiling point which is 185 0C or lower, more
specifically 180 0C or lower. Examples of such light
components in the crude effluent from the carbonation
reactor may be unreacted alkylene oxide and any light
contaminants formed during the carbonation reaction,
such as acetone, propionaldehyde , allyl alcohol and
acetaldehyde . Following the removal of said unreacted
carbon dioxide and light components, alkylene
carbonate and a stream containing phosphonium catalyst
are to be separated in accordance with step (b) of the
present process. This may be achieved by sending the
abovementioned bottoms stream containing alkylene
carbonate and catalyst to a distillation column where
it is distilled to form a first distillation overhead
stream and a first distillation bottoms stream. The
first distillation overhead stream contains alkylene
carbonate. The first distillation bottoms stream
contains catalyst and possibly some alkylene
carbonate. The first distillation bottoms stream is
partially or completely recycled to the reactor in
accordance with step (d) of the present process . In a
situation where an alcohol is used as a solvent for
the catalyst and such alcohol has a lower boiling
point than the alkylene carbonate, as is the case when
the alcohol used is propanediol and the alkylene
carbonate is propylene carbonate or when the alcohol
used is ethanediol and the alkylene carbonate is
ethylenecarbonate, the first distillation overhead
stream contains said alcohol in addition to alkylene
carbonate , As to the way the distillation may be
performed in order to separate catalyst from alkylene
carbonate and any alcohol used as solvent for the
catalyst, the skilled artisan can vary the temperature
and number of trays without undue burden. In
accordance with step (c) of the present process, the
alkylene carbonate, separated in step (b) , is
recovered as product. This may be achieved as follows.
The above-mentioned first distillation overhead stream
may be distilled to form a second distillation
overhead stream and a second distillation bottoms
stream. The second distillation bottoms stream
contains alkylene carbonate, i.e. the purified end
product. In a situation where an alcohol is used as a
solvent for the catalyst and such alcohol has a lower
boiling point than the alkylene carbonate, the
distillation of the first distillation overhead stream
should be carried out such that the second
distillation overhead stream contains said alcohol and
the final alkylene carbonate product contains no or
substantially no alcohol. As to the way the
distillation of the first distillation overhead stream
may be performed in order to separate alkylene
carbonate from any alcohol used as solvent for the
catalyst, the skilled artisan can vary the temperature
and number of trays without undue burden. The alkylene
carbonate that is produced in the present process can
suitably be used for the production of alkanediol and
dialkylcarbonate. Accordingly, in the process of the
present invention preferably (e) the alkylene
carbonate recovered as product in step (c) is
contacted with an alkanol to obtain a reaction
mixturecontaining an alkylene diol and a
dialkylcarbonate ; and (f) alkylene diol and
dialkylcarbonate are recovered. 



The alkanol used in above transesterif ication step
(v) is suitably a C1 4 alcohol. Preferably, the
alkanol is methanol, ethanol or isopropanol. Said step
(v) may be performed in the presence of a
heterogeneous transesterif ication catalyst. The
transesterif ication reaction in itself is known. In
this context reference is made to US-A 4,6 91,041,
disclosing a process for the manufacture of ethylene
glycol and dimethyl carbonate by the transesterif
ication reaction over a heterogeneous catalyst system,
in particular an ion exchange resin with tertiary
amine, quaternary ammonium, sulphonic acid and
carboxylic acid functional groups, alkali and alkaline
earth silicates impregnated into silica and ammonium
exchanged zeolites. US-A 5,359,118 and US-A 5,231,212
disclose a continuous process for preparing dialkyl
carbonates over a range of catalysts, including alkali
metal compounds, in particular alkali metal hydroxides
or alcoholates, such as sodium hydroxide or
methanolate, thallium compounds, nitrogen-containing
bases such as trialkyl amines, phosphines , stibines,
arsenines, sulphur or selenium compounds and tin,
titanium or zirconium salts. According to WO-A
2005/003113 the reaction of alkylene carbonate with an
alkanol is conducted over heterogeneous catalysts,
e.g. alumina. The invention is further illustrated by
the following Examples . Example 1 and Comparative
Examples 1-4 In these experiments, it was investigated
to what extent the back-reaction of propylene
carbonate into propylene oxide and carbon dioxide took
place, in thepresence of a tetrabutyl phosphonium
bromide catalyst that previously had been used in the
preparation of propylene carbonate from propylene
oxide and carbon dioxide and that after said use
either had not been pre treated with a sorption agent
(Comp, Ex. 1 ) or had been pretreated with a sorption
agent (Comp. Ex. 2-4 and Ex. 1 ) . In those
experiments wherein the used tetrabutyl phosphonium
bromide catalyst had been pretreated with a sorption
agent, such pretreatment was performed at room
temperature in a closed glass bottle containing a
slurry consisting of a catalyst solution and a
sorption agent. The composition of said solution, said
sorption agent, the amount of said solution, the
amount of said sorption agent and the duration of the
pretreatment are indicated in Table 1 below. During
the pretreatment s , the slurries in the glass bottles
were mixed on a roller bank.Table 1 Catalyst
pretreatments with sorption agent 1 The catalyst
solution consisted of: 67.6 wt.% of propylene
carbonate, 24.9 wt.% of the used tetrabutyl
phosphonium bromide catalyst, 7.2 wt.% of tributyl
phosphine oxide and 0.3 wt .% of monopropylene glycol
. 2 Silicon dioxide nanopowder (10 nm - Aldrich -
99.5%) . 3 X-227 g -alumina (ex CRI Criterion) . 4
AMBOSOL magnesium silicate (ex Clarian) . 5 SXPL03
powdered activated carbon (ex Norit) . As can be
derived from Table 1 above, during all of the
pretreatments, the weight ratio of the sorption agent
to the catalyst solution was about 0.1. At the end of
the pretreatments, the sorption agent was separated by
filtering the slurries. Stability tests were then 



performed on the filtrates thus obtained (Comp. Ex.
2-4 and Ex. 1 ) . A stability test was also performed
on 99.6 g of a catalyst solution having the
composition as described above below Table 1 , but
which had not been pretreated with a sorption agent
(Comp. Ex. 1 ) .I said stability tests, the
temperature was 150 0 C , the pressure was
approximately 105 mbar, and the test duration was
approximately 18 hours . Said tests were carried out
in magnetically stirred vessels {about 100 rpm) .
Further, the experimental set-up used was such that
light components formed during the tests, including
propylene oxide and derivatives thereof (such as
propionaldehyde , acetone, allyl alcohol and
bromohydrin) , were distilled off from said vessels
and cold- trapped at about -78 0C in a container
having a double wall filled with a mixture of dry ice
and acetone. Both at the beginning and at the end of
the stability tests, the weight of the contents of the
vessel was determined. Then the percentage of the
final weight on the basis of the original weight was
determined, which is indicated in Table 2 below as
"Residu". Table 2 Stability tests (Comp .) Ex.
Sorption agent used Residu (wt.%) during pre treatment
(see also Table 1 ) Comp. Ex. 1 none 82.3 Comp. Ex. 2
silica 67.0 Comp. Ex. 3 alumina 67.0 Comp. Ex. 4
magnesium silicate 35.8 Ex. 1 activated carbon 83.5
From Table 2 above it appears that 82.3% of the
original weight of the mixture which had not been
pretreated with a sorption agent (Comp. Ex. 1 ) was
still present in the vessel at the end of the
stability test. And further it appears that of the
mixture which had been pretreated with activated
carbon as a sorption agent(Ex. 1), a higher percentage
(i.e. 83.5%) of the original weight was still present
in the vessel at the end of the stability test. This
means that in the case where the used catalyst had
been pretreated with activated carbon as a sorption
agent (Ex. 1 ) , surprisingly less backreaction of
propylene carbonate into propylene oxide and carbon
dioxide took place than in the case where no
pretreatment with a sorption agent had been performed
(Corap. Ex. 1 ) . Further, and even more surprisingly,
it appeared that in those cases where the used
catalyst had been pretreated with sorption agents
other than activated carbon (Comp. Ex. 2-4) , more
back-reaction o f propylene carbonate into propylene
oxide and carbon dioxide took place than in the case
where no pretreatment with a sorption agent had been
performed (Comp. Ex. 1), as indicated by a relatively
low value for "Residu" for Comp. Ex. 2-4 in Table 2
above. Therefore, silica, alumina and magnesium
silicate are not suitable for use as a sorption agent
for treating tetrabutyl phosphonium bromide catalyst
that has been used in making propylene carbonate from
propylene oxide and carbon dioxide, in order to reduce
the back reaction of the propylene carbonate .
Reference Example A s mentioned above, WO-A
2007/104730 discloses 



purifying a phosphonium catalyst that has been used in
a continuous alkylene carbonate production process,
such that the catalyst decomposition product which
comprises phosphine oxide is removed therefrom, before
recycle of the catalyst. The aim of the experiments in
this example is to investigate whether or not
phosphine oxidescatalyze the back-reaction o f
alkylene carbonate into alkylene oxide and carbon
dioxide . A stability test was performed on a mixture
consisting o f 74.7 g o f propylene carbonate and 26.7
g o f tetrabutyl phosphonium bromide catalyst.
Further, a stability test was performed on a mixture
consisting of 67.0 g o f propylene carbonate, 25.2 g o
f tetrabutyl phosphonium bromide catalyst and 7.0 g o
f tributyl phosphine oxide . In said stability tests,
the temperature was 15 0 0 C , the pressure was 100
mbar, and the test duration was 20 hours. Said tests
were carried out in magnetically stirred vessels
{about 100 rpra) . Further, the experimental set-up
used was such that light components formed during the
tests, including propylene oxide and derivatives
thereof (such as propionaldehyde , acetone, allyl
alcohol and bromohydrin) , were distilled off from
said vessels and cold-trapped at about -78 0 C in a
container having a double wall filled with a mixture o
f dry ice and acetone. A t the end o f said stability
tests, the weight o f the contents o f the vessel was
determined. For both said tests, it appeared that
95.1% o f the original weight of the mixtures was
still present in the vessel at the end of the test.
This indicates that tributyl phosphine oxide does not
catalyze the back- reaction o f propylene carbonate
into propylene oxide and carbon dioxide. Examples 2-3
and Comparative Example 5 In these experiments, the
activity o f a tetrabutyl phosphonium bromide catalyst
in the preparation o f propylene carbonate from
propylene oxide and carbon dioxide was investigated.
Said catalyst had previously also been used in the
preparation o f propylene carbonatefrom propylene
oxide and carbon dioxide . After said previous use,
the catalyst either had not been pretreated with a
sorption agent (Ex. 3 and Comp. Ex. 5 ) or had been
pretreated with activated carbon as a sorption agent
(Ex. 2 ) . Further, said experiments in Ex. 3 and
Comp. Ex. 5 differed from each other in that in the
experiment of Ex. 3 activated carbon was used as a
sorption agent during the experiment . The experiments
were carried out in a I litre stainless steel
autoclave reactor. The temperature in the reactor was
controlled by an oil bath, the pressure was controlled
with an automatic pressure controller that regulated
the intake of carbon dioxide (CO2)- The reactor was
equipped with a hollow shaft stirrer to enhance
gasliquid contact. A dip pipe was installed for
sampling. The reactor was loaded with 120 g of
propylene oxide (PO) and 3 g of sulfolane (internal
standard) . CO2 was added to raise the pressure to
approximately 4 bar. The mixture was heated to 145 0C
and CO2 was added to reach the desired reaction
pressure of 20 bar. 2.4 g of a catalyst solution,
containing 2 g of propylene carbonate and 250 mg of
the used tetrabutyl phosphonium bromide catalyst {the
remainder being tributyl phosphine oxide) , 



was used in each experiment. In the experiment of Ex.
2 , the catalyst solution used had been pretreated
with activated carbon as a sorption agent. Said
pretreatment involved treatment of 10 g of the above
catalyst solution with 1 g of activated carbon (SXPLO
3 powdered activated carbon; ex Norit) for 16 hours on
a roller bank at room temperature, followed by
filtration of the slurry. 2.4 g of the filtrate thus
obtained was used as the catalyst solution in the
experiment of Ex . 2 .In each experiment,
monopropylene glycol (MPG) was added to the catalyst
solution: 14.0 g of MPG in Ex. 2 , 14.5 g of MPG in
Ex. 3 and 15.1 g of MPG in Comp. Ex. 5 . The solution
thus obtained was then injected into the reactor. In
the experiment of Ex. 3 , 233 nig of activated carbon
(SXPL03 powdered activated carbon; ex Norit) were also
injected as a sorption agent into the reactor together
with injecting said catalyst solution. Temperature and
pressure were kept constant at 15 0 0C and 20 bar,
respectively, during the entire experiments. Samples
from the reaction mixture were taken with increasing
time interval, in order to measure, by means of gas
chromatogaphy, the amount of propylene carbonate
formed in the reaction mixture. In Figure 1 , the
amount of propylene carbonate is plotted against time
for each experiment . From Figure 1 , it appears that
the activity of the catalyst is lowest when the
catalyst is not pretreated with activated carbon and
such activated carbon is neither present when making
propylene carbonate (Comp. Ex. 5 ) . Further, it
appears that in the long term, the activity of the
catalyst is higher in a case where the catalyst is
pretreated with activated carbon (Ex. 2 ) than in a
case where, when making propylene carbonate using the
catalyst, such activated carbon is present (Ex. 3 ) .C
L A I M S 1 . Process for the production of an
alkylene carbonate by the reaction of an alkylene
oxide with carbon dioxide in the presence of a
phosphonium catalyst in which process (a) the alkylene
oxide, carbon dioxide and phosphonium catalyst are
continuously introduced into a reaction zone from
which a product stream containing alkylene carbonate
and phosphonium catalyst is withdrawn,- (b) alkylene
carbonate and a stream containing phosphonium catalyst
are separated from the product stream; (c) the
alkylene carbonate, separated in step (b) , is
recovered as product; and (d) the stream containing
phosphonium catalyst, separated in step (b) , is
recycled to the reaction zone, in which process a
treatment of alkylene carbonate and/or catalyst with a
sorption agent comprising carbon is carried out. 2 .
Process according to claim 1 , wherein the sorption
agent comprising carbon comprises 80 to 100 wt .% of
carbon . 3 . Process according to claim 2 , wherein
the sorption agent comprising carbon is activated
carbon. 4 . Process according to any one of the
preceding claims, wherein (i) the treatment with the
sorption agent is carried out 



during the production of alkylene carbonate in the
reaction zone in step (a) ; and/or (ii) the treatment
with the sorption agent is carried out during the
separation in step (b) ; and/or(iii) the stream
containing catalyst separated in step (b) is subjected
to the treatment with the sorption agent before said
stream is recycled to the reaction zone; and/ or (iv)
alkylene carbonate separated in step (b) is subjected
to the treatment with the sorption agent before the
alkylene carbonate is recovered in step (c) . 5 .
Process according to claim 4 , wherein the sorption
agent is suspended in the stream containing catalyst
separated in said step (b) before said stream is
recycled. 6 . Process according to claim 5 , wherein
the sorption agent is suspended in a vessel wherein
the stream containing catalyst separated in said step
(b) is stored before said stream is recycled. 7 .
Process according to claim 4 , wherein the sorption
agent is suspended in the reaction mixture that is
present in the reaction zone in step (a) . 8 . Process
according to any one of the preceding claims, wherein
the phosphonium catalyst is a phosphonium halide of
formula (R) 4PX, wherein the group R contains from 1
to 12 carbon atoms and X means halide. 9 . Process
according to claim 8 , wherein the phosphonium
catalyst is tetra{n-butyl} phosphonium bromide. 10.
Process according to any one of the preceding claims,
wherein the alkylene oxide is a C2~4 alkylene oxide,
preferably ethylene oxide and/or propylene oxide . 11.
Process according to any one of the preceding claims
in which process (e) the alkylene carbonate recovered
as product in step (c) is contacted with an alkanol to
obtain a reaction mixture containing an alkylene diol
and a dialkylcarbonate; and(f) alkylene diol and
dialkylcartaopate are recovered. 12. Process according
to claim 11, wherein the reaction is performed in the
presence of a heterogeneous transesterif ication
catalyst. 13. Process according to claim 11 or 12,
wherein the alkanol is methanol, ethanol or
isopropanol. 


