
H-IMIDAZO [4 , 5 -C] PYRIDINE- 6 -CARBOXAMIDES AS ANTI- INFLAMMATORY AGENTS
Field of the Invention This invention relates to novel compounds, which are
inhibitors of the microsomal prostaglandin E2 synthase-1 (mPGES-1),
pharmaceutical compositions containing them, and their use as medicaments
for the treatment and/or prevention of inflammatory diseases and associated
conditions. Background of the Invention There are many acute and chronic
diseases/disorders that are inflammatory in their nature including but not
limited to rheumatoid diseases e.g. rheumatoid arthritis, osteoarthritis,
diseases of the visceral system e.g. inflammatory bowel syndrome,
autoimmune diseases, e.g. lupus erythematodes, lung diseases like asthma
and COPD. Current treatment with non-steroidal anti-inflammatory drugs
(NSAIDs) and Cyclooxygenase (COX)-2 inhibitors are efficacious, but show a
prevalence for gastrointestinal and cardiovascular side effects. There is a
high need for new treatment options showing equivalent efficacy with an
improved side effect profile. NSAIDs and COX-2 inhibitors reduce
inflammation and pain through inhibition of one or both isoformes of COX
enzymes. The cyclooxygenase (COX) enzyme exists in two forms, one that is
constitutively expressed in many cells and tissues (COX-1 ) , and one that
in most cells and tissues is induced by pro-inflammatory stimuli, such as
cytokines, during an inflammatory response (COX-2). COXs metabolise
arachidonic acid to the unstable intermediate prostaglandin H2 (PGH2) .
PGH2 is further metabolized to other prostaglandins including PGE2, PGF2a,
PGD2, prostacyclin and thromboxane A2. These arachidonic acid metabolites
are known to have pronounced physiological and pathophysiological activity
including pro-inflammatory effects. PGE2 in particular is known to be a
strong pro-inflammatory mediator, and is also known to induce fever,
inflammation and pain. Consequently, numerous drugs were developed with a
view to inhibiting the formation of PGE2, including "NSAIDs" (non-steroidal
antiinflammatory drugs) and "coxibs" (selective COX-2 inhibitors). These
drugs act predominantly by inhibition of COX-1 and/or COX-2, thereby
reducing the formation of PGE2. However, the inhibition of COXs has the
disadvantage that it results in the reduction of the formation of all
metabolites downstream of PGH2, some of which are known to havebeneficial
properties. In view of this, drugs which act by inhibition of COXs are
therefore known/suspected to cause adverse biological effects. For example,
the non-selective inhibition of COXs by NSAIDs may give rise to
gastrointestinal side-effects and affect platelet and renal function. Even
the selective inhibition of COX-2 by coxibs, whilst reducing such
gastrointestinal side-effects, is believed to give rise to cardiovascular
problems. An alternative treatment of inflammatory diseases that does not
give rise to the abovementioned side effects would thus be of real benefit
in the clinic. In particular, a drug that preferably selectively inhibits
the transformation of PGH2 to the pro-inflammatory mediator PGE2 might be
expected to reduce the inflammatory response in the absence of a
corresponding reduction of the formation of other, beneficial arachidonic
acid metabolites. Such inhibition would accordingly be expected to
alleviate the undesirable side-effects mentioned above. PGH2 may be
transformed to PGE2 by prostaglandin E synthases (PGES). Two microsomal
prostaglandin E synthases (mPGES-1 and mPGES-2), and one cytosolic
prostaglandin E synthase (cPGES) have been described. The leukotrienes
(LTs) are formed from arachidonic acid by a set of enzymes distinct from
those in the COX / PGES pathway. Leukotriene B4 is known to be a strong
proinflammatory mediator, while the cysteinyl-containing leukotrienes C ,
D4 and E4 (CysLTs) are mainly very potent bronchoconstrictors and have thus
been implicated in the pathobiology of asthma. The biological activities of
the CysLTs are mediated through two receptors designated CySLT1 and CysLT2.
As an alternative to steroids, leukotriene receptor antagonists (LTRas)
have been developed in the treatment of asthma. These drugs may be given
orally, but do not control inflammation satisfactorily. The presently used
LTRas are highly selective for CySLT1. It may be hypothesised that better
control of asthma, and possibly also COPD, may be attained if the activity
of both of the CysLT receptors could be reduced. This may be achieved by
developing unselective LTRas, but also by inhibiting the activity of
proteins, e.g. enzymes, involved in the synthesis of the CysLTs. Among
these proteins, 5-lipoxygenase, 5-lipoxygenase-activating protein (FLAP),
and leukotriene C4 synthase may be mentioned. A FLAP inhibitor would also
decrease the formation of the proinflammatory LTB4. mPGES-1 , FLAP and
leukotriene C4 synthase belong to the membrane-associated proteins in the
eicosanoid and glutathione metabolism (MAPEG) family. Other membersof this
family include the microsomal glutathione S-transferases (MGST1 , MGST2 and
MGST3). For a review, c.f. P.-J. Jacobsson et al in Am. J. Respir. Crit.
Care Med. 161, S20 (2000). It is well known that compounds prepared as
antagonists to one of the MAPEGs may also exhibit inhibitory activity
towards other family members, c.f. J. H Hutchinson et al in J. Med. Chem.
38, 4538 (1995) and D. Claveau et al in J. Immunol. 170, 4738 (2003).The
former paper also describes that such compounds may also display notable
cross-reactivity with proteins in the arachidonic acid cascade that do not
belong to the MAPEG family, e.g. 5-lipoxygenase. Thus, agents that are
capable of inhibiting the action of mPGES-1 , and thus reducing the
formation of the specific arachidonic acid metabolite PGE2, are likely to
be of benefit in the treatment of inflammation. Further, agents that are
capable of inhibiting the action of the proteins involved in the synthesis
of the leukotrienes are also likely to be of benefit in the treatment of
asthma and COPD. In addition to their anti-inflammatory effect, mPGES-1
inhibitors are also known to be of 



potential use in treating or preventing a neoplasia, for example as
described in international patent application WO 2007/124589. The rationale
behind this may stem from the fact that the production of PGE2 is believed
to promote the formation, growth and/or metastasis of neoplasias. As
mPGES-1 is often expressed with COX-2 in benign and cancerous neoplasias,
the inhibition of mPGES-1 (rather than COX-2) may cause the reduction of
PGE2 and therefore mPGES-1 inhibitors may be useful for the treatment of
benign or malignant neoplasias. The listing or discussion of an apparently
prior-published document in this specification should not necessarily be
taken as an acknowledgement that the document is part of the state of the
art or is common general knowledge.DETAILED DESCRIPTION OF THE INVENTION In
a first embodiment, in the general formula I, one of X and Y represents
-N(R6)-; and the other represents -N= ; one of Z1, Z2 and Z3 independently
represents -C(R7)= or -N=; and the other two of Z1, Z2 and Z3 represent
-C(R7)=; Q2, Q3 and Q4 respectively represent -C(R2)=, -C(R3)= and -C(R4)=;
or any one or two of Q2, Q3 or Q4 may alternatively and independently
represent -N=; R1 represents halo, OH, -CN; Ci-3 alkyl, C2-6 alkynyl, OCi
-3 alkyl, which latter three groups are optionally substituted by one or
more substituents selected from fluoro, -CN, =0, OH, -OCH 3, -OCF 3;R2, R3
and R4 independently represent hydrogen, halo, -CN; Ci-3 alkyl, OCi -3
alkyl, which latter two groups are optionally substituted by one or more
substituents selected from fluoro, -CN, =0, OH, -OCH 3, -OCF 3; Ra, Rb
independently represent hydrogen, Ci -3 alkyl, or both together with the
carbon atom which they are bound to, form a C3-7 cycloalkylene ring, or a
4-6 membered heterocycloalkylene ring; Rc represents hydrogen or Ci -3
alkyl; W represents -C(O)-, -S(O)-, -S(O) 2- , -C(O)O-, or -C(0)NR d- ,
which groups are bound to the nitrogen of the -NR Cmoiety via carbon or
sulfur atom; Rd represents hydrogen or Ci -3 alkyl; M represents Ci -7
alkyl, C3-7 cycloalkyl, both of which groups are optionally substituted by
one or more groups selected from: fluoro, -OH, -CN, -NH2, -NH(Ci -3 alkyl),
N(Ci -3 alkyl) 2, -OCi -3 alkyl, -SCi -3 alkyl, aryl, heteroaryl [which
latter two groups can be substituted by one or more substituents selected
from halo, OH, -CN, Ci -3 alkyl, OCi -3 alkyl (which latter two alkyl
groups are optionally substituted by one or more fluoro atoms)], Ci -7
alkyl, C2-7 alkynyl, C3-7 cycloalkyl-C 0-2 alkyl, 4-7 membered
heterocycloalkyl-C 0-2 alkyl (which latter alkyl, alkynyl, heterocycloalkyl
or cycloalkyl groups are optionally substituted by one or more substituents
selected from fluoro, -CN, =0, -NH2, -NH(Ci -3 alkyl), -N(Ci -3 alkyl) 2,
-OH, -OCi -3 alkyl); oraryl, heteroaryl, 4-7 membered heterocycloalkyl, all
of which groups are optionally substituted by one or more substituents
selected from: halo, -OH, -CN, -NH2, -NH(Ci -3 alkyl), -N(Ci -3 alkyl)2,
-OCi -3 alkyl, -SCi -3 alkyl, aryl, heteroaryl [which latter two groups can
be substituted by one or more substituents selected from halo, OH, -CN,
Ci-3 alkyl, -OCi -3 alkyl (which latter two alkyl groups are optionally
substituted by one or more fluoro atoms)], Ci-7 alkyl, C2-7 alkynyl, C3-7
cycloalkyl, 4-7 membered heterocycloalkyl (which latter alkyl, alkynyl,
heterocycloalkyl or cycloalkyl groups are optionally substituted by one or
more substituents selected from fluoro, -CN, =0, -NH2, -NH(Ci -3 alkyl),
N(Ci-3 alkyl)2, -OH, -OCi -3alkyl)]; R5 represents hydrogen; or Ci-3 alkyl;
R6 represents hydrogen; Ci-5 alkyl, C3-6 alkynyl, 4-7 membered
heterocycloalkyl-C 0-2 alkyl or C3-7cycloalkyl-Co-2 alkyl (which latter
four groups are optionally substituted by one or more substituents selected
from fluoro, -CN, =0, Ci-3 alkyl, -OH, -OCi -3 alkyl, -NH2, -NH(Ci -3
alkyl), N(Ci-3 alkyl)2) ; each R7 independently represents hydrogen, halo,
-CN, Ci-7 alkyl, C2-7 alkynyl, C3-7 cycloalkyl, Ci-5 alkyl-O-,
C3-7cycloalkyl- C0-2 alkyl-O-, 4-7 membered heterocycloalkyl-C 0-2
alkyl-O-, (in which latter six groups the alkyl, alkynyl, cycloalkyl or
heterocycloalkyl fragments are optionally substituted by one or more
substituents selected from fluoro, -CN, =0, OH, -OCi -3 alkyl, -NH2, -NH-Ci
-3 alkyl, N(Ci-3 alkyl)2 or by one or more Ci-3 alkyl groups, which can be
optionally substituted by one or more fluoro atoms); oraryl or heteroaryl,
which latter two groups can be substituted by one or more substituents
selected from halo, OH, -CN, Ci-3 alkyl, -OCi -3 alkyl (in which latter two
groups the alkyl fragments are optionally substituted by one or more fluoro
atoms); 



represents -C(O)N(R8)-, -N(R8)C(O)-, -S(O)2N(R8)-, - N(R8)S(O)2- , -
N(R8)C(O)N(R8)-, -OC(O)N(R 8)- or -N(R8)C(O)O-; represents hydrogen, Ci-8
alkyl, C3-8 alkynyl, aryl, heteroaryl, aryl-Ci -3alkyl-, Cs-
cycloalkyl-Co-salkyl-, 4-7 membered heterocycloalkyl- C0-3alkyl-,
heteroaryl-Ci -3alkyl-, in which groups the alkyl-, alkynyl-, cycloalkyl-
and heterocycloalkyl-fragments are optionally substituted by one or more
substituents selected from R9a and the aryl and heteroaryl fragments are
optionally substituted by one or more substituents selected from R9b; or
A-L- together represent one of the following groups in which V represents a
bond, -CH2CH2- , -CH2CH2CH2- , wherein in each of the latter alkylene
groups one methylene [-(CH2)-] unit can optionally be replaced by an oxygen
atom, a -NH- Or-N(Ci -3 alkyl)- group and each methylene unit can
optionally and independently be substituted by one or two of the following
groups: fluoro, -CN, =0, -NH2, -NH(Ci -3 alkyl), N(Ci-3 alkyl)2, -OH, -OCi
-3alkyl); each R8 independently represents hydrogen, or Ci-3 alkyl;each R9a
independently represents fluoro, -OH, -CN, =0, -NH2, -NH(Ci -3 alkyl),
-N(Ci -3 alkyl)2, -OC^alkyl, C1-6alkyl, (in which latter four groups the
alkyl, fragments are optionally substituted by one or more substituents
selected from fluoro, -CN, =0, -NH2, -NH(Ci -3 alkyl), N(Ci-3 alkyl)2, -OH,
-OCi -3 alkyl) or aryl, heteroaryl [which latter two groups can be
substituted by one or more substituents selected from halo, OH, -CN, Ci-3
alkyl, OCi -3 alkyl (which latter two alkyl groups are optionally
substituted by one or more fluoro atoms)]; each R9b represents
independently halo, -OH, -CN, -NH2, -NH(Ci -3 alkyl), -N(Ci -3 alkyl)2,
-OCi -3 alkyl , -SCi -3 alkyl, aryl, heteroaryl [which latter two groups
can be substituted by one or more substituents selected from halo, OH, -CN,
Ci-3 alkyl, OCi -3 alkyl (which latter two alkyl groups are optionally
substituted by one or more fluoro atoms)], Ci-7 alkyl, C2-7 alkynyl, C3-7
cycloalkyl, 4-7 membered heterocycloalkyl (which latter alkyl, alkynyl,
heterocycloalkyl or cycloalkyl groups are optionally substituted by one or
more substituents selected from fluoro, -CN, =0, -NH2, -NH(Ci -3 alkyl),
N(Ci-3 alkyl)2, -OH, OCi -3alkyl); the salts thereof, particularly the
physiologically acceptable salts thereof with organic or inorganic acids or
bases.In a second embodiment, in the general formula I, in which one of X
and Y represents -N(R6)-; and the other represents -N= ; one of Z1, Z2 and
Z3 independently represents -C(R7)= or -N=; and the other two of Z1, Z2 and
Z3 represent -C(R7)=; Q2, Q3 and Q4 respectively represent -C(R2)=, -C(R3)=
and -C(R4)=; or any one or two of Q2, Q3 or Q4 may alternatively and
independently represent -N=; R1 represents halo, OH, -CN; Ci-3 alkyl, C2-6
alkynyl, OCi -3 alkyl, which latter three groups are optionally substituted
by one or more substituents selected from fluoro, -CN, =0, OH, -OCH 3, -OCF
3;R2, R3 and R4 independently represent hydrogen, halo, -CN; Ci-3 alkyl,
OCi -3 alkyl, which latter two groups are optionally substituted by one or
more substituents selected from fluoro, -CN, =0, OH, -OCH 3, -OCF 3; Ra, Rb
independently represent hydrogen, Ci -3 alkyl, or both together with the
carbon atom which they are bound to, form a C3-7 cycloalkylene ring, or a
4-6 membered heterocycloalkylene ring; Rc independently represents hydrogen
or Ci -3 alkyl; W represents -C(O)-, -S(O)-, -S(O) 2- , -C(O)O-, or -C(O)NR
C- , which groups are bound to the nitrogen of the -NR Cmoiety via carbon
or sulfur atom; M represents Ci -7 alkyl, C3-7 cycloalkyl, both of which
groups are either unsubstituted or substituted by one or more fluoro atoms;
or Ci -7 alkyl, C3-7 cycloalkyl both of which groups are substituted by one
or more groups selected from -OH, -CN, -NH2, -NH(Ci -3 alkyl), N(Ci -3
alkyl) 2, -OCi -3 alkyl, -SCi -3 alkyl, aryl, heteroaryl [which latter two
groups can be substituted by one or more substituents selected from halo,
OH, -CN, Ci -3 alkyl, OCi -3 alkyl (which latter two alkyl groups are
optionally substituted by one or more fluoro atoms)], Ci -7 alkyl, C2-7
alkynyl, C3-7 cycloalkyl, heterocycloalkyl (which latter alkyl, alkynyl,
heterocycloalkyl or cycloalkyl groups are optionally substituted by one or
more substituents selected from fluoro, -CN, =0, -NH2, -NH(Ci -3 alkyl),
-N(Ci -3 alkyl) 2, -OH, -OCi -3 alkyl); 



oraryl, heteroaryl, heterocycloalkyl, all of which groups are optionally
substituted by one or more substituents selected from halo, -OH, -CN, -NH2,
-NH(Ci -3 alkyl), -N(Ci -3 alkyl)2, -OCi -3 alkyl, -SCi -3 alkyl, aryl,
heteroaryl (which latter two groups can be substituted by one or more
substituents selected from halo, OH, -CN, Ci-3 alkyl, OCi -3 alkyl (which
latter two alkyl groups are optionally substituted by one or more fluoro
atoms)], Ci-7 alkyl, C2-7 alkynyl, C3-7 cycloalkyl, heterocycloalkyl (which
latter alkyl, alkynyl, heterocycloalkyl or cycloalkyl groups are optionally
substituted by one or more substituents selected from fluoro, -CN, =0,
-NH2, -NH(Ci -3 alkyl), N(Ci-3 alkyl)2, -OH, -OCi -3alkyl); R5 represents
hydrogen; or Ci-3 alkyl; R6 represents hydrogen; Ci-3 alkyl, C3-6 alkynyl,
heterocycloalkyl, or cycloalkyl (which latter four groups are optionally
substituted by one or more substituents selected from fluoro, -CN, =0, Ci-3
alkyl, -OCi -3 alkyl); each R7 independently represents hydrogen, halo,
-CN, Ci-7 alkyl, C2-7 alkynyl, C3-7 cycloalkyl, -OCi -3 alkyl,
-OC3-7cycloalkyl, -OC3-7heterocycloalkyl, in which groups the alkyl
fragments are optionally substituted by one or more substituents selected
from fluoro, -CN, =0, OH, -OCi -3 alkyl, -NH2, -NH-Ci -3 alkyl, -N(Ci -3
alkyl)2) ; or aryl or heteroaryl, which latter two groups can be
substituted by one or more substituents selected from halo, OH, -CN, Ci-3
alkyl, -OCi -3 alkyl (in which latter two groups the alkyl fragments are
optionally substituted by one or more fluoro atoms); L represents
-C(O)N(R8)-, -N(R8)C(O)-, -S(O)2N(R8)-, - N(R8)S(O)2- , -N(R8)C(O)N(R8)-,
-OC(O)N(R 8)- or -N(R8)C(O)O-;represents Ci -8 alkyl, C3-Salkynyl, aryl,
heteroaryl, aryl-Ci -3alkylene, Cs-scycloalkyl-Co-salkylene,
heterocycloalkyl- C0-3alkyl, heteroaryl-Ci -3alkylene, in which groups the
alkyl-, alkynyl-, cycloalkyl- and heterocycloalkyl-fragments are optionally
substituted by one or more substituents selected from R9a and the aryl and
heteroaryl fragments are optionally substituted by R9b; or A-L- together
represent one of the following groups in which V represents a bond, -CH2- ,
-CH2CH2- , -CH2CH2CH2- , wherein in each of the latter alkylene groups one
methylene [-(CH2)-] unit can optionally be replaced by an oxygen atom, a
-NH- or -NH(Ci -3 alkyl) group and each methylene unit can optionally and
independently be substituted by one or two of the following groups: fluoro,
-CN, =0, -NH2, -NH(Ci -3 alkyl), N(Ci -3 alkyl)2, -OH, -OCi -3alkyl); each
R8 independently represents hydrogen, or Ci -3 alkyl; each R9a
independently represents fluoro, -CN, =0, -NH2, -OH, Ci -3alkyl, -OCi
-3alkyl, -NH(Ci -3 alkyl), -N(Ci -3 alkyl)2 in which latter three groups
the alkyl fragments are optionally substituted by one or more substituents
selected from fluoro, -CN, =0, -NH2, -NH(Ci -3 alkyl), N(Ci -3 alkyl) 2,
-OH, -OCi -3 alkyl;each R!9b represents independently halo, -OH, -CN, -NH2,
-NH(Ci -3 alkyl), -N(Ci -3 alkyl)2, -OCi -3 alkyl , -SCi -3 alkyl, aryl,
heteroaryl [which latter two groups can be substituted by one or more
substituents selected from halo, OH, -CN, Ci-3 alkyl, OCi -3 alkyl (which
latter two alkyl groups are optionally substituted by one or more fluoro
atoms)], Ci-7 alkyl, C2- alkynyl, C3-7 cycloalkyl, heterocycloalkyl (which
latter alkyl, alkynyl, heterocycloalkyl or cycloalkyl groups are optionally
substituted by one or more substituents selected from fluoro, -CN, =0,
-NH2, -NH(Ci -3 alkyl), N(Ci-3 alkyl)2, -OH, OCi -3alkyl); the salts
thereof, particularly the physiologically acceptable salts thereof with
organic or inorganic acids or bases. A further embodiment of the present
invention comprises compounds of the general formula I , namely compounds
of formula Ia in which A, L, M, Q2, Q3, Q4, R1, R6, Ra, Rb, Rc, W, Z1, Z2,
Z3 have the same meaning as defined in any of the preceding embodiments,
the salts thereof, particularly the physiologically acceptable salts
thereof with organic or inorganic acids or bases.A further embodiment of
the present invention comprises compounds of the formula I , namely
compounds of formula Ib in which A, L, M, Q2, Q3, Q4, R1, R6, R7, Ra, Rb,
Rc,W have the same meaning as defined in any of the preceding embodiments,
the salts thereof, particularly the physiologically acceptable salts
thereof with organic or inorganic acids or bases. A further embodiment of
the present invention comprises compounds of the formula I, namely
compounds of formula Ic in which A, L, M, R1, R2, R3, R4, R6, Ra, Rb, Rc,
W, Z1, Z2, Z3 have the same meaning as defined in any of the preceding
embodiments, 



the salts thereof, particularly the physiologically acceptable salts
thereof with organic or inorganic acids or bases.A further embodiment of
the present invention comprises compounds of the formula I , namely
compounds of formula Id in which A, L, M, R1, R2, R3, R4, R6, R7, Ra, Rb,
Rc,W have the same meaning as defined in any of the preceding embodiments,
the salts thereof, particularly the physiologically acceptable salts
thereof with organic or inorganic acids or bases. In a further embodiment,
in the general formula I, A, L, M, Q2, Q3, Q4, R1, R2, R3, R4, R5, R6, R7,
Ra, Rb, Rc, X, Y, Z1, Z2, Z3 have the same meaning as defined in any of the
preceding embodiments and W represents -C(O)-, -S(O)2- , which groups are
bound to the nitrogen of the -NR C- moiety via the carbon or sulfur atom;
the salts thereof, particularly the physiologically acceptable salts
thereof with organic or inorganic acids or bases.In a further embodiment,
in the general formula I, A , L, Q2, Q3, Q4, R1, R2, R3, R4, R5, R6, R7,
Ra, Rb, Rc , W, X, Y , Z1, Z2, Z3 have the same meaning as defined in any
of the preceding embodiments and M represents Ci -7 alkyl, C3-7 cycloalkyl,
both of which groups are optionally substituted by one or more groups
selected from fluoro, -OH, -CN, -NH2, -OCi -3 alkyl, -SCi -3 alkyl, aryl
[which latter aryl group can be substituted by one or more substituents
selected from halo, OH, -CN, Ci -3 alkyl, OCi -3 alkyl (which latter two
alkyl groups are optionally substituted by one or more fluoro atoms)], Ci-
7 alkyl, C3-7 cycloalkyl-Co- 2-alkyl (which latter alkyl and cycloalkyl
groups are optionally substituted by one or more substituents selected from
fluoro, -CN, =0, -NH 2, -NH(Ci -3 alkyl), -N(Ci -3 alkyl) 2, -OH, -OCi -3
alkyl); or aryl, heteroaryl, 4-7 membered heterocycloalkyl, all of which
groups are optionally substituted by one or more substituents selected from
halo, -CN, -OCi -3 alkyl, Ci -7 alkyl, C3-7 cycloalkyl, (which latter alkyl
and cycloalkyl groups are optionally substituted by one or more substitu
ents selected from fluoro, -CN, -OCi -3alkyl); the salts thereof,
particularly the physiologically acceptable salts thereof with organic or
inorganic acids or bases. In a further embodiment, in the general formula
I, A , L , M, Q2, Q3, Q4, R1, R2, R3, R4, R5, R7, Ra, Rb, Rc , W, X, Y ,
Z1, Z2, Z3 have the same meaning as defined in any of the preceding
embodiments and R6 represents hydrogen, Ci -5 alkyl, C3-5cycloalkyl-Co-i
alkyl, which latter two groups are optionally substituted by one or more
substituents selected from fluoro, -OCH 3, -NH(Ci -3 alkyl), N(Ci -3 alkyl)
2;the salts thereof, particularly the physiologically acceptable salts
thereof with organic or inorganic acids or bases. In a further embodiment,
in the general formula I, A, L, M, Q2, Q3, Q4, R1, R5, R6, R7, R9a, R9b,
Ra, Rb, Rc,W, X, Y, Z1, Z2, Z3 have the same meaning as defined in any of
the preceding embodiments and R2, R3 and R4 independently represent
hydrogen, fluoro, chloro- or -CH3 optionally substituted by one or more
fluorine atoms; the salts thereof, particularly the physiologically
acceptable salts thereof with organic or inorganic acids or bases. In a
further embodiment, in the general formula I, A, L, M, Q2, Q3, Q4, R1, R2,
R3, R4, R5, R6, R7, Ra, Rb, Rc,W, X, Y, Z1, Z2, Z3 have the same meaning as
defined in any of the preceding embodiments and each R9a independently
represents fluoro, -CN, Ci^alkyl, -OC-i- alkyl in which latter two groups
the alkyl fragments are optionally substituted by one or more fluoro atoms;
each R9b represents independently halo, -CN, -OCi -3 alkyl, Ci -7 alkyl
(which latter two groups are optionally substituted by one or more fluoro
atoms; the salts thereof, particularly the physiologically acceptable salts
thereof with organic or inorganic acids or bases.In a further embodiment,
in the general formula I, A, L, M, Q2, Q3, Q4, R1, R2, R3, R4, R5, R6, R7,
Ra, Rb, Rc,W, X, Y, Z1, Z2, Z3 have the same meaning as defined in any of
the preceding embodiments and each R9a independently represents fluoro,
-CN, Ci-3alkyl, -OCi -3alkyl in which latter two groups the alkyl fragments
are optionally substituted by one or more fluoro atoms; each R9b represents
independently halo, -CN, -OCi -3 alkyl, Ci-7 alkyl (which latter two groups
are optionally substituted by one or more fluoro atoms; the salts thereof,
particularly the physiologically acceptable salts thereof with organic or
inorganic acids or bases. In a further embodiment, in the general formula
I, A, M, Q2, Q3, Q4, R1, R2, R3, R4, R5, R6, R7, Ra, Rb, Rc,W, X, Y, Z1,
Z2, Z3 have the same meaning as defined in any of the preceding embodiments
and L represents -C(O)N(R8)- or -S(O)2N(R8)-, which groups are bound to the
9-membered fused heteroaromatic scaffold via the carbon or sulfur atom,
respectively; 



or A-L- together represent one of the following groups in whichV represents
a bond, -CH2- , -CH2CH2- , -CH2CH2CH2- , which latter alkylene groups can
optionally be substituted by one or two of the following groups: fluoro,
-CN, -OCi -3alkyl); the salts thereof, particularly the physiologically
acceptable salts thereof with organic or inorganic acids or bases. In a
further embodiment, in the general formula I, A, M, Q2, Q3, Q4, R1, R2, R3,
R4, R5, R6, R7, Ra, Rb, Rc,W, X, Y, Z1, Z2, Z3 have the same meaning as
defined in any of the preceding embodiments and L represents -C(O)NH- or
-S(O)2NH-, which groups are bound to the 9- membered fused heteroaromatic
scaffold via the carbon or sulfur atom, respectively; the salts thereof,
particularly the physiologically acceptable salts thereof with organic or
inorganic acids or bases. In a further embodiment, in the general formula
I, L, A, M, Q2, Q3, Q4, R1, R2, R3, R4, R5, R6, Ra, Rb, Rc,W, X, Y, Z1, Z2,
Z3 have the same meaning as defined in any of the preceding embodiments and
each R7 represents hydrogen, halo, Ci-5 alkyl-O-, C3-5cycloalkyl-C0-2
alkyl-O-, 4-5-membered heterocycloalkyl-Co^ alkyl-O- (in which latter three
groups the alkyl, cycloalkyl or heterocycloalkyl fragments are optionally
substituted by one or more substituents selected from fluoro, -OCi -3 alkyl
or by one or more Ci-3 alkyl groups, which can be optionally substituted by
one or more fluoro atoms); the salts thereof, particularly the
physiologically acceptable salts thereof with organic or inorganic acids or
bases.In a further embodiment, in the general formula I, L, M, Q2, Q3, Q4,
R1, R2, R3, R4, R5, R6, R7, Ra, Rb, Rc,W, X, Y, Z1, Z2, Z3 have the same
meaning as defined in any of the preceding embodiments and A represents
hydrogen, Ci-6 alkyl, C3-6 alkynyl, phenyl, 5-6-membered heteroaryl,
C3-6cycloalkyl-Co-2alkyl-, 4-6-membered heterocycloalkyl-Co^alkyl,
phenyl-Ci -3alkyl-, 5-6-membered heteroaryl-Ci -3alkyl in which groups the
alkyl-, alkynyl-, cycloalkyl- and heterocycloalkyl-fragments are optionally
substituted by one or two substituents selected from R9a and the phenyl,
thienyl and pyridyl fragments are optionally substituted by one or two
substituents selected from R9b; each R9a independently represents fluoro,
phenyl, Ci^alkylrOCi^alkyl which latter two groups are optionally
substituted by one to three fluoro atoms; each R9b represents independently
fluoro, chloro, bromo, Ci-2 alkyl, -OCi-2 alkyl which latter two groups are
optionally substituted by one or more fluoro; the salts thereof,
particularly the physiologically acceptable salts thereof with organic or
inorganic acids or bases. In a further embodiment, in the general formula
I, A, L, Q2, Q3, Q4, R1, R2, R3, R4, R5, R6, R7, Ra, Rb, Rc,W, X, Y, Z1,
Z2, Z3 have the same meaning as defined in any of the preceding embodiments
andM represents Ci -6 alkyl, C3-6 cycloalkyl, 4-6-membered
heterocycloalkyl, all of which groups are optionally substituted by one or
more groups selected from fluoro, -OH, -CN, -NH 2, phenyl, -CF 3, Ci -2
alkyl, C3-5 cycloalkyl-Co-1 alkyl; or phenyl, 5-6-membered heteroaryl both
of which are optionally substituted by one or more substituents
independently selected from fluoro, chloro, methyl, -CF 3, methoxy; the
salts thereof, particularly the physiologically acceptable salts thereof
with organic or inorganic acids or bases. In a further embodiment, in the
general formula I, A , L , M, Q2, Q3, Q4, R2, R3, R4, R5, R6, R7, Ra, Rb,
Rc, W, X, Y , Z1, Z2, Z3 have the same meaning as defined in the any of the
preceding embodiments and R1 represents fluoro, chloro, bromo, Ci -2 alkyl,
Ci -2 alkoxy, the latter two groups of which are optionally substituted by
one ore more fluoro; the salts thereof, particularly the physiologically
acceptable salts thereof with organic or inorganic acids or bases. In a
further embodiment, in the general formula I, A , L , M, Q2, Q3, Q4, R1,
R2, R3, R4, R5, R6, R7, W, X, Y , Z1, Z2, Z3 have the same meaning as
defined in any of the preceding embodiments and Ra, Rb and Rc represent
hydrogen, the salts thereof, particularly the physiologically acceptable
salts thereof with organic or inorganic acids or bases.A further embodiment
of the present invention comprises compounds of the formula I , namely
compounds of formula Ie in which represents hydrogen, Ci-6 alkyl,
phenylpropargyl, phenyl, C3-6cycloalkyl-Co-2alkyl-,
tetrahydrofuranyl-Co-2alkyl, pyrrolidinyl- C0-2alkyl, piperidin-Co^alkyl,
pyridyl-Ci -2alkyl-, in which groups the alkyl-, alkynyl-, cycloalkyl- and
heterocycloalkyl-fragments are optionally substituted by one or more
substituents selected from R9a and the phenyl and pyridyl fragments are
optionally substituted by 



one or more substituents selected from R9b; each R9a independently
represents fluoro, Ci-2alkyl, -OCi -4alkyl in which latter two groups the
alkyl fragments are optionally substituted by one or more fluoro atoms;
each R!9b represents independently fluoro, chloro, bromo, represents
-C(O)NH- or -S(O)2NH-, which groups are bound to the 9-membered fused
heteroaromatic scaffold via the carbon or sulfur atom, respectively; W
represents -C(O)-, -S(O)2- ;M represents Ci-4 alkyl, C3-6cycloalkyl which
latter two groups are optionally substituted by one or more groups selected
from fluoro, -OH, -CN, -NH2, phenyl, CF3, Ci-2 alkyl, cyclopropyl-methyl;
or represents oxetanyl or tetrahydrofuranyl, both of which groups are
optionally substituted by a CH3-group; or phenyl, thienyl both of which are
optionally substituted by one or two substituents independently selected
from fluoro or chloro, R1 represents fluoro, chloro, bromo, CH3, CH2F,
CHF2, CF3, -OCH3; R4 represents hydrogen or fluoro; R6 represents hydrogen;
Ci-3 alkyl, C3-5cycloalkyl-Co-i alkyl, which latter two groups are
optionally substituted by one or more substituents selected from fluoro,
-OCH3, -NH(Ci -3 alkyl), N(Ci-3 alkyl)2; R7 Z2 represents hydrogen, halo,
-OCi -5alkyl, in which latter group the alkyl is optionally substituted by
one or more fluoro atoms; R7 Z1 and R7 Z3 independently represent hydrogen
or fluoro; the salts thereof, particularly the physiologically acceptable
salts thereof with organic or inorganic acids or bases.TERMS AND
DEFINITIONS USED The phrase "pharmaceutically acceptable" is employed
herein to refer to those compounds, materials, compositions, and/or dosage
forms which are, within the scope of sound medical judgment, suitable for
use in contact with the tissues of human beings and animals without
excessive toxicity, irritation, allergic response, or other problem or
complication commensurate with a reasonable benefit/risk ratio. As used
herein, "pharmaceutically acceptable salts" refer to derivatives of the
disclosed compounds wherein the parent compound is modified by making acid
or base salts thereof. Examples of pharmaceutically acceptable salts
include, but are not limited to, mineral or organic acid salts of basic
residues such as amines; alkali or organic salts of acidic residues such as
carboxylic acids; and the like. The pharmaceutically acceptable salts
include the conventional non-toxic salts or the quaternary ammonium salts
of the parent compound formed, for example, from non-toxic inorganic or
organic acids. The pharmaceutically acceptable salts of the present
invention can be synthesized from the parent compound which contains a
basic or acidic moiety by conventional chemical methods. Generally, such
salts can be prepared by reacting the free acid or base forms of theses
compounds with a stoichiometric amount of the appropriate base or acid in
water or in an organic solvent, or in a mixture of the two; generally,
nonaqueous media like ether, ethyl acetate, ethanol isopropanol, or
acetonitrile are preferred. Lists of suitable salts are found in
Remington's Pharmaceutical Sciences, 17th ed., Mack Publishing Company,
Easton, Pa., 1985, p. 1418, the disclosure of which is hereby incorporated
by reference. Examples of pharmaceutically active salts for each of the
compounds which are the subject of this description include, without being
restricted thereto, salts which are prepared from pharmaceutically
acceptable acids or bases, including organic and inorganic acids and bases.
If the preferred compound is basic, salts may be prepared from
pharmaceutically acceptable acids. When selecting the most preferred salt,
or to clarify whether a salt or the neutral compound is used, properties
such as bioavailability, ease of manufacture, workability and shelf life
are taken into consideration, inter alia.Suitable pharmaceutically
acceptable acids include acetic acid, benzenesulphonic acid (besylate),
benzoic acid, p-bromophenylsulphonic acid, camphorsulphonic acid, carbonic
acid, citric acid, ethanesulphonic acid, fumaric acid, gluconic acid,
glutamic acid, hydrobromic acid, hydrochloric acid, hydriodic acid,
isethionic acid, lactic acid, maleic acid, malic acid, mandelic acid,
methanesulphonic acid (mesylate), mucinic acid, nitric acid, oxalic acid,
pamoic acid, pantothenic acid, phosphoric acid, succinic acid, sulphuric
acid, tartaric acid, p-toluenesulphonic acid and the like. Examples of
pharmaceutically acceptable salts include, without being restricted
thereto, acetate, benzoate, hydroxybutyrate, bisulphate, bisulphite,
bromide, butyne-1 ,4-dioate, caproate, chloride, chlorobenzoate, citrate,
dihydrogen phosphate, dinitrobenzoate, fumarate, glutaminate, glycollate,
heptanoate, hexyne-1 ,6-dioate, hydroxybenzoate, iodide, lactate, maleate,
malonate, mandelate, metaphosphate, methanesulphonate, methoxybenzoate,
methylbenzoate, monohydrogen phosphate, naphthalene-1-sulphonate,
naphthalene-2- sulphonate, oxalate, phenylbutyrate, phenylproprionate,
phosphate, phthalate, phenylacetate, propanesulphonate, propiolate,
propionate, pyroglutaminate, pyrophosphate, pyrosulphate, sebacate,
suberate, succinate, sulphate, sulphite, sulphonate, tartrate,
trifluoroacetate, xylenesulphonate and the like. "Isomers": It will be
appreciated that the compounds of the present invention may contain one or
more asymmetrically substituted carbon atoms and therefore they may be
isolated in racemic or in optically active forms (i.e. in form of their
corresponding enantiomers or diasteromers). In certain instances, an
enantiomer or a diastereomer of a compound of Formula I may display
superior activity compared with the other. When required, diastereomers may
be 



separated from diastereomeric mixture of the compounds using conventional,
e.g. fractional crystallisation or HPLC techniques. The desired enantiomers
may be obtained by methods well known to the skilled man in the art i.e. by
reaction of the appropriate optically active starting materials under
conditions which will not cause racemisation or epimerisation (i.e. a
'chiral pool' method), by reaction of the appropriate starting material
with a 'chiral auxiliary' which can subsequently be removed at a suitable
stage, by derivatisation (i.e. a resolution, including a dynamic
resolution), for example with a homochiral acid followed by separation of
the diastereomeric derivatives by conventional means such as chromatography
(see for example Thomas J. Tucker, et al, J. Med. Chem. 1994, 37,
2437-2444), or by reaction with an appropriate chiral reagent or chiral
catalystall under conditions known to the skilled person (e.g. Mark A.
Huffman, et al, J. org. Chem. 1995, 60 1590-1594). Compounds of the
invention may contain double bonds and may thus exist as E (entgegen) and Z
(zusammen) geometric isomers about each individual double bond. All such
isomers and mixtures thereof are included within the scope of the
invention. Compounds of the invention may also exhibit tautomerism. All
tautomeric forms and mixtures thereof are included within the scope of the
invention. For instance, a compound containing the moiety
"1H-benzimidazole" may be considered to be identical to a corresponding
compound containing a "3H-benzimidazole" moiety. All chiral, enantiomeric,
diastereomeric, racemic forms, tautomeric and all geometric isomeric forms
of a structure are included within the scope of invention, unless the
specific stereochemistry or isomer form is specifically indicated.
Obviously, the isomer which is pharmacologically most effective and most
free from side effects is preferred. The subject-matter of this invention
also includes deuterated compounds of general formula I, i.e. in which one
or more hydrogen atoms, for example one, two, three, four or five hydrogen
atoms, are replaced by the hydrogen isotope deuterium. The term
"C1-3-alkyl" (including those which are part of other groups) means alkyl
groups with 1 to 3 carbon atoms, the term "C- -alkyl" means branched and
unbranched alkyl groups with 1 to 4 carbon atoms, the term "C1-6-alkyl"
means branched and unbranched alkyl groups with 1 to 6 carbon atoms and the
term "d-s-alkyl" means branched and unbranched alkyl groups with 1 to 8
carbon atoms. Examples include: methyl, ethyl, npropyl, /so-propyl,
n-butyl, /so-butyl, sec-butyl, te/f-butyl, n-pentyl, neopentyl, n-hexyl,
n-heptyl and n-octyl. The abbreviations Me, Et, n-Pr, /-Pr, n-Bu, /-Bu,
t-Bu, etc. may optionally also be used for the groups mentioned above.
Unless stated otherwise, the definitions propyl and butyl include all the
possible isomeric forms of the groups in question. Thus, for example,
propyl includes n-propyl and /so-propyl, butyl includes isobutyl, sec-butyl
and te/f-butyl. The term "alkyl" also includes alkyl groups wherein 1-3
hydrogen atoms are replaced by fluorine atoms.The term "Ci -n-alkylene"
wherein n is an integer 1 to n, either alone or in combination with another
radical, denotes an acyclic, straight or branched chain divalent alkyl
radical containing from 1 to n carbon atoms. For example the term d
-4-alkylene includes -(CH2)-, -(CH2-CH2)-, -(CH(CH 3))-, -(CH2-CH2-CH2)-,
-(C(CH3)2)-, -(CH(CH 2CH3))-, -(CH(CH 3)- CH2)-, -(CH2-CH(CH3))-,
-(CH2-CH2-CH2-CH2)-, -(CH2-CH2-CH(CH3))-, -(CH(CH 3)-CH2- CH2)-,
-(CH2-CH(CH3)-CH2)-, -(CH2-C(CH3),)-, -(C (CH3)2-CH2)-, -(CH(CH
3)-CH(CH3))-, - (CH2-CH(CH2CH3))-, -(CH(CH 2CH3)-CH2)-, -(CH(CH 2CH2CH3))-
, -(CHCH(CH 3) 2)- and - C(CH3)(CH2CH3)-. The term "Cs-s-cycloalkyl"
(including those which are part of other groups) means cyclic alkyl groups
with 3 to 8 carbon atoms and the term "C3-6-cycloalkyl" means cyclic alkyl
groups with 3 to 6 carbon atoms. Examples include: cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl and also include the
following structures Unless otherwise stated, the cyclic alkyl groups may
be substituted by one or more groups selected from among methyl, ethyl,
/so-propyl, te/f-butyl, hydroxy, fluorine, chlorine, bromine and iodine.
These cycloalkyls may additionally be annelated (i.e. fused) to a benzene
ring, so that nine- to twelve-membered bicyclic heterocycles are formed.
The term "C2-6-alkenyl" (including those which are part of other groups)
means branched and unbranched alkenyl groups with 2 to 6 carbon atoms,
provided that they have at least one double bond. Alkenyl groups with 2 to
4 carbon atoms are preferred. Examples include: ethenyl or vinyl, propenyl,
butenyl, pentenyl, or hexenyl. Unless stated otherwise, the definitions
propenyl, butenyl, pentenyl and hexenyl include all the possible isomeric
forms of the groups in question. Thus, for example, propenyl includes
1-propenyl and 2-propenyl, butenyl includes 1-butenyl, 2-butenyl and
3-butenyl, 1-methyl-1-propenyl, 1- methyl-2-propenyl etc. The term
"C2-7-alkynyl" (including those which are part of other groups) means
branched and unbranched alkynyl groups with 2 to 7 carbon atoms, provided
that they have at least one triple bond. Alkynyl groups with 2 to 4 carbon
atoms are preferred. Examples of these include: ethynyl, propynyl, butynyl,
pentynyl or hexynyl. Unless stated otherwise, the definitions propynyl,
butynyl, pentynyl and hexynyl include all the possible isomeric forms of
the groups in question. Thus, for example, propynyl includes 1-propynyl and
2- propynyl, butynyl includes 1-butynyl, 2-butynyl and 3-butynyl,
1-methyl-1 -propynyl, 1- methyl-2-propynyl etc. The term "halo" or
"halogen", when used herein, includes fluoro, chloro, bromo and iodo.
Unless stated otherwise, fluorine, chlorine and bromine are regarded as
preferred halogens. The term "4-7 membered heterocycloalkyl" means stable
4-, 5-, 6- or 7-membered monocyclic heterocyclic ring systems which may be
both saturated and monounsaturated. One or two of the ring carbon atoms may
independently be replaced by heteroatoms which are selected from among
oxygen, nitrogen and sulphur, the latter two of which heteroatoms may
optionally be oxidised (so forming N-oxide, sulfoxide or sulfon). The
previously mentioned heterocycles may be linked to the rest of the molecule
via a carbon 



atom or a nitrogen atom. Examples for the 4-, 5-, 6- or 7-membered
heterocyclic ring systems include:These heterocycloalkyls may additionally
be annelated (i.e. fused) to a benzene ring, so that eight- or
eleven-membered bicyclic heterocycles are formed. The term "aryl"
(including those which are part of other groups) means aromatic ring
systems with 6 or 14 carbon atoms (e.g. C6-i o aryl). Such groups may be
monocyclic, bicyclic or tricyclic and have between 6 and 14 ring carbon
atoms. Examples include phenyl, 1-naphthyl or 2-naphthyl. The preferred
aryl group is phenyl. Unless otherwise mentioned, the aromatic groups may
be substituted by one or more groups selected from among methyl, ethyl,
n-propyl, /so-propyl, te/f-butyl, hydroxy, methoxy, trifluoromethoxy,
fluorine, chlorine, bromine and iodine, while the groups may be identical
or different. The term "heteroaryl" means five- or six-membered
heterocyclic aromatic groups which may contain one, two, three or four
heteroatoms, selected from among oxygen, sulphur and nitrogen, and which
additionally contain a sufficient number of conjugated double bonds to form
an aromatic system. These heteroaryls may additionally be annelated (i.e.
fused) to a benzene ring, so that nine- or ten-membered bicyclic
heteroaryls are formed. Examples for the five- or six-membered heterocyclic
aromatic groups include:Examples for the nine- or ten-membered heterocyclic
aromatic groups include: Unless otherwise stated, the heteroaryls mentioned
previously may be substituted by one or more groups selected from among
methyl, ethyl, n-propyl, /so-propyl, te/f-butyl, hydroxy, methoxy,
trifluoromethoxy, fluorine, chlorine, bromine and iodine, while the groups
may be identical or different. In addition, a nitrogen atom present in the
heteroaryl group may be oxidised, thus forming an N-oxide.For the avoidance
of doubt, in cases in which the identity of two or more substituents in a
compound of formula I may be the same, the actual identities of the
respective substituents are not in any way interdependent. For example, in
the situation in which Z1 and Z2 both represent =C(R 7)-, then the
respective =C(R 7)- groups in question may be the same or different.
Similarly, when groups are substituted by more than one substituent as
defined herein, the identities of those individual substituents are not to
be regarded as being interdependent. For example, when the A group
represents C-i-s alkyl substituted by two R9a groups, in which, in both
cases, R9a represents -N(Ci -3 alkyl) 2, then the identities of the two
-N(Ci -3 alkyl) 2 groups are not to be regarded as being interdependent,
i.e. the two -N(Ci -3 alkyl) 2 moieties may be the same or different.
Similarly, also the Ci -3 alkyl groups within one particular -N(Ci -3
alkyl) 2 group are independent of one another, i.e. they may be the same or
different from each other. For the avoidance of doubt, when preferred
features are mentioned herein, then such features may be taken
independently of other preferred features or conjunctively with other
preferred features. The skilled person will appreciate that compounds of
formula I that are the subject of this invention include those that are
stable. That is, compounds of the invention include those that are
sufficiently robust to survive isolation from e.g. a reaction mixture to a
useful degree of purity. METHODS OF PREPARATION Compounds of the present
invention can be prepared in accordance with techniques that are well known
to those skilled in the art, for example as described hereinafter and in
the experimental section. According to a further aspect of the invention
there is provided a process for the preparation of a compound of formula I
, which process can be performed for example according to the following
schemes A-E.IMMEDIATE RELEASE PHARMACEUTICAL COMPOSITIONS COMPRISING
OXYCODONE AND NALOXONE FIELD OF THE INVENTION The present invention
pertains to pharmaceutical compositions suitable for treating patients
suffering from pain. BACKGROUND OF THE INVENTION The importance of
adequately treating patients suffering from pain has been increasingly
recognized over the past decade. For the treatment of chronic moderate to
strong and even severe pain as it occurs in cancer patients, opioid
analgesics have become increasingly popular over the last decades. Among
the factors contributing to this development has been the introduction of
controlled release preparations of opioids such as morphine, hydromorphone
and oxycodone which can be taken by a patient at reduced frequency compared
to the immediate release preparations of these agents which had been
available before. Controlled release preparations of the opioid oxycodone
such as the product Oxygesic(r) tablets which comprises oxycodone
hydrochloride as the active agent and Targin(r) tablets which comprises a
combination of oxycodone hydrochloride and the opioid antagonist naloxone
hydrochloride have been successful both from a commercial perspective and
in terms of acceptance by patients and medical practitioners. However,
there remain situations where controlled release preparations of opioids
may not necessarily be medications of first choice when treating patients
suffering from pain.OBJECTIVE AND SUMMARY OF THE INVENTION It is one
objective of the present invention to provide pharmaceutical compositions
suitable for the treatment of pain and in particular for the treatment of
chronic moderate to strong and even severe pain which can be used for
titrating patients suffering from pain and/or treating breakthrough pain in
patients suffering from pain while concomitantly avoiding undesired side
effects as they may occur during standard pain therapy. These and other
objectives as they will become apparent from the ensuing description are
attained by the subject-matter of the independent claims. The 



dependent claims as set forth hereinafter refer to some of the preferred
embodiments of the present invention. The present invention in one
embodiment relates to an oral immediate release pharmaceutical composition
comprising at least oxycodone or a pharmaceutically acceptable salt thereof
and naloxone or a pharmaceutically acceptable salt thereof in about a 2:1
ratio (oxycodone or a pharmaceutically acceptable salt thereof: naloxone or
a pharmaceutically acceptable salt thereof) by weight. Generally, oral
immediate release pharmaceutical compositions in accordance with the
present invention may comprise other pharmaceutically active agents in
addition to oxycodone or a pharmaceutically acceptable salt thereof and
naloxone or a pharmaceutically acceptable salt thereof. However, it can be
a preferred embodiment of the present invention that oxycodone or a
pharmaceutically acceptable salt thereof and naloxone or a pharmaceutically
acceptable salt thereof are the sole pharmaceutically active agents of
pharmaceutical compositions in accordance with the present
invention.Generally, oral immediate release pharmaceutical compositions in
accordance with the present invention may comprise oxycodone in the form of
its free base or a salt thereof and naloxone in the form of its free base
or a salt thereof. However, it can be preferred that oral immediate release
pharmaceutical compositions in accordance with the invention comprise
oxycodone in the form of oxycodone hydrochloride and naloxone in the form
of naloxone hydrochloride. It may be an even more preferred embodiment that
oxycodone hydrochloride and naloxone hydrochloride form the sole
pharmaceutically active agents of the pharmaceutical composition. In a
first aspect, oral immediate release pharmaceutical compositions in
accordance with the invention comprise an amount of oxycodone or a
pharmaceutically acceptable salt thereof equivalent to about 1mg to about
160 mg of oxycodone hydrochloride and an amount of naloxone or a
pharmaceutically acceptable salt thereof equivalent to about 0.5 mg to
about 80 mg of naloxone hydrochloride. In one of the preferred embodiments,
oral immediate release pharmaceutical compositions in accordance with the
invention may comprise an amount of oxycodone or a pharmaceutically
acceptable salt thereof equivalent to about 2.5 mg to about 20 mg of
oxycodone hydrochloride and an amount of naloxone or a pharmaceutically
acceptable salt thereof equivalent to about 1.25 mg to about 10 mg of
naloxone hydrochloride. These pharmaceutical compositions may comprise the
pharmaceutically active agents in about a 2:1 ratio by weight. A preferred
embodiment of this first aspect can relate to oral immediate release
pharmaceutical compositions comprising oxycodone hydrochloride and naloxone
hydrochloride as the sole pharmaceutically active agents in about a 2 :1
ratio (oxycodone hydrochloride :naloxone hydrochloride) with oxycodone
hydrochloride being present in an amount of about 2.5 mg to about 40 mg of
oxycodone hydrochloride and with naloxone hydrochloride being present in an
amount of about 1.25 mg to about 20 mg of naloxone hydrochloride.An even
more preferred embodiment of this first aspect can relate to oral immediate
release pharmaceutical compositions comprising oxycodone hydrochloride and
naloxone hydrochloride as the sole pharmaceutically active agent in about a
2:1 ratio (oxycodone hydrochloride :naloxone hydrochloride) with oxycodone
hydrochloride being present in an amount of about 2.5 mg to about 20 mg of
oxycodone hydrochloride and with naloxone hydrochloride being present in an
amount of about 1.25 mg to about 10 mg of naloxone hydrochloride. A second
aspect of the present invention relates to oral immediate release
pharmaceutical compositions which comprise oxycodone or a pharmaceutically
acceptable salt thereof and naloxone or a pharmaceutically acceptable salt
thereof in about a 2:1 ratio (oxycodone or pharmaceutically acceptable salt
thereof :naloxone or a pharmaceutically acceptable salt thereof) by weight
and wherein the formulation releases in vitro, when measured using the Ph.
Eur. Paddle Method at 100 rpm in 0.1 N hydrochloric acid at 37C and using
UV detection at 230 nm, > 75% of oxycodone or a pharmaceutically acceptable
salt thereof by weight and > 75 % of naloxone or a pharmaceutically
acceptable salt thereof by weight at 45 min. A preferred embodiment of this
second aspect can relate to oral immediate release pharmaceutical
compositions which comprise oxycodone or a pharmaceutically acceptable salt
thereof and naloxone or a pharmaceutically acceptable salt thereof in about
a 2:1 ratio (oxycodone or a pharmaceutically acceptable salt thereof to
naloxone or a pharmaceutically acceptable salt thereof) by weight, wherein
the formulation releases in vitro, when measured using the Ph. Eur. Paddle
Method at 100 rpm in 0.1 N hydrochloric acid at 37C and using UV detection
at 230 nm, > 80% of oxycodone or a pharmaceutically acceptable salt thereof
by weight and > 80 % of naloxone or a pharmaceutically acceptable salt
thereof by weight at 15 min. A more preferred embodiment of this second
aspect can relate to oral immediate release pharmaceutical compositions
which comprise oxycodone or apharmaceutically acceptable salt thereof and
naloxone or a pharmaceutically acceptable salt thereof in about a 2:1 ratio
(oxycodone or a pharmaceutically acceptable salt thereof to naloxone or a
pharmaceutically acceptable salt thereof) by weight, wherein the
formulation releases in vitro, when measured using the Ph. Eur. Paddle
Method at 100 rpm in 0.1N hydrochloric acid at 37C and using UV detection
at 230 nm, >_90% of oxycodone or a pharmaceutically acceptable salt thereof
by weight and >_90 % of naloxone or a pharmaceutically acceptable salt
thereof by weight at 15 min. A even more preferred embodiment of this
second aspect can relate to oral immediate release pharmaceutical
compositions which comprise oxycodone or a 



pharmaceutically acceptable salt thereof and naloxone or a pharmaceutically
acceptable salt thereof in about a 2:1 ratio (oxycodone or a
pharmaceutically acceptable salt thereof to naloxone or a pharmaceutically
acceptable salt thereof) by weight, wherein the formulation releases in
vitro, when measured using the Ph. Eur. Paddle Method at 100 rpm in 0.1 N
hydrochloric acid at 37C and using UV detection at 230 nm, > 95% of
oxycodone or a pharmaceutically acceptable salt thereof by weight and 95 %
of naloxone or a pharmaceutically acceptable salt thereof by weight at 15
min. In all embodiments of the second aspect, oral immediate release
pharmaceutical compositions may comprise an amount of oxycodone or a
pharmaceutically acceptable salt thereof equivalent to about 1mg to about
160 mg of oxycodone hydrochloride and an amount of naloxone or a
pharmaceutically acceptable salt thereof equivalent to about 0.5 mg to
about 80 mg of naloxone hydrochloride. Amounts of oxycodone or a
pharmaceutically acceptable salt thereof equivalent to about 1mg to about
80 mg of oxycodone hydrochloride and an amount of naloxone or a
pharmaceutically acceptable salt thereof equivalent to about 0.5 mg to
about 40 mg of naloxone hydrochloride, amounts of oxycodone or a
pharmaceuticallyacceptable salt thereof equivalent to about 1mg to about 40
mg of oxycodone hydrochloride and an amount of naloxone or a
pharmaceutically acceptable salt thereof equivalent to about 0.5 mg to
about 20 mg of naloxone hydrochloride or amounts of oxycodone or a
pharmaceutically acceptable salt thereof equivalent to about 1mg to about
20 mg of oxycodone hydrochloride and an amount of naloxone or a
pharmaceutically acceptable salt thereof equivalent to about 0.5 mg to
about 10 mg of naloxone hydrochloride may be even more preferred. In a
third aspect of the present invention, an oral immediate release
pharmaceutical composition may comprise oxycodone or a pharmaceutically
acceptable salt thereof and naloxone or a pharmaceutically acceptable salt
thereof, wherein the composition is in solid form and wherein the
formulation releases in vitro, when measured using the Ph. Eur. Paddle
Method at 100 rpm in 0.1 N hydrochloric acid at 37C and using UV detection
at 230 nm, >_75% of oxycodone or a pharmaceutically acceptable salt thereof
by weight and >_75 % of naloxone or a pharmaceutically acceptable salt
thereof by weight at 15 min. A preferred embodiment of this third aspect
can relate to oral immediate release pharmaceutical compositions, wherein
the formulation releases in vitro, when measured using the Ph. Eur. Paddle
Method at 100 rpm in 0.1 N hydrochloric acid at 37C and using UV detection
at 230 nm, > 80% of oxycodone or a pharmaceutically acceptable salt thereof
by weight and > 80 % of naloxone or a pharmaceutically acceptable salt
thereof by weight at 15 min. A more preferred embodiment of this third
aspect can relate to oral immediate release pharmaceutical compositions,
wherein the formulation releases in vitro, when measured using the Ph. Eur.
Paddle Method at 100 rpm in 0.1 N hydrochloric acid at 37C and using UV
detection at 230 nm, >9 % of oxycodone or a pharmaceutically acceptable
salt thereof by weight and >_90 % of naloxone or a pharmaceutically
acceptable salt thereof by weight at 15 min.An even more preferred
embodiment of this third aspect can relate to oral immediate release
pharmaceutical compositions, wherein the formulation releases in vitro,
when measured using the Ph. Eur. Paddle Method at 100 rpm in 0.1 N
hydrochloric acid at 37C and using UV detection at 230 nm, > 95% of
oxycodone or a pharmaceutically acceptable salt thereof by weight and >_95
% of naloxone or a pharmaceutically acceptable salt thereof by weight at 15
min. In all embodiments of the third aspect, oral immediate release
pharmaceutical compositions may comprise an amount of oxycodone or a
pharmaceutically acceptable salt thereof equivalent to about 1mg to about
160 mg of oxycodone hydrochloride and an amount of naloxone or a
pharmaceutically acceptable salt thereof equivalent to about 0.5 mg to
about 80 mg of naloxone hydrochloride. Amounts of oxycodone or a
pharmaceutically acceptable salt thereof equivalent to about 1mg to about
80 mg of oxycodone hydrochloride and an amount of naloxone or a
pharmaceutically acceptable salt thereof equivalent to about 0.5 mg to
about 40 mg of naloxone hydrochloride, amounts of oxycodone or a
pharmaceutically acceptable salt thereof equivalent to about 1mg to about
40 mg of oxycodone hydrochloride and an amount of naloxone or a
pharmaceutically acceptable salt thereof equivalent to about 0.5 mg to
about 20 mg of naloxone hydrochloride or amounts of oxycodone or a
pharmaceutically acceptable salt thereof equivalent to about 1mg to about
20 mg of oxycodone hydrochloride and an amount of naloxone or a
pharmaceutically acceptable salt thereof equivalent to about 0.5 mg to
about 10 mg of naloxone hydrochloride may be even more preferred. In all
embodiments of the third aspect, the pharmaceutical composition may
comprise a disintegrant and optionally a filler and optionally other
pharmaceutically acceptable excipients. Preferably, one can use a
combination of e.g. starch and lactose as disintegrant. Lactose alone may
at the same time function as a filler. Aparticularly preferred embodiment
relies on the product Starlac(r), a combination of lactost 85% and starch
15%, which may function both as a disintegrant and as a filler. Different
types of disintegrants, fillers or other types of pharmaceutically
acceptable excipients are set forth hereinafter. The combined
filler/disintegrant may be comprised within the pharmaceutical composition
in an amount of about 40% to about 90%, preferably in an amount of about
50% to about 85% and even more preferably in an amount of about 60% to
about 80% by weight based on the weight of the composition. These numbers
particularly apply if an excipient having a dual function both as a
disintegrant and a filler such as Starlac(r) is used. 



In all embodiments of the third aspect, the pharmaceutical composition may
comprise oxycodone or a pharmaceutically acceptable salt thereof and
naloxone or a pharmaceutically acceptable salt thereof in about a 2:1 ratio
(oxycodone or a pharmaceutically acceptable salt thereof to naloxone or a
pharmaceutically acceptable salt thereof) by weight. In all embodiments of
the third aspect of the invention, the pharmaceutical composition may be
provided in the form of tablets, capsules, granules, multiparticulates and
the like. Tablets can be particularly preferred. Of the oral immediate
release pharmaceutical compositions of the invention which comprise an
amount of oxycodone or a pharmaceutically acceptable salt thereof
equivalent to about 2.5 mg to about 20 mg of oxycodone hydrochloride and an
amount of naloxone or a pharmaceutically acceptable salt thereof equivalent
to about 1.25 mg to about 10 mg of naloxone hydrochloride in a ratio of
about 2:1 by weight, those can be preferred which provide for an AUCt of
oxycodone in the range of about 15 ng.h/mL to about 500 ng.h/mL, preferably
in the range of about 20 ng.h/mL to about 400 ng.h/mL, more preferably in
the range of about 25 ng.h/mL to about 300 ng.h/mL and even more preferably
in the range of about 30 ng.h/mL to about 250 ng.h/mL when administered in
a single dose study in human healthy volunteers.Such oral immediate release
pharmaceutical compositions may preferably comprise the hydrochloride salts
of oxycodone and naloxone. Of the oral immediate release pharmaceutical
compositions of the invention which comprise an amount of oxycodone or a
pharmaceutically acceptable salt thereof equivalent to about 2.5 mg to
about 20 mg of oxycodone hydrochloride and an amount of naloxone or a
pharmaceutically acceptable salt thereof equivalent to about 1.25 mg to
about 10 mg of naloxone hydrochloride in a ratio of about 2:1 by weight,
those can be preferred which provide for a Cmax of oxycodone in the range
of about 1 ng/mL to about 300 ng/mL, preferably in the range of about 2
ng/mL to about 200 ng/mL, more preferably in the range of about 3 ng/mL to
about 100 ng/mL, even more preferably in the range of about 4 ng/mL to
about 75 ng/mL and most preferably in the range of about 6 ng/mL to about
50 ng/mL when administered in a single dose study in human healthy
volunteers. Such oral immediate release pharmaceutical compositions may
preferably comprise the hydrochloride salts of oxycodone and naloxone. The
oral immediate release pharmaceutical compositions in accordance with the
invention may be in the form of, but are not limited to, a tablet, a
capsule, multiparticulates, e.g. granules, spheroids or beads, and liquids,
e.g a solution, suspension, or emulsion. Oral immediate release
pharmaceutical compositions in accordance with the invention may comprise
at least a diluent and optionally a disintegrant as pharmaceutically
acceptable excipients. Further, they may comprise other pharmaceutically
acceptable excipients such as lubricants, fillers, colourants, flavourants,
pH-adjusters, plasticizers, anti-tack agents, binders and the like. Oral
immediate release pharmaceutical compositions in accordance with the
invention may also comprise at least a disintegrant and optionally a
diluent as pharmaceutically acceptable excipients. Further they may
comprise other pharmaceutically acceptableexcipients such as lubricants,
fillers, colourants, flavourants, pH-adjusters, plasticizers, anti-tack
agents, binders and the like. It is to be understood that one preferably
can use excipients which have dual function both as a disintegrant and a
diluent such as the Starlac(r) product. In a particularly preferred
embodiment of the present invention, an oral immediate release
pharmaceutical composition comprises about 2.5 mg to about 20 mg of
oxycodone hydrochloride and about 1.25 mg to about 10 mg of naloxone
hydrochloride in about a 2:1 ratio (oxycodone hydrochloride: naloxone
hydrochloride) by weight, wherein the composition comprises oxycodone
hydrochloride and naloxone hydrochloride as the sole pharmaceutically
active agents, wherein the composition is in the form of a tablet, wherein
the formulation comprises at least a diluent and optionally a disintegrant
as pharmaceutically acceptable excipients and wherein the formulation
releases in vitro, when measured using the Ph. Eur. Paddle Method at 100
rpm in 0.1 N hydrochloric acid at 37C and using UV detection at 230 nm, >
80% of oxycodone or a pharmaceutically acceptable salt thereof by weight
and > 80 % of naloxone or a pharmaceutically acceptable salt thereof by
weight at 45 min. In a further preferred aspect of these particularly
preferred embodiments of the present invention, a pharmaceutical
composition may release in vitro, when measured using the Ph. Eur. Paddle
Method at 100 rpm in 0.1 N hydrochloric acid at 37C and using UV detection
at 230 nm, > 95% of oxycodone hydrochloride and > 95 % of naloxone
hydrochloride by weight at 15 min. Another aspect of these particularly
preferred embodiments of the present invention relates to pharmaceutical
compositions which provide for an AUCt of oxycodone in the range of about
25 ng.h/mL to about 300 ng.h/mL and more preferably in the range of about
30 ng.h/mL to about 250 ng.h/mL when administered in a single dose study in
human healthy volunteers. Such oral immediate release
pharmaceuticalcompositions may preferably comprise the hydrochloride salts
of oxycodone and naloxone. Another aspect of these particularly preferred
embodiments of the present invention relates to pharmaceutical compositions
which provide for a Cmax of oxycodone in the range of about 4 ng/mL to
about 75 ng/mL and more preferably in the range of about 6 ng/mL to about
50 ng/mL when administered in a single dose study in human healthy
volunteers. Such oral immediate release pharmaceutical compositions may 



preferably comprise the hydrochloride salts of oxycodone and naloxone.
Pharmaceutical compositions which provide in addition the AUC values of the
preceding paragraph are particularly preferred. Oral immediate release
pharmaceutical compositions in accordance with the invention can be used
for titrating patients suffering from pain, in particular those suffering
from chronic moderate to strong and even severe pain. Oral immediate
release pharmaceutical compositions in accordance with the invention can
also be used for treating breakthrough pain in patients suffering from
pain, in particular those suffering from chronic moderate to strong and
even severe pain. Oral immediate release pharmaceutical compositions in
accordance with the invention can also be used to treat pain and in
particular chronic moderate to strong and even severe pain in patients
suffering from pain. The present invention also relates to the use of oral
immediate release pharmaceutical compositions as described above and the
manufacture of a medicament for titrating patients suffering from pain, in
particular those suffering from chronic moderate to strong and even severe
pain.Further, the present invention relates to the use of oral immediate
release pharmaceutical compositions as described above and the manufacture
of a medicament for treating breakthrough pain in patients suffering from
pain, in particular in those suffering from chronic moderate to strong and
even severe pain. Further, the present invention relates to the use of an
oral immediate release pharmaceutical composition as described above and
the manufacture of a medicament for treating pain in patients suffering
from pain, in particular in those suffering from chronic moderate to strong
and even severe pain. The present invention in another aspect relates to a
method of titrating a patient suffering from pain, in particular from
chronic moderate to strong and even severe pain, by administering an oral
immediate release pharmaceutical composition as described above. Yet
another aspect of the present invention relates to a method of treating
breakthrough pain in a patient suffering from pain, in particular from
chronic moderate to strong and even severe pain, by administering an oral
immediate release pharmaceutical composition as described above. Yet
another aspect of the present invention relates to a method of treating
pain, in particular chronic moderate to strong and even severe pain, in
patients suffering from pain, by administering an oral immediate release
pharmaceutical composition as described above. Further, the present
invention relates to a method of manufacturing an oral immediate release
pharmaceutical composition as described above.FIGURE LEGENDS Fig. 1 depicts
a flow chart of a manufacturing process for pharmaceutical compositions of
the invention. Fig. 2 depicts the treatment schedule of the clinical trial
described in Experiment 2. Fig. 3 depicts the mean blood plasma
concentration of oxycodone as determined for IR OXN 2.5/1.25, IR OXN 5/2.5,
IR OXN 10/5 and IR OXN 20/10 in Experiment 2 for 2 1 subjects. Fig. 4
depicts the mean blood plasma concentration of naloxone as determined for
IR OXN 2.5/1.25, IR OXN 5/2.5, IR OXN 10/5 and IR OXN 20/10 in Experiment 2
for 2 1 subjects. Fig. 5 depicts the mean blood plasma concentration of
naloxone-3-glucuronide as determined for IR OXN 2.5/1.25, IR OXN 5/2.5, IR
OXN 10/5 and IR OXN 20/10 in Experiment 2 for 2 1 subjects. Fig. 6 depicts
the treatment schedule of the clinical trial described in Experiment 3.
Fig. 7 depicts the mean blood plasma concentration of oxycodone as
determined for IR OXN 20/10, IR Oxycodone 20 mg and PR Oxycodone 20/10
(Targin(r)) in Experiment 3 for 2 1 subjects. Fig. 8 depicts the mean blood
plasma concentration of naloxone as determined for IR OXN 20/10, IR
Oxycodone 20 mg and PR Oxycodone 20/10 (Targin(r)) in Experiment 3 for 2 1
subjects.Fig. 9 depicts the mean blood plasma concentration of
naloxone-3-glucuronide as determined for IR OXN 20/10, IR Oxycodone 20 mg
and PR Oxycodone 20/10 (Targin(r)) in Experiment 3 for 2 1 subjects.
DETAILED DESCRIPTION OF THE INVENTION The present invention as
illustratively described in the following may suitably be practised in the
absence of any element or elements, limitation or limitations, not
specifically disclosed herein. The present invention will be described with
respect to particular embodiments and with reference to certain figures but
the invention is not limited thereto but only by the claims. The figures as
described are only schematic and non-limiting. Terms as set forth
hereinafter are generally to be understood in their common sense unless
indicated otherwise . Where the term "comprising" is used in the present
description and claims, it does not exclude other elements. For the
purposes of the present invention, the term "consisting of is considered to
be a preferred embodiment of the term "comprising of. If hereinafter a
group is defined to comprise at least a certain number of embodiments, this
is also to be understood to disclose a group which preferably consists only
of these embodiments. Where an indefinite or definite article is used when
referring to a singular noun, e.g. "a", "an" or "the", this includes a
plural of that noun unless something else is 



specifically stated. The terms "about" or "approximately" in the context of
the present invention denote an interval of accuracy that the person
skilled in the art will understand to still ensure the technical effect of
the feature in question. The term typically indicates deviation from the
indicated numerical value of 10%, and preferably of 5%.If in the following
reference is made to oxycodone or naloxone, this always also includes the
reference to a pharmaceutically acceptable salt of the free base of
oxycodone or a pharmaceutically acceptable salt of the free base of
naloxone or to derivatives thereof unless it is specifically indicated that
the term "oxycodone" or "naloxone" should only refer to the free base. The
term "immediate release" refers to the release rate by which the active
ingredients, i.e. oxycodone or a pharmaceutically acceptable salt thereof
and naloxone or a pharmaceutically acceptable salt thereof, are released
from the pharmaceutical composition. In line with the general
understanding, the term "immediate release" refers to pharmaceutical
compositions showing a release of the active substance(s) which is not
deliberately modified by a special formulation design and/or manufacturing
methods. The term "immediate release" in particular refers to the property
that pharmaceutical compositions in accordance with the invention release
in vitro, when measured using the Ph. Eur. Paddle Method at 100 rpm in 0.1
N hydrochloric acid at 37C and using UV detection at 230 nm, > 75% of
oxycodone or a pharmaceutically acceptable salt thereof by weight and > 75%
of naloxone or a pharmaceutically acceptable salt thereof by weight at 45
min. The in vitro release rates are determined according to the European
Pharmacopeia (Ph. Eur.) Paddle method as described in the Ph. Eur. 2.9.3
6th edition. The paddle speed is set at 100 rpm in simulated gastric fluid
(USP (United States Pharmacopeia without pepsin)) dissolution medium.
Aliquots of the dissolution media are withdrawn at 15 minutes and 45
minutes and analysed by HPLC using a reverse phase Merck LiChrospher 60 RP
Select B column maintained at 600C. The mobile phase consists of 85:15 v/v;
pH 2.0 potassium chloride:methanol. Ultravioletdetection takes place at 230
nm. Oxycodone and naloxone are quantified by an external standard assay. If
the oral immediate release pharmaceutical dosage form comprises an amount
of oxcodone or a pharmaceutically acceptable salt thereof equivalent to an
amount of up to 5 mg of oxycodone hydrochloride and an amount of naloxone
or a pharmaceutically acceptable salt thereof equivalent to an amount of up
to 2.5 mg of naloxone hydrochloride, the Ph. Eur. paddle test is performed
in 500 ml of 0.1 N hydrochloric acid. If the oral immediate release
pharmaceutical dosage form comprises an amount of oxcodone or a
pharmaceutically acceptable salt thereof equivalent to an amount of more
than 5 mg of oxycodone hydrochloride and an amount of naloxone or a
pharmaceutically acceptable salt thereof equivalent to an amount of more
than 2.5 mg of naloxone hydrochloride, the Ph. Eur. paddle test is
performed in 900 ml of 0.1 N hydrochloric acid. The term "titration" and
its grammatical variations as mentioned hereinafter refers to the process
by which a medical practitioner identifies a suitable dosage for a specific
opioid such as oxycodone hydrochloride for a patient suffering from pain
and in particular from chronic moderate to strong and even severe pain. As
patients suffering from pain have different requirements with respect to
the amount of opioid analgesics to be dosed due to their different
metabolic properties, typically a physician first tries escalating doses of
an immediate release formulation of an opioid formulation to identify the
dosage amount of the opioid which will be sufficient for the patient to be
pain-free or to have at least a significant reduction of pain intensity to
provide acceptable pain control. When a dosage amount being suitable to
permanently control the (chronic) pain experienced by these patients is
identified, the patient is typically changed to acontrolled release
formulation with a corresponding dosage amount so that the medication can
be taken on a by-the-clock regimen at a reduced frequency, e.g. every 12
hours or only once a day. Such patients, who without pain treatment would
suffer from chronic pain sensation, are typically designated as patients
with controlled background pain. In the context of the present invention
the term "breakthrough pain" and its grammatical variations refer to a
transitory increase in pain above the baseline or background pain
experienced by patients being treated on a by-the-clock regimen of opioids.
The term "baseline pain" as used hereinafter is typically the pain that is
reported by a patient as the average pain intensity experience for e.g. 12
or more hours with the patient being on an opioid regimen for treating
pain. Pain intensities of baseline pain will typically be determined using
common methods such as a numerical analogue scale test (NAS). Determination
of breakthrough pain attacks and baseline pain has been described in e.g.
Portenoy et al. (1999) (The Journal of Pain 7(8):583-591) and Portenoy et
al. (1999) (Pain 81:129-134). The definitions of breakthrough pain and
controlled baseline pain as given in these publications are incorporated by
reference herein. Thus, the designation of controlled baseline pain will
typically require that two criteria are met. First the patient will have to
answer the question "Does your pain currently have a component that you
would describe as "constant" or "almost constant" or "would be constant or
almost constant" if not for the treatment being received?" in the
affirmative. Second, the patient must be required to be treated by an
opioid regimen 



that is consistent with relatively good pain control. The person skilled in
the art will know how to determine controlled baseline pain on the basis of
the information provided in the two references.Breakthrough pain will then
be identified as a flare of pain which is experienced by the patient above
the level of a controlled baseline pain. Pain intensity may be assessed
using e.g. a 5-point categorical scale with the items "none", "slight",
"moderate", "severe" and "excruciating". A patient will typically
experience a breakthrough pain attack if this attack has been rated by the
patient as either severe or excruciating. The term "bioequivalence" and its
grammatical variations as mentioned hereinafter are used in their common
sense. In particular, a pharmaceutical composition is said to be
bioequivalent to a reference pharmaceutical composition if the 90%
confidence interval of the mean value for the area under the curve (AUC)
(AUCt or AUCinf) of the blood plasma levels of the pharmaceutical test
composition is within 80% to 125% of the corresponding mean value of the
reference pharmaceutical composition and if the 90% confidence interval of
the mean value for the maximum concentration (Cmax) of the blood plasma
levels of the pharmaceutical test composition is within 80% to 125% of the
corresponding mean value of the reference pharmaceutical composition. The
Cmax value indicates the maximum blood plasma concentration of the active
agents, i.e. oxycodone and/or naloxone (or of their salts such as the
hydrochloride salt). The tmax value indicates the time point at which the
Cmax value is reached. In other words, tmax is the time point of the
maximum observed plasma concentration. The AUC (Area Under the Curve) value
corresponds to the area of the concentration curve. The AUC value is
proportional to the amount of active agents, i.e. oxycodone and naloxone
(or of their salts such as the hydrochloride salt) absorbed into the blood
circulation in total and is hence a measure of the bioavailability.The AUCt
value is the value for the area under the plasma concentration-time curve
from the time of administration to the last measurable concentration. AUCt
values are usually calculated using the trapezoidal method. Where possible,
LambdaZ, which is the terminal phase rate constant, is estimated using
those points determined to be in the terminal lock-linear phase. tl/2Z,
which is the apparent terminal phase half-life, is commonly determined from
the ratio of In2 to LambdaZ. The areas under the plasma concentration-time
curve between the last measured point and infinity may be calculated from
the ratio of the final observed plasma concentration (Ciast) to LambdaZ.
This is then added to the AUCt to yield AUC inf, which is the area under
the plasma concentration-time curve from the time of administration to
infinity. The term "bioavailability" is defined for purposes of the present
invention as the extent to which active agents such as oxycodone and
naloxone (or their salts such as the hydrochloride salt) are absorbed after
oral administration of the pharmaceutical composition. The term "steady
state" can be described as follows: At the time t = 0, the time the first
dose is administered, the concentration C = O. The concentration then
passes through a first maximum and then drops to a first minimum. Before
the concentration drops to 0, another dose is administered, so that the
second increase in concentration doesn't start at 0. Building on this first
concentration minimum, the curve passes through a second maximum after the
second dose has been administered, which is above the first maximum, and
drops to a second minimum, which is above the first minimum. Thus, the
blood plasma curve escalates due to the repeated doses and the associated
step-by-step accumulation of active agent, until it levels off to a point
where absorption and elimination are in balance. The state, at which
absorption and elimination are in equilibrium and the concentration
oscillates constantly between a defined minimum and a defined maximum, is
called steady state.The terms "maintenance therapy" and "chronic therapy"
are defined for purposes of the present invention as the drug therapy
administered to a patient after a patient is titrated with an opioid
analgesic to a steady state as define above. Baseline pain as mentioned
above refers to the pain sensation during maintenance/chronic therapy.
Parameters describing the blood plasma curve can be obtained in clinical
trials, first by once-off administration of the active agent such as
oxycodone and naloxone (or of their salts such as the hydrochloride salt)
to a number of test persons. The blood plasma values of the individual test
persons are then averaged, e.g. a mean AUC, Cmax and tmax value is
obtained. In the context of the present invention, pharmacokinetic
parameters such as AUC, Cmax and tmax refer to mean values unless indicated
otherwise. Further, in the context of the present invention, in vivo
parameters such as values for AUC, Cmax, tmax, or analgesic efficacy refer
to parameters or values obtained after administration at steady state or of
a single dose to human patients and/or healthy human subjects. If
pharmacokinetic parameters such as mean tmax, cmax and AUC are measured for
healthy human subjects, they are typically obtained by measuring the
development of blood plasma values over time in a test population of
approximately 16 to 24 healthy human subjects. Regulatory bodies such as
the European Agency for the Evaluation of Medicinal Products (EMEA) or the
Food and Drug Administration (FDA) will usually accept data obtained from
e.g. 20 or 24 test persons. However, initial trials involving fewer
participants such as 5 test persons may also be acceptable. The term
"healthy" human subject in this context refers to a typical male or female
of 



usually Caucasian origin with average values as regards height, weight and
physiological parameters such as blood pressure etc. Healthy human subjects
for thepurposes of the present invention are selected according to
inclusion and exclusion criteria which are based on and in accordance with
recommendations of the International Conference for Harmonization of
Clinical Trials (ICH). For the purposes of the present invention, healthy
subjects may be identified according to the inclusion and exclusion
criteria as laid out in e.g. Example 2 and Example 3. Thus, inclusion
criteria comprise e.g. an age between >18 and <60 years; e.g. a BMI within
the range 19 - 29 kg/m2, and e.g. within the weight range 60 - 100 kg for
males and 55 - 90 kg for females; that females must be non-nursing,
non-pregnant, and provide a negative urine b-hCG pregnancy test within 24
hours before receiving the study medication; generally good health,
evidenced by a lack of significantly abnormal findings on medical history,
physical examination, clinical laboratory tests, vital signs, and ECG etc.
Exclusion criteria comprise e.g. exposure to any investigational drug or
placebo within 3 months of the first dose of study medication, any
significant illness within the 30 days before the first dose of study
medication, any clinically significant abnormalities identified at prestudy
screening for medical history, physical examination or laboratory analyses,
use of any prescription medication (except HRT for postmenopausal females
and contraceptive medication) in the 2 1 days, or over the counter
medication including acid controllers, vitamins, herbal products and/or
mineral supplements in the 7 days, before first dose of study medication,
concurrent medical condition known to interfere with gastrointestinal drug
absorption (e.g. delayed gastric emptying, mal absorption syndromes),
distribution (e.g. obesity), metabolism or excretion (e.g. hepatitis,
glomerulonephritis), history of or concurrent medical condition, which in
the opinion of the investigator would compromise the ability of the subject
to safely complete the study, history of seizure disorders for which
subjects required pharmacologic treatment, current history of smoking more
than 5 cigarettes a day, subjects with evidence of active or past history
of substance or alcohol abuse according to DSM-IV criteria, subjects who
reported regularconsumption of 2 or more alcoholic drinks per day or have
blood alcohol levels of >0.5% at screening, donation of more than 500 mL of
blood or blood products or other major blood loss in the 3 months before
first dose of study medication, any positive results in the prestudy screen
for ethanol, opiates, barbiturates, amphetamines, cocaine metabolites,
methadone, propoxyphene, phencyclidine, benzodiazepines, and cannabinoids
in the specimen of urine collected at screening, known sensitivity to
oxycodone, naloxone, or related compounds etc. If pharmacokinetic
parameters such as mean tmax, cmax and AUC are obtained in patients, the
patient group will comprise typically between 10 to 200 patients. A
reasonable number of patients will e.g. be 10, 20, 30, 40, 50, 75, 100, 125
or 150 patients. Patients will be selected according to symptoms of the
condition to be treated. Patients may be e.g. > 18 years, suffer from
moderate to strong and even severe chronic pain of tumor and non-tumor
origin, will show insufficient efficacy and/or tolerability with a WHO step
II or III analgesic etc. A patient may e.g. not be considered for
determination of pharmacokinetic parameters if there are indications of
current alcohol or drug abuse, of current severe cardiovascular and
respiratory diseases, of severe liver and renal insufficiency etc. It is to
be understood that values of pharmacokinetic parameters as indicated above
and below have been deduced on the basis of the data which were obtained in
Examples 2 and 3, all of which relate to single dose studies in healthy
human subjects. However, it is assumed that comparable results will be
obtained upon steady state administration in healthy human subjects or
single dose and steady state administration in human patients. The skilled
person, of course, knows that Cmax of steady state will be higher than Cmax
after single dose administration. Pharmacokinetic parameter calculations
may be performed with WinNonlin Enterprise Edition, Version 4.1.As
mentioned above, the present invention relates to an oral immediate release
pharmaceutical composition comprising at least oxycodone or a
pharmaceutically acceptable salt thereof and naloxone or a pharmaceutically
acceptable salt thereof in about a 2:1 ratio (oxycodone or a
pharmaceutically acceptable salt thereof: naloxone or a pharmaceutically
acceptable salt thereof) by weight. As set forth hereinafter, such oral
immediate release pharmaceutical compositions comprising at least oxycodone
or a pharmaceutically acceptable salt thereof and naloxone or a
pharmaceutically acceptable salt thereof in about a 2:1 ratio (oxycodone or
a pharmaceutically acceptable salt thereofnaloxone or pharmaceutically
acceptable salt thereof) by weight are bioequivalent when tested against a
reference controlled release pharmaceutical composition comprising
oxycodone hydrochloride and naloxone hydrochloride in a 2:1 ratio
(oxycodone hydrochloride :naloxone hydrochloride) by weight. The controlled
release reference pharmaceutical composition used in Example 3 comprising
oxycodone hydrochloride and naloxone hydrochloride in a 2:1 ratio by weight
is available on the German market under the trade name Targin(r) tablets.
For Targin(r) tablets it has been shown that this controlled release
formulation not only provides excellent pain control in patients suffering
e.g. from strong to severe pain but also provides a very good side effect
profile. The improvement of side effects by the use of Targin(r) tablets
can be assessed as an improvement of bowel function, as a reduction in
opioid-induced constipation, as a reduction in opioid-induced urinary
retention and as an increased tolerability of and preference for the
medication by patients suffering from pain (see e.g. Vondrackova et al, J.
Pain (2008), 9(12): 1144-1 154, Nadstawek et al, Int. J. 



Clin. Pract. (2008), 62(8): 1159-1 167 and Meissner et al., Eur. J. Pain
(2008) Article in Press)). Further, as becomes clear from Experiment 2,
oral immediate release pharmaceutical compositions of the invention are
dose-proportional, particularly when they comprise an amount of oxycodone
or a pharmaceutically acceptable salt thereof equivalent toabout 2.5 mg to
about 20 mg of oxycodone hydrochloride and an amount of naloxone or a
pharmaceutically acceptable salt thereof equivalent to about 1.25 mg to
about 10 mg of naloxone hydrochloride in a ratio of about 2:1 by weight. In
view of the bioequivalence, which in this case is the equivalence of extent
of delivery of the immediate release pharmaceutical compositions comprising
oxycodone or a pharmaceutically acceptable salt thereof and naloxone or a
pharmaceutically acceptable salt thereof in a about 2:1 ratio by weight, to
the controlled release formulation Targin(r) tablets (and particularly in
view of the unexpected extent of the bioavailability and the fact that the
first pass effect of naloxone is maintained also for the immediate release
formulation), it seems justified to assume that immediate release
pharmaceutical compositions in accordance with the invention will not only
be effective in efficiently providing pain relief in patients suffering
from pain, in particular from chronic moderate to strong and even severe
pain, but that patients treated with these compositions will also
experience a comparable, if not the same improvement as regards the side
effect profile observed for Targin(r) tablets, particularly in comparison
to oral immediate release formulations known from the prior art which
comprise only the opioid agonist oxycodone hydrochloride. Thus, oral
immediate release pharmaceutical compositions in accordance with the
invention are assumed to be efficient in pain treatment and to show an
improvement with respect to side effects such as reduction in
opioid-induced constipation, a reduction in opioid-induced urinary
retention, and an improvement in tolerance of and preference for the
medication by patients as compared to immediate release pharmaceutical
compositions of the prior art which comprise only the opioid agonist
oxycodone hydrochloride. These properties in combination with the dose
proportionality of oral immediate release pharmaceutical compositions of
the invention will allow physicians to use thepharmaceutical compositions
in accordance with the invention in situations where, in the past,
controlled release pharmaceutical compositions comprising oxycodone or a
pharmaceutically acceptable salt thereof and naloxone or a pharmaceutically
acceptable salt thereof would have been preferred over immediate release
formulations comprising only the opioid agonist oxycodone in view of the
improved side effect profile of the controlled release formulation. The
oral immediate release pharmaceutical compositions of the invention are
particularly suitable for titration of patients suffering from pain and/or
for treating breakthrough pain in patients suffering from pain. In
particular, the oral immediate release formulations of the present
invention may be used for titrating a patient suffering from pain and in
particular from strong to severe (chronic) pain for which titration with
controlled release formulations of oxycodone and naloxone in the past would
have meant an unpleasant if not unacceptable experience of pain due to the
delayed action of controlled release preparations. Furthermore, oral
immediate release formulations in accordance with the present invention can
be used to treat e.g. breakthrough pain attacks in patients, who are
already treated with controlled release formulations of oxycodone or a
pharmaceutically acceptable salt thereof and naloxone or a pharmaceutically
acceptable salt thereof but nevertheless have experienced sudden pain
attacks and therefore have required an immediate release formulation
comprising only the opioid oxycodone hydrochloride. As mentioned, the
pharmaceutical dosage forms of the present invention also relate to an oral
immediate release pharmaceutical composition comprising at least oxycodone
or a pharmaceutically acceptable salt thereof and naloxone or a
pharmaceutically acceptable salt thereof, wherein the composition is
provided in the form of a tablet and wherein the composition provides a
fast in vitro dissolution profile such that e.g. more than 90% or even more
than 95% of the actives arereleased after 15 min. These combined properties
have the advantage that the composition may be administered in solid form,
e.g. as tablet which can be swallowed. At the same time, patient groups
such as children or elderly persons who may have problems with swallowing,
may administer the tablet by firstly dissolving it rapidly in liquid prior
to administration or it may be placed directly in the mouth for fast
dissolve in the saliva. This can be of important convenience if pain
attacks suddenly occur so that quick pain relief is required. As already
mentioned, the present invention essentially relates to an oral immediate
release pharmaceutical composition comprising at least oxycodone or a
pharmaceutically acceptable salt thereof and naloxone or a pharmaceutically
acceptable salt thereof, preferably in about a 2:1 ratio (oxycodone or a
pharmaceutically acceptable salt thereof: naloxone or a pharmaceutically
acceptable salt thereof) by weight. In principle, the oral immediate
release pharmaceutical compositions may comprise pharmaceutically active
agents in addition to oxycodone and naloxone. However, in a preferred
embodiment of all aspects of the invention, oral immediate release
pharmaceutical compositions in accordance with the invention comprise
oxycodone or a pharmaceutically acceptable salt thereof and naloxone or a
pharmaceutically acceptable salt thereof as the sole pharmaceutically
active agents. Oxycodone and naloxone may be present in the oral immediate
release 



pharmaceutical dosage forms of the present invention as free base. However,
oxycodone or naloxone may also be present in the form of their
pharmaceutically acceptable salts. Such salts include e.g. the
hydrochloride salt, the sulphate salt, the bisulphate salt, the tartrate
salt, the nitrate salt, the citrate salt, the bitartrate salt, the
phosphate salt, the malate salt, the maleate salt, the hydrobromide salt,
the hydroiodide salt, the fumarate salt, the succinate salt and the
like.Oxycodone and naloxone as mentioned hereinafter may also be present as
base addition salts such as metal salts of alkali metals including lithium,
sodium and potassium. They may also be present in the form of derivatives
of the free base. Such derivatives include e.g. esters. In a preferred
embodiment, the present invention uses oxycodone hydrochloride and naloxone
hydrochloride. In a further preferred embodiment of the present invention,
oral immediate release pharmaceutical compositions comprise oxycodone
hydrochloride and naloxone hydrochloride, preferably in about a 2:1 ratio
by weight as the sole pharmaceutically active agents. The oral immediate
release pharmaceutical compositions of the present invention will comprise
oxycodone in an amount that will be sufficient to treat pain and in
particular strong to severe (chronic) pain in patients. Typically, a
pharmaceutical composition of the invention will comprise an amount of
oxycodone or a pharmaceutically acceptable salt thereof equivalent to about
1mg to about 160 mg of oxycodone hydrochloride. The amount of naloxone in
the pharmaceutical compositions of the present invention will be chosen
such that the amount of naloxone administered does not substantially
negatively influence the pain relief mediated by oxycodone. Typically, a
pharmaceutical composition of the present invention will comprise an amount
of naloxone or a pharmaceutically acceptable salt thereof equivalent to
about 0.5 mg to about 80 mg of naloxone hydrochloride. It is to be
understood that the amount of oxycodone or a pharmaceutically acceptable
salt thereof and of naloxone or a pharmaceutically acceptable salt thereof
can be chosen such that the ratio of oxycodone or a pharmaceutically
acceptable salt thereof :naloxone or a pharmaceutically acceptable salt
thereof is about 2:1 by weightbased on the weight of oxycodone or a
pharmaceutically acceptable salt thereof and naloxone or a pharmaceutically
acceptable salt thereof. Thus, pharmaceutical compositions of the present
invention will typically comprise an amount of oxycodone or a
pharmaceutically acceptable salt thereof equivalent to about 1mg to about
160 mg of oxycodone hydrochloride, equivalent to about 1mg to about 80 mg
of oxycodone hydrochloride, equivalent to about 1mg to about 40 mg of
oxycodone hydrochloride, equivalent to about 1mg to about 20 mg of
oxycodone hydrochloride, equivalent to about 1mg to about 10 mg of
oxycodone hydrochloride, equivalent to about 1mg to about 5 mg of oxycodone
hydrochloride and equivalent to about 1mg to about 2.5 mg of oxycodone
hydrochloride. Further, pharmaceutical compositions of the present
invention will typically comprise an amount of naloxone or a
pharmaceutically acceptable salt thereof equivalent to about 0.5 mg to
about 80 mg of naloxone, equivalent to about 0.5 mg to about 40 mg of
naloxone hydrochloride, equivalent to about 0.5 mg to about 20 mg of
naloxone hydrochloride, equivalent to about 0.5 mg to about 10 mg of
naloxone hydrochloride, equivalent to about 0.5 mg to about 5 mg of
naloxone hydrochloride, equivalent to about 0.5 mg to about 2.5 mg of
naloxone hydrochloride, and equivalent to about 0.5 mg to about 1.25 mg of
naloxone hydrochloride. Preferred embodiments of the present invention
relate to pharmaceutical compositions which comprise an amount of oxycodone
or a pharmaceutically acceptable salt thereof equivalent to about 2.5 mg to
about 40 mg of oxycodone hydrochloride, preferably to about 2.5 mg to about
20 mg of oxycodone hydrochloride, and an amount of naloxone or a
pharmaceutically acceptable salt thereof equivalent to about 1.25 mg to
about 20 mg of naloxone hydrochloride, preferably to about 1.25 mg to about
10 mg of naloxone hydrochloride. These compositions may in particular use
the hydrochloride salts of oxycodone and naloxone.Particularly preferred
dosage strengths of oral immediate release pharmaceutical compositions in
accordance with the invention comprise an amount of oxycodone or a
pharmaceutically acceptable salt thereof equivalent to about 2.5 mg and an
amount of naloxone or a pharmaceutically acceptable salt thereof equivalent
to about 1.25 mg, an amount of oxycodone or a pharmaceutically acceptable
salt thereof equivalent to about 5 mg of oxycodone hydrochloride and an
amount of naloxone or a pharmaceutically acceptable salt thereof equivalent
to about 2.5 mg of naloxone hydrochloride, an amount of oxycodone or a
pharmaceutically acceptable salt thereof equivalent to about 10 mg of
oxycodone hydrochloride and an amount of naloxone or a pharmaceutically
acceptable salt thereof equivalent to about 5 mg of naloxone hydrochloride,
and an amount of oxycodone or a pharmaceutically acceptable salt thereof
equivalent to about 20 mg of oxycodone hydrochloride and an amount of
naloxone or a pharmaceutically acceptable salt thereof equivalent to about
10 mg of naloxone hydrochloride. These compositions may in particular use
the hydrochloride salts of oxycodone and naloxone. Particularly preferred
embodiments of the present invention relate to oral immediate release
pharmaceutical compositions comprising 2.5 mg of oxycodone hydrochloride
and 1.25 mg of naloxone hydrochloride, 5 mg of oxycodone hydrochloride and
2.5 mg of naloxone hydrochloride, 10 mg of oxycodone hydrochloride and 5 mg
of naloxone hydrochloride, and 20 mg of oxycodone hydrochloride and 10 mg
of naloxone hydrochloride. 



Oral immediate release pharmaceutical compositions in accordance with the
invention which comprise oxycodone or a pharmaceutically acceptable salt
thereof and naloxone or a pharmaceutically acceptable salt thereof in about
a 2:1 ratio by weight, typically release in vitro, when measured using the
Ph. Eur. Paddle Method at 100 rpm in 0.1 N hydrochloric acid at 37C and
using UV detection at 230 nm, > 75% of oxycodone or a pharmaceutically
acceptable salt thereof by weight and > 75% of naloxone or a
pharmaceutically acceptable salt thereof by weight at 45 min. More
preferably, pharmaceutical compositions in accordance with the invention
release in vitro, when measured using the Ph. Eur. Paddle Method at 100 rpm
in 0.1 N hydrochloric acid at 37C and using UV detection at 230 nm, > 80%
of oxycodone or a pharmaceutically acceptable salt thereof by weight and >
80 % of naloxone or a pharmaceutically acceptable salt thereof by weight at
45 min. Even more preferably, pharmaceutical compositions in accordance
with the present invention which comprise oxycodone or a pharmaceutically
acceptable salt thereof and naloxone or a pharmaceutically acceptable salt
thereof in about a 2:1 ratio by weight, release in vitro, when measured
using the Ph. Eur. Paddle Method at 100 rpm in 0.1 N hydrochloric acid at
37C and using UV detection at 230 nm, > 80%, and preferably > 90%, and even
more preferably > 95%, of oxycodone or a pharmaceutically acceptable salt
thereof and > 80%, preferably > 90%, and even more preferably > 95%, of
naloxone or a pharmaceutically acceptable salt thereof at 15 min. Oral
immediate release pharmaceutical compositions in accordance with the
present invention may be provided in a dosage form common for immediate
release formulations. Thus, oral immediate release pharmaceutical
compositions according to the present invention may be in solid form such
as a tablet, a capsule, multiparticulates, e.g. granules, spheroids or
beads, or liquids, e.g. a solution, suspension, or emulsion. A preferred
dosage form for oral immediate release pharmaceutical compositions of the
present invention is a tablet. When producing oral immediate release
pharmaceutical compositions in accordance with the present invention one
may use, in addition to oxycodone or a pharmaceutically acceptable salt
thereof and naloxone or a pharmaceutically acceptable salt thereof,
pharmaceutically acceptable excipients as they are common in the
pharmaceutical arts. Typical pharmaceutically acceptable excipients
aredisintegrants, diluents, lubricants, glidants, anti-tacking agents,
plasticizers, colourants, flavorants, binders, pH adjusters and the like.
These excipients (with the exception of disintegrants) are to be chosen
such that they do not substantially alter the immediate release in vitro
release rates as described above. It can be preferred for the
pharmaceutical compositions of the present invention to comprise at least a
diluent and optionally a disintegrant as pharmaceutically acceptable
excipients, particularly if the pharmaceutical compositions of the present
invention are provided as a tablet. It can also be preferred for the
pharmaceutical compositions of the present invention to comprise at least a
disintegrant and optionally a diluent as pharmaceutically acceptable
excipients, particularly if the pharmaceutical compositions of the present
invention are provided as a tablet. It can further be preferred to use
excipients which act both as a disintegrant and a diluent. The
disintegrant, for example, will ensure that the tablet after administration
will rapidly disintegrate so that the active ingredients oxycodone or a
pharmaceutically acceptable salt thereof and naloxone or a pharmaceutically
acceptable salt thereof become readily available for absorption. Diluents
may be selected from but are not limited to lactose such as lactose
monohydrate, lactose anhydrous, starch such as maize starch, pregelatinized
starch, microcrystalline cellulose, glucose, Mannitol, Maltitol, StarLac(r)
(85% spray dried lactose, 15% maize starch), saccharose, calcium salts like
calcium hydrogen phosphate or any combinations of the above. Disintegrants
may be selected from but are not limited to inter alia StarLac(r) (85%
spray dried lactose, 15% maize starch), croscarmellose such as
croscarmellose sodium, sodium starch glycolate, crospovidone, alginic acid,
or low substituted hydroxypropyl cellulose.A combination of lactose and
starch such as the Starlac(r) product can be particularly preferred as it
combines the properties of a filler and a disintegrant. Glidants and
lubricants may be selected but are not limited to inter alia highly
dispersed silica, talcum, magnesium oxide, magnesium stearate, sodium
stearyl fumarate etc. Flowing agents and lubricants comprise inter alia
highly dispersed silica, talcum, magnesium oxide, magnesium stearate,
sodium stearyl fumarate etc. If pharmaceutical compositions of the present
invention are provided as a tablet, they may be coated for identification
purposes with a cosmetic coating. Such coatings will have no substantial
impact on the immediate release properties of the pharmaceutical
compositions in accordance with the invention. In a preferred embodiment,
the present invention relates to oral immediate release pharmaceutical
compositions comprising about 2.5 to about 160 mg of oxycodone
hydrochloride and about 1.25 mg to about 80 mg of naloxone hydrochloride in
about a 2 :1 ratio (oxycodone hydrochloride :naloxone hydrochloride) by
weight, wherein the formulation releases in vitro, when measured using the
Ph. Eur. Paddle Method at 100 rpm in 0.1 N hydrochloric acid at 37C and
using UV detection at 230 nm, > 90% and preferably_^95% of oxycodone
hydrochloride by weight and > 90% and preferably >95 % of naloxone
hydrochloride by weight at 15 min. Preferably such compositions comprise a
disintegrant and take a solid form such as a tablet. 



In another preferred embodiment, the present invention relates to oral
immediate release pharmaceutical compositions comprising about 2.5 to about
80 mg of oxycodone hydrochloride and about 1.25 mg to about 40 mg of
naloxone hydrochloride in about a 2 :1 ratio (oxycodone hydrochloride
:naloxonehydrochloride) by weight, wherein the formulation releases in
vitro, when measured using the Ph. Eur. Paddle Method at 100 rpm in 0.1 N
hydrochloric acid at 37C and using UV detection at 230 nm, > 90% and
preferably 5% of oxycodone hydrochloride by weight and > 90% and preferably
>95 % of naloxone hydrochloride by weight at 15 min. Preferably such
compositions comprise a disintegrant and take a solid form such as a
tablet. In another preferred embodiment, the present invention relates to
oral immediate release pharmaceutical compositions comprising about 2.5 to
about 40 mg of oxycodone hydrochloride and about 1.25 mg to about 20 mg of
naloxone hydrochloride in about a 2:1 ratio (oxycodone hydrochloride
:naloxone hydrochloride) by weight, wherein the formulation releases in
vitro, when measured using the Ph. Eur. Paddle Method at 100 rpm in 0.1 N
hydrochloric acid at 37C and using UV detection at 230 nm, > 90% and
preferably 95% of oxycodone hydrochloride by weight and > 90% and
preferably >95 % of naloxone hydrochloride by weight at 15 min. Preferably
such compositions comprise a disintegrant and take a solid form such as a
tablet. In another preferred embodiment, the present invention relates to
oral immediate release pharmaceutical compositions comprising about 2.5 to
about 20 mg of oxycodone hydrochloride and about 1.25 mg to about 10 mg of
naloxone hydrochloride in about a 2:1 ratio (oxycodone hydrochloride
:naloxone hydrochloride) by weight, wherein the formulation releases in
vitro, when measured using the Ph. Eur. Paddle Method at 100 rpm in 0.1 N
hydrochloric acid at 37C and using UV detection at 230 nm, > 90% and
preferably 5% of oxycodone hydrochloride by weight and > 90% and preferably
5 % of naloxone hydrochloride by weight at 15 min. Preferably such
compositions comprise a disintegrant and take a solid form such as a
tablet.In yet another preferred embodiment, the present invention relates
to oral immediate release pharmaceutical compositions comprising about 2.5
to about 10 mg of oxycodone hydrochloride and about 1.25 mg to about 5 mg
of naloxone hydrochloride in about a 2:1 ratio (oxycodone hydrochloride
:naloxone hydrochloride) by weight, wherein the formulation releases in
vitro, when measured using the Ph. Eur. Paddle Method at 100 rpm in 0.1 N
hydrochloric acid at 37C and using UV detection at 230 nm, > 90% and
preferably 5% of oxycodone hydrochloride by weight and > 90% and preferably
95 % of naloxone hydrochloride by weight at 15 min. Preferably such
compositions comprise a disintegrant and take a solid form such as a
tablet. Of the oral immediate release pharmaceutical compositions of the
invention which comprise an amount of oxycodone or a pharmaceutically
acceptable salt thereof equivalent to about 2.5 mg to about 20 mg of
oxycodone hydrochloride and an amount of naloxone or a pharmaceutically
acceptable salt thereof equivalent to about 1.25 mg to about 10 mg of
naloxone hydrochloride in a ratio of about 2:1 by weight, those can be
preferred which provide for an AUCt of oxycodone in the range of about 15
ng.h/mL to about 500 ng.h/mL, preferably in the range of about 20 ng.h/mL
to about 400 ng.h/mL, more preferably in the range of about 25 ng.h/mL to
about 300 ng.h/mL, and even more preferably in the range of about 30
ng.h/mL to about 250 ng.h/mL, when administered in a single dose study in
healthy human volunteers. Such oral immediate release pharmaceutical
compositions may preferably comprise the hydrochloride salts of oxycodone
and naloxone. Of the oral immediate release pharmaceutical compositions of
the invention which comprise an amount of oxycodone or a pharmaceutically
acceptable salt thereof equivalent to about 2.5 mg to about 20 mg of
oxycodone hydrochloride and an amount of naloxone or a pharmaceutically
acceptable salt thereof equivalent to about 1.25 mg to about 10 mg of
naloxone hydrochloride in a ratio of about 2:1 by weight, those can be
preferred which provide for a Cmax of oxycodone in the range of about1
ng/niL to about 300 ng/niL, preferably in the range of about 2 ng/mL to
about 200 ng/mL, more preferably in the range of about 3 ng/mL to about 100
ng/mL, even more preferably in the range of about 4 ng/mL to about 75 ng/mL
and most preferably in the range of about 6 ng/mL to about 50 ng/mL when
administered in a single dose study in healthy human volunteers. Such oral
immediate release pharmaceutical compositions may preferably comprise the
hydrochloride salts of oxycodone and naloxone. Embodiments of the present
invention also relate to oral immediate release pharmaceutical compositions
which comprise oxycodone or a pharmaceutically acceptable salt thereof and
naloxone or a pharmaceutically acceptable salt thereof and wherein the
pharmaceutical composition after storage under stressed conditions releases
the pharmaceutically active agents with substantially the same release rate
as before subjecting the pharmaceutical composition to stressed conditions.
Other embodiments of the present invention relate oral immediate release
pharmaceutical compositions which comprise oxycodone or a pharmaceutically
acceptable salt thereof and naloxone or a pharmaceutically acceptable salt
thereof and wherein the pharmaceutical composition after storage under
stressed conditions has less than 3.0% of total substances related to
oxycodone or a pharmaceutically acceptable salt thereof and/or related to
naloxone or a pharmaceutically acceptable salt or thereof. Storage under
stressed conditions in the context of the present invention means that a 



pharmaceutical composition is subjected to increased temperature and/or
relative humidity (RH) for prolonged periods of time. For example, typical
stressed conditions refer to storage over at least one, two, three, four,
five, six, nine or twelve months at 25C and 60% RH. Other stressed
conditions refer to storage over at least one, two, three, four or five
months at 400C and 75% RH.Such stressed storage conditions are used to
determine whether a pharmaceutical composition has a shelf life sufficient
for long time storage under conditions as they are common in patients'
households without negative effects on its safety and efficacy. Such
negative effects may include that the in-vitro release rates change over
time so that the efficacy of the composition is affected as different
amounts of actives are released after administration. Similarly, negative
effects may also result from degradation of the pharmaceutically active
agents which may either decrease the overall amount of functional
pharmaceutically active agent or lead to formation of toxic by-products. If
changes in the in vitro release profile or with respect to the amount of
the active agent(s) of a pharmaceutical composition are observed after
storage under stressed conditions, this may be indicative of stability
problems. If such changes are not observed, this means vice versa that the
pharmaceutical composition is storage stable. The term "substantially the
same release rate" refers to the situation where the in vitro release rate
for a pharmaceutical composition which has been subjected to stressed
conditions is compared to a reference composition. The reference
composition is an identical pharmaceutical composition which, however, has
not been subjected to stressed conditions. If the in vitro release profile
of the composition subjected to stressed conditions does not deviate by
more than about 20%, preferably by no more than about 15%, more preferably
by no more than 10% and even more preferably by no more than about 5% from
the in vitro release profile of the reference composition, the in-vitro
release rate is considered to be substantially the same. The term "total
oxycodone and naloxone related substances"refers to substances that arise
from chemical reactions of these pharmaceutically active agents. These
include e.g. naloxone n-oxide and the like.In order to assess stability one
may subject a pharmaceutical composition to stressed conditions as
mentioned above and determine the amount of oxycodone and/or naloxone
related substances. One then determines the amount of oxycodone and/or
naloxone related substances for an identical pharmaceutical composition
which has not been subjected to stressed conditions. This composition is
considered to be a reference composition. The detection of "oxycodone
related substances" and "naloxone related substances" is typically
performed by HPLC analysis. The identity of substances can be determined by
doing the same analysis with pure known reference substances. A
pharmaceutical composition will be considered to be stable if after
subjecting it to stressed conditions, it has no more than about 3%,
preferably no more than about 2%, more preferably no more than about 1% and
even more preferably no more than about 0.5% of oxycodone and/or naloxone
related substances in comparison to the amount of hydromorphone or naloxone
that is present within the composition. It is to be understood that the
properties of compositions having substantially the same release rate after
storage under stressed conditions and/or having less than 3% of oxycodone
and naloxone related substances after storage under stressed conditions
pertain also to embodiments which have mentioned before, such as
compositions having a 2:1 by weight ratio, compositions having the above
mentioned amounts and/or compositions having the above mentioned in vitro
release profiles, particularly if the compositions take a solid form such
as tablet. Pharmaceutical compositions in accordance with the invention
which are provided in solid form, e.g. in the form of a tablet may be
produced by a method comprising e.g. the following steps:a) Blending
oxycodone or a pharmaceutically acceptable salt thereof, naloxone or a
pharmaceutically acceptable salt thereof both of a suitable particle size,
a diluent and optionally a disintegrant; b) Optionally lubricating said
blend; c) Directly compressing said blend to obtain a tablet.
Pharmaceutical compositions in accordance with the invention which are
provided in solid form, e.g. in the form of a tablet may be produced by a
method comprising e.g. the following steps: a) Blending oxycodone or a
pharmaceutically acceptable salt thereof, naloxone or a pharmaceutically
acceptable salt thereof both of a suitable particle size, a disintegrant
and optionally a diluent; b) Optionally lubricating said blend; c) Directly
compressing said blend to obtain a tablet. If deemed necessary, the above
process may comprise screening steps at various occasions in order to
ensure lump-free components for uniform blending. Preferably, all
excipients, and optionally the active ingredients also, are within the same
size range. A typical size range would be about lOOmm to about 300 mm.
Tablets which are obtained by such a procedure have been found to rapidly
disintegrate and to e.g. release in vitro  90% and preferably 95% of
oxycodone or a pharmaceutically acceptable salt thereof and > 90% and
preferably 5% of naloxone or a pharmaceutically acceptable salt thereof at
15 min. when measured by the Ph. Eur. Paddle Method as outlined above. As
can be taken from Example 4, tablets produced according to such a procedure
are storage stable, meaning that they 



do not substantially change their in vitro release behaviour after
prolonged storage under stressed conditions.Immediate release
pharmaceutical compositions as described above and as manufactured above
may be used for titrating patients suffering from pain and in particular
from moderate to severe (chronic) pain. Such formulations may also be used
for treating breakthrough pain in patients suffering from pain and in
particular from moderate to severe (chronic) pain. Using oral immediate
release pharmaceutical compositions for titration of patients and treating
breakthrough pain in patients will ensure a quick pain relief in the
patients as a consequence of the immediate release properties without their
suffering from typical opioid induced side effects such as constipation and
urinary retention. The invention will be described below with respect to
some specific examples. These examples are, however, not to be construed as
limiting. EXAMPLES Example 1: Preparation of immediate release
pharmaceutical compositions comprising oxycodone hydrochloride and naloxone
hydrochloride Immediate release pharmaceutical compositions comprising 20
mg oxycodone hydrochloride/ 10 mg naloxone hydrochloride (IR-OXN 20/10), 10
mg oxycodone hydrochloride/5 mg naloxone hydrochloride (IR-OXN 10/5), 5 mg
oxycodone hydrochloride/2.5 mg naloxone hydrochloride (IR-OXN5/2.5) and 2.5
mg oxycodone hydrochloride/ 1.25 mg naloxone hydrochloride (IR-OXN2.5/1
.25) were manufactured as decribed below. Their composition is detailed in
Table 1.Vacuum treatment apparatus The present invention is directed on a
vacuum treatment apparatus for single substrate treatment. For vacuum
treatment apparatus operating in single substrate treatment mode, in
opposition to batch treatment mode, the criteria  footprint of the
apparatus  throughput by the apparatus  accessibility to subsets of the
apparatus from ambient atmosphere  coupled with the last mentioned
criterion, time intervals during which the apparatus is unproductive e.g.
for maintenance and replacement works are of utmost importance. It is an
object of the present invention to provide a vacuum treatment apparatus
which is optimized for the above mentioned criteria. This is achieved by
the vacuum treatment apparatus which comprises a vacuum treatment
recipient. The vacuum treatment recipient comprises a load lock between an
inside of the recipient and exterior of the recipient which is customarily
ambient. The load lock comprises an external valve arrangement which
operates between a compartment of the load lock and the exterior of the
treatment recipient. The load lock further comprises an internal valve
arrangement which operates between the compartment of the load lock and the
remainder of the inside of vacuumtreatment recipient. The load lock is
conceived as a bi directional load lock for substrate transfer between the
interior and the exterior of the vacuum treatment recipient . The vacuum
treatment apparatus according to the invention further comprises a
transport arrangement which is located in the exterior for bi-directionally
transporting substrates towards and from the load lock. The addressed
transport arrangement comprises - a first substrate handler which is
swivelable about a first axis by means of a controlled first drive and
which comprises at least two first substrate carriers equally spaced from
the addressed first axis, - a second substrate handler which swivelable
about a second axis by means of a second controlled drive and which
comprises at least four second substrate carriers which are equally spaced
from the second axis . The first and the second substrate carrier are
mutually aligned respectively in one specific position of their respective
swiveling trajectory paths. As one of the first substrate carriers is
aligned with one of the second substrate carriers, the other one of the
first substrate carriers is aligned with the load lock. The first substrate
carriers are further moveable towards and from the vacuum treatment
recipient, once one of these substrate carriers is aligned with the load
lock. They are moveable as addressed by respective third controlled drives
and thereby form, respectively, the external valve of the load lock.By this
addressed transport arrangement there is realized a bi-directional
transport ability, by which untreated substrates may be conveyed from a
source location towards 



and into the vacuum treatment recipient as well as, vice versa, treated
substrates from the vacuum treatment recipient towards and onto a
destination location. Thereby, due to the combination of these
bi-directional transport abilities towards and from the vacuum treatment
recipient, considerable footprint area is saved. In spite of this
combination of forwards and backwards trajectory paths for the substrates
with respect to the load lock in the vacuum treatment recipient a high
transport capacity and thus throughput is realized. Additionally, all the
transport arrangement is built in the exterior area with respect to the
vacuum treatment recipient, which allows easy accessibility . In one
embodiment of the apparatus according to the present invention the load
lock has a serving opening for substrates towards the exterior of the
vacuum recipient, which is located in a top side wall portion of the vacuum
treatment recipient. This allows within the vacuum recipient, to have the
substrate just deposited on any type of substrate carrier ability. Only the
first substrate handler with a minimal number of substrate carriers has to
be tailored to hold the substrates in suspended position, necessitating
active substrate retention abilities. In a further embodiment of the
apparatus according to the invention the first substrate handler has just
two of the first substrate carriers which are located opposite eachother
with respect to the first axis, i.e. the swiveling axis of the first
substrate handler. This allows to swivelably control the first handler for
serving on one hand the load lock, on the other hand the second substrate
handler in equal angular swiveling steps. Still in a further embodiment of
the apparatus according to the invention which may be combined with any of
the already and subsequently addressed embodiments of such apparatus the
second substrate handler comprises just four of the second substrate
carriers arranged pairwise opposite each other with respect to the second
axis, i.e. the swiveling axis of the second substrate handler. Thereby, the
second substrate handler provides for the necessary intermediate storage
location for an untreated and a treated substrate to allow bi-directional
transport ability of the transport arrangement, but, on the other hand,
minimizes the footprint area without reducing throughput . In a further
embodiment of the apparatus according to the invention, which may be
combined with any of the already and subsequently addressed embodiments,
the first and second axes as well as the direction of moveability of the
first substrate carriers towards and from the vacuum treatment recipient,
i.e. the moveability for load lock valve action of the first substrate
carriers, are parallel. Especially in combination with the specific
location of the serving opening of the load lock this embodiment leads to a
highly efficient and compact overall construction wherein transfer of
substrates between the handlers one hand and between the first handler and
the load lock, finally thevacuum treatment recipient, may be performed with
minimal expenditures. Only a minimal number of the substrate carriers needs
to be tailored for suspendingly holding substrates, whereas the remaining
substrate carriers may just support the substrate deposited thereon. Only
fixation of the substrates on the latter substrate carriers with respect to
centrifugal forces must be provided in view of the high velocity swiveling
of the respective substrate handlers . In a further embodiment of the
apparatus according to the invention which again may be combined with any
of the already and subsequently addressed embodiments the vacuum treatment
recipient comprises at least two mounting locations for a treatment station
each. Thus, in minimal configuration two treatment stations may be mounted
to the vacuum treatment recipient besides of the load lock addressed
before. Each of the treatment stations is conceived for treating a single
substrate. The vacuum treatment recipient further comprises a further
transport arrangement which is swivelable about a third axis by means of a
controlled third drive. The further transport arrangement comprises at
least three substrate supports equally spaced from the swiveling axis of
the further 



transport arrangement. Thus, the at least three substrate supports are in
fact arranged along a circular locus about the addressed third axis. The
substrate supports are further evenly distributed in azimutal direction
with respect to the swiveling axis of the further transport arrangement,
which means that radial loci between theaddressed axis and the respective
substrate supports define for equal angles, in the minimal configuration of
120. By providing the addressed vacuum treatment recipient with the one
bi-directional load lock, substrates are input through the load lock,
transported subsequently to all mounting locations for a treatment station
and finally unloaded from the recipient towards the transport arrangement
stepwise. Step timing control of the further transport arrangement and thus
of overall substrate processing governs the swivel step control of the
first and second substrate handlers. As all the treatment steps by
treatment stations mounted to the addressed mounting location are of equal
duration, processing steps with longer processing durations are split in
sub-process steps, each performed at one of the treatment stations. E.g. in
one extreme, if substrate processing necessitates a processing time which
accords with three time the time span one substrate is exposed to one
treatment station in the vacuum recipient, then all the treatment stations
provided are selected be equal and to be operated equally. Thus, by the
addressed embodiment a high processing flexibility is reached, nevertheless
ensuring a minimal footprint for the overall apparatus and high throughput.
In a variant of the just addressed embodiment the third axis which is the
swiveling axis of the further transport arrangement is parallel to the
first axis, i.e. the swiveling axis of the first substrate handler. Still
in a further embodiment of the apparatus according to the invention, which
may be combined with any of thealready and subsequently addressed
embodiments and variants, there is provided a one-directional conveyor
which interacts with respect to substrate transport with the second
substrate handler. Taking into account that the transport arrangement of
the apparatus according to the invention is a bi-directional transport
arrangement, it might be seen that it is possible to unload an untreated
substrate from the one-directional conveyor and to replace it there by an
already treated substrate. Thereby, a highly efficient inline treatment of
substrates becomes possible, wherein the substrates which are transported
onedirectionally become treated and are treated downstream a position of
substrate transfere between the one-directional conveyor and the transport
arrangement handlers. In one variant of the embodiment as just addressed
the onedirectional conveyor interacts with the second substrate handler by
means of a third substrate handler. This allows establishing substrate
support on the one-directional conveyor so that there no active substrate
holder arrangements are necessary as would be necessary if the substrates
were to be held in suspended position at the addressed conveyor. According
to the present invention there is further provided an enlarged vacuum
treatment apparatus which comprises at least two of the vacuum treatment
apparatus and wherein the addressed one-directional conveyor for each of
the addressed vacuum treatment apparatus is realized by a single
one-directional conveyor. Thereby and due to the more than one of the
addressed vacuum treatment apparatusalong the one-directional conveyor
processing flexibility is even largely improved. On one hand the number of
overall treatment stations is risen generically and it becomes possible by
equally treating substrates at both the addressed apparatus to perform
parallel processing and thereby to significantly increase throughput. In
one variant of the just addressed enlarged vacuum treatment apparatus
according to the invention a flip station is provided between two of the
vacuum treatment apparatus arranged along the one-directional conveyor,
wherein the substrates treated by a first of the addressed apparatus are
turned upside down, allowing the other side of the substrates to be treated
in the second, downstream apparatus, thus overall allowing double-sided
substrate treatment . 



The apparatus or enlarged apparatus according to the invention is
especially suited for treating substrates of at least 200 mm x 200 mm and
is further especially suited for high throughput manufacturing of solar
cells. The invention shall now be further explained by means of examples
and with the help of figures. The figures show: Fig. 1 most schematically
in a perspective representation, an apparatus according to the present
invention; Fig. 2 schematically, an apparatus according to fig. 1 in top
view for explaining by means of fig. 2b - fig. 2f a step-by-step control of
the transport arrangement of the apparatus according to fig. 1 ;Fig. 3 in
top view, an embodiment of the apparatus according to the present invention
incorporating therein the apparatus as exemplified with the help of figs .
1 and 2; Fig. 4 a part of the apparatus according to fig. 3 in
cross-sectional representation; Fig. 5 an enlarged apparatus according to
the present invention in one embodiment, making use of two of the
apparatuses as shown in the figures 3 and 4 ; Fig. 6 in a representation in
analogy to that of fig. 5 , a further embodiment of an enlarged treatment
apparatus; Fig. 7 in a perspective view, an apparatus according to the
present invention and similar to the apparatus according to the figures 3
and 4 for cassette-tocassette substrate handling, and Fig. 8a - 8c a
schematic representation of an apparatus according to the present invention
for different substrate treatments and accordingly with different treatment
station configurations.In fig. 1 an apparatus according to the present
invention is perspectively shown, most schematically and under a generic
approach. Substrates (not shown in fig. 1 ) are treated by one or more than
one vacuum treatment processes within a vacuum recipient 10 which is
evacuatable by means of a vacuum pump arrangement 3 . The vacuum recipient
10 has an interior volume i and is surrounded by its exterior e which is
e.g. ambient atmosphere. The vacuum recipient 10 has a pass-through opening
in its top wall 8 for substrates. The pass-through opening is conceived as
a bi directional load lock 5 having an external valve plate Ia, an internal
valve (not shown in the representation of fig. 1 ) as clearly known to the
skilled artisan and a load lock compartment 5a. The external valve plate Ia
is realized by a substrate carrier Ia which is provided on a first
substrate handler 1 of a transport arrangement 100 provided in the exterior
e of the vacuum treatment recipient 10. The first substrate handler 1 is
swivelable about a first axis A1, whereby the swiveling movement is driven
by a first drive 9 which is controllable at a control input C9. The first
substrate handler 1 comprises two first substrate carriers la and lb which
are mounted on the addressed handler radially opposite to each others with
respect to the first axis A i and equally spaced from this first axis Ai.
As the first substrate handler 1 is controllably swiveled about axis Ai,
selectively one of the at least two first substrate carriers la and lb
becomes positioned in registry with the compartment 5a of load lock 5 , as
shown in fig. 1 the one first substrate carrier la . Each of the at least
two first substrate carriers Ia and Ib, oncealigned with load lock 5 , may
be moved towards the vacuum treatment recipient 10 and thus towards
compartment 5a of load lock 5 to seal off the addressed compartment with
respect to the exterior e and thus to operate as the external valve of the
load lock 5 . Because in the embodiment of fig. 1 the opening of load lock
5 towards the exterior e is in plane with the plane wherealong the first
substrate carrier 1 swivels, the first substrate carriers Ia and Ib as of
fig. 1 are moveable towards and from such opening in a direction parallel
to first axis A1, driven by control drives lla and llb, both being
controlled via respective control inputs Cn a and Cn b . The transport
arrangement 100 further comprises a second substrate handler 2 0 which is
swivelable about a second axis A20 by means of a second controlled drive 2
1 controlled at a 



control input C2i. The second substrate handler 2 0 comprises at least four
second substrate carriers 2 0a to 20d . The second substrate carriers 2 0a
to 2 0d are evenly distributed in azimutal direction a with respect to the
second axis A2o about this axis A20 and are equally spaced therefrom. In
the embodiment as shown in fig. 1 the second axis A20 is parallel to the
first axis A i0 which generically is not mandatory . Considered along their
respective swiveling trajectory paths the first substrate carriers Ia and
Ib and the second substrate carriers 2 0a to 2 0d are mutually aligned
respectively in one position P i/2 o , in the embodiment of fig. 1
considered in direction of the axis A i and A20 .Whenever one of the first
substrate carriers Ia and Ib is aligned with one of the second substrate
carriers 2 0a to 20d the other one of the two first substrate carriers Ia
and Ib, according to fig. 1 first carrier Ia, is in alignment with the load
lock 5 and establishes there for the external valve of the load lock 5 . At
the references R the mechanic, customarily stationary reference system is
addressed. The first and the second substrate carriers Ia, Ib; 20a - 2Od
are respectively equipped (not shown in fig. 1 ) with substrate seizing or
gripping and releasing arrangements, which arrangements are controlled if
necessary. Clearly, such substrate seizing or gripping and releasing
arrangement is differently conceived dependent therefrom, whether at a
respective substrate carrier a substrate will be suspended and thus is to
be lifted and held against force of gravity or at another respective
substrate carrier the substrate may rather be deposited thereon. By such
controlled arrangements which e.g. may be electromagnetically based,
magnetically based or may be realized by vacuum chucks at a respective
substrate carrier a substrate may be seized from a support or released to a
support . The apparatus as generically shown in fig. 1 further comprises a
timing unit 25 by which all the controlled drives 11a, lib, 9 and 2 1 as
well as the (not shown) substrate seizing and releasing units at the first
and/or second substrate carriers are time controlled.As was addressed, the
load lock 5 of the vacuum recipient 10, wherein substrate vacuum treatment
is performed, is conceived as a bi-directional load lock, which means
substrates are transferred from the exterior e to the interior i of the
vacuum treatment recipient 10 as well as vice versa from the interior i to
the exterior e via load lock 5 . Further and as will be exemplified, the
transport arrangement 100 is operated by respective time sequence control
of the addressed drives and seizing/releasing units as a bi-directional
transport arrangement for substrates which are to be treated towards and
into the vacuum recipient 10 as well as for substrates which have been
treated in vacuum recipient 10 towards a desired destination, generically
shown at 7 . Such bi-directional transport becomes possible by the
transport arrangement as generically shown in fig. 1 , by which in
combination with the bi-directional ability of load lock 5 , considerable
foot print area of the overall apparatus is saved. This due to the fact
that one and the same transport arrangement acts as a transport arrangement
for both, treated as well as untreated substrates. A specific manner of
time control of the transport arrangement 100 for bi-directionality shall
now be exemplified with the help of fig. 2a to 2f. In fig. 2a to 2f a step
sequence of substrate handling by the apparatus according to fig. 1 is
shown. Thereby, the apparatus which is shown perspectively in fig. 1 is
schematically shown in fig. 2a in top view, whereby the substrate carriers
exemplified in fig. 1 in square shapeare shown in fig. 2a in circular
shape. Further, it has to be noted that substrates UT not yet treated in
vacuum recipient 10 are addressed by one type of hatching according (UT)
and substrates T having been treated in vacuum recipient 10 are denoted by
the other type of hatching (T) . It has further to be noted that in each
step representation transition of the respective substrates between first
and second substrate carriers Ia, Ib and 20a 



to 2Od respectively and between a source and a destination location 7 and
second substrate carriers 20a to 2Od as well as between an inside transport
within vacuum recipient 10 (not shown in fig. 1 ) and the first substrate
carrier Ia and Ib has already been completed. Fig. 2a shows the respective
swiveling directions which are assumed for the following step-by-step
discussion. To fig. 2b: Substrate carrier 20d has been loaded with an
untreated substrate from source location 7 . Substrate carrier (SC) 20a is
loaded with an untreated substrate. SC 20b has unloaded an untreated
substrate to SC Ib. SC Ia has been loaded with a treated substrate from
load lock 5 . SC 20c is still loaded with a treated substrate. To fig. 2c:
In transiting from the fig. 2b to the fig. 2c representation the first
substrate handler 1 is swiveled by 180, whereas the second substrate
handler 2 0 is kept stationary. SC Ib has unloaded the untreated substrate
toload lock 5 . The treated substrate on SC Ia has been unloaded to SC20b.
Untreated substrates still remain on SC20d and SC20a, whereas SC20c is
still loaded with a treated substrate. To fig. 2d: When transiting from the
configuration according to fig. 2c to the configuration according to fig.
2d the first substrate handler 1 is kept stationary, whereas the second
substrate handler 2 0 is swiveled by 90. SCIb is loaded from load lock 5 by
a treated substrate. SCIa is loaded with an untreated substrate from SC20a.
SC20c has unloaded a treated substrate to destination location 7 . SC20d is
still loaded with an untreated substrate, whereas SC20b is still loaded
with a treated substrate. To fig. 2e: By transiting from the configuration
according to fig. 2d to the configuration according to fig. 2e the first
substrate handler 1 is swiveled by 180, whereas the second substrate
handler 2 0 is kept stationary. SCIa has unloaded the untreated substrate
to load lock 5 . SCIb has unloaded a treated substrate to SC20a. SC20c has
been loaded by an untreated substrate from source destination 7 . SC20d is
still loaded with an untreated substrate, whereas SC20b is still loaded
with a treated substrate. To fig. 2f:When transiting from the configuration
of fig. 2e to the configuration of fig. 2f the first substrate handler 1 is
kept stationary, whereas the second substrate handler 2 0 is swiveled by 90
. SCIa is loaded from load lock 5 with a treated substrate. SCIb is loaded
from SC20d with an untreated substrate. SC20b has unloaded a treated
substrate to source destination 7 . SC20c is still loaded with an
untreated, whereas SC20a is still loaded with a treated substrate. As may
be seen, the configurations e.g. of fig. 2c and fig. 2e on one hand and of
fig. 2d and fig. 2f on the other hand are identical. It might be seen that
within one working cycle consisting of subsequent swivel step of substrate
handler 1 and swivel step of substrate handler 20, one treated substrate is
transferred from vacuum treatment recipient 10 to the transport arrangement
100 and one untreated substrate is delivered from the transport arrangement
100 to the vacuum treatment recipient 10. At the other end of the transport
arrangement 100 one untreated substrate is picked up from a source station
7 and one treated substrate is delivered to reception station 7 . By the
arrangement as exemplified in fig. 1 there is thus achieved in a highly
small footprint configuration a bi directional substrate transport from a
source of untreated substrates towards and into a vacuum treatment
recipient, and from such vacuum treatment recipient towards and to a
reception location for treated substrates.With an eye on the figures 1 to
2e it further might be seen that the principle as exemplified is not
necessarily bound to the substrates being delivered to and retrieved from a
vacuum recipient at its top side and by respective vertical 



movement of the first substrate carriers Ia or Ib, simultaneously acting as
the exterior valve of the bi directional load lock 5 . Further, it becomes
evident that the swivel axes A1 and A2o need not necessarily be vertical
and need not necessarily be in parallelism, and further it becomes evident
that with respect to the location of the vacuum treatment recipient 10 the
two substrate handlers 1 and 2 0 might be arranged in inverse sequence.
Further, it becomes evident that the handler 2 0 which in fact provides for
an intermediate storage location both for an untreated and for a treated
substrate might be realized with more than four substrate carriers and that
the first handler 1 as well might be realized with more than two fist
substrate carriers. Further, under a generic aspect it is further not
mandatory that, considered in azimutal direction a in fig. 1 , the
substrate carriers as provided at both substrate handlers 1 and 2 0 are
equally distributed. They might be distributed unevenly, which would only
necessitate respective control of differently sized swiveling steps.
Nevertheless and with an eye on one object of the present invention, namely
to provide an optimally small footprint, high throughput vacuum treatment
apparatus, the following prevails :  Providing the input/output of
substrates to and from the vacuum treatment apparatus as shown in fig. 1
,which means at a top surface of the vacuum recipient 10 and providing a
vertical transfer movement and movement of the external load lock valve
significantly facilitates handling of the substrates within the treatment
apparatus, as such substrates may just be deposited upon a handler within
the recipient 10.  Conceiving the first substrate handler 1 with only two
substrate carriers Ia and Ib necessitates only two of these carriers being
tailored to additionally act as an external load lock valve for load lock 5
.  Further, as only two substrate carriers Ia and Ib are provided at the
first substrate handler 1 , only two equipments must be provided to lift
and to hold substrates against the force of gravity.  Conceiving the second
substrate handler 2 0 with not more than four substrate carriers ensures
the intermediate storage location for just one of the untreated and of the
treated substrates, which minimizes the footprint area for such handler.
Providing more than the addressed four substrate carriers 20a to 2Od will
not improve throughput, but will - especially for large substrates -
significantly increase footprint area.  Realizing the sequence of the two
handlers, considered from the vacuum treatment recipient 10 as shown in
fig. 1 , minimizes, as was addressed above, the number of substrate
carriers to be additionally tailored and equipped so as to act as external
load lock valves.Thereby, that substrate handler with more than two
substrate carriers additionally allows for significant simplification of
substrate holding equipment upon the substrate carriers, because the
substrates will be just deposited on top of the addressed carriers.  The
equal distribution of the substrate carriers along their respective
swiveling paths, i.e. azimutally, significantly simplifies control of the
swiveling drives 9 and 2 1 and the mutual arrangement of the handlers and
the vacuum treatment recipient which is also valid for the arrangement as
shown in fig. 1 for the swiveling axes A i and A2o Thus, it might be seen
that the embodiment as shown in fig. 1 is in fact highly optimized with
respect to easy substrate handling, high throughput and small footprint.
Fig. 3 shows in top view and simplified a today preferred vacuum treatment
apparatus according to the invention, wherein the transport arrangement 100
in cooperation with a vacuum treatment recipient 10 as shown in fig. 1 are
exploited. Fig. 4 shows a cross-sectional representation along line IV - IV
of fig. 3 , without handler 20. Within vacuum recipient 10 there is
provided as seen in fig. 4 a transport arrangement 30 which is swivelable
about a central axis A30 . The transport arrangement 30 is driven for its
swivel movement by a drive 32 with a control input 



C32 . As seen from fig. 4 in combination with fig. 3 in this specific
embodiment the transport arrangement 30 carries along its periphery six
substrate carriers 34 for substrates 36. On top of the vacuum treatment
recipient 10there are provided six stations, five of which, 38a to 38e,
being surface treatment stations for the substrates 36, one thereof being
the bi-directional load lock station 35 in analogy to load lock 5 of fig. 1
. The surface treatment stations 38a to 38e may all be realized for
different substrate processings or a number of these treatments stations
may be conceived for equal surface processing and even all of these
stations may be conceived for equal substrate surface processing. Such
treatment stations may be stations for PVD surface treatment, e.g.
sputtering stations for reactive or non-reactive sputtering, thereby
especially magnetron sputtering, may be stations for arc evaporation
coating, again reactive or non-reactive, may further be treatment stations
for CVD, thereby especially for plasma-enhanced CVD, may further be etching
stations, heating or cooling stations, etc. As especially seen in fig. 4
the respective substrate carriers 34 reside within inner valve members, one
thereof, 40c, being shown in fig. 4 . In positions registering with the
positions of the treatment stations 38a to 38e as well as with the position
of load lock 35, there are provided, mounted to the bottom wall 42 of the
vacuum treatment recipient 10, cylinder/piston arrangements, respectively
44a to 44e and 4435 . By means of the cylinder/piston arrangements 44, in
fact double-piston arrangements, the substrate carriers 34 and the valve
members 40 may be lifted and retracted independently. Thus and with an eye
on fig. 4 , by the cylinder/piston arrangement 44C the substrate carrier
34may be lifted into treatment position for substrate 36 within treatment
station 38C. Simultaneously, if needed, the processing space within the
treatment station 3 8C is sealed from the remaining interior i of the
vacuum treatment recipient 10 by means of lifting the valve member 40c
towards and onto wall 48 of the vacuum treatment recipient 10. If desired
for specific substrate treatment at specific treatment stations and as
exemplified for the treatment station 38C in fig. 4 , there is further
provided a controlled rotary drive 4 6C by means of which, once the
respective substrate carrier 34 is brought into registering position with a
treatment station 38, the substrate carrier 34 is rotated in its treatment
position e.g. to establish uniform treatment along the surface of the
substrate. Thus, in operation the transport arrangement 30 is stepwise
rotated by respective angular steps b as shown in fig. 3 so that after each
angular swiveling step one of the valve member 40 and substrate carriers 34
is in registering position with one of the treatment stations 38 and load
lock 35. Then in the registering positions, seal-off of the treatment or
processing atmosphere from the inside i of the vacuum treatment recipient
10 is established by lifting the valve member 40 towards and onto the inner
surface of the top wall 48 of the vacuum treatment recipient 10, thereby
the substrate carriers 34 are lifted in respective processing positions
within the treatment stations 38. Lifting of the substrate carriers 34 on
one hand and of valve members 40 on the other hand is
performedsubstantially simultaneously at each of the treatment stations .
That valve member 40 which registers with the load lock 35 acts as the
inside load lock valve. The substrate handler 1 with swiveling drive 9 is
conceived as was explained in context with fig. 1 . Thereby, the drives lla
and llb as shown in fig. 1 are realized by respective cylinder/piston
drives lla ' and lib' A load lock vacuum pump 48 is operationally connected
to the load lock compartment of the load lock 35. Further and as may be
seen from fig. 3 the second substrate handler 2 0 is conceived as was
exemplified more schematically in the figures 1 to 2f . As may be seen from
figures 2b to 2f occurrence of step forwards movement of the transport
arrangement 30 and occurrence of 180 swiveling steps of the first substrate
handler 1 are in synchronism, but phase shifted by half a 



step repetition period. Thus, the step control clock for the transport
arrangement 30 which depends from the respective processing durations at
the treatment stations 38, governs the swiveling clock for handler 1 . For
each of the processing or treatment steps performed at the treatment
stations 38a to 38e an equal duration is established which accords with the
duration which is necessitated to remove a treated substrate from the
transport arrangement 30 onto one of the substrate carriers Ia or Ib of
first substrate handler 1 and additionally to apply from the respective
substrate carrier Ib or Ia ofhandler 1 a yet untreated substrate via the
load lock 35 to the substrate transport arrangement 30. As may be seen from
fig. 3 there is further provided a third substrate handler 50 in a specific
embodiment of the apparatus according to the invention. This third
substrate handler 50, again with an eye on figures 2b to 2f, operates as
source and destination location 7 . As according to the addressed figures
2b to 2f at this location 7 there is loaded an untreated substrate from
such location 7 and received a treated substrate there in the rhythm at
which first substrate handler 1 handles substrates, the handler 50 is
operated at the same step-controlling clock as the first substrate handler
1 . Third substrate handler 50 thus removes from a respective one of the
substrate carriers 2 0 a treated substrate and applies to the same an
untreated substrate. The third substrate handler 50 is swiveled about an
axis A50 , preferably arranged parallel to the axes A1, A20 , A30 and is
conceived as a two-arm handler in analogy to the substrate handler 1 . The
controlled swiveling drive for the third substrate handler 50 is addressed
by reference number 52 in fig. 3 with control input C52 . As further shown
in fig. 3 there is provided a onedirectional conveyor arrangement 54 with
inline substrate support areas 56. The one-directional conveyor 54 is
stepwise moved forwards as shown by the arrow v , so that whenever a
substrate carrier 50a or 50b of the third substrate handler 50 registers
with one of the substrate carriers 20a to 20c of the second substrate
handler 20, the other one of the two substrate carriers 50a, 50b
registerswith one of the substrate supports 5 6 upon the conveyor 54. In
this position an untreated substrate arriving from E1n on a substrate
support 5 6 is gripped by one of the substrate carriers 50a or 50b and
subsequently, after a 180 swiveling step of the third substrate handler 50,
a treated substrate is released and placed on the substrate support 5 6
which has just been freed. By a next step of the one-directional carrier 54
the treated substrate is moved in synchronism with transport arrangement
30. With respect to the conception of the third substrate handler 50 with
respect to geometric arrangement of its axis A50 and as a two-armed handler
etc. the same advantages are achieved as were already addressed in context
with the specific arrangement of first substrate handler 1 . The substrate
carriers 50a and 50b of the third substrate handler 50 are equipped with
substrate gripping members as at these substrate carriers the substrates
are to be held in suspended position. As perfectly clear to the skilled
artisan principally it is possible to deliver treated substrates to a
conveyor in analogy to conveyor 54 of fig. 3 and to apply untreated
substrates from such conveyor directly to and from the second substrate
handler 20. Nevertheless, the threehandler concept as exemplified combined
with the load lock on top of the vacuum treatment recipient 10 has the
advantage that upon the multi-substrate carrier conveyor 54 substrates may
just be deposited. The apparatus as shown especially in fig. 3 , possibly
with different types of third substrate handler 50 as will beaddressed
later, allows utmost flexible conception for more complex substrate
treatment apparatus. In the embodiment as shown in fig. 5 substrates are to
be treated on both surfaces. To do so first apparatus 60a according to the
embodiment of fig. 3 is provided along the one-directional conveyor 54. As
exemplified by the five hatched treatment stations at the apparatus 60a the
front surface of the substrates is treated by five equal or different
processing or treatment steps. After the one side treated substrates are
re-deposited by the third substrate 



handler 50 on the conveyor 54 they are stepwise moved forwards towards a
flip station 58. At this flip station 58 the substrates are flipped so that
their yet untreated surface is pointing upwards. The flipped-over
substrates are then transported to a second apparatus 60b conceived as was
explained in context with fig. 3 . There the backside of the substrates is
treated. As such backside treatment may e.g. necessitate only one surface
treatment or processing step at the apparatus 60b and as shown by
respective hatching, only one of the treatment stations is operative or
only one of such treatment stations is at all mounted. The substrates with
surface treated backside are redeposited upon the conveyor 54, so that
downstream apparatus 60b substrates are stepwise transported which are
treated on both, front surface and back surface. Clearly and still with an
eye on the embodiment of fig. 5 one and the same surface of the substrate
may be treated by totally ten processing steps, namely of apparatus 60a
plus of apparatus 60b without providing the flipping station 58.Fig. 6
shows a further example of flexibly combining apparatus according to the
present invention to more complex multi-apparatus arrangements. With the
embodiment of fig. 6 parallel processing of substrates is established,
which leads to doubling the throughput at the output end E0 t of conveyor
54. In a first apparatus 60c according to the invention every second
workpiece support 5 6 of conveyor 54 is emptied from an untreated
substrate, and a treated substrate is re-applied to the yet emptied
workpiece support 56. To do so the conveyor 54 is stepwise advanced by an
extent according to two subsequent substrate supports 56, each time an
untreated substrate has been replaced by a substrate having been treated in
apparatus 60c. Upstream a second apparatus 60d identical to apparatus 60c
is provided along the conveyor 54. The spacing of the two apparatus 60c and
60d is established so that the second apparatus 60d with its third
substrate handler 50d registers with an untreated substrate on the conveyor
54 when the first apparatus 60c with its third substrate handler 50c
registers as well with an untreated substrate on the conveyor 54. The
apparatus 60d is thus loaded in parallel to the apparatus 60c with an
untreated substrate from the substrate carrier 54 and respectively
re-applies a treated substrate back to the just freed substrate support 56
simultaneously with apparatus 60c doing so. As the conveyor 54 is advanced
at double speed the output of treated substrates at Eout is doubled due to
the addressed parallel processing. Instead of conceiving the overall
apparatus for single substrate handling and thereby conveying on the
respectiveconveyors 54 as exemplified in the figures 3 , 5 and 6 single
substrates, in a further embodiment substrate handling is performed in a
cassette-to-cassette technique. According to fig. 7 and with an eye e.g. on
fig. 3 there is provided instead of a single-substrate transport conveyor
54 a cassette-transport conveyor 54a wherein instead of single wafer
supports 5 6 cassette or magazine supports 56a are provided. Full cassettes
with untreated substrates are fed in arrow direction stepwise towards
unload position Pui. The cassette with untreated substrates is unloaded by
means of a pivot robot 58 onto the second substrate handler 20 and treated
substrates are unloaded from the second substrate handler 2 0 and loaded in
a next upstream cassette by handler 58. Stepwise forwards movement of the
conveyor 54a is only performed after that a cassette with untreated
substrates is emptied and, accordingly, the next upstream cassette is full
with the respective number of treated substrates. Clearly a
cassette-to-cassette handling might also be performed with an eye e.g. on
fig. 3 by means of a two-armed handler 50, thereby moving the conveyor 54a
with cassettes forth and back to subsequently empty one cassette with
untreated substrates and filling the upstream neighboring cassette with
treated substrates. The apparatus according to the present invention is
especially tailored today to treat substrates as silicon wafers for solar
cell production. Thereby and with an eye e.g. on fig. 5 for depositing a
layer which has triple thickness of subsequent layers, three subsequent
treating stations are operated equally and such triple thicknesslayer is
deposited in fact by subsequently depositing one 



third of the layer in three equally operated subsequent treating stations.
Thus, with the apparatus according to the present invention substrate
surface treatment may be performed highly flexibly, whereby all the
treatment steps are subdivided in sub-processes of equal time duration. The
addressed apparatus has a minimum footprint at optimized throughput. It has
to be noted that all handling facilities are easily accessible from outside
the vacuum treatment recipient, obviously with the exception of the
transport arrangement 30 within such recipient. Substrates e.g. of circular
or square design may easily be treated especially of more than 200 x 200
mm. Clearly and with respect to the number of treatment stations as of 38
of fig. 3 the number of such treatment stations may be more or less than
five as shown in fig. 3 as an example. By establishing processing in six
treatment stations 38 according to fig. 8a a thick layer of SiN:H may be
deposited on silicon wafers by performing six times the equal layer
deposition, e.g. by plasma-enhanced CVD or reactive PVD (sputtering) .
According to the embodiment of fig. 8b a relatively thin layer of SiN:H is
deposited and upon such relatively thin layer a further layer of SiN with
approximately five times the thickness of the SiN:H layer. With the
embodiment as schematically shown in fig. 8c first a relatively thin layer
of SiN:H is deposited, then due to higher deposition rate, a relatively
thick layer of ZnS-SiO 2 followed by a relatively thick layer of SiO2 in 4
substeps . Subdividing single unitary processing steps into substeps being
performed subsequently at subsequent treatment stations isclearly performed
taking into consideration the respective treatment rate of the addressed
processes upon the substrate surface.Claims : 1 . A vacuum treatment
apparatus comprising  a vacuum treatment recipient (10) comprising a load
lock (5) between an inside (i) of said recipient (10) and exterior (e) of
said recipient (10), said load lock (5) comprising an external valve (Ia,
Ib) arrangement between a compartment of said load lock and said exterior
(e) and an internal valve arrangement between said compartment and the
remainder of said inside (i) , said load lock (5) being conceived as a
bi-directional load lock for substrate transfer between said interior (i)
and said exterior (e) ;  a transport arrangement (100) in said exterior (e)
for bi-directionally transporting substrates towards and from said load
lock (5) and comprising: - a first substrate handler (1) swivelable about a
first axis (A 1) by means of a controlled first drive (9) and comprising at
least two first substrate carriers (Ia, Ib) equally spaced from said first
axis (A 1), - a second substrate handler (20) swivelable about a second
axis (A 2o ) by means of a second controlled drive (21) and comprising at
least four second substrate carriers (20a, 20b, 20c, 2Od) being equally
spaced from said second axis (A 2o ) ; - said first and said second
substrate carriers being mutually aligned respectively in one position
(Pl/20) of their respective swivelingtrajectory paths as one of said first
substrate carriers being aligned with one of said second substrate
carriers, the other of said first substrate carriers being aligned with
said load lock (5); - said first substrate carriers (Ia, Ib) being movable
towards and from said vacuum treatment recipient (10) once aligned with
said load lock (5) by respective third controlled drives (11a, lib),
thereby forming respectively said external valve. 2 . A vacuum treatment
apparatus according to claim 1 , wherein said load lock (5, 35) has a
serving opening towards said exterior which is located in a top side wall
portion of said vacuum treatment recipient (10). 3 . The apparatus of one
of claims 1 or 2 , wherein said first substrate handler (1) comprises two
of said first substrate carriers (Ia, Ib) located at said first substrate
handler opposite each other with respect to said first axis 



(A 1). 4 . The apparatus according to one of the claims 1 to 3 , wherein
said second substrate handler comprises four of said second substrate
carriers (20a, 20b, 20c, 2Od) arranged pairwise opposite each other with
respect to said second axis (A 2o ) 5 . The apparatus of one of claims 1 to
4 , wherein said first and second axes and direction of movability of said
first substrate carriers towards and from said vacuum treatment recipient
are parallel.6 . The treatment apparatus according to one of the claims 1
to 5 , wherein said vacuum treatment recipient comprises at least two
mounting locations for a treatment station, each for treating a single
substrate, said vacuum treatment recipient further comprising a further
transport arrangement (30) swivelable about a third axis (A 30 ) by means
of a controlled third drive, said further transport arrangement (30)
comprising at least three substrate supports (34) equally spaced from said
third axis and evenly distributed in azimutal direction with respect to
said third axis and wherein said timing unit timingly controls said third
drive. 7 . The treatment apparatus of claim 6 , wherein said third axis is
parallel to said first axis. 8 . The apparatus of one of claims 1 to 7 ,
further comprising a one-directional conveyor (54) interacting with respect
to substrate transport with said second substrate handler (20) . 9 . The
apparatus of claim 8 , wherein said one-directional conveyor (54) interacts
with said second substrate handler (20) by means of a third substrate
handler. 10. An enlarged vacuum treatment apparatus comprising at least two
of said vacuum treatment apparatus according to one of claims 8 or 9 along
said one-directional conveyor. 11. The enlarged vacuum treatment apparatus
of claim 10 comprising a flip station between two of said vacuum treatment
apparatus arranged along said one-directional conveyor for turning
substrates on said one-directional conveyor upside down.12. Use of the
vacuum treatment apparatus according to one of the claims 1 - 9 or of the
enlarged vacuum treatment apparatus according to one of the claims 10 or 11
for treating substrates of at least 200 mm x 200 mm. 13. Use of the
apparatus according to one of claims 1 - 9 or of the enlarged apparatus
according to one of the claims 10 or 11 for manufacturing solar cells. 


