
SUBSTITUTED ISOQUINOLINES AND ISOQUINOLINONES AS RHO
KINASE INHIBITORS The present invention relates to
substituted isoquinoline and isoquinolinones, their
preparation and their use in the treatment and/or
prevention of diseases related to the inhibition of
Rho-kinase and/or of Rho-kinase mediated
phosphorylation of myosin light chain phosphatase.
Activation of a small GTPase RhoA upon agonist
stimulation results in conversion of RhoA from the
inactive GDP-bound form to the active GTP-bound form
with a subsequent binding to and activation of
Rho-kinase. Two isoforms, Rho-kinase 1 and Rho-kinase
2, are known. Rho-kinase 2 is expressed in vascular
smooth muscle cells and endothelial cells. Activation
of Rho-kinase 2 by the active GTP-bound RhoA leads to
calcium sensitization of smooth muscle cells through
phosphorylation-mediated inhibition of the myosin
light chain phosphatase activity and thereby
up-regulation of the activity of myosin regulatory
light chain (Uehata et al., Nature 1997, 389,
990-994). It is known that Rho-kinase is involved in
vasoconstriction, including the development of
myogenic tone and smooth muscle hypercontractility
(Gokina et al. J. Appl. Physiol. 2005, 98, 1940-1948),
bronchial smooth muscle contraction (Yoshii et al. Am.
J. Resp. Cell MoI. Biol. 1999, 20, 1190-1200), asthma
(Setoguchi et al. Br. J. Pharmacol. 2001 , 132, 111-1
18; Nakahara et al. Eur. J. Pharmac. 2000, 389,
103-106) and chronic obstructive pulmonary disease
(COPD, Maruoka et al. Nippon Rinsho, 1999 , 57,
1982-1987), hypertension, pulmonary hypertension
(Fukumoto et al. Heart 2005, 9 1, 391-392, Mukai et
al. Nature 1997, 389, 990-994 ) and ocular
hypertension and regulation of intraoccular pressure
(Honjo et al. Invest. Ophthalmol. Visual Sci. 2001 ,
42, 137-144), endothelial dysfunction (Steioff et al.
Eur. J. Pharmacol. 2005, 512, 247- 249), angina
(Masumoto et al. Circulation 2002, 105, 1545-47,
Shimokawa et al. J. Cardiovasc. Pharmacol. 2002, 40,
751-761), nephropathy, including hypertensioninduced,
non-hypertension-induced, and diabetic nephropathies,
renal failure and peripheral arterial occlusive
disease (PAOD) (Wakino et al. Drug News Perspect.
2005, 18, 639-643), myocardial infarction (Demiryurek
et al. Eur. J. Pharmacol. 2005, 527, 129-140, Hattori
et al. Circulation 2004, 109, 2234-2239), cardiac
hypertrophyand failure (Yamakawa et al. Hypertension
2000, 35, 313-318; Liao et al. Am. J. Physiol. Cell
Physiol. 2006, 290, C661-668; Kishi et al. Circulation
2005, 111, 2741- 2747), coronary heart disease,
artherosclerosis, restenosis (Pacaud et al. Arch. MaI.
Coeur 2005, 98, 249-254; Retzer et al. FEBS Lett.
2000, 466, 70-74; Negoro et al. Biochem. Biophys. Res.
Commun. 1999, 262, 2 11-215), diabetes, diabetic
complications, glucose utilization and metabolic
syndrome (Sandu et al. Diabetes 2000, 49, 2178-2189 ;
Maeda et al. Cell Metab. 2005, 2 , 119-129), sexual
dysfunction, e.g., penile erectile dysfunction
(Chitaley et al. Nature Medicine 2001 , 7, 119-122),
retinopathy, inflammation, immune diseases, AIDS,
osteoporosis, endocrine dysfunctions, e.g.
hyperaldosteronism, central nervous system disorders
such as neuronal degeneration and spinal cord injury
(Hara et al. J. Neurosurg. 2000, 93, 94- 101),
cerebral ischemia (Uehara et al. Nature 1997, 389,
990-994; Satoh et al. Life Sci. 2001 , 69, 1441-1453;
Hitomi et al. Life Sci. 2000, 67, 1929-1939; Yamamoto
et al. J. Cardiovasc. Pharmacol. 2000, 35, 203-21 1),
cerebral vasospasm (Sato et al. Circ. Res. 2000, 87,
195-200; Kim et al. Neurosurgery 2000, 46, 440-447),
pain, e.g. neuropathic pain (Tatsumi et al.
Neuroscience 2005, 131 , 491-498 ; lnoue et al. Nature
medicine 2004, 10, 712-718), infection of digestive
tracts with bacteria (WO 98/06433), cancer development
and progression, neoplasia where inhibition of Rho
kinase has been shown to inhibit tumor cell growth and
metastasis (Itoh et al. Nature Medicine 1999, 5,
221-225; Somlyo et al. Biochem. Biophys. Res. Commun.
2000, 269, 652- 659), angiogenesis (Uchida et al.
Biochem. Biophys. Res. Commun. 2000, 269, 633- 640;
Gingras et al. Biochem. J. 2000, 348, 273-280),
vascular smooth muscle cell proliferation and motility
(Tammy et al. Circ. Res. 1999, 84, 1186-1 193;
Tangkijvanich et al. Atherosclerosis 2001 , 155,
321-327), endothelial cell proliferation, endothelial
cell retraction and motility (Oikawa et al. Biochem.
Biophys. Res. Commun. 2000, 269, 633-640), stress
fiber formation (Kimura et al. Science 1997, 275,
1308-131 1; Yamashiro et al. J. Cell Biol. 2000, 150,
797-806), thrombotic disorders (Kikkawa et al. FEBS
Lett. 2000, 466, 70-74; Bauer et al. Blood 1999, 94,
1665-1672; Klages et al. J. Cell Biol. 1999,144,
745-754; Retzer et al. Cell Signal 2000,12, 645-648)
and leukocyte aggregation (Kawaguchi et al. Eur. J.
Pharmacol. 2000, 403, 203-208; Sanchez-Madrid et al.
J. Immunol. 2003, 171 , 1023-1034; Sanchez-Madrid, et
al. J. Immunol. 2002, 168, 400-410), stem cell and
induced pluripotent stem cell relatedbiology, e.g.
cell-cell interaction, proliferation, cell cycle
progression, gene regulation, migration, actin
cytoskeleton modulation, and related application, e.g.
as viability, survival, recovery, growth,
susceptibility toward apoptosis, differentiation,
development, gene modulation, modulation of
morphogenesis, hosting and invasion (Krawetz et al.
BioEssay 2009, 31, 336-343 ; Claassen et al. MoI. Rep
rod. Dev. 2009, PMID: 19235204 ; Heng Tissue Cell
2009, PMID: 19261317; Arnsdorf et al. J. Cell. Sci.
2009, 122, 546-553, Kim et al. Stem Cells 2009, 27,
191-199), modulation of epithelial-mesenchymal
transition (Royal et al. MoI. Biol. Cell 2000, 11,
1709-1725 ; Zondag et al. J. Cell Biol. 2000, 149,
775-782 ; Masszi et al. Am. J. Physiol. Renal.
Physiol. 2003, 284, 9 11-924; Smallhorn et al.
Development 2004, 131 ,2641-2651 ; Wells et al. Cell
Motil. Cytoskeleton 2005, 62,180-194; Wu et al. Cancer
Res. 2006,66, 9527-9534; Fan et al. MoI Biol Cell.
2007, 18, 1083-1097; Cho et al. Cell Biol. Int. 2007,
3 1, 1225-1230; Giehl et al. Cells Tissues Organs.
2007, 185,123-130; Rodhgues-Dfez et al. Pharm. Res.
2008, 25, 2447-2461), and bone resorption (Chellaiah
et al. J. Biol. Chem. 2003, 278, 29086-29097). Na/H
exchange transport system activation (Kawaguchi et al.
Eur. J. Pharmacol. 2000, 403, 203-208), Alzheimer's
disease (Zhou et al. Science 2003, 302, 1215-1217),
adducin activation (Fukata et al. J. Biol. Chem.,
1998, 273, 5542-5548), and in SREB (Sterol response
binding element) signalling and its effects on lipid
metabolism (Lin et al. Circ. Res. 2003, 92, 1296-304).
Therefore, a compound having inhibitory effect on
Rho-kinase and/or on Rho-kinase mediated
phosphorylation of myosin light chain phosphatase is
useful for the treatment 



and/or prevention of cardiovascular and
non-cardiovascular diseases involving Rhokinase as the
primary or secondary disease cause, like hypertension,
pulmonary hypertension, ocular hypertension,
retinopathy, and glaucoma, peripheral circulatory
disorder, peripheral arterial occlusive disease
(PAOD), coronary heart disease, angina pectoris, heart
hypertrophy, heart failure, ischemic diseases,
ischemic organ failure (end organ damage), fibroid
lung, fibroid liver, liver failure, nephropathy,
including hypertension-induced,
non-hypertension-induced, and diabetic nephropathies,
renal failure, fibroid kidney, renal
glomerulosclerosis, organ hypertrophy, asthma, chronic
obstructive pulmonary disease (COPD), adult
respiratory distress syndrome,thrombotic disorders,
stroke, cerebral vasospasm, cerebral ischemia, pain,
e.g. neuropathic pain, neuronal degeneration, spinal
cord injury, Alzheimer's disease, premature birth,
erectile dysfunction, endocrine dysfunctions,
arteriosclerosis, prostatic hypertrophy, diabetes and
complications of diabetes, metabolic syndrome, blood
vessel restenosis, atherosclerosis, inflammation,
autoimmune diseases, AIDS, osteopathy such as
osteoporosis, infection of digestive tracts with
bacteria, sepsis, cancer development and progression,
e.g. cancers of the breast, colon, prostate, ovaries,
brain and lung and their metastases. Moreover, such a
compound is also useful for curative approaches
associated with stem cell or induced pluripotent stem
cell treatment, improvement of recognition or for
treatment or prevention of depression, epilepsy,
fibroid heart, renal papillary necrosis,
tubulo-interstitial dysfunction, multiple sclerosis,
vessel stenosis for example carotid stenosis or lipid
disorders. WO 2001/64238 describes
isoquinoline-5-sulfonamide derivatives optionally
substituted by a -(CH2)i-6-O-(CH2)rj-6-.
-(CH2)o-6-S-(CH2)o-6- or a -(CH2)rj-6- linked
heterocyclic group useful as neuroprotective agents.
WO 2004/106325 (Schering AG) describes prodrugs of the
Rho-kinase inhibitor fasudil carrying an ether or
ester group in the 1-position of the isoquinoline
ring. WO 2001/039726 generically describes
-0-(CQ-Cio)alkyl-heteroaryl substituted cyclohexyl
derivatives useful for the treatment of microbial
infections. JP 10087629 A describes isoquinoline
derivatives useful for the treatment of diseases
caused by Heliobacter pylori such as for example
gastritis cancer or ulcer. The isoquinoline
derivatives may be substituted by OH in the 1-position
and are preferably 5-substituted by
X-[(Ci-C6)alkylene)]o-i-Y wherein X may be oxygen and
Y may be an aryl or a heterocyclic group. Hagihara et
al. (Bioorg. Med. Chem. 1999, 7, 2647-2666) disclose
6-benzyloxyisoquinoline for the treatment of
infections caused by Heliobacter pylori.US 5,480,883
generically discloses as EGF and/or PDGF receptor
inhibitors useful for inhibiting cell proliferation
compounds of the formula "Ar I - X - Ar M" wherein X
may be (CHRi) m -Z-(CHR-|) n , e.g. Z-CH2, wherein Z
may be O R-| is hydrogen or alkyl, Ar I may be among
others an optionally substituted isoquinolone and Ar
Il may be among others an optionally substituted C3.7
monocyclic saturated heterocyclic system. WO
2005/030791 (Merck & Co.) generically describes as
potassium channel inhibitors for the treatment of
cardiac arrhythmias, stroke, congestive heart failure
etc. isoquinolone derivatives which are optionally
substituted in 6-position by a group (CRe Rf )pOR4 3
wherein p may be zero, and R4 3 is e.g. a (C3-C
"|rj)cycloalkyl residue optionally substituted by NR51
R52 wherein R and R 2 may be hydrogen, (C-|-C6)alkyl
etc.; or R4 3 is a group R8 1 defined as a 4-6
membered unsaturated or saturated monocyclic
heterocylic ring with 1, 2, 3 or 4 heteroatoms; and
are substituted by a directly bound optionally
substituted aryl or heteroaryl ring in the 4-position.
WO 2005/030130 (Merck & Co.) generically describes as
potassium channel inhibitors for the treatment of
cardiac arrhythmias, stroke, congestive heart failure
etc. isoquinoline derivatives which may be substituted
by hydroxy in the 1-position and are optionally
substituted in 6-position by a group (CRe Rf)pOR4 3
wherein p may be zero, and R4 3 is e.g. a
(C3-C-|rj)cycloalkyl residue optionally substituted by
NR51 R52 wherein R and R 2 may be hydrogen, (C-i-C
)alkyl etc.; or R4 3 is a group R8 defined as a 4-6
membered unsaturated or saturated monocyclic
heterocylic ring with 1, 2, 3 or 4 heteroatoms; and
are substituted by a directly bound optionally
substituted aryl or heteroaryl ring in the 4-position.
WO2003/053330 (Ube) generically describes isoquinolone
derivatives of the formula ring} - C(R)(R)(NH2)6 as
Rho-kinase inhibitors. WO 2007/012422 (Sanofi-Aventis)
genetically describes isoquinoline and isoquinolone
derivatives of the formula OR1 R as Rho-Kinase
inhibitors. WO2008/077556 (Sanofi-Aventis) describes
further 6-substituted isoquinoline and isoquinolone
derivatives as Rho-Kinase inhibitors. WO 2008/020081
(Organon) describes 6-substituted isoquinoline-1-one
or isoquinoline 1-amine derivatives as Rho-kinase
inhibitors. Iwakubo et. al. (Bioorganic & Med.
Chemistry Vol. 15, No. 1, 15. Nov. 2006, p. 350 - 364)
describe a 5-substituted isoquinoline and indazol
derived derivatives as Rhokinase inhibitors. In
particular selectivity against other kinases has been
identified as prerequisite for usage of kinase
inhibitors as therapeutic agents. Fasudil for
instance, a broadly profiled inhibitor of Rho kinase
displays only modest selectivity against several other
kinases, for example Protein Kinase A and Protein
Kinase G (see for example Tamura et al., Biochimica et
Biophysica Acta, Proteins and Proteomics (2005),
1754(1-2), 245- 252. Also another inhibitor, Y-27632
only displays a 20-fold selectivity against Protein
Kinase G. Therefore, although several Rho-kinase
inhibitors have been described there still remains the
need for additional compounds useful in the treatment
of Rho-kinase mediated diseases, in particular with
improved selectivity.An embodiment of the present
invention is a compound of the formula (I) R 4 R 5
(R9) n wherein 



R1 is H, OH or NH2 ; R3 is H, halogen, CN1 (C |
-C6)alkyl, OH, NH2 , or NHR 1; R4 is H, halogen,
hydroxy, CN, (Ci-C6)alkyl, R', or (Ci-C6)alkylene-R f;
R5 is H, halogen, CN, (C |-C6)alkyl, or R'; R7 is H,
halogen, CN, (C-j-CeJalkyl, O-CC-i-C Jalkyl, R', Or
SO2 -NH 2 ; R is H, halogen or (Ci-C )alkyl; Rg is R1,
OH, halogen, (C-i-C bJalkyl, 0-(C 1 -Ce)BlICyI, (C-i-C
Jalkylene-R 1, (C2 -C6 )alke pyl, (C2 -C6 )alkynyl,8
(Ci-C6)alkylene-O-R\ (C-j-CeJalkylene-CHIR'fc,
(Ci-C6)alkylene-C(O)-R', (C1-C6)alkylene-C(O)NH2, (C1
-C6 )alkylene-C(O)NH-R' l
(Ci-C6)alkylene-C(O)NH-(Ci-C6)alkyl,
(Ci-C6)alkylene-C(O)N[(Ci-C6)alkyl]2,
(Ci-C6)alkylene-C(O)N[R'] 2 ; (Ci-C 6
)alkylene-C(O)O-(Ci-C6)alkyl, COOH1 C(O)O-(Ci -C
Jalkyl, C(O)OR1 C(O)(C 1 -C6 )alkyl, C(O)R 1, C(0)NH2,
C(O)-NH-(C 2 -C6 )alkenyl, C(O)-NH-(C2-C6)alkynyl,
C(O)NH-(C 1 -C6 )alkyl, C(O)NHR', C(O)-NH(C
1-C6)alkylene-R', C(O)NI(C 1 -C6 )alkyl]R' C(O)N[(C 1
-C6 )alkyl]2 l C(O)-(C 1 -C Jalkylene-R1, or C(O)O(C i
-C6)alkylene-R'; R6 is absent; or is one
(C-i-C^alkylene bound to the cycloalkyl ring, in which
the (C^C^alkylene forms a second bond to a different
carbon atom of the cycloalkyl ring to form a bicyclic
ring system,wherein in the bicyclic ring system
optionally one or two carbon atomes are replaced by a
group independently selected from O, N-R1S, S, SO or
SO2; or, if m and s are 2, m is 3 and s is 1, or m is
4 and s is 0, R6 is CH2-CH-(CH2)2 which is bound with
one CH2 to the cycloalkyl ring and the two other CH2
are bound to different carbon atoms of the cycloalkyl
ring; and, if m is 3 and s is 3, R6 are two methylene
groups bound to different carbon atoms of the
cycloalkyl ring, wherein the methylene groups or the
CH2-CH-(CH2)2 group are bound to carbon atoms of the
cycloaalkyl ring such that they form an adamantane
system of the formula R 10 wherein L can be bound to
any secondary or tertiary carbon atom and wherein the
bicyclic ring system or adamantane system is
unsubstituted or optionally substituted by Rg. Rio is
H, (C6 -C10 )aryl, 0-(C 6 -C1o)aryl, O-(C 1-C6
)alkylene-(C 6 -C1o)aryl, or (Cs-C 1o)heteroaryl,
wherein (C6 -C1o)aryl or (Cs-C 1rj)heteroaryl are
unsubstituted or substituted. R1 1 is H,(C 1 -C6
JaIRyI, (Ci-Cg)alkylene-R ' , (C3-C8)cycloalkyl, (Cs-C
1 rjjheteroaryl, (C3-C8)heterocycloalkyl, (C6 -C 1 0
)aryl; or R 1 and R1 2 together with carbon atom to
which they are attached form a (C3- C Jcycloalkyl or a
(C3-C8)-heterocycloalkyl ring; Ri2 is (C 1 -C6 JaIlCyI
1 (C3-C8)cycloalkyl, (C5-Cio)heteroaryl,
(C3-C8)heterocycloalkyl, or (C6 -C 1 oJaryl; or R 1 2
is H1 provided that r = 2 and the other R 1 2 is not
H; or R 1 | and R 12 together with carbon atom to
which they are attached form a (C3- CsJcycloalkyl or a
(C3-C8J-heterocycloalkyl ring; R-|3 and R14 are
independently of each other H, 



R1, (C-i-CeJalkyl, (C1-C6 )alkylene-R , (C1-C6
)alkylene-O-(C 1-C6 )alkyl, (C-i-CeJalkylene-O-R 1,
(C-i-C Jalkylene-CHIR^. (C-i-CeJalkylene-C^J-R
1,(C1-C6)alkylene-C(O)NH 2 , (C1-C6 )alkylene-C(O)NH-R
I, (Ci-C 6 )alkylene-C(O)NH-(C 1-C6 )alkyl, (C1-C6
)alkylene-C(O)N[(C 1-C6 )alkyl]2 , (Ci-C alkylene-C N
R , (C1-C6 )alkylene-C(O)O-(C 1 -C6 )alkyl, C(O)O-(C
1-C6 )alkyl, C(O)OR", C OXC C alkyl, C(O)R 1,
C(O)NH-(C 1-C )alkyl, C(O)NHR", C N C i-C alkyl R1
C(O)NKC 1-CeJaIlCyIIa C(0)-(C 1-C6)alkylene-R",
C(O)O(C 1-C6)alkylene-R\ or Ri3 and R1 together with
the N-atom to which they are attached, form a (C3-C8)
heterocycloalkyl; R-I5 is H Or (C1-CeJaIW; n is O, 1,
2, 3 or 4 ; m is 1, 2, 3 or 4 ; s is O1 1, 2, or 3 ; r
is 1 or 2 ;L is 0(CH 2 )P, S(CH 2 )P, S(O)(CH 2 )P,
SO2(CH2 )P, NH(CH 2 )p, N(C 1 -C6 JaIkYl-(CH2 )P, N(C
3 -C6 )cycloalkyl-(CH 2 )p; or NI(C 1
-C3)alkylene-R']-(CH 2 )p; p is O1 1, 2, 3 or 4 ; R'
is (C3-C8)cycloalkyl, (Cs-C 1 rj)heteroaryl,
(C3-C8)heterocycloalkyl, (C6 -C1 o)aryl; wherein in
residues R3 to R1 alkyl or alkylene is unsubstituted
or optionally substituted one or more times by OH,
OCH3, C(O)OH 1 C(O)OCH3. NH2 , NHCH3, N(CH 3 2 ,
C(O)NH 2 i C(O)NHCH 3 or C(O)N(CH 3 )2 ; wherein in
residues R3 to R1 cycloalkyl or heterocycloalkyl is
unsubstituted or optionally substituted one or more
times by (C | -C6 )alkyl, halogen, OH, OCH3, C(O)OH,
C(O)OCH 3 , NH2 , NHCH 3 , N(CH 3 )2 , C(O)NH 2
C(O)NHCH 3 or C(O)N(CH 3 2 ; wherein in residues R3 to
R1 alkyl or alkylene is unsubstituted or optionally
substituted one or more times by halogen; wherein in
residues R3 to R1 (C6 -C1 rj)aryl and (Cs-C 1
rjjheteroaryl are unsubstituted or optionally
substituted one or more times by a group independently
selected from halogen, OH, NO2 , N3 , CN, C(O)-(C 1
-C6 )alkyl, C(O)-(C 6 -C1 rj)aryl, COOH, COO(C 1 - C6
)alkyl, CONH 2 , CONHfC-i-CeJalkyl, CONI(C 1 -C6
)alkyl]2 , (C3 -C8)cycloalkyl, (C1 -C6 )alkyl, (C1 -C6
)alkylene-NH(C 1 -C6 )alkyl, (C1 -C6 )alkylene-N[(C 1
-C6 )alkyl]2 , (C2 -C6 )alkenyl, (C2 -C6 )alkynyl,
O-fC-i-CeJalkyl, 0-C(O)-(C 1 -C6 )alkyl, PO3 H2 , SO3
H1SO2-NH2 , SO2 NH(C1-C6)alkyl, SO2N[(Ci-C6)alkyl] 2 ,
S-(C |-C6)alkyl; SO-(C 1- C6 )alkyl, SO2 -(C 1-C6
)alkyl, SO2 -N=CH-N[(C 1-C6 )alkyl]2 , SF5 , C(NH)(NH2
) , NH2 , NH-(C1-C6 )alkyl, Nt(C1-C6 )alkyl]2 ,
NH-C(O)-(C 1-C6 )alkyl, NH-C(O)O-(C 1-C6 )alkyl,
NH-SO2 -(C 1-C6 )alkyl, NH-SO2 -(C6 -C1 0 )aryl,
NH-SO2 - (C5 -C1o)heteroaryl, NH-SO2
-(C3-C8)heterocycloalkyl, N C i -C alkyl- O)-
(C-i-CeJalkyl, N(C1-C6 JaIkVl-C(O)O-(C1-C6 )alkyl,
N(C1-C alkyl-C -NH- - C6 )alkyl], (C6 -C1 0 )aryl,
(C-i-CeJalkylene-fCe-C-ioJaryl, 0-(C 6 -C1o )aryl,
(c)-(C-i-CeJalkylene^Ce-C-ioJaryl,
(C5-C-|o)heteroaryl, (C3-C8)heterocycloalkyl,
(C-i-CeJalkylene^Cs-C-ioJheteroaryl, (C1-C6
)alkylene-(C3-C8)heterocycloalkyl,
O^C-i-CeJalkylene-^s-C-ioJheteroaryl,
(c)-(C-i-CeJalkylene^Ca-C Jheterocycloalkyl, wherein
said (C6 -C1 o)aryl, (C -C1o)heteroaryl,
(C3-C8)heterocycloalkyl or (C3-C8)cycloalkyl may be
substituted one to three times by a group
independently selected from halogen, OH, NO2 , CN,
O-(C1-C6 )alkyl, (C-i-CeJalkyl, NH2 , NH(C1-C6 )alkyl,
Nf(C1-C6 )alkyl]2 , SO2 CH3, COOH, C(O)O-(C C alkyl,
CONH2 , (C-i-CeJalkylene-O-fC-i-CeJalkyl,
(C-i-CeJalkylene-O-fCe-C-ioJaryl, or O-(C1-C6
)alkylene-(C 6 -C1o)aryl; or wherein (C6 -C-|o)aryl is
vicinally substituted by a O-(C-|-C4)alkylene-O group
whereby a 5-8-membered ring is formed together with
the carbon atoms the oxygen atoms are attached to; and
wherein aryl substituents of (C6 -C1o)aryl, (C5
-C1rj)heteroaryl, (C3-C8)heterocycloalkyl or
(C3-C8)cycloalkyl groups may not be further
substituted by an aryl, heteroaryl, heterocycloalkyl,
or (C3-C8)cycloalkyl containing group; their
stereoisomeric and/or tautomeric forms and/or their
pharmaceutically acceptable salts thereof.In another
embodiment the present invention also relates to a
compound of formula (I) and/or its pharmaceutically
acceptable salt for use as a medicament. It also
relates to the use of at least one compound of formula
(I) and/or a pharmaceutically acceptable salt thereof
for the treatment and/or prevention of Rho-Kinase
mediated diseases such as hypertension, pulmonary
hypertension, ocular hypertension, retinopathy,
glaucoma, peripheral circulatory disorder, peripheral
arterial occlusive disease (PAOD), coronary heart
disease, angina pectoris, heart hypertrophy, heart
failure, ischemic diseases, ischemic organ failure
(end organ damage), fibroid lung, fibroid liver, liver
failure, nephropathy, renal failure, fibroid kidney,
renal glomerulosclerosis, organ hypertrophy, 



asthma, chronic obstructive pulmonary disease (COPD),
adult respiratory distress syndrome, thrombotic
disorders, stroke, cerebral vasospasm, cerebral
ischemia, pain, neuronal degeneration, spinal cord
injury, Alzheimer's disease, premature birth, erectile
dysfunction, endocrine dysfunctions, arteriosclerosis,
prostatic hypertrophy, diabetes and complications of
diabetes, metabolic syndrome, blood vessel restenosis,
atherosclerosis, inflammation, autoimmune diseases,
AIDS, osteopathy, infection of digestive tracts with
bacteria, sepsis or cancer development and
progression. The invention further relates to a
medicament comprising an effective amount of at least
one compound of formula (I) and/or a pharmacologically
acceptable salt thereof. Another object of the present
invention is a method of producing a compound of
formula (I). The term alkyl as used in (C | -C2)alkyl,
(C-i-C^alkyl, or (C |-C6)alkyl and the
corresposponding alkylene substituents are understood
as a hydrocarbon residue which can be linear, i.e.
straight-chain, or branched and has 1, 2, 3, 4 , 5 ,
or 6 carbon atoms, respectively. This also applies if
an alkyl group occurs as a substituent on another
group, for example in an alkoxy group (O-alkyl),
S-alkyl or a -O(C-|- C6)alkylene-O-, an alkoxycarbonyl
group or an arylalkyl group. Examples of alkyl groups
are methyl, ethyl, propyl, butyl, pentyl or hexyl, the
n-isomers of all these groups, isopropyl, isobutyl,
1-methylbutyl, isopentyl, neopentyl,
2,2-dimethylbutyl, 2- methylpentyl, 3-methylpentyl,
isohexyl, sec-butyl, tert-butyl or tert-pentyl. Alkyl
or alkylene groups may optionally be halogenated once
or more, e.g. alkyl groups may be fluorinated, e.g.
perfluorinated. Examples of halogenated alkyl groups
are CH2F,CHF2, CF3 and CH2CF3, OCF3, SCF3, or
-O-(CF2)2-O-. The term (C2 -C6)-alkenyl means a
hydrocarbon residue whose carbon chain is
straight-chain or branched and comprises 2 to 6 carbon
atoms and has, depending on the chain length, 1, 2 or
3 double bonds, for example, vinyl, 1-propenyl,
2-propenyl (= allyl), 2-butepyl, 3-butenyl,
2-methyl-2-butenyl, 3-methyl-2-butenyl, 5-hexenyl or
1,3- pentadienyl. The double bond may where possible
have the E or Z orientation. The double bonds may be
both internal and terminal. (C2-Cg)-alkynyl groups are
hydrocarbon residue whose carbon chain is
straight-chain or branched and comprises 2 to 6 carbon
atoms and have, depending on the chain length, 1 or 2
triple bonds, for example, ethynyl, 1-propynyl,
2-propynyl (= propargyl) or 2-butynyl. The triple
bonds may be both internal and terminal. Halogen means
fluoro (F) 1 chloro (Cl), bromo (Br) or iodo (I). The
term (Ci-C )heteroalkyl or the corresponding
(Ci-C8)heteroalkylene substituents are understood as
(Ci-C )alkyl or (C-i-C Jalkylene groups wherein at
least one carbon atom, preferably one or two carbon
atoms, more preferred one carbon atom, is replaced by
a group selected from O, NH, or S and wherein the
nitrogen and sulfur atoms may optionally be oxidized.
The heteroatom may be placed at any position of the
alkyl or alkylene group. Examples of
(C-|-C8)heteroalkyl groups include -CH 2 -OCH 3 , -CH
2 -CH 2 -O-CH 2 -CH 3 , -CH 2 -NH-CH 2 -CH 3 , -CH 2
-N(CH 2 -CH 3 )2 -CH 2 -CH 2 - CH2 -O-CH 3 , -CH 2 -CH
2 -CH 2 -S-CH 3 , -CH 2 -O-CH(CH 3 2 , -CH 2 -O-CH 2
-CH 2 -O-CH 3 or 0-CH 2 -CH 3 . (C3 -C )cycloalkyl
groups are cyclic alkyl groups containing 3, 4 , 5, 6,
7 or 8 ring carbon atoms like cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl or cyclooctyl, which can also
be substituted and/or contain 1 or 2 double bounds
(unsaturated cycloalkyl groups) like, for example,
cyclopentenyl or cyclohexenyl, which can be bonded via
any carbon atom.A (C6-Cio)aryl group means an aromatic
ring or a ring system which comprises two aromatic
rings which are fused or otherwise linked or which
comprises two fused aromatic rings wherein one ring is
saturated or partly saturated, i.e contains at least
one C-C single bond, for example a phenyl, naphthyl,
biphenyl, tetrahydronaphthyl, alpha- or
beta-tetralon-, indanyl- or indan-1-on-yl group. A
preferred (C6-Cio)aryl group is phenyl.
(C3-C8)heterocycloalkyl group means a saturated
(contains no double bonds) monocyclic carbon ring
system containing 3, 4 , 5, 6 , 7 or 8 ring atoms in
which one or more carbon atoms can be replaced by one
or more heteroatoms such as, for example 1, 2 or 3
nitrogen atoms, 1 or 2 oxygen atoms, 1 or 2 sulfur
atoms or combinations of different hetero atoms. The
heterocycloalkyl residues can be bound at any
positions, for example on the 1-position, 2-position,
3-position, 4-position, 5-position, 6-position,
7-position or 8-position. Also included are the
corresponding N-oxides, sulfoxides or sulfones of
these compounds. Examples of (C3-C8)heterocycloalkyl
groups are oxiranyl, oxetanyl, aziridinyl,
tetrahydrofuranyl, tetrahydropyranyl, dioxolanyl, for
example 1,3-dioxolanyl, dioxanyl, for example
1,4-dioxanyl, piperidinyl, pyrrolidinyl,
imidazolidinyl, triazolidinyl, hexahydropyrimidinyl,
piperazinyl, triazinanyl, for example,
1,3,5-triazinanyl, 1,2,3- triazinanyl or
1,2,4-triazinanyl, tetrahydrothiophenyl,
tetrahydro-thiopyranyl, dithiolanyl, for example
1,3-dithiolanyl, dithianyl, thiazolidinyl,
oxazolidinyl, oxathiolanyl, for example
1,3-oxathiolanyl, morpholinyl or thiomorpholinyl,
diazepanyl, for example 1,4- diazepanyl. A preferred
(C3-C8)heterocycloalkyl group is morpholinyl,
pyrrolidinyl, piperazinyl, piperidinyl, oxetanyl or
tetrahydropyranyl. (C5-Cio)heteroaryl means a mono- or
bicyclic ring system in which one or more carbon atoms
can be replaced by one or more heteroatoms such as,
for example 1, 2, 3 or 4 nitrogen atoms, 1 or 2 oxygen
atoms, 1 or 2 sulfur atoms or combinations of
different hetero atoms. The heteroaryl residues can be
bound at any position, forexample on the 1-position,
2-position, 3-position, 4-position, 5-position,
6-position, 7- position or 8-position.
(C5-C-|o)heteroaryl groups may be an (1) aromatic
monocyclic or bicyclic ring system or (2) a bicyclic
ring system wherein one ring is aromatic and the
second ring is at least partially saturated. Also
included are the corresponding N-oxides, sulfoxides or
sulfones of these compounds. Suitable
(C5-Cio)heteroaryl groups are benzimidazolyl,
benzofuryl, benzothienyl, azaindolyl, benzothiophenyl,
benzoxazolyl, benzthiazolyl, benztriazolyl,
benzisoxazolyl, benzisothiazolyl, carbolinyl,
cinnolinyl, chromanyl, chromenyl, naphthyridinyl, 



phthalazinyl, pyridoimidazolyl, pteridinyl, purynyl,
quinazolinyl, quinoxalinyl, quinolinyl, isoquinolinyl,
tetrahydroisoquinolinyl, tetrahydroquinolinyl,
indolinyl, indolizinyl, indolyl, furyl, furazanyl,
thienyl, imidazolyl, imidazolinyl, 1H-indazolyl,
pyrazolyl, oxazolyl, 1,2,3- oxadiazolyl,
1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl,
1,3,4-oxadiazolyl, isoxazolyl, thiazolyl,
isothiazolyl, pyridyl, triazolyl, pyrazinyl,
pyrimidinyl, pyridazinyl, pyrazolinyl, pyrrolyl,1
,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,
5-thiadiazolyl, 1,3,4-th iadiazolyl, tetrazolyl.
Pyridyl stands both for 2-, 3- and 4-pyridyl. Thienyl
stands both for 2- and 3-thienyl. Furyl stands both
for 2- and 3-furyl. Also included are the
corresponding N-oxides of these compounds, for
example, 1-oxy-2-, 3- or 4-pyridyl. Substitutions in
(C5-C-|o)heteroaryl residues can occur on free carbon
atoms or on nitrogen atoms. Preferred examples of
(C5-C |o)h eteroaryl residues are benzofuryl,
quinolinyl, furyl, thienyl, imidazolyl, pyrazolyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,
pyridyl, triazolyl, oxadiazolyl, pyrazinyl,
pyrimidinyl, pyridazinyl and tetrazolyl. A preferred
(C5-C-|o)heteroaryl is a (C5-C6)heteroaryl group.
Preferred (C5- C6)heteroaryl residues are furyl,
thienyl, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, pyridyl, triazolyl,
oxadiazolyl, pyrazinyl, pyrimidinyl, andpyridazinyl.
Preferred examples of (C5 -C6 )heteroaryl residues are
2- or 3-thienyl, 2- or 3-furyl, 1-, 2- or 3-pyrrolyl,
1-, 2-, 4- or 5-imidazolyl, 1-, 3-, 4- or 5-pyrazolyl,
1,2,3- triazol-1-, -4- or -5-yl, 1,2,4-triazol-i-, -3-
or -5-yl, 2-, 4- or 5-oxazolyl, 3-, 4- or 5-
isoxazolyl, 1,2,3-oxadiazol-4- or -5-yl,
1,2,4-oxadiazol-3- or -5-yl, 1,3,4-oxadiazol-2- or
-5-yl, 2-, 4- or 5-thiazolyl, 3-, 4- or
5-isothiazolyl, 2-, 3- or 4-pyridyl, 2-, A-, 5- or 6-
pyrimidinyl, 3- or 4-pyridazinyl, or pyrazinyl. In
residues R3 to R1 5 (C6-Cio)aryl and (C5 -C
"iQjheteroaryl residues are unsubstituted or, if not
specified otherwise, optionally substituted one or
more times, preferably one to three times, more
preferably once, by a group independently selected
from halogen, OH, NO2 , N3 , CN, C(O)-(Ci -C6)alkyl,
C(O)-(C 6 -C 1 0 )aryl, COOH, COO(C 1 - C6)alkyl, CONH
2 , CONH(C 1 -C6 )alkyl, CONI(C 1 -C6 )alkyl] 2 ,
(C3-C8)cycloalkyl,
(C-i-CeJalkyKC-i-CeJalkylene-NHtC-i-CeJalkyl, (C1
-C6)alkylene-N[(C 1 -C6)alkyl] 2 , (C2 -C6 )alkenyl,
(C2 -C6)alkynyl, O-fC-i-C^alkyl, 0-C(O)-(C 1 -C6
)alkyl, PO3 H2 , SO3 H, SO2 -NH 2 , SO2 NH(C 1
-C6)alkyl, SO2 Nt(C 1 -C6 )alkyl]2 , S-(C 1 -C6
)alkyl, SO-(C 1 - C6 )alkyl, SO2 -(C 1 -C6 )alkyl, SO2
-N=CH-Nf(C 1 -C6 )alkyl]2 , SF5 , C(NH)(NH 2 ) , NH2 ,
NH-(C 1 -C Jalkyl, NI(C 1 -C6 )alkyl]2 , NH-C(O)-(C 1
-C6 )alkyl, NH-C(O)O-(C 1 -C6 )alkyl, NH-SO 2 -(C 1
-C6)alkyl, NH-SO 2 -(Ce-C 1 0 )aryl, NH-SO 2 - (C5 -C1
o)heteroaryl, NH-SO 2 -(C 3 -C8)heterocycloalkyl, N(C
1 -C6)alkyl-C(0)- (Ci-C 6 )alkyl, N(C 1
-C6)alkyl-C(O)O-(C 1 -C6 )alkyl, N(C 1 -C6
JaIkVl-C(O)-NH-(C 1 - C6 )alkyl], (Ce-C-irjJaryl,
(C-i-CeJalkylene-fCe-C-ioJaryl, 0-(C 6 -C1 o)aryl,
0-(C 1 -C6 )alkylene-(C 6 -C1 o)aryl, (Cs-C 1
rjjheteroaryl, (C3 -C8)heterocycloalkyl, (C1 -C6
)alkylene-(C5-C 1 o)heteroaryl, (C1 -C6 )alkylene-(C 3
-C8)heterocycloalkyl, 0-(C 1 -C6 )alkylene-(C5-C 1
o)heteroaryl, O-(C 1 -C6 )alkylene-(C 3
-C8)heterocycloalkyl, wherein said (C6 -C 1 rjjaryl,
(C -C1 o)heteroaryl, (C3 -C8)heterocycloalkyl or (C3
-C8)cycloalkyl may be substituted one to three times
by a group independently selected from halogen, OH,
NO2 , CN1 0-(C 1 -C6 JaIkVl 1 (C-i-C^alkyl, NH2 , NH(C
1 -C6 JaIkVl, NI(C 1 -C6 JaIkVl]2 , SO2 CH3 , COOH,
C(O)O-(C 1 -C6 )alkyl, CONH 2
,(Ci-C6)alkylene-O-(Ci-C6)alkyl, (C-i-C
Jalkylene-O-fCe-C-irjJaryl, or
0-(Ci-C6)alkylene-(C6-Cio)aryl; or wherein (C6-C
io)aryl is vicinally substituted by a 0 -(C
|-C4)alkylene-0 group whereby a 5-8-membered ring is
formed together with the carbon atoms the oxygen atoms
are attached to; and wherein aryl substituents of
(Cg-C 1 n)aryl, (Cs-C 1 rj)heteroaryl,
(C3-C8)heterocycloalkyl or (C3-C8)cycloalkyl groups
may not be further substituted by an aryl, heteroaryl,
heterocycloalkyl, or (C -C Jcycloalkyl containing
group. Preferred substituents for (Ce-C 1 rj)aryl and
(Cs-C 1n)heteroaryl groups are OH, (C1 - C4 )alkyl,
O-(Ci-C 4 )alkyl, O-phenyl, phenyl, C(O)O-(C 1
-C6)alkyl, C(O)OH, C(O)-(C 1 - C4)alkyl, halogen, NO2,
SO2NH2, CN, Sq 2-(Ci-C4)alkyl, SO2 -N=CHNI( C 1 -C6
)alkyl]2, NH-SO 2 -(C 1 -C4 )alkyl, NH2 , NH-C(O)-(C 1
-C4 )alkyl, (C3-C 8 )cycloalkyl, (C-i-C^alkyl-OH,
C(O)NI(C 1 -C4 )alkyl]2 l C(O)NH(C 1 -C6)alkyl, C(O)NH
2 , NI(C 1 -C4 )alkyl]2 ,
(C-i-C^alkylene-NKC-i-C^alkylfc,
(C-i-C^alkylene-O-fC-i-C^alkyl, (Cs-CeJheteroaryl,
(C3-C8)heterocycloalkyl, (C1 - C4 )alkylene-(C6-C 1
o)aryl, wherein the (Ce-C 1 o)aryl may be further
substituted one to three times, preferably once, by
halogen, (C-|-C 4 )alkyl, O-(C 1 -C4 )alkyl, (C1 -C4
)alkylene-O-(C 1-Ce)alkyl, (C -C-ioJaryl, 0-(C
1-C6)alkylene-(C6-C 1 o)aryl, or may be vicinally
substituted by a 0-(C-|-C 4 )alkylene-0 group whereby
a 5-8- membered ring is formed together with the
carbon atoms the oxygen atoms are attached to. More
preferred substituents for (Ce-C 1 rj)aryl and (C5-C
10) heteroaryl are OH, halogen, CN, phenyl, O-phenyl,
NH-C(O)-(C 1 -C4 )alkyl, C(O)-(C 1 -C4 )alkyl,
C(O)-O(C 1 -C4 )alkyl, (C1 -C4 )alkyl, 0-(Ci-C4)alkyl,
CONH 2 , SO2 -NH 2 , SO2 -(C -i-C4 )alkyl Or SO2
-N=CHNI( C 1 -C4 )alkyl]2 , (C |-C4 )alkylene-phenyl,
(C-i-C^alkylene-O-fC-i-C^alkyl or (C5-20
C6)heteroaryl, wherein the phenyl is unsubstituted or
optionally substituted one to three times, preferably
once, by OH1 halogen, (C |-C4)alkyl or O-(Ci-C4)alkyl.
Even more preferred substituents for (Ce-C 1 rj)aryl
and (Cs-C 1 o)heteroaryl are OH, halogen, CN, phenyl,
O-phenyl, NH-C(O)-(C -|-C4 )aIkyI especially
NH-C(O)-CH 3 , C(O)-(C 1 -C4 )alkyl especially C(O)-CH
3 , C(O)-O(C 1 -C4 )alkyl especially C(O)-OCH 3 ,
(Ci-C4)alkyl especially CH3 or CF3 , 0-(Ct-C4)alkyl
especially O-CH 3 C0NH2, SO2- NH2, SO2-(C 1 -C4)alkyl
especially Sq 2-CH 3 or SO2-CF 3 ; or Sq 2-N=CHNI( C 1
-C4 )alkyl]2 especially SO2 -N=CH-N[(CH 3 )2 l wherein
the phenyl is unsubstituted or optionally substituted
one to three times, preferably once, by OH, halogen,
(C1-Chalky I or 0-(C 1 -C4)alkyl. More especially
preferred substituents for (Cg-C 1 rj)aryl and (Cs-C 1
rjjheteroaryl groups are OH, CN, (C<|-C4)alkyl
especially CH3 or CF3 , O C i alkyl especially 0-CH 3
, halogen or phenyl, wherein the phenyl may be further
substituted one to three times, preferably once, by
OH, halogen, (C |-C4)alkyl especially CH3 or CF3 , or 



0-(C 1-C4)alkyl especially 0-CH 3 . Most preferred
substituents for (Ce-C 1 rj)aryl and (Cs-C 1
rj)heteroaryl groups are OH, CN, halogen, (C1-C4)alkyl
especially CH3 or CF3 , 0(C 1 -C4)alkyl especially
0-CH 3 , or halogen. In monosubstituted phenyl groups
the substituent can be located in the 2-position, the
3-position or the 4-position, with the 3-position and
the 4-position being preferred. If a phenyl group
carries two substituents, they can be located in
2,3-position, 2,4-position, 2,5-position,
2,6-position, 3,4-position or 3,5-position. In phenyl
groups carrying three substituents the substituents
can be located in 2,3,4-position, 2,3,5-position,
2,3,6- position, 2,4,5-position, 2,4,6-position, or
3,4,5-position. The above statements relating to
phenyl groups correspondingly apply to divalent groups
derived from phenyl groups, i.e. phenylene which can
be unsubstituted orsubstituted 1,2-phenylene,
1,3-phenylene or 1,4-phenylene. The above statements
also correspondingly apply to the aryl subgroup in
arylalkylene groups. Examples of arylalkylene groups
which can also be unsubstituted or substituted in the
aryl subgroup as well as in the alkylene subgroup, are
benzyl, 1-phenylethylene, 2-phenylethylene, 3-
phenylpropylene, 4-phenylbutylene,
1-methyl-3-phenyl-propylene. In residues R3 to R15 an
alkyl or alkylene is unsubstituted or, if not
specified otherwise, optionally substituted one or
more times by halogen. If substituted, alkyl or
alkylene is preferably substituted one to three times
by halogen selected from chloro or bromo but may be
substituted by fluoro once or more, e.g. being
perfluorinated. Preferably halogen is fluoro.
Preferably alkylene is not halogenated. More preferred
an alkyl or alkylene is not halogenated. In residues
R3 to R )5 alkyl or alkylene is unsubstituted or, if
not specified otherwise, optionally substituted one or
more times by a group selected independently from OH
OCH3 , C(O)OH, C(O)OCH3 , NH2, NHCH3 , N(CH3 2 ,
C(O)NH2 , C(O)NHCH 3 or C(O)N(CH3 )2 . If substituted,
the number of substituents is preferably between 1, 2,
3 or 4 , more preferably 1 or 2 with 1 being even more
preferred. Preferably an alkylene is not substituted
by one of these groups. More preferably an alkyl or
alkylene is not substituted by one of these groups.
Preferably alkyl or alkylene in R3 , R4, R5, R7 and R
are not substituted. In a further embodiment alkyl or
alkylene in R4 to R15 is not substituted by one of
these groups. In residues R3 to R15 cycloalkyl or
heterocycloalkyl is unsubstituted or, if not specified
otherwise, optionally substituted one or more times by
(C | -C6)alkyl, halogen, OH, OCH3 , C(O)OH, C(O)OCH3 ,
NH2 , NHCH3 , N(CH3 )2 , C(O)NH2 C(O)NHCH 3 or
C(O)N(CH3 2 If substituted, the number of substituents
is preferably between 1, 2, 3 or 4, more preferably 1
or 2 with 1 being even more preferred. Preferably
cycloalkyl or heterocycloalkyl in R3 to Rg are not
substituted. In a further embodiment cycloalkyl or
heterocycloalkyl in R3 to R15 are not substituted. In
a preferred embodiment a heterocycloalkyl is not
substituted. In another embodiment cycloalkyl is not
substituted.22 The general and preferred substituents
of (C -C-j o)aryl, (C5-Cio)heteroaryl, (C3-
C8)heterocycloalkyl and (C -C Jcycloalkyl groups as
defined before may be combined with the general and
preferred definitions of R-| , R3, R4, R5, Re, R7, Re.
R9. R10- Ri 1. Ri2> Ri3- Ri4. Ri5> n >s >m >r>P and L
as described in the following embodiments of a
compound of formula (I). The following embodiments of
a compound of formula (I) do further characterize and
are part of the present invention. In one embodiment
of a compound of formula (I) R-| is H and the compound
is characterized by the formula (II) (H) In another
embodiment of the present invention Ri is OH and the
compound is characterized by the formula (Ilia) R 4 R
5 (R9) n R12 R 1 1 (Ilia)23 The isoquinoline
derivative of formula (I) 1 wherein Ri is OH, includes
the corresponding tautomeric 1-isoquinolone derivative
which is characterized by the formula (MIb) (IHb) This
tautomeric form is also an embodiment of the present
invention. In a further embodiment R-| is NH2 and the
compound is characterized by the formula (IV) R 4 R 5
(R g)n R12 R 11 (IV) The following further embodiments
equally refer to the compounds of formula (I), (II),
(Ilia), (NIb) and (IV). In a preferred embodiment Ri
is H or OH; more preferably R | is OH. In one
embodiment R3 is preferably H1 halogen, (Ci-Cg)alkyl,
or NHR ' . In another more preferred embodiment R3 is
H, halogen, unsubstituted or substituted NH-(C5-C
b)heteroaryl, unsubstituted or substituted
NH-(C3-C8)heterocycloalkyl or unsubstituted or
substituted NH-phenyl. In a even more preferred
embodiment R3 is24 unsubstituted or substituted
NH-(C5-C5)heteroaryl containing one or more N atoms,
or unsubstituted or substituted NH-phenyl. In a most
preferred embodiment R3 is H. Examples of NHR '
substituents in R3 are . The asterisk (*) denotes
where the bond is connected to the C-atom of the ring.
In a preferred embodiment R4 is H, halogen, (C |
-Cg)alkyl, or (C |-C2)-alkylene-phenyl. In a more
preferred embodiment R4 is H, halogen or unsubstituted
or substituted (C - C4)alkyl or
(C-|-C2)-alkylene-phenyl, preferably unsubstituted (C
-Chalky I or (C1-C2)- alkylene-phenyl. Even more
preferred R4 is H or halogen, with H being most
preferred. 



In a preferred embodiment R5 is H1 CN, halogen,
unsubstituted or substituted (C-|- C )alkyl,
unsubstituted or substituted (Cg-C | o)aryl,
substituted or unsubstituted (C3-C8)cycloalkyl or
unsubstituted or substituted (C5-C io)heteroaryl.
(Cg-Ci o)aryl is preferably phenyl. Examples of R5 are
hydrogen, fluoro, chloro, bromo, iodo, methyl, ethyl,
phenyl, thienyl or pyridyl, nitrile,
(p-methoxy)-phenyl, N-aniline, cyclopropyl, tetrazol,
4-methoxy-aniline. In a more preferred embodiment
(Ci-Cg)alkyl, (Cg-Ci o)aryl, (C3-C )cycloalkyl or
(C5-Cio)heteroaryl are unsubstituted. In an even more
preferred embodiment R5 is H1 halogen, methyl, ethyl,
phenyl, thienyl, or pyridyl, more specifically H,
halogen, methyl, or ethyl. Most preferred R5 is H.In a
preferred embodiment R7 is H, halogen, nitrile,
unsubstituted or substituted (C-|- Cs)alkyl,
unsubstituted or substituted O-(Ci-C6)alkyl, or
unsubstituted or substituted R'. In a more preferred
embodiment R7 is H, halogen, nitrile, unsubstituted or
substituted (Ci-C4)alkyl, unsubstituted or substituted
O-(C-|-C4)alkyl, unsubstituted or substituted phenyl,
unsubstituted or substituted (Cs-C Jheteroaryl, or
unsubstituted or substituted (C3-C6)cycloalkyl.
Preferably, alkyl, phenyl or (C5-C6)heteroaryl are
unsubstituted. In an even more preferred embodiment R7
is H, fluoro, chloro, bromo, methyl, ethyl, methoxy,
phenyl, nitrile, cyclopropyl, or thienyl. More
preferably R7 is H, fluoro, chloro, bromo, methyl or
methoxy, in particular H, methyl or chloro. Most
preferred R7 is chloro. In a preferred embodiment R is
H, Cl, F, methyl or ethyl. In a more preferred
embodiment R is H. In a preferred embodiment Rg is R',
OH, halogen, (C-|-C6)alkyl, (C-|-C6)alkylene-R', (C2
-C6)alkenyl, (C-i-CeJalkylene-C^NH-R ,
(C-i-CeJalkylene-C^NH-CC-i-CeJalkyl, COOH, CONH2 ,
C(O)NH-(Ci -C6)alkyl, C(O)NHR , C(O)-NH-(Ci -C
Jalkynyl, C(O)- NH(Ci -C6)alkylene-R\ or
C(O)N[(Ci-C6)alkyl]2; wherein alkyl, alkylene and R'
are unsubstituted or substituted. In a more preferred
embodiment Rg is OH, halogen, (Ci- C6 )alkyl,
(Ci-C6)alkylene-R\ (C2 -C6 )alkenyl, COOH, CONH2 ,
C(O)NH-(Ci -C6 )alkyl, C(O)NHR', or
C(O)N[(Ci-C6)alkyl] 2 , wherein alkyl, alkylene and R'
are unsubstituted or substituted. More preferably Rg
is OH, halogen, (Ci-C6)alkyl, COOH, CONH2 , or O-CH3,
wherein alkyl is unsubstituted or substituted. In an
even more preferred embodiment Rg is unsubstituted or
substituted (Ci-C6)alkyl, preferably Rg is
unsubstituted (Ci-C jalkyl. Rg may be bound to any
carbon atom of the ring including the position where
the linker group L is bound.26 As examples for these
embodiments, Rg is methyl, ethyl, propyl, isopropyl,
OH H H The asterisk (*) denotes where the bond is
connected to the C-atom of the ring. In a preferred
embodiment RIQ is H, (C6 -C1 o)aryl, O-(C 6 -C 1 0
)aryl, 0-(Ci-C2)alkylene-(C6-Cio)aryl. or
(C5-C6)heteroaryl, wherein (CQ-C<\ rj)aryl or
(C5-Ce)heteroaryl are unsubstituted or substituted.
Preferably (C -C-i o)aryl is phenyl. In a more
preferred embodiment Rio is H, phenyl, O-phenyl, or
(C5-Cg)heteroaryl, wherein phenyl or (C5-C5)heteroaryl
is unsubstituted or substituted. In a more preferred
embodiment R-] rj is H or phenyl optionally
substituted 1, 2 or 3 times, preferably once, by a
group independently selected from C(O)NH2, OH, CN,
halogen, (C"|-C6)alkyl or O-(C-|-C6)alkyl, wherein
alkyl is unsubstituted or optionally substituted once
or more by halogen. In an even more preferred
embodiment Rio is H or phenyl optionally substituted
independently by a group selected from (Ci-C6)alkyl,
F1 Cl1 Br1 OMe or CF3 In a most preferred embodiment
R-JQ. is H. In still another most preferred embodiment
R-IO is phenyl. Examples for embodiments of R-|rj
residues are27 OMe N H // N N N N. A N  or In a
preferred embodiment R is H1 (C1 -C6 )SlKyI1
(C3-C8)cycloalkyl, or (C5-C6)heteroaryl, preferably H
or (Ci-C Jalkyl, wherein (C-|-C6)alkyl, (C3-
CsJcycloalkyl, or (C5-Cio) n e teroaryl are
unsubstituted or substituted, preferably
unsubstituted. In a more preferred embodiment R-J I is
H or (C-i-C Jalkyl, wherein (Ci-C6)alkyl is
unsubstituted or substituted, preferably
unsubstituted. Even more preferred Rn is H or methyl.
Most preferably Ri 1 is H.28 In a preferred embodiment
R-12 i (C-i-C Jalkyl, wherein optionally one or more
hydrogen are substituted by fluoro; (C3-C8)cycloalkyl,
(C -Cgjheteroaryl, or (C6-Cio)aryl, wherein
(C3-C8)cycloalkyl, (C5-Cg)heteroaryl and (C6-Cio)aryl
are unsubstituted or substituted, preferably
(C3-C8)cycloalkyl, and (Cs-Cjheteroaryl are
unsubstituted. Preferably (C6-Cio)aryl is phenyl which
is unsubstituted or optionally substituted once or
twice by a group selected independently of each other
from halogen, (C-|-C4)alkyl or O-(C-|-C4)alkyl,
wherein (C-|-C4)alkyl may optionally be substituted by
fluoro. 



In a preferred embodiment R-] 2 is methyl, ethyl,
propyl, isopropyl, isobutyl, cyclopropyl,
trifluoromethyl, thiazolyl or phenyl unsubstituted or
substituted by (C-|-C4)alkyl or halogen. More
preferred, R 2 i methyl, ethyl, propyl, isopropyl,
isobutyl, cyclopropyl, or is phenyl optionally
substituted by methyl or halogen. In another
embodiment Rio is H1 R n is H and R12 is phenyl
optionally substituted 1, 2 or 3 times, preferably
once, by a group independently selected from halogen,
(C-|-C6)alkyl or O-(C-|-C6)alkyl, wherein alkyl is
unsubstituted or optionally substituted once or more
by halogen. In another embodiment R10 is phenyl
optionally substituted 1, 2 or 3 times, preferably
once, by a group independently selected from halogen,
(C-i-CJalkyl or O- (Ci-Cg)alkyl, wherein alkyl is
unsubstituted or optionally substituted once or more
by halogen; R is H and R12 is unsubstituted (C
-C^cycloalkyl or (Ci-C@)alkyl, wherein in the alkyl
optionally one or more hydrogen are substituted by
fluoro; (C3- C8)cycloalkyl, or phenyl.In a further
embodiment R1 -| and R12 together with the carbon atom
to which they are attached, form a (C3-C8)cycloalkyl
ring, which is unsubstituted or substituted,
preferably unsubstituted. More preferred the ring is
cyclopropyl. In a further embodiment R1 and R12.
together with the carbon atom to which they are
attached, form a (C3-C8)heterocycloalkyl ring, which
is unsubstituted or substituted. Preferably the formed
heterocyclyl group is oxetanyl, morpholinyl,
piperidinyl, pyrrolidinyl or piperazinyl. More
preferably the heterocyclyl group is morpholinyl or
piperazinyl. The formed heterocycloalkyl group is
preferably unsubstituted. In one embodiment of a
compound of formula (I) R13 and R14 are independently
of each other H, R1, (C1 -C6 )SlKyI,
(Ci-C6)alkylene-R\ (Ci-C 6 )alkylene-O-(Ci-C 6 )alkyl,
(C |-C6)alkylene-O-R', C(O)(C 1 -C6 JaIlCyI1 C(O)R 1,
C(O)(C 1 -C jalkyene-R ' , C(O)Nt(C 1 -Ce)alkyl]2,
wherein R', (C"|-C6)alkyl and (C"|-C6)alkylene are
unsubstituted or substituted. In a further embodiment
R1 3 and R14 , together with the N-atom to which they
are attached, form a (C3-C8)-heterocycloalkyl ring,
which is unsubstituted or substituted. Preferably, a
(C3-C8)-heterocycloalkyl is unsubstituted. In a
preferred embodiment of a compound of formula (I) R1 3
and R are independently of each otherH , (C 1 -Ce)
IKyI, (C3-C 8 )cycloalkyl,
(Ci-C4)alkylene-(C3-C8)cycloalkyl,
(Ci-C4)alkylene-(C5-C-|o)heteroaryl,
(C-|-C4)alkylene-(C3-C8)heterocycloalkyl,
(C-i^Jalkylene^Ce-C-ioJaryl,
(Ci-C4)alkylene-O-(Ci-C6)alkyl, CfOXC-i-C bJalkyl, or
R-] 3 and R14, together with the N-atom to which they
are attached, form a (C3-C8) heterocycloalkyl group,
wherein (C-|-C6)alkyl, (C3-C8)cycloalkyl,
(Ci-C4)alkylene, (C5-Cio) net eroaryl,
(C3-C8)heterocycloalkyl, (C -C-ioJaryl are
unsubstituted or substituted. Preferably the formed
heterocyclyl group in R 3 and R14 is morpholinyl,
piperidinyl, pyrrolidinyl or piperazinyl. More
preferably the heterocyclyl group is morpholinyl or
piperazinyl. In a more preferred embodiment of a
compound of formula (I) R-| 3 is H1 (C-|-C6)alkyl,
(C3-C8)cycloalkyl, or
(Ci-C4)alkylene-(C3-C8)cycloalkyl; and R"I4 is H,
(C1-C6 JaIKyI (C3 -C8 )cycloalkyl,
(Ci-C4)alkylene-(C3-C8)cycloalkyl,
(C-|-C4)alkylene-(C5-C-io)heteroaryl,
(Ci-C4)alkylene-(C3-C8)heterocycloalkyl, C |
-C4)alkylene-(C6-C 1o)a ry'.
(C-|-C4)alkylene-O-(Ci-C6)alkyl, orC(O)(C 1-C6 )alkyl.
wherein (C-j-CeJalkyl, (C3-C8)cycloalkyl,
(C-j-C^alkylene, (C3-C8)heterocycloalkyl, (C -C-i
o)aryl are unsubstituted or substituted. In an even
more preferred embodiment of a compound of formula (I)
R-1 3 is H or (C-|-C6)alkyl; and R-14 is H, (C-|-C 6
)alkyl, (C3-C8)cycloalkyl,
(C-|-C4)alkylene-(C3-C8)cycloalkyl,
(C-|-C4)alkylene-(C5-Cio)heteroaryl,
(C-|-C4)alkylene-(C3-C8)heterocycloalkyl,
(C-|-C4)alkylene-(C6-C-|o)aryl, or (C-i -C4
)alkylene-O-(C -| -C )alkyl . wherein (C-|-C6)alkyl,
(C3-C8)cycloalkyl, (C-|-C4)alkylene,
(C3-C8)heterocycloalkyl, (C6-Cio)aryl e unsubstituted
or substituted. More preferrably R-13 is H,
(C-|-C6)alkyl and R-14 is H, (C-|-C6)alkyl or
(C3-C8)cycloalkyl, wherein (C-|-C6)alkyl or
(C3-C8)cycloalkyl 



are unsubstituted or substituted, preferably
unsubstituted. In a further embodiment R-13 is H and
R14 is H, (C-i-Ce)alkyl or (C3-C8)cycloalkyl wherein
(C-|-C6)alkyl or (C3-C8)cycloalkyl are unsubstituted.
Most preferred R-13 and R14 are H.As examples for the
before mentioned embodiments, R-13 or R-14 are,
independently from each other, hydrogen, methyl,
ethyl, propyl, isopropyl, 3-methyl-butyl,
2-methylpropyl, butyl, pentyl, 3,3,3-trifluoropropyl,
4,4,4-trifluorobutyl or a substituent selected from
the group consisting of The asterisk (* ) denotes
where the bond is connected to the N-atom of the
amine. In one embodiment R15 is H or (C^\-CQ)a\ky\,
which is unsubstituted or optionally substituted, more
preferably R-15 is H or (C-|-C4)alkyl, most preferably
H. Preferably, the alkyl is unsubstituted. In one
embodiment of a compound of formula (I) RQ is absent
or the bicyclus or the adamantane formed with R is
selected from the group of(the bond with the dotted
line indicates the position of the -(CRi iRi2)r N R
13R 14 residue) or which is unsubstituted or
optionally substituted by Rg. In a preferred
embodiment the bicyclus or adamantane is unsubstituted
(n is 0) or is substituted once (n = 1). Preferably
the unsubstituted or substituted adamantane has the
following structureThe cis and trans isomers in these
adamantane residues such as for example in the
structures are included. In one embodiment of a
compound of formula (I) RQ is absent, i.e. no bicyclus
or adamantane is formed. In one embodiment m is 2 and
s is 2 resulting in a residue within a compound of
formula (I) of the formulain all their stereochemical
forms. In another embodiment m is 3 and s is 1
resulting in a residue within a compound of formula
(I) of the formula In a further embodiment m is 2 and
s 1. In still another embodiment m is 3 and s is 0. In
yet another embodiment m is 4 and s is 0. In one
embodiment of a compound of formula (I) n is 0, 1, or
2. More preferred, n is 0 or 1. Most preferred n is 0.
In a preferred embodiment r is 1. In another
embodiment L is O(CH2)p. In a further embodiment L is
S(CH2)P, S(O)(CH2)P or SO2(CH2)P. In another
embodiment L is NH(CH2)p, NI(C1- C6)alkyl](CH2)p,
N[(C3-C6)cycloalkyl](CH 2)p, N[(Ci-C
3)alkylene-aryl](CH 2)p or Nf(C1-
C3)alkylene-(C5-C6)heteroaryl](CH 2)p with NH(CH2)p,
N(Ci-C 6)alkyl-(CH2)p being more preferred. A
preferred N(C-|-C6)alkyl is N(C-|-C4)alkyl, more
preferably NCH3 or NCH2CH3 with NCH3 being more
preferred. In a preferred embodiment L is O(CH2)p. In
another preferred embodiment L is S(CH2)p. In a
further embodiment L is NH(CH2)p. Most preferred L is
O, S or NH with O being especially preferred.
Preferably p is 0, 1, 2, or 3, more preferred 0 or 1,
with 0 being most preferred; More preferably, m is 2
and s is 2 and L is O, S or NH, preferably O.In a
further embodiment the present invention relates to a
compound of formula (I) selected from the group
consisting of
6-[4-(1-Amino-propyl)-4-(4-fluoro-phenyl)-cyclohexylox
y]-7-chloro-2H-isoquinolin-1- one, 6-[4-(1
-Amino-cyclopropyl)-4-phenyl-cyclohexyloxy]-7-chloro-2
H-isoquinolin-1 -one,
6-{[4-(1-aminopropyl)-4-phenylcyclohexyl]oxy}-7-chloro
isoquinolin-1(2H)-one,
e-^i-Amino-butyl^-phenyl-cyclohexyloxy^-chloro^H-isoqu
inolin-i-one,
-^i-Amino-butylJ^^-fluoro-phenylJ-cyclo-hexyloxyl-y-ch
loro^H-isoquinolin-i-one,
b-^i-Amino-propyO^^-bromo-phenyO-cyclohexyloxyj-y-chlo
ro^H-isoquinolin-ione,
6-[4-(1-Amino-propyl)-4-(2-bromo-phenyl)-cyclohexyloxy
]-7-chloro-2H-isoquinolin-1- one,
6-[4-(1-Amino-propyl)-4-(4-trifluoromethyl-phenyl)-cyc
lo-hexyloxy]-7-chloro-2Hisoquinolin- 1-one,
6-[4-(1-Amino-propyl)-4-(2-fluoro-phenyl)-cyclohexylox
y]-7-chloro-2H-isoquinolin-1- one,
6-[4-(1-Amino-propyl)-4-(2-chloro-phenyl)-cyclohexylox
y]-7-chloro-2H-isoquinolin-1- one,
6-[4-(1-Amino-propyl)-4-phenyl-cyclohexyloxy]-7-methyl
-2H-isoquinolin-1-one,
6-[4-(1-Amino-ethyl)-4-(4-fluoro-phenyl)-cyclohexyloxy
]-7-chloro-2H-isoquinolin-1-one,
6-[4-(Amino-phenyl-methyl)-4-(4-fluoro-phenyl)-cyclohe
xyloxy]-7-chloro-2H-isoquinolin- 1-one,
6-[4-(1-Amino-2-methyl-propyl)-4-phenyl-cyclohexyloxy]
-7-chloro-2H-isoquinolin-1-one,
6-[4-(1-Amino-3-methyl-butyl)-4-phenyl-cyclohexyloxy]-
7-chloro-2H-isoquinolin-1-one,
6-[4-(Amino-phenyl-methyl)-4-phenyl-cyclo-hexyloxy]-7-
chloro-2H-isoquinolin-1-one, 6-[4-( 1-Amino-1-methy
l-ethyl)-4-(4-fluoro-phenyl)-cyclohexy
loxy]-7-chloro-2Hisoquinolin- 1-one,
6-[4-(1-Amino-cyclopropyl)-4-(2-fluoro-phenyl)-cyclohe
xyloxy]-7-chloro-2H-isoquinolin- 1-one, 6-[4-(1
-Amino-ethylH-phenyl-cyclohexyloxyH-chloro^H-isoquinol
in-i -one, 6-[4-(1 -Amino-
1-methyl-ethyO^-phenyl-cyclo-hexyloxyl^-chloro^H-isoqu
inolin-i
-one,6-(4-[amino(cyclopropyl)methyl]-4-phenyl-cyclohex
yl}oxy)-7-chloroisoquinolin-1(2H)- one,
6-[4-(1-Amino-propyl)-4-(4-isopropyl-phenyl)-cyclohexy
loxy]-7-chloro-2H-isoquinolin-1- one,
e-^i-Amino-propyO^^S-methoxyJ-phenyO-cyclohexyloxy^-ch
loro^H-isoquinolin-ione,
e-^i-Amino-propyO^S-bromo-phenyO-cyclohexyloxyH-chloro
^H-isoquinolin-ione,
6-[4-(1-Amino-2-methyl-propyl)-4-(4-fluoro-phenyl)-cyc
lohexyloxy]-7-chloro-2Hisoquinolin- 1-one, or
-^i-Amino-propyO^-phenyl-cyclohexyloxyH-bromo^-chloro^
H-isoquinolin-i-one; their stereoisomeric and/or
tautomeric forms and/or their pharmaceutically
acceptable salts thereof. In a further embodiment a
compound of formula (I) is selected from the group 



consisting of
cis-6-[4-(1-Amino-propyl)-4-(4-fluoro-phenyl)-cyclohex
yloxy]-7-chloro-2H-isoquinolin-1- one,
trans-6-[4-(1-amino-propyl)-4-(4-fluoro-phenyl)-cycloh
exyloxy]-7-chloro-2H-isoquinolin- 1-on,
cis-6-[4-(1-Amino-cyclopropyl)-4-phenyl-cyclohexyloxy]
-7-chloro-2H-isoquinolin-1-one,
cis-6-{[4-(1-aminopropyl)-4-phenylcyclohexyl]oxy}-7-ch
loro-2H-isoquinolin-1-one,
trans-d-^i-amino-propylJ^-phenylJ-cyclohexyloxyl^-chlo
ro^H-isoquinolin-i-one,
cis-6-[4-(1-Amino-butyl)-4-phenyl-cyclohexyloxy]-7-chl
oro-2H-isoquinolin-1-one, trans-6-[4-(1
-Amino-butyl)-4-phenyl-cyclohexyloxy]-7-chloro-2H-isoq
uinolin-1 -one,
cis-6-[4-(1-Amino-butyl)-4-(4-fluoro-phenyl)-cyclo-hex
yloxy]-7-chloro-2H-isoquinolin-1- one,
trans-6-[4-(1-Amino-butyl)-4-(4-fluoro-phenyl)-cyclohe
xyloxy]-7-chloro-2H-isoquinolin- 1-one, cis-6-[4-(1
-Amin-propyl)-4-(4-bromo-phenyl)-cyclohexyloxy]-7-chlo
ro-2H-isoquinolin-1 -
one,cis-6-[4-(1-Amino-propyl)-4-(2-bromo-phenyl)-cyclo
hexyloxy]-7-chloro-2H-isoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(4-trifluoromethyl-phenyl)
-cyclo-hexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-(1
-Amino-propyl)-4-(2-fluoro-phenyl)-cyclohexyloxy]-7-ch
loro-2H-isoquinolin-1 - one,
cis-6-[4-(1-Amino-propyl)-4-(2-chloro-phenyl)-cyclohex
yloxy]-7-chloro-2H-isoquinolin-1- one,
cis-d-^i-Amino-propylJ^-phenyl-cyclohexyloxy^-methyl^H
-isoquinolin-i-one,
cis-6-[4-(1-Amino-ethyl)-4-(4-fluoro-phenyl)-cyclo-hex
yloxy]-7-chloro-2H-isoquinolin-1- one,
trans-6-[4-(1-Amino-ethyl)-4-(4-fluoro-phenyl)-cyclohe
xyloxy]-7-chloro-2H-isoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(3-bromo-phenyl)-cyclohexy
loxy]-7-chloro-2H-isoquinolin- 1-one,
trans-6-[4-(1-Amino-propyl)-4-(3-bromo-phenyl)-cyclohe
xyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(3-methoxy)-phenyl)-cycloh
exyloxy]-7-chloro-2Hisoquinolin- 1-one,
trans-6-[4-(1-Amino-propyl)-4-(3-methoxy-phenyl)-cyclo
hexyloxy]-7-chloro-2Hisoquinolin- 1-one,
trans-6-[4-(Amino-phenyl-methyl)-4-(4-fluoro-phenyl)-c
yclohexyloxy]-7-chloro-2Hisoquinolin- 1-one,
trans-6-[4-(1-Amino-2-methyl-propyl)-4-phenyl-cyclohex
yloxy]-7-chloro-2H-isoquinolin- 1-one,
trans-6-[4-(1-Amino-3-methyl-butyl)-4-phenyl-cyclohexy
loxy]-7-chloro-2H-isoquinolin-1- one, trans-
-^Amino-phenyl-methyl^-phenyl-cyclo-hexyloxyl^-chloro^
H-isoquinolin-ione,
trans-6-[4-(1-Amino-1-methyl-ethyl)-4-(4-fluoro-phenyl
)-cyclohexyloxy]-7-chloro-2Hisoquinolin-
1-one,cis-6-[4-(1-Amino-cyclopropyl)-4-(2-fluoro-pheny
l)-cyclohexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-ethyl)-4-phenyl-cyclohexyloxy]-7-chl
oro-2H-isoquinolin-1-one,
cis-6-[4-(1-Amino-1-methyl-ethyl)-4-phenyl-cyclo-hexyl
oxy]-7-chloro-2H-isoquinolin-1- one,
cis-6-(4-[amino(cyclopropyl)methyl]-4-phenyl-cyclo-hex
yl}oxy)-7-chloro-2H-isoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(4-isopropyl-phenyl)-cyclo
hexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-2-methyl-propyl)-4-(4-fluoro-phenyl)
-cyclohexyloxy]-7-chloro-2Hisoquinolin- 1-one, and
cis-6-[4-(1-Amino-propyl)-4-phenyl-cyclohexyloxy]-4-br
omo-7-chloro-2H-isoquinolin-1- one, and their
stereoisomeric and/or tautomeric forms and/or their
pharmaceutically acceptable salts thereof. In a
further embodiment a compound of formula (I) is
selected from the group of
trans-6-[4-((S)-Amino-phenyl-methyl)-4-phenyl-cyclohex
yloxy]-7-chloro-2H-isoquinolin- 1-one,
trans-6-[4-((R)-Amino-phenyl-methyl)-4-phenyl-cyclohex
yloxy]-7-chloro-2H-isoquinolin- 1-one,
cis-6-[4-((S)-1-Amino-propyl)-4-phenyl-cyclohexyloxy]-
7-chloro-2H-isoquinolin-1-one,
cis-6-[4-((R)-1-Amino-propyl)-4-phenyl-cyclohexyloxy]-
7-chloro-2H-isoquinolin-1-one,
cis-6-[4-((S)-Amino-cyclopropyl-methyl)-4-phenyl-cyclo
hexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-((R)-Amino-cyclopropyl-methyl)-4-phenyl-cyclo
hexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-((R)-Amino-cyclopropyl-methyl)-4-phenyl-cyclo
hexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-((S)-Amino-cyclopropyl-methyl)-4-phenyl-cyclo
hexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-((S)-1-Amino-ethyl)-4-phenyl-cyclohexyloxy]-7
-chloro-2H-isoquinolin-1-one,cis-6-[4-((R)-1-Amino-eth
yl)-4-phenyl-cyclohexyloxy]-7-chloro-2H-isoquinolin-1-
one,
6-{4-[(S)-Amino-(4-fluoro-phenyl)-methyl]-cyclohexylox
y}-7-chloro-2H-isoquinolin-1- one,
6-{4-[(R)-Amino-(4-fluoro-phenyl)-methyl]-cyclohexylox
y}-7-chloro-2H-isoquinolin-1- one,
cis-6-[4-((R)-1-Amino-propyl)-4-phenyl-cyclohexyloxy]-
7-chloro-2H-isoquinolin-1-one, and
cis-6-[4-((S)-1-Amino-propyl)-4-phenyl-cyclohexyloxy]-
7-chloro-2H-isoquinolin-1-one, 



their tautomeric forms and/or pharmaceutically
acceptable salts thereof. In a further embodiment a
compound of formula (I) is selected from the group
consisting of
cis-6-[4-(1-Amino-propyl)-4-pyridin-2-yl-cyclohexyloxy
]-7-chloro-2H-isoquinolin-1-one,
cis-6-[4-(1-Amino-propyl)-4-(2,4-difluoro-phenyl)-cycl
ohexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(4-fluoro-2-methyl-phenyl)
cyclohexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(3,5-difluoro-phenyl)-cycl
ohexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(3,4-difluoro-phenyl)-cycl
ohexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-o-tolyl-cyclohexyloxy]-7-c
hloro-2H-isoquinolin-1-one,
cis-6-[4-(1-Amino-propyl)-4-(2-trifluoromethoxy-phenyl
)-cyclohexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(4-fluoro-3-methoxy-phenyl
)-cyclohexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(3-ethoxy-phenyl)-cyclohex
yloxy]-7-chloro-2H-isoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(3-methoxy-4-methyl-phenyl
)-cyclohexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(3,4-difluoro-phenyl)-cycl
ohexyloxy]-7-methyl-2Hisoquinolin-
1-one,cis-6-[4-(1-Amino-propyl)-4-(3,5-difluoro-phenyl
)-cyclohexyloxy]-7-fluoro-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(3,4-difluoro-phenyl)-cycl
ohexyloxy]-7-fluoro-5-methyl-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(3,5-difluoro-phenyl)-cycl
ohexyloxy]-7-methoxy-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(2-methoxy-phenyl)-cyclohe
xyloxy]-7-chloro-2H isoquinolin-1-one
cis-6-[4-(1-Amino-propyl)-4-(4-trifIuoro-methoxy-pheny
l)-cyclohexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-1-methyl-ethyl)-4-(4-fluoro-phenyl)-
cyclohexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(3,5-difluoro-phenyl)-cycl
ohexyloxy]-4-benzyl-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(3,5-difluoro-phenyl)-cycl
ohexyloxy]-5-chloro-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(3,5-difluoro-phenyl)-cycl
ohexyloxy]-5,7-dimethyl-2Hisoquinolin- 1-one,
cis-6-[4-(Amino-cyclopropyl-methyl)-4-(4-fluoro-phenyl
)-cyclohexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(3-trifluoromethyl-phenyl)
-cyclohexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(3-trifluoromethoxy-phenyl
)-cyclohexyloxy]-7-chloro-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(3-trifluoromethoxy-phenyl
)-cyclohexyloxy]-7-methyl-2Hisoquinolin- 1-one,
cis-6-[4-(1-Amino-propyl)-4-(3-trifluoromethyl-phenyl)
-cyclohexyloxy]-7-nnethyl-2Hisoquinolin- 1-one,
cis-b-^i-Amino-propyO^-phenyl-cyclohexyloxy^-fluoro^H-
isoquinolin-i-one, cis-6-[4-(1
-Amino-propyl)-4-phenyl-cyclohexyloxy]-7-fluoro-5-meth
yl-2H-isoquinolin-1 -
one,cis-6-[4-(1-Amino-propyl)-4-phenyl-cyclohexyloxy]-
4-benzyl-7-chloro-2H-isoquinolin-1- one, cis-4-[1
-(1-Amino-propyl)-4-(7-chloro-1 -oxo-1
,2-dihydro-isoquinolin-6-yloxy)-
cyclohexylj-benzonitrile, cis-3-
[1-(1-Amino-propyl)-4-(7-chloro-1 -oxo-1
,2-dihydro-isoquinolin-6-yloxy)-
cyclohexyl]benzonitrile,
6-[cis-4-(1-Amino-propyl)-4-(3-methanesulfonyl-phenyl)
-cyclohexyloxy]-7-chloro-2Hisoquinolin- 1-one, 6-[(1
S,4S,5S)-5-(1-Amino-propyO- -phenyl-bicycIo^.
1]hept-2-yloxy]-7-chloro-2Hisoquinolin- 1-one,
-KIR^R.SRJ-S^I-Amino-propyO-
-phenyl-bicyclop^.ilhept^-yloxyJ^-chloro^Hisoquinolin-
1-one,
cis-q-^i-Benzylamino-propyO^-phenyl-cyclohexyloxyl^-me
thyl^H-isoquinolin-ione, cis-6-[4-(1
-Diethylamino-propylH-phenyl-cyclohexyloxyl^-methyl^H-
isoquinolin-i - one,
cis-7-Methyl-6-[4-(1-propylamino-propyl)-4-(3-trifluor
omethyl-phenyl)-cyclohexyloxy]- 2H-isoquinolin-1-one,
cis-6-[4-(1-Benzylamino-propyl)-4-phenyl-cyclohexyloxy
]-7-chloro-2H-isoquinolin-1- one,
cis-7-Chloro-6-[4-(1-isobutylamino-propyl)-4-phenyl-cy
clohexyloxy]-2H-isoquinolin-1- one,
cis-6-[4-(1-Butylamino-propyl)-4-phenyl-cyclohexyloxy]
-7-chloro-2H-isoquinolin-1-one,
cis-7-Chloro-6-{4-[1-(cyclopropylmethyl-amino)-propyl]
-4-phenyl-cyclohexyloxy}-2Hisoquinolin- 1-one,
cis-6-[4-(2-Amino-propyl)-4-(4-fluoro-phenyl)-cyclohex
yloxy]-7-chloro-2H-isoquinolin-1- one,
cis-6-[4-(2-Amino-butyl)-4-(4-fluoro-phenyl)-cyclohexy
loxy]-7-chloro-2H-isoquinolin-1- one,
cis-6-[4-(1-Amino-2-fluoro-ethyl)-4-(4-fluoro-phenyl)-
cyclohexyloxy]-7-chloro-2Hisoquinolin-
1-one,cis-6-[4-(1-Amino-3-methoxy-propyl)-4-(4-fluoro-
phenyl)-cyclohexyloxy]-7-chloro-2Hisoquinolin- 



1-one,
6-[3-(1-Amino-propyl)-3-(4-fluoro-phenyl)-cyclobutylox
y]-7-chloro-2H-isoquinolin-1-one, and 6-[3-(1
-Amino-propyl)-3-(4-fluoro-phenyl)-cyclopentyloxy]-7-c
hloro-2H-isoquinolin-1 - one, and their stereoisomeric
and/or tautomeric forms and/or their pharmaceutically
acceptable salts thereof. In a further embodiment a
compound of formula (I) is selected from the group
consisting of
cis-1-[4-(7-Chloro-isoquinolin-6-yloxy)-1-(3,4-difluor
o-phenyl)-cyclohexyl]-propylamine,
cis-1-[4-(7-Bromo-isoquinolin-6-yloxy)-1-(3,4-difluoro
-phenyl)-cyclohexyl]-propylamine,
cis-1-[1-(3,5-Difluoro-phenyl)-4-(5,7-dimethyl-isoquin
olin-6-yloxy)-cyclohexyl]- propylamine, cis-i - I
-Difluoro-phenyl^^-fluoro-
-methyl-isoquinolin-e-yloxyJ-cyclohexyl]- propylamine,
cis-1-[1-(3,4-Difluoro-phenyl)-4-(7-fluoro-isoquinolin
-6-yloxy)-cyclohexyl]-propylamine,
cis-1-[4-(7-Chloro-isoquinolin-6-yloxy)-1-(3,5-difluor
o-phenyl)-cyclohexyl]-propylamine,
cis-1-[4-(5-Chloro-isoquinolin-6-yloxy)-1-(3,5-difluor
o-phenyl)-cyclohexyl]-propylamine,
cis-1-[4-(7-Chloro-isoquinolin-6-yloxy)-1-phenyl-cyclo
hexyl]-propylamine, cis-i-^ d^-Dimethyl-isoquinolin-
b-yloxyJ-i-phenyl-cyclohexylJ-propylamine,
cis-i-^^-Fluoro-isoquinolin-
q-yloxyJ-i-phenyl-cyclohexyll-propylamine,
cis-1-[4-(5-Chloro-isoquinolin-6-yloxy)-1-phenyl-cyclo
hexyl]-propylamine, cis-1
-[4-(7-Fluoro-5-methyl-isoquinolin-6-yloxy)-1
-phenyl-cyclohexylj-propylamine,
cis-1-[4-(7-Bromo-isoquinolin-6-yloxy)-1-phenyl-cycloh
exyl]-propylamine, cis-i-^^-Methyl-isoquinolin- b
-yloxyJ-i-phenyl-cyclohexyll-propylamine,
cis-6-[4-(1-Amino-propyl)-4-phenyl-cyclohexyloxy]-7-ch
loro-isoquinolin-1-ylamine,
^-(i-Amino-propyO^^-methoxy-phenylJ-cyclohexyll-isoqui
nolin- b-yl-amine, and
1-Amino-[4-(1-amino-propyl)-4-(4-methoxy-phenyl)-cyclo
hexyl]-isoquinolin-6-yl-amine, and their
stereoisomeric and/or tautomeric forms and/or their
pharmaceutically acceptable salts thereof.In a further
embodiment the present invention relates to a compound
of formula (I) selected from the group consisting of
b-^i-Amino-i-phenyl-ethyO-cyclohexyloxyJ-y-chloro^H-is
oquinolin-i-one,
6-{4-[Amino-(4-methoxy-phenyl)-methyl]-cyclohexyloxy}-
7-chloro-2H-isoquinolin-1-one
6-{4-[Amino-(4-fluoro-phenyl)-methyl]-cyclohexyloxy}-7
-chloro-2H-isoquinolin-1-one,
6-[4-(Amino-p-tolyl-methyl)-cyclohexyloxy]-7-chloro-2H
-isoquinolin-1-one, or
6-[4-(Amino-phenyl-methyl)-cyclohexyloxy]-7-chloro-2H-
isoquinolin-1-one, their stereoisomeric and/or
tautomeric forms and/or their pharmaceutically
acceptable salts thereof. In a further embodiment a
compound of formula (I) is selected from the group
consisting of 6-{4-[1 -Amino-1
-(4-fluoro-phenyl)-ethyl]-cyclohexyloxy}-7-chloro-2H-i
soquinolin-1 -one, 6-{4-[1 -Amino-1
-(4-methoxy-phenyl)-ethyl]-cyclohexyloxy}-7-chloro-2H-
isoquinolin-1 - one, 6-{4-[1 -Amino-1
-cyclopentyl-ethyl]-cyclohexyloxy}-7-chloro-2H-isoquin
olin-1 -one, 6-{4-[1 -Amino-1
-ethyl-propylJ-cyclohexyloxyJ^-chloro^H-isoquinolin-i
-one, 6-{4-[1 -Amino-1
-cyclopropyl-ethyl]-cyclohexyloxy}-7-chloro-2H-isoquin
olin-1 -one, 6-{4-[1 -Amino-1
-n-propyl-ethylJ-cyclohexyloxy^-chloro^H-isoquinolin-i
-one,
q-^i-Amino-propyO-cyclohexyloxyl^-chloro^H-isoquinolin
-i-one , and
6-[4-(Amino-cyclopropyl-methyl)-cyclohexyloxy]-7-chlor
o-2H-isoquinolin-1-one, their stereoisomeric and/or
tautomeric forms and/or their pharmaceutically
acceptable salts thereof. In any embodiments of the
present invention one or more or all of the groups
contained in the compounds of formula (I) can
independently of each other have any of the preferred,
more preferred or most preferred definitions of the
groups specified above or any one or some of the
specific denotations which are comprised by the
definitions of the groups and specified above, all
combinations of preferred definitions, more preferred
or most preferred and/or specific denotations being a
subject of the present invention. Also with respect to
all preferred embodiments the inventionincludes the
compounds of the formula (I) in all stereoisomeric
forms and mixtures of stereoisomeric forms in all
ratios, and their pharmaceutically acceptable salts.
Isoquinoline substitution pattern is numbered
according to IUPAC rules: 4 5 The term isoquinolone
and isoquinolinone are used synonymously. All
references to "compound(s) of formula (I)" herein
refer to compound(s) of the formula (I), (II) (Ilia),
(1Mb) and (IV) as described above, and their
pharmaceutically acceptable salts, and/or to their
stereoisomeric forms, polymorphs and solvates.
Physiologically functional derivatives as described
herein are also included. Pharmaceutically acceptable
salts of compounds of the formula (I) mean both their
organic and inorganic salts as described in
Remington's Pharmaceutical Sciences (17th edition,
page 1418 (1985)). Because of the physical and
chemical stability and the solubility, preference is
given for acidic groups inter alia to sodium,
potassium, calcium and ammonium salts; preference is
given for basic groups inter alia to salts of maleic
acid, fumaric acid, succinic acid, malic acid,
tartaric acid, methylsulfonic acid, hydrochloric acid,
sulfuric acid, phosphoric acid or of carboxylic acids
or sulfonic acids, for example as hydrochlorides,
hydrobromides, phosphates, sulfates,
methanesulfonates, acetates, lactates, maleates,
fumarates, malates, gluconates, and salts of amino
acids, of natural bases or carboxylic acids. The
preparation of pharmaceutically acceptable salts from
compounds of the formula (I) which are capable of salt
formation, including their stereoisomeric forms, takes
place in a manner known per se. The compounds of the
formula (I) form stable alkali metal, alkaline earth
metal or optionally substituted ammonium salts with
basic reagents such as hydroxides, carbonates,
bicarbonates, alcoholates and ammonia or organic
bases, for example trimethyl- or triethylamine,
ethanolamine, diethanolamine or triethanolamine, 



trometamol or else basic amino acids, for example
lysine, ornithine or arginine. Where the compounds of
the formula (I) have basic groups, stable acid
addition salts can alsobe prepared with strong acids.
Suitable pharmaceutically acceptable acid addition
salts of the compounds of the invention are salts of
inorganic acids such as hydrochloric acid,
hydrobromic, phosphoric, metaphosphoric, nitric and
sulfuric acid, and of organic acids such as, for
example, acetic acid, benzenesulfonic, benzoic,
citric, ethanesulfonic, fumaric, gluconic, glycolic,
isethionic, lactic, lactobionic, maleic, malic,
methanesulfonic, succinic, p-toluenesulfonic and
tartaric acid. The hydrochloride salt is a preferred
salt. Salts with a pharmaceutically unacceptable anion
such as, for example, trifluoroacetate likewise belong
within the framework of the invention as useful
intermediates for the preparation or purification of
pharmaceutically acceptable salts and/or for use in
nontherapeutic, for example in vitro, applications.
The present invention also includes physiologically
functional derivatives of a compound of formula (I). A
physiologically functional derivative as used herein
refers to any physiologically tolerated derivative of
a compound of the formula (I) of the invention, for
example an N-oxide, which on administration to a
mammal such as, for example, a human is able to form
(directly or indirectly) a compound of the formula (I)
or an active metabolite thereof. Physiologically
functional derivatives include prodrugs of the
compounds of the invention, as described, for example,
in H. Okada et al., Chem. Pharm. Bull. 1994, 42, 57-61
. Such prodrugs can be metabolized in vivo to a
compound of the invention. These prodrugs may
themselves be active or not. The invention relates to
compounds of the formula (I) in the form of their
stereoisomeric forms, which include racemates,
enantiomerically enriched mixtures, pure enantiomers
and diastereomers and mixtures in any ratio thereof.
The compounds of the invention may also exist in
various polymorphous forms, for example as amorphous
and crystalline polymorphous forms. All polymorphous
formsof the compounds of the invention belong within
the framework of the invention and are a further
aspect of the invention. If radicals or substituents
may occur more than once in the compounds of the
formula (I), they may all, independently of one
another, have the stated meaning and be identical or
different. The present invention also relates to the
compounds of the formula (I) and/or their
pharmaceutically acceptable salts and/or their
prodrugs for use as pharmaceuticals (or medicaments),
to the use of the compounds of the formula (I) and/or
their pharmaceutically acceptable salts and/or their
prodrugs for the production of pharmaceuticals for the
treatment and/or prevention of diseases associated
with Rhokinase and/or Rho-kinase mediated
phosphorylation of myosin light chain phosphatase,
i.e. for the treatment and/or prevention of
hypertension, pulmonary hypertension, ocular
hypertension, retinopathy, and glaucoma, peripheral
circulatory disorder, peripheral arterial occlusive
disease (PAOD), coronary heart disease, angina
pectoris, heart hypertrophy, heart failure, ischemic
diseases, ischemic organ failure (end organ damage),
fibroid lung, fibroid liver, liver failure,
nephropathy, including hypertension-induced,
non-hypertension-induced, and diabetic nephropathies,
renal failure, fibroid kidney, renal
glomerulosclerosis, organ hypertrophy, asthma, chronic
obstructive pulmonary disease (COPD), adult
respiratory distress syndrome, thrombotic disorders,
stroke, cerebral vasospasm, cerebral ischemia, pain,
e.g. neuropathic pain, neuronal degeneration, spinal
cord injury, Alzheimer's disease, premature birth,
erectile dysfunction, endocrine dysfunctions,
arteriosclerosis, prostatic hypertrophy, diabetes and
complications of diabetes, metabolic syndrome, blood
vessel restenosis, atherosclerosis, inflammation,
autoimmune diseases, AIDS, osteopathy such as
osteoporosis, infection of digestive tracts with
bacteria, sepsis, cancer development and progression,
e.g. cancers of the breast, colon, prostate, ovaries,
brain and lung and their metastases. In a further
embodiment the invention also relates to the use of a
compound of formula (I) and/or a pharmaceutically
acceptable salt thereof for the treatment
and/orprevention of hypertension, pulmonary
hypertension, fibroid liver, liver failure,
nephropathy, renal failure, chronic obstructive
pulmonary disease (COPD), cerebral vasospasm, pain,
spinal cord injury, erectile dysfunction, blood vessel
restenosis, or cancer development and progression. In
a further embodiment the invention also relates to the
use of a compound of formula (I) and/or a
pharmaceutically acceptable salt thereof for curative
approaches associated with stem cell or induced
pluripotent stem cell treatment, improvement of
recognition or for treatment or prevention of
depression, epilepsy, fibroid heart, renal papillary
necrosis, tubulo-interstitial dysfunction, multiple
sclerosis, vessel stenosis for example carotid
stenosis or lipid disorders. The present invention
furthermore relates to pharmaceutical preparations (or
pharmaceutical compositions) which contain an
effective amount of at least one compound of the
formula (I) and/or its pharmaceutically acceptable
salts and a pharmaceutically acceptable carrier, i. e.
one or more pharmaceutically acceptable carrier
substances (or vehicles) and/or additives (or
excipients). The pharmaceuticals can be administered
orally, for example in the form of pills, tablets,
lacquered tablets, coated tablets, granules, hard and
soft gelatin capsules, solutions, syrups, emulsions,
suspensions or aerosol mixtures. Administration,
however, can also be carried out rectally, for example
in the form of suppositories, or parenterally, for
example intravenously, intramuscularly or
subcutaneously, in the form of injection solutions or
infusion solutions, microcapsules, implants or rods,
or percutaneously or topically, for example in the
form of ointments, solutions or tinctures, or in other
ways, for example in the form of aerosols or nasal
sprays. The pharmaceutical preparations according to
the invention are prepared in a manner known per se
and familiar to one skilled in the art,
pharmaceutically acceptable inert inorganic and/or
organic carrier substances and/or additives being used
in addition to the compound(s) of the formula (I)
and/or its (their) pharmaceutically acceptable salts
and/or its (their) prodrugs. For the production of
pills, tablets, coated tablets and hard 



gelatin capsules it is possible to use, for example,
lactose, corn starch or derivativesthereof, talc,
stearic acid or its salts, etc. Carrier substances for
soft gelatin capsules and suppositories are, for
example, fats, waxes, semisolid and liquid polyols,
natural or hardened oils, etc. Suitable carrier
substances for the production of solutions, for
example injection solutions, or of emulsions or syrups
are, for example, water, saline, alcohols, glycerol,
polyols, sucrose, invert sugar, glucose, vegetable
oils, etc. Suitable carrier substances for
microcapsules, implants or rods are, for example,
copolymers of glycolic acid and lactic acid. The
pharmaceutical preparations normally contain about 0.5
to about 90 % by weight of the compounds of the
formula (I) and/or their pharmaceutically acceptable
salts and/or their prodrugs. The amount of the active
ingredient of the formula (I) and/or its
pharmaceutically acceptable salts and/or its prodrugs
in the pharmaceutical preparations normally is from
about 0.5 to about 1000 mg, preferably from about 1 to
about 500 mg. In addition to the active ingredients of
the formula (I) and/or their pharmaceutically
acceptable salts and to carrier substances, the
pharmaceutical preparations can contain one or more
additives such as, for example, fillers,
disintegrants, binders, lubricants, wetting agents,
stabilizers, emulsifiers, preservatives, sweeteners,
colorants, flavorings, aromatizers, thickeners,
diluents, buffer substances, solvents, solubilizers,
agents for achieving a depot effect, salts for
altering the osmotic pressure, coating agents or
antioxidants. They can also contain two or more
compounds of the formula (I) and/or their
pharmaceutically acceptable salts. In case a
pharmaceutical preparation contains two or more
compounds of the formula (I) the selection of the
individual compounds can aim at a specific overall
pharmacological profile of the pharmaceutical
preparation. For example, a highly potent compound
with a shorter duration of action may be combined with
a long-acting compound of lower potency. The
flexibility permitted with respect to the choice of
substituents in the compounds of the formula (I)
allows a great deal of control over the biological and
physico-chemical properties of the compounds and thus
allows the selection of such desired compounds.
Furthermore, in addition to at least one compound of
the formula (I) and/or its pharmaceutically acceptable
salts, the pharmaceutical preparations can also
contain one or more other therapeutically or
prophylactically active ingredients.When using the
compounds of the formula (I) the dose can vary within
wide limits and, as is customary and is known to the
physician, is to be suited to the individual
conditions in each individual case. It depends, for
example, on the specific compound employed, on the
nature and severity of the disease to be treated, on
the mode and the schedule of administration, or on
whether an acute or chronic condition is treated or
whether prophylaxis is carried out. An appropriate
dosage can be established using clinical approaches
well known in the medical art. In general, the daily
dose for achieving the desired results in an adult
weighing about 75 kg is from about 0.01 to about 100
mg/kg, preferably from about 0.1 to about 50 mg/kg, in
particular from about 0.1 to about 10 mg/kg, (in each
case in mg per kg of body weight). The daily dose can
be divided, in particular in the case of the
administration of relatively large amounts, into
several, for example 2, 3 or 4, part administrations.
As usual, depending on individual behavior it may be
necessary to deviate upwards or downwards from the
daily dose indicated. Furthermore, the compounds of
the formula (I) can be used as synthesis intermediates
for the preparation of other compounds, in particular
of other pharmaceutical active ingredients, which are
obtainable from the compounds of the formula I1for
example by introduction of substituents or
modification of functional groups. Compounds of
formula (I) may be made in the following manner:
Compounds of the general formula (I) can be assembled
from a suitably substituted isoquinoline moiety and a
suitably substituted cycloalkyl amine moiety.
Isoquinolines and isoquinolones like (i) or (ii),
bearing a useful residue for coupling in 6-position,
can be obtained by a wide variety of methods, for
example reviewed in Alvarez et al. Science of
Synthesis 2005, 15, 661-838 and 839-906 and references
cited therein. Isoquinolines can also be converted to
isoquinolones by methods described in the literature
e.g. WO 2007/012421 orWO 2007/012422, like conversion
of a suitable isoquinoline into the corresponding
N-oxide with an oxidating agent likehydrogen peroxide
or metachloro perbenzoic acid and subsequent
conversion into the corresponding 1-chloro derivative
by a chlorinating agent like phosphorous oxy chloride,
followed by displacement of the chlorine by an alcohol
under basic condition like sodium methoxide in
methanol or conversion into the corresponding
2Hisoquinolone by for example treatment with ammonium
acetate in acetic acid at elevated temperature. Also
the N-oxide can be directly converted into the
corresponding 1- alkoxy derivative by reacting it with
a suitable chloroformiate in an alcoholic solvent like
methanol in presence of a base like triethylamine. It
is understood, that the hydroxyl-group in 6-position
of (ii) can be liberated at a suitable stage of the
synthesis e.g. from treatment of a corresponding
6-methoxy derivative with lewis acids like aluminium
chloride or boron tribromide . It is furthermore
understood, that 2H-isoquinolones can be converted
into suitably protected 1-alkoxy isoquinolones by a
variety of methods e.g. treatment of the corresponding
2H-isoquinolones with alkylating agents like benzyl
bromide or methyl iodide in the presence of a suitable
base like silver carbonate or triethyl amine in a
suitable solvent like toluene or THF, or conversion of
the said 2Hisoquinolones into their 1-chloro
derivatives by treatment with a chlorinating agent
like phosphorous oxychloride, followed by displacement
of the chlorine by an alcohol e.g. under basic
conditions like sodium methoxide in methanol. It is
understood, that residues R3, R4, R5, R7, and/or R8
can either be incorporated in the starting materials
for the synthesis of the respective isoquinoline or
isoquinolone or can be introduced at a suitable later
stage e.g. by halogenation like bromination or
chlohnation and subsequent replacement of said halogen
by methods well precedented in the literature like for
example Suzuki or Hartwig Buchwald couplings using
appropriate catalysts and coupling partners like
boronic acids, amines or anilines. One possible
synthesis for a cycloalkyl amine substituted
isoquinolinone (v) with L=O is described below in an
exemplary fashion, but does not limit the present
invention. The cycloalkyl amine substituted
isoquinolinones (for example compound v) can be 



synthesized via a variety of methods. The following
general scheme 1 illustrates some of the possible ways
to access the isoquinolinones, but does not limit the
present invention.Scheme 1 6-Fluoro-isoquinolones (i),
for example substituted by R3, R4, R5, R7, and/or R8
being for instance independently from each other
substituents like hydrogen, alkyl, alkoxy or halide,
can be reacted with suitable R13 / Ri 4 substituted
amino alcohols wherein R13 / R are independently from
each other for example hydrogen, alkyl or a protecting
group like for example Boc or Cbz in the presence of
base such as DBU, cesium carbonate, or sodium hydride
at temperatures ranging from ambient to 100 0C to give
the corresponding derivatives (iv). Optionally, this
conversion can already be performed at earlier stages
of the synthesis (e.g. by reacting a suitable
intermediate). It is understood, that this may require
in case of unprotected isoquinolones protection on the
nitrogen or oxygen of the isoquinolone moiety by
suitable methods, like reaction with suitably
substituted alkyl or benzyl halides in the presence of
base. Alternatively, the amino alcohols can be coupled
to 6-hydroxy-isoquinolones, such as (ii), under
inversion of the hydroxyl bearing carbon center of
compounds like (iii), either protected with a suitable
protecting group Q or unprotected, via a Mitsunobu
reactionusing triphenylphosphine and
dialkylazodicarboxylates such as
diethylazodicarboxylate or diisopropylazodicarboxylate
in a suitable solvent like tetrahydrofuran, or
toluene. The products like (iv) obtained via these
methods can then either be liberated to give compounds
of type (v) or, if a suitable amino functionality is
present, be reacted with suitable aldehydes or ketones
in the presence of a reducing agent like sodium
triacetoxy borohydride, sodium borohydride or sodium
cyanoborohydride in a suitable solvent and in the
presence of a water withdrawing agent like molecular
sieves or a suitable ortho ester. This amino group may
have to be liberated in an initial step, like for
example acidic removal of Boc-groups. Furthermore an
amino group can be acylated by reacting it with a
suitable acid chloride in the presence of a base like
triethyl amine or Hnig's base or by reacting it with a
suitable carboxylic acid in the presence of a base
like triethylamine or Hnig's base and a coupling
reagent like EDC, PyBOP or TOTU. In case of use of
protected isoquinolones, cleavage of the used
protection groups is required to liberate the desired
isoquinolone (v). This liberation, however, can be
performed before or after the reductive amination
step, depending on the nature of the used aldehyde /
ketone and the protection group used. Isoquinolone
derivatives like (v) can be obtained as free bases or
as various salts like for example hydrochlorides,
hydrobromides, phosphates, trifluoroacetates, sulfates
or fumarates. The salts obtained can be converted into
the corresponding free base by either subjecting them
to ion exchange chromatography or for example by
alkaline aqueous treatment and subsequent extraction
with suitable organic solvents like for example methyl
tert. butyl ether, chloroform, ethyl acetate or
isopropanol/ dichloromethane mixtures and subsequent
evaporation to dryness. The cycloalkyl amine moieties
like for example (iii) can by synthesized via a
variety of methods. The following general schemes
illustrate some of the possible ways to access the
amines, but do not limit the present invention. It is
within the abilities of a person skilled in the art to
replace the exemplary compounds shown in the schemes
and exemplary reagent given in the text by appropriate
alternative compounds or reagents or to omit or add
synthetic steps when appropriate.The synthesis of a
cycloalkyl aminoalcohol (iii) is described exemplary
in schemes 2 and 3 but does not limit the scope of
substituents in the present invention. A cycloalkyl
amine moiety (iii) with a secondary or tertiary amine
subunit can for example be accessed starting from a
suitably substituted cycloalkylnitrile (vi), which can
be substituted with functionalities as alkyl, alkoxy,
or acetals. To introduce an residue Rio, if wanted,
the nitrile can get functionalized in alpha-position
by reaction with suitable electrophiles like described
in the literature (Organic Process Research &
Development, 5(6), 587-592; 2001), using for example a
suitable fluorinated aryl compound and a suitable base
like KHMDS, LiHMDS or sodium hydride in an inert
solvent like toluene. Alternatively, a suitable
nucleophile like aryl lithium reagents can be reacted
with a suitable ketone (xvi) to give the corresponding
alcohol, which can be converted into the corresponding
nitrile (vii) by treatment with reagents like TMSCN.
Scheme 2 Another option is construction of the
cycloalkyl moiety for example by Dieckmann
condensations like described in the literature
(Lednicer et al, J. Med. Chem. 1980, 23(4), 424-30;
DeGraffenreid et al., J. Org. Chem. 2007, 72(19),
7455-7458) to give ketones like (xii), that can be
converted into their acetals (vii) by treatment with
diols like ethylene diol, or can be directely
converted into the corresponding alcohols
usingsuitable reductive agents like sodium borohydride
in a suitable solvent like methanol, ethanol or THF.
The obtained nitrile can then be for example further
converted as described in schemes 2 and 4. The
functionalized nitrile (vii or xvii) can then for
example be directly reacted with suitable nucleophiles
for the introduction of functional groups Rn and Ri 2,
for example lithium organyls or Grignard reagents to
give compounds like (viii or iii). A suitable
Nprotecting group like t-butyloxycarbonyl or
benzyloxycarbonyl may or may not be attached after
this step depending on the nature of the starting
nitrile and the complexity of the reactions to follow.
For Rn = Ri 2, lithium organyls can be used as
nucleophiles activated by addition of lewis acids like
titanium isopropoxylate and cerium chloride. For Rn is
H, the intermediate imine formed on addition of the
nucleophiles can be isolated and reduced by suitable
reductive agents like cyanoborohyd rides or
borohydrides in solvents such as tetrahydrofuran or
alcohols. Alternatively, the nitrile (vii) can be
reduced to the aldehyde (x) by suitable hydride donor
reagents like diisobutylaluminiumhydride in cold
organic solvents such as diethylether or toluene and
converted to appropriate imines (xi) like benzylimines
or N-tert-butanesulfinyl imines via a lewis acid
catalysed reaction with suitably functionalized
amines. These imines (xi) can then be reacted with
suitable nucleophilic reagents like lithium organyls,
Grignard reagents or trimethylsilanes in combination
with tetraalkyl fluorides to 



introduce a variety of substituents like alkyl,
cycloalkyl or heterocyclyl groups. The keto
functionality can then be liberated by methods known
to the person skilled in art, for example by treatment
with aqueous acids like acetic acid or hydrochloric
acid inacetone mixtures, and subsequently reduced to
the corresponding alcohols (iii), generally as
cis/trans mixtures, by suitable reducing agents like
borohydrides in alcohols, tetrahydrofuran or toluene
at deep temperatures. This liberation, however, can
also be performed after the nitrile functionalization
step (Scheme 4), depending on the nature of the used
nitrile and the substitution pattern. If the ketone is
reduced before the nitrile gets functionalized,
generally only one isomer (cis or trans) is obtained
in high selectivity. For the conversion of nitriles
from type (xiii) to the amines (iii) the use of a
suitable protecting group on the alcohol functionality
may prove beneficial. Suitable protecting groups are
known to the person skilled in art and may be ethers,
like tetrahydropyrane, methoxymethyl or silyl ethers.
Scheme 4 To obtain cycloalkyl amino moieties other
than cycloalkyl aminoalcohols, various methods can be
applied. The following general scheme (scheme 4)
illustrates some of the possible ways to access these
amines, but does not limit the present invention.For
instance, the hydroxy functionality of a compound
(iii) can be converted to a thiol via a Mitsunobu
reaction using thioacetate and subsequent basic
cleavage with a suitable base, leading to amino
moieties of type (xiv). These thiols can - after
coupling to suitable isoquinolinones under useful
reaction conditions like for example in a similar
fashion as described above in scheme 1 for the
coupling of (iii) - then be used to obtain compounds
of formula (I) with the linker unit L = S - or
optionally be oxidized via methods known to the person
skilled in the art to the corresponding sulfoxides and
sulfones (for obtaining compounds of formula (I) with
the linker unit L = SO and SO2) . The corresponding
amines can be accessed via a reductive amination step
starting from ketones such as compound (ix or xii)
using suitable amines in the presence of a reducing
agent like sodium triacetoxy borohydride, sodium
borohydride or sodium cyanoborohydride in the presence
of a water withdrawing agent like molecular sieves or
a suitable ortho ester. In general, protective groups
that may still be present in the products obtained in
the coupling reaction are then removed by standard
procedures. For example, tert-butylprotecting groups,
in particular a tert-butoxycarbonyl group which is a
protection form of an amino group, can be deprotected,
i. e. converted into the amino group, by treatment
with trifluoroacetic acid. As already explained, after
the coupling reaction also functional groups can be
generated from suitable precursor groups. In addition,
a conversion into a pharmaceutically acceptable salt
or a prodrug of a compound of the formula (I) can then
be carried out by known processes. In general, a
reaction mixture containing a final compound of the
formula (I) or an intermediate is worked up and, if
desired, the product is then purified by customary
processes known to those skilled in the art. For
example, a synthesized compound can be purified using
well known methods such as crystallization,
chromatography or reverse phase-high performance
liquid chromatography (RP-HPLC) or other methods of
separation based, for example, on the size, charge or
hydrophobicity of the compound. Similarly, well known
methods such as NMR, IR and mass spectrometry (MS) can
be used for characterizing a compound of the
invention. Examples The following examples illustrate
the various embodiments of the present invention and
are part of the present invention. Cis and trans
nomenclature in the title of the respective compounds
refer to the relative configuration of the - [CRnRi2]
rNRi3Ri4 residue and the L-residue at the cycloalkyl
ring. This convention is maintained for the respective
precursors.
cis-4-Hydroxy-i-phenylcyclohexanecarbonitrile (1)To a
suspension of 4-cyano-4-phenylcyclohexanone (25 g, 125
mmol) in absolute ethanol ( 1 L) was added sodium
borohydride (9.5 g, 251 mmol) portionwise over 30
minutes. The resulting mixture was stirred at room
temperature for 2 hours, ice was then added and the
crude mixture stirred for another hour. Ethanol was
evaporated under reduced pressure, and the resulting
aqueous layer was extracted with dichloromethane. The
organic layer was dried over sodium sulphate, filtered
and concentrated under reduced pressure. The crude
product cis-4-hydroxy-1- phenylcyclohexanecarbonitrile
(25 g, containing approx. 10% of the trans isomer) was
used in the next step without any further
purification. Rt = 3.99 min (Method 8). Detected mass:
202 (M+H+) . cis-4-Cyano-4-phenylcyclohexyl acetate
(2) To a solution of
cis-4-hydroxy-i-phenylcyclohexanecarbonitrile ( 1, 0.2
g, 1 mmol) in anhydrous pyridine (10 ml_) were added
acetic anhydride (0.1 ml_, 1.2 mmol) and 4-
dimethylaminopyridine (0.024 g, 0.2 mmol). The
reaction mixture was stirred at room temperature for
12 hours, and then evaporated to dryness. A saturated
aqueous solution of sodium bicarbonate was added to
the crude product and the mixture was extracted with
dichloromethane. The organic layer was dried over
sodium sulphate, filtered and evaporated to dryness.
The crude product was purified by silica gel
chromatography (eluting with 0 to 40 % ethyl acetate
in cyclohexane) to give 3.39 g of
cis-4-cyano-4-phenylcyclohexyl acetate (containing
approx. 10% of trans isomer). Rt = 7.34 min (Method
9). Detected mass: 266 (M+Na+)
.cis-4-(1-Aminocyclopropyl)-4-phenylcyclohexyl acetate
(3) A 250-mL three necked round bottom flask equipped
with a temperature probe and an argon line was charged
with cis-4-cyano-4-phenylcyclohexyl acetate (2, 3.39
g, 13.9 mmol) and anhydrous tetrahydrofuran (140 ml_).
The resulting solution was cooled to - 75C and
titanium (IV) isopropoxide (4.5 ml_, 15.3 mmol) was
added dropwise while the reaction temperature remained
below -700C. Once the addition was completed,
ethylmagnesium bromide (3M in diethyl ether) (10.2
ml_, 30.6 mmol) was added dropwise. The mixture was
stirred at -700C for 10 minutes and then allowed to
slowly warm to room temperature, while stirring was
continued for another 30 minutes. At this stage, boron
trifluoride etherate (3.5 ml_, 28 mmol) was added, and
stirring was continued for 1 hour. Water (14 ml_) was
added, followed by 10% aqueous HCI (140 ml_) and
diethyl ether (100 ml_). A 10% aq. NaOH solution was
added to the resulting clear mixture until the pH
became basic. The product was extracted with diethyl
ether. 



The combined organic extracts were dried over
anhydrous sodium sulphate. After evaporation of the
solvent, the product was purified by flash
chromatography on silica gel (eluting with 0 to 100 %
ethyl acetate in cyclohexane) to yield 0.65 g of
cis-4-(1- aminocyclopropyl)-4-phenylcyclohexyl
acetate. Rt = 2.72 min (Method 7). Detected mass: 274
(M+H+) .cis-4-(1
-Aminocyclopropyl)-4-phenylcyclohexanol (4) To a
solution of
cis-4-(1-aminocyclopropyl)-4-phenylcyclohexyl acetate
(3, 0.54 g, 2 mmol) in anhydrous methanol (20 ml_) was
added sodium methoxide (0.5 N in methanol) (8.7 ml_,
4.3 mmol). After stirring for 72 hours at room
temperature, the reaction mixture was cooled to 00C, a
1M solution of hydrochloric acid in diethyl ether (10
ml_) was added, and the resulting white precipitate
was filtered off. The filtrate was concentrated under
reduced pressure, and the resulting crude product was
triturated with a methanol/diethyl ether mixture. The
beige solid was isolated by filtration to give 400 mg
of cis-4-(1-aminocyclopropyl)-4-phenylcyclohexanol as
the hydrochloride. Rt = 2.33 min (Method 8). Detected
mass: 232 (M+H+) .
cis-4-(1-Aminocyclopropyl)-4-(2-fluorophenyl)cyclohexa
nol (5) Utilizing the procedures described for the
synthesis of 4, 0.219 g of cis-4-(1-
aminocyclopropyl)-4-(2-fluorophenyl)cyclohexanol (5)
was obtained as the hydrochloride (contaminated with
4% of trans isomer) starting from 4-cyano-4-(2-
fluorophenyl)cyclohexanone. Rt = 0.66 min (Method 7).
Detected mass: 250 (M+H+)
.cis-4-(1-Aminopropyl)-4-phenylcyclohexanol (6) To a
solution of
cis-4-hydroxy-i-phenylcyclohexanecarbonitrile ( 1 ,
1.0 g, 4.97 mmol) in anhydrous toluene (100 ml_) was
added dropwise a solution of ethylmagnesium bromide
(3M in diethyl ether, 10 ml_, 30 mmol). The reaction
mixture was refluxed overnight, then poured onto ice.
The resulting mixture was extracted with diethyl
ether, the organic layer was dried over sodium
sulphate, filtered and concentrated under reduced
pressure. To a solution of this crude product in
absolute ethanol ( 100 ml_) was added sodium
borohydride (0.257 g, 7.5 mmol). The reaction mixture
was stirred at room temperature for 2 hours, aqueous
1N HCI was then added until pH=1 .3. Ethanol was
evaporated under reduced pressure, the resulting
aqueous phase was washed with diethyl ether, then
neutralized with a saturated aqueous sodium
bicarbonate solution and eventually extracted with
diethyl ether and chloroform, subsequently. The
combined organic layers were dried over anhydrous
sodium sulphate, filtered and evaporated to dryness.
The crude product was dissolved in 15 ml_ of methanol
and HCI (4N in dioxane) (0.9 ml_) was added dropwise.
The suspension was stirred for 30 min, then evaporated
to dryness to yield 0.858 g of
cis-4-(1-aminopropyl)-4- phenylcyclohexanol (6) as the
hydrochloride (contaminated with 10% of trans isomer).
Rt = 2.59 min (Method 8). Detected mass : 234 (M+H+) .
cis-4-(Methoxymethoxy)-1
-phenylcyclohexanecarbonitrile (7)A stirred solution
of potassium tert-butoxide ( 1.6 M in tert-butanol,
37.3 ml_, 37.3 mmol) was cooled to 0 0C and anhydrous
DMF (6 ml_) was added before the mixture began to
freeze. A solution of
cis-4-hydroxy-i-phenylcyclohexanecarbonitrile ( 1, 3
g, 14.9 mmol) in anhydrous DMF (30 ml_) was added to
the reaction mixture. A solution of chloromethyl
methyl ether (2.83 ml_, 37.3 mmol) was then added
dropwise at 2-4C and the mixture was gradually allowed
to warm to room temperature while stirring was
continued overnight. The mixture was poured onto cold
aqueous sodium bicarbonate solution, then extracted
with diethyl ether. The organic layer was dried over
sodium sulphate and evaporated. The crude product was
purified by chromatography on silica gel to yield 2.2
g of the title compound. Rt = 7.01 min (Method 9).
Detected mass: 246 (M+H+) cis-4-(1 -Amino-
1-methylethyl)-4-phenylcyclohexanol (8) A suspension
of commercial anhydrous cerium chloride (Alfa Aesar, 2
g, 8.15 mmol) in anhydrous THF (12 ml_) was heated to
45C for 3 h under vigourous stirring. The slurry was
cooled to room temperature and treated with
cis-4-(methoxymethoxy)-1-
phenylcyclohexanecarbonitrile (7, 1 g, 4.08 mmol).
After cooling to -10 0C, a 1.5 M solution of MeLi-
LiBr (6.79 mL, 10.2 mmol) in diethyl ether was added
dropwise over 20 minutes, then the resulting brown
slurry was stirred for an additional 20 min. The
reaction was quenched by addition of concentrated
NH4OH (2.6 mL) over 10 min. The yellow suspension
obtained was allowed to warm to room temperature,
stirred for 30 min, diluted with THF and then
filtered. The wet cake was rinsed several times with
THF. The combined filtrates were then concentrated to
almost dryness, diluted with dichloromethane and
washed with 0.1 N NaOH. The organic layer was dried
with sodium sulphate and evaporated.The crude mixture
was suspended in a mixture of methanol (20 mL) and
aqueous 2N HCI (20 mL) then stirred overnight at room
temperature. After evaporation of methanol and
filtration, the filtrate was concentrated to dryness
to yield 0.38 g of a crude mixture of the title
compound (8). Rt = 2.43 min (Method 9). Detected mass:
234 (M+H+) . 6,7-difluoro-5-methyl-isoquinoline (43)
a)
[1-(3,4-Difluoro-2-methylphenyl)-methylidene]-2,2-dime
thoxyamine (40) 3,4-difluoro-2-methylbenzaldehyde (26
g, 166 mmol) was dissolved in toluene (182 mL) and
reacted with 2-aminoacetaldehyde dimethylacetal (19.3
g , 183 mmol) and toluene sulphonic acid (3.2 g) for 2
hours in a Dean-Stark apparatus. The solution was
allowed to cool down, extracted with saturated sodium
bicarbonate solution, water and brine, dried over
sodium sulphate and evaporated to dryness to give 40.4
g of a dark yellow oil which was used without further
purification. b)
3,4-Difluoro-2-methylbenzyl-2,2-dimethoxyethylamine
(41)
[1-(3,4-Difluoro-2-methylphenyl)-methylidene]-2,2-dime
thoxyamine (40, 40.4 g) was dissolved in ethanol (225
mL). Sodium borohydride (4.8 g , 124 mmol) was added
portionwise. Stirring was continued overnight. For
workup, acetic acid was added until no gas evolution
could be observed. Then the solution was evaporated to
dryness,taken up in dichloromethane and washed with
saturated sodium bicarbonate solution and twice with
water. The organic layer was washed with brine, dried
over magnesium sulphate and evaporated to dryness. The
crude product obtained (37.8 g) was used without
purification. c)
N-(3,4-Difluoro-2-methylbenzyl)-N-(2,2-dimethoxyethyl)
-4-methylphenylsulphonylamine (42)
3,4-Difluoro-2-methylbenzyl-2,2-dimethoxyethylamine
(41, 37.8 g) was dissolved in 



dichloromethane (100 ml_). Pyridine (42 mL) was added.
At 0 0C a solution of ptoluenesulphonyl chloride (36.8
g, 193 mmol) in dichloromethane was added dropwise.
The reaction was allowed to warm to room temperature
and stirring continued until conversion was complete.
For workup, the reaction mixture was diluted with
dichloromethane (100 mL) and extracted twice with 1.5M
hydrochloric acid, twice with sodium bicarbonate
solution and once with brine. The organic layer was
dried over magnesium sulphate, evaporated to dryness
to give crude product as an orange oil (68.3 g). This
was used without further purification. d )
6,7-difluoro-5-methyl-isoquinoline (43) Aluminium
trichloride (1 12 g, 838 mmol) was suspended in
dichloromethane (250 mL) at 0 0C. A solution of
N-(3,4-difluoro-2-methylbenzyl)-N-(2,2-dimethoxyethyl)
-4- methylphenyl-sulphonylamine (42, 68.3 g) in
dichloromethane (250 mL) was added. The reaction
mixture was heated at 50 0C for 2 hours, before being
cooled to 0 0C and poured on ice. The organic layer
was separated, and the aqueous layer extractedtwice
more with dichloromethane/isopropanol (3:1). The
combined organic phase was extracted twice with
saturated sodium bicarbonate solution and dried over
magnesium sulphate, before filtration and evaporation
gave 63.5 g of crude dark brown semi-solid product.
This was purified by chromatography on silica gel.
Elution with ethyl acetate/heptane (5%:95% to 35%:65%)
gave 11.3 g of the title compound 43 as a tancoloured
solid. Rt = 0.86 min (Method 10). Detected mass: 180.1
(M+H+) . The Isoquinolines in the following table were
obtained by following a similar reaction sequence as
used for synthesis of 43.
7-Chloro-6-fluoro-isoquinoline 2-oxide (9)50 g of
7-chloro-6-fluoro-isoquinoline (prepared according to
WO 2007/012422) were dissolved in dichloromethane and
cooled to 5 0C. 69.6 g of m-chloro-perbenzoic acid
(70%) were added portionwise. The mixture was stirred
at room temperature. When conversion was complete, the
mixture was diluted with 1.5 L of dichloromethane and
washed three times with saturated sodium bicarbonate
solution. The organic layer was dried over sodium
sulphate and evaporated to dryness to give 47.6 g of
the desired product 9. Rt = 0.98 min (Method 5).
Detected mass: 198.1 (M+H+) .
7-Chloro-6-fluoro-1-methoxy-isoquinoline (10) 10 g of
7-Chloro-6-fluoro-isoquinoline 2-oxide (9) were
dissolved in 100 ml_ of dry methanol. 12 ml_ of ethyl
chloroformate were added dropwise at -100C. The
mixture was allowed to stir for 15 minutes and then 28
ml_ of triethylamine, dissolved in 55 ml_ of methanol,
were added dropwise at -20 0C over 1h. 100 ml_ of 2N
aqueous sodium hydroxide solution were added and the
formed precipitate was filtered. Additional product
was precipitated by addition of 2N sodium hydroxide
solution and water to the mother liquor. The combined
solids were dried to give 7.8 g of the desired product
(10). Rt = 3.75 min (Method 1). Detected mass: 212.0
(M+H+) .The following compounds were obtained in a
similar fashion as described for the synthesis of 10,
starting from the respective
isoquinolines.1-Benzyloxy-T-chloro-
q-fluoro-isoquinoline (38)
7-Chloro-6-fluoro-2H-isoquinolin-1-one (prepared
according to WO 2007/012422; 52.2 g) was dissolved in
THF (1 L). After addition of silver carbonate (145.5
g) and benzyl bromide (40.6 ml_), the mixture was
stirred at room temperature overnight. Another 6.2 ml_
of benzyl bromide were added and the mixture was
stirred at 70 0C for 2 h. After cooling down to room
temperature, the reaction mixture was diluted by
addition of 1 L of ethyl acetate and filtered over
celite. The filter cake was washed thoroughly, the
organic layer was evaporated and subjected to silica
gel chromatography (n-heptanes: methyl tert. butyl
ether) to give 27.8 g of the title compound (38). Rt =
3.73 min (Method 1). Detected mass: 288.1 (M+H+) .
1-Benzyloxy^-benzyl^-chloro- -fluoro-isoquinoline
(55)As a side product of the preparation of
1-benzyloxy-7-chloro-6-fluoro-isoquinoline (38), 8.45
g of i-benzyloxy^-benzyl^-chloro-
b-fluoro-isoquinoline (55) could be isolated by silica
gel chromatography. Rt = 4.04 min (Method 1). Detected
mass: 378.1 (M+H+) .
1-Benzyloxy-7-methyl-6-fluoro-isoquinoline (39)
1-Benzyloxy-7-methyl-6-fluoro-isoquinoline (39) has
been prepared according to the procedure described for
the synthesis of (38) starting from
7-methyl-6-fluoro-2Hisoquinolin- 1-one (prepared
according to the protocol described in WO 2007/012421
or WO 2007/012422). Rt = 4.00 min (Method 1). Detected
mass: 268.1 (M+H+) .
1-^-Fluoro-phenyl^-oxo-cyclohexanecarbonitrile (12) a)
5-Cyano-5-(4-fluoro-phenyl)-2-oxo-cyclohexanecarboxyli
c acid methyl ester ( 1 1) 70 ml_ of methylacrylate
and 50 g of 4-fluorophenylacetonitrile were dissolved
in a mixture of 200 ml_ of THF and 50 ml_ of dry
methanol. 150 ml_ of sodium methylate (30% in
methanol) were added dropwise, while temperature was
maintained below 40 0C. The mixture was stirred at
room temperature for 15h and heated for another 4h at
50 0C. When the reaction was complete, the mixture was
allowed to cool to roomtemperature and poured onto a
cold 2N aqueous hydrochloric acid solution. The
aqueous layer was extracted three times with ethyl
acetate and the combined organic layer was washed with
water and brine, dried over magnesium sulphate and
evaporated to give 101 .5 g of the desired product. R
= 1.59 min (Method 5). Detected mass: 276.2 (M+H+) .
b) i-^-Fluoro-phenylJ- oxo-cyclohexanecarbonitrile
(12) 101 .5 g of
5-Cyano-5-(4-fluoro-phenyl)-2-oxo-cyclohexanecarboxyli
c acid methyl ester ( 11) were dissolved in 680 ml_ of
ethanol and 171 ml_ of concentrated aqueous
hydrochloric acid were added. The mixture was heated
to reflux for 40h, then evaporated. The residue was
taken up in water and extracted with dichloromethane.
The organic layer was washed with brine, dried over
magnesium sulphate and evaporated to give 95.2 g of
crude product, that was purified by silica gel
filtration (heptanes:ethyl acetate) to yield 50.4 g of
the desired product 12. Rt = 1.26 min (Method 1).
Detected mass: 218.2 (M+H+) .
1-(4-Methoxy-phenyl)-4-oxo-cyclohexanecarbonitrile
(56)56 was obtained from methylacrylate and
4-methoxyphenylacetonitrile in a similar fashion as
described for synthesis of (12). R1= 4.24 min (Method
3). Detected mass: 230.1 (M+H+) .
1-Cyano-1-(3-fluorophenyl)cyclohexan-4-one (58) a)
1-Cyano-1
-(S-fluorophenylJ-S-methoxycarbonylcyclohexan^-one
(57) Potassium t-butoxide (62.3 g, 555 mmol) was added
dropwise to a solution of 3- 



fluorophenylacetonitrile (56, 25 g, 185 mmol) in THF
(500 ml_). The reaction mixture was stirred overnight.
The reaction mixture was acidified with hydrochloric
acid (3M) and extracted with dichloromethane. The
organic extracts were evaporated to yield 57.2 g of an
orange oil. Rt = 3.39 min (Method 3). Detected mass:
275.1 (M+H+) . b)
1-Cyano-1-(3-fluorophenyl)cyclohexan-4-one (58) A
mixture of
1-cyano-1-(3-fluorophenyl)-3-methoxycarbonylcyclohexan
-4-one (57, 5 1 g, 185 mmol), water (54.8 ml_) and
DMSO (840 ml_) was heated and stirred at 150 0C for 3
hours, followed by stirring at room temperature
overnight. The reaction mixture was evaporated and
purified by chromatography on silica gel. Elution with
ethyl acetate/heptane (5%:95% to 30%:70%) gave 28 g of
desired material as a solid product. R1= 3.89 min
(Method 3). Detected mass: 218.2 (M+H+) .The following
cyclohexanones were prepared using the same procedure
as described for 58, starting from the respective
phenylacetonitrils.1-Cyano-1
-(2,4-difluorophenyl)cyclohexanone (65) Potassium
t-butoxide (55 g, 489 mmol) was added to a stirred
solution of 2,4- difluorophenylacetonitrile (25 g, 163
mmol) and methyl acrylate (28.1 g, 29.4 mL, 326 mmol)
in THF (475 mL) at room temperature. After one hour
stirring, water (2.4 L) was added and the mixture
stirred for 2 hours at 68 0C. After cooling the
mixture was extracted with methyl tert butyl ether.
After drying over sodium sulphate the organic phase
was evaporated to give 34.7 g of an orange oil which
was purified by chromatography on silica gel. Elution
with ethyl acetate/heptane (5%:95% to 35%:65%) gave
the desired product after evaporation as 19 g of a
colourless crystalline solid. Rt = 3.84 min (Method
3). Detected mass: 236.3 (M+H+) . The following
cyclohexanones were prepared using the same procedure
as described for 65, starting from the respective
phenylacetonitrils:Instrument and system for producing
a sample of a body liquid and for analysis thereof The
invention relates to the collection of samples of body
liquid for allowing analysis thereof, i.e.
determination of an analyte concentration therein. In
particular it relates to instruments and systems for
producing a small sample of body liquid by piercing
the skin of a subject (human or animal) using a
disposable lancing element having a skin piercing tip
suitable for generating a small wound from which the
sample is drawn. Depending on the skin site used and
on the lancing depth the body liquid is blood or
interstitial liquid or a mixture thereof. Analysis
based on skin-piercing is important in several fields
of medical diagnostics and treatment. Of particular
importance is the field of diabetes management. It has
been determined that severe long term damages caused
by diabetes mellitus can be avoided if the patient
controls her or his blood sugar level several times a
day in order to adapt the required insulin injections
closely to the actual need for maintaining a constant
blood sugar level. This requires so called
"home-monitoring" by the patient himself or by other
people not having a medical training. Other important
fields of medical diagnostics and treatment with
similar requirements, including home-monitoring, refer
for example to the regular control of blood
cholesterol and to the control of blood
coagulationparameters. The invention is in particular
suitable but not limited to home-monitoring
applications. Similar requirements also exist, e.g.,
in so called "near-patient-testing". Lancing of the
skin is generally performed by a lancing system
comprising, as mutually adapted components of the
system, a reusable hand-held instrument and lancing
elements. The movement required for lancing
(puncturing movement) is driven by a lancing drive
provided inside a housing of the instrument and
adapted for driving a lancing element connected
thereto. Lancets can be interchangeably connected to
the drive and generally are disposible items. After
triggering the puncturing movement the lancet is
driven in a puncture direction until it reaches a
point of maximum displacement and thereafter it is
further driven in a reverse direction. Many suitable
lancet drive mechanisms have been described. In most
cases the driving force is supplied by a tensioned
spring and the lancet drive further includes suitable
mechanical means for converting the force of the
spring into the required movement of a lancet. An
important consideration in developing lancing systems
is the pain caused by the pricking action. This pain
and the convenience of use are decisive factors
determining compliance of the patient, i.e. his
willingness to perform regular analyses as required
for maintaining his health. It has been determined
that reliable production of the required amount of
sample liquid with minimum pain highly depends on the
reproducibility of an optimum penetration depth of the
tip of the lancing element into the skin (see
US-patent 5,318,584). With earlier lancet systems the
analysis generally required a plurality of steps to be
performed by the user. After lancing with such earlier
systems the blood did not readily emanate from the
wound site in the lanced skin. Therefore manual
"milking" steps such as pinching, squeezing and
kneading where necessary in order to express the
required amount of sample liquid. Finally sample
liquid was contacted toan analysis element of an
analysis system (which was separate and distinct from
the lancing system) and the analysis was performed
thereby. In order to improve the production of sample
liquid at the lancing site and to avoid the manual
"milking" several proposals were made all of which
relate to the design of the contact area at a distal
end of the lancing instrument having a (generally
ring-shaped) skin contact surface surrounding a skin
contact opening. Such lancing systems are described in
WO 99/26539 



WO 01/89383 A2 EP 1 245 187 A 1 EP 1 586 269 EP 1 586
270 While these approaches differ in several ways, a
common feature thereof is that the skin contact
opening has a relatively large diameter whereby the
skin bulges into the skin contact opening forming a
target site bulge which penetrates to some extent into
the opening when the lancing instrument is pressed
with its distal end (i.e. with the skin contact
surface) against the skin. This bulging action
(hereafter designated "target site bulging") is
generally combined with additional means for improving
sample liquid production, such as a mechanical
squeezing acting radially inwardly, a pumping action
involving axial movement of parts of the instrument,
etc. Ideally these measures allow with a high success
rate (preferably better than 90 %) expression of a
sufficient amount of sample liquid without manual
"milking". This again is a requirement of integrated
lancing and analysis systems which, in a single
instrument, comprise both, means for the lancing-type
sample production and means for the analysis. Such
integrated systems are designed to perform the sample
generation and analysis fully automatically, i.e.
without any handling steps by the user.They have been
proposed in a plurality of variants which can be
assigned to two types, namely A) "Two unit systems"
having - in a single instrument housing - two separate
units for lancing and for analysis. Typically the
units are moved one after the other to a common skin
contact opening (see e.g. EP 1 669 028 A 1 and EP 1
736 100 A1) B) "Single unit systems" operating with a
single combined lancing- and analysis unit suitable
for performing both functions (lancing and analysis).
Most such systems operate with integrated lancing and
analysis elements. The two components of such combined
lancing and analysis elements are generally
manufactured separately but assembled by the
manufacturer or at least before use, i.e. before the
lancing movement is triggered. In the instrument such
elements are processed as a unified item. In other
single unit systems both functions (lancing and
analysis) are performed by the same unit but a lancing
element and an analysis element are provided and
processed separately during at least a part of the
analytical procedure. Examples of single unit systems
are described in the following publications: WO
01/72220 WO 03/009759 A 1 EP 1 342 448 A 1 EP 1 360
933 A 1 EP 1 362 551 A 1 Even though several of the
discussed systems, in particular integrated lancing
and analysis systems, provide improved results as
compared to earlier known devices, there are still
substantial shortcomings. There is a need for
improvements with respect to several partially
contradictory requirements including ease of use,
minimum pain and minimum requirements concerning
volume, weight and production cost.With a view to this
aim a first aspect of the invention proposes an
instrument and a system for producing a sample of body
liquid by piercing the skin comprising a housing - a
lancing drive within said housing adapted for being
connected to a lancing element and adapted for driving
a lancing element connected thereto in a puncturing
movement in which the lancing element moves, after
triggering the puncturing movement, in a puncture
direction until it reaches a point of maximum
displacement and in a reverse direction after it has
reached the point of maximum displacement, a pressure
ring surrounding a skin contact opening and being
adapted for being pressed against the skin, wherein
the skin contact opening has an opening area
corresponding to a circle with a diameter of at least
1.5 mm and not more than 4 mm. Preferably the opening
area corresponds to a circle with a diameter of at
least 2 mm, more preferably at least 2.5 mm. The
instrument further comprises a pressing force control
device for controlling the pressing force between the
pressure ring and the skin at the time of triggering
the puncturing movement, to be at least 3 N,
preferably at least 4 N and most preferably at least 5
N. Generally the pressure ring is circular and in this
case it should have the specified inner (free)
diameter. In case of a non-circular skin contact
opening the area of the opening should correspond
(i.e. be the same) as the area of a circle with the
mentioned diameter values. In contrast to the above
mentioned known approaches the invention does not rely
on target site bulging for automatic expression of a
sufficient amount of sample liquid. Rather the
inventors have found that it is possible to achieve
the required high reliability of sample generation
with a combination of a relatively small skin contact
opening and a relatively high pressure force which is
guaranteed by a pressing force control device. This
was unexpected, in particular because it had been
assumedthat such a high pressure would "press away"
the blood, unless the device has a large opening
allowing substantial bulging of the skin. This 



assumption was based - inter alia - on the experience
known even to a layperson that pressing with a thin
item onto the skin causes a color change from red to
white indicating a loss of blood from the respective
site. The invention overcomes a problem related to
target site bulging namely the lack of reproducibility
of the penetration depth by which the tip of the
lancing element penetrates into the skin. With a given
adjustment of the longitudinal position (i.e. position
in the direction of the lancing movement; hereafter
"z-position") of the lancing drive and consequently a
given z-position of the point of maximum displacement
of the lancet the penetration depth depends on the
exact z-position of the skin surface during the
puncturing movement. Due to the bulging this skin
position is substantially undefined. In order to
overcome this uncertainty some prior art devices have
means for detection of the exact z-position of the
skin by a skin position detection device integrated
into the lancing instrument. Others operate with a
penetration depth reference element having a reference
skin contact surface which is contacted to the skin
(additionally to the skin contact surface surrounding
the skin contact opening of the instrument), for
providing a reliable z-position reference during
penetration of the lancing element tip into the skin.
While these approaches help to achieve a reproducible
penetration depth they require a substantial expense
in the instrument design and production, making the
system less handy and more costly. Many lancing
systems simply disregard the penetration depth
uncertainty. While individual variations from person
to person may be tolerable because they can be
compensated by adjusting the penetration depth
setting, intra-individual variations (i.e. variations
referring to the same user) remain. These include
changes of the (elastic and other) properties of the
skin caused by influencing factors such as
temperature,previous skin treatment (e.g. washing with
soap) and choice of the particular lancing site. These
variations lead to a much larger pain than necessary,
because they require a high value of the penetration
depth setting to make sure that a sufficient amount of
sample liquid is produced even with a disadvantageous
position of the skin. The invention allows an
excellent reproducibility of the z-position of the
skin at the lancing site and thus an excellent
reproducibility of the penetration depth.
Simultaneously automatic sample generation (without
"milking") is achieved with a simple and inexpensive
design of the lancing system. A defined pressing force
is ensured by a suitable pressing force control
device. Such a device can be mechanical, in particular
comprising a spring device which is arranged in such a
manner that its spring force acts between the pressure
ring and the housing. The spring device is preferably
embodied as a metal spring. Other spring-like devices
are, however, known and can be used, such as a
pneumatic spring or a resilient element of an elastic
material. Hereafter the term "spring" is used as an
example of any such spring device. Preferably it is
pretensioned, as will be described in more detail
below. Pressing force control devices operating by
electrical means may comprise an electromagnetic drive
including a coil and a magnetic core, in particular a
voice coil drive. The control of the pressure can be
fully automatic or it can require an activity of the
user. In the latter case electrical means can be used
to measure the force by which the pressure ring is
pressed against the skin and this force can be
indicated to the user by suitable visible, acoustic or
tactile means, whereby the user can adapt the pressing
force to the desired value. According to a second main
aspect of the invention, which is preferably combined
with the first aspect but can also be used
independently, the invention proposes a system and an
instrument for producing a sampleof body liquid by
piercing the skin using a lancing element having a
skin piercing tip, said instrument having a housing a
lancing drive within said housing adapted for being
connected to a lancing element and adapted for driving
a lancing element connected thereto in a puncturing
movement in which the lancing element moves, after
triggering the puncturing movement, in a puncture
direction until it reaches a point of maximum
displacement and in a reverse direction after it has
reached the point of maximum displacement, a pressure
ring surrounding a skin contact opening and being
adapted for being pressed against the skin wherein the
pressure ring has on at least a part of its
circumference a width of not more than 1.5 mm,
preferably not more than 1.2 mm and most preferably
not more than 1 mm. According to a highly preferred
embodiment such a narrow pressure ring is surrounded
by a peripheral surface portion which is recessed from
the pressure ring such that the pressure ring
protrudes in the puncturing direction from the
peripheral surface portion. The pressure ring and the
recessed peripheral surface portion may be embodied as
part of a single element, designated pressure piece.
However, it is also possible that the pressure ring
and the recessed peripheral surface are parts of two
separate elements. According to a further preferred
embodiment the pressure ring protrudes from the
peripheral surface by at least 0.5 mm, preferably at
least 



0.8 mm and not more than 2.0 mm, preferably not more
than 1.5 mm. In the context of this main aspect it is
of particular importance to note that the term
"pressure ring" is used herein in an essentially
geometrical sense, namely referring to a narrow
ring-shaped area surrounding the skin contact opening.
Forces acting between the instrument and the skin are
borne essentially only, or at least preferentially,
via the pressure ring. Thus the pressure ring is a
narrow ring shaped surface area surrounding the skin
contact opening and bearing during practical use of
theinstrument at least 50 %, preferably at least 70 %
and most preferably at least 90 % of the forces acting
between the instrument and the skin. Consequently
according to this aspect of the invention at least the
mentioned percentages of the total force acting
between the skin and the instrument is borne only by a
small ring shaped area of the described maximum
dimensions. The ring shaped area forming the pressure
ring may be part of an annular element with circular
cross-section, oftentimes designated as "ring".
Preferably, however, the pressure ring of the
invention is embodied as part of a pressure piece, as
will be explained further with reference to the
drawings. In the context of the invention is has been
found that the features of the second aspect of the
invention help to reliably and automatically generate
a sufficient amount of sample liquid for analysis.
According to a third main aspect of the invention,
which is preferably combined with the first and/or
second aspect but can also be used independently, the
invention proposes a system and an instrument for
producing a sample of body liquid by piercing the skin
using a lancing element having a skin piercing tip,
said instrument having a housing a lancing drive
within said housing adapted for being connected to a
lancing element and adapted for driving a lancing
element connected thereto in a puncturing movement in
which the lancing element moves, after triggering the
puncturing movement, in a puncture direction until it
reaches a point of maximum displacement and in a
reverse direction after it has reached the point of
maximum displacement, a pressure ring surrounding a
skin contact opening and being adapted for being
pressed against the skin wherein the lancing drive and
the pressure ring are so positioned relative to each
other that a projecting distance by which the skin
piercing tip ofthe lancing element extends out of a
pressure ring plane, when the lancing element is in
the point of maximum displacement, is not more than
0.3 mm, preferably not more than 0.2 mm and most
preferably not more than 0.1 mm. The pressure ring
plane is defined as a plane running perpendicular to
the puncturing direction through the forwardmost part
of the pressure ring. Thus the projecting distance is
the distance in z-direction between the point of
maximum displacement and the closest point (in
z-direction) of the pressure ring. In the context of
the invention it has been found that surprisingly even
with such extremely small projecting distances a
highly reliable sample generation is achieved. In this
context it is important to understand the difference
between the reliability of sample generation and the
amount of sample generation. It was unexpected that
these two properties show little correlation.
Extremely small projecting distances according to the
third aspect of the invention may only generate small
amounts of sample but still this occurs with a
reliability which is sufficient for a fully automatic
lancing and analysis device. The second and the third
main aspect of the invention are favorable for any
size of skin contact opening and for any pressing
force. Particular good results are, however, achieved
if the instrument comprises a pressing force control
device for controlling the pressing force within the
limits specified above with respect to the first main
aspect of the invention. Furthermore the skin contact
opening should preferably have an opening area
corresponding to a circle with a diameter of at least
1.5 mm, preferably at least 2 mm, most preferably at
least 2.5 mm and not more than 8 mm, preferably not
more than 5 mm and most preferably not more than 3.5
mm. With respect to all three main aspects the
instrument is preferably adapted for operation with an
integral lancing and analysis element, both forming a
"single unit system" as specified above. Further
preferentially in this case the lancet of the integral
lancing and analysis element is embodied as a direct
sampler having a capillary channel for
transportingsample liquid produced by piercing the
skin by means of capillary flow to a sample collection
zone thereof. Also with respect to all three main
aspects of the invention it is preferred that a
minimum interaction time period required for lancing
and sampling a sufficient amount of sample liquid for
analysis is at most 3 seconds. Preferably the minimum
interaction time period is no more than 2 seconds and
more preferably it is no more than 1 second. This
relates specifically to integrated lancing and
analysis systems of both types A and B identified
above. In such systems the user interacts with the
system by establishing a pressing force between the
skin and the pressure ring of the instrument. This can
conveniently be done by pressing a hand-held
instrument against the finger or other body part.
Alternatively the finger or other body part can be
pressed against an instrument, lying e.g. on a table. 



According to the prior art, timing has generally been
only a concern with respect to the "test time", i.e.
the total time required for the analysis (from lancing
until the analyte concentration is indicated). The
inventors have found that - deviating from earlier
understanding - the duration of the minimum
interaction time period ("MITP") is highly critical
for achieving the partially contradictory requirements
mentioned above. This time period is defined as the
minimum time duration for which user-instrument
interaction (as specified above) is required for
lancing and for collecting a sufficient amount of
sample for the analysis in a sample collection device
of the system. The functions performed during the MITP
include lancing, expression of sample liquid from the
tissue (preferably directly into a capillary of the
lancing element) and collecting a sufficient amount of
sample. The MITP is a system-related quantity which is
user-independent, i.e. only determined by the design
of the instrument, and possibly by other components of
the system. It must not be confused with the actual
time of interaction which in each case depends on
numerous aspectsincluding the habits of the user. The
actual interaction time generally varies between users
and, even for a specific user, from analysis to
analysis. The invention teaches to design the system
in such a manner, that the minimum time for which at
least every user must interact with the instrument, is
below the indicated very small threshold values. The
starting point of the MITP is a point in time at which
the system is "ready for lancing", i.e. the lancing
drive is ready for driving a lancing movement of a
lancing element connected thereto and the desired
lancing site of the skin is properly located at the
skin contact opening of the instrument. Depending on
the design of the system a short period of time may be
required between establishing the status "ready for
lancing" and the triggering of the puncturing
movement. Such a short (preparatory) delay period may
be required by the instrument, for example for
detecting the skin position. Preferably, however, the
design is such that no such preparatory time period is
needed due to instrumental requirements, i.e. the
triggering can immediately take place when the status
of the system is "ready for lancing". In this case the
starting point of the MITP may coincide with the
triggering of the puncturing movement. A very short
and well defined preparatory delay period may,
however, be provided for non-instrumental reasons, in
particular to take into account visco-elastic
deformation of the skin which takes place after
establishing a pressure force between the skin and the
pressure ring. The end of the MITP is marked by the
fact that a sufficient amount of body liquid has been
sampled, i.e. is available in the sample collection
device of the instrument for analysis. A "sample
collection device" as used herein is any part of the
system, inside the instrument, in which sample liquid
produced as a result of skin lancing is available for
analysis. It can, for example, be a chamber or
capillary and can be empty, or filled with bibulous
material. Details depend on the type and design
features of the particular system.In the case of a
"two unit system" the sample collection device belongs
to the analysis unit. It can be a part of an analysis
element or of a dedicated sample collection element
and collects sample after the analysis unit has been
moved to the skin contact opening. In the case of a
"single unit system" the sample collection device can
be a part of a lance element, a part of an analysis
element, a part of an integrated lancing and analysis
element or a part of a dedicated sample collection
element. If the sample collection device is a part of
an analysis element or of an integrated lancing and
analysis element it can, in particular, be a part of a
reaction zone thereof containing reagents which react
with the sample liquid, thereby producing some kind of
measurable physical change which is characteristic for
the analysis. Preferably the sample collection device
is separate from the reaction zone of the analysis
element and includes a reservoir, which is suitable
for storing a sample liquid for an intermediate
storage time which is longer than the MITP. One
advantage of this embodiment is that it allows to
separate the timing requirements of the sample
collection from the timing requirements of the
analysis. The MITP is terminated as soon as the
reservoir of the sample collection device contains a
sufficient amount of sample liquid for the analysis.
Further steps, including for example the filling of a
reaction zone, can take place separately without
continued interaction of the user. In the last
mentioned preferred embodiment the transfer of the
sample liquid from the reservoir of the sample
collection device to the reaction zone of the analysis
element can either take place spontaneously or with
controlled timing. In the former case permanent fluid
communication is provided between the reservoir and
the reaction zone. In the latter case the fluid
communication from the reservoir of the sample
collection device to the analysis element is
"switchable", i.e. initially, preferably at least for
the duration of the MITP, there is no fluid
communication but same is established in a controlled
manner at a suitable point of time. Suitable means for
such switching are known for example from WO
2005/084546.The value of the pressing force during the
entire MITP is important. It should preferably be
maintained by means of the pressing force control
device to be at least 3 N preferably at least 4 N and
more preferably at 



least 5 N during the MITP. According to another
preferred embodiment maximum values should be
maintained during the same period, namely at most 10
N, preferably at most 8 N and more preferably at most
7 N. These limiting values of the pressure force are
preferred with respect to the requirements of
withdrawing sample from the skin. However, this does
not mean that the pressing force should be allowed to
float in that range during the MITP. Rather it has
been found that the maximum variation range of the
pressing force should be limited to no more than 15 %,
preferably no more than 10 % and more preferably to no
more than 5 %. Expressed in absolute values the
maximum variation range of the pressing force between
the pressure ring and the skin during the MITP should
be no more than +/- 0.5 N, preferably not more than
+/- 0.3 N and more preferably not more than +/- 0.2 N.
As noted above the MITP is a user-independent quantity
which depends only on the design of the system.
Preferably, however, the instrument comprises a MITP
controlling device. This term refers to any device
which helps to make sure that the required interaction
between the user and the instrument (i.e. mainly the
required pressing force between the skin and the
pressure ring) is maintained by the user at least
during the MITP. In other words the MITP controlling
device provides assistance to make sure that the
actual interaction between the user and the instrument
overlaps (or at least coincides with) the MITP. The
MITP controlling device need not operate fully
automatically in the sense that no acts of the user,
such as manual triggering of the puncturing movement,
are required. Rather it may provide assistance to the
user, in particular by signaling to the user directly
or indirectly the start and the end of the MITP.The
MITP controlling device comprises means for detecting
the starting point of the MITP, by detecting the
pressing force acting between a pressure ring and the
skin using any suitable means (to be discussed in more
detail below). When the pressure corresponds to a
predetermined minimum value or range this status can
be indicated to the user by a suitable visible,
audible or tactile signal. Alternatively the lancing
movement can be triggered automatically when the
status "ready for lancing" has been detected. In this
case there may be no delay between "ready to lance"
and triggering, i.e. the MITP starts with the
automatic triggering. Alternatively there may be an
instrument-controlled delay time, e. g. to take into
account the time needed for visco-elastic
skindeformation. In such cases the preparatory delay
period between "ready to lance" and triggering is
preferably at most 1 sec, more preferably at most 0.7
sec and most preferably at most 0.5 sec. A preferred
lower limit is 0.2 sec, at least 0.3 sec being more
preferred and at least 0.4 sec being most preferred.
The end of the MITP period is generally indicated to
the user by a suitable visible, audible or tactile
signal. It should be noted, that a dedicated MITP
controlling device is not necessary for the invention
in its most general sense. Depending on the particular
situation it may be sufficient for the user to be
provided with an indirect indication of the start and
end of the MITP. For example the "ready to
lance"-status can be "felt" by the user when pressing
his finger on a spring-supported pressure ring (to be
described in more detail below) and the duration of
the MITP may be so short, that it may by sufficient to
rely on the "feeling" of the user with respect to the
end of the MITP. The instrument may have some kind of
fill control (as part of the MITP controlling device)
indicating a sufficient amount of sample liquid or
allowing an analysis only if a sufficient amount of
sample has been collected. However, in many cases such
fill control is not required. Ratherthe end of the
MITP is calculated by the instrument using a fixed
MITP value (depending on the design of the system
components). In the context of the invention it has
been found that substantial advantages are achieved
with integrated lancing and analysis systems if the
described pressing force between the pressure ring at
the distal end of the lancing instrument and the skin
is maintained not only at the time of lancing but also
for a short interaction period thereafter: With both
types A and B of integrated lancing and analysis
systems, maintaining this pressing force for a MITP
helps to produce a sufficiently large volume of sample
liquid. In the case of type A (two unit systems)
maintaining a MITP with the described pressing force
is furthermore important to make sure that the
position of the instrument (i.e. its skin contact
opening) relative to the skin is fixed until the point
of time that the analysis device is moved to the skin
contact opening. With systems of type B (single unit
systems) it has been found that maintaining a MITP
with the described pressing force is important in
order to allow a precise z-position of the lancing
tip, thereby improving suctioning of a sufficient
amount of sample liquid during a short period of time.
Furthermore it has been found in the context of the
invention that many users of integrated lancing and
analysis systems have problems to maintain a
sufficient pressing force for a sufficient period of
time and that compliance with recommended rules of
using the instrument is much better with a system
incorporating the features described here. The
invention allows to use a simple and inexpensive
design of 



penetration depth adjustment device. For example in
order to adapt for small remaining variations of the
skin position it may be sufficient to provide
interchangeable distance elements or pressure rings to
allow a single adaption of the systems to the needs of
a particular user.The instrument and system of the
invention take into account the viscoelastic
properties of the skin in an optimized manner. In this
way not only a sufficient supply of sample liquid is
ensured but also "flooding" by too much sample liquid
is avoided. The invention allows reliable analysis
preferably with very small sample volumes in the order
not more than 300 nl, preferably not more than 200 nl,
and most preferably not more than 100 nl. The
invention is hereafter described in more detail with
reference to preferred embodiments shown in the
drawings. The technical features and elements shown
therein can be used individually or in combination to
design embodiments of the invention. In the drawings
Fig. 1 shows a schematic sketch of the skin pressed
against a pressure ring; Fig. 2 shows a perspective
view of an analysis instrument; Fig. 3 shows a
longitudinal section of the instrument shown in Figure
2; Fig. 4 shows a perspective view of a lancing
element for use in the instrument shown in Figure 3;
Fig. 5 shows a schematic sketch regarding an aspect of
the function of the instrument shown in Figure 3.
Figure 1 shows a view of a pressure ring 1 against
which a finger tip 2 is pressed with force F. The skin
3 bulges into the skin contact opening 4 defined by
pressure ring 1. The degree of this bulging, i.e. the
distance between the plane A of pressure ring 1 and
the apex of target site bulge 6 depends on the
pressing force F, the dimensions of the skin contact
opening 4 and the elastic properties of the skin which
vary from person to person but also show
intra-individual variation for consecutive uses by the
same person. Figure 1 also shows symbolically the
point P of maximum displacement which a piercing tip 7
reaches on its movement path during thepuncturing
movement. With most lancing instruments the
z-positions of the plane of the pressure ring 1 and of
the point of maximum displacement P relative to each
other (i.e. projecting distance s shown in Figure 1)
can be adjusted in order to allow a penetration depth
setting. Figure 1 shows that for a given value of
projecting distances s the actual penetration depth
depends directly on the degree of target site bulging.
Preferably the diameter D of the skin contact opening
4 is rather small. In this case there is only minimal
target site bulging, whereby the reproducibility of
the penetration depth of consecutive lancing events is
excellent. Generation of a sufficient amount of sample
liquid is supported by using a narrow pressure ring
having a width b of not more than 1.5 mm. In the
preferred embodiment shown the pressure ring 1 is a
part of a pressure piece 42 which comprises a
peripheral surface portion 50 surrounding the pressure
ring 1 and recessed from the pressure ring 1. Thus,
the pressure ring 1 protrudes by a protruding distance
h from the peripheral surface portion 50. Figures 2 to
5 show a suitable lancing system 10. It includes a
reusable hand-held instrument 11 and a disposable
lancing element 12 with a piercing tip 7. A housing 13
of the instrument contains a lancing drive 14 and a
measurement and evaluation electronics 15 shown only
symbolically as a block in Figure 3. A display 16 is
provided in order to allow visual indication of
information (including status information concerning
the system, advice concerning its handling, analytical
results etc.) to the user. Optionally the instrument
also comprises a MITP controlling device 17, a device
18 for generating audible signals (such as a buzzer)
and/or a device 19 for generating tactile signals
(such as a vibration generator). In a preferred
embodiment (best shown in Figure 4) lancing element 12
is combined with an analysis element 2 1, thereby
forming an integral lancing and analysis element 22.
In this integral element the lancing element 12 is
movable, relative to the analysis element 2 1, in a
longitudinal direction symbolized by double arrow 34.
An analysiselement holder 20 is provided for holding
the analysis element 22 inside the instrument 11. In
the embodiment shown analysis element holder 20
comprises a coupling recess 25 in analysis element 2 1
and a corresponding coupling protrusion 27 of the
instrument. In a similar manner the lancing element 12
has a coupling recess 24 cooperating with a coupling
protrusion 26 of the instrument. These pairs of
recesses 24,25 and protrusions 26,27 penetrating into
the respective coupling recesses allow the handling of
an integral lancing and analysis element 22 which has
been inserted into the instrument (Figure 3). The
lancet drive 14 shown in Figure 3 comprises a drive
rotor 29 with a cam 30 formed by a groove. Cam 30 and
a corresponding cam traveler 3 1 form a cam drive
mechanism which controls a pivoting movement of a
drive rod 32 about a pivoting axis 33. After
triggering of a puncture movement (by triggering means
not shown) drive rotor 29 turns with high speed
(driven by a drive spring also not shown) about its
axis 35 and this rotational movement is translated by
means of the cam curve formed by groove 30 and
traveled by cam traveler 3 1 into a corresponding
pivoting movement of drive rot 32 which again drives a
corresponding up and down movement of lancing element 



12 to which it is connected by its coupling protrusion
26 penetrating into coupling recess 24. Similar rotor
drives for lancing instruments have been described
elsewhere. Thus no more detailed description is
necessary. In the preferred embodiment shown in Figure
4 the lancing element 12 is a "direct sampler" having
a capillary channel 28 inside its piercing tip 7 and
leading up to a sample collection zone 23 of lancing
element 12. In sample collection zone 23 capillary
channel 28 widens to form a sample reservoir chamber
28a. During lancing, lancing element 12 performs a
puncturing movement by which piercing tip 7 is driven
into skin 3. Thereafter, preferably during a
retraction phase of the puncturing movement, after the
piercing tip 7 hasreached its point of maximum
displacement (but with the piercing tip still being
below the surface of skin 3) sample liquid penetrates
- driven by capillary forces - into capillary 28 and
reservoir chamber 28a. Thus, in the embodiment shown,
capillary 28 and reservoir chamber 28a together form a
sample collection device 36 suitable for storing
sample liquid, ready for subsequent transfer to an
analysis zone 8 of analysis element 2 1. The volume of
sample liquid required for the analysis is determined
by the liquid volume taken up by the device, in this
case by the combined volume of capillary 28 and
reservoir chamber 28a. Once sample liquid has arrived
at sample collection zone 23 it may be transferred to
the adjacent analysis zone 8 of analysis element 2 1
by means of a suitable fluid communication device.
Preferably the arrangement is such that in a first
configuration no fluid communication between the
sample collection zone of lancing element 12 and the
analysis element 2 1 is provided whereas in a second
configuration fluid communication takes place. The
switching between both configurations can be
accomplished by any suitable means, e.g. by pressing
zone 23 of lancing element 12 and analysis element 2 1
together. A more detailed description of such
preferred design of an integrated lancing and analysis
element with switchable sample transfer is not
necessary because it has been described elsewhere. Of
course the invention can also be used with integral
lancing and analysis elements having a lancing part
and a analysis part fixed to each other. Evidently
with such an embodiment no separate holding devices
for the two parts are required. Rather only one
holding device is provided which simultaneously serves
as lancing element holding device and as analysis
element holding device. While preferred devices for
holding and moving a lancing element and an analysis
element (or an integral lancing and analysis element)
in the instrument have been described, many variants
are possible. These include a design in which analysis
elements and/or lancing elements arefixed to and
transported by means of a tape during at least a part
of the system operation. A special feature of the
system of the invention relates to a pressing force
control device 37 provided in the instrument 11. In
the embodiment shown the pressing force control device
37 comprises a spring 38 which is embodied and
arranged in such a manner that one end thereof acts
against pressure ring 1 and the other end acts against
the housing 13. "Acting" in this context does not
require immediate contact. Rather it means that the
spring exerts a force on the pressure ring and that
the corresponding counter-force is (directly or
indirectly) borne by the housing. In the instrument
shown in Figure 3 one end of spring 38 rests on a wall
of housing 13 and its other end presses against a
frame element 39 carrying lancing drive 14. The force
of spring 38 is further transmitted from the frame
element 39 to pressure ring 1 via pillar elements 40.
Pressure ring 1 is embodied as part of a pressure
piece 42 which is borne by a pressure ring bearing 43
of housing 13 such that it is axially movable against
the force of spring 38. When a user presses her or his
finger tip 2 in the direction of arrow F onto pressure
piece 42 with pressure ring 1, the latter moves
downwardly against the force of spring 38 (or other
spring device). As soon as the contact between
pressure piece 42 and housing 13 at pressure ring
bearing 43 is interrupted, the force of spring 38 is
balanced by the pressing-down force of the finger. In
other words the force by which the pressure ring 1 is
pressed against the skin is in this status controlled
by the pressing force control device 37, embodies here
by means spring 38. The principles used in this design
are more clearly apparent from figure 5 showing that
spring 38 acts between housing 13 and pressure piece
42 with pressure ring 1. In the specific embodiment
shown drive 14 is connected in a defined spatial
configuration with pressure ring 1, in such a manner
that the distance between the point of maximum
displacementof the lancet movement and the pressure
ring 1 is independent from the compression status of
the spring 38 and the corresponding axial movement of
pressure piece 42. Preferably the spatial
configuration and hence the distance of the pressure
ring from the point of maximum displacement can be
varied (between puncturing movements) to set the
lancing penetration depth. It is, however, fixed
during the interaction of the user with the device,
i.e. from the point of time at which the pressure ring
is first pressed down until the body part is removed
therefrom. As is well known the force of an elastic
spring 38 increases linearly with its elongation (i.e.
compression in the case of a compression spring as
shown). In the context of the invention the force by
which the pressure 



ring 1 is pressed against the skin shall be controlled
closely, i.e. the variation thereof should not exceed
the preferred limiting values given above. In order to
achieve this end, spring 38 is preferably embodied and
arranged in such a manner that it is pre-tensioned.
This means that the spring is already compressed (or
in the case of an extension spring extended) even if
no pressing force is exerted onto pressure ring 1,
i.e. pressure ring 1 is in its "home" position resting
on the surrounding wall (bearing 43) of housing 13.
The degree of this pre-tensioning is such that the
force of spring 38 acting on the pressure ring 1
varies by no more than 20 %, preferably no more than
10 % within the spring-loaded movement range of the
pressure ring 1. In the embodiment shown the pressing
force control device is adapted to control not only a
minimum pressing force but also a maximum pressing
force. This is generally favorable but not mandatory.
Preferably the maximum pressing force at the time of
triggering is not more than 8 N, preferably not more
than 7 N. If a maximum pressing force is to be
maintained it is important to make sure, that in the
entire movement range the pressing-force acting
between the finger 2 (or other body part) and the
pressure ring 1 is controlled only by the force of
spring 38 balanced by the pressing-downforce of finger
2. This condition would not be met if the movement
ofpressure ring 1 was influenced or limited by some
kind of abutting member or obstacle acting - within
its possible movement range - on ring 1. In order to
meet this condition a pressure ring movement limiting
arrangement 44 (figure 5) is provided by which the
maximum displacement of the pressure ring 1 possible
by pressing with a finger 2 or other body part is
limited within a fully spring-loaded movement range of
the pressure ring. In the preferred embodiment shown
in figure 5 this is achieved by a contact surface 46
which is arranged in the vicinity (at the radially
outer side) of the pressure ring 1 in such a manner
that a body part pressed against the pressure ring 1,
and thereby moving the pressure ring, abuts against
the contact surface 46. Due to this abutting, the
pressure ring can not be moved further, i.e. the
possible displacement of the pressure ring (by the
body part pressing thereagainst) is limited. With such
an embodiment the maximum displacement depends on the
distance dr by which the pressure ring protrudes from
the instrument housing (contact surface 46). When
pressure piece 42 with pressure ring 1 is pressed
downwardly this movement is discontinued when finger
tip 2 contacts the surface of housing 13 in the
vicinity of the pressure ring 1. In this context it is
also favorable if the design is such that the maximum
displacement of the pressure ring 1 during practical
use is small. Preferably it should be less than 3 mm,
more preferably less than 2 mm and even more
preferably less than 1 mm. Therefore the distance dr
of the plane A of pressure ring 1 and the adjacent
housing surface should not be too large. Preferred
maximum values can be calculated by adding 0.5 mm to
the mentioned maximum displacement values. On the
other hand dr should not be too small, among others
because it is favorable for the handling of the
instrument if a protrusion of pressure ring 1 versus
the adjacent housing area simplifies the finding of a
suitable finger position for the user. Therefore this
protrusion, i.e. the distance dr, should be at least
0.2 mm, and preferably at least 0.5 mm.Of course the
construction part at which the pressure ring is
provided can have many different shapes and designs.
In contrast to some earlier devices it should be
non-deformable in the sense that it should not be
visibly deformed during normal use of the system. As
stated earlier the term "pressure ring" refers to the
ring-shaped surface of the respective part which in
practical use, i.e. under the conditions prevailing in
using of the particular instrument) bears the major
part of the pressing force acting between the
instrument and the skin. Of course this ring-shaped
contact surface (i.e. the pressure ring) can have
varying shapes including e.g. slightly rounded edges.
A suitable exact shape and width of the pressure ring
can be determined experimentally on the basis of the
information contained herein. The ring should protrude
from any adjacent housing surface by a sufficient
distance to allow easy tactile recognition thereof by
the user. Furthermore the term "pressure ring" does
not have to be understood as being limited to an
uninterrupted ring. Rather the ring shaped surface
contacting the skin can have interruptions (for
example by recesses) which should, however, be small
enough not to spoil the described function of the
pressure ring. In the preferred embodiment shown in
Figure 3 the instrument furthermore comprises a
pressure-ring-movement detection device 45. In the
context of the second main aspect of the invention it
is preferably a part of a MITP control device. Means
for movement detection are well known, for example a
light barrier 46 as shown symbolically in the drawing.
Such a device detects the movement of pressure piece
42, and hence of pressure ring 1, upon pressing down
from its "home" position by finger 2. Such detection
allows several favorable functions including an
indication to the user (via display 16 or generators
of audible or tactile signals 18 and 19) that the
instrument is "ready for lancing". Alternatively or
additionally the signal of the pressure-ring-movement
detection device can be used for automatically
triggering the lancing movement, possibly after a
delay time as described above.Figure 3 furthermore
shows an analysis measurement device 47 as part 



of the instrument 11. This can be any device which is
suitable to measure a value of a measurement quantity
relating to a change of analysis element 2 1, which
change is a measure of the desired analytical value.
In the case shown, the analysis measurement device is
embodied for a photometric measurement of a detection
area in the analysis zone 8 of analysis element 2 1
including a light source 48, a light detector 49 and
corresponding light guide means symbolized by a lens
50. Other types of analysis measurement devices could
be used as well, in particular electrical measurement
devices, as are common for the evaluation of
electrochemical analysis elements. In the system shown
in Figures 2 to 5 a MITP control device 17 in
accordance with the second main aspect of the
invention makes use of the pressure-ring-movement
detection device 45. Once MITP control device 17
signals the start of an MITP it generates a signal by
at least one of signal generators 18 and 19 and/or
automatically triggers a puncturing movement of lancet
drive 14. The end of the MITP period is determined by
the measurement and evaluation electronics 15, for
example on the basis of a predefined time period
required for generation and transfer of sufficient
amount of sample liquid from the finger tip 2.
Alternatively the status of a sufficient sample
transfer may be separately detected by suitable sample
transfer detection means as are known in the art, e.g.
photometric detection of the sample transported in the
integral lancing and analysis element 22 or by
electrical contacts detecting that sample liquid
transported therein has reached a certain point in its
transport path. Preferably - as in the embodiment
shown - the application force control device makes
sure that during the entire MITP the pressing force is
within the range given by the above identified
limiting values. Preferably the variation of the
pressing force during the MITP should be within the
above identified variation limitations which are much
smaller.Claims 1. Instrument for producing a sample of
body liquid for analysis by piercing the skin with a
lancing element (12) having a skin piercing tip (7)
said instrument ( 1 1) having a housing (13) a lancing
drive (14) within said housing (13) for being
connected to a lancing element (12) and for driving a
lancing element (12) connected thereto in a puncturing
movement in which the lancing element (12) moves,
after triggering the puncturing movement, in a
puncture direction until it reaches a point (P) of
maximum displacement and in a reverse direction after
it has reached the point (P) of maximum displacement,
- a pressure ring (1) surrounding a skin contact
opening (4) and being adapted for pressing against the
skin, wherein the skin contact opening (4) has an
opening area corresponding to a circle with a diameter
of at least 1.5 mm and not more than 4 mm, and the
instrument comprises a pressing force control device
(37) for controlling the pressing force between the
pressure ring (1) and the skin (3) at the time of
triggering the puncturing movement, to be at least 3
N, preferably at least 4 N, most preferably at least 5
N.2. Instrument according to claim 1, wherein the
opening area of the skin contact opening (4)
corresponds to a circle with a diameter of at least 2
mm, preferably at least 2.5 mm. 3. Instrument for
producing a sample of body liquid for analysis by
piercing the skin with a lancing element (12) having a
skin piercing tip (7) said instrument ( 1 1) having a
housing (13) - a lancing drive (14) within said
housing (13) for being connected to a lancing element
(12) and for driving a lancing element (12) connected
thereto in a puncturing movement in which the lancing
element (12) moves, after triggering the puncturing
movement, in a puncture direction until it reaches a
point (P) of maximum displacement and in a reverse
direction after it has reached the point (P) of
maximum displacement, a pressure ring (1) surrounding
a skin contact opening (4) and being adapted for
pressing against the skin, preferably according to any
one of the preceding claims wherein the pressure ring
(1) has on at least a part of its circumference a
width (b) of not more than 1.5 mm, preferably not more
than 1.2 mm and most preferably not more than 1 mm. 4.
Instrument according to claim 3 , comprising a
peripheral surface portion (50) surrounding the
pressure ring and recessed from the pressure ring such
that the pressure ring protrudes in the puncturing
direction from the peripheral surface portion. 5.
Instrument according to claim 4, wherein the pressure
ring (1) protrudes from the peripheral surface by a
distance (h) of at least 0.5 mm, preferably by at
least 0.8 mm.6. Instrument for producing a sample of
body liquid for analysis by piercing the skin with a
lancing element (12) having a skin piercing tip (7) 



said instrument ( 1 1) having - a housing (13) a
lancing drive (14) within said housing (13) for being
connected to a lancing element (12) and for driving a
lancing element (12) connected thereto in a puncturing
movement in which the lancing element (12) moves,
after triggering the puncturing movement, in a
puncture direction until it reaches a point (P) of
maximum displacement and in a reverse direction after
it has reached the point (P) of maximum displacement,
a pressure ring (1) surrounding a skin contact opening
(4) and being adapted for pressing against the skin,
preferably according to any one of the preceding
claims, wherein the lancing drive (14) and. the
pressure ring (1) are so positioned relative to each
other that a projecting distance (s) by which the skin
piercing tip (7) of the lancing element (12) extends
out of the pressure ring plane when the lancing
element (12) is in the point of maximum displacement
is not more than 0.3 mm, preferably not more than 0.2
mm and most preferably not more than 0.1 mm. 7.
Instrument according to any one of claims 3 to 6,
wherein the skin contact opening (4) has an opening
area corresponding to a circle with a diameter of at
least 1.5 mm, preferably at least 2 mm and, most
preferably at least 2.5 mm and not more than 8 mm,
preferably not more than 5 mm, most preferably not
more than 3.5 mm.8. Instrument according to any one of
claims 3 to 7, wherein the instrument comprises a
pressing force control device (37) for controlling the
pressing force between the pressure ring (1) and the
skin (3) at the time of triggering the puncturing
movement, to be at least 3 N, preferably at least 4 N,
most preferably at least 5 N. 9. Instrument according
to any one of the preceding claims, wherein the
pressure ring (1) is non-deformable. 10. Instrument
according to any one of the preceding claims
comprising a sample collection device (36) for
collecting an amount of sample liquid required for
analysis and a holding device (20) for holding an
analysis element in said housing such that a sample of
body liquid is transported thereto from the sample
collection device (36) for analysis. 11. Instrument
according to claim 10, wherein a minimum interaction
time period required for lancing and sampling a
sufficient amount of sample liquid for analysis is not
more than 3 seconds, preferably not more than 2
seconds and most preferably not more than 1 second.
12. System for producing a sample of body liquid for
analysis by piercing the skin comprising a reusable
hand-held-instrument ( 1 1) according to any one of
the preceding claims and a lancing element (12) which
is adapted to be interchangeably connected to the
drive (14) of the instrument. 13. System according to
claim 12, wherein the lancing element (12) is a part
of an integral lancing- and analysis element (22). 14.
System according to any one of claims 12 or 13,
wherein the lancing element (12) is a direct sampler
having a capillary channel (28) for transporting
sample liquid produced by piercing the skin by means
of capillary flow to a sample collection zone (23)
thereof.15. System according to any one of claims 12
to 14, wherein the sample volume required for the
analysis is not more than 300 nl, preferably not more
than 200 nl and most preferably not more than 100 nl. 


