
Tetracyclic indole derivatives as antiviral agent s
The present invention relates to tetracyclic indole
compounds, to pharmaceutical compositions containing
them, to their use in the prevention and treatment of
hepatitis C infections and to methods of preparation
of such compounds and compositions. Hepatitis C (HCV)
is a cause of viral infections. There is as yet no
adequate treatment for HCV infection but it is
believed that inhibition of its RNA polymerase in
mammals, particularly humans, would be of benefit.
Published International patent application WO 93/00334
(Fidia-Georgetown Institute for the Neurosciences)
discloses the following indole derivatives: where A,
Z, R1, R2, R3, R4 and n are defined therein, as useful
in compositions and methods for treating psychiatric
and neurological disorders. However, this document
does not disclose the use of tetracyclic indole
derivatives in treating or preventing viral
infections. Published International patent application
WO 2005/080399 (Japan Tobacco Inc.) discloses the
following fused heterotetracyclic compounds: where A,
X, Cy, G1, G2, G3, G4, G5, G6, R1, R2, R3, R4, R5, R6
and a are defined therein, and their use as HCV
polymerase inhibitors. The present invention provides
the compound of the formula (I):wherein A is
C3.gcycloalkyl, optionally substituted by halogen,
hydroxy, C^alkyl or C^alkoxy; Ar is a moiety
containing at least one aromatic ring and possesses 5,
6, 9 or 10 ring atoms, optionally containing 1, 2 or 3
heteroatoms independently selected from N, O and S,
such as phenyl, pyridyl, pyridazinyl, pyrimidinyl,
pyrazinyl, thienyl, furanyl, pyrazolyl and imidazolyl,
which ring is optionally substituted by groups Q1 and
Q2; Q1 is halogen, hydroxy, C1-6alkyl, Ci-6alkoxy,
(CH2)o-3aryl, heteroaryl, CONRcRd, (CH2)o-3NRcRd, 0(CH
2)o-3C3.8cycloalkyl O(CH2)i-3NRcRd, O(CH2)0-3CONRcRd,
0(CH 2)o-3C0 2H, O(CH2)0.3aryl, 0(CH 2)o.3heteroaryl,
OCHReRf or 0(CH 2)o-3S(0) 2(CH2) .3NRcRd; Rc and Rd
are independently selected from hydrogen, Ci.6alkyl
and C(O)Ci_ alkyl; or Rc and Rd, together with the
nitrogen atom to which they are attached, form a
heteroaliphatic ring of 4 to 7 ring atoms, optionally
containing 1 or 2 more heteroatoms independently
selected from O and S and/or 1 or 2 groups
independently selected from NH and NC^alkyl, where
said ring is optionally substituted by halogen,
hydroxy, C^alkyl or Ci_4alkoxy; Re and Rf are
independently selected from hydrogen, Ci_4alkyl and
Q^alkoxy; or Re and Rf are linked by a heteroatom
selected from N, O and S to form a heteroaliphatic
ring of 4 to 7 ring atoms, where said ring is
optionally substituted by halogen, hydroxy, Ci_4alkyl
or and where said Ci.4alkyl, Ci.4alkoxy and aryl
groups are optionally substituted by halogen or
hydroxy; Q2 is halogen, hydroxy, Ci.4alkyl or
Q^alkoxy, where said Ci.4alkyl and Q .4alkoxy groups
are optionally substituted by halogen or hydroxy; or
Q1 and Q2 may be linked to form a ring of 4 to 7
atoms, where said ring optionally contains 1 or 2
heteroatoms independently selected from N, O and S,
and is optionally substituted by halogen, hydroxy,
Ci_4alkyl or Ci.4alkoxy; one ofR 1 and R2 is CO2H,
C(O)NHS(O) 2NR R", C(O)NHS(O)2Ci.6alkyl, C(0)NHS(0)
2(CH2)o.3C0 2Rc or C(O)NHS(O) 2(CH2)0-3aryl, and the
other of R1 and R2 is hydrogen; Ra and Rb are
independently selected from hydrogen and Ci_6alkyl, or
Ra and Rb, together with the nitrogen atom to which
they are attached, form a heteroaliphatic ring of 4 to
7 ring atoms, which ring may optionally contain 1 or 2
more heteroatoms independently selected from O and S
and/or 1 or 2 groups independently selected from S(O),
S(O)2, NH and NCMalkyl; W is -CH2- or -CH2CH2;X is
C=O, -CR14R15 - or NR14 ; Y is -CR14aR15a- or NR14a ;
Z is O, -CHR10- or -CHR 10CH2- ; R10 is hydrogen,
hydroxy, C^alkyl, C2.6alkenyl, oxo, 0(CH 2) 3NR R1 or
N(CH2)L3NR R"; R14 , R14a, R15 and R15a are each
independently selected from hydrogen, hydroxy,
C,.6alkyl, C2.6alkenyl, C2.6alkynyl,
(CH2)0.3C3.8cycloalkyl, Ci.6alkoxy, C(O)C,.6alkyl,
(CH2)0.3aryl, (CH2)0.3Het, C(O)(CH2)0.3Het,
(CH2)0.3NR16R17 , (CH2)0.3OR16, (CH2)0.3C(O)(CH2
)0.3NR16Rp , NR18C(0)(CH 2)o-3NR16R17 ,
S(O)0.2(CH2)0.3NR16R17 , (CH2)0.3heteroaryl or
C(O)(CH2)0.3heteroaryl, optionally substituted by one
or two groups independently selected from Ci_6alkyl,
hydroxy, halogen, Ci-6alkoxy, SH and S(C,.6alkyl); R16
and R17 are independently selected from hydrogen,
Ci.6alkyl, (CH2)0.4NR18R19 , (CH2)0.3Het,
(CH2)o_3heteroaryl, (CH2)0-3C(O)(CH2)0-3NR18R19 or
(CH2)0-3C3.8cycloalkyl, optionally substituted by
Ci.6alkyl, (CH2)0 3OH or (CH2)0.3Ci.6alkoxy; or R16
and R17 , together with the nitrogen atom to which
they are attached, form a heteroaliphatic ring of 4 to
7 ring atoms, which ring may optionally contain 1 or 2
more heteroatoms selected from O and S and/or 1 or 2
groups independently selected from S(O), S(O)2, NH,
NCi.4alkyl and N(CH2)0.3Ci.4alkoxy, and which ring is
optionally substituted by halogen, hydroxy, C1-4alkyl
or Ci.4alkoxy; R18 and R19 are independently selected
from hydrogen, Ci.6alkyl and heteroaryl; or R18 and
R19, together with the nitrogen atom to which they are
attached, form a heteroaliphatic ring of 4 to 7 ring
atoms, which ring may optionally contain 1 or 2 more
heteroatoms selected from O and S and/or 1 or 2 groups
selected from S(O), S(O)2, NH and NCi.4alkyl, and
which ring is optionally substituted by halogen,
hydroxy, Ci.4alkyl or Q^alkoxy; and pharmaceutically
acceptable salts thereof; with the proviso that the
compound of formula (I) is not:
14-cyclohexyl-7,8-dihydro-6H-indolo[l,2-e][l,5]benzoxa
zine-l 1-carboxylic acid,
14-cyclohexyl-6-methyl-5,6,7,8-tetrahydroindolo[2,l-
][2,5]benzodiazocme-ll-carboxylic acid,
14-cyclohexyl-3-methoxy-5,6,7,8-tetrahydroindolo[2,l-
][2,5]benzodiazocine-l 1-carboxylic acid, or
W-cyclohexyl-S-methoxy--methyl-S.
-tetrahydroindolo^.l- JP.Slbenzodiazocine-l
1-carboxylic acid. In one embodiment, X is -CR 14R15-
and Y is NR14a. In another embodiment, Y is -CR
14aR15a- and X is NR14 . One favoured group of
compounds of the present invention is of formula (Ii)
and pharmaceutically acceptable salts thereof:where X
is -CHR 14 -; Y is -CH2- or NR14a; Z is O or -CH2-;
Q1, R14 and Rl4a are as defined in relation to formula
(I); with the proviso that when Y is NR14a, Z is not
O. The following embodiments apply in relation to the
compounds of formulae (I) and (Ii): In one embodiment,
Y is -CH2- when Z is O. In another embodiment, Y is NR
14a when Z is -CH2-. In another embodiment, Y is NR14a
when X is -CH2-. In another embodiment, Y is -CH2-
when R14 is other than hydrogen. In another
embodiment, R14 is (CH2)O OR16 or (CH2)0.iNR 16R17
where R16 and R17 are as defined in relation to
formula (I). Preferably, R14 is OR16 or NR16R17 . When
R14 is OR16, preferably R16 is hydrogen, (CH2) 3(C
aIkOXy) or (CH2)L3NR18R19 where R18 and R19 are as
defined in relation to formula (I). More preferably,
R16 is hydrogen, (CH2)2.3(Ci.4alkoxy), (CH2)2.3N(C,.
4alkyl) 2 or (CH2)2.3NRl8R19 where R18 and R19 ,
together with the nitrogen atom to which they are
attached, form a 5- or 6- membered heteroaliphatic
ring, which ring may optionally contain 1 or 2 more
heteroatoms selected from O and S and/or 1 or 2 groups
selected from S(O), S(O)2, NH and Examples of suitable
R16 groups include hydrogen, When R14 is NR16R17 ,
preferably R16 is hydrogen, CM alkyl, C3.8cycloalkyl,
(CH 2)L3NR 18R 19 , (CH2)o.3Ci.4alkoxy,
(CH2)0.2C(0)(CH 2)o.2N(Ci. 4alkyl) 2 or Het,
optionally substituted by CM alkyl, where R18 and R19
are independently selected from hydrogen, Ci.4alkyl
and heteroaryl,or R18 and R19, together with the
nitrogen atom to which they are attached, form a 5- or
6-membered heteroaliphatic ring, which ring may
optionally contain 1 or 2 more heteroatoms selected
from O and S and/or 1 or 2 groups selected from S(O),
S(O)2, NH and NCMalkyl. When R14 is NR16R17,
preferably, R17 is hydrogen or C alky!. More
preferably, R17 is hydrogen, methyl, ethyl or
i-propyl. Alternatively, when R14 is NR16R17 , R16 and
R17 , together with the nitrogen atom to which they
are attached, form a 5- or 6-membered heteroaliphatic
ring, which ring may optionally contain 1 or 2 more O
atoms and/or 1 or 2 groups selected from NH,
NCi.4alkyl and N(CH )o-3Ci.4alkoxy. Examples of
suitable NR16R17 groups include:In another embodiment,
R14a is hydrogen, Ci-6alkyl, C^alkenyl, Het,
(CH2)o.3NR16R17 or C(O)(CH2V 3NR16R17 , where R16 and
R17 are as defined in relation to formula (I).
Preferably, R14a is hydrogen, C^alkyl, Cwalkenyl, Het,
(CH2)2NR16R17 or C(O)(CH2) 2NR16R17 , where R16 and
R17 are independently Q^alkyl, or R16 and R17 ,
together with the nitrogen atom to which they are
attached, form a 5- or 6-membered heteroaliphatic
ring, which ring may optionally contain 1 or 2 more O
atoms and/or 1 or 2 groups selected from NH and
NCi.4alkyl. Examples of suitable R14a groups include
hydrogen, methyl, ethyl, propyl, butyl, pentyl, allyl,
In another embodiment, Q1 is hydrogen, halogen,
hydroxy, Ci_6alkoxy, 0(CH 2)o.3C(0)(CH
2)o.3N(Ci.4alkyl)2,0(CH 2)0.3aryl or
O(CH2)0.3heteroaryl. Preferably, Q1 is hydrogen,
fluorine, chlorine, hydroxy, Ci_4alkoxy,
O(CH2)0.3C(O)N(Ci.4alkyl)2, 0(CH 2)o iaryl or
O(CH2)0.iheteroaryl. More preferably, Q1 is hydrogen,
fluorine, chlorine, hydroxy, Ci.3alkoxy,
O(CH2),.2C(O)N(C,. 3alkyl)2, O(CH2)0-iphenyl,
O(CH2)0.,pyridyl, O(CH2)0.ipyridazinyl, 0(CH
2)o-ipyrimidinyl or O(CH2)0.ipyrazinyl. Most
preferably, Q1 is hydrogen, fluorine, chlorine, 



hydroxy, methoxy, ethoxy, i-propoxy, OCH2C(O)N(CH3)2,
benzyloxy, O-pyridinyl, OCH2pyridinyl,
OCH2pyridazinyl, OCH2pyrimidinyl or O-pyrazinyl.
Another favoured group of compounds of the present
invention is the compound of formula (Ia): whereinA is
cyclopentyl or cyclohexyl, optionally substituted by
halogen, hydroxy, d .4alkyl or C alkoxy; Q1 is
halogen, hydroxy, C^alkyl, C,.6alkoxy, aryl,
heteroaryl, CONRcRd, (CH2)o.3NRcRd, O(CH2)i.3NRcRd,
O(CH2)0.3CONRcRd, O(CH2)0.3aryl, O(CH2)0 3heteroaryl,
OCHReRf; Rc and Rd are each independently selected
from hydrogen, CMalkyl and C(O)Ci-4alkyl; or Rc, Rd
and the nitrogen atom to which they are attached form
a heteroaliphatic ring of 4 to 7 ring atoms, where
said ring is optionally substituted by halogen,
hydroxy, Ci_4alkyl or Ci.4alkoxy; Re and Rf are each
independently selected from hydrogen and Ci.4alkoxy;
or Re and Rf are linked by a heteroatom selected from
N, O and S to form a heteroaliphatic ring of 4 to 7
ring atoms, where said ring is optionally substituted
by halogen, hydroxy, C alkyl or Ci_4alkoxy; and
wherein said C .4alkyl, Ci_4alkoxy and aryl groups are
optionally substituted by halogen or hydroxy; Q2 is
halogen, hydroxy, C alkyl or Q .4alkoxy, where said
Ci_4alkyl and Ci_4alkoxy groups are optionally
substituted by halogen or hydroxy; or Q1 and Q2 may be
linked by a bond or a heteroatom selected from N, O
and S to form a ring of 4 to 7 atoms, where said ring
is optionally substituted by halogen, hydroxy, C^alkyl
or Ci_4alkoxy; X is C=O, -CR14R15- or NR14; Y is
-CR14aRI5a- orNR 14a; Z is O, -CH2- or -CH 2CH2- ; R14
, R14a, R1S and RI5a are each independently selected
from hydrogen, hydroxy, Ci.6alkyl, C2.6alkenyl,
C1^aIkOXy, C(O)Ci.6alkyl, Het, (CH2)0.3NR16R17 ,
C(O)(CH 2)0.3NR16R17 and NHC(O)(CH 2)0.3NR16R17 ; R16
and R17 are independently selected from hydrogen,
C^alkyl and (CH2V4NR18R19 ; or R16 , R17 and the
nitrogen atom to which they are attached form a
heteroaliphatic ring of 4 to 7 ring atoms, which ring
may optionally contain 1 or 2 more heteroatoms
selected from O or S or a group S(O), S(O)2, NH or NQ.
4alkyl, and which ring is optionally substituted by
halogen, hydroxy, CMalkyl or Ci.4alkoxy; R18 and R19
are independently selected from hydrogen and d .
alkyl; or R18, R19 and the nitrogen atom to which they
are attached form a heteroaliphatic ring of 4 to 7
ring atoms, which ring may optionally contain 1 or 2
more heteroatoms selected from O or S or a group S(O),
S(O)2, NH or NCi.4alkyl, and which ring is optionally
substituted by halogen, hydroxy, Ci_4alkyl or Q
.4alkoxy; and pharmaceutically acceptable salts
thereof; with the proviso that: when Z is O, then Q1
does not contain a ring that is either a C6-i4aryl
group, a C3.10cycloalkyl group, or a heterocyclic
group including 1 to 4 heteroatoms selected from O, N
and S, and the compound of formula (Ia) is
not:14-cyclohexyl-7,8-dihydro-6H-indolo[l,2-e][l,5]ben
zoxazine-ll-carboxylic acid,
14-cyclohexyl-6-methyl-5,6,7,8-tetrahydroindolo[2,l-
][2,5]benzodiazocine-ll-carboxylic acid,
14-cyclohexyl-3-methoxy-5,6,7,8-tetrahydroindolo[2,l-a
][2,5]benzodiazocine-ll-carboxylic acid, or
14-cyclohexyl-3-methoxy-6-methyl-5,6,7,8-tetrahydroind
olo[2,l- ][2,5]benzodiazocine-ll-carboxylic acid. In
one embodiment, A is cyclohexyl, optionally
substituted by halogen, hydroxy, Q^alkyl or
Ci_4alkoxy. Preferably, A is unsubstituted or
substituted by fluorine, chlorine, methyl or methoxy.
More preferably, A is unsubstituted. In another
embodiment, Q1 is halogen, hydroxy, Ci_4alkyl or
Ci.4alkoxy. More preferably, Q1 is fluorine, chlorine,
methyl or methoxy. In another embodiment, Q2 is
absent. Another favoured group of compounds of the
present invention is of formula (Iaa) and
pharmaceutically acceptable salts thereof: wherein Q1
and R14a are as defined in relation to formula (Ia)
with the proviso that the compound of formula (Iaa) is
not:
14-cyclohexyl-6-methyl-5,6,7,8-tetrahydroindolo[2, l -
][2,5]benzodiazocine-l 1-carboxylic acid,
14-cyclohexyl-3-methoxy-5,6,7,8-tetrahydroindolo[2,l-
][2,5]benzodiazocine-ll-carboxylic acid, or
14-cyclohexyl-3-methoxy-6-methyl-5,6,7,8-tetrahydroind
olo[2,l- ][2,5]benzodiazocine-l 1-carboxylic acid. In
one embodiment, Q1 is halogen or absent. Preferably Q1
is fluorine, chlorine or absent. In another
embodiment, R14a is (CH2)o-3NRI6R17 or
C(O)(CH2V3NR16R17 where R16 and R17 are as defined in
relation to formula (Ia). Preferably, R16 and R17 are
independently selected from hydrogen and Ci.6alkyl.
More preferably, R16 and R17 are independently
selected from hydrogen, methyl and ethyl. Most
preferably, R16 and R17 are both methyl. Examples of
suitable R14 groups include:Another favoured group of
compounds of the present invention is of formula (Ib)
and pharmaceutically acceptable salts thereof: where
Q1, Q2, R14 and R15 are as defined in relation to
formula (I), with the proviso that the compound of
formula (Ib) is not
14-cyclohexyl-7,8-dihydro-6H-indolo[l,2- e]
[1,5]benzoxazine- 11-carboxylic acid. In one
embodiment, Q1 is absent, fluorine or chlorine.
Preferably, Q1 is absent. In another embodiment, Q2 is
absent or fluorine. Preferably, Q2 is absent. In
another embodiment, R14 is (CH2)0.tOR16 or (CH2)0.iNR
16R17 , where R16 and R17 are as defined in relation
to formula (I). Preferably, R14 is OR16 or NR16R17 .
When R14 is OR16 , preferably R16 is hydrogen,
(CH2)i.3(CI.6alkoxy) or (CH2)i.3NR18R19 where R18 and
R19 are as defined in relation to formula (I). More
preferably, R16 is hydrogen, (CH2)2.3(Ci-4alkoxy),
(CH2)2.3N(Ci.4alkyl)2 or (CH2)2.3NR18R19 where R18 and
R19, together with the nitrogen atom to which they are
attached, form a 5- or 6- membered heteroaliphatic
ring, which ring may optionally contain 1 or 2 more
heteroatoms selected from O and S and/or 1 or 2 groups
selected from S(O), S(O)2, NH and NCi.4alkyl. Examples
of suitable R16 groups include hydrogen, When R14 is
NR16R17 , preferably R16 is hydrogen, CMalkyl,
C3.8cycloalkyl, (CH2),.3NR18R19, (CH2)0-3C1.4alkoxy,
(CH2)o-2C(0)(CH 2)0.2N(C1.4alkyl)2 or Het, optionally
substituted by Ci.4alkyl, where R18 and R19 are
independently selected from hydrogen, Ci_4alkyl and
heteroaryl, or R18 and R19 , together with the
nitrogen atom to which they are attached, form a 5- or
6-membered heteroaliphatic ring, which ring may
optionally contain 1 or 2 more heteroatoms selected
from O and S and/or 1 or 2 groups selected from S(O),
S(O)2, NH and NC,.4alkyl.When R14 is NR16R17 ,
preferably, R17 is hydrogen or C^alkyl. More
preferably, R17 is hydrogen, methyl, ethyl or
i-propyl. Alternatively, when R14 is NR16R17 , R16 and
R17 , together with the nitrogen atom to which they
are attached, form a 5- or 6-membered heteroaliphatic
ring, which ring may optionally contain 1 or 2 more O
atoms and/or 1 or 2 groups selected from NH, NCMalkyl
and N(CH2)o-3Ci-4alkoxy. Examples of suitable NR16R17
groups include: Me Me OCH, N NHMe -NMe2 andIn another
embodiment, R15 is hydrogen. Another favoured group of
compounds of the present invention is of formula (Ic)
and pharmaceutically acceptable salts thereof: where
R10 and R14 are as defined in relation to formula (I).
In one embodiment, R10 is hydrogen, hydroxy, oxo,
OCH2CH2NRcRd or NHCH2CH2NRcRd where Rc and Rd are as
defined in relation to formula (I). Examples of
suitable NRcRd groups are NH2, NH(CH3), N(CH3)2 and
pyrrolidinyl. In another embodiment, R14 is hydrogen,
(CH2V3OR16 or (CH2)0.3NR16R17 where R16 and R17 are as
defined in relation to formula (I). Preferably, R14 is
hydrogen, O(CH2)i.3NR18R19 or NH(CH2),.3NR18R19 where
R18 and R19 are as defined in relation to formula (I).
More preferably, R14 is hydrogen or When any variable
occurs more than one time in formula (I) or in any
substituent, its definition on each occurrence is
independent of its definition at every other
occurrence. As used herein, the term "alkyl" or
"alkoxy" as a group or part of a group means that the
group is straight or branched. Examples of suitable
alkyl groups include methyl, ethyl, n-propyl,
i-propyl, n-butyl, s-butyl and t-butyl. Examples of
suitable alkoxy groups include methoxy, ethoxy,
n-propoxy, i-propoxy, n-butoxy, s-butoxy and t-butoxy.
The cycloalkyl groups referred to herein may
represent, for example, cyclopropyl, cyclobutyl,
cyclopentyl or cyclohexyl. A suitable cycloalkylalkyl
group may be, for example, cyclopropylmethyl. As used
herein, the term "alkenyl" as a group or part of a
group means that the group is straight or branched.
Examples of suitable alkenyl groups include vinyl and
allyl. When used herein, the term "halogen" means
fluorine, chlorine, bromine and iodine. When used
herein, the term "aryl" as a group or part of a group
means a carbocyclic aromatic ring. Examples of
suitable aryl groups include phenyl and naphthyl.When
used herein, the term "heteroaryl" as a group or part
of a group means a 5- to 10-membered heteroaromatic
ring system containing 1 to 4 heteroatoms selected
from N, O and S. Particular examples of such groups
include pyrrolyl, furanyl, thienyl, pyridyl,
pyrazolyl, imidazolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, pyrazinyl, pyrimidinyl,
pyridazinyl, triazolyl, oxadiazolyl, thiadiazolyl,
triazinyl, tetrazolyl, indolyl, benzothienyl,
benzimidazolyl and quinolinyl. When used herein, the
term "Het" as a group or part of a group means a
heteroaliphatic ring of 4 to 7 atoms, which ring may
contain 1, 2 or 3 heteroatoms selected from N, O and S
or a group S(O), S(O)2, NH or NC,.4alkyl. Where a
compound or group is described as "optionally
substituted" one or more substituents 



may be present. Optional substituents may be attached
to the compounds or groups which they substitute in a
variety of ways, either directly or through a
connecting group of which the following are examples:
amine, amide, ester, ether, thioether, sulfonamide,
sulfamide, sulfoxide, urea, thiourea and urethane. As
appropriate an optional substituent may itself be
substituted by another substituent, the latter being
connected directly to the former or through a
connecting group such as those exemplified above.
Specific compounds within the scope of this invention
include those named in the Examples and Tables below
and their pharmaceutically acceptable salts. For use
in medicine, the salts of the compounds of formula (I)
will be non-toxic pharmaceutically acceptable salts.
Other salts may, however, be useful in the preparation
of the compounds according to the invention or of
their non-toxic pharmaceutically acceptable salts.
Suitable pharmaceutically acceptable salts of the
compounds of this invention include acid addition
salts which may, for example, be formed by mixing a
solution of the compound according to the invention
with a solution of a pharmaceutically acceptable acid
such as hydrochloric acid, fumaric acid,
p-toluenesulfonic acid, maleic acid, succinic acid,
acetic acid, citric acid, tartaric acid, carbonic
acid, phosphoric acid or sulfuric acid. Salts of amine
groups may also comprise quaternary ammonium salts in
which the amino nitrogen atom carries a suitable
organic group such as an alkyl, alkenyl, alkynyl or
aralkyl moiety. Furthermore, where the compounds of
the invention carry an acidic moiety, suitable
pharmaceutically acceptable salts thereof may include
metal salts such as alkali metal salts, e.g. sodium or
potassium salts; and alkaline earth metal salts, e.g.
calcium or magnesium salts. The salts may be formed by
conventional means, such as by reacting the free base
form of the product with one or more equivalents of
the appropriate acid in a solvent or medium in which
the salt is insoluble, or in a solvent such as water
which is removed in vacuo or by freeze drying or by
exchanging the anions of an existing salt for another
anion on a suitable ion exchange resin. The present
invention includes within its scope prodrugs of the
compounds of formula (I) above. In general, such
prodrugs will be functional derivatives of the
compounds of formula (I) which are readily convertible
in vivo into the required compound of formula (I).
Conventional procedures for the selection and
preparation of suitable prodrug derivatives are
described, for example, in "Design of Prodrugs", ed.
H. Bundgaard, Elsevier, 1985.A prodrug may be a
pharmacologically inactive derivative of a
biologically active substance (the "parent drug" or
"parent molecule") that requires transformation within
the body in order to release the active drug, and that
has improved delivery properties over the parent drug
molecule. The transformation in vivo may be, for
example, as the result of some metabolic process, such
as chemical or enzymatic hydrolysis of a carboxylic,
phosphoric or sulfate ester, or reduction or oxidation
of a susceptible functionality. The present invention
includes within its scope solvates of the compounds of
formula (I) and salts thereof, for example, hydrates.
The present invention also includes within its scope
N-oxides of the compounds of formula (I). The present
invention also includes within its scope any
enantiomers, diastereomers, geometric isomers and
tautomers of the compounds of formula (I). It is to be
understood that all such isomers and mixtures thereof
are encompassed within the scope of the invention. The
present invention further provides a compound of
formula (I) or a pharmaceutically acceptable salt
thereof for use in therapy. In another aspect, the
invention provides the use of a compound of formula
(I) as defined above, or a pharmaceutically acceptable
salt thereof, for the manufacture of a medicament for
treatment or prevention of infection by hepatitis C
virus in a human or animal. A further aspect of the
invention provides a pharmaceutical composition
comprising a compound of formula (I) as defined above,
or a pharmaceutically acceptable salt thereof, in
association with a pharmaceutically acceptable
carrier. The composition may be in any suitable form,
depending on the intended method of administration. It
may for example be in the form of a tablet, capsule or
liquid for oral administration, or of a solution or
suspension for administration parenterally. The
pharmaceutical compositions optionally also include
one or more other agents for the treatment of viral
infections such as an antiviral agent, or an
immunomodulatory agent such as a-, b- or g -
interferon. In a further aspect, the invention
provides a method of inhibiting hepatitis C virus
polymerase and/or of treating or preventing an illness
due to hepatitis C virus, the method involving
administering to a human or animal (preferably
mammalian) subject suffering from the condition a
therapeutically or prophylactically effective amount
of the pharmaceutical composition described above or
of a compound of formula (I) as defined above, or a
pharmaceutically acceptable salt thereof. "Effective
amount" means an amount sufficient to cause a benefit
to the subject or at least to cause a change in the
subject's condition. The dosage rate at which the
compound is administered will depend on a variety of
factors including the activity of the specific
compound employed, the metabolic stability and length
of action of that compound, the age of the patient,
body weight, general health, sex, diet, mode and time
of administration, rate of excretion, drug
combination, the severity of the particular condition
and the host undergoing therapy. Suitable dosage
levels may be of the order of 0.02 to 5 or 10 g per
day, with oraldosages two to five times higher. For
instance, administration of from 10 to 50 mg of the
compound per kg of body weight from one to three times
per day may be in order. Appropriate values are
selectable by routine testing. The compound may be
administered alone or in combination with other
treatments, either simultaneously or sequentially. For
instance, it may be administered in combination with
effective amounts of antiviral agents,
immunomodulators, anti-infectives or vaccines known to
those of ordinary skill in the art. It may be
administered by any suitable route, including orally,
intravenously, cutaneously and subcutaneously. It may
be administered directly to a suitable site or in a
manner in which it targets a particular site, such as
a certain type of cell. Suitable targeting methods are
already known. An additional aspect of the invention
provides a method of preparation of a pharmaceutical
composition, involving admixing at least one compound
of formula (I) as defined above, or a pharmaceutically
acceptable salt thereof, with one or more
pharmaceutically acceptable adjuvants, diluents or
carriers and/or with one or more other therapeutically
or prophylactically active agents. The present
invention also provides a process for the preparation
of compounds of formula (I). According to a general
process (a), compounds of formula (I) where Y is NR14
may be prepared by internal ring closure of a compound
of formula (II): wherein R1, R2, A, Ar, W, X and Z are
as defined in relation to formula (I). The reaction is
conveniently performed in the presence of a coupling
reagent, such as HATU or TBTU, and a base, such as
diisopropylethylamine or triethylamine, in a solvent.
Suitable solvents include dichloromethane and DMF.
According to a general process (b), compounds of
formula (I) may be prepared by internal ring closure
of a compound of formula (IH): wherein R1, R2, A, Ar,
W, X, Y and Z are as defined in relation to formula
(I) and E is hydrogen or bromine. The reaction is
conveniently performed in the presence of a Pd(O)
catalyst, such as PdCl2(dppf),a dioxoborolane, such as
4,4,4',4',5,5,5',5'-octamethyl-2,2'-bi-l,3,2-dioxaboro
lane, and a base, such as potassium acetate, in a
suitable solvent, such as DMF, under a nitrogen
atmosphere. According to a general process (c),
compounds of formula (I) may be prepared by internal
ring closure of a compound of formula (IV): wherein
R1, R2, A, Ar, Y and Z are as defined in relation to
formula (I) and X' is X as defined in relation to
formula (I) or is converted to X during or after the
cyclisation reaction, and W" is W as defined in
relation to formula (I) or converted to W during or
after the cyclisation reaction. W and X' may be
suitable activated precursors of groups W and X
respectively which can be converted into W and X
during the ring closure or after it using methods
described in the accompanying Schemes and Examples or
known to the person skilled in the art. For example, W
may be CH2-halogen or W and X' together may be an
epoxide or aziridine group. When W' is CH2-halogen,
such as CH2-Br, the reaction is conveniently performed
in the presence of a base, such as sodium hydroxide,
in a suitable solvent, such as DMF. When W' and X' are
an epoxide group, the reaction is conveniently
performed in the presence of a base, such as sodium
hydroxide, in a suitable solvent, such as DMF.
Compounds of formulae (II), (ITI) and (IV) are either
known in the art or may be prepared by conventional
methodology well known to one of ordinary skill in the
art using, for instance, procedures described in the
accompanying Schemes and Examples, or by alternative
procedures which will be readily apparent. Further
details of suitable procedures will be found in the
accompanying Schemes and Examples. For instance,
compounds of formula (I) can be converted into other
compounds of formula (I) using synthetic methodology
well known in the art. Thus, for instance, the
compound of formula (I) where R1 is CO2CH3 may be
converted into the compound of formula (I) where R1 is
CO2H by conversion of the ester to the carboxylic
acid, for example, by treatment with BBr3 in a
suitable solvent, such as dichloromethane, or with
NaOH in a suitable solvent, such as dioxane, THF
and/or methanol. In addition, the compound of formula
(I) where X is C=O may be converted into the compound
of formula (I) where X is CH2 by reduction of the oxo
group with, for instance, a borane reagent, such as
BH3"Me2S, in a suitable solvent, such as THF. General
Synthetic schemes In general, five synthetic schemes
may be used to obtain the compounds of formula
(I).Method A 1) Functional group manipulation 2) ring
closure deprotection 2-bromoindole intermediate
(prepared as described in published International
patent application WO2004/087714) was functionalized
on the indole nitrogen to introduce precursor
functionality WVX' to either or both of the elements
-CHz-IX f the tether. Pd-mediated cross-coupling
methodology (eg, 



Suzuki, Stille etc) then brought in the C2 aromatic
bearing pre-cursor functionality ZVY' to either or
both of the elements Z/Y of the tether. Functional
group manipulation followed by ring closure afforded
the tetracyclic system. Ester deprotection then
yielded the target indole carboxylic acids, with the
C2 aromatic tethered to the indole nitrogen. Method B
deprotection Following tether assembly out to the
appropriate 2-haloaromatic, Pd-mediated ring closure
afforded the fused tetracyclic system. Ester
deprotection then yielded the target indole carboxylic
acids, with the C2 aromatic tethered to the indole
nitrogen.Method C 1) Functional group manipulation 2)
tether assembly deprotection The C2 aromatic was
introduced at the outset via Pd-mediated
cross-coupling methodology (Suzuki, Stille etc). The
tether was then built up, with cyclisation onto the
indole nitrogen finally closing the ring. Ester
deprotection then yielded the target indole carboxylic
acids, with the C2 aromatic tethered to the indole
nitrogen. Method D 1) functional group manipulation 2)
deprotection Fused tetracyclic intermediates arising
from Methods A-C underwent manipulation of the
functionality in the tether prior to ester
deprotection to yield the target C2-tethered indole
carboxylic acids. Method E carboxylate manipulation
C2-tethered indole carboxylic acids arising from
Methods A-D were further derivatised through
manipulation of the carboxylate functionality to give
compounds bearing a carboxylate replacement or
carboxamide.During any of the above synthetic
sequences it may be necessary and/or desirable to
protect sensitive or reactive groups on any of the
molecules concerned. This may be achieved by means of
conventional protecting groups, such as those
described in Protective Groups in Organic Chemistry,
ed. J.F.W. McOmie, Plenum Press, 1973; and T.W. Greene
& P.G.M. Wuts, Protective Groups in Organic Synthesis,
John Wiley & Sons, 3rd edition, 1999. The protecting
groups may be removed at a convenient subsequent stage
using methods known from the art. The following
Examples are illustrative of this invention. The
compounds of the invention were tested for inhibitory
activity against the HCV RNA dependent RNA polymerase
(NS5B) in an enzyme inhibition assay (example i)) and
in a cell based sub-genomic replication assay (example
ii)). The compounds have IC50's below 5 mM in the
enzyme assay and several examples have EC50' s below 2
mM in the cell based assay. Compound names in the
examples were generated using software from ACDLabs
(version 6.0). i) In-vitro HCV NS5B Enzyme Inhibition
Assay WO 96/37619 describes the production of
recombinant HCV RdRp from insect cells infected with
recombinant baculovirus encoding the enzyme. The
purified enzyme was shown to possess in vitro RNA
polymerase activity using RNA as template. The
reference describes a polymerisation assay using
poly(A) and oligo(U) as a primer or an heteropolymeric
template. Incorporation of tritiated UTP or NTPs is
quantified by measuring acid-insoluble radioactivity.
This assay has been employed to screen the various
compounds described above as inhibitors of HCV RdRp.
Incorporation of radioactive UMP was measured as
follows. The standard reaction (50 ml) was carried out
in a buffer containing 20 mM tris/HCl pH 7.5, 5 mM
MgCl2, 1mM DTT, 50 mM NaCl, 0.03% N-octylglucoside, 1
mCi [3H]-UTP (40 Ci/mmol, NEN), 10 mM UTP and 10 mg/ml
poly(A) or 5mM NTPs and 5mg/ml heteropolymeric
template. Oligo(U)i 2 ( 1 mg/ml, Genset) was added as
a primer in the assay working on PoIy(A) template. The
final NS5B enzyme concentration was 5 nM. The order of
assembly was: 1) compound, 2) enzyme, 3)
template/primer, 4) NTP. After 1 h incubation at 22 0C
the reaction was stopped by adding 50 ml of 20% TCA
and applying samples to DE81 filters. The filters were
washed thoroughly with 5% TCA containing IM
Na2HPO4TNaH2PO4, pH 7.0, rinsed with water and then
ethanol, air dried, and the filter-bound radioactivity
was measured in the scintillation counter. Carrying
out this reaction in the presence of various
concentrations of each compound set out above allowed
determination OfIC50 values by utilising the formula:
% Residual activity 100/(1+[i]/IC 5o)S where [I] is
the inhibitor concentration and "s" is the slope of
the inhibition curve.H) Cell based HCV Replication
Assay Cell clones that stably maintain subgenomic HCV
replicon were obtained by transfecting Huh-7 cells
with an RNA replicon identical to I377neo/NS3-37wt
described by Lohmann et al. (1999) (EMBLgenbank No.
AJ242652), followed by selection with neomycin sulfate
(G418). Viral replication was monitored by measuring
the expression of the NS3 protein by an ELISA assay
performed directly on cells grown in 96 wells
microtiter plates (CeIl-ELISA) using the anti-NS3
monoclonal antibody 10E5/24 (as described in published
International patent application WO02/59321). Cells
were seeded into 96 well plates at a density of 104
cells per well in a final volume of 0.1 ml of DMEM/10%
FCS. Two hours after plating, 50 ml of DMEM/10% FCS
containing a 3x concentration of inhibitor were added,
cells were incubated for 96 hours and then fixed for
10' with ice-cold isopropanol. Each condition was
tested in duplicate and average absorbance values were
used for calculations. The cells were washed twice
with PBS, blocked with 5% non-fat dry milk in PBS +
0.1% Triton XlOO + 0.02% SDS (PBSTS) and then
incubated o/n at 4 C with the 10E5/24 mab diluted in
Milk/PBSTS. After washing 5 times with PBSTS, the
cells were incubated for 3 hours at room temperature
with Fc specific anti-mouse IgG conjugated to alkaline
phosphatase (Sigma), diluted in Milk/PBSTS. After
washing again as above, the reaction was developed
with p-Nitrophenyl phosphate disodium substrate
(Sigma) and the absorbance at 405/620 nm read at
intervals. For calculations, we used data sets where
samples incubated without inhibitors had absorbance
values comprised between 1 and 1.5. The inhibitor
concentration that reduced by 50% the expression of
NS3 (IC50) was calculated by fitting the data to the
Hill equation, Fraction inhibition = l-(Ai-b)/(A 0-b)
= [I]n / ([I]" + IC50) where: Ai = absorbance value of
HBIlO cells supplemented with the indicated inhibitor
concentration. A0 = absorbance value of HBIlO cells
incubated without inhibitor. b = absorbance value of
Huh-7 cells plated at the same density in the same
microtiter plates and incubated without inhibitor n =
Hill coefficient. iii) General Procedures All solvents
were obtained from commercial sources (Fluka, puriss.)
and were used without further purification. With the
exception of routine deprotection and coupling steps,
reactions were carried out under an atmosphere of
nitrogen in oven dried ( 110 0C) glassware. Organic
extracts were dried over sodium sulfate, and were
concentrated (after filtration of the drying agent) on
rotary evaporators operating under reduced pressure.
Flash chromatography was carried out on silica gel
following published procedure (W.C. Still et al., J.
Org. Chem. 1978, 43, 2923) or on commercial flash
chromatography systems (Biotage corporation and Jones
Flashmaster II) utilising pre-packed columns.Reagents
were usually obtained directly from commercial
suppliers (and used as supplied) but a limited number
of compounds from in-house corporate collections were
utilised. In the latter case the reagents are readily
accessible using routine synthetic steps that are
either reported in the scientific literature or are
known to those skilled in the art. 1H NMR spectra were
recorded on Bruker AM series spectrometers operating
at (reported) frequencies between 300 and 600 MHz.
Chemical shifts (d) for signals corresponding to
nonexchangeable protons (and exchangeable protons
where visible) are recorded in parts per million (ppm)
relative to tetramethylsilane and are measured using
the residual solvent peak as reference. Signals are
tabulated in the order: multiplicity (s, singlet; d,
doublet; t, triplet; q, quartet; m, multiplet; b,
broad, and combinations thereof); coupling constant(s)
in hertz (Hz); number of protons. Mass spectral (MS)
data were obtained on a Perkin Elmer API 100, or
Waters MicroMass ZQ, operating in negative (ES ) or
positive (ES+) ionization mode and results are
reported as the ratio of mass over charge (m/z) for
the parent ion only. Preparative scale HPLC
separations were carried out on a Waters Delta Prep
4000 separation module, equipped with a Waters 486
absorption detector or on a Gilson preparative system.
In all cases compounds were eluted with linear
gradients of water and MeCN both containing 0.1% TFA
using flow rates between 15 and 40 rnL/rnin. The
following abbreviations are used in the examples, the
schemes and the tables: Ac: acetyl; Ar: aryl; cat.:
catalytic; dioxan(e): 1,4-dioxane; dppf:
(l,r-bisdiphenylphosphino)ferrocene; 1,2-DCE:
1,2-dichloroethane; DCM: dichloromethane; DIPEA:
diisopropylethyl amine; DMAP: N,Ndimethylpyridin-
4-amine; DME: dimethoxyethane; DMF: dimethylformamide;
DMSO: dimethylsulfoxide; DMP: Dess-Martin Periodinane;
EDACHCl: l-ethyl-(3- dimethylaminopropyl)carbodiimide
HCl salt; eq.: equivalent(s); Et3N: triethylamine;
EtOAc: ethyl acetate; Et2O: diethyl ether; EtOH:
ethanol; h: hour(s); Et3SiH: triethylsilane; HOAc:
acetic acid; HATU: O-(7-azabenzotriazol-l-yl)- L,Lr,N
',N '-tetramethyluronium hexafluorophophate; Me:
methyl; MeCN: acetonitrile; MeOH: methanol; min:
minutes; MS: mass spectrum; NBS: N-bromo succinimide;
PE: petroleum ether; Ph: phenyl; quant.: quantitative;
RP-HPLC: reversed phase high-pressure liquid
chromatography; RT: room temperature; sec: second(s);
SFC: Super-critical fluid chromatography; s.s.:
saturated solution; TBTU: O-benzotriazol-l-yl-
N,N,N',N'-tetramethyluronium tetrafluoroborate; TFA:
trifluoroacetic acid; THF: tetrahydrofuran; THP:
terhahydropyranyl; TMS: trimethylsilyl. 



Reagents: Zhan catalyst I
([l,3-bis(2,4,6-trimethylphenyl)-4,5-dihydro-imidazol-
2-ylidene]-[4-chloro-lisopropxy-
benzylidine]ruthenium-dichloride: commercially
available from ZannanPharma Ltd. (www.zannanpharma.com
) ; methyl (aminosulfonyl)acetate was prepared in
analogous fashion to related esters of aminosulfonyl
acetic acid: eg. Tetrahedron Lett. 1989, 30 (22),
2869; Bull. Soc. Chim. France 1975, 3, 807.Example 1:
14-cyclohexyl-6-[2-(dimethylamino)ethyl]-7-oxo-5,6,7,8
tetrahydroindolo[2,la][
2,5]benzodiazocine-ll-carboxylic acid Step 1: methyl
2-bromo-l-(2-tert-butoxy-2-oxoethyl)~3-cvclohecyl-lH-i
ndole-6-carboxylate NaH (1.4 eq, 60 % dispersion in
mineral oil) was added to a solution of methyl
2-bromo-3-cyclohexyllH- indole-6-carboxylate (prepared
as described in published International Patent
application WO 2004/065367, from commercially
available methyl indole-6-carboxylate) in DMF (0.2 M)
and the solution stirred at RT for Ih. Then tert-butyl
bromoacetate (1.1 eq) was added and the mixture
stirred at RT for 40 min. The solvent was removed in
vacuo and the residue taken up in EtOAc. The organic
phase was washed with H2O (twice) and then brine. The
organic phase was dried over Na2SO4, filtered and the
solvent evaporated in vacuo to afford the title
compound as a brownish solid (90 %); MS (ES+) m/z 450
(M+H)+, m/z 452 (M+H)+ Step 2 : methyl
l-(2-tert-butoxy-2-oxoethyl)-3-cyclohexyl-2-(2-formylp
henyl)-lH-indole-6-carboxylate To a solution of methyl
2-bromo-l-(2-te/?-butoxy-2-oxoethyl)-3-cyclohexyl-lH-i
ndole-6-carboxylate in 1,4-dioxane (0.15 M) was added
Na2CO3 (6 eq, 2 M solution), (2-formylphenyl)boronic
acid (1.5 eq) and bis(triphenylphosphine)palladium(II)
dichlride (0.2 eq) and the mixture heated at reflux
for 45 min. The reaction mixture was allowed to cool
and filtered. The filtrate was diluted with EtOAc and
the organic phase washed with H2O, brine and dried
over Na2Sq 4 before being filtered and concentrated in
vacuo. The crude material was purified by flash
chromatography (1:9 EtOAc/PE) to afford the title
compound as a yellow solid (53 %); MS (ES+) m/z 476
(M+H)+ Step 3: methyl
l-(2-tert-butoxy-2-oxoethyl)-3-cyclohexyl-2-f2-({[2-
(dimethylamino ethyl1aminolmethyl
)phenyl]-lH-indole-6-carboxylate To a solution of
methyl
l-(2-^rt-butoxy-2-oxoethyl)-3-cyclohexyl-2-(2-formylph
enyl)-lH-indole-6- carboxylate in THF (0.2 M),
N,N-dimethylethane-l,2-diamine (10 eq) was added and
the pH adjusted to pH 6 with acetic acid. The solution
was stirred at RT for 1 h, then the THF was removed in
vacuo and the residue taken up in MeOH to give a 0.2 M
solution. NaBH3CN (2 eq) was added and the mixture
stirred at RT overnight. The reaction mixture was
diluted with EtOAc and the organic phase washed with a
saturated aqueous solution of NaHCO3, H2O and then
brine. The organic phase was dried over Na2SO4,
filtered and concentrated in vacuo to give the title
compound (95 %); MS (ES+) m/z 548(M+H)+ Step 4:
[3-cyclohexyl-2-[2-(lf2-(dimethylamino)ethyllamino)met
hyl)vhenyll-6-(methoxycarbonyl)-lHindol- 1-yll acetic
acid To a solution of methyl
l-(2-terf-butoxy-2-oxoethyl)-3-cyclohexyl-2-[2-({
[2-(dimethylamino)ethyl]
amino}methyl)phenyl]-lH-indole-6-carboxylate in
DCM/H20 (2:1; 0.15 M), a stoichiometric excess of TFA
was added dropwise and the solution was stirred at RT
overnight. The volatiles were removed invacuo, the
residue taken up in Et2O, scratched and concentrated
in vacuo again (2x) to drive off residual TFA. The
crude was used in the next step without further
purification; MS (ES+) m/z 492 (MH-H)+ Step 5: methyl
14-cyclohexyl-6-(2-(dimethylamino)ethyl]-7-oxo-5.6.
7.8-tetrahvdroindolo[2.1-
a![2.51benzodiazocine-11-carboxylate To a solution of
[3-cyclohexyl-2-[2-({[2-(dimethylamino)ethyl]amino}met
hyl)phenyl]-6- (methoxycarbonyl)-lH-indol-l-yl]acetic
acid in DCM (0.08 M), DIPEA (3.5 eq) and HATU (2.5 eq)
were added and the mixture stirred at RT overnight.
The solution was diluted with DCM and HCl (IN) and the
2 phases separated. The aqueous phase was extracted
with DCM (2x). The combined organic phases were then
washed with a saturated aqueous solution of NaHCO3 and
brine before being dried over Na2SO4, filtered and
concentrated in vacuo. The crude was then used in the
next step without further purification; MS (ES+) m/z
474 (M+H)+ Step 6:
14-cyclohexyl-6-I2-(dimethylamino)ethyll-7-oxo-5.6.7.8
-tetrahydroindolof2,la][ 2,5
lbenzodiazocine-11-carboxylic acid To a solution of
methyl
14-cyclohexyl-6-[2-(dimethylamino)ethyl]-7-oxo-5,6,7,8
-tetrahydroindolo[2,la][ 2,5]benzodiazocine-l
1-carboxylate in DCM (0.02 M) was added dropwise a
solution of BBr in DCM ( 1 M). The solution was
stirred at RT for 30 min. Volatiles were removed in
vacuo. The crude was then purified by automated
RP-MS-HPLC (stationary phase: column Waters XTERRA
prep. Cl 8, 5 urn, 19 x 100 mm. Mobile phase: MeCN/H20
buffered with 0.1% TFA). Fractions containing the pure
compound were combined and freeze dried to afford the
title compound as a white powder (20 %). 1H NMR (400
MHz, DMSO-^6, 300 K) d 1.17-1.1.23 (m, IH), 1.24-1.40
(m, 2H), 1.56-1.59 (m, IH), 1.65-1.79 (nv2H), 1.82-2.0
(m, 4H), 2.70-2.85 (m, 3H), 2.85 (s, 6H), 3.68-3.78
(m, IH), 3.90-4.06 (m, 2H), 4.23 (d, J 17.2, IH), 4.30
(d, J 14.8, IH), 4.80 (d, J 17.2, IH), 7.51-7.55 (m,
IH), 7.60-7.67 (m, 2H), 7.72 (d, J 8.4, IH), 7.77-7.82
(m, IH), 7.91-7.96 (m, 2H), 9.29 (br s, IH), 12.78 (br
s, IH); MS (ES+) m/z 460 (M+H)+ Example 2:
14-cyclohexyI-6-(2-morpholin-4-ylethyl)-7-oxo-5,6,7,8-
tetrahydroindolo[2,la][
2,5]benzodiazocine-ll-carboxylic acid Step 1: methyl
l-(2-tert-butoxy-2-oxoethyl)-3-cyclohexyl-2-(2-{[(2-mo
rpholin-4-
ylethyl)aminolmethyl)phenyl)-lH-indole-6-carboxylate
The title compound was obtained following the same
procedure described in Example 1, Step 3 for the
synthesis of methyl
l-(2-tert-butoxy-2-oxoethyl)-3-cyclohexyl-2-[2-({
[2-(dimethylamino)ethyl]amino}
methyl)phenyl]-lH-indole-6-carboxylate, using
2-morpholin-4-ylethyl amine instead of
N,Ndimethylethane- l,2-diamine. The title compound was
obtained in a 92 % yield; MS (ES+) m/z 590 (MH-H)+Step
2 :
[3-cyclohexyl-6-(methoxycarbonyl)-2-(2-{[(2-morpholin-
4-ylethyl)aminolmethyl}phenyl)-lHindol- 1-yll acetic
acid The title compound was prepared using the same
procedure described for [3-cyclohexyl-2-[2-({[2-
(dimethylamino)ethyl]amino}methyl)phenyl]-6-(methoxyca
rbonyl)-lH-indol-l-yl]acetic acid in Example 1, Step
4. The crude was used in the next step without further
purification; MS (ES+) m/z 534 (M+H)+ Step 3: methyl
14-cvclohexyl-6-(2-morpholin-4-ylethyl)-7-oxo-5.6,7,8-
tetrahvdroindolo[2.1- a1[2.5]benzodiazocine-l
1-carboxylate The title compound was prepared using
the same procedure described for methyl
14-cyclohexyl-6-[2-
(dimethylamino)ethyl]-7-oxo-5,6,7,8-tetrahydroindolo[2
,l-a][2,5]benzodiazocine-ll-carboxylate in Example 1,
Step 5. The crude was used in the next step without
further purification; MS (ES+) m/z 516 (M+H)+ Step 4:
methyl
14-cyclohexyl-6-(2-morpholin-4-ylethyl)-5,6.7.8-tetrah
ydroindolof2.1- a][2,5 lbenz.odiazocine-1
1-carboxylate To a solution of methyl
14-cyclohexyl-6-(2-mo f
holin-4-ylethyl)-7-oxo-5,6,7,8-tetrahydroindolo[2,la][
2,5]benzodiazocine-ll-carboxylate in THF (0.15 M), 20
eq OfBH3Me2S (2 M solution in THF) was added dropwise
and the solution stirred at RT for 2 h. MeOH was added
carefully to the mixture until effervescence ceased,
then the volatiles were removed in vacuo. The crude
residue was not isolated and directly used in the next
step; MS (ES+) m/z 502 (M+H)+. Step 5:
14-cyclohexyl-6-(2-morpholin-4-ylethyl)-5,6.7,8-tetrah
ydroindolo[2.1-alf2.51benzodiazocine-llcarboxylic acid
The crude methyl 14-cyclohexyl-6-(2-mo f
holin-4-ylethyl)-5,6,7,8-tetrahydroindolo[2,la][
2,5]benzodiazocine-ll-carboxylate was dissolved in
THF/MeOH (1:1) and to that solution an excess of NaOH
(IN) was added. The solution was stirred at RT
overnight. The solvent was evaporated in vacuo. The
crude was then purified by automated RP-MS-HPLC
(stationary phase: column Waters XTERRA prep. C18, 5
um, 19 x 100 mm. Mobile phase: MeCN/H20 buffered with
0.1 %TFA). Fractions containing the pure compound were
combined and freeze dried to afford the title compound
as a white powder (20 %). 1H NMR (400 MHz, DMSO-^6 +
TFA, 300 K) d 1.0-1.20 (m, IH), 1.21-1.40 (m, 2H),
1.45-1.60 (m, IH), 1.60-1.75 (m, 2H), 1.75-1.85 (m,
IH), 1.85-2.0 (m, 3H), 2.63-2.67 (m, IH), 3.33 (bs,
4H), 3.48-3.51 (m, IH), 3.52-3.80 (m, 7H), 3.84 (bs,
4H), 4.42 (d, J 13.6, IH), 4.84 (dd, J 16.2, 4.6, IH),
7.48-7.51 (m, IH), 7.61-7.70 (m, 2H), 7.74 (dd, J 8.4,
1.2, IH), 7.84-7.90 (m, IH), 7.93 (d, J 8.4, IH), 8.2
(s, IH); MS (ES+) m/z 488 (M+H)+.Example 3:
14-cyclohexyI-6-[2-(dimethylamino)ethyl]-3-methoxy-5,6
,7,8-tetrahydroindolo[2,la][ 2,5]benzodiazocine-
11-carboxylic acid Step 1: methyl 14-cyclohex\
l-6-[2-(dimethylamino)ethyl l-3-methoxy-5.6
7,8-tetrahydroindolo[2.1- a ][2.51benzodiazocine-
11-carboxylate To a solution of methyl
14-cyclohexyl-6-[2-(dimethylamino)ethyl]-3-methoxy-7-o
xo-5,6,7,8- tetrahydroindolo[2,l-
][2,5]benzodiazocine-l 1-carboxylate (prepared in an
analogous fashion to that described in Example 1) in
THF (0.06 M), BH3Me2S (20 eq, 2 M solution in THF) was
dropwise and the solution stirred at RT for 3 h. MeOH
was added carefully to the mixture until effervescence
ceased, then the volatiles were removed in vacuo. The
crude residue was not isolated and directly used in
the next step; MS (ES+) m/z 490 (M+H)+. Step 2:
14-cyclohexyl-6-[2-(dimethylamino )ethylJ-3-methoxy-5.
6. 7,8-tetrahydroindolo[2.1- a ][2.5 ]benzodiazocine-
11-carboxylic acid The crude methyl
14-cyclohexyl-6-[2-(dimethylamino)ethyl]-3-methoxy-5,6
,7,8-tetrahydroindolo[2,la][ 2,5]benzodiazocine-l
1-carboxylate was dissolved in dioxane (0.06 M) and to
that solution 10 eq of an aqueous solution of NaOH
(2N) were added. The solution was stirred at 60 0C for
3 h. The solvent was evaporated in vacuo. The crude
was then purified by automated RP-MS-HPLC (stationary
phase: column Waters XTERRA prep. C18, 5 urn, 19 x 100
mm. Mobile phase: MeCN/H2O buffered with 0.1 % TFA).
Fractions containing the pure compound were combined
and freeze dried to afford the title compound as a
white powder (28 %). 1H NMR (400 MHz, DMSO-4 + TFA,
300 K) 6 1.08-1.20 (m, IH), 1.24-1.40 (m, 2H),
1.46-1.55 (m, IH), 1.63-1.75 (m, 2H), 1.78-2.0 (m,
4H), 2.55-2.67 (m, IH), 2.84 (s, 6H), 2.88-3.01 (m,
3H), 3.4-3.65 (m, 5H, partially obscured by water
peak), 3.75-3.80 (m, IH), 3.89 (s, 3H), 4.41-4.51 (m,
IH), 7.08 (d, J 8.3, IH), 7.21 (s, IH), 7.30 (d, J
8.3, IH), 7.67 (d, J 8.3, IH), 7.86 (d, J 8.3, IH),
8.05 (s, IH); MS (ES+) m/z 476 (M+H)+ 



Reference Example 4:
14-cyclohexyl-3-methoxy-6-methyl-5,6,7,8-tetrahydroind
olo[2,la][ 2,5]benzodiazocine-ll-carboxylic acid Step
1 : methyl 2-bromo-3-cyclohexyl-l
-(1.3-dioxolan-2-ylmethyl)-l H-indole-6-carboxylate
NaH (1.5 eq, 60 % dispersion in mineral oil) was added
to a solution of methyl 2-bromo-3-cyclohexyllH-
indole-6-carboxylate (prepared as described in
published International Patent application WO
2004/065367, from commercially available methyl
indole-6-carboxylate) in DMF (0.1 M) and once
effervescence had subsided the solution was stirred at
RT for a further 30 min. 2-bromomethyl-l,3- dioxolane
(4 eq) and catalytic (0.025 eq) KI were then added and
the mixture heated at 50 0C for 36 h. The reaction
mixture was then allowed to cool to RT, quenched with
aqueous HCl ( 1 N) and extractedwith EtOAc. The
organics were washed with aqueous HCl ( 1 N) (3x),
water and brine before being dried over Na2SO4,
filtered and the solvent evaporated in vacuo.
Purification was by flash chromatography (10 %
EtOAc/PE) to give a pale yellow solid that was
triturated with Et2O/PE) to afford the title compound
as a white solid (69 %); MS (ES+) m/z 422 (M+H)+, m/z
424 (M+H)+. Step 2 : methyl 3-cgclohexyl-l
-(1.3-dioxolan-2-ylmethyl)-2-(2-formyl-4-methoxyphenyl
)-l H-indole-6- carboxylate To a solution of methyl
2-bromo-3-cyclohexyl-l-(l,3-dioxolan-2-ylmethyl)-lH-in
dole-6-carboxylate in dioxane (0. 1M) was added Na2CO3
(6 eq, 2 M aqueous solution),
4-methoxy-2-formylphenylboronic acid (2 eq) and
bis(triphenylphosphine) palladium(II) dichloride (0.2
eq). The mixture was degassed before being heated at
reflux for 30 min. RP-HPLC analysis of the reaction
mixture showed starting material persisted. The
reaction mixture was allowed to cool and an additional
1eq of 4-methoxy-2- formylphenylboronic acid and 0.1
eq of bis(triphenylphosphine)palladium(II) dichloride
introduced. Heating at reflux was then resumed for a
further 30 min. The reaction was allowed to cool to RT
and partitioned between water and EtOAc. The aqueous
fraction was extracted with EtOAc and the combined
organics washed with aqueous HCl (IN), water and brine
before being dried over Na2SO4, filtered and
concentrated in vacuo. The crude material was purified
by flash chromatography (10 - 20 % gradient EtOAc/PE)
to afford the title compound as a yellow foam (72 %);
MS (ES+) m/z 478 (M+H)+ Step 3: methyl 3-cvclohexyl-l
-(1.3-dioxolan-2-ylmethyl)-2-(4-methoxy-2-[(methylamin
o)methyl]phenylllH- indole-6-carboxylate To a solution
of methyl
3-cyclohexyl-l-(l,3-dioxolan-2-ylmethyl)-2-(2-formyl-4
-methoxyphenyl)-lHindole- 6-carboxylate in THF (0.05
M), methylamine (10 eq, 2 M solution in THF) was added
and the pH adjusted to pH 6 with acetic acid. The
solution was stirred at RT for 45 min before being
concentrated in vacuo. The residue was taken up in
MeOH to give a 0.025 M solution. NaBH3CN (2.4 eq) was
added and the mixture stirred at RT for 2 h. The
reaction was quenched with saturated aqueous NaHCO3
and extracted (twice) with EtOAc. The combined
organics were washed with water and brine before being
dried over Na2SO4, filtered and concentrated in vacuo
to give the title compound as a viscous oil (89 %); MS
(ES+) m/z 493 (M+H)+ Step 4: methyl
3-cvclohexyl-2-f4-methoxy-2-f(methylamino)methyllpheny
l}-l-(2-oxoethyl)-lH-indole-6- carboxylate Aqueous HCl
(25 eq, 3M) was added to a solution of methyl
3-cyclohexyl-l-(l,3-dioxolan-2-ylmethyl)-
2-{4-methoxy-2-[(methylamino)methyl]
rhenyl}-lH-indole-6-carboxylate in THF (0.02 M), and
the mixture heated at reflux for 24 h. The volatiles
were reduced in vacuo, and the residue partitioned
between EtOAc and saturated aqueous NaHCO3 (ensuring
that the aqueous phase is basic). The aqueous phase
was extracted with EtOAc and the combined organics
washed with water and brine, before beingdried
(Na2SO4), filtered and concentrated in vacuo to give
the title compound in essentially quantitative yield;
MS (ES+) m/z 449 (M+H)+. Step 5:
14-cyclohex\l-3-methoxy-6-methyl-5
.6.7'.8-tetrahydwindolof2.1 -a] f2,51benzodiazocine-l
1- carboxylic acid Acetic acid was added dropwise to a
stirred solution of methyl
3-cyclohexyl-2-{4-methoxy-2-
[(methylamino)methyl]phenyl}-l-(2-oxoethyl)-lH-indole-
6-carboxylate in MeOH (0.005 M) at RT, to adjust the
pH to pH 6. The mixture was stirred for 10 min prior
to introducing 3.2 eq OfNaCNBH . RPHPLC analysis of
the reaction mixture after 1 h confirmed the complete
conversion of the aminoaldehyde to the desired cyclic
amine. The reaction was diluted with an equal volume
of THF and 100 eq of NaOH (2 M aqueous solution)
introduced. The reaction mixture was then heated at 60
0C for 3 h before being allowed to cool to RT. The
THF/MeOH volume was reduced in vacuo and the residue
acidified with aqueous HCl ( 1 N) before being
extracted with EtOAc (4x). The combined organics were
washed with brine, dried over Na2SO4, filtered and
concentrated in vacuo to afford the hydrochloride salt
of the product as a yellow solid. Purification was by
automated RP-MS-HPLC (stationary phase: column Waters
XTERRA prep. C18, 5 urn, 19 x 100 mm. Mobile phase:
MeCN/H20 buffered with 0.1 % TFA). Fractions
containing the pure compound were combined and freeze
dried to afford the title compound as a white powder
(21 %). 1H NMR (400 MHz, DMSO-J 6, 300 K) d 1.09-1.21
(m, IH), 1.28-1.37 (m, 2H), 1.50-1.56 (m, IH), 1.65-
1.75 (m, 2H), 1.82-2.0 (m, 4H), 2.58-2.67 (m, IH),
3.04 (br s, 3H), 3.3-3.5 (m, IH, obscured by water
peak), 3.63-3.75 (m, 3H), 3.91 (s, 3H), 4.32 (d, J
13.4, IH), 4.79 (dd, J 16.0, 3.5, IH), 7.25 (dd, J
8.5, 2.3, IH), 7.40 (d, J 8.5, IH), 7.61 (d, J 2.3,
IH), 7.73 (d, J 8.3, IH), 7.91 (d, J 8.3, IH), 8.19
(s, IH), 9.86 (br s, IH), 12.68 (br s, IH); MS (ES+)
m/z 419 (M+H)+ Example 5 : methyl
({[(14-cyclohexyl-3-methoxy-6-methyI-5,6,7,8-tetrahydr
oindolo[2,lal^
Slbenzodiazocin-ll-ytycarbonyllaminolsulfonyOacetate
1.6 eq of l-ethyl-(3-dimethylaminopropyl)carbodiimide
HCl salt was added to a mixture of 2.7 eq of DMAP, 1.6
eq of methyl (aminosulfonyl)acetate and the
hydrochloride salt of 14-cyclohexyl-3-methoxy-
6-methyl-5,6,7,8-tetrahydroindolo[2,l-a][2,5]-benzodia
zocine-ll-carboxylic acid (from Example 4) in DCM
(0.02 M). The reaction was stirred at RT overnight
before being partitioned between aqueous HCl ( 1 N)
and EtOAc. The organics were washed with saturated
aqueous NaHCO3, water and brine before being dried
over Na2SO4, filtered and concentrated in vacuo. The
crude was then purified by RP-HPLC (stationary phase:
column Waters XTERRA prep. C18, 5 um, 30 x 50 mm.
Mobile phase: MeCNZH2O buffered with 0.1 % TFA).
Fractions containing the pure compound were combined
and freeze dried to afford the title compound as a
white powder (18 %). 1H NMR (400 MHz, DMSO-J 6, 300 K)
d 1.09-1.21 (m, IH), 1.21-1.42 (m, 2H), 1.50-1.58 (m,
IH), 1.65- 1.78 (m, 2H), 1.80-2.0 (m, 4H), 2.58-2.67
(m, IH), 3.06 (br s, 3H), 3.4-3.55 (m, IH, obscured by
waterpeak), 3.68 (s, 3H), 3.68-3.78 (m, 3H), 3.91 (s,
3H), 4.34 (d, 13.4, IH), 4.68-4.77 (m, 3H), 7.26 (dd,
J 8.5, 2.5, IH), 7.41 (d, J 8.5, IH), 7.62 (d, J 2.5,
IH), 7.72 (d, J 8.5, IH), 7.95 (d, J 8.5, IH), 8.25
(s, IH), 9.89 (br s, IH), 12.30 (br s, IH); MS (ES+)
m/z 554 (M+H)+ Example 6:
({[(14-cycIohexyl-3-methoxy-6-methyl-5,6,7,8-tetrahydr
oindolo[2,la][
2,5]benzodiazocin-ll-yl)carbonyl]amino}sulfonyl)acetic
acid To a solution of methyl
({[(14-cyclohexyl-3-methoxy-6-methyl-5,6,7,8-tetrahydr
oindolo[2,la][ 2,5]benzodiazocin-l
l-yl)carbonyl]amino}sulfonyl)acetate (from example 5)
in dioxane (0.04 M) was added an equal volume of water
and 4 eq of NaOH ( I N aqueous solution). The reaction
was stirred vigorously at RT for 1 h. The reaction was
acidified with aqueous HCl ( 1 N) and reduced in vacuo
to remove dioxane. The resultant aqueous slurry was
diluted with MeCN and water and freeze dried to leave
a white powder. The crude was then purified by
automated RP-MS-HPLC (stationary phase: column Waters
XTERRA prep. C18, 5 um, 19 x 100 mm. Mobile phase:
MeCN/H20 buffered with 0.1 % TFA). Fractions
containing the pure compound were combined and freeze
dried to afford the title compound as a white powder
(72 %). 1H NMR (400 MHz, DMSOd 6, 300 K) d 1.09-1.20
(m, IH), 1.24-1.41 (m, 2H), 1.52-1.56 (m, IH), 1.67-
1.75 (m, 2H), 1.82-2.0 (m, 4H), 2.59-2.67 (m, IH),
3.06 (br s, 3H), 3.3-3.55 (m, IH, obscured by water
peak), 3.65-3.78 (m, 3H), 3.91 (s, 3H), 4.33 (d, J
13.2, IH), 4.58 (d, J 15.0, IH), 4.62 (d, 15.0, IH),
4.65-4.73 (m, IH), 7.26 (dd, J 8.5, 2.5, IH), 7.41 (d,
J 8.5, IH), 7.62 (d, J 2.5, IH), 7.72 (d, J 8.5, IH),
7.94 (d, J 8.5, IH), 8.26 (s, IH), 9.90 (br s, IH),
12.20 (br s, IH), 13.41 (br s, IH); MS (ES+) m/z 540
(M+H)+. Example 7: 14-cyclohexyI-
-[(dimethylamino)suIfonyl]-3-methoxy-6-methyl-5,6,7,8-
tetrahydroindolo[2,l-a][2,5]benzodiazocine-ll-carboxam
ide 1.5 eq of DMAP was added to the trifluoroacetate
salt of M-cyclohexyl-S-methoxy- -methyl-S. -
tetrahydroindoloP.l-aJP.SJbenzodiazocine-ll-carboxylic
acid (from Example 4) in dry DCM (0.1 M). Then 1.5 eq
of EDAC'HCl was added and after 5 min of stirring at
RT 1.5 eq of N,N-dimethylsulfamide. The reaction
mixture was stirred overnight at RT. The solvent was
removed in vacuo and the residue directly purified by
RP-MS-HPLC (stationary phase: column Waters XTERRA
prep. C18, 5 um, 19 x 100 mm. Mobile phase: MeCN/H2q
buffered with 0.1% TFA). Fractions containing the pure
compound were combined and freeze dried to afford the
title compound as a white powder (38 %). 1H NMR (400
MHz, DMSO-^6, 300 K) d 1.13-1.36 (m, 3H), 1.95-1.47
(m, 7H), 2.66-2.60 (m, IH), 2.91 (s, 6H), 3.05 (br s,
3H), 3.50-3.63 (m, IH), 3.64-3.74 (m, 3H), 3.90 (s,
3H), 4.32 (AB system, J 14.0, IH), 4.69 (AB system, J
14.0, IH), 7.25 (d, J 8.3, IH), 7.40 (d, J 8.3, IH),
7.61 (s, IH), 7.70 (d, J 7.9, IH), 7.92 (d, J 7.9,
IH), 8.25 (s, IH), 9.9 (br s, IH), 11.6 (br s, IH); MS
(ES+) m/z 525 (M+H)+Examplc 8:
3-chIoro-14-cyclohexyl-6-[2-(dimethylamino)ethyI]-7-ox
o-5,6,7,8-tetrahydroindolo[2,la][ 2,5]benzodiazocine
ll-carboxylic acid Step 1:
l-bromo-2-(bromomethyl)-4-chlorobenzene
l-bromo-2-(bromomethyl)-4-chlorobenzene was prepared
according to literature precedent (J. Am. Chem. Soc.
2002, 124 (7), 1354): a suspension of
l-bromo-2-methyl-4-chlorobenzene ( 1 eq), NBS ( 1 eq)
and benzoyl peroxide (0.004 eq) in CCl4 (0.7 M) was
heated at reflux for 4 h. The reaction was then
filtered whilst hot and the volatiles reduced in
vacuo. PE was added, and the resultant precipitate
filtered off and dried in vacuo to afford the title
compound (45 %). Step 2: 2-bromo-5-chlorobenzaldehyde
2-bromo-5-chlorobenzaldehyde was prepared according to
literature precedent (/. Am. Chem. Soc. 2002, 124 (7),
1354): a mixture of activated powdered 4A molecular
sieves (800 mg/mmol substrate), Nmethylmorpholine-
N-oxide (2 eq) and 2-bromomethyl-5-chlorobenzaldehyde
( 1 eq) in MeCN (0.16 M) was stirred at 0 0C for 2 h.
The reaction was then filtered through a pad of celite
and concentrated in vacuo to afford the title compound
(92 %) Step 3:
N'-(2-bromo-5-chlorobenzyl)-N,N-dimethylethane-1.2-dia
mine To a solution of 2-bromo-5-chlorobenzaldehyde
(from Step 2, 1 eq) in THF (0.04 M),
N,Ndimethylethane- 



l,2-diamine (1.2 eq) was added and the pH adjusted to
pH 5 with acetic acid. The solution was stirred at RT
for 1 h, then the THF was removed in vacuo and the
residue taken up in MeOH to give a 0.04 M solution.
NaBH3CN (2 eq) was added and the mixture stirred at RT
for 3 h. The reaction mixture was diluted with EtOAc
and the organic phase washed with a saturated aqueous
solution OfNaHCO , H O and then brine. The organic
phase was dried over Na2SO4, filtered and concentrated
in vacuo to give the title compound (quant.); MS (ES+)
m/z 291 (M+H)+. Step 4: tert-butyl
S-cvclohexyl-lH-indole- -carboxylate 2 eq of
tert-buty\ N,N -diisopropylimidocarbamate (prepared
according to literature precedent: Synthesis 1979,
561) were added to a solution of
3-cyclohexyl-l//-indole-6-carboxylic acid (prepared as
described in published International patent
application WO2004087714) in CH2Cl2 (0.4 M) and the
mixture heated at reflux under N2 for 16 h. A further
2.5 eq of tert-butyl N,N -diisopropylimidocarbamate
were then added portionwise over 3 h, with heating
being resumed after each addition. The reaction
mixture was then filtered whilst hot through a pad of
celite and the filtrate concentrated in vacuo. The
residue was purified by flash chromatography (5%
EtOAc/PE) to afford the title compound (58 %); MS (ES
) m/z 298 (M-H) .Step 5: tert-butyl
2-bromo-3-cyclohexyl-lH-indole-6-carboxylate
/-bromosuccinimide (1.1 eq) was added portionwise over
1 h to tert-butyl 3-cyclohexyl-lH-indole-6-
carboxylate in CCl4 (from Step 4, 0.07 M) with
vigorous stirring. The reaction was stirred at RT for
a further hour following complete addition of NBS. The
CCl4 was then removed in vacuo and the residue taken
up in EtOAc. The organics were washed with a saturated
aqueous solution of sodium thiosulfate (twice), brine,
dried over Na2SO4, filtered and concentrated in vacuo.
Purification was by flash chromatography (5 - 20 %
EtOAc/PE gradient) to yield the title compound (57 %);
MS (ES+) m/z 380 (M+H)+, 378 (M+H)+. Step 6:
tert-butyl
2-bromo-3-cyclohexyl-l-(2-methoxy-2-oxoethyl)-lH-indol
e-6-carboxylate NaH (1.4 eq, 60 %dispersion in mineral
oil) was added to a solution of r -butyl
2-bromo-3-cyclohexyllH- indole-6-carboxylate in DMF
(from Step 5, 0.15 M) and the solution stirred at RT
for 30 min. Then methyl bromoacetate (1.4 eq) was
added and the mixture stirred at RT for 3 h. The
solvent was removed in vacuo and the residue taken up
in EtOAc. The organic phase was washed twice with
aqueous HCl (0.5 N) and then brine. The organic phase
was dried over Na2SO4, filtered and the solvent
evaporated in vacuo. The residue was purified by
crystallisation (EtOAc/PE) to afford the title
compound (80 %); MS (ES+) m/z 450 (M+H)+, m/z 452
(M+H)+. Step 7:
f2-bromo-6-(tert-butoxycarbonyl)-3-cvclohexyl-lH-indol
-l-yllacetic acid A solution of LiOH monohydrate (4
eq) in H2O (0.05 M) was added to a solution of
ferf-butyl 2-bromo-3-
cyclohexyl-l-(2-methoxy-2-oxoethyl)-lH-indole-6-carbox
ylate (1 eq) in a mixture THF : CH3OH ( 1 : 1) (from
Step 6, 0.05 M). The reaction was heated at 50 0C for
2 h, before being allowed to cool to RT and reducing
the volatiles in vacuo. The residue was then acidified
with aqueous HCl ( 1 N) and the resultant precipitate
filtered off, washed with water and dried in vacuo to
afford the title compound (quant.); MS (ES+) m/z 436
(MH-H)+, 438 (M+H)+. Step 8:
tert-butyl-2-bromo-l-(2-{(2-bromo-5-chlorobenzyl)[2-(d
imethylamino)ethyllamino}-2-oxoethyl)-
3-cvclohexyl-lH-indole-6-carbo cylate To a solution of
[2-bromo-6-(ferf-butoxycarbonyl)-3-cyclohexyl-lH-indol
-l-yl]acetic acid (from Step 7, 1 eq) in DCM (0.07 M),
/V'-(2-bromo-5-chlorobenzyl)-N,N-dimethylethane-l,2-di
amine (from Step 3, 2.1 eq), DIPEA (3 eq) and HATU (2
eq) were added and the mixture stirred at RT
overnight. The solution was diluted with DCM and
washed with HCl (1 N), a saturated aqueous solution
OfNaHCO and brine, dried (Na2SO4), filtered and
concentrated in vacuo to afford the title compound (56
%) that was used in the next step without further
purification; MS (ES+) m/z 710 (M+H)+.Step 9:
tert-butyl-3-chloro-14-cyclohexyl-6-[2-(dimethylamino)
ethyll-7-oxo-5.6. 7.8- tetrahydroindolo[2. l-a1[2,5
Ibenzodiazocine-11-carboxylate To a Smith Process
Vial(tm) (2-5 ml) charged with a magnetic stirring
bar, ter/-butyl-2-bromo-l-(2-{(2-
bromo-5-chlorobenzyl)[2-(dimethylamino)ethyl]amino}-2-
oxoethyl)-3-cyclohexyl-lH-indole-6- carboxylate (from
Step 8, 1 eq) in DMF dry (0.02 M),
4,4,4',4',5,5,5',5'-octamethyl-2,2'-bi-l,3,2-
dioxaborolane (1.1 eq), PdCl2(dppf) (0.03 eq) and
potassium acetate (3 eq) were added. The vial was
closed with its cap and filled with N2 and microwaved
in a Smith Personal Synthesizer at 150 C for 6 min.
The solution was then diluted with EtOAc, washed with
H2O and brine, dried over Na2SO4, filtered and
concentrated in vacuo to afford the crude that was
filtered through a plug of silica (EtOAc : PE : Et3N)
(5 : 5 : 0.1%) and used in the next step without
further purification; MS (ES+) m/z 550 (MH-H)+. Step
10: 3-chloro-14-cyclohexyl-6-[2-(dimethylamino)ethyl
l-7-oxo-5,6.7.8-tetrahydroindolo[2 l -
a][2.5]benzodiazocine-l 1-carboxylic acid A solution
of
ert-butyl-3-chloro-14-cyclohexyl-6-[2-(dimethylamino)e
thyl]-7-oxo-5,6,7,8-
tetrahydroindolo[2,l-a][2,5]benzodiazocine-ll-carboxyl
ate (from Step 9, 1 eq) in a mixture of TFA : H2O :
Et3SiH (95 : 3 : 2) (0.03 M) was stirred at RT for 1
h. Volatiles were removed in vacuo and the residue
purified by RP-HPLC to afford the title compound; MS
(ES+) m/z 494 (M+H)+. Example 9:
'-(ll-carboxy-14-cyclohexyl-7,8-dihydro-6
H-indolo[l,2-e][l,5]benzoxazocin-7-yI)-
LyV-dimethylethaiie-l,2-diaminium
bis(trifluoroacetate) Step 1 : methyl
3-cyclohexyl-2-(2-hydroxyphenyl)-lH-indole-6-carboxyla
te To a solution of methyl 2-bromo-3-cyclohexyl-l
H-indole-6-carboxylate (prepared as described in
International patent application WO2004087714, from
commercially available methyl indole-6- carboxylate)
in a mixture of DME and EtOH (5:2, v/v, 0.2 M) were
added 2 eq of Na2CO3 (2 M aqueous solution), 1.3 eq of
(2-hydroxyphenyl)boronic acid and 0.1 eq of
tetrakis(triphenylphosphine)palladium(0). The mixture
was degassed thoroughly with a stream of dry N2 and
then heated to 100 0C overnight. The reaction mixture
was allowed to cool, diluted with some EtOAc and
filtered over a plug of celite. The filtrate was
diluted with EtOAc and the organic phase washed with
water, brine and dried over Na2SO4 before being
filtered and concentrated in vacuo. The crude material
was purified by flash chromatography on silica gel
(1:7 EtOAc/PE, then 1:3) to afford the title compound
as a light yellow solid (60%); MS (ES+) m/z 350
(M+H)+. Step 2: methyl
3-cvclohexyl-2-(2-[(2S)-oxiran-2-ylmethocylphenvU-lH-i
ndole-6-carboxylate To a solution of the foregoing
product from Step 1 in DMF (0.04 M) were added cesium
fluoride (3 eq) and (5)-glycidyl
3-nitrobenzenesulfonate (1.1 eq). The resulting
mixture was stirred at RT overnight, then diluted with
EtOAc and washed with water and brine. Drying over
Na2SO4, filtration andconcentration in vacuo gave the
crude product, which was purified by flash
chromatography on silica gel (1:5 EtOAc/PE) to afford
the title compound as a colourless foam (74%); MS
(ES+) m/z 406 (M+H)+; [a]D 20 = + 22 (c = 0.5, CHCl3)
. Step 3: methyl (7S)-14-cyclohexyl-7-hydroxy-7
\8-dihydro-6H-indoloj 1,2-e]71.51benzoxazocine-l 1-
carboxylate A solution of the foregoing product from
Step 2 in DMF (0.05 M) was cooled to 0 0C with the
help of an ice-bath and solid NaH (1.2 eq, 60%
dispersion in mineral oil) was added portionwise. The
reaction was allowed to reach RT and stirred for 3 h.
The reaction mixture was diluted with EtOAc and washed
with HCl ( 1 N), water and brine. Drying (NaaSO^,
filtration and concentration in vacuo gave the crude
product, which was purified by flash chromatography on
silica gel (1:4 EtOAc/PE) to afford the title
compound, as colourless foam (55%, mixture of
diastereomers, 2:1); MS (ES+) m/z 406 (M+H)+; [a]D 20
= - 28 (c = 0.5, CHCl3). Step 4: methyl
14-cyclohexyl-7-oxo-7.8-dihydro-6H-indolofl.2-e1fl.5]b
enzoxazocine-ll-carboxylate To a solution of methyl
(7S)-14-cyclohexyl-7-hydroxy-7,8-dihydro-6H-indolo[l,2
-e][l,5]benzoxazocine- 11-carboxylate (from Step 3) in
DCM (0.1 M) was added Dess-Martin periodinane (DMP,
1.2 eq), and the mixture was stirred for 1 h at RT. At
this point another 0.6 eq of DMP were added and the
reaction left overnight. The reaction mixture was
diluted with EtOAc and washed with an aqueous solution
of a 1:1 mixture containing sodium thiosulfate and
NaHCO3 (both saturated solutions), then with water and
brine. Drying over Na2SO4, filtration and
concentration in vacuo gave the crude product, which
was used without further purification (90%); MS (ES+)
m/z 404 (M+H)+. Step 5: methyl
14-cyclohexyl-7-ff2-(dimethylamino)ethyllaminof-7,8-di
hydro-6H-indolofl.2- e][1.5]benzoxazocine-l
1-carboxylate To a solution of methyl
W-cyclohexyl^-oxo^. -dihydro-
H-indolotl^-eJfl.Slbenzoxazocine-llcarboxylate (from
Step 4) in 1,2-dichloroethane (0.08 M), were added 1.0
eq of N,N-dimethylethane-l,2- diamine and 1.5 eq
acetic acid, followed by 1.5 eq. of solid sodium
triacetoxyborohydride. NaOH (20 eq, 1N) was added
after 2 h, and after stirring for 5 min the mixture
was taken into EtOAc and washed with water and brine.
Drying over sodium sulfate and concentration in vacuo
gave the crude product, which was used without further
purification; MS (ES+) m/z 476 (M+H)+. Step 6: N'-(l
1-carboxy-14-cyclohexyl-l
'.8-dihydro-6H-indolol1,2-eJIrl,5]benzoxazocin-'/
7-yl)-N'.Ndimethylethane- 1.2-diaminium
bis(trifluoroacetate) To a solution of the foregoing
crude product (from Step 5) in THWMeOH (0.05 M, 1:1,
Wv) was added KOH (8 eq, IN) and the mixture was
stirred at 50 0C. The reaction mixture was brought to
pH 2 by the dropwise addition of HCl ( 1 N), then
diluted with MeCN and purified by RP-HPLC (stationary
phase:column Waters XTERRA prep. C18, 5 um, 19 x 100
mm. Mobile phase: MeCN/H2O buffered with 0.1 % TFA).
Fractions containing the pure compound were combined
and freeze dried to afford the title compound as a
white powder (60 % over two steps). 1H NMR (400 MHz,
DMS0--4 300 K, 2 diastereomers 7:1*) d 1.09-1.22 (m,
IH), 1.25-1.46 (m, 2H), 1.50-1.58 (m, IH), 1.65-1.78
(m, 2H), 1.82-1.88 (m, IH), 1.89-2.07 (m, 3H),
2.64-2.75 (m, IH), 2.79*, 2.82 (s, 6H), 2.98-3.10 (m,
IH), 3.10-3.90 (m, 5H, together with water peak and
probably the 3 exchangeable protons), 3.96-4.02 (m,
IH), 4.18, 4.32* (dd, J 3.0, 12.6, IH), 4.74, 4.84*
(d, J 11.9, IH), 7.22-7.28 (m, 2H), 7.30 (dd, J 1.9,
7.9, IH), 7.52 (dt, J 1.9, 8.5, IH), 7.64*, 7.70 (dd,
J 1.0, 8.4,1H), 7.86*, 7.99 (d, J 8.5*, 8.4, IH),
8.22, 8.35* (s, IH); MS (ES+) m/z 462 (M+H)+ No
Example 10 Example 11:
iV-(ll-carboxy-14-cyclohexyl-7,8-dihydro-6
H-indolo[l,2-e][l,5]benzoxazocin-7-yl)-
yV^V'^V'-trimethylethane-l,2-diaminium
bis(trifluoroacetate) Step 1: methyl
14-cyclohexyl-7-[[2-(dimethylamino)ethyll(methyl)amino
l-7.8-dihydro-6H-indolo[1.2- 



e1(1,51benzoxazocine-l 1-carboxylate To a solution of
methyl
14-cyclohexyl-7-{[2-(dimethylamino)ethyl]amino}-7,8-di
hydro-6 H-indolo[l,2- e][l,5]benzoxazocine-
11-carboxylate (prepared as described in Example 9,
Step 5) in DCM (0.1 M), was added formaldehyde (3.0
eq) and acetic acid (5.5 eq), followed by sodium
cyanoborohydride (3 eq). NaOH (20 eq, 1N) was added
after 2 h, and after stirring for 5 min the mixture
was taken into EtOAc and washed with water and brine.
Drying over sodium sulfate and concentration in vacuo
gave the crude product, which was used without further
purification; MS (ES+) m/z 490 (M+H)+. Step 2:
N-(ll-carboxy-14-cyclohexyl-7,8-dihydro-6H-indolofl,2-
e]fl.51benzoxazocin-7-yl)-N.N'.N'-
trimethylethane-1.2-diaminium bis(trifluoroacetate) To
a solution of the foregoing product (from step 1) in
dioxane/water (0.06 M, 2 :1, v/v) were added 5 eq. of
potassium hydroxide and the mixture was stirred at 80
0C. The reaction mixture was brought to pH 2 by the
drop wise addition of hydrochloric acid (1 N), then
diluted with MeCN and purified by RP-HPLC (stationary
phase: column Waters Symmetry prep. C18, 7 um, 19 x
150 mm. Mobile phase: MeCN/H 2O buffered with 0.1 %
TFA). Fractions containing the pure compound were
combined and freeze dried to afford the title compound
as a white powder (45 % over three steps). 1H NMR (400
MHz, DMSO, 300 K, 2 diastereomers 94:6) d 1.09-1.25
(m, IH), 1.26-1.43 (m, 2H), 1.54 (d, J 12.2, IH),
1.62-1.78 (m, 2H), 1.79-2.06 (m, 4H), 2.39 (s, 3H),
2.61 (s, O.36H), 2.65-2.77 (m, IH), 2.85 (s, 5.64H),
2.94 (dt, J 5.5, 13.6, IH), 3.04-3.15 (m, 2H), 3.18
(dt, J 5.6, 13.0, IH), 3.23-3.34 (m, IH), 3.74-3.80
(m, 0.06H partially overlapped with the signal at 3.85
ppm), 3.85 (dd, J10.2, 14.4, 0.94 H), 4.07 (dd, J 9.0,
12.1, 0.94H), 4.11-4.17 (m, 0.06H partially overlapped
with signal at 4.07 ppm), 4.31 (dd, J4.3, 12.1,
0.94H), 4.64 (d, J 14.4, 0.94H), 4.75 (d, J 13.1,
0.06H), 4.79-4.87 (m, 0.06H), 7.24-7.37 (m, 3H),
7.50-7.59 (m, IH), 7.63-7.66 (m, 0.06 partially
overlapped with signal at 7.69), 7.69 (dd, J 0.8, 8.3,
0.94H), 7.82-7.85 (m, 0.06H partially overlapped with
dd at 7.87 ppm), 7.87 (d, J 8.3, 0.94H), 8.15 (s,
0.94H), 8.32 (s, 0.06H). MS (ES+) m/z 476 (M+H)+.
Example 12: iV'-[(7/
)-ll-carboxy-14-cyclohexyl-7,8-dihydro-6
H-indolo[l,2-e][l,5]benzoxazocin-7-
yl]-L^^'-trimethylethane-l,2-diaminium
bis(trifluoroacetate) Step Lmethyl
(7S)-14-cyclohexyl-7-{f(4-methylphenyl)sulfonyl]oxy}-7
.8-dihydro-6H-indolofl.2- elfl
,5Jbenzoxazocine-11-carboxylate To a solution of
methyl (7S)-14-cyclohexyl-7-hydroxy-7,8-dihydro-6
H-indolo[l,2-e][l,5]benzoxazocine- 11-carboxylate
(prepared as described in Example 9, Step 3) in
pyridine (0.08M) tosyl chloride (2.5 eq.) was added
and the reaction was stirred at RT overnight. The
reaction mixture was diluted with EtOAc and washed
with HCl ( 1 N), NaHCO (saturated solutions) and
brine. Drying over Na2SO4, filtration and
concentration in vacuo gave the crude product, which
was purified by flash chromatography (1:9 EtOAc/PE) to
afford the title compound as pale yellow oil (94%); MS
(ES+) m/z 560 (M+H)+. Step 2: methyl
<7R)-7-azido-H-cyclohexyl-
7.8-dihydro-6H-indolol1.2-elf 1.51benzoxazocine-l 1-
carboxylate To a solution of the foregoing product
from step 1 in dry THF (0.06 M) azidotrimethylsilane
(3.5 eq.) and tetrabutylammonium
triphenyldifluorosilicate (3.5 eq.) were added. The
reaction was stirred for 20 h at 65 0C then 1 more eq.
of azidotrimethylsilane was added and the mixture
stirred at 65 C for 36 h. The volatiles were
evaporated in vacuo and the crude dissolved in EtOAc
was washed with hydrochloric acid ( 1 N), sodium
hydrogen carbonate (saturated solutions) and brine.
Drying over Na SO4, filtration and concentration in
vacuo gave the crude product, which was purified by
flash chromatography on silica gel (5:95 EtOAc/ PE) to
afford the title compound as white foam (84%); MS
(ES+) m/z 431 (M+H) +. Step 3: methyl
(7R)-7-amino-14-cyclohexyl-7,8-dihydro-6H-indolof1,2-e
lf 1,51benzoxaz.ocine-l 1- carboxylate A solution of
the foregoing product from Step 2 in MeOH (0.1 M)
containing palladium on charcoal (10 %, w/w) was
stirred under hydrogen at atmospheric pressure for 4
h. The catalyst was filtered off and the solution was
concentrated to dryness under reduced pressure to
afford the title compound (92%) MS (ES+) m/z 405
(M+H)+.MS (ES+) m/z 405 (M+H)+; %; [a]D 20 = +46.4 (c
= 1, CHCl3) .Step 4: methyl
(7R)-7-(f2-l(tert-butoxycarbonyl)aminolethyl}amino)-14
-cyclohexyl-7,8-dihydro-6Hindolofl. 2-e
I[1.51benzoxazocine-ll -carboxylate To a solution of
the foregoing product from Step 3 in dry trimethyl
orthoformate (0.35 M) tert-butyl N-(2-
oxoethyl)carbamate (1.05 eq.) was added and the
mixture was stirred at RT overnight. The solution was
concentrated to dryness under reduced pressure and the
crude dissolved in dry MeOH (0.25 M) was treated with
HOAc eq.) and sodium cyanoborohydride (1.5 eq.). The
mixture was stirred at RT for Ih. NaOH (20 eq, 1N) was
added, and after stirring for 5 min the mixture was
taken into EtOAc and washed with water and brine.
Drying over sodium sulfate and concentration in vacuo
gave the crude product, which was purified by flash
chromatography (1:4 EtOAc+0.1% NEt3/ PE+0.1% NEt3,
then 6/4) to afford the title compound as white foam
(46 %); MS (ES+) m/z 548 (M+H)+. Step 5: methyl
(7R)-13-cyclohexyl-7-[f2-(dimethylamino)ethyll(methyl)
aminol-6,7,8.8atetrahydrobenzofblindenof2.1-
d]oxocine-10-carboxylate The foregoing product from
Step 4 was dissolved (0.08 M) in a mixture 3/1 DCM/TFA
and the mixture was stirred at RT. The solution was
concentrated to dryness under reduced pressure. To the
crude product dissolved in DCM (0.2 M) 6 eq. of sodium
acetate, 6 eq. of formaldehyde and 6 eq. of sodium
cyanoborohydride were added. NaOH (20 eq, 1N) was
added after 1 h, and after stirring for 5 min the
mixture was taken into EtOAc and washed with brine.
Drying over sodium sulfate and concentration in vacuo
gave the crude product, which was used without any
further purification; MS (ES+) m/z 490 (M+H)+. Step 6:
N'-f
(7R)-11-carboxy-14-cyclohexyl-7.8-dihydro-6H-indolol1,
2-elf 1.5lbenzoxaz.ocin-7-yll-
N,N.N'-trimethylethane-l,2-diaminium
bis(trifluoroacetate) To a solution of the crude
product (from Step 5) in dioxane/water (0.06 M, 2:1,
v/v) was added 5 eq. of potassium hydroxide and the
mixture was stirred at 80 0C. The reaction mixture was
brought to pH 2 by the dropwise addition of
hydrochloric acid ( 1 N), then diluted with MeCN and
purified by RP-HPLC (stationary phase: column Waters
Symmetry prep. C18, 7 urn, 19 x 300 mm. Mobile phase:
MeCN/H2O buffered with 0.1% TFA). Fractions containing
the pure compound were combined and freeze dried to
afford the title compound as a white powder (41 % over
two steps). The 1H NMR and MS spectra of the title
compound are the same reported for the racemate (see
example 10 step 2). e.e.>96 %; [a]D = + 36.8 (c = 0.5,
CHCl3). Example 13:
N'-[(7S)-ll-carboxy-14-cyclohexyl-7,8-dihydro-6H-indol
o[l,2-e][l,5]benzoxazocin-7-
yl]-N,N,N'-trimethylethane-l,2-diaminium
bis(trifluoroacetate) The title compound was obtained
with the same procedure described for its enantiomer
(7R) (see Example 12) using )-glycidyl
3-nitrobenzenesulfonate instead of (5)-glycidyl
3-nitrobenzenesulfonate for Example 9, Step 2, giving
methyl
3-cyclohexyl-2-{2-[(2/?)-oxiran-2-ylmethoxy]phenyl}-lH
-indole-6-carboxylate: [a]D 2 = - 19.8 (c = 0.5, CHCl
3) and after cyclization methyl
(7/?)-14-cyclohexyl-7-hydroxy-
7,8-dihydro-6H-indolo[l,2-e][l,5]benzoxazocine-ll-carb
oxylate: [a]D 20 = + 29.9 (c = 0.54, CHCl 3), which
was converted to the title compound as described in
Example 12. The 1H NTMR and MS spectra of the title
compound are the same reported for the racemate (see
example 11): e.e.>99%; [a]D 20 = -40 (c = 0.1, CHCl 3)
. Example 14:
(+/-)l-(H-carboxy-14-cyclohexyl-7,8-dihydro-6
H-indolo[l,2-e][l,5]benzoxazocin-7-yl)-
4-methylpiperazinediium bis(trifluoroacetate) Step 1:
methyl
14-cyclohexyl-7-(4-methylpiperazin-l-yl)-7,8-dihydro-6
H-indolo[l,2- elfl.5 ]benzoxazocine-l 1-carboxylate To
a solution of methyl 14-cyclohexyl-7-oxo-7,8-dihydro-6
H-indolo[l,2-e][l,5]benzoxazocine-llcarboxylate
(prepared as described in Example 9, Step 4) in DCM
(0.04 M), were added 3.0 eq of 1- methylpiperazine and
4.5 eq acetic acid, followed by 1.5 eq. of solid
sodium triacetoxyborohydride. NaOH (20 eq, 1 N) was
added after 2 h, and after stirring for 5 min the
mixture was taken into EtOAc and washed with water and
brine. Drying over sodium sulfate and concentration in
vacuo gave the crude product, which was used without
any further purification; MS (ES +) m/z 488 (M+H) +.
Step 2: 1-(11 -carboxy-14-cyclohexyl-
7,8-dihydro-6H-indolol 1.2-elf 1,5Ibenzoxazocin-
7-yl)-4- methylpiperazinediium bisftrifluoroacetate )
The foregoing methyl
14-cyclohexyl-7-(4-methylpiperazin-l-yl)-7,8-dihydro-6
H-indolo[l,2- e][l,5]benzoxazocine- 1 1-carboxylate
(from step 1) was hydrolyzed to the corresponding acid
and purified using the same conditions employed in
Example 11, Step 2. The title compound was obtained as
a white powder (10 % over two steps). 1H NMR (400 MHz,
pyridine-^, 300 K, 2 diastereomers 7:3) d 0.96-1.
12(m, IH), 1.20-1.43(m, 2H), 1.55-1.75(m, 3H),
1.77-1.91(m, IH), 2.00-2.23(m, 3H), 2.28-2.43 (m, 4H),
2.51-2.87 (m, 6H), 2.88- 3.07(m, 3H), 3.69(d, J 14.5,
0.3H), 3.92 (dd, J 10.6, 14.4, 0.7H), 3.97-4.02 (m,
0.3H), 4.11(dd, J 7.8, 12.4, 0.7H), 4.27 (dd, J 4.1,
12.4, 0.7H), 4.60-4.67 (m, 0.3H), 4.70 (d, J 14.5,
0.7H), 4.73-4.77 (m, 0.3H), 7.25- 7.37(m, 2H),
7.45-7.53(m, 2H), 8.09 (d, J 8.6, 0.3H), 8.15 (d, J
8.3, 0.7H), 8.39 (d, J 8.7, 0.3H), 8.48 (d, J 8.3,
0.7H), 8.7 1 (s, 0.7H together with pyridine peak),
8.94 (s, 0.3H). MS (ES +) m/z MA (M+H) +. Example 15:
(+)l-(ll-carboxy-14-cyclohexyl-7,8-dihydro-6
H-indolo[l,2-e][l,5]benzoxazocin-7-yl)-
4-methylpiperazinediium bis(trifluoroacetate) and
(-)l-(ll-carboxy-14-cycIohexyl-7,8-dihydro-6
H-indolo[l,2-e][l,5]benzoxazocin-7-yl)-4-
methylpiperazinediium bis(trifluoroacetate)The title
compounds were obtained by resolution of the racemate
(synthesized as described in example 14) with chiral
HPLC (stationary phase: column, chiralpak AD, amilose
carbamate, 10 mm, 20 x 250 mm. Mobile phase: n-hexane
/ 97%EtOH, 3%MeOH buffered with 0.2 % TFA). First
enantiomer eluted: (-)l-(l
l-carboxy-14-cyclohexyl-7,8-dihydro-6//-indolo[l,2-e][
l,5]benzoxazocin- 7-yl)-4-methylpiperazinediium
bis(trifluoroacetate); 1H NMR and MS spectra as for
the racemate (see example 14 step T). ) . e.e.>99%;
[a]D 20 = -62 (c = 0.1, CHCl3) . Second enantiomer
eluted: (+)l-(ll-carboxy-14-cyclohexyl-7,8-dihydro-6
H-indolo[l,2-
e][l,5]benzoxazocin-7-yl)-4-methylpiperazinediium
bis(trifluoroacetate); 1H NMR and MS spectra as for 



the racemate (see example 14 step T). e.e.>99%; [a]D
20 = + 62 (c = 0.1, CHCl 3) . Example 16:
()-l-{2-[(ll-carboxy-14-cycIohexyl-7,8-dihydro-6H-indo
lo[l,2-e][l,5]benzoxazocin-7-
yl)(methyl)ammonio]ethyl}pyrrolidinium
bis(trifluoroacetate) Step 1: methyl
14-cyclohexyl-7-[(2-pyrrolidin-l-ylethyl)aminol-7,8-di
hydro-6H-indolo(1.2- ejfl.5
Ibenzoxazocine-11-carboxylate To a solution of methyl
M-cyclohexyl^-oxo^.S-dihydro-oH-indolofl^-eJfl^Jbenzox
azocine-llcarboxylate (prepared as described in
Example 9, Step 4) in 1,2-dichloroethane (0.11 M), was
added 1.3 eq of (2-pyrrolidin-l-ylethyl)amine and 1.5
eq of HOAc, followed by 1.5 eq. of solid sodium
triacetoxyborohydride. Sat. aq. NaHCC>3 and CH2Cl2
were added after 2 h. The organic phase was separated,
washed with brine, dried over Na2SO4, filtered and
concentrated in vacuo giving the crude product, which
was used without further purification; MS (ES+) m/z
502 (M+H)+. Step 2: methyl
14-cyclohexyl-7-fmethyl(2-pyrrolidin-l-ylethyl)amino1-
7.8-dihydro-6H-indolofl.2- elf 1.5
Ibenzoxazocine-11-carboxylate To a solution of the
foregoing crude product (from Step T) in MeOH (0.06
M), were added 3.5 eq of formaldehyde (37% w/w in
water) and 1.2 eq of HOAc, followed by 1.7 eq. of
sodium cyanoborohydride. The reaction mixture was
concentrated in vacuo and sat. aq. NaHCO 3 and CH2Cl2
were added after 1.5 h. The organic phase was
separated, dried over Na2SO , filtered and
concentrated in vacuo giving the crude product, which
was used without further purification; MS (ES+) m/z
516 (M+H)+. Step 3:
()-l-f2-f(ll-carboxy-14-cyclohexyl-7.8-dihydro-6H-indo
lofl,2-e][l,51benzoxazocin-7- yl )(methyl)ammonio
1ethylipyrrolidinium bisftrifluoroacetate ) To a
solution of the foregoing crude product (from Step 3)
in THF/MeOH (0.01 M, 1:1, v/v) was added KOH (7 eq,
IN) and the mixture was stirred at 60 0C. After 14 h,
KOH (5 eq, IN) was added and the mixture was stirred
at 60 0C for further 4 h. The reaction mixture was
concentrated in vacuo, redissolved with DMSO and
purified by RP-HPLC (stationary phase: column Waters
XTERRA prep. C18, 5 um, 19x 100 mm. Mobile phase:
MeCN/H2O buffered with 0.1 % TFA). Fractions
containing the pure compound were combined and freeze
dried to afford the title compound as a white powder
(54 %). 1H NMR (400 MHz, DMSO-4, 300 K) d 1.10-1.42
(m, 3H), 1.45-1.56 (m, IH), 1.63-1.77 (m, 2H), 1.80-
1.88 (m, IH), 1.88-2.05 (m, 7H), 2.37 (s, 3H),
2.61-2.74 (m, IH), 2.83-2.95 (m, IH), 3.00-3.45 (m,
8H), 3.83 (dd, J 10.2, 14.6, IH), 4.07 (t, J 11.0,
IH), 4.35 (dd, J 4.3, 11.9, IH), 4.67 (d, J 14.7, IH),
7.27-7.35 (m, 3H), 7.55 (t, J 7.1, IH), 7.68 (d, J
8.3, IH), 7.88 (d, /8.6, IH), 8.17 (s, IH), 9.27 (brs,
2H, NH), 12.57 (brs, IH, OH); MS (ES+) m/z 504 (M+H)+.
Example 17: (+)- and
(-)-l-{2-[(ll-carboxy-14-cyclohexyl-7,8-dihydro-6H-ind
olo[l,2-
e][l,5]benzoxazocin-7-yl)(methyl)ammonio]ethyl}pyrroli
dinium bis(trifluoroacetate) The title compounds were
obtained by resolution of
()-l-{2-[(ll-carboxy-14-cyclohexyl-7,8-dihydro-
6H-indolo[ 1,2-e]
[1,5]benzoxazocin-7-yl)(methyl)ammonio] -ethyl
Jpyrrolidinium bis(trifluoroacetate) by HPLC
(stationary phase: column Chiralpak AD, 20 x 250 mm.
Mobile phase: n-hexane/isopropylalcohol buffered with
0.2 % TFA). First enantiomer eluted: [a]D 20 = - 31.8
(c = 0.41, CHCl3); 1H NMR and MS as for ()-l-{2-[(l
1-carboxy-
14-cyclohexyl-7,8-dihydro-6H-indolo[l,2-e][l,5]benzoxa
zocin-7- yl)(methyl)ammonio]ethyl Jpyrrolidinium
bis(trifluoroacetate). Second enantiomer eluted: [a]D
20 = + 31.6 (c = 0.40, CHCl3); 1H NMR and MS as for
()-l-{2-[(llcarboxy-
14-cyclohexyl-7,8-dihydro-6H-indolo[ 1,2-e]
[1,5]benzoxazocin-7- yl)(methyl)ammonio]ethyl
Jpyrrolidinium bis(trifluoroacetate). Example 18:
14-cyclohexyl-6-(N,N-dimethylglycyI)-3-fluoro-5,6,7,8-
tetrahydroindolo[2,la][
2,5]benzodiazocinc-ll-carboxylic acid Step 1 : methyl
l-fl-ffftert-butoxycarbonyttaminolmethyli^-fluorophenv
tt-S-cvclohexyl-lH-indole- - carboxylate To a solution
of methyl 2-bromo-3-cyclohexyl-lH-indole-6-carboxylate
(prepared as described in published International
patent application WO2004/087714, from commercially
available methyl indole- 6-carboxylate) in dioxane
(0.07 M) was added 0.2 eq of
bis(triphenylphosphine)palladium(II) dichloride at RT
under a nitrogen atmosphere. Then aqueous Na2CO3 (2 M
solution, 2 eq.) and [2-( -tertbutoxycarbonyl-
amino-methyl)-4-fluorophenyl]-boronic acid (2 eq.)
were added and the reaction flask immersed in a
preheated oil bath at 100 0C for 2 h. The reaction
mixture was allowed to cool and filtered. The filtrate
was diluted with DCM and the organic phase washed with
H2O, brine and dried over Na2SO4 before being filtered
and concentrated in vacuo. The crude material was
purified by flash chromatography (1:9 EtOAc/PE) to
afford the title compound as a solid (87 %); MS (ES+)
m/z 481 (M+H)+.Step 2: methyl
2-(2-tert-butoxycarbonyl)aminolmethyl)-4-fluorophenyl
)-3-cyclohexyl-l-(2-metho cy-2-
oxoethyl)-lH-indole-6-carboxylate Methyl bromoacetate
(4 eq) was added to a mixture of methyl
2-(2-{[(tertbutoxycarbonyl)
amino]methyl}-4-fluorophenyl)-3-cyclohexyl-lH-indole-6
-carboxylate ( 1 eq., from Step 1) and K2CO3 (6 eq) in
dry DMSO (0.2 M). The mixture was stirred at 60 0C for
48 h. At this time the reaction was allowed to cool to
RT, diluted with EtOAc. The organic phase was washed
with H2O (twice), 1N HCl and then brine. The organic
phase was dried over Na2SO4, filtered and the solvent
evaporated in vacuo. The residue was purified by flash
chromatography (8 EtOAc/PE); to afford the title
compound (68%); MS (ES+) m/z 553 (M+H)+. Step 3:
methyl
2-[2-(aminomethyl)-4-fluorophenyll-3~cvclohexyl-l-(2-m
ethoxy-2-oxoethyl)-lH-indole-6- carboxylate To methyl
2-(2-ferf-butoxycarbonyl)amino]methyl}-4-fluorophenyl)
-3-cyclohexyl-l-(2-methoxy-2-
oxoethyl)-lH-indole-6-carboxylate (from Step 2), a
DCM/TFA solution (1:1; 0.05 M) was added at 0 0C and
the solution was stirred at RT for 30 min. The
volatiles were removed in vacuo, and the residue
diluted with EtOAc. The organic phase was washed with
saturated aqueous NaHCO3 (2x), then brine. The organic
phase was dried (Na2SO4), filtered and the solvent
evaporated in vacuo to afford the title compound
(quant.); MS (ES+) m/z 453 (M+H)+. Step 4: methyl
M-cyclohexyl-S-fluoro-J-oxoS. 6.
7.8-tetrahvdroindolo[2.1-a If2,5lbenzodiaz.ocine-1 1-
carboxylate To a solution of methyl
2-[2-(aminomethyl)-4-fluorophenyl]-3-cyclohexyl-l-(2-m
ethoxy-2-oxoethyl)-lHindole- 6-carboxylate ( 1 eq.,
from Step 3) in dry MeOH (0.05 M), 10 % in weight of
sodium methoxide was added and the mixture stirred at
RT overnight. The volume of the solution was reduced
in vacuo, before diluting with EtOAc. The organic
phase was washed with HCl 1N and brine, before being
dried over Na2SO4, filtered and the solvent evaporated
in vacuo to afford the title compound. The crude was
used in the next step without further purification (83
%); MS (ES+) m/z 421 (M+H)+ Step 5: methyl
14-cyclohexyl-3-fluoro-5,6,7.8-tetrahvdroindolof2.1-a]
[2.51benzodiazocine-llcarboxylate To a solution of
methyl
14-cyclohexyl-3-fluoro-7-oxo-5,6,7,8-tetrahydroindolo[
2,la][ 2,5]benzodiazocine-ll-carboxylate (from Step 4)
in THF (0.02 M), BH3-THF (5 eq, 1M solution in THF)
was added and the solution stirred at RT for 2 h. MeOH
(0.02 M) and a 1.25 M solution HCl in MeOH (0.24 M)
were added carefully and left overnight to stir at RT
before reducing the volume of the volatiles in vacuo
and diluting with EtOAc. The organic phase was washed
with aqueous NaHCO3 solution and brine, before being
dried over Na2SO4, filtered and the solvent evaporated
in vacuo to affordthe title compound. The crude was
used in the next step without further purification
(quant); MS (ES+) m/z 407 (M+H)+ Step 6: methyl
14-cyclohexyl-6-(N.N-dimethylelycyl)-3-fluoro-5,6,7.8-
tetrahydroindolo[2.1- a If2,5 lbenz.odiaz.ocine-1
1-carboxylate To a solution of methyl
14-cyclohexyl-3-fIuoro-5,6,7,8-tetrahydroindolo[2,l-a]
[2,5]benzodiazocine-llcarboxylate (from Step 5) in DCM
(0.15 M), DIPEA (4 eq.), dimethylglycine (3 eq.) and
HATU (2 eq.) were added and the mixture stirred at RT
overnight. The solution was diluted with DCM and HCl
(IN) and the 2 phases separated. The aqueous phase was
extracted with DCM (twice). The combined organic
phases were then washed with a saturated aqueous
solution of NaHCU3 and brine before being dried
(Na2SO4), filtered and concentrated in vacuo. The
crude was used in the next step without further
purification; MS (ES+) m/z 492 (M+H)+ . Step 7:
14-cvclohexyl-6-(N.N-dimethylglvcyl )-3-fluoro-5,6,
7.8-tetrahvdroindolo[2, 1- a ][2,51benz.odiaz.ocine-l
1-carboxylic acid To a solution of methyl
14-cyclohexyl-6-(N,N-dimethylglycyl)-3-fluoro-5,6,7,8-
tetrahydroindolo[2,la][ 2,5]benzodiazocine-l
1-carboxylate from (Step 6) in DCM (0.15 M) was added
dropwise to a solution of BBr3 in DCM (1M, 5 eq.). The
solution was stirred at RT for 1 h. Some drops of
saturated aqueous NaHCO3 were added before volatiles
were removed in vacuo. The crude was then purified by
automated RP-MS-HPLC (stationary phase: column Waters
XTERRA prep. C18, 5 mm, 19 x 100 mm. Mobile phase:
MeCN/H20 buffered with 0.1 %TFA). Fractions containing
the pure compound were combined and freeze dried to
afford the title compound as a white powder (28 %).
1HNMR (400 MHz, DMSO-J 6, 300 K) 6 1.12-1.1.32 (m,
3H), 1.51-1.54 (m, IH), 1.66-1.72 (m, 2H), 1.81-1.96
(m, 4H), 2.51-2.53 (m, IH), 2.77 (s, 6H), 3.32-3.39
(m, 2H), 3.65 (dd, J 15.6, 10.0, IH), 3.92 (dd, J
14.8, 4.0, IH), 4.13 (d, J 16.0, IH), 4.34 (d, J 16.0,
IH), 4.74 (d, J 15.6, 4.0, IH), 5.11 (d, J 14.4, IH),
7.34-7.40 (m, IH), 7.46 (dd, J 8.4, 6.0, IH), 7.60
(dd, J 9.8, 2.7, IH), 7.71 (d, J 8.4, 1.2, IH), 7.91
(d, J 8.4, IH), 8.17 (d, J 1.2, IH), 9.6 (br s, IH),
12.7 (br s, IH); MS (ES+) m/z 478 (M+H)+. Example 19:
14-cyclohexyl-6-[2-(dimethylamino)ethyI]-3-fluoro-5,6,
7,8-tetrahydroindolo[2,l-
a][2,5]benzodiazocine-ll-carboxylic acid Step 1:
methyl
14-cyclohex\l-6-[2-(dimethylamino)ethyll-3-fluoro-5.6.
7.8-tetrahydroindolof2.1- a ][2.5]benzodiazocine-l
1-carboxylate To a solution of methyl
14-cyclohexyl-6-(N,N-dimethylglycyl)-3-fluoro-5,6,7,8-
tetrahydroindolo[2,la][ 2,5]benzodiazocine-l
1-carboxylate, obtained as described in Example 18,
Step 6, in THF (0.02 M), BH3THF (5 eq, 1M solution in
THF) was added and the solution stirred at RT for 2 h.
MeOH (0.02 M) and a 1.25 M solution HCl in MeOH (0.24
M) were added carefully and left overnight to stir at
RT beforereducing the volume of the solution in vacuo.
The residue was diluted with EtOAc. The organic phase
was washed with saturated aqueous NaHCO3 and brine.
The organic phase was dried over Na2SO4, 



filtered and the solvent evaporated in vacuo to afford
the title compound. The crude was used in the next
step without further purification (quant); MS (ES+)
m/z 478 (M+H)+. Step 2:
14-cyclohexyl-6-[2-(dimethylamino)ethyl]-3-fluoro-5.6.
7.8-tetrahydroindolo[2.1- all
2,5Jbenzodiazocine-11-carboxylic acid The crude methyl
14-cyclohexyl-6-[2-(dimethylamino)ethyl]-3-fluoro-5,6,
7,8-tetrahydroindolo[2,la][ 2,5]benzodiazocine-l
1-carboxylate (from Step 1) was dissolved in a
solution THF: MeOH ( 1 : 1) (0.02 M) and to that
solution 7 eq of an aqueous solution of NaOH (IN) were
added. The solution was stirred at 60 0C for 3 h. The
solvent was evaporated in vacuo. The crude was then
purified by automated RPMS- HPLC (stationary phase:
column Waters XTERRA prep. C18, 5 um, 19 x 100 mm.
Mobile phase: MeCN/H20 buffered with 0.1% TFA).
Fractions containing the pure compound were combined
and freeze dried to afford the title compound as a
white powder (12 %). 1H NMR (400 MHz, DMSO-4 + TFA,
300 K) d 1.08-1.35 (m, 4H), 1.55-1.67 (m, IH),
1.69-1.77 (m, 2H), 1.81-1.84 (m, IH), 1.90-1.94 (m,
2H), 2.50-2.57 (m, IH), 2.86 (s, 6H), 3.30-3.37 (m,
IH), 3.56-3.75 (m, 7H), 4.27-4.31 (m, IH), 4.76-4.81
(m, IH), 7.51-7.52 (m, 2H), 7.73 (dd, J 8.4, 1.2, IH),
7.78-7.81 (m, IH), 7.92 (d, J 8.4, IH), 8.17 (d, J
1.2, IH); MS (ES+) m/z 464 (M+H)+. Example 20:
14-cyclohexyl-6-[2-(dimethylamino)ethyI]-5,6,7,8-tetra
hydroindolo[2,la][ 2,5]benzodiazocine-ll-carboxylic
acid Step 1: Methyl
2-bromo-3-cyclohexyl-l-(2.2-dimethoxyethyl)-lH-indole-
6-carboxylate To a stirred solution of methyl
2-bromo-3-cyclohexyl-l H-indole-6-carboxylate
(prepared as described in published International
patent application WO2004/0877 14) (0.2 M, 1 eq.) in
DMF at RT was added NaH (60 %dispersion in mineral
oil, 1.75 eq). After Ih, KI (8 mol %) and
bromoacetaldehyde dimethyl acetal (2.5 eq) were added
and the reaction heated at 80 0C for 17 h. After
cooling to RT, the reaction was quenched by addition
of aqueous HCl (IN) and extracted into EtOAc (x3). The
combined organics were washed with HCl (IN), H O and
brine before being dried (Na2SO4), filtered and
concentrated in vacuo. Purification by flash column
chromatography (Biotage, 5-10 % EtOAc/PE gradient)
gave the title compound as a white solid (79 %); MS
(ES+) m/z 446 (M+H)+, 448 (M+H)+. Step 2: Methyl
3-cyclohexyl-l-(2,2-dimethoxyethyl)-2-(2-formylphenyl)
-lH-indole-6-carboxylate A solution of methyl
2-bromo-3-cyclohexyl-l-(2,2-dimethoxyethyl)-lH-indole-
6-carboxylate (0.16 M, 1 eq, from Step 1) in dioxane
and Na2CO (6 eq of a 2M solution) was degassed by
sonication for 10 min. 2-Formylphenylboronic acid (1.5
eq) and bis(triphenylphosphine)
palladium(II)dichloride (20 mol %) were added and the
reaction placed in a pre-heated oil bath at 108 0C for
20 min. After cooling to RT, thereaction was
partitioned between H2O and EtOAc (x3). The combined
organics were washed with HCl (IN), H O, and brine
before being dried over Na2SO4, filtered and
concentrated in vacuo. Purification by flash column
chromatography (Biotage, 10 % EtOAc/PE) gave the title
compound as a pale yellow solid (85 %); MS (ES+) m/z
472 (M+Na)+, 450 (M+H)+ . Step 3: Methyl
3-cyclohexyl-l-(2.2-dimethoxyethyl)-2-[2-(([2-
(dimethylamino)ethyll amino}methyl)phenyl]
-1H-indole-6-carboxylate To a stirred solution of
methyl
3-cyclohexyl-l-(2,2-dimethoxyethyl)-2-(2-formylphenyl)
-lH-indole-6- carboxylate (0.16 M, 1 eq, from Step 2)
and 2-dimethylaminoethylamine (2 eq) in THF was added
glacial acetic acid to adjust the pH of the reaction
to ca. pH 4. The reaction was stirred for 1 h after
which the THF was removed under reduced pressure and
the residue redissolved in MeOH. NaBH4 (8 eq) was
added portionwise until complete conversion was
observed by LC-MS analysis. The reaction was quenched
by addition of sat. aq. NaHCO3 and extracted into
EtOAc (x3). The combined organics were washed with H2O
and brine before being dried (Na2SO4), filtered and
concentrated in vacuo. The title compound was obtained
as a pale yellow oil and taken on without further
purification (quantitative); MS (ES+) m/z 522 (M+H)+.
Step 4: Methyl
14-cyclohexyl-6-[2-(dimethylamino)ethyl1-5.6,7,8-tetra
hydroindolof2.1- aU2.51benzodiazocine-ll-carboxylate
To a stirred solution of methyl 3-cyclohexyl-
1-(2,2-dimethoxyethyl)-2-[2-( {[2-
(dimethylamino)ethyl]amino}
methyl)phenyl]-lH-indole-6-carboxylate (0.16 M, 1 eq,
from Step 3) in THF was added an equal volume of
aqueous IN HCl. The reaction was heated at 60 0C for
2.5 h and after cooling to RT was quenched by addition
of NaOH (2N) and extracted into EtOAc (x3). The
combined organic extracts were washed with brine
before being dried over Na2SO4, filtered and
concentrated in vacuo. The residue was re-dissolved in
MeOH and acidified to pH 4 with glacial acetic acid.
After stirring for 45 min, NaBH4 (8 eq) was added
portionwise until cyclisation was complete as
evidenced by LC-MS analysis. The reaction was quenched
by addition of sat. aq. NaHCO3 and extracted into
EtOAc (x3). The combined organic extracts were washed
with brine before being dried (Na SO4), filtered and
concentrated in vacuo. The title compound was obtained
as a pale yellow oil and taken on without further
purification (quant.); MS (ES+) m/z 460 (M+H) . Step
5: 14-cyclohex\l-6-f2-(dimethylamino )ethyl /-5,
6.7.8-tetrahydroindolof2. 1-a ][2.5]benzo diazocine-
11-carboxylic acid A solution of methyl
14-cyclohexyl-6-[2-(dimethylamino)ethyl]-5,6,7,8-tetra
hydroindolo[2,la][ 2,5]benzodiazocine-ll-carboxylate
(0.16 M, 1 eq, from Step 4) in MeOH and IN NaOH (4 eq)
was heated to 80 0C for 6 h. After cooling to RT, the
MeOH was removed under reduced pressure and the
resulting aqueous solution acidified with aqueous 3N
HCl until pH 1-2 resulting in formation of a
paleyellow precipitate. This was filtered off and
dried on the filter overnight to afford the crude
hydrochloride salt of the product as a yellow solid.
Purification was by RP-HPLC (stationary phase: column
Waters XTERRA prep. MS C18, 5 mm, 30 x 100 mm. Mobile
phase: MeCN/H O buffered with 0.1 % TFA). Fractions
containing the pure compound were combined and freeze
dried (2x) in the presence of 3N aqueous HCl to afford
the bis-HCl salt of the title compound as a white
powder (65 % over steps 3, 4 and 5). 1H NMR (400 MHz,
d6-OMSO +TFA, 300 K) d 1.12-1.15 (m, IH), 1.31-1.36
(m, 2H), 1.53-1.56 (m, IH), 1.67-1.72 (m, 2H),
1.82-1.84 (m, IH), 1.90-1.99 (m, 3H), 2.62-2.69 (m,
IH), 2.87 (s, 6H), 3.45-3.50 (m, IH), 3.62-3.82 (m,
7H), 4.52 (d, J 13.6, IH), 4.84 (dd, J 16.6, 4.6, IH),
7.47-7.49 (m, IH), 7.63-7.68 (m, 2H), 7.74 (d, J 8.4,
IH), 7.93-7.95 (m, 2H), 8.2 (s, IH); MS (ES+) m/z 446
(M+H)+. Example 21:
14-cyclohexyl-3-methoxy-6-methyl-5,6,7,8-tetrahydroind
olo[2,l-a][2,5]benzodiazocine- 11-carboxylic acid Step
1 : methyl
2-f4-chloro-2(ethoxycarbonyl)phenyl-3-cyclohexyl-lH-in
dole-6-carboxylate To a solution of methyl
2-bromo-3-cyclohexyl-lH-indole-6-carboxylate in
dioxane (prepared as described in published
International patent application WO2004/087714), (0.07
M) was added bis(triphenylphosphine)palladium(II)
dichloride (0.2 eq) at RT under a nitrogen atmosphere.
Then 4- chloro-2-ethoxycarbonyl-phenyl-boronic acid (2
eq) and Na2CO3 (2 M solution, 2 eq.) were added and
the reaction flask immersed in a preheated oil bath at
100 0C for 2 h. The reaction mixture was allowed to
cool and filtered. The filtrate was diluted with DCM
and the organic phase washed with H O, brine and dried
over Na2SO4 before being filtered and concentrated in
vacuo. The crude material was purified by flash
chromatography (1:9 EtOAc/PE) to afford the title
compound as a solid (62 %); MS (ES+) m/z 440 (M+H)+.
Step 2 : methyl
2-[4-chloro-2(hydroxymethyl)phenyl-3-cyclohexyl-lH-ind
ole-6-carboxylate To a solution of methyl
2-[4-chloro-2(ethoxycarbony
l)pheny1-3-cyclohexyl-lH-indole-6-carboxy late (from
Step 1) in THF (0.36 M), BH3.THF ( 1M solution in THF,
2 eq) was added and the solution allowed to stir at
reflux for 1.5 h. The solution was diluted with EtOAc.
The organic phase was washed with saturated aqueous
NaHCO and brine. The organic phase was dried over
Na2SO , filtered and the solvent evaporated in vacuo.
The crude material was purified by flash
chromatography (1:9 to 2:8 EtOAc/PE gradient) to
afford the title compound as a solid (68 %); MS (ES+)
m/z 398 (M+H)+. Step 3: methyl
2-(4-chloro-2-(hvdroxymethyl)phenyl-3-cyclohexyl-l-(2-
methoxy-2-oxoethyl)-lH-indole-6- carboxylate Methyl
bromoacetate (2 eq) was added to a mixture of methyl
2-[4-chloro-2-(hydroxymethyl)phenyl-3-
cyclohexyl-lH-indole-6-carboxylate (from Step 2) and
potassium carbonate (3 eq) in dry DMSO (0.2 M).The
mixture was stirred at 60 0C overnight. At this time
the reaction was allowed to cool to RT, diluted with
EtOAc. The organic phase was washed with H2O (twice),
1N HCl and then brine. The organic phase was dried
over Na2SO4, filtered and the solvent evaporated in
vacuo. The residue was purified by flash
chromatography (SiO2; 15:85 EtOAc/PE) to afford the
title compound (46 %); MS (ES+) m/z 470 (M+H)+. Step
4: methyl 2-(4-chloro-2-formylphenyl) 3-cyclohexyl-l
-(2-methoxy-2-oxoethyl)-lH-indole-6- carboxylate A
solution of methyl
2-[4-chloro-2(hydroxymethyl)phenyl-3-cyclohexyl-l-(2-m
ethoxy-2-oxoethyl)-lHindole- 6-carboxylate (from Step
3) in dry DCM (0.03M) was added dropwise to a solution
of DMP (1.2 eq) in dry DCM (0.07 M) at 0 0C. The
mixture was allowed to reach RT in 2 h and then
diluted with DCM. The organic phase was washed with an
aqueous solution Na2S O3 .5H2O : NaHCO3 (1:1) (5x)
then brine. The organic phase was dried (Na2SO ),
filtered and the solvent evaporated in vacuo to give
the title compound (quant); MS (ES+) m/z 468 (M+H)+
Step 5: methyl
2[4-chloro-2-({[2-(dimethylamino)ethyllamino}methyl)ph
enyl)-3-cyclohex\l-l-(2-
methoxy-2-oxoethyl)-lH-indole-6-carboxylate To a
solution of methyl
2-(4-chloro-2-formylphenyl)-3-cyclohexyl-l-(2-methoxy-
2-oxoethyl)-lH-indole- 6-carboxylate (from Step 4) in
THF (0.04 M), 2-dimethylamino-ethylamine (1.5 eq) was
added and the pH adjusted to pH 5 with acetic acid.
The solution was stirred at RT for 1.5 h before being
concentrated in vacuo. The residue was taken up in
MeOH to give a 0.04 M solution. NaBH3CN ( 1 eq) was
added and the mixture stirred at RT overnight. The
reaction was quenched with saturated aqueous NaHCO and
extracted (2x) with EtOAc. The combined organics were
washed with water and brine before being dried (Na
SO4), filtered and concentrated in vacuo to give the
title compound. The crude was used in the next step
without further purification (quant); MS (ES+) m/z 540
(M+H)+ Step 6: methyl
3-chloro-14-cyclohexyl-6-f2-(dimethylamino)ethyll-7-ox
o-5.6.7.8-tetrahydroindolof2,lal12.51benzodiazocine- l
1-carboxylate To a solution of methyl
2-[4-chloro-2-({[2-(dimethylamino)ethyl]amino}methyl)
phenyl-3-cyclohexyl-l-
(2-methoxy-2-oxoethyl)-lH-indole-6-carboxylate (from
Step 5) in dry MeOH (0.05 M), 10 % in weight of MeONa
was added and the mixture stirred at RT overnight. The
volume of the solution was reduced in 



vacuo before being diluted with EtOAc. The organic
phase was washed with HCl 1N, brine. The organic phase
was dried over Na2SO4, filtered and the solvent
evaporated in vacuo to afford the title compound. The
crude was then used in the next step without any
further purification (quant); MS (ES+) m/z 508
(M+H)+Step 7: methyl
3-chloro-14-cydohexyl-6-[2-(dimethylamino)ethyll-5,6J,
8-tetrahydroindolol2 J a lf2.5lbenzodiazocine-1
1-carboxylate To a solution of methyl
3-chloro-14-cydohexyl-6-[2-(dimethylamino)ethyi]-7-oxo
-5,6,7,8- tetrahydroindolo
[2,l-a][2,5]benzodiazocine-l 1-carboxylate (from Step
6) in THF (0.02 M), BH3THF (1 M solution in THF, 5 eq)
was added and the solution allowed to stir at RT for 2
h. MeOH (0.02 M) and a 1.25 M solution HCl in MeOH
(0.24 M) were added carefully and stirred overnight at
RT before being heated at 60 C for 3 h. The volatiles
were then removed in vacuo. The volume of the solution
was reduced in vacuo before diluting with EtOAc. The
organic phase was washed with saturated aqueous NaHCO3
and brine. The organic phase was dried over Na2SO4,
filtered and the solvent evaporated in vacuo to afford
the title compound. The crude was then used in the
next step without any further purification (quant); MS
(ES ) 494 (M+H)+. Step 8:
3-chloro-14-cyclohexyl-6-[2-(dimethylamino)ethyl]
-5.6,7',8-tetrahydroindolo[2,l '- al[2.5
lbenz.odiazocine-11-carboxylic acid Methyl
3-chloro-14-cyclohexyl-6-[2-(dimethylamino)ethyl]-5,6,
7, 8-tetrahydroindolo[2,la][ 2,5]benzodiazocine-l
1-carboxylate (from Step 7) was dissolved in a
solution THF: MeOH ( 1 : 1) (0.02 M) and to that
solution 7 eq of an aqueous solution of NaOH (IN) were
added. The solution was stirred at 60 0C for 3 h. The
solvent was evaporated in vacuo. The crude was then
purified by automated RPMS- HPLC (stationary phase:
column Waters XTERRA prep. C18, 5 um, 19 x 100 mm.
Mobile phase: MeCNZH2O buffered with 0.1 % TFA).
Fractions containing the pure compound were combined
and freeze dried to afford the title compound as a
white powder (21 %). 1H NMR (400 MHz, DMSO-^6 + TFA,
330 K) 6 1.14-1.34 (m, 3H), 1.52-1.55 (m, IH),
1.67-1.73 (m, 2H), 1.82-1.84 (m, IH), 1.90-1.97 (m,
3H), 2.54-2.65 (m, IH), 2.87 (s, 6H), 3.34-3.38 (m,
IH), 3.55-3.76 (m, 7H), 4.32 (d, J 13.6, IH), 4.80
(dd, J 16.6, 3.8, IH), 7.49 (d, J 8.0, IH), 7.71-7.75
(m, 2H), 7.93 (d, J 8.4, IH), 8.04 (s, IH), 8.17 (s,
IH); MS (ES+) m/z 480 (M+H)+. No Example 22 Example
23:
2-{[(7S)-ll-carboxy-14-cydohexyl-7,8-dihydro-6H-indolo
[l,2-e][l,5]benzoxazocin-7-
yl]oxy}-N,N-dimethylethanaminium trifluoroacetate Step
1: 2-{[(7S)-1 1-carboxy-M-cyclohexyl^.S-dihydro-
H-indolol 1,2-elf 1.51benz.oxaz.ocin-7-yllocy}-
N,N-dimethylethanaminium trifluoroacetate To a
suspension of methyl
(7S)-14-cyclohexyl-7-hydroxy-7,8-dihydro-6H-indolo[l,2
- e][l,5]benzoxazocine-l 1-carboxylate (obtained as
described in Example 9, Steps 1-3) in toluene (0.05
M), were added 10 eq of 30% w/w aq. NaOH followed by
0.25 eq of tetrabutylammonium bromide. After stirring
for 30 min, 2 eq of 2-chloro-N,N-dirnethylethanaminium
chloride were added and thereaction mixture was
stirred at 60 0C for 16 h. 1 further eq of
2-chloro-N,N-dimethylethanaminium chloride was added
and the reaction mixture was stirred at 80 0C for 4
further h. The reaction mixture was concentration in
vacuo, redissolved with DMSO and purified by RP-HPLC
(stationary phase: column Waters XTERRA prep. C18, 5
um, 19 x 100 mm. Mobile phase: MeCN/H 2O buffered with
0.1 % TFA). Fractions containing the pure compound
were combined and freeze dried to afford the title
compound as a white powder (47 %). 1H NMR (400 MHz,
DMSO-J 6, 300 K, two diastereomers 1:1) 6 1.08-1.23
(m, IH), 1.24-1.44 (m, 2H), 1.49-1.61 (m, IH),
1.64-1.77 (m, 2H), 1.80-1.88 (m, IH), 1.89-2.07 (m,
3H), 2.56 (s, 1.5 H), 2.63-2.73 (m, IH), 2.78 (s,
1.5H), 3.07 (m, IH), 3.27 (m, IH), 3.68 (dd, J 10.7,
14.5, 0.5H), 3.75-3.97 (m, 3H), 3.98-4.14 (m, 1.5H),
4.24 (dd, J 4.2, 13.2, 0.5H), 4.77 (dd, J 2.7, 14.6,
0.5H), 4.93 (dd, J 3.1, 15.6, 0.5H), 7.16-7.34 (m,
3H), 7.49 (d, J 6.8, 0.5H), 7.50 (d, J 6.8, 0.5H),
7.62 (d, J 8.1, 0.5H), 7.69 (d, J 8.3, 0.5H), 7.82 (d,
/ 8.6, 0.5H), 7.89 (d, 8.3, 0.5H), 8.20 (s, 0.5H),
8.21 (s, 0.5H); MS (ES+) m/z 463 (M+H)+; [a]D 20 = -
41.2 (c = 0.31, CH3OH). Example 24: 2-{[(7
)-ll-carboxy-14-cyclohexyl-7,8-dihydro-6H-indolo[l,2-e
][l,5]benzoxazocin-7- yI]oxy}-N,N-dimethylethanaminium
trifluoroacetate The title compound was obtained in an
analogous manner as reported for the enantiomer in the
previous example employing (K)-glycidyl
3-nitrobenzenesulfonate instead of the (5)-glycidyl 3-
nitrobenzenesulfonate in Example 9, Step 2, giving
methyl 3-cyclohexyl-2-{2-[(2/?)-oxiran-2-
ylmethoxy]phenyl}-lH-indole-6-carboxylate: [a]D 20 = -
19.8 (c = 0.5, CHCl3); and after cyclization methyl (7
)-14-cyclohexyl-7-hydroxy-7,8-dihydro-6H-indolo[l,2-e]
[l,5]benzoxazocine-ll-carboxylate: [a]D 20 = + 29.9 (c
= 0.54, CHCl3) . The latter was converted to the title
compound as described in example 23: [a]D 20 = + 41.9
(c = 0.32, CH3OH); 1H NMR and MS as for 2-{ [(7S)-I
l-carboxy-14-cyclohexyl-7,8-
dihydro-6H-indolo[l,2-e][l,5]benzoxazocin-7-yl]oxy}-N,
N-dimethylethanaminium trifluoroacetate. Example 25:
l-(2-{[(7S)-ll-carboxy-14-cyclohexyl-7,8-dihydro-6H-in
dolo[l,2-e][l,5]benzoxazocin-
7-yl]oxy}ethyl)pyrroIidinium trifluoroacetate To a
suspension of methyl (7S)- 14-cyclohexy1-7-hydroxy
-7,8-dihydro-6H-indolo[ 1,2-
e][l,5]benzoxazocine-ll-carboxylate (prepared as
described in Example 9, Steps 1-3) in toluene (0.05
M), were added 15 eq of 40% w/w aq. NaOH followed by
0.25 eq of tetrabutylammonium bromide. After stirring
for 30 min, 3 eq of l-(2-chloroethyl)pyrrolidinium
chloride were added and the reaction mixture was
stirred at 70 0C for 18 h. The reaction mixture was
concentration in vacuo, redissolved with DMSO and
purified by RP-HPLC (stationary phase: column Waters
XTERRA prep. C18, 5 um, 19 x 100 mm. Mobile phase:
MeCN/H 0 buffered with 0.1 % TFA). Fractions
containing the pure compound were combined and freeze
dried to afford the title compound as a white powder
(65 %). 1H NMR (400 MHz, DMSO-J 6, 300 K, two
diastereomers 1:1) d 1.10-1.23 (m, IH), 1.25-1.42 (m,
2H), 1.49-1.59 (m, IH), 1.64-2.07 (m, 10H), 2.62-2.75
(m, 1.5H), 2.90 (m, 0.5H), 3.04-3.48 (m, 2.5H),
3.61(m, 0.5H), 3.71 (dd, 7 10.5, 14.5, 0.5H),
3.76-3.97 (m, 3.5H), 3.98-4.18 (m, 1.5H), 4.29 (dd, 7
4.4, 13.2, 0.5H), 4.78 (dd, 7 3.0, 14.4, 0.5H), 4.95
(dd, 7 3.7, 15.6, 0.5H), 7.19-7.32 (m, 3H), 7.46-7.54
(m, IH), 7.62 (dd, 7 1.2, 8.4, 0.5H), 7.70 (dd, 1.1,
8.3, 0.5H), 7.83 (d, 7 8.6, 0.5H), 7.89 (d, 7 8.3,
0.5H), 8.20 (s, 0.5H), 8.22 (s, 0.5H), 9.39 (brs,
0.5H, NH), 9.49 (brs, 0.5H, NH), 12.60 (bra, IH, OH);
MS (ES+) m/z 489 (M+H) +. Example 26:
(2Z)-(ll-carboxy-14-cyclohexyl-6H-indolo[l,2-e][l,5]be
nzoxazocin-7(8H)-ylidene)- N,N-dimethyIethanaminium
trifluoroacetate and
(2Z?)-(ll-carboxy-14-cyclohexyl-6H-indolo[l,2-
e][l,5]benzoxazocin-7(8H)-yIidene)-
N,N-dimethylethanaminium trifluoroacetate Step 1:
(2Z)-2-[14-cyclohexyl-ll-(methoxycarbonyl)-6H-indolo[l
,2-elfl,51benz.oxazocin-7(8H)-ylidenel-
N.N-dimethylethanaminium trifluoroacetate and
(2E)-2-[14-cyclohexyl-l 1-(methoxycarbonyl)-6Hindolofl
,2-elf
1.5Ibenzoxazocin-7(8H)-ylidene]-N,N-dimethylethanamini
um trifluoroacetate To a suspension of 1.5 eq of
[2-(dimethylamino)ethyl](triphenyl)phosphonium bromide
in THF (0.12 M) cooled at -78 0C, was added n-BuLi
(1.6 eq, 1.6 M in hexanes). After stirring for 30 min
at 0 0C, the reaction mixture was cooled to -20 0C and
methyl 14-cyclohexyl-7-oxo-7,8-dihydro-6H-indolo[l,2-
e][l,5]benzoxazocine-ll-carboxylate (obtained as
described in Example 9, Steps 1-4) in THF (0.18 M) was
added. The reaction mixture was warmed to RT within 3
h followed by addition of ice and CH2Cl2. The organic
phase was dried (Na2SO4) before being filtered,
concentrated in vacuo, redissolved with DMSO and
purified by RP-HPLC (stationary phase: column Waters
XTERRA prep. C18, 5 urn, 19 x 100 mm. Mobile phase:
MeCNZH2O buffered with 0.1 % TFA). Fractions
containing the pure compound were combined and freeze
dried to afford the title compound as a white powder
(28 %); MS (ES+) m/z 459 (M+H) +. Step 2:
(2Z)-(ll-carboxy-14-cyclohexyl-6H-indolo[L2-ellL51benz
.oxaz.ocin-7(8H)-ylidene)- N Ndimethylethanaminium
trifluoroacetate and
(2E)-(11-carboxy-M-cyclohexyl-H-indolof 1 2-
elfl,5]benzoxazocin-7(8H)-ylidene)-
N,N-dimethylethanaminium trifluoroacetate To a
solution of the foregoing product (from Step 1) in
THF/MeOH (0.01 M, 1:1, v/v) was added KOH (5 eq, IN)
and the mixture was stirred at 60 C. After 16 h, KOH
(5 eq, IN) was added and the mixture was stirred at 60
0C for further 8 h. The reaction mixture was
concentrated in vacuo, redissolved with DMSO and
purified by RP-HPLC (stationary phase: column Waters
XTERRA prep. C18, 5 um, 19 x 100 mm. Mobile phase:
MeCNZH O buffered with 0.1 % TFA). Fractions
containing the pure compound were combined and freeze
dried to afford the title compound as a white powder
(73 %). 1H NMR (OOO MHZ DMSO-^ 6, 300 K, Z.E 7:3) d
1.10-1.21 (m, IH), 1.25-1.40 (m, 2H), 1.48-1.59 (m,
IH), 1.64-1.75 (m, 2H), 1.80-1.86 (m, IH), 1.88-1.99
(m, 3H), 2.59-2.74 (m, IH), 2.73 (s, 2.1H), 2.78 (s,
0.9H), 3.78 (dd, 7 7.5, 13.9, 0.7H), 3.90 (dd, 7 7.1,
13.6, 0.7H), 4.16 (m, 0.6H), 4.24 (d, 7 13.2, 0.3H),
4.33 (d, 7 15.2, IH), 4.42 (d, 7 13.4, 0.3H), 4.59 (d,
7 14.5, 0.7H), 5.06 (d, 7 14.7, 0.7H), 5.13 (d, 7
15.4,0.7H), 5.57 (d, J 16.5, 0.3H), 5.71 (t, J 7.2,
0.3H), 6.09 (t, J 7.4, 0.7H), 7.14 (d, J 1.1, 0.3H),
7.19 (t, J 7.5, 0.3H), 7.25-7.40 (m, 2.4H), 7.46 (t, J
8.4, 0.3H), 7.57 (t, J 7.5, 0.7H), 7.66 (dd, J 1.1,
8.4, 0.7H), 7.68 (d, J 8.6, 0.3H), 7.86 (d, J 8.3,
0.7H), 7.88 (d, Jl.l, 0.3H), 8.20 (s, 0.3H), 8.22 (s,
0.7H); MS (ES+) m/z 445 (M+H) +. No Example 27 Example
28: -(ll-carboxy-14-cyclohexyl-3-fluoro-7,8-dihydro-6
H-indolo[l,2-e][l,5]benzoxazocin-
7-yl)-LyV'//'-trimethyIethane-l,2-diaminium
bis(trifluoroacetate) Step 1 : methyl 3-cvclohecyl
2-(4-fl uoro-2-hydroxyphenyl)-lH-indole-6-carboxylate
To a solution of methyl
2-bromo-3-cyclohexyl-l//-indole-6-carboxylate
(prepared as described in WO2004087714 from
commercially available methyl indole-6-carboxylate) in
a mixture of DME and EtOH (5:2, v/v, 0.2 M) were added
2.6 eq. OfNa2CO3 (2 M aqueous solution), 1.3 eq. of
4-fluoro-2- hydroxy -phenylboronic acid and 0.1 eq. of
tetrakis(triphenylphosphine)palladium(0). The mixture
was degassed thoroughly with a stream of argon and
then heated to 100 0C overnight. The reaction mixture
was allowed to cool to RT, diluted with EtOAc and
washed with IN hydrochloric acid and with brine, dried
over Na2SO4 and concentrated in vacuo. The crude
material was purified by flash chromatography (1:5
EtOAc/PE) to afford the title compound as a beige
solid (61%); MS (ES+) m/z 368 (M+H)+. Step 2 : methyl
3-cyclohecyl-2-(4-fluoro-2-[(2S)-oxiran-2-ylmetho
cylphenyl}-lH-indole-6-carboxylate 



To a solution of the foregoing product (from Step 1)
in DMF (0.05 M) was added cesium fluoride (3 eq.) and
(5)-glycidyl 3-nitrobenzenesulfonate (1.1 eq.). The
resulting mixture was stirred at RT overnight then
diluted with EtOAc and washed with water and brine.
Drying over Na2SO , filtration and concentration i.
vac. gave the crude product, which was purified by
flash chromatography (1:5 EtOAc/PE) to afford the
title compound as colourless foam (70%); MS (ES+) m/z
424 (M+H)+. Step 3: methyl
(7S)-14-cvclohexyl-3-fluoro-7-hydroxy-7,8-dihydro-6H-i
ndolof 1.2-elH, 51benzoxazocine- 11-carboxylate A
solution of the foregoing product (from Step 2) in dry
DMF (0.05 M) was cooled to 0 0C and a IM solution of
sodium bis(trimethylsilyl)amide in THF (1.1 eq.) was
added dropwise. The reaction was allowed to reach RT
and stirred for 3 h. The reaction mixture was diluted
with EtOAc and washed with hydrochloric acid ( 1 N),
water and brine. Drying over Na2SO4, filtration and
concentration i. vac. gave the crude product, which
was purified by flash chromatography (1:4 EtOAc/PE) to
afford the title compound as colourless foam (50%,
mixture of diastereomers, 2 : 1); MS (ES+) m/z 424
(M+H)+.Step 4: methyl 14-cvclohexyl-3-fluoro-7-oxo-7
'.8-dihydro-6H-indolol'1.2-ell'1.51benz.oxazocine-llca
rboxylate To a solution of the foregoing alcohol (from
Step 3) in DCM (0.06 M) was added DMP (1.5 eq.), and
the mixture was stirred overnight at RT. The reaction
mixture was diluted with EtOAc and washed with a 1: 1
(v/v) mixture of sodium thiosulfate and sodium
hydrogen carbonate (both saturated aqueous solutions),
then with brine. Drying over Na2SO4, filtration and
concentration i. vac. gave the crude product, which
was used without further purification (92%); MS (ES+)
m/z 422 (M+H)+. Step 5: methyl
14-cvclohexyl-7-{[2-(dimethylamino)ethyllamino}-3-fluo
ro-7.8-dihydro-6H-indolo[1.2- e]fl.5]benzoxazocine-ll
-carboxylate To a solution of foregoing crude ketone
(from Step 4) in DCE (0.06 M) was added
V,N-dimethylethane- 1,2-diamine (1.0 eq) and HOAc (1.5
eq.), followed by solid sodium triacetoxyborohydride
(1.5 eq). NaOH (20 eq., 1 N) was added after 16 h, and
after stirring for 5 min the mixture was taken into
EtOAc and washed with water and brine. Drying over
Na2SO4 and concentration i. vac. gave the crude
product, which was used without further purification;
MS (ES+) m/z 494 (M+H)+. Step 6: methyl
14-cyclohexyl-7-[!2-(dimethylamino)ethyll(methyl)amino
l-3-fluoro-7.8-dihydro-6Hindolof 1,2-elf
1.5]benzoxazocine-l 1-carboxylate To a solution of
crude methyl
14-cyclohexyl-7-{[2-(dimethylamino)ethyl]amino}-3-fluo
ro-7,8-dihydro- 6H-indolo[l,2-e][l,5]benzoxazocine-l
1-carboxylate (from Step 5) in DCM (0.05 M) was added
formaldehyde (3.0 eq) and HOAc (5.5 eq), followed by
sodium cyanoborohydride (3 eq). NaOH (20 eq, 1 N) was
added after 2 h, and after stirring for 5 min the
mixture was taken into EtOAc and washed with water and
brine. Drying over Na2SO and concentration i. vac.
gave the crude product which was used without further
purification; MS (ES+) m/z 508 (M+H)+. Step 7:
N-(ll-carbo
cy-14-cyclohexyl-7.8-dihydro-6H-indolofl.2-eiri.51benz
oxazocin-7-yl)-N.N'.N'- trimethylethane-1 ,2-diaminium
bis(trifluoroacetate ) To a solution of the foregoing
product (from Step 6) in dioxane (0.08 M) were added 3
eq. of IM aqueous KOH solution and the mixture was
stirred at 60 0C for 4 h. The reaction mixture was
brought to pH 2 by the dropwise addition of
hydrochloric acid ( 1 N), then diluted with MeCN and
purified by RP-HPLC (stationary phase: column Waters
Symmetry prep. C18, 7 um, 19 x 150 mm. Mobile phase:
MeCN/H 20 buffered with 0.1 % TFA). The product
fractions were lyophilised to afford the title
compound as its bistrifluoroacetate salt (white
powder, 40% over three steps). 1H NMR (400 MHz, DMSO,
300 K, 2 diastereomers 96:4, only the data for the
major atropoisomer are reported) d 1.09-1.21 (m, IH),
1.23-1.40 (m, 2H), 1.50 (d, J 11.4, IH), 1.68-1.75 (m,
2H), 1.85-2.08 (m, 4H), 2.37 (s, 3H), 2.60-2.66 (m,
IH), 2.82 (s, 6H), 2.89-2.99 (m, IH), 3.06-3.18 (m,
3H), 3.25-3.29 (m, IH), 3.85 (dd, 10.1, 14.6, IH),
4.11 (dd, 7 9.0, 12.1, IH), 4.26 (dd, 74.3, 12.1, IH),
4.66 (d, 7 14.6, IH),7.14-7.22 (m, 2H), 7.36 (t, J
6.9, IH), 7.69 (dd, J 0.8, 8.3, IH), 7.87 (d, J 8.3,
IH), 8.15 (s, IH), 8.94 (brs, IH), 12.60 (brs, IH); MS
(ES+) m/z 494 (M+H)+. Example 29: (7/?
)-14-cyclohexyl-7-[[2-(dimethylamino)ethyl](methyl)ami
no]-3-fluoro-7,8-dihydro- H-indolotl -e l
Slbenzoxazocine-ll-carboxylic acid The racemic mixture
(obtained as described in Example 28) was subjected to
chiral SFC separation (Pcol = 100 bar, Tcol = 35 0C;
stationary phase: CHIRALPAK AD-H, 10x250mm; mobile
phase modifier: MeOH+0.2% diethylamine) to obtain the
title compound as the first eluting peak; single
enantiomer in >99% ee. NMR and MS as reported for the
racemic mixture in example 1. The second peak was
(7S)-14-
cyclohexyl-7-[[2-(dimethylamino)ethyl](methyl)amino]-3
-fluoro-7,8-dihydro-6 H-indolo[l,2-
e][l,5]benzoxazocine-ll-carboxylic acid (97% ee).
Example 30:
l-(2-{[(75)-ll-carboxy-14-cyclohexyl-3-fluoro-7,8-dihy
dro-6 H-indolo[l,2-
e][l,5]benzoxazocin-7-yl]oxy}ethyl)pyrrolidinium
trifluoroacetate To a suspension of methyl
(75)-14-cyclohexyl-3-fluoro-7-hydroxy-7,8-dihydro-6H-i
ndolo[l,2- e][l,5]benzoxazocine-ll-carboxylate
(prepared as described in Example 28, Steps 1-3) in
toluene (0.05 M), were added 15 eq. of 40% w/w aq.
NaOH followed by 0.25 eq. of tetrabutylammonium
bromide. After stirring for 30 min, 3 eq. of
l-(2-chloroethyl)pyrrolidinium chloride were added and
the reaction mixture was stirred at 70 0C for 18 h.
The reaction mixture was concentrated in vacuo,
redissolved with DMSO and purified by RP-HPLC
(stationary phase: column Waters XTERRA prep. C18, 5
urn, 19 x 100 mm. Mobile phase: MeCN/H 0 buffered with
0.1 % TFA). The product fractions were lyophilised to
afford the title compound as a white powder (30 %). 1H
NMR (400 MHz, DMSO-^6, 300 K, two diastereomers 1: 1)
d 1.16-1.22 (m, IH), 1.29-1.44 (m, 2H), 1.53-1.56 (m,
IH), 1.68-2.03 (m, 10H), 2.63-2.73 (m, 1.5H),
2.85-2.94 (m, 0.5H), 3.07-3.39 (m, 3.5H), 3.61-3.69
(m, 0.5H), 3.72 (dd, J 10.5, 14.5, 0.5H), 3.79-4.01
(m, 5.5H), 4.10-4.21 (m, IH), 4.78 (dd, J 3.0, 14.4,
0.5H), 4.95 (dd, J 3.7, 15.6, 0.5H), 7.05-7.12 (m,
2H), 7.28-7.32 (m, IH), 7.62 (dd, J 1.2, 8.4, 0.5H),
7.70 (dd, J 1.1, 8.3, 0.5H), 7.83 (d, J 8.6, 0.5H),
7.89 (d, J 8.3, 0.5H), 8.21 (s, IH), 9.45 (brs, 0.5H,
NH), 9.55 (brs, 0.5H, NH), 12.70 (brs, IH, OH); MS
(ES+) m/z 507 (M+H)+. Example 31:
(ll-carboxy-14-cyclohexyl-7,8-dihydro-6H-indolo[l,2-e]
[l,5]benzoxazocin-7-yl)-N,Ndimethylmethanaminium
trifluoroacetate Step 1: methyl
14-cyclohex^l-7-meiksilene-7.&-dihydro-6H-indolo
l.2-e]fl.5]benzoxazocine-llcarboxylate To a solution
of methyl
3-cyclohexyl-2-(2-hydroxyphenyl)-lH-indole-6-carboxyla
te (prepared as described in example 9, step 1) in dry
DMF (0.06 M) was added NaH (2.5 eq., 60% suspension in
mineral oil). After 30 min,
3-chloro-2-(chloromethyl)prop-l-ene (1.2 eq.) was
added dropwise via syringe andthe solution stirred at
RT for 60 min. The reaction mixture was diluted with
EtOAc and washed with IN aqueous HCl and with brine,
dried (Na2SO4) and evaporated. The crude residue was
purified by flash chromatography (10:1 PE/EtOAc),
affording the pure methyl
14-cyclohexyl-7-methylene-7,8-dihydro-
6H-indolo[l,2-e][l,5]benzoxazocine-ll-carboxylate
(70%) as light yellow foam; MS (ES+) m/z 402 (M+H)+.
Step 2: methyl l4-cyclohexyl-7-(hydroxymethyl)-7,
8-dihydro-6H-indolo[ 1,2-e J!1.5]benzoxazocine-l 1-
carboxylate Borane-dimethylsulf  de complex (2M
solution in THF, 1.6 eq) was added to a solution of
methyl 14-
cyclohexyl-7-methylene-7,8-dihydro-6H-indolo[l,2-e][l,
5]benzoxazocine-ll-carboxylate (from Step 1) in dry
THF (0.12 M) at 0 0C. The solution was stirred for 16
h at RT. The reaction mixture was cooled to 0 0C and
treated dropwise with 3N NaOH (3 eq.) followed by 35%
(v/v) H2O2 solution and the resulting mixture was
stirred for 2 h at RT. The mixture was diluted with
EtOAc, washed with aqueous saturated NaHCO3-solution
and with brine, dried (Na2SO4) . Evaporation afforded
a crude residue which was purified by flash
chromatography (4:1 PE/EtOAc). Methyl
14-cyclohexyl-7-(hydroxymethyl)-7,8-
dihydro-6H-indolo[l,2-e][l,5]benzoxazocine-ll-carboxyl
ate (50%) was obtained as colorless solid; MS (ES+)
mJz 402 (M+H)+. Step3: methyl
14-cyclohexyl-7-formyl-7\8-dihydro-6H-indolol 1,2-e]'/
1,51benzoxazocine-l 1-carboxylate A solution of methyl
14-cyclohexyl-7-(hydroxymethyl)-7,8-dihydro-6H-indolo[
l,2- e][l,5]benzoxazocine-l 1-carboxylate (from step
2) in dry DCM (0.1 M) was treated with DMP (1.2 eq.)
and the resulting solution was stirred for 2 h at RT.
The reaction mixture was diluted with EtOAc and washed
with a 1:1 (v/v) mixture of sodium thiosulfate and
NaHCq (both aqueous saturated solutions), then with
brine. Drying over Na2SO4, filtration and
concentration i. vac. gave the crude methyl 14-
cyclohexyl-T-formyl^.
-dihydro-H-indolofl^-eKl.SJbenzoxazocine-l
1-carboxylate, which was used without further
purification. Step 4:
14-cyclohexyl-7-f(dimethylamino)methyl]-7.8-dihydro-6H
-indolofl.2-e]fl.5]benzoxazocine-llcarboxylic acid The
foregoing aldehyde (from Step 3) was reductively
aminated using dimethylamine and sodium triacetoxy
sodiumborohydride and the ester from the resulting
product hydrolyzed as described in Example 9, Step 6.
Purification of the crude product by RP-HPLC
(stationary phase: column Waters Symmetry prep. C18, 7
urn, 19 x 150 mm. Mobile phase: MeCN/H20 buffered with
0.1 % TFA) gave the product fractions after
lyophilization as its trifluoroacetate salt (white
powder, 10%). 1H NMR (400 MHz, DMSO-J , 300 K, 2
diastereomers 7:1, only data for the major isomer are
reported) d 1.21-1.45 (m, 3H), 1.50-1.61 (m, IH),
1.62-1.78 (m, 2H), 1.79-1.89 (m, IH), 1.90-2.08 (m,
3H), 2.64- 2.73 (m, IH), 2.76-2.83 (m, IH), 2.89 (s,
6H), 3.18-3.35 (m, 2H, partially obscured by water),
3.66 (dd, J11.3, 15.0, IH), 3.91 (dd, 75.2, 12.7, IH),
4.03 (dd. 2.2, 12.7, IH), 4.70 (dd, J 3.5, 15.0, IH),
7.15-7.23 (m, 2H), 7.27 (dd, J 1.5, 7.5, IH), 7.50
(dt, J 1.5, 7.8, IH), 7.70 (dd, J 1.1, 8.4, IH), 7.90
(d, J 8.4, IH), 8.25 (s, IH), 9.61 (bs, IH), 12.62
(bs, IH); (ES+) rn/z 433 (M+H)+. Example 32:
Preparation of
13-cyclohexyl-5-[2-(dimethylamino)ethyl]-4,5,6,7-
tetrahydrothienopSS'r diazocinofl
-aJindole-lO-carboxylic acid Step 1: Methyl l -(2
tert-butoxy -2-oxoethyl)-3-cyclohex
yl-2-(2-formyl-3-thienyl)-lH-indole-6-carboxylate
Methyl
2-bromo-l-(2-tert-butoxy-2-oxoethyl)-3-cyclohexyl-l
H-indole-6-carboxylate (prepared as described in
Example 1, Step 1) and (2-formyl-3-thienyl) boronic
acid (1.5 eq) were dissolved in dioxane (0.07 M) and
2M aqueous Na2CO3 (6 eq) was added. The solution was
degassed by bubbling argon, Pd(PPh 3)2Cl2 (0.2 eq) was
added, and the reaction mixture was refluxed for 45
min; after cooling EtOAc was added and the solution
washed with water and brine, dried over Na2SO4 and
concentrated. The title compound was isolated by
chromatography (PE/EtOAc 9:1). Yield (84%); MS (ES+)
m/z 504 (M+Na)+. Step 2:
13-cyclohexyl-5-[2-(dimethylamino)ethyl]-4,5.6,7-tetra
hydrothieno[2\3':6.7Hl,41diazocinofl,8- a
]indole-10-carboxylic acid A solution of methyl
l-(2-tert-butoxy-2-oxoethyl)-3-cyclohexyl-2-(2-formyl-
3-thienyl)-l H-indole-6- 



carboxylate in THF (0.05 M) was treated with
,N-dimethylethane-l,2-diamine (10 eq) and the pH was
adjusted to 6 with AcOH; after stirring for Ih at RT
solvent was removed and the residue dissolved in MeOH
(0.05M), then NaCNBH3 (1.5 eq) was added and the
mixture was stirred during the weekend. The reaction
mixture was diluted with EtOAc and washed with water
and brine, dried over Na2SO4 and evaporated affording
methyl
l-(2-^ri-butoxy-2-oxoethyl)-3-cyclohexyl-2-[2-({[2-(di
methylamino) ethyl] amino }methyl)-3-thienyl] -1
-indole-6-carboxy late. A 0.03M solution of the latter
in DCM/TFA 1:1 was stirred at RT for 4 h, then all
volatiles were evaporated; the residue was dissolved
in dry DCM (0.1M), i-Pr EtN (2.4 eq) and HATU (1.2 eq)
were added and the mixture was stirred at RT for 2 h.
The solution was diluted with EtOAc and washed with
water and brine, dried over Na2SO4 and evaporated
affording methyl 13-cyclohexyl-5-[2-
(dimethylamino)ethyl]-6-oxo-4,5,6,7-tetrahydrothieno[2
',3':6,7][l,4]diazocino[l,8- a]indole-10- carboxylate.
A solution of the foregoing crude in dry THF (0. 1M)
was treated with BH3Me2S (20 eq, 2M solution in THF)
for 2h at RT; 1.25M HCl in MeOH was added and the
mixture was heated at 75 0C for 2.5 h, then volatiles
were evaporated to give crude methyl
13-cyclohexyl-5-[2-(dimethylamino)ethyl]-4,5,6,7-
tetrahydrothieno[2',3':6,7][l,4]diazocino [l,8-
]indole-10-carboxylate. Hydrolysis of the latter was
performed with IM aqueous KOH (5 eq) in dioxane (0.1M)
at 55 0C; the reaction was complete in 2 h, and the
title compound was obtained in 51% yield after RP-HPLC
purification and lyophilisation(Conditions: Column:
Waters X-TERRA MS C18, 10 micron, 19 x 150 mm;
Gradient: A: H2O + 0.1% TFA; B: MeCN + 0.1% TFA; 75% A
isocratic for 3 min, linear to 20% A in 12 min). 1H
NMR (400 MHz, DMSO, 300 K) d 1.14-1.98 (1OH, m),
2.63-2.78 (IH, m), 2.83 (6H, s), 3.23-3.47 (5H, m),
3.59-3.68 (IH, m), 3.78-3.93 (2H, m), 4.46-4.72 (2H,
m), 7.20 (IH, d, J 5.0), 7.71 (IH, d, J 8.4),
7.84-7.86 (IH, m), 7.89 (IH, d, J 8.4), 8.14 (IH, s);
MS (ES+) m/z 452 (M+H) +. Example 33: Preparation of
13-cyclohexyI-5-[2-(dimethylamino)ethyl]-4,5,6,7-
tetrahydrothieno[3\2':6/7][l,4]diazocino[l,8-
]indole-10-carboxylic acid The title compound was
prepared following the experimental procedure in
Example 32, but using (3- formyl-2-thienyl)boronic
acid (1.5 eq) in the coupling step. 45% yield after
RP-HPLC purification and lyophilisation (Conditions:
Column: Waters X-TERRA MS C18, 10 micron, 19 x 150 mm;
Gradient: A: H2O + 0.1% TFA; B: MeCN + 0.1% TFA; 75% A
isocratic for 3 min, linear to 20% A in 12 min). 1H
NMR (400 MHz, DMSO, 300 K) d 1.21-1.38 (3H, m),
1.60-2.07 (7H, m), 2.81 (6H, s), 2.94-2.99 (IH, m),
3.33-3.67 (6H, m), 3.76-3.86 (2H, m), 4.36-4.40 (IH,
m), 4.72-4.77 (IH. m), 7.46 (IH, d, J 5.1), 7.71 (IH,
d, J 8.5), 7.87 (IH, d, J 5.1), 7.93 (IH, d, J 8.5),
8.17 (IH, s); MS (ES+) m/z 452 (M+H)+. Example 34:
Preparation of
13-cyclohexyl-5-t2-(dimethylamiao)ethyl]-4,5,6,7-
tetrahydrothieno[3',4':6,7][l,4]diazocino[l,8-
a]indole-10-carboxylic acid Step 1:
(4~formyl-3-thienyl)boronic acid To a 0.5M solution of
B(Oi-Pr) 3 (1.2 eq) in toluene/THF 4:1 was added a
solution of 2-(4-bromo-3- thienyl)-l,3-dioxolane in
toluene/THF 4:1, and the mixture was then cooled to
-78 0C. BuLi (1.5M in hexanes; 1.2 eq) was then added
over Ih, and the solution kept at this temperature for
an additional h, then allowed to warm to -20 0C over
3h; aq IN HCl was added and the mixture stirred for an
additional h at this temperature. Removal of volatiles
gave an aqueous solution that was extracted with DCM;
the combined organic phases were then washed with
brine, dried over Na2SO4 and concentrated in vacuo.
Yield: 95%. 1H NMR (400 MHz, DMSO-d6, 300 K) d 8.07
(IH, d, J 3.0), 8.55 (2H, b.s), 8.74 (IH, d, J 3.0),
9.98 (IH, s). Step 2:
13-cyclohexyl-5-[2-(dimethylamino)ethyl]-4,5,6,7-tetra
hydrothienof 3'.4':6.7]f 1,41diazocinof1.8- a
]indole-10-carboxylic acid Using the foregoing
(4-formyl-3-thienyl)boronic acid the title compound
was prepared following the procedures in Example 32.
56% yield after RP-HPLC purification and
lyophilisation (Conditions: Column: Waters X-TERRA MS
C18, 10 micron, 19 x 150 mm; Gradient: A: H2O + 0.1%
TFA; B: MeCN + 0.1% TFA; 75% A isocratic for 3 min,
linear to 20% A in 12 min). 1H NMR (400 MHz, DMSO, 300
K) d 1.14-1.38 (3H, m), 1.54-2.06 (7H, m), 2.71-2.78
(IH, m), 2.87 (6H, s), 3.56-3.86 (8H, m), 4.51 (IH, d,
J14.2), 4.74-4.82 (IH, m), 7.72 (IH, d, J 8.5), 7.81
(IH, d, J 2.9), 7.91 (IH, d, J 8.5), 8.14 (IH, s) 8.17
(IH, d, J 2.9); MS (ES+) m/z 452 (M+H)+. No Examples
35 to 40 Example 41: Preparation of
14-cyclohexyl-5-(2-pyrrolidin-l-ylethoxy)-5,6,7,8-tetr
ahydroindolo[2,l- ][2]benzazocine-11-carboxylic acid
Step 1: Methyl
3-cyclohexyl-2-(2-vinylphenyl)-lH-indole-6-carboxylate
Methyl 2-bromo-3-cyclohexyl-l H-indole-6-carboxylate
(prepared as described inWO 2004065367) and
(2-vinylphenyl)boronic acid (1.5 eq) were dissolved in
dioxane (0.07 M) and 2M aqueous Na2CO3 (6 eq) was
added. The solution was degassed by bubbling argon,
Pd(PPh3)2Cl2 (0.2 eq) was added, and the reaction
mixture was refluxed for 1 h; after cooling, EtOAc was
added, and the solution washed with water and brine,
dried over Na2SO4 and concentrated in vacuo. The title
compound was isolated by chromatography (PE/EtOAc 9:1)
in 91% yield; MS (ES+) m/z 360 (M+H)+. Step 2: Methyl
l-but-3-en-l-yl-3-cyclohexyl-2-(2-vinylphenyl)-lH-indo
le-6-carbox\late To a 0.3M solution of methyl
3-cyclohexyl-2-(2-vinylphenyl)-lH-indole-6-carboxylate
in dry DMF, 60% NaH (1.5 eq) in mineral oil was added
at 0 0C; after stirring for 45 min at RT,
4-bromobut-l-ene (1.5 eq) was added and the suspension
was stirred for 5 h at 40 0C and then 1 day at RT (NaH
and 4-bromobut-lene were added several times). The
mixture was diluted with EtOAc, washed with IN HCl,
water and brine, dried (Na2SO4) and concentrated in
vacuo to give, after chromatography (PE/EtOAc 95:5),
the title compound (60%) along with recovered starting
material (40%); MS (ES+) m/z 414 (M+H)+. Step 3:
Methyl
14-cyclohexyl-7.8-dihydroindolo[2,l-a][2]benzazocine-l
]-carboxylate Methyl
l-but-S-en-l-yl-S-cyclohexyl^-^-vinylphenyO-lH-indole-
-carboxylate was dissolved in DCM (0.02M) and treated
with Zhan catalyst I (0.3 eq) at 35C for 1 h. After
evaporation of solvent in vacuo the residue was
purified by chromatography (PE/EtOAc 9:1) to afford
the title compound (68%); MS (ES+) m/z 386 (M+H)+.
Step 4:
14-Cvclohexyl-5-(2-pyrrolidin-1-ylethoxy)-5.6.7.8-tetr
ahydroindolo[2, l-aH2 Ibenzazocine-11- carboxylic acid
BH3Me2S (1.6 eq, 2M solution in THF) was added to a
0.2M solution of methyl 14-cyclohexyl-7,8-
dihydroindolo[2,l-a][2]benzazocine-ll-carboxylate in
THF, and the mixture was stirred for 2h at RT. 3M aq
NaOH (3 eq) and 35% H2O2 (3 eq) were added at 0 0C,
and stirring was continued overnight at RT. After
dilution with sat NaHCO3 the aq. phase was extracted
with EtOAc, the organic phase was washed with water
and brine, dried over Na SO4 and concentrated in vacuo
to give mainly methyl
14-cyclohexyl-5-hydroxy-5,6,7,8-tetrahydroindolo[2,l-
a][2]benzazocine-l 1-carboxylate (with traces of its
regioisomer methyl
14-cyclohexyl-6-hydroxy-5,6,7,8-tetrahydroindolo[2,l-
][2] benzazocine-11- carboxylate). The foregoing crude
was dissolved in toluene, 40% aq NaOH (15 eq) and
tetrabutyl ammonium bromide (0.25 eq) were added, and
the mixture was stirred for 30 min;
l-(2-chloroethyl)pyrrolidine hydrochloride (3 eq) was
then added and the resulting mixture heated for 1 day
at 70 0C; evaporation to dryness gave a residue from
which the title compound was isolated by RP-HPLC
(overall yield 10%) (Conditions: Column: Waters
X-TERRA MS C18, 10 micron, 19 x 150 mm; Gradient: A:
H2O + 0.1% TFA; B: MeCN + 0.1% TFA; 75% A isocratic
for 3 min, linear to 20% A in 12 min). 1H NMR (400
MHz, DMSO, 300 K) 1.16-3.48 (28H, m), 3.78 (IH, d, J
9.0), 4.40-4.45 (IH, m), 7.38 (IH, d, J 7.4),
7.47-7.50 (IH, m), 7.62-7.71 (3H, m), 7.85 (IH, d,
8.3), 8.07 (IH, s), 9.31 (IH, b.s) 12.59 (IH, b.s); MS
(ES+) m/z 487 (M+H)+. Example 42: Preparation of
14-cycIohexyl-6-(2-pyrrolidin-lyIethoxy)-5,6,7,8-tetra
hydroindolo[2,l- a][2]benzazocine-ll-carboxylic acid
Step 1: Methyl
14-cvclohexyl-5,6-dihydroxy-5.6,7.8-tetrahydroindolo[2
,l-a][2]benz.az.ocine-llcarboxylate A solution (0.11
M) of methyl
14-cyclohexyl-7,8-dihydroindolo[2,l-a][2]benzazocine-l
l-carboxylate (prepared as in Example 41, Step 3) in
acetone/THF/H 2O (1/1/1) was treated with
N-methylmorpholine- N-oxide (1.2 eq), followed by OsO4
(4% wt in H2O, 0.1 eq) and left stirring at RT
overnight. The clear solution was then treated with
10% wt Na2SO3 and left stirring for 30 min, then
diluted with H2O and extracted with EtOAc. The organic
phase was washed with brine, dried over Na2SO and
evaporated i. vac. to give the clean title compound as
a creamy solid; MS (ES+) tn/z 420 (M+H)+. Step 2:
Methyl
15-cyclohexyl-6-oxo-4b,7a,8,9-tetrahydro[l,3]dioxolo[4
.5-elindolo[2,la]\ 2 ]benzazocine-12-carboxylate A
solution (0.05 M) of the foregoing compound in DCM was
treated with Et3N (4 eq), and cooled to -50 0C.
Triphosgene (0.4 eq) was added and the solution was
allowed to warm to RT over 30 min. After 2 h at RT,
satd. NaHCO3 was added and the solution extracted with
EtOAc. The organic phase was washed with H2O, brine,
dried over Na2SO4and evaporated i. vac. to leave title
compound; MS (ES+) m/z 446 (M+H)+. Step: 3 Methyl
14-cyclohexyl-6-hydroxy-5.6.7.8-tetrahydroindolof2.
1-a][2]benzazocine-l 1-carboxylate A solution (0.02 M)
of the foregoing compound in acetone/MeOH (3/1) was
treated with Raney-Ni (slurry in water) and the
vigorously stirred reaction mixture was hydrogenated
at 1 atm H2. After 48 h thesolid was filtered and the
filtrates evaporated in vacuo to leave the title
compound (yield 26%); MS (ES+) m/z 404 (M+H)+. Step 4:
14-cyclohexyl-6-(2-pyrrolidin-lylethoxy)-5,6,
7,8-tetrahvdroindolo[2,l-a][2 1benzazocine-ll -
carboxylate
14-cyclohexyl-6-(2-pyrrolidin-lylethoxy)-5,6,7,8-tetra
hydroindolo[2,l-a][2]benzazocine-ll-carboxylate was
prepared as described for its its benzylic analogue in
Example 41, Step 4, starting from methyl 14-
cyclohexyl-6-hydroxy-5,6,7,8-tetrahydroindolo[2,l-a][2
]benzazocine-l 1-carboxylate (yield 36%). 1H NMR (400
MHz, DMSO, 300 K) d 1.16-1.39 (3H, m), 1.43-1.58 (2H,
m), 1.64-1.75 (2H, m), 1.82- 2.18 (9H, m), 2.18-2.34
(IH, m), 2.57-2.68 (IH, m), 2.99-3.11 (3H, m),
3.12-3.29 (2H, m), 3.50-3.65 (4H, m), 3.73-3.94 (2H,
m), 4.26-4.45 (IH, m), 7.31-7.56 (4H, m), 7.66-7.68
(IH, d, J 8.4), 7.86-7.88 (IH, d, J 8.4), 8.08 (IH,
s); MS (ES+) m/z 487.4 (M+H)+. No Example 43 Example
44:
14-cyclohexyl-3-fluoro-6-[(4-methylpiperazin-l-yl)acet
yl]-5,6,7,8- tetrahydroindolo[2,l
-a][2,5]benzodiazocine-11-carboxylie acid: 



Step 1: 14-cyclohexyl-3-fluoro-5.6,
7,8-tetrahydroindolo[2.1-aH2,51benz.odiaz.ocine-ll-car
box\lic acid To a solution of methyl
14-cyclohexyl-3-fluoro-5,6,7,8-tetrahydroindolo[2,l-a]
[2,5]benzodiazocine-llcarboxylate (prepared as
described in Example 18, Step 5) in DCM (0.01 M) was
added dropwise 5 eq of a solution OfBBr3 in DCM ( 1
M). The solution was stirred at RT for 30 min.
Volatiles were removed in vacuo. The crude was then
purified by automated RP-MS-HPLC (stationary phase:
column Waters XTERRA prep. C18, 5 mm, 30 x 100 mm.
Mobile phase: MeCN/H20 buffered with 0.1 % TFA).
Fractions containing the pure compound were combined
and freeze dried to afford the title compound as a
white powder (20 %); MS (ES+) m/z 393 (M+H)+. Step 2:
14-cyclohexyl-3-fluoro-6-[(4-methylpiperaz.in-l-yl)ace
t\ll-5.6.7.8-tetrahydroindolo[2.1-
al[2,5]benzodiazocine-ll-carboxylic acid To a solution
of 3 eq of (4-methylpiperazin-l-yl)acetic acid in DCM
(0.2 M), 4 eq of DIPEA and 2 eq of HATU were added and
the mixture stirred at RT for 1 h. Then a solution of
1 eq of 1l-carboxy-14-
cyclohexyl-3-fluoro-5,6,7,8-tetrahydroindolo[2,l-a][2,
5]benzodiazocin-6-ium trifluoroacetate in DMF (0.06 M)
and 1 eq of DIPEA was added and the mixture stirred at
RT overnight. Volatiles were removed in vacuo. The
crude was then purified by automated RP-MS-HPLC
(stationary phase: column Symmetry prep. C18, 7 mm, 19
x 300 mm. Mobile phase: MeCN/H2O buffered with 0.1 %
TFA). Fractionscontaining the pure compound were
combined and freeze dried to afford the title compound
as a white powder (51 %). 1H NMR (400 MHz, DMSO-J 6 +
TFA, 330 K) d 1.14-1.1.16 (m, IH), 1.29-1.32 (m, 3H),
1.54-1.57 (m, IH), 1.67-1.73 (m, 2H), 1.81-1.94 (m,
3H), 2.56-2.59 (m, IH), 2.87 (s, 3H), 3.28-3.36 (m,
6H), 3.46-3.49 (m, 4H), 3.65 (dd, J 15.2, 9.6, IH),
4.01-4.05 (m, IH), 4.12 (d, J 16.0, IH), 4.27 (d, J
16.0, IH), 4.73 (dd, J 15.6, 4.0, IH), 5.14 (d, J
15.6, IH), 7.30-7.35 (m, IH), 7.45 (dd, J 8.4, 5.6,
IH), 7.57 (dd, J 9.6, 2.4, IH), 7.73 (d, J 8.4, IH),
7.88 (d, J 8.4, IH), 8.14 (s, IH); MS (ES +) m/z 533
(M+H) +. Example 45:
14-cyclohexyl-6-{[2-(dimethylamino)ethyl]suIfonyl}-3-f
luoro-5,6,7,8-
tetrahydroindolo[2,l-a][2,5]benzodiazocine-ll-carboxyl
ic acid A solution of 1 eq of
ll-carboxy-M-cyclohexyl-S-fluoro-S. -tetrahydroindolo
,!- a][2,5]benzodiazocin-6-ium trifluoroacetate
(prepared as described in Example 44, Step 1) in DCM
(plus some drops of MeCN and DMF) (0.08 M) was added
to a solution of 1.1 eq of 2-chloro-ethansulfonyl
chloride in DCM (0.08 M) and 2.2 eq OfEt 3N and the
mixture stirred at RT for 5 mins. At which time a
solution of dimethylamine 2 M in THF (5 eq) was added
and the mixture stirred at RT overnight. Volatiles
were removed in vacuo. The crude was then purified by
automated RP-MS-HPLC (stationary phase: column
Symmetry prep. C18, 7 mm, 19 x 300 mm. Mobile phase:
MeCN/H 2O buffered with 0.1 % TFA). Fractions
containing the pure compound were combined and freeze
dried to afford the title compound a s a white powder
(16 %). 1H NMR (600 MHz, DMSCW 6 + TFA, 300 K)
1.09-1.14 (m, IH) 1 1.21-1.32 (m, 3H), 1.54-1.56 (m,
IH), 1.66-1.72 (m, 2H), 1.81-1.91 (m, 3H), 2.53-2.56
(s, IH), 2.80 (s, 6H), 3.29 (dd, J 13.7, 10.4, IH),
3.37 (d, J 14.8, IH), 3.43-3.47 (m, 2H), 3.55-3.60 (m,
3H), 4.05 (dd, J 14.3, 4.7, IH), 4.68 (d, / 14.8, IH),
4.83 (dd, J 15.8, 4.7, IH), 7.35-7.40 (m, 2H), 7.48
(dd, J 8.3, 5.5, IH), 7.72 (d, J 8.4, IH), 7.88 (d, J
8.4 IH), 8.15 (s, IH); MS (ES +) m/z 528 (M+H) +.
Example 46:
14-cyclohexyl-3-fluoro-6-{[(2R)-l-methylpyrroIidin-2-y
l]methyl}-5,6,7,8- tetrahydroindolo[2,l
-a][2,5]bcnzodiazocine-11-carboxylic acid Step 1:
methyl 14-cvclohexyl-3-fluoro-6-(
1-methyl-D-prolyl)-5. 6.7.8-tetrahydroindolo[2. 1-a
J[2. 5 lbenzodiaz.ocine-1 1-carboxylate To a solution
of 1 eq of
methyl-14-cyclohexyl-3-fluoro-5,6,7,8-tetrahydroindolo
[2,la][ 2,5]benzodiazocin-l 1-carboxylate (prepared as
described in Example 18, Step 5 ) in DCM (0.06 M), 1.5
eq of 1-methyl -D-proline (prepared according to
literature precedent J. Org. Chem. 2003, 68, 2652) in
DCM (0.2 M), 1.5 eq of DIPEA and 1.5 eq of TBTU were
added and the mixture stirred at RT overnight.
Volatiles were removed in vacuo and the crude was used
in the next step without further purification; MS (ES
+) WiZz 518 (M+H) +.Step 2: methyl
14-cyclohexyl-3-fluoro-6-{f(2R)-l-methylpyrrolidin-2-y
llmethyl}-5.6.7.8- tetrahydroindolo[2. 1-aIf2, 5
Wenzodiazocine-11-carboxylate To a solution of methyl
M-cyclohexyl-S-fluoro-
-Cl-methyl-D-prolyO-S.bJ.S-tetrahydroindolotl.l-a]!!,
5]benzodiazocine- 11-carboxylate in THF (0.02 M), 3 x
5 eq of BH3 .THF (1M solution in THF) were added
sequentially over a period of 48 h. The solution was
allowed to stir at RT and monitored until no starting
material was visible by RP-LC-MS. MeOH (0.02 M) and a
1.25 M solution of HCl in MeOH (0.24 M) were added
carefully and the mixture heated at reflux for 2 h.
The volume of the solution was reduced in vacuo,
before diluting with EtOAc. The organic phase was
washed with aqueous NaHCO3 solution and brine, before
being dried over Na2SO4, filtered and the solvent
evaporated in vacuo to afford the title compound. The
crude was used in the next step without further
purification (quant); MS (ES+) m/z 504 (M+H)+. Step 3:
14-cyclohexyl-3-fluoro-6-ff(2R)-l-methylpyrrolidin-2-y
l]methylf-5.6.7,8-tetrahydroindolof2,lajf2.5]
benzodiazocine-l 1-carboxylic acid Methyl
14-cyclohexyl-3-fluoro-6-{[(2R)-l-methylpyrrolidin-2-y
l]methyl}-5,6,7,8-tetrahydroindolo[2,la] [2,
5]benzodiazocine-l 1-carboxylate was dissolved in a
solution of dioxane: H2O ( 1 : 1) (0.1 M) and to that
solution aqueous KOH (3 eq, 5 N) was added. The
solution was stirred at 60 C for 3 h. The solvent was
evaporated in vacuo. The crude was then purified by
automated RP-MS-HPLC (stationary phase: column
Symmetry prep. C18, 7 mm, 19 x 300 mm. Mobile phase:
MeCN/H 20 buffered with 0.1% TFA). Fractions
containing the pure compound were combined and freeze
dried to afford the title compound as a white powder
(18 %). 1H NMR (400 MHz, DMSO-J 6+ TFA, 330 K) d
1.16-1.20 (m, IH), 1.32-1.34 (m, 2H), 1.55-1.57 (m,
IH), 1.68-2.07 (m, 8H), 2.67-2.8 (m, IH), 2.92 (s,
3H), 2.99-3.24 (m, 4H), 3.35-3.40 (m, 2H), 3.53-3.74
(m, 4H), 3.80-3.83 (m, IH), 4.05-4.10 (m, IH),
4.59-4.66 (m, IH), 7.36-7.41 (m, IH), 7.45-7.50 (m,
IH), 7.66-7.68 (m, IH), 7.72 (d, J 8.4 , IH), 7.88 (d,
J 8.4, IH), 8.13 (s, IH); MS (ES+) m/z 490 (M+H)+.
Example 47: 14-cyclohexyl-3-fluoro-6-(l
H-imidazol-l-ylacetyI)-5,6,7,8-tetrahydroindolo[2,la][
2,5]benzodiazocine-ll-carboxylic acid Step 1: methyl
14-cyclohex\l-3-fluoro-6-( 1 H-imidazol-1
-ylacetyl)-5.6,7,8-tetrahydroindolo[2.] -a] (2,
5lbenzodiaz.ocine-1 1-carboxylate To a solution of 1
eq of
methyl-14-cyclohexyl-3-fluoro-5,6,7,8-tetrahydroindolo
[2,la][ 2,5]benzodiazocin-l 1-carboxylate (prepared as
described in Example 18, Step 5 ) in DCM (0.06 M), 1.
1 eq of imidazo-1-yl acetic acid in DCM (0.05 M), 3 eq
of DIPEA and 1.5 eq of TBTU were added and the mixture
stirred at RT overnight. Volatiles were removed in
vacuo and the crude material was used in the next step
without further purification; MS (ES+) m/z 515
(M+H)+.Step 2:
14-cyclohexyl-3-fluoro-6-(lH-imidazol-l-ylacetyl)-5.6.
7,8-tetrahydroindolof2.1- alf2.5
Ibenzodiazocine-11-carboxylic acid Methyl
14-cyclohexyl-3-fluoro-6-(l
H-imidazol-l-ylacetyl)-5,6,7,8-tetrahydroindolo[2,l-a]
[2, 5]benzodiazocine-ll-carboxylate was dissolved in a
solution of dioxane: H2O ( 1 : 1) (0.1 M) and to that
solution aqueous KOH (3 eq, 5 N) were added. The
solution was stirred at 60 0C for 3 h. The solvent was
evaporated in vacuo. The crude was then purified by
automated RP-MS-HPLC (stationary phase: column Waters
Symmetry prep. C18, 7 mm, 19 x 300 mm. Mobile phase:
MeCN/H20 buffered with 0.1 % TFA). Fractions
containing the pure compound were combined and freeze
dried to afford the title compound as a white powder
(41 %). 1H NMR (400 MHz, DMS0-4+ TFA, 300 K) d
1.11-1.15 (m, IH), 1.29-1.31 (m, 2H), 1.50-1.53 (m,
IH), 1.68-1.71 (m, 2H), 1.80-1.93 (m, 4H), 2.53-2.58
(m, IH), 3.37-3.46 (m, 2H), 3.70 (dd, J 15.6, 10.0,
IH), 4.14-4.17 (m, IH), 4.78 (dd, J 15.6, 4.0, IH),
5.06-5.14 (m, 2H), 5.36 (d, J 16.4, IH), 7.33-7.38 (m,
IH), 7.43-7.52 (m, 3H), 7.64 (s, IH), 7.72 (d, J 8.6,
IH), 7.92 (d, J 8.6, IH), 8.21 (s, IH), 8.80 (s, IH);
MS (ES+) mJz 501 (M+H)+. Example 48:
14-cyclohexyl-6-(iV^V-dimethylglycyl)-5,6,7,8-tetrahyd
roindolo[2,l- ][2,5]benzodiazocine-ll-carboxylic acid
Step 1: methyl
3-cvclohexyl-1-(1.3-dioxolan-2-ylmethyl)-2-f2-{(hydrox
yimino)methyl1phenyl}-l H-indole- 6-carboxylate To a
solution of methyl methyl
3-cyclohexyl-l-(l,3-dioxolan-2-ylmethyl)-2-(2-formylph
enyl)-lH-indole- 6-carboxylate (prepared in analogous
fashion to Example 4, Step 2, using
2-formylphenylboronic acid) in EtOH (0.05 M), were
added aqueous solutions of sodium carbonate (2M; 1.3
eq) followed by hydroxylamine hydrochloride (2M; 1.3
eq). The reaction was stirred at RT for 2 h, before
the EtOH was reduced in vacuo and the residue
partitioned between EtOAc and water. The aqueous
fraction was extracted a second time with EtOAc and
the combined organics washed with water and then brine
before being dried over Na SO4, filtered and
concentrated in vacuo to afford the title compound (95
%); MS (ES+) m/z 463 (M+H)+. Step 2: methyl
2-[2-(aminomethyl)phenyll-3-cyclohexyl-l-(].3-dioxolan
-2-ylmethyl)-lH-indole-6- carboxylate Platinum (PV)
oxide (20 mol %) was added as a slurry in AcOH under N
to a solution of methyl 3-
cyclohexyl-l-(l,3-dioxolan-2-ylmethyl)-2-{2-[(hydroxyi
mino)methyl]phenyl}-lH-indole-6-carboxylate in AcOH
(0.07 M). The atmosphere in the reaction vessel was
charged with H2 at 50 psi pressure and the reaction
agitated on a Parr apparatus for 48 h. The reaction
was then filtered under N through a plug ofcelite,
washing well with AcOH, and the filtered solution
concentrated in vacuo to afford the title compound
(100 %); MS (ES+) m/z 449 (M+H)+. Step 3: methyl
14-cyclohexyl-5,6.7.8-tetrahydroindolo[2,l-alf2.5]benz
.odiazocine-ll-carboxylate 3M aqueous HCl (16 eq) was
added to a solution of methyl
2-[2-(aminomethyl)phenyl]-3-cyclohexyl-l-
(l,3-dioxolan-2-ylmethyl)-lH-indole-6-carboxylate in
THF (0.03 M). The reaction was heated with stirring at
reflux for 24 h, before being allowed to cool to RT,
basified with aqueous NaOH (2N) and extracted into
EtOAc (3 times). The combined organics were washed
with water, brine, dried over Na2SO4, filtered and
concentrated in vacuo to afford the crude intermediate
as a yellow oil. This oil was taken up immediately in
MeOH (0.1 M, 1 eq) and the solution acidified to pH 4
with glacial acetic acid. After stirring for 20 min,
NaCNBH3 (1.3 eq) was added and the reaction stirred
for a further 1 h. The reaction was quenched by
addition of sat. aq. NaHCO and extracted into EtOAc
(x3). The combined organic extracts were washed with
brine before being dried over Na2SO4, filtered and
concentrated in vacuo. Purification by flash column
chromatography (2.5 % MeOH/0.5 %Et3N/CH2Cl2) gave the
title 



compound as a pale yellow solid (46 %); MS (ES+) tn/z
389 (M+H)+ Step 4: methyl 14-cyclohexyl-6-(N.
N-dimethyl lvcyl)-5,6.7.8-tetrahydroindolo[2Jaj[ 2,5
Jbenzodiazocine-11-carboxylate Procedure carried out
in analogous fashion to Example 18, Step 6. The title
compound was obtained as a pale yellow oil and taken
on without further purification (quantitative); MS
(ES+) m/z 475 (M+H)+. Step 5: 14-cyclohexyl-6-(N.
N-dimethylslycyl)-5,6,
7,8-tetrahydroindolo[2.1-aU2.51benzodiaz.ocine-l1-
carboxylic acid Procedure carried out in analogous
fashion to Example 18, Step 7. Purification was by
RP-HPLC (stationary phase: column Waters XTERRA prep.
MS C18, 5 mm, 19 x 100 mm. Mobile phase: MeCN/H20
buffered with 0.1 %TFA). Fractions containing the pure
compound were combined and freeze dried to afford the
TFA salt of the title compound as a white powder (27 %
over steps 4 and 5). 1H NMR (400 MHz, J6-DMSO + TFA,
300 K) d 1.10-1.12 (m, IH), 1.24-1.36 (m, 2H),
1.51-1.54 (m, IH), 1.66-1.72 (m, 2H), 1.82-1.84 (m,
IH), 1.92-1.97 (m, 3H), 2.54-2.59 (m, IH), 2.77 (s,
6H), 3.30-3.39 (m, 2H obscured by H2O), 3.58-3.64 (m,
IH), 3.92-3.95 (m, IH), 4.11 (d, J 15.9, IH), 4.35 (d,
J 15.9, IH), 4.71-4.76 (m, IH), 5.19 (d, J 14.1, IH),
7.39-7.42 (m, IH), 7.48-7.53 (m, 2H), 7.71-7.74 (m,
IH), 7.82-7.84 (m, IH), 7.92 (d, J 8.6, IH), 8.2 (s,
IH); MS (ES+) m/z 460 (M+H)+ Example 49:
14-cyclohexyl-6-[(l-methyl-lH-pyrazol-4-yl)methyl]-5,6
,7,8-tetrahydroindolo[2,la][
2,5]benzodiazocine-ll-carboxylic acidStep 1: methyl
14-cvclohexyl-6-f(l -methyl-1H-pyrazol-4-yl
)methyl]-5. 6.7,8-tetrahvdroindolo[2, 1- a ][2
5Jbenzodiazocine-] 1-carboxylate To a solution of
methyl
14-cyclohexyl-5,6,7,8-tetrahydroindolo[2,l-a][2,5]-ben
zodiazocine-llcarboxylate (prepared as described in
Example 48, Step 3) in MeOH (0.06 M), 1-methyl-
lH-pyrazole-4- carbaldehyde (3 eq) was added and the
pH adjusted to pH 4 with acetic acid. The solution was
stirred at RT for 30 mins before addition of NaBH3CN
(1.5 eq). The reaction was stirred at RT for 16 h. The
reaction was quenched with saturated aqueous NaHCO3
and extracted with EtOAc (x2). The combined organics
were washed with brine, dried (Na2SOO, filtered and
concentrated in vacuo to give the title compound as a
viscous oil (quantitative); MS (ES+) m/z 483 (M+H)+
Step 2 :
14-cyclohexyl-6-[(l-methyl-lH-pyrazol-4-yl)methyll-5.6
.7,8-tetrahydroindolo[2,la][
2,5Jbenzodiazocine-11-carboxylic acid BBr3 (5 eq, 1M
sol. in CH2Cl2) was added to a solution of methyl
14-cyclohexyl-6-[(l-methyl-lHpyrazol-
4-yl)methyl]-5,6,7,8-tetrahydroindolo[2,l-a][2,5]benzo
diazocine-l 1-carboxylate in CH2Cl (0.06 M), and the
mixture stirred at RT for 40 mins. The volatiles were
removed in vacuo. The crude was then purified by prep
RP-HPLC (stationary phase: column Waters XTERRA prep.
C18, 5 um, 19 xl50 mm. Mobile phase: MeCN/H2O buffered
with 0.1% TFA). Fractions containing the pure compound
were combined and freeze dried to afford the title
compound as a white powder in a 7 % yield (over two
steps). 1HNMR OOMHz, DMSO-<4 + TFA, 300 K) d l .11-1.
15 (m, IH), 1.23-1.36 (m, 2H), 1.52-1.54 (m, IH),
1.66-1.73 (m, 2H), 1.82-1.84 (m, IH), 1.88-1.98 (m,
3H), 2.62-2.67 (m, IH), 3.36-3.38 (m, IH), 3.58-3.75
(m, 3H), 3.88 (s, 3H) 4.43 (s, 2H), 4.49-4.52 (m, IH),
4.82-4.86 (m, IH), 7.47-7.51 (m, 2H), 7.64-7.67 (m,
3H), 7.74 (d, J 8.1, IH), 7.92-7.95 (m, 2H), 8.23 (s,
IH); MS (ES+) m/z 469 (M+H)+ Example 50:
14-cyclohexyl-6-{2-[methyl(pyridin-3-ylmethyl)amino]et
hyl}-5,6,7,8-
tetrahydroindolo^l-alP^Jbenzodiazocine-ll-carboxylic
acid Step 1: Tert-butyl
N-/2-[3-cvclohexyl-l-(2.2-dimethoxyethyl)-6-(methoxyca
rbonyl)-lH-indol-2- y/Jbenzyl fslycinate To a solution
of methyl
3-cyclohexyl-l-(2,2-dimethoxyethyl)-2-(2-formylphenyl)
-lH -indole-6- carboxylate (prepared as described in
Example 20, Step 2) in DCE (0.09 M), tert-butyl
glycinate hydrochloride salt (1.5 eq)was added
followed by NaBH(OAc) 3 (3 eq). The solution was
stirred at RT for 2 days. The reaction was quenched
with aqueous NaHCO3 and extracted with EtOAc (x2). The
combined organic phases were washed with brine, dried
(Na2SO ), filtered and concentrated in vacuo to give
the title compound as a viscous oil (quantitative); MS
(ES+) m/z 565 (M+H)+Step 2: methyl
6-(2-tert-butoxy-2-oxoethyl)-14-cyclohexyl-5.6.7.8-tet
rahydroindolo[2,la][ 2,5
Ibenzodiazocine-11-carboxylate Dimethoxy acetal
deprotection and ring closure to the cyclic amine was
performed in directly analogous fashion to previous
examples (eg, Example 20, Step 4) to give the title
compound; MS (ES+) m/z 503 (M+H) +. Step 3:
fl4-cyclohexyl-ll-(methoxycarbonyl)-7.8-dihydroindolof
2.1-a][2.5]benzodiazocin-6(5H)- yl]acetic acid To a
solution of methyl
6-(2-tert-butoxy-2-oxoethyl)-14-cyclohexyl-5,6,7,8-tet
rahydroindolo[2,la][ 2,5]benzodiazocine-l
1-carboxylate in a 1:1 mixture DCM/H20 (0.05 M) was
added a large excess (> 100 eq) of TFA and the
solution heated for 4 h at 45 0C. The volatiles were
then removed in vacuo and the crude product was used
in the next step without further purification; MS
(ES+) m/z 447 (M+H)+. Step 4: methyl
14-cyclohexyl-6-f2-fmethyl(pyridin-3-ylmethyl)amino]-2
-oxoethyl!-5.6.7.8- tetrahydroindolo[2,1-all
2,5Ibenzodiazocine-11-carboxylate To a solution of
[14-cyclohexyl-ll-(methoxycarbonyl)-7,8-dihydroindolo[
2,l-a][2,5]benzodiazocin- 6(5H)-yl]acetic acid in DCM
(0.05 M), 3.5 eq of DIPEA, 1.5 eq of HATU and 1.5 eq
of N-methyl-1- pyridin-3-ylmethanamine were added and
the mixture was stirred overnight at RT. The solution
was portioned between DCM and brine. The aqueous phase
was re-extracted with DCM (twice) and the combined
organics then dried over Na2SO4, filtered and
concentrated in vacuo. The crude was used in the next
step without further purification; MS (ES+) m/z 551
(M+H)+. Step 5: methyl
14-cyclohexyl-6-f2-[methyl(pyridin-3-ylmethyl)amino]et
hyl}-5.6.7,8-tetrahydroindolo[2.1- a
][2,5Ibenzodiazocine-11-carboxylate To a solution of
methyl
14-cyclohexyl-6-{2-[methyl(pyridin-3-ylmethyl)amino]-2
-oxoethyl}-5,6,7,8-
tetrahydroindolo[2,l-a][2,5]benzodiazocine-l
1-carboxylate in THF (0.05 M), BH3-Me2S (20 eq, 2 M
solution in THF) was added. The solution was stirred
overnight at RT. The solution was carefully quenched
by adding 1.25 N HCl in MeOH until effervescence
subsided. Then the volatiles were driven off by
boiling the mixture to dryness. The crude residue was
used directly in the next step; MS (ES+) m/z 537(M+H)
+. Step 6:
14-cyclohexyl-6-{2-fmethyl(pyridin-3-ylmethyl)aminolet
hyl}-5,6,7.8-tetrahydroindolo[2,lall
2.5Ibenzodiazocine-11-carboxylic acid To a solution of
methyl
14-cyclohexyl-6-{2-[methyl(pyridin-3-ylmethyl)amino]et
hyl}-5,6,7,8-
tetrahydroindolo[2,l-a][2,5]benzodiazocine-l
1-carboxylate in a mixture of MeOH:THF (4: 1; 0.05 M),
10 eq of 1 N NaOH were added. The solution was heated
at 60 0C for 3 h. The volatiles were evaporated in
vacuo and the crude was then purified by automated
prep RP-HPLC (stationary phase: column WatersXTERRA
prep. C18, 5 um, 19 x 100 mm. Mobile phase: MeCN/H2O
buffered with 0.1 % TFA). Fractions containing the
pure compound were combined and freeze dried to afford
the title compound in 10 % yield (three steps). 1H NMR
(400 MHz, DMS(M 5+ TFA, 300 K) d 1.10-1.20 (m, IH),
1.25-1.40 (m, 2H), 1.50-1.60 (m, IH), 1.60-1.70 (m,
2H), 1.80-1.90 (m, IH), 1.90-2.05 (m, 3H), 2.60-2.65
(m, IH), 2.67 (s, 3H), 3.40-3.55 (m, 3H), 3.60-3.82
(m, 5H), 4.41 (s, 2H), 4.44-4.50 (m, IH), 4.80-4.90
(m, IH), 7.45-7.55 (m, IH), 7.60- 7.70 (m, 2H), 7.74
(d, J 8.4, IH), 7.79-7.85 (m, IH), 7.93 (d, 8.4, IH),
7.95-8.00 (m, IH), 8.19 (s, IH), 8.40-8.50 (m, IH),
8.85-8.92 (m, IH), 8.94 (s, IH); MS (ES+) m/z 523
(M+H)+. Example 51:
13-cyclohexyl-5-[2-(dimethylamino)ethyl]-4,5,6,7-
tetrahydrofuro[3',2':6,7][l,4]diazocino[l,8-
a]indole-10-carboxylic acid Step 1 : methyl
l-(2-tert-butoxy-2-oxoethyl)-3-cyclohexyl-2-(3-formyl-
2-furyl)-lH-indole-6-carboxylate To a solution of
methyl
2-bromo-l-(2-te/t-butoxy-2-oxoethyl)-3-cyclohexyl-lH-i
ndole-6-carboxylate (prepared as described in Example
1, Step 1) in dioxane (0.04 M) was added Na COs (5 eq,
2 M aqueous solution), 3-formylfuran-2-boronic acid
(1.4 eq) and bis(triphenylphosphine)palladium(II)
dichloride (0.2 eq). The mixture was heated at reflux
for 20 mins, at which point the heat was removed and
the reaction cooled slightly to allow addition of a
further 1eq of boronic acid. The reaction was then
heated for a further 1 h at reflux. Again, the
reaction was cooled slightly to allow addition of a
further 0.5 eq of boronic acid. After heating for a
further 30 mins, the reaction was allowed to cool to
RT, filtered and the filtrate diluted with EtOAc. The
organic phase was washed with H2O and dried (Na2SO4)
before being filtered and concentrated in vacuo. The
crude was purified by flash chromatography (10 - 20 %
EtOAc/PE) to afford the title compound as an oil (38
%); MS (ES+) m/z 466 (M+H)+, 488 (M+Na)+. Step 2:
methyl
l-(2-tert-butoxy-2-oxoethyl)-3-cyclohexyl-2-[3-({[2-(d
imethylamino)ethyll aminoimethyl)- 2-furyll-l
H-indole-6-carbocylate To a solution of methyl
l-^-tert-butoxy^-oxoethyO-S-cyclohexyl^-Q-formyl^-fury
lHH-indole- - carboxylate in THF (0.08 M), 10 eq of N,
-dimethylethane-l,2-diamine were added and the pH
adjusted to pH 6 with acetic acid. The solution was
stirred at RT for 1 h before being concentrated in
vacuo. The residue was taken up in MeOH to give a 0.08
M solution. 1.5 eq of NaBH3CN were added and the
mixture stirred at RT for 16 h. The reaction was
quenched with saturated aqueous NaHCO and extracted
(twice) with EtOAc. The combined organic phases were
washed with brine before being dried over Na2SO4,
filtered and concentrated in vacuo to give the title
compound as a viscous oil (quant); MS (ES+) m/z 538
(M+H)+.Step 3: methyl
13-cyclohexyl-5-f2-(dimethylamino)ethyll-6-oxo-4.5.6.7
-tetrahydrofuro [3 '.2':6. 7Jf 1.4 Idiazocinofl .8-al
indole-10-carbocylate To a solution of methyl
l-(2-tert-butoxy-2-oxoethyl)-3-cyclohexyl-2-[3-({[2-(d
imethyl amino)ethyl] amino
}methyl)-2-furyl]-lH-indole-6-carboxylate in CH2CyH 2O
(1:1) (0.04 M) was added TFA (80 eq). After 16 h a
further 80 eq of TFA were added. After a further 8 h,
RP-HPLC analysis of the reaction mixture showed
complete removal of the 'Butyl ester. The volatiles
were removed in vacuo adding Et2O to aid evaporation
of residual TFA. The residue was taken up in CH2Cl2 to
give a 0.08 M solution. 3.5 eq of iPr2NEt and 3.5 eq
of HATU were added and the mixture stirred at RT for
16 h. The reaction was quenched with saturated aqueous
NaHCO3 and extracted (twice) with EtOAc. The combined
organic phases were washed with HCl (IN), aqueous
NaHCO3 and brine before being dried over Na2SO4,
filtered and concentrated in vacuo to give the title
compound as a viscous oil (quant); MS (ES+) m/z 464
(M+H)+. Step 4: methyl
13-cvclohexyl-5-[2-(dimethylamino)ethyll-4.5.6.7-tetra
hydrofurot3'.2' :6,7)11Aldiazocinol 1,8-al
indole-10-carboxylate 



To a solution of methyl
13-cyclohexyl-5-[2-(dimethylamino)ethyl]-6-oxo-4,5,6,7
-tetra hydrofuro
[3',2':6,7][l,4]diazocino[l,8-a]indole-10-carboxylate
in THF (0.08 M), 10 eq of BH3-Me2S (2 M sol. in THF)
were added and the mixture was stirred at RT for 2 h.
The solution was carefully quenched by adding 1.25 M
HCl in MeOH until effervescence subsided. Then the
volatiles were driven off by boiling the mixture to
dryness. The crude residue was used directly in the
next step; MS (ES+) m/z 450 (M+H)+. Step 5:
13-cyclohexyl-5-[2-(dimethylamino)ethyll-4,5,6,
7-tetrahydrofuro[3',2':6.71fl.41dia7.ocinofl.8-
a]indole-10-carboxylic acid To a solution of methyl
13-cyclohexyl-5-[2-(dimethylamino)ethyl]-4,5,6,7-tetra
hydrofuro[3',2':6,7]
[l,4]diazocino[l,8-a]indole-10-carboxylate in MeOH
(0.07 M), 15 eq IN NaOH was added. The solution was
stirred at 70 0C for 6 h. The reaction was acidified
to pH 2 with HCl and the solvent was evaporated in
vacuo. The crude was then purified by prep RP-HPLC
(stationary phase: column Waters XTERRA prep. C18, 5
urn, 19 xl50 mm. Mobile phase: MeCN/H20 buffered with
0.1 %TFA). Fractions containing the pure compound were
combined and freeze dried to afford the title compound
as a brown powder in 8 % yield (over two steps). 1H
NMR (400 MHz, DMSO-^ 5+ TFA, 300 K) d 1.23-1.37 (m,
3H), 1.65-1.86 (m, 7H), 2.83 (s, 6H), 2.91-2.98 (m,
IH), 3.50-3.59 (m, 4H), 3.69-3.74 (m, 2H), 4.17-4.26
(m, 2H), 4.33-4.52 (m, 2H), 6.89 (s, IH), 7.72 (d, J
8.4, IH), 7.87 (d, J 8.4, IH), 7.95 (s, IH), 8.20 (s,
IH); MS (ES+) m/z 436 (M+H)+. Example 52:
15-cyclohexyI-6-[2-(dimethylamino)ethyl]-7-oxo-6,7,8,9
-tetrahydro-5H-indolo[2,la][
2,6]benzodiazonine-12-carboxylic acidStep 1:
3-[2-bromo-3-cyclohexyl-6-(methoxycarbonyl)-lH-indol-l
-yl]propanoic acid NaH (3.5 eq, 60 % dispersion in
mineral oil) was added to a solution of methyl
2-bromo-3-cyclohexyllH- indole-6-carboxylate (prepared
as described in WO 2004065367, from commercially
available methyl indole-6-carboxylate) in DMF (0.2 M)
and the solution allowed to stir at RT for 1 h. Then
3- bromopropanoic acid (1.1 eq) was added and the
mixture stirred at RT for 2 h. DMF was concentrated in
vacuo and the residue taken up in EtOAc. The organic
phase was washed with 1N HCl and then brine before
being dried (Na2SO4), filtered and the solvent
evaporated in vacuo. The title compound was used crude
in the next step; MS (ES+) m/z 408 (M+H)+, m/z 410
(M+H)+. Step 2: methyl
2-bromo-3-cyclohexyl-l-(3-methoxy-3-oxopropyl)-lH-indo
le-6-carboxylate 1.6 eq of
(Trimethylsilyl)diazomethane (2 M solution in hexanes)
was added dropwise to a solution of 3-
[2-bromo-3-cyclohexyl-6-(methoxycarbonyl)-lH-indol-l-y
l]propanoic acid in a mixture toluene:MeOH (7:3; 0.2
M) and the solution stirred at RT for 1 h. Excess
trimethylsilyl diazomethane was quenched with acetic
acid and then the solution was concentrated in vacuo.
The crude was purified by flash chromatography
(Biotage cartridge Si40S, 1:9 EtOAc/PE) to afford the
title compound (63 % over two steps); MS (ES+) m/z 422
(M+H)+, m/z 424 (M+H)+. Step 3: methyl
3-cyclohecyl-2-(2-formylphenyl)-l-(3-methoxy-3-oxoprop
yl)-lH-indole-6-carboxylate To a solution of methyl
2-bromo-3-cyclohexyl-l-(3-methoxy-3-oxopropyl)-lH-indo
le-6-carboxylate in dioxane (0. 15 M) were added Na2Cq
3 (6 eq, 2 M aqueous solution), 1.6 eq of
(2-formylphenyl)boronic acid and 0.2 eq of
bis(triphenylphosphine)-palladium(IT) dichloride. The
mixture was heated at reflux for 1 h. The reaction
mixture was filtered and the filtrate diluted with
EtOAc. The organic phase was washed with brine and
dried (Na2SO4) before being filtered and concentrated
in vacuo. The crude was purified by flash
chromatography (Biotage cartridge Si25M, 1:9 EtOAc/PE)
to afford the title compound (40 %); MS (ES+) m/z 448
(M+H)+. Step 4: methyl
3-cyclohexyl-2-[2-(lf2-(dimethylamino)ethyllamino}meth
yl)phenyll-l-(3-methoxy-3-
oxopropyl)-lH-indole-6-carboxylate To a solution of
methyl
3-cyclohexyl-2-(2-formylphenyl)-l-(3-methoxy-3-oxoprop
yl)-lH-indole-6- carboxylate in THF (0. 1 M),
N,N-dimethylethane-l,2-diamine (10 eq) was added and
the pH adjusted to pH=6 with HOAc. The solution was
stirred at RT for 1 h, before the THF was concentrated
in vacuo and the residue taken up in MeOH. To the
methanolic solution (0.1 M) NaBH3CN (2 eq) was added
and the mixture stirred at RT overnight. The reaction
mixture was diluted with EtOAc. The organic phase was
washed with NaHCO3(s.s.), H2O and brine. The organic
phase was dried (Na2SO4), filtered and concentrated in
vacuo. The title compound was used as crude in the
next step; MS (ES+) m/z 520 (M+H)+.Step 5:
3-[3-cyclohexyl-2-[2-(([2-(dimethylamino)ethyllamino
}methyl )phenyl]-6-(methoxycarbonyl}-lHindol- 1-yll
propanoic acid Lithium hydroxide monohydrate ( 1 eq)
was added to a solution of methyl
3-cyclohexyl-2-[2-({[2-
(dimethylamino)ethyl]amino}methyl)phenyl]-l-(3-methoxy
-3-oxopropyl)-lH-indole-6-carboxylate in a mixture
THF:H2O (4: 1, 0.1 M). The mixture stirred at RT for 1
h. The reaction was quenched with 1N HCl and the
solvent evaporated in vacuo. The residue was washed
with the minimum amount of Et2O and the solid residue
filtered to obtain the title compound (82 %); MS (ES+)
m/z 506 (M+H)+. Step 6: methyl
15-cyclohexyl-6-[2-(dimethylamino)ethyl]-7-oxo-6.
7.8,9-tetrahydro-5H-indolof2.1-
a][2,6]benzodiazonine-12-carboxylate To a solution of
3-[3-cyclohexyl-2-[2-({[2-(dimethylamino)ethyl]amino}m
ethyl)phenyl]-6-
(methoxycarbonyl)-lH-indol-l-yl]propanoic acid in DCM
(0.01 M), 3.5 eq of DIPEA and 1.5 eq of HATU were
added and the mixture was stirred at RT for 4 h. The
solution was diluted with EtOAc and HCl ( 1 N), the
aqueous phase was re-extracted with EtOAc (twice) and
the combined organics then washed with brine, dried
over Na2SO4, filtered and concentrated in vacuo. The
crude was used in the next step without further
purification; MS (ES+) m/z 488 (M+H)+. Step 7:
15-cyclohexyl-6-[2-(dimethylamino)ethyl]-7-oxo-6.7.8.9
-tetrahvdro-5H-indolo[2.1-
a]f2.61benzodiazonine-12-carboxylic acid To a solution
of methyl
15-cyclohexyl-6-[2-(dimethylamino)ethyl]-7-oxo-6,7,8,9
-tetrahydro-5Hindolo[
2,l-a][2,6]benzodiazonine-12-carboxylate in DCM (0.04
M), 7 eq BBr3 ( 1M solution in DCM) were added. The
solution stirred at RT for 20 mins. The solvent was
evaporated in vacuo. The crude was then purified by
automated prep RP-HPLC (stationary phase: column
Waters XTERRA prep. C18, 5 urn, 19 x 100 mm. Mobile
phase: MeCN/H20 buffered with 0.1 %TFA). Fractions
containing the pure compound were combined and freeze
dried to afford the title compound (15 % over three
steps). 1H NMR (400 MHz, DMSO- +TFA, 300 K) d
1.10-1.45 (m, 3H), 1.45-1.55 (m, IH), 1.63-2.1 (m,
6H), 2.30-2.40 (m, IH partially obscured by DMSO peak
), 2.70 (s, 6H), 2.70-2.77 (m, IH), 2.80-3.00 (m, IH),
3.00-3.20 (m, IH), 3.20-3.45 (m, 3H), 4.00-4.20 (m,
IH), 4.30-4.50 (m, IH), 4.50-4.70 (m, IH), 5.10- 5.20
(m, IH), 7.26 (d, J 7.2, IH), 7.45-7.60 (m, 3H), 7.63
(d, J 8.4, IH), 7.81 (d, J 8.4, IH), 8.1 1 (s, IH),
8.91 (br s, IH), 12.6 (br s, IH); MS (ES+) m/z 474
(M+H)+. No Examples 53 to 66 Example 67:
14-cyclohexyl-6[2-(dimethylamino)ethyl]-N-(morpholin-4
-ylsulfonyl)-5,6,7,8-
tetrahydroindolo[2,l-a][2,5]benzodiazocine-ll-carboxam
ideStep 1 : morpholine-4-sulfonamide To a solution of
morpholine (leq) in DME (0.3 M), 5 eq of sulfamide
were added and the solution was heated at 100 0C
overnight. The volatiles were removed in vacuo, the
residue taken up in EtOAc and the organic phase washed
with H2O and then brine. The organic phase was dried
over Na2SO4, filtered and concentrated in vacuo to
give the title compound (17 %); MS (ES+) m/z 167
(M+H)+ Step 2:
14-cyclohexyl-6f2-(dimethylamino)ethyll-N-(morpholin-4
-ylsulfonyl)-5.6.7.8- tetrahy
-pindololr2,1-a][2,51benzodiazocine-l 1-carboxamide To
11-carboxy- 14-cyclohexyl-6-[2-(dimethylammonio)ethyl]
-5,6,7,8-tetrahydroindolo-[2, 1-
a][2,5]benzodiazocin-6-ium dichloride (leq) (prepared
from the product described in Example 20, Step 5, by
iterative freeze drying in the presence of aqueous
HCl) in DCM (0.06 M) was added morpholine-4-
sulfonamide (1.5 eq), EDCI (1.5 eq) and DMAP (1.5 eq).
The solution was stirred at RT overnight. The solvent
was evaporated in vacuo and the crude was purified by
automated RP-MS-HPLC (stationary phase: column Waters
Symmetry prep. C18, 7 mm, 19 x 300 mm. Mobile phase:
MeCN/H20 buffered with 0.1 % TFA). Fractions
containing the pure compound were combined and freeze
dried to afford the title compound as a white powder
(31 %). 1H NMR (400 MHz, DMSO-^6+ TFA, 330 K) d
1.11-1.17 (m, IH), 1.29-1.35 (m, 2H), 1.58-1.67 (m,
IH), 1.70-1.84 (m, 2H), 1.85-1.98 (m, 4H), 2.61-2.67
(m, IH), 2.88 (s, 6H), 3.35-3.38 (m, 5H), 3.50-3.68
(m, 10H), 3.75-3.82 (m, IH), 4.33 (d, J 14.0, IH),
4.71 (dd, J 16.4, 4.4, IH), 7.48-7.50 (m, IH),
7.63-7.65 (m, 2H), 7.73 (d, J 8.4, IH), 7.82-7.84 (m,
IH), 7.92 (d, J 8.4, IH), 8.21 (s, IH), 11.59 (brs,
IH); MS (ES+) m/z 594 (M+H)+. The following tables
contain further examples: Table 1Viewing System This
invention relates generally to a viewing system and,
more specifically, to a wireless viewing system and
method of providing same. There are many circumstances
in which a user in a first location may wish to see
images captured in respect of a second location,
remote from the first location, for example, for
surveillance, monitoring or entertainment purposes.
For example, a user may wish to receive images and/or
monitor activity occurring at their home or business
premises whilst they are elsewhere. It is therefore an
object of the present invention to provide a system
which enables a user to receive images on a local
communications device, such as a personal computer,
PDA or mobile telephone; captured by an
image-capture-device at-a-remote location. In
accordance with a first aspect of the present
invention, there is provided a viewing system,
comprising means for storing address data
representative of a plurality of remote image capture
devices and corresponding address data representative
of one or more remote communications devices
authorised to receive images captured each of said
remote image capture devices, means for receiving
image data captured by one of said image capture
devices across a data communications network, means
for identifying address data representative of said
image capture device and identifying the corresponding
address data of one or more remote communications
devices authorised to receive images therefrom, and
means for transmitting said image data to an
authorised remote communications device across a data
communications network. 



Also in accordance with the first aspect of the
present invention, there is provided a method of
providing a viewing system, comprising storing address
data representative of a plurality of remote image
capture devices and corresponding address data
representative of one or more remote communications
devices authorised to receive images captured each of
said remote image capture devices, providing means for
receiving image data captured by one of said image
capture devices across a data communications network,
providing means for identifying address data
representativeof said image capture device and
providing lookup means for identifying the
corresponding address data of one or more remote
communications devices authorised to receive image
data therefrom, and providing transmission means for
transmitting said image data to an authorised remote
communications device across a data communications
network. In a preferred embodiment, the surveillance
system comprises a server having a client interface
for enabling communication thereof with said remote
communications devices and a camera interface for
enabling communication thereof with said remote image
capture devices. The image data is preferably
transmitted from said remote image capture devices to
said surveillance system via a private data
communications network, having a unique access point
name (APN). Beneficially, said image data is
transmitted by said viewing system to one or more
authorised remote communications devices via a public
data communications network. The viewing system
beneficially comprises an image database for receiving
and storing image data received from said remote image
capture devices. In a preferred embodiment, a user
database is provided for storing said address data
representative of a plurality of remote image capture
devices and corresponding address data representative
of one or more remote communications devices
authorised to receive images captured each of said
remote image capture devices. In one exemplary
embodiment, means may be provided for receiving a
signal from a remote image capture device indicating
that activity has been identified in a respective
field of view therein, and in response to receipt of
such a signal, said viewing system may be arranged and
configured to transmit a request signal to said remote
image capture device to commence transmission of image
data captured in respect of said field of view in
which activity has been identified from said remote
image capture device to said viewing system. In
another exemplary embodiment, the surveillance system
may be arranged and configured to monitor image data
received from said remote image capture devices and
identify activity occurring therein. In either case,
means are preferably provided for transmitting a
signal to a remote communications device indicating
that activity has been identified in the field of view
of a remote image capture device in respect of which
said remote communications device is authorised to
receive image data.In accordance with a second aspect
of the present invention, there is provided an image
capture device for use with a viewing system as
defined above, the image capture device comprising
means for capturing image data in respect of a field
of view thereof, means for compressing said image
data, means for identifying activity within said field
of view, means for establishing a connection across a
data communications network with said viewing system
and transmitting data via said connection to said
viewing system indicative that activity has been
identified within said field of view and means for
causing image data captured in respect of said field
of view to be stored in response to activity being
identified therein. In a preferred embodiment, the
means for identifying activity in said field of view
may comprise a motion sensor provided in or on said
image capture device. The motion sensor may, for
example,-comprise a.passive infra-red (PIR) sensor or
thejike. Image processing means may additionally or
alternatively be provided for identifying activity
within image data captured by the image capture
device. A communications module, such as a GPRS
module, and antenna are beneficially provided in or on
said image capture device for establishing said
connection across said data communications network and
transmitting data across said data communications
network. Storage means, such as RAM memory or similar
volatile memory means, may be provided in or on said
image capture device for storing said image data
captured in respect of said field of view in which
activity has been identified. Additionally or
alternatively, the image capture device is arranged
and configured to transmit image data captured in
respect of said field of view in which activity has
been identified across said data communications
network to said viewing system for storage. In this
regard, the image capture device may comprise means
for receiving a signal from said viewing system to
commence transmission of image data thereto. These and
other aspects of the present invention will be
apparent from, and elucidated with reference to, the
embodiments described herein.Embodiments of the
present invention will now be described by way of
examples only and with reference to the accompanying
drawings, in which: Figure 1 is a schematic block
diagram illustrating the principal components of a
surveillance system according to an exemplary
embodiment of the present invention; Figure 2 is a
schematic block diagram illustrating the principal
components of an image capture device according to an
exemplary embodiment of the present invention; and
Figure 3 is a schematic block diagram of the principal
components of the server middleware of the system of
Figure 1. Referring to Figure 1 of the drawings, a
surveillance system according to an exemplary
embodiment of the present invention comprises a
middleware server 10 connected via a SMPP link to an
SMSC 12. SMSC is an abbreviation for the words Short
Message Service Centre. An SMSC provides a number of
services, in particular the regulation of the transfer
of text messages between mobile telephones. When a
user sends a text message (or SMS message) to a
recipient, the telephone actually sends the message to
an SMSC which stores the message and then delivers it
to the destination recipient when they are available.
Additionally, the message centre will generally take
care of any charging that needs to take place.
Generally speaking, there is at least one SMSC per
network. For bulk transmission and reception of SMS
messages, SMSCs have conventional, fixed network
interfaces as well as mobile network interfaces. A
number of protocols have been defined to support this
sort of wire-line access, and SMPP is the most
commonly used of these protocols. The Short Message
Peer to Peer (SMPP) protocol is an open industry
standard messaging protocol designed to simplify
integration of data applications with wireless mobile
networks such as GSM, TDMA3 CDMA and PDC. This
protocol is widely deployed in the telecommunications
industry, as will be known to a person skilled in the
art, and will not be discussed in any further detail
herein.Referring back to Figure 1 of the drawings, the
surveillance system enables two-way connection to a
plurality of image capture devices, such as video
cameras or webcams 14. This connection is preferably
via a private data communications network 16 (such as
a wireless local area network) having a unique Access
Point Name (APN) which can be used by the image
capture devices 14 to establish a connection to the
middleware server 10, and vice versa. A highly
suitable communication service for communication
between the image capture devices 14 and the data
communications network 16 is GPRS. General Packet
radio Service (GPRS) is a non-voice service that
allows information to be sent and received across a
data communications network 16. Theoretical minimum
speeds of up to 171.2 kilobits per second (kbps) are
achievable with GPRS using all eight timeslots at the
same time. This is about three times as fast as the
data transmission speeds possible over today's fixed
telecommunications networks and ten times as fast as
current Circuit Switched Data services on GSM (Global
System for Mobile Communications) networks. GPRS has
the advantage of facilitating instant connections
whereby information can be sent or received
immediately as the need arises, subject to radio
coverage. No dial-up modem is necessary. However, it
will be appreciated that the present invention is not
intended to be limited to GPRS, other digital networks
may be equally applicable, including (but not limited
to) 3G TETRA, CDMA, PCS, etc. Several image capture
devices could be networked via, for example, Bluetooth
(r) which is an industrial specification for wireless
personal area networks (PANs) and provides a way to
connect and exchange information between devices such
as digital cameras via a secure, low-cost globally
available short range radio frequency. Bluetooth (r)
allows such devices to "talk" to each other when they
come into range, even if they are not in the same
room, as long as they are within 10 metres (32 feet)
of each other. The Bluetooth (r) protocol operates in
the license-free ISM band at 2.45 GHz and reaches
speeds of 723 .1 kbps. Referring back to Figure 1 once
again, image data captured by the cameras 14 is
transmitted via GPRS and a private data communications
network 16 to the middleware server 10. Data included
with the image data indicative of the IPaddresses of
the respective image capture devices 14 from which the
captured images originate is identified, and the
mobile communications devices, e.g. mobile telephones,
registered as authorised to receive the captured
images, or data relating 



thereto, are determined. Automatically, or upon
request, the streamed image data received in the
middleware server 10 from the image capture devices
14, and preferably stored therein, is transmitted to
the respective authorised (client) mobile telephones
18, preferably by GPRS via a public data
communications network 20, e.g. the Internet, again
having a unique Access Point Name (APN) which can be
used by the middleware server 10 to establish a
connection to the mobile telephones 18, and vice
versa. The above-described server architecture is
desirable because of the way current mobile
telecommunications networks are implemented. In
general, GPRS network operators use a combination of
Dynamic Host Configuration Protocol (DHCP) together
with Network Address Translation (NAT) and/or Port
Address Translation (PAT) to allow mobile equipment to
be dynamically assigned a private-range IP address for
the duration of a data session. The absence of
bi-directional address resolution at their servers,
together with restrictions on their billing
mechanisms, results in direct transfer of data from
one node (e.g. mobile telephone) to another being
effectively prevented. Thus, in the current
environment, in order to allow data to be transferred
from an image capture device 14 to a mobile telephone
18, it is necessary for both nodes to establish a
connection to a server 10 which is 'visible' to them
both on a public, static IP address. It is for this
reason, among others that, in the illustrated
configuration it is envisaged, that the image capture
devices 14 will be equipped with SIMs from a network
provider, and that a private APN will be set up with
that provider to allow the image capture devices
access to the internet and, thereby, to the server 10.
However, this is not essential, and will tend to be
dependent upon the evolution of the manner of
operation of network providers into the future. On the
other hand, the client devices 18 (which may comprise
mobile telephones, but are not restricted to this
platform, and it will be appreciated that a client
application 18 may be created for any
internet-connected device capable of supporting basic
user-interface features and displaying the images,
including but not limited to a personal computer (PC),
a laptop computer, a PDA, a palmtop computer, etc.)
can establish a connection from any network provider,
as long as they can connect to the Internet and "see"
the server 10, and as long as there is no firewall or
port restrictions in place on the client's APN 16
which block the surveillance system's TCP/IP traffic.
A camera 14 suitable for use in the surveillance
system described above is illustrated schematically in
Figure 2 of the drawings. Generally, the camera 14
consists of hardware and embedded software which
together perform video capture, video compression,
video motion detection, video storage and GPRS
transmission to a server (10). The basic functional
requirements of the camera 14 are, in this exemplary
embodiment, to capture images from a colour CMOS
camera module, compress captured images using JPEG
compression, transfer compressed images over a GPRS
connection to a remote server on request, motion
detection, and local storage and upload of
pre/post-event images. Accordingly, the camera 14
illustrated in Figure 2 of the drawings, comprises a
camera module 200 and a processor 202 to which the
camera module 200 is connected via a camera interface
module 204. The processor 202, which includes software
to effect image data compression, is connected to a
passive infra-red motion sensor 206, status indicators
208, a flash memory module 210 and a RAM memory module
212. The processor 202 is also connected to a GPRS
module 214 having a SIM 216 and an antenna 218. Also
illustrated, but of less significance, are an external
power supply unit 220, a power management module 222,
a Lithium-ion battery 224 and ancillary support
devices (denoted generally as 226). Of course, it will
be appreciated that the power supply may comprise any
suitable means, including solar, battery, mains, etc.
The camera module 200 may be a colour CMOS camera
module having an 8-bit YUV 4:2:2 output format, I2C
control interface and fixed focus lens. The camera
interface 204 would then also be required to support
I2C control and the JPEG compression means in the
processor 202 should be capable of accepting 8-bit YUV
4:2:2 image data and performing JPEG compression with
user-definable quantisation andhuffmann tables. The
processor 202, more generally, should ideally be
capable of interfacing to all other system components
with a minimum of additional components, The flash
memory 210 provides non-volatile storage of
application software and configuration settings
(preferably minimum 256 KB) and the RAM memory 212
provides volatile storage for application data and
compressed images (again, preferably 256 KB). The SIM
216 may be a 3V GPRS data-enabled SIM, and a SIM
holder may be required (if this is not integrated in
the GPRS module 214). Network specific APN login
details can be stored in the flash memory 210. The SIM
216 will not be readily removable, and some degree of
tamper-proofing will ideally be provided by the camera
enclosure. The antenna 218 may be internal or external
and dual-band, tri-band or quad-band, depending on the
choice of GPRS module 214. The passive infra-red (PIR)
motion detector 206, beneficially has an
opto-insulated input and current-limited PIR power
output. It will be appreciated that, in addition to
PIR motion detection, video motion detection is
preferably also provided in respect of the captured
imaged data, so as to minimise the occurrence of false
alarms. The status indicators 208 may comprise at
least one LED to indicate power and operational
status, a second LED to indicate whether motion
detection is activated and a third LED may indicate
whether a mobile network connection has been made. A
lead in respect of the power supply unit 220 (e.g.
input: 100-240V AC 50-60 Hz; output: 5V DC at min.
2.4A) may emerge from a grommet from the camera body
and terminate in a suitable DC connector. The power
management module 222 will generate all of the
voltages required for operation of the various system
components and smart battery charging may also be
supported. The ancillary support devices 226 may
include power-on reset circuitry, timing generators
(crystals/clocks) and interface circuitry between the
various components. It is envisaged that other
functions, such as wireless hubs, PTZ (pan, tilt,
zoom), temperature sensors, meter reading etc. may
also be incorporated in, orotherwise supported by, the
camera module 14, and the present invention is not
intended to be limited in this regard. Finally, the
camera enclosure may comprise an injection moulded
plastic enclosure incorporating a Fresnel lens for the
PIR and incorporating the camera module 200 and lens.
An external switch is beneficially provided to soft
switch power on/off, so as to allow the camera to
attach/detach the GPRS connection cleanly. A
waterproof recessed reset switch may be provided which
can be used to force a complete power down and reset
the device completely, if required. An overview of the
main camera functions is as follows:  establish and
maintain authenticated connection to server  send and
receive keepalive messages  send images in response to
server request  adapt transmission rate in response to
server responses  set image quality hi/med/lo in
response to server request  set motion detection
sensitivity hi/med/lo/off in response to server
request  set motion detection on/off in response to
external switch  store images in short-term (~10
second) circular buffer  apply motion detection
algorithm-alert server on event The main functions of
a surveillance system, according to an exemplary
embodiment of the invention will now be described in
more detail. When the unit is turned on, the camera
firmware establishes a connection to the middleware
server via the chosen private APN authentication
settings are hard-coded in the firmware. The firmware
uses the unique hardware ID from the GPRS module to
identify itself to the server. The server verifies
that the ID belongs to a valid account. This
relationship will have been established when the
device is first registered by the purchaser. The
camera and server then intermittently exchange short
keep-alive messages to ensure that the connection
between them is maintained as 'always on'. If the
camera does not receive a message from the server
within the timeout period, the firmware automatically
forces a reconnection attempt.In response to the
client activity the server may send a message to the
camera requesting that it begin to capture and send
images. The user can set the camera to three levels of
image quality, and the camera will capture and send
images at the current quality setting. Image request
messages from the server inform the camera about the
most recent throughput rate, and the camera adapts its
rate of transmission to match the available bandwidth.
This avoids a build up of latency during the session.
Forward error correction is built in to the
communications protocol, to avoid corrupted data being
passed on to the client device. An external switch
enables or disables video motion detection (VMD). The
user can also enable/disable and set three levels of
sensitivity for VMD via the client application. When
VMD monitoring is enabled, in response to activation
of the 



sensor, the camera may send an alert message to the
server, and optionally may also capture and send
images to the server for a pre-determined period. The
camera is configured to store - 10 seconds worth of
images in a circular buffer when VMD monitoring is
enabled, and can therefore automatically send a
sequence of 'before and after' images to the server
for later review by the client. The server (10)
consists of software components (the middleware)
hosted on a Windows server with a static public IP
address. The software components communicate with both
camera and client devices. The server is responsible
for the authentication of cameras and clients, and for
receiving images from cameras, and delivering them to
clients. Additional server components record data
throughout on a per camera and per client basis for
billing purposes. An overview of the main server
functions is as follows:  accept camera connections
accept client connections  authenticate cameras and
clients against database of registration details
exchange keepalive messages with cameras  send list of
available cameras to client on connection  start/stop
image streaming from camera  route images through to
client route image quality and VMD mode/sensitivity
commands to camera  send SMS in response to camera
alert  log connections and data throughput  handle
billing records  send reverse-billed SMS  provide MIS
information Referring to Figure 3 of the drawings, the
server middleware components have access to a database
(104) of registered users which contains
authentication details for clients, cameras, and the
relationships between them. One client may be
permitted access to multiple cameras. One camera may
be accessible to multiple clients. Some cameras will
be 'public' accessible to anyone. The middleware
server components access this database in read-write
mode and real time, so as to establish the validity of
connection requests from cameras and clients. Current
status flags in the records for cameras and clients
are also updated in response to communications between
the middleware and remote devices. The same database
is accessed in read-write mode, but with lower time
priority by other, more generic components which
support service provision functions e.g. the
registration and activation of a newly-purchased
camera. These modules require standard CRM type
functionality, and will do little that is specific to
the system architecture. The server will expose a web
interface (106) to allow customer to change certain
features of their accounts themselves, as well as a
more powerful admin interface ( 110) which will only
be accessible to e.g. call centre operators or
administrators. The middleware server consists of two
types of interface thread, one (100) for cameras and
one (102) for clients. The threads are independent and
multi-instance, allowing for a high degree of
scalability, but both types of thread require
read-write access to the user database (104). Each
interface module is responsible for handling the
authentication of camera or client, and for all the
communication taking place between the remote device
and the server. Direct communication between threads
isnot required, image data is written to and read from
an image database (108) which supports multi-threaded
read-write access. The interface components log their
activity, and the volume of data transferred is
recorded for each transaction. This data is used to
support the billing function and manage the costs of
the operation, as well as providing management
information. In response to a request, images are sent
from the camera to the server, and then on to the
client in blocks or units equivalent to 15 second's
worth of video. Each time a unit of video is
successfully sent to the user, the server increments
the billing record. For PAYT clients, the middleware
is responsible for sending a reverse-billed premium
rate SMS 'receipt' to the connected client when video
images are successfully sent. For contract clients,
the billing is managed differently, but still based on
the volume of data transferred. In response to an
alert message from a camera (e.g. following video
motion detection activation) the server can send an
SMS message, via an SMPP link, to one or more
registered client phones selected by the user. The
client consists of a software application which can be
installed and run on a Java enabled colour mobile
phone (18). The application can establish an
authenticated connection to the server (10), and then
receive and display the images sent to it by the
server. The functions of the client can similarly be
implemented on a laptop or palmtop computer, PDA or
Windows PC platform, for example. An overview of the
main client functions is as follows:  establish and
maintain authenticated connection to server  PIN
protect access to application  allow user to select
desired camera  allow user to set image quality  allow
user to enable/disable VMD monitoring and set
sensitivity  display images received from camera
display current camera settingsRunning the client
application software in a surveillance system
according to an exemplary embodiment of the invention,
requires the entry of a PIN number, which is selected
by the user at the time the software is registered.
Once running, the client application establishes a
connection to the middleware server via the internet
APN of the user's chosen network provider. The client
sends authentication information which includes the
PIN used to activate the software, and a unique
identifier for the phone. These Ids will have been
notified to the service provider at the time of
software registration. This method prevents a stolen
phone or pirated client application being used to
obtain unauthorised access to the camera. Once
authenticated, the client receives a list of camera
devices which are registered to it, and which the
server knows to be currently active. The user can
select the camera from which they wish to receive
images, and this selection is sent to the server. The
server sends a message to activate the selected
camera, along with a configuration block which
specifies the required capture resolution. When images
are received by the server they are routed through to
the relevant client. Once the images are received, the
client software displays them. The client software
also allows the user to configure options such as
image quality, VMD on/off/serisitivity etc. The client
can optionally display additional information such as
duration of session and cost incurred. The
communications protocol proposed in respect of the
system described above supports the following
messages.The image request and response messages
include fields which provide information on data
throughput, allowing the client firmware and server
middleware to dynamically adapt their rates of
transmission to the bandwidth available. System
security may be provided as follows (although the
present invention is not intended to be limited this
regard): When a camera 14 initiates communication with
the server 10, it sends a logon message containing the
unique IMEI number of the GPRS module 214 and the
unique IMSI number of the SIM card 216. This unique
combination is checked by the middleware server 10
against records of registered users held in the server
database 104. If the unique combination of IMEI and
IMSI is not found in the database 104, or is found to
be associated with an invalid device (e.g. stolen
equipment), the session is immediately terminated. If
the IMEI/IMSI combination belongs to a legitimate
user, the session is initiated, and the camera status
held in the database 104 is updated to "active".When a
client application initiates communication with the
server 10, it sends a logon message containing the
unique serial number associated with the copy of the
software on the client phone 14, and a four digit PIN
number which must be entered by the user every time
the application is launched. This unique combination
is checked by the middleware server 10 against records
of registered users held in the database 104. If a
matching record is not found (e.g. incorrect PIN), or
is found to be associated with an invalid client (e.g.
customer has closed their account) then the session is
immediately terminated. If the unique serial
number/PIN combination is found to be associated with
a valid client, then the session is initiated. The
client can request a list of cameras 14 to which he
has access rights. The middleware server 10 checks the
database 104 and builds a list of currently active
cameras 14 to which the specified client has access
rights, and this is sent to the client. The list of
displayed to the user, who can then select their
preferred camera, and opt to view either live images
or recorded incidents from it. Compressed images sent
from the camera 14 to the server 10, either during a
"live" monitoring session, or as the result of alarm
activation, are time-stamped automatically as they
arrive at the server 10. A 32bit cyclic redundancy
checksum is 



also calculated for each image, and the timestamp and
CRC are stored as a metadata record in the image
database 108 alongside each image. This provides a
means of identifying alterations or modifications to
the image from its original state. Although the
present invention has been described above, by way of
example only, as a surveillance system, it will be
appreciated that a viewing system according to the
invention would be equally applicable for remote
viewing of, for example, sporting or entertainment
events, monitoring remote machinery telematic
information, etc. and the present invention is not
intended to be limited in this regard. It should be
noted that the above-mentioned embodiments illustrate
rather than limit the invention, and that those
skilled in the art will be capable of designing many
alternative embodiments without departing from the
scope of the invention as defined by the appended
claims. In the claims, any reference signs placed in
parentheses shall not be construed as limiting the
claims. The word "comprising" and "comprises", andthe
like, does not exclude the presence of elements or
steps other than those listed in any claim or the
specification as a whole. The singular reference of an
element does not exclude the plural reference of such
elements and vice-versa. The invention may be
implemented by means of hardware comprising several
distinct elements, and by means of a suitably
programmed computer. In a device claim enumerating
several means, several of these means may be embodied
by one and the same item of hardware. The mere fact
that certain measures are recited in mutually
different dependent claims does not indicate that a
combination of these measures cannot be used to
advantage.CLAIMS: 1. A viewing system, comprising
means for storing address data representative of a
plurality of remote image capture devices and
corresponding address data representative of one or
more remote communications devices authorised to
receive images captured each of said remote image
capture devices, means for receiving image data
captured by one of said image capture devices across a
data communications "network, means for identifying
address data representative of said image capture
device and identifying the corresponding address data
of one or more remote communications devices
authorised to receive images therefrom, and means for
transmitting said image data to an authorised remote
communications device across a data communications
network. 2. A system according to claim 1, comprising
a server having a client interface for enabling
communication thereof with said remote communications
devices and a camera interface for enabling
communication thereof with said remote image capture
devices. 3. A system according to claim 1 or claim 2,
wherein said image data is transmitted from said
remote image capture devices to said surveillance
system via a private data communications network,
having a unique access point (APN). 4. A system
according to any one of claims 1 to 3, wherein said
image data is transmitted by said surveillance system
to one or more authorised remote communications
devices via a public data communications network. 5. A
system according to any one of claims 1 to 4,
comprising an image database for receiving and storing
image data received from said remote image capture
devices.6. A system according to any one of claims 1
to 5, comprising a user database for storing said
address data representative of a plurality of remote
image capture devices and corresponding address data
representative of one of more remote communications
devices authorised to receive images captured each of
said remote image capture devices. 7. A system
according to any one of claims 1 to 6, comprising
means for receiving a signal from a remote image
capture device indicating that activity has been
identified in a respective field of view therein,
wherein in response to receipt of such a signal, said
surveillance system is arranged and configured to
transmit a request signal to said remote image capture
device to commence transmission of image data captured
in respect of said field of view in which activity has
been identified from said remote image capture device
to said surveillance system. 8. A system according to
any one of claims 1 to 6, arranged and configured to
monitor image data received from said remote image
capture devices and identify activity occurring
therein. 9. A system according to any one of claims 1
to 8, comprising means for transmitting a signal to a
remote communications device indicating that activity
has been identified in the field of view of a remote
image capture device in respect of which said remote
communications device is authorised to receive image
data. 10. A surveillance system according to any one
of claims 1 to 9. 11. A method of providing a viewing
system, comprising storing address data representative
of a plurality of remote image capture devices and
corresponding address data representative of one r
more remote communications devices authorised to
receive images captured each of said remote image
capture devices, providing means for receiving image
data captured by one of said image capture devices
across a data communications network, providing means
for identifying address data representative of
saidimage capture device and providing lookup means
for identifying the corresponding address data of one
or more remote communications devices authorised to
receive image data therefrom, and providing
transmission means for transmitting said image data to
an authorised remote communications device across a
data communications network. 12. An image capture
device for use with a viewing system according to any
one of claims 1 to 9, the image capture device
comprising means for capturing image data in respect
of a field of view thereof, means for compressing said
image data, means for identifying activity within said
field of view, means for establishing a connection
across a data communications network with said viewing
system and transmitting data via said connection to
said viewing system indicative that activity has been
identified within said field of view and means for
causing image data captured in respect of said field
of view to be stored in response to activity being
identified therein. 13. An image capture device
according to claim 12, wherein said means for
identifying activity in said field of view comprises a
motion sensor provided in or on said image capture
device. 14. An image capture device according to claim
12 or claim 13, comprising image processing means for
identifying activity within image data captured by the
image capture device. 15. An image capture device
according to any one of claims 12 to 14, comprising a
communications module and antenna provided in or on
said image capture device for establishing said
connection across said data communications network and
transmitting data across said data communications
network. 16. An image capture device according to any
one of claims 12 to 15, comprising memory means
provided in or on said image capture device for
storing said image data captured in respect of said
field of view in which activity has been
identified.17. An image capture device according to
any one of claims 12 to 16, arranged and configured to
transmit image data captured in respect of said field
of view in which activity has been identified across
said data communications network to said viewing
system for storage. 18. An image capture device
according to claim 17, comprising means for receiving
a signal from said viewing system to commence
transmission of image data thereto. 


