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to indicat ?0 a surrounded by a basement membrane. Angiogenesis begins with the erosion of the
basement membrane by enzymes released from endothelial cells and leukocytes.
Endothelial cells, lining the lumen of blood vessels, then protrude through the basement
membrane. Angiogenic stimulants induce the endothelial cells to migrate through the
eroded basement membrane. The migrating cells form a “sprout” off the parent blood
15  vessel where the endothelial cells undergo mitosis and proliferate. The endothelial

sprouts merge with each other to form capillary loops, creating a new blood vessel.

Uncontrolled angiogenesis is a hallmark of cancer. In 1971, Dr. Judah Folkman
proposed that tumor growth is dependent upon angiogenesis. See, e.g., Folkman, New
England Journal of Medicine, 285:1182-86 (1971). According to Dr. Folkman, a tumor

20 can only grow to a certain size without the growth of additional blood vessels to nourish
the tumor. In its simplest terms, this proposition states: that “once tumor ‘take’ has
occurred, every increase in tumor cell population must be preceded by an increase in new
capillaries converging on the tumor.” Tumor ‘take’ is currently understood to indicate a
prevascular phase of fumor growth in which a population of tumor cells occupying a few

25 cubic millimeters volume, and not exceeding a few million cells, can survive on existing
host microvessels. Expansion of tumor volume beyond this phase requires the induction

of new capillary blood vessels. For example, pulmonary micro-metastasis in the early
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mm°. Once they are implanted on the iris vascular bed, they become neovascularized
15 and grow rapidly, reaching 16,000 times their original volume within two weeks. See,
eg., Gimbrone, Jr. et al., J. Exp. Med., 136:261-76.

When tumors are implanted on the chick embryo chorioallantoic membrane,
they grow slowly during an avascular phase of >72 hours, but do not exceed a mean
diameter of 0.93 + 0.29 mm. Rapid tumor expansion occurs within 24 hours after the

20 onset of neovascularization, and by day 7 the vascularized tumors reach a mean diameter
of 8.0 + 2.5 mm. See, eg., Knighton, British, J. Cancer, 35:347-56 (1977)).

Vascular casts of metastasis in the rabbit liver reveal heterogeneity in size of the
metastasis, but show a relatively uniform cut-off point for the size at which
vascularization is present. Tumors are generally avascular up to 1 mm in diameter, but

25 are neovascularized beyond that diameter. See, eg., Lien, et al., Surgery, 68:334-40
(1970).

In transgenic mice which develop carcinomas in the beta cells of the pancreatic
eyelets, pre-vascular hyperplastic eyelets are limited in size to <1 mm. At 6-7 weeks of
age, 4-10% of the eyelets become neovascularized, and from these eyelets arrive large

30 vascularized tumors of more than 1,000 times the volume of the pre-vascular eyelets.
See, eg., Folkman, et al., Nature, 339:58-61 (1989).



20 onset of neovascul arization, and by day 7 the vascul arized tunors reach
a nean dianeter of 8.0 + 2.5 mm See, eg., Knighton, British, J. Cancer,
35: 347- 5ew0286/de36Vascul ar casts of netastasis in the rabmpRoosiovsss reveal
het erogeneity in size of the netastasis, but show a relatively uniform
cut-off point for the size at which vascudarization is present. Tunors are
general ly avascular up to 1 mmin dianmeter, but 25 are neovascul ari zed
beyond that di amet efthagessn shayn thatitespors ean heitreatedhy FINjtingsmsDgmesigratie1 970) |

In transgeni C Cd?hﬂ%h groﬂ%\[zﬁlloﬁgf &@Eﬁﬁd?@éﬁ?s%héxﬁkeiv@@ RetRafkSe, |I§mChft al,he
pancreatic ets vascul ar hyperplastic eyelets are limted in size

to <1 nm At @mwrv\e’ér%§4b@44 (538). shovy B4 ppetife auihofiy &b ¥VBRE (vascular

neovascul ar i 2%{4@@&{11 EHRM hAES By RS- @5&1 &'e%mbp{ngQal?st ’f/s?g?ﬁ?ﬁblaﬁ‘trdrz ed tunors
of nore than 1,000 tines the volune of th re-vascul ar el et See, eg.,

e
Fol kman, et5 aldramagst iphibitionad grogutip of threo fyman Oﬁo‘ﬁlﬁﬂl)’@b’d% FE&’Q’G@@? 010653
-3 It has bee R, AW bAbgehtESmEs hik§, Tﬁ@ﬁﬁlﬁéhymbeéﬁmhrﬂh&t fowagidegenesi s

rat her than inhi b|t|ng proliferation of the tunor | s t hensel ves. For
exanpl e, Ki m émey cells g er@“h%goBiPieléﬂF‘(”!{@Q@ﬁsP %%thﬁﬁ”al) Shevs thatc

anti body agai pg§- b}fE@Fm&n\sagﬁa |aﬁ't'ibod? BARL YR ﬁtubgroa\w Brofv@CH hos@ AiERS

m cro-vessel density and causes "significant or dramaél c" inhjbition of

growth of thr é@l‘Fh}ﬁﬁ?PePG?%PEO%‘FfE‘FPanéIbFGBﬁS Wiy &’é’d‘laﬁ’éf’ angifegresitedPat or of

angi ogenesiis (ahAibddyEed Mot GhibitREwRE tRAsordeRSin ato. | Ikdpetitongd] MjédlioRbf t he
tunor cells in vtiro. Further, Horj, et al Cancer, Res 51: 6180-84

(1991), shows bERHthas alse Peep ke W {9 FBRanGH &0 ™Hhef Wg‘&?@%g@é%‘?twsﬁlqyl on of
ar f)wt h gf a ”Qtifﬁﬁlahﬂg@ﬂ’owth/\diﬂ capillhg ed@mitdedis gnﬁ@nm r'ekd @mopEelloFGE as its
only nedi ator of a enesi s o] LLbo 0es nQ nhi bi t rowth of
the tumor cel ItRempssl "g? {a%brecmrﬁ E‘B«?%p%%@g‘lgég LR oREDior %ﬁ@f“%ﬁgl dPso been
S hownI t o enhangeo. %?e@}/\& 8, @foséi efdll, P&fc}/AﬁaLMbc mdcerms JEEBSU9%0)S Ahqoeclflc
t
i e: |mSJI ati ng g ra(rjl\é\{togen%sm %n%%ltor ?AgM 199 )tlg}f?l its tum%? lgl:'O\SNtﬂ zgldtrrrl]eef\astasm in Vivo, r-{vut umor
much less active in inhibiting tumor cell proliferation in vitro. It inhibits vascular
endothelial cell proliferation half-maximally at 4 logs lower concentration than it inhibits

tumor cell proliferation. See, eg., Ingber, et al., Nature, 48:555-57 (1990).

There is also indirect clinical evidence that tumor growth is angiogenesis

20 dependent. For example, human retinoblastomas that are metastatic to the vitreous
develop into avascular spiroids which are restricted to <1 mm’ despite the fact that they
are viable and incorporate *H-Thymidine (when removed from an enucleated eye and
analyzed in vitro). Carcinoma of the ovary metastasizes to the peritoneal membrane as
tiny avascular white seeds (1-3 mm3). These implants rarely grow larger until one or

25 more of them become neovascularized. Intensity of neovascularization in breast cancer
(see, e.g., Weidner, et al., New Eng. J. of Med., 324:1-8 (1991); Weidner, et al., J. Nat.
Cancer Inst., 84:1875-87 (1992)) and in prostate cancer (Weidner, et al., Am. J. Pathol.,
143 (2):401-09 (1993)) correlates highly with risk of future metastasis.

Metastasis from human cutaneous melanoma is rare prior to neovascularization.
30 The onset of neovascularization leads to increased thickness of the lesion and an
increased risk of metastasis. See, eg., Srivastava, et al., Am. J. Pathol., 133:419-23
(1988)). In bladder cancer, the urinary level of an angiogenic protein, bFGF is a more
sensitive indicator of status and extensive disease than is cytology. See, e.g., Nguyen, et
al., J. Nat. Cancer, Inst., 85:241-42 (1993).
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Thus, it is clear that angiogenesis plays a major role in the metastasis of cancer.
20 If this angiogenic activity could be repressed or eliminated, then the tumor, although
present, would not grow. In the disease state, prevention of angiogenesis could overt the
damage caused by the invasion of the new micro vascular system. Therapies directed at
control of angiogenic processes could lead to the abrogation or mitigation of these
diseases.

25

Several classes of compounds that inhibit angiogenesis are being investigated as
therapeutic agents. These are, for example, thalidomide and thalidomide analogs (USP
6,235,756 (The Children’s Medical Center Corporation); 6,420,414 (The Children’s
Medical Center Corporation); 6,476,052 (Celgene Corporation)); quinolinones (USP

30 6,774,237 (Chiron Corporation)); serine proteases and kallikreins (USP 6,544,947
(EntreMed Inc.)); VEGF analogs and antagonists (USP 6,783,953 (Janssen
Pharmaceutica N.V.); 6,777,534 (Children’s Medical Center Corporation)); peptides and
proteins that bind Angiostatin™ or Endostatin™ (USP 6,201,104 (EntreMed Inc.));
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15 Uncontrolled cell proliferation is another hallmark of cancer. Cancerous tumor
cells typically have some form of damage to the genes that directly or indirectly regulate

the cell-division cycle.

Cyclin-dependent kinases (CDKs) are enzymes which are critical to cell cycle
control. See, e.g., Coleman et al., Annual Reports in Medicinal Chemistry, 32: 171-179
20 (1997). These enzymes regulate the transitions between the different phases of the cell
cycle, such as the progression from the G; phase to the S phase (the period of active DNA
synthesis), or the progression from the G, phase to the M phase, in which active mitosis
and cell-division occurs. See, e.g., the articles on this subject appearing in Science, 274:

1643-1677 (6 December 1996).

25 CDKs are composed of a catalytic CDK subunit and a regulatory cyclin subunit.
The cyclin subunit is the key regulator of CDK activity, with each CDK interacting with
a specific subset of cyclins: e.g. cyclin A (CDK1, CDK 2). The different kinase/cyclin
pairs regulate progression through specific stages of the cell cycle. See, e.g., Coleman,

supra.

30 Aberrations in the cell cycle control system have been implicated in the
uncontrolled growth of cancerous cells. See, e.g., Kamb, Trends in Genetics, 11: 136-

140 (1995); and Coleman, supra. In addition, changes in the expression of or in the



Medi cal Center Corporation); 6,476,052 (Cel gene Corporation)); quinolinones
(USP 30 6,774,237 (Chiron Corporation)); serine proteases and kallikreins
(USP 6, 5M024d6/040@at reMed I nc.)); VEG- anal ogs and ant agomiEre@®s(0USE3

6, 783, 953 (Janssen Pharmaceutica N V.); 6,777,534 (Children's Medi cal
Center Corporation)); peptides and protei-ts that bind Angi ostati nTM or
Endost ati nTM (USP 6, 201, 104 (EntreMed Inc.)); WD 2006/ 040036

PCT/ EP2005/ 0108%8s encgdipa ChEDs prrihajr egrlatopsdiaygleasn pbrssved rspngntrg of ©989rs( Nuvel o
Inc.)); other ant}pangi8aenNks. dﬁﬁpﬂvgﬁ.sDr%\gg‘F]: @65758471@5918%(&%@?&5&nces cited
Laboratories); 4-anilino-quinazolines é 2002/ 092578, WO 2002/ 092577, WO
2002/ 016352, Voo 17hos tgma is apextensiirdy vhlitorapures YaligatEgdhayse of pamneandszi nes

(WO 2004/ 033042y afﬁkssas,anmcﬁif&%%/tﬁé%ﬁ&c A aktd 8), 7 \WOPAQPRL012227
(Astrazeneca), WD 2001/010859 éga%]ggié 98/°35958 (Novartis));
¥

i sot hi azol e$ (WEFH26EBHHOP 27O K447  aé fhedefaeaces vited DE@IIB378P0% WO

2000/ 008202, V\Qp%ﬁlc%fa;%@areﬁé@n&ﬁ/oél@ﬂés,ﬁit {sHegeMIe! 1 Sdehtify cREMRABRhhibiEY @BMiDK
(6]

articles report the use of angiogenesis inhibitors as therapeutic

agents. These HP#¥AF®EY: ncl ude Mazitschek et al. Current Opinion in

Chem cal Biology, 8(4): 432-441 (2004); Underiner, et al., Current
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97/42949 (Bristol-Meyers Squibb)); purine derivatives (WO 98/05335 (CV
15  Therapeutics); WO 97/20842 (CNRS)); acridones and benzothiadiazines (WO 98/49146
A2 (US Dept. of Health and Human Services)); and antisense (USP 5,821,234 (Stanford
University)). Furthermore, certain N,N-substituted dihydropyrazolobenzodiazepines
have been disclosed in an article discussing CNS-acting compounds. See, M. A.
Berghot, Arch. Pharm. 325:285-289 (1992).

20 There continues to be a need for easily synthesized, small molecule compounds
for the treatment of one or more types of tumors, in particular through regulation of

angiogenesis and/or CDKs.

The present invention is directed to novel 7,8-disubstituted
pyrazolobenzodiazepines and pharmaceutically acceptable salts of these compounds.

25 The compounds of the invention are inhibitors of angiogenesis and/or kinases, such as
cyclin-dependent kinases (CDXKs), in particular CDK2. These compounds and their
pharmaceutically acceptable salts, and esters of said compounds, are anti-proliferative
agents useful in the treatment or control of cell proliferative disorders, in particular
cancer. The invention is also directed to pharmaceutical compositions containing such

30 compounds and to methods for the treatment and/or prevention of cancer, particularly in
the treatment or control of solid tumors. The compounds of the invention are especially

useful in the treatment or control of breast, colon, lung and prostate tumors. The



cycle, such as the progression fromthe G phase to the S phase (the period
of active DNA synthesis), or the progression fromthe & phase to the M
phase, i rnwolwan4eassi ve mtosis and cel |l -divi si on occur eCTEPR)05@1@53 t he
articles on this subject appearing in Science, 274: 1643-1677 (6 Decenber
1996). 25 CDKs are conposed of a catal yti<7 COK subunit and a regul atory
cyclin subunit. The cyclin subunit is the key regulator of CDK activity,

w t h each CDKirvehtomae tlsmdirestetto navebipeonddigesusbiabin thef pregasitionsf the '8~ cyclin A
(CDK1, CDK 2)...Th iffer Ki ' ' ion

t hrough speci P}Sgbsgfug%de@’ & o% ngogg?eﬁ(ng%gﬁlléggs gg)g% &Zf?%ﬁ?ytc\gﬁgsrcrgéﬁagfegﬁgr a. 30
Aberrations in the cell cycle control system have been inplicated in the
uncontrol | ed growt hingfrtienlas dhequeseridnyestiomserevides gmpoyasiof formalady i n

Genetics, 11: 136- 140 (1995); and Col eman, supra. In addition, changes in
the expression of or in the WO 2006/ 04003p PGF/ EP2005/010653 -6 genes
encoding CDK's or their reqgul atgts have been/obd&rved in a nunber of

tunors. See, e.g., Webster, Exp. gp | nvesg Drugs, 7: 865-887 (1998),
and references cited therein. Thug /}ere i 5 an~rkt ensi ve body of
literature validating the use of,igongounds
anti-proliferative therapeutic %b

e.g. US Patent No. 5

and the references cited in

Col eman, supra, in particular referg 10. Thus, it is desirable to
identify chemcal inhibitors of CDK \ et activityv It is particularly
desirable to identify small nol ecul e conpounds that may be readily

synt hesi zed and are effective in inhibiting one or nore CDKs or CDK/cyclin
io conplexes, for treating one or nore types of tunors. Several classes of
conpounds that i nkihbiein cyclin-dependent ki nases have been and are being

investigated 38 ;{ DRIARRYLY, RaBRENEBOH! CBTAIRISEN] O0)RIRNPLE. anal ogs of
(OCH,CH;),OCHs3;
R%is alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by
Y
ag  OCH)—C N
halogen, phenyl, N(R%),, (OCH2CH2),OCH;, O(CH2)mNR 'R, or A

VR
C N

10~ isa6-membered heterocycle optionally substituted by alkyl or C(O)ORS;
or R! and R? together form a 5-membered heterocyclic ring;
R? is hydrogen or alkyl;

R* is hydrogen, halogen, CN, NO,, alkyl, or alkoxy;
each R® is independently hydrogen or alkyl;

15 R’ and R® are each independently hydrogen, alkyl, or alkoxyalkyl, or R’ and R® taken
together with the nitrogen atom to which they are attached form a 6-membered
heterocycle which is optionally substituted by alkyl;
each n is independently 1, 2, or 3; and
mis 2, 3, or4;

20 or a pharmaceutically acceptable salt thereof.

The present invention is further directed to pharmaceutical compositions
containing any one or more of the above-described compounds, or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable carrier. Methods for preparing

such compositions are also part of the invention.



Fl avopiridol (USP 5,733,920 (Mtotix); WD 98/1344 (Bristol-Mers Squibb);
WO 97/42949 (Bristol-Myers Squibb)); purine derivatives (W 98/ 05335 (CV
15 Ther apgot20@ai00300 97/ 20842 (CNRS)); acridones and berzutHre@dioamshes (WO
98/ 49146 A2 (US Dept. of Health and Human Services)); and antisense (USP
5,821,234 (Stanford University)). Furthemnore, certain N, N-substituted

di hydr opyr azol obenzodi azepi nes have been disclosed in an article

di scussi ng CNS- act i Tig prasenxdavedson dBmds dikdcted to mBpdshad tusingitiasromphundsof the
325:285-289 (1992). 20 There nt | t . iy t hesi zed,
smal | nol ecul gwgél%bu%%oun%?ﬁ%ﬁ%b%ﬁgg r?gn Eitoofs Agﬁgg 8@%%?@%%@% t unor s,
in particul ar Thinrthelipiventiog id ditec®d tood methodypfopfebiting sngaopdnesis. G dnveing alroesent
invention is difrect t ovel. . 7..8-dj. ty . i,azepi nes
and phar maceut’i¢s tleggoaaclgeetg?aé‘gtjlnémglg ggﬁ%&??t}%}%@g@&}%mﬁ#%ﬁ@gé conpounds
of the invent methodfer thesabidnd picanéersasprctdie bresstscobondvog, dndrpacstate capepshbyas

cycl i n-dependent. ki ] L . g}g(gff unds and
their phar mg(ﬁe}ﬂﬁkslgzegﬂ%gsos%é%égé%%?g%%% é,kh%%h%[uecst er secglg@%g?@g)é@gfmounds, are
anti - prol i f er atrnpeind afjfonmnela I'¥ of aphdrmacehdcally ecoeptable st thewsat.r ol of cel |
proliferative disorders, in particular cancer. The invention is also

directed to phar mcgUb GakcCATBREIH (RBRioh PRIviHeS 7 Rt sbeHtud@-sq@pounds and to
nmet hods for the treatnment and/or prevention of cancer,_ particularly in the

treat nent or ebetapbenydfl.dibyérotunehy:PymielobutBlbLifirsniofiazepings d)dnt i on are

especi al ly,, u?ﬁ&‘i‘ﬂacéuﬂcél REmbLsR LB aifhe HeR! TRh sééf)nd)isgé’&,tthe peteRbtinvéndiog and
prostate tunors. The WO 2006/ 040036 PC%’/ EP2005/ 010653 _ -7 I nvention is al so

directed to navavides methodeier axnissig sbihg comppupatol hepseatent nysrtion apd wluadle.

di substi t ut ed;pynaaaloRENZORNI sBdERLMeSs. such as those of formula IV
described below. In particular, 'the present invention provides conpounds

of formila 1V Rz N %Ioﬁlycl)jmds of the present invention are inhibitors of angiogenesis. Thus, in a

third aspect, the present invention provides a method of inhibiting angiogenesis which

15 comprises administering a therapeutically effective amount of a compound of the
invention. Compounds of the present invention also are inhibitors of kinases, such as
CDK2. Therefore, in a fourth aspect, the invention provides a method of inhibiting
kinase activity which comprises administering a therapeutically effective amount of a
compound of the invention. In a fifth aspect, the present invention provides a method for

20 the treatment or control of cancer which comprises administering a therapeutically
effective amount of a compound of the invention. In particular, the invention provides

methods for the treatment of breast, prostate, colon, and Jung cancer.

As used herein, the following terms shall have the following definitions. The
following definitions used herein apply irrespective of whether the terms in question
25 appear alone or in combination. It must be noted that, as used in the specification and the
appended claims, the singular forms "a", "an," and "the" include plural forms unless the

context clearly dictates otherwise.

“Alkyl” means a straight-chain or branched, substituted or unsubstituted,
saturated aliphatic hydrocarbon having 1 to 6, preferably 1 to 4, carbon atoms. Typical
30 alkyl groups include methyl, ethyl, propyl, isopropyl, butyl, t-butyl, 2-butyl, pentyl,
hexyl and the like.



R3 R1L'NR4

IV 5 wherein Rl is al kyl, al koxy, hal ogen, COOH, COQAl ky

CN, C(ON(R6)2, or (OCH2CH2)" OCH3; R2 is alkyl, halogen, alkyl

substi t utwo 2bg6/daeizegen, OH, al koxy, al koxy substituted PET/ERLE@HRD)0ESEC N
hal ogen, phenyl, N(R6)2, (OCH2CH2)~, OCH3, Q(CH2) M\NR7R8, or C N 10 is a
6- menbered heterocycle optionally substitiued by alkyl or C(O OR6; or
and R2 together forma 5-nenbered heterocyclic ring; R3 is hydrogen or

al kyl; R4 is

hydr og&ikoxtys negess st@ight di@Ranch¢daplain hydrogirkeneyy sroupsheRe! i s

nyar ogen, al W 9P SR i wobB s erlRll il P A By BERRRASSTC Y .

ni trogen at ommoteculeividant drggenatan. at Yraeh edoxXyogravns ig-lyds minshaxs, ethixyer ocycl e

which is opti
3; and m s2,

g&g&iﬁysubstitut ed by alkyl; each n is independently 1, 2
) 7’20 or a pharmaceutically acceptable salt thereof.

present i nwsent-papylosy,imdbutylexy, dibneytaxe dettdupyhesy mepeniylpea b-hewrprysinditeniske.
contai ning any one or nore of the above-descri bed conpounds, or a

pharnmaceutically agg8p-a0h8.s8 ubridd) BK16Q4e, bRAMInForRbBATBEE B d Ll d¥éns are
acceptable carrier. Methods for preparing such conpositions are al so

of the invent flgprine and chlorine.

10

15

20

25

30

“Hetero atom” means an atom selected from N, O and S.

“6-membered Heterocycle” means a 6-membered non-aromatic, partially or
completely saturated hydrocarbon group, which contains one to three heteroatoms at least
one of which is nitrogen. Examples of 6-membered heterocycles include piperidine,

piperazine, morpholine, thiomorpholine, and the like.

“5.membered or 6-membered heterocyclic ring” means a 5- or 6-membered ring
containing from one to three heteroatoms. Examples of carbocyclic rings include pentyl
and hexyl and the like. Examples of heterocyclic rings include dioxanes, dioxolanes,

pyrrolidines, imidazolidines and the like.

“ICso” refers to the concentration of a particular pyrazolobenzodiazepine
required to inhibit 50% of a specific measured activity. [ICso can be measured, inter alia,

as is described in Example A, infra.]

“ICqp” refers to the concentration of a particular pyrazolobenzodiazepine

required to inhibit 90% of a specific measured activity.

“Pharmaceutically acceptable,” such as pharmaceutically acceptable carrier,
excipient, etc., means pharmacologically acceptable and substantially non-toxic to the

subject to which the particular compound is administered.

“Pharmaceutically acceptable salt” refers to conventional acid-addition salts or
base-addition salts which retain the biological effectiveness and properties of the
compounds of formula IV and are formed from suitable non-toxic organic or inorganic
acids or organic or inorganic bases. Sample acid-addition salts include those derived
from inorganic acids such as hydrochloric acid, hydrobromic acid, hydroiodic acid,

sulfuric acid, sulfamic acid, phosphoric acid and nitric acid, and those derived from

R1

, or
The

part



WO 2006/ 040036 PCT/ EP2005/ 010653 -8 The present invention also is directed
to nmet hods of using the conpounds of the invention. Conpounds of the

i nvent i orwanreodmmi3bi t ors of angi ogenesi s and/ or ki nases PCT/HrPa®S50NESS3
invention is directed to a nethod of inhibiting angi ogenesis. The invention
also is directed to a nethod of inhibiti-ng-kinases. Further, the invention
is directed to a 5 nethod for the treatnent of cancer, especially breast,
col on, |ung, arsinjsragisis stch asptaemesulfpnic acidi saligyfie peidgmetbangsyipnicenid, eralic ng
cancer, a thefé&p%&:&lﬁi@'aw ik ?{&h'r}{ﬁlcaa%uﬁ%uca{mcﬁfun%wgi‘dngxd% Q! Bl V' or
a phar maceut i ca 1y "accept salt thergo n'one aspect ‘e pres

i nvention pr obmeesidmossdtssmhghﬂnqg@ gefived {rpm ammonium, pOtaSSlum, sodium and,

chl or ophenyl) afiazepi nes and
i 0 phar nmaceut |q%g%n%ﬁ%gsﬁtﬁ%ﬁi&%ﬁsgﬁm %1?%153{0{)%1 m%Ieblnetrgﬂ.l gé%lgﬁg%as pect, the
present i nvenhyémxider ovi des nethods for synthesis of the conpounds of the
present invention and valuable internediates for use in such synthesis.

Conpounds of the presgair MR fRRioRd Srdup Mhdp ist:0ehzab iap GhAREARIy8rogdhiUS, 1N
a third aspect, the present invention provides_a nethod of inhjbiting

angi ogenesi s WHReYd: ﬂ@nﬁlc&ﬁ‘ﬁ% gleike aﬁﬁﬁ%l@?lﬁwpﬂ&yé’eﬂlﬁﬁbétﬁéﬁfl Pesprtputed. ff%rct ive

amount of a C@%ﬁp&@%@fant:ﬁedlkd%y%ldg@ﬂ CI\CQJ“(R%”N@Z at. the present i nvention
al so are inhibitors of kinases, suc . Therefore, in a fourth

aspect, the inventig ovi.ges. a %92% i nhi nase activity

whi ch conprises adni ﬂibgtﬂ ?efl’ndsﬁlsfl ]ﬁl’cr&‘fq“f/a@ t}txg%ﬁsg HON G ‘gfa{

conpound ofio t hae biwertposifionsland,ainles dtherevisp mcatadhmame subistituérmy/arhdhon

provi des a rret od for 20 th atne t o ncer which conprises

adni ni stering® Sf‘ﬂﬁ‘r"ﬁﬁ‘é‘iff?b@? enél?/isgﬁctt?c{/fé E}&fﬁ?‘:l@e‘fd(ﬁ’%tcfgsr‘rpound of the

invention. In particular, the |nvent| on provides nethods for the treatnent

of breast, pr ost at e“Thamdpeutjca&ylﬂfquniwgAmuu@rmeanesauﬁsmﬁnhdraelenst ondeonimuhdwi ng

terns shall | | ow def. i L] I alon LNty ons used

neroi n apply Of Fla [os EBhealeay b @hBn L cob o BYAG Blokda
significantly 1nhibits proliferation of a tumor cell, including human tumor cell lines or

15 that significantly inhibits angiogenesis of blood vessels supplying the tumor or its

metastasis.

The present invention provides compounds of formula IV

H N

® @

R —N

Q 4

R v
wherein
20 R'is alkyl, alkoxy, halogen, COOOH, COOAIkyl, CN, C(O)N(R6)z, or
(OCH,CH_),0OCHs;

R?is alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by

VY
s OCH)—C N
halogen, phenyl, NR®),, (OCH,CH,),OCHj,, O(CH,),NR'R®, or NS



25 appear alone or in conbination. It nust be noted that, as used in the
specification and the appended clains, the singular forns "a", "an," and

"t he" incvodeoqu4on3al fornms unless the context clearly ®CTIERR@S/ODIREr W Se.
"Al kyl" nmeans a straight-chain or branched, substituted or unsubstituted,
saturated aliphatic hydrocarbon having 1-10-6, preferably 1 to 4, carbon

atons. Typical 3o alkyl groups include nethyl, ethyl, propyl, isopropyl,
butyl, t-butyls-butyl, pentyl, hexyl and the |like. W) 2006/ 040036

PCT/ EP2005/ 016658 -9 "Al koxa/" means a straight or branched chain

hydr ocar bonoxy “Gr o Svmembprad hateracycle ap(jpnally sulstigiied; by alkva PKGO§Roup as

defined abovegy RhghdlRPGoGHHRERMS sahédsAhetcPodyb®: rif®| ecul e via an oxygen
atom Typical al koxy groups include nethoxy, ethoxy, propyloxy, 5

i - propyl oxy, B BUbgiaesyor dkfut yl oxy, tert-butyl oxy, n-pentyloxy, n-hexyl oxy

and the |ike. R“j'ﬁ@,l@@@ﬂ'h@@ﬂ@]\jt Nagrding,or 6ikbRy;i ne, brom ne or iodine.
Preferred hal ogens .are fluorine and chlorine. "Hetero atonf neans an atom
sel ect ed friont#h By inndensndengy bydrpgencog 2k er ocycl " means a 6- menber ed

non-aromat i ¢, RPaAd R¥rk ¥adlindePerioftB) 1BdRIg¥n, SBEY o kiRekyANET, o€ B BrarRgsleup, whi ch
contains one to three heteroatons at jea}ls?t one .of whi CE IS _ni ar ogen.

Exanpl es of 6agethseVil theaites yiemde Whish the argatiaeheddpima o-membered i ne.

Lmrphol i nle_, th&@my@@%jcﬁ;?mm@%sﬁi#bk@.bygﬁqp{errbered or 6- me][rbered
eterocyclic ring", neans a 5- or G-nenbered ring containing fromone to

t hree heter an%ﬁ?B“.‘nggﬂﬁd yc}fgc"&gb%cl ic rings include pentyl 15 and
hexyl and {henliskes, dedanpl es of heterocyclic rings include di oxanes,

di oxol anes, pyrrolidines, im dagol i.dines.and the like. "1C50" refers to

the concent r aPl RIBACEUACHlPRPIe s3I B95Phbenz odi azepi ne

In one embodiment, the invention provides compounds of formula IV in which
N
OCH;—C N ‘
R*is \—/ . Within this embodiment, preferred compounds include those in

which R is halogen or cyano.

15 In another embodiment, the invention provides compounds of formula IV in
which R? is O(CHz)mNR7R8_ In such compounds, R’ and R® can each independently be
hydrogen, alkyl, or alkoxyalkyl or R’ and R® can together with the nitrogen atom to
which they are attached form a 6-membered heterocycle. For example, NR'R® can form
a morpholine or piperazine ring. Within this embodiment, preferred compounds are

20 those in which R and R® together with the nitrogen to which they are attached form a 6-

membered heterocycle and R' is halogen or cyano.

Examples of such compounds include
5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-(3-(4-morpholinyl)propoxy))-3-methyl-
pyrazolo[3,4-b][1,4]benzodiazepine;

25 7-bromo-5-(2-chlorophenyl)-1,2-dihydro-8-(3-(4-morpholinyl)propoxy))-3-methyl-
pyrazolo[3,4-b][1,4]benzodiazepine;
5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-(3-(4-morpholinyl)propoxy))-3-methyl-
pyrazolo[3,4-b][1,4]benzodiazepine; and
5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-(2-(4-methyl- 1-piperazinyl)ethoxy)-3-methyl-

30 pyrazolo[3,4-b][1,4]benzodiazepine.



required to inhibit 50% of a specific nmeasured activity. [IC50 can be
nmeasured, inter alia, as is described in Exanple A infra.] 20 "1C90"
refers towvoheosmsent rati on of a particul ar pyrazol obenzauirzz@sioness3
required to inhibit 90% of a specific measured activity. "Pharmaceutically
acceptabl e,” such as pharnmaceutically acceptable carrier, excipient, etc.,
means phar macol ogi cally acceptabl e and substantlally non-toxic to the

subj ect to which thﬁh@@m&mmdmamompmpmsndwh&hBﬂmmﬁ&stecmﬂhn&ﬁkn&mﬂy

"Phar maceuti cgl c tab 0 CO ntjo ddition
salts or basé! &ﬁg%‘ﬁ ]%%ﬁﬁ g@ﬁg?chg %15%}%%" kec i veness and
properties ofc@hpmnﬂmmpounds of fornula IV and are forned fron1SU|tabIe
non-t oxi ¢ or gan C r Sanpl e
aci d- addi t | on oS4t PEtphaB AR e 4B G s R Bl B QAR 22

hydr ochl orisc amﬂddphydmdbﬂdﬂﬂeﬂbmudmmhymc0|odlc acid, 30 sulfuric aC|d,

sul fam c acid, phosphoric acid and nitric acid, and those derived from WD

2006/ 040036 PCT/EPZﬂQﬁ&Q&Qﬁﬁ%mnm%pﬂ%ﬁﬂﬁﬁh&nﬁ&bﬂ@s&Hﬁﬁuﬁ%cﬁﬁﬁﬁhMQVQ§U|fon'C
acid, salicylic acid, t hanesul fopi ¢ acid,” oxalic “acid, succinic acid,

citric acid, NRIGhARAENER ) wherq %acla R} i, indepengenty hydregen analkylh itk Bis Sanpl e

base-addi ti Oneﬁﬂb&lﬁleht,n@dn%ﬁn&shﬁ’%lcﬂﬁl'1§’<§@1e1fJ%@WWaﬂmgrdﬁﬁtaéﬁﬁéfb&%d,SOd' um
and, quaternary ammoni um hydroxi des, such a exanple

t et r anet hyl anfesrexempls, the epmepeupd3-(2- mi@mhenyw%@hadrpﬂn@tqr@ﬁéﬁ Ngroup that is

a benzene (4 nQHH&H}HE}&nQBEmQMﬂg@%BIO[j@H]B\é%dlaﬁ)éiﬂ}y| groups of the present
i nvention nmay be unsubstitute substituted, for exanple, with alkyl,

al koxy, hal ogen, , etc. "Substituted, " tuted
al kyl , neans that t n&gggwﬂPHPW8ﬁﬂEéH“%@EﬁP“%FES?BmﬁwgiH# gﬁglgltlons
and, unl ess othidhR’Sehdltidhcaky tor altyBiubbiietes upaalbgamerwmﬁtmeammmem,

SUbSt Itution %Irgfgne rc%rﬂpggn%ggr%qgcpsg Exy wﬁ ﬂxﬁ@ a]ogéx? rrikyYI or a? o%%rl ;(E?Igple c;[fl ons.
such compounds include
15  5-(2-chlorophenyl)-1,2-dihydro-3,7,8-trimethyl -pyrazolo[3,4-b][1,4]benzodiazepine;

8-chloro-5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-8-fluoro-7-methoxy-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine;

20  5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-8-trifluoromethyl-pyrazolo{3,4-
b][1,4]benzodiazepine; and
8-chloro-5-(2-chlorophenyl)-1,2-dihydro-3,7-dimethyl-pyrazolo[3,4-
b][1,4]benzodiazepine.

In another embodiment, the invention provides compounds of formula IV in

25 which R?is hydroxy, alkoxy, or alkoxy substituted by halogen. Preferred compounds
within this embodiment are those in which R! is alkyl, cyano, NH,C(O), or
O(CH,),OCHj3. Example of such compounds include
5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-7-methoxyethoxy-3-methyl-pyrazolo(3,4-
b]{1,4Jbenzodiazepine;

30  5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-methoxy-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine; and
5-(2-chlorophenyl)-1,2-dihydro-3,7-dimethyl-8-methoxy-pyrazolo[3,4-
b][1,4]benzodiazepine.



"Therapeutically Effective Amount” means an anount of at |east one conpound
of Fornmula IV, or a pharmaceutically acceptable salt, ester, or netabolite
t her eof , wbavoe/mbapai fi cantly inhibits proliferation of a&Crmpreosoedcss

i ncludi ng hurman tunor cell lines or 15 that significantly inhibits

angi ogenesi s of bl ood vessels supplying tlpge-tunor or its netastasis. The
present invention provides conpounds of formulalV 2 N RNNHR3 R 'N
Ra |V wherein 20 Rithérgrefbied ommphotuais withtnathis geoup aEmEe]in GHICARK o haloghb.
C(ONR6)2, o CH2) nOCH3i. R2.i.s al kyl, hal ogen, al kyl substituted b
hal ogen, OH, é?aﬁ-&ot%s:!g%ﬁ?%gf?pgﬁlggt“fc%u&?ed by n Q(CHZ)-C N hal ogen, phenyl?/
N(R6) 2, ( OCH2TkRifocHS-cHRirtGhiRnpiNR2RBhy doe-8 maiox3 306 Bay 36 oRCT4-EP2005/ 010653
-11- C Nis a g;prnhered heterocycle optionally substituted by al kyl or
C(O OR6; or ﬂ?l,gﬁanz@ﬁ%egbn& her forma 5-nenbered heterocyclic ring; R3 is

hydr ogen ors aVfymd3-(2-shibrpdhangb,2-Giby bgSrmetity-INDRthylapykgdolo[dA- al koxy;
b][1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-methoxy-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-ethoxy-3-methyl-pyrazolo[3,4-

10 b][1,4]benzodiazepine; and

5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-(1-methylethoxy)-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine.

Further preferred compounds within this group are those in which R' is alkoxy.
Examples of such compounds include

15 5-(2-chlorophenyl)-1,2-dihydro-7,8-dimethoxy-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine;
1,2-dihydro-3,7-dimethyl-8-methoxy-5-phenyl-pyrazolo[3,4-b][1,4]benzodiazepine;
1,2-dihydro-7,8-dimethoxy-5-(2-methoxyphenyl)-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine;

20 5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-8-(1-methylethoxy)-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine; and
5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-7-(1-methylethoxy)-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine.

In another embodiment, the invention provides compounds of formula IV in
25 which R* is phenyl. Preferred compounds include those in which R’ is alkoxy, for
example, the compound 5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-8-phenyl-
pyrazolo[3,4-b][1,4]benzodiazepine.

In another embodiment, the invention provides compounds of formula IV
wherein R? is (OCH,CH,),OCHj. Preferred compounds within this embodiment are
30 those in which R! is halogen, alkoxy, or cyano. Examples of such compounds include
5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-8-methoxyethoxy-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-methoxyethoxy-3-methyl-pyrazolo[3,4-



5 each R6 is independently hydrogen or alkyl; R7 and R8 are each

i ndependent |y hydrogen, al kyl, or al koxyal kyl, or R7 and R8 taken together
wi t h t he wotznagam3at omto which they are attached form acémreeisonwds

het erocycl e which is optionally substituted by alkyl; each n is

i ndependently 1, 2, or 3; and io mis 2,.13,- or 4; or a pharnmaceutically
acceptabl e salt thereof. In one enbodi nent, the invention provides
conmpounds of byl Hipeazddiazepinsyhi ch OCHZ C N R2 is Wthin this enbodi nent,

D oo 5 RS W s e S e 1 7
Wthh RgehflCbﬂﬂﬁqm%gfgﬁemhm;?ﬂch conpounds R? and RS c:zdeach Conet her
W th che ni 11 Sger Rraere- T shrel 4Bl et R e e B e e

het erocycl s PpyrazarBreblel 4INevzBSazepinef orm  a nor phol i ne or plpera2|ne ring.
Wthin this enbodi nent, preferred conpounds are 20 those in which R7 and RS

together with the nt&;rﬁglg el o 60001 BrcRiok ACRERUARI Bl FETDCT O

heterocycle and RL 1s ogen or cyano l'es conpoun s include
5- (2-chl or ophevgtejn R @ddihggstﬂmfprmmdmoanmng Mmmpiptﬁlofrsycrll)qcnou}y@mys 3- net

hyl - pyrazol o] D _B9. - ,

7- brono-5-( 2- gﬁ?é?g%ﬁ%méhf§¥?gﬂglh;ﬁhgﬁglgg-(%9%£fph%?F%?P5bropoxy))-S-neth
yl - pyrazol o[ 8]i4-4hepzodidzerinez odi azepi ne; _

5- (2-chl orophenyl ) -7-cyano- 1, 2-di hydr o- 8- ( 3- (4- nor phol i nyl ) propoxy))-3-neth

y| pyrazohp[ 3, 4- b] frﬂanﬂﬂh@@éﬂ%lrﬁe%@ Ql'lé’iﬁverﬁﬂﬂ provides compounds of formula IV in
5-(2-chl orophenyl ) -,7- cyano -di hydr o- 8- (2= (4- net hyl -

- pi perazi nyl) &h%)ls halggen W 1th1n this'embodiment, preferred compounds are those in which

R? is halogen; hydroxy; N(R%),; O(CH,)-NR'R?, e.g., where NR'R® forms a morpholine

VR
O(CH)—C N
ring; alkoxy, e.g., methoxy or ethoxy; or -/ ,wherenis1or2.
In another embodiment, the invention provides compounds of formula IV in
15  which R} is (OCH;CH;),OCH;. Within this embodiment, preferred compounds are those
in which R? is alkoxy.

In another embodiment, the invention provides compounds of formula IV in
which R’ is NH,C(0). Within this embodiment, preferred compounds are those in which
R? is alkoxy.

20 In another embodiment, the invention provides compounds of formula IV in
which R is alkyl. Within this embodiment, preferred compounds are those in which R
is alkoxy, halogen, alkyl, or alkyl substituted by halogen.

In another embodiment, the invention provides compounds of formula IV in
which R! is alkoxy. Within this embodiment, preferred compounds are those in which R?

25 is alkoxy; halogen, e.g., chloro; phenyl; or (OCH>CH;),OCHj3, where nis 1 or 2.

In another embodiment, the invention provides compounds of formula IV in
which R! is cyano. Within this embodiment, preferred compounds are those in which R
is hydroxy; alkoxy; O(CH;)»NR'R?, in particular where NR'R® forms a morpholine ring;

N
O(CH,)—C N
(OCH,CH,),OCHs;; or \—/ ,wherenis 1 or2, and mis 2.



30 pyrazol o[ 3, 4-b][1, 4] benzodi azepi ne. WO 2006/ 040036 PCT/ EP2005/ 010653
-12 Also preferred are conpounds in which R7 and R8 are each i ndependently
hydr ogen,wal2kgdo40a36 al koxyal kyl and Rl i s hal ogen or cyaoo/EPAWs@x@EPl e of
such a conpound is 5-(2-chlorophenyl)-7-cyano- |

, 2-di hydr o- 8- (2- (2- met hoxyet hyl ) met hyl am_ng).- et hoxy)-3- 5

nmet hyl - pyrazol o[ 3, 4-b] [ 1, 4] benzodi azepi ne. I n anot her enbodi nent, the

i nvention provides tpimptienefbodimdnrimindentivh providesiéamipobaisi of fMRE)I¥ wher e

Compounds 1 n WHECH: o SPYBH 67 CamRAGyeH OBty tpBlse ST Ch raF e pdy

for exanple, tifwdudzonpound 5-(2-chl orophenyl)-1, 2-di hydro-7-fluoro-8-N,Nio

di met hyl am no-_3- hyl. - 0}..0[.3, 4-.bj benzodi azepi ne.., ln t her.. .
erbodi ent ¢ HZ A E BN bP S aRs BB B PP R I T AR 1 o
hal ogen, al kyl5-Qathlabgighyls Lbskhydid-Schethpxyrainsgiet-pytaeolbi3m-t hi s enbodi nent ,
preferred corrg)mrlﬁl% ar(ﬁathoge én which Rl is hal ogen, al kyl or al koxy.
Exanpl es of h %ouﬁ%@g e ude 15

5- ( 2- chl or opheni2tchidtophentyljx ¥, drdilky8rof7-8ydnbi8rmtthynty- pyrazolo[3,4-

- pyrazol of 3, 4-bi[]ﬂ[4i e4 bd%%old(ia azepi ne;

8-chl or o-5-(2-¢nht }P hen Pf—'l, 2- di hydr o- 7- met hoxy- 3- net hyl - pyrazol o[ 3, 4-

b] [ 1, 4] benzodi azepi ne;

5- ( 2- chl or ophdnyét)anothgr ehitiedidnent, Baefiresontanventien providess spmpioynd gfifoams bY 3s 4-

b] [ 1, 4] benzodi i ne. :

5-(2-chl or gghg%éﬁ%k%?eé? %él%ﬂrﬁd\ly%qr??net hoxy- 3-nmet hyl -8-tri fl uoronet hyl - pyrazol
o[ 3,4- b] [1, 4] benzodi azepi ne; and

8- chl oro-5-(2-chl orophepyl ) -1, 2-di hydr o- 3, 7- di net hyl - pyrazol o[ 3, 4-

b] [ 1, 4] benzodi azepi ne. RYs onﬁo'é’lom; i

R!, R? and R? have the meanings given above.

In still another embodiment, the present invention provides a compound of formula IV as

defined herein before, wherein

15 R3is methyl;
R*is ortho-chloro; and

R! and R? have the meanings given above.

In still another embodiment, the present invention provides a compound of formula IV as

defined herein before, wherein

20 R! is halogen or -CN
R? is methyl;
R* is ortho-chloro; and

R? has the meaning given above.

The present invention provides methods for the synthesis of disubstituted
25 pyrazolobenzodiazepines. Suitable processes for synthesizing compounds of the
invention are provided in the examples. Generally, the compound of the invention can be

prepared according to the synthesis schemes provided below.



I n anot her enbodi nent, the invention provides conmpounds of formula IV in

25 which R2 is hydroxy, al koxy, or al koxy substituted by hal ogen. Preferred
conpoundswownadni4m3shi s enbodi ment are those in whi ch RLPCI/ERRé0glo1066yano,
NH2C(O), or Q(CH2) nOCH3. Exanple of such conmpounds incl ude

5-(2-chl orophenyl ) -1, 2-di hydro- 8- net hoxyié/- met hoxyet hoxy- 3- net hyl - pyrazol o
[3,4- b] [1, 4] benzodi azepi ne; 30

5- ( 2- chl or ophenyl ) The dylminglsy2thelidsghieroesrovide tyr\geB:raionetiydds fgrpzepetasps, 4- b]

[ 1, 4] benzodi Lne: , L :

5-(2-chl or Opﬁoé%%\?@&n@@ gﬁhﬁi}g F %tlogj HodiomeP %Iildls-o f-ofrre{ntﬂﬁowx' }nprflnratgcz)% \_;c;;gi?g,stgﬁtedb] [

1, 4] benzodi azepchemes \\Bn@ R e0ZQHBEpIRCT (BERRGOLL 0AIEHS! t0-a cPBPOK oaier r ed
conmpounds within this group are those in which RL is hal ogen. Exanples of
such conpounds "i ncl ude
7-ch|oro-5-(2-ch|orophenyl)-1,2-dihydro-8-nethox¥{3-nethyl-pyrazolo[3,4-
b][l,4]benzodiaze? ne; 5H 0O R2 H S5
7- brono-5- (2-chl or 6ph ~.P)- , 2- di hydr o- 8-ne lii;-éﬁ%ethyl-pyrazolo[3,4- b]
[ 1, 4] benzodi azepi ne; _ —_— _

5- (2-chl or opheny! }11, 2~ dyAldr o- 7- f I uor o- 8-fet hoxy-
b] [ 1, 4] benzodi azepi ne; R4
5- (2-chl or ophenyl ) -1, ydr o- 7-f | uor o- 8- et ha
b] [ 1, 4] benzodi azepi ne; and 5-(2-chl orophenyl)- 17
2-di hydr o- 7- f | uor o- 8- ( 1- fet hyl et hoxy) -3 - net hyl - pytazol o [3,4- b]][

1, 4] benzodi azepi ne. Further preferred conpounds within this group are those
in which RL is al koxy. Exanples of such conpounds i ncl ude

§-nethy|-pyrazo|o[3,4-

R4 ,
8- net hyl - pyrazol o[ 3,4- io0

scheme 1

In the method of scheme 1, the lactam I is converted to the corresponding
thiolactam II according to procedures known in the art (WO 2000/064900; Scheibye, S.,
et al., Bulletin des Societes Chimiques Belges, 87: 229-38 (1978); Jesberger, M., et al.,
10  Synthesis, 1929-1958 (2003)). Thiolactam II is reacted with the dimethyl acetal of N,N-
dimethyl acetamide, preferably at an elevated temperature, for example, 60 to 130°C, to
form intermediate III, which on reaction with hydrazine forms the pyrazole derivative
Iv.



15 5-(2-chl orophenyl)- 1, 2-di hydro-7, 8-di met hoxy- 3-net hyl - pyrazol of 3, 4-
b][ 1, 4] benzodi azepi ne; 1
2- di hydr ow8,20eadi4nms6 hy| - 8- net hoxy- 5- phenyl - pyrazol o [ 3, 2¢hjEPRd5/010653
4] benzodi azepi ne; 1, 2-di hydro-7,
8- di met hoxy- 5- ( 2- net hoxyphenyl ) - 3- net hyl -pyrazol o[ 3,4 b]
[1 4] benzodi azepi ne; 20
5- (2-chl orophenyl ) -1, 2- dlhy 0- 7- met hoxy- 8- ( 1- net yI@thoxy)-S-nethyI-pyrazo
10[3,4- b] [1 ,4] bdxodhaleRi ne; and 5- ( 2- Bikorey yI) 1,
2- di hydr o- 8- nethoxy 7 zoIo [3 4-
b] [ 1, 4] benzodi azepife. “TnYaNot her enbodi neft’, Mvention provides
conmpounds of fornul a IV @ which R2 is phe l:{]eferred conmpounds

i ncl ude those in which s al koxy, for exa e conpound
5-(2-ch|oropheny|)-1,2-o Nydr o- 7- met hoxy- 3-net h 8- phenyl -

pyrazol o[ 3, 4-b] [ 1, 4] benzodi azepi ne. I n anot her enbbdi nent, the invention
provi des conpounds of formula IV wherein R2 is (OCH2CH2) I | OCH3. Preferred
conmpounds within this enbodi ment are 30 those in which Rl is hal ogen,

al koxy, or cyano. Exanmples of such Eg:ggunds inclu 5- (2-ghl®qpphenyl ) - 1,

2- di hydr o- 7- met hoxy- 8- net hok$ .r@ t hyl - pyraz @ \3/,;&

b] [ 1, 4] benzodi azepi nes—5=(2-c

1, 2-di hydr o- 7-f | uor o- 8- net hBXyet 'Thyl pyraZsi o[ 3, ND 2006/ 040036
PCT/ EP2005/ 010653 - 14- b] [ 1, 4] bes azeplne 5- (2-chl grophgpyl ) -
7-cyano-1, 2- di hydr o- 8- net hoxyet R = 3-net hyl - pyrazol o[ 3 ﬁ [

1, 4] benzodi azepi ne; and 5-(2-chl 8rophenyl)-7-cyano-1,
2- di hydr o- 8- ( 2- ( 2- net hoxyet hoxy) et oxy) - 3-net hyl - 5 v
pyrazol o[ 3, 4-b] [ 1, 4] benzodi azepi ne.

scheme 2

In the method of scheme 2, which is a variation of scheme 1, the lactam I is

converted to the O-methyl ether V, either by methods known in the art (Walser, A.; et al,,

5  Chemistry of Heterocyclic Compounds, Chichester, United Kingdom, Vol. 50: 431-543
(1991); Walser, A.; et al., Chemistry of Heterocyclic Compounds, Chichester, United
Kingdom, vol. 50: 545-629 (1991); Walser, A.; et al., Chemistry of Heterocyclic
Compounds, Chichester, United Kingdom, vol 50: 631-848 (1991); Walser, A,; et al.,
Chemistry of Heterocyclic Compounds, Chichester, United Kingdom, vol 50: 849-946

10 (1991); Archer, G. A.; et al., Chemical Reviews, 68: 747-84 (1968); Sternbach, L. H., et
al., Journal of Organic Chemistry, 27: 3788-96 (1962); U.S. Patent No. 3,681,341) or by
reaction with phosphorous oxychloride followed by reaction with sodium methoxide.
Reaction of ether V with the dimethyl acetal of N,N-dimethyl acetamide forms

intermediate VI which on reaction with hydrazine forms the pyrazole derivative IV.

15 Methods for preparing compounds of formula I are well known in the
benzodiazepine literature (Walser, A.; et al., Chemistry of Heterocyclic Compounds,
Chichester, United Kingdom, vol. 50: 431-543 (1991); Walser, A.; et al., Chemistry of
Heterocyclic Compounds, Chichester, United Kingdom, vol. 50: 545-629 (1991); Walser,
A.; et al., Chemistry of Heterocyclic Compounds, Chichester, United Kingdom, vol 50:

20 631-848 (1991); Walser, A.; et al., Chemistry of Heterocyclic Compounds, Chichester,
United Kingdom, vol 50: 849-946 (1991); Archer, G. A.; et al., Chemical Reviews, 68:



I n anot her enbodi nent, the invention provides conmpounds of fornmula IV
wherein R and R2 together form an di oxol ane ring. An exanple of such a
conmpound W6 2006/040036 PCT/EP2005/010653

5- (2-chl or ophenyl) - 8, 10- di hydr o- 7- net hyl - 1, 3- di oxol o[ 4, 5- h] pyrazol o 3, 4- b]
[ 1, 4] benzodi azepi ne. 10 In anot her enbodildent, the invention provides
conpounds of forrmula IV in which Rl is halogen. Wthin this enbodinent,
preferred conpélRd$19%Rk Stérokashiln Hurteh Jommali o3 Osganisdaiemisinyel 2 63y $8-RP R6) 2;
A CH2),,,NR Rt%l%g g., where NR7R8 forns a norpholine QCCH2)n C N ring;

al koxy, e.g., netfoxy or ethoxy; or U, where nis 1 or 2. In another
enbodi nent, the invention provides conpounds of forrmula IV in 15 which R
is (OCH2CH2) nOCH3. W thin this embae ment, preferregsconpoypds are those

in which R2is alkﬁ%i[;tfmﬁhother crbedi nent, the gnv;ﬂii.n provi des

conpounds of fornula n whic sO0Hnbodi nent ,
preferred conpound&lar& those in % rﬁgher

enbodi ment, the invent“&p provideslﬁonpounds of formulg |y which R1L is
al kyl. Wthin this enbodi nent, pre¥erred conmpounds ardXt hegelin which R2

i s al koxy, hal ogen, alkyl, or alkyl substituted by hal ogen. In another
enbodi nent, the invention provides conpounds of formula IVin which R is
al koxy. Wthin this enbodi ment, preferred conpounds are th Mgewhi ch R2
25 is al koxy; hal ogen, e.g. RBshtsgdtzphenyl; or (OCH2GHR)

1 or 2. In another enbodinent,ﬂi?- i_gvention provides cg
Nin which R is cyam “WtRiln thi sfenbodi ient, pref s Bunds are
those in which R2 is hydroxy; al RYO(CH2).. NR7R8, in partigﬂlar wher e
NR7R8 forms a norpholine ring; xO )I1 C N (OCH2CH2) nOCH3 ' /[, where
nis 1or 2, and mis 2.

Q

h R2 is alkoxy. 20 In a

X1
OY\NHZ
R2 NH
> O o] —
R1
O R4
X
scheme 3
5 For examples of compounds of formula I where the substitution pattern has not

been described previously, the preparation follows the method outlined in scheme 3,
where the condensation of an aniline derivative VII with an aldehyde VIII in the
presence of a Lewis acid according to the method described in Toyoda, T., et al.,
Tetrahedron Letters, 21: 173-6 (1980), generates an aminoalcohol IX.

10 Compounds of formula VIII are commercially available. Compounds of
formula VIII are commercially available, or are known compounds prepared from
commercially available materials by procedures known in the art. Compounds of
formula VII, with the exception of VIIgg, VIIkk, VIIii, and VIIjj, are commercially
available. Compounds of formula VIIgg and VIIkk can be prepared, for example, by the

15 method of FR1573745. Compounds VIlii and VIIjj can be prepared by the following



WO 2006/ 040036 PCT/ EP2005/ 010653 -15 In another enbodi nent, the invention
provi des conpounds of fornmula IV wherein R3 is hydrogen, i.e. conpounds of
formul a XXD20oddenspl es of such conpounds i nclude PCT/EP2005/010653

5- (2-chl orophenyl ) -1, 2-di hydro- 7-f | uor o- 8- met hoxy- pyrazol o[ 3, 4-b] |

1, 4] benzodi azepine; 5 -19-

5-(2-chl orophenyl ) -1, 2-di hydr o- g- net hoxy- 7- net hyl - pyrazol of 3, 4-

b] [ 1, 4] benzodinarteyd which &nidscribed in terms of VINii. A mixture of 7.34g (0.0347 mol) of 1-

5- (2-chl orophenwl ) -1, 2-dihydro- 7- - E%ORQF -0l ,

b][1, 4] benzodi‘ré%lle ?":14ér.utr ‘%’%ngo%gg?'obt%ﬁ%gggr%%gﬁ# ment ?y-%%éﬁggg%ﬁitéﬁ nventi on
provi des a compabpdtofufantahaml @:1) Waashakérovigerpusheendaes ¥ psi petasphere gther ei n R4

| s ortho-chl op0. g?ndfto% hofe AL AYCHENRLABAR IS COEL AR ERRURrarcin SET T

anot her enbodihP?%rr? present 1 nvention provides-a conpound of formula IV
as defi neds handdrmednefed pessuhiorgiien4.53 g8 3insethnxy Hyisoprepoxyanikige; Wbick Miagr o; and
R1 and R2 hav i iyen el I3l ; rReRlient, the
present i nvent(:%ig %ﬁ‘ﬁl&g@ﬁ%g]g%g%c%eﬁbéﬁﬁgx%fbefﬂg?%ﬁdéﬁ?%Hglgpﬁ%rg?el ned Zk:lrgr ein

bef ore, wher eimetiReyR-nitre-1Hsdpogpenysnzenenrhickaan be prepaigd fromgommersialio- chl or o;
and R2 has the fpafl Nl o V&&gtqgé[)%rgcedm%f RLESIRNt al. MBRRE LD BERYS, 8624881 hods

for the synthesi's of disubsti
92 (1985).

10 Oxidation of IX to the corresponding amino ketone X can be accomplished by
methods known in the art (see, e.g., the Walser references described above; Sugasawa,
T.; et al., Journal of Heterocyclic Chemistry, 16(3): 445-8 (1979); and Leroux, F., et al.,
Journal of Organic Chemistry, 68: 4693-4699 (2003)). Derivatization of X with a
glycine equivalent is accomplished by reaction of X with bromoacetyl bromide followed

15 by reaction either with ammonia to provide XII or by reaction with sodium azide
followed by azide to amine reduction to provide XII, which then undergoes cyclization

to lactam I (see, e.g., Walser references described above).

X X1
H
R2 ! NX/ENKH
R1 =N
O R4
v

scheme 4



25 pyrazol obenzodi azepi nes. Suitable processes for synthesizing conpounds
of the invention are provided in the exanples. Cenerally, the conpound of
t he i nverwODanocoam3be prepared according to the synt hesiPsTEPR@S®$0683 Ovi ded
bel ow. WD 2006/ 040036 PCT/ EP2005/ 010653 -16 The foll owi ng synthetic
schenmes provide two general nethods for pggparation of conpounds of the

i nvention, i.e., conpounds of formula IV. In method A, illustrated in
schenes 1 and 2, a &@ﬁﬁﬁd&lﬁmmomdeﬁwmwffbnma E\()rmyebe frimedbypmednpound
of formula [IV. R4 | V1. R2.~

R2 N N-NH _4 lilzPuthNe‘Nn Séfmel\"r %ﬁtewdl%el\g 1 reii“\‘}ed\l‘g F\O'?Sﬁaézoi?e?eﬁc%wc?f
scherrg 1, theximes g)?mhntér&ledﬁte\bﬂf\’t Rbniavalt dfehecadlyt gsm)ﬁdmagv it hﬂﬁoh@bﬂam |l
according to procedur art 0 che et
al ., Bulleti nbyo‘gg gg&&'w} g?ggf?ﬂ ﬁg"cﬂtﬂiaﬁﬁﬂ’ggg%?{)offg ﬁ@go’?lf%rg é’é%gs%er ger,
M, et al.s 141585}(&‘998@SWf&reuﬂ-ﬁ&Qm&ﬁﬁBX([Y@:Oﬁ).c)ted fihheopreseheernf Idlisdbstytabesinea wi t h
t he di net hyl acet al th cet am d referably at an el evated
tenperature, fygiidg ?lgl(e[l\%ﬁg?’%e %‘%‘&fa epsfr%%oﬁg e%[‘%t}vr?é fate 111, which on
reaction with hydrazine forns the pyrazole derivative 1V. WO 2006/ 040036
PCT/ EP2005/ 010653 The amino-chloro-pyrazole derivative XIII is prepared by the methods outlined

S

in scheme 5 and scheme 6.

\
N HN— Ny
o * oun. T -
> o)
— Y NH, )
s)
XV
(‘ {
Cl . Ci N
— \ /N —_— \ /
o) HO
— Y Y
XVI XVil
NH A
——’N_ \ N — W
=N=N H,N
o)
XVl X

10 scheme 5



-7 HOO R NN RRN-~30- RL-NRL-NRARA IV 0- HNN R R NH RL
-NN- RL"NRA R4 VI IV scheme 2 In the nethod of schene 2, which is a
vari ati orwofoeolierse 1, the lactaml is converted to thecompreespioses her V,
ei ther by nethods known in the art (Walser, A ; et al., 5 Chemstry of
Het er ocycl i ¢ Conpounds, Chichester, Uniteg Kingdom Vol. 50: 431-543
(1991); Walser, A ; et al., Chemstry of Heterocyclic Conpounds,

Chi chester, United Kingdom vol. 50: 545-62’ (1991); Walser, A ; et al.,
Chem stry of Heterocyclic Conpounds, Chicgegter, Uni ted Ki ngdem vol 50:
631-848 (1991); Walser, A.; et al., Chemgtry of Heterocyclig Conpounds,

Chi chester, UnitedCkipdagm vol 50: 84%i Wwo (1991); Ar@ NG A et
al ., Chemical Reviews\=§8: 747=824—(1968); \Stler nbact—t> H.?ﬁ&n&bal.,
Journal of OrganicoGRém Stry, 27: 3788-034" (1962); U.S. Pangat .
3,681,341) or by reaption with phosphorogs oxychloride fofl | owed by
reaction with sodi um netppoxi de. Reaction oKXether V wth thd&ildi net hyl
acetal of N, N-dinethyl acetam de forns internediate VI which on reaction
wi th hydrazine forns the pyrazole derivative V. 15 Methods for preparing
conpounds of fornmula | are well known {gj.the benzodiazepine literature
(Wal ser, A.; et al., Chemstry of Heterocyclic Conpounds, Chichester,

Uni ted Kingdom vol. 50: 431-543 (1991); Walser, A ; et al., Chem stry of

In scheme 5, ethyl-2-cyano-3-ethoxy-2-butenoate is reacted with 2-propenyl-

hydrazine to form pyrazole intermediate XV. Ethyl-2-cyano-3-ethoxy-2-butenoate can

5 be prepared from commercially available materials via the method described in U.S.
Patent No. 2,824,121. The amino ester XV is converted to the corresponding chloro
derivative XVI by diazotization and reaction with chloride in the presence of copper
salts. Hydrolysis of the ester under basic conditions provides the pyrazole acid
intermediate XVIL. The acid XVII is reacted with methyl chloroformate followed by

10 azide to form the intermediate carbonyl azide pyrazole XVIII, which on heating,

followed by workup provides the amino-chloro-pyrazole derivative XIII. Alternatively,
amino-chloro-pyrazole derivative XIII may be prepared by allylation of nitropyrazole

XIX (forming XX), followed by reduction of the nitro group to amino (scheme 6).

Additional substitutions for R' and R? can be obtained when either R' or R?is a
15 functional group that can undergo further transformation. For example in cases where R'
and R? are fluorine, monosubstitution is possible by reaction with an alcohol or amine in

the presence of a base. These reactions are illustrated in schemes 7, 8 and 9.

scheme 7

20 This reaction can be used to convert compounds such as (2-amino-4,5-

difluorophenyl)-(2-chlorophenyl)-methanone (Xmm) to compounds such as (2-amino-5-



Het er ocycl i ¢ Conpounds, Chichester, United Kingdom vol. 50: 545-629
(1991); Walser, A ; et al., Chemstry of Heterocyclic Conpounds,

Chi chest ewp 2ubv/i4eas6 Ki ngdom vol 50: 20 631-848 (1991); WalraeeosAigeset al .,
Chem stry of Heterocyclic Conpounds, Chichester, United Kingdom vol 50:
849-946 (1991); Archer, G A ; et al., Chex-cal Reviews, 68: WO 2006/ 040036
PCT/ EP2005/ 010653 -18 747-84 (1968); Sternbach, L. H, et al., Journal of
Organi ¢ Chemi slupxo-4-2iétho37i88r@HE(2-hl@6hehyl)-MethReone (KpPanR42-RaringhS-figore-4K3- OH 31

R RE VLV I, LG o Db o N e netaron@och RL R4 X 1= 1 X

scheme 8

5 This reaction can be used to convert compounds such as 5-(2-chlorophenyl)-7,8-
difluoro-1,3-dihydro-2H-1,4-benzodiazepin-2-one (Imm) to compounds such as 5-(2-
chloropheny!)-1,3-dihydro-7-fluoro-8-methoxy- 2H-1,4-benzodiazepin-2-one (Ia) and 5-
(2-chlorophenyl)-7-cyano-1,3-dihydro-8-methoxy- 2H-1,4-benzodiazepin-2-one (Ib).

H S

R2 N\g
R1 ‘ =N
O R4

10 scheme 9

This reaction can be used to convert compounds such as 5-(2-chlorophenyl)-1,3-
dihydro-7,8-difluoro-2H-1,4-benzodiazepin-2-thione (Ilmm) to compounds such as 5-(2-
chlorophenyl)-1,3-dihydro-7-fluoro-8-methoxy-2H-1,4-benzodiazepin-2-thione (Ila), 5-
(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-methoxyethoxy-2H-1,4-benzodiazepin-2-thione

15  (IIf), 5-(2-chlorophenyl)-1,3-dihydro-8-ethoxy-7-fluoro-2H-1,4-benzodiazepin-2-thione
(I1g), and 5-(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-(1-methylethoxy)-2H-1,4-
benzodiazepin-2-thione (ITh).

In examples where R? is a methoxy group, the intermediate can be demethylated
to the corresponding hydroxy derivative, which can then be further alkylated. This is

20 outlined in scheme 10.



RA& \ 1 \ / R4 XI I schenme 3 5 For exanples of conmpounds of fornula I
where the substitution pattern has not been described previously, the
pr epar at iwo 2b@ld40088 t he nmet hod outlined in schene 3, WrRETEPRIVS/010653

condensation of an aniline derivative VII with an al dehyde VIII in the
presence of a Lewis acid according to the 1sethod described in Toyoda, T.,
et al., Tetrahedron Letters, 21: 173-6 (1980), generates an am noal cohol

formula VIl af al ly avai |l atiq
from conmmerciall ble mategrials
Conmpounds of fRIf
VIljj, are comrerci

| X. io Conmpounds of fa4 a Vil are com‘rero-i‘ﬁlgy avail able. Co \gms of
art

avai | abl e. Conpougds 8% formula Vilg
can be prepared, fo fble, by the 15 m f FR1573745. Cy
and VIIjj can be pr qd by the foll ow ng~WD 2006/ 040036 PCT/ EP200%/ 010653
- 19= nethod, which is described in ternms of VIIii. A mxture of 7.34g
(0.0347 nol) of 1- methoxy-4-nitro-2-isopropoxybenzene and 15 g of

Raney- Ni ckel in 80 niL of tetrahydrofursglgﬁ-]n?et panol  (1:1) was shaken

vi gorously under a 50 psi atnosphere of ydlrogen for 4 hours. The m xture
was then filtered through Celite and concentrated 5 under reducted pressure
to giver 4.57 g of 3-nmethoxy-4-isopropoxyaniline, which was used directly
for the next step. VhisTpacEamcandeysedy K sFMRE: L0 CoTYFTt SPrpRYRAGTICH py{rpremo-

et hoxy- 4- ni t rREleHIGEMHAPRL BOBRRAS-ndihdg- 21N DnpsRR8piad-deqm eomer ci al |y
avail able materials using the praocedure of st el | 8 eé az ., Tetrahedron
Letters, 265 2;@3@09@55(51@8@)7_-br0m0—5—(2-chloropheny -1,3-dihydro-8-(3-(4-

morpholinyl)propoxy))- 2H-1,4-benzodiazepin-2-one (Ij), 7-bromo-5-(2-chlorophenyl)-

1,3-dihydro-8-methoxyethoxy- 2H-1,4-benzodiazepin-2-one (Inn), 7-bromo-5-(2-
chlorophenyl)- 1,3-dihydro-8-(2-(2-methoxyethoxy)ethoxy)- 2H-1,4-benzodiazepin-2-
one (Ioo), and 7-bromo-5-(2-chlorophenyl)-1,3-dihydro-8-hydroxy-2H-1,4-

10 benzodiazepin-2-one (Ipp). This reaction also can be used to convert a compound of
formula 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-methoxy- 2H-1,4-benzodiazepin-2-
one (Ib) to compounds such as 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(3-(4-
morpholinyl)propoxy))- 2H-1,4-benzodiazepin-2-one (Ik), 5-(2-chlorophenyl)-7-cyano-
1,3-dihydro-8-(2-((2-methoxyethyl)methylamino)-ethoxy)-2H-1,4-benzodiazepin-2-one

15 (Iv), 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-hydroxy-2H-1,4-benzodiazepin-2-one
(Iqq), 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(1-t-butoxycarbonyl-4-
piperidinyl)methoxy-2H-1,4-benzodiazepin-2-one (Irr) and 8-(2-chloroethoxy)-5-(2-
chlorophenyl)-7-cyano-1,3-dihydro-2H-1,4-benzodiazepin-2-one (Iss).

Compounds of formula IV in which R! are CN or C(O)N(R6)2 can be converted
20 to compounds in which R! is COOH or COOAlkyl via methods known in the art, for
example, those described in U.S. Patent 6,440,959,

For those compounds of formula IV where R? is H (Compounds of formula
XXII), the compounds can be prepared according to the general method outlined in
Scheme 11.



10 Oxidation of I X to the corresponding am no ketone X can be acconpli shed
by nethods known in the art (see, e.g., the Wal ser references descri bed
above; Swyexawa40036. ; et al., Journal of Heterocyclic CRremiEPRo0g/0106% 3) :
445-8 (1979); and Leroux, F., et al., Journal of Organic Chem stry, 68:
4693- 4699 (2003)). Derivatization of X wi-th-a glycine equivalent is
acconplished by reaction of X with bronoacetyl brom de followed 15 by
reaction either with amonia t ovide XlII or by reaci8on with sodi um
azide followed by azi d¥v i
under goes cyclization to
above). R2 NH2 R2 N\ '/
RL NR4 [V schene 4 WO 200648
t he pyrazol e derivatives of fmul a |V may be for 9 method B outlined
in schene 4. Internediate X reacted wi th am no-¥tl oro- pyrazol e
derivative XilIl to formi ntlfzrmedi ate XIV. Rem)valagﬁf the allyl group from
XIV is acconplished by the general nethod descri in Tani guchi, T., et
al ., Tetrahedron Letters, 39: 4679 5 4682 (1998), wherein internediate XV
is reacted in the presence of diisobutyjal ymnum hydride and a nickel
catal yst to generate the pyrazol B2deriya vl v,

reducti on tRPre X1, which then
| (see, ,e.Q., er erences descri bed
Y NRL -N RRFR2NRIY=NX XNt XIV R2 H N-NH

40386 PCT/ EP2005/ 0108583 320 Alternatively,

> R1 =N

XXH

scheme 11

This process has been previously described for examples where R?isHin
commonly owned U.S. Patent No. 6,440,959. Thiolactam II is reacted with
5 dimethylformamide diethyl acetal to produce intermediate XXI, which is then treated
with hydrazine to yield the pyrazolobenzodiazepine XXII. Specific examples of this

reaction can be found in Examples 90 to 92, below.

SUBSTITUTION TABLE

R’ R* R’ R*
a F OCH; CH; Cl
b CN OCH; CH; Cl
c H,NCO OCH; CH; Cl
d Br OCH; CH; Ci
e CH; OCH; CH, H
f F OCH,CH,0CHs; CH; Cl




The am no-chl oro-pyrazole derivative Xl is prepared by the nethods
outlined in schenme 5 and schene 6. 1\ O/ H2 NNN O+ H\NH O XV Cl1 N,
N C1 N~ \WONo0sD4b#36--/ O O XVI XVII C CI N N NNt NrPEZNPDIOXWILd653 Xl | |

10 schene 5 WD 2006/ 040036 PCT/ EP2005/010653 -21 C N, C N, C N, - NH ~
_~IN~/N O%WOIl HNO X X XX XlIll_osscheme 6 In schene 5,

et hyl - 2- cyano- 3- et hoxy-2-butenoate is reacted with 2-propenyl - hydrazine to

form pyrazolfe i nt érneqqfat € [XV. Et hyl -2- crano- 3- et hoxy- 2- bmﬁopt R'c In
g F OCH2CHj3 CH; Cl
h F OCH(CHs): CH; Cl
i F OCH,CH,CH,N(CH,CH,),0 CHj; Cl
j Br OCH,CH,CH,N(CH,CH;),0 CH; cl
k CN OCH,CH,CH,N(CH,CH;),0 CH; Cl
1 E N(CHs); CH; Cl
m CN OCH,CH,OCH3 CH; Ci
n CN OCH,CH,OCH,CH,OCHj; CH; Cl
o F OCH,CH(CH,CH;).NCH3 CH; Cl
P CN OCH,CH(CH;CH,),NCH3 CH; Cl
q F OCH,CH,N(CH;CH;),0 CH; Cl
r CN OCH,CHN(CH>CH;).0 CH; Cl
s F OCH,CH,N(CH,CH,),NCHj3 CH; Cl
t CN OCH,;CH,N(CH,CH,);NCHj3 CH; Ci
u F OCH,CH,N(CH3)CH,CH,0CHs CH; Cl
v CN OCH,CH,N(CH3)CH,CH20CHj5 CH; Cl
w CH; CH3 CH; cl
X OCH; OCH; CH; Ci
y OCH;, Cl CH; Cl
vA CH; OCHj3 CH; Cl




5 be prepared fromcomercially available materials via the nmethod
described in U S. Patent No. 2,824,121. The am no ester XV is converted to
t he correspanaioagesehl oro derivative XVI by diazotizati eoT@ardoosepamsss on Wit h
chloride in the presence of copper salts. Hydrolysis of the ester under
basi c conditions provides the pyrazole acipg- internediate XVil. The acid
XVI1 is reacted with nethyl chlorofornmate followed by io azide to formthe
i nt er medi at e[ car bonyl REZI de| pyrazol e XVITRZ which on heati ®j, fdr1oMed by
wor kup provi gdes the am no-chl oro- pyrazole derivative XN, Alt@rnatllely,
am no- chl or ot+py+azete—dertvati-ve—xHH FRYHE e—prepared—by—akkyat Of
ni tropyrazol e %X X (f%pﬁfng XX) , follomedc%§ reduction quFﬁ ﬁ#??% group
to amno (schene 6). Additional substitutions for R and R2 can he t ai ned
when either Ribbr R2 is a 15 funcO@h& group that can|unddsrgq 4kt her
transfornatibn For exanpl e in cases mhere R and R2 arje fl uor]i ne,
nonosubst i t uttgu s pogptbie by TEATTT O, h—am ar conol| ofgamneci n| the
presence of a basej These re¢actions are illustrated in dchenes |7, 8 and 9.
R2 NH2Z R2 NH2Z_R1 D Rl O 3141 RA RA X X schene 7 .20 Thic J'_%a_g_t_;__g_n__ga_n be
used to convertddcoppolflls slich as (2-ani né- 4, 5- Hs c

di f1 uor ophenyl) - (2 chl orophenyl ) - met hanone (Xmm) to conﬂounds such as
(2-am no-5 24306 04gpgn PCT/ EPZ00S/ 010@R - 22 CH; Cl
f | uor o- 4- met hoxyphenyl ) - (2- ¢hl or ophenyl ) - net hanone (Xa) |and
(2-am no- 5-f luoro-4-(3-

(4-nnrpho|in3|)%r on??ﬁhen)l)-(z-chloropﬁ%nyl)-nethanone E&%). ch HO R2

NJ RR NJ R7|--NRL --N
g OCH, OCH,CH,OCH; CH, Cl
hh CH; Cl CIL Cl
i OCH, OCH(CHa), CH; Cl
7 | OCH(CHs), OCH; CHs Cl
Kk | OCH,CH,0 OCH; CH, Cl

CH;
mm F F CH; Cl
nn Br OCH,CH,OCH; CH; Cl
00 Br OCH,CH,0OCH,CH,0CH; CH; Cl
PP Br OH CH; Cl
qq CN OH CH, Cl
I CN OCH,CH(CH;CH,),NCOOC(CHa); CH; Cl

ss CN OCH,CH,Cl CH, Cl




RA R4 | I scheme 8 5 This reaction can be used to convert conpounds such
as 5-(2-chl orophenyl)-7,8- difluoro- 1,3-dihydro-2H 1, 4-benzodi azepi n-2-one
(Im) to worpaumadsesuch as 5-(2- chl orophenyl) - PCT/EP2005/010653

1, 3-di hydro-7-fl uor o- 8- net hoxy- 2H 1, 4- benzodi azepi n-2-one (la) and 5-
(2-chl orophenyl ) -7-cyano- 1, 3-di hydr o- 8- neghoxy- 2H 1, 4- benzodi azepi n- 2- one
(Ib). HSHS R NN R I \ NJ RL-NRL-NRA R4 11 |If 10 schene 9 This
reaction can be useCorhgpusidsvfésrinut=0Ppounds such as 5-(2-chl orophenyl)-1, 3-
di hydro-7, 8-di fl uoro-2H 1, 4- benzodi azepi n-2-thione (Il m) to conmpounds such
as 5-(2-

chl or ophenyl ) -1, 3-di hydro-7-fl uor o- 8- net hoxy-Z\ 1, 4- benzodi azepi n- 2-t hi one
(Ita), 5- (2-chlorophenyl)-1,

3-di hydro- 7-f | uor o- 8- met hoxyet hoxy- 2H- 1, 4- beré_tdi azepin-2-thione 15 (I1f)
5-(2-chl orophenyl ) -1, 3-di hydr o- 8- et hoxy 7ﬂ No 2H- 1, 4- benzodi azepi n- 2-t
one (llg), and

5-(2-chl orophenyl ) -1, 3-di hydro-7-f| uo-( hyl et hoxy) - 2H 1, 4-
benzodi azepi n-2-thione (11h). In ednplés)were R2 is a nethoxy group, the
i nternedi ate can be denethylated to thorﬁgspondi ng hydroxy derivati ve,
whi ch can then be further al kylated. Th s 20 outlined in schene 10. WO
2006/ 040036 PCT/ EP2005/ 010653 -23

hi

Xiv

wherein

R'is alkyl, alkoxy, halogen, COOH, COOAIkyl, CN, C(O)N(Rﬁ)z, or
5 (OCH;CH;),OCHs;
R?is alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by
N\
g OCH)—C N
halogen, phenyl, N(R®),, (OCH,CH),OCH;, O(CH;)NR 'R, or N~

VY
C N
\—’  is a 6-membered heterocycle optionally substituted by alkyl or C(O)OR®;

or R! and R?together form a 5-membered heterocyclic ring;

10 R*is hydrogen, halogen, CN, NO, alkyl, or alkoxy;
each R® is independently hydrogen or alkyl;
R” and R® are each independently hydrogen, alkyl, or alkoxyalkyl, or R’ and R® taken
together with the nitrogen atom to which they are attached form a 6-membered
heterocycle which is optionally substituted by alkyl;

15 each n is independently 1, 2, or 3; and
mis 2, 3, or 4 are novel compounds useful as intermediates in the preparation of
compounds of formula IV. In one embodiment, the present invention provides
compounds of formula XIV. In another embodiment, the present invention provides the

following specific compounds of formula XIV:

20 5-(2-chlorophenyl)-1,2-dihydro-3,7,8-trimethyl-1-(2-propenyl)-pyrazolo[3,4-
b][1,4]benzodiazepine;



OHOHO R NHONR2ZN RL-NRL-NRL"NRARAR4 | I | schene 10
This reaction can be used, for exanple, to convert conpounds such as
7- br ono- wo(Beciabasophenyl ) - 1, 3- di hydr o- 8- net hoxy- PCT/EP2005/010653
2H 1, 4- benzodi azepi n-2-one (1d) to 5 conmpounds such as
7- br ono- 5- (2-chl or ophenyl ) -1, 3-di hydr o- 8- ¢3- (4- nor phol i nyl) propoxy)) -
2H 1, 4- benzodi azepi n-2-one (lj), 7-brono-5-(2-chlorophenyl)-
1, 3- di hydr o- 85 pRERGPRIIYDXIY2-diBtrd. 74Aden g Dbk 3 e tRyl AR@-frbpunyl)-
7- br omo- 5- (2- chl orophenyl %e 1.3-di hydro-8-(2-(2-nmethoxyet hoxy) et hoxy) -
2H 1, 4- benz odPA3EelA4] I “E?%%?F?m%md
7- br ono- 5- ( 2- sl -erieRpRAW!) 1, L diBy @bl Tysl dire toky-dmeetlyyl-2 H2 brebedg)-pyrazolo[3,4-
benzodi azepi n-2-one (lpp). This reaction also can be used to convert a
conpound of @]@},%gog;ag%m%| or ophenyl ) - 7-cyano- 1, 3- di hydr o- 8- net hoxy-
gH( % 4;] lben250ﬂs'sJamlewd-ﬂ(ﬁchl&@pti&ngbél_,ztﬁaﬁgy@agmd@(( aie B{S&Iﬁlbthylrsll-l@-prolpe)myl} N

- (2-chl orophenyl ) - 7- no-1, 3-di hydro-8-(3-(4- norpholinyl)propoxy))-
2H 1, 4- benzodPH?@é?[gt@gn‘gb?“ﬂ‘%‘?zeBg’?Q- chl or ophenyl ) - 7- cyano-
1, 3- di hydr o- 85.(2<hloshph@iynox3-athhdto) Sty yad7 dimetkyl Ho@yprephlyl)-phrabdol3ddi azepi n
- 2-o0ne 15(Iv%1;[| . .
5- ( 2- chl or ophBW}HPeRZodAZER% 3. di hydr o- 8- hydr oxy- 2H 1, 4- benzodi azepi n- 2- one
(1aq), d_5- ( I2 Ch,bﬁﬁl@ﬁiﬂ@z mlc}limiﬂlsmeﬁol‘—b dﬂne&o@?phwgﬂm—ﬁw?vlid—;%bpgwxwmmmw[&*
pi peridi ny -2H- 1.4-benzodi azepi n- 2- one n) an
8- (2-chl or efﬁﬁk%%%%@“ﬁm
chl or ophenyl ) 5(2¢yarophtnyd- 81 GwitlydroZHndthyl- i divecloBizellpyrazelofdet- (| ss) .
Conpounds of Bﬁi | a Idv in which R are CN or C(ON(R6)2 can be converted
20 to conmpoun8s* PRI i s CcOoH or COOAl kyl via methods known in the
art, for exanghbro-5Hdshlothpharyl)bieztdihndriol8SnetRatyedrmebiyt4@2-9EPenyibor t hose

conpounds  of {3)%212“(%1'06,4'4%[lv,m%énezoggzeiplsneﬁ (Conpounds of fornul a

15 5-(2-chlorophenyl)-1,2-dihydro-8-fluoro-7-methoxy-3-methyl-1-(2-propenyl)-
pyrazolo[3,4-b][1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-1-(2-propenyl)-8-triffluoromethyl-
pyrazolo[3,4-b][1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-8-phenyl-1-(2-propenyl)-

20 pyrazolo[3,4-b][1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-8-methoxyethoxy-3-methyl-1-(2-propenyl)-
pyrazolo[3,4-b][1,4]benzodiazepine;
8-chloro-5-(2-chlorophenyl)-1,2-dihydro-3,7-dimethyl-1-(2-propenyl)-pyrazolo[3,4-
b]j[1,4]benzodiazepine;

25 5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-8-(1-methylethoxy)-3-methyl-1-(2-
propenyl)-pyrazolo[3,4-b][1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-7-(1-methylethoxy)-3-methyl-1-(2-
propenyl)-pyrazolo[3,4-b][1,4]benzodiazepine; and
5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-7-methoxyethoxy-3-methyl-1-(2-propenyl)-

30 pyrazolo[3,4-b][1,4]benzodiazepine.

The present invention provides pharmaceutical compositions which comprise at
least one compound of the present invention, e.g., a compound of formula IV, or a

pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier.



XXI'l), the conmpounds can be prepared according to the general nethod
outlined in Scherme 11. WD 2006/ 040036 PCT/ EP2005/010653 -24 HS S R2

NI(/ ::cIwON0scdRoo3Ra Ra |1 XXI  R2 N N-NH ---~ Rl N RaPCrMp2oesonsse 11
Thi s process has been previously described for exanples where R2 is Hin
commonly owned U.S. Patent No. 6,440,959, ghiolactamlIl is reacted with 5

di met hyl f ormam de di ethyl acetal to produce internediate XXI, which is then
treated w th hydragepgartfacattiedl dotbeitiye ot vemivo dembepinisisidddioralpeci f i ¢

exanples of this reactlon ca found i 0

SRS TUTI O TASKIRe o s Rereot ek Rt bleds Bt Rat Gt o

CH3 O d Br QuiddnCiauEions ofiddpdaiods. OB cbinpositicREHRCEHRMEHB DG ereH rapdlly,

2006/ 040036 PCT/EP2005/&1?653 :
for example, in orm of suppositories, or parenterally, for example, in the form of

5 injectable solutions.

The pharmaceutical compositions of the present invention comprise one or more
compounds of formula IV and/or pharmaceutically acceptable salts thereof. Such
compositions can be manufactured in a manner that is known in the art, for example, by
means of conventional mixing, encapsulating, dissolving, granulating, emulsifying,

10 entrapping, dragee-making, or lyophilizing processes. These pharmaceutical
compositions can be formulated with therapeutically inert inorganic or organic carriers.
Lactose, corn starch or derivatives thereof, talc, steric acid or its salts can be used as such
carriers for tablets, coated tablets, dragees, and hard gelatin capsules. Suitable carriers
for soft gelatin capsules include vegetable oils, waxes and fats. Depending on the nature

15 of the active substance, no carriers are generally required in the case of soft gelatin
capsults. Suitable carriers for the manufacture of solutions and syrups are water, polyols,
saccharose, invert sugar and glucose. Suitable carriers for injection are water, alcohols,
polyols, glycerine, vegetable oils, phospholipids, and surfactants. Suitable carriers for

suppositories are natural or hardened oils, waxes, fats, and semi-liquid polyols.

20 The pharmaceutical compositions can also contain preserving agents,
solubilizing agents, stabilizing agents, wetting agents, emulsifying agents, sweetening
agents, coloring agents, flavoring agents, salts for varying the osmotic pressure, buffers,
coating agents or antioxidants. They also can contain other therapeutically valuable

substances, including additional active ingredients other than those of formula IV.

25 As mentioned above, the compounds of formula IV and their pharmaceutically
acceptable salts and compositions containing these compounds are useful in the treatment
or control of cell proliferative disorders, in particular oncological disorders. These
compounds and formulations containing said compounds are particularly useful in the
treatment or control of solid tumors, such as, for example, breast, prostate, lung, and

30 colon tumors.

A therapeutically effective amount or dosage of a compound of formula IV can
vary within wide limits and will be adjusted to the individual requirements in each

particular case. In general, in the case of oral or parenteral administration to adult



25 RRRR g FOCH2CH3 CH3 O h F OCH(CH3)2 cH3 O i F

OCH2 CH2CH2N( CH2CH2) 20 CH3 O Br OCH2CHRCH2N( CH2CH2) 20 CH3 O k CN

OCH2 CH2CHED(2GHAGHBE 20 CH3 O F N(CH3)2 CH3 O m CN OCHPCHI®OM3/0GHSs O n
CN OCH2CH2OCH2CH2OCH3 CH3 O o F OCH2CH(CH2CH2) 2NCH3 CH3 O p N
OCH2CH( CH2CH2) 2NCH3 CH3 O g F OCH2CH2N(GH2CH2) 20 CH3 O r CN

OCH2CH2N( CH2CH2) 20 CH3 O s F OCH2CH2N( CH2CH2) 2NCH3 CH3 Ot CN

OCH2 CH2N( CH2 Cliigrh 2iNG3 g Hidd3a irbiatély QCRRCHRANY Qo EbRBHROTHA g @-Ho@ 10,600CN
OCH2 CH2N( CH3) CH2CH cnfoXl W ey
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R R as OCH3 @ehipp&HiniOmki3be exceeded when indicated. The daily dosage can be administered

as a single dose or in divided doses, or for parenteral administration, it may be given as

5 continuous infusion.

The following examples are meant to help the understanding of the present

invention and are by no means intended to limit its scope.

Examples:

General: In the examples temperatures are indicated in degrees C. For mass
10 spectral data, values are given as the MH+/Z ion obtained in the positive mode,

electrospray measured on a Micromass Platform II mass spectrometer.

Where an example is said to be performed in a manner analogous to another
example, all of the conditions are the same as those specified in the original example
except that in some cases different amounts of the materials were employed. Where a

15 different amount of starting material is provided, the other ingredients employed in the
example were used in an amount having the same proportion to the starting material as in

the original example.

Preparation of aminobenzophenone intermediates X (scheme 3)




bb -OCH2O- CH3 O cc d OCH3 CH3 C dd OCH3 F CH3 C ee OCH3 CF3 CH3 C
ff OCH3 Ph CH3 d gg OCH3 OCH2CH2ZOCH3 CH3 d hh CcH3 d CH3 d ii OCH3
OCH( CH3) 2vQH806@i40038J OCH(CH3) 2 OCH3 CH3 C  kk OCH2CH2OPOTHP2@s®10653 CH3 mm
FFCH d nn Br OCH2CH20CH3 CH3 d 00 Br OCH2CH2OCH2CH2OCH3 CH3 C  pp
Br OHCH3 d qgq CNOH CH3 O rr CN OCH2gH( CH2CH2) 2NCOOC(CH3) 3 CH3 O ss
CN OCH2CH2C1 CH3 C WD 2006/ 040036 PCT/ EP2005/ 010653 -27- Conpounds of
formula XIVR2 ;N RL -N R4 Xlv wherm{AMpLE 1

Preparation of (2-amino-5-fluoro-4-methoxyphenyl)-(2-chlorophenyl)-methanone (Xa)

A solution of 2.0 g (0.0142 mole) of 4-fluoro-3-methoxy-aniline in 20 mL of

5 dichloromethane was added dropwise to 2.24 g (0.0142 mole) of dichlorophenylborane in
20 mL of dichloromethane at -20 to -30°C, followed by the addition of 3.59 g (0.0355
mole) of triethylamine in 10 mL of dichloromethane. The mixture was stirred for 30
minutes; then, 2.0 g (0.0142 mole) of 2-chlorobenzaldehyde in 30 mL of
dichloromethane was added. The cooling bath was removed and the mixture stirred at

10 room temperature for 4 hours. With rapid stirring, 100 mL of cold water was added to
the reaction mixture, followed by 150 mL of brine. The dichloromethane layer was
separated, dried over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure. The residue (4.5 g as a brown oil) was stirred at room temperature for 1 hour
with 10 mL of diethyl ether and 30 mL of 2 M sodium hydroxide. The reaction mixture

15 was extracted with ethyl acetate, and the ethyl acetate layer dried over anhydrous sodium
sulfate, filtered, and concentrated under reduced pressure to give 3.6 g of the
corresponding aminoalcohol IXa (R'=F, R*=0CHs, R*=CI), which was used directly in

the next step.

The aminoalcohol (3.6 g) obtained in the previous reaction was dissolved in 60
20  of dichloromethane and stirred with 6.09 g (0.071 mole) of manganese dioxide. After
four hours, the mixture was filtered and concentrated under reduced pressure to give 4.2
g of the crude ketone (2-amino-5 -fluoro-4-methoxyphenyl)-(2-chlorophenyl)-methanone
(Xa) as a brown oil. The crude ketone was purified by silica gel chromatography, eluting
with ethyl acetate-hexanes to give 2.03 g of (2-amino-5-fluoro-4-methoxyphenyl)-(2-
25 chlorophenyl)-methanone (Xa). MH+/Z=280.



Rl is al kyl, al koxy, hal ogen, COCH, COOAl kyl, CN, C(ONR6)2, or 5

(OCH2CH2) " OCH3; R2 is al kyl, halogen, alkyl substituted by hal ogen, OH,

al koxy, awvbares/moistituted by n QCH2)n C N hal ogen, phEmpkoosnHides) 2,

(OCH2CH2) . OCH3, Q(CH2) M\R7R8, or C N U is a 6-nmenbered heterocycle

optionally substituted by alkyl or C(OORg;. or R and R2 together forma

5-nmenbered heterocyclic ring; io R4 is hydrogen, halogen, CN, N2, alkyl,

or al koxy; each R6 is independently psdnegen or alkyl; R7 and R$ are each

i ndependent |y hydrogen, al kyl, or al koxyal'kyl, or R7 and R8 taken together

with the nitrogen atomto whi ch they are attached fornta 6- menber ed

het erocycl e

i ndependent | y &2 g ‘

internediates in the preparatlon of conpounds of fornula W In one

enbodi ment, the present invention provides conpounds of fornula XIV. In

anot her enbodinent, the present in i ifi

compounds of fornula XIV: 20 0

5- (2-chl orophenyl ) -1, 2-di hydro-3, 7, 8BfTi | -1-(2-propenyl)-pyrazol o[ 3, 4-

b] [1, 4] benzodi azepi ne; WO 2006/ 040036 PCT/ER20@5/ 010653 -28 5

-(2-chl orophenyl)-1, 2-di hydro-7-fl uoro-8- oxy- 3- net hyl -

-(2-propenyl)- pyrazol o] 3, 4-b][ 1, 4] benzodi aZ€pi ne;

5-(2-chl orophenyl ) -1, 2-di hydro-7,

8- di et hoxy- 3- net hyl -1 - (2- propenyl ) - pyrazol of 3, 4-
(2-amino-5-bromo-4-methoxyphenyl)-(2-chlorophenyl)-methanone  (Xd) was

5 prepared by reacting 2-chlorobenzaldehyde with 0.086 moles of 4-bromo-3-methoxy

aniline in a manner analogous to Example 1. MH+/Z=340.

EXAMPLE 3

Preparation of (2-amino-4,5-dimethylphenyl)-(2-chlorophenyl)-methanone (Xw)

10 (2-amino-4,5-dimethylphenyl)-(2-chlorophenyl)-methanone (Xw) was prepared
by reacting 2-chlorobenzaldehyde with 0.123 moles of 3,4-dimethy] aniline in a manner

analogous to Example 1.



b] [ 1, 4] benzodi azepi ne; 5 8-chl oro-5-(2-chl orophenyl) -

1, 2-di hydro- 7- met hoxy-3 -net hyl - 1-(2-propenyl)- pyrazol o[ 3, 4-Db]]|

1, 4] benzostoaaepisosy 5- ( 2- chl or ophenyl ) -1, 2-di hydr o- 8- mpChmpPgec3/07o6ds net hyl -
| -(2-propenyl)-pyrazolo [3,4- b][1, 4] benzodi azepi ne; 1, 2-di hydro-7,

8- di met hoxy- 5- ( 2- met hoxyphenyl ) - 3- et hyl -3d3-.( 2- pr openyl ) - pyrazol o[ 3, 4- |0 b]
[ 1, 4] benzodi azepi ne; 5-(2-chl orophenyl)-8, 1 0-di hydro-7 -nethyl -

1, 3-dioxol o[ 4,5 -h]pyrazol o[ 3, 4- b] [Eftadpienzodi azepi ne,;

7-chl or 0- 5- (2- chl orophenyl ) - 1, 2-di hydr o- 8- net hoxy- 3- net hyl -

1- (2- propenyl)- pyrazolo[3,4-b] [ 1,4]benzodi azepi ne; 15
5'(2'Ch|°r°pheq%|}'1f2'g”gédGBlﬁiﬁ%ﬂﬁk&ﬁﬁkﬁﬁ&Eﬂﬁ%ﬁﬁmﬂﬁ§ﬁ¥&ﬂﬁh&%Tﬁ&9penyl)'
pyrazol o[ 3, 4- b]+% eprne,

5- (2-chl orophenyl) -1, 2-di hydr o- 7- met hoxy- 3- net hyl - |
-(2-propenyl)-8-trifluoronethyl - gérazolo[S 4-b] [ 1, 4] benzodi azepi ne;
5-(2-chl orophenyl ) -1, 2-di hydro-7- DX H@thl 8- phenyl -1 -(2-propenyl) -
20 pyrazol o[ 3,4-b] [1, 4] benzodi azepi ne;
5- (2-chl orophenyl ) -1, 2-di hydr o- 7- nHGfbxy=~ 8-
| - (2-propenyl)- pyrazol o[ 3,4-b][1, 4] benzodj
orophenyl ) -1, 2-di hydro-3, 7-dinethyl - | - (2
1, 4] benzodi azepi ne; 25
5- (2-chl orophenyl ) -1, 2-di hydr o- 7- met hoxy- 8- ( 1- net hyl et hoxy) - 3- net hyl -1 - ( 2-
propenyl ) - pyrazolo[3 4- b] [1 4] benzodi azepi ne; 5-(2-chl orophenyl) -

2-di hydr 0- 8 et hoxy fu dfotxp ORe%)1)-2-BRbidphenyl)-mefi@mone (Xx) was

propenyl ) - pyrazolo[ 1,4 enzodlazeplne

5- (2- chl or @pmqyirqdm aiing cfh@rwﬁ@c}%w W%@%ﬂ%@%%‘%ﬁ%ﬁ%@\i@% 2-prop

enyl) - in a manner analogous to Example 1. MH+/Z=292.

-thoxyethoxy-3-nethy|-
zeft ne; 8-chl oro-5 -(2-ch
ppenyl ) -pyrazolo [ 3,4- Db]]

EXAMPLE 5
Preparation of Q-arnino—4-chloro-5-methoxvphenvl)-Q—chlorophenvl)-methanone [9.4%)
cl NH,
H,CO ‘ °
<8

10 (2-amino-4-chloro-5-methoxyphenyl)-(2-chlorophenyl)-methanone (Xy) was
prepared by reacting 2-chlorobenzaldehyde with 0.019 moles of 3-chloro-4-methoxy

aniline in a manner analogous to Example 1. MH+/Z=296.



30 pyrazol o[ 3, 4-b][1, 4] benzodi azepi ne. The present invention provides

phar maceuti cal conpositions which conprise at |east one conpound of the
present iwoentdmam3sée.g., a conpound of fornula IV, or aPCplzeevaoewsss cally
acceptabl e salt thereof and a pharnaceutically acceptable carrier. WO
2006/ 040036 PCT/ EP2005/ 010653 -29 The phgiraceutical conpositions of the

i nvention can be admnistered orally, for exanple, in the formof tablets,
coated tablets, dragees, hard or soft pgah@tké capsul es, solutions,
emul si ons or suspensions. The conpositions al so can be adm ni stered
rectally, for exanple, in the formof suppositories, or parenterally, for

exanpl e, in t:ﬁequfﬁrg@% OPE gz%%j%-g%egt&x _sSOLd 19“91 H-(J BB oRPBEIRGRMEANGAE (Xz
conposli t1ons one or nore conmpounds of

formula IV and/or pharmaceutically acceptable salts thereof. Such

conposi tions can be manufactured in a nanner that is known in the art, for
exanpl e, by neans of conventional p éﬁ%apsulatlng di ssol vi ng,
granul ating, enulsifying, to entrapping, d agee- maki ng, or |yophilizing
processes. These pharmaceutical corth®sitionfs can be fornulated with
therapeutically inert inorganic or organic_g G¢lers. Lactose, corn starch
or derivatives thereof, talc, steric acid ts salts can be used as such
carriers for tablets, coated tablets, dragees, and hard gel atin capsul es.
Suitable carriers for soft gelatin capsules include vegetable oils, waxes
and fats. Depending on the nature 15 of the active substance, no carriers

are general ly requi 2 h<§‘4tr£@hcﬁ§%em&ﬁ 1Pk Y8 RbiopherBREethirdne Sld) habl e
carriers for the m acture of “sol utlons and S%é B éf terAé%%? ol s,
sacchar ose,5 i pxﬁemdﬁng@aiﬂtl%r?dc@‘l’fehe@é@deh%ﬁ? Vith PO2 20 mples P35 °F¥i) n are
water, al COhoéﬁ‘dme Q! Y Sy arflo¥E RN b BRamplegeMEbl/B=Diel s, phosphol i pi ds, and
surfactants. Itable carriers for suppositories are natural or hardened

oils, waxes, fats, and sem -liquid polyols %p The pharnaceuti cal
conpositions can also contain preserviﬁéﬁ%@ﬁ%ﬁ

Preparation of ( 2-amino-4,5-dimethoxyphenyl)-(2-methoxyphenyl)-methanone (Xaa)

H,CO O NH,
o
H,CO
l OCH,

10 (2-amino-4,5-dimethoxyphenyl)-(2-methoxyphenyl)-methanone (Xaa) was
prepared by reacting 2-methoxybenzaldehyde with 0.0196 moles of 3,4-dimethoxy

aniline in a manner analogous to Example 1. MH+/Z=288.



solubilizing agents, stabilizing agents, wetting agents, enulsifying
agents, sweetening agents, coloring agents, flavoring agents, salts for
varyi ng twe 2o0e&nabi36e pressure, buffers, coating agents ecTarréosoimants.
They al so can contain other therapeutically valuable substances, including
addi tional active ingredients other than_ 4ishose of fornula IV. 25 As
nment i oned above, the conpounds of fornula IV and their pharmaceutically
acceptabl e salts and conpositions congghmeigst hese conpounds are useful in
the treatnment or control of cell pro | erative disorders, in particular
oncol ogi cal disorders. These conpounds and fornul ati ons containing sai d

conpounds are pg{tlcularl useful 10 kher st LohehvISRRIHaRbnekpsp! | d
tunors, such as—5P@?4g%g#%g@L—bfeaég——prusﬁgﬁgiﬂgﬂﬁ' and 30 col on tunors.

A therapeutlcally effective anmount or dosage of a conpound of formula IV
can vary within wide limts and wll be adjusted to the individua

requi renents in each particular cage ™S meral, in the case of oral or
parenteral adm nistration to adult ‘f 65/ 040036 PCT/ EP2005/ 010653 - 30
humans wei ghi ng approxi mately 70 Kg, dai dosage of about 10 ng to about
10,000 ng, preferably from about 200 ny abddt 1,000 ngy, should be
appropriate, although the upper limt m ¢ exceeded when indicated. The
daily dosage can be administered as a sinyte dose or in divided doses, or
for parenteral admi nistration, it nmay be given as 5 continuous infusion.
The fol lowing exanples are nmeant to help the understanding of the present

I nvention and are b%p%?rﬁnm 3NRnddAl&BES T {2 cﬂmlbmphedyl)smémﬁi@ﬁe OE@bamak es.

CGeneral: In the exa

nperatures” are in |cateﬁ: g g?ﬁ% ? For nass
to spectrals datepareddy mstnmr?ed@@rv'@qﬁzﬁéﬂw%wwp%o Pslss Bt iy ‘?nr‘}‘otxﬁ
posi tive nmode, .ol ectroSHEAWTEARUL Baffle & Mreyeapms Platform Il mass

spect roneter.
EXAMPLE 9

Preparation of ( 5-amino-5-chloro-4-methoxyphenyl)-(2-chlorophenyl)-methanone Xce)

10 (2—amino—S-chloro-4-methoxyphenyl)-(2-chlorophenyl)—methanone (Xcc) was
prepared by reacting 2-chlorobenzaldehyde with 0.019 moles of 3-methoxy-4-chloro

aniline in a manner analogous to Example 1. MH+/Z=296.



Where an exanple is said to be perforned in a manner anal ogous to anot her
exanple, all of the conditions are the sane as those specified in the

ori gi nal weanm/oosexcept that in sonme cases different amroumprz005/d1d6he
materials were enpl oyed. Where a 15 different anmount of starting materi al
is provided, the other ingredients enploygd in the exanple were used in an
anount having the sane proportion to the starting material as in the
original exanple. Preparation of am robamiepbenone internedi ates X (schene
3) O~NH_2 ::c2+ RARLI / OHRA MIT TXR NH2 RLOR4 X\ WO

2006/ 040036 PCT/ EP2005/010653 -31 EXAMPLE 1 Pr epar at| on of

(2-am no-5-fl 1¥or2)( el R

NH2 F O Ccl ESE 0 i
4-f| uor o- 3- net hoxy ani I ine in 20 m. of 5 dichl or omet hane was added dropw se
to 2.24 g (0.0142 nole) of dichl orophenyl borl_i';lne in 20 nL of

di chl oronmet hane at -20 to -30C, follBwedy tzhe addition of 3.59 g (0.0355
nole) of triethylamne in 10 nlL of gloc ongy hane. The mi xture was stirred
for 30

Cl

(2-amino-4-ﬂuoro-5-methoxyphenyl)—(2—ch1orophenyl)-methanone (Xdd) was
5 prepared by reacting 2-chlorobenzaldehyde with 0.0223 moles of 3-fluoro-4-methoxy

apiline in 2 manner analogous to Example 1. MH+/Z=230.

EXAMPLE 11

Preparation of ( 9.-amino-5-methoxy-4-trifluoromethylphenyl)-(2-chlorophenyl)-
methanone (Xee)

10

(2-amino-5-methoxy-4-triﬂuoromethy1pheny1)-(2-chlorophenyl)-methanone
(Xee) was prepared by reacting 2-chlorobenzaldehyde with 0.0263 moles of 4-methoxy-

3-triftuoromethyl aniline in a manner analogous to Example 1. MH+/Z=330.



m nutes; then, 2.0 g (0.0142 nole) of 2-chl orobenzal dehyde in 30 nL of

di chl or onet hane was added. The cooling bath was renoved and the m xture
stirred awo 20@/m03m t enperature for 4 hours. Wth rapi drerinpeeosgio6i®0 nl of
cold water was added to the reaction mxture, followed by 150 nL of brine.
The di chl oronet hane | ayer was separatedaydried over anhydrous sodi um
sulfate, filtered and concentrated under reduced pressure. The residue
(4.5 g as a brown oil) was stirred aExpepngtiznperature for 1 hour wth 10
mL of diethyl ether and 30 nL of 2 M sodi um hydroxi de. The reaction m xture
15 was extracted wth ethyl acetate, and the ethyl acetate layer dried over
anhydrous so b Bl RANIEHeh TS
pressure to gt : g am noal coho a (R1=F,
R2=0CH3, R4=Cl), which was used directly in the next step. The

am noal cohol (3.6 g) obtained in the previous reaction was dissolved in 60
20 of dichl or onet hane and stirreiiglyp 6.09 g (0.071 nole) of manganese

di oxi de. After four hours, the e was filtered and concentrated under
reduced pressure to give 4.2 g o dHget one

(2-am no-5-fl uoro-4- nmet hoxyphenyl ) - ( 2- cf ophenyl ) -met hanone (Xa) as a
brown oil. The crude ketone was pum,60ethby~gT|ica gel chromatography,
eluting wth ethyl acetate-hexanes to give 2.03cg of

(2-am no-5-fl uoro-4-net hoxyphenyl)-(2 25 ¢ ophenyl ) - met hanone (Xa).

MH+/ 280. WD 2006/ 040036 PCT/ EP2005/ 010653 EXAMPLE 2 Preparation of
(2-am no- 5- br ono- 4- net hoxyphenyl ) - (2- chl orophenyl ) - met hanone (Xd) H3CO NH2
Br O Ol (2-am no-5-brono-4-nmnmet hoxyphenyl)-(2-chl orophenyl) - net hanone
(Xd) was

(2-am1'no-5-methoxy-4—pheny1phenyl)-(2-chlorophenyl)—methanone (Xff) was
5 prepared by reacting 2-chlorobenzaldehyde with 0.0226 moles of 4-methoxy-3-phenyl

aniline in a manner analogous to the Example 1. MH+/Z=338.

EXAMPLE 13

Preparation of (2-amino-3-methoxy-4-( 2-methoxvethoxy)phenyl)-(2-chlorophenyl)-

methanone (Xgg)

o
|%c/ ~ o NH,

98

(2-amino-5-methoxy—4—(2—methoxyethoxy)phenyl)-(2—ch10ropheny1)-methanone
(Xgg) was prepared by reacting 2-chlorobenzaldehyde with 0.0296 moles of 4-methoxy-

10

3-(2-methoxyethoxy) aniline in a manner analogous to Example 1. MH+/Z=336.



5 prepared by reacting 2-chl orobenzal dehyde with 0.086 nol es of

4- brono- 3-nmethoxy aniline in a nmanner anal ogous to Exanple 1. MH+/ Z=340.
ExAMPLE3 wBnegauaisison of (2-am no-4 PCT/EP2005/010653

5- di net hyl phenyl ) - (2-chl or ophenyl ) - met hanone (Xw) H3C NH2 H3C O Cl io
(2-am no- 4, 5-di et hyl phenyl ) - (2- chl or ophesgd ) - met hanone (Xw) was prepared
by reacting 2-chl orobenzal dehyde with 0.123 noles of 3,4-dinmethyl aniline
in a manner anal ogous to Exanple 1. MOMAEGEA040036 PCT/ EP2005/ 010653 - 33
EXAVMPLE 4 Preparation of (2-am no-4

5-di net hoxyphenyl ) - (2- chl or ophenyl ) - net hanone (Xx) H3CO NHZ H3CO | / O

Gl (2-am no- 4 5, di G LBPXYRAC kI 2 GM ARRE b o BBihanGRmehshe) NP S
prepared by r - lyde wth 0.0196 npl es of
3,4-dinethoxy aniline in a manner anal ogous to Exanple 1. M/ Z--292.
EXAMPLE 5 Preparation of
(2-anino-4-ch|oro-5-nethoxypheny|)-6§
H3COI / O / C 10

(2- ami no- 4- chl or o- 5- met hoxyphenyl ¢

A
O

phenyl ) - met hanone (Xy) CI NHZ

(o]
- chtor @phenyl ) - net hanone (Xy) was
Cl

(2-amino-4-chloro-5-methylphenyl)-(2-chlorophenyl)-methanone (Xhh) was
5 prepared by reacting 2-chlorobenzaldehyde with 0.0318 moles of 3-chloro-4-methyl

aniline in a manner analogous to Example 1. MH+/Z=280.

EXAMPLE 15

Preparation of (2-amino-5-methoxy-4-( 1-methvlethoxy)phenyl)-(2-chlorophenyl)-
methanone (Xii)

10

(2-amino-5—methoxy—4-(1-methylethoxy)phenyl)—(2-chlorophenyl)—methanone
(Xii) was prepared by reacting 2-chlorobenzaldehyde with 0.0252 moles of 3-

isopropoxy-4-methoxy aniline in a manner analogous to Example 1. MH+/Z=320.



prepared by reacting 2-chl orobenzal dehyde with 0.019 nol es of
3-chloro-4-nethoxy aniline in a manner anal ogous to Exanple 1. M/ Z296.
WO 2006/ OW0Q8&/R@BLEP2005/ 010653 -34 EXAMPLE 6 Pr epar alPCorEPR§05/010653

(2- am no- 4- met hoxy- 5- net hyl - phenyl )-(2-ch| or ophenyl ) - met hanone (Xz) H3CO
NH2 H3C O Cxl

(2-am no- 4- et hoxy- 5- net hyl phenyl ) - (2- chl orophenyl) nmet hanone (Xz) was b5
prepared by reacting 2-chl orobenzal dghyaerwieh 0. 0226 nol es of

3-met hoxy-4-nmethyl aniline in a manner anal ogous to Example 1. M/ Z=276.
EXAMPLE 7 Preparation of (2-am no 4

5- di met hoxyphenyl 2

10 (2-am no- 4, 5~dFe F Ny

prepared by reacting 2- rret hoxybenzalmﬁmmagjmﬂh 0.0196 nol es of
3,4-dinethoxy aniline in a manner anal ogous to Exanple 1. M/ Z=288. WO
2006/ 040036 PCT/ EP2005/ 010653 -35 EXAMPLE 8 Preparation of (6 am no-1
3- benzodi oxol - 5-yl ) - (2-chl or ophenyl )y.68t hagongy( Xbb) O NHz \O O

3 2

5 (2—amino-4-methoxy-5-(1-methylethoxy)phenyl)—(2—chlorophenyl)—methanone
(Xijj) was prepared by reacting 2-chlorobenzaldehyde with 0.0267 moles of 4-

isopropoxy-3-methoxy aniline in a manner analogous to Example 1. MH+/Z=320.

EXAMPLE 17

Preparation of (2-amino-4-methoxy-5-( 2-methoxyethoxy)phenyl)-(2-chlorophenyl)-

10 methanone (XkK)

(2-amino—4-methoxy-5-(2-methoxycthoxy)phenyl)-(2—chlorophenyl)—methanone
(Xkk) was prepared by reacting 2-chlorobenzaldehyde with 0.0242 moles of 3-methoxy-
4-(2-methoxyethoxy) aniline in a manner analogous to Example 1. MH+/Z=336.



Cl  (6-am no-1, 3-benzodi oxol -5-yl)-(2-chl orophenyl ) -nmet hanone (Xbb) was 5
prepared by reacting 2-chl orobenzal dehyde with 0.020 nol es of
3, 4- met hywerndisonagozéani | i ne i n a manner anal ogous t o Exampr&EP05NH6EZ=276.
EXAMPLE 9 Preparation of (2 amno 5
chl or o- 4- met hoxyphenyl ) - (2- chl or ophenyl ) zgret hanone (Xcc) H3CO NH2 CI O C
10 (2-am no-5-chl or o- 4- met hoxyphenyl ) - (2-chl or ophenyl ) - met hanone (Xcc) was
prepared by reacting 2-chl orobenzal dehygs pdg h 0. 019 nol es of
3-nmet hoxy-4-chloro aniline in a manner analogous to Exanple 1. M/ Z=296.
WO 2006/ 040036 PCT/ EP2005/ 010653 -36 EXAMPLE 10 Preparatlon of (2 am no
4-f | uor o- 5- nethoxypheny} g t ] Adhanode NHEnH3CO |

i B Pet HOXY a ‘T’Wﬁrééﬁﬁﬁé (de)
was 5 prepared by reacting 2- chlorobenzaldehyde mnth 0. 0223 nol es of
3-fluoro-4-nethoxy aniline in a manner anal ogous to Example 1. M/ Z=280.
EXAMPLE 11 Preparation of F NH
(2-am no-5- et hoxv-4-trifl uoromnet hyl
(Xee) F F F

Y| )o(2-chl orophenyl ) - net hanone

(2—amino—4,5-diﬂuorophenyl)-(2—chloropheny1)-methanone (Xmm) was
5 prepared by reacting 2-chlorobenzaldehyde with 0.30 moles of 3,4-difluoro aniline in a

manner analogous to Example 1. MH+/Z=268.

EXAMPLE 19

Preparation of (2-amino-5-fluoro-4-methoxyphenyD-( 2-chlorophenyl)-methanone (Xa)

from (2-amino-4,5-difluorophenyl)-( 2-chlorophenyl)-methanone (Xmm)

H,CO O NH,
o

F
l cl

Xa

10

A solution of 2.01 g (0.0075mole) of (2-amino-4,5-difluorophenyl)-(2-
chlorophenyl)-methanone (Xmm), 24 mL of methanol and 2.08 mL of 25% sodium
methoxide solution was heated to reflux under an inert atmosphere for 80 minutes. The
mixture was then cooled, taken up in ethyl acetate and washed twice with brine. The

15 ethyl acetate extract was dried over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure to yield 2.04 g of aminobenzopheneone (2~amino-5-fluoro-4-
methoxyphenyl)-(2-chlorophenyl)-methanone (Xa) as a crystalline yellow solid.
MH+/Z=280.



NH2 F H3COI 0 C 10

(2-am no-5-net hoxv-4-trifl uoronet hyl phenyl)-(2-chl orophenyl) - net hanone
(Xee) waswpnewadewscby reacting 2-chl orobenzal dehyde wi t RCO/ERP2@3/0mw5Es of
4- met hoxy- 3-trifluoronethyl aniline in a manner anal ogous to Exanple 1.
MH+/ Z=330. WO 2006/ 040036 PCT/ EP2005/010683  37- EXAMPLE 12 Preparation of

(2 am no-5- et hoxy- 4- phenyl phenyl ) - (2 chlorophenyl) nmet hanone (Xff) cii NH2
H3CO1 / Od

(2-am no- 5- net hoxy- 4- phenyl phenyl ) - (2-cﬁ|oropheny|) met hanone (Xff) was 5
pr epar ed by reacting 2-chl orobenzal dehyde with 0.0226 nol es of

4- met hoxy- 3- phenyl  ani.| i | 0g 1
MH+ Z=338. EXAl y1Prepassony AL QOO Finbirbit y FphesuD)- @

net hoxy_4- (2- net hoxyet hoxy)phen@mmmmmﬁg met hanone (Xgg) H3C O
NH2 H3COI / OC 10

(2-am no- 5- et hoxy- 4- ( 2- met hoxyet hoxy) phenyl ) - ( 2- chl or ophenyl ) - met hanone
/\/\o

o
CI ) CI

5 A mixture of 1.4 g (0.035 mole) of 60% sodium hydride, 25 mL of dioxane,
2.68 g (0.01 mole) of (2-amino-4,5-diﬂuorophenyl)-(2—chlorophenyl)-methanone (Xmm)
and 2.23 g (0.016 mole) of 4-morpholinepropanol was stirred at room temperature for 4

Xmm

hours. The mixture was quenched by the addition of 50 mL of water. The mixture was
extracted with ethyl acetate, and the extract washed with water, dried over anhydrous

10 sodium sulfate, filtered and concentrated under reduced pressure. The residue was
triturated with hexane and then recrystallized from hexane-ethyl acetate to give 2.55 g of
(2-amino—5-ﬂuoro-4—(3-(4-morpholiny1)propoxy)phenyl)-(2—ch1orophenyl)—methanone
(Xi). MH+/Z=393.



(Xgg) was prepared by reacting 2-chl orobenzal dehyde with 0.0296 nol es of

4- met hoxy- 3-(2-nmet hoxyethoxy) aniline in a manner anal ogous to Exanple 1.
MH+/ Z=336W0\M6AR0B6 040036 PCT/ EP2005/ 010653 - 38 EXAVPLECIAPRWSpareat i on of
(2-am no- 4-chl or o- 5- net hyl phenyl ) - (2-chl or ophenyl ) - net hanone (Xhh) CI NHZ
H3C O G (2-am no-4-chl oro-5-net hyl phenyl) - (2- chl or ophenyl ) - met hanone
(Xhh) was 5 prepared by reacting 2-chl orobenzal dehyde with 0.0318 nol es of
3-chl oro-4-methyl  pRiphiifniof 1R taRRTEém BRdhdHeAEHheReobieX Bscherhe IVH Z=280.
EXAMPLE 15 Preparation of

(2-am no- 5- net hoxy- 4- (1- et hyl et hoxy) phenyl ) - (2- chl or ophenyl ) - net hanone
(Xii) H3C HC 3 (r) NH2 H3CO O Cl

(2- am no- 5- met hoxy- 4- ( 1- met hyl et hoxy) phenyl ) - ( 2- ch?ﬁr/o\rﬂfenyl ) - met hanone
(Xii) was prepared by reeactj pgH2- chl or obenzaRelebypde N t h 0. 0252 nol es of 3-
I sopr opoxy- 4- met hoxy ani | in,a manner anal og tooExarrpI e 1. MH/Z=320.
WO 2006/ 040036 PCT/ EPZ§0 558 -39 R1

OY\NH

2 H O
R2 NH R2 N\/S
R1 o R1 =N
oy ™
|

Xi

EXAMPLE 21

5 Preparation of 7-bromo-5-(2-chlorophenyl)-1,3-dihydro-8-methoxy- 2H-1.4-

benzodiazepin-2-one (Id)

A solution of 3.5 mL (0.04 mole) of bromoacetyl bromide in 3.5 mL of
dichloromethane was added to a cooled (0°C) solution of 11.8 g (0.035 mole) of (2-
10 amino-5-bromo-4-methoxyphenyl)-(2-chlorophenyl)-methanone (Xd), 2.94 mL of
pyridine and 350 mL of dichloromethane over 30 minutes. The mixture was stirred an

additional 1 hour at room temperature and then partitioned between water and



EXAMPLE 16 Preparation of (2

am no- 4- net hoxy- 5- ( 1- net hyl et hoxy) phenyl ) - (2- chl or ophenyl ) -

nmet hanone (i)

H3CO NH2 wB2@er40@36O0 H3C CI 1 5 PCT/EP2005/010653

(2-am no- 4- met hoxy- 5- (1- et hyl et hoxy) phenyl ) - (2- chl or ophenyl ) - met hanone
(Xjj) was prepared by reacting 2-chl orobengal dehyde with 0.0267 noles of 4-
| sopropoxy-3-nmethoxy aniline in a manner anal ogous to Exanple 1. M/ Z=320.
EXAMPLE 17 Pr qpalérdotnethastf. Th2 diviioronethane layer was washed with saturated copper sulfate

o 2 (2 et O e B BIGERON: hodi i L1k ARDEA YA cond R AP RS K)

H3CO NH2 H3C

(2- am no- 4- metphaxyreto gide 165 BoX peidvaceyl phitidy K)d. ( 2- chl or ophenyl ) - net hanone
(Xkk) was prepared by reacting 2-chlorobenzal dehyde wi th 0.0242 nol es of

3- et hoxy- 4-(2- et hoxyet.hoxy) | | le 1.
Vit 22336, W0 2000/ QIR BpReBlstiR SR eR-RB e i BT e A T o of

(2 anino 4 5- diifsblved ap2idmyl pf E@shytiofirapindrBINL pemethenoheTHexpirur

e paggepled O F

to -78°C and 35 mL of distilled ammonia was added. The mixture was stirred for 1.5

hours; then, the cooling bath was removed, and the mixture stirred at room temperature

for another 2 hours, during which time the excess ammonia was allowed to boil off. The

mixture was concentrated under reduced pressure, and the residue partitioned between

10 ethyl acetate and water. The ethyl acetate layer was washed successively with water and

then brine, dried over anhydrous sodium sulfate, filtered and concentrated under reduced

pressure to provide 13.6 g of the crude amino-anilide X11d.

The crude XIId obtained in the previous reaction was suspended in 375 mL of

ethanol, refluxed for 24 hours, and then cooled. The product was collected by filtration
15 to yield 9.2 g of 7-bromo-5-(2-chlorophenyl)-1,3-dihydro-8-methoxy- 2H-1,4-

benzodiazepin-2-one (Id). MH+/Z=379.

EXAMPLE 22

Preparation of 5-(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-methoxy- 2H-1.4-

benzodiazepin-2-one (1a)

20

5-(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-methoxy- 2H-1,4-benzodiazepin-2-

one (1a) was prepared by reacting 0.125 moles of (2-amino-5-fluoro-4-

methoxyphenyl)(2-chlorophenyl)-methanone (Xa) with bromoacetyl bromide in the

manner of Example 21. MH+/Z=319.



Cl  (2-am no-4,5-difluorophenyl)-(2-chl orophenyl)-net hanone (Xnm was 5
prepared by reacting 2-chl orobenzal dehyde with 0.30 noles of 3,4-difluoro
ani | i ne iwoaooamm3ser anal ogous to Exanple 1. MH/ Z=268. PEXAYRWE 01853
Preparation of (2 am no 5-fluoro-4-nethoxyphenyl)-(2chl orophenyl) - net hanone
(Xa) from (2 am no-4 5-difluorophenyl)-(24chl orophenyl)-nmethanone (Xnm F
NH2 HBCONH2 F OF O C C 10 Xnm Xa A solution of 2.01 g (0.0075nv0l e)
of (2-am no-4,5-difluorophenyl)-(2- chkamem®Enyl)-net hanone (Xnmm), 24 nL of
met hanol and 2.08 nL of 25% sodi um net hoxi de sol ution was heated to refl ux
under an inert atnmosphere for 80 minutes. The mxture was then cool ed,
taken up in etg ﬂ%dﬁhﬂﬁhggcetate
extract was dri y Ul T at e, i and concentr at ed
under reduced pressure to yi el d28:lgkbenzediazgpinsene{lidpheneone

(2-am no-5-fluoro-4- nethoxyphenyl)-(2- chlorophenyl) met hanone (Xa) as a
crystalline yellow solid. M+l Z=280. WO 2006/ 040036 PCT/ EP2005/ 010653 -41
EXAMPLE 20 Preparation of H O

(2- ami no-5-f | uor o- 4- ( 3- (4- nDrphquﬁgﬁ\ﬁfBB W ) - 2-
chl or ophenyl ) - met hanone (Xi) FcgCl X
F

5 5-(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-(3-(4-morpholinyl)propoxy))- 2H-
1,4-benzodiazepin-2-one (Ii) was prepared by reacting 0.0062 moles of (2-amino-5-
fluoro-4-(3-(4-morpholinyl)propoxy)phenyl)-(2-chlorophenyl)-methanone (Xi) with
bromoacetyl bromide in the manner of Example 21. MH+/Z~=432.

EXAMPLE 24

10 Preparation of 5-(2-chlorophenyl)-1.3-dihydro-8-methoxy-7-methyl- 2H-1.4-

benzodiazepin-2-one (Iz)

5-(2-chlorophenyl)-1,3-dihydro-8-methoxy-7-methyl- 2H-1,4-benzodiazepin-2-
one (Iz) was prepared by reacting 0.13 moles of (2-amino-4-methoxy-5-methylphenyl)-
15 (2-chlorophenyl)-methanone (Xz) with bromoacetyl bromide in the manner of Example
21.



5 Amxture of 1.4 g (0.035 nmole) of 60% sodi um hydride, 25 nL of dioxane,
2.68 g (0.01 nole) of

(2- am no-wo2eai/dbaser ophenyl ) - ( 2- chl or ophenyl ) - met hanone PCXrmapRoosan@ss2. 23 ¢
(0.016 nole) of 4-norpholinepropanol was stirred at roomtenperature for 4
hours. The m xture was quenched by the adgi-tion of 50 nL of water. The

m xture was extracted wth ethyl acetate, and the extract washed with

wat er, dried over anhydrous io sodi unExaNmiafé, filtered and concentrated
under reduced pressure. The residue was triturated with hexane and then
recrystallized from hexane-ethyl acetate to give 2.55 g of

(2-am no- 5- f'ﬂ%é}aéon(&s((é clmm Sy 8 URTOROK Y HIRBRYIH 1 ((resibdiephonye) - et h
anone (Xi). MHF Z=393. 20067 040036 PCT7T EP20057 010653 -42 Preparation
of lactans | from am nobenzopheneones XImBheme 3) O)-~Br R2 NH2 R2 NH
RLORLO RARA XXI O0~NHR2 HO :xZHo RL -N R4 R4 X|I EXAMPLE 21 5
Preparation of 7-brono-5-(2-chlorophenyl)-1 3-di hydro- 8- net hoxy- 2H 1, 4-
benzodi azepi n-2-one (1d) H O

U
CI

5 5-(2-chlorophenyl)-7,8-difluoro-1,3-dihydro-2H-1,4-benzodiazepin-2-one

(Imm) was prepared by reacting 0.019 moles of (2-amino-4,5-difluorophenyl)-(2-
chlorophenyl)-methanone (Xmm) with bromoacetyl bromide in the manner of Example

21. MH+/Z=307.

Conversion of lactams (scheme 8)

10



HO H3CONJ i Br NC A solution of 3.5 nL (0.04 nole) of bronpacetyl
bromde in 3.5 M. of dichloronmethane was added to a cooled (0C) sol ution
of 11.8 gw0Qo@adomsel e) of (2 io PCT/EP2005/010653

am no- 5- br ono- 4- met hoxyphenyl ) - (2- chl or ophenyl ) - net hanone (Xd), 2.94 nL of
pyridine and 350 nL of dichl oronmethane ové§- 30 m nutes. The m xture was
stirred an additional 1 hour at roomtenperature and then partitioned

bet ween water and WD 2006/ 040036 PCT/ ERaWBIE/3610653 - 43 di chl or onet hane.
The di chl oronet hane | ayer was washed with saturated copper sulfate
solution, dried over anhydrous sodiumsulfate, filtered and concentrated
under reduced Copt@6ishl bE5-t20cHibryghed )-3.8ciiord 1 Grdimcied- l}l{-laﬁnbd:nzdﬁaz)ébﬂ-Z diee

i ssol ved i n dlsatie $8-tlradeddl-DodiaRo RlSatoincngh =
was cooled to -78C and 35 nL of dlstll dggnnnnla was added The m xt ure
was stirred for 1.5 hours; then, the cooling bath was renoved, and the

m xture stirred at roomtenperature for another 2 hours, during which tine
the excess ammoni a was al lipwgd to boil off. The mxture wagy cencentrated
under reduced pressuwe ah~¢ he resi due partitionedijo® N~ et hyl
acetate and water. acetate | ayer was washed s ely with

wat er and then bri i over anhydrous sodi um sul Nl tered and
concentrated under reduced

amno-anilide Xlld. The nel@l X1 1 d obtained in the previo
suspended in 375 nL of nol, refluxed for 24 hours, Y
The product5 was col l ected b ™ |t ration

e@lct i on was
mgn cool ed.

A mixture of 0.10 g (0.00033 mole) of 5-(2-chlorophenyl)-7,8-difluoro-1,3-
dihydro-2H-1,4-benzodiazepin-2-one (Imm), 2 mL of methanol and 0.03 g of sodium
hydride was heated at 100°C for 40 minutes using microwave heating in a sealed reaction
vessel. The mixture was then cooled, diluted with ethyl acetate and washed successively

10 with water and then brine. The mixture was dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure to give 0.103 g of 5-(2-chlorophenyl)-
1,3-dihydro-7-fluoro-8-methoxy- 2H-1,4-benzodiazepin-2-one (Ia) as a white solid.
MH+/Z=319.



15 to yield 9.2 g of 7-bronp-5-(2-chlorophenyl)-1, 3-di hydr o- 8- net hoxy-
2H 1, 4- benzodi azepi n-2-one (l1d). MH/Z=379. EXAMPLE 22 Preparation of
5- (2- chl owvopb@mwb)36 1l 3- di hydro- 7-f | uor o- 8- met hoxy- 2H 1P¢T/EP2005/010653
benzodi azepin-2-one (la) HO H3CON) F -NC 20
5-(2-chl orophenyl ) -1, 3-di hydro-7-f| uor o- 84n®et hoxy- 2H- 1, 4- benzodi azepi n- 2-
one (la) was prepared by reacting 0.125 noles of (2-am no-5-fluoro-4-
met hoxyphenyl ) (2- chl or ophenyl ) - met hanBR&MPLER] wi t h br onpacetyl bronide in
the nmanner of Exanple 21. MH/ Z=319. WD 2006/ 040036 PCT/ EP2005/ 010653 -44
EXAMPLE 23 Preparation of
5- (2- chl or ophegiversidn é’fsﬂaztt\hdfr@ahzn -w gr@ﬂ&r& 33(d4twﬂw mqu w&a@a{z@mwéﬁe
2H 1, 4- benzodi azepi.n-2-one (11]) .
5 (2 chl or ophen ° benyl fgl'N di gthylg : .
4- benzodi azepi n- 2- one (i) was @é@j@@fa@&i)ﬂby_oﬁ@@tl ng 0 0062 nol es of
(2 am no- 5-
f 1 uoro-4-(3-(4-norpholinyl)propoxy)phenyl)-(2-chl orophenyl)-nethanone (Xi)
with bronopacetyl bromde in the manner of Exanple QH'LC M/ Z=432.

H O
N

LS :
c1

Imm

A mixture of 0.9201 g (0.003 mole) of 5-(2-chlorophenyl)-7,8-difluoro-1,3-
dihydro-2H-1,4-benzodiazepin-2-one (Imm) and 3 mL of a 2.0 M solution of
dimethylamine in tetrahydrofuran was heated at 150°C for 30 minutes using microwave
heating. The mixture was cooled and then concentrated under reduced pressure. The

10 residue was triturated with ethyl acetate-hexane to give 0.63 g of 5-(2-chlorophenyl)-8-
N,N-dimethylamino-1,3-dihydro-7-fluoro-2H-1,4-benzodiazepin-2-one (Il) as a yellow
solid. MH+/Z=332.

Conversion of lactams (Scheme 10)
H O H O
o) N\/S R2 N\/S
) — - X
=N R1 =N
O O

15



ExXAMPLE 24 10 Preparation of

5-(2-chl orophenyl) -1, 3-di hydr o- 8- net hoxy-7- net hyl - 2H 1, 4-

benzodi azwpiznecdase (1 z) HBCON O H3C N C PCT/EP2005/010653

5- (2-chl orophenyl) -1, 3-di hydr o- 8- met hoxy- 7- net hyl - 2H- 1, 4- benzodi azepi n- 2-
one (1z) was prepared by reacting 0.13 npiges of

(2-am no- 4- et hoxy- 5- nmet hyl phenyl) 15 (2-chl orophenyl)-net hanone (Xz) with
bronmpacetyl bronide in the manner of EX&ayRIES8 21. WO 2006/ 040036

PCT/ EP2005/ 010653 - 45 EXAMPLE 25 Preparation of 5-(2-chlorophenyl)-7
8-difluoro-1 3-dihydro-2H1, 4-benzodi azepin-2-one (Imm) HOF N F -N

g' ( 25 hi h | )Conversmél Q]:f I7—bromo -5- G-clélorhophenvl) 1H3- %hzdro -8-methoxy- 2H-1.4-
chl or ophen fluorag ar e ] n- 2-one
(I'mm was pPepa?/ SNAA01AZE §1/gbramp-ae( g,cgloroghenv% {l§ dﬂw —68[-) 3 (4-

(2-am no- 4, 5-di f| uorODhQiarﬂhbhﬁﬂ)pr&Jams IR EAHeAZOTRE RN REe () Wi th
bronDacetyI brom de in the manner of Exanple 21. M/ Z=307. Conversion of

| actams (schene 8) HOHO F N(1 RR NJ

A solution of 1.00 g (0.0263 mole) of 7-bromo-5-(2-chlorophenyl)-1,3-dihydro-
8-methoxy- 2H-1,4-benzodiazepin-2-one (Id) in 85 mL of 1,2-dichloroethane was stirred
overnight with 1.053 g (0.0079 mole) of aluminum trichloride. An additional 1.00 g of
aluminum trichloride was added, and the mixture stirred overnight, after which time the

10 mixture was poured into ice water. The mixture was extracted with dichloromethane-
methanol, and the organic layer washed twice with water and then dried over anhydrous
sodium sulfate. The solution was concentrated under reduced pressure to provide 0.700 g
of 7-bromo-5-(2-chlorophenyl)-1,3-dihydro-8-hydroxy-2H-1,4-benzodiazepin-2-one
(Ipp) (MH+/Z=465), which was of sufficient purity to be used in the next step.

15 A mixture of 1.8281 g (0.005 mole) of 7-bromo-5-(2-chlorophenyl)-1,3-
dihydro-8-hydroxy-2H-1,4-benzodiazepin-2-one (Ipp) from the previous step, 0.636 g of
sodium carbonate, 0.9818 g (0.006 mole) of 4-(3-chloropropyl)-morpholine and 50 mL
of dimethylformamide was stirred at 50°C, under an argon atmosphere for 73 hours. The
mixture was then cooled and partitioned between ethyl acetate and saturated sodium

20 bicarbonate. The aqueous layer was then reextracted with ethyl acetate. The ethyl



F-NF-NC C 10 Inm | WD 2006/ 040036 PCT/ EP2005/ 010653 -46 EXAMPLE 26
Conver si on of

5- (2- chl owopb@mb)36 7, 8- di f | uor o- 1, 3- di hydr o- 2H 1, 4- benzedrare@snidsdne
(Im) to 5-(2-chlorophenyl)-1, 3-di hydro-7-fl uoro- 8- net hoxy-

2H 1, 4- benzodi azepin-2- one (la) HOH O4% NJ HBCONJ F-NF -NC G 5
ImTmla A mxture of 0.10 g (0.00033 nol e) of

5- ( 2- chl or ophaeetygte)ayBrsSveré hshod sncgessively iidirsatugited spdigmipigarhvata wgpenbineone
(tmm, 2 . qfy %%@@Lve@fa%g@mf&gs&m% SR, HilbroHil JoiEentiaiBa AL Rl 100C
for 40 minutes using mcro eat mg In"a sea reaction vessel. The
m xture was maurg@ogl@@the@mdqﬂé@om@ -61§2-ehlophenybt lat-dihzdra-SndsAed successi vel y
1o W th wat ere&ggoﬁngg&o 5 ezHTlha?bészs%yiesm%néﬂ(ﬁbeﬂnemme@bwrous sodi um

sulfate, filt ntrated red uce ﬁressureto give 0.103 ¢

of 5-(2-ch$ orcb]m@hym)l) 1.3- dshydrqw%ﬁ-ﬁl -TpofphelstydPepaED h@kyl.4-benzodiazepin-2-one

2H 1, 4-benzo
2006/ 040036 g@f g é%?ag?g%&é@%y- %@Cawg’ﬁaé%a %@ne\lluer §; on scolfe-

5- ( 2- chl or ophegilanol G040y MEx6F<493. 3- di hydr o- 2H- 1, 4- benzodl azepi n- 2- one

EXAMPLE 29

Conversion of 5-(2-chlorophenvl)-7-cyano-1,3-dihvdro-8-methoxy- 2H-1.4-
10 benzodiazepin-2-one (Ib) to 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(3-(4-
morpholinyDpropoxy))- 2H-1.4-benzodiazepin-2-one (Ik)

0 H O
H,CO NJS HO N\S
o) — 1
NZ =N NZ =N
O e
ib lqq

A solution of 1.2 g (0.0037 mole) of 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-
methoxy- 2H-1,4-benzodiazepin-2-one (Ib, prepared in Example 30) in 100 mL of 1,2-

15 dichloroethane was stirred with 2.5 g (0.0187 mole) of aluminum trichloride at 42°C for
8 hours, after which an additional 2.5 g of aluminum trichloride was added. Heating and
stirring was continued for another 48 hours after which time an additional 2.5 g of
aluminum trichloride was added. After 6 hours, the mixture was cooled and then poured
onto ice water. The water was extracted with dichloromethane-methanol-tetrahydrofuran

20 (80:10:10), and the extract washed with water, dried over anhydrous sodium sulfate,

filtered and concentrated under reduced pressure to give 1.6 g of crude 5-(2-



(I'mm to 5-(2-chlorophenyll)-8-N, N-di net hyl am no- 1, 3-di hydro-7-fluoro -

2H 1, 4- benzodi azepin-2-one (I1) HOH CHO F N HBC/NNom( \/ F-NF
- | ClwoRodemand3b A mi xture of 0.9201 g (0.003 nol e) @LCT/EP2005/010653

5- (2-chl orophenyl)-7,8-di fluoro-1, 3- di hydro-2H 1, 4- benzodi azepi n- 2- one
(Imm and 3 nmL of a 2.0 Msolution of drf@thylamne in tetrahydrofuran was
heat ed at 150C for 30 m nutes using mcrowave heating. The m xture was

cool ed and t heHophRht Treveedtl.aridhyaro Ehydrety-Pid dshanecdiapppint2oonedkiqiue  was

gf l( tzugﬁlt g?o\é\ﬂhgﬁﬁ%a@%ﬂ} bRl EchGXABR S, AhiYSs WittP3nyd aBtate-methanol (90:10)
N, N- di net hyl aWie%iSdi;lgé’dﬁf RyéhcBlorpphanyBriocyape-1,3Aiydry SaydreepeH-124-one (11) as a

yel  ow sol i dpedybdiaen SRRy BVIBL-B1:305) |1REH @ : HO R2
o Lo o Ny R R R R o Y QUL ARST iR A RRRER ) (e B 0036

PCT/ EP2005/°0108%38!P- 48 EXAMPLE 28 Conversi on of
7- brono- 5-(2-chl orophenyl) -1, 3-di hydr o- 8- net hoxy- 2H 1, 4-
A mixture of 0.322 g (0.00103 mole) of 5-(2-chlorophenyl)-7-cyano-1,3-

dihydro-8-hydroxy-2H-1,4-benzodiazepin-2-one (Iqq), 6 mL of dimethylformamide,
0.132 g (0.00124 mole) of sodium carbonate and 0.2028 g (0.00124 mole) of 4-(3-
chloropropyl)-morpholine was stirred 50°C under an atmosphere of argon for 24 hours.
10 The mixture was then cooled and partitioned between ethyl acetate and water. The
aqueous phase was reextracted with ethyl acetate and the ethyl acetate extracts were then
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure.
The residue was purified by chromatography on silica gel eluting with acetonitrile-
methanol (90:10), to provide 0.199 g of 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(3-(4-
15 morpholinyl)propoxy))- 2H-1,4-benzodiazepin-2-one (Ik). MH+/Z=439.

ExAMPLE 30

Conversion of 7-bromo-5-(2-chlorophenyl)-1.3-dihydro-8-methoxy-2H-1.4-
benzodiazepin-2-one (Id) to 5-(2-chlorophenyl)-7-cyano-1.3-dihydro-8-methoxy- 2H-

1.4-benzodiazepin-2-one (Ib)

H O H O
H,CO N\S H,CO N\/S
L) —— X1
Br =N N// =N
s O
Id Ib

20

5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-methoxy- 2H-1,4-benzodiazepin-2-
one (Ib) was prepared from 7-bromo-5-(2-chlorophenyl)-1,3-dihydro-8-methoxy-2H-1,4-
benzodiazepin-2-one (Id) by reaction with zinc cyanide in the presence of a palladium
catalyst (tetrakistriphenyl phosphine palladium) according to conditions similar to those
25 described by Tschaen et al., Synthetic Communications, 24:887-90 (1994). A mixture of
0.9491 g (0.0025 mole) of 7-bromo-5-(2-chlorophenyl)-1,3-dihydro-8-methoxy-2H-1,4-



benzodi azepi n-2-one (1d) to

7- brono- 5-(2-chl orophenyl ) -1, 3-di hyddr o- 8- (3-(4- norpholinyl)propoxy))-

2H 1, 4- benpadicaaeqEsn- 2-one (i) O O N3CO N HO N Br - NpBa/EPROoSI0166E3 [d I p
crci NBr -NCl 511 Asolution of 1.00 g (0.0263 nole) of

7- brono- 5- (2- chl or ophenyl ) - 1 3-di hydr o- 85iret hoxy-

2H-1, 4- benzodi azepi n- 2- one z) in 8 nL of 1,2-dichloroethane was stirred
over ni ght wi t hemzod8aepip-1-0n0 ¢)9 r#iﬁ@OQS)ﬂSmoinhoﬁamwair@m%mMé An additi onal
1.00 g of alym &W&xﬁhﬁﬂk Qhd @iesw@@ Oﬁgﬁiﬂaﬂole?&dre&a{k?sﬁﬂﬁéﬁ}l‘ir Bosphint bRfhdium he

overnight, after tine the i© mxture was Lﬁoure |nto Ice water.
m xture was exep heasdptniq” ﬁ?@ﬂ@wn@rg@mmmeme botss. | Thermaixturewesrthethi ¢ | ayer

washed twice whdiby Wakflp mr%la@éaataéﬂd%éﬂéa%mbmd&\ﬁn ca%ewambﬁ%ﬁ&rﬁe The

sol uti on was concentrated urider reduced pressure to provid

7- br onp- 5- (2- edHeoRHRIENY 9 reaxtactad Wil pBYIRcpipigr @\hogthyl agetﬁ@}az@ravaz i n- 2 one

(I'pp) (M ZAGH:, watH @rﬁd\m& zfﬂf)ycﬁws sb&ihx%%lfa&é‘ rﬂltreiédtaﬁd BéhcsRtbdlRadeadeet
step. 15 A mixture of g (0.005 nol e)

7- br onp- 5- ( 2- BIFEBED p’F,l@ﬁ?qu}uelwag_chromatographed on s111ca gel eluting with ethyl acetate-

di hydr o- 8- hy dpesave 244 Yo 4R @20 'O@SQ@-hﬁlor% 9&@ g(ﬁ @m)xo-fﬂsodm}tda@s@ﬁe%xgm{ step,
0.636 g of sodiumcarbonate, O. 8

4- (3-chl oropréﬁy‘l"?ﬂz‘?ﬁﬂzﬁh‘m%%%d"fgﬁ 6.0f di rret hyI forrram de was stirred
at 50C, under an argon atnosphere for 73 hours. The m xture was then
cool ed and;partitioned between ethyl @Exah@te3iand saturated sodi um

Conversion of 7-bromo-3-(2-chlorophenvl)- 1,3-dihydro-8-methoxyethoxy- 2H-1.4-

benzodiazepin-2-one (Inn) to 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-methoxvethoxy-
2H-1.4-benzodiazepin-2-one (Im)

0
~ o} H O
H,C” 0 ~§ ne "o O N\/g
NZ =N
0 : e
Inn Im
15 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-methoxyethoxy-2H-1,4-

benzodiazepin-2-one (Im) was prepared by reacting 0.001 moles of 7-bromo-5-(2-
chlorophenyl)- 1,3-dihydro-8-methoxyethoxy- 2H-1,4-benzodiazepin-2-one (Inn) with
zinc cyanide, in the presence of tetrakistriphenyl phosphine palladium in a manner
analogous to Example 30. MH+/Z=370.



20 bi carbonate. The aqueous | ayer was then reextracted with ethyl acetate.
The et hyl WO 2006/ 040036 PCT/ EP2005/ 010653 -49 acetate | ayers were washed
successi Webyowd/asossat ur at ed sodi um bi carbonate, water, PpcrmP200Endeshen
dried over anhydrous sodiumsulfate, filtered and concentrated under
reduced pressure to give the crude -52-
7-bronD-5-(2-chIorophenyl)-1,3-dihydro-8-(3-é4- nmor phol i nyl ) propoxy)) -

2H 1, 4- benzodi azepi n-2-one (1j). Pur -5-(2 5

chl orophenyl ) -1, 3-di hydr o- 8- ( 3- (4- nor phol i nyl ) pr opoxy)) -

2H- 1, 4- benzodi azepin-2-one (1)) (1.721 g) was obtained by silica gel
chromat ogr aphy el uti m@nWribn 6tH m@@momﬁﬂancﬂ difr@fo-BAR:(2VHH/ 2=492,

EXAMPLE 29 Conversi o 5 |
2H 1, 4- 10 ben%ﬁﬁm ] azebingd-o — Lt y)
2H 1, 4- benzodi gag@i 3-dhyiRes -mbth@c tﬂda emo -2HN4-1€5n26211aze Jin2|- O rJ~O
NN TN C Ik A solution of 1.2 g (0.0037 nol e) of

5- (2-chl or ophenyl ) - 7- cyano- 1, 3- di hydr o- 8 net hoxy-

2H- 1, 4- benzo epi n- 2- oone (I'b, prgpyed in Ex le 30) in 100 ni  of 1 2-
15 dlchloroeﬁﬁsanﬂﬁhyk : ‘ }625% g (0 Ofgggaﬁ%e} efghun

trichloride at 42C for

5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(2-(2-methoxyethoxy)ethoxy)- 2H-
1,4-benzodiazepin-2-one (In) was prepared by reacting 0.0017 moles of 7-bromo-5-(2-
chlorophenyl)- 1,3-dihydro-8-(2-(2-methoxyethoxy)ethoxy)- 2H-1 ,4-benzodiazepin-2-
one (Ioo) with zinc cyanide, in the presence of tetrakistriphenyl phosphine palladium in a

10 manner analogous to Example 30. MH+/Z=414.

EXAMPLE 33

Preparation of 7-bromo-5-(2-chlorophenyl)- 1,3-dihydro-8-methoxyethoxy- 2H-1.4-
benzodiazepin-2-one (Inn) from 7-bromo-5-(2-chlorophenyl)- 1,3-dihydro-8-hydroxy-

2H-1.4-benzodiazepin-2-one (Ipp)

H O 0
LS TS
—
Br =N Br =N
e Ore
Ipp Inn

15

To a stirred mixture of 0.300 g (0.00082 mole) 7-bromo-5-(2-chlorophenyl)-
1,3-dihydro-8-hydroxy- 2H-1,4-benzodiazepin-2-one (Ipp) prepared in Example 28, 60
mL of tetrahydrofuran, 0.070 mL of 2-methoxy ethanol, and 0.2586 g of triphenyl



8 hours, after which an additional 2.5 g of alumnumtrichloride was added.
Heating and stirring was continued for another 48 hours after which tine
an addi t iwoaboc4b03g of al umi numtrichl oride was added. ACT@EP2@shonsss, t he
m xture was cool ed and then poured onto ice water. The water was extracted
wi t h di chl or onet hane- et hanol -t et rahydr ofasr-an 20 (80: 10: 10), and the
extract washed with water, dried over anhydrous sodiumsulfate, filtered

and concent r athesphimrecieas addadi ¥y mpl €5¥GPLmpls) of disonropyl gzesticaghonpfetes The WO
2006/ 040036 W&QQ&&%Q@&% ne By, B o agiional 023 2586 g of iwiphenl phosphine, §.070

chl or ophenyl) ano- dro- 8 Ir oxy- I'azepi n- 2- one

(1qq). Purifihkaf @wﬂwy §thpnc&an@@|1% @ﬁémsggﬁoaﬂwodléarmﬁy%e W%ﬁldféi hihe

acet at e- met haggh,{ &Qreli%)r anVdd@i98M ndurbfd theR Eoncentrated under reduced pressure. The
5-(2-chl orophenyl ) - 7-cyano- 1, 3-di hydr o- 8- hydroxy-2H1, 4

benzodi azepi rregdleﬁw@asmhtmt}atqumﬁckmg@ma gﬁmlwgmﬁl fé}fﬁfﬂgwrf@n@mhmﬂl (282)% or
use in the SoRexdo. §i:9gof ﬁbf&ﬁsty(zeck@&oﬁmﬁﬁ? 19-6i8y @0 80Re i y@hoRy- 2H-1,4-
5- (2-chl or ophenyl ) - 7- cyano-
di hydr o- 8- hydtes azpplm@méh@bdbffalz“é?pﬁ?ﬁz one (1qq), 6 nL of
di et hyl formam de, 0.132 g (0.00124 nole) of sodium carbonate and 0.2028 g
(0.00124 nole) of 4-(3- chloropropyl)E @i ne was stirred 50C under an
at nosphere of argon for 24 hours. io The m xture was then cool ed and
partitioned between ethyl acetate and water. The aqueous phase was
reextracted with eth t t raect s were then
dried over anhydrousxisr%}) dtﬂﬁ?éﬁ?iﬁg}m{ﬁgr(?[i%?%fﬁglzuf%%&g?ﬁtfggu under
: fthrel ' - ) 13 Higmon-(2i | i ca gel
00199 G, 9f
PRoT 1 Ny1) Propoxy) ) -
2H 1, 4- benzodi azepl n- 2- one (Bc) M—|+/Z 439. ExAADrE 30 Conversi on of
7- brono- 5- (2-chl orophenyl ) -1 3-di hydro- 8- met hox_y-2H 1 4-

reduced pr®ssure

benzodi azepi n- 2- onq,i!](gl d =(2-chl orophen H O

ly)-77-cyano- 1, 3-di hyd - Mgt hoxy 2H O~ N‘g
T C

Br N Br =N

loo

7-bromo-5-(2-chlorophenyl)- 1,3-dihydro-8-(2-(2-methoxyethoxy)ethoxy)- 2H-
1,4-benzodiazepin-2-one (Ioo) was prepared by reacting 0.00238 moles of 7-bromo-5-(2-
15 chlorophenyl)-1,3-dihydro-8-hydroxy-2H-1,4-benzodiazepin-2-one (Ipp) with 2-(2-
methoxyethoxy) ethanol in a manner analogous to Example 33. MH+/Z=467.



1, 4- benzodi azepin-2-one (Ib) HOHO H3CON{/ _ V H3CON) Br -N- N-N
CI Cl 20 1d Ib 5-(2-chl orophenyl)-7-cyano- 1, 3- di hydr o- 8- net hoxy-

2H 1, 4- benpadicaaeqEbn- 2 one (1 b) was prepared from PCT/EP2005/010653

7- brono-5-(2-chl orophenyl ) - 1, 3-di hydr o- 8- net hoxy-2H 1, 4-
benzodi azepi n-2-one (1d) by reaction wth5%inc cyanide in the presence of a
pal | adi um catalyst (tetrakistriphenyl phosphine palladium according to
conditions similar to those 25 descri BZ4AMBYEISchaen et al., Synthetic
Conmuni cati ons, 24:887-90 (1994). A mixture of 0.9491 g (0.0025 nole) of

7- br omo- 5- (2- chl or ophenyl ) -1, 3-di hydr o- 8- net hoxy-2H- 1, 4 WO 2006/ 040036

PCT/ EP2005/ 0106§r%pam56n & @n@@mo&;'eﬁwxw Q-leﬂﬁotbbl@bhvl)fl L Zho- m(cﬁhsﬁfblﬁﬂm‘r e) of

zi nc cyani de, 4 |_f

tetraki stri phead & 5 ‘ H 3

at nosphere for 24 hours The nlxlm&ﬁnmﬁﬁmmhemnn@@@bed taken up in ethyl
acetate and washed with 0.2 M sodi um carbonate solution. The 5 aqueous
phase was reextracted with ethyl acetate, and the ethyl acetate |ayers
washed w th water, dried over ankydrous sodiumsulfate, filtered and
concentrated under reduasd R AEsre. The resdiduesuas ch g%?tographed on
silica gel eluting with et acepat e-_hexa hexane (4:1)Y glve 0.620 g of
5- (2- chl or ophenyl ) - 7- cyapes~¥ S=¢if hydro- 8-net hoxy- 2

1, 4- benzodi azepi n- 2- oneN{ 1 b) .
7- brono-5-(2-chl orophenyl) -
benzodi azepi n-2-one (I nn) toX%
t hoxy

piver si on of
1, 4-
|hydro 8- net hox ey

Iss
5

8-(2-chloroethoxy)-5-(2-chlorophenyl)-7-cyano-1,3-dihydro-2H-1,4-
benzodiazepin-2-one (Iss) was prepared by reacting 0.0031 moles of 5-(2-chlorophenyl)-
7-cyano-1,3-dihydro-8-hydroxy-2H-1,4-benzodiazepin-2-one (Iqq) with 2-chloroethanol
in a manner analogous to Example 33. MH+/Z=374.

10 EXAMPLE 36

Preparation of 5-(2-chlorophenvl)-7-cyano-1,3-dihydro-8-(2-((2-
methoxvethyl)methylamino)-ethoxy)-2H-1.4-benzodiazepin-2-one (Iv)

Cl H O
N// =N

s

Iss

A mixture of 1.2 g (0.0032 mole) of 8-(2-chloroethoxy)-5-(2-chlorophenyl)-7-
15 cyano-1,3-dihydro-2H-1,4-benzodiazepin-2-one (Iss, prepared in Example 35), 2.85 g
(0.032 mole) of 2-((2-methoxyethyl)methylamino) ethanol, 20 mL of tetrahydrofuran and
4.8 g (0.032 mole) of sodium iodide was heated in an oil bath at 83°C under an argon
atmosphere for 20 hours. The mixture was cooled and then partitioned between ethyl



2H- 1, 4- benzodi azepin-2-one (Im HWCONJ OHCO-\p NO3 Br -N-N C C
Inn IM 15 5-(2-chl orophenyl)-7-cyano- 1, 3-di hydr o- 8- net hoxyet hoxy-2H-1, 4
benzodi azepiznecd4ase (1 M) was prepared by reacting 0.001PODIEPI005/010653
7-brono-5-(2- chl orophenyl)- 1, 3-di hydro- 8- net hoxyet hoxy-

2H- 1, 4- benzodi azepi n-2-one (Inn) with zi-B6-cyanide, in the presence of

t et rakl stri phenyl phosphine palladiumin a manner anal ogous to Exanpl e 30.
MH+/ Z=370. Mamﬂshm@@%s@mEaQMk@mmam ThegphyEoRiate By v asstasiersrl

/- bromo- 5- (2- %HLQ rd%@&] vré¥ la%hy?.%)us?’ quﬁl(y gﬁ &%ec( gnd d@éeﬁﬁﬁ@ﬁﬁ&i‘i@iﬁ‘&ﬂoxw

2H 1 4-benzodi'aze€p orophenvl)-7- cyano-1
3-di hydr o- 8- (zre(sa;rcre’fheow@xemy trh@g;aphedzansﬂmg@eﬁ%%a Wil pdepnittilsne (| n)

H3C~10 -""/ QO N 351%%89! 056 5 gvegbjag %lo% (%mz)}o&aﬂeﬂyn -7- élano 1 3-dihydro-8.00- ((2_

5- (2-chl or ophen cyano- Hoxyet ox% X%l 2H
1, 4- benzodiaz a}mtthXetbﬁénf(th)ﬁaﬁﬂm)sethébéﬁe]& b‘iﬂzf’@&@mnn'fgm@ @01 Fet?lof
7- brono- 5-( 2-

EXAMPLE 37

Preparation of 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(2-((2-(4-methyl-1-
piperazinylethoxy))-2H-1.4-benzodiazepin-2-one (It)

/\/
10 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(2-((2-(4-methyl-1-

piperazinyl)ethoxy))-2H-1,4-benzodiazepin-2-one (It) was prepared by reacting 0.00414
moles of 8-(2-chloroethoxy)-5-(2-chlorophenyl)-7-cyano-1,3-dihydro-2H-1,4-
benzodiazepin-2-one (Iss) with N-methyl piperazine in a manner analogous to Example

36.

15 Formation of thiolactams (II) from lactams (I) (scheme 1)




chl orophenyl ) - 1, 3-di hydro- 8- (2-(2- et hoxyet hoxy) et hoxy) -

2H 1, 4- benzodi azepi n-2- one (loo) wth zinc cyanide, in the presence of

t et r aki stwoph@msbosphosphi ne palladiumin a to manner anaiCogre@stooeExanpl e
30. M/ Z--414. EXAVPLE 33 Preparation of 7-brono-5-(2-chlorophenvl)-

1, 3-di hydr o- 8- net hoxyet hoxy- 2H 1, 4- benzszgli azepi n-2-one (Inn) from
7-brono-5-(2-chl orophenvl)- 1, 3-di hydr o- 8- hydr oxy-

211- 14- benzodi azepi n-2-one (lpp) OO HON1IH 3Q0/,,-,0 N31. Br -NBr -N
Cl G 15 1pp Inn To a stirred mxture of 0.300 g (0.00082 nol e)

7- brono-5-(2-chl orophenyl) 1, 3-di hydr o- 8- hydr oxy-

2H- 1, 4- benzodi azepi n-2-one (1 pp) prepgsadeiigsgExanpl e 28, 60 nlL of
tetrahydrofuran, 0.070 nL of 2-nethoxy ethanol, and 0.2586 g of triphenyl
WO 2006/ 040036 PCT/ EP2005/ 010653 - 53 phosphlne was added 0.194 nL (0.00099
nol e) of diisopropyl , 3d pverni ght;
then, an addition 2 j ‘ 2- met hoxy
ethanol and 0.194 nL of d||sopronxzoazmgmeaﬁhnmﬁM@te was added The

m xture stirred for an additional hour and then concentrated under reduced
pressure. The 5 residue was chromatographed on silica gel eluting with

di chl or onet hane- et hanol (98:2) 4y tg yield 0.212 g of H S
7- br ono- 5- ( 2- chl or opheny,cp- 3Nd%2ydro-8-nethou¥£l AN
benzodi azepi n-2-one (1nn). =493. EXAVPLE 34 Pr ¢
7- br ono- 5- (2- chl or ophenylgy , Nhydro=8=(2*( 2 Imr
2H 1, 4- benzodi azepi n-2-one (lo féon17-bronn-5-(2-
]

Prepa; a

1, 4-
ation of
yeNey thoxy ethoxy)-

Cl

Id

A mixture of 2.0 g (0.0053 mole) of 7-bromo-5-(2-chlorophenyl)-1,3-dihydro-8-
methoxy- 2H-1,4-benzodiazepin-2-one (Id), 200 mL of 1,2-dimethoxyethane and 2.13 g
(0.0053 mole) of Lawesson’s reagent (2,4-bis(4-methoxyphenyl)-2,4-disulfide-1,3,2,4-
dithiadiphosphetane) was heated at 85°C for 1 hour, then cooled and poured onto ice cold
10 sodium bicarbonate solution. The mixture was extracted twice with ethyl acetate-
methanol (9:1), and the organic layers washed successively with water and brine. The
combined extracts were dried over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure. Trituration of the residue with ethyl acetate provided 1.7 g of 7-
bromo-5-(2-chlorophenyl)-1,3-dihydro-8-methoxy-2H-1,4-benzodiazepin-2-thione (IId).
15  MH+/Z=395.



chl orophenyl ) - 1, 3-di hydro- 8- hydroxy- 2H 1, 4-benzodi azepi n-2-one (Ipp) HO
HO~NHO I - HCGO-~0-iON/ -- a3JBr ~-NBr -N C C Ipp loo

7- br ono- 5SW02e@hi4a36phenyl ) - 1, 3-di hydr o- 8- ( 2- ( 2- met hoxy eChm®pgjosonwzy) - 2H
1, 4- benzodi azepi n-2-one (loo0) was prepared by reacting 0.00238 nol es of
7-brono-5-(2- 15 -57 -

chl or ophenyl ) -1, 3-di hydr o- 8- hydr oxy- 2H 1, 4- benzodi azepi n-2-one (lpp) wth
2- (2- met hoxyet hoxy) ethanol in a nanegaMEIESOogous to Exanpl e 33.

MH+/ Z=467. WD 2006/ 040036 PCT/ EP2005/ 010653 -54 EXAMPLE 35 Preparation of
8- (2-chl or oet hoxy) - 5- (2- chl or ophenyl ) - 7- cvano- 1, 3-di hydr o- 2H- 1, 4-

benzodi azepi n- 2- 0pgpiafSn off 9-@Bhiorophenyl)-1,3-dihydro-7-fluoro-8-methoxy-2H-1.4-

5- (2-chl or ophenyl y=7-cvano- 1, 3- di hydr.o- 8- h{v_gr OX}é- EH-

1, 4- benzodi azepi n-2-one (lqq) H CPE4TUIeEE. . ON N N- NN C d
lqgq Iss 5 8-(2-chloroethoxy)-5 -(2-chl orophenyl)-7-cyano-1,

3-di hydro-2H 1, 4-
H O H S
H,CO Nﬁ H,CO O N‘S
F O =N —_—— F =N
Cr O
la ita

5 5-(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-methoxy-2H-1,4-benzodiazepin-2-
thione (Ila) was prepared by reacting 0.0284 moles of 5-(2-chlorophenyl)-1,3-dihydro-7-

fluoro-8-methoxy-2H-1,4-benzodiazepin-2-one (Ia) with Lawesson’s reagent in a manner
analogous to Example 38. MH+/Z=335.

EXAMPLE 40

10 Preparation of 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-methoxy-2H-1.4-

benzodiazepin-2-thione (IIb)

H O H S
H,CO l N\g H,CO O N\g
NZ =N NZ =N

» O w (7

5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-methoxy-2H-1,4-benzodiazepin-2-
thione (IIb) was prepared by reacting 0.0019 moles of 5-(2-chlorophenyl)-7-cyano-1,3-
15  dihydro-8-methoxy-2H-1,4-benzodiazepin-2-one (Ib) with Lawesson’s reagent in a
manner analogous to Example 38. MH+/Z=342.



benzodi azepi n-2-one (lIss) was prepared by reacting 0.0031 nol es of

5-(2-chl orophenyl)- 7-cyan-1, 3-di hydr o- 8- hydr oxy- 2H 1, 4- benzodi azepi n- 2- one
(lgq) w tWwo2emhi4a36et hanol in a nmanner anal ogous to Exaopiee2@3/010658-/ 2x374.
10 ExAMPLE 36 Preparation of 5-(2-chlorophen

| y)-7-cvano-1, 3-di hydro-8-(2-((2- -58-

nethoxyethyl)nethylanlno) et hoxy) - 2H 1, 4- benzodi azepi n- 2- one (Iv) Cl~~HO
Ol \ N\J HO H3C O-~NN NCI—ISN—NCE____IA& lv A mxture of 1.2 g
(0.0032 nol e) of 8-(2-chloroethoxy)-5-(2-chl orophenyl)-7- 15

cyan- 1, 3-di hydro-2H 1, 4- benzodi azepi n-2-one (Iss, prepared in Exanple 35),
2.85 g (0.032 ﬁ%ﬁatloafofg (ﬁ éﬁoﬁﬁﬁéﬁ%M@-&Mbaxeﬁﬂﬂnﬂ@m(m@}meﬁdhan%mo%exm of

t et r ahydr of ur an and (0.0 oI eT‘bf sod|un1|o;|de was heated in an
oil bath at 83C under an argongﬂéL : rthione ) s The mi xture was
cool ed and then partitioned between ethyl MD 2006/040036 PCT/ EP2005/ 010653
-55 acetate and 0.6 M sodi um bi carbonate solution. The ethyl acetate |ayer
was washed with brine, drled over anhydrous SQ unkvuLjate,'Nl Sered and
concentrat ed undergve ress O The resi evaas c frrgriay %phed on

|| met hand?~480: 20) t 233 g of
08(2((25

th ac

silica gel, elutin
5-(2-chl or ophenyl )*¥~tyano-1__3: d
met hoxyet hyl ) net hyl am no) - eﬁ%oxy)
MH+/ Z=427. EXAMPLE 37

5 5-(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-(3-(4-morpholinyl)propoxy))-2H-
1,4-benzodiazepin-2-thione (IIi) was prepared by reacting 0.0053 moles of 5-(2-
chlorophenyl)-1,3-dihydro-7-fluoro-8-(3-(4-morpholinyl)propoxy))-2H-1,4-
benzodiazepin-2-one (lactam Ii) with Lawesson’s reagent in a manner analogous to

Example 38. MH+/Z=448.

10 EXAMPLE 42

Preparation of 7-bromo-5-(2-chlorophenyl)-1,3-dihydro-8-(3-(4-morpholinyl)propoxy))-
2H-1.4-benzodiazepin-2-thione (I17)

Shise@

cn

7-bromo-5-(2-chlorophenyl)-1,3-dihydro-8-(3-(4-morpholinyl)propoxy))-2H-
15 1,4-benzodiazepin-2-thione (IIj) was prepared by reacting 0.0011 moles of 7-bromo-5-
(2-chlorophenyl)-1,3-dihydro-8-(3-(4-morpholinyl)propoxy))-2H-1,4-benzodiazepin-2-

one (Ij) with Lawesson’s reagent in a manner analogous to Example 38. MH+/Z=508.



Preparati on of 5-(2-chlorophenyl)-7-cyano-1 3-di hydro-8-(2-((2-(4-nmethyl-I-
pi per azi nyl ) et hoxy))-2H 1 4-benzodi azepin-2-one (It) C---~-NO HO O
N~ON Nvp2bbe4biB& N N --N Cl C 1SS It 10 PCT/EP2005/010653
5-(2-chl orophenyl ) -7-cyano- 1, 3-di hydro- 8- (2-((2-(4-nmethyl -1

pi per azi nyl ) et hoxy))-2H 1, 4- benzodi azepi n5¢-one (It) was prepared by
reacting 0.00414 noles of

8- (2- chl or oet hoxy) - 5- (2- chl or ophenyl ) EXAR®IER¥S- | , 3- di hydr o- 2H- 1, 4-
benzodi azepi n-2-one (Iss) with N-nethyl piperazine in a manner anal ogous to
Example 36. 15 Formation of thiolactans (I1) fromlactans (1) (schene 1)

HOH'S R2 | M Raiohlhr 3 Rhorbhdbn 7B RY.qithatd. 6 ¥O2004AOHA0BGD0N )
PCT/ EP2005/ 010653~ -56 EXAVPLE 3 8 Preparatlon of oAl

7- br omp- 5- (2- chl or ophenyl ) - 1 32Hlibenzodmzey A-
benzodi azepi n-2-thione (l11d) J H3CO~ NO J H3C0 N S
H O A~ H S
r/\N’“\/”\o N r/\N o]
S o
o J N

5 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(3-(4-morpholinyl)propoxy))- 2H-
1,4-benzodiazepin-2-thione (Tk) was prepared by reacting 0.00057 moles of 5-(2-
chlorophenyl)-7-cyano-1 ,3-dihydro-8-(3-(4-morpholinyl)propoxy))- 2H-1,4-
benzodiazepin-2-one (Tk) with Lawesson’s reagent in a manner analogous to Example

38. MH+/Z=455.

10 EXAMPLE 44

Preparation of 5-(2-chlorophenyl)-8-N,N-dimethylamino-1,3-dihydro-7-fluoro-2H-1.4-
benzodiazepin-2-thione (I11)

5-(2-chlorophenyl)-8-N,N-dimethylamino-1,3-dihydro-7-fluoro-2H-1,4-
15  benzodiazepin-2-thione (IIl) was prepared by reacting 0.006 moles of 5-(2-
chlorophenyl)-8-N,N—dimethy1amino-1,3-dihydro-7—ﬂuoro—2H—1,4-benzodiazepin—2-one

(I) with Lawesson’s reagent in a manner analogous to Example 38. MH+/Z=348.



Br -N30Br -N d d 51dIlid Amxture of 2.0 g (0.0053 nole) of
7-brono-5-(2-chl orophenyl) -1, 3-di hydro-8 net hoxy-

2H 1, 4- benpadicaaeqsbn- 2- one (1d), 200 nL of 1, 2-di net hoxyerze@sans$s2. 13 ¢
(0.0053 nole) of Lawesson's reagent

(2, 4- bi s(4- et hoxyphenyl) -2, 4-di sul fi de- 14503, 2, 4- dit hi adi phosphet ane) was
heated at 85C for 1 hour, then cooled and poured onto ice cold io sodium
bi carbonat e sol uti on. The m xture wasgexipigaased twi ce with ethyl acetate-
met hanol (9:1), and the organic |ayers washed successively with water and
brine. The conbined extracts mere dried over anhydrous sodi um sul fate,
fil ter ed fand co Ceg}t A -(2-c or@p eny(il)u'?g\qangrl%sgiﬁ{lcﬁo S-Eﬁétﬂ&{v@&lbfvhl@fli he
resi due with etglﬁg—éé%&é% rovi

br ono- 5- ( 2- chl or ophenyl ) -1, 3 dlmxﬂg@g&gngﬂﬂmmgaﬁkan 4- benzodi azepi n- 2-t hi on
e (I1d). 15 MH/ Z=395. WD 2006/ 040036 PCT/ EP2005/ 010653 -57 EXAMPLE 39
Preparation of 5-(2-chlorophenyl)-1 3-dihydro-7-fluoro-8-nethoxy-2H 1, 4-
benzodi azepi n- 2-t hi one (IIa) H OII_I,S H3CO ti N I-@CO\ NJ FH MFNC d
la Ila 5 c” \/\ HC

5- (2-chl or ophenyl) '& 3-di hydr } fI upr o- 8- net hoxy 2H-1 / nzodi azepi n- 2

thione (Ila) was prepared by reg€ting 0.0284 nol es OL/
5- (2-chl orophenyl ) -1, 3-di hNdr o- 7-
fl uoro- 8- et hoxy-2H 1, 4- benzodi fgZepi-at 2-one (la) with La s reagent in
a manner
Im
5 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-methoxyethoxy-2H-1,4~

benzodiazepin-2-thione (IIm) was prepared by reacting 0.00081 moles of 5-(2-
chlorophenyl)-7-cyano-1,3-dihydro-8-methoxyethoxy-2H-1 ,4-benzodiazepin-2-one (Im)

with Lawesson’s reagent in a manner analogous to Example 38. MH+/Z=386.

EXAMPLE 46

10 Preparation of 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(2-( 2-methoxvethoxy)ethoxy)-
2H-1.4-benzodiazepin-2-thione (IIn '

5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(2-(2-methoxyethoxy)ethoxy)- 2H-
1,4-benzodiazepin-2-thione (IIn) was prepared by reacting 0.00089 moles of 5-(2-
15 chlorophenyl)-7-cyano-1,3-dihydro-8-(2-(2-methoxyethoxy)ethoxy)- 2H-1,4-
benzodiazepin-2-one (lactam In) with Lawesson’s reagent in a manner analogous to

Example 38. MH+/Z=430.



anal ogous to Exanple 38. MH/Z=335. EXAMPLE 40 10 Preparation of

5-(2-chl orophenyl ) -7-cyano-1 3-di hydro- 8- met hoxy- 2H-1, 4-

IbIeBZOdI azwpiznecdvdssone (I1b) HOH S H3CO N H3CO NJ - RCIWEPRBOSM1GSS3 CI | b
5- (2-chl or ophenyl ) - 7- cyano- 1, 3- di hydr o- 8-4vet hoxy- 2H 1, 4- benzodi azepi n- 2
thione (Il1b) was prepared by reacting 0.0019 nol es of

5-(2-chl orophenyl)-7-cyano-1,3- 15 gxaMmpLEA4T

di hydr o- 8- net hox?/ 2H 1, 4- benzodi azepin-2-one (Ib) with Lawesson's reagent
in a manner anal ogous to Exa le 38. Mt/ Z=342.

PCT/ EP2005/ 010653, 0 e ; Ao 40036
3-di hydro-7-fluo =5

4Nbénzod| azepi n- 2-t hi on@&hﬁmﬂ)etﬁosv))miel %&@o&azqm -Hhmnel(m)(r) HI F--N F

5 5-(2—ch10ropheny1)-7-cyano-1,3-dihydro-8—(2-((2—(4—methyl-1-
piperazinyl)ethoxy))-2H-1,4-benzodiazepin-2-thione (IIt) was prepared by reacting
0.00069 moles of 5-(2-chloropheny1)-7-cyano-1,3-dihydro-8-(2-((2—(4—methy1~1-
piperazinyl)ethoxy))-2H-1,4-benzodiazepin-2-one (It) with Lawesson’s reagent in a

manner analogous to Example 38.

10 EXAMPLE 48

Preparation of 5-( 2-chlorophenyl)-7-cyano-1,3-dihydro-8-(2-((2-

methoxvethy]methylamino)-ethoxy)-2H-1,4-benzodiazepin-2-thione (IIv

Y N

H.C H
3 \0/\/N\/\0 N\g

5-(2-chlorophenyl)-7-cyano-1 ,3-dihydro—8-(2—((Z—methoxyethyl)methylamino)—
15 ethoxy)-2H-1,4-benzodiazepin-2-thione (IIv) was prepared by reacting 0.00052 moles of
5-(2-chlorophenyl)-7-cyano-1 ,3—dihydro—8—(2-((2-methoxyethy1)methylamino)-ethoxy)-
2H-1,4-benzodiazepin-2-one (Iv) with Lawesson’s reagent in a manner analogous to

Example 38. MH+/Z=443.



a tri vl v 5
5-(2-chl orophenyl ) -1, 3-di hydr o- 7-f | uor o- 8- ( 3- (4- nor phol i nyl ) pr opox - 2H
5,?ébenzoﬁbaquMmBB-thione I1i was prepared by reactingPOTﬂQEGsmumg;)of
chl orophenyl) -1, 3-di hydro-7-fl uoro- 8- (3- (g2 mor phol i nyl) propoxy)) - 2H 1, 4-
benzodi azepi n-2-one (lactamli) with Lawesson's reagent in a nmanner
anal ogous to Exanple 38. Mt/ Z=448. ERAMMAMM E 42 Preparation of
7- br omo- 5- (2- chl or ophenyl ) -1 3-di hydr o- 8- (3- (4- nDrphollnyI)propoxy)) 2H 1
g genzodlazepln 2-thione (H) rN'~~ONS J 0") 1 Br c

rono- 5- (2- chl or opheny. | DL - > -
1, 4- benzodi azepr# P %§ el prepar . 0C b
7-bromo-5- (2- chlorophenyl)-l, thione (IIw)
37d|hydro-8-(§-(4-nDrpho!inyI)propoxy))-ZFLI,4-benzodiazepin-2- one (1j)
with Lawesson's reagent in a manner anal ogous to Exanple 38. MH/Z=508. WO
2006/ 040036 PCT/ EP2005/ 010653 -5% EYAMPLE 43 Preparaﬂ§%f of

5- (2-chl orophenyl ) - 7- cyanoy t_3: 0- 8- ( 3- ( Hifs 1) br opo ol
4- benzodi azepi n- 2-t hi one (11K N O & S( i yl') propoxy) ) - 1

H,C

H,C

5 5-(2-chlorophenyl)-1,3-dihydro-7,8-dimethyl-2H-1 ,4-benzodiazepin-2-thione
(ITw) was prepared by reacting 0.0006 moles of 5-(2-chlorophenyl)-1,3-dihydro-7,8-
dimethyl-2H-1,4-benzodiazepin-2-one (Iw) with Lawesson’s reagent in a manner

analogous to Example 38. MH+/Z=315.

EXAMPLE 50

10 Preparation of 5-( 2-chlorophenyl)-1.3-dihydro-8-methoxy-7-methyl-2H-1.4-

benzodiazepin-2-thione (I1z

5-(2-chlorophenyl)-1,3-dihydro-8-methoxy-7-methyl-2H-1 ,/4A-benzodiazepin-2-
thione ([z) was prepared by reacting 0.0064 moles of 5-(2-chlorophenyl)-1,3-dihydro-8-
15 methoxy-7-methyl-2H-1,4-benzodiazepin-2-one (Iz) with Lawesson’s reagent ina

manner analogous to Example 38. MH+/Z=331.



a dda 1k\/ 11k 5

(2-chl orophenyl ) -7-cyano-1|, 3-di hydr o- 8- ( 3- (4- nor phol i nyl ) propoxy))- 2H

, 4- benzostDaa@pi4me3g- t hi one (1 k) was prepared by reacti ngCO/EPO@5/010663 es of
(2- chl orophenyl)-7-cyano- 1, 3-di hydr o- 8- (3- (4- nor phol i nyl ) propoxy)) -

H 1, 4- benzodi azepi n-2-one (1k) with Lawesson's reagent in a manner

nal ogous to Exanple 38. MH/Z=455. 10 EXAMPLE 44 Preparation of

5-(2-chl orophenyl)-8-N N-di net hyl am ngxAmBerfithydr o- 7- f | uor o- 2H 1, 4-

benzodi azepin-2-thione (111) HBC HO HB3QA HS HNN H3ICiNN \ I / 3Co
F/ -NF-N C d 1I'\ ~1D\

5-(2-chl or ophenyl ). B NolNs ¢ BREY AT 1% dingt 67 Vi ford 28 LG ktadepitr 2-15

benzodi azepi n- 2= epared by feacting 0. 006 noles of 5- (2-
chl orophenyl ) - 8- N, N-di net hyl ani no- 1, 3thifinayl#ma) 7- f | uor o- 2H 1, 4- benzodi azepi n
-2-one (Il) wth Lawesson's reagent in a manner anal ogous to Exanpl e 38.
MH+/ Z=348. WD 2006/ 040036 PCT/ EP2005/ 010653 -60 EXAMPLE 45 Preparati on of
5-(2-chl orophen I)-7-cyan-1 3- dthdro 8- met hoxyet hoxy- ﬁH—&,4-

benzodi azepi n- 2-t hi one (1Ex] O ‘g

cl O ct
fimm

5 5-(2-chlorophenyl)-1,3-dihydro-7,8-difluoro-2H-1,4-benzodiazepin-2-thione
(IImm) was prepared by reacting 0.003 moles of 5-(2-chlorophenyl)-1,3-dibydro-7,8-
difluoro-2H-1,4-benzodiazepin-2-one (Imm) with Lawesson’s reagent in a manner

analogous to Example 38. MH+/Z=332.

N
5
1
5
2
a

10 Conversion of thiolactams (scheme 9)




HS HONOHGCNI3CNN N N C / C IMIIm\ 5
5-(2-chl orophenyl ) -7-cyano- 1, 3- di hydr o- 8- net hoxyet hoxy- 2H 1, 4-
benzodi azepiznecd4bdssone (11 m was prepared by reacti ng 0PQ@GRL00500@S3 Of
5-(2-
chl orophenyl) - 7- cyano- 1, 3- di hydr o- 8- net hoxyet hoxy- 2H 1, 4- benzodi azepi n- 2- on
e (ImM wth Lawesson's reagent in a nmanner anal ogous to Exanpl e 38.
Mt/ Z=386. EXAMPLE 46 io Pr paration @kamsit3schl orophenyl)-7-cyano-1
3-di hydr o- 8- (2- (2- met hoxyet hoxy) et hoxy) - %FFI 4- benzodi azepi n- 2-t hi one
(IIn) 1-13CQ 0 b|00 N HOHCO0--~0 ~0 HS Nlj NNNNOC A In fin

y . \ ) oxy) - 2H
1, 4- benzodl azepHrl2 s 0. 0008¢ ol es of
5-(2- 15 chl orophenyl ) - 7 cyano-1 éh-zddl mez-ﬂu rié rret hoxyet hoxy) et hoxy) -
2H- 1, 4- benzodi azepi n-2-one (lactamlIn) with Lawesson's reagent in a manner
anal ogous to Exanple 38. MH/Z=430. WD 2006/ 040036 PCT/ EP2005/ 010653 -61

EXAMPLE 47 H S H S
F O N‘g HE /0 O N\/S
F =N F =N
O ct > O ci
Hmm Iif
5 A mixture of 1.0 g (0.0031 mole) of 5-(2-chlorophenyl)-1,3-dihydro-7,8-

difluoro-2H-1,4-benzodiazepin-2-thione (IImm), 0.372 g of sodium hydride and 20 mL.
of 2-methoxyethanol was heated in a microwave vessel at 120°C for 30 minutes, cooled
and then diluted with ethy! acetate. The mixture was washed successively with water and
brine, dried over anhydrous sodium sulfate, filtered and concentrated under reduced

10 pressure. The residue was triturated with ethyl acetate to give 0.74 g of 5-(2-
chlorophenyl)-1,3-dihydro-7-fluoro-8-methoxyethoxy-2H-1 ,4-benzodiazepin-2-thione
(ITf) as a white solid, which was then used to prepare 5-(2-chlorophenyl)-1,2-dihydro-7-
ﬂuoro-S-methoxyethoxy-B-methyl-pyrazolo[3,4-b][1,4]benzodiazepine_(IV f)in
accordance with Example 58 without further purification. MH+/Z=379.



Preparati on of 5-(2-chlorophenyl)-7-cyan-1 3-di hydro-8-(2-((2-(4-nethyl-I-

pi per azi nyl ) et hoxy))-2H 1 4-benzodi azeppi n-2-thione (l11t) H3CG N NO N O
H3C- NN ~~wbi286/@0086 N NN~ C Cd It lit 5 PCT/EP2005/010653

5- (2-chl orophenyl ) -7-cyano- 1, 3-di hydro-8-(2-((2-(4-nmethyl -1I-

pi perazi nyl ) et hoxy))-2H 1, 4- benzodi azepi ng2-t hi one (11t) was prepared by
reacting 0.00069 nol es of

5-(2-chl orophenyl ) -7-cyano-1, 3-di hydr @&npi258 ( 2- (4- met hyl -1 -

pi perazinyl) et hoxy))-2H 1, 4- benzodi azepi n-2-one (It) with Lawesson's
reagent in a nanner analogous to Exanple 38. 10 EXAMPLE 48 Preparation of

5-(2-chl orophgp, i -7-fluoro-2H-1.4-benzodiazepin-
met hoxyet hyl ) -e - -benzodi azepl n- 2-
CH3 N NJ I—BCO~~'1'4HOI—BCIOH82_M_3‘EE.N~/ -Nd d IVIiv1ls
-(2-chl orophenyl )-7 -cyan-1, 3-di hydr o- 8- (2- ((2-net hoxyet hyl ) net hyl am no) -
15 et hoxy)-2H 1, 4- benzodiazepin 2-thione (Il1v) was prepared by reacting

0. 00052 nol es of 5-(2-chlyor@phenyl)-7-cyano- 1, H S
3-di hydr o- 8- ( 2- ( ( 2- Fephagietthy| ) met hyl am no) - et hdkGy-O N‘ﬂ&
2H 1, 4- benzodi azepi n- 4 e (Jv) with Lawesson's reagent a nner
anal ogous to ExanplFé 8. VH/ Z2=443. F =

- CI

limm lig

5 A mixture of 0.5 g (0.00155 mole) of 5-(2-chlorophenyl)-1,3-dihydro-7,8-
difluoro-2H-1,4-benzodiazepin-2-thione (IImm), 10 mL of ethanol and 0.62 g of 60%
sodium hydride was heated at reflux for 24 hours. The mixture was cooled, diluted with
ethyl acetate and washed successively with water and then brine. The ethyl acetate
extract was dried over anhydrous sodium sulfate, filtered and concentrated under reduced

10 pressure to give 0.52 g of 5-(2-chlorophenyl)-1,3-dihydro-8-ethoxy-7-fluoro-2H-1,4-
benzodiazepin-2-thione (Ilg) as a yellow solid. MH+/Z=349.

Example 54

Preparation of 5-(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-(1-methylethoxy)-2H-1.4-

benzodiazepin-2-thione (ITh)

H S H S

F N\% H3C70 N\S

F ‘ =N HC F E =N
—_—

O G

limm ith

15

A mixture of 1.0 g (0.0031 mole) of 5-(2-chlorophenyl)-1,3-dihydro-7,8-
difluoro-2H-1,4-benzodiazepin-2-thione (IImm), 10 mL of isopropanol and 0.62 g of
60% sodium hydride was heated at reflux for 5 hours. The mixture was cooled, diluted

with ethyl acetate and washed successively with water and then brine. The ethyl acetate



WO 2006/ 040036 PCT/ EP2005/ 010653 -62 EXAMPLE 49 Preparation of

5-(2-chl orophenyl)-1 3-di hydro-7 8-di nethyl -2H 1 4-benzodi azepi n-2- thione
(111w) HwWoHoes/04B€ N H3C N-{/ H3C NH3C N C C |w \ PCTIHP2005/010653
5-(2-chl orophenyl) -1, 3-di hydro- 7, 8-di net hyl - 2H- 1, 4- benzodi azepi n- 2-t hi one
(I''w) was prepared by reacting 0.0006 nolgg- of

5-(2-chl orophenyl ) -1, 3-di hydro-7, 8- di nethyl-2H 1, 4- benzodi azepi n- 2- one
(1w) with Lanwegsonwss drizd@esttanhytrans sedhne sulfad) diloeo asd doncdnwarp haded 8duced

MH+/ Z=315. EXAMPLE 50.10 Prepar.ati on ,of -(2-chl qr h ) -1
o Pt o 5 wehaE DR Yook he PEBHAE St f s it P IR Rk scpiie 19
H3C-O N O H3Cgi: 0.7 gH3G-@NhidaBheryl)- 103-diBldrol 7zfliira- 85 1 -micthytathany bPRERy| ) - 1,

3-di hydr o- 8- net hoxy- 7= hyl - 1, 4-benzodi i nz-2- thione (liz) was
prepared by r %Pé‘ﬁ@p@%%%%‘er@ﬁeag aé‘fmg-szlf?c]ﬁﬁ%}r%gﬁ%nyl )-1, 3-di hydro-8- 15
met hoxy- 7- met hyl - 2H- 1, 4- benzodi azepi n-2-one (1z) with Lawesson's reagent in
a manner arnal ogous to Exanple 38. M/ Z=331.

Preparation of pyrazolobenzodiazepines IV from thiolactams I (scheme 2).

H
/
o
v

Example 55

Preparation of 7-bromo-5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-3-methyl-pyrazolo
10 [3.4-b1[1.4]benzodiazepine IVd)

A mixture of 1.8 g (0.00455 mole) of 7-bromo-5-(2-chlorophenyl)-1,3-dihydro-
8-methoxy- 2H-1,4-benzodiazepin-2-thione (IId), 2.26 mL of 1,1-dimethoxy-N,N-

dimethyl-ethanamine and 20 mL of dimethylformamide was stirred at room temperature

15 for 1.5 hours, then at 110°C for 5 hours. The mixture was cooled and concentrated under
reduced pressure. The crude intermediate, I1Id, was stirred with a solution of 0.713 mL
of anhydrous hydrazine, 9 mL of methanol and 24 mL of dichloromethane for 26 hours

and then partitioned between ethyl acetate and water. The ethyl acetate layer was washed



WO 2006/ 040036 PCT/ EP2005/ 010653 - 63 EXAMPLE 51 Preparation of

5-(2-chl oro_phenyl)-1 3-di hydro-7 8-difluoro-2H 1, 4- benzodi azepi n-2- thione
(I''mm) HWOHoG/H46035) F F NF N C C Immlimmb5 PCT/EP2005/010653
5-(2-chl orophenyl ) -1, 3-di hydro-7, 8-di fl uoro-2H- 1, 4- benzodi azepi n- 2-t hi one
(I''mm was prepared by reacting 0.003 nolgg- of

5-(2-chl orophenyl ) -1, 3-di hydro-7, 8- difluoro-2H 1, 4- benzodi azepi n- 2- one
(I'm) with Lawessaierdriedaganhhydiowd sodinneulfats fiftbod endscancerfragdphder 3Biuced

MH+/ 72=332. 10_Co ' f thiolact h H F N
Fa a1 mPEe YD I%@?%%@W@%%%P%@ﬂé@‘f%‘%ﬁ%@‘ a?eé% %?gir?% 5@%5 R
Preparati on obromdl2¢(L¢Hlabptphelit|2)diflydro-8-methoxy-3-methyl-pyrazolo{3,4-

3= i hydr o 7- T 400 o8 TR O @V 8 Reca atizdtion RRAZ AG BRI Srb G e (117) H S

5 crystalline 7-bromo-5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine (IVd), mp 210-211°C. MH+/Z=417.

Example 56

Preparation of 5-(2-chlorophenvl)-1.2-dihvdro-7-fluoro-8-methoxy-3-methyl-

pyrazolo[3.4-b][1.41benzodiazepine (IVa)

IVa
10

5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-methoxy-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine (IVa) was prepared by reacting 0.0224 moles of 5-(2-
chlorophenyl)-1,3-dihydro-7-fluoro-8-methoxy-2H-1,4-benzodiazepin-2-thione (Ila) with
1,1-dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a manner analogous to
15 Example 55. MH+/Z=357.



FNHC- ON-(1 F-NF-NC -\ / Ca [if IIlmm5 A mxture of 1.0 g
(0.0031 nol e) of 5-(2-chlorophenyl)-1, 3-di hydro-7, 8-

di f | uor o-wbR20)eMbisaZz0di azepi n-2-thione (11 m), 0.372 g eCTaErdésmdeysiri de
and 20 nL of 2-nethoxyethanol was heated in a mcrowave vessel at 120C for
30 mnutes, cooled and then diluted withggethyl acetate. The m xture was
washed successively with water and brine, dried over anhydrous sodi um
sulfate, filtered and concentrated undgiplesuced i o pressure. The residue
was triturated with ethyl acetate to give 0.74 g of 5-(2- chlorophenyl)-1,
3-di hydro- 7-f | uor o- 8- net hoxyet hoxy- 2H 1, 4- benzodi azepi n-2-thione (I11f) as

a white solid, ch wa r
- 8-methoxy-3-methyl-
5- ( 2- chl or ophenyl 2 ep,araﬁo&of;gl ?:?clﬂgr%ghetngl)—e c%?r?or £2-dihydro-8-methoxy-3-methyl-
f | uor o- 8- met hoxyet hoxy- 3- netgy i d )} eAlv®nzodi azepine- (1) in
accordance with Exanple 58 Wi t hout further purlflcatlon M/ --379. WD

2006/ 040036 PCT/ EP2005/ 010653 -65 Exanple 53 Preparatlon of

5- (2-chl orophenyl ) -1 3-dj hydro- 8- ethoxy 7- qung 2H1, 4 benzodlazepln-
2-thione (I1-yg b %HBC C1 30 Hef—@um 16 N8 A
mixture of 0.5°g le) of5( enyl)- 1, 3- d OF7AE-

5 5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-methoxy-3-methyl-pyrazolo
[3,4-b][1,4] benzodiazepine (IVb) was prepared by reacting 0.0016 moles of 5-(2-
chlorophenyl)-7-cyano-1,3-dihydro-8-methoxy-2H-1,4-benzodiazepin-2-thione (IIb) with
1,1-dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a manner analogous to

Example 55. MH+/Z=364.



di fl uoro-2H-1, 4- benzodi azepi n-2-t hione (11mm, 10 nL of ethanol and 0.62 g
of 60% sodium hydride was heated at reflux for 24 hours. The m xture was
cool ed, dwbuved+mssh et hyl acetate and washed successi pelrEPesoshiogas er and
then brine. The ethyl acetate extract was dried over anhydrous sodi um
sulfate, filtered and concentrated under .geduced to pressure to give 0.52 g
of 5-(2-chl orophenyl)-1, 3-di hydr o- 8- et hoxy-7-fl uoro-2H 1, 4-
benzodi azepi n-2-thione (11g) as a yel IExampRIsgd. M/ Z=349. Exanple 54
Preparati on of 5-(2-chlorophenyl)-1
3-di hydro-7-fluoro-8-(1-nethyl et hoxy) 2H- 1, 4- benzodi azepi n- 2-t hi one (I I h)
F NS 1-13C O Ny§ 5 AN xR0l 1.0 0
(0. 0031 nol e) yar o-
di f | uor o- 2H 1, 4- benzodi azepi Bmgiﬂﬁﬁlﬁﬂéﬂb&mdlammnﬁwﬂ i sopropanol and
0.62 g of 60% sodi um hydri de was heated at reflux for 5 hours. The m xture
was cooled, diluted wth ethyl acetate and washed successively with water
and then brine. The ethyl acgtage WO 2006/@4 6 PCT/ EP2@95/010653 - 66
extract was dHI@'d overoaphydNeds sodi umssulf d d concentrated
under reduced “pressure |ve 1.2 g of re5|due triturated with
hexane and et hyl acet atFé 0 \=give 0.76 g of F N"‘
5-(2-chl orophenyl) -1, 3-di hydf o- 7- f I 'uor o- 8- (1 met hyl oxcy’) 2H-1 4-
benzodi azepi n-2-thione (I aCla white solid. M/ 535" 5 Preparation of
pyr azol obenzodi azepi nes | om thiolactanms Il (schewe 2?"f
i

F =N
O
i
5 5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-methoxyethoxy-3-methyl-

pyrazolo[3,4-b][1,4]benzodiazepine (IVf) was prepared by reacting 0.0026 moles of 5-
(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-methoxyethoxy-2H-1,4-benzodiazepin-2-thione
(IIf) with 1,1-dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a manner
analogous to Example 55. MH+/Z=401.



S~SNN RN:x-NRLNRA RA R4 |l 111 IV Exanple 55 Preparation of

7-brono-5-(2-chl orophenyl)-1 2-di hydr o- 8- net hoxy- 3-net hyl -pyrazolo 10 f 3
4-bl f 1,%Wo0Obkewzadizazepine (IVd) HS N S H3C_ O N N. NH PEREPONOHBS O |
-1 ?1 -"NBr "~NN Br NBr d d d lidIlldIlvd A mxture of 1.8 g

(0. 00455 nol e) of 7-bronp-5-(2-chl orophenyd)- 1, 3-di hydro 8- nmet hoxy-

2H 1, 4- benzodi azepi n-2-thione (I11d), 2.26 nL of 1,1-dinethoxy-N, N

di et hyl - et hanam ne and 20 nlL of di nmetBxginblerS®am de was stirred at room
tenperature 15 for 1.5 hours, then at 110C for 5 hours. The m xture was
cool ed and concentrated under reduced pressure. The crude internediate,
I11d, was sti prBdravbd br Bos@hdtbirehyiof 2Qirdhd-T0aucRis-antkwd-pltyiyEEATIBE. 9 L
of nmet hanol and 24 ni of dichloromethane for 26 _hours and then partitioned
bet ween ethyl acetate and wat er. Mifhdlibenzadiazepiag V) | ayer was washed WO
2006/ 040036 PCT/ EP2005/ 010653 -67 with water, dried over anhydrous sodi um
sulfate, filtered and concentrated under reduced pressure. Chromatography
on silica gel, eluting with etRyl sacetate yiel d,eﬂ 0. 690 g 8t~ 7-

br ono- 5- ( 2- chIorophé‘h?I)Q Nir(dr o- 8- met hoxye 3Hfk ragol of 3, 4-

F — e
Cl Cl
lig
H,C” HO HﬁH
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5 5-(2-chloropheny!)-1,2-dihydro-7-fluoro-8-ethoxy-3-methyl-pyrazolo[3,4-

b][1,4]benzodiazepine (IVg) was prepared by reacting 0.0016 moles of 5-(2-
chloropheny!)-1,3-dihydro-8-ethoxy-7-fluoro-2H-1,4-benzodiazepin-2-thione (IIg) with
1,1-dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a manner analogous to
Example 55. MH+/Z=371.



b][ 1, 4] benzodi azepine (l1Vd). Recrystallization from dichl oronethane
provided the 5 crystalline

7- br ono- 5SW02e@hi4a36 phenyl ) - 1, 2- di hydr o- 8- met hoxy- 3- net hpCTmpe@zol@h38, 4-

b] [ 1, 4] benzodi azepine (Ivd), np 210-211C. MH/ Z=417. Exanple 56 Preparation
of 5-(2-chl orophenyl)-1, 2-di hydro-7-fl uor-gi8- nmet hoxy- 3- net hyl -

pyrazol of 3, 4-bl1[ 1, 41benzodi azepine (IVa) S- HN. H3CON S H3CGO N - H3CO
' NJN F _NNPF.N_FNOGC C C Exbhpld@® Ilia |Va

5-(2-chl orophenyl ) -1, 2-di hydro- 7-f | uor o- 8- met hoxy- 3- net hyl - pyrazol o[ 3, 4-

b] [ 1, 4] benzodi azepi ne (lIVa) was prepared by reacting 0.0224 noles of 5-(2
chl or opheny! ) - plopdr b8 o bt SauRkaRKY.eRbtols A banpRdbAAShbAS:  hi one
(I'ta) with 1, T -dinmet hoxy-N, N-di net hyl - et hanam ne and then hydrazine in a
manner anal ogous to 15 ExanplPMassiol3ykl lé'fvom»&'len&ﬁ"40036

PCT/ EP2005/ 010653 -68 Exanple 57 Preparatlon of 5-(2-chl orophen
ly)-7-cyan-1 2-di hydro- 8- net hoxv-3-nethyl - pyrazolo[3 4-bl (1

4] benzodi azepine (IVb) g4S NS' H3GONH N NHCH3CO0O NH3GCONNN,N/ _

N N C a\/d ||9\3||b|\¢ps S—
~g H,c” RO N=SFﬁ§
O,

ih 1lih

IVh

5 5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-(1-methylethoxy)-3-methyl-
pyrazolo[3,4-b][1,4]benzodiazepine (IVh) was prepared by reacting 0.00198 moles of 5-
(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-(1-methylethoxy)-2H-1,4-benzodiazepin-2-
thione (ITh) with 1,1-dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a
manner analogous to Example 55. MH+/Z=385.



5 5-(2-chl orophenyl)-7-cyano-1, 2-di hydr o- 8- net hoxy- 3- nmet hyl - pyrazol o
[3,4-b][I,4] benzodi azepine (1Vb) was prepared by reacting 0.0016 nol es of
5-(2- WO 2006/040036 PCT/EP2005/010653

chl orophenyl ) - 7- cyano- |, 3-di hydr o- 8- net hoxy- 2H 1, 4- benzodi azepi n- 2-t hi one
(I]b) with 1, 1 -dinethoxy-N, N-dinethyl-gthanam ne and then hydrazine in a
manner anal ogous to Exanple 55. M/ 364. WO 2006/ 040036 PCT/ EP2005/ 010653
-69 Exanpl e 58 Preparation of 5-(2-chiEgapgbenyl)-1

2-di hydr o- 7-f | uor o- 8- net hoxyet hoxy- 3- net hyl -

pyrazol o[ 3, 4- bl 11, 41benzod|azep|ne (Nfl S S H3CO\ N H3C-p~110\ N_F -NF
-N/ - C d . -

ot Il : y
pyrazol o[ 3, 4- b] [ 1, 4] benz o3timethwhbyrezola[$fblMefdbgarediazerie dYir eact i ng 0. 0026
nol es of 5- (2-chlorophenyl) - 1
3-di hydro-7-fl uor o- 8- nethoxyethoxy 2H 1, 4- benzodi azepi n-2-thione (I1f)

with 1,1-di net haxy- N, N-di et hyl - et hanam ne and-t hen hydrazine in a manner
anal ogous to 5§g§nkav5%o NH+/H $1. WD 2006/ 40 4 EP2009/ 916653 - 70

/

5 5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-(3-(4-morpholinyl)propoxy))-3-
methyl-pyrazolo[3,4-b][1,4]benzodiazepine (IVi) was prepared by reacting 0.0045 moles
of 5-(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-(3-(4-morpholinyl)propoxy))-2H-1,4-
benzodiazepin-2-thione (thiolactam IIi) with 1,1-dimethoxy-N,N-dimethyl-ethanamine
and then hydrazine in a manner analogous to Example 55. MH+/Z=470.



Exanpl e 59 Preparation of

5-(2-chl orophenyl ) -1, 2-di hydr o- 7- f | uor o- 8- et hoxy- 3-net hl - pyrazol o(3,4- bi f
| , 41benzostoaaepisnese (1 Vg) H H3CO N1 S H3CG-- O\ N_ S F _RCEEP20d5/010453 310 Cl
Cl llglllg H3C-i0O '"NNNHF-N C 1vg 5

5- (2-chl orophenyl ) -1, 2-di hydro- 7-f | uor o- 872t hoxy- 3- met hyl - pyrazol o[ 3, 4 b]

[ 1, 4] benzodi azepine (1Vg) was prepared by reacting 0.0016 noles of 5-(2-
chl orophenyl ) - 1, 3-di hydr o- 8- et hoxy- 7 Hxhmaple 622H 1, 4- benzodi azepi n- 2-t hi one
(I'1g) with 1, 1 -dinethoxy-N, N-dinethyl-ethanam ne and then hydrazine in a
manner anal ogous to Exanple 55. MH/Z=371. WO 2006/ 040036

PCT/ EP2005/ 01883 3ratior df F¥@mBl L8R R 6&1@3571731 b Qfhyafo-8-(3-(4- morphohny)propoxv))—

5- (2-chl orophényl) -1, Z-di hydr o- 7-fTuor o- 8- ( 1- et hyl et hox hyT -

pyr azol of 3, 4- bl 11, 4l benzoélﬂ&ﬁa#ﬂﬁész@mb%ﬁbmlamm 15 H3C~0 N F13G O
F-NF-NN O O lih 111h

S H S SN S—
o N N\g o] N/\v”ho Nts_ﬁf
Br ‘ =N Br ‘ =N N—
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7-bromo-5-(2-chlorophenyl)-1,2-dihydro-8-(3-(4-morpholinyl)propoxy))-3-
methyl-pyrazolo[3,4-b][1,4]benzodiazepine (IVj) was prepared by reacting 0.0011 moles
of 7-bromo-5-(2-chlorophenyl)-1,3-dihydro-8-(3-(4-morpholinyl)propoxy))-2H-1,4-
benzodiazepin-2-thione (IIj) with 1,1-dimethoxy-N,N-dimethyl-ethanamine and then
10 hydrazine in a manner analogous to Example 55. MH+/Z=530.



CH3 HH CONNNH F'N C IVh 5

5-(2-chl orophenyl ) -1, 2-di hydr o- 7-f | uor o- 8- (1- net hyl et hoxy) - 3- net hyl -

pyr azol o[W80p4edw|(40034] benzodi azepi ne (I1Vh) was prepared bycraEzetnsnweds 00198
nol es of 5- (2-chlorophenyl)-1, 3-dihydro-7-fluoro-8-(1-nethylethoxy)-2H1,
4-benzodi azepin-2- thione (I11h) with 1, 1--di4mret hoxy- N, N-di net hyl - et hanam ne
and then hydrazine in a manner anal ogous to Exanple 55. MH+/Z=385. WO
2006/ 040036 PCT/ EP2005/ 010653 - 72 Exabpmpl&@ Prepar ati on of

5-(2-chl orophenyl)-1 2-di hydro-7-fl uoro-8-(3-(4-norpholinyl)propoxy))-

3- et hyl - pyrazol o( 3, 4-bl[ 1, 41benzodi azepine (IVi) ONFIONQg NNSJ O F NF
NN G C Il jleparhtidn & sN2ichicRopetNtMHcyoN.2- @hydIMS (334-morpholinyl)propoxy))-

5- (2-chl or ophenyl) -1, 2- d"ﬁydro- fI uoro, 8- (3- (4- nor phol | ) propoxy)) - 3-
met hyl - pyrazol o[ 3, 4- b] [ 1, 4BEAZGNI428 2 enzogiazentieditled by react i ng

0. 0045 nol es of

5-(2-chl orophenyl ) -1, 3-di hydro-7-f | uor o- 8- (3- (4- nor phol i nyl ) propoxy))-2H 1,
4-

7\ /\
N H S O N
N O NJS _/
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5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-(3-(4-morpholinyl)propoxy))-3-
methyl-pyrazolo[3,4-b][1,4]benzodiazepine (IVk) was prepared by reacting 0.00054
moles of 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(3-(4-morpholinyl)propoxy))- 2H-
10 1,4-benzodiazepin-2-thione (thiolactam ITk) with 1,1-dimethoxy-N,N-dimethyl-
ethanamine and then hydrazine in a manner analogous to Example 55. MH+/Z=477.



benzodi azepi n-2-thione (thiolactamH ) with 1, 1

- di net hoxy- N, N- di net hyl - et hanam ne and then hydrazine in a manner

anal ogouswoaotmanpbe 55. M/ Z=470. WD 2006/ 040036 PCT/ EPZG®2¢0500B58 - 73
Exanpl e 62 Preparation of

7- br omp- 5- (2- chl or ophenyl ) - 1. 2-di hydr o- 8-153- (4- nor phol i nyl ) propoxy)) -
3-net hyl - pyrazol o[ 3, 4- bl 11, 41benzodi azepine (1Vj) O N- FtO~ NS U S~ J
Br -"NBr "N/ N C C Ilj Inj O NEkaml®NeN. NH Br -N/ C I1V] 5

7- brono- 5- (2-chl orophenyl ) -1, 2-di hydro- 8- (3-(4-norpholinyl)propoxy)) - 3-
met hyl - pyr azol 0[3 4-b] [ 1, 4] benzod| azepl ne (|Vj) was prepared by reacting
0. 0011 nol es :

7- brono-5-( 2-
- benzodi azepi n-2-t hi one (| |pyrazy EAAKAES ‘

and then i o hydrazine in a manner anal ogous to Exarrpl e 55. M-|+/Z 530. WO
2006/ 040036 PCT/ EP2005/ 010653 -74 Exanple 63

CH,
I H S
H,C—N l ng
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5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-N,N-dimethylamino-3-methyl-
pyrazolo[3,4-b][1,4]benzodiazepine (IV1) was prepared by reacting 0.00187 moles of 5-
(2-chlorophenyl)-8-N,N-dimethylamino-1,3-dihydro-7-fluoro-2H-1,4-benzodiazepin-2-
thione (1) with 1,1-dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a
10 manner analogous to Example 55. MH+/Z=370.



Preparation of 5-(2-chlorophen

| y)-7-cyano- 1, 2-di hydr o- 8- (3- (4-nor phol i nyl) propoxy))- 3-nethyl - pyrazol of
3, 4- bl 1nwvel2b@maossazepi ne (1Vk) ~J/ Flp NS N S N -N NPCWHR2008l016853 | | k
112k O CNNH N/ N d 5 1Vk

5-(2-chl orophenyl) - 7-cyano- 1, 2- di hydr o- 8-£63- ( 4- nor phol i nyl ) propoxy))-3

nmet hyl - pyrazol o[ 3, 4-b] [ 1, 4] benzodi azepi ne (1 VK) was prepared by reacting
0. 00054 nol es of Example 65

5- (2-chl orophenyl ) -7-cyano- 1, 3-di hydr o- 8- ( 3- (4- nor phol i nyl ) propoxy))- 2H
10 1, 4- benzodi azepi n-2-thione (thiolactam k) with

1, 1- di et hoxy- @ré%a?iu%ﬁbhy k> 8l BADRALING -Fab- 1 DLahy N R BSycktbx 3 TRARAL

anal ogous to Exanple . NHFTZ=A77. VWD 2006/ 040036 CT/ EP2005/ 010653 -75
Exanpl e 64 Preparatlon of 5-Hyzazelq 2 utabety 'Mo?fluoroB N

N- di et hyl am no- 3- net hyl - pyrazol of 3 4- bl [14I benzodi azepine (IVI) CH3 F H 3

S HBGNNSHI GNFN30OF-N/N C C 111 CH3
0 H S o) S—
H3C/ ~"ho N\/S Hsc/ "o N= _
‘ — N__
NZ A N N
O ci cl
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5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-methoxyethoxy-3-methyl-
pyrazolo[3,4-b][1,4]benzodiazepine (IVm) was prepared by reacting 0.00048 moles of 5-
(2-chlorophenyl)-7-cyano-1,3-dihydro-8-methoxyethoxy-2H-1,4-benzodiazepin-2-thione
(MIm) with 1,1-dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a manner
10 analogous to Example 55. MH+/Z=408.



HB3CN NN-NH F-NC 5 11

5-(2-chl orophenyl ) -1, 2-di hydro-7-fl uor o- 8- N, N- di net hyl am no- 3- net hyl -

pyr azol o[W80p40d|(40034] benzodi azepi ne (I1V1) was prepared bycrazetnsngess 00187
nol es of 5- (2-chlorophenyl)-8-N, N-di net hyl am no-1,

3-di hydro-7-fluoro-2H 1, 4- benzodi azepi n-277thione (111) with

1, 1-di net hoxy- N, N- di net hyl - et hanam ne and t hen hydrazine in a i o nmanner

anal ogous to Exanple 55. MH+/ Z=370. WExampk/€640036 PCT/ EP2005/ 010653 -76
Exanpl e 65 Preparation of

5-(2-chl orophenyl ) -7-cyan-1. 2-di hydr o- 8- net hoxyet hoxy- 3-net hyl - p,

razol 0[ 3, 4- bl [plepAidtion zpsiiaagabpenil) Vfﬁ'anb 1 tid@l@droLS - (@ methlo@eﬁﬁgﬂgh&)@)- NS
NNN'NN C d IImII]mH%C-~O~
5-(2-chl orophenyl) 7- cyans—] FHryeH ¥ 2s i thyI

pyrazol o[ 3, 4-b] [ 1, 4] benzodi azepl ne (IVn) was p epar ed by reacting 0.00048
nol es of 5-

(2-chl orophenyl ) - 7-cyano- 1, 3- di hydr o- 8- net hoxyet hoxy- 2H 1, 4- benzodi azepi n- 2
-t hi one

5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-(2-(2-methoxyethoxy)ethoxy)-3-
methyl-pyrazolo[3,4-b][1,4]benzodiazepine (IVn) was prepared by reacting 0.00067
moles of 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(2-(2-methoxyethoxy)ethoxy)-2H-
1,4-benzodiazepin-2-thione (IIn) with 1,1-dimethoxy-N,N-dimethyl-ethanamine and then

10 hydrazine in a manner analogous to Example 55. MH+/Z=452.



(I''m with 1, 1 -dinethoxy-N, N-dinmethyl-ethanam ne and then hydrazine in a
manner 10 anal ogous to Exanple 55. M/ Z--408. WO 2006/ 040036

PCT/ EP20080Q0@8E8036- 77 Exanpl e 66 Preparation of PCT/EP2005/010653

5- (2-chl orophenyl ) -7-cyano- 1. 2- di hydr o- 8- ( 2- ( 2- met hoxyet hox )y et hoxy) -
3-net hyl - pyrazol o[ 3, 4-b} 11, 4l benzodi azepi7®e (TVn) H3C~, 011 /C NJ
H3C'O'~C~~O NN, -NNoN/N C C Ilnllan HBC'D~C-TIiONH ., -N N cl 5
Nn 5-(2-chl orophenyl)-7-cyano- 1, 2- di hyExempR-6/2- ( 2- met hoxyet hoxy) et hoxy) - 3-
met hyl - pyrazol o[ 3, 4-b] [ 1, 4] benzodi azepi ne (1Vn) was prepared by reacting

0. 00067 nol es of

5- (2 chl or ophenyl )P?ebﬁfﬁﬁdlpofjsl @c%ldfwx@rlﬁ? es?anba-mtl@ax-sse&h@xwekmhoxy) 2H

and then 1o hydr azi e~ : Siisa iis aECDIRg |
2006/ 040036 PCT/EP2005/010653 -78 Exanplle 67 Preparatlon of
5-(2-chl orophenyl)-7-cyano-1 2-di hydro-8-(2-(4-nethyl-1- pi ep

razi nyl ) et hoxy) - 3- net hyl - pyrazol o[ 3, 4-bll 1, 4]l benzodi azepine (IVt) H NN S
HCN N N_S--31J

H,C—N N H S — i
3 \__/ \/\HO N H,C—N ~"o

5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-(2-(4-methyl-1-piperazinyl)ethoxy)-
3-methyl-pyrazolo[3,4-b][1,4]benzodiazepine (IVt) was prepared by reacting 0.00062
moles of 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(2-((2-(4-methyl-1-
piperazinyl)ethoxy))-2H-1,4-benzodiazepin-2-thione (IIt) with 1,1-dimethoxy-N,N-
10 dimethyl-ethanamine and then hydrazine in a manner analogous to Example 35.
MH+/Z=476.



N-NNN/N C d Tlit [lit H3-N--nNC 5IwM ~\ [/ 5

-(2-chl orophenyl ) -7-cyan- 1, 2-di hydr o- 8- (2- (4- net hyl -

- pi per aziwgl2p@tdiansg) - 3- et hyl - pyrazol o[ 3, 4-b] [ 1, 4] benzedrare@sntosts Vt ) was
prepared by reacting 0.00062 noles of

5- (2-chl orophenyl ) -7-cyano- 1, 3-di hydr o- 8- ¢2- ((2- (4-net hyl -1 -

pi per azi nyl ) et hoxy))-2H 1, 4- benzodi azepin-2-thione (Il1t) with

1, 1- di net hoxy- N, N zo di net hyl - et hananibxemale@8t hen hydrazi ne in a manner
anal ogous to Exanple 55. M/ Z=476. WO 2006/ 040036 PCT/ EP2005/ 010653 -79
Exanpl e 68 Preparation of 5-(2-chlorophen |Y)-7-cyano-1, 2-di hydro-8-(2-((2-

nmet hoxyeth 1)y Preparation of 5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-(2-((2-

met hyl am no) - et hoxy) - 3-net hyT - razoIoTS 4-D[ 11, 4 | W 5
HS é— H3(D) N~ B8 g ety )n .!_-i. o iethax ¥)-3amethy. -m'razq 0[545(1?[6:4%@@0&}&@1&1 )

Vv

5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-(2-((2-methoxyethyl)methylamino)-
ethoxy)-3-methyl-pyrazolo[3,4-b][1,4]benzodiazepine (IVVv) was prepared by reacting
0.0005 moles of 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(2-((2-
10 methoxyethyl)methylamino)-ethoxy)-2H-1,4-benzodiazepin-2-thione (IIv) with 1,1-
dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a manner analogous to
Example 55. MH+/Z=465.



NCNNHHCCH3N N C IW5

-(2-chl orophenyl ) -7-cyano-1, 2-di hydro- 8- (2- ((2- net hoxyet hyl ) net hyl am no) -
et hoxy) - 3woabdwdsegr azol o[ 3, 4-b] [ 1, 4] benzodi azepi ne (| VerTwe00snewas ed by
reacting 0.0005 noles of 5-(2-chlorophenyl)-7-cyano-1, 3-di hydro-8-(2-((2

i 0 met hoxyet hyl ) net hyl am no) - et hoxy) - 2H- 1gA- benzodi azepi n- 2-t hi one (11v)
with 1,1- dinethoxy-N, N-di nethyl - et hanam ne and then hydrazine in a manner
anal ogous to Exanple 55. Mt/ Z=465. PmflO69 040036 PCT/ EP2005/ 010653 -80
Exanpl e 69 Preparation of 5-(2-chlorophenyl)-1 2-dihyddro-3 7 8-tinethyl

- pyrazol of 3, 4 bl [1, 41benzodi azepine (IVW HS S- H3C NJ HBC N H3C N 3

H3C N /N C | ) (3.4
5- (2-chl or ophenyl ér‘é’ng}gl;o\éiofnﬁgcm(’ylﬁlw 1"&3&}1%;0 ggpilggﬂéé(ﬁ&él%vrazo of

b][l 41benzod1azevme (
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5-(2-chlorophenyl)-1,2-dihydro-3,7,8-trimethyl -pyrazolo[3,4-
b][1,4]benzodiazepine (IVw) was prepared by reacting 0.0005 moles of 5-(2-
chlorophenyl)-1,3-dihydro-7,8-dimethyl-2H-1,4-benzodiazepin-2-thione (IIw) with 1,1-
dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a manner analogous to

10 Example 55. MH+/Z=337.



b][ 1, 4]benzodi azepine (1) was prepared by reacting 0.0005 noles of 5-(2-
chi or ophenyl ) -1, 3-di hydro-7, 8-di net hyl - 2H 1, 4- benzodi azepi n-2-t hi one (11w)
with 1, 1-woizoetdaesdg- N, N- di net hyl - et hanam ne and t hen hy@cazrPa@siom6a3 nanner
anal ogous to i o Exanple 55. M#/Z--337. WO 2006/ 040036 PCT/ EP2005/ 010653
-81 Exanmple 70 Preparation of -81-

5-(2-chl orophenyl) -1, 2-di hydr o- 3, 7- di net hyl - 8- net hoxy- pyr azol o[ 3, 4-

bl [ 1, 4] benzodi azepine (1Vz) HS S- H3Examplefl H3CG-O N -, H3C -N 3 H3C -N
IN \ C C 11z 1112 H3GO N N-NH 30. HBC -N C 5 1Vz

5-(2-chl orophenyl ) -1, 2-di hydr o- 3, 7- di met hyl - 8- net hoxy- pyrazol o[ 3, 4

b] [ 1, 4] benzodi pep@btish dfI5U2)chwashhoiy@PRL thyB-3, Babidting S0n&aes -fpi-em[I4- 5- ( 2-
chl orophenyl)- 1, 3-di hydr o- 8- net hgxy- 7- net hyl. - 2 , 4- benzodi azepi n- 2- t hi one
(I'lz) wth 1,1-dinethoxy-N,N—diQﬁ#ﬁ%ﬁﬁgéﬁgégﬁ#ﬁéiand then hydrazine in a
manner anal ogous 10 to Exanple 55. M#/353. WO 2006/ 040036

PCT/ EP2005/ 010653 -82 Preparation of pyrazol obenzodi azepine IV from |l actam
| (schenme 2)

H S S—
H,C-0 O N~/§ H,C-0 O NQS_{X
H.C =N ——» HC =N /N_

5-(2-chlorophenyl)-1,2-dihydro-3,7-dimethyl-8-methoxy-pyrazolo[3,4-
b][1,4]benzodiazepine (IVz) was prepared by reacting 0.0005 moles of 5-(2-
chlorophenyl)-1,3-dihydro-8-methoxy-7-methyl-2H-1,4-benzodiazepin-2-thione (1lz)
with 1,1-dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a manner analogous
10 to Example 55. MH+/Z=353.



HOOR N R ~31- RL-NRL-NRA R4 | VNH R OR NN, Rl -NN R1
-'N RA R4 VI IV Exanple 71 5 Preparation of 5-(2-chlorophenyl)-1,

2- di hydr ow®-2bdeuanase 8- met hoxy- 3- net hyl - pyrazol o[ 3, 4- bl PCI/EP2SOIWES azepi ne
(I'va) H3c-ONN~NH F N / CI IVa To a mxture of 3.0 g (0.0094 nole) of
5-(2-chl orophenyl ) -1, 3-di hydro-7-fl uor o- -8 met hoxy-

2H 1, 4- benzodi azepi n-2-one (la), 11.8 niL of ethyl diisopropyl amne, 4.62 ¢
10 of 1, 2, 4-tri azol Prepmatidh ofibyrafoloisnraliypiie IVdromiact 1 shemeldrd 1. 575 ni
of WD 2006/ 040036 PCT/ EP2005/ 010653 -83 phosphorous oxychloride. After 20
m nutes, the cooling bath was renoved, and the mxture was stirred at room
temperature for another 60ym utes. Then, 17 nl of 4.8Z M sodi um net hoxi de
i n nmet hanol sol uti orRaugs~a®detl to the react Reg _mxNafe. After stirring for

2 hours, another 5 nmL odi ym nethoxi da.sol u added, and the
m xture 5 stirred overnihght=NThe m xture wagi1th amti ti oned between et hyl
acetate and water.
R4 R4
| v
R2 N:SO_} NW
L~ B
R1 /
O R4
Vi
Example 71
5 Preparation of 5-(2-chlorophenyl}-1.2-dihydro-7-fluoro-8-methoxy-3-methyl-

pyrazolo[3.,4-bl[1.4]benzodiazepine (IVa)

H N.

F =N

CI

Va

To a mixture of 3.0 g (0.0094 mole) of 5-(2-chlorophenyl)-1,3-dihydro-7-fluoro-
8-methoxy- 2H-1,4-benzodiazepin-2-one (Ia), 11.8 mL of ethyl diisopropyl amine, 4.62 g
10 of 1,2,4-triazole and 45 mL of tetrahydrofuran at 0°C, was added 1.575 mL of



The ethyl acetate |ayer was washed successively with water and brine, dried
over anhydrous sodiumsulfate, filtered and concentrated under reduced
pressure wo 29o6ai40038. 2 g of PCT/EP2005/010653

5- (2-chl or ophenyl ) -7-fl uoro- 2, 8-di net hoxy- 3H 1, 4- benzodi azepi ne
(internediate Va), which was of sufficiemss-purity to use in the next step.
10 A mxture of 3.0 g of internediate Va prepared above, 30 nL of

di met hyl f or maphakphenus &Fcldomnde. dfftet 2Q mikiutast thergolikg hathivaetdmdvedtahd ieni ne was
neated al 1106kt i sﬁﬂgcrar@dﬁ%pﬁ@ﬁnﬁg : Gbiel BS nifbutdsl 1BeAS ORCLAY AL e
under reduced pressure cru errre iafe VId whi ch Wwas used
directly in thelimmxethogidepn mﬂhenoﬂ e@ummd@i tg ghglreastion mixg@eAftof stirring

di chl or onet ha f I - of
anhydr ous hyd?%zﬁlbgr%g?%égﬁn&g&t SQ@“?‘%‘ metﬂ&tl&%gm\%\lg@%?%rd )té\éll %P%%rgé%é%v\een

wat er and et hytiredeteatight Thenkxyuewasthphpattionsd bﬂwemaﬂa)dtae@atmdwwatelt hyl

acetate and t e%@h Vz{;c}p&@%}%* %FJ @Xsﬁ(éjé &ege%mgl With a2 ﬁ’cfb dyfé &er

anhydrous so tere contentrate

pressure. The anleslurcdla @odiiars sulfdte, Gitercd gndipimeentrgied $pder mlugf@ll preselllrg 19 ngld\& 3

et hyl acet at e- 1 t-0r, 04V 8 224; Q. :

5-(2-chl or ophé’ﬁg@@@"‘%’gﬁﬁ@)fﬂo‘%{? 18u2d5_{r?1§thg §}t1ﬁloxbe-n§0drlr%z e%m? (le)tﬁrrnzlieg (1) t%Y%’),’ 4-

b] [ 1, 4] benzohachepasros syffivight putflydo et i@itheaexiwigp- cryst al | i zed f rom hexane-

di chi oronethane to yield IVa as a yellow solid, np 217-218C. MH+/Z=357. WO

2006/ 04003¢, PCT/ EP2QQ5k Q1065 goﬁﬂteﬁﬁ&pﬁé Fhip 2108 aIRWE 30ah0benzodi azepi nes
IV fromthe am nobenzophenones Xwth pyrazole X |I (scherre 4). HN R2

NH2 | R2 N ' Ndimethylfqmmampydejangl C1:@_mLN>f 1 dimethoxy-N,N-dimethyl-ethanamine was
heated at 110°C for 24 hours and then cooled. The mixture was concentrated under

reduced pressure to give the crude intermediate VIa which was used directly in the next
step. The residue was dissolved in 48 mL of dichloromethane and 15 mL of methanol,
15 and reacted with 1.41 mL of anhydrous hydrazine for 30 hours. The mixture was
partitioned between water and ethyl acetate. The aqueous phase was reextracted with
ethyl acetate and the ethyl acetate layers washed with water, dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure. The residue was
chromatographed on silica gel, eluting with ethyl acetate-hexane (8:1) to give 2.05 g of
- 20 5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-methoxy-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine (IVa). The material was crystallized from hexane-
dichloromethane to yield IVa as a yellow solid, mp 217-218°C. MH+/Z=357.



HZN R4 X XIl1l XIV R2Z NN-NH 30 RL NR4 [V s Exanple 72 Preparation of
5-(2-chl orophenyl ) -1, 2-di hydro-3,7,8-trinethyl -pyrazolo(3,4- bl
f1,41lbenzwoizamapoose (I1VW) HN, H3C N N H3C -'Ncl | YarApreeostowess of 3.0
g (0.0116 nole) of (2-am no-4,5-dinethyl phenyl)-(2 io

chl or ophenyl ) - met hanone (Xw), 2.0 g (0.013§6.nol e) of

4- am no-5-chl oro-3-nmethyl -1-(2 W 2006/ 040036 PCT/ EP2005/ 010653 -85

propenyl ) - 1H pprepafition oibyraroloBenzddi ej)ﬁleﬁ)mﬁ'om)ﬁle)anﬁﬁoﬂknfz@hdﬁmm Withi c
acid nonohydrate and 40 nL of 1sopropag wgﬁszggg)gt ed in a sealed tube at
170C for 90 mnutes. The m xtur £-CH under reduced pressure,
and the residue was diluted with ethyl acetate and then washed twice with
saturated sodi um bi carbonate 5 sol ution. The aqueous washes were
reextracted with ethyl acetate, and the conbined ethyl acetdte |ayers were

dried over anhydrous sodiumsulfate, filtered and concentr at d under
reduced pressure. Trituration of the re due w t h hexane ga e the

i nter nedi ate 5- :%NH/ :‘. \S\/K

Xill

5 Example 72

Preparation of 5-(2-chlorophenyl)-1.2-dihydro-3.7.8-trimethyl -pyrazolo[3.4-
bl[1.4]benzodiazepine IVw)

H -
HC NKN’NKH
H,C ‘ =N
e
Vw

A mixture of 3.0 g (0.0116 mole) of (2-amino-4,5-dimethylphenyl)-(2-
10 chlorophenyl)-methanone (Xw), 2.0 g (0.0116 mole) of 4-amino-5-chloro-3-methyl-1-(2-



(2-chl orophenyl)-1, 2-dihydro-3, 7, 8-trinethyl- | -(2-propenyl)-pyrazolo
[3,4 b][1, 4] benzodi azepine (XIVw), as a yellow solid. Purification of the
filtrateswbyoaidsdasa i o gel chromat ography, el uting w thpretrmpRoos010653

acet at e-di chl oronet hane (1:1) provided additional Xl Vw and was conbi ned
with the material obtained above for a togml yield of 2.7 g of X Vw as a
yel | ow solid, which was used directly in the next step. To a solution of

2.7 g (0. 007 Lfopaiyd)1 Ebpyazd@CTH), & ph©8y1§ mdlePefdi-tojdnesuEpiic 8eid

hyl - 1- ( 2- b , 0.
(0. 00020 15 TRy e v BEEE i Bredai Sho BB F S S G oYy O 10
chl grl debandI thikitayl Toé mnmyd&ras)umcemawdtmydhrmédmp@j’pra&summ thassidageas 43 L of
1M I T
i sobut y! B4HiE DML and el SHER Gyicd D Bl SRR oRERERES 2 OC

for 6 hours an e car ToROf i CE WAt er .
m xture was esxdutant e aqueons wstuhs \earh;elextmcteﬂamm eth]?hecetanmiahdléld comblmgd acetate

Xt Aot wer eoll Eda@YRE-ANY RS SR ML AL A S b MSLEHA B enarea |

concentrat ed quCed pressut e
gel chromat ogumjah;c;lu@ﬁtptasmge vmmnuem biythe laslétwaweh béxah¢ ga'varthﬁt llnarmectlae H to

oyrazol of 3. 4T FATRAIRANAL iYL oot BB ARIRY ) 2o007

WO 2006/ 040036][ REDFERZREHIBLEEBR). as 8 Gellowanopid. ePlﬂﬂiC@h@pdrthft filtuatep by silica

§y§ 7ol o( 3. B e bl b Rl el NI KL W gioviged agions!
5- ( 2- chl or oph&hYw rnd was @nrmmdomm th¢ metenal @biained algreJomatoka) yiclhaf 27108 off 3, 4-

XIVw as a yellow solid, which was used directly in the next step.

To a solution of 2.7 g (0.00716 mole) of 5-(2-chlorophenyl)-1,2-dihydro-3,7,8-

trimethyl-1-(2-propenyl)-pyrazolo[3,4-b][ 1,4]benzodiazepine (XIVw), 0.155 g (0.00029

15 mole) of 1,3-bis(diphenylphosphino)propane nickel (II) chloride and 140 mL of
anhydrous tetrahydrofuran at -40°C was added 43 mL of 1M diisobutylaluminum hydride
in toluene. The mixture was stirred at 0°C for 6 hours and then quenched by the careful
addition of ice water. The mixture was extracted twice with ethyl acetate. The combined
ethyl acetate extracts were dried over anhydrous sodium sulfate, filtered and concentrated

20 under reduced pressure. The residue was purified by silica gel chromatography, eluting
with ethyl acetate-dichloromethane (1:1) to give 1.5 g of 5-(2-chlorophenyl)-1,2-dihydro-
3,7,8-trimethyl -pyrazolo[3,4-b}[1,4]benzodiazepine IVw) as an orange solid.
MH+/Z=337.



b] [ 1, 4] benzodi azepi ne (Na) was prepared by reacting 0.0014 nol es of

(2-am no-5- fl uoro-4-nmethoxyphenyl) (2-chl orophenyl)-nethanone (Xa) with

4- am no- Swohbav@e®é mnet hyl -1 - (2- propenyl)-1H pyrazol e ( Xok/EP2asid/ 0saebsequent
deal kyl ati on of the internediate,

5-(2-chl orophenyl ) -1, 2-di hydr o- 7-f | uor o- 8ggret hoxy-3-nethyl -1-(2 10
propenyl)-pyrazol o 3, 4-b] [ 1, 4] benzodi azepine (XlIVa)wi th

di i sobutyl al um nunmhydride in a manneExangbkggous to Exanple 72. M/ Z=357.
Exanpl e 74 Preparation of 5-(2-chlorophenyl)-1 2-dihydro-7

8- di net hoxy- 3- net hyl - pyrazol of 3 4- bl (1, 41benzodiazepine (I'Vx) H3GO N -NH
H3C-O -N C 15 lé{é)arélog%f §@ %%Qﬁ&é&bﬁ 21d1ﬁvcﬁlb H\ ofh- gmethoxy—B—methvl-

8- di met hoxy- 3- nethyt - pyrazof of 3, 4- ﬁb €enzod az%elne (TVX) was prepared
by reacting 0.00093 nvol es ofm(ramlgﬁs ABIA, 4lﬁaenzod1azepmeL

di met hoxyphenyl) ( 2- chlorophenyl) met hanone (XX) with

4- am no- 5-chl oro- 3-net hyl -1 WO 2006/ 040036 PCT/ EP2005/ 010653 -87
(2-propenyl)-1H pyrazole (XI11), and subseq enm dealkylatlon of the
intermediate, 5-(2- chlorophenyl )B:CT Q. e HH

;A\ Db] [1, 4] benzodi azepi ne
3~tanner anal ogous to Exanple

8- di et hoxy- 3- net hyl - | - (2- pr openyl ) - pyr
(XI'Vx) with diisobutylalum num hydri d€ |
72. M/ Z=369. 5 Exanple 75 Preparation
8- chl oro- 5- (2-chl orophenyl ) -1, 2-di hydr o-
4-Dbl [ 1, 4] benzodi azepine (1Vy) CI N N~NH

@: fbxy- 3- et hyl - pyrazol o[ 3

IVa

5 5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-methoxy-3-methyl-pyrazolo|3,4-
b][1,4]benzodiazepine (IVa) was prepared by reacting 0.0014 moles of (2-amino-5-
fluoro-4-methoxyphenyl)(2-chlorophenyl)-methanone (Xa) with 4-amino-5-chloro-3-
methyl-1-(2-propenyl)-1H-pyrazole (XIII), and subsequent dealkylation of the
intermediate, 5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-methoxy-3-methyl-1-(2-

10 propenyl)-pyrazolo[3,4-b][1,4]benzodiazepine (XIVa)with diisobutylaluminum hydride
in a manner analogous to Example 72. MH+/Z=357.

Example 74

Preparation of 5-(2-chlorophenyl)-1,2-dihydro-7,8-dimethoxy-3-methyl-pyrazolo[3.4-
bli1.41benzodiazepine (IVx)

15

5-(2-chlorophenyl)-1,2-dihydro-7,8-dimethoxy-3-methyl-pyrazolo| 3,4-
b][1,4]benzodiazepine (IVxX) was prepared by reacting 0.00093 moles of (2-amino-4,5-
dimethoxyphenyl)(2-chlorophenyl)-methanone (Xx) with 4-amino-5-chloro-3-methyl-1-



H3CGO-N C |IVWy

8-chl oro-5-(2-chl orophenyl ) -1, 2-di hydr o- 7- met hoxy- 3- net hyl - pyrazol o[ 3,4- io0
b] [ 1, 4]wenawdi4emepi ne (I Vy) was prepared by reacting @COEP2005006S3 Of
(2-am no-4 chl oro-5- met hoxyphenyl ) (2- chl or ophenyl ) - net hanone (Xy) with

4- am no-5-chl oro-3- nethyl - 1- (2- propenyl ).g¥H pyrazole (XIH), and subsequent
deal kyl ati on of the internediate,

8- chl or o- 5- ( 2(z.BlPeRPPENYYRzdle RXIH), iyd sEbsé uaﬁtt&&a]kylaﬁermﬂt]wmtenhecﬁﬁe 5-(2-

propenyl ) - pyrazol 3, zqdi a

di i sobutyl al uiht Wfﬂﬁ[“ § f thé‘b%] g)gm?‘?g}? ’E‘?{Qﬁol étp\g/&%e&'m%fﬁ%?lg[%‘z

MH+/ Z=373. WO Q@ﬁe@ﬁ&ﬁl& RONTRRPOMID 4650065 Rlumifiiin Exdidpliea Ak eprdogatis on of
5-(2-chl oroophegé yﬁ(3ﬁ|98 met hoxy- 3, 7- di net hyl - pyrazol o[ 3, 4-

bi[ 1, 41benzodi% Fﬂ%% it H3C-O N NH H3C O N N~NH H3C N H3C _N |
C H Ivz W 5

5- (2-chl orophenyl ) -1, 2-di hydr o- 8- net hoExen®l&?3i net hyl - pyrazol o[ 3, 4

b] [ 1, 4] benzodi azepi ne (I1Vz) was prepared by reacting 0.0012 nol es of
(2-am no-4- net hoxy-5-net hyl phenyl ) - (2-chl orophenyl ) -net hanone (Xz) with
4-ar no- 5 chl 01 0- Srepgbiybeoct ol OB et DYGRAGHET k). rAsI
subsequent deal kyllaiton of the 1 nterrredl ate .

5-(2-chl orophenyl) 1, 2- di hydrgldg 1 a4t SRS -(2-propenyl) io
pyrazol o[ 3,4-b] [ 1, 4] benzodi azepi ne (XI Vz) Wi t h d| i sobutyl al um num hydri de
in a

8-chloro-5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-pyrazolo[3,4-

10 b][1,4]benzodiazepine (IVy) was prepared by reacting 0.0012 moles of (2-amino-4-
chloro-5-methoxyphenyl)(2-chlorophenyl)-methanone (Xy) with 4-amino-5-chloro-3-
methyl-1-(2-propenyl)-1H-pyrazole (XIII), and subsequent dealkylation of the
intermediate, 8-chloro-5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-1-(2-
propenyl)-pyrazolo[3,4-b][ 1,4]benzodiazepine (XIVy) with diisobutylaluminum hydride

15 in a manner analogous to Example 72. MH+/Z=373.



manner anal ogous to Exanple 72. M/ Z=353. I n addition, 0.4 % of

1, 2-di hydr o- 3, 7-di net hyl - 8- net hoxy- 5- phenyl -

pyr azol o[W80p4edw|(40034] benzodi azepi ne (W) was al so i sol at edTiEPeenstonss3
deal kyl ati on reaction. MH/ Z=319. WO 2006/ 040036 PCT/ EP2005/ 010653 -89
Exanpl e 77 Preparation of 1 2-dihydro-7 .gg-

8- di net hoxy- 5- ( 2- net hoxyphenyl ) - 3- net hyl - pyrazol o[ 3, 4- bl

f1, 41benzodi azepi ne (Ivaa) H3C- O NN~NExapie7® N O-CH3 IVaa 5 1

2-di hydro-7, 8-dinmethoxy-5 -(2-nethoxyphenyl)-3-nmethyl-pyrazolo[3,4 b]][
1, 4]benzod|azep|ne (I'vVaa) was prepared by reacting 0.0023 nol es of

(2 am no-4, 5- di,
4-am no-5-chlo % - TH py
subsequent deal kyl ati on of the bl & ibepeediggepine IVz)

1, 2-di hydr o- 7, 8- di net hoxy- 5- ( 2- met hoxyphenyl ) - 3-net hyl -1 - (2- propenyl ) 1o
pyrazolo[3 4- b][l 4] benzodi azepi ne (Xl Vaa) wth diisobutylal um num hydri de
in a manner anal ogous to Exanple R2. NNH+/Z 365. Exanphe ﬁ% Preparatlon of

5- (2-chl or ophenyl ) - 8, 10- dkky® , 3-HiCo
hl pyrazol of 3, 4-bl [ 1, 4] benzodi a b) OH N- -N
H,C H,C =N
H
Ve
5 5-(2-chloropheny?!)-1,2-dihydro-8-methoxy-3,7-dimethyl-pyrazolo[3,4-

b][1,4]benzodiazepine (IVz) was prepared by reacting 0.0012 moles of (2-amino-4-
methoxy-5-methyiphenyl)-(2-chlorophenyl)-methanone (Xz) with 4-amino-5-chloro-3-
methyl-1-(2-propenyl)-1H-pyrazole (XIII), and subsequent dealkylation of the
intermediate, 5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-3,7-dimethyl-1-(2-propenyl)-

10 pyrazolo[3,4-b][1,4]benzodiazepine (XIVz) with diisobutylaluminum hydride in a
manner analogous to Example 72. MH+/Z=353.

In addition, 0.4 % of 1,2-dihydro-3,7-dimethyl-8-methoxy-5-phenyl-
pyrazolo[3,4-b][1,4]benzodiazepine (IVe) was also isolated from the dealkylation
reaction. MH+/Z=319.



Cl 15 I'Vbb 5-(2-chlorophenyl)-8,10-di hydro-7-nethyl-1, 3-dioxol of 4,

5-h] pyrazol o[ 3,4 b][1, 4] benzodi azepi ne (IVbb) was prepared by reactin0. 0023
nol es of W6-2aem/m@e3t, 3- Z:5 (Xbb) wi th 4-am no- 5-chl or o- BCrEPhyIs/0WEs3

2006/ 040036 PCT/ EP2005/ 010653 -90 1-(2-propenyl)-1H pyrazole (XIH), and
subsequent deal kyl ati on of the internedi age, 5-

(2-chl orophenyl )-8, 10-di hydro-7 -nmethyl -1, 3-dioxolo- |I -(2-propenyl)-|[4,
5- h] pyrazol o[ 3, 4-b] [ 1, 4] benzodi azepi BxafipeVBb) wi th dii sobutyl al um num
hydride in a manner anal ogous to Exanple 72. M#/Z-353. 5 Exanple 79
Preparation of 7-chloro-5-(2-chlorophenyl)-1 2-di hydro-8-net hoxy- 3-net hyl -
pyrazol ol 3, 4- i frliof! ?9- Hﬁ)z'?@'d tl'(olxy ‘30@ oMy Nne sy Nzoto3d- | Vee
7-chl oro-5-( 2 yar o- 8 netnox -3-nethyl-pyrazolo[ 3,4 io
b] [1, 4] benzodi azepi ne (hbc) masb ng 0.0023 nol es of

(2-am no-5- chl oro-4- nethoxyphenyl)-(z-chlorophenyl)-nethanone (Xcc) with
4-am no-5-chl oro-3- nethyl-1-(2-propenyl)-1H pyrazole (XIl1), and
subsequent deal kyl ati on of the |nterned|aue N

7-chl or 0- 5- (2- chl or ophenyl ) - 1, 2- dil4f¢y -8 > 3-nethyl -1 -(2-
propenyl)-pyrazol o[ 3,4-b] [1, 4] benzodi | ne)tx\\Vce) with

di i sobutyl al um num hydri de 15 in BCrmghner afA ogous to Exanple 72.

MH+/ 2=373. WD 2006/ 040036 PCT/ EP2005/ 010653

O O0—CH,

[Vaa

5 1,2-dihydro-7,8-dimethoxy-5-(2-methoxyphenyl)-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine (IVaa) was prepared by reacting 0.0023 moles of (2-amino-4,5-
dimethoxyphenyl)-(2-methoxyphenyl)-methanone (Xaa) with 4-amino-3-chloro-3-
methyl-1-(2-propenyl)-1H-pyrazole (XIII), and subsequent dealkylation of the
intermediate, 1,2-dihydro-7,8-dimethoxy-5-(2-methoxyphenyl)-3-methyl-1-(2-propenyl)-

10 pyrazolo[3,4-b][1,4]benzodiazepine (XIVaa) with diisobutylaluminum hydride in a
manner analogous to Example 72. MH+/Z=365.

Example 78

Preparation of 5-(2-chlorophenyl)-8,10-dihydro-7-methyl-1,3-dioxolo[4,5-
hlpyrazolo{3.4-bl[1.4]benzodiazepine (IVbb)

15

5-(2-chlorophenyl)-8,10-dihydro-7-methyl-1,3-dioxolo[4,5-h]pyrazolo[3,4-
b][1,4]benzodiazepine (IVbb) was prepared by reacting 0.0023 moles of (6-amino-1,3-
benzodioxol-5-y1)-(2-chlorophenyl)-methanone (Xbb) with 4-amino-5-chloro-3-methyl-



-91 Exanpl e 80 Preparation of 5-(2-chlorophenyl)-1

2-di hydr o- 8-f | uor o- 7- met hoxy- 3-net hyl - pyrazol o[ 3 4-bl[ 1 4l benzodi azepi ne

(1'vdd) HwoMode/ieossiH \ H3C-O-NClI 1vdd 5 PCT/EP2005/010653

5- (2-chl orophenyl ) -1, 2-di hydr o- 8-f | uor o- 7- met hoxy- 3- net hyl - pyrazol o[ 3, 4

b] [ 1, 4] benzodi azepi ne (1Vvdd) was preparedghy reacting 0.0023 nol es of

(2-am no-4- fl uoro-5-nethoxyphenyl)-(2-chl orophenyl)-nmethanone (Xdd) with

3- alm'kn?)- 5-chl QE(Q_-paopeﬁj_aﬁ-hIHlpyﬂaz_(ﬂB-(ﬁHI)pﬁfdl)shl)sedﬂéﬂptjda&&hﬁen Ok} intaxmeldisehsequent
eal kyl ati on the _inter e .

5- (2-chl or oph%‘ﬁ?l?zﬁy?yégn&eéﬂb?%g? RGP Bt RG BREI 4 (2 10

propenyl ) - pyr azskobB34-b][[ A]béhdvataz e XEPbY) evitdiivotal)yl alittninum hydride in a

di i sobut yl al um num dride,in r .agal ogous to Exanple 72. M/ Z=357.
Exanpl e 81 Pr &FAPEHA" ﬁgod‘fs @’t?‘ﬁ%ﬁmﬁléﬁﬁ 1

2- di hydr o- 7- met hoxy-3-nmet hyl -8-tri fl uoronet hyl - pyrazol o[ 3

4-Dbl 11, 41benzodi azepi ne (We) F3C N N, BmpliS(d O -N Cl 15 Wee

5- (2-chl orophenyl ) -1, 2-di hydr o- 7- met hoxy- 3-net hyl -8-tri fl uoromnet hyl -
pyrazol o[ 3, 4-b] [ 1, 4] benzodi azepi ne (We) was prepared by reacting 0.0023

nol es gf ( 2;] 4Preparfa?ion of 7~chloﬁo—|5-(%—chlorophenvl)—] ,|2-dihvdro-8-m|ethoxv-3-r1]nethll- «
am no- 5- met hoxy-4-tri 1l uor onet enyl)-(2-chloro - met hanone ( Xee
With 4 Y S A T AR (Xee)

~

H
N /N NH

H,C—0 [ M
Cl =N
Cre

IWece

7-chloro-5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-3-methyl-pyrazolo{3,4-

10 b][1,4]benzodiazepine (IVcc) was prepared by reacting 0.0023 moles of (2-amino-5-
chloro-4-methoxyphenyl)-(2-chlorophenyl)-methanone (Xcc) with 4-amino-5-chloro-3-
methyl-1-(2-propenyl)-1H-pyrazole (XIII), and subsequent dealkylation of the
intermediate, 7-chloro-5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-3-methyl-1-(2-
propenyl)-pyrazolo[3,4-b][ 1,4]benzodiazepine (XIVcc) with diisobutylaluminum hydride

15 in a manner analogous to Example 72. MH+/Z=373.



WO 2006/ 040036 PCT/ EP2005/ 010653 -92
am no- 5-chl oro-3-nethyl -1-(2-propenyl)-1H pyrazole (XI11), and subsequent
deal kyl atworro@fo4bdse i nt er nedi at e, PCT/EP2005/010653

5- (2-chl orophenyl) -1, 2-di hydr o- 7- met hoxy- 3- net hyl -1 -
(2-propenyl)-8-trifluoronethyl-pyrazol o[ 3,¢4-b] [ 1, 4] benzodi azepi ne (Xl Vee)
with diisobutylalum num hydride in a manner anal ogous to Exanple 72.
VHt/ Z- - 407. 5 Exanpl e 82 Preparation ofxamp(esochl or ophenyl ) -1,

2- di hydr o- 7- met hoxy- 3- net hyl - 8- phenyl - pyrazol o[ 3, 4-bl [ 1, 4] benzodi azepi ne
(rvif) %9, HNNH H3 C |Vff

5-(2-chl or ophenyl | ydk Q-
b] 1, 4]benzod|azeiJ‘re d ohior] ;
(2-am no-5- net hoxy- 4- pheny| pyazoi 41 apapeiRe YVERt hanone (Xff) with
4-am no-5-chl oro-3- nethyl-I-(2- propenyl) 1H—pyrazo|e (Xr1r), and
subsequent deal kyl ation of the internediate,

5-(2-chl orophenyl) - 1, 2-di hydr o- 7- met hoxy- 3- methul-8 phenyl -1 -(2-
propenyl ) - pyrazol o 3, 4-b] [ 1, 4] benzodi Ezephad X Pf) with

di i sobutyl al umi num hydride 15 in a manngr anal 5gous to Exanple 72.

MH+/ Z=415. WO 2006/ 040036 PCT/ EP28g5+-010853"N93 Exanpl e 83 Preparati on of
5- (2-chl or ophenyl ) -1 2-di hydro- 7- met hoxy- -taoxyethoxy-S-nethyI-
pyrazol o[ 3 4-bl[1, 4] benzodi azepi ne (IVgQg)

5 5-(2-chlorophenyl)-1,2-dihydro-8-fluoro-7-methoxy-3-methyl-pyrazolo[3.4-
b][1,4]benzodiazepine (IVdd) was prepared by reacting 0.0023 moles of (2-amino-4-
fluoro-5-methoxyphenyl)-(2-chlorophenyl)-methanone (Xdd) with 4-amino-5-chloro-3-
methyl-1-(2-propenyl)-1H-pyrazole (X1II), and subsequent dealkylation of the
intermediate, 5-(2-chlorophenyl)-1,2-dihydro-8-fluoro-7-methoxy-3-methyl-1-(2-

10 propenyl)-pyrazolo[3,4-b][1,4]benzodiazepine (XIVdd) with diisobutylaluminum
hydride in a manner analogous to Example 72. MH+/Z=357.

Example 81

Preparation of 5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-8-trifluoromethyl-
pyrazolo[3.4-bl[1.4]benzodiazepine (IVee)

15

5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-8-trifluoromethyl-
pyrazolo[3,4-b][1,4]benzodiazepine (IVee) was prepared by reacting 0.0023 moles of (2-
amino-5-methoxy-4-trifluoromethylphenyl)-(2-chlorophenyl)-methanone (Xee) with 4-



H3C,,O), ON-N H3GO-NC 1vgg 5
5-(2-chl orophenyl) -1, 2-di hydr o- 7- net hoxy- 8- net hoxyet hoxy- 3- net hyl -
pyr azol o[W80p40dw}(40034] benzodi azepi ne (Ngg) was prepared bycrazeansngess 0023
nol es of (2-
am no- 5- met hoxy- 4- ( 2- met hoxyet hoxy) phenyl }5 ( 2- chl or ophenyl ) - met hanone ( Xgg)
with 4-am no-5-chloro-3-nethyl-I-(2-propenyl)-1H pyrazole (XM, and
; u ?; €q lﬁ Ie nt ﬁﬂﬁinlk)% -%Il21@@_—lﬁétélylme%ﬂﬁbﬂhﬂ&dﬂ?}?azole (XIII), and subsequent

-(2-chl orophen -1, 2-di hydro- 7- net hoxy- 0 .
met hoxyet hox yd??¥1?9é%WI°f 8‘9 C‘églﬁ}eﬂlﬁ@g' @dﬁ?yme??av%ﬂsz; dibygro 7 e BaRYs bipi ne
(X Vgg)/ Wi t h(zd;bxbgﬁﬁwr&ﬁmhumﬂmﬁydzdmg?ibmm%?mme?natm@wwm Ei< ;irrpl e
72. M+ Z=413. ., anpl e 84 Preparation of 8-c 0- 5- (A- orophenyl ) -1
2% i hydir -3, 78O0 WA pYR BASTCRE ey g BORITRIedZe SREZCI RN & A
NH H3C N C 15 I1Vhh 8-chloro-5-(2-chlorophenyl)-1, 2-dihydro-3,
7-di met hyl -spyrazol o[ 3,4 b] [1, 4] benzodizamelei&e (1 Vhh) was prepared by
reacting 0.0023 noles of (2-am no-4-
chl or o- 5- met hyl phenyl ) - (2- chl or ophenyl ) - net hanone (Xhh) with
4- am no- 5- chl or o- g\, 1065 940030 pibnl ) P28 w0 F0BaBox y- Rhethyl-8-phenyl-
nmet hyl - 1- ( 2- propenyl ) - IH pyrazol e gxwpa and subsequeni dealkylatrton of the
i nt er nedi at e, pyrazolo[3,4-b][1,4]benzodiazepine AV
8-chl oro-5-(2-chl orophenyl ) -1, 2-di hydro-3, 7-di net hyl -1 - (2- propenyl) -
pyrazol o[ 3, 4-b] [ 1, 4] benzodi azepi ne (Xl Vhh) w th diisobutylal um num hydri de

In a

5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-8-phenyl-pyrazolo[3,4-

10 b}[1,4]benzodiazepine (IVff) was prepared by reacting 0.0023 moles of (2-amino-3-
methoxy-4-phenylphenyl)-(2-chlorophenyl)-methanone (Xff) with 4-amino-5-chloro-3-
methyl-1-(2-propenyl)-1H-pyrazole (XIII), and subsequent dealkylation of the
intermediate, 5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-8-phenyl-1-(2-
propenyl)-pyrazolo[3,4-b][1,4]benzodiazepine (XIV£f) with diisobutylaluminum hydride

15 in a manner analogous to Example 72. MH+/Z=415.



manner anal ogous to Exanple 72. M/ Z=357. 5 Exanple 85 Preparation of
5-(2-chl orophenyl )-1 2-di hydr o- 7- net hoxy- 8- ( 1- net hyl et hoxy) - 3- net hyl -

pyr azol ofw80o4edd4b034| benzodi azepine (IVii) H3 N, NH p HRCI/EH3@sM10688 Cl

IVii 5-(2-chlorophenyl)-1, 2-di hydr o- 7- met hoxy- 8- ( 1- net hyl et hoxy) - 3- net hyl -
i o pyrazol o[ 3,4-b][1, 4] benzodi azepi ne (|y@g) was prepared by reacting

0. 0023 noles of (2

am no- 5- net hoxy- 4- (1- net hyl et hoxy) phemhhnic 83 chl or ophenyl ) - met hanone (Xii)
wi th 4- am no-5-chloro-3-nethyl-I-(2- propeny )-1H pyrazole (XIH), and
subsequent dealkylation of the internedi ate,

5-(2-chl oroph 1) -1 2- i e
met hyl et hoxy) -
(XIvii) 15 mnth d||sobutylahununbﬁi%hmtWMamom@&mumdﬁéﬁﬁanalogous to Exanpl e
72. M/ Z=397. WD 2006/ 040036 PCT/ EP2005/ 010653 -95 Exanple 86 Preparation
of 5-(2-chl orophenyl)-1 2-di hydro- 8- net hoxy-7-(1-net hyl et hoxy) - 3- net hyl -
pyrazol o[ 3 4-bl 11, 41benzodi azepine (1Vii) H3C4O N.-NNH H 3C -/-0 -- N

HiCn g0 ® ey
=N

H,C—O
Cre
IVag
5 5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-8-methoxyethoxy-3-methyl-

pyrazolo[3,4-b][1,4]benzodiazepine (IVgg) was prepared by reacting 0.0023 moles of (2-
amino-5-methoxy-4-(2-methoxyethoxy)phenyl)-(2-chlorophenyl)-methanone (Xgg) with
4-amino-5-chloro-3-methyl-1-(2-propenyl)-1H-pyrazole (XII), and subsequent
dealkylation of the intermediate, 5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-8-

10 methoxyethoxy-3-methyl-1-(2-propenyl)-pyrazolo[3,4-b][1,4]benzodiazepine (XIVgg)
with diisobutylaluminum hydride in a manner analogous to Example 72. MH+/Z=413.

Example 84

Preparation of 8-chloro-5-(2-chlorophenyl)-1,2-dihydro-3,7-dimethyl-pyrazolo[3.4-
b][1.4]benzodiazepine IVhh)

15

8-chloro-5-(2-chlorophenyl)-1,2-dihydro-3,7-dimethyl-pyrazolo[ 3,4~
b][1,4]benzodiazepine (IVhh) was prepared by reacting 0.0023 moles of (2-amino-4-
chloro-5-methylphenyl)-(2-chlorophenyl)-methanone (Xhh) with 4-amino-5-chloro-3-



H3C C 1Vj] 5
5-(2-chl orophenyl ) -1, 2-di hydr o- 8- net hoxy- 7- ( 1- met hyl et hoxy) - 3- net hyl -
pyr azol o[W80p40dw|(40034] benzodi azepine (1Vjj) was prepared PpgTmPa@siongs9. 0023
nol es of (2-
anm no- 4- met hoxy- 5- (1 - met hyl et hoxy) phenyl ) 4§ 2- chl or ophenyl ) - met hanone (Xjj)
with 4- am no-5-chloro-3-nethyl-I-(2- propenyl) 1H pyrazole (X I1), and
subsequent d eﬂe&%ﬂ b gfprﬁyl)t ﬁ@-pg & (5@@[') %@ subsequent dealkylation of the

yr)

5- (2-chl or ophen met hox

met hyl et hoxy) nmm@flwl 8-phlptp- %3&-0%9{9@*)%}63//1‘1&26&&51[033 A- SR FeRToREY Az epi ne
(XIVjj) wit hpﬂaicﬁé{l@utm 184;%z8&15aebmel (Xo@n) Qltl@dlﬁ%ﬁﬁ’@rahﬁxﬂﬂhlﬁg (ﬂi‘iiieﬁl@a Exanpl e
72. M/ Z=397. Preparatlon of 5-(2-chl orophenyl

2- di hydr o- 8- mwynﬁosﬁéﬁ tdxapple Ho M8 Zméihy | -

pyrazol o[ 3, 4-bl [ 1, 41benzodi azepine (IVKk) HN, H3CG-ON NH /OO -N H3C C
15 1 VKk 5-42-chl or ophenyl ) -1, 2- di hydrigxathpegshoxy- 7- met hoxyet hoxy- 3- net hyl
pyrazol o[ 3, 4-b] [ 1, 4] benzodi azepi ne (I VKkk) was prepared by reacting 0.0014
nol es of (2-

am no-4- Met NOYepazibn GPLIOMYGLIREYAR %w&g%&ﬁustomﬁ@mma% hanang.
() Ckk) with Hbl7thUUblUlU6bd -9

4- am no- 5- chl or o- 3- net hyl - | - EZrapeloipdn ONIAZEPIRE &

deal kyl ati on of the internedi ate,

5- (2-chl or ophenyl ) -1, 2-di hydr o- 8- met hoxy- 7-

nmet hoxyet hoxy- 3- nethyl-l-(z propeny ) - pyraziLS%%;Z:b][1,4]benzodiazepine

iX| H), and subsequent

(XI'Vkk) wth d||sobutylalun1nun1h¥§LL@e hmeer anal ogous to Exanpl e
72. NH+ Z=413. H,C

5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-8-(1-methylethoxy)-3-methyl-

10 pyrazolo[3,4-b][1,4]benzodiazepine (IVii) was prepared by reacting 0.0023 moles of (2-
amino-5-methoxy-4-(1-methylethoxy)phenyl)-(2-chlorophenyl)-methanone (Xii) with 4-
amino-5-chloro-3-methyl-1-(2-propenyl)-1H-pyrazole (XIII), and subsequent
dealkylation of the intermediate, 5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-8-(1-
methylethoxy)-3-methyl-1-(2-propenyl)-pyrazolo[3,4-b][1,4]benzodiazepine (XIVii)

15 with diisobutylaluminum hydride in a manner analogous to Example 72. MH+/Z=397.



5 Exanpl e 88 Preparation of 4-am no-5-chloro-3-nethyl-I|-(2-propen

| Y)-1H pyrazole (XIlI1), nethod 1 (schene 5) 1~\ 0- ZNNNC N /OO
HN, NHZ %WoQo@/040036XVI 1 | ~ 31 C N C N, C N HO RCWHrR204ZM10683 O XVI | |
XIl1lT  XVIl Step 1: Preparation of ethyl

5-am no- 3-net hyl -| - (2- propenyl ) - 1H pyrazolg-4- | o carboxylate (XV) To a
solution of 10.3 g (0.056 nole) of ethyl 2-cyano-3-ethoxy-2-butenoate in
250 mL of methanol was added 8.9 g (O0.Bghéieed e) of allylhydrazine

di hydrochloride and 39 nL of triethylam ne. The reaction m xture was
refluxed at 80C for 3 hours, and then concentrated under reduced pressure.
The residue vva%%% Ll S ¥ni3lobh&R -diﬁ dr, -@E ﬁpBthhyl%hl‘dk})@m%%h

et hyl acetate- .

3-nethyl -1 -(2- propenyl)-lH—p 1 henzptiiarep ’t asayellow0|l WO
2006/ 040036 PCT/ EP2005/ 010653 -97 St ep 2 Pr epar ation of ethyl

5-chl oro-3-nethyl -1-(2-propenyl)-1H pyrazol e-4- carboxylate (XVlI) To a
solution of 6.7 g (0.032 nole) of ethyl 5- anhnonsr:"_rlret hyl -1 - (2- propenyl ) -

H,C—0 m
wew L,

>0
H,C
e
IVjj
5 5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-7-(1-methylethoxy)-3-methyl-

pyrazolo[3,4-b][1,4]benzodiazepine (IVjj) was prepared by reacting 0.0023 moles of (2-
amino-4-methoxy-5-(1-methylethoxy)phenyl)-(2-chlorophenyl)-methanone (Xjj) with 4-
amino-5-chloro-3-methyl-1-(2-propenyl)-1H-pyrazole (XIII), and subsequent
dealkylation of the intermediate, 5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-7-(1-

10 methylethoxy)-3-methyl-1-(2-propenyl)-pyrazolo[3,4-b][1,4]benzodiazepine (XIVjj)
with diisobutylaluminum hydride in a manner analogous to Example 72. MH+/Z=397.

Example 87

Preparation of 5-(2-chlorophenyl)-1.2-dihydro-8-methoxy-7-methoxyethoxy-3-methyl-
pyrazolo[3.4-bl{1.4]benzodiazepine IVkk)

15

5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-7-methoxyethoxy-3-methyl-
pyrazolo[3,4-b][1,4]benzodiazepine (IVkk) was prepared by reacting 0.0014 moles of (2-
amino-4-methoxy-5-(2-methoxyethoxy)phenyl)-(2-chlorophenyl)-methanone (Xkk) with



1H pyrazol e- 4- carboxyl ate (XV) in 30 nL of concentrated hydrochloric acid
was added 5 8.6 g (0.064 nole) of copper (I1) chloride. The m xture was
cool ed t owOCoado®3665 g (0.038 nole) of sodiumnitrite wra3/ERdeSOH10653
portionwi se over 20 mnutes. The m xture was stirred at roomtenperature
for 1 hour, and then at 40C for 2 hours. The m xture was diluted wth 50
m. of water and extracted twice with chloroform The chloroform extracts

were dried oveg any. E’m&l&% ﬁ@ﬂylulﬂ(ﬁﬁbﬁe’%&@ ui pﬁaz%[ee(mmn&%s&lﬂ&ﬂtat ed under

i o reduced pressure. The residue was par | i ca gel chronmat ography,
el uting with desfiyjation ebthg insermediaiged- (21<>hA9r0P1%5=nﬁHé %hBG‘rfgg Bt/

5-chl oro- 3- bxjetfogy RLARBANL R-pkéen 16134- r@é&ﬁbcﬂﬁ&ﬁm‘ﬂ@a
light yell ovnve%llglyl X}llsejtt Ay :IHPEﬁe a(r ay%lb%nﬂg?%%ql ortgEal 4-qme {% I;\%H open |y
) - 1H pyr azol ewzthéamBWWIil@nuragY@d@m foanmes anglogQuE Q) iifﬁna ot %&gﬁ 30 0249
nol e) of ethyl 5-chloro-3-nethyl-I-(2-propenyl)- 1H pyrazol e-4-carboxyl ate
(XVl) in 4@ nL of tetrahydrofuran-wat @xafiplel®d8nol (3:1:1) was added 5 ni of
10 M sodi um hydroxi de solution. The m xture was heated at 65C for 4 hours
and then concentrated to a smaller volume under reduced pressure The pH
was adj usted :

col | ected by - OTT, —V ‘ Y
5-chloro-3-nethyl-1-(2 propenyl) 1Fpr@dEﬂLéQ4 carboxyllc aci d (XVII) as a
tan solid. Step 4: Preparation of 5-chloro-3-nethyl-I|-(2-propen

|l y) - 1H pyrazol e-4-carbonyl azide (XVII1) To a solution of 6.0 g (0.030
nol e) of 5-chloro-3-nethyl-I|-(2-propenyl)-1H 25 pyrazole-4-carﬁﬁxylic aci d

(XVI1), 4.2 nL (0.030 nole) of triethylam ne and 100 nL of acetlone at -10C
was added 2.9 nL (0.03@ nole) ,of ethyl chloroformate. After 30 m nutes,
5.8 g (0.090 nole) of swdi 2|19ﬁ|n 50 miN Wﬁter was agldedN., The m xture
was stirred at roon1tenp turg flor —heur an en—eeneentr a} eyl under
reduced pressure half tH¥-qni gi nal o . The mi xjuye was
extracted tw ce mnfﬁthl@roforn1 and® — % —

XV XVi

b
o]

Xvii Xl
Xvi

Step 1: Preparation of ethyl 5-amino-3-methyl-1-(2-
10 carboxvlate (XV)

To a solution of 10.3 g (0.056 mole) of ethyl 2-cyano-3-ethoxy-2-butenoate in
250 mL of methanol was added 8.9 g (0.0616 mole) of allylhydrazine dihydrochloride
and 39 mL of triethylamine. The reaction mixture was refluxed at 80°C for 3 hours, and
then concentrated under reduced pressure. The residue was purified by silica gel
15 chromatography, eluting with ethyl acetate-hexane (1:1) to give 6.7 g of ethyl 5-amino-
3-methyl-1-(2-propenyl)-1H-pyrazole-4-carboxylate (XV) as a yellow oil.



30 the extracts were dried over anhydrous sodiumsulfate, filtered, and
concentrated under WO 2006/ 040036 PCT/ EP2005/ 010653 -98 reduced pressure
to give A0 2go06af40@36epar ati on of 5-chl oro- 3-net hyl - | - ( 2- pcompeagosp1dss

pyrazol e- 4-carbonyl azide (XVII1) as a white solid. Step 5 Preparation of
4-am no-5-chloro-3-meth |~ 1-(2-propen 1)g;1H pyrazole (XI11) 5 A solution
of 12.3 g (0.0545 nole) of 5-chloro-3-nethyl-I1-(2-propenyl)-1H

pyr azol e- 4- car boryd, Az e LYbHmi3-chkfo-Hlmdhyi1abLpaRVRS HES 664t  100C
for 1 hour. 20 AL of_hydrochioric acid was added and the m xture was

heat ed at 11@@@ s and then cooled. The m xture was concentrated
under reduced pressure, and then stirred at roomtenperature with 50 nL of
di chl oronet hane and 10 niL of triethylam ne. The to m xture was filtered and
the filtrate concefbrabRdonoftteT g (@oB2aade)ufetyls-eminbiemetdsi-t(Reproperypur i f i ed

the Tl izl _ ,
olve 6.0 o dtravamna<anbn e 64l iaPih o R R AR st 1 7,

as an orange 8%  (0.00EmbdkybfZoppe2 (Mthtoridet Beimiktuwasasgbolsd tf 0°Ciand2.6p@ri ty for

4 an no 5 chlGRaS SORR Ry 3 rab e SRR oS FRRRT T sy v oo

6) Cl N-NH ClstiNe®laGoonN:m@ratire GorNNokZ indtheix A0 fot12 HoursSTbp mixtu@rveasar at i on

ol ut on_of 10 Y G R b R RO B Al ol e i

extracts were dried over anhydrous sodium sulfate, filtered and concentrated under

10 reduced pressure. The residue was purified by silica gel chromatography, eluting with
ethyl acetate-hexane (1:4) to give 5.0 g of ethyl 5-chloro-3-methyl-1-(2-propenyl)-1H-
pyrazole-4-carboxylate (XVI) as a light yellow oil.

Step 3: Preparation of 5-chloro-3-methyl-1-(2-propenyl)-1H-pyrazole-4-carboxylic

acid (XVID)

15 To a solution of 5.0 g (0.0249 mole) of ethyl 5-chloro-3-methyl-1-(2-propenyl)-
1H-pyrazole-4-carboxylate (XVI) in 40 mL of tetrahydrofuran-water-methanol (3:1:1)
was added 5 mL of 10 M sodium hydroxide solution. The mixture was heated at 65°C
for 4 hours and then concentrated to a smaller volume under reduced pressure. The pH
was adjusted to 1-2 by the addition of hydrochloric acid. The product was collected by

20 filtration, washed with water and dried to yield 4.7 g of 5-chloro-3-methyl-1-(2-
propenyl)-1H-pyrazole-4-carboxylic acid (XVII) as a tan solid.

Step 4: Preparation of 5-chloro-3-methyl-1-(2-propenyl)-1H-pyrazole-4-carbonyl

azide (XVIII)

To a solution of 6.0 g (0.030 mole) of 5-chloro-3-methyl-1-(2-propenyl)-1H-

25 pyrazole-4-carboxylic acid (XVII), 4.2 mL (0.030 mole) of triethylamine and 100 mL of
acetone at -10°C was added 2.9 mL (0.030 mole) of ethyl chloroformate. After 30
minutes, 5.8 g (0.090 mole) of sodium azide in 50 mL of water was added. The mixture
was stirred at room temperature for 1 hour and then concentrated under reduced pressure
to ca. half the original volume. The mixture was extracted twice with chloroform, and

30 the extracts were dried over anhydrous sodium sulfate, filtered, and concentrated under



100 nL of anhydrous tetrahydrofuran under argon, was added 0.37 g (0.0464
nole) of lithiumhydride. The m xture was stirred at roomtenperature for
15 m nut ewoO 200va0B66 g WO 2006/ 040036 PCT/ EP2005/ 010653 PCTAP2¢08/0006831 ol €)
of allyl brom de was added, and the m xture was heated at 80C for 10
hours. The m xture was cool ed, poured ontggice and extracted twice with
ethyl acetate. The conbined ethyl acetate |ayers were dried over anhydrous
sodi um sul f at ﬁduéddlp&&gﬁst G’e 4.7 QO BRpdraioacdt §RbRo-Beused -(RpasgstylplHThe

resi due was puri f| ed Cagé?liﬂf chr omai}ggr aphy, eluting with ethyl
acet at e- hexan®fzelef ’° °‘@i1\%lde &s Hhite 59 conponent, 1.36 g of
3-chloro-5-nethyl-4-nitro-1-(2-propenyl)-1H pyrazole as a colorless oil
and, as the | ess $©p s Peoimpisestid-aning 5ghlofo-Sneliybt 62-Bropety 1 Heynedle o- | - ( 2-
propenyl)-1H zole (XX) as a colorless oil. Step 2: Reduction of XX to
form 4-am no- | oro-3-nethyl-1-(2-propen | to pyrazole (XII1) A mxture
of 0.5 g (0.00248 nol e) of 5-chloro-3-nethyl-4-nitro-I-(2-propenyl)-

1H pyrazole (XX), 1.6 g (0.0198 nole) of anmoniumchloride, 1.6 of zinc
powder, 205 nL of r@ts@iam ofdAd L0 O @plemﬁc%ehlqza@-@ewlrb@-@mp%aﬁﬁ
tenperature f raﬂol@@%ﬁrboﬂ-ﬁ %md@%_X(\V 141 ‘?n mﬂi bt ttoﬁiéﬁ‘éjwaﬁfégteﬁ Iﬂ?ld()"(t ?Jrqth%ur

extracted wt et hyl acetate he ét ?%a acetate | ayer dried over

anhydr ous sodpQmmLsefiygroehlosi¢ poiceaspdg T’é‘é‘Pﬁ:‘@ﬁf‘F%lWéﬂh%F?ééF 1*%9 derexchours

pressure. Purb{d fad L0 Thk Bﬁxc&we@ 'esnc@a{traiéd dna@r S@lce & PreSyind, g R irre@! Ut i NG
wi th ethyl acetate-hexane ( p_I,ﬂgave

4- am no- 5- chl @trreowmeﬁé}ﬂmelmhzﬁﬂ 9‘%‘?1%19T9TF313W‘13219IH§~ eixripthylamige; The was

i denti c al © heurBiR rfflt@lledﬁfl@@l@ rf'ﬂf!até &n@fﬁgﬂh n®B rddiBidReksdek. TRORYBue WO

2006/ 040036 PCT/ EP2005/ 010653 anpl e 90
was purified by silica gel chromatography, eluting with ethyl acetate-hexane (1:1) to give

6.0 g of 4-amino-5-chloro-3-methyl-1-(2-propenyl)-1H-pyrazole (XIII) as an orange oil.
MS MH+/Z 172

This material was of sufficient purity for use in the subsequent reactions.

15 Example 89

Preparation of 4-amino-5-chloro-3

(scheme 6)
ci~MNnn Cl—MNoy ClNey
\&_« —_—— M — \ f/
-3 s
0—1\!\ O- , H,N
(o] (o]
XIX XX X

Step 1: Preparation of 5-chloro-3-methyl-4-nitro-1-(2-propenyl)-1H-pyrazole (XX)

20 To a solution of 5.0 g (0.031 mole) of 5-chloro-3-methyl-4-nitro-1H-pyrazole in
100 mL of anhydrous tetrahydrofuran under argon, was added 0.37 g (0.0464 mole) of
lithium hydride. The mixture was stirred at room temperature for 15 minutes. Then 5.6 g



Preparati on of 5-(2-chlorphenyl)-1 2-dihydro-7-fluoro-8-nethoxypyrazol 0[3
4- bl 11, 41benzodi azepine (XXIl1a) HS HS H3G-ONHICGON~ FN' FN
Nd C wbaokdeoscH H3C-O N N-NH 30 F -N C XXl la 5 PoT&P3@suoiieoh of
0.64 g (0.0019 nole) of 5-(2-chlorophenyl)-1, 3-di hydro-7-

f 1 uor o- 8- met hoxy- 2H 1, 4- benzodi azepi n- 2-thygane (lla) in 5 nL of

di chl oronet hane was added 5 niL (0.029 nol e) of

1, 1-di et hoxy- N)Mﬁﬁﬂﬁﬁl&héﬂaﬂ@ﬂ&bﬂlﬁma@eddeﬂtﬁldm@@hﬂnﬁeW%hea&‘diawo@(df@\lerni ght

at room t enperat ur t hen concent.rat ed under reduc essyre. . Th
resi due, whi cHOFSntY rﬁ’é‘“?‘?l?’@sr‘f?g a?oélrf‘%ﬂ“ﬁ’ 105\ eé&?“ﬁ?detg'l%‘?lﬂ“ egnyrlnag?fam’e of 18
mL of io di chlTeesebiadehylacsailayefs wied drisd@ivercdnty@od snﬂmmfsulfycetrfamenenﬁor 6

hours and t hen artitioned between di.chl or.onet hane t Th
di chl or onet har‘r'@n‘%é‘%tFéb\%cg T {RauGr8 drespfy- cBefpE e\/wgpnﬁ%ye\éyag\%r%lr anﬁydr ous

sodi um sul f at ehrdnhdtdgeaphel, @ﬁtﬂlg@ﬁﬂmm actachdxane(l:2) tegve ed tipmasspola.  The
product was purified Qhy _sil,i t.o hy el w t-h ethyl
acet at e- hexané’ofnﬂ’oﬁe)nt qo%ﬁrgrcg\;l-c Sﬁﬁyg-%trg la(Q-p}(openytf} iﬁ%yrazole as a

5- ( 2- chl or opheRoriessloil?nd] d3ytieh 16ss pofar U@ﬁ}ﬁbn&ﬁ 0.5 g of 5-chloro-3-methyl-4-nitro-1-(2-

8- met hoxy- pyrazol o %ff) nzodi az e (XXI'la). Recrystallization
from dichl or(ﬂmeﬁg‘iéﬁé%y]ﬁ Iei%@@ﬁf% %T\Fé lla as a light red solid, np
242-243C. WD 2006/ 040036 PCT/ EP2005/010653 - 101 Exanple 91

Step 2: Reduction of XX to form 4-amino-S-chloro-3-methyi-1-(2-

10 pyrazole (XII)

A mixture of 0.5 g (0.00248 mole) of 5-chloro-3-methyl-4-nitro-1-(2-propenyl)-
1H-pyrazole (XX), 1.6 g (0.0198 mole) of ammonium chloride, 1.6 g of zinc powder, 20
mL of methanol and 20 mL. of water was stirred at room temperature for 1 hour. The
mixture was filtered, and the filtrate extracted with ethyl acetate. The ethyl acetate layer

15 was dried over anhydrous sodium sulfate, filtered and concentrated under reduced

pressure. Purification of the residue by silica gel chromatography, eluting with ethyl
acetate-hexane (1:1) gave 0.10 g of 4-amino-5-chloro-3-methyl-1-(2-propenyl)-1H-
pyrazole (XIIT), which was identical to the material prepared in Example 88 (method 1)

above.



Preparation of

5-(2-chl orophenyl ) -1, 2-di hydr o- 8- net hoxy- 7- net hyl - pyrazol o( 3, 4-

bl [ 1, 41bewoadiczmepbne (XXI1z) HS HS H3C O Nc H3C O NPCTHP300801Nd53 N. ti 3C
-N/ NCA A Ilz XXlz HGONNNHO HBC-N G XXz 5

5-(2-chl orophenyl ) -1, 2-di hydr o- 8- met hoxy-iggoet hyl - pyrazol o[ 3, 4-

b][ 1, 4] benzodi azepi ne (XXI'1z) was prepared by reacting 0.003 noles of 5-(2-
chl orophenyl ) - 1, 3- di hydr o- 8- net hoxy- 7 Bxehpigbo 2H 1, 4- benzodi azepi n- 2-t hi one
(I'tz) wth 1, 1-di ethoxy-N, N-di net hyl - met hanam ne and then hydrazine in a
manner anal ogous to Exanple 90. Recrystallization from ethyl

acet at e- net hanoll,: QE lg\ﬁl g%fls-?-élﬁoﬂ

chl orophenyl)-1

pine as a light red solid, np Bl}
-102 Exanpl e 92 Preparation of
5-(2-chl orophenyl) -1, 2-di hydr o- - cgano- 8- nethoxy pyrﬁzogo[3 4-
bl[ 141benzodi azepi ne HO4-Dh @~% NSJ N-

azolo 3.4-
eénzodi aze

XXlla

5 To a solution of 0.64 g (0.0019 mole) of 5-(2-chlorophenyl)-1,3-dihydro-7-
fluoro-8-methoxy-2H-1,4-benzodiazepin-2-thione (Ila) in 5 mL of dichloromethane was
added 5 mL (0.029 mole) of 1,1-diethoxy-N,N-dimethyl-methanamine. The mixture was
stirred overnight at room temperature, then concentrated under reduced pressure. The
residue, which contains intermediate XX1a, was stirred with a mixture of 18 mL of

10 dichloromethane, 5.5 mL of methanol and 0.3 mL of hydrazine for 6 hours and then
partitioned between dichloromethane and water. The dichloromethane layer was washed
twice with water, dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. The product was purified by silica gel chromatography eluting with
ethyl acetate-hexane (4:1) to provide 0.500 g of 5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-

15  8-methoxy-pyrazolo[3,4-b][1,4]benzodiazepine (XXIla). Recrystallization from
dichloromethane-ethyl acetate gave XXIla as a light red solid, mp 242-243°C.



C C 1lb XXIb HBGCONNNHMN NC XXlib 5

5-(2-chl orophenyl ) -1, 2-di hydr o- 7- cyano- 8- net hoxy- pyrazol o[ 3, 4-

b] [ 1, 4] bewnpadicaaeqEsne ( XXl i b) was prepared by reacting @CO®P@snniess of
5-(2-

chl orophenyl ) - 7- cyano- 1, 3- di hydr o- 8- net hoxy-2H 1, 4- benzodi azepi n- 2-t hi one
(I''b) with 1,1-diethoxy-N,N-dinethyl-nmethanam ne and then hydrazine in a
manner anal ogous to the exanple aboveExaRgtroistal | i zation from ethyl
acetate provided 5-(2-chlorophenyl) io 1, 2-di hydro-7-cyano- 8- net hoxy-
pyrazol o[ 3, 4-b] [ 1, 4] benzodi azepine (XXIib) as a light red solid, np
288-290C. VO 2006, 030036, POTLERAONB 01008 varo K0 RaImh ey Iy JARI £k,

Formul ation ItemThngredients M/ Tabtet I Compound I * 5 25 T00 250 500 750
2 Anhydrous Lactose 103 83 35 1 Z0 )t | ose Sodium6 6 8 16 32
48 4 Povidone K30 55 6 12 24 36 5 Magnesium Stearate 1 1 1 3 6 9 Tot al
Wei ght 120 120 150 300 600 900 *Conpound 1 represents a conpound of the

i nvention. H S H S
H,C—O O NJS H,C—O0 I N\g_\
O Cre
Itz

XXz

XXz

5 5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-7-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine (XXIIz) was prepared by reacting 0.003 moles of 5-(2-
chlorophenyl)-1,3-dihydro-8-methoxy-7-methyl-2H-1,4-benzodiazepin-2-thione (11z)
with 1,1-diethoxy-N,N-dimethyl-methanamine and then hydrazine in a manner analogous
to Example 90. Recrystallization from ethyl acetate-methanol provided 5-(2-

10 chlorophenyl)-1,2-dihydro-8-methoxy-7-methyl-pyrazolo[3,4-b][1,4]benzodiazepine as a
light red solid, mp 275-276°C.



Manuf acturing Procedure: 5 Mx Itens 1, 2 and 3 in a suitable mxer for 15
m nutes. Granul ate the powder mx fromStep 1 with 20% Povi done K30

Sol uti on Wotemwodpa36e Dry the granulation from Step 2 at POTEPRP@S®1Gche

granul ation from Step 3 through suitable mlling equipnent. Add the Item5
to the mlled granulation Step 4 and m x_figr- 3 mnutes. 10 Conpress the
granul ation from Step 5 on a suitable press. WO 2006/ 040036

PCT/ EP2005/ 010653  104- Exanpl e 94 Copgdipte $0r nul ation |Item | ngredi ents
ng/ Capsule 1 Conpound 1 * 5 25 100 250 500 2 Anhydrous Lactose 159 123 148
-- -- 3 Corn Starch 25 35 40 35 70 4 Talc 10 15 10 12 24 5 Magnesi um
Stearate 1 2 2 %p%&ﬁ&of%‘(blchlmpggﬁyl)zloﬁ) dA980308 2308. n@teQoxLﬂ ‘RH@Q 1
represents a conpound of the rnventrion. Nanufacturing Proce
Items 1, 2 and 3 in a suitable rh bengedi Addltems4&5and
mx for 3 mnutes. Fill into a suitable capsule. W 2006/ 040036

PCT/ EP2005/ 010653 -105 Exanple 95

H
H,C—0 l N\/g H,C—O
Z =

N =N
Ore
b
—_—
XXlib
5 5-(2-chlorophenyl)-1,2-dihydro-7-cyano-8-methoxy- pyrazolo[3,4-

b][1,4]benzodiazepine (XXIIb) was prepared by reacting 0.00096 moles of 5-(2-
chlorophenyl)-7-cyano-1,3-dihydro-8-methoxy-2H-1,4-benzodiazepin-2-thione (IIb) with
1,1-diethoxy-N,N-dimethyl-methanamine and then hydrazine in a manner analogous to
the example above. Recrystallization from ethyl acetate provided 5-(2-chlorophenyl)-

10 1,2-dihydro-7-cyano-8-methoxy- pyrazolo[3,4-b][1,4]benzodiazepine (XXIIb) as a light
red solid, mp 288-290°C.



I njection Solution/Emulsion Preparation Itemlngredient ng/nL 1 Conpound 1
* 1 nmg 2 PEG 400 10-50 ng 3 Lecithin 20-50 ngy 4 Soy G| 1-5 ng 5 d ycerol
8-12 ng WwoWAte@mogss. 1 M. *Conpound 1 represents a CompoEPA0SH1GHE

i nvention. Manufacturing Procedure: s Dissolve iteml initem2. Add itens
3, 4 _and 5toitem6 and mx until disperged, then honogenize. Add the
solution fromstep 1 to the mxture fromstep 2 and honmogeni ze until the
dispersion is translucent. Sterile filterEtdmpa@h a 0.2 umfilter and fill
into vials. WO 2006/ 040036 PCT/ EP2005/010653 - 106 Exanple 96 Injection
Sol uti on/ Emul si on Preparation ItemlIngredient ng/mL 1 Conpound 1 * | ng 2

A ycofurol 10-50 ng 3 Lecithin 20-50 nmgypiefratiulddoh 1-5 ng. 5 A ycerol 8-12
mg 6 Water gq.s. 1 nL

Item Ingredients Mg/Tablet
1 Compound 1 * 5 25 100 250 500 750
2 Anhydrous Lactose 103 &3 35 19 38 57
3 Croscarmellose Sodium 6 6 8 16 32 48
4 Povidone K30 5 5 6 12 24 36
5 Magnesium Stearate 1 1 1 3 6 9
Total Weight 120 120 150 300 600 900

*Compound 1 represents a compound of the invention.

Manufacturing Procedure:

5 Mix Items 1, 2 and 3 in a suitable mixer for 15 minutes.

Granulate the powder mix from Step 1 with 20% Povidone K30 Solution (Item 4).

Dry the granulation from Step 2 at 50°C.

Pass the granulation from Step 3 through suitable milling equipment.

Add the Item 5 to the milled granulation Step 4 and mix for 3 minutes.

10 Compress the granulation from Step 5 on a suitable press.



*Conmpound 1 represents a conmpound of the invention. Mnufacturing
Procedure: 5 Dissolve item1 initem2. Add itens 3, 4 and 5 to item 6 and
m X untilwoieparsesd, then honogeni ze. Add the sol ution fPcompesp1dss o t he
m xture fromstep 2 and honogeni ze until the dispersion is translucent.
Sterile filter through a 0.2 umfilter angyfill into vials. io The

anti angi ogenic and antiproliferative activities of the conpounds of the
invention are denonstrated bel ow. Thesgaghfesats i ndicate that the conpounds
of interest are useful in inhibiting angiogenesis and in the treatnent of
cancer, in particular solid tunors such as breast and col on cancer. WO
2006/ 040036 PCT/ EP2005/ 010653 -107-Fxanpl e Q7. CDK2 Fl ash Plate Assay To
determ ne inhibition of CDK2 activiTy, reconbi nant retinobl ast oma
(Rb) protein was coated on 96 well FlashPl ates (New Engl and Nucl ear,

Boston, MA). 5 Rb is a natural substrate for phosphoryl ati on by CDK2

(Herwi g and St ks Eur IngredieMsochem , Vol . 246 (T@&?%S"‘g"p. 581-601 and

ref erences therein). Reconbinant active human Cyclin E/ CDK2 conpl exes were
partially purifiled fCommoend t &cts of insect cel25s. TR0 acti 280 Cycl50A E/ CDK2
was added to the Rb-coated Fl ashPl ates along with 33P-ATP and dilutions of
test conpounds. Pl ates were incubated for 25 mnutes at room 1o tenperature
with shaking, then vemweguaheFtiessunt ed L3P t he t¥bcountl4&cintitl atiomr counter
(Packard Instrunment Co., Downers Grove, IL). D lutions of test conpounds
were tested in dupljicate in each assay., The rcent jnhibitjon of
phosphoryl at i on,3mhi(1&9¥“$'?r‘%5‘ measure of*the i i bitiof of act?‘?ibty,
was determ ned according to the foll ow ng

4 Talc 10 15 10 12 24
5 Magnesium Stearate 1 2 2 3 6
Total Fill Weight 200 200 300 300 600

*Compound 1 represents a compound of the invention.

Manufacturing Procedure:

5 Mix Items 1, 2 and 3 in a suitable mixer for 15 minutes.

Add Items 4 & 5 and mix for 3 minutes.

Fill into a suitable capsule.



formula: 100 x Cl1 - test conmpound - nonspecific 15 total - nonspecific
where "test conpound” refers to the average counts per mnute of the test
dupl i cat e’ 20060m8@eci fi c" refers to the average counts pem/RPROVENEEHEN NO
Cyclin FE CDK2 was added, and "total" refers to the average counts per

m nute when no conpound was added. 20 Thegysconpounds of the present

i nvention have CDK2 | C50 values less than 10 M preferably less than 1 M
KDR |1 C50 val ues for representative coripampidSare set forth in Table |

bel ow. WO 2006/ 040036 PCT/ EP2005/ 010653 -108 TABLE | Inhibition of CDK2
Compound R R2 R3 R4 | C50 Nughef A . : 3ok 1.330 1Vb CN OCH3
CH3 d 0.184 I1Vf F OCH2CH2OCHS 3 C € VT OCH(CH3)2 CH3 O 0. 247
Exanple 98 KDR & FG-r 5 To determ ne i nhibi tion of KDR and FGFR ki nase
assays were conduct eld using an H'I'RFe]gl Hpgeneous Ti me Resol

Fl uorescence) assay. ®is assay is ded@Pf58d in A J. Kol Bt al., Drug
Di scovery Today, 1998, 3(7), p 333.

1 Compound 1 * 1 mg

2 PEG 400 10-50 mg
3 Lecithin 20-50 mg
4 Soy Oil 1-5 mg

5 Glycerol 8-12mg
6 Water g.s. 1 mL

*Compound 1 represents a compound of the invention.

Manufacturing Procedure:

5 Dissolve item 1 in item 2.

Add items 3, 4 and 5 to item 6 and mix until dispersed, then homogenize.

Add the solution from step 1 to the mixture from step 2 and homogenize until the

dispersion is translucent.

Sterile filter through a 0.2 um filter and fill into vials.



Prior to kinase reaction, reconbi nant EEE-tagged KDR was activated in the
presence of activation buffer (50 mM HEPES, pH 7.4, 1 mM DTT, 10% gl ycerol,
150 i 0o nmWwbia@e/040038 mM EDTA, 26 mM MgCl2, and 4 mM ATP) PCTIEP2@50¥0683 Was
incubated at 4 Cfor 1 hour. WO 2006/ 040036 PCT/ EP2005/010653 - 109

Ki nase activity assays were perforned in. @ well polypropyl ene plates
(Falcon) wth a total volunme of 90 L in each well. Each well contained 1 M
KDR substrate (Biotin- EEEEYFELVAKKKK)ExaipieMéact i vat ed KDR, and a test
compound with one of 8 assay concentratl ons ranging from 100 pMto 128 pM
(1:5 serial dilution). The r i : done in the presence
of 100 mM HEPES, pH 7.4, 1 VOF, 2 MyCl2, 50 nmM NaCl
(from KDR stock solution), 1% DI\/BO (from conpound) 0.3 mM ATP (at Km
concentration) and 0 02% BSA. The reactign was incubated at 37 C for 30
mnutes. To stop thelPR reaction, 72Mgredent eaction mi xt ur &

transferred into a STOP plate containing 18 pL of revelation buffer (20 nv
EDTA, 10 50 mM HEPES, ., pH 7. 4, 02% Sgk 10 nM Eu-1| apel | ed anti-pY anti body
(final conc. 2 AM, A4nd 100 n @P?“é‘g vidin (final t®hc. 20 nM). After

m xi ng, 35 pL of solution was transferred into duplicate wells of a
384-wel | bl ack plate {Costar), E}ngu §ad at 615/ 665 (g Rea Vllac Victor 5
reader. FGFR activity assays were carried out as descri eg above for the
KDR activity 15 assay with the followi ng differences. GST-tagged FGFR
enzyne was activated at room tgq@grature for 1 hour2g-50 fge fol | owi ng
activation buffer: 100 nM HEPES, pH 7.4, 50 mM Nad, 20 mM Myd 2, and 4 nM
ATP. The kinase activity assay was perforned with 1 pMsubstrate

(Bi oti n- EEEEYFELV), 145 nM act Bywp08d FGFR, and test t6mppund in the
presence of 100 nM HEPES, 1 mM DTT, 0.4 nM Mg 2, 0.4 mM WMnCl 2, 50 MM 20

NaCl, 1% DMSO, 10 M ATP (Km= 8.5 pMfor FGFR), 0.1 nmM Na2VQ4, and 0. 02%
5 Glycerol 8-12 mg

6 Water g.s. 1 mL

*Compound 1 represents a compound of the invention.

Manufacturing Procedure:

5 Dissolve item 1 in item 2.

Add items 3, 4 and 5 to item 6 and mix until dispersed, then homogenize.

Add the solution from step 1 to the mixture from step 2 and homogenize until the

dispersion is translucent.

Sterile filter through a 0.2 um filter and fill into vials.

10 The antiangiogenic and antiproliferative activities of the compounds of the
invention are demonstrated below. These effects indicate that the compounds of interest
are useful in inhibiting angiogenesis and in the treatment of cancer, in particular solid

tumors such as breast and colon cancer.



BSA, in a total volune of 90 L. The rest of the assay was perforned in the
same manner as KDR assay. Conpound |C50 values were determ ned from
dupl i cat eweetes/mbosdat a, and cal cul ated by using Excel aou/HP2eosiongssiata to
equation Y=[(a-b)/{ 1+(X/ c)d]+b, where a 25 and b are enzyne activity in
the presence of no test inhibitor conpounth7and an infinite anount of
i nhi bitor test conpound, respectively, c is the 1C50 and d is the hill
constant of the conpound response. Théxal@E®Nal ue is the concentration of
test conmpound that reduces by 50%the enzynme activity under the test
conditions described. The conpounds of the present invention have KDR | C50
val ues | ess t hegkd P EVP1are3Qspr €f erably less than 1 pM nost preferably |ess
than 0.5 M of FGFR TCo0 values less than 10 pM preferably less than 1 W
l\/tr)]st Er e1|‘v|er agl )léGFt he conpounds of the invention have KDR | C50 val ues | ess
an pM an R 0 val u l ess 1.
PCT/ EP2005/ 010653 3 Pefering sBBibieigH of g@?gsaé%‘flyét P‘ge%gé%%’l?n Egrg{r%g!bgaet 9@0 th
in Table I bQRB)/\proahdszGERed 6506 welbFlag®ldisr(Nee Fingsad NatleareBostomdlinds ar e

set forth in bIeIIIbIo.T LE 11 R R2 R3
R4 1C50 Nufrb ‘Eﬂ\r{)fmfawg’ e pof Pepore ‘G‘n‘ﬁfl‘gﬁ%i‘ﬁ?}&% ﬁ@;ﬁ%%ﬁ a 0.022
Ni F OCH2CH2 @#acHeln.,M.oD46 (IOTHRCHRY)-GW dnWkdferORd? ClegeiiOCRSc@pignaDt agive 24

human Cyclin E/CDK2 complexes were partially purified from extracts of insect cells.

The active Cyclin E/CDK2 was added to the Rb-coated FlashPlates along with *>P-ATP

and dilutions of test compounds. Plates were incubated for 25 minutes at room

10 temperature with shaking, then washed and counted in the Topcount scintillation counter
(Packard Instrument Co., Downers Grove, IL). Dilutions of test compounds were tested
in duplicate in each assay. The percent inhibition of Rb phosphorylation, which is a
measure of the inhibition of CDK?2 activity, was determined according to the following

formula:

100 x 1 -test compound - nonSDeCiﬁfZl
5 total - nonspecific

where “test compound” refers to the average counts per minute of the test
duplicates, “nonspecific” refers to the average counts per minute when no Cyclin
E/CDK?2 was added, and “total” refers to the average counts per minute when no

compound was added.

20 The compounds of the present invention have CDK2 ICs values less than 10
uM, preferably less than 1 uM. KDR ICs values for representative compounds are set
forth in Table I below.



s WD 2006/ 040036 PCT/ EP2005/010653 - 111 TABLE IIl Inhibition of FG-R
Compound RRF RZ R3 R4 1Cso Nunmber (pM IVa F OCH3 CH3 Cd 0.028 1Vc

C(O NH2 Q€b204sH430@36 0.032 |Vk CN OCH2CH2 CH3 d 0. 033 PH{@EH2@52)E63 | Vw CH3
CH3 CH3 d 0.038 Exanple 99 MDA- MB-435, SW80, and HCT-116 5 The estrogen
receptor negative epithelial breast carcif{gm |ine (MDA-MB-435) was
purchased from Aneri can Type Cell Culture Collection (ATCC, Rockville, M)
and was grown in the nediumrecomended by ATCC. For analysis of the effect
of the test conpounds on growth of thgasiglls, the cells were plated at
2000 cells per well in a 96-well tissue culture plate, and were incubated
overnight at 37C with 5% CQ2. The io next day, the test conpounds were

di ssolved in 100% di met hyl sul foxid ) yield a 10 mM st ock

sol ution. Each conpound was dil ut edﬁv}é%% mediumto 1 mM in a
sufficient quantity to yield a final concentration of 120 M The conpounds
were WO 2006/ 040036 PCT/ EP2005/ 010653 -112 then serially diluted in nmedium
with 1.2% DMSO. One-fourth final volunme of the

Compound R R’ R? R* ICso
Number

(uM)
IVa F OCH; CH; Cl 1.330
IVb CN OCH3 CH; Cl 0.184
Ivf F OCH,CH,OCH; CHs Cl 0.395
IVh F OCH(CHz), CH; Cl 0.247

Example 98
KDR & FGFEr
5 To determine inhibition of KDR and FGFR, kinase assays were conducted using

an HTRF (Homogeneous Time Resolved Fluorescence) assay. This assay is described in
A. J. Kolb et. al., Drug Discovery Today, 1998, 3(7), p 333.

Prior to kinase reaction, recombinant EEE-tagged KDR was activated in the
presence of activation buffer (50 mM HEPES, pH 7.4, 1 mM DTT, 10% glycerol, 150
10 mM NaCl, 0.1 mM EDTA, 26 mM MgCl,, and 4 mM ATP). The enzyme was incubated

at 4 °C for 1 hour.



di l uted conpounds was transferred to 96 well plates. Test conpounds were
assayed in duplicate. DMSO was added to a row of "control cells" such that
t he fi nalwoan@aavesati on of DVBSO in each well was 0. 3% Po#HP005010683 ch no
cells were added served as the 5 "blank.” Wells to which no inhibitor was
added served as "no inhibitor control". fg. plates were returned to the

I ncubator, and 5 days post addition of test conpound, were analyzed as

descri bed bel ow. 3- K1ﬂas5a£avﬁf§!my§stwera§@fc@m8dwg6 \ﬂelﬁpcﬂiymmp&&smécaﬂol i um
bromi de (thiazolyl blue;, MT) was added to each well ield a final

concent rat i onvidt 2 wotghypleme of Raub ingagh WeﬂoEWélr"éeut Joarined d Lh% KPSERC f or
hours. The pl (%Hﬁﬁl MEERYBARF AKKREST A1 a&&l%drmfa% aBestE SRR Rith Bhe 60

aspiration of the MI-containing med um MI'T-contai ning medi um was
t hen renoved &maﬂ@@cmati@ﬁ%rmﬂgém 1%&1\4&@1&%?1\4(61 :8 aoril idntion). oI'li kanpse ve

the T esul LLn0, SORRAAN AELAPA! I Secch. SABTAGRICHE 4! 230 1100, i oo

wer e shaken era ur e. orbéncies were read in
a mcrotiter hihzéﬁQa 2emdeMelh, iQVMaﬂléﬁO@}ﬁéRrﬁf@sb sodiition), wdweMeRyfiernf 570 nm

the absor bancE B e BPANE 1t ng ‘el et it BRoAd Pt Bpactipubl racting
subtracting tiheutdiedias3DIC fifr 36 ménunse TagwpalsKPBaeaseon 72 ¢doif reag8on migplre cat e
wor e dot or m Ut ST R § ¥ RSPl GG aBmEHS oG yTn SRAEHE POLEP Bhm of
the concenfyr asd @M MEPBSSH 1€ (A2PBRAETY nMIHu-1Bbd]le® Bnti-g 11 an@mp@ﬁm@l&r@f 2t he
present invention have NDA- MB- 435 | C50 val ues | ess than 20 preferably

| ess than 2 MM¥mad Le&aoMysgerievidia ffinahpensi 20 @YD) dfieneixisafil- Oﬁé‘l‘}u‘é‘@l Va&Shased
assay for 5- (@3 Ma?ﬁg&ﬂc}(wﬂte %veffs ahésdr\&117b1§tk$1ﬁ@édaé€ar)2ﬂrdlreé’crat 615/665

benzodi azepi n-2-one (Iw The col on adenocarci noma |ine
SWA80 and thenI@@Iﬂ@ﬁN@&Féilﬁ%%feNeﬁe HCT- 116 al so were obtained fromthe
ATCC and were tested according to the sanme protocol provided above for

MDA- MB- 435 cel | basmskragsiay sy’ vichecanddd sith@eseritdt kbSRhoME KDR activity

15 assay with the following differences. GST-tagged FGFR enzyme was activated at room
temperature for 1 hour in the following activation buffer: 100 mM HEPES, pH 7.4, 50
mM NaCl, 20 mM MgCl,, and 4 mM ATP. The kinase activity assay was performed
with 1 uM substrate (Biotin-EEEEYFELV), 1.5 nM activated FGFR, and test compound
in the presence of 100 mM HEPES, 1 mM DTT, 0.4 mM MgCl;, 0.4 mM MnCl,, 50 mM

20 NaCl, 1% DMSO, 10 uM ATP (X, = 8.5 uM for FGFR), 0.1 mM Na;VOy, and 0.02%
BSA, in a total volume of 90 pL.. The rest of the assay was performed in the same

manner as KDR assay.

Compound ICs; values were determined from duplicate sets of data, and
calculated by using Excel and fitting data to equation Y=[(a-b)/{ 1+(X/c)"1+b, where a
25 and b are enzyme activity in the presence of no test inhibitor compound_and an infinite
amount of inhibitor test compound, respectively, c is the ICso and d is the hill constant of
the compound response. The ICsq value is the concentration of test compound that

reduces by 50% the enzyme activity under the test conditions described.

The compounds of the present invention have KDR ICs, values less than 10 uM,
30 preferably less than 1 pM, most preferably less than 0.5 pM, or FGFR ICs values less
than 10 uM, preferably less than 1 pM. Most preferably, the compounds of the invention
have KDR ICsg values less than 1 uM and FGFR ICsq values less than 1 uM . KDR ICsg



Cell line SWI80 was plated at 1000 cells per well and anal yzed at 6 days
post addition of the test conpound. Cell line HCT-1 16 was plated at 1000
cel | s perwoebds/amséanal yzed at 30 4 days post additi onPpofi/EpPe@s/oc@apound.
The conpounds of the present invention have SW80 | C50 val ues | ess than 20
M preferably less than 2 pM The 1C50 vajye for inhibition in the SW80
(col on) based WO 2006/ 040036 PCT/ EP2005/010653 -113 assay for

5-(2-chl or 0thQME§foire%rd§éMé@orﬁp&nﬁB A8t yorthaTAbI4 INenwQdh&BEER 1€ 4- one (| w)
is 0.950 M The cogpounds of the sent %y@npggve HCT-116 1 C50 val ues
| ess than 20 VRPeH F@Fﬁﬁ“@“?é@@P ?Sﬁﬁmyl ARe [IEBYOVal ues f or
inhibition in the HCT-116 (colon) 5 based assay for representative
conpounds are set forth belowin Table IV. TABLE IV Antiproliferative
Activity HCT 116 (colon) Assay Conpound RL R2 R3 R4 IC50 MNumber (M 1Vgg
OCH3 OCH2CH2OCH3 CH3 d 0.197 |Vkk OCH2CH2OCH3 OCH3 CH3 C 0.509 1IVa F
OCH3 CH3 O 1.040 IVf F OCH2CH2OCH3 Ciiapflg - 498 Exanple 100 VEGF and
FGF- Stinmul ated HUVEC Proliferation Assays 10 The antiproliferative activity
of test conpounds of this invention in cell-based assays was eval uated by

BrdU assay using the BrdU kit (Roch L ochem s 1-647 WD 2006/ 040036
PCT/ EP2005/ 010653 Tnbibfiod TSRk

Compound R R? R’ R? ICs
Number

(M)
IVa F OCHj, CH; Cl 0.010
IVc C(O)NH, OCH,4 CH, Cl 0.022
Vi F OCH,CH, CH; Cl 0.031

N(CH,CH,),0

IVkk OCH,CH, OCHj, CH; Cl 0.024




-114 229). Human unbilical vein endothelial cells (HUVEC, C onetics
CC-2519) were cultured in EGH#2 (Conetics CC 3162) nedium and seeded at
10000 celwe 2p@vo40mbl in a volune of 200 L of EGVI 2 (O ecetEPe@s50MH63162)
media in a 96-well flat bottomplates (Costar 3595) overnight. After 24
hours of growth at 37 Cwth 5% CO2, the_ipcubation 5 nedia was renoved
slowy by aspiration, and the content of each well was washed with 300 L
pre-warned EBM 2 (Cl onetics CC 3156) containing 50 g per nL of gentanycin
and 50 ng per nL of anphotercin-B (C on&BLEJILCC-4083). Subsequently, the
remai ni ng nedi a was again aspirated and replaced with 160 L per well of
serum starvation nedia (EBM 2 supplenented with 1% heat inactivated FBS
(Clonetics CC 10 4102), 50 g per niygepkameerarnd 50 ng per nlL of
anphotercin-B (Conetics CC 4083), "I0 units per nL of Weth-Ayerst heparin
(NDC0641-0391-25), and 2 nM L- glutam ne (G BCO 25030-081). After serum
starving the cells for 24 hours, 20 pL of test conpound at | OX test
concentration in serumstarvation nediumw th 2.5% DMSO was added to the
appropriate WeTTs. The[control well[s contai ned 20 pL of sgrum 15 starvation
medi um wi th 2| s%mipebhl | Pl ateRr! were |returneR?to the|i n®ibatlorRf or] ACeoufs.
Af ter pre-inc;bﬁtirl% the cells with the test conpounds forj 2 hours, 20|L of
growth factofs " 2M™tEX|assay concentration diluted|in serym starvqﬁmn

medi a, FGF at LSO ng pery nL, or VEGF (R&D systens 293-VE)§2t 200 ng per nL

were added. The final [concentrati of FGF in thelassay was 5 ng per

and the final {concentration of VEGH 20 in_the assays was 20 per g}g The
growth factor |fre®aontfrol wdils h 20 p@cb‘er wel | €H3seruﬁ?sta veat’i on

media wth the same angunt of BSA as the wells with growmh factljors. The
pl ates were regturned tq the 1 ncubatjor Tor an additijonal 22 hours| BrdU
ELI SA After 24 hopyc exposuC@)NBLt hel t est ©aHpounds,| t 88;cel | €lwer @.038bel ed
with BrdU 25|(Roche Bijochem cal s 1} 647-229), by adding 20 L per|{ well of
BrdU | abel i ng ~eagent

IVk CN OCH,CH, CH, Cl 0.033
N(CH,CH,),0O

IVw CH; CH; CH; Cl 0.038
Example 99

MDA-MB-435, SW480, and HCT-116

5 The estrogen receptor negative epithelial breast carcinoma line (MDA-MB-435)
was purchased from American Type Cell Culture Collection (ATCC; Rockville, MD)
and was grown in the medium recommended by ATCC. For analysis of the effect of the

test compounds on growth of these cells, the cells were plated at 2000 cells per well in a

96-well tissue culture plate, and were incubated overnight at 37°C with 5% COj. The

10 next day, the test compounds were dissolved in 100% dimethyl sulfoxide (DMSO) to
yield a 10 mM stock solution. Each compound was diluted with sterile medium to 1 mM

in a sufficient quantity to yield a final concentration of 120 uM. The compounds were



that has been diluted (1:100) in serumstarvation nedium The plates were
then returned to the incubator for 4 hours. The | abeling nmedi um was
renoved bwodn@iwnosg t he nedium onto paper towels. The eelrlep2008ne0663 xed and
DNA denatured by adding 200 pL of fixation / denaturation solution to each
wel | and incubating at roomtenperature fgy _45 30 mnutes. The fixation /
denaturation solution was drained onto paper towels and to each well was

added 100 L Oﬁleﬁgéﬁlgﬁﬂﬁééf@n@dﬂ%mﬁ 198} DRISORGnel oGP A AR o2 HROUr S at

roomtenperature body sol ution was renpved and the wells were each
washed WO 2008il0adc@eopst EPraudiriie 83 well pitys 3Test qompaypds Wete ASsed ‘B pBS.

100 L of the g&ﬁicﬁﬁéb%{ﬁ QaSLatd | iooar}ow &ﬁ%ﬁcaﬂ@’ @&Cﬂﬂxa’c theFihal caﬂﬂﬁnﬁrahfan\m l's
wer e i ncubate roomtenperature fo - m nut es. e reacti

t hen stopped bYDNH@ mgamll_wﬁéﬁ‘@eweﬂ@ﬁo ".‘ihlﬂh%‘ifélﬁ%’fei %‘Heﬁve “Fﬁg]npl at es

were read at «gafk ARyWMshdwhieh 86 ﬁi?aﬁﬁoi/‘@é{seidﬁ&gieﬁ/eﬂfas Qﬁﬁnﬂﬁltorﬂ@ﬁmﬂer TNt
inhibition fTor each 5 test conpound was cal cul at

[ subt t t
absor bency of plates WereRRImeAde Bemeghaigietnds days pey ‘fqm%eqflteﬁt c{rﬁ%ﬁh@%ﬁ? acting

the division gf,1{R8 .84QFA98 vABROr bency of each test duplicate by the
average of the controls from 1. The final product was then nulti plled by

control) 100).  Ther(esmahtaetind tormaRty o sraaiorLep el MR ha:
:O P 2 : b:c ts ?y SQf@thMIMI 2:5 iw%;bﬁidbﬂﬂ) dabh aa@ltés ?el&a@ﬁl&bﬂ@nﬂfmdnrdfllbng/mhn Thé plagdsl

i feration e is determ ne { I f I
bf "the. | ogat | 16 e FREPHGAEEHC g 1 BTy dPOBILEn UFEEGRT TR B (OB (e

conmpounds  of #]ﬁut@ masb@matomfammoa@ﬁﬁ meatuhmham M@n@ssay | C50
val ues | ess than preferably | ess than % - stimul ated

HUVEC assay | mlmww@en wswvedvad 190 HMWB%@F}@F’@B’W ap‘é‘@sto errkrvel! tRdispReg

preferably, t HLNEC
ey o5 o oA @m&&@@e%ﬂ&@% GERIAPIRANRONESE plas av";’;’é;m?‘%g,‘jo

val ues | ess t Haml 51mvnteﬂ'at60¢r¢wlpewéllr@+eébi‘roébenﬁléi)W%@é‘?ﬂdd’@ P@@Cf&%‘ﬁb%tﬁ d@dEn t he
VEGF - sti 'I}" %f\/ﬁ)?ecm%ﬁxaﬂﬁés@){t P &velength of 570 nm with a 650 nm reference. Percent

inhibition was calculated by subtracting the absorbance of the blank (no cell) wells from
all wells, then subtracting the division of the average absorbance of each test duplicate by
the average of the controls from 1.00. Inhibitory concentrations (IC50) were determined
from the linear regression of a plot of the logarithm of the concentration versus the

20 percent inhibition.

The compounds of the present invention have MDA-MB-435 ICs, values less
than 20 pM, preferably less than 2 uM. The ICso value for inhibition in the MDA-MB-
435 cell-based assay for 5-(2-chlorophenyl)-1,3-dihydro-7,8-dimethyl-2H-1,4-
benzodiazepin-2-one (Iw) is 0.950 M.

25 The colon adenocarcinoma line SW480 and the colon carcinoma line HCT-116
also were obtained from the ATCC and were tested according to the same protocol
provided above for MDA-MB-435 cell based assay with the following modifications.
Cell line SW480 was plated at 1000 cells per well and analyzed at 6 days post addition of
the test compound. Cell line HCT-116 was plated at 1000 cells per well and analyzed at

30 4 days post addition of test compound.

The compounds of the present invention have SW480 ICs, values less than 20

UM, preferably less than 2 pM. The ICso value for inhibition in the SW480 (colon) based



provided in Table V, and I C50 values for representative conpounds in the
FG- - stinulated HUVEC assay are provided in Table VI below TABLE V

Ant i pr ol iwenratdose03bct i vity VEG-stinmul ated HUVEC Assay PEO/BBoonsowsd3 Rl R2
R3 Rd IC50 Number (M IVa F OCH3 CH3 O 0.023 |IVw CH3 CH3 CH3 O 0.022
WO 2006/ 040036 PCT/ EP2005/ 010653 -116 Copjpeund R R2 R3 R4 1 C50 Number
(M IWOCH3 O CH3 d 0.174 1Vz CH3 OCH3 CH3 d 0.012 TABLE VI

Anti prol i fer akdsiefost(R¢hlbib Eéﬁl§t)31t,3-&&&&5%&%&@-@1@%@6@@@%?@2-% (R?) R3 R4
| C50 Nunber ( | Va F CH3 d 0.100 1Vb CN OCH3 CH3 0.005 1Vc
C(O NH2 OCH3 MBUMO. 001 | Vw CH3 CH3 CH3 O 0.036

The compounds of the present invention have HCT-116 ICsq values less than 20
UM, preferably less than 2 pM. ). The ICso values for inhibition in the HCT-116 (colon)

5 based assay for representative compounds are set forth below in Table IV.

TABLE IV

Antiproliferative Activity HCT 116 (colon) Assay

Compound R! R? R} R* ICsp
Number

(M)

IVgg OCH; OCH,CH,0CHj3 CH; Cl 0.197

IVkk OCH,CH,OCHj OCH, CH; Cl 0.509

IVa F OCH; CH; Cl 1.040

IVE F OCH,CH,0CH; CH; Cl 0.498

Example 100

VEGF and FGF-Stimulated HUVEC Proliferation Assays

10 The antiproliferative activity of test compounds of this invention in cell-based

assays was evaluated by BrdU assay using the BrdU kit (Roche Biochemicals 1-647-



WO 2006/ 040036 PCT/ EP2005/ 010653 - 117 Exanple 101 H460a The H460a cel |

| ine was purchased from (ATCC, Rockville, MD) and was grown in the nedium
r econmendwd 2bg6/040B&. For anal ysis of the effect of the PeIEP20080MMB63INdS oOn
grow h of these cells, the cells were plated at 150 cells per well in a 96-
well tissue culture plate, and were incubgtsed overnight at 37C with 5% CC2.
The next day, the test conpounds were dissolved in 100% di methyl sulfoxide

(DVMBO) to yiebgoya H&Qanrﬂiﬂbﬂtcap\lensaﬂdummmcelﬁm\f@mammbsmszm% wte&d with

sterile nediumto suf f antity

concent r at i onCHfIreeH M‘Ign l%ﬂ‘ﬁéﬁég}&@gg S??Sleggtrﬁ%hﬁq ?llﬁp?ruvt’eéldnlan
medi um wi th 1,8%dJNEG0 @%fE@Mri fribiehad Ce ol gmBndlia ihh®cdiditi £ dott0pReINdS
was transferred to 96 well plates. Test conpounds were assayed in

duplicate. DBBtasadtenight fbftf-’rréié\/h@lirs otgawkoit 3¢ 8F Méth 5§’u_@@2atﬂlif’e}fm‘%bﬁ€°ﬁ i nal
concent rat | on oty LG 0SS WELLES, BB bl o ik N Gl Dngpblis ver e

added served as no 1 n Itor was added served
as "no inhi bi 800 uLqgmné- W&hﬁedEEMuzp(CBma&sm - 31565 congdtining 8@l g pertthleof ncubat or

ds5d t addi.t O ib
el ow. 3 (4" SR REVHY R Coaee . § AFBBE i RS RRS LE ARRE Sup a8
(thiaz ?l ylt bk&?alixﬂﬁﬁedm_f_& e ek Ir@te@ﬁﬂﬂ’rep\lﬁd:dd vtith LﬂO&itI)_CbeawEH na%e;ugl
concentration o e e
hours. The pl é@@?%?@%éﬁ?%%g’@g]ﬁ Tw%{%l% n‘r%&%ﬂ%@%?@%@%&. or to
aspi ration,of 4468 b 1-,[%5100 /g&tdﬁgfcm%utsah g pBamIVBT arfstdked iR londBel O Was

t hen renoved and 100 et hanol was added to each wel|l to dissolve the

resul ting f onﬁﬁ&%)n 19rpnisiper k- of Wisthetarst BepasipgNPCOOH; -39 13- 45f 2 nﬂt’[é{’es wer e
R T L e e i
with a 650 n mtdSsef:mnpmmé at 1O teg gbncentration in serum starvation medium w1th 2.5% DMSO
was added to the appropriate wells. The control wells contained 20 pL of serum
15 starvation medium with 2.5% DMSO. Plates were returned to the incubator for 2 hours.
After pre-incubating the cells with the test compounds for 2 hours, 20 uL of growth
factors at 10X assay concentration diluted in serum starvation media , FGF at 50 ng per
mL, or VEGF (R&D systems 293-VE) at 200 ng per mL were added. The final
concentration of FGF in the assay was 5 ng per mL and the final concentration of VEGF
20 in the assays was 20 ng per mL. The growth factor free control wells had 20 pL per well
of serum starvation media with the same amount of BSA as the wells with growth

factors. The plates were returned to the incubator for an additional 22 hours.

BrdU ELISA

After 24 hour exposure to the test compounds, the cells were labeled with BrdU
25  (Roche Biochemicals 1-647-229), by adding 20 UL per well of BrdU labeling reagent
that has been diluted (1:100) in serum starvation medium. The plates were then returned
to the incubator for 4 hours. The labeling medium was removed by draining the medium
onto paper towels. The cells were fixed and DNA denatured by adding 200 uL of
fixation / denaturation solution to each well and incubating at room temperature for 45
30 minutes. The fixation / denaturation solution was drained onto paper towels and to each
well was added 100 pL of anti-BrdU-POD and the wells were incubated for 2 hours at

room temperature. The antibody solution was removed and the wells were each washed



25 inhibition was cal cul ated by subtracting the absorbance of the blank (no
cell) wells from all wells, then subtracting the division of the average
absor bancwoabosmaiset est duplicate by the average of theCcTtmreooslosocss om
1.00. Inhibitory concentrations (1C50) were determned fromthe |inear
regression of a plot of the |logarithm of _jfy concentration versus the
percent inhibition. WO 2006/ 040036 PCT/ EP2005/010653 - 118 The conpounds

of the preseng '4“&&5%&03%%69}#&461@@ u G CheViRNIB @Sbstra® SolifiewAhdddd opeéf er abl y
| ess than 2M The 1 C50 values for inhibition in the H460a- bg@gd assay for

repr esent at i vevetlpapbihinwellawese nerbafedrat poperBRFRHeTaht =8 Winutsscdhe (FaFREs f or

el o, TABLE VI SR g o e R o D it e B oond R R

R3 R4 1 C90  Nueddet 4§Mm Witlaefere@eH1gaveleggtirof QSCBm Thmr@\t lm@bslomfg eagh 0. 118
As not ed abﬁvgestgaﬁ SATRAY B Ala o AED kN AfkoRRAE GHIhd BRI GEeDIgwaRd | VI LY

and, as such, are u t1on angi-ogenesi s in an
i ndi vi dual . Arfgpinoglémwels, §len metraptingriheadivision af e avirags abspabeaey of sach st i cul ar,

tunors can on lXm L%y e Qve?aghtofwh@ coc‘dtépﬁs froph tl h‘?”h'é fitdd grogﬁ&‘%ag th nﬂﬁt‘fﬁ’)lféh%?d

vessel s to suppry and nouri i 0 conpounds of pr esent
i nvention ar e 108 &%auif inbibitigre= (lr—eeezt:nacembsmbe@amé st ‘b’?h%ﬁﬁﬁ@‘@r&gﬁf ﬁ@cqnﬁgl) 180wt h

of such new bl@aq-vesehSie diEeafSEOHt ed E'(Yfﬁﬁ%ﬂh@fhat &Hﬁ{t@m@% B?&@de@@&g a

met hod for the inhibition of angli ogenesis atient which conprises
admi ni st er itag aad is a measure of inhibition of cell proliferation. The ICsp is determined from the

linear regression of a plot of the logarithm of the concentration versus percent inhibition.

The compounds of the present invention have VEGF — stimulated HUVEC
assay ICso values less than 10 UM, preferably less than 1 uM, or FGF - stimulated
HUVEC assay ICsp values less than 10 uM, preferably less than 1 uM. Most preferably,

15 the compounds of the invention have VEGF — stimulated HUVEC assay ICso values less
than 1 uM and FGF - stimulated HUVEC assay ICsp values less than 1 uM. The ICso
values for representative compounds in the VEGF — stimulated HUVEC assay are
provided in Table V, and ICs values for representative compounds in the FGF —

stimulated HUVEC assay are provided in Table VI below.

TABLEV

Antiproliferative Activity VEGF-stimulated HUVEC Assay

20

Compound R! R? R R ICso
Number

(uM)

IVa F OCH; CH; Cl 0.023
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Number
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IVa F OCH3 C}h Cl 0.100
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invention is intended not to be limted by the foregoing description,
to be defined by the appended clains and their equivalents. WO 2006/ 040036

PCT/ EP20080Qa@8E8036- 120- Clainms 1. A conpound of fornul aCtePRRSMINSNH RS

RR NRIV wherein 5 R is alkyl, alkoxy, hal ogen, COOH, COOAl kyl, CN,

C(O N(RS6) 2,
hal ogen, OH

al kyl; R7

al kyl ; each

10

15

20

25

or (OCH2CH2).OCH3 i R2 is alkyl, halogen, alkyl substituted by

but

al koxy, al koxy substituted by Q CH)n C N hal ogen, phenyl,
N(R6) 2, (OCH2CH2).OCH3, Q(CH2) M\R7R8, poimhis 161 6- nenbered heterocycle
optional Iy substituted by alkyl or CXC»Cﬂ%; o or R and R2 together form
ﬁ F-nenbered heterocyclic ring; R3 is hydrogen or alkyl; R4 is hydrogen,
al ogen, Cghd2£§0 al kyl, or al koxy; each R6 is independently hydrogen

or

re each i ndependently hydrogen, al kyl, or al koxyal kyl,
R7 and R8 taken 15 together with the nitrogen atomto which they are
attached forma 6-nmenbered heterocycle which is o tionalkﬁ)substituted by

n is i nBepid4denell §nelyaspurchpsed frognéTCC; Rockville, ) and was
grown in the medium recommended by ATCC. For analysis of the effect of the test
compounds on growth of these cells, the cells were plated at 150 cells per well in a 96-

well tissue culture plate, and were incubated overnight at 37°C with 5% CO7. The next

day, the test compounds were dissolved in 100% dimethyl sulfoxide (DMSO) to yield a
10 mM stock solution. Each compound was diluted with sterile medium to 1 mM in a
sufficient quantity to yield a final concentration of 120 uM. The compounds were then
serially diluted in medium with 1.2% DMSO. One-fourth final volume of the diluted
compounds was transferred to 96 well plates. Test compounds were assayed in duplicate.
DMSO was added to a row of “control cells” such that the final concentration of DMSO
in each well was 0.3%. Wells to which no cells were added served as the “blank.” Wells
to which no inhibitor was added served as “no inhibitor control”. The plates were
returned to the incubator, and 5 days post addition of test compound, were analyzed as

described below.

3-(4,5-Dimethylthiazole-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (thiazolyl
blue; MTT) was added to each well to yield a final concentration of 1 mg/mL. The plates
were then incubated at 37°C for 3 hours. The plates were centrifuged at 1000 rpm for 5
minutes prior to aspiration of the MTT-containing medium. The MTT-containing
medium was then removed and 100 uL 100% ethanol was added to each well to dissolve
the resulting formazan metabolite. To ensure complete dissolution, plates were shaken
for 15 minutes at room temperature. Absorbencies were read in a microtiter plate reader
(Molecular Dynamics) at a wavelength of 570 nm with a 650 nm reference. Percent
inhibition was calculated by subtracting the absorbance of the blank (no cell) wells from
all wells, then subtracting the division of the average absorbance of each test duplicate by

the average of the controls from 1.00. Inhibitory concentrations (IC50) were determined

from the linear regression of a plot of the logarithm of the concentration versus the

percent inhibition.

or



m s2,3,0r4; or a pharmaceutically acceptable salt thereof. QCHZ)n CN 20
2. A conpound of claim1, wherein R2 is . WO 2006/ 040036 PCT/ EP2005/ 010653
- 121 3.wl2eenmpeusad of claim 2, wherein Rl is hal ogen. pC#/EP200song@ssind of
claiml, wherein Rl is cyano. 5. A conmpound of claim1l, wherein R2 is

Q[ CH2) M\R7R8. 6. A conpound of claim5, whgrein R7 and R8 together with the
N atomto 5 which they are attached forma 6-nenbered heterocycle. 7. A

conpound of clai m 6yWaLkRlksBE the Hrddddt @8R Aon Hive A460ATDQUARIeOkssThaai 20 7,
sel ected from 5-(2-chl or ophenyl

1, 2- di hydr o- 7-4M.poeforably (s (han Aoip HBI IRyd Vabien 5w iabiti i gher A 60a-based assay
pyrazol o[ 3, 4-
7- brono-5-( 2- gﬁ%ﬂ%%&ﬁ%‘?q{ﬁéﬁg 3%%31 Ib?lgw g Table Vﬁgcfonvg;ée%fépoxy) )-3-nmeth

yl - pyrazol of &meﬁptatlvelcwlpbmM@ai’éé@wsa}’@e mod dible I3f'm 6, wherein
Ri is cyano. 10. A compound of claim9, selected from

5-(2-chl orophenyl ) -7-cyano- 1, 2- di hydr op 8gf.B-1#- nor phol i nyl ) propoxy))-3-neth
yl - 15 pyrazol o[ 3,4-b] [ 1, 4] benzodi aZzepi neé and

5- (2-chl orophenyl ) -7-cyano-|, 2-di hydro- 8- (2- (4-net hyl - |

- pi per azi nyl ) et hoxy) - 3- net hyl 1 ér@Eol o! 2 4- ]l benzodi azepine. 11. A
conpound of claimb5, wherein h £ cl Q‘ughﬁ(#uébgﬁdent |y hydrogen,

al kyl, or al koxyal kyl. 20 12. A conpound of claim 11, wherein R is
hal ogen. 5

77]

Compound R R? R} R* 1Cgp
Number

(M)

IVa F OCH; CH; i 1.570

Vb CN OCH; CH; Cl 0.118

As noted above, the compounds of the invention have antiangiogenic activity
and, as such, are useful for the inhibition of angiogenesis in an individual. Angiogenesis
has been associated with cancer. In particular, tumors can only grow to a certain size
without the growth of mew blood vessels to supply and nourish them. Thus, the

10 compounds of the present invention are useful in the treatment of cancer by inhibiting the
growth of such new blood vessels. The present invention, therefore, provides a method
for the inhibition of angiogenesis in a patient which comprises administering a
therapeutically effective amount, i.e., an angiogenesis-inhibiting amount, of a compound

of formula I'V.

15 In addition to their antiangiogenic activity, compounds of the invention are
inhibitors of various kinases, such as CDK2, KDR, and FGFr. Inhibition of these kinases
affects proliferation of tumor cells. Thus, the present invention also provides methods of

inhibiting tumor growth through direct inhibition of kinases.

The present invention provides a method for the treatment of cancer which

20 comprises administering to a patient with cancer a therapeutically effective amount of a



13. A compound of claim 11, wherein Rl is cyano. WO 2006/ 040036

PCT/ EP2005/ 010653 - 122 14. A conpound of claim 13, which is

5- (2- chl owopb@mwb)36 7- cyano- 1, 2- PCT/EP2005/010653

di hydr o- 8- (2- ((2-met hoxyet hyl ) met hyl am no) - et hoxy) - 3- net hyl - pyrazol of 3, 4-
b] [1, 4] benzodi azepi ne. 15. A conpound of 1§ a| m1l, wherein R is N(R6)2. 5
16. A conpound of claim 15, wherein R is halogen. 17. A conpound of claim

16, which is % éﬂ%t Eﬁq o 8P h‘?/gﬁ(t{o}l o}’azphgﬁ&% al?y acce%table salt thereof In Cﬂartlcular

fluoro-8-N, N am no- 3- et hyl*- pyr azo 1, 4] benzodi azepi ne.
18. A corrpoundh@fpr%sb@ imvarsiongieyiddsna mpethogl ath@) Ueﬁ@“enﬁoéd%ﬁéh RRnce WISk m 1,

wherein R2 is hal ﬁ%@d{};ﬁx&éﬁn t@ﬁp?ﬁielﬁwvlt}?%%t b&dé&%er‘aﬁbuﬁ&'aﬂ@@kf@&ﬁl@ amddnt A
conmpound of cl a| r% i s al kyl . A conpound of cl ai.m 20,
sel ected fromof a compound of the mventlon or a pharmaceutlcally acceptable salt thereof. The

8-chl oro- 5- g2 p?ggeﬁtr Qﬂplﬁf?)}ﬂla)lsol xgwgéshé/ %e‘ﬁlo’é for %@E&a{'@ﬁﬁl&ntmﬂlﬁéﬁﬁt@ [c@mc@r which
b] [ 1, 4] benzodi"azepi ne and % hl or ophenyl ) - -di h%/dro ri met hyl

- pyrazol o[ 3, 4-OP[PIisef] y@ﬁ@@@%&éﬂp%@'ﬁlemzwh Rf%&‘ﬁ)ﬁﬂﬁﬁf Bft %m?il%ai@ etiREYei n

R is hal ogen. 23 6¢ QQ&Bﬁ&ﬁq A fhCindéiiod Br aiRFBiBudally ScRbiB Kalt tdeof A
conpound of claim 23, selected from

5- (2- chl or opherl gresrntznmnﬁm%ﬂls;m%%%metm Fos e treapppanh OF coly capear Shacty- 20

b] [1,4] benzoc@oﬁ?p%@ésrhﬁnmﬁstér?ngqbla pRRAPRARYbIbn &ancer a thera {)euucally effective amount
2- di hydr o- 7- net hoxy- 3- net 8-trifluoronethyl -pyra
QﬁéhQ

[ 1, 4] benzodPazép ﬁ@mP%H’é’él BRISPERIOR38 PPETIEBSISAL) e%sefg@e st thereof. The

present invention provides a method for the treatment of lung cancer which comprises
administering to a patient with lung cancer a therapeutically effective amount of a

compound of the invention or a pharmaceutically acceptable salt thereof.

While the invention has been illustrated by reference to specific and preferred

15 embodiments, those skilled in the art will understand that variations and modifications
may be made through routine experimentation and practice of the invention. Thus, the
invention is intended not to be limited by the foregoing description, but to be defined by

the appended claims and their equivalents.
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8-chl or o- 5- (2-chl orophenyl ) -1, 2-di hydr o- 7- net hoxy- 3- net hyl - pyrazol o[ 3, 4-
[ 1, 4] benzwOi2amapEiose. 25. A conpound of claim 1, wherei nPRZ/EP00EHUGEXY ,
al koxy, or al koxy substituted by hal ogen. 5 26. A conpound of claim 25,
wherein Rl is halogen. 27. A conpound of _claim 26, selected from
7-ch|oro-5-(2-ch|orophenyl)-1,2-dihydrofégﬁéthoxy-3-nethyl-pyrazolo[3,4-
b] [ 1, 4] benzodi azepi ne;

7- brono-5-(2- thJophenyI)-l,Z-dihydro-8-nethoxy-3-nethy|-pyrazolo io
[3,4-b] [ 1, é)i%%‘%modi azepi ne;

5-(2-chl orophenyl) -1, 2-di hydr o- 7- f | uor o- 8- net hoxy- 3- net hyl - pyrazol o[ 3, 4-
b] [ 1, 4] benzodi azepi ne; 5-(2-ch|oropheqxj)-
1, 2- di hydr o- 7- f | uok 0- 8 AHPRYA “pyrazol o[ 3, 4- b][
1, 4] benzodi azepi ne; and 15

b]

5-(2-chl orophenyl ) -1, 2-di hydr o- 7-f | uor o- 8- (1- net hyl et hoxy) - 3- net hyl - pyrazol

o[ 3,4- b] [1,4]benzodi azepi ne. 28. A congoun®.Qf claim 27, which is
5-(2-chl orophenyl) -1, 2-di hydr oR? .
[ 1, 4] benzodi azepi ne. 29. A conpou cl ai , wherein R is al koxy.
30. A conpound of claim?29, selectke lom 3-(2-dhl orophenyl)-1,

2-di hydro-7, 8-di net hoxy-3-net hyl~-p azof71f3,4- b] [ 1, 4] benzodi azepi ne;

[ 1, 4] benzodi azepi ne; 1, 2-di hydro-7,

8- di net hoxy- 5- ( 2- net hoxyphenyl ) - 3- %xrazolo[3,4 25 b] [

1, 4] benzodi azepi ne; v
wherein
5 R!is alkyl, alkoxy, halogen, COOH, COOALkyl, CN, C(O)N(R®),, or
(OCH,CH;),OCHs;

R2is alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by
VAR
g OCH)—C N
halogen, phenyl, N(R®),, (OCH,CH,),0CH3, O(CH2)»NR R”, or N~

VY
C N
\—/ s a 6-membered heterocycle optionally substituted by alkyl or C(O)ORS;

10 or R! and R?together form a 5-membered heterocyclic ring;

R? is hydrogen or alkyl;

R* is hydrogen, halogen, CN, NO,, alkyl, or alkoxy;

each R® is independently hydrogen or alkyl;

R’ and R® are each independently hydrogen, alkyl, or alkoxyalkyl, or R’ and R® taken
15 together with the nitrogen atom to which they are attached form a 6-membered

heterocycle which is optionally substituted by alkyl;

each n is independently 1, 2, or 3; and

mis 2, 3, or 4;

or a pharmaceutically acceptable salt thereof.

VY
_ O(CH)—C N
20 2. A compound of claim 1, wherein R2 is .

et y- 3- net hyl - pyrazol o[ 3, 4- b]

20



5-
| o

2-chl orophenyl ) -1, 2-di hydr o- 7- net hoxy- 8- ( 1- net hyl et hoxy) - 3- et hyl - pyrazo
3,4- b][1, 4] benzodi azepi ne; and WO 2006/ 040036 PCT/ EP2005/ 010653 - 124
2- chl owoph@msbdseé 1, 2- di hydr o- 8- met hoxy- 7- ( 1- et hyl et hexy)er3eospideys - pyr azo
3,4- b] [1,4]benzodi azepi ne. 31. A conpound of claim25, wherein Rl is
yl. 32. A conpound of claim 31, which ii_S-(Z-chIorophenyI)-

di hydro-3, 7- 5 di net hyl - 8- net hoxy- pjr olo[3,4-b] [ 1, 4]benzodi azepi ne.

33. A conpound of £l ai . . 34. A conpound of
claim 33, which i sSCS (?—%ﬁﬁpgr op fging/}flal\iﬁe;elm 0-8-

met hoxy- 7- met hoxyet hoxy- 3- net hyl - pyrazolo[3 4-b] [ 1, 4] benzodi azepi ne. 35.
A conpound of claim 25, wherei ano.. .10 36. A conpound of claim 35,
which is 5-(2-chl drophérf? F)POWCQVR%%‘“i wherem R1'is cyano.

di hydr o- 8- net hoxy- 3- et hyl - pyrazol o[ 3, 4-b] [ 1, 4] benzodi azepi ne. 37. A
conmpound of claim 25, wherein R is NH2C(O. 38. A conpound of claim 1,
wherein R2 is phernfyl. a%ompowwihgielam lokhatiaRDiSO(CHHa™NRRR1L i s al koxy. 15
40. A conpound of claim 39, which is 5-(2-chlorophenyl)-1, 2-di hydro-7-

nmet hoxy- 3- met hyl - 8- phenyl - pyrazol o[ 3, 4-b] [1, 4] benzodi azepine. 41. A
conpound of claimgd, waes@igauiPof QaitlOAHE) RPGHBRS tdetthefwed TRONBENOfo Cl ai m
41, wherein Rl is hal ogen. WO 2006/ 040036, PCT/ EP2005/ 010653 -125 43. A

conpound of cWaichthes aragipehsd fame ¢-mepReTsd BYHFFORYFIS - 1, 2- di hydr o- 7-
f I uor o- 8- net hoxyet hoxy- 3- et hyl - pyrazol o[ 3, 4-b] [ 1, 4] benzodi azepi ne.

(
[
S-(
| of
al k
1, 2-

7. A compound of claim 6, wherein R1 is halogen.

8. A compound of claim 7, selected from
5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-(3-(4-morpholinyl)propoxy))-3-methyl-
pyrazolo[3,4-b][1,4]benzodiazepine and

10 7-bromo-5-(2-chlorophenyl)-1,2-dihydro-8-(3-(4-morpholinyl)propoxy))-3-methyl-
pyrazolo[3,4-b][1,4]benzodiazepine.

9. A compound of claim 6, wherein R1 is cyano.
10. A compound of claim 9, selected from
5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-(3-(4-morpholinyl)propoxy))-3-methyl-
15 pyrazolo[3,4-b][1,4]benzodiazepine and
5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-(2-(4-methyl-1-piperazinyl)ethoxy)-3-methyl-

pyrazolo[3,4-b][1,4]benzodiazepine.

11. A compound of claim 5, wherein R7 and R8 are each independently
hydrogen, alkyl, or alkoxyalkyl.

20 12. A compound of claim 11, wherein R1 is halogen.

13. A compound of claim 11, wherein R1 is cyano.



44. A conpound of claim4l, wherein RL is al koxy. 45. A conmpound of claim
44, which is 5-(2-chlorophenyl)-1,2-di hydro-7- 5

met hoxy- Swoebdsayesb hoxy- 3- met hyl - pyrazol o[ 3, 4-b] [ 1, 4] beazae@zepicae 46. A
conpound of claim4l, wherein RL is cyano. 47. A conpound of claim 46,
selected from
5-(2-ch|orophenyl)-7-cyano-1,2-dihydro-81%%fhoxyethoxy-3-nethyI-pyrazolo[3,

4- b] [ 1, 4] benzodjazepi ne _an . :oh is 5-(2-chlorophenyl)-7- -1.2-

5- (2-chl or ophenyl )14? cya%oérfpf',ugd- %f%haf/larlg’-%@E}Q{S(SZ(A?BPBOSX?/H t)ho?)’/aigt hoxy) - 3-met h

yl - pyr azol o[ irfdib]8-(2-(12- sk thexyzon)artylamno)4thoxy\-Toappngazetoldfai m 1,

wherein R angl nkQ%ﬁﬁ er_forma dioxolane ring. 49. A conpound of claim
o

48, which is B BIEMCSPEPERYI ) - 8, 10- di hydro-7- i5

met hyl - 1, 3- di oxol o[ 4, 5- h] pyrazol o[ 3, 4-b] [ 1, 4] benzodi azepi ne. 50. A conpound
of claim1, wherein R3 is hydrogen. 51, A con of claim50, selected
from 5-(2-ch|oropH%nyV§CQFEﬂ%ﬁ?ﬁ%ﬁqﬁj7WP?EWﬁggggﬁggﬁbxy-pyrazolo[3,4-b]

[ 1, 4] benzodi azepi ne; 5-(2-chl orophenyl)-1,

2- di hydr o- 8- met hoxy- 7- et hyl - pyrazol o[ 3,4 20 b] [ 1, 4] benzodi azepi ne; and
5- (2- chl or gphenyl ) 14, 2-Aidmymhuod 3 daianid; BhereinRdxyhalegenazol o 3, 4- b] [

1, 4] benzodi azepi ne. 52. A pharnaceutical conposition of claim1, conprising
a therapeutically effective anount of a conpound of fornula IV WO

2006/ 040036 PCT/ EP2R05/ Q10R%3nd of Ak 162whichlis SNd-chifophenyl)-1,2-dihydro-7-
fluoro-8-N,N-dimethylamino-3-methyl-pyrazolo[3,4-b][1,4]benzodiazepine.

18. A compound of claim 15, wherein R1 is cyano.

19. A compound of claim 1, wherein R2 is halogen, alkyl, or alkyl substituted
10 by halogen.

20. A compound of claim 19, wherein R1 is alkyl.

21. A compound of claim 20, selected from
8-chloro-5-(2-chlorophenyl)-1,2-dihydro-3,7-dimethyl-pyrazolo{3,4-
b][1,4]benzodiazepine and

15 5-(2-chlorophenyl)-1,2-dihydro-3,7,8-trimethyl -pyrazolo[3,4-b][1,4]benzodiazepine.

22. A compound of claim 19, wherein R1 is halogen.
23. A compound of claim 19, wherein R1 is alkoxy.

24. A compound of claim 23, selected from
5-(2-chlorophenyl)-1,2-dihydro-8-fluoro-7-methoxy-3-methyl-pyrazolo[3,4-
20 b][1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-8-trifluoromethyl-pyrazolo[3,4-
b][1,4]benzodiazepine; and



RL ---N R4 wh
C(ON(R6)2, o

erein Rl is al kyl, alkoxy, halogen, COCH COQAl kyl, CN,
r (OCH2CH2)" OCH3; 5 R2 is al kyl, halogen, alkyl substi

by hal ogewp 20M/04803k0xy, al koxy substituted by OQ(CH2)n ECNEPR@soON®SE3

phenyl, N(R6)
het er ocycl e o

2, (OCH2CH2)" OCH3, Q(CH2) M\R7RB, or U is a 6-nenbered
ptionally substituted by al _ky%_or C(OOR6; or R and R2

t ut ed

together forma 5-nenbered heterocyclic ring; R3 is hydrogen or alkyl; to

R4 is hydroge
i ndependent |y

Q;Ch%%-g—(@-ghlo%?yﬁzh2|£i|hg%fbd7-rﬁéth@¢ly@?ﬁ¥thyl_-ﬁ@% JRB4i s

1
hydr ogen or d R8 aré each |ndependently hyd

al kyl, or al kbKy.dlteptodiagepim®7 and R8 taken together with the nitrogen

to which they
optionally su
mis 2, 3, or
phar maceuti ca
angi ogenesi s

t her apeuti cal

are attached forma 6-nenbered heterocycle which is
bstituted by al kyl; 15 each n is independently 1, 2, or
4; ops.a phasmhmaedbi dald iy waereR 2zibhedremy, tlkbkgoeakoxyand a
|1y .acc ble carrier. 53. A nethod of inhibiting
Fﬂ%Hﬁﬁﬁﬁggﬁggﬂhving a tumor 20 conprising admi nistering
|y effective amount of a conpound of formula IV WO

2006/ 040036 PCT/ EP2005/ 010653 -127 2 N % 1, NH

5

10

15

20
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26. A compound of claim 25, wherein R1 is halogen.

27. A compound of claim 26, selected from
7-chloro-5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-3-methyl-pyrazolo[3,4-
b](1,4]benzodiazepine;
7-bromo-5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-3-methyl-pyrazolo
[3,4-b][1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-methoxy-3-methyl-pyrazolo[3,4-
b](1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-ethoxy-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine; and
5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-(1 -methylethoxy)-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine.

28. A compound of claim 27, which is 5-(2-chlorophenyl)-1,2-dihydro-7-
ﬂuor0—8-methoxy-3-methyl-pyrazolo[3,4-b][1,4]benzodiazepine.

29. A compound of claim 25, wherein R1 is alkoxy.

30. A compound of claim 29, selected from
5-(2-chlorophenyl)-1,2-dihydro-7,8-dimethoxy-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine;
1,2-dihydro-3,7-dimethyl-8-methoxy-5-phenyl-pyrazolo[3,4-b][1,4]benzodiazepine;
1,2-dihydro-7,8-dimethoxy-5-(2-methoxyphenyl)-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-8-(1-methylethoxy)-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine; and

rogen,
at om

3; and

a



RR3 RL NR4A wherein Rl is al kyl, al koxy, hal ogen, COOH, COOAl kyl, CN,
C(ONR6)2, or (OCH2CH2)nOCH3; 5 R is alkyl, halogen, alkyl substituted
by hal ogewp 20M/04803k0xy, al koxy substituted by OQ(CH,)n ECNEPR@sON®SE3
phenyl, N(R6)2, (OCH2CH2).OCH3, Q(CH2)M\NR7R8, or C N U is a 6-nenbered
het erocycl e optionally substituted by aly%h_or C(OOR6; or RL and R2
together forma 5-nenbered heterocyclic ring; R3 is hydrogen or alkyl; to

R4 is hydr Oge?—ﬁ%&@éﬁ%ﬁ&g})ﬁ'&%—ﬁ@%c-8%&“%-’9(1-ﬁuﬁﬂé%bxy)eﬁﬁ@ﬂ@gp}jr&olo[SA-

i ndependent |y . R7 and"R8 are each T'ndependéent|y hydrogen,
al kyl , or al kiojki,alteydodiagepilR7 and R8 taken together with the nitrogen atom
to which they are attached forma 6-nmenbered heterocycle which is
optionally substituted by al kyl; 15 each n is independently 1, 2, or 3;

ms2,3,0r4; or a pharmageshpouad biiclamspiadtia RIab dlkylher eof . 54. A nethod of
treating breast cancer in a patient conprising admnistering a
therapeutically effective amunt of a conpound of fornula IV WO 2006/ 040036

PCT/ EP2005/ 010653 32. 12%& compound of claim 31, which is 5-(2-chlorophenyl)-1,2-dihydro-3,7-
5 dimethyl-8-methoxy-pyrazolo[3,4-b][1,4]benzodiazepine.

33. A compound of claim 23, wherein R1 is O(CH2)nOCH3.

34. A compound of claim 33, which is 5-(2-chlorophenyl)-1,2-dihydro-8-
methoxy-7-methoxyethoxy-3-methyl-pyrazolo[3,4-b][1,4]benzodiazepine.

35. A compound of claim 25, wherein R1 is cyano.

10 36. A compound of claim 35, which is 5-(2-chlorophenyl)-7-cyano-1,2-
dihydro-8-methoxy-3-methyl-pyrazolo[3,4-b][1,4]benzodiazepine.

37. A compound of claim 25, wherein R1 is NH2C(O).
38. A compound of claim 1, wherein R2 is phenyl.
39. A compound of claim 38, wherein R1 is alkoxy.

15 40. A compound of claim 39, which is 5-(2-chlorophenyl)-1,2-dihydro-7-
methoxy-3-methyl-8-phenyl-pyrazolo[3,4-b][1,4]benzodiazepine.

41. A compound of claim 1, wherein R2 is (OCH2CH2)nOCH3.

42. A compound of claim 41, wherein R1 is halogen.



NN I ~R XR R N R4 wherein R is alkyl, alkoxy, hal ogen, COCH,
COQAl kyl, CN, C(ON(R6)2, or (OCH2CH2),,0CH3; 5 R is alkyl, halogen,

al kyl subsOi20asteado3by hal ogen, OH, al koxy, al koxy substi rara®2e/01@§CH2) n C
N hal ogen, phenyl, N(R6)2, (OCH2CH2).OCH3, QCH2)mMNR R8, or CN U is a

6- menbered heterocycle optionally substityged by alkyl or C(OOR6; or R
and R2 together forma 5-nenbered heterocyclic ring; R3 is hydrogen or

al §y| Ido R|4 'ﬁ gyfﬂ! 00&go lkﬂcﬂ@ﬁblangmzdm 1s61(3¥hlor®her@ﬂj(l)xsd1hyd@éﬂ;h R6 is

i ndependent |y _hydrogen or a an endent |y hydrogen,
al kyl, or al kBySmar&yeth O’S’Fthﬁ’?y'é'ﬁ%“}flgfpi’r&%‘ig tq%@e é’?o ZFW%?he ni trogen atom
to Wnich they are attached forma 6-nmenbered heterocycle which is
optionally substituted by al kyl; 15 each n is independently 1, 2, or 3; and
m s2,3,0r4; or a piHarmecempooad diiclameiéd pvhdntin Rd dd alkaxyer eof . 55. A net hod of

treating prostate cancer in a patient conprising admnistering a
therapeutically effective amunt of a conpound of fornula IV WO 2006/ 040036

PCT/ EP2005/ 010653 45. A compound of claim 44, which is 5-(2-chlorophenyl)-1,2-dihydro-7-
5 methoxy-8-methoxyethoxy-3-methyl-pyrazolo[3,4-b][1,4]benzodiazepine

46. A compound of claim 41, wherein R1 is cyano.

47. A compound of claim 46, selected from
5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-methoxyethoxy-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine and

10 5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-(2-(2-methoxyethoxy)ethoxy)-3-methyl-
pyrazolo[3,4-b][1,4]benzodiazepine.

48. A compound of claim 1, wherein R1 and R2 together form a dioxolane

ring.

49. A compound of claim 48, which is 5-(2-chlorophenyl)-8,10-dihydro-7-
15 methyl-1,3-dioxolo[4,5-h]pyrazolo[3.4-b}[1,4]benzodiazepine.

50. A compound of claim 1, wherein R3 is hydrogen.

51. A compound of claim 50, selected from
5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-methoxy-pyrazolo[3,4-b][ 1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-7-methyl-pyrazolo{3,4-

20 b][1,4]benzodiazepine; and
5-(2-chlorophenyl)-1,2-dihydro-7-cyano-8-methoxy- pyrazolo[3,4-
bl[1,4]benzodiazepine.

52. A pharmaceutical composition of claim 1, comprising a therapeutically

effective amount of a compound of formula IV



- 129 2 NOj,NH R- RB RL'/ ~NR4 wherein Rl is al kyl, alkoxy,

hal ogen, COOH, COQAlkyl, CN, C(ONR6)2, or (OCH2CH2)nOCH3; 5 R2 is alkyl,
hal ogen, wbkyés/muisst i t ut ed by hal ogen, OH, al koxy, al korgTarb@siotessed by 6
$ QCH2)n C N hal ogen, phenyl, N(R )2, (OCH2CH2)nOCH3i O CH2)mMNR R, or U
is a 6-nenbered heterocycle optlonally supz%tltuted by al kyl or C(O)CR6 or
Rl and R2 together forma 5-nmenbered heterocyclic ring; R3 is hydrogen or
al kyl; 1o R4 is hydrogen, hal ogen, CN, , IN<yI or al koxy; each R6 is
independently hydr ogen or al kyl ;,2R7 and /ehaﬁh i ndependent |y hydrogen,
al kyl , or al koxyal kyl, or R7 an t gg_t er wwth the nitrogen atom
to which they are attached forma 6 her ed 3ocycle which is

optional |y substituted by alkyl; SETAINN=A |ndependently 1, 2, or 3; and
mis 2, 3, or 4, or a pharmaceutRcaIIy acteptabl e salt thereof. 56. A

met hod of treati ng colon cancer in a pgat\ent conprising adm nistering a
ound of formula IV

t herapeutically effective anmount of

wherein
R!is alkyl, alkoxy, halogen, COOH, COOAIkyl, CN, C(O)NR®),, or
(OCHzCHz)nOCHg; s
5 R%is alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by
N
g OCH)—C N
halogen, phenyl, N(R®),, (OCH,CH,),OCHs, O(CH2)»NR R’ or N

Y
C N

\—/ is a 6-membered heterocycle optionally substituted by alkyl or C(O)ORS;
or R! and R? together form a 5-membered heterocyclic ring;
R? is hydrogen or alkyl;
10 R*is hydrogen, halogen, CN, NO,, alkyl, or alkoxy;
each R is independently hydrogen or alkyl;
R” and R® are each independently hydrogen, alkyl, or alkoxyalkyl, or R’ and R® taken
together with the nitrogen atom to which they are attached form a 6-membered
heterocycle which is optionally substituted by alkyl;
15 each n is independently 1, 2, or 3; and
mis?2,3,or4;

or a pharmaceutically acceptable salt thereof
and a pharmaceutically accept able carrier.
53. A method of inhibiting angiogenesis in a patient having a tumor

20 comprising administering a therapeutically effective amount of a compound of
formula IV



WD 2006/ 040036 PCT/ EP2005/ 010653 130 2 N 1 NNH R3 Rl ---N R4 wherein
R1 is al kyl, al koxy, hal ogen, COOH, COQAl kyl, CN, C(O N(R6)2, or
( OCH2CH2)wOGhiB 048032 1 s al kyl , hal ogen, al kyl substitut edThp2valoogen, OCH,
al koxy, al koxy substituted by 6 7 s QCHZ)n C N hal ogen, phenyl, N(R) 2,
(OCH2CH2) r, OCH3, Q(CH2) MR R, or U is a_gyenbered heterocycle optionally
substituted by alkyl or C(OOR6; or RL and R2 together forma 5-nenbered
heterocyclic ring; R3 is hydrogen or alkyjy i@i\R4 i s hydrogen, hal ogen, CN,
NO2, al kyl, or al koxy, each R6g{%s indepeN WHiydr ogen or al kyl; R7 and
R8 are each independently hydrogen; , on_alkkoxyal kyl, or R7 and R 8
taken together with the nitrogen al o0 whi/ch tigey are attached forma
6- menmbered heterocycle which is_opt e=ubstituted by al kyl; 15 each n
i s independently 1, 2, or 3; and® ni s2,3,0r4; or a pharmaceutically
acceptable salt thereof. 57. A net hodreati ng lung cancer in a patient
AN/

conprising adm nistering a therapeu y effective anmount of a conpound
of fornula IV R’

wherein
R!is alkyl, alkoxy, halogen, COOH, COOAlkyl, CN, C(O)N(R(’)z, or
(OCH,CH>),OCH3;
5 RZis alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by
N\
6 . O(CH,) n———C\/ N
halogen, phenyl, N(R”),, (OCH,CH,),OCHs, O(CH,)mNR 'R, or :

N\
C N
\—/ is a 6-membered heterocycle optionally substituted by alkyl or C(O)ORG;

or R! and R together form a 5-membered heterocyclic ring;
R? is hydrogen or alkyl;
10 R*is hydrogen, halogen, CN, NO,, alkyl, or alkoxy;
each R® is independently hydrogen or alkyl;
R’ and R® are each independently hydrogen, alkyl, or alkoxyalkyl, or R’ and R® taken
together with the nitrogen atom to which they are attached form a 6-membered
heterocycle which is optionally substituted by alkyl;
15 each nis independently 1, 2, or 3;
mis 2, 3, or 4,

or a pharmaceutically acceptable salt thereof.

54. A method of treating breast cancer in a patient comprising administering a

therapeutically effective amount of a compound of formula IV



WD 2006/ 040036 PCT/ EP2005/010653 - 131 RZ NNNH R3 Rl 'N R4 wherein
R1 is al kyl, al koxy, hal ogen, COOH, COQAl kyl, CN, C(O N(R6)2, or
(OCH2CH2)womHdaos6R2 is al kyl, hal ogen, al kyl substitutret/Ergoosaiawgen, OH,
al koxy, al koxy substituted by OQ(CH On N hal ogen, phenyl, N(R6)2,
(OCH2CH2) "OCH3, Q(CH2) MNR7R8, or 2 n ; GCN.is a 6-nenbered heterocycle
optional Iy substituted by alkyl or C(OOR6; or RL and R2 together forma
5-nmenbered heterocyclic ring; R3 is hydrogen R al kyl; 1o R4 is hydrogen,
hal ogen, CN, N2, alkyl, or alkgyy, eachNRG/ s NHdependentIy hydr ogen or
al kyl; R7 and R8 are each i ndepend ydr al kyl , or al koxyal kyl, or
R7 and R8 taken together with the gen om © Whi ch they are attached
forma 6-nmenbered heterocycle i pinal |y substituted by al kyl; 15
each n is independently 1, 2, or™—3; and 1s2,3,0r4; or a pharmaceutically
acceptabl e salt thereof. WO 2006/ 0400 CT/ EP2005/ 010653 - 132

wherein
R'is alkyl, alkoxy, halogen, COOH, COOAIlkyl, CN, C(O)N(R(’)z, or
(OCH,CH;),OCHs;
5 R?is alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by
VY
6 78 O(CHz)I}_— C N
halogen, phenyl, N(R®),, (OCH,CH,),OCHs, O(CH2),NR'R", or '

VR
C N

—"" is a 6-membered heterocycle optionally substituted by alkyl or C(O)OR5;
or R! and R? together form a 5-membered heterocyclic ring;
R? is hydrogen or alkyl;
10 R*is hydrogen, halogen, CN, NO,, alkyl, or alkoxy;
each R® is independently hydrogen or alkyl;
R’ and R® are each independently hydrogen, alkyl, or alkoxyalkyl, or R’ and R® taken
together with the nitrogen atom to which they are attached form a 6-membered
heterocycle which is optionally substituted by alkyl;
15 eachnis independently 1, 2, or 3; and
mis 2, 3, or4;

or a pharmaceutically acceptable salt thereof.

55. A method of treating prostate cancer in a patient comprising administering

a therapeutically effective amount of a compound of formula IV



58. A process for preparing a conpound of formula IV 2 NN, RZR3 RI N
R4 wherein Rl is alkyl, al koxy, hal ogen, COOH COQAl kyl, CN, C(O N(R6) 2,
or 5 (OGMDGHR)Mm®BK3; R2 is al kyl, hal ogen, al kyl subst ipCuterdodsypidsas ogen,
OH, al koxy, al koxy substituted by Q CH2)n C N hal ogen, phenyl, N(R6)2,
(OCH2CH2) 10CH3, ((CH2) "NR7R8, or U N is afo--nmenbered heterocycle optionally
substituted by alkyl or C(OOR6; or RI and R2 together forma 5-nenbered
heterocyclic ring; io R3 is hydrogen or ajkyl N4 i s hydrogen, hal ogen, CN,

NC2, al kyl, or al koxy; each R6{% indepeN | YHydr ogen or al kyl; R7 and
R8 are each independently hydr ogen, , oN_allkoxyal kyl, or R7 and R8
|

taken together with the nitrogen a o whi/ch tiyey are attached form a

6- menbered 15 heterocycle which s/optrfonaHdN substituted by alkyl; each n
is independently 1, 2, or 3; and™mis 2, /3, or 4; said process conprising
(a) converting a benzodi azepine |actanrof\ fornula I W 2006/ 040036

PCT/ EP2005/ 010653 -133

wherein
R! is alkyl, alkoxy, halogen, COOH, COOAlkyl, CN, C(O)N(RG)Z, or
(OCH,CH,),OCH3;
5 R?is alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by
N
p . O(CH)—C N
halogen, phenyl, N(R"),, (OCH,CH,),0CH3, O(CH2),NR'R", or NS

VR
C N

N\~ is a 6-membered heterocycle optionally substituted by alkyl or C(O)ORG;
or R! and R? together form a 5-membered heterocyclic ring;
R? is hydrogen or alkyl;
10 R*is hydrogen, halogen, CN, NO;, alkyl, or alkoxy;
each R®is independently hydrogen or alkyl;
R’ and R® are each independently hydrogen, alkyl, or alkoxyalkyl, or R’ and R® taken
together with the nitrogen atom to which they are attached form a 6-membered
heterocycle which is optionally substituted by alkyl;
15 each nis independently 1, 2, or 3; and
mis 2, 3, or 4;

or a pharmaceutically acceptable salt thereof.

56. A method of treating colon cancer in a patient comprising administering a

therapeutically effective amount of a compound of formula IV



- O R NN RRNR4 to athiolactamof formulall HS R NN RL -N / R4

Il (b) reacting the thiolactamof fornula Il wth the dinethyl acetal of
N, N- di mretwol2006f4ea36t ami de to form a conpound of formul aPCIIEPS0SBRGRL - N / N-
"/ RAI1Il ; and (c) reacting the conmpound of formula Il wi th hydrazine

to forma conpound of forrmula I'V. WO 20064240036 PCT/ EP2005/ 010653 -134
59. A process for preparing a conpound of formula IV R2Z NN, XR3 R NR4

H N
S
1

R =N

wherein
R!is alkyl, alkoxy, halogen, COOH, COOAlkyl, CN, C(O)N(Rs)z, or
(OCH,CH,),OCHs;
5 RZ*is alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by
N
¢ . OCH);—C N
halogen, phenyl, N(R”),, (OCH,CH,);OCHs, O(CH3)xNR'R", or '

VY
C N

' is a 6-membered heterocycle optionally substituted by alkyl or C(O)OR6;
or R! and R?together form a 5-membered heterocyclic ring;
R? is hydrogen or alkyl;
10 R*is hydrogen, halogen, CN, NO;, alkyl, or alkoxy;
each R® is independently hydrogen or alkyl;
R’ and R® are each independently hydrogen, alkyl, or alkoxyalkyl, or R and R® taken
together with the nitrogen atom to which they are attached form a 6-membered
heterocycle which is optionally substituted by alkyl;
15 each n is independently 1, 2, or 3; and
mis 2, 3, or 4;

or a pharmaceutically acceptable salt thereof.

57. A method of treating lung cancer in a patient comprising administering a

therapeutically effective amount of a compound of formula IV



wherein 5 R is al kyl, al koxy, hal ogen, COOH COOAl kyl, CN, C(ON(R6)2, or
(OCH2CH2) . OCH3; R2 is al kyl, hal ogen, alkyl substituted by hal ogen, OH,

al koxy, awvbares/moistituted by n QCH2)n C N hal ogen, phEmpkoosnHides) 2,
(OCH2CH2) . OCH3, Q(CH2) M\R7R8, or is a 6-nenbered heterocycle optionally
substituted by alkyl or C(OOR6; io0 or Rijzgpnd R2 together forma
5-nmenbered heterocyclic ring; R3 is hydrogen or alkyl; R4 is hydrogen,

hal ogen, CN, NO2, alkyl, or alkoxy; eachg6 ig_independently hydrogen or
al kyl; R7 and R8 are each i ndepepée hyqgenNHal kyl , or al koxyal kyl, or
R7 and R8 taken 15 together with t omto which they are
attached forma 6-nenbered heteroc ORfi onal |y substituted by
al kyl; each n is independently 1,,1 aihd m s2,3,o0r4; said process
conprising 20 (a) converting of 5{ Azepi ne lactamof formula | WO
2006/ 040036 PCT/ EP2005/ 010653 -135 - NJ RL-NR4 to the
correspondi ng O-nethyl ether of for

wherein
R’ is alkyl, alkoxy, halogen, COOH, COOAlkyl, CN, C(O)N(R6)2, or
(OCH,CH;),OCH3;
5 RZis alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by
VS
6 . g OCH)—C N
halogen, phenyl, N(R”),, (OCH,CH,),0CHj3;, O(CH2)»NR'R", or '

VR
C N

" is a 6-membered heterocycle optionally substituted by alkyl or C(O)ORS;
or R! and R together form a 5-membered heterocyclic ring;
R? is hydrogen or alkyl;
10 R*is hydrogen, halogen, CN, NO,, alkyl, or alkoxy;
each R® is independently hydrogen or alkyl;
R” and R® are each independently hydrogen, alkyl, or alkoxyalkyl, or R and R® taken
together with the nitrogen atom to which they are attached form a 6-membered
heterocycle which is optionally substituted by alkyl;
15 each nis independently 1, 2, or 3; and
m is 2, 3, or 4;

or a pharmaceutically acceptable salt thereof.



O R2Nom( /1 RL-NR4 V (b) reacting the ether of formula V with the

di met hyl acetal of N, N-dinethyl acetamde 5 to forma conpound of formula
VI O - Rawbi2R/M0@3R4 VI ; and (c) reacting a conpound ofrClrmpeagsmai1ods3 wit h
hydrazine to forma conmpound of fornula 1V. WO 2006/ 040036

PCT/ EP2005/ 010653

- 136 60. A process qgfppreparing a conpound of formula

IV NH R NN R3 R NR4 wherein 5 Rl is al kyl, al koxy, hal ogen, COOH,
COQAl kyl, CN, C(ON(R6)2, or (OCH2CH2).OCH3; R2 is al kyl, hal ogen, alkyl
substituted by halsggenA gobtessfokpeiyaringlalcompommt ot forhuib &d by

wherein

R!is alkyl, alkoxy, halogen, COOH, COOAIlkyl, CN, C(O)N(R6)2, or
5 (OCH>CH2),OCHs;
R?is alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by

N
O(CH)—C N
/-

halogen, phenyl, N(R®),, (OCH,CHz);OCH;, O(CH2)NR'R?, or ,

N
C N

/" is a 6-membered heterocycle optionally substituted by alkyl or C(O)ORS;

or R! and R*together form a 5-membered heterocyclic ring;

10 R?is hydrogen or alkyl;
R* is hydrogen, halogen, CN, NO,, alkyl, or alkoxy;
each R® is independently hydrogen or alkyl;

R’ and R® are each independently hydrogen, alkyl, or alkoxyalkyl, or R’ and R® taken

together with the nitrogen atom to which they are attached form a 6-membered

15 heterocycle which is optionally substituted by alkyl;

each n is independently 1, 2, or 3; and

mis 2, 3, or 4;

said process comprising

(a) converting a benzodiazepine lactam of formula I



Q(CH2)n C N hal ogen, phenyl, N(R6)2, (OCH2CH2)nOCH3, Q CH2) "\NR7R5, or C N
Uis a 6-nenbered heterocycle optionally substituted by al kyl or C(O ORG6;
10 or Rl wodokd4basget her form a 5-menbered heterocycl i c PCTmP200R®10683
hydrogen or al kyl; R4 is hydrogen, hal ogen, CN, NO2, alkyl, or alkoxy;
each R6 is independently hydrogen or al kykz.R7 and R8 are each

i ndependent |y hydrogen, al kyl, or al koxyal kyl, or R7 and R8 taken 15
together with the nitrogen atomto which tigeyoare attached form a

6- nenbered heterocycle which is optA2epad ¥V Xubstituted by al kyl; each n is
i ndependently 1, 2, or 3; and ms2, 3, 1@ sapd process conprising 20 (a)
reacting a conmpound of formula X WORA00870%6836 PCT/ EP2005/010653 - 137
R2 NH2 RL 0O R4 X with an am no-chl oro- pw azl(q)‘I;e derivative of forrmula XM

c NN-1 1) H2N Q

to a thiolactam of formula II

(b) reacting the thiolactam of formula II with the dimethyl acetal of N,N-dimethy]

5 acetamide to form a compound of formula III

;and

(c) reacting the compound of formula III with hydrazine to form a compound of

formula IV.



XIll to forma conmpound of formula XIIVRZ NiIiN RLN / R4 5 XIV; and (b)
reacting the conpound of formula XIVis reacted in the presence of

di i sobut yWo 2aéaume3am hydri de and a ni ckel catal yst to protmpeod/ocwspound of
formula I'V. WO 2006/ 040036 PCT/ EP2005/ 010653 -138 61. A conpound of
formula XIVR2 N-\ I'N RL -N R4 xlv whepein 5 R is al kyl, al koxy,

hal ogen, COCH, COQAl kyl, CN, C(ON(R6)2, or (OCH2CH2)nOCH3; R2 is alkyl,
hal ogen, al kyl substituted by hal ogen, OH, al koxy, al koxy substituted by
Q(CH2)-C C N hal ogen, phenyl, N(R6)2, (OCH2CH2).OCH3, O CH2) ™\R7R8, or U
is a 6-nenbered heterocycle optionally substituted by al kyl or C(O OR6; 10
or R and R2 together forma 5-nenbered heterocyclic ring; R4 is hydrogen,

hiellkolgen, CN, N2, 8hkyla pRked WoparinERdngdhnd & foRd@pandent Iy hydrogen or
al kyl ;

R
Q R4
wherein
5 R'is alkyl, alkoxy, halogen, COOH, COOAIlkyl, CN, C(O)N(Rs)z, or
(OCH2CH2)HOCH3;

R?is alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by
VY
6 T8 O(CHz)n__ C N
halogen, phenyl, N(R"),, (OCH;CH,),OCHs, O(CH2)mNR'R", or .

N
C N

/" is a 6-membered heterocycle optionally substituted by alkyl or C(O)ORG;

10 or R' and R?together form a 5-membered heterocyclic ring;

R3 is hydrogen or alkyl;

R* is hydrogen, halogen, CN, NO,, alkyl, or alkoxy;

each R% is independently hydrogen or alkyl,

R’ and R® are each independently hydrogen, alkyl, or alkoxyalkyl, or R and R® taken
15 together with the nitrogen atom to which they are attached form a 6-membered

heterocycle which is optionally substituted by alkyl;

each n is independently 1, 2, or 3; and

mis2, 3,or4;

said process comprising

20 (a) converting of a benzodiazepine lactam of formula I



R7 and R8 are each independently hydrogen, alkyl, or al koxyal kyl, or R7 and
R8 taken together with the nitrogen atomto which they are attached forma
6- menmber eslo2bodmab@socycl e which is optionally substitut edTp2@slyiess each n
is independently 1, 2, or 3; and ms2,3,0r4. 62. A conpound of claim®61l,
selected from 5-(2-chlorophenyl)-1,2-di hygyo-3,7,
8-trinmethyl-1-(2-propenyl)-pyrazolo[3,4- 20 b] [1, 4] benzodi azepi ne; WO
2006/ 040036 PCT/ EP2005/ 010653 -139 5 -(2-chl opophenyl) -1,

2- di hydr o- 7-f | uor o- 8- net hoxy- 3- net hyR2 B=Gropenyl )- pyrazol o[ 3, 4-b] [

1, 4] benzodi azepi ne; 5-(2-chl orophenyl) - di Rydr o- 7, 8- di net hoxy- 3- net hyl - |
-(2-propenyl)-pyrazol o[ 3,4- b][1, 4] b&nzodi agegpi ne; 5 8-ch

or o-5-(2-chl orophenyl )- 1, 2-di hydro- 7- nmet 3-methyl- 1 -(2-propenyl)-
pyrazol o[ 3,4-b] [ 1, 4] benzodi azepine; 5 'or ophenyl ) -1, 2-di hydro-8
-met hoxy-3, 7-dinethyl- | -(2-propenyl)-p zol o[ 3, 4-

b] [ 1, 4] benzodi azepi ne; |

1, 2-di hydro- 7, 8- di net hoxy- 5- ( 2- net hoxyphenyl ) - 3- net hyl - | - (2- pr openyl ) - pyr az
olo[3,4- 1o b] [ 1,4]benzodi azepine; 5 -(2-chlorophenyl)-8, 1

0- di hydr o- 7- ng{, H%'cbrré,lgﬁ@ndiﬁg %P4 14 ther ofFohu@x0! o[ 4, 5-h] pyrazol o[ 3,4 b] [

1, 4] benzodi azepl ne; and

7-chl or 0- 5- (2- chl or ophenyl ) - 1, 2- di hydr o- 8- net hoxy- 3- et hyl - 1- ( 2- pr openyl ) -
pyrazol o[ 3, 4-b] [ 1,4]benzodiazepine. 15 63. A conpound of claim 61,

sel ected from 5-(2-chlorophenyl)-1g3-dihyfLe-8-fl uoro-7-nethoxy-3-nethyl -

| - (2- propenyl) - Lg

R1

(b) reacting the ether of formula V with the dimethyl acetal of N,N-dimethyl acetamide

5 to form a compound of formula VI

vi : and

(c) reacting a compound of formula VI with hydrazine to form a compound of formula

IvV.



pyrazol o[ 3, 4-b] [ 1, 4] benzodi azepi ne;

5-(2-chl orophenyl) -1, 2-di hydr o- 7- net hoxy- 3- net hyl -

- ( 2- pr opewpl2pecdba3sf | uor onet hyl - pyrazol o 3, 4-b] [ 1, 4] berzodipamwspicss3 20

5- (2-chl orophenyl) -1, 2-di hydr o- 7- met hoxy- 3- net hyl - 8- phenyl -1 - (2- propenyl ) -
pyrazol o[ 3, 4-b] [ 1, 4] benzodi azepi ne; -136 -
5-(2-ch|orophenyl)-1,2-dihydro-?-nethoxy-é-nethoxyethoxy-3-nethy|-1-(2-prop
enyl)- pyrazol o[ 3, 4-b][1, 4] benzodi azepi ne;

8-chl oro-5- (2-chl orophenyl ) -1, 2-di hydro- 3, 7-di net hyl -
-(2-propenyl)-pyrazol o[ 3,4- 25 b] [1, 4] benzodi azepi ne;

5-(2-chl orophenyl ) -1, 2-di hydr o- 7- net hoxy- 8- ( 1- net hyl et hoxy) - 3-net hyl -1 - (2-

propenyl ) - pyrazol of3, 4- i Lne.

5- (2- chl or ophenyl ) %@ 2_/g%%%ﬁ?%?@%&?‘ﬁ%@@b@%ﬁ?%@%yﬁéY hoxy) - 3- met hyl - 1- ( 2-
propenyl ) -pyrazol o[ 3,4-b] [1, 4] benzodi azepi ne; and 30

5-(2-chl orophenyl) -1, 2-di hydr o- 8- net hoxy- 7- net hoxyet hoxy- 3-net hyl -1 -(2-prop

enyl)- pyrazol o[ 3, 4-b] [ 1, 4] benzodj azepi neH WO / 040036 PCT/ EP2005/ 010653
- 140 64. A conpound of formul & tojclaimi1, wherein R4 is
ortho-chloro; and R1, R2 and R3 have mean iven in claiml. 65. A
conpound of fornmula IV according tg g 1. /wheretn 5 R3 is nmethyl; R4 is
ortho-chloro; and Rl and R2 haverthe meanjpt given in claiml. 66. A
conpound of forrmula IV according to cla® 1, wherein Rl is hal ogen or -CN

wherein
5 R!is alkyl, alkoxy, halogen, COOH, COOAIlkyl, CN, C(O)N(Rﬁ)z, or
(OCH2CH2)nOCH3;
R?is alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by
VR
6 s OCH)—C N
halogen, phenyl, N(R"),, (OCH,CH,),0OCH3, O(CH3)xNR'R", or N~

)
C N

/" is a 6-membered heterocycle optionally substituted by alkyl or C(O)ORS,;

10 or R! and R? together form a 5-membered heterocyclic ring;

R? is hydrogen or alkyl;

R*is hydrogen, halogen, CN, NO,, alkyl, or alkoxy;

each R® is independently hydrogen or alkyl;

R’ and R® are each independently hydrogen, alkyl, or alkoxyalkyl, or R’ and R® taken
15 together with the nitrogen atom to which they are attached form a 6-membered

heterocycle which is optionally substituted by alkyl;

each n is independently 1, 2, or 3; and

mis 2,3, or4;

said process comprising

20 (a) reacting a compound of formula X



10 R3 is nethyl; R4 is ortho-chloro; and R2 has the nmeaning given in claim
1. 67. A conmpound of fornula IV according to claim1l for the treatnent of
cancer, iwopasdd4casbar breast cancer, prostate cancer, cecorEre@soerssand | ung
cancer. 15 68. The use of a conpound of formula IV according to claim1 for
the manufacture of nedicanments for the _tggeatnment of cancer, in particular
breast cancer, prostate cancer, colon cancer and |lung cancer. 69. A

phar maceuti cal conposition conprisimg_aycommound of fornula IV according
to claim1 together with pharmaceuti @ accept abl e adjuvants. 20 70. The
pharmaceutical conposition accordi ng-Ts 2 69 for the treatment of
cancer, in particular breast cancer, prostateggancer, colon cancer and |ung
cancer. 71. A conpound of formula IV acca g to claim1 whenever prepared
by a process according to any one of clakgs 58 to 60. WD 2006/ 040036

PCT/ EP2005/ 010653 - 141 72. The novel conpgunds, conpositions, processes
and uses substantially as described herein before.

with an amino-chloro-pyrazole derivative of formula XTIl

to form a compound of formula XIV

»
R1 O =N

R4

5 Xiv - and

(b) reacting the compound of formula XIV is reacted in the presence of diisobutyl

aluminum hydride and a nickel catalyst to produce a compound of formula IV.
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61. A compound of formula XIV

/
AL
O R4
XIv

wherein

Rlis alkyl, alkoxy, halogen, COOH, COOAlkyl, CN, C(O)N(Rs)z, or
(OCH2CH2)HOCH3 s
R?is alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by
N
¢ .y OCH)—C N
halogen, phenyl, N(R"),, (OCH,CH,);OCH3s, O(CHz)nNR'R", or "

&N
N~/ is a 6-membered heterocycle optionally substituted by alkyl or C(O)ORS;

or R! and R? together form a 5-membered heterocyclic ring;

R*is hydrogen, halogen, CN, NO,, alkyl, or alkoxy;

each R® is independently hydrogen or alkyl;

R’ and R® are each independently hydrogen, alkyl, or alkoxyalkyl, or R’ and R® taken
together with the nitrogen atom to which they are attached form a 6-membered
heterocycle which is optionally substituted by alkyl;

each n is independently 1, 2, or 3; and

mis 2, 3, or 4.

62. A compound of claim 61, selected from
5-(2-chlorophenyl)-1,2-dihydro-3,7,8-trimethyl-1-(2-propenyl)-pyrazolo[3,4-
b][1,4]benzodiazepine;
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5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-methoxy-3-methyl-1-(2-propenyl)-
pyrazolo[3,4-b][1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-7,8-dimethoxy-3-methyl-1-(2-propenyl)-pyrazolo[3,4-
b]j[1,4]benzodiazepine;
8-chloro-5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-1-(2-propenyl)-
pyrazolo[3,4-b][1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-3,7-dimethyl-1-(2-propenyl)-pyrazolo[3,4-
bl{1,4]benzodiazepine;
1,2-dihydro-7,8-dimethoxy-5-(2-methoxyphenyl)-3-methyl-1-(2-propenyl)-pyrazolo[3,4-
b][1,4]benzodiazepine;
5-(2-chlorophenyl1)-8,10-dihydro-7-methyl-1,3-dioxolo[4,5-h]pyrazolo(3,4-
b][1,4]benzodiazepine; and

7-chloro-5-(2-chlorophenyl)- 1,2-dihydro-8-methoxy-3-methyl-1-(2-propenyl)-
pyrazolo[3,4-b][1,4]benzodiazepine.

63. A compound of claim 61, selected from
5-(2-chlorophenyl)-1,2-dihydro-8-fluoro-7-methoxy-3-methyl-1-(2-propenyl)-
pyrazolo[3,4-b][1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-1-(2-propenyl)-8-trifluoromethyl-
pyrazolo[3,4-b]{1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-8-phenyl-1-(2-propenyl)-
pyrazolo[3,4-b][1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-8-methoxyethoxy-3-methyl-1-(2-propenyl)-
pyrazolo[3,4-b][1,4]benzodiazepine;
8-chloro-3-(2-chlorophenyl)-1,2-dihydro-3,7-dimethyl- 1-(2-propenyl)-pyrazolo|3,4-
b][1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-8-(1-methylethoxy)-3-methyl-1-(2-
propenyl)-pyrazolo[3,4-b][1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-7-(1-methylethoxy)-3-methyl-1-(2-
propenyl)-pyrazolo[3,4-b][1,4]benzodiazepine; and
5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-7-methoxyethoxy-3-methyl-1-(2-propenyl)-
pyrazolo[3,4-b][1,4]benzodiazepine.
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64. A compound of formula IV according to claim 1, wherein

R*is ortho-chloro; and

R!, R? and R® have the meanings given in claim 1.
65. A compound of formula IV according to claim 1, wherein

R? is methyl;
R*is ortho-chloro; and

R! and R? have the meanings given in claim 1.
66. A compound of formula IV according to claim 1, wherein

R’ is halogen or -CN
R® is methyl;
R*is ortho-chloro; and

R? has the meaning given in claim 1.

67. A compound of formula IV according to claim 1 for the treatment of

cancer, in particular breast cancer, prostate cancer, colon cancer and lung cancer.

68.  The use of a compound of formula IV according to claim 1 for the
manufacture of medicaments for the treatment of cancer, in particular breast cancer,

prostate cancer, colon cancer and lung cancer.

69. A pharmaceutical composition comprising a compound of formula IV

according to claim 1 together with pharmaceutically acceptable adjuvants.

70.  The pharmaceutical composition according to claim 69 for the treatment

of cancer, in particular breast cancer, prostate cancer, colon cancer and lung cancer.

71. A compound of formula IV according to claim 1 whenever prepared bya

process according to any one of claims 58 to 60.
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72.  The novel compounds, compositions, processes and uses substantially as

described herein before.



