WO 2006/040036 PCT/EP20051010653 DISUBSTITUTED PYRAZOLOBENZODIAZEPINES
USEFUL AS INHIBITORS FOR CDK2 AND ANGIOGESIS, AND FOR THE TREATMENT OF
BREAST, COLON, LUNG AND PROSTATE CANCER The present invention is directed to
disubstituted¥pQraiwoldieszodiazepines that inhibit angiogenesis and/or kibfab&R8HIYLFhese
compounds are useful in the treatment of cancerous tumors, especially breast, colon, lung, and
prostate cancer. Angiogenesis is the generation of new blood vessels in a tissue or organ. Under 5
normal physiological conditions, humans and animals undergo angiogenesis only in very specific,
restricted situations. For example, angiogenesis is normally observed in wound healing, fetal and
embryonal geyelepmentoantk feonaiitn o thasorpusshienmaendematiism aod plagenis. Capillary
blood vesselswamemmposed chemitthel el el ard jrericyte S0 sureuRdetbbyrRadrasenteNTER
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 erodétdpsemcntartem brdirs<iie divigraiivgdosiiszfoehyrodpreritedifahe parent

blood is vessel wherg:the gadetheliaheelisvndarao:mitorisanchproliferatadineendathetiah sprouts

merge with each othfer to form ca g!ar g}g@@s creating a,new blood vessel . Uncontrolled angiogenesis

I
is a hallmark of car?cé:fa}l‘fﬁrRan gﬁ?ﬁﬁ’én prop{(:'.*)‘{s}%ci”rt1 t tumor growth is dependent upon

angiogenesis. See, e.g., Folkman, New England Journal of Medicine, 285:1182-86 (1971). According
SRR S P Ot

to Dr. Folkman, a tumor 20°ERFBRR §H6W 8°5 EERAh S & Rithddt t Séngarg\sﬁ § & Atfditional blood

vessels to nourish tiverteirpbysitoits dinoplésereimsat isnp Eiositiprietncasipesnegh BB YUMGFY take' has
occurred, every incigass:intuipen selponulption ms! bespreseded byranlincteaselin newnd

healing, fetal and embryonal development, and formation of the corpus luteum,

endometrium and placenta.

Capiliary blood vessels are composed of endothelial cells and pericytes,
¢ 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 fhrough 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
occurted, every increase in tumor cell population must be preceded by an increase in new
capiliaries converging on the tumor.” Tumor ‘take’ is currently understood to indicate a
prevascular phase oftunior 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 capiliary biood vessels. For example, pulmonary micro-metastasis in the early
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capillaries converging on the tumor." Tumor “take' is currently understood to indicate a prevascular
phase of tumor growth in which a population of tumor cells occupying a few 25 cubic millimeters
volume, andwetsssesdiag a few million cells, can survive on existing hostmimravesselss Expansion
of tumor volume beyond this phase requires the induction of new capillary blood vessels. For
example, pulmonary micro-metastasis in the early JB 7425/2005 WO 2006/040036
PCT/EP2005/010653 éZC lHrevf'ilscular gg%se i micg woul beecgr}q)et%%abg% gx}ggc%slgg hig{p power
microscopy on his%?ggsicafrs%caﬁ(e)hns]fJrl S eg‘}}y A5 1845 Siré, &t a{, NS Cancer Ir]i)gt., 6:73-85
(1945), showed tha¥stplesigdwatiiease of tumors implanted in subcutaneous transparent chambers in
mice is 5 slow and linear before neovascularization, and rapid and nearly exponential after
neovascularizzation. In 1966:Dly, £dlid¢hahizepotted thittubrore greiwh: Tit-Bdlabked). perfissditbrgans

where blood vesse{g.do-nel pielferals: R dimiediubcddnBas: Ruh expanchsapigyierd Q00 times this
volume when they %ge traéw%%gr teéi in mi\gecq1 &%Zba come, neova ualaarfizg}g.oggn% o9 Folkman, et al,
Anals of Surger§/, T 491- r})f %8)“.690 Famor groWﬁ1 In‘Bvascular Cornea proceed‘(s slowly and at a
linear rate, but switehesceaskperertidPfoRthFaliarn &mpase iatiPatiohesee g o eifbrone, Jr., et al.,

J. Nat. Cancer Insper22dkz27: (HF4D oTLvpess Sespepdetinihe aqueous floidef thespaterior
chamber of the rabbil,gye femaLYable, JURsEHaL. ARA ITVied pSied 19 ShoTHFE. Qe they are
e B ;

implanted on the irsva cular they become neovascularized 1s and row ra |d%, reaching 16,000
times their original WS EH o Sie diedimmest 8y Arahhthraie Hrl &t & 139X Med., 136:261-76.

When tumors are implanted on the chick embryo chorioallantoic membrane,
10 Tamor growth in avascular cornes proceeds slowly and at a linear rate, but

switches to exponential growth after neovascularization. See, eg.,, Gimbrone, Jr., etal., J.
Nat. Cancer Inst.,, 52:421-27 (1974)). Tumors suspended in the aqueous fluid of the
anterior chamber of the rabbit eye remain viable, avascular, and limited in size to <1
mm-. Once they are implanted on the iris vascular bed, they become neovascularized

15 apd grow rapidly, reaching 16,000 times their original volume within two weeks. See,
egg., 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 ram. Rapid tamor expansion cccurs 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 I 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 dmes the volume of the pre-vascular syelets.
See, eg., Folleman, et al., Narure, 339:38-61 (1289).



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 Zthesmsaudatized tumors reach a mean diameter of 8.0 + 2.bammpHeesegs: 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 refatively uniform cut-off point for the size at which
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neovascularized, and from.thes SAlive Jarge izad tumors ofmore than 1,000 times
the volume of the F?ch\)/ggsr,%élgr ‘egﬁé%é%t?s%é‘feg III%Cl%gI\%r%);%t/ﬁ,§egxtg{e%{ld%lN%ature, 33 :58-63%51989). \We

20061040036 PCTIE2P2805 0006591 8ot fad CRBRWHROE HAOTEEah De st biPhibiting
angiogenesis rathencsthanriohibingpliferatizmafth Eturaoiod) dthremsehibs gRortexafmple, Kim et al.,

Nature, 362:841044, (1993). show that.a.spacificantibody.againstVEGE dvaseiiac.endathelial growth

factor) reduces micro-vessel density and causes "s?nificaqt,or S %ram ic” inhibition of growth of three
human tumors whi@Rt&R - BrPRE L B YGRS FdaTABr S KRgioganesR fif AtG&Rite). The.
antibody does not iwhibit igdzpainief: then tumoiced TG roltFertheedior cbeadioBatiber [Resp.
51:6180-84 (1991),,shows Hal ,anti-REGR MRuesonal anribody aau ses-Hofeinhibitionef growth of a
mouse tumor Whicgl:j&ggge&r}]sdeont ugon secr%ion of ngFtas its onlglmedia&or of ag%igqgl%nesis. The

s also been Shown fo enhance growth of 2 prifary tumot and s Ine

stirnulating growth of capillary endothelial cells in the tumor. The tumor cells
themselves lack receptors for bEGR and bPGF is not a misogen for the tumor cells in
vitro. See, e.g., Gross, et al, Proc. Am. Assoc. Cancer Res., 31:79 (1990). A specific

15 angiogenesis inhibitor (AGM~1470) inhibits tumer growth and metastasis in vivo, but is
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

26 dependent. For example, human retinoblastomas that are metastatic to the vitreous
develop into avascular spiroids which are restricted o <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 mm°). These implants rarely grow larger until one or

25  more of them become neovascularized. Intensity of neovascularization in breast cancer
{see, e.g., Weidner, st al., New Eng. J. of Med., 324:1-8 {1991Y; Weidner, at al., J. Naz.
Cancer Inst,, 84:1875-87 (1992)) and in prostate cancer (Weidner, et al,, Am. J. Pathol.,
143 (21:401-09 {1993)) correlates highly with risk of future metastasis.

Metastasis from human cutaneous melanoma is rare prior {0 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 discase than is cytology. See, e.g., Nguyen, et
al., J. Nat. Cancer, Inst., 85:241-42 (1993).



io antibody does not inhibit growth of the tumor cells in vitro. Intraperitoneal injection of bFGF has also
been shown to enhance growth of a primary tumor and its metastasis by stimulating growth of

capillary endgiheliglsglissin the tumor. The tumor cells themselves lack reggpigrmiankkSF and bFGF
is not a mitogen for the tumor cells in vitro. See, e.g., Gross, et al,, Proc. Am. Assoc. Cancer Res.,

31:79 (1990). A specific 15 angiogenesis inhibitor (AGM-1470) inhibits tumor growth and metastasis in
vivo, but is much less active in inhibiting tumor cell proliferation in vitro, It inhibits vascular endothelial

cell proliferation half-maxifi8i9eeRA 135S TerR & CoREat SbAYAST X HHBRE RS ¥ Broliferation.
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viable and incorpof St S ESPRIMAdIFE RHTET O ISaTORTRM SHFIEREH &8 SR EhARISEd in vitro).
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mm). These implapisarely- QiR WdaiaRmKRHLeNS:0k’R MAS:9ihamRecomensm/aseaized.
Intensity of neovascularization.in breast cancer ., Weidner, et al., New Eng. .J, of Med.,
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see, €. |
324:1-8 (1991); wéldrer, et'af’ 3 WAt tancer n‘gﬁaw: %f%‘?( %”ahﬁ i 6?03%&% cancer

(Weidner, et al., ArrrgstRagarrolifgaie) d 9hiodlagosil csratats sHIpIPWRIF TSI bETERIfe metastasis.
Metastasis from human-eatangous:melatoma ishare ey io-neevaseulatizadieneeR0rTie onset of

neovascularization leads to increased thickness of the lesio . I tisk . of mgtastasis.
See, eg., Sriva}‘gta:‘/bé:, 18{%{1%.%Kr}gn?%?gg%ﬁ%ﬁi.s,mlp%&i&%ﬁn 1%%%%?%&%%&36@%%%%& t8e r&ij}inary level of
an angiogenic protéirf BEGHERE R SEmsime fHeehtor 8&%%?&%%@% disease than is

cytology. See, e.g., Nguyen, et al., J. Nat. Cancer, Inst., 85:241-42 (1993).
Ome of the most frequent angiogenic diseases of childhood is the hemangioma.

A hemangioma is a tumor composed of newly-formed blood vessels. In most cases the
tumars are benign and regress without intervention, In more severe cases, the tumors
15 progress to large cavernous and infiltrated forms and create clinical complications.
Systemic forms of hemangiomas, hemangiomatoses, which have a high mortality rate.
Therapy-resistant hemangiomas exist that can not be freated with therapies currently in

use,

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 discase 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 anaiogs (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.));



WO 2006/040036 PCT/EP2005/010653 -4 Angiogenesis has been associated with a number of
different types of cancer, including solid tumors and blood-borne tumors. Solid tumors with which
angiogenesis has been associated include, but are not limited to, rhabdomyosarcomas,_
retinoblastonta? 7i‘ggﬂf‘\‘t?g?garcoma, neuroblastoma, and osteosarcoma. Addi ’d‘;é’ﬁ%‘)s‘;ﬁglgﬁé% has been
linked 5 with breast cancer, prostate cancer, lung cancgg,_and colon cancer. Angiogenesis is also
associated with blood-borne tumors, such as leukemias, lymphomas, multiple myelomas, and any of
various acute or chyahigsevplias ol sisease s IFR 6 SRowEs Marrdwiin Whitkr: emestiegeed proliferation of
white blood cells occurs, usyaly secompanisd By, anemia, dnnaisd-hieadisioting, and enlargement of
the lymph nodes, liver and spleen. It is io believed too that angiogenesis.plays.a role in the
abnormalities in th@W?‘ﬁ%rmﬁ%yB%?ﬂs&%%8%8%@?’5%%%%%%#@#@%9&656 and multiple
myeloma diseases2@4f2he(mostdnegiie pbhagioge (W REHEES GdNihost ®he hemangioma. A
hemangioma s 2 typeyampqsed.alnany Aempsload ysssels, ioasigespsdnesumors are
enign and regress without intervention, In more se _tumors 15 progres arge
cavernous and infilltated forma @f?daépégtés%ﬁﬂﬁ%%%@%ﬁ%ﬁ%sﬁgﬁ etemic fgsr%% of hemangiomas,
hemangiomatoses, Wi 61 Hade B h§RHREEERN TRt 88/ STRBPai raictaH (twatantiomas exist that can

not be treated with therapies currently in use. Thus, it is clear that angiogenesis plays a major role in
the metastasis of cancer. zo If this angiogenic activity could be repressed or eliminated, then the

tumor, although present, wauld netgrowdndhe dissase stalss pisventionwi-angingenesis could overt
the damage caused by the invasion of t g ré%w,[ni%rr%c() \%%C{:Jlar sygtem.nyggg%%gl(gggk%ted at control
of angiogenic ptdcdEEEE JOT FEEACtTHR AR 8 RHEH St iningRton oF these &

8(4): 432-441 (2004); Underiner, et al., Current Medicinal Chemistry, 11{6): 731-745

(2004); Manley, et 2L, Biochimica et Biophysica Acta, 1697(1-2): 17-27 (2004); Alessi,

et al., Biochimica et Biophysica Acta, 1654(1): 39-49 (2004); Tortora, et al., Current

Pharmaceutical Design, 10(1): 11-26 (2004),

15 Uncontrolled cell protiferation is another halbmark of cancer. Cancerous tumor
cells typically have some form of damage to the genes that directly or indirectly regulate

the cell-division cycie.

Cyclin-dependent kinases (CDKSs) are enzymes which are eritical 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 (€ December 1996}

25 CDKs are composed of a catalytic CDK subunit and a regulatory cyclin subumnit.
The cyclin subunit is the key regulator of CDK activity, with cach 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 celi cycle. See, e.g., Coleman,

supra.

0 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



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 (LISP 30 6,774,237 (Chiron Corporation)); serine
proteases and kallikreins CUSP 6,544,947 (EntreMed Iré.)); VEGF analogs and antagonists (USP
6,783,953 (Janssen Pharmaceutica N.V.); 6,777,534 (Children's Medical Center Corporation));

peptit/ies and prOt?igb%éklé&iaﬂng@EMﬁﬁﬁﬂégﬁfa%%s&$M %Miﬁ@ﬁ%@lﬂoﬁiﬁm\ﬂedllnc.»:} )WO
2006/040036 PCT/EP2005 653 _-5 cathepsin V-like po ' SP. 6,783,969 (Nuvelo Inc.));
other antiangiogeni?ﬁeﬁpﬁid@é%%é?j%ﬁ%{% ity I?éé%%%%’rﬁ%ﬁ -Bélr‘ﬁ m%ﬁ?ﬁgzo ines (WO
2002/092578, WO 2b&r2ro9Pse/tieercs 20 0r0s8sEayWidsants (3 ierses Werss oltmRrs:
(Astrazeneca)); phthatestirgTMEO2 BRHHRRE4R¢ Nevaeis), ABXD 8&1&)3/3)229.8%%&@3“5), WO

2002/012227 (Astrazeneqa), M¥@ gROHOANSRS (Baven. MR IR(RI08 (Noyvaris-isothiazoles (WO
99/62890 (Pfizer)); and indoiinones (WO 2001/037820, WO 2000/008202, WO 98/50356. WO

96/40116 (Sugen InE PR rEmE AL Hc S s t TRy Bﬁﬁgﬁammmm&fs@&herapeutic

io agents. These artigieseimgtiutie Mazitschek or al. Current Opinion in Chemical Biology, 8(4): 432-441
(2004); Underiner, et al., Current Medicinal Chemistry, 11(6): 731-745 (2004); Manley, et al.,
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complexes, for treating one or more types of tumors.

Several classes of compounds that inhibit cyclin-dependent kinases have been
and are being mvestigated as therapeutic agents. These are, for example, analogs of
Flavopiridol (USP 5,733,920 (Mitotix), WO 98/1344 (Bristol-Myers Squibb), WO
97/42945 (Briswl-Meyers Squibb)); purine derivatives (WO 98/05335 (CV
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)). Furthermors, certain N, N-substituted dibydropyrazoiobenzodiazepings
have been disciosed in an article discussing CNS-acting compounds. See, M. A,
Berghot, Arch. Pharm. 325:285-289 (1992).

There continues to be a need for easily synthesized, small molecule compounds
for the treamment of one or more fypes of mmors, in parﬁculai through regulation of
angiogenesis and/or CDEs.

‘T'he present disclosure is divected o novel 7, E-disubstituted

pyrazolobenzodiazepines and pharmaceutically accep‘k:éble salts of fhese compounds.
The compounds of the present disclosure are inhibitors of angiogenesis and/ or kinases,
such as cyciin-dependent kinases (CDKs}, in particuiar CDK2. These compounds and
ﬁleix. pharmacentically acceptable salts, and esters of said compounds, are anti-
proliferative agmtsi useful in the treatment or control of cell proliferative disorders, in
particular cancer. The disclosure is also directed to pharmaceutical compositions
containing such compounds and to methods for the freatment and/ or preveniion of
cancer, parficuiarly in the treatment or control of solid tumors. The compounds of the

disclosure are especially useful in the freatment or control of breast, colon, lung and
prostate fumors. The



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.qg,
Coleman et al., Annual Reports in Medicinal Chemistry, 32: 171-179 20 (1997). These enzymes
regulate the transitions between the different phases df the cell cycle, such as the progression from
the G, phase to the SRRasq1l 8-beEot abagtive-RNA sy athesis)rRiRePIegessiR? from the G2

phase to the M phase, in which active mjtosis ‘and cell-tj#f\éisio ccurs e, €.0., the articles on this
subject appearin§HPETEBT32ATEASAZERIS SRRR 25 HIOEY ?L%fni‘é PSR Bosed of a

catalytic CDK subunit and a regulatory cyclin subunit. The cyclin subunit is the key regulator of CDK
activity, with each CDK %@Fgﬁtﬁﬁa%%‘eﬁ BIBETteSIBERCSPEs &l g "y clin 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 cgll cycle cowﬁrol have been implicated in the
uncontrolled growth of cancerous cells. %é&f{Mm S in Genetics, 11: 136- 140 (1995); and
Coleman, supra. In addition, changes in the gxpression o -6- genes encoding CDK's or their
regulators have been observed in a numper ofEmMoOK; ee, e.g., Webster, Exp. Opin. Invest Drugs, 7:

865-887 (1998), and references cited thBrein. Thus,/there is an extensive body of literature validating
the use of compounds inhibiting CDKs as anti- grative therapeutic agents. See, e.g. U.S. Patent
No. 5,621,082; EP 0 666 270 A2; WO 97/1644Y; andl the references cited in Coleman, supra, in
particular reference no. 10. Thus, it is desirable {0 |erﬁify chemicafinhibitors of CDK

wherein
R!is alkyl, alkoxy, balogen, COOH, COOAIkyl, CN, COMNER ), or
(OCE;CH,3,0CHs;
R?is alkyl, halogen, alicyl substituted by halogen, OF, alkoxy, alkoxy substituted by
: N
] k e OCH)—C N
halogen; phenyl, N(R),, (OCHCH)OCH;, O(CH)NR'R?, or N
T
C N
‘' isa 6-membered hetsrocycle optionally substituted by alkyl or C(O)OR®;
or R! and R* together form a 5-membered heterocyclic ring;
R? is hydrogen or alkyl;
R*is hydrogen, balogen, CN, NO;, alkyl, or alkoxy;
each R® is independently hvdrogen or alkyl;
R’ and R are each independently hydrogen, alkyl, or alkoxyalkyl, or R’ and R® taker
together with the nirogen atom to which they are attached form a 6-membered
heterccycie whick is optionally substituted oy alkyl;
each n is independently 1, 2, or 3; and
mis2, 3, or4;

or a pharmacenfically acceptable salt thereof.

The present disclosure is further directed to.pharmaceutical composifions
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 imvention.



kinase activity. It is particularly desirable to identify small molecule compounds that may be readily
synthesized and are effective in inhibiting one or more CDKs or CDKlcyclin complexes, for treating
one or more types of tumors. Several classes of compgunds that inhibit cyclin-dependent kinases have
" been and are being investigated as therapeutic agents. These are, for example, analogs of

Flavopiridol (USP 5,733,920 (Mitoti O 98/1344. (Bris uib WO 97/42
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compounds. See, R g rch. Pharm 5289 (1992). There continues to be a need for
easily synthesaedﬂﬁﬁbaﬁ W&E&ﬁ%@%ﬁ&ﬁﬁ‘ﬂ%‘ Fé??ﬂé"ﬁfé’éﬁ?ﬁfei;ﬂh&ﬁ SRS GBI RIS BT i iors, in
particular through reghasienngtoangiage hesiscaadéer, ChispditieaPyeseritwisclosure is directed to novel

7. 8-disubstiuted pyrazglobanzadiazRpipes ARGzl Aseiable salts of these

compounds. The compounds of the prese disclosure are inhibitors of angiogenesis and/ or kineses,

such as cych n. dependent dnases (APl paiouarGRIKA, Thess eqmpsuRiand. ther

pharmaceutically acceptab esats and esters of said compounds, are anti- Proliferative agents useful
in the treatment or E8pRPBISELSH %Péﬁ’iféfﬁtﬁ%‘%ﬁ%@é‘?é‘oi bﬁr‘?ﬂﬁ%‘ﬁ’é@’re%&’é; #Meclosure is also
directed to pharmaegkhitieat-eoimpositicisogontaitingesheh. ¢oanptunesianidnienmithoes=for the

treatment and/ or p%v%mrﬁgmgﬂgg&&g%gg@@yeg&m%g@&m&m%@g@r@g@@@ggﬁgmrs The

compounds of the
and valuable intermediates for use in such synthesis.

Compounds of the present disclosure are inhibitors of angiogenesis. Thus, in
another embodiment, the present disclosure provides a method of inhibiting
angiogenesis which comprises aduumstermrr a therapeutically effective amount of 2
compound of the invention. Compounds of the present disclosure also are inhibitors of
kinases, such as CDK?2. Therefore, in another embodimerit, the disclosure provides a
method of inhibiting kinase activity which comprises administering a therapeutically
effective amount of a compound of the invention. In another embodiment, the present
disclosure provides a method for the freatment or control of cancer which comprises
administering 2 therapeutically effective amount of a compound of the present
disclosure. In paricular, the disclosure provides methods for the treatment of breast,

prosfate, colon, and lung cancer,

In a second aspect, there is provided a pharmaceutical composition as defined

above, comprising a therapeutically effective amount of a compound of formula IV



disclosure are especially useful in the treatment or control of breast, colon, lung and prostate tumors.
The -7 disclosure is also directed to novel intermediates useful in the preparation of the 7,6-
disubstituted pyrazolobenzodiazepines, such as those of formula IV described below. In a first aspect,
there is provided compounds of formula IV H N 'NH Ri&i'R' RN\ Ra IV wherein R' is alkyl, alkoxy,
halogen, COON, COOAIkyl, ON, C(O)N(R6)2, or (OCH2CH2)nOCHS3; R2 is alkyl, halogen, alkyl
substituted by halogen, OH, alkoxy, alkoxy substituted by halogen phenyl, N(R6h,

substituted by alkyl or C(O)OR®6; or R a Zroget a 5 membered heterocyclic ring; R3 is
hydrogen or alkyl; R4 is hydrogen, halogen, Ol Or-aikay
hydrogen or alkyl; R and RB are each inde

taken together with the nitrogen atom to which they arg attached form a 6-membered

R

wherein

R'is alkyl, alkoxy, halogen, COOH, COOAlkv], CN, C(ONR),, or
(OCHACH).0CH;;

R®is alkyl, halogen, alkyl substituted by halogen, O, alkoxy, alkoiy substtuted by
: N
halogen, phenvl, N(R™);, (OCHCH:)LOCH:, O(CHE)NR'R®, or < N

N
C N

“~/  is 2 6-membered hersrocycle optionally substitued by alkyl or C(O)ORY,
or R’ and R* together form 2 5-memberad heerocyclic ring;
R® is hydroger or alkyl;
R is bydrogen, haiogen, CN, NO,, alkyl, or alkoxy;
sach R® is independentiy hydrogen or alkyl;

.
1

R’ and R® ars each indspendently hvdrogen, alkyl, or alkoxyalkyl, or R’ and R® taken
together with the niwogen atom to which they are attached form 2 6-memberad
heterocycle winich is opdonally substituted by alkyt;

each 1 is independently 1, 2, or 3; and

mis 2, 3, ar4;

cr 2 pharmacentcally acceprable salt thersof
and a pharmaceutically accept abie carrier,

In a third aspect, there is provided the use of a compound as defined above for

the manufacture of a medicament for the inhibition of angiogenesis in a patient having a

tumor.



heterocycle which is optionally substituted by alkyl; each n is independently 1, 2, or 3; and mis2,3,0r4;
or a pharmaceutically acceptable salt thereof. The present disclosure is further directed to
pharmaceutical compositions containing any one or nfbre 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. The present disclosure also is directed to
methods of using the comg nds Oftttﬁe lnventl(g)rgi Comg ngds of the inventio inhibitors of
angiogenesis and/ or k’iﬁ;ﬁ S Gi8osire i dres 1?6"%%%‘&?18‘8“8? B ting angiogenesis.
The disclosur@miai\dlrected to a method of inhibiting kinases. Further, the disclosure is directed to
a method for the treatment of cancer, espeC|aIIy breasg colof, lung, and prostate cancers by

7 amount of a compound of formula
IV ora pharmaceutlcally acceptable salt therep #nent, the present disclosure provides

nethyl-gyrazo 3[3 4-b][l,4]benzodiazepines and
pharmaceutical compositions containing them. /é?Inbodlment the present disclosure
provides methods for synthesis of the compounds-gf-tie present disclosure and valuable

angiogenesis which comprises administering a therapeutically effective amount of a compound of the
invention. Compounds of the present disclosure also are inhibitors of kinases, such as CDK2.

Therefore, in another embodiment, the disclosure provides a
wherein

R is alkyl, alkoxy, halogen, COOH, COOAlkyL, CN, C(OINR:, or

(OCHCH2),0CH:;

R? is alkyl, haloger, alkyl substitated by halogen, OH, alkoxy, alkoxy substmred by
N

Q(CHQ);'—C\J N

3

halegen, phenyl, NRY:, (OCHCH)OCHs, O(CHuNR'RY, or

N
C N

" is & 6-membered heterocycle optonally substimtad by alky! or C(OYORS;
or R! and R? together form 2 3-membered heterocyclic ring;
R is hydrogen or alkyt;
R* is hydrogen, halogen, CN, NGy, alkeyl, or atkoxy,
each R® is independentty hydrogen or alkyl,
R’ and R® are each independently hydrogen, alkyl, or alkoxyalkyl, or B’ and R® aken
together with the nirogen atom to which they are attachbed form 2 6-membered
heterocycle which is optionally substtued by alkyl;
each 1 is independently 1, 2, or 3; apd
m is 2, 3, or 4,

said Process comprising

{a} converting a benzodiazepine lactam of formula 1



-method of inhibiting kinase activity which comprises administering a therapeutically effective amount
of a compound of the invention. In another embodiment, the present disclosure provides a method for
the treatment or control of cancer which comprises administering a therapeutically effective amount of
a compound of the present disclosure. in particular, thé disclosure provides methods for the treatment
of breast, prostate, colon, and lung cancer. In a second aspect, there is provided a pharmaceutical '
composition as defined above, comprising a thﬁapeutlcﬁll ective amount of a compound of
formula IV 8a Rc ~NH R',-N R4 wherein R' is alkyl, &fkoxy, halogen, COOK, COOAIlkyl, CN,
C(O)N(R6)2., or (OCHZCHZ) OCH;; R is alkyl, O¢ I substituted by halogen, OH, alkoxy,
alkoxy substituted.by O(CH,)-C N halogen, phenyl, N(R )2, (OCH2CH.) DCH;, O(CHz)mMNR'R8, or U

C N is a 6-membered heterocycle optionally substitytedpyr#lkyl or C(O)OR6; or R' and RZ together
form a 5-membered heterocycric rind R' is hydrogen okalkyl; R is hydrogen, halogen, CN, NO2, alkl, or
alkoxy; each R6 is independently hydrogen or alkyl; R' and R8 are each independently hydrogen,
alkyl, or alkoxyallyl, or p7 and R8 taken

wa thiolé.ctam of formnia II

i

(o) reacting the thiciactam of formula II with the dimethyl acetal of N,N-dimethy!

acetamids to form a compound of formula I

S
R1 /
R4

(c) reacting the compound of formula I with hydrazine to form 2 compound of
formmia IV.



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 and a pharmaceutically accept able carrier. In a third. aspect,
there is provided the use of a compound as definedabove for the manufacture of a medicament for
the inhibition of angiogenesis in a patient having a tumor. 8b In a fourth aspect, there is provided a
process for preparing a compound of formula TV H/~NH Rt~""~"nT 4 wherein R'"is alkyl, akoxy,
halogen, COON, COOBIKATRPCHERK REY2vidH PERpTIAcriERg 2 RIMECHIAAT halogen, alkyl
substituted by hadegen\OH, alkoxy, alkoxy substituted by O(CHZ)-C N halogen, phenyl, N(R6)2,
(OCH2CH2)nOCH;, O(CH2)QONR'R, or 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; R3 is hydrogen or alkyl;

wherein .
R'is alkyl, alkexy, halogen, COOH, COOALky], CN, C(O)N(Rs);, or
(OCHCH3,0CH;; _
R?is alkyl, haloger, alkyl snbstimted by halogen, OIH, alkoxy, alkoxy substitured by
I
& - Tk OCH)—C N
halogen, phenyl, NQR™);, (OCHCH:2),,0CHs, OCH)mNR 'R, or ~
N
C N _
~ isa ¢-membered heterocycle optionally substituted by alkyl or C(O)ORS,;
or R' and R” together form a S-membered heterocyclic ring;
R® is hvdrogen or alkyi;
R* is hydrogen, halogen, CN, NOs, alkyl, or alkoxy;
each R is independently hydrogen or alkyl;
R7 2nd R® are each independently hydrogen, aikyl, or alkoxyalkyl, or R’ and R® taken
1ogether with the nitrogen atom to which they are attached form 2 6-membered
heterocycle which is optionally substituted by alkyl;
each 1 is iIndependently 1, 2, or 3; and
mis 2, 3, or4;

said process comprising -

{a) convertung of a benzodiazepine lactam of formuls 1



R4 is hydrogen, halogen, ON, NO2, alkyl, or alkoxy; each R6 is independently hydrogen or alkyl: R'
and Rs are each independently hydrogen, alkyl, or alkoxyalkyl, or R and Rs 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;%&nd mis 2,3,or 4; said process comprising (a)
converting a benzodiazepine lactam of formula | - Sc - R2 NJ R1 N R4 | to a thiolactam of formula Il
HSRZNIR1N R4 11 co) reacting the thiolac#%ron of for%%ll with the dimetnyl acetai of
N,N-dimethyl acetamide to form a compound o @ -F2-s RI'NK’

R ==

(b) reacting the ether of formula V with the dimethyl acetal of N, N-dimethyl acetamide

to formm a compound of formula VI

(¢) reacting a compound of formula VI with hydrazine to form a compound of formuia
V.



R4 6tt ; and (c) reacting the compound of formula 11l with hydrazine to forma compound of formula IV.
Sd In afifth aspect,.there is provided a process for preparing a compound of formula IV R 'NTH ' %
R R3 R~ wherein R'is alkyl, alkoxy, halogen, COOL COO-Alkyl, ON, C(O)N(R5)2, or (OCH2CH2)
OCH;; R2 is ally4, halogen, alkyl substituted by hglggen, OH, alkoxy, alkoxy substituted by halogen,
phenyl, 5s O(Cz)z C N > - CR )2, (OCH2CH2)nOCH;, O(CHz).NR'R, or C N U is a 6-membered

heterocycle optionally substituted by aigd or 0(O)OR6; or Rl and R' together form a 5-membered

heterocyclic ring; R3 is hydrogen or alkyl; R4 is hydrogen, halogen, ON, NO2, alkyl, or alkoxy; each

R6 is independently hygrogem airalkyhdreianeviiedieraah ingepententhomydraden, alkyl, or
atlcoxyallcyl, orfl(?;n?&g I@S taken

wherein
R is aliyl, alkoxy, balogen, COOH, COOATyl, CN, COWNR®,, or
 (OCHCH1)0CH:,

R®is alkyl, halogen, alkyl substitursd by halogen, O, alkoxy, alkoxy substitutad by

e
OCH—C N,

bl

balogen, phenyl, NR:, (OCHCH)nOCH:, O(CE)NR'RY, or

N
C N

' g 3 f-membersd heterocysle optionally subsdmred by alkyl ot COYORS,
or R! and R? together form 2 S-membered heterceyelic ring;
R* is hydrogen or aliyl; _
R*is hvdrogen, halogen, TN, NO;, alkyl, or alkoxy;
each R is indepsndendy hydrogen or alleyt;
R” and R? are each indspendenty hydrogen, alkyl, or alkoxyalkyl, or R’ and R® taken
together with the mitrogen atom 1o winich they are attached form 2 f-membersd
nat=rocycle which is optionally substituted by alkyl
sach 1 is independently 1, 2, or 3, and
mis2 3, as

szid process comprising

(z) reactng a compound of formuia X



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 m s 2, 3, or 4; said process
comprising (a) converting of a benzodiazepine lactam of formula 1 R2NI R1 "N R4 to the
corresponding O-methyl ether of formula V O- R2 N:-{ R1 N R4 V (b) reacting the ether of formula V
with the dimethyl acetal of N,N-dimethyl acetamide toform a compound of formula VI O-- R2 RI N N-
R4 VI and (c) reacting a compound of formulafZl with hysHazine to form a compound of formula 1V.

®i

 with an ammino-chloro-pyrazole derivative of formula XTI

At

to form & compound of forrmula XIV

R ﬁ "N
D=
Rt N N\=N
R4
XV ; and

{b) reacting the compound of formula XTV is reacted in the presence of diisobutyl

aluminum hydride and a nickel cataiyst to produce a compound of formuia IV,



Sf in a sixth aspect, there is provided a process for preparing a compound of formulalV R2 R Ra
wherein R'is alkyl, alkoxy, haio_gen, COOR, COOALcyl, ON, C(O)N(R6)2, or (0Oal20H2)DOCEh; R2
is alkyl, halogen, alkyl substituted by halogen, OH, aikgxy, aikoxy substituted by O(CEL,)n C N
halogen, phenyl, N(R6)2, (OCR20H2)00OCH;, O(CH2) ,NR'R&, or C N U is a 6-membered heterocycle
optionally substimred by alkyl orC((D)ORG6:, or R1 and R- together forma >-mesioered hertrocyctic
ring; R3 is hydrogen or alkyl; R" is hydrogen, halogen: ON, NO:, alkyl, or alkoxy; each R6 is
independently hydrogen or alkyl; R* and RE are each independently hydrogen, alkyl, or alkoxyalkyl. or
R7 and R8 taken together with the nitrogen atom to which they are attached form a 6-membered

beteracycle which is optionalyisubstifstiesspacatod: easbudisindenepsianibdal oX; and mi32,3,or4;
said process comptis tg (a) reacting a compound of formula X

| = N\ N
Ri7TNF N\ =N
- R4
N

wherein

R'is alkyl, alkoxy, balogen, COOH, COOAIyl, CN, C{OINR),, or

(OCECH), OCH;;
R*ig alkyl, halogen, alkyl substmred by halogen, OH, alkoxy, alkoxy substituted by
Y
i R s OE)™C N
halogen, phenyl, N(R ), (OCHCH,OCH;, O(CH)=NR 'R’ or -
N
C N

“—"" is 2 6membersd heterocycle opionally substimed by alky! or C(O)ORS;
or R* and R? together form 2 S-membered heterocyclic ring;
R*is hydzjogen, halogen, CN, NO,, alkyl, or alkoxy,
each Ris independently bydrogen or alicyl
R7 and R® are each independently hydrogen, alkyl, or alkoxyalkyl, or R’ and B taken
together with the nifrogen atom to which they are attached form a f-membered
hetsrocycle which 1s optionally substituted by alkyl;
each 115 independently 1, 2, or 3; and

mis 2, 3, or &,

In an eighth aspect, there is provided the use of a compound of formula IV as
defined above for the manufacture of medicaments for the treatment of cancer, in

particular breast cancer, prostate cancer, colon cancer and Jung cancer.



Bg_ R2NHZ Ri O R4 X with an amino-chloro-pyrazole derivative of formula Xffi | CI N, N HZN
X111 to form a compound of formula YIV RZ\, RIN R4)UV ; and (b) reacting the compound of
formula X1V is reacted in the presence of diisobutyl alfiminum hydride and a nickel catalyst to produce
a compound of formula IV. -8h In a seventh aspect, there is provided a compound of formula XIV R2
N\:N R5'N R4 Xivwherein

In a ninth aspect, there is provided a pharmaceutical composition comprising a
compound of formula IV as defined above together with pharmaceutically acceptable

adjuvants.

In a tenth aspect, there is provided the pharmaceutical composition as defined
above for the treatment of cancer, in particular breast cancer, prostate cancer, colon cancer

and Jung cancer.

As used herein, the following terms shall have the following definitions. The
following definitions used herein apply irrespective of whather the terms in guestion
appear alone or in combination. 1t must be noted that, as used in the specification and the
appended claims, the singular forms "2", "an," and "the" include plural forms unless the
context clearly dictates otherwise.

“Alky]l” means 2 straight-chain or branched, substituted or unsubstituted,
saturated aliphatic hydrocarbon having 1 to 6, preferably 1 to 4, carbon atoms. Typical

alkyl gronps include methyl, ethyl, propyl, isopropyl, butyl, t-butyl, 2-butyl, pentyl,
hexyl and the like,



R1 is alkyl, alkoxy, halogen, COON, COO.Allcyl, ON, C(O)N(R6)z, or (OCH2CH2)nOCHS3; R2 is aryl,
halogen, alkyl substituted by halogen, OH, alkoxy, allcoxy substituted by 6 8 O(CI2)n C N halogen,
phenyl, N(R )2, (DCH2CHz)rOCHs, O(CHz)a,NR R, or C N U is a 6-membered heterocycle optionally
substitutedbyWHaHEP@IEF)ORG6; or R' and R2 together form a 5-memberd§ h&WEPENESFing; R4 is
hydrogen, halogen, ON, NO2, alkyl, or alkoxy; each R6 is independently hydrogen or aryl; R7 and RB
are each independently hydrogen, alkyl, or alkoxyallcyf, ®F R and Rs taken together with the nitrogen

atom to which they are attagfied.form, 2 8- FaPPE! 6 RRISIICHCIS MRS RP ERRB heMhstituted by
alkyl; each n is independently 1, 2,,or§§'<§nd mis2,3 o:é. Ln an eigﬁlth as]Pectdt{[h%r% is provided the use
of a compound of Bt N R Fefid SR 5 R RO T S B e AT {Por fhe treatment

Icaments
of cancer, in particuldedutesitavanyesy prostdiepichelnxsaionvraneefameliony €apeer. 8i In a ninth
aspect, there is proyidagha,pharmaceutical composition comprising a compound of formula IV as

defined above together with pharmaceutically acceptable adjuvants. In a te e eis
provided the ph%lrn’fi’é mﬂl%ﬁ’@d uﬁ’g's)ﬁf?ﬁgggx 5?ihtg5'%élgo%jéyfélfl%ﬁ%t}%roégt%—eﬁ%ﬁ?§§€§&£%§5articuIar

breast cancer, prostate cancer, cojon cancer and kun cancer. ., .. .
Halogen™ means flucrine, chionfie, bromine or iodine. Preferred halogens are

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

“¢-membered Heterocycle” means a 6-metnbered non-aromatic, partially or
10 completely satirated hydrocarbon group, which contains one to three heteroatoms at least
one of which is nitrogen. Exarnples 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
contaiming from one to three heteroatoms. Examples of carbocyclic rings include pentyl
15 and hexyl and the like. Examples of heterocyclic rings inciude dioxanes, dioxolanes,

pyrrolidines, imidazolidines and the like.

“ICso” Tefers to the concentration of a particular pyrazolobenzodiazepine
reguired to inhibit 50% of a specific measured activity. {ICsp can be measured, inter alia,

as is described in Example A, infra.)

20 “ICqo” Tefers to the concentration of a particular pyrazolobenzodiazepine

required to inhibit 90% of a specific measured activity.

“Pharmaceutically acceptable,” such as pharmaceutically acceptabie cartier,
excipient, etc., means pharmacologically acceptable and substantiaily non-toxic to the

subject to which the particular compound is administered.

25 “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 TV and are formed from suitable non-toxic organie 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,

30 sulfuric acid, sulfamnic acid, phosphoric acid and nitric acid, and those derived from



As used herein, the following terms shall have the following definitions. The following definitions used
herein apply irrespective of whether the terms in question 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" includepturabdorarsdunless the context clearly dictates otherwise. "AIKJEPaEYIE @Straight-chain
or branched, substituted or unsubstituted, saturated aliphatic hydrocarbon having 1 to 6, preferably |
to 4, carbon atoms. Typical alkyl groups include methy ,Oé‘thyl, propyl, isopropyl, butyl, t-butyl, 2-butyl,

pentyl, hexy! and YeJike O S9UI0AANE RISHERROOMANAG5], skiflkamidseRsastaiont or
branched chain hydrocarbonoxy grzoup wherein the “alkyl" portion is a alkyl rou%}%)s gefl ed above,
kﬂ%p@fr S

and the group is attitth&tFth & itnBifeear Y REER I PhEtih TRyBE A4t Hehide
methoxy, ethoxy, peepydiyos s apjldxyhose batidakiro2- butptekyntentdssitytoxydinap ety loxy,

n-hexyloxy and the like. “Halagen: megas fluaringnchiering.BreminemtiodineoRreferred halogens are
fluorine and chlorine. "H)%ero atom" means an atom selected from N, 0 and S. "6-membered

Heterocycle" méany'885A&mbered non-aromatic, partially or to completely saturated hydrocarbon
group, which contains one to three heteroatoms at least one of which is nitragen. Examples of

6-membered heterocycles iRefide BBt IRy @2hibr RIS e RBT AL SR the like.
"5-membered or 6-raembér&tchgterapycichdngsencansiacs-roryGeanemberet dingpubshitaidine from one
to three heteroatoms, Examples of catbeeyalisinasnineleds el

“Substituted,” as in substituted alkyl, means that the substitation can occur at
10 one oOr more positions and, uniess otherwise indicated, that the substituents at each

substitution site are independently selected from the specified options.

“Therapeutically Effective Amount” means an amount of at least one compound
of Formuta IV, or a pharmaceutically acceptable salt, ester, or metabolite thereof, that
significantly inhibits proliferation of a tumor cell, including human numor cell lines or

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

metastasis,

The present invention provides compounds of formula IV

R
LR,
R v
wherein
20 RYis alkyl, alkoxy, halogen, COOOH, COOAlkyl, CN, C(O)N(R®),, or
(OCH,CH,),OCH;;

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

o
s OCH)—C N
halogen, phenyl, N(R®), (OCH:CH2)OCHs, O(CHy}mNRR?, or '



15 and hexyl and the like. Examples of heterocyclic rings include dioxanes, dioxolanes, pyrrolidines,
imidazolidines and the like. "IC50" 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 Egampleddusinfra.] 20 "IC90" refers to the concentration of a F&XERPEAS/H10653
pyrazolobenzodiazepine required to inhibit 90% of a specific measured activity. "Pharmaceutically
acceptable," such as pharmaceutically acceptable carriEr; excipient, etc., means pharmacologically
acceptable and sub;lqntially non-toxic to the subject to which the particular compound is
administered. 25 "Rhannaceutically acceptable salt” refers to conventional acid-addition salts or
base-addition salts Whichisetaimdhbehio legicaaffeptivetyssiaitponertios of3Kd0E mpounds of

formula IV and are fogmgd fom, suitaple, nan{0xXieRRIRMIGENIRORgaNIc acids or organic or inorganic
bases. Sample acidzaddition salts include those derived from inorganic acids such as hydrochloric

acid, hydrobromic Scitf, Wyi®08i¢%d, 30 sulfuric acid, sulfamic acid, phosphoric acid and nitric acid,
and those derived RomAMB 2806484680 3B PET/ERAVO5/EDIB53 - 10 organic acids such as

p-toluenesulfonic agid, ﬁah@mgé@g@nq%gwqmm@acid, oxalic acid succinic acid, citric acid, malic

201, lactic acd funaric, goid, and e e, Serple baseraddiign sals e e etived rom

ammonium, potass:'l?uﬁf,l soditnt & rn ammonium hydroxides, 'such as for example,
tetramethylammoniagrsehydtostiealrreresyn madid Srctisisfoop AR T BENzene ring having

one hydrogen remgyes-Pherilarupsaithepresant inwintion may be unsubstituted or substituted,
for each n is independently 1, 2, or 3; and
10 mis2, 3, ord;

or a pharmaceutically acceptable salt thereof.

In one embodiment, the invention provides compounds of formuia I'V in which
P
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(CH)xNR'R®, In such compounds, R’ and R® can each independently be
hydrogen, alkyl, or alkoxyalkyi 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 mitrogen to which they are attached form a 6-

membered heterocycle and R’ is halogen or cyano.

Examples of such compounds include
5—(2~ch10rophenyi)-1,2—dihydro~7~ﬂu0ro—8—(3—(4wm0rph0§iny1)propexy)}—3wmethyl—
pyrazolof3,4-b]l1,4Ibenzodiazepine;

25 7-bromo-5-(2-chiorophenyl)-1,2-dihydro-8-(3-(4-morpholinyl)propoxy))-3-methy!-
pyrazolo[3,4-b][1,4]benzodiazepine;
5.(2-chlorophenyl)-7-cyanc-1,2-dihydro-8-(3~(4-morpholinyl)propoxy))-3-methyl-
pyrazolo[3,4-b]{1,4]benzodiazepine; and
5-(2-chiorophenyl)7-cyano-1,2-dihydro-8-(2-(4-methyi-1 -piperazinyljethoxy)-3-methy!-

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



example, with alkyl, alkoxy, halogen, CN, N(R6)2, NO2, etc. "Substituted," as in substituted alkyl,
means that the substitution can occur at io one or more positions and, unless otherwise indicated, that
the substituents at each substitution site are independently selected from the specified options.
"TherapeuticCBIf/ 22U Amount” means an amount of at least one compoEF&2HEPYIFALIa IV, or a
pharmaceutically acceptable salt, ester, or metabolite thereof, that significantly inhibits proliferation of
a tumor cell, including human tumor cell lines or 15 thatlélgnn‘lcantly inhibits angiogenesis of blood

vessels supplying the tumﬂ&%&%&@&@ék@ﬁﬁo&a@ 1Brx§§r%ﬁtﬂn¥§@ﬂ@%959&’ﬁ%&£&%9&'ndS of formula
IV R2N~NH R3 R'-N IV wherein zo R' |sa%§l;?y .alkoxy, halogen, COOOH, COOA&#I CN,

C(O)N(R6)2, or (I3 Bonkpyaky éF&&é‘%‘%&&F&%‘Sgrﬁ‘ﬂtﬁi’&W%ﬁ OH, alkoxy,
alkoxy substituted ymbatadyen, phenyl, N(R6)2, (OCH2CH2)10CH3, O(CH2)mNR'Rs, or O(CH,)n CN

WO 20061040036 BGT/CR20RSINA0530A 1t b Mia s S-mesmheies helauniusls. optisnaiy

E;gféggﬁ% ::)Zl %l/ll(yl %Eh%l(o%azo%m%r-b] %%enm%m g}%@er form a 5-membered heterocyclic ring; R3 is
In another embodiment, the invention provides compounds of formula IV in
which R? is N(R%), where each R® is independently hydrogen or alkyl. Within this
embodiment, compounds in which R' is either a halogen or cyano group are preferred,
for example, the compound 5-(2-chiorophenyl)-1,2-dihydro-7-fluoro-8-N,N-
16 dimethylamino-3-methyi-pyrazoiof3,4-blbenzodiazepine.

In another embodiment, the invention provides compounds of formuia IV in
which R? is halogen, alkyl, or alkyl substituted by halogen. Within this embodiment,
preferred compounds are those in which R’ is halogen, alky! or alkoxy. Examples of
such compounds include

15 5-(2-chlorophenyl)-1,2-dihydro-3,7,8-trimethyl -pyrazolo{3.4-bl[1,4jbenzodiazepine;
8-chloro-5-(2-chlorophenyi)-1,2-dihydro-7-methoxy-3-methyl-pyrazolo(3,4-
bl[1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-8-fluoro-7-methoxy-3-methyl-pyrazolo[3,4-
blf1,4]benzodiazepine;

20 5-(2-chloropheny!)-1,2-dihydro-7-methoxy-3-methy}-8-trifluoromethyl-pyrazolo{3,4-
bl{1,4]benzodiazepine; and
8-chloro-5-(2-chlorophenyl)-1,2-dihydro-3,7-dimethyl-pyrazolol 3,4-
bl[1.4Tbenzodiazepine.

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;)OCH;. Example of such compounds inciude
5-(2-chiorophenyl}-1,2-dihydro-8-methoxy-7-methoxyethoxy-3-methyl-pyrazolo{3,4-
bli1,4Tbenzodiazepine;

3p  5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-methoxy-3-methyl-pyrazolo[3,4-
b][1,43benzodiazepine; and
5-(2~chiorophenyl)-1,2-dihydro-3,7-dimethyl-8-methoxy-pyrazolio[3,4-
bi[1,4]benzodiazepine.



R4 is hydrogen, halogen, CN, NOZ2, alkyl, or alkoxy; 5 each R6 is independently hydrogen or alkyl; R7
and R8 are each independently hydrogen, alkyl, or alkoxyalkyl, or R7 and Rs taken together with the
nitrogen atom to which they are attached form a 6-membered heterocycle which is optionally
substituted byvalkyiseaetsn is independently 1, 2, or 3; and io inis 2, 3, opdT@ra@Eansaceutically
acceptable salt thereof. In one embodiment, the invention provides compounds of formula IV in which
OCHZ C N R2 is . Within this embodiment, preferred edfpounds include those in which R' is halogen
or cyano. 15 In another embodiment, the invention provides compounds of formula IV in which R2 is
O(CH2)mNR7Rs, In such ¥ S5 ﬁ?%%dﬁﬁlg%ﬂéﬁ@ioﬁ? %%’ﬁaﬂemh&é‘ VArGSET alkyl, or
alkoxyalkyl or R7 dixdiR8ecahstohethepowitls theuditrogen atom to which they are attached form a

6-membered heterpgycie. £-of. axamplenNR ARE a0 formnma-norpbokngeipiparazine ring. Within this
embodiment, prefegjﬁdddf?qm 8.unds are 20 those in which R7 and R8 together with the nitrogen to
which they are attache Brm a 6 membered heterocycle and R' is halogen or cyano. Examples of
such compounds ifchertao-5-(2-chiorophenyl)-1,2-dihydro-8-methoxy-3-methyl-pyrazolof3,4-

5-(2-chIorophenyI)ﬂgz,qu'iay_gj@mgeﬁm@go-&(?a-(4-morpholinyI)propoxy))-B-methyI-
pyraZO|O[3,4'b][1,4})@%&?%'%%%&% E%%ﬂ’é’fﬁ(@” fluoro-8- mt’nc& /-3-meth 5— azo}of3.4-

7-bromo-5-(2-chloro eny)O- , ro-8-(3-(4-morpholinyl)propoxy))-3-methyl-
pyrazolo[3,4-b][ 1,4 rZeriEremrane:
5-(2-chlorophenyl)4Z¢eyane=hZ-aihyd i@« 4-mespliatihyRpropoty))s3:methigl4-
10 bl[i,4]benzodiazepine; and
5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-(1-methylethoxy)-3-methyl-pyrazolo[3,4-
bli1.4]benzodiazepine.

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

15 5-(2-chicrophenyl)-1,2-dihydro-7,8-dimethoxy-3-methyl-pyrazolo[3,4-
bifl,4thenzodiazepine;
1,2-dihydro-3,7-dimethyl-8-methoxy-5-phenyl-pyrazoio[3,4-b][ 1,4]benzodiazeping;
1,2-dihydro-7,8-disnethoxy-5-(2-methoxypheny!)-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepine;

20 5-(2-chiorophenyl)-1,2-dihydro-7-methoxy-8-(1-methylethoxy)-3-methyl-pyrazolol3,4-
b][1,4jbenzodiazepine; and
5-(2-chlorophenyl}-1,2-dihydro-§-methoxy-7-(1-methylethoxy)-3-methyl-pyrazolo{3.4-
bl{1,4Tbenzodiazepine.

In another embodiment, the invention provides compounds of formmula IV in
95 which R? is phenyl. Preferred compounds include those in which R! is alkoxy, for
example, the compound 5-(2-chiorophenyl}-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 (OCHL,CH),OCH,;. Preferred compounds within this embodiment are
50 those in which R' is halogen, alkexy, or cyano. Examples of such compounds include
5-(2-chloropheny!)-1,2-dihydro-7-methoxy-8-methoxyethoxy-3-methyl-pyrazolo{3,4-
b]{1,4]benzodiazepine;
5-(2-chiorophenyl)-1,2-dihydro-7-flucro-8-methoxyethoxy-3-methyl-pyrazolo[ 3,4-



pyrazolo[3,4-b][1,4]benzodiazepine; and 5-(2-chlorophenyl)-7-cyano-l,2-dihydro-8-(2-(4-methyl- |
-piperazinyl)ethoxy)-3-methyl- 30 pyrazolo[3,4-b][l,4]benzodiazepine. WO 2006/040036
PCT/EP2005/010653 -12 Also preferred are compounds in which R7 and R8 are each independently
hydrogen, alk® Whekosdgalkyl and R' is halogen or cyano. An example off§ti¢RPa0EdHAsdUNd is 5-(2-chl
orophenyl)-7-cyano-1,2-dihydro-8-(2-(2-methoxyethyl )methylamino)-ethoxy)-3- 5
methyl-pyrazolo[3,4-b] [1,4]benzodiazepine. In another Embodiment, the invention provides

compounds of forr% ?A?éellrllz \%phich. R2 is N(R6)2 where each R6 is independently hydrogen or alkyl.

Within this embodi compotnds'in which R is either a halogen or cyan group are preferred, for

en
example, the compotinehTEPRERIBropRERSH-2; SN ARPdt 30 RIS RSN INrery!-pyrazolof3,4-
dimethylamino-3-mgthyiteytazalelRmw; biidenzodiazepine. In another embodiment, the invention

provdes compounds oL ncthich Ras halosen. Al or oA subsiadiy helogen

Within this embodiment, preferred compgunds are those in which R' is’halogen, alkyl or alkoxy.
Examples of sichBBRPSLHESH R E35B%E hiorophenyl)-1,2-dihydro-3,7,8-timethy
-pyrazolo[3,4-b][1,4]benzodiazepine; ) . ) )
8-chloro-5-(2-chlorophenyfi F R GaRE SIS SIRHEt RIS 5f IomlER0diazepine;
5-(2-chlorophenyl)-dt2reihpdendif uoemZ: thethoxdicddasthidspyrazatofSidahijtid bengadidzepine; 20

5-(2-chlorophenyl)-d 2-gifydrg:/smetheayae iyl Sl uaroms iy kpwrazoig634-

b]{1.41benzodiazepine.

10 In another embodiment, the invention provides compounds of formula IV in
which R' is halogen. Within 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
] TN
O(CH);—C N _
ring; alkoxy, e.g., methoxy or ethoxy; or " wherenis 1or2.
In another embodiment, the invention provides compounds of formula IV in

15 which R’ is (OCHLCH,).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(O). 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 alky! 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., chlore; phenyl; or (OCHCH,),OCH;, 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 B
is hydroxy; alkoxy; O(CH)=NR'R?, in particular where NR'R® forms a morpholine ring;

N
O(CH,)—C N ‘
{OCH,CH.),OCH;; or " wherenislor2, and mis 2.



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 R2 is hydroxy, alkoxy, or alkoxy substituted by halogen. Preferred compounds within this
embodimentaredivesesnsavhich R' is alkyl, cyan, NH2C(O), or O(CH2),0CH3/mReirfiplesst such
compounds include
5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-7-methoxyetidxy-3-methyl-pyrazolo[3,4- b] [

1,4]benzodiazepin e; 30 5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-methoxy-3:methylpyrazolo[3,4-
b][1,4]benzodiazepine; an @%ﬁ%%%%@ﬁ%%eén&?ﬁ%ﬁg ?ﬁ%ﬁr%%?ﬁ?&‘ggﬁ}eﬁgﬁ&%ﬁazoloﬁ,4-
b][1,4]benzodiaze pirertivd 20 DBi04e036 POTYEREOTSTNoBSSX I Bonpiesnefeheaeampunds
within this group arggh@ge in which R' is halogen. Examples of such compounds include

7-chloro-5-(2-chlorgphenyl)-1.2-di -8-methoxy-3-methyl-pyrazolol3,4- bl 1, odiazepine; s
7-bromo-5-(2-ch|or%b@_ecrk1>{/ thﬁn&#é%%%%%ﬁ%%r%%ee%r%é%%%’%ﬁ%—b %]{f]f%%ge%%%%{zl%pine;
5-(2-chlorophen$l)-3-2-gihgrarseriinbrolBufet oRsE X InE RSBy PEZEP B34~ bJ[1,4]benzodiazepine;
S-(2-chhloropbenylji] 2 dihycia-2HlbgmB-ethoxy-3-methyl-pyrazolo[3,4- io b] [ 1,4]benzodiazepine;

and 5-(2-chiorophenyl)-1,2-dihydro-7-cyano-8-methoxy- pyrazoio{3,4-

bi{1,4]benzodiazepine.

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

10 defined herein before, wherein

R* is ortho-chlora; and

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 R” is methyl;
R* is ortho-chloro; and

R! and R? have the meanings given gbove.

In still another embodiment, the present invention provides a compound of formuta 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.



5-(2-chlorophenyl)-1, 2-dihydro-7-fiuoro-8-(1-methylethoxy)-3-methyl-pyrazolo [3,4- b] [
1,4]benzodiazepine. Further preferred compounds within this group are those in which R1 is alkoxy.
Examples of such compounds include 15

S-(2-chloropiéeavDia ae8ihydro-7,8-dimethoxy-3-methyl-pyrazolo[3,4- b][1 20b&n26iarepine;
1,2-dihydro-3,7-dimethyl-8-methoxy-5-phenyl-pyrazoloﬁB 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-chloropheny)-L,2-dinyglr s smgihom Jmeiieinas s sethhamizole i duialibn
1,4]benzodiazepine; and , _ .
5-(2-chIorophenyl)c-’i,cé’lawa%%%éﬁ’{wpf-](i?rﬁcgﬂ?ﬁ@ﬂfo?&;ﬁ%@r%ae{ﬁyl25%5%8%% Pnstrated
b][1,4]benzodiazepirsehé¢rmemnoihé E.erhbodiettsthef lnvewtidns srovides tonspoanersof formita IV in 25
which R2 is phenypPreferred compounds include those in which R1 is alkoxy, for example, the
compound 5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-8-phenyl-
pyrazolo[3,4-b][1,4]benzodiazeping. 1§ another embodiment, the invention provides compounds of
formula IV wherein R2 is{QCH2EH2),0CII3. Preferred Bouppayddtwithin this embodiment are so
pounds include
fréthoxy-8-methoxyetH8ixy-3-méthyl-pyrazolo[3,4-

i h@pyl)-l,2-dihydro-7-f|uort@;emoxyethoxy-s-methyl-pyrazolo[3,4
0653 -14-

i It

Rz ﬁﬁ*
- > R1 ‘ =N
/
o
v

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 2000/064500; Scheibye, 5.,
et al., Bulletin des Societes Chimigues Belges, 87: 229-38 (1978); Jesberger, M., et al,,
10 Synthesis, 1926-1958 (2003)). Thiclactam I¥ is reacted with the dimethy! acetal of N,N-
dimethyl acetamide, preferably at an elevated temperature, for example, 60 to 130°C, to
form intermediate ¥EI, which on reaction with hydrazine forms the pyrazole derivative
v,



b][l,4]benzodiazepine; 5-(2-chlorophenyl)-
7-cyano-1,2-dihydro-8-methoxyethoxy-3-methyl-pyrazolo[3,4- b][1,4]benzodiazepine; and
5-(2-chlorophenyl)-7-cyano-1, 2-dihydro-8-(2-(2-methoxyethoxy)ethoxy)-3-methyl- 5
pyrazolo[3,4%pldenssdiazepine. In another embodiment, the inventior?pigiRiess Bdehzounds of
formula IV wherein R' and R2 together form an dioxolane ring. An example. of such a compound is
5-(2-chlorophenyl)-8,10-dihydro-7-methyl-1,3-dioxolo[4 5-h]pyrazolo[3,4- b][1,4]benzodiazepine. to In
another embodiment, the mventlorhpr(a/ldes compounds of formula I\gin which R is halogen. Within
this embodiment, preferregkcorr s are those in whiefz. B2 gen; hydroxy; N(R6)2;
O(CH2),NR7RS, e.g., where ug;g)rmsermgxph@h-ne rn oXxy; e.g., methoxy or ethoxy; or
O(CH2)nC N U, where n i hiih [ &htion provides compounds of
formula IV in 15 which R1 is (OGHZCHZ)" OCH3 Within this erpsodinagnt, preferred compounds are
those in which R2 is alkoxy. Inigngther embodiment, the invery provides compounds of formula 1V
in which R' is NH2C(O). Within t |s embodiment, preferred compounds are those in which R2 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 R2 is alkoxy, halogen, alkyl, or
aIkyI substltuted by halogen In another embodlme;m, the invention prowdes unds of formula IV

efegred compoun = thobeh |ch R2 25is
NQ_S:FI? where Q?I

- 4

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, etal,

5 Chemistry of Heterocyclic Compounds, Chichester, United Kingdom, Vol. 30: 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; etal.,
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 (1862); 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 Heterocyelic 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 (1091); Walser, A.; et al., Chemistry of Heterocyclic Compounds, Chichester,
United Kingdom, vol 50: 849-846 (1991); Archer, G. A.; et al., Chemical Reviews, 68:



In another embodiment, the invention provides compounds of formula IV in which R1 is cyano. Within
this embodiment, preferred compounds are those in which R2 is hydroxy; alkoxy; O(CH2),nNR'RS, in
particular where NR7R8 forms a morpholine ring; O(CH2)n C N (OCH2CH2).0CH3; or U, where n is
1 or 2, and W& 2004/@02806/040036 PCT/EP2005/010653 -15 In anothePEXBBUIYEHISthe invention
provides compounds of formula IV wherein R3 is hydrogen, i.e. compounds of formula XXII. Examples
of such compounds include 5-(2-chlorophenyl)-1,2-dihytro-7-fluoro-8-methoxy-pyrazolo[3,4-b][
1,41benzodiazepingi; 5.5{35ehl aropBamy - k2-diy dramSanetbexmid anathypyrazoteise)-
b][1,4]benzodiazep<'ﬂ9es'zﬁ)|nd 5-(2-chlorophenyl)-l.2-dihydm-7-cyano-8-methoxy- pyrazolo[3,4-
b}[1,4jbenzodiazepine. i yet another embodiment, the present invention provides a compound of
formula IV as is defined herein before, wherein R is ortho-chloro; and R’, RZ and R3 have the
meanings given above. Inagtill anotnﬁr embodipiént, the present invexgiop-Qrowdes a compound of
formula IV as defined herelme, Wherei R#is methyl; R4 is ort j0-C| Ior%ﬁnd R'and R2 have
the meanings given abovg1 another e iment,—trhe—present Awention provides a compound of
formula IV as 54

Vil Vi X

e .
R4 R1
O R4
Xi
NH, H O
Rz N
- O
B =M

schemne 3

For examples of compounds of formula I where the substitution pattern has not

e

been described previously, the preparation follows the method ontlined in scheme 3,
where the condensation of an aniline derivative ViI with an aldehyde VIIL 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.

i0 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 Vilgg, VIIkk, VI, and VIIjj, are commercially
available. Compounds of formula VIigg and VIIkk can be prepared, for exampie, by the
15 method of FR1573745. Compounds Viiii and VIIjj can be prepared by the following



defined herein before, wherein 20 R1 is halogen or -CN R3 is methyl; R4 is ortho-chloro; and R2 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 theexaspless Generally, the compound of the invention can berperpergeiaszcording to the
synthesis schemes provided below. WO 2006/040036 PCT/EP2005/010653 -16 The following
synthetic schemes provide two general methods for prep&ration of compounds of the invention, i.e.,
compounds of formula IV. In method Ab%g/us rated .in.schemes, 1 <':1&d7/?34 qpzediazepine of formula |
is converted to a c&ﬂ%‘g&n‘é{qﬁ%&%ﬁ% 1%%%%)%%'& R~ N 7 Iglé6 -N'Rt N 15—%%4 R4 IItHN,
R2 RZNrNH RI )MWMY%WMWZPESWPWWB and 15 g of Raney-Nickel in 80 mL of

tetrahydrofuran-ethanol (1:1) was shaken vigorously under a 50 psi atmosphere of

hydrogen for 4 hours. The mixture was then filtered through Celite and concentrated

5 under reducted pressure to giver 4.57 g of 3-methoxy-4-isopropoxyaniline, which was

used directly for the next step. VILjj can be prepared in a similar mamner from 2-
methoxy-4-nitre- 1 -isopropoxybenzene which can be prepared from commercially
available materials using the procedure of Castello et al,, Zetrahedron Letters, 26: 2489-
02 (1985).

10 Oxidation of IX to the corresponding arnino 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 Learoux, F., et al,,
Journat 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 sodinm azide
followed by azide to amine reduction to provide XIL, which then undergoes cyclization

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

H o ONo
N
Y
3¢} =N
o
X Xn XV

H -
= M~ NH

i

scheme 4



scheme I In the method of scheme 1, the lactam | is converted to the corresponding thiolactam Il
according to procedures known in the art (WO 2000/064900; Scheibye, S., et al., Bulletin des
Societes Chimniques Beiges, 87: 229-38 (1978); Jesberger, M., et al., io Synthesis, 1929-1958
(2003)). Thiotsetwsil4dieacted with the dimethyl acetal of N,N- dimethy| Bcet&ithaed@eéderably at an
elevated temperature, for example, 60 to 130C, to form intermediate Ill, which on reaction with
hydrazine forms the pyrazole derivative 1V. WO 2006/646036 PCT/EP2005/010653 -17 H 0 | 0- R2

NJR2N | -~R1-NR1"N. R4 R4 V 0 6HVN,.(NH R2 | H s RZl lIB% %,\IbN o%lae I}Rﬁeﬁfsd\/' v
scheme 2 In the method oﬁ‘%éﬂ nm H%?%%ea?/naﬁgﬁ%snog eafne actam is converted to

the O-methyl etheB\sbuélméﬁwmﬁtﬁﬁmﬁﬁtﬁﬁh@%‘t‘?@\lﬁlwo‘@%‘lo?ﬁmﬂe derivative
XTI to form intermediate XIV. Removal of the aliyl group from XIV is accomplished

by the general method described in Taniguchi, T., et al., Tetrahedron Letiers, 30 4675-
5 4682 (1998), wherein intermediate XIV is reacted in the presence of diisobutylaluminum
hydride and a mckel catalyst to geperate the pyrazole derivative Iv,

The amino-chloro-pyrazole derivative XIII is prepared by the methods outlined

in scheme 5 and schemes 6.

\
ol = f ownL T -
— Y NH, _p
0
XV
NH {
ci . ci N
— \ ) — \
0 HG
— Y N
XV HVE
Cl - ] N
— \ N — \
NNy HN
o
XV Hin

10 scheme 5



5 Chemistry of Heterocyclic Compounds, Chichester, United Kingdom, Vol. 50: 431-543 (1991);
Walser, A.; et at., Chemistry of Heterocyclic Compounds, Chichester, United Kingdom, vol. 50:
545-629 (1991); Walser, A.; et al., Chemistry of Heterocyclic Compounds, Chichester, United
Kingdom, voinBD2@380486¢88 (1991); Walser, A.; et al., Chemistry of Hetero@fJi€XCHiHipidarids,
Chichester, United Kingdom, vol 50: 849-946 io (1991); Archer, G. A.; et al., Chemical Reviews, 68:
747-84 (1968); Sternbach, L. H., et al., Journal of Orgahic 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-dimethyl acetam\i/ﬁ forms

intermediate VI which on reaction with hydrazine forms tlfe pyrazole derivative IVL 15 Methods for

preparing compounds of mﬂﬂ‘%}“are well known imthﬂ{pzodiazepine litS¥ ﬁe,(WaIser, A.; etal.,
Chemistry of Heterocyclic C unds;Chichester, U Kingdor, vat. 50 %3 (1991); Walser,
A.; et at, Chemistry of Heltemcyc ic Compounds, Cl¢ick\este United KingdomMvol. 50: 545-629
(1991); Walser, A.; etal., Ch@mlstry of Heterocyclic Cém ounds Chichester, U }ﬁd Kingdom, vol 50:
2C 631-848 (1991); Walser A.; Bt al., Chemistry of Heterocycllc Compounds, Chichester, United
Kingdom, vol 50: 849-946 (1991); Archer G. A,; et al., Chemical Reviews, 68: WO 2006/040036
PCTIEP2005/010653 -18 747-84 (1968); Sternbach L. H., et al., Journal of Organic Chemistry, 27:
3788-96 (1962)). 0 ::i NR2 NHZ + | R4 R1 OH R4°Peme

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-butencate 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 X VI by diazotization and reaction with chloride in the presence of copper
salts. Hydrolysis of the ester under basic conditions provides the pyrazole acid
intermediate XVII. The acid XVII is reacted with methyl chloroformate followed by
10 azide to form the intermediate carbony! azide pyrazole XVIIL, which on heating,
followed by workup provides the amino-chioro-pyrazole derivative XIIL Alternatively,
amino-chloro-pyrazole derivative X111 may be prepared by allylation of nitropyrazoie
" XIX (forrming 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 aicohol or amine in

the presence of a base. These reactions are illustrated in schemes 7, 8 and 9.
RZ l NH,
R1 ©

R4
« O

scheme 7

a0 This reaction can be used to convert compounds such as (2-amino-4,5-

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



VIIVIIIXOBr R2\NHZR2NH _R11/()R10 R4R4 X\XI ONHzHO R2:11[::: NH R2 NJ
R1 O R1-N R4 R4 X11 scheme 3 For examples of compounds of formula | where the substitution
pattern has not been described previously, the preparation follows the method outlined in scheme 3,
where the condensatenf an aniline derivative VII with an aldehyde VIII ir¢cheErRresensesof a Lewis
acid according to the method described in Toyoda, T., et al., Tetrahedron Letters, 21: 173-6 (1980),
generates an aminoalcohol IX. io Compounds of formul@3AIl are commercially available. Compounds

of formuia VIl are gommercialy ayaleble, 9f a1 knan SRMBOUALS RIFPPAIRSIS Rucro-4

(4-morpholinylipropoxy)phenyl)-(2-chlorophenyi)-methanone (Xi}.

H
B
R =N

o

scheme 8

This reaction can be used to convert compounds such as 5-(2-chlorophenyl)-7,8-
diftuore-1,3-dihydro-2H- 1 4-benzodiazepin-2-one (Imrn) to compounds such as 5-(2-
chiorophenyl)-1,3-dihydro-7-fluoro-8-methoxy- 2H-1,4-benzodiazepin-2-one (la) and 5-

L3 ]

(2-chlorophenyl)-7-cyano-1,3-dihydro-8-methoxy- 2H-1,4-benzodiazepin-2-one (Ib).
5 H 8
R2 . lﬁlg R2 ‘ N\$
R1 ~N 24 =N
O o

It . i

Y

0 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 (tmm) to compounds such as 5-(2-
chiorophenyl)-1,3-dihydro-7-flucro-8-methoxy-2H-1,4-benzodiazepin-2-thione (la), 5-
(2-chiorophenyl)-1,3-diliydro-7-fluoro-8-methoxyethoxy-2H-1,4-benzodiazepin-2-thione

15 (), 5-(2-chlorophenyl)-1,3-dihydro-§-ethoxy-7-fluore-2H-1,4-benzodiazepin-2-thione
(Iig), and 5-(2-chlorophenyl)-1,3-dibydro-7-fluoro-8-(1-methylethoxy)-2H-1.4-
benzodiazepin-2-thione (IIh).

Tn exaraples 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 gutlined in scheme 10,



commercially available materials by procedures known in the art Compounds of formula VII, with the
exception of VI1gg, VIIKk, Viii, and VIljj, are commercially available. Compounds of formula Vllgg and
VIIkk can be prepared, for example, by the is method of FR1573745. Compounds Viii and VIljj can be
prepared by ¥e fuliawing WO 2006/040036 PCT/EP2005/010653 - 19= etradisRite s described in
terms of VIRI. A mixture of 7.34g (0.0347 mol) of 1- methoxy-4-nitro-2-isopropoxybenzene and 15 g of
Raney-Nickel in 80 mL of tetrahydrofuran-ethanol (1:1)3%as shaken vigorously under a 50 psi
atmosphere of hydrogen for ﬁ hogrs. The mixture was theig filiered through Celite and coggentrated 5
under reducted presggre 1Q giver4.57 g of 3-methaxy-4:i poxyaniline, wiRizh wg d directly for
the next step. VIIjj can - pom 2 methoxy-4:-nitro-|
which can be preparet froffi getimercially availaBté méaters
Tetrahedron Letters, 26: 2489- 9%&1985). 10 Oxidation g
be accomplished by methg nown in the art (see, e.g e Walser references desgcribed above;
Sugasawa, T.; et al., Journal ofiHeterocyclic Chemistry, 16(3): 445-8 (1979); and LerouX, F., et at.,
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 is by reaction either with ammonia
to provide XII or by reaction with sodium azide foIIo%@“ﬁf%‘ylgzide to amine reduction to provide XII,

which then undergoes cyclization to lactam | (see, e.g., Walser references described above). 1J~~ H
N.

nropgxybenzene
S using the proc&dure’of Eastello et at.,
ta,the corresponding apsno ketone X can

This reaction can be used, for example, to convert compounds such as 7-bromo-
5-(2-chjorophenyl)-1,3-dihydro-8-methoxy- 2H-1,4-benzodiazepin-2-one (Id) to

5 compounds such as 7-bromo-5-(2-chlorophenyl)-1,3-ditydro-8-(3-(4-
mérpholinyl)propoxy))— 2H-1,4-benzodiazepin-2-one (Ij), 7-bromo-5-(2-chlorophenyi)-
1,3-dihvdro-8-methoxyethoxy- 2H-1,4-benzodiazepin-2-one (Innj, 7-bromo-5-(2-
chiorophenyl)- 1,3-dihydro-8-(2-(2-methoxyethoxy)ethoxy)- 2H-1 JA-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-
orpholinyljpropoxy))- 2H-1,4-benzodiazepin-2-one (Ik}, 5-(2-chlorophenyl}-7-cyano-
'1,3-dihydro-8-(2-((2-methoxyethyl )methylamino)-ethoxy)-21-1,4-benzodiazepin-2-one

15 (v), 3-(2~chlorophenyl)-7-cyano-1,3-dihydro-8-hydroxy-2H-1,4-benzodiazepin-2-one
(iqq), 5~(2-chlorophenyl)-7-cyano-1,3-dibydro-8-(1-t-butoxycarbonyl-4-
piperidinylymethoxy-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 CNor C(O}N(R% 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 6,440,939.

For those compounds of formula IV where R® is H (Compounds of formula
XX1), the compounds can be prepared according to the general method outlined in
Scheme 11.



R2 NlizR2 N~ R1IO{CI\NN R1I"N R4 HzN R4 X XIII XIV MN\ R2 t3tt RI _N R4 IV scheme 4
WO 2006/040036 PCT/EP2005/010653 -20 Alternatively, the pyrazole derivatives of formula IV may
be formed by method B outlined in scheme 4. Intermediate X is reacted with amino-chloro-pyrazole
derivative XRvéozicsnuansermediate XIV. Removal of the allyl group from Xi¥rieemesmpisshed by the
general method described in Taniguchi, T., et al., Tetrahedron Letters, 39: 4679 5 4682 (1998),
wherein intermediate XIV is reacted in the presence of @fisobutylaluminum hydride and a nickel
catalyst to generate the pyrazole derivatli_lve . The amino-chloro-pyrazol§I derivative Xlll is prepared
by the methods outlined in scheggme 5 amd-gcheme 6. HN N g--/ Q Of}_ig—_,l:lHZjO 0 XV

/

———————ar

Ri

scheme 11

This process has been previously described for exampies where R?isHin
commonly owned U.S. Patent No. 6,440,959, Thiolactam II is reacted with
5 dimethylformamide diethyl acetal to produce intermediate XXX, which is then treated
with hydrazine to vield the pyrazolobenzodiazepine XX1I. Specific examples of this
reaction ¢an be found in Examples 90 to 92, below.

SUBSTITUTION TABLE

R’ | R* R’ R*
a | F OCH; CH, Cl
b CN OCH; CHs al
c H.NCO OCH, CH, I
d Br OCH; CH: i
e CH; OCH; CHs H
f E OCH,CH,OCH; CH; a




NN, SCI\/N_-,.C{/N HO 00 XVIXVII CINN~NCI 'ON NsN,NHZN O XVIII X1l 10 scheme 5
WO 2006/040036 PCT/EP2005/010653 -21 C1 9 'NH CI ~NiN CI NN ¢-N O:N HZN 0 0 XIX XX X861
scheme 6 In scheme 5,ethyl-2-cyan-3-ethoxy-2-butenoateis reacted with 2-propenyl- hydrazine to form
pyrazole intewoeskistes e Ethyl-2-cyano-3-ethoxy-2-butenoate can 5 be ptgpaigdHamB8ommercially
available materials via the method described in U.S. Patent No. 2,824,121. The amino ester XV is

converted to the corresponding chioro derivative XVI-By diazotization and reaction with chloride in the
presence Of Cop er_salts H\/r‘lrnl\/qv; nf_tJ:\n ester undaer haclr\ c

sie-eondittonspron ‘ucﬁgyu zole acid
intermediate XVIl. The acid X%’II is reacted with methﬁchloroformate followe
g F OCH.CH; CH; Cl
h E OCH(CHs)2 CHa Cl |
i ¥ OCH,CH,CHN(CH,CH2 )20 CH, l
] Br OCH,CH,CHoN(CH,CH 3,0 CHs 1 1
k CH OCH,CH,CHN(CH,CH 1O CHs i{ Cl
1 F N(CHsa), CH: \ Cl
m CN OCHCH,OCH; CHs Cl
n | CN OCH,CHOCHCHO0CH; CHs Cl
0 F OCH,CH(CH,CH; );NCH; CH; Cl
p CN OCH,CB(CH,CH:),NCHs CHs Cl
q F OCHCHN(CHCH2320 CH; Cl
T CN OCH,CHN(CH:CH; 10 CHs i
8 F OCH,CH,N(CH,;CH, ),NCH; CHs i
t CN OCH»CH,N(CH2CHy)2NCH;s Cﬁg Z Ct
i} 3 OCH,CH,yN(CH3)YCH2CH;OCH; CHs Cl
v CN OCH,CH,N(CH)YCH,CH20CH; CH; Cl
W CHas CH3 CH; i
% OCH; OCH: CHs Cl
¥ OCH; CI CH; Cl
z CHa, OCH, CHs C1




1o azide to form the intermediate carbonyl azide pyrazole XVIII, which on heating, followed by workup
provides the amino-chioro-pyrazole derivative Xlll. Alternatively, amino-chioro-pyrazole derivative XIlI
may be prepared by allylation of nitropyrazole XIX (forming XX), followed by reduction of the nitro
group to amiroo(sokarme36). Additional substitutions for Rl and R2 can be BbtdRee)whesteither R" or
R2 is a Is functional group that can undergo further transformation. For example in cases where R1
and R2 are fluorine, monosubstitution is possible by rea&tion with an alcohol or amine in the presence

of a base. These reaction

R4 X X - J scheme 7 20 [This Ractioh can be used to &)nvert cbmpounds such as 2-amino'-£f,05-R4
difluorophenyl)-(2:chlorophenyl)-methanone (Xmm) to compounds.such-as{2-amine-5-W0
2006/040036 PCT/EF2005/096853 -22 fluoro-4-mettidgphenyl)-(2-chloraphshl)-metiahone (Xa)
and (2-amino-5-fluoro-4-(3- (4-morph Iinyl)proooxv)phe_nyl)-(z-chIorophpnbl)-mpfha one (Xi). HO
H-00 R2NIR2N/I B4 -N Ri-N R4 R4 f schéfme®- CH; cl
ec | Cl OCHs \ CH;
ad OCH; E CHs
[ ee OCH, CFy CHs
ff OCH; Ph CHs —
g OCH; OCH,CH,OCH; CH;
h CH; 1 CHs
i OCH; OCH(CHa), CHs
T | OCH(CHs) OCH, CHa
kk | OCHCH;O OCH; CH;
CHs
mEn F F | CHs
on Br QOCH,CH,OCH; CH;
00 % Br OCH,CH,OCH,CH,0CH: CH;
PP Br OH CHs
aq CN OH CHa
T CN OCH.CH(CH,CH,).NCOOC(CHs)s CH:
S8 CN OCH,CH,Cl CH;
L




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-
chlorophenyl)-1,3-dihydro-7-fluoro-8-methoxy- 2H-1,4-benzodiazepin-2-one (la) and 5-
(2-chlorophewyh)zeeyamaes 1,3-dihydro-8-methoxy- 211-1,4-benzodiazepin Z=8A2{HYOHE@3H S R2 { NJ
R2NJ R1-NR1"N R4 R4 \g!l 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-Bénzodiazepin-2-thione (Ilmm) to compounds
such as 5-(2- chlorophenyl)-1,3-dih -8-methoxy-2H-1,4-benzodiazepin-2-thione (lla), 5-
(2-chl orophenyl)-1, 3-dih P?“’fﬁ%/ t{o? “Méthoxyethoxy-2H-1,4-benzodiazepin-2-thione 15
(11f),5-(2-chlorophenyl)-1,3-dihydro-8-ethoxy-7-fluoro-2H-1,4-benzodiazepin-2-thione (llg), and
5-(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-(1-methylethoxy)-2H-1,4- benzodiazepin-2-thione (llh). In
examples where R is a methoxy group, the intermediate car»)e demethylated to the corresponding
hydroxy derivative, which can then be further alkylated. This{is 20 outlined in scheme 10, WO
2006/040036 PCT/EP2005/010653 -23 -2 J RZ;NJ N-J¢ & NR1INR1"NR1"N

R =N

m

pALY

whertein

R’ s alkyl, alkoxy, halogen, COOH, COOAIkyL, CN, C{O)N(Rﬁ}g, or
5 (OCH;CH2),OCHs;
R?is alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by
N
. O(CHZ);“—“C\J N
halogen, phenyl, N(Rﬁ}z, (OCH,CHy),OCH;, O(CHy)mNR'R’, or :

N
C N

"=’ is a 6-membered heterocycle optionally substituted by alkyl or C(O)OR®;

or R and R*together form a S-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 alkoxyafkyl, 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, 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;



R4 R4 R4 scheme 10 This reaction can be used, for example, to convert compounds such as
7-bromo- 5-(2-chlorophenyl)-1,3-dihydro-8-methoxy- 2H-1,4-benzodiazepin-2-one (Id) to 5 compounds
such as 7-bromo-5-(2-chlorophenyl)-1,3-dihydro-8-(3-(4- morpholinyl)propoxy))-
2H-1,4-benzaeuiemepinddsene (lj), 7-bromo-5-(2-chlorophenyl)- 1,3-dihydror&-ertozpethtsxy-
2H-1,4-benzodiazepin-2-one (Inn), 7-bromo-5-(2- chlorophenyl)-
1,3-dihydro-8-(2-(2-methoxyethoxy)ethoxy)- 2H-1,4-berzediazepin-2- one (loo), and
7-bromo-5-(2-chIorO@genyl)-l,?;-dih dro-8-hydroxy-2H-1,4 lo benz%(ljila%egin-z-onﬁ_(lpp). This reaction
also can be used & GoRRERENEHMPoufIVEFCTH AR - methoxy-3-methy:- 1-(2-propeny
5-(2-chlorophenyl)p¥rexena-4-Blidikjtdre8iangthaxy- 2H-1,4-benzodiazepin-2- one (Ib) to compounds
such as 5'(2'Ch'0VQRE%?X&E)%}%?H91%4@1?@'5})59'1,@:&iﬁgﬁ(&jﬂﬁoﬁi&ﬂﬁliﬂy&pﬁﬁ%%w)pyrazoloﬁ,4~
2H-1,4-benzodiazepin-2-one (lIc), 5-(2-chlorophenyl)-7-cyano- 1,

3-dihydro-8-(2-((2- eSS EaRATREylamino)-ethoxy)-2H-1,4-benzodiazepin-2-one 15
(Iv),5-(2-chlorophetwyhiedfe it Boibydio-3-fifitoxy-Rethbx-Bencd Z/Epirpohe (1qq),
5-(2-chIorophenyl)gjg@gg@;@g,l@]gi’am@jQ;Eg;gé{tox)Icarbonyl-4-

piperidinyl)methoxy-2H-1,4-benzodi in:2-gne (Irr) a 3”8- 2:ehloraethoxy)5-(2- o3 4.
chIorophenyI)-7-cyé’ﬁgﬂﬁ%xﬁiﬁﬁg?%@ﬁ“%gﬁi%3?%1&218&?5 -8#%32?@5?. %5%7{1) om}n%%(’%gfz ?ocn}’[r%”ma IV in which
R' are CN or C(O)N{Reé\rwandpasgerverted 20 to compounds in which Rl is COOH or COOAIKy! via

methods known in thearkder’ examplexthose deserihsehin . SeBatan6,448:95yFaritidse
compounds of fomw[@ V where R3 é_s H (Compounds of formula XXII), the compounds can be
t

prepared accorlaing 8€Ig%()r1uéargﬁp%ethod outlined in Scheme 11. WO 2006/040036

PCT/EP2005/01065%2-chlorophenyl)-8,10-dinydro-7-methyl-1,3-dioxolo(4,5-hjpyrazolo[3,4-
b][1,4Tbenzodiazepine;
7-chloro-5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-3-methyl-1-(2-propenyl)-
pyrazolo{3,4-b][1,4]benzodiazepine;

15 S-(Z»chlorophenyi)—l,Z—dihydm—S~ﬂu0ro»7wmethoxy—3-methyi»1—(2-propenyl)-
pyrazolo{3,4-bi[ 1,4]benzodiazepine;
5.(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-1-(2-propeny!)-8-triflucromethyl-

e pyrazolo[3,4-b](1,4]benzodiazepine; | &
5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-8-phenyl- 1-(Z-propenyl)-

20 pyrazolo[3,4-bi[1,4]benzodiazepine;
S-(2—ch10rophenyl)-1,2—dihyd:0-7~methoxy—8—methoxyethoxy—?:-methyl-1-(2-propenyl)~
pyrazolo[3,4-b][1,4Ibenzodiazepine;
8-chioro-5-(2-chiorophenyl)- 1,2-dihydro-3,7-dimethyl-1-(2-propenyl)-pyrazolo[3,4-
b][1.4]benzodiazepine;

25 5-{2—ch10rophenyl)—1,2—dihydm—7—meth0xy~8~(1-methylathoxy)-S-methyL1-(2u
propenyl)-pyrazolo]3,4-b][1,4]benzodiazepine;
5-(2-chiorophenyl)-1,2-dihydro-8-methoxy-7-(1-methylethoxy)-3-methyl-1-(2-
propenyl}—pyrazolo[B,4-b]{l,4]benzodiazepine; and
5~(2~ch10ropheny1)—1,Z—dihydro-S-methoxy-7—meth0xyethoxy-3‘methy1—1~(2—propeny1}-

30 pyrazolo[3,4-bl[1.4]benzodiazepine.

The present invention provides pharmaceutical compositions which comprise at
least one compound of the present invention, e.g., 2 compound of formuia IV, or a

pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier.



24 /ISH'S R2 N-- N\ N Rt! [-:c~1N-R6_RILXXlI R21-N'NH RII N R4 XXIl scheme 11 This
process has been.prewously described for examples where R2 is H in commonly owned U.S. Patent
No. 6,449,959. Thlolqctam Il is reacted with 5 dimethylformamide diethyl acetal to produce
mterm_edmte%&ilzo%m@is then treated with hydrazine to yield the pyrazotaherzodianegine XXII.
Specific examples of this reaction can be found in Examples 90 to 92, below. SUBSTITUTION TABLE
RA2RR aFOCH3 CH3Cl b CN OCH3 CH3 Cl ¢ HENCO OCH3 CH3 CI d Br OCH3 CH3 ClI
The pharmaceutical compositions of the invention can be administersd orally,

for example, in the form of tablets, coated tablets, dragees, hard or soft gelatin capsules,

solutions, emulsions or suspensions. The compositions also can be administered rectally,

for example, in the form of suppositories, or parenterally, for example, in the form of

5 injectable solutions.

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

10 enirapping, dragee-making, or Iyophilizing processes. These pharmaceutical
compositions can be formulated with therapeutically inert inorganic Or organic carriers.
Tactose, 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-liguid 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 contaimng these compounds are useful in the treatment
or control of cell proliferative disorders, in particular oncological disbrders. These
compounds and formulations containing said compounds are particularly useful in the
reatment or control of solid tumors, such as, for example, breast, prostate, lung, and

30 colon fmeors.

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

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



e CH3 OCH3 CH3 H fF OCH2CH20CH3 CH3 Cl WO 2006/040036 PCT/EP2005/010653 -25 Ig gg
RIR 9 F OCH2CH3 CH3 Cl h F OCH(CH3)2 CH3 Cl OCH2CH2CHzN(CHzCFiz)zO CH3 CI j Br 00"
CH2CH2N(CH2CH2)20 CH3 i CI CN OC N(CHCH CH3 Cl H2CH2CH2 22)20 F N(CH3)2 CH3 Cli m
CN OCH2CHROGI3@hi3 Cl | n CN OCH2CH20CH2CH20CH3 CH3 Cl F@1fp2005/010653
OCH2CH(CH2CH2)2NCH3 CH3 Cl p CN OCH2CH(CH2CH2)2NCH3 CH3 CI q F
OCH2CH2N(CH2CH2)20 CH3 Cl r CN OCHzCR2N{GHCH2)z0 CH3 CI F
OCH2CR3N(CH2CH2}2NCH3 CH3 CI t CN OCH2CH2N(CH2CH2)2NGH3 CH3.Cl u F
OCH2CH2N(CH3)GHBaHpighing appaEeig e 19 E@ﬁ%ﬂéﬂ?ﬁéﬁ%ﬁ%@fﬁéﬂﬂ%‘&ﬁ?‘&%@ w CH3
CH-5 CH3 CI X OGH3 @@ BICHanGbonQEHS:@! BB 00 mg, should be appropriate, although

the upper limit may be exceeded when indicated. The daily dosage can be administered
as a single dose or in divided dases, or for parenteral administration, it may be given as

s continuous infusion.

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

invention and are by no means intended to lirnit 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,

glectrospray measured on a Micromass Platform I mass spectrometer.

Where an example is said to be performed in 2 manner analogous to another
example, all of the conditions are the same as those specified in the original exampie
except that in some cases different amounts of the materiais 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 aminebenzophenone intermediates X (scheme 3)

Z R2 NH,

R2]©/NH2 " LA on
+
R1 R1

R4

\_ 7/




z CH3 OCH3 | CH3 CI WO 2006/040036 PCT/EP2005/010653 -26 R R R R 82. OCR3 OCH3 CH3
OCH3 bb -OCH20- CH3 I CI cc | Ci OCH3 CH3 Cl dd OCH3 FH.31C1| ee OCZ 3 CF3 CH3 CI if i
OCH3 Ph CH3 CI gg OCH3 OCH2CH20CH3 CH3 CI hh CH3 CI CHs Cl n OCH3 OCH(CH3)2 CH3
Cl jj OCH(CW®)20BOHS3CH3 Cl kk OCH2CH20 OCH3 CH3 Cl CR3 mnPfFEPBMEOShn Br
OCH2CH20CH3 CH3 Cl 00 Br OCH2CH20CH2CH20CHS3 CH3 CI pp Br | OH CH3 CI gq CN OH

CH3 ClI rr CN OCH2CH(CH2CR2)2NCOOC(CH3)3 CH3 Cl Fs CN OCH2CH2C1 CH3 CI WO
2006/040036 PCT/EP2005/010653 -27-
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ExXAMPLE 1

Preparation of 2 _amino-5-fluoro-4-methoxyphenyl)-(2-chlorophenvi)-methanone (Xa)

HSCGWNHZ,
g

rinE

S

A solution of 2.0 g (0.0142 mole) of 4-fluoro-3-methoxy-aniline in 20 mL of
dichloromethane was added dropwise to 2.24 g (0.0142 mole) of dichlorophenylborane m
20 mL of dichloromethane at -20 to -30°C, followed by the addition of 3.59 g (0.0355
mole) of giethylamine in 10 mL of dichloremethane. 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
room temperature for 4 bours. 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 [ hour
with 10 mL of diethyl ether and 30 mL of 2 M sodinm hydroxide. The reaction mixture
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*=OCH;, R*=Cl), which was used directly in
the next step.

The aminoaicohol (3.6 g) obtained in the previous reaction was dissolved in 60
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 o give 4.2
g of the crude ketone (Zuamino-5-ﬂnorowtif-methoxyphanyl}-(2~ch]or0phenyl)-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-methoxypheny-(2-
chlorophenyl}-methanone (Xa). MHAHZ=280.



Compounds of formula XIVH N*"N R2N g RI--N 'R4 xlvwherein R'is alkyl, alkoxy, halogen,
COOH, COOAIkyl, CN, C(O)N(R6)2, or 5 (OCH2CH2)10CH3; R2 is alkyl, halogen, alkyl substituted
by halogen, OH, alkoxy, alkoxy substituted by O(CH2)n C N halogen, phenyl, N(R6)2,
(OCH2CH2) gy da@62),NR R8, or C N 1 is a 6-membered heterocyate uptzmaiiyossibstituted by
alkyl or C(O)ORG6; or R'and R2 together form a 5-membered heterocyclic ring; io R is hydrogen,
halogen, CN, NO2, alkyl, or alkoxy; each R6 is independently hydrogen or alkyl; R7 and Rs are each
independently hydrogen, alkyl, or alkoxyalkyl, or R7 and R8 taken together with the nitrogen atom to
which they are attached form a 6-membered hete@%@‘%ich is optionally substituted by alkyl; 15
each nis independently 1, 2, or 3; and m is 2, 3, or 4 are novel compounds useful as intermediates in

e PO Of O e or % s S moimi e R ASSARRT 16, BIRERA IHEIRN praYIdes

H,CO. o~ NH,
/

Br

(2~-amino-5-bromo-4-methoxyphenyl }-(2~chlorophenyl)-methanone  (Xd} was
s 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.

EXaMPIE]

Preparation of (2-amino-4.5-dimethyiphenvl)-(2-chlorophenyl)-methanone 3w

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

analogous to BExample 1.



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-I-(2-propenyl)-pyrazolo[3,4- k()’]{NIA]lbenzodigzepine; \We
2006/040033MOCHEPIH5/010653 -28 PCI/EF2005/010633
5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-methoxy-3-methyl-I-(2-propenyl)-
pyrazolo[3,4-b][1,4]benzodiazepine; - 33~
5-(2-chlorophenyl)-1,2-dihydro-7,8-dimethoxy-3-methyl-;(2zpropenyl)-pyrazolo[3,4-
b][1,4]benzodiazepine; 5 8-chloro-5-(2-chlorophenyi)-T,2-dihydro-7-methoxy-3-methyl-I-(2-propenyl)-
pyrazolo[3,4-b][1,4]benzodiazepine;

5-(2-chlorophenyl)-1 2:dityera-& methosy 3. Adimeihyi A nropesydnpyvazolaiandd )
1,4]benzodiazepine;
1,2-dihydro-7,8-dimethoxy-5-(2-methoxyphen)71)-3-methyl-I-(2-propenyl)-pyrazolo[3,4- io b] [
1,41benzodiazepine; 5-(2-chlorophenyl)-8,10-di XS yl-i,3-dioxolo[4,5-h]pyrazolo[3,4-
b][1,4]benzodiazepine; 7-chloro-5-(2-chlorophenyl)- 2 ihy%ro-S-methoxy-S-methyI- [-(2-propenyl)-
pyrazolo[3,4-b][1,43benzodiazepine; 15 H.CO
5-(2-chlorophenyl)-1,2-dihydro-8-fluoro-7-methoxy-3-me
pyrazolo[3,4-bl[1,4]benzodiazepine; .
5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-I-(2-propenyl)-8-trifluoromethyl-
pyrazolo[3,4-b][1,4]benzodiazepine;

5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-8-phenyl-I-(2-propenyD- .
( P ¥ é»amine#,S-dimgﬂmxyphen%ii)—(£%o%pkgny8~n{% axgne {Xx) was
s prepared by reacting 2-chlorobenzaldehyde with 0.0196 moles of 3,4-dimethoxy aniline

-propenyl)-

in a manner analogous to Example 1. MH+/Z=292,

EXAMPLE 5

Preparaiion of { 5 amino-4-chioro-5-methoxyphenvi)-(2-chlorophepyll-methanone (Xy}

ci NH,
O o
H,CO
! cl

10 (2-amino-4-chioro-5-methoxyphenyl)-(2-chiorophenyl)}-methanone (Xy) was
prepared by reacting 2-chlorobenzaldehyds with 0.019 moles of 3-chloro-4-methoxy

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



20 pyrazolo[3,4-b][1,4]benzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-8-methoxyethoxy-3-methyl-I-(2-propenyl)- pyrazolo[3,4-b][1
.4]benzodiazepine; 8-ch|oro-5-(2-chIorophenyl)-l,2-dihydro-3,7-dimethy|-|-r€- ropenyl)-pyrazolo[3,4-
b][l,4]benzo&i9£@5?ﬁéf}% 5-(2-ch|orophenyl)-1,2-dihydro-7-methoxy-8-(1? ﬁﬁﬁﬁ%gﬁﬁ -methyl-I-(2-
propenyl)-pyrazolo[3,4-b][1,4]benzodiazepine; 5-(2-chlorophenyl)-1,
2-dihydro-8-methoxy-7-(1-methylethoxy)-3-methyl-I -(Zg‘%”ropenyl)-pyrazolo[B,4-b][1,4]benzodiazepine;
and 5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-7-methexyethoxy-3-methyl-l-(2-propenyl)- 3o
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 apgeptakig sai-thereof Aptla-phaspracsiuically abteptabiel parieminX2006/040036
PCT/EP2005/010653 -2S The pharmaceutical compositions of the invention can be administered
orally, for example, in the form of tablets, coated tablets, dragees, hard or soft gelatin capsules,
solutions, emulsions or suspensions. The comygsitions alsdi.can be administered rectally, for

example, in the form of suppositories, or parenterally, for example, in the form of 5 injectable solutions.
The pharmaceutical compositions of the presentiivention Yomprise one or more compounds of
formula IV and/or pharmaceutically acceptable salts theresf8tith compositions can be manufactured

in a manner that is known in the art, for example, by means of conventional mixing, encapsulating,
dissolving, granulating, emulsifying,

(2~amimy4—meth0xy~S—methylpheayi}—(B—Chlorophenyl)-methanone {¥Xz) was
5 prepared by reacting 2-chlorobenzaldenyde with 0.0226 moles of 3-methoxy-4-methy!

apiline in 2 manner analogous to Bxample 1. MER/Z=276.

EXAMPLE 7

Preparation of ( 2-amino-4.5-dimethoxvphenv])-(2-methoxyphenyl)-methanone (Xaa)

H,CO O NH,
0
H,CO
! OCH,

10 (2—am;ino—4,S-dimetboxyphenyl)~(Z—methoxypheny1)—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.



1o 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 gelsitim vapsules. Suitable carriers for soft gelatin capsules incluglenmgetsbiesslls, 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 raanufacture of solutions and syrups are water,
polyols, saccharose, invert sugar and glucose. Suitable carriers for injection are water, alcohols,
polyols, glycerine, vegetable oils, phospholipids, FPARIE&ants. Suitable carriers for suppositories
are natural or hardened oils, waxes, fats, and semi-liquid ponoIs 20 The pharmaceutlcal compositions
can also contain preservmg agents, solublllzmg a ) / E‘&:@@%}S emulsifying
agents, sweetening Zgeationmies VO for g thé"osmotic pressure,
buffers, coating agents or ant|OX|dants They also can contain other therapeutically valuable
substances, including additional active |ngred|ents other than those of formula IV. 25 As mentioned
above the compounds of formula IV and their ph anma réutitally acceptable salts and composmons

.S z b

particular oncological disorders. These compounds and formutgtions containing said compounds are
particularly useful in the treatment or control of solid tu @ such as, for example, breast, prostate,
lung, and 30 colon tumors. A therapeutically effective anvetnt or dosage of a compound of formula 1V
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 WO 2006/040036
PCTIEP2005/010653 {\6mamino~1,3—benzod§05{01-5—}1}}—(E-Chloroph&nyl) -methanone (Xbb) was

5 prepared by reacting 72-chlorobenzaldehyde with 0.020 moles of 3,4-methylendioxy

aniline in a manner analogous to Example 1. MH+/Z=276.

EXAMPLEQ
Preparation of (2-amino-5-chioro-4-methoxyphenyvii-{ 7_chlorophenvl)-methanone (Xcc)

H,CO NH,
©/Cl

1o (2-arnino~5-chloro-4—methoxypheny1)—(2—0Morophenyi}-methanone {Kce) was
prepared by reacting 5.chlorobenzaidehyde with ¢.019 moles of 3-methoxy-4-chioro

aniline in a manner analogous to Example 1. ME+/Z=256.



-30 humans weighing approximately 70 Kg, a daily dosage of about 10 mg to about 10,000 mg,
preferably from about 200 mg to about 1,000 mg, should be appropriate, although the upper limit may
be exceeded when indicated. The daily dosage can be administered as a single dose or in divided
doses, or forparsmarabEdministration, it may be given as s continuous iRftBEI2OTHHE fefowing
examples are meant to help the understanding of the present invention and an, by no means intended
to limit its scope. Examples: General: In the examplesitemperatures are indicated in degrees C. For
mass to spectral data, values are given as the I\£H+/Z ionlgbtained in the positive mode, electrospray

measured on a Micromass Platform Il mass spe —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 ex_amp xe tln,SIB-% gggdég%%e §  algdals, werees p!oyed.
Where a 15 differefteiots titg-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 interm dialtgg2 X (scheme 3 O R2 NH2 R2 NH2 R4 R1 |
/}R1 OH R4 Vill IXR2 %R4 | oS

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

aniline in 2 manner analogous to Example 1. MHEH+/Z=280.

EXAMPLE 11

Preparation of { 7 .-amino-5-methoxy-4-trifluoromethyiphenyh-( 2-chlorophenvii-

methanone {Xee)

10

(2-amino-5-methoxy-4-triflucromethylphenyl)- (2-chiorophenyl)-methanone
(Xee) was prepared by reacting 7.chlorobenzaldehyde with 0.0263 moles of 4-methoxy-

3-triflucromethyl aniline in a manner analogous to Bxample 1. MHA+/Z=330.



R1 WO 2006/040036 PCT/EP2005/010653 31 EXAMPLE 1 Preparation of (2a mino 5 fluoro 4
methox}phenyl)-(2-chloropheuvl)-methanone (Xa) H3CO1 NHZ A solution of 2.0 g (0.0142 mole) of
4-fluoro-3-methoxy-aniline in 20 nil. of 5 dichloromethane was added dropwise to 2.24 g (0.0142 mole)
of dichloropH&f\apsrediesin 20 mL of dichloromethane at -20 to -30C, follAEERFIREEeition 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 i 30-mL of dichloromethane was added. The
cooling bath was removed and the mixture stirre%gg1 &EEr?Qm temperature for 4 hours. With rapid
stirring, 100 mL of cold water was added to the réaction 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 6.5 a hrownai wes streshal ioomiemaelEtare for 1 hour
with 10 ml- of dietgﬁpeﬂ'rer and 30 mL of Z’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.£

Rz=0OCH3, R"=C1), which was used directly
previous reaction was dissolved in 60 20 of dichlt
manganese dioxide. After four hours, the mixture wa
pressure to give 4.2 g of the crude ketone H,C0

2 next step. The aminoalcohol (3.6 g) obtained in the
ethage and stirred with 6.09 g (0.071 mole) of
ereg and concentrated under reduced

(2—amino»S-methcxxy—#phenylpheﬁy})~(2—ch10ropheny1)—methanone X4 was
5 prepared by reacting 2-chlorobenzaldehyde with 0.0226 moles of 4-methoxy-3-phenyl

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

EXAMPLE 13

Preparation of { 2-armino-S-methoxy-4-{ 7-methoxvethoxy)phenyl)-(2-chiorophenyl)-

methanone (leg)

10

(Q—amino—S-methoxy—4-(E-methoxyemoxy)phenyl)-(zwchlomphenyl}—methanone
(Xgg) was prepared by reacting 2-chlorobenzaldehyde with 0.0296 moles of 4-methoxy-
3-(2-methoxyethoxy) aniline in 2 manner analogous to Example 1, MH+/Z=336.



(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. WO 2006/040036 PCT/EP2005/010653 -32 EXAMPLE 2 Preparation of (2 amino
5-bromo-4-mgthaxyaiessy|)-(2-chlorophenyl)-methanone (Xd) H3CO NH2&drenc6oices3
(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-tethoxy aniline in a manner analogous to
Example 1. MHt/Z=340. EXAMPLE3 Preparation_of (2 amino 4
5-dimethylphenYI)-(2-chlorophenvl)-methanone (WO

(2 amino-4,5- dlmethylphenyl) (2- chlorophenyl) methanone (XW) was prepared by reactlng

(2-amino~4~chlor0-5wmet‘nyiphenyi)—(z-chlomphenyi)ﬁmethanona {Xhh) was
5 prepared by reacting 2-chlorobenzaldehvde with 0.0318 moles of 3-chlore-4-methyl

o

aniline in a2 manner analogous to Example 1. MHE+/Z=280.

EXAMPLE 15

Preparation of (2-amino-5-methoxy-4- 1-methvlethoxy)phenyl)-(2-chlorophenvi)-
methanone (i)

it

(2-a:rnino~5~methoxy-4—(1—methylethoxy)phanyl)~(2-chlorophenyl)—methanone
(Xii) was prepared by reacting Z-chiorobenzaldehyde with {.0252 moles of 3-
isopropoxy-4-methoxy aniline in a manner analogous to Example 1. MH+/Z=320.



H_CO O CI (2-amino-4,5-dimethoxyphenyl)-(2-chlorophenyl)-methanone (Xx) was 5 prepared by
reacting 2-chlorobenzaldehyde with 0.0196 moles of 3,4-dimethoxy aniline in a manner analogous to
Example 1. MH+/Z2=292. EXAMPLE 5 Preparation of (2 amino-4 chloro-5
methoxvphemyd)-{@eiMoraphenyl)-methanone (Xy) Cl h9H2 tt3CO O Cl 1BCT/EP2005/010653
(2-amino-4-chloro-5-methoxyphenyl)-(2-chlorophenyl)-methanone (Xy) was prepared by reacting
2-chlorobenzaldehyde with 0.0 19 moles of 3-chloro-4-#fethoxy aniline in a manner analogous to
Example 1. MH+/Z2=296. WO 2006/040036 PCT/EP2005/010653 -34 EXAMPLE 6 Preparation of (2
amino-4-methoxy-5-methvlphenyl)-(2-ch|orophen§§ﬂ%¥%§one (Xz) H3CO [{H2 H3C | yCE
(2-aanino-4-methoxy-5-methylphenyl)-(2-chlorophenyl)-methanone (Xz) was 5 prepared by reacting
2- chlorobenzaldehyde W|th 0. 022 ey _memﬁé%kﬁgﬁé%gﬂqggm%gggﬁgalogous to
Example 1. MH+/Z=2F8P¥3kE8 B Ao ©
dimethoxyphenyl)-(2- methoxvphenyf methanoné@ﬁw@m

. a

(2-arnino-4-methoxy-5-(1-methylethoxy)phe enyl)-(2-chlorophenyl}-methanone
(Xji) was prepared by reacting 2-chlorobenzaldehyde with 0.0267 moles of 4-

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

ExaMPLE 17

Preparation of (2-amino-4-methoxy-5-( > methoxvethoxyphenyD-(2-chlorophenyly-

10 methanone (Xkk)

H,CO NH,
(s

H,C O

(Zuanﬁmudr—methoxy5—(Z-methoxyethoxy)phenyl}—(2-chiomphanyl}~memanone
(Xkk) was prepared by reacting 2-chiorobenzaldehyde with 0.0242 moles of 3-methoxy-

4-(2-methoxyethoxy) aniline in 2 marmer analogous to Example 1. MH+/Z=336.



H3CO0 NHZ H3CO | s OCH3 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. WO 2006/040036 PCT/EP2005/010653 -35 EXAMPLE
8 preparatiomaf(B@mingd 3 benzodioxol-5-yl)-(2-chlorophen)Tl)-methand{&/EBHSOMHE'2 O/ O 0 ClI
(6-amino-I,3-benzodioxol-5-yl)-(2-chlorophenyl)-methanone (Xbb) was 5 prepared by reacting
2-chlorobenzaldehyde with 0.020 moles of 3,4-methyléihdioxy aniline in a manner analogous to
Example 1. MH+/Z=276. EXAMPLE 9 Preparation of (2 amino 5 chloro 4
methoxyphem/1)-(2-chlorophenyl)-methanone (%ﬁ-‘él%é NH2 Ct (/O G! 10
(2-amino-5-chloro-4-methoxyphenyl)-(2-chlorophenyl)-methanone (Xcc) was prepared by reacting

2- chlorobenzaldehyW|th 0. 09 moles of 3 ) eho y-4:chlo Qggf}légw%ﬂgmﬁgogous to

{2—arr;ino—4-,5-difiuomphenyi)«(2-chiorophenyl)-methanone (Kmm) was
s prepared by reacting 9.chlorobenzaidehyde with 0.30 moles of 3,4-difluoro aniline in a

manner analogous o Example 1. MEH+Z=268.

EXAMPLE 18

Preparation of ( 1.amino-5-fluoro-4-methoxyphenvh-( 2-chlarophenyi-raethanone (Xa)
from (2-amino-4.5-diftuorophenyl)-( 3 .chlorophenyl)-methanone (3imm)

F NH, H,CO NH,
o
F
Q Cl ©/Ci

Xmim Xa

16

A solution of 2.01 g (0.0075mole) of (2-amino-4,5-diftuorophenyl)-(2-
chlorophenyl)-methanone (Xmm), 24 mL of methanol and 2.08 mL of 25% sodium
methoxide solution was heated to reflux under an inert atrnosphere 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 sulfae, filtered and concentrated
under reduced pressure to yield 2.04 g of aminobenzopheneone (2-amino-3-fluoro-4-
methoxyphenyl}-(z—chlorophenyl)—meﬂmnone (Xa) as a crystalline yeliow solid.
MH+/Z=280.



-36 EXAMPLE10 Preparation of (2a mino 4 fluoro 5 methoxyphenvD-(2-chloroohenvll-methanone
(Xddl F NH2 H3CQ~ Q Ct (2-amino-4-fluoro-5-methoxyphenyl)-(2-chlorophenyl)-methanone (Xdd)
was 5 prepared by reacting 2-chlorobenzaldehyde with 0.0223 moles of 3-fluoro-4-methoxy aniline in
a manner analogossotodixample 1. MH+/Z=280. EXAMI'LE 11 PreparatioPCofE22e1finesss
methoxy-4-trifluoromethylphenv)-(2-chloronhenyl)- methanone (Xee) F F NH2 F H3Q Q Ct 10
(2-amino-5-methoxy-4-trifluoromethylphenyl)-(2-chlorophenyl)-methanone (Xee) was prepared by
reacting 2-chlorobenzaldehyde with 0.0263 moles of 4-methoxy- 3-trifluoromethyl aniline in a manner
analogous to Example 1. MH+/Z=330. WO 2006/BX6HBEERE T/EP2005/010653 -37 EXAMPLE12
Preparation of (2 amino 5 methoxy 4-phenviphhenyl)-(2-chloronbenyl)-methanone (Xff)

Preparation of (2-amino-5-fluoro-4-(3-( 4-morpholinvDpropoxy)phenyl}-(2-

chiorophenyl-methanone (X1}

(\N/\/\ 0

F N NH, \)
E /I (8] B et I 0
F
(]
Amm

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 (2-3mino-4,5-diﬂuorophenyl)-(2~chlorophenyl)—metbanone {Xmm)
and 2.23 g (0.016 mole} of 4-morpholinepropanol was stirred at 100 EMPETALUIE for 4
hours. The mixture was guenched 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
(Q—amino-S-ﬂuoro-4—(3-(4«morphoiiny1)propoxy)phenyl)—(Z-CMOIGphenyi)-methanone
(i), MH+/Z=393.



NH2 H3CO 0 ~, ClI (2-amino-5-methoxy-4-phenylphenyl)-(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 5 methoxy 4
(2-methoxvethoanahrimd)-(2-chlorophenvl)- methanone (Xna H3C~ NH2 vd3E&2ddsbhess
(2-amino-5-methoxy-4-(2-methoxyethoxy)phenyl)-(2-chlorophenyl)-methanone (Xgg) was prepared by
reacting 2-chlorobenzaldehyde with 0.0296 moles of 4-methoxy- 3-(2-methoxyethoxy) aniline in a
manner analogous to Example 1. MH+/Z 336 WO 2006/040036 PCT/EP2005/010653 -38 EXAMPLE
14 Preparation of (2 arnindz2ee i RIS |3 UBR TS RARIE xhh) C1 NH2 |
H3C 0 CI (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- meéhyl

R2 NH, NH
sy et
Rt ©
PN
x

EXAMPLE 2]

5 Preparafion of 7-bromo-5-( 2-chlorophenyi)-1.3-dihydro-8-methoxy- 2F-1.4-

benzodiazenin-2-one (1d

A sotution of 3.5 mL (0,04 mole) of bromoacetyl bromide in 3.5 mL of
dichloromethane was added to a cooled (0°C) sohution 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



aniline in a manner analogous to Example 1. MH+(Z=280. EXAMPLE 15 Preparation of (2 amino 5
methoxy 4 (1 methvlethoxy)phenyl)-(2-chlorophenvl)- methanone (Xii)) H3C H3C~0 NHZ H3CO C C1
10 (2-amino-5-methoxy-4-(1-methylethoxy)phenyl)-(2-chlorophenyl)-methanone (Xii) was prepared by
reacting 2-cHi@BEH#aenyde with 0.0252 moles of 3- isopropoxy-4-metREXFRHIMEHT S manner
analogous to Example 1. MH+/Z=320. WO 2006/040036 PCT/EP2005/010653 -34 EXAMPLE16

Preparation of(2 amino-4 methoxy,-5-(-meth thoxy)phéﬁ}l)-(z-chloronhenyl)- methanone (Xii) H3C(c)

NH2 H3C>- G 0 H% }oﬁiethane. The dichloromethane layer was washed with saturated copper sulfate
eth

(2-amino-4-methoxy-5-(1-m lethoxy)phen '3}{ 2-chlorophenvl)-methangn I sRrgpared by
reacting 2-ch|orobeﬁ‘?§§f8§h§%@ﬁﬁﬁﬁ . gé}?sr%(’) ot gtfs%%%%%%% 9%’?5%3%}( gfr%ﬁée%in a manner
analogous to Examptesiud ddi@=300 RKAdnpHcEliznidpatation of(2 amino 4 methox 5

(2-methoxyethoxy)phenyl)-(2-chlorophenvl}
The crude bromoacetanilide (X1d) obtained above (16.5 g, 0.0357 mole) was

5 dissolved in 250 mL of tetrahydrofuran and 80 mL of methanol. The mixmure was cooled
to -78°C and 35 ml of distilled aramonia was added. The mixture was stirred for 1.5
hours; then, the cooling bath was removed, and the mixture stirred af Toom emperature
for another 2 hours, during which time the excess ammonia was allowed to boit 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 X1id.

The crude XTId 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 tovyield 9.2 g of 7-bromo-5-(2-chlorophenyl)-1,3-diydro-8-methoxy- 2H-1,4-
benzodiazepin-2-one (Id). MH+Z=375.

EXAMPIE 22

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

benzodiazenin-2-one {Ia

20

5-(2-chlorophenyl)-1,3-dihydro-7-fluorc-8-methoxy- 2H-1,4-benzodiazepin-2-
one (1a) was prepared by reacting 0.125 moles of (2-amino-5-fiuoro-4-
methoxyphenyl)(2-chlorophenyl)-methanone (Xa) with bromoacetyl bromide in the
manner of Example 21. MH+/Z=319.



1o methanone (XIk) H3CO NH2 H3C\V(r) 0 0 CI
(2-amino-4-methoxy-5-(2-methoxy(-thoxy)phenyl)-(2-chlorophenvl)-methanone (Xkk) was prepared by
reacting 2-chlorobenzaldehyde with 0.0242 moles of 3-methoxy- 4-(2-methoxyethoxy) aniline in a
manner analegeusé@dxample 1. ivIH+/Z=336. WO 2006/040036 PCT/EPZ00E#166535340
EXAMPLE 18 preparation of (2 atnino 4 5 difiuorophenyl) (2-chlorophenyD-methanone (Xmm) F NH2
10 FCt (2-amino-4,5-difluorophenyl)-(2-chlorophenyi}methanone (Xmm) was s 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 14 Preparation of (2 ami 2
methoxyphenyl)-(2-chlorophenyl)-methanone (Xa) from (2 amino 4 5 difluorophenyf

(2-chlorophenyl)- m%?@?ar}%?o% (o)§r5nr(gzcﬁlorovlzxem?f$1%w\ vdro%— uor0~8913-/ 4-merpholinylpropoxy))-

7H-1 4-benzodizzepin-2-one (1)

5 5-(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-(3-(4-morpholinyljpropoxy))- 2H-
1,4-benzodiazepin-2-one (Iij was prepared by reacting 0.0062 moles of (2-amino-5-
fiuoro-4-(3-(4-morpholinyl)propoxy)phenyl}-(2-chlorophenyl)-methanone (X1) with
bromoacety! bromide in the manner of Example 21. MH+/Z=432.

EXAMPLE 24

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

henzodiazepin-2-one (Iz

H
H,CO N~z

b

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



Xmm Xa 10 A solution of 2.01 g (0.0075mole) of (2-amino-4,5-difiuorophenyl)-(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 asetatmangaamshed twice with brine. The 15 ethyl acetate exti{ct/#igdmétisver
anhydrous sodium sulfate, filtered and concentrated under reduced pressure to yield 2.04 g of
aminobenzopheneone (2-anuno-5-fluoro-4- methoxyphenyl)-(2-chlorophenyl)-methanone (Xa) as a
crystalline yellow solid. MH+/Z=280. WO 2006/0% l5%I’/EP2005/010653 -41 EXAMPLE 20
Preparation of (2 amino 5 fluoro 4 (3 (4 moroholiny%%p'o‘x'y)phenvl}-(z- chlorophenyl)-methanone (Xi)
F O :grs XiCt XMM A mixture of 1.4 g (0.035 mole) of 60% sodium hydride, 25 ruL, of dioxane, 2.68
g (0.01 mole) of ( amapa%h railyigen 2 ghisrerhenyirmiethanane B mm,@nt:228 g (0.016
mole) of 4-morpho ol was stirred at room temperature tfor 4 hours. The mixture was
guenched by the addition of 50 mL. of water. The m was extracted with ethyl acetate, and the
extract washed with water, dried over anhydrous to sodium sulfate, filtered and concentrated under
reduced pressure. The residue was

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-difinoraphenyl)-(2-
chiorophenyl)-methanone (Xmm) with bromoacetyl bromide in the manner of Example
21. MHE+Z=307,

Conversion of lactams {(scheme 8)

F@ o

R2 ] x ~§

e F.'.‘ / —"N
ci

10



triturated with hexane and then recrystallized from hexane-ethyl acetate to give 2.55 g of
(2-amino-5-fluoro-4-(3-(4-morpholinyl)propoxy)phenyl)-(2-chlorophenyl)-methanone (Xi). MH+/Z=343.
WO 2006/040036 PCTIEP20051010653 -42 Preparation of lactams | from aminobenzopheneones X

(scheme 3) QzBLRANHZRZNHRLI RJ/OR11/0 R4R4 XXE ONHZQeRNNR2/ RIRi-N
R4 R4 X!'fi EXAMPLE. 21 5 Preparation of 7-bromo-5-(2-chlorophenvl)-1 3-dihydro-8-methoxv-
21-1-1,4- benzodiazepin-2-one (Id) H O H3CO NI Br N Cié -

EXAMPLE 26

| Conversion of 5-(2-chlorophenyil-7.8-difluore-1.3-dinvdro-2H-1 .4-benzodiazepin-2-one
(Imm) to 5-(2-chlorophenyl)-1.3-dihydro-7-fluoro-8-methoxy- 2H-1.4-benzodiazepin-2-
one (12}

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 (Immy), 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 yeaction
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 sodinm 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 (la) as a white solid,
MH+Z=319,



A solution of 3.5 mL (0.04 mole) of bromoacetyl bromide in 3.5 mL of dichloromethane was added to a
cooled (0OC) solution of 11.8 g (0.035 mole) of (2 lo
amino-5-bromo-4-methoxyphenyl)-(2-chlorophenyl)-methanone (Xd), 2.94 mL of pyridine and 350 mL
of dichlorom®Ra2966¢&4380 minutes. The mixture was stirred an addition&CT/EBHIEP G
temperature and then partitioned between water and WO 2006/040036 PCT/EP2005/010653 - 43
dichloromethane. The dichloromethane layer was wasHeéd with saturated copper sulfate solution, dried
over anhydrous sodium sulfate, filtered and concegrated:-under reduced pressure to give 16.5 g of
bromoacetyl anilide XId. The crude bromoacetanilide (XId) obtained above (16.5 g, 0.0357 mole) was
5 dissolved in 250 mL of tetrahydrofuran and 80 mL of methanol. The mixture was cooled to -78C and

35 mL of distilled amymepiaynas addeg-chhamixtura mias Stisretfas DB hoyssriianthecapling bath

was removed, a_md th ixttlér tirﬁdo room (,gnp S, during,which time the
excess ammonia was-afowed to-boil O S ed under reduced pressure, and

the residue partitioned between 10 ethyl aceta¥BaHacptatr: 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 arpino-anilide Xlld. The crude
Xlld obtained in the previous reagtiog was suspended in 375 mL of eF{hcanol, refluxeddor 24 hours, and
then cooled. The product ted by filtration 15 to yield 9.2 g{(g/N N
7-bromo-5-(2-chIorophengl dih dro-8-methoxy-2H-1:4--benzodidzepin-2-gae (Id). MH+(Z=379.
EXAMPLE22 Preparation of 5-(Z-Chlorophenyl)-1 3-dihydro-7-f|uoro-8-m§thoxy- PH-1,4-

Ci

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 (Irom) and 3 mL of 2 2.0 M solution of
dimethylamine in tetrahiydrofuran was heated at 150°C for 30 minutes using microwave
heating, The mixture was cooled and then concentrated under reduced pressure. The

16 residue was triturated with ethyl acetate-hexane to give 0.63 g of 5-(2-chiorophenyl}-8-
N,N-dimethylamino-1,3-dihydro-7-fluore-2H-1,4-benzodiazepin-2-one {1} as a yellow
solid. MH+Z=332.

Conversion of lactams (Scheme 10)

T
R2 N%
[
R1 =N




benzodiazepin-2-one (la) K3CO , N. o F'-N Ct 20 5-(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-methoxy-
2H-1,4-benzodiazepin-2- one (la) 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. W48 W0 2006/040036 PCT/EP2005/010653 -44 EXAMPLE 24 Bfeparation of
5-(2-chlorophenyl)-1 3-dihydro-7-fluoro-8-(3-(4-morphojjgtil)propoxy))- 2A-1.4-benzodiazepin-2-one (li)
J CN~"a N O 5 5-(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-(3-(4-morpholinyl)propoxy))- 2H-
1,4-benzodiazepin-2-one (li) was prepared by reaEingi® 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 io Preparation of
5-(2-chlorophenyl)-1 3-dihyvhrsi@pidthromodieshigrophc ARy SIS 78RR

-N

benzodiazepin-2-one (I to 7-bromo-5-(2-chlorophenyl)-1.3-dihvdro-8-(3-(4-

morcholinvDpropoxy))- 2H-1.4-benzodiazepin-2-one {1j)

SPIHIAN-ORE

It,co N-a HSC

H,CO ﬁﬁo HO ‘ \ ﬁ_‘{’
Br O =N T g A=
O cl cl
| id o
H O

|

C
Oz
I

A solution of 1.00 g (0.0263 mole} of 7-bromo-5-(2-chiorophenyl)-1,3-diydro-
g-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 additiopal 1.00 g of
aluminum trichloride was added, and the mixture stired 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) (MHA/Z=465), which was of sufficient purity to be used in the next step.

15 A mixture of 1.8281 g (0.005 moie) 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
sadium carbonate, 0.9818 g (0.006 mole) of 4-(3-chloropropyl)-morpholine and 50 mi.
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 agueous layer was then reextraciad with ethyl acetate. The ethyl



5-(2-chlorophenyl)-1,3-dihydro-8-methoxy-7-methyl- 211-1,4-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. WO 2006/040036 PCT/EP2005/010653 -45
EXAMPLE 2%8mparation of 5-(2-chlorophenyl)-7 8-difluoro-1 3-dihydro-214-IVERsefigtdidzepin-2-one
(Tram) FF 1IN Cf 55-(2-chlorophenyl)-7.8-difluoro-1,3-dihydro-2H-1.4-benzodiazepin-2-one (Imm)
was prepared by reacting 0.019 moles of (2-arnino-4,54ifluorophenyl)-(2- chlorophenyl)-methanone

(Xmm) with bromaaceit RIOmIAs, DU TRRNS, AL EXA MR, A M =0 fonyISipR Tl lactams
(scheme 8) ;cci FR¥FCIYTCl 10 tram WO 20061040036 PCT/EP2005/010653 -46, EXAMPLE26

Conversion of 5-(2uéHi AhehRAsT 2ETRS A9 T afpirdtopied AmoTHASE SIS A% mm2) to
5-(2-chlorophenvlp:ts3utkihy dice T:é uoxis-3-methoxiz- 2itbibphbeiizbdidzpgind?3-(4-

morpholinyl)propoxy))- 2H-1,4-benzodiazepin-2-one (j). Pure 7-bromo-5-(2-

5 chlorophenyl)-1,3-dihydro-8-(3-(4-morpholinyl)propoxy))- 2H-1,4-benzodiazepin-2-one
33) (1.721 g) was obtained by silica gel chromatography eluting with ethyl acetate-
methanol (90:10). MH</Z=492,

ExAMPLE 29
Conversion of 5-(2-chlorophenvi)-7-cvano-1.3-dibhvdro-8-methoxy- 28H-1.4-

10 benzodiazenin-2-one (Ih) to 5-(2-chlorophenvh)-7-cvano-1.3-dihvdro-8-(3-(4-
morpholinvhpropoxy) - 21-1.4-benzodiazepin-2-one (k)

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

15 dichloroethane was stired with 2.5 g (0.0187 mole) of atuminum trichloride at 42°C for
8 hours, after which an additional 2.5 g of alumninum trichloride was added. Heating and
stirring was continued for another 48 hours after which time an additional 2.5 g of
aluminum trickloride 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 sodizm sulfate,

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



onelaHQKO F\PfI(HSCONI F-NF-NCECI {mm{a 5 A mixture of 0.10 g (0.00033 mole) of
5-(Z-chlorophenyl)-7,8-difluoro-I,3 dihydro-2H-1,4-benzodiazepin-2-one (Imm), 2 mL of methanol and
0.03 g of sodium hydride was heated at 100C for 40 minutes using microwave heating in a sealed
reaction ves¥8 2GH&4¥iiture was then cooled, diluted with ethyl acetate é’ﬁ:a’%ﬂ%{ﬂlgf?écessively to
with water and then brine. The mixture was dried over gphydrous sodium sulfate, filtered and
concentrated under reduced pressure to give 0.103 g of 5-(2-chlorophenyl)-
1.3-dihydro-7-fluormdropathgky-Akad- Ybdngbcisbe pit: 2-THa , (Hakasdavndpite S olid (IgyhH+/Z2=319, WO
20061040036 PCTIRAOGHOI00GA AL EHANBLRC LI ErION arhlamaieRyly] 8-difuoro-L
(Imm) To 5-(2- B-N

3-dihydro-2H-1,4-benzodiazepin-2-one C oror_lhenvg -
N-dimethvlamino-¥8\hfydrd sRfribrs o PR h bRsid e A S R HPREER R €~ N N3 F)" "N/ 1

CF C156mm R benzodiazepin-2-one {Igg) (MH+/Z=312) which was of sufficient purity for use in the

5 next sep.

A mixtare of 0.322 g (0.00103 mole) of 5-(2-chlorophenyl}-7-cyano-1,3-
dilydro-8-hydroxy-2H-1,4-benzodiazepin-2-one (Igq), 6 i of dimethylformamide,
$.132 g (0.00124 mole) of sodivm carbonate and 0.2028 g (0.06124 mole) of 4-(3-
chioropropyl}-morpholine was stirred 50°C under an atmosphere of argon for 24 hours.

10 The mixture was then cooled and partitioned betwesen ethy! acetats and water. The
agueous 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-chiorophenyl)-7-cyano-1,3-dihydro-8-(3-(4-

15 morpholinyDpropoxy))- 2H-1.4-benzodiazepin-2-one (Jk). MH+/Z=439.

EXAMPIE 30

Conversion of 7-bromo-5-(2-chlorophenyl)-1 3-dihvdro-8-methox

benzodiazenin-2-one (Id) o 5-(2-chlorophenvl-7-cvane-1.3-dibvdro-8-methoxy- 2H-

L4-benzodiazepin-2-one

20

5-(2-chlorophenyl})-7-cyano-1,3-dihydro-8-methoxy- 2H-1.4-benzodiazepin-2-
one (Ib) was prepared from 7-bromo-3-(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, 24:887-9G (1994). A mixtare of
0.9491 g (0.0025 mole) of 7-bromo-5-(2-chlorophenyl)-1,3-dihydro-8-methoxy-2H-1,4-



A mixture of 0.9201 g (0.003 mole) of 5-(2-chlorophenyl)-7,8-difluoro-l,3- dihydro-2H-
1,4-benzodiazepin-2-one (1mm) and 3 mL of a 2.0 M solution of dimethylamine in tetrahydrofuran was
heated at 150C for 30 minutes using microwave heating. The mixture was cooled and then
concentratedwmeies/neaisced pressure. The 1o residue was triturated withRétiEfiraeEvateshiexane to give
0.63 g of 5-(2-chlorophenyl)-8- N,N-dimethylamino-1,3-dihydro-7-fluoro-2H-1,4-benzodiazepin-2-one
(I as a yellow solid. IvH+/Z=332. Conversion of Iactar??s (Scheme 10) R2 N JO HO NJ R2 R/ RIN R1

NRIN Re R4 R4 L4 JSNI0 000 OB TS &%%%9&%%%@4&@%MPLE 28 Conversion

of 7-bromo-5-(2- c oro 3-d dro-8-methoxy

14 di
7-bromo-5-(2-chlof&Ph yﬁrﬁl@‘ﬂ%ﬁ%ﬁg £ A0 %8?%%%?&?@% S ZeHErf]’géa azetgln 2-one

(IHSCO | a / HO #haskasdiht ER°Chinfd in idetp atioprBere for 24 hours. The mxxmre was then
cooled, taken up in ethyl acetate and washed with 0.2 M sodium carbenate solution. The
5 aqueous phase was reextracted with ethyl acetate, and the ethyl acetats layers washed
with water, dried over anhvdrous sodium sulfate, filtered and concentrated under reduced
pressure. The residue was chromatographed on silica gel eluting with ethyl acetate-
hexane (4:1) to give 0.620 g of 5-(2~chiorophenyl)-7-cyano-1,3-dihydro-§-methoxy-2H-
1,4-benzodiazepin-2-one (Ib). MH+/Z=326.

10 EXAMPLE 31
Conversion of 7-bromo-5-(2-chlorophenyh- 1.3-dihvdro-8-methoxvethoxy- 2H-1.4-

benzodiazepin-2-one (Inn) to 5-(2-chlorophenvll-7-cvano-1,3-dihydro-§-methoxyethoxy-
7H-1 4-benzodiazepin-2-one {Im

o .
<IN 0 N o~
HC O *g H,C - o
Br =N P
Cre
fnn
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-
chiorophenyl)- 1,3-dihydro-8-methoxyethoxy- 2H-1,4-benzodiazepin-2-one {inn) with
zinc cyanide, in the presence of tetrakistriphenyl phosphine patiadium in & manner
analogous to Example 30. MH+/Z=370.



QJ I Ear N 5 6J 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 trichioride was
added, and tWe@nisgianeossirred overnight, after which time the to mixture W4sTF8EPEHY G 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 EXAMPLE 32
7-bromo-5-(2-chlorophenyl)-1,3-dihydro-8-hydroxy-2H-1,4-benzodiazepin-2-one (Ipp) (MH+12=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- chIorophenyl)@%ﬂW%ﬁ@@@-&h&bMﬂz@@@%ﬂ @n@;(lpp) from the
previous step, 0.636 g of sodium carho [j=morpholine
and 50 mL of dime RSRTS tgox E%GKV Stit RERRET)
mixture was then ceahag-a hssrebomlbatile Bk SRaRRHdE R GRS O hicarbonate.
The aqueous layer was then reextracted Wlth ethyl acetate. The ethyl WO 2006/040036
PCT/EP2005/010653 -49 acetate layers were washed successively with saturated sodium
bicarbonate, water*“sﬁn@/andﬁwe,nfdd@pd oveﬁ ydrous sod?uﬁnauifate@ﬂueﬁ%g and cﬁ ntrated
"tbromo-5-(2-chlorophenyf)-1,3-dihydiy
3 neﬂ])“PUTE’Y -bromo- 5 -(2 5, ‘ oy

OC, UNC er an aron atmosp ere

morpholinyl)propoxy))- 2H-1,4-benzag
chlorophenyl)-1,3-dihydro-8-(3-(4-morpholi

5—(2—ch10ropheny1}~7~cyano~1,3udihydro-ﬁ-(2—(Z—meﬂioxyethoxy}ethcxy)w 2H-
1,4-benzodiazepin-2-one (In) was prepared by reacting 0.0017 moles of 7-bromo-5-(2-
chlorophenyl)- 1,3-dinydro-8-(2-(2-methoxyethoxy)ethoxy)- 2H-1 4-benzodiazepin-2-
one (Too) with zinc cvanide, in the presence of tetrakistriphenyl phosphine palladium ina
10 manner analogons o Example 30, MH+/Z=414.

EXAMPLE 33
Preparation of 7-bromo-5-(2-chlorophenyl)- 1.3-dihydro-8-methoxyethoxy- 2H-1.4-

henzodiazepin-2-one (Ipn) from 7-bromo-5-(2-chiorophenyl}- 1.3-dihydro-B-hydroxy-
2H-1.4-henrodiazepin-2-one (Ipp)

H O H O

HO B M HSC\O,\/Q O N\/S
Br ~F =N — Br =N
cl O ci

pp 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
mlL of tetrafydrofuran, 0.070 mL of 2-methoxy ethanol, and 0.2586 g of triphenyl



(1) (1.721 g) was obtained by silica gel chromatography eluting with ethyl acetate- methanol (90:10).
NM/Z-492. EXAlr E 29 Conversion of 5-(2-chlorophenyl)-7-cvano-1 3-dihyddro-8-methoxy- 2H-1,4- 10
benzodiazepin-2-one (Ib) to 5-(2-chlorophenvl)-7-cvano-1 3-dihydro-8-(3-(4- morpholinyl)propoxy))-
211-1 4-benXbRiHPESHIBtone (1) HO H O H;CO NJHO N{ N -'N Nei -N‘G{EEHS W RI N -N CI \
Ik A solution of 1.2 g (0.0037 mole) of 5-(2-chIorophqrpgl)_—?-cyano-l,3-dihydro-8- methoxy-
211-1,4-benzodiazepin-2-one (Ib, prepared in Example 30) in 100 mL of 1,2 15 dichloroethane was

stirred with 2.5 g (Gh8dBihenple)@kalominum wictioyideiat F2EstaroByharrdic atierivhican additional
2.5 g of aluminum trichloride asd%igg%%h@%gn%%g ti§ﬁi¢(fi6195‘é’@a§ %ﬁﬂ%@ﬂ%g?ﬂ%h%% hours after
iy LhA N h W

e 3
which time an additional 3’%“{; of alumirurh trichloride was added. After 6 Hours, the mixture was

cooled and then pBérebiZBriBoreeiranst 1%he 1WAl filiwrrerdrgifborylate was added. The
dichloromethane-mgthanaltedrivh wd rafiitanaz bofB @niGhid yoanth thedxbc twasiigolsstte Whter, dried

over aghyzdrOU§ sqdium. sufateo-flissadRRd.conceRiraied, Hodsdedurett RERSSHIR I Olye 4.6 g of
crude 5-( to yield 0.212 g of 7-bromo-5-(2-chlorapbenyl)- 1,3-dinydro-8-methoxyethoxy- 2H-14-
benzodiazepin-2-one {Inn}. MH4/Z=4723.

EXAMPLE 34

Preparation of 7-bromo-5-{2-chiorophenvi)- 1.3-dgihvdro-8-(2-(2-
10 methoxvethoxviethoxvi- 2H-1.4-benzodiazepin-2-one (log) from 7-bromo-5-(2-

chloronhenyl}- 1.3-dihvdro-8-hvdroxy- 2H-1.4-benzodiazepin-Z-one {Inp)

O
HO N s O %;E 0
Ol — ™o
Br ==N Br =N
e Cre
ipp loo

7-bromo-5-(2-chicrophenyl)- 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 te Example 33. MH+/Z=467.



WO 2006/040036 PCT/EP2005/010653 -50
chlorophenyl)-7-cyan-l,3-dihydro-8-hydroxy-2H-1,4-benzodiazepin-2-one (Iqq). Purification by silica
gel chromatography, eluting with ethyl acetate-methanol (90:10) yielded 1.17 g of
5-(2-chloroplenybpdeeyan-1,3-dinydro-8-hydroxy-2H-1,4- benzodiazepin-2<CHEPAGIo(ReER+/Z=312)
which was of sufficient purity for use in the 5 next step. A mixture of 0.322 g (0.00103 mole) of
5-(2-chlorophenyl)-7-cyan-1,3- dihydro-8-hydroxy-2H-1%-benzodiazepin-2-one (Iqq), 6 mL of
dimethylformamide, 0.132 g (0.00124 mole) of sodiugysarbonate and 0.2028 g (0.00124 mole) of
4-(3- chloropropyl)-morpholine was stirred 50C under an atmosphere of argon for 24 hours. lo The
mixture was then cooled and partitioned between ethyl acetate and water. The aqueous phase was
reextracted with ethybacetats ang mecﬁuw&@emtﬁ@m&wm thenndricdevatanaydrous sodium
sulfate, filtered and concentrated n o1 1E duc .

chromatography orPSea gerel ‘
5-(2-chlorophenyl)-7-cyano-I,3- dlhydro -8- ( :
(1K). MH+/Z=439. EXAMPLE30 Conversion of
7-bromo-5-(2-chlorophenyl)-1.3-dihydro-8-methoxv-2H-1.4 benzodiazepin-2-one (Id) to
5-(2-chlorophen 1)-7_cvano-I|.3-dihvdro-8 €Ehoxy- 2H- 1,4 ae\r@dlazeplnz-ﬁ\%me (Ib) H-AO H O Ham

NJ H3CO NJ Br--N N~ N CI ClI

§-(2-chloroethoxy)-5-(2-chiorophenyl)-7-cyano-1,3-dihydro-2H-1,4-
venzodiazepin-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 manper analogous to Example 33, MH+/Z=374.

10 EXAMPLE 36

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¢
(0.032 mole) of 2-((2-methoxyethyl)methylamino) ethapol, 20 mL of tetrahydrofuran and
4.8 g (0.032 mole) of sodium iodide was heated in an 0il bath at 83°C under an argon
atmosphere for 20 hours. The mixture was cooled and then partitioned between ethyl



20 Id Ib 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-methoxy- 2H-1,4-benzodiazepin-2 one (Ib) was
prepared from 7-bronio-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) aggergingu@aenditions similar to those 25 described by TschagawetgdeSynildzetic
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-134 WO 2006/040036 PCT/EP2005/010653 51

benzodiazepin-2-one (Id), 0.176 g (0,0015 mole) of zinc cyapid mL of. dimethylfotrmamide and
0.289 g (0.00025 niFe3ofEHSSHIHHER F%}?S%%ﬁ“ﬁﬁ?iu%%la%gﬁr%%&ﬁgcsa%gé?ggrﬂaf\f&g%ﬁgé@an argon
atmosphere for 24 howrsdrRdeveixtbsdraseiiam sdblediltatedmdrmstntucatatersfitsiashed with 0.2
M sodium carbonatg,sQlption, [hgsaduesusRiasa wasieawiasiedmidndthykeoatate; and the ethyl

acetate layers washed_with water, drie r anhydrays sodium yg filtered.and sopcentrated
under reduced preg?ﬁt?%l?ﬂgrhég@e fﬁ@jev%(\j/%%gg S?rgjé 6%5 %c?%%}s?llf 51% ge ’%%Etih Wig:r(?e (h_yl acetate-
hexane (4:1) to givetﬁtﬁ@@ftjh@ﬁmymﬁl@pﬂﬁ@ﬁwﬁc%%ﬂ%Sd&?%ﬁ@%%g’tﬂo}g?ﬁ‘i@z :
1,4-benzodiazepin-2-one (Ib). MId+/2=326. 10 EXAMPLE 31 Conversion of
7-bromo-5-(2-chloronhenyl)- 1 3-dihvdro-8-methoxZEHiaiE PH-1.4- benzodiazepin-2-one (Inn) to
5-(2-chloropheny+l)-7-cyano-1 3-dihydro-8-methoxyethoxy- 2H-14-benzodiazepin-2-one (3m) Br N N
N Preparation of 5-(2-chiorophenvh)-7-cvano-1.3-gihydro-8-(2-((2-(4-methyi-1-

pinperazinvhethoxy))-2H-1.4-benrodiazepin-2-one (It

10 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(2-((2-(4-methyl}-1-
piperazinylethoxy))-2H-1,4-benzodiazepin-2-one (It) was prepared Dy reacting 0.00414
moles of 8-(2-chloroethoxy)-5-(2-chlorophenyl)-7-cyano-1,3-dihydro-2H-1,4-
benzodiazepin-Z-one (Iss) with N-methy! piperazine in a mannes analogous to Example

36.

15 Formation of thiolactams (1} from lactams (E} (scheme 1)

H O H B
Re N\g Ro NK
O ettt O
R1i =N R1 =N

m R4

i ii



{nn 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-
211-1,4-benzodiazepin-2-one (Inn) with zinc cyanide, in the presence of tetrakistriphenyl phosphine

palladium in g @magRaaeasalogous to Example 30. MH+/Z=370. WO 2006/840@88n5/010653
PCT/EP2005/010653 -52 EXAMPLE 32 Conversion of 7-bromo-5-(2-chlorophenyl)-

13-dihydro-8-(2-(2- methoxyethoxy)ethoxv)- 2H-1 4-besgediazepin-2-one (100) to
5-(2-chlorophenvl)-7- cyaDo 1 3 dihvdro-8-(2-(2-methoxvthoxv)Athox) 2H-1.4-benzodiazepin-2-one
(IN) NJ BrNV}NCICI dooin 5
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-t1£omo-5-§§- chlorophenyl)-
l,3-dihydro-8-(2-(2-methoxyethoxy)ethoxy)- 211-1 zepin-2- one (loo) with zinc cyanide, in
the presence of tetrakistriphenyl phosphlne palladium in a to manner analogous to Example 30.

MH+/Z=414. EXAMPLE 3 Pr Of%pcﬁ N1 3:0ihydre-Bamethoxyethoxy-
2H-1,4- benzodiazepin op fﬁa/) - T 3-dihydro-8-hydroxy-

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 (1d), 200 mL of 1,2-dimethoxyethane and 2.13 ¢
(0.0053 mole) of Lawesson's reagent (2,4-bis(4-methoxyphenyl}-2,4-disuifide-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 (Tkd).

15 MH+/Z=395.



2H-1 4-benzodiazepin-2-one (Ipp) Br "N Br -N CI CI Inn 15 IPP 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 E 0 mL of tetrahydrofuran, 0.070 mL of 2- metho %ﬁ@ﬂ % %ﬁqso .2586 g of
triphenyl V& §66Pt§?64'8636 PCT/EP20 0 5101 0 6 53 - 53 phosphine was a det? ? A°mL (0.00099
mole) of diisopropyl azodicarboxylate. The mixture was,stirred overnight; then, an additional 0.2586 g
of triphenyl phosphine, 0.070 mL of 2-methoxy ethanol and 0.194 mL of diisopropyl azodicarboxylate
was added. The mixture stirred for an additional Ezun@bgIhen concentrated under reduced pressure.
The 5 residue was chromatographed on silica gel eluting with dichloromethane-methanol (98:2) to
yield 0.212 g of 7-bromo-5-(2- chlorophenyl) 1 3 dlhydro 8 rnethoxyethoxy 2H 1,4-
benzodiazepin-2-one (InfigpA A HBISH S chiorophenyi)-

1.3-dihvdro-8-(2-(2 10 methoxvethoxy)etho@&h—hb—;&nt@ﬂﬂ@ﬁlmepm -2-one (Too) from 7-bromo-5-(2-
XT) chlorophenyl)- 1 3-dihydro-8-hydroxy- 2H-1.4-benzodiazepin-2-one I F90H O HO N 3

H 5
H.GO M
2 R
o8
iz =
Ci

ila

5-(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-methoxy-2H-1,4-benzodiazepin-2-
fhione (Ila) was prepared by reacting 0.6284 moles of 5-(2-chiorophenyl)-1,3-dibydro-7-
fluoro-8-methoxy-2H-1 4-benzodiazepin-2-one (Ia) with Lawesson’s reagent in a manner

analogous to Example 38. MH+/Z=333.

EXAMPLE 40

Prevaration of 5-(2-chiorophenyl)-7-cvano-1.3-dibvdro-8-methoxy-2H-1.4-

10

henzodiazepin-2-fhione

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-chiorophenyl}-7-cyano-1,3-
15 dihydro-8-methoxy-2H-1.4-benzodiazepin-2-one (Ib) with Lawesson’s reagent ma

manner analogous to Example 38, MH+/Z=342.



Br N Br Cf Ct IPP 100 7-bromo-5-(2-chlorophenyl)-1,3-dihydro-8-(2-(2-methoxyethoxy)ethoxy)- 2H-
1,4-benzodiazepin-2-one (loo) 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 WaieyrEHeibgous to Example 33. MH+/Z=467. WO 2006/04B08& 208F/E{5$05/010653
-54 EXAMPLE 35 Preparation of 8-(2-chloroethoxy)-5-(2-chlorophenyl)-7-cvano-1.3-dihydro-2H-1,4-
benzodiazepin-2-one (Iss) from 5-(2-chlorophenyl)-7-cvano-1 3-dihydro-8-hydroxy-2H-
1.4-benzodiazepin-2-one(lgg) H O HO N HO NJ "1.64n532QN I N -111 COcl 1gqlss 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-dihydre:8:hydrpuy-2irh-1idsRenandiazesin.d-anefise)witiuzrehjoroetiipraloiy g manner
analogous to Example 33. MH+/2=374. 10 EXAMPLE 36 . - .+ one ami)

HoOB
/‘\//\. B
H O N NPy
(\N’“\/\{} % NK O\/) I /1
Q\) l ) F =N
BN NN
¢l .
i @ i
5 5-(2-chiorophenyl)-1,3-dihydro-7-fiuoro-8-(3 -(4-morpholinyljpropoxy))-2H-

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

Example 38. MH«+/Z=448.

16 EXAMPLEA2

Preparation of 7-bromo-5-(2-chlorophenyi)-1 3-dihvdro-8-(3-(4-marpholinylipropoxy) -
-1 4-benzodiazepin-2-thione (1)

8

OMO O N._S

Br =N

cx

7-br0mo~5-(2-cbloropheny3)-1,B—dihydro-8—(3—(4-morpholiny1)propoxy})-ZI-I-
15 1,4-benzodiazepin-2-thione (Ifj) was prepared by reacting 0.0011 moles of 7-bromo-5-
(2-chlorophenyi)- 1,3-dihydro-8-(3-(4-morpholinyl)propoxy))-2H- 1,4-benzodiazepin-2-

ore (Ij) with Lawesson’s reagent in 2 manner analogous to Example 38. MH+/Z=508.



Preparation of 5-(2-chlorophenyl)-7-cvano-1.3-dihydro-8-(2-((2-
methox),ethyl)methylamino)-ethoxv)-2H-1 4-benzodiazepin-2-one (Iv) Ct~NHOH O Ni-N CH3// ~
-'N ¢l CE Ess Iv A mixture of 1.2 g (0.0032 mole) of 8-(2-chloroethoxy)-5-(2-chlorophenyl)-7- 15
cyan-1,3-dihydec@eleafa3penzodiazepin-2-one (Iss, prepared in Example BE},/Z8BHI(BB32 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 83C under an argon®atmosphere for 20 hours. The mixture was
cooled and then partitioned between ethyl WO 20@6/Q40036 PCT/EP20051010653 - 55 acetate and
0.6 M sodium bicarbonate solution. The ethyl acetate Tayer was washed with brine, dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
chromatographed o silica gelr eluting ue%ﬁt@rw&llei@Qﬂﬂ@&k@l@@-&%@p@m@&%@m
5-(2-chlorophenyl)-7-cyan-1,3-dihydro-8-(2 ( ,
methoxyethyl)methylarnino)-ethoxy)-2H-¥:Z&=benzta 1872y U

Preparation of 5-(2-ehlorohenvl -7-cyan-l.3-dihko- 8{2 ((2 (4 methyl-I-

p%perazinyl)ethoxy))-2H-1.4-benzodiazepin-2-one (It) Cl~~0~~J G 3 TR
N0 ﬁ»{" (Yo Nﬁ
a\) ) SN

S—(Z—Chlorophenyl)—”/—cyano—l,3-dihydrow&(3—(4-morpholiny1)propoxy))- 2H-
1,4-benzodiazepin-2-thione (Tk) was prepared by reacting 0.00057 moles of 5-(2-
chlorophenyl)—lcyanenl,3-dihydro-8~(3—{4—morpholiny1)propoxy}}— 2H-1,4-
benzodiazepin-2-one (k) with Lawesson’s reagent in a manner analogous to Example

38. MH+/Z=455.

n

10 EXAMPLE 44

Preparation of 5-(2-chiorophenyD-8-N.N-dimethylamino-1. 3-dihvdro-7-fluoro-2H-1 .4~

benzodiazepin-2-thione (1Y)

5-(2-chlorophenyl)-8-N,N-dimethylamino-1,3-dihydro-7-flucro-2H-1.4-
15 benzodiazepin-2-thione (TIl) was prepared by reacting 0.006 moles of 5-(2-
chlorophenyl)-8-N, N-dimethylamino-1,3-dihydro-7 -fluoro-2H-1,4-benzodiazepin-2-one

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



CICI Iss it 10 5-(2-chlorophenyl)-7-cyano-|,3-dihydro-8-(2-((2-(4-methyl-|
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-l,3-dihydro-2H-1,4- benzodiazepin-2-one (Iss) with
N-methyl pipgrazire/déacasmanner analogous to Example 36. 15 FormatiorPGT#iratagtanas3(1l) from
lactams (1) (scheme 1) R2 NJ R2 NI Ri "N Rl -N R4 R4 WO 20061040036 PCTIEP2005/010653 -56
EXAMPLE 38 Preparation of 7-bromo-5-(2-chtorophenét)-1 3-dihydro-8-methoxv-2H-1,4-
benzodiazepin-2-thione (Ed) Ho H{\S H3co NJ Hsco I/ NJ Br-'NV Br-N CICl lid Id S A mixture of
2.0 g (0.0053 mole) of 7-bromo-5-(2-chIorophenyl%%ro-& methoxy-
211-1,4-benzodiazepin-2-one (Id), 200 rnL of 1,2-dimethoxyethane and 2.13 g

Preparation of 5-( 2-chlorophenyl}-7-cvano-1.3-dihvdro-8-methoxvethoxy-2H-1.4-
benzodizzepin-2-thione Jhm)

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

with Lawesson's reagent in a manner analogous to Bxample 38. MII+/Z=386.

EXAMPLE 46

16 Preparation of 5-(2-chlorophenyi)-7-cvano-1.3-dihydro-8-(2-( 7-methoxvethoxyiethoxy)-
2111 4-benzodiarepin-2-thione (Tin) '

[y
HHC\O/\/O ~0 N“/S

5-{2-chlorophenyl)-7 -cyano-1,3-dihydro-8-(2-(2-methoxysthoxy)ethoxy)- 2H-
1,4-benzodiazepin-2-thione (Jin) was prepared by reacting 0.00089 moles of 5-(2-
15 chlorophenyl)—%cyano&,3-dihydm—8~(2~(2—methoxycthoxy)etboxy}- 2H-1,4-
benzodiazepin-2-one (lactam In} with Lawesson’s reagent in a manner analogous to

Example 38. MH+/Z=430.



(0.0053 mole) of Lawesson's reagent (2,4-bis(4-methoxyphenyl)-2,4-disulfide-1,3,2,4-
dithiadiphosphetane) was heated at 85C for 1 hour, than cooled and poured onto ice cold 10 sodium
bicarbonate solution. The mixture was extracted twice with ethyl acetate- methanol (9:1), and the
organic laye® Wvisleddogifccessively with water and brine. The combined BXHYEERSUHBISHried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. Trituration of the
residue with ethyl acetate provided 1.7 g of 7- -61-
bromo-5-(2-ch|orophenyl)—1,3-dihydro-8-methoxy-%H-l?4-%e7nzodiazepin-2-thione (11d). 15 MHi
/Z2=395. WO 2006/040036 PCT/EP2005/010653 = LE 39 Preparation of 5-(2-chloronhenyh-1
3-dihydro-7-fluoro-8-methoxy-2H-1 4- benzodiazepin-2-thione (Ila) HCO FOH S J N HICO,NI N -N
ClrCl ilais 5 5-(2-chlgrophenyl)-

e L 3-dihydro-7-fluoro- 8 methexysaH-h4rbenzodiazepin-2- thione
(Ila) was prepared by réaetirig 0.9284 moles of 5-(2-thiorophenyl)-1,3-dihydro-7-
fluoro-8-methoxy-2H-1,4-benzodlRezasinlplae Yrat ot RS ELERS Fe4Hehtr a manner analogous to

Example 38. MH+/Z2=335. EXAMPLE 40 10 Preparation of 5-(2-chlorophenyl)-7-cyano-1
3-dihvdro-8-methoxy-2H-1.4-

—_ H 8
a o
HC—N N~ ﬁ\g HE—N o N~g Nt/

=N

o
“ e O

S—(2~ch10r0phenyl)—7—cyano—1,3-dihydro—8~(2-((2—(4—methyl~1-
piperazinyl)ethoxy})&ﬁ-1,4-benzodiazepin—2-ﬂﬁ0ne (iIt) was prepared by reacting
0.00069 moles of S~(2-chlorophanyl}—7~cyano~1,3udihydro—8-(2»((2»(4-mathyl-1—
piperazinybethoxy))-2H-1 A-benzodiazepin-2-one (It) with Lawesson’s reagent ina

[

manner analogous tc Example 38,

10 EXAMPLE 48

Preparation of 5-{ 7-chlorophenvl)-7-cyano-1.3-dihvdro-8-(2-((2-
mcthoxvethvl)m.cthviamino}-ctboxv}-zﬂ»1,4—benzodiazcnin-2—thione v

T
H.C
3 \O/N\/N\/A“G

5-(2-chlorophenyl)-7-cyano-1 3-dihydro-8-(2-((2-methoxyethylmethylamino}-
15 ethoxy)-2H-1,4-benzodiazepin-2-thione {Ilv) was prepared by reacting 0.00052 moles af
5-(2-chiorophenyl)-7-cyano-1 ,3—dihydro-8—{2-((E-methoxyemyl)methylamino)nethoxy}-
2H-1,4-benzodiazepin-2-one (Iv) with Lawesson's reagent in a manner analogous to

Exampie 38. MH+/Z=443.



benzodiazepin-2-thione (IIb) H /(r) H 1'13f.Q t~-y H3Ca 1-1 -N N/ IS CI Cl Ib fib
5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-methoxy-2H-1,4-benzodiazepin-2 thione (lib) was prepared
by reacting 0.0019 moles of 5-(2-chlorophenyl)-7-cyano-1,3- 15
dihydro-8-mettibxnaiedid-benzodiazepin-2-one (Ib) with Lawesson's reag€ftifza0iidsher analogous
to Example 38. MH+|Z=342. WO 2006/040036 PCT/EP2005/010653 -58 EXAMPLE 41 Preparation of
5 (2-chloronhenyl)-1 3-dihydro-7-fluoro-8-(3-(4-momholidyl)propoxy))- 2H-1.4-benzodiazepin-2-thione
MyH{{\S ~~~\alH\01, H~~C11~N_Cl161

5-(2-chlorophenyl)-1.,3-dihydro-7-fluoro-8-(3-(4- mgﬁ%%ropoxy))-ZH- 1,4-benzodiazepin-2-thione
J)-was prepared by reacting 0.0053 moles of 5- (2-

chlorophenyl)-1,3-dih dro 1- flug)go-g& n 0 il benzodiazepir2-one (lactam
li) with Lawesson's xample +/7=448. 10 EXAMPLE 42
Preparation of 7 bromo 5 (2 chlorophenyl} 1 3- d|hv@i@‘—’%—(&-morpholmyl)Propoxy))

]ijj

5-(2-chlorophenyi)-1,3-dihydro-7,8-dimethyl-2H-1 A-benzodiazepin-2-thione
(Itw) was prepared by reacting 0.0006 motes of 3-(2-chiorophenyl)-1,3-dihydro-7,8-

dimethyl-2H-1,4-benzodiazepin-2-one (Iw) with Lawesson’s reagent in a manner

5

anaiogous to Example 38. MH+Z=315.

EXAMPLE 50

0 Preparation of 5-(2-chiorophenviy-1 A-dihvdro-8-methoxy-7-methyl-2H-1.4-

benzodiazepin-2-thions

5-(2-chlorophenyl)-1,3-dihydro-8-methoxy-7-methyl-2H-1 A-benzodiazepin-2-
thione (IIz) 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 in a

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



2H-1 4-benzodiazepin-2-thione (Ili) Br N Ci
7-bromo-5-(2-chlorophenyl)-1,3-dihydro-8-(3-(4-morpholinyl)propoxy))-2H- 15
1,4-benzodiazepin-2-thione (llj) was prepared by reacting 0.0011 moles of 7-bromo-5
(2-chlorophemyd) zh¢8#ditnpdro-8-(3-(4-morpholinyl)propoxy))-2H-1,4-benzodiazammx otay 1)) with
Lawesson's reagent in a manner analogous to Example 38. MH+/Z=508. WO 2006/040036
PCT/EP20051010653 -5g EXAMPLE 43 Preparation 0§%~(2-chlorophenyl)-7-cyano-T
3-dihvdro-8-(3-(4-morpholinyl)propoxy))- 2H-1 4-benzodiazepin-2-thione (ilk) HiIS ~-NtvN C1 CI Ik/
llk 5 5-(2-chlorophenyl)-7-cyano-l,3-dihydro-8-(3- (%%%%:yl)propoxy)) 2H-
1,4-benzodiazepin-2-thione (1k) was prepared by reactmg 0.00057 moles of 5- (2-
chlorophenyl)-7-cyano-I,3- d|h drq -morphaliny ) - b zepin-2-one (IL-)
0

with Lawesson's reage Gharalon of o2 chloraphen - fy S ViF =

Preparation of 5-(2-chlorophenyD-8-N N- dlmethyléﬁﬂ%ﬂ%mydro 7- fluoro 2H 1.4-
benzodiazepin-2-thione (111)

H O 4 8
F } = bé-{; F j % N«-i
e T
c @—m
Imm Himm
5 5-(2-chlorophenyl)-1.3-dihydro-7,8-difluore-25-1 A-benzodiazepin-2-thione

(Timm) was prepared by reacting 0.003 moles of 5-(2-chioropheny!)-1,3-dihydro-7,8-
diftnoro-2H-1,4-benzodiazepin-2-one (Imm) with Lawesson’s reagent In a manner

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

10 Conversion of thiokactams (scheme 9)
]
F H\—gs Rz NK
F O =N - C =N



H3C HO H3C\ H-~\S Hc/ 11 Hie/NN/ FNF-N CICl
5-(2-chlorophenyl)-8-N,N-ditnethylamino-1,3-dihydro-7-fluoro-2H-1,4 15 benzodiazepin-2-thione (lll)
was prepared by reacting 0.006 moles of 5-(2-

chlorophenyl#@® ki aionsthylamino-1,3-dihydro-7-fluoro-2H-1,4-benzodiaREPpiAP2a6Fie! 665) with
Lawesson's reagent in a manner analogous to Example 38. MH+/Z2=348. WO 2006/040036
PCT/EP2005/010653 -60 EXAMPLE 45 Preparation ek%-(2-chiorophenyl)-7-cvano-1
3-dihydro-S-methaxvethoxv-ZH-1.4- benzodiazenin-2-thione (Iim)H"S 3N IdIVY N CICI IMUrn5
5-(2-chIorophenyl)-?-cyano-1,3-dihydro-8-methoxﬁ-ﬁ‘§?—¥¢-§%l-l,4- benzodiazepin-2-thione (Ilm) was
prepared by reacting 0.00081 moles of 5-(2-

chlorophenyl) -7- -Cyano- 1 _ dlhydro -8- ethoxyethox- -1, d-henzodiazepin. 2 _Qﬁl)l\glth

N
[ JS
NN =N
@m
fimm
5 A mixture of 1.0 g (0.0031 mole) of 5- (2-chicrophenyl}-1,3-dihydro-7,8-

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

10 pressure. The residue was writurated with ethyl acetate to give 0.74 g of 5-(2-
chiorophenyl)-1,3-dinydro-7 fluoro-8-methoxyethoxy-2H-1,4-benzodiazepin-2-thione
(TIf) as a white solid, which was then used to prepare 5-(2-chlorophenyl)-1,2-dihydro-7-
ﬂuoro-S—methoxyethoxy—B-methyi-pyrazolo{?:,&-b][1,4]banzodiazepine_(f\/' ) in
accordance with Example 58 without further purification, MH+/Z=379.



2H-1 4-benzodiazepin-2-throne (.iin) H3C,di\ic~ ~~p H* ~/J O H3C,H {S -Cl In fin \
5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(2-(2-methoxyethoxy)ethoxy)- 211-
1,4-benzodiazepin-2-thione (IIn) was prepared by reacting 0.00084 moles of 5-(2 15
chlorophenykx@-mypanesdi8-dihydro-S-(2-(2-methoxyethoxy)ethoxy)- 2H-1 BehER2wdieéfin-2-one
(lactam In) with Lawesson's reagent in a manner analogous to Example 38. T4H+/Z=430. WO
2006/040036 PCT/EP2005/010653 -61 EXAMPLE 47 ®reparation of 5 (2 chlorophenvl)-7-cyano-|
3-dihyddro-8-(2-((2-(4-methyl-I- piperazinvl)ethoxy))-2H-I %,jbenzodlazepln -2-thione (11t) H3C-N ~N,,-,
,OQHS ti3C--N\--/N/d hl4 ClltCI It55-(2- cr%mﬁhenyl) 7-cyan-1,3-dihydro-8-(2-((2-(4-methYI-1
piperazinyl)ethoxy))-2H-1,4-benzodiazepin-2- thlone (lit) was prepared by reacting 0.00069 moles of
5-(2- chIorophenyI)?can I 3 péh)gdrﬁo% - i IOI
piperazinyl)ethoxy =21 ‘o- odra 7-0n ] awesson's reagent in a manner analogous
to Example 38. 1q EXAMPLE 48 Preparatlon of 552Rferephenyl)-7-cyan-1 3-dihvdro-8-(2-((2-
methoxyethyl)methylamino)ethoxy) 2H 1 4-benzodiazepin-2-thione (liv) CH3 CH3

%-ethoxy-7-fluoro-2H-1.4-benzodiazepin-

So8) S o)
F — =N F =
ci - O ct
fimm tig

A mixture of 0.5 g (0.00155 mole) of 5-(2-chlorophenyl}-1,3-dihydro-7,8-
Giflaoro-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

L

ethyl acetate and washed successively with water and then brine. The ethy] acetate
extract was dried over anhydrous sodium sulfate, {iltered 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 (IIg) as a yellow solid. MH+/Z=349.

hY

Example 34

Preparation of 5-(2-chlorophenyl)-1,3-dihvdro-7-fiuoroe-8-( 1-methvlethoxy)-2H-1.4-
benzodiarepin-2-thione (Tth)

H 8
HC o N

H;/F:NS
c;

fimm ith

15

A mixture of 1.0 g (0.0031 mole) of 5-(2-chiorophenyl)-1,3-diftydro-7,8-
diflnoro-2H-1,4-benzodiazepin-2-thione (TImm), 10 mL of isopropanol and 0.62 g of
60% sodium hydride was heated at reflux for 5 hours. The mixture was cooled, dituted

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



NN NN CICI IV 8iv\ 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-S-(2-((2-methoxyethyl)methylamino)-
15 ethoxy)-2H-1,4-benzodiazepin-2-thione (Ilv) was prepared by reacting 0.00052 moles of
5-(2-chlorophenyl)-7-cyano-1,3-dihydro-S-(2-((2-methoxyethyl)methylamino)-ethoxy)-
2H-1,4-benzudiapepineizone (Iv) with Lawesson's reagent in a manner arlegrasitdiiBst@mple 38.
MH+/Er443. WO 2006/040036 PCT/EP2005/010653 62 EXAMPLE 49 Preparation of 5 (2
chlorophenyl)-1 3-dihydro-7 8-dimethvl-2H-1 4-benzodiézeoin-2- thione llw H w3C ~~-(0t3C i N ct

IW\111W 5 5-(2-chloropheny) dro 7 8 |meth 4-henzodi -2- . 1w) was
prepared by reacu?f&fﬁc ﬁ’@%dﬁ%ﬂggﬂf s 89 0 l_élggtﬁd H c§>1§g %MQJ:H 1.@1&@9&&1 Qi

dimethyl-2H-1,4-berssdiazepin-2-onel (f%@l?\ﬁ’t’hlﬁa%é@@ﬁaﬁfx@é‘é@éﬁﬁﬁ%ﬁéﬁﬁéf‘cﬁﬁﬁlB’gous to
Example 38. MH+ 5&56 EXME%E&QpﬂéBﬁtepamymatﬁl&ocﬂwtormmgnm)ﬁﬂy}mm 4-
3-dinydro-8-methoxy-Zomethyl- 2HeL4- Renzodiprering-tigne s i .5

Preparation of pvrazelehenzodiazepines IV from thiolactams 1T (scheme 2).

Preparation of 7-brome-3-(2-chiorophenyl)-1.2-dihydro-8-methoxy-3-methyi-pyrazolo
10 [3.4-H111.4Thenzodiazepine (IVd)

Example 33

8
H,C—0 O K
=N

iid

A mixture of 1.8 g (0.00455 mole) of 7-bromo-5-(2-chlorophenyl)-1,3-dihydro-
§-methoxy- 2H-1,4-benzodiazepin-2-thione (I1d), 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, TId, was stirred with a solution of 0.713 mb
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



w3C -NH3C/-N CICI izHz
5-(2-chlorophenyl)-1,3-dihydro-8-mefnoxy-7-methyl-2H-1,4-benzodiazepin-2- thione (l1z) was prepared
by reacting 0.0064 moles of 5-(2-chlorophenyl)-1,3-dihydro-8- 15
metboxy-7-methyedlssdszk-benzodiazepin-2-one (1z) with Lawesson's reage@it/EP20endnisé? analogous to
Example 38. MH+/Z=331. WO 2006/040936 PCT/EP2095/010653 -63 EXAMPLE 51 Preparation of
5-(2-chlorophepyl) 1 3-dihydro-7 8-difluoro-2H-L4-bengddiazepin-2- thione (mm) F N-{~Q F'~ F [mm
Itmm &CI 5 5-(2-chlgrophenyl)-1,3-dihydro-7,8-difluoro-2H-1,4-henzodi In-2-thi m) was
prepared by reacti%ﬂb.%%%;’ ﬁji‘)bef]géj ot %@%ﬂ‘fg o é het ns;?}li)éFB%étﬁ{;% ?é%gg%ég%gt% DA
difluoro-2H-1,4-be peseiisczcPirrmaspmaghn ey WWits Evelsss ey AtsHE Hridckcdharigbus to
Example 38. MH+({£x382-2Q1Ga0peassion of dhiplactamsnsghemet§)-byNedI§R2 ~ FNF N cictn

flmm b][1,41benzodiazepine (IVd). Recrystallization from dichioromethane provided the
c  crystalline 7-bromo-5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-3-methyl-pyrazolo{3,4-

bi{1,4]benzodiazepine (IVd), mp 210-211°C. ME+/Z=417.

Example 56

Preparation of 5-(2-chlorophenvl)-1,2-dinvdro-7-fluoro-8-methoxy-3-methvi-
pyrazolol2 4-bl[1 41benzodiazepine (IVa)

H N
S-—-— .
H,C—0 N:g_g H,C—0 N o NH
F ‘ =N N— F =N
L ] /
O Cre
fia Va

10

S—(2~chlorophcnyl)-1,Z-di;hydro—’I-ﬂuor0~8—methoxy-3~mathy1—pyrazolo[3,‘4-
b]i1,4]benzodiazepine (IVa) was prepared by reacting 0.0224 moles of 5-(2-
chlorophenyl)-1,3-dihydro—?-ﬂuoro—S—methoxyHZH—1,4—benzodiazepin—2—thione {Ifa) with
1,1-dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a manper analogous to

15 Example 55. MH+/Z=357.



WO 2006/040036 PCT/EP20051010653 -64 Example 52 Preparation of 5 (2-chlorophenyD-1
3-dihyciro-7-fluoro-g-methoxvethoxy-2H-1,4- benzodiazepin-2-thione (lit) H NIs FDI[ F-N F-N CI Cl
&IIMM s A mixture of 1.0 g (0.0031 mole) of 5-(2-chlorophenyl)-1,3-dihydro-7,8-
difluoro-2H- ¥ <benzodiazepin-2-thione (11mm), 0.372 g of sodium hydrid@GnEr200&1L 0&H
2-methoxyethanol was heated in a microwave vessel at 120C for 30 minutes, cooled and then diluted
with ethyl acetate. The mixture was washed successivédy- with water and brine, dried over anhydrous
sodium sulfate, filtered and concentrated under reduced 19 pressure. The residue was triturated with
ethyl acetate to give 0.74 g of 5-(2- Example 57
chiorophenyl)-1,3-dihydro-7-fluoro-8-methoxyethoxy-2H-1,4- benzodiazepin -2-thione (Uf) as a white
solid, which was then used to prepare 5-(2-ch oro nyl)-1
fluoro-8-methoxyethoxy-ERHEH%) “ A erle o hF "”2 8 %lla e 8' fhoxy Jmeli o with
Example 58 without further purlflcano pYNHELE] 3T '.!4344.'_,"@1 '_'su HETIEP2005/010653 -65 Example
53 Preparation of 5-(2-chlorophenyl)-1 3-dihydro-8-ethoxv-7-fluoro-2H-1,4-benzodiazepin- 2-thione
(HO

5 5-(2-chiorophenyl)-7-cyano-1,2-dihydro-8-methoxy-3-methyl-pyrazolo
13,4-b]{1,4] benzodiazepine (FVb) was prepared by reacting 0.0016 moles of 5-(2-
chi orophenyl}-7~cyano~1,3»dihydro«8-methoxy—2ﬂ-1,&bsnzodiazapin—zwﬂﬁone (1Ib) with
1,1-dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a manner analogous to

Example 55. MHE+/Z=364.



HSHS FN{HSCvp N--( FF-NCICI Timm fig 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 (11mm), 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 acetatm@ndonashed successively with water and then brine. Thecathyt@eetatss 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%%,4- benzodiazepin-2-thione (llg) as a yellow
solid, MH+/Z=349. Example 54 Preparation of 5-(2-chlorophenyl)-1
3-dihydro-7-fluoro-8-(1-methvlethoxy)-2H-1,4- bensSam2esMh-2-thione (11h) F N~S HSC (NN J |1 F
N H3C F-N CI Cl \\ 15 iimm Oh A mixture of 1.0 g (O. 0031 mole) of

5-(2-chlorophenyl)-1,3-dih dr ' -

isopropanol and 0.62576F65°
cooled, diluted with ethyl acetate and Rasi9¢y
acetate

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-
(Z-Chlorophenyl}-1,3-dibydro~7—fiuoro~8~methoxyethoxy-2H—1,4—benzodiazepin-2-tbione
(TEf) with 1,1-dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a manner
analogous to Example 55. MH+Z=401.



WO 2006/040036 PCT/EP2005/010653 -66 extract was dried over anhydrous sodium sulfate, filtered
and concentrated under reduced pressure to give 1.2 g of residue which was triturated with hexane
and ethyl acetate to give 0.76 g of 5-(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-(I-methylethoxy)-2H-1,4-
benzodiazepwicRthidreofRh) as a white solid. MH+/Z=363. 5 Preparation 8f##R6fgBesBodiazelpines
IV from thiolactams 11 (scheme 2). HS-H N, R2 NB R2 Nv- R2 N---(NH R1 N R1-N N-R1.N R4
R4 R4 1101 IV Example 55 Preparation of 7-bromo-5=(2:chlorophenyl)-1
2-dihydro-8-methoxv-3-methyl-Pvrazolo 10 L3 4%%%; éodlazeplne (Ivd) ~ HJ HaC-C N-1/ NH
H3C(r) N H3C-Q ~\(~\Br~"N Br N N- Br'N CI id 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 (lld), 2.26 mL of

1,1-dimethoxy-N,Npdimethyl-ethanaming:and 20-mib gl dimathyifermasnidewasistirediatygom

temperature .
P bil1.41benzodiazepine (IVg)
H &
ML 0N H,C7 RO
X J@L
FTONF N =N
o G
lig litg
5 5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-ethoxy-3-methyl-pyrazolo[3,4-

b}{l,dr]benzodiampine (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. MHEH+/Z=371.



15 for 1.5 hours, then at 110C for 5 hours. The mixture was cooled and concentrated under reduced
pressure. The crude intermediate, Illd, 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 ethylacetater@ns water. The ethyl acetate layer was washed W@ 008204500863
PCT/EP2005/010653 -67 with water, dried over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure. Chromatography on silica gel7¥tuting with ethyl acetate yielded 0.690 g of 7-
bromo-5-(2-chlorophenyl)-1,2-dihydro-8- methoxy-3émetq¥I- yrazolo[3,4- b][1,4]benzodiazepine (I'dd).
Recrystallization from dichloromethane provided the-m?sl%me
7-bromo-5-(2-chlorophen)tl)-1,2-dihydro-8- methoxy -3- methyl pyrazolo[3,4- b][1,4]benzodiazepine
(1vd), mp 210.211C MFI+(Z 4t1;d£c .
2-dihvdro-7-fluoro- 8- =3 enzodjazenine
k E-NENN-EN CICIM10 lla Ala Nmrazolom 4- b]fl 4lbenzodiazepine (IVh)
5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-methoxy-3-methyl-pyrazolo[3,4- b][1,4]benzodiazepine (1Va)
was prepared by reacting 0.0224 moles of 5-(2- chlorophenyl)-
1,3-dihydro-7-fluoro-8-methoxy+#H-1,4-benzodiazepin-2-thione é) with

1,1-dimethoxy-N,N- dlmethyl e m|ne ?hen hydrazmgi @ag@us to 15 Example
T

55. MH+/Z=357. WO 2006/3%003 2005/010653
F ==} N —
/
el Cl
tith
tih
CH,
H,C™ HO A MN~¢ NH
l
NN
Ci
Vh
5 5-(2-chiorophenyl)-1,2-dihydro-7-fluoro-8-(1-methyiethoxy)-3-methyl-

pyrazolo[3,4-b]{1,4]benzodiazepine (TVh) was prepared by reacting 0.00198 moles of 5-
(2-chtorophenyl}-1,3-dihydro-7-fluoro-8-(1-methylethoxy)-2H-1 A-henzodiazepin-2-
thione (Ih) with 1,1-dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a
mamer analogous to Example 55, MH+HZ=385.



-68 Example 57 Preparation of 5-(2-chlorophenyl)-7-cyano-1 2-dihydro-8-methoxy-3-methyl-
pyrazolo[3 4-b]ll 4lbenzodiazepine (IVb) H S 11 S- H3C-O N-,/ NIH GI\J CI Clfibi[ib IVb 5
5-(2-chlorophenyl)-7-cyano-l,2-dihydro-8-methoxy-3-methyl-pyrazolo [3,4-b][l,4] benzodiazepine (IVb)
was preparedvizyzoeactings0.0016 moles of 5-(2- PCT/EP2005/010653
chlorophenyl)-7-cyano-I,3-dihydro-8-methoxy-2H-1,4-benzodiazepin-2-thione (lib) with
1,1-dimethoxy-N,N-dimethyl-ethanamine and then hydizine in a manner analogous to Example 55.
MH+/ 364. WO 2006/040036 PCT/EP2005/010653 -69 Examnle 58 Preparation of
5-(2-chlorophenvl)-I 2-dihvdro-7-f|uoro-8-methoxy§‘§%?g)9§inethyl-
pyrazolof3,4-bl,f1.41benzodiazepine (IVf) 6 ~ ~sc H3C 0\ N { H3C N ~N-- cl &cl 16f 6tlf Ff C~(r)~~#3

NNNNNF-N CIPreparatjon of 5-2-chlorophenyl)-1,2-dihvdro-7-fluoro-8-(3-(4-morpholinvlipropoxy))-

3-methyl-pvrazolof3.4-b1[ 1 41benzodiazepine (IVi)

D
o
Wi
5 5-(2-chlorophenyl)-1,2-dihydro-7 -fluoro-8-(3-(4-morpholinylypropoxy))-3-

methyl-pyrazolo[3,4-b]{1,4benzodiazepine (IVi) was prepared by reacting 0.0045 moles
of 5-(2-chlorophenyl)-1,3-diiydro-7-fluoro-8-(3-(4-morpbolinylypropoxy))-2H-1.4-
benzodiazepin-2-thione (thiolactam Ti) with 1,1-dimethoxy-N,N-dimethyi-ethanamine
and then hydrazine in a manner analogous to Example 55. MH+/Z=470.



IVf 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 (lIf) with
1,1-dimethoxydNMwdinethyl-ethanamine and then hydrazine in a mannerramapgoasmExample 55.
MII+/Z=401. WO 2006/040036 PCT/EP2005/010453 -70 Example 59 Preparation of
5-(2-chlorophenyl)-1 2-dihvdro-7-fluoro-8-ethox 3-meth¥-nyrazolo(3 4- bill,4lbenzodiazepine (IVg) S 5-
33 FN FNN-6GI &ci fig Mg HN. {3L tlo ICIN EIB N Cf, IVg 5
5-(2-chIorophenyl)-l.2-dihydro-?-fluoro-8-ethoxy-3§ﬁ%)§’°l=1%yrazolo[3,4 b][1,4]benzodiazepine (1VQ)
was prepared by reacting 0.0016 moles of 5-(2- chlorophenyl)-
1.3-dinydro-8-ethoxy. 7.fluoro;2Hc1,d benzodiazepin:2-hione (o wi
1,1-dimethoxy-N,N=d ATTAMITTE and then nydrazine

7-1l
DATA]

il

7-bromo-5-{2-chiorophenyl)- 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-chiorophenyl)-1,3-dihydro-8-(3-(4-morpholinyl)propoxy;)-2H-1 4-
benzodiazepin-2-thione (I1j) with 1,1-dimethoxy-IN,N-dimethyl-ethanamine and then
10 hydrazine in a manner analogous to Example 55, MH+/Z=330.



Example 55. MH+/Z=371. W(c) 2006/040036 PCT/EP20051010653 -71 Example 60 Preparation of
5-(2-chlorophenyl)-1 2-dihydro-7-fluoro-8-(1-methylethoxy)-3-methyl- vyrazolo[3.4-bill
4lbenzodiazenine (fVh) OH CH3 NS H3C,10~Hai/) 1 7F.NF--N/N_ clcl 111h lih CH3H N, H3c
O N (r NH FiNoctodWiuobs62-chlorophenyl)-1,2-dihydro-7-fluoro-8-(1-methytethereydedametsy |
pyrazolo[3,4-bl[1,4]benzodiazepine (rVh) was prepared by reacting 0.00198 moles of 5-
(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-(1-methylethoxyj42H-1,4-benzodiazepin-2- thione (IIb) with
1,1-dimethoxy-N,N-dimethyl-ethanamine and then Exdra%iré% in a manner analogous to Example 55.
MH+1Z=385. SRENPRR2

Preparation of 5-/2-chlorophenvl)-7-cvano-1,2-dibydro-8-3-(4-morpholinvhpropoxy) -
3-methvl-pvrazolo3.4-b]{ 1 4Tbenzodiazepine (TVK)

O o ol
3
1k ik

5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-(3-(4-morpholinyl)propoxy))-3-
methyl-pyrazolof3,4-b]i 1 4]benzodiazepine (IVK) was prepared by reacting .00054
moies of 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(3-(4-morpholinyljpropoxy))- 2H-
1 1,4-benzodiazepin-2-thione (thiolactam HK) with 1,1-dimethoxy-N,N-dimethyl-
ethanamine and then bydrazine in 2 manner anaiogous to BExample 35. MB+/Z=477.



WO 2006/040036 PCT/EP2005/010653 -72 Example 61 preparation of 5-(2-chlorophenyll-1
2-dihydro-7-fluoro-8-(3-(4-momholinyApropoxy))- 3-methyl-pyrazolof3 4-blfl 4lbenzodiazepine (1Vi) NJ
F-NFNN-CICI1111 ItiHN. NNH FNCI Nis
5-(2-chlorophRepyhedidedigydro-7-fluoro-8-(3-(4-morpholinyl)propoxy))-3-  pPCT/EP2605/010653
methyl-pyrazolo[3,4-b][l,4]benzodiazepine (Ni) was prepared by reacting 0.0045 moles of
5-(2-chlorophenyl)-1,3-dihydro-7-fluoro-8-(3-(4-morphdatinyl)propoxy))-2H-1,4- benzodiazepin-2-thione
(thiolactam Ili) with 1,1-dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a manner
analogous to Example 55. MH+/Z-470. WO 2006/648828 $3C T/EP2005/010653 -73 Example 62
Preparation of 7-bromo-5-(2-chlorophenyl)-1,2-dihydro-8-(3-(4-morpholinvl)propoxy))-
3-methyl-pyrazolo o s Baniane Rt 1 iy dro-7-Foro-8-N.N-dimetivlamino-3-methyl:

pyrazolo[ 3.4-b1[ 1, 4Tbenzodiazepine (IV])

tea

cl
£
1vi

5-(2-chlorophenyl}-1,2-dihydro-7 -finoro-8-N,N-dimethylamino-3-methyl-
pyrazoio]3,4-b][1,4]venzodiazepine (IVL) was prepared by reacting 0.00187 moles of 5-
(2-chiorophenyl)-8-N,N-dimethylamino-1,3-dihydro-7-fluoro- 2H-1,4-benzodiazepin-2-
thione (Il1) with 1,1-dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in &
10 manner analogous to Example 55, MH+Z=370.



0 CPS/N~QfN~_(BrNBr-NN-CICE lljlII' (N~JNIHIO\NPLNHBrN CI IVj 5
7-bromo-5-(2-chlorophenyl)-1, 2-dihydro-8-(3-(4-morpholinyl)propoxy))-3-
methyl-pyrazolo[3,4-b][1,4]benzodiazepine (1Vj) was prepared by reacting 0.0011 moles of
7-bromo-5-(2sehoneplenyl)-1,3-dihydro-8-(3-(4-morpholinyl)propoxy))-2HPCAE b Zediesde pin-2-thione
(1) with 1,1-dimethoxy-N,N-dimethyl-ethanamine and then io hydrazine in a manner analogous to
Example 55. MH+/Z=530. WO 2006/040036 PCTIEP28®51010653 -74 Example 63 Preparation of
5-(2-chlorophenyl)-7-cyano-1 2-dihvdro-8-(3-(4-marpho ing propoxy))-
3-methyl-pvrazolo(3.4-bl(1,41benzodiazepine (IVW, Spg, NN/ JHC1\/CI llkllk (r) ~N
HO NON NH

Preparation of 5-( 2-chlorophenyl)-7-cyano-1.2-dihvdro-R-methoxvethoxy-3-methyi-

pvrazolof 3.4-b1i 1.4]benzodiazepine TVm)

5-(2-chloropheny1)—7-cyano~1,2—dihydro~8«methoxyethoxy-?;»mamyl-

pyrazolo[3,4-bll 1 4Jbenzodiazepine (IVm) was prepared by reacting 0.00048 moles of 5-
(2-chiorophenyl)-7-cyano-1,3-dihydro-8-methoxyethoxy-2H-1 4-benzodiazepin-2-thione
(Iim) with 1,1-dimethoxy-N,N-dimethyl-ethanarmine and then hydrazine in a manner

10 analogous to Exampie 55. MH+/Z=408.



~~.N N CI 5IVk 5-(2-chlorophenyl)-7-cyan-I,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))- 211- 10
1,4-benzodiaggphnerdhiene (thiolactam ilk) with 1,I-dimethoxy-N,N-dimethykethanmmingand then
hydrazine in a manner analogous to Example 55. MH+/477. WO 2006/040036 PCT/EP2005/010653
-75 Example 64 Preparation of 5-(2-chlorophen),l)-1 2-dihydro-7-fluoro-8-N.N-dimethylamino-3-methvl-

pyrazolo[3 4-blf1l 4lbenzodiazepine (WI) OH3 ~H3 EH S |—1|3 6_|\| NI H3C_NF-NF-NN- CfC1 CH3H
N, IF_N C1 5Ivi xample

Preparation of 3-(2-chlorophenvly-7-cvano-1.2-dihvdro-8-(2-{2-methoxyvethoxyiethoxv)-
3-methvi-pyvrazoiof3.4-bl[1 4 benzodiazepine  (T¥n)

5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-(2-{2-methoxyethoxy)ethoxy)-3-
methyl-pyrazolo{3,4-bi[1,4]benzodiazepine (IVn) was prepared by reacting 0.00067
moles of 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(2-(2-methoxysthoxy)ethoxy)-2H-

1,4-benzodiazepin-2-thione (Tin) with 1,1-dimethoxy-N,N-dimethyl-ethanamine and then
10 hydrazine in a manner analogous to Bxample 55. MH+/Z=452.



5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-N,N-dimethylamino-3-methyl
pyrazolo[3,4-b][1,4]benzodiazepine (Vi) was prepared by reacting 0.00187 moles of 5-
(2-chlorophenyl)-8-N,N-dimethylanrino-1,3-dihydro-7-fluoro-2H-1,4-benzodiazepin-2- thione (111) with
1,1-dimethoxXyM2Mdindeihyl-ethanamine and then hydrazine in a to mann¥ HRBIS¢HI44S Example 55.
MH+/Z=370. WO 2006/040036 PCTIEP2005/010653 76 Example 65 Preparation of
5-(2-chlorophenyl)-7-cyan-1 2-dihvdro-8- methoxyethoxy-gg-methyl pyrazolo[3
4-b111.41benzodiazepine QVm) H /O "6 \ N~ H3C§%\%m@ -N'N-NiNN"'clcl Itim /oN */~!C - Hac
N-/, NH N cl Win 5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-methoxyethoxy-3-methyl-
pyrazolo[3,4-b][l,4]benzodiazepine (IVm) was prepared by reacting 0.00048 moles of 5-
(2-chlorophenyl)-7-cyanoshe3asliteislsp sBmethexseshnxyc2d 14 benzediazepinrtiione

piperazinyllethoxy)-3-methyl-pyrazolof{3.4-bl1,4Tbenzodiazepine VD)

N
H C—N —

H,C—

5-(2-chiorophenyl)-7-cyano-1,2-dilrydro-8-(2-{4-methyl-1-piperazinyl)ethoxy)-
3-methyl-pyrazolof3,4-b){1,41benzodiazepine (Vt) was prepared by reacting 0.00062
motes of 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(2-{(2-(4-methyl-1-
piperazinylethoxy))-2H-1,4-benzodiazepin-2-thione (Iit) with 1,1-dimethoxy-N,N-
10 dirpethyl-ethanamine and then hydrazine in a manner analogous to Example 55.
MH+Z=476.



(Jim) with 1, 1 -dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a manner to analogous to
Example 55. MH+/7=408. WO 2006/040036 PCT/EP2005/010653 -77 Example 66 Preparation of
5-(2-chlorophenvl)-7-cyano-1.2-dihydro-8-(2-(2-methoxyethox )may)- 3-tnethyl-pyrazolo[3,4-blll
4lbenzodiazepmenibapiNe( ~ N N~ ~/ N ~N tin libn HaC~C , f C~1'i0 Nt #0206 30mi6s3
5-(2-chlorophenyl)-7-cyano-I,2-dihydro-8-(2-(2-methoxyethoxy)ethoxy)-3-
methyl-pyrazolo[3,4-b][l,4]benzodiazepine (IVn) was prépared by reacting 0.00067 moles of
5-(2-chIorophenyl)-?-cyano-l.3-dihydro-8-(2-(2-megthoxyeégoxy)ethoxy)-zIi-
1,4-benzodiazepin-2-thione (IIn) with 1,I-dimethoxy=N;Rt= thyl-ethanamine and then to hydrazine in
a manner analogous to Example 55. MFI+/Z=452. WO 2006/040036 PCT/EP2005/010653 -78

Example 67 Preparation of 5.(2:chigranenyi)sTcyangah. 2-0igios B2 dA-metiy- -
piperazinvl)ethoxv)-3-methyl- - enzodiazepine (TVt)_ Hie-NN[I-~-HQ S H'C- /-~ N NJ
Cl GI methoxvethvlimethylamino }-ethoxv)-3-methvi-pyrazolo(3.4-b|[1.4 {benzrodiazepine

avy)

H 5
G (3] e
e
CH -
3 W% N
O
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[s) Mo NH
“ C/O\/\N/\‘/ O -
3 1
— O cl
Vv

5-(2-chiorophenyl)-7-cyano-1,2-dihydro-8-(2~((2-methoxyethylymethylamino)-
ethoxy)-3-methyl-pyrazolo[3,4-b][ 1,4lbenzodiazepine (IVv) was prepared by reacting
0.0005 moles of 5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(2-{(2-
10 methoxyethylymethylamino)-ethoxy)-2H-1,4-benzodiazepin-2-thione (IIv) with 1,1-
dimethoxy-N,N-dimethyl-ethanamise and then hydrazine in a manner analogous to
Example 55. MH+/Z~=465.



fit lift H3Q-N N H N. N-{~ NH -N\r~\ N "~ CI IVt5
5-(2-chlorophenyl)-7-cyan-l,2-dihydro-8-(2-(4-methyl-I-piperazinyl)ethoxy)-
3-methyl-pyrazolo[3,4-b][1,4]benzodiazepine (IVt) was prepared by reacting 0.00062 moles of
5-(2-chloropheoyedrayess-1,3-dihydro-8-(2-((2-(4-methyl-I- PCT/EP2005/010653
piperazinyl)ethoxy))-2H-1,4-benzodiazepin-2-thione (f1t) with 1,1-dimethoxy-N,N 10
dimetbyl-ethanamine and then hydrazine in a manner-aoalogous to Example 55. MH+/Z=476. WO
2006/040036 PCT/EP2005/010653 -79 Example 68 Preparation of 5-(2-chlorophenyl)-7-cvano-1

2-dihvdro-8-(2-((2 m ethoxvethyl)methylaminoI-ett@%&%thvi-yvrazoloff& 4-bl11 4lbenzodiazePine
IVv sHS 3 clct tiV

Preparation: of 5-(2-chlorophenvl)-1,2-dihydro-3,7,8-tritpethyi -pyrazolol 3.4

bl 1.4]benzodiazepine (TVW)

5-(2-chloropheny!}-1,2-diliydro-3,7,8-trimethyl -pyrazolof{3,4-
b][1,4]benzodiazepine (TVw) was prepared by reacting 0.0005 moles of 5-(2-
ciﬂorophenyl)-1,3-dihydro—7,8-dimethyl—2H—1,&benzodiazepin—}thione ({w) with 1,1-
dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a manner anzlogous to
10 Example 55, MH+/Z=337.



IV cH3 -N N tcl lvy 5-(2-chlorophenyl)-7-cyano-1.2-dihydro-8-(2-((2-methoxyethyl)methylamino)-
ethoxy)-3-methyl-pyrazolo[3,4-b][1,4]benzodiazepine (IVv) was prepared by reacting 0.0005 moles of
5-(2-chlorophenyl)-7-cyano-1,3-dihydro-8-(2-((2 io
methoxyethylymesytanpso)-ethoxy)-2H-1,4-benzodiazepin-2-thione (liv) WEA/LPRO05/016653
dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a manner analogous to Example 55.
MMH+/Z=465. WO 2006/040036 PCT/EP2005/010653%:-80 Example 69 Preparation of 5
-(2-chlorophenyi)-1 2-dihydro-3 7 8-trimethyl -uyragg %(§64TOIP(I.41benzodiazenine (TVw) SIN, H3C
N...,(( H3CV z H3C _NH3C-N/N-CIC1 1iw lllwH3 N-(INIH H3C

Preparation of 5-(2-chiorophenyl-1,2-dibvdro-3.7-dimethvi-8-methoxy-pviazolo{3.4-

bl 1L.41benzodiazepine (IVZ)

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-
chiorophenyl)- 1,3-dihydro-8-methoxy-7-methyl-2H- 1 4-benzodiazepin-2-thione (Ilz)
with 1,1-dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a manner analogous
10 to Example 55. MH+/Z=353.



| C1 IVw 5 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, (11w) with 1,1-
dimethoxy-NwBdimethyizethanamine and then hydrazine in a manner anaf§jtrReqesiti Egample 55.
MH+/Z=337. WO 2006/040036 PCT/EP2005/010653 81 Example 70 Preparation of
5-(2-chlorophenvl)-1 2-dihydro-3 7-dimethyl-8-methoxvigyrazolo[3,4- b1f1.41benzodiazepine (IVz)
H3C-0 N J HC-O N---( H3C --N C7N NchL II|zH 3C-E] eN ClI5Ivz
5-(2-chlorophenyl)-1,2-di -' Ao O BT {, S éz %%—' ezepme (IVz) was
prepared by reacting 0.0005 moles of 5-(2-

chlorophenyl)-1,3-dihydro-8- methoxm 7-gethyl-2H-1.4-benzodiazepin-Zthione (Hz)

0 MZTD@

) R4 @m

§ Vv
HoON.
B2 ! N N /#—_NH
bt i
R17 N N\=N
R4
Vi v
Example 71
5 Preparation of 5-{2-chiorophenvl)-1,2-dibvdro-7-fiuore-8-methoxy-3-methyl-

pyrazotol3.4-bl L 41henzodiazepine (TVa)

To a mixmre of 3.0 g (0.0094 mole) of 5-(2-chiorophenyl)-1,3-dihydro-7-flucro-
8-methoxy- 2H-1,4-benzodiazepin-2-one (Ia), 11.8 mL of ethyl diisopropyl amine, 4.62 g
16 of 1,24-triazole and 45 mL of tetrahydrofuran at 0°C, was added 1.575 mL of



with 1,1-dimethoxy-N,N-dimethyl-ethanamine and then hydrazine in a manner analogous io to
Example 55. MH+/Z=353. WO 2006/040036 PCT/EP2005/010653 -82 Preparation of

pyrazolobenzodiazepine IV from lactam | (scheme B) :t R2 j Rt~NA R4 R4 J/V OH N,

Nom.( , H RwdIbbedRkodSdr\ R4 R4 Vi IV Example 71 s Preparation of 5-(Pcaioeogixanss)- 1
2-dihydro-7-fluoro-8-methoxy-3-methyl- pyrazolo(3,4-b1 f 1.4lbenzodiazepine (Na) H N, HsCi-O N (
NH FlsN-{\cl IVa To a mixture of 3.0 g (0.0094 molé} of 5-(2-chlorophenyl)-1,3-dihydro-7-fluoro-

8-methoxy- 2H-1,4- odlaze one 8mLo eth ropyl amin io of
1,2,4-triazole and fo"tl rlﬂz ‘gﬂ %} nutes l%n%_s?ggi va XFemov %, a:nggng

10

15

ro uran a was a
mixture was stmed at room temperamre for another 60 minutes. Then, 17 mL of 437 M

sodium methoxide in methanol solution was added to the reaction mixture. After stirring
for 2 hours, another 5 mL of sodium methoxide solution was added, and the mixture
stirred overnight. The mixture was then partitioned between ethyl acetate and water.

The ethy! acetate layer was washed successively with water and brine, dried over

anhydrous sodium sulfate, filtered and concentrated under reduced pressure to vield 3.2 ¢

of 5-(2-chiorophenyl)-7-fluoro-2,8-dimethoxy-3H- 1 4-benzodiazepine (intermediate Va),
which was of sufficient purity to use in the next step.

A mixture of 3.0 g of intermediate Va prepared above, 30 mL of
dimethyiformamide and 13.2 mL of 1,1-dimethoxy-N,N-dimethyl-ethanamine was
heated at 110°C for 24 hours and then cooled. The mixtare 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 dichioromethane and 15 mL of methanol,
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 reextractsd 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) 1o give 2.05 g of
5-(2-chlorophenyl)-1,2-dihydro-7-fluore-8-methoxy-3-methyl-pyrazolo[3,4-
bl[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.

... R2R21\



WO 2006/040036 PCT/EP2005/010653 -83 phosphorous oxychloride. After 20 minutes, the cooling
bath was removed, and the mixture was stirred at room temperature for another 60 minutes. Then, 17
mL of 4.37 M sodium methoxide in methanol solution was added to the reaction mixture. After stirring
for 2 hours, apeth&rsbakeof sodium methoxide solution was added, and the mixtae/d aiged
overnight. The mixture was then partitioned between ethyl acetate and water. The ethyl acetate layer
was washed successively with water and brine, dried ower. anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to y|eId 3.2 g of
5-(2-chlorophenyl)- Retpsrativmof prrarmiobenzediazepines IWifrag the ambaghenzonhengnes 41
sufficient purity to use in the next step to A rﬁmtumedtm@s@mmrmedlate Va prepared above 30 mL
of dimethylformamide and 13.2 mL of 1,1-dimethoxy-N,N-dimethyl-ethanamine was heated at 110C
for 24 hours and then cooled. The mixture was concentrated under reduced pressure to give the
crude intermediate Vla which was used directly in the next step. The residue W}%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 waterfand ethyl acetate. The agueous phase was
reextracted with ethyl acetate Wthyl acetate taéers washeé Rdrigd over anhydrous
sodium sulfate, filtered and congtentrated unqlercr@i:;z pressyre. Th id’qN was chromatographed

on silica gel, eluting with etH1 ac&tatéZhexane (8:1 \tq‘blve 2.05 g%f 20
5-(2-chlorophenyl)-1,2-dihydro-7-flu ﬁ%th% thyl-pyrazolol[3, dibenzodiazepine (Na).
The material was crystallized from e- dichléromethane to yield IV a yellow solid, mp
217-218C. M-H+/Z=357. WO 2006/040036 PCT/EP2405/010653 %IV

5 Example 72

Preparation of 5-(2-chlorgpheny-1.2-dihvdro-3.7.8-trimethy] -pyrazolol3 4.
bl l.4Tbenzodiazepine (TVW)

A mixture of 3.0 g (0.0116 mole) of (2-amino-4,5-dimethylphenyi}-(2-
10 chiorophenyl)-methanone (Xw), 2.0 g (0.0116 mole) of 4-amino-5-chloro-3-methyl-1-(2-



-84 Preparation of pyrazolobenzodiazepines IV from the aminobenzophenones X with pyrazole XIlii
(scheme 4). I~ R2NHZ R2 N ~N RIC + CI 1'N~I/N Ri -N R4 HZh" R4 x xul X'v. N--.~.N. R2NH T RI
N R4 IV 5 Example 72 Preparation of 5-(2-chlorophenyl)-1 2-dihydro-3 7 8-trimethyl -pyrazolof3,4-
b111.4lbenzodiazwpitvdi@w) H N, H3C N-/ NH H3C "N IVw A mixture ofGIES00116ole) of
(2-amino-4,5-dimethylphenyl)-(2 lo chlorophenyl)-methanone (Xw), 2.0 g (0.0116 mole) of

4-amino-5-chloro-3-methyl-I-(2 WO 2006/040036 PCT/EP20051010653 -85 propenyl)-IH-pyrazole
(XM), 2.21 g (0.0116 mol

10

15

20

prope":ny%2 1%8}7%2%%%@@? 5&5%1 16 mole) of p-toluenesulfonic acid

monohydrate and 40 mL of isopropanol was heated in a sealed tube at 170°C for 90
minotes. The mixtre was concentrated under redaced pressure, and the residue was
diluted with ethyl acetate and then washed twice with saturated sodium bicarbonate
solution. The agueous washes were reextracted with ethyl acetate, and the combined
ethyl acetate layers were dried over anhydrous sodium suifate, filtered and concentrated
under reduced pressure. Trituration of the residue with hexane gave the intermediate -
(2-chiorophenyi)-1,2-dihydro-3,7,8-trimethyl-1-(2-propenyl)-pyrazolo[3,4-
b]i1,4)benzodiazepine (XIVw), as a yellow solid. Purification of the filtrates by sitica
el chromatography, eluting with ethyl acetate-dichloromethane (1:1) provided additional
XTvw and was combined with the material obtained above for a total yield of 2.7 g of
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-propenyi)-pyrazolo[3.4-b1[1,4]benzodiazepine (XIVw), 0.135 g (0.00025
mole) of 1,3-bis(diphenylphosphino)propane nickel (I} chloride and 140 mil. of
anhydrous tetrahliydrofuran at -40°C was added 43 mL of 1M diisobutylaluminum hydride
in toluene. The mixture was stirred at 6°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
under reduced pressure. The residue was purified by silica gel chromatography, eluting
with ethyl acetate-dichioromethane (1:1) to give 1.5 g of 5-(2-chlorophenyl)-1,2-dihydro-
3,7,8-trimethyl -pyrazole]3,4-b]{1,4Jbenzodiazepine (IVw) as an orange solid.
MB+/Z=337.



monohydrate and 40 mL of isopropanol was heated in a sealed tube at 170C for 90 minutes. The
mixture was concentrated under reduced pressure, and the residue was diluted with ethyl acetate and
then washed twice with saturated sodium bicarbonate 5 solution. The agueous washes were
reextracted with etlsyacatate, and the combined ethyl acetate layers wemcdrisdmoser@mahydrous
sodium sulfate, filtered and concentrated under reduced pressure. Trituration of the residue with
hexane gave the intermediate 5- (2-chlorophenyl)- 1,2-68hkydro- 3,7,8 -trimethyl-|
-(2-propenyl)-pyrazolo[3,4 b][l,4]benzodiazepine (XIVw), as a yellow solid. Purification of the filtrates
by silica io gel chromatography, eluting with ethyl mmoromethane (1:1) provided additional
XIVw and was combined with the material obtained above for a total yield of 2.7 g of XIVw as a yellow
solid, which was used dlrectl in t; eX Otee To _sgléﬁ_lon 09%7 g (0 OO 16 r’s?l%?h
5-(2-chlorophenyl)-1,2-Gi§80=3, 7, 8= frimethy - (2 propenyi)-py “biit.4]penzodiazepine
()CfVw), 0.155 g (0.00029 is mole) ofitazpia(FibabhyiBpRradnzs 'e? ’ st .. nickel (I1) chloride and 140
mL of anhydrous tetrahydrofuran at -40C was added 43 mL of 1M diisobutylaluminum hydride in
toluene. The mixture was stirred at OC for 6 hours and then quenched by the careful addition of ice
water. The mixture was extracted twice with gthyl@cefatenThe sambined ethyl acetate extracts were
dried over anhydrous sodium sulfate, filtered and copcentrat 0 under reduced pressure. The
residue was purified by silica gel chromatographyg€luting,=aith ethyl acetate-dichloromethane (1:1) to
give 1.5 g of 5-(2-chlorophenyl)-1,2-dihydro- 3,7,8-trimetlyl -pyrazolo[3,4-b][1,4]benzodiazepine (IVw)
as an orange solid. MH+/337. WO 2006/040036 PCT/EP20U5/010653 -86 Example 73

Va

5 5-(2-chiorophenyl)-1,2-dikiydro-7-fluoro-8-methoxy-3-methyl-pyrazolo[3.4-
bi[1,4]benzodiazepine (IVa) was prepared by reacting 0.0014 moles of (2-amine-5-
fluoro-4-methoxyphenyl)(2-chlorophenyl)-methanone (Xa) 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-flucro-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-chlorophenvD)-1.2-dihydro-7, 8-dimethoxv-3-methvl-pyrazoiof3.4-
bl L4Thenzodiazenine (TVx)

H K.
K.C—0 M- "NH

O =
H,C—0 =N
Cre

15 iVx

5-(2-chlorophenyl)-1,2-dihydro-7,8-dimethoxy-3-methyl-pyrazolo] 3,4-
b][1,41benzodiazepine (TVxX) was prepared by reacting 0.00093 moles of (2-amino-4,5-
dimethoxypheny!)(2-chlorophenyl)-methanone (Xx) with 4-amino-5-chloro-3-methyl-1-



Preparation of 5-(2-chlorophenyl)-1 2-dihydro-7-fluoro-8-methoxy-3-methyl- pyrazolo[3 4-bl[1
4lbenzodiazepine (Na) H3C-Q N--.(~E~~4YF4 F-N CllIva 5
5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-methoxy-3-methyl-pyrazolo[3,4- b][1,4]benzodiazepine (IVa)
was prepareeyipy:668a6ifags0.0014 moles of (2-amino-5- PCT/EP2605/010653
fluoro-4-methoxyphenyl)(2-chlorophenyl)-methanone (Xa) with 4-amino-5-chloro-3-
methyl-1-(2-propenyl)-IH-pyrazole (XIll), and subsequergzdealkylation of the intermediate,
5-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-methoxy-3-methyl-1-(2 io . , .
propenyl)-pyrazolo[3:2tpEEA ) HEhPHarRrepiHe:( W@Mﬁﬂﬁﬁ{mﬁrﬁ%ﬁ%ﬁﬁé@mmner
analogous to Examplerb2ndiyit12-435@oExtdiptehidyPrepdrstioflafep¢2yER)orapheagh -1 2-dinydro-7
8-dimethoxy-3-methyl: |9f3.4- bl i j Nk 3G OmNmn& LrkSobdis
5-(2-chIorophenyI)-%ﬁ%%ﬁ?}%?%%%%%mg%ﬁgiﬁﬁgﬁazoIo[g%»d?f%][1,4]benzodiaze§gine (IVx) was
prepared by reacting 5?@9@@37%6@4"6%:(%6-%min0-4,5- dimethoxyphenyl)(2-chlorophenyl)-methanone
(Xx) with 4-amino-5-chloro-3-methyl-l WO 2006/040036 PCT/EP2005/010653 -87

5 Example 75

Preparation of 8-chlaro-5-(2-chlorophepyl)-1,2-dihvdro-7-methoxy-3-methyl-
pvrazolo[3.4-bl[1.41benzodiazepine (IVV)

3! N.
Cl NW

H,C—0 =N

cx

Wy

S-c:hloro-S»(Q—Chlorophanyi)—1,2—dihydro~7—methoxy~3~methy}—pyrazalo{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)-1 H-pyrazole (XII), and subsequent dealkylation of the
intermediate, 8-chloro-5-{2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-1-(2-
propeny})-pyrazolo{3.4-bj[ 1.4]benzodiazepine (XIVY) with ditsobutylaluminum hydride

15 in a manner analogous to Example 72. MH+/Z=373.



(2-propenyl)-IH-pyrazole (XII1), and subsequent dealkylation of the intermediate, 5-(2- chlorophenyl)-
1,2-dihydro-7, 8-dimethoxy-3-methyl-I-(2-propenyl)-pyrazolo[3,4 b][ 1,4]benzodiazepine (XIVx) with
diisobutylaluminum hydride in a manner analogous to Example 72. MH+/Z=369. 5 Example 75
Preparation &¥@héarseBs(2-chlorophenyl}-t 2-dihdro-7-metboxv-3-methviPfyieRasi5i81¢653
4-bifl.4lbenzodiazepine (IVv) CI N-H 'NH H3C-O -N -1\ Cl ivy
8-chloro-5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-n#éthyl-pyrazolo[3,4- io b][ 1,4]benzodiazepine
(IVy) was prepared by reacting 0.0012 moles of (ZEaml A
chioro-5-methoxyphenyl)(2-chlorophenyl)- methancrn%g%&(;)'wnh 4-amino-5-chloro-3-
methyl-I-(2-propenyl)-1H- pyrazole (X3I11), and subsequent dealkylatlon of the intermediate,
8-chloro-5-(2- chloroh ) IL)l 1

Preparation of 5-(2- chlorophenyl) 1 2- dlhydro 8 methoxv 37- dlmethyl pyrazoloi 3 4-
b1fl,41benzodiazepine (1Vz) HN, H N, H3C - H3C y

5 5-(2-chloropheny?l)-1,2-dihydro-8-methoxy-3,7-dimethyl-pyrazolo[3.4-
b]{1,4]benzodiazepine (IVz) was prepared by reacting (.0012 moles of (2-amino-4-
methoxy-5-methylphenyl)-(2-chlorophenyl)-methanone (Xz) 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-8-methoxy-3,7-dimethyl-1-{2-propenyl)-

10 pyrazolo[3,4-b][1,4Tbenzodiazepine (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-
pyrazolol3,4-b]{1,4]benzodiazepine (IVe) was also isolated from the dealkylation
reaction. MII+/Z=319.



Ci H Ivz We 5 5-(2-chlorophenyl)-1.2-dihydro-8-methoxy-3,7-dimethyl-pyrazolo[3,4-
b][l,4]benzodiazepine (IVz) was prepared by reacting 0.0012 moles of (2-amino-4-
methoxy-5-methylphenyl)-(2-chlorophenyl)-methanone (Xz) with 4-amino-5-chloro-3-
methyl-I-(2-propesigaispyrazole (XIIl), and subsequent dealkylation of tRETIRRapRISdIEEE,
5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-3,7-dimethyl-I-(2-propenyl) to
pyrazolo[3,4-b][1,4]benzodiazepine (XIVz) with diisobuBflaluminum hydride in a manner analogous to
Example 72. MH+/Z=353. In addition, 0.4 % of 1 dlhég % 7 -dimethyl-8-methoxy-5-phenyl-
pyrazolo[3,4-b][1,4]benzodiazepine (IVe) was also rom the dealkylation reaction.
MH+(Z=319. WO 2006/040036 PCT/EP2005/010653 -89 Example 77 Preparation of 1 2-dihvdro-7

8-dimethoxy-5-(2- nggircglhoeqyl,) Breihyi- %@&18@§a _gg&l% henzediezepine dyaaidhN. H30-O (
--N BVaa 5 1,2-difiydro-7, 8-dimethoxy-5-

b][1,4]benzodiazepine (IVaa) was prepared-ty-feactiig” rotes of (2-amino-4,5-
dimethoxyphenyl)-(2-methoxyphenyl)-methanone (Xaa) Wlth 4-amino-5-chloro-3-
methyl-I.-(2-propenyl)-IH-pyrazole (XIIl), and subsequent eaLI'!(yIatlon of the intermediate,

1,2-dihydro-7,8-dimethoxy-5-(2-methoxypheryt)-& I—%—/p_fpenyl)

H,C~—0
@QWCHS
fVaa
5 1,2-dihydro-7,8-dimethoxy-5-(2-methoxyphenyl)-3-methyl-pyrazolo[3,4-

bi[1.4]benzodiazepine ([Vaa) was prepared by reacting 0.0023 moles of (2-amino-4,5-
dimethoxypheny!)-(2-methoxyphenyl)-methanone (Xaa) with 4-amino-5-chloro-3-
methyl-1-(2-propenyl)-1H-pyrazole (XIII), and subsequent cealkylation of the
intermediate, 1,2-dihydro-7,8-dimethoxy-3-(2-methoxyphenyl}-3-methyl-1-(2-propenyl)-

10 pyrazolo[3,4-b}{1,4]benzodiazepine (XIVaa) with diisobutylaluminum hydride in a
manner anatogous to Example 72. MH+/Z=365.

Example 78

Preparation of 5-{2-chiorophenvl)-8.10-dihvdro-7-mmethvi-1.3-dipxolol4.5-
hipvrazolol3.4-bl{ 1L.4\benzodiazepine IVbb

M
o N pAN
LIS
o =N
o

15 IVhb

5-(2-chlorophenyl)-8,10-dihydro-7-methyl-1,3-dioxolof4,5-hjpyrazolo{3.4-
bi[1,4]benzodiazepine (IVhb) was prepared by reacting 0.0023 moies of (6-aminc-1,3-
benzodioxol-5-y1)-(2-chiorophenyl)-methanone (Xbb) with 4-amino-5-chioro-3-methyi-



i0 pyrazolo[3,4-b][1,4]benzodiazepine (X1Vaa) with diisobutylaluminum hydride in a manner
analogous to Example 72. MH+/Z=365. Example 78 Preparation of
5-(2-chloronhenyl)-8.10-dihydro-7-methyl-1,3-dioxolo[4.5- h]pyrazolo[3 4-b1[141benzodiazepine (IVbb)
H N, N 15 IVb2®q24eorophenyl)-8,10-dihydro-7-methyl-1,3-dioxolo[4, BEHBRAOIGIB 4
b][1,4]benzodiazepine (IVbb) was prepared by reacting 0.0023 moles of (6-amino-1,3-
benzodioxol-5-yl)-(2- chlorophenyl) methanone (Xbb) wiA 4-amino-5-chloro-3-methyl WO 2006/040036

PCT/EP2005/0106 1- en X||| of the
intermediate, 5- (2- %ﬁ% ﬁé@%gwyﬁﬁx-me ﬁb%e QL}%H (2‘5%ﬂ ?)érjf(‘)acgé i MQ%
h]pyrazolo[3,4- b][l@]@émﬁ@ﬂé&ﬁ@ @Wﬁb?\ﬁﬁﬁﬂﬂbéﬁ%@%ﬂ]ﬁﬁ%ﬁfﬁ%ﬂr ?iln a manner analogous
to Example 72. MH#iA 3 5&15[?4@%@&&@@[%%& with ditsobutylaluminum hydride in a

7-chloro-5-(2-chloro d|h -8- @_g_,g@gl pyrazolo[3 4-hl[1.4]benzodiazepine (IVcc)
H3C _Q-NHCP N%ﬂ% %%uforo%%m%tfﬂ)%ﬁenyl) 1,2-dihydro-8-methoxy-3-methyl-pyrazolo[3,4-

5 Example 79

Preparation of 7-chloro-5-(2-chiorophenvh-1.2-dihvdro-8-methoxy-3-methvl-

mvrazolo]3.4-BH L4tbenzodiazenine (IVec)

H N
H,C—0. Nw
i =

i ~N

Voo

7-chioro-5-(2-chiorophenyl)-1,2-dihydro-8-methoxy-3-methyl-pyrazolo[3,4-

10 blil4lbenzodiazepine (FVec) was prepared by reacting 0.0623 moles of (2-amino-5-
chloro-4-methoxyphenyl)-(2-chlorophenyl)-methanone (Xcc) with 4-amino-S-chioro-3-
methyl-1-(2-propenyl)- 1 H-pyrazole (XIII), and subsequent dealkylation of the
intermediate, 7-chloro-5-(2-chiorophenyl}-1,2-dihydro-8-methoxy-3-methyl-1-(2-
propenyl)-pyrazolo[3,4-b}[ 1,4}benzodiazepine (XIVee) with diisobutylalumirum hydride

15 in a manner analogous to Example 72. MH+/Z=373.



io b][l,4]benzodiazepine (Ncc) 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-I-(2-propenyl)-IH-pyrazole (XIII), and subsequent dealkylation of the intermediate,
7-chloro-5-(2veblarsplaenyl)-1,2-dihydro-8-methoxy-3-methyl-I-(2- propenybepyrazotfsdsh]
[1,4]benzodiazepine (XIVcc) with diisobutylaluminum hydride 15 in a manner analogous to Example
72. MH+/2=373. WO 2006/040036 PCT/EP2005/010658; -91 Example 80 Preparation of
5-(2-chlorophenyl) 1 2-dihydro-8-fluoro-7- methoxy -3- methgl pyrazolo[3 4-bl[1.4]benzodiazepine
(Ivdd) PHFENN _(\ H3C-C'I-N"'JCI Ivdd 5 Example
5-(2-chlorophenyl)-1,2-dihydro-8-fluoro-7-methoxy-3-methyl-pyrazolo[3,4 b][1,4]benzodiazepine (1Vdd)
was prepared by reactm O 0023 moles of (2 amln-4-

5-(2- chlorophenyl) -1, 2 dlhydro -8- quoro 7ethxy 3 methyl I -(2 10
propenyl)-pyrazolo[3,4-bl[1,4]benzodiazepine (XIVdd) with diisobutylaluminum hydride in a manner
analogous to Example 72. MH+/Z=357. Example 81 Prepaiatidhgf 5-(2-chlorophenyl)-1

2-dihydro-7-methoxy-3-methyl-8-trifluoromethyl- o
H,C—0 =N
.y
Vdd
5 5-(2~chiorophenyl}-1,2-dihydro-8-fluorc-7 -methoxy-3-methyl-pyrazolo{3.4

bi[1,4]benzodiazepine (TVdd) was prepared by reacting 0.0023 moles of (Z-amino-4-
fluoro-5-methoxypheny!)-(2-chlorophenyl)-methanone (Xdd) with 4-amino-5-chloro-3-
methyl-1-(2-propenyl)-1H-pyrazole (XIH), and subsequent dealkylation of the
intermediate, 5-(2-chlorophenyl)-1,2-dihydro-8-fluoro-7-methoxy-3-methyi-1-(2-

10 propenyl)-pyrazolo[3,4-b][1,4]benzodiazepine {XIVdd) with diisobutylaluminum
hydride in a manner analogous to Example 72. MI+/Z=357.

Example 81

Preparation of S-(Z—chlorophenvl}-1.2-dihvdro~7-meﬂmxy—3—meﬂ)vl—S—niﬂuoromethyl»
pyrazolol3.4-blf 1 4Tbenzodiazepine (TVee)

15

5-(2-chiorophenyl)-1,2-dihydro-7-methoxy-3-methyl-8-trifluoromethyl-
pyrazolof3.4-b]j 1.4 benzodiazepine (IVee) was prepared by reacting 0.0023 moles of (2-
amino-5-methoxy-4-trifluoromethyiphenyl)-(2-chiorophenyl)-methanone (Xee) with 4-



pv_razolo[3 4-bl[l 4]benzodiaze ne (IVee) HN, P3C NJ NIH H3C-O -Nt Cl 15 Wee
5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-8-trifluoromethyl
pyrazolo[3,4-b][1,4]benzodiazepine (Wee) was prepared by reacting 0.0023 moles of (2-
amino-5-methaxgedarficasromethylphenyl)-(2-chlorophenyl)-methanone (O€$8YRFitA 0N 2006/040036
PCT/EP2005/010653 -92 amino-5-chloro-3-methyl-I-(2-propenyl)-1H-pyrazole (XIIl), and subsequent
dealkylation of the intermediate, 5-(2-chlorophenyl)-1,28@ihydro-7-methoxy-3-methyl-I-

(2-propenyl)-8-trifluoromethyl-pyrazolo[3,4-b][1,4]benzodiazepi Ve ith diisobutylaluminum
hydride in a manné%ﬁﬁb%ﬂ@fﬁ “b’|@4£°ﬁ’ﬁi‘;¥§;}§§aﬁ??‘§ Ka b%%%?g‘beg}ation of
5-(2-chloropheny!)dkasiitner of Tumuttordideniethghisrerhenyl)- byréirsisps’ asthambaémeaidigpine (rVvif)
He-o -N' NVIf 5-(3-ghlaraphemnibinbRmlinydparzsngthoxy3«meatiyi-E-phenptipyeazeto[3,4 io

b][1,4]benzodiazepjne (IVff) was prepared by reacting 0.0023 moles of (2-aHno=s-
methoxy-4-phenyl é%nyfY Péﬁ‘l%"f%%&%%%ﬁ)ﬁﬁe aglﬁ%f%éa u@vﬁ%?ﬁﬁ?n%—’&c fgég}-7'

methyl-1-(2-propenyl)-1H-pyrazole (XIlI), and subsgg ueqt %%alkylafion of the intermediate,
5-(2-chloropheniyl)-1,2-dihydro-7-methoxy-3-methyss -l-(2-

Preparation of 5-(2-chiorophenyl-1,2-dihydre-7-methoxv-3-methv]-8-phenvi-
wyrazolol 3.4-b1lt 4lbenzadiazepine (TVIH

5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-8-phenyi-pyrazolo(3,4-

10 b){1,4]benzodiazepine (IVf) was prepared by reacting 0,0023 moles of (2-amino-5-
methoxy-4-phenylphenyl)-(2-chlorophenyl}-methanone (Xff) with 4-amino-5-chioro-3-
methyl-1-(2-propenyl)-1H-pyrazole (XilI}, and subsequent dezalkylation of the
intermediate, 5-(2-chlorophenyl}-1,2-dinydro-7-methoxy-3-methyl-8-phenyl-1-(2-
propenyl)-pyrazolol3,4-b][ 1, 4Tbenzodiazepine (XIVEf) with diisobutylaluminum hydride

15 in a manmer analogous to Example 72, MH-+/Z=4135.



propenyl)-pyrazolo[3,4-b][1,4]benzodiazepine ()CIVIf) with diisobutylaluminum hydride 15 in a manner
analogous to Example 72. MH+/Z=415. WO 2006/040036 PCT/EP2005/010653 -43 Example 83
Preparation of 5-(2-chlorophenyl)-1 2-dihydro-7-methoxy-8-methoxyethoxv-3-methyl- pyrazolo[3 4-b](1
4lbenzodiazepimenos/Men} H3C ~N N H,C--CN ClIvgg 5 PCT/EP2005/010653
5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-8-methoxyethoxy-3-methyl-
pyrazolo[3,4-b][1,4]benzodiazepine (IVgg) was preparegkby reacting 0.0023 moles of (2-
amino-5-methoxy-4-(2-methoxyetboxy)phenyl)-(2-chlorophenyl)-methanone (Xgg) with
4-amino-5-chIoro-3-methyl-l-(2-propenyl)-III-pyrazcﬁéﬁéﬁﬁE}—%nd subsequent dealkylation of the
intermediate, 5-(2-chlorophenyl)-1,2-dihydro-7- methoxy -8 io

methoxyethoxy-3- methyl -|- (2 prp nyl)-pyraz -b 4ben od| epine_(X1Vag), wi
diisobutylaluminum H¥8#da h A marrer .".'- { Sic J’ aBZ $172) 09( )3 é &84
Preparation of 8- chloro 5-(2-chlorophamaicie2-dibldiabarzadiasankngl (5 oIo(3 4 b][l
41benzodiazepine (IVhh) CI Fli-(NH H3C | N &CI 5 Ith

5 5-{2-chlorophenyl)-1,2-dihydro-7-methoxy-8-methoxyethoxy-3-methyl-
pyrazolof3,4-b]{1,4]benzodiazepine (IVgg) was prepared by reacting 0.0023 moles of (2-
amino-5-methoxy-4-(2-methoxyethoxy)phenyl)-(2-chiorophenyl-methanone (Xgg) with
4-amino-3-chioro-3-methyl-1-(2-propenyl)- [ H-pyrazole (XTI}, 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 a2 manner analogous to Example 72. MH+/Z=413.

Example 84

Preparation of 8-chloro-5-(2-chlorophenvl)-1.2-dihvdro-3.7-dimethvl-pyrazolof3.4-
bi[1.41benzodiazepine (TVhh)

ci ﬁ{ﬁ%
Hsc: : :\-»—-N
&

Whh

8-chloro-5-(2-chlorophenyl)-1,2-dihydro-3,7-dimethyl-pyrazolo] 3,4~
bl{1,4]benzodiazepine (IVhh) was prepared by reacting 0.0023 moles of (2-amino-4-
chloro-5-methylphenyl)-(2-chlorophenyl)-methanone (Xhh) with 4-amipo-5-chloro-3-



8-chloro-5-(2-chlorophenyl)-1,2-dinydro-3,7-dimethyl-pyrazolo[3,4- b][l,4]benzodiazepine (IVhh) was
prepared by reacting 0,002' )moles of (2-amino-4- chloro-5-methylphenyl)-(2-chlorophenyl)-methanone
(Xhh) with 4-amino-5-chloro-3 WO 2006/040036 PCT/EP2005/010653 94
methyl-I-(2-pvopemdpdibpyrazole (XIII), and subsequent dealkylation of tEeTIRRapfIeA{EES,
8-chloro-5-(2-chlorophenyl)-1,2-dihydro-3,7-dimethyl-I-(2-propenyl)- pyrazolo[3,4-b][l,4]benzodiazepine
(XNhh) with diisobutylaluminum hydride in a manner asélogous to Example 72. MH+/Z=357. 5
Example 85 preparation of 5- 2-chloro henyl) -1 2-dihvdro-7-methox frwle X-3-methvl-
pyrazoloF,3 4-bil1aBerddrpEpreliNg li) 25 negf Jghpequent ééaig’ oo

5-(2- chIorophenyl)ﬂ&dﬁ%@%ﬁﬁﬁe&wwmmyhﬂ%hym&ﬁemtﬂm 1-(2-propenyl)-
pyrazolo[3,4-b][1,4 in BAFeSLDYR AGHNE 010023 meleeaf@a
amino-5-methoxy- (%Q Igﬁw Qﬁéﬂ%ﬁ%@%ﬁihlo p%b%nyl) methQanone (Xii) with 4-
amino-5-chloro-3- rﬁ@ﬂﬁﬂrﬁ‘? éo %b and subsequent dealkylation of the
intermediate, 5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-8-(1-
methylethoxy)-3-methyI-I-(2-propenyl)-pyrazo|o[3,anodiazepine (XNii) 15 with
diisobutylaluminum hydride in a manner analogous to Example 72. MH+/Z=397. WO 2006/040036

PCT/EP2005/0106grseva? asag};( gﬂ&[’ic%?@m&henvh 1.2-dihvdro-T-methoxv-8-{ 1 -methviethoxy)-3-methvi-

pyrazolol3.4-b1 L4 Tbenzodiazepine (IVii)
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5-(2-chloropheny!)-1,2-dihydro-7-methoxy-8-(1-methylethoxy)-3-methyi-

10 pyrazolo[3,4-b]{1,4]benzodiazepine (IV. if) was prepared by reacting 0.0023 moles of (2-
arrﬂno—S—methoxyA—(l-methyiethoxy)phenyl)-(2—ch10r0phenyl)—met§1anone (i) with 4-
amino-S-chioro-3-methyl-1-(2-propenyl)-1H-pyrazole (XIII), and subsequent
dealkylaton of the intermediate, 5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-8-(1-
met’nylethoxy)—S-methyb1—(2—propeny1‘)»pyrazolo(BA—b](1,4]beazodiazepine (XIVi)

15 with diisobutylaluminum hydride in a manner analogous to Exarple 72. MEH+/Z=357,



Preparation of 5-(2-chlorophenyl)-1 2-dihydro-S-methoxv-7-(1-methylethoxy)-3-methyl- pyrazolo[3
4-bl[1 41benzodiazepine (Nji) H N, H3C-C N--. JH H3C)-o _H -(\ H3C ' CI NVIf 5
5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-7-(1-methylethoxy)-3-methyl-
pyrazolo[3,4¥likslbenaadiazepine (1Vjj) was prepared by reacting 0.0023aTei@e300£/(260653
amino-4-methoxy-5-(1-methylethoxy)phenyl)-(2-chlorophenyl)-methanone (Xjj) with 4-
amino-5-chloro-3-methyl-I-(2-propenyl)-1H-pyrazole (Xna},-and subsequent dealkylation of the
intermediate, 5-(2-chlorophen)71)-1,2-dihydro-8-methoxy-7-(1 10
methylethoxy)-3-methyl-I-(2-propenyl)-pyrazolo[3, 455ﬁm?ongodiazepine (XIVjj) with
diisobutylaluminum hydride in a manner analogous to Example 72. MH+/Z 397. Example 87
Preparation of 5-(2- chIoroP XYY~/ -methe 0> azolo[3
4-bill.41benzodiaze C 415 ] Cris v
5-(2-chlorophenyl)-1,2-dihydro-8-methaxsaZhimethe ATELPR
pyrazolo[3,4-b][1,4]benzodiazepine (IVKk) was prepared by reactmg 0.0014 moles of (2-
amino-4-methoxy-5-(2-methoxyethoxy)phenyl)-(2-chlorophenyl)-methanone (Xkk) with WO
2006/040036 PCTIEP2005/010653 iy

5 5-(2-chiorophenyl)-1,2-dihydro-8-methoxy-7-(1-methylethoxy)-3-methyl-
pyrazolo{3,4-b][1,41benzodiazepine (IVj) was prepared by reacting 0.0023 moles of (2-
amino-4-methoxy-3-(1-methylethoxy)phenyl)-(2-chiorephenyl)-methanone (Xji) with 4~
amino-5-chloro-3-methyl-1-(2-propenyl)- 1 H-pyrazole (XIII), and subsequent
dealkylation of the intermediate, 5-(2-chlorophenyl)-1 ,2~dinydro-8-methoxy-7-(1-

¢ methylethoxy)-3-methyl-1-(2-propenyl}-pyrazolo[3,4-b][ 1.4]benzodiazepine ZaVip
with ditsobutylaluminum hydride in 2 manner analogous to Example 72. ME+/Z=397.

" Example 87

Preparation of 5-(2-chlorophenyl)-1,2-dihydro-8-methoxv-7-methoxvethoxy-3-methyl-
pvrazolo[3.4-b1[1 41benzodiazepine FVEK)

15

5-(2-chlorophenyl)- 1,2-dihydro-8-methoxy-7-methoxyethoxy-3-methy!-
pyrazolo[3,4-b]{ 1,41benzodiazepine (TVik) was prepared by reacting 0.0014 moles of (2-
aminc-4-methoxy-5-(2-methoxyethoxy)phenyl}-(2-chlorophenyl)-methanone (Xkk) with



-96 4-amino-5-chloro-3-methyl-I-(2-propenyl)-IH-pyrazole (XIII), and subsequent dealkylation of the
intermediate, 5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-7-
methoxyethoxy-3-methyl-I-(2-propenyl)-pyrazolo[3,4-b][1,4]benzodiazepine (XIVKk) with
diisobutylalumgnzmshydiiele in a manner analogous to Example 72. MH+/EERER 28 Fxataple 88
Preparation of 4 anlino 5 Moro 3 methyl 1 (2-propenyl)-IH-pvrazole (XIII) method 1 (scheme 5) N~ H N
NC,N. OHN,NHZO OO O xv XVIP CE N ,N CI NINNrN HO N'NaN HZN 0 0 XVIII xii! XVII Step
1: Preparation of ethyl 5-amino-3-methyl-I-(2-propenyl)-1H-pyrazole-4- to carboxylate (XV) To a
solution of 10.3 g W@G@P@f%ﬁﬁfﬁﬁ-éﬁﬁ%@?&g%@%? K SHE iFPOBHRIESE methanol was
added 8.9 g (0. OGQQAmQIﬁQOQfoaMhmdf@zmdﬂqmmmphﬁiﬁl}alnﬂ@Eym& Hiteibtiytamine. The reaction

mixture was refluxed.at %@g 2 0aH0R1 299 4haR G RRReRIER A 4R tRduangRlessIR, The residue
was purified by S|I|ca _
with dnsobutylalununum hydride in a manner analogous to Exarmple 72. MHA/Z=413.

5 Example 88

Preparation of 4-amino-3-chloro-3-methyl-1-(2-propenvh)-1H-pyrazole { X, method 1
{scheme 5)

i |

N
\\ 0—/ H’ HZN N\N c N\N
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Step 1: Preparation of ethvl 5-amino-3-methyl-1-( 2-propenyly-1H-nyrazole-4-

10 garboxyiate (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 diliydrochloride
and 39 mL of tristhylamine. The reaction mixture was refluxed at 80°C for 3 hours, and
then concentrated under reduced pressure. The residue was purified by sihica 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.



15 chromatography, eluting with ethyl acetate-hexane (1:1) to give 6.7 g of ethyl 5-amino-
3-methyl-I-(2-propenyl)-1H-pyrazole-4-carboxylate (XV) as a yellow oil. WO 2006/040036
PCT/EP2005/010653 -97 Step 2: Preparation of ethyl 5 chloro 3-methyl-I-(2-proven ly)-1H-pyrazole-4-
carboxylate @ Bodeeaossaiution of 6.7 g (0.032 mole) of ethyl 5-amino-3-nrethyriz{@spregsnyl)-
1H-pyrazole-4-carboxylate (XV) in 30 mL of concentrated hydrochloric acid was added 5 8.6 g (0.064
mole) of copper (Il) chloride. The mixture was cooled.tg;QC and 2.65 g (0.038 mole) of sodium nitrite
was added portionwi.se over 20 mrnutes The mlxture was stlrred at room temperature for 1 hour, and
then at 40C for 2 hours3tEihe rHispare oy . 9 F VAR

chloroform. The chigrgforn @xfacts were drled over anhydrous sodlum sulfate flltered and
concentrated under 1o 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-I-(2-propenyl)-I1H-
pyrazole-4-carboxylate (Xh4 ) asiilighbt §6|pw.¢ib 1Stk & cBrdparadiondehethyl-1-(2-propenyl)-

ocrloro 3 metnyr biE:RIapSEM LI DYAZ dleo i aNAXC oLl A %?d?&r@o%ﬁ'bﬁi@ﬁ:&ﬂa@&& (0.0249

mole) of ethyl 5-ch -methyl-l-(2-propenyl)- 1H-pyrazole-4-carbox e (X0 I mL of
tetrahydrofurarf-wétes Mdtphmst e(%“ﬁcffp%égaféﬁ’é‘é Xghi%?{fﬁel\ﬁ%od% yd}%%qg Sgolétlon The

mixture was heate a36EGefar dotivur siane themdohmenoeiitd fyaa FhmalsriolhaiRteFAsduced

pressure. The pH \wassadiusted 10,1-2,0y:the paditeneihydipciiar D,Chaﬁt@l Thempredeistawas collected
by 20 filtration, washed with water and dried to eId 4, 7(% of.

Ior --
propenyl)-IH- pyrai@l%tez‘i1 EhEk %ﬁ&'&ifWﬂ)‘% S % "5‘% aratll())jr’r%{r:orm
5-chloro-3- methyl%(ﬁamnmmvmw@mmw&w ﬁitefed and con{:eni:rated under

16 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-chioro-3-methyl-1-( 2-propenvh-1H-nvrazole-4-carboxylic

acid (XVII)

15 To 2 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 smalier volume under reduced pressure. The pEH
was adjusted to 1-2 by the addition of hydrochloric acid. The product was collected by

50 filtration, washed with water and dried to yield 4.7 g of 5-chioro-3-methyi-1-(2-
propeny!)-11-pyrazole-4-carboxyiic acid (XV1L) as a tan solid.

Step 4: Preparation of 5-chloro-3-methyl-1-( 2-propenyl)-1H-pyvrazole-4-carbonyl

azide (XVIH

To a solution of 6.0 g (0.030 mole) of 5-chioro-3-methyl-1-(2-propenyl)-1H-
pyrazole-4-carboxylic acid (XVII), 4.2 mL (0.030 mole) of friethylamine 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

(O8]
(543

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 chioroform, and

30 the extracts were dried over anhydrous sodium sulfate, filtered, and concentrated under



azide MgM To a solution of 6.0 g (0.030 mole) of 5-chloro-3-methyl-I-(2-propenyl)-1H 25
pyrazole-4-carboxylic acid (XVII), 4.2 mL (0.030 mole) of triethylamine and 100 mL of acetone at -10C
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 mkPbwalesas added. The mixture was stirred at room tempefaitrmdoibdagur and then
concentrated under reduced pressure to ca. half the original volume. The mixture was extracted twice
with chloroform, and 3o the extracts were dried over anggydrous sodium sulfate, filtered, and
concentrated under WO 2006/040036 PCT/EP2005/010653 -98 reduced pressure to give 4.7 g of
preparation of 5-c|*rb:3h@$1-mmmwzi‘mé{)’@mﬂHﬁ’afp??azél@fllﬁ@%dﬁ%&zﬂd@@(%WQSg@White solid.

Step 5: PreparatioB gﬁﬂ@:m%gﬁ%h@{&-mpwﬂ“@t@gmnyl)-lH-pyrazole (X1 5 A solution of 12.3
g (0.0545 mole) of 5-chloro-3-methyl-I-(2-propenyl)-1H- pyrazole-4-carbonyl azide ("VIII) in 120 mL of
toluene was heated at 180Cfos 1.hauk, 20:mlb.:0f bygrachioriciasid wasadeled angtagmixture was
heated at 110C for 2 hoUrS and then cooled. The mixture was concentrated under reduced pressure,
and then stirred at#g8# temperature with 50 mL of dichloromethane and 10 mL of iriethylamine. The
io mixture was filtered and the filtrate concentrated under reduced pressure. The residue was purified
by silica gel chromatographyS

_eluting.wi i : i
2mmine-echiore. 8 methyl &‘?_;t%féz?gf‘?’it;{ E‘?&F&S’si‘??&%‘?g&ﬁﬁﬁ&é&&eﬁ ~Y%2%§ 15

propeny -Eﬁrazo ?Xén as an orange oil. ‘MS MH+/Z 172 This
material was of suffigieftp it lisadn SREEUBSE IR PFEEERBh Y2 PSR gépr 1 hour

26 ml. of hydrochloric acid was added and the raixture was heated at 110°C for 2 hours

and then cooled. The mixture was concentrated under reduced pressure, and then stirred
at room ternperature with 50 mL of dichloromethane and 10 mL of triethylamine. The

30 mixture was filtered and the filtrate concentrated under reduced pressure. The residue
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-propeny!)-1H-pyrazole (XIII) as an orange oil.
MS ME+Z 172

This material was of sufficient purity for use in the subsequent reactions.

15 Example 89

Preparation of 4-amino-3-chioro-3-mefhyl-1-(2-propenyvh)-1H-pyrazole (XTI, method 2

(scheme 6)
N. : N, M.
o-N, o=, HN
(o o
MEN XX Xl

Step 1: Preparation of 5-chioro-3-methyl-4-nitro-1-(2-propenyh-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 (.37 g (0.0464 mole) of
Hithium hydride. The mixture was stirred at room temperature for 15 minutes. Then 56¢g



Preparation of 4 amino 5 chloro 3-methyl-1-(2-propenyl)-1H-pyrazole (XIII) method 2 scheme CI
N-NH Ci N CI NN =N HZN (r) 16 0 XIX XX XIII Step 1: Preparation of
5-chloro-3-methyl-4-nitro-1-(2-propenyl)-IH-pyrazole (XX) 20 To a solution of 5.0 g (0.031 mole) of
5-chloro-3-meh ghis/mitisdH-pyrazole in 100 mL of anhydrous tetrahydrof e ERSEYHAGENh, 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 WO 2006/040036 PCT/EP2005/010653 -99°#0.0464 mole) of allyl bromide was added, and

the mixture was heat t8 %f r hours. The mixture was ¢ olegEl 0 e&i 0 if[:& ﬁpd extracted
twice with ethyl ace%aﬁg.é%fﬁtge 8%1%235) g?h?l“éaéedﬁt% Iz‘ri‘llfler&s{evf/%}r%lr rie(ﬁc])%/ée% aanF%ous sodium

sulfate, filtered andhwﬁc@wﬁt@@rww@%@@wﬁé%@d?@.@%éﬁ%@fﬁ%@?@%ﬁé"%%@oﬂw&ﬂmca gel 5
chromatography, eltting-with-gthyl ecetaterierang:(drid) to givehdsothaddione pilar, Tempenént, 1.36 g

Of 3-chloro-5 et o (ARl @%%éj%gag% A8 ARl . 83 1he ess POt

component, 0.5 g of B-chioro-3-met yl-4-n p(-nyl)-IH-pyrazole (XX) as a colorless oil. Step
2: Reduction of XX 45 98P F2RATHEIBLEM e EBEBFOP TR 3RS 1% R FPEIE TR A mixture of
0.5 g (0.00248 moley:apsreh)arks 3-ciathylsd-Sitah(R4priopenyl pibbkpyicdidie (26}, £.6 g (0.0198 mole)

of ammonium Chlor!:%?dr?e‘s@ &l%fn&,i ne tﬁQW&%@l%Ocomponem 0.5 g of S-chioro-3-methyl-4-nitro-1-(2-
propenyl)-iH-pyrazole (XX) as a coloriess oil.

ten 2: Reduciion of XX o form 4-amino-5-chioro-3-methvi-1-(2-propenvii-1H-

10 pyrazole (XHT)

A pixture of 0.5 g (0.00248 mole) of 5-chioro-3-methyl-4-nitro-1-(2-propenyl}-
1H-pyrazole (XX), 1.6 g (0.0198 mole) of ammonium chioride, 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 sodiumn 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 (XIT), which was identical to the material prepared in Example 88 (method 1)

above.



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 siliva gebomr@natography, eluting with ethyl acetate-hexane (PLY/HEW 1B of
4-amino-5-chloro-3-methyl-I-(2-propenyl)-IH- pyrazole (XIII), which was identical to the material
prepared in Example 88 (method 1) above. WO 2006/0#0036 PCT/EP2005/010653 -100 Example 90
Preparation of 5-(2-chlorophenyl)-1 2-dihydro-?-ﬂl{%ro-Siagthoxy-pyrazoloB,4- bl[L4lbenzodiazepine
(XATla) HjjSH S H3C-C 6}....{~ HSC-O lla XXla -0 n{~NH F -N XXHKa 5 To a solution of
0.64 g (0.0019 mole) of 5-(2-ehlorophenyl)-1,3-dihydro-7

fiuoro-8-methoxy-2H-1,4-benzadi in-2- thh%nel ('ﬂﬁldm%r L gf dichlaramethane was added 5 mL
(0.029 mole) of 1,1-di 20 . The mixture was Stirre overnlght at room
temperature, then concentrated under redbdedPragadiracoipe (38488lie, which contains intermediate
XXla, was stirred with a mixture of 18 mL of io dlchloromethane 5.5 mL of methanol and 0.3 mL of
hydrazine for 6 hours and the{:gsc“__0

Xlia

5 To a solution of 0.64 g (0.0019 mole) of 5-(2-chiorophenyl}-1,3-dihydro-7-
fluoro-8-methoxy-2H-1,4-benzodiazepin-2-thione (lia} in 5 mi 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
regidue, which contains intermediate X3X1a, 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 R-methoxy-pyrazolo[3.4-b][1,4Tbenzodiazepine (XXBa). Recrystallization from
dichloromethane-ethy] acetate gave XXTla as a light red solid, mp 742-243°C,



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-ackiesBisignyl)-1,2-dihydro-7-fluoro 15 8-methoxy-pyrazoloABHPHBE" bdiazepine
(XXlla). Recrystallization from dichloromethane-ethyl. acetate gave XXlla as a light red solid, trip
242-243C. WO 2006/040036 PCT/EP2005/010653 - 184! Example 91 Preparation of
5-(2-chlorophenvl)-1 2-dihydro-8-methoxy-7- methyﬁ ogqiS 4- b1fl,4lbenzodiazepine =z) HS H S
H3C_OH3C_.(r)H H3C (~N H3Lv-N N CI C! lIz Xgﬂia‘ﬁ N, H3C--O N tIH H30-N CI XXllz s
5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-7-methyl-pyrazolo[3,4- b][1,4]benzodiazepine (XXIIz) was

prepared by reactlng QHQ: %m&{%?g) @_C(gorg

itz XXz

KKliz

5 5-(2-chiorophenyl}-1,2-dihydro-8-methoxy-7-methyl-pyrazolo[3,4-
bl[1,4}benzodiazepine (XX1lz) was prepared by reacting 0.003 moles of 5-(2-
chiorophenyl)-1,3-dihydro-8-methoxy-7-methyl-2H-1,4-benzodiazepin-2-thione {[iz)
with 1,1-diethoxy-N,N-dimethyl-methanamine and then hydrazine in a manner analogous
to Example 90. Recrystallization from ethyl acetate-methano] 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.



to Example 90. Recrystallization from ethyl acetate-methanol provided 5-(2 io
chlorophenyl)-1,2-dihydro-8-methoxy-7-methyl-pyrazolo[3,4-b][1,4]benzodiazepine as a light red solid,
rap 275-276C. WO 2006/040036 PCT/EP2005/010653 -102 Example 92 Preparation of
5-(2-chloropféayNid/EM§asydro-7-cvano-8-methoxy- pyrazolo(3.4- bill 4]beHzbERPEHHEFXXID) H S S
H3C-0 N--{~ H3C-f~~NNI/'NNN-NN~H{C1C1 11b XXIb H3C-O N~NNH N C1 XXllb 5
5-(2-chlorophenyl)-1,2-dihydro-7-cyano-8-methoxy- pyr&Zolo[3,4- b][1,4]benzodiazepine (XXIIb) was
prepared by reacting 0.00096 moles of 5-(2-
chIorophenyI)-?-cyan-I,3-dihydro-8-methoxy-2H-l,gw‘%eﬂ%%%—g%zepin-z-thione (11,) with
1,1-diethoxy-N,N-dimethyl-methanamine and then hydrazine in a manner analogous to the example

above. Recrystallizatiog fromsthyl acetats piavided b{2sahlorophenyhd@oxy- pyrazolor3.4-
1,2-dihydro-7-cyano-8-methoxy- pyrazolo[B,ﬁL- l%eﬁlbgaggj%%zml(xxnb) as a light

[ils] b
H.C—O ﬁ\ﬁi‘j\m
X,
N
O
XXiib
5 5-(2-chlorophenyl)-1,2-dihydro-7-cyano-8-methoxy- pyrazolof3,4-

b][1,4]benzodiazepine (XXIb) was prepared by reacting 0.00096 moles of 5-(2-
chiorophenyl)-7-cyano-1,3-dihydro-8-methoxy-2H-1.4-benzodiazepin-2-thione (k) with
1,1-diethoxy-N,N-dimethyl-methanamine and then hydrazine in a manner analogous to
the example above. Recrystailization from ethyl acetate provided 5-(2-chlorophenyl)-

10 1,2-dihydro-7-cyano-8-methoxy- pyrazolo[3,4-b}[1,4]benzodiazepine (XX1ib) as a light
red solid, mp 288-290°C.



red solid, mp 288-290C. WO 2006/040036 PCT/EP2005/010653 -103- Example 93 Tablet

Formulation Item Ingredients Mg/Tablet 1 Compound 1 * 5 25 100 250 500 750 2 Anhydrous Lactose
103 8335193857 3 Croscarmellose Sodium 6 6 8 16 32 48 4 Povidone K3055 6 12 24 36

5
Magnesium BRAPAEHP 3 6 9 Total Weight 120 120 150 300 600 900 *EEHBEUIMHf¥epresents a

compound of the invention. Manufacturing Procedure:

ix items 1, 2 and 3 in a suitable mixer for 15

minutes. Granulate the powder mix from Step 1 with ZbA) Povidone K30 Solution (Item 4). Dry the
granulation from Step 2 at 50C. Pass the granulation f@gHiepB 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. WO 20061040036 PCT/EP2005/010653 -104 Exam 94 Capsule

Formulation Item Ingredients mg/Capsule Tablet Formulation
Itemn Ingredients Mg/ Tablet

1 Compound 1 * 5 25 100 250 5006 750

2 Anhvdrous Lactose 103 83 35 19 38 57

3 Croscarmellose Sodinm 6 6 g 16 32 48

4 Povidene K30 5 5 6 12 24 36

5 Magnesium Stearate 1 1 1 3 6 9
Total Weight 120 120 15¢ 300 600 960

10

*Compound 1 represents a compeund of fhe invention.

Manufacturing Procedure:

Mix Items 1, 2 and 3 in 2 suitable mixer for 13 minutes.

Granulate the powder mix from Step 1 with 20% Povidone K30 Sotution (Jiem 4).
Dry the granulation from Step 2 at 50°C.

Pass the granulation from Step 3 through sujtable milling equipment.

Add the Ttem 5 to the milled granuiation Step 4 and mix for 3 minutes.

Compress the granulation from Step 5 on a suitable press.



1 Compound. 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 Magnesium Stearate 1 2 2 3 6 Total Fill Weight 200 200 300 300 600
*Compound | represents a compound of the invention. Manufacturine Procedure: s Mix Items 1, 2 and
3 in a suitablevonpsesdarid minutes. Add Items 4 & 5 and mix for 3 minutes ik ime@a®ssitable
capsule. WO 2006/040036 PCT/EP2005/010653 -105 Example 95 Injection Solution/Emulsion
Preparation Item Ingredient mg/mL 1 Compound | * lingé2 PEG 400 10-50 mg 3 Lecithin 20-50 mg 4
Soy Oil 1-5 mg 5 Glycerol 8-12 mg 6 Water g.s. 1 ML *Compound 1 represents a compound of the
invention. Manufacturing Procedure: 5 Dissolve it SHAERR2Em 2.

Capsule Formulaton
Item Ingredients mg/Capsule

1 Compeound 1 * 5 25 100 250 500
2 Anhydrous Lactose 159 123 148 - -
3 Corn Starch 25 - 35 40 35 70
4  Tale 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 inventiot.

Mamnfacturing Procedure:

5 Mix Ttems 1, 2 and 3 in 2 suitable mixer for 15 minutes.

Add Items 4 & 5 and mix for 3 minutes.

Fill into a suitable capsule.



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. WO 2006/040036 PCTIEP2005/010653 -106 Example 96 Injection
Solution/Emuigianderemaration Item Ingredient mg/mL 1 Compound 1 * 1mny/er@kaaias] 10-50 mg 3
Lecithin 20-50 mg 4 Soy Oil 1-5 mg 5 Glycerol 8-12 mg 6 Water g.s. 1 mL *Compound 1 represents
a compound of the invention. Manufacturing Procedur&%-Dissolve item 1 in item 2. Add items 3, 4
and 5 to item 6 and mix until dispersed, then hom%ge&zie.édd the solution from step 1 to the mixture
from step 2 and homogenize until the dispersion i nt. Sterile filter through a 0.2 um filter and
fill into vials. to The antiangiogenic and antiproliferative activities of the compounds of the invention
are demonstrated below. These effects SRR AN EELHR S FRIE S nterest are useful in inhibiting
angiogenesis and in the treatment of cancer, in particular solid

lem Ingredient mg/mL
1 Compound 1 * Img
2 PEG 400 10-50 mg
3 Lecithin 20-50 mg
4 Soy Oil 1-5mg
5 Glyeerol 8-12 mg
6 Water g.5. i mL

*Compound 1 represents a compound of the imvention.

Mapufactoring Procedure:

5 Digsolve item | in ifem 2.

Add iterns 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 untii the

dispersion is translucent.

Sterile filter through a 0.2 um filter and fill info vials.



tumors such as breast and colon cancer. WO 2006/040036 PCT/EP2005/010653 -107 Example 97
CDK2 Flash Plate Assay To determine inhibition of CDK2 activity, purified recombinant retinoblastoma
(Rb) protein was coated on 96 well FlashPlates (New England Nuclear, Boston, MA). 5 Rb is a natural
substrate forwbhasphesdation by CDK2 (Herwig and Strauss Eur, J. BiochermERaSAU6531997) pp.
581-601 and references therein). Recombinant active human Cyclin E/CDK2 complexes were partially
purified from extracts of insect cells. The active Cyclin BACDK2 was added to the Rb-coated
FlashPlates along with 33P-ATP and dilutions of test comggunds. Plates were incubated for 25
minutes at room t0 temperature with shaking, then nd 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 intHEHER- SIS EBLERREA Mhich is a measure of the
inhibition of CDK2 activity, was determined according to the following formula: 100 x rl - test
compound - nonspecific | s_total - nonspecific -i \&/her . "test compound" refer%t mgije average counts
per minute of the test duplic]éet@s, "nonspecific” reféis 10 the average counts permminute when no Cyclin
E/CDK2 was added, and "total" refers to the average counts per minute when no compound was
added. 20 The compounds of the presenCinentioniitave CDK2 IC50 valges less than 10 pM,
preferably less than 1 pM. KDR IC50 values for representative compounds are set

2 Glycoturot 16-50 mg
3 Lecithin 20-50 mg
4 Soy Oil 1-3mg

5 - Glycerol 8-12 mg
6 Water g.s. 1ml

*Compound 1 represents 2 compound of the invention.

Manufacturing Procedure:

3 Dissolve tem 1l initem 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

turpors such as breast and colon cancer.



forth in Table | below. WO 2006/040036 PCTJEP2005/010653 -108 TABLE | Inhibition of CDK2
Compound R'R2 R3 R4 IC50 Number (~M) Na F OCH3 CH3 C| 1.330 IVb CN OCH3 CH3 Cl| 0.184
IVf F OCH2CH20OCH3 CH3 CI 0.395 IVh F OCH(CH3)2 CH3 Cl 0.247 Example 98 KDR & FGFr To
determine inkilittoss 08MBR and FGFR, kinase assays were conducted ushg/EntqayRess3
(Homogeneous Time Resolved Fluorescence) assay. This assay is described in A. S. Kolb et. al.,
Drug Discovery Today, 1998, 3(7), p 333. Prior to kinag@*eaction, recombinant EEE-tagged KDR was
activated in the presence of activation buffer (50 MM HEPES, pH 7.4, 1 mM DTT, 10% glycerol, 150
no mM NaCl, 0.1 mM EDTA, 26 mM MgCl2, and 4‘n—11vr§‘ﬂ§’)7s. The enzyme was incubated at 4 C for 1
hour. WO 2006/040036 PCT/EP2005/010653 - 109 Kinase activity assays were performed in 96-well

pog/propylene plat%gglpﬂm }%'@A@S;g,tal volume of 90 L in each well. Each well contained 1 pM KDR
substrate

To determine inhibition of CDE2 activity, purified recombinant retinoblastoma
(Rb) protein was coated on 96 well FlashPlates {New England Nuclear, Boston, MA),

5 Rbis anatural substrate for phosphorylaton by CDK2 (Herwig and Strauss Eur, J,
Biochem., Vol. 246 (1997) pp. 581-601 and references therein). Recombinant active
human Cyclin E/CDK2 complexes were partially purified from extracts of insect cells.
The active Cyciin E/CDK2 was added to the Rb-coated FlashPlates along with FP-ATP
and dilutions of test compounds. Plates were incubated for 25 minutes at room

10 temperature with shaking, then washed anc counted in the Topcount scintiilation 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 CDK2 activity, was determined according to the following

formula:

100 % [1 - test compound - nonspeciﬁa

" iotal - nonspecitic

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 ICso values less than 10
M, preferably less than 1 M. KDR ICs values for representative compounds are set
forth in Table I below.



(Biotin-EEEEYFELVAKKKK), 1 nM activated KDR, and a test compound with one of 8 assay
concentrations ranging from 100 pM to 128 pM (1:5 serial dilution). The kinase 5 activity assay was
done in the presence of 100 mM HEPES, pH 7.4, 1 mM DTT, 0.1 mM Na2V04, 25 mM MgCI2, 50 aM
NaCl (from KRB siggkaaiition), 1 % DMSO (from compound), 0.3 mM ARBi(@bkesongentration) and
0.02% BSA. The reaction was incubated at 37 C for 30 minutes. To stop the KDR. reaction, 72 MML.
of reaction. mixture was transferred into a STOP plate ggntaining 18 pd. of revelation buffer (20 mM
EDTA, to 50 mM HEPES, pH 7.4, 0.02% BSA, 10 nM Eu-labelled anti-pY antibody (final conc. 2 nM),
and 100 nM streptavidin (final conc. 20 nM)). After mixingE iS pL of solution was transferred into
duplicate wells of a 384-well black plate (Costar), a t 615/665 nm on a Wallac Victor 5
reader. FGFR activity assays were carried out as described above for the KDR activity is assay with
the following differences. GST-tagged FGFR enz was, ?ﬁ{) ted at room temperature for 1 hour in
the following activation buffer: 100 mM HEPES MNaCI, 20 mM MgC12, and 4 mIN4
ATP. The kinase activity assay was performed with 1 pM substrate (Biotin-EEEEYFELV), 1.5 nM
activated FGFR, and test compound in the presence of 100 mM FIEPES, 1 mM DTT, 0.4 mM MgCl2,

0.4 mM MnC12, 50 mM 20 NaC|, 1% DMSQ, 10 pSM ATP (Km= 8.5 Mfor EGER), 0.1- mM-Na2Vv04,
and 0.02% BSA, in a total volume of 90 ML! The regf of the assay,was performed in th@ ame
manner as KDR assay. ynd IC50 values were determined from duplicate sets o ata and
calculated by using ExXgelwdad fitting data to lequation Y=[(a-h)/{ 1+(X/c)d]+b, where a ?( Iﬁ dib are
enzyme activity in the presence pf no test inhibitor compound and an infipite amount ffibitor test
compound, respec |velv1c is the!lC50 and diis the hill constant of the compound respense.The IC50
value is the concentratlo?V ca)f test com@:ound that OCH, CH Cl 1330

Vb CN OCH; CHs 1 0.184

vt H OCH.CH,0CHas CHs Cl 0.395

Vh ¥ OCH(CHa)» CH; Cl (.247

Example 98
KDR & FGFr
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, pE 7.4, 1 mM DTT, 10% glycerol, 150
10 mM NaCl, 0.1 mM EDTA, 26 mM MgCls, and 4 mM ATP). The enzyme was incubated

at 4 °C for 1 hour.



reduces by 50% the enzyme activity under the test conditions described. The compounds of the
present invention have KDR IC50 values less than 10 M, 3o preferably less than 1 M, most preferably
less than 0.5 LM, or FGFR IC50 values less than 10 p.tM, preferably less than 1 pM. Most preferably,
the compourfidle efabiedirigention have KDR IC50 values less than 1 pM a®§¢FERRICBONValues less
than 1 pM . KDR IC50 WO 2006/040036 PCT/EP2005/010653 - 110 values for representative
compounds are set forth in Table Il below, and FGFR 886 values for representative compounds are

set forth in Table Il below, TABLE I] Inhibition 0" KDR Compound Rf RZ R3 R IC5 umber (1M
IVa F OCH3 CH3 CI 0.018U1% %@W%&??%Pﬁ??&%}g%“’?& Fi‘f’l&tﬂ%‘&‘i‘ﬁ?}éﬁ%%& 31

N(CH2CH2)20 WightOHAGH AR CHB THB G3E0024 B @ <L0061646038 EPAR20087010653 -ill
TABLEI '”hibi“QﬁiB{iﬁ%Eé%ﬁ%@@Ri@ﬁcﬁi, R2R3d2Es KDR, and a test compound with one of
8 assay concentrations ranging from 100 wM to 128 pM (1:5 serial dilution). The kinase
5 activity assay was done in the presence of 100 mM HEPES, pH 7.4, 1 mM DTT, 0.1 mM
NasVOy, 25 mM Mglly, 50 mM NaCl {from KDR stock solution), 1% DMSO (from
compeund), 0.3 mM ATP (at Ky, concentration) and 0.02% BSA. The reaction was
incubated at 37 °C for 30 minutes. To stop the KDR reaction, 72 pulL of reaction mixture
was transferred into a STOP plate containing 18 sl of revelation buffer (20 oM EDTA,
10 50 mM HEPES, pH 7.4, 0.02% BSA, 10 nM Eu-labelled anti-pY antibody (final conc. 2
M), and 100 nM streptavidin (final conc. 20 nM)). After mixing, 35 pl. of solution was
rransferred into duplicate wells of a 384-well black plate (Costar). and read at 6157665

nm on a Wallac Victor 5 reader.

FGFR activity assays were carried out as described above for the 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 M MeCl;, 0.4 mM MnCl,, 50 mM
20  NaCl 1% DMSO, 10 uM ATP (Ky = 8.5 uM for FGFR), 0.1 mM NazVOs, and 0.02%
BSA, in a total volume of 90 ul.. The rest of the assay was performed in the same

manner as KDR assay.

Cormpound ICs; values were determined from duplicate sets of data, and
calculated by using Bxcel and fitting data to equation Y=[(a-b)/{ 1-+(X/e)¥+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, ¢ is the ICse and d is the hill constant of
the cormpound response. The ICsp 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 Cyo valtues less than 10 uM,
3p  preferabiy less than 1 UM, most preferably less than 0.5 uM, or FGFR ICs values less
than 10 uM, preferably less than 1 pM. Most preferably, the compounds of the invention
have KDR ICs values iess than I uM and FGFR ICss values Jess than 1 uM . KDR ICso



Number WI) Iva F OCH3 CI-13 CI 0.028 [Vc. C(O)NFI2 OCH3 CH3 CI 0.032 IVk CN OCH2CH2 CH3
Cl 0.033 N(CH2CH2)20 IVw CH3 CH3 CH3 CI 0.038 Example 99 MDA-MB-435 SW480, and HC-1-1
16 s The est@g%nr&%[;g%gr negative epithelial breast carcinoma line (MDAMRB:43m),, 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 t_hﬁotgst 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 37C with 5% COZiliehgol eeprexdntialy: thenpeshdompeufocts wdrediSSelred indIWEER Hhsaethyl sulfoxide
(DMSO) to yield a 10,0, stock. saliionEAeh SORRAUAHIRS diieduily sterile medium to | mM in
a sufficient quantity to yield a final concentration of 120 M. The compounds were WO 2006/040036
PCT/EP2005/010653 -112 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 agdgd sgfved as the s "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.

Inhibition of KDR
Compound R R? R R* ICs
Number

(uM)
IVa F OCH; CH; Cl 0.010
Ve C(OWH, OCH; CH; Cl 0.022
Vi F OCH,CH, CHs Cl 0.031

N(CHE,CH),0

IVkk OCH:CH, OCH; CH; Cl 0.024




3-(4,5-Dim-nethylthiazole-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (thiazolyl blue; MT T) was added
to each well to yield a final concentration of 1 mg/mL. The plates io were then incubated at 37C for 3
hours. The plates were centrifuged at 1000 rpm for 5 minutes prior to aspiration of the MTT-containing
medium. ThesM biltgemtaining medium was then removed and 100 jiL 100%athanohvweassadded to
each well to dissolve the resulting formazan metabolite. To ensure complete dissolution, plates were
shaken for 15 minutes at room temperature. Absorbentiés were read in a microtiter plate reader i5
(Molecular Dynamics) at a wavelength of 570 nm with a 650 nm reference. Percent inhibition was
calculated by subtracting the absorbance of the blapgég% gﬂl) wells from all wells, then subtracting
the division of the average absorbance of each tes 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 inhibijjpn. I he eqgmpgunds of the present invention have
MDA-MB-435 IC50 values less than 20 M, preferably 1€Ss than 2 M. The IC50 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 (1w) is 0.950 M.. 25 The colon adenocarcinoma line SW480 and the colon
carcinoma line HCT- j , ' i

s lzf%ve fourmbzl
SW480 was platedia ToBo cell

test compound.
Cell line HCT-116 Wak#a#8 at 1000 cells per well and analyzed at 30 4 days post}dgﬂg{ of test
compound. The compounds of the present invention have SW490 IC50 values less than 20 M,
preferably less than.2 M. The IC50 value forinhibition-in-the-S\W480-{colon)-based
IVa F OCH: CHs i 0.028
Ve C(O)NH; ' OCH: CH; A 0.032
IVk CN OCHCH; CH; Cl 0.033
N(CH.CH.»0
Vw CH: CH; CH, Cl (.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 wellin a
96-well tissue culture plate, and were incubated overnight at 37°C with 5% COg. The
10 ext day, the test compounds were dissolved in 100% dimethyl suifoxide (DMSO) to
yield a 10 mM stock solution. Each compound was diluted with sterile medium to 1 mM

in & sufficient quantity to vield a final concentration of 120 uM. The compounds were



WO 2006/040036 PCT/EP2005/010653 -113 assay for
5-(2-chlorophenyl)-1,3-dihydro-7,8-dimethyl-2H-1,4-benzodiazepin-2-one (1w) is 0.950 M. The
compounds of the present invention have HCT-| 16 ICsc values less than 20 pM, preferably less than
2 pM. ). The ¥CEBglgedsior inhibition in the HCT-116 (colon) 5 based asiai/¥getEgrds&htative
compounds are set forth below in Table 1V, TABLE IV Antiproliferative Activity HCT 116 (colon) Assay
Compound 182 RZ R' Ito IC50 Number (FPM) IVgg OCH3 OCHZCH20CH3 CH3 CI 0.197 1Vkk

OCH2CH20OCH3 OCH3 CH3 CI10.509 IVaFOCH3 CH3 CI 1.0 CHZCH CH3 CH3 CI
0.498 Example 100evesatis At b Sedmmardy W@%Woﬁg‘ﬁ? Emg Egantlprollferatlve

S
activity of test compnusitisabthisiinvantmmsitrabi-Based p@%y@ﬁwam%ﬁt@afwsﬁbﬁ@ﬂassay using

the BrdU kit (Rochg Bﬁlegéaewg@&a%ﬁéa@ 2&%4@4&9%1P&@/@ﬁaz@@@/@mmm%m Human

umbilical vein endothelial cells (H.UVEC, CI 019) were cultured in EGM-£ (Cionetics
CC-3162) mediumcamERL Bed R B0HE dalfe e‘&? éﬂw ajﬁ\rlzglﬁ%e oefrie)c(gg oFEGM- é}}(ﬁlonetlcs
CC-3162) media ‘sl £~ W@ﬂeﬂat@gﬁghvpﬁat@lgtor was added served as “no inhibitor control”

plates were returned to the incubator, and 5 days post addition of test compound, were

analyzed as described beiow.

3*(4—,S»Dimethyitiﬁazole@—yl}z,5-diphenyl—zﬂ-tetramlium bromide (thiazolyl

blue; MTT) was added to each well to yield a final concentration of 1 mg/ml. The plates

10 were then incubated at 37°C for 3 hours. The plates were centifuged at 1000 rpm for 5
minutes prior to aspiration of the MTT-containing medium, The MTT-containing
medium was then removed and 100 pL 100% ethanol was added to each well to dissolve
the resulting formazan metabolite. To ensure complete dissolution, plates were shaken
for 15 muinutes at room temperature, Absorbencies were read in a microtiter plate reader

15 (Molecular Dynarmics) at a wavelength of 570 nm with a 650 nm rex;‘erence. Percent
inhibition was calcuiated 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 bave MDA-MB-435 1Cs values less
than 20 M, preferably less than 2 uM. The ICso vaiue 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-1 16 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

pM, preferably less than 2 uM. The ICso vaiue for inhibition in the SW480 {colon) based



(Costar 3595) overnight. After 24 hours of growth at 37 C with 5% CO02, the incubation 5 media was
removed slowly by aspiration, and the content of each well was washed with 300 },LL pre-warmed
EBM-2 (Cionetics CC-3156) containing 50 jig per mL of gentamycin and 50 ng per mL of
amphotercinsBJGiameticss CC-4083). Subsequently, the remaining mediarmagagasioaspirated and
replaced with 160 pL per well of serum starvation media (EBM-2 supplemented with 1% heat
inactivated FBS (Clonetics CC io 4102), 50 g per mL gergamycin and 50 ng per mL of amphotercin-B
(Clonetics CC- 4083), 10 units per m|, of Wyeth-Ayerst heparin 9DC0641_0391_25§% and 2 mM L-
glutamine (GIBCOaQ??@SEB‘:ééi)@&‘fm&ufﬁ%ﬂwﬁ%@‘@%w@ﬁlf B! Kotz o PR 6 Bt €bmpound
at |OX test concentsatia imserum starvation medium with 2.5% DMSO was added to the appropriate
wells. The control wells contained 20 yL of serum 15 starvation medium with 2.5% DMSO. Plates were
Letumeg Oto the fi“CUbaEOVff%@chﬂﬂ&ﬁgd@&@&a@ﬁ@e&@ﬁﬁﬁ%&ﬁﬁﬁﬁ%ﬁ&i%ﬂ% thg, teghonpednds for ZG
ours, 20 ML of growth factors at 10X assay. concentration diluted.in seru tjon media , FGF at
50 ng per mL, or VEGENEERSSS AR 2ds:vir) B %f’@‘ﬁ’ﬂ’ﬁse HM&@&%%@%@% Ciﬂmg
concentration of FG#4da dlveydssapmmastBingcpernuhdand teeifirtabcdoncerisitiory of VEGF 20 in the
assays was 20 ng per mL. The growth factor free control wells had 20 L 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 ML per well of BrdU
labeling reagent that has been diluted (1:100) in s@i#Hi&tdk/ation 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 pL of
Antiproliferative Activity FICT 116 (colon) Assay

Compound R’ R? R’ R! ECse
Number
(M)
IVgg OCH: OCH,CH,0CH; CE; Ci $.197
IVkk OCHCH0CH; OCH,; CHs; al 0.509
IVa ¥ OCH; CH; Cl 1.040
IVE F OCH,CH,OCH: CHs Cl 0.498

Exammpie 100

VEGF and FGF-Stimulated HUVEC Proliferation Assays

10 The antiproliferative activity of test compounds of this invention in cell-based
assays was evatuated by BrdU assay using the BrdU kit {Roche Biochemicals 1-647-



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 removedanare4ivedls were each washed WO 2006/040036 PCT/EF200ELOBE853115 3 - 4
times with 300 p1 PBS. 100 NI- of the TMB substrate solution was added to each well, and the wells
were incubated at room temperature for 5 - 8 minutes: e reaction was then stopped by adding 100

pLper well o L M pligenion g LI RIRISR MEIS L5205 050 RN sfefenpcuguelength of 650

ran. The percent i C est compound was calculated by su tr_actlng the absorbency of

the blank (no cellspwatied frdedHAfEimetive RSB AT ERerivRat of tRECS Gea ¥ 25U dMiency of

each test duplicatehy:theexerageaidhe cantiiscironstcEhadinain odvaiwasibiempiattiplied by

100 (% of inhibition = (1 - average absorbency of test duplicate/average of contral) 100). The IC50
value is the concerfratfBh’oP 1L et EB o thiar "a‘ﬁHﬁiBft%“g‘g‘F%&WBr fﬁ%é@hﬁ ﬁ%’%ﬁﬁ%ﬁt&%easure of

inhibition of cellsprafifatatian :shedCa0+iy detapmitied fronhthentimeal segrassivas ofasbpfot et the
logarithm of the congentration ver r Inhibitien nnoyiagls of thespresent invention have
SRR R s o

VEGF - stimulated assay IC 1 ss than 10 M, preferab)éless than 1 uM, %%FGF -
stimulated HUVECGHS3RyIE50vAIneaTess tamay BMnprdfraplipicss than | UEeiGethridferably, 15
the compounds of the,inventieaihave WEGHpirstiaulates ddeMEG pEsay p&5GValiestess than | uM

and FGF - stimulated HUVEC as IC50 values less. B £ J\%@QF%I Sl tepresentative
compounds in the VEGE S |ren(% ﬁ%@%ﬁ%@%@sgﬁg%p?o% e ?r[l] Table V,kJa%d ICCSO values for

representative comidind® imetbre Bh Enatynitaed LA ECEss el Brovidedirnatap eI below.
4083), 10 units per L of Wyeth-Ayerst heparin (NDC0641-0391-25), apd 2 mM L-

glutamine (GIBCO 25030-081). After serum starving the eells for 24 hours, 20 ul of
test compound at 10X test concentration in serum starvation medium with 2.5% DMSO
was added to the appropriate wells. The control wells contained 20 pL of serum

15 starvation medium with 2.5% DMSQ. 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 concenmation dituted 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 L. per well
of seram 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.

BidU ELISA

After 24 hour exposure to the test compounds, the cells were labeled with BrdU
35 (Roche Biochemicals 1-647-229), by adding 20 UL per well of BrdU iabeling reagent
that has been diluted (1:100) in senum 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 L. of
fixation / denaturation solution to each well and incubating at room temperature for 45
35 minues. 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



TABLE V Antiproliferative Activity VEGF-stimulated HUVEC Assay 20 Compound R1 RZ R3 R4 IC50
Number (M) Na F OCH3 CH3 CI 0.023 NW CH3 CH3 CH3 CI 0.022 WO 2006/040036
PCT/EP2005/010653 -116 Compound RI R2 R3 R4 IC50 Number (M) IVy OCH3 CI CH3 CI1 0.174
IVz CH3 OCHhGhsgiahidd12 TABLE VI Antiproliferative Activity FGF-stimulatedobihbURG Assay
Compound Ri R2 R3 R IC50 Number (MM) H IVa F OCH3 CH3 C1 0.100 IVb CN OCH3 CH3 Cl

0.005 We C(O)NH2 OCH3 CH3 Cl <0.001 Nw CH3 CHZ€H3 CI 0.036 WO 2006/040036
PCT/EP2005/010653

10

20

3 - 4 times with 300 uL. PBS. 100 UL of the TMB substrate solution was added to each
well, and the wells were incubated at room temperature for 5 - 8 minutes. The reaction
was then stopped by adding 100 uL per well of 1 M phosphoric acid. The plates were
read at 450 nm with reference wavelength of 650 nm. The percent inhibition for each
test cormpound was calculated by subtracting the absorbency of the blank (no cells) wells
from all wells, then subtracting the division of the average absorbency of each test
duplicate by the average of the controls from 1. The final product was then multiplied by
100 (% of inhibirion = (1 - average absorbency of test duplicate/average of contrel) 100).
The ICs value is the concentration of test compound that inhibits by 50% BrdU labeling
and is 2 measure of inhibition of cell proliferation. The ICs is determined from the

Yinear regression of a plot of the logarithm of the concentration versus percent inhibjtion.

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 1Csg values less than 10 yM, preferably less than 1 M. Most preferably,
the compounds of the invention have VEGE — stimulated HUVEC assay ICsp values less
than 1 uM and FGF — stimulated HUVEC assay 1Cs values less than I pM. The ICs
values for representative compounds in the VEGF — stimulated HUVEC assay are
provided in Table V, and ICsp values for representative compounds in the FGF -~
stimulated HUVEC assay are provided in Table V1 below.

TABLEV

Antiproliferative Activity VEGF-stimulated BUVEC Agsay

Compound R R* r? R ICso
Kumber

(nM)

Va F OCH; CH; Cl 0.023

IVw CHs CHs CHs Cl 0.022




- 117 Example 101 H460a The H460a cell line was purchased from (ATCC; Rockville, MD) and was
grown in the medium recommended by ATCC. For analysis of the effect of the test s compounds on
growth of these cells, the cells were plated at 150 cells per well in a 96- well tissue culture plate, and
were incubatedovernighisat 37C with 5% CO2. The next day, the test cormpouressenesdissolved 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 g &inal concentration of 120 W. The compounds

were then 1o serially diluted in medium with 1.2% DMSO. One-fourth final volume of the
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TABLE VI

Antinroliferative Activity FGF-stimulated HUVEC Assay

Compound R R* R} R ICs
Nurmber o
Va 13 OCH, CHs cl | 0.100
IVb CN OCH; CH; Ct | 0.005
Ve C(O)NH, OCH; CH; Ct | <0001
Vw CH; CH; CH; colo0.036




25 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 log4*itift B1%H& concentration versus the percent inhibition. WEZFTEBA8H$E}
PCT/EP20051010653 -118 The compounds of the present invention have H460a IC50 values less
than 20 M, preferably less than 2 W. The IC50 values #8f mhibition in the 11460a-based assay for

representative compounds are set forth below in T&ble %&.:&9‘90 values for representative compounds
in the H460a assay are provided in Table VIl below, Il Esntlp”aliferative f~etisitj- H460a

Assay 3 Compound RI RZ R3 R4 1C90 Number (MM) IVa F OCH3 CH3 Ci 1.570 IVb CN (r)CH3
CH3 Cl 0.118 As net bove, the compounds of the invention have antiangiogenic activity and, as
such, are useful forthe nhibition 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 new blood

vessels to supply and nourigh them «dis: 1he jRreampawhes of tie niasent, muenidnvase useful in the
treatment of cancer by inhilaiétein he_growth of. such blood vessels. .The.present inyention,
therefore, provides SORBIRS n’crleémm %commsndecflby Ani%&. llgor &neﬁy&s o the t% i .

5 compounds on growth of these cells, the cells were plated at 150 cells per well in 2 96~

well tissue culture plate, and were incubated overnight at 37°C with 5% COj. The next

day, the test compounds were dissolved in 100% dimethyl sutfoxide (DMSO) o yield a
10 mM stock solution. Each compound was diluted with sierile medium to I mM in a
sufficient quantity to yield a final concentration of 120 uM. The compounds were then

10 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 DMSQ
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

15 returned to the incubator, and 3 days post addition of test compound, were analyzed as
described below,

3-(4,5-Dimethylthiazole-2-y})-2,5-diphenyl-2H-tetrazolium bromide (thiazolyl

blue; MTT) was added to each well to yield a final concentration of 1 mg/mlL.. The plates
were then incubated at 37°C for 3 hours. The plates were centrifuged at 1000 rpm for 5

20 minutes prior to aspiration of the MTT-containing medium. The MTT-containing
medium was then removed and 100 pl 100% ethanol was added to each well to dissoive
the tesuliing formazan metabolite. To ensure complete dissolution, plates were shaken
for 15 minutes af room temperature. Absorbencies were read in a microtiter plate reader
(Molecular Dynamics) at a wavelength of 570 nm with a 650 nm reference. Percent

25 iphibition was calculated by subtracting the absorbance of the blank (no ceil) 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.



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 IV. 15 In addition to their
antiangiogenic activity, compounds of the invention are inhibitors of various kinases, such as CDK2,
KDR, and FGF# Jnhikitigs of these knases affects proliferation of tumor celgydsamsdhgresent
invention also provides methods of inhibiting tumor growth through direct inhibition of kinases. The
present invention provides a method for the treatment of;gancer which 20 comprises administering to
a patient with cancer a therapeutically effective amount of a WO 2006/040036 PCT/EP2005/010653
-119 compound of the inveftioempauptarittaqeesioaiyacoopeis B4R Reradteticpafiedar, the

present invention prayide:ametadiar e reaiment ahireashaaneanibionsqanpdsasadministering
to a patient with brea ancer therapeutically effective amount % @%}%n&)gun of the invention or a

pharmaceutically aé@%ﬁ@ﬁ?@né%ﬁﬁtﬁ%?é’@fm%@%sﬁ@%ﬁe iAVER ISR Pmethod for the
treatment of prostatemzeneenmdichponniypiisas ittt risteringpro-adpatickehivitiipreistate cancer a
therapeutically effective amount of a compound of the invention or a pharmaceutically acceptable salt
thereof. The present invention further provides a meilgedifotthe treatment of colon cancer which
comprises administering to a patient with colon cancer a therapeutically effective amount 10 of a
compound of the invention or a pharmaceutically acceptable salt thereof, The present invention
provides a method for the treatment of luntipcalifez YvhightiinpristsAssdninistering 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

| i
Compound r! R? 34 R 1Css
MNumber
(eM)
Va E OCH:;, CHs Cl 1.570
Vb CN OCH; CH; 1 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. Anglogenesis
has heen associated with cancer. In particular, tamors can only grow to a certain size
without the growth of new 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 angiogemesis in a patient which comprises administering &
therapeutically effective amount, i.e., an angiogenesis-inhibiting amount, of a compound
of formula IV,

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 protiferation of tumor cells. Thus, the present invention aisc 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



15 embodiments, those skilled in the art will understand that variations and modifications may be
made thro.ug.h 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. W& 22061040036 PCT/EP20051010653 -120- Claims 1. A cexmparmgsafifasnula IV H N,
2N/NTH R3 R'NR'IV wherein 5 R is alkyl, alkoxy, halogen, COOH, COOAIlkyl, CN', C(O)N(R6)2,
or (OCH2CH2)aOCH3; R2 is alkyl, halogen, alkyl substitgted by halogen, OH, alkoxy, alkoxy
substituted by O(CHZ2)- C N halogen, phenyl, N(R6)2, (OCH2CH2)nOCH3, O(CH2)mNR'RS, or U is a
6-membered heterooymelmptcérﬁ@Iwmtmé@mmW@ﬁM@w%@lﬁl@bW%dlﬁﬂ%@ﬁﬁer form a
5"£nembereor|] Eterw%&gaﬂg uﬁé’nmmﬁoﬁ@p praiga Rois thy dregessthafogess: GhiobdOyiatikyl, or
alkox
y; each R6 Isclcr)]rglie)gseeréda i%l dro %%ge%él%m breast cancer a therapeutically effective amount
of a compound of Ehe invention or a pharmaceutically acceptable salt thereof. The
-5 present invention also provides & method for the weatment of prostate cancer which
comprises administering to & patient with prostate cancer a therapeutically effective
amount of a compound of the invention or a pharmaceutically acceptable salt thereof.
The present invention further provides a method for the treatment of colon cancer which
comprises administering to a patient with colon cancer a therapeutically effective amount
10 of a compound of the invention or a pharmaceutically acceptable salt 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 iltustrated 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 mvention. Thus, the
invention is intended not to be Himited by the foregoing description, but to be defined by

the appended claims and their equivalents.



R'and e are each independently hydrogen, alkyl, or alkoxyalkyl, or R" and R8 taken 1s 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 m s 2, 3, or 4; or a pharmaceutically
acceptable sliihgreelh@(CH2)o 20 2. A compound of claim 1, wherein R{sgWe£Q96/040036
PCT/EP2005/010653 -121 3. A compound of claim 2, wherein RI is halogen. 4. A compound of claim
1, wherein Rl is cyano. 5. A compound of claim 1, wherein R2 is O(CI-12)mNR7R8. 6. A compound of
claim 5, wherein R7 and R8 together with the N atom tor's which they are attached form a
6-membered heterocycle. 7. A compound of claim 6, wherein Rl is halogen. 8. A compound of claim
7, selected from F(z&:ghlorophenyl)-1,2-dihydro-7-fluoro-8-(3-(4-morpholinyl)propoxy))-3-methyl-
pyrazolo[3,4-b][1,4)benzodiazepine and io
7-bromo-5-(2-chlorophenyl)-1,2-dihydro-8-(3-(4-morpholinyl)propoxy))-3-methyl- pyrazolo[ 3,4-b][
1,4]benzodiazepine. 9. AicompdunadminfaificdwhéYein Ri is cyan. 10. A compound of claim 9,
selected from 5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-(3-(4-morpholinyl)propoxy))-3-methyl- 1s
pyrazolo[3,4-b][1,4]benzodiazepine and

H N
2 New’ "NH

Jie 1
L P
i N

R
LA
R v
whersin
s R'is alkyl, alkoxy, halogen, COOH, COOAIkyl, CN, C(OINR®), or
(OCH,CH2)OCH:;

R2 s alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by
N
. OCH)—C N
halogen, phenyl, N(R®),, (OCHCH,),OCHs, O(CH3)=NR '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 2 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;

R7 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 €-membered

heterocycle which is optionally substituted by alkyl;

each n is independently 1, 2, or 3; and

mis2, 3, ord;

or a pharmaceutically acceptable sait thereot.

N
COCH)—C N
20 2. A compound of claim 1, wherein R2 is N~



5-(2-chlorophenyl)-7-cyan-1,2-dihydro-8-(2-(4-methyl-l-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 ofateimcliipashierein R1 is cyan. WO 2006/040036 PCT/EP200%/0£0883/010&2 14. A
compound of claim 13, which is 5-(2-chlorophenyl)-7-cyano-1,2-
dihydro-8-(2-((2-methoxyethyl)methylamino)-ethoxy)-3rnethyl-pyrazolo[3,4- b][1.4]benzodiazepine. 15.
A compound of claim 1, wherein R2 is N(R6)2. 5 16. A compound of claim 15, wherein Rl is halogen

17. A compound of clain$.16, whicknios 2ichirop réesan R isirjeret7-
fluoro-8-N,N-dimethylamino-3-methyl-pyrazolo[3,4-b][1,4]benzodiazepine. 18. A compound of claim
15, wherein Rl is cyano. 19. A compound of claim 1, wherein R2 is halogen, alkyl, or alkyl substituted
is by halogen. 20. A confhound:GPemfid of sitiereifiivisig Kikil ©¥88%A compound of claim 20, selected
from 8-chloro-5-(2-chlorophenyl)-1,2-dihydro-3,7-dimethyl-pyrazolo[3,4- b1[1,4]benzodiazepine and

15 5-(2-chlorophenyl)-1,2-dihydro-3,7,8-trimethyl-pyrazqglo[3,4- 4 jazepine. 22. A
compound of claim 19, Wsnereiﬁ*ﬁ?%%%ﬁ%ﬁ%@’k&%%gﬂﬁ%@d%& é?’r%ﬁ,ﬁv%?erein Ri is alkoxy.

6. A compound of claim 5, wherein R7 and R8 together with the N atom t©

5 which they are attached form a 6-membered heteracycie.
7. A compound of claim 6, wherein R1 is halogen.

8. A compound of claim 7, selected from
3-(2-chlorophenyl)- 1,2-dihydro-7-fluoro-8-(3-(4-morpholinyl)propoxy))-3-methyi-
pyrazolo[3,4-b][1,4]benzodiazepine and
10 7-bromo-5-(2-chlorophenyl)-1,2-dihydro-8-(3-(4-morpholinyljpropoxy))-3-methyl-
pyrazolo{3,4-b]{1,4]benzodiazepine.

a. A compound of claim 6, wherein R1 is cyano.

10. A compound of claim 9, seiected from
S—(2—chior0phfmyi}—7—cyano~1,2-dihydro~8—(3-(4—morpholinyl)propoxy))m3—methyl~
pyrazolo[3,4-bj[ 1 .4]benzodiazepine and
5-(2-chlorophenyl)-7-cyano-1,2-dihydro-8-(2-(4-methyl-1-piperazinylethoxy)-3-methyl-

—
i

pyrazolo[B,dt»—b][1,4}benzodiazepine‘

11, A compound of claim 5, wherein R7 and RS are each independently
hydrogen, alkyl, or atkoxyalkyl.

20 12. A compound of claim 11, wherein R1 is halogen.

13. A compound of claim 11, wherein R1 1s cyano.



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 -methoxy3-methyl-8-trifluoromethyl-pyrazolo [3,4-
b][1,4]benzodigzapisa@agd WO 2006/040036 PCTIEP2005/010653 -123 pc1/EP2005/010653
8-chloro-5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-pyrazolo[3,4- b][1,4]benzodiazepine. 25.
A compound of claim 1, wherein R2 is hydroxy, alkoxy,,o¢ alkoxy substituted by halogen. 5 26. A
compound of claim 25, wherein Ri is halogen. 27. A compound of claim 26, selected from

7-chloro-5-(2-chlorophenyl)-1, 2-giydieBomethoxy; Statsyi-pyszoioibildaibdizodiazepine;
7-bromo-5-(2-chlorgphenyl)-1,2;dihydro-8-methexy-3-methyl-pyrazalg. t f]'l%ﬁgﬂ{gd,éljbenzodiazepine;
5-(2-chIorophenyl)%&%ﬂwéé%o@ﬂﬁ%%%%@%%%@-3-meﬁhyl-é%%azolgé%,g- b] [ 1,4]benzodiazepine;
5-(2-chloropheny!) 1 2-4isapareizzsinsro-8-ethoxy-3-methyl-pyrazolo[3,4- b][ 1,4jbenzodiazepine;and 15
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 js 5-(2-¢hl nyl)-1,2-dihydro-7-
fluoro-8-methoxy-3-methyRpyraz&51B426)F i%%jﬁéch‘gé%{mﬁﬁ IS%E%E

lazepine.

5 16. A compound of claim 15, wherein R1 is halogen.

17. A compound of claim 16, which is 5-{2-chlorophenyl}-1,2-dihydro-7-
fluoro-8-N,N-dimethylamino-3-methyl-pyrazolo{3,4-b][ 1, 4Jbenzodiazepine.

18. A compound of claim 15, wherein R1 is cyane.

19. A compound of claim 1, wherein R2 is halogen, alkyl, or alky! substituted
16 by halogen.

20. A compound of claim 19, wherein R1 is alkyl

21.. A compound of claim 20, selected from
8-chloro-3-(2-chiorophenyl)-1,2-dihydro-3,7-dimethyl-pyrazolo{3,4-
b}[1,4lbenzodiazepine and

15 5-(2-chlorophenyl)-1,2-dihydro-3,7,8-rimethyl -pyrazolo[3,4-b]{1,4]benzodiazepine.

22. A compound of claim 18, 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-metiyl -pyrazolof3,4-
20 bl{1,4]benzodiazepine;
5-(2-chlorophenyl}-1,2-dihydro-7 -methoxy-3-methyl-8-trifluoromethyl-pyrazolo{3,4-
b][1,4lbenzodiazepine; and



29. A compound of claim 25, wherein Rl is alkoxy. 20 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-78adippethasee-5-(2-methoxyphenyl)-3-methyl-pyrazolo[3,4- 25:bif}ebheszagiazepine;
5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-8-(1-methylethoxy)-3-methyl-pyrazolo[3,4- b] [1
.4]benzodiazepine; and WO 2006/040036 PCT/EP2005/0,10653 -124
5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-7-(1-methylethoxy)-3-methyl-pyrazolo[3,4-
b][1,4]benzodiazepigh13db- A CORROpHROF- Clzidh 2o vihenbvx 3 -salidh B2z tompound of claim 31,
which is 5-(2-ch|oro‘j§ﬂe£|)ég-%é§%dzi6h 1garo-:%,?- 5 dimethyl-8-methoxy-pyrazolo[3,4-b][1,4]benzodiazepine.
33. A compound of Clai g, wherein R1 is O(CH2)nOCH3. 34. A compound of claim 33, which is
5-(2-chlorophenyl)-1,2-dihydro-8-

methoxy-7-methoxyethox¥53-mgglgggﬁgglg§ggm§iﬂfp]%M@qg@m%@@,&wund of claim 25,
wherein Ri is cyano. 10 36. A compound of claim 35, which is 5-(2-chlorophenyl)-7-cyano-1,2-

dihydro-8-methoxy-3FEHHSA-BYrA8/3,4-b] [ 1,4]benzodiazepine. 37. A compound of claim 25,
wherein Ri is NH2C(O). 38. A compound of claim 1, wherein R2 is phenyl. 39. A compound of claim

38, wherein R1 |5S alkoxy. 26. A compound of claim 25, wherein R1 is halogen.

27. A compound of claim 246, selected from
7—chloro-S~(2~chlorophenyi}-1,2-dihydro~8-methoxy-3mmethyl—pyrazoio[?a,¢~
b][1.4]benzodiazepine;

7 bromo-5-(2-chlorophenyl)-1,2-dihydro-g-methoxy-3-methyl-pyrazolo

10 [3.4-b][1,4]benzodiazepine;
5-(2-ch}omphenyl}—1,2~dibydro—7-ﬂuorow8-—methoxy—3—me&xyl—pyrazolo[?s,4—
bl[1.4]benzodiazepine;
5-(2-chiorophenyl}-1,2-dihydro-7 flucro-8-ethoxy-3-methyl-pyrazolo[3,4-
bli1,4]benzodiazepine; and

15 5-(2~ch10r0pheny1}«l,2—dihydro-7~ﬂuoro—8-(1~meﬂ1ylemoxy)—3—methyl-pyrazo‘lo{3,4—

bl{1,4jbenzodiazepine.

28. A compound of claim 27, which is 5 -(2-chlorophenyl)-1,2-dihydro-7-
fluoro-8-methoxy-3-methyl-pyrazolo[3,4-b][ 1,4]benzodiazepine.

29. A compound of claim 25, wherein R1 is alkoxy.

20 30. A compound of claim 29, selected from
5.(2-chlorophenyl)-1,2-dihydro-7,8-dimethoxy-3-methyl-pyrazolol 3,4-
bi{1,4Tbenzodiazepine;
1,2-dihydro-3,7-dimethyl-8-methoxy-5-phenyl-pyrazolo[3,4-b][1,4] benzodiazepine;
1,2-dihydro-7 ,&-dimethoxy-3-(2-methoxyphenyl)-3-methyl-pyrazeiof 3,4-

25 bl[1,4]benzodiazepine;
5-(2—chlorophenyl}—1,2~dihydro-7~meﬂ10xy-8~(1-methylethoxy)—’:’-methy}-pyrazolo{’:’,éin
bl[1.4]benzodiazepine; and



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 Rl is halogen. WO 2066/040036
PCT/EP2065¢] 08Raadad 43. A compound of claim 42, which is 5-(2-chlerapihenyd)eh&tihydro-7-
fluoro-8-methoxyethoxy-3-methyl-pyrazolo[3,4-b][1,4]benzodiazepine. 44. A compound of claim 41,
wherein R1 is alkoxy. 45. A compound of claim 44, whiglyis 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 Rl is cyans. @Zcbgoe@mggndzaﬁhyéim%ﬁ@&ei@e‘te@ ~frofhyBd@xoi3-methyl-pyrazolo[3.4-
orophenyl)-7- cyan ﬁ 8- gthoxyethoxy 3-methyl-pyrazolo[3,4- b][l.4]benzodiazepine and 10
5-(2- chlorophenyl) -cyan-1,2- d|h ro-8-(2-(2-methoxyethoxy)ethoxy)-3-methyl-
pyrazolo[3,4-bl[1,4]benzodiazepine. 48. A compound of claim 1, wherein R1 and R2 together form a

dioxolane ring. 49. A compoung of &aiu48 cwhich is.Bfrchickaphenyl)-8,10-dihydro-7- 1s
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-ditydro-Z-flisasesgamsethoxy-pwaizale[3.4-bltrdibenzptiadémpie;3. 7-

(- chloropheny D-44 Ze%hyg ~e 0}(? t@%&%&l[?ﬁh‘?ﬁ' ﬂ%&%ﬁg}éﬁnﬂ
33, A compound of claim 25, wherein R1 is O(Cﬂz}nOCH’S.

34, A compound of claim 33, which is 5-(2-chlorophenyl)-1,2-dihydro-8-
methoxy»?»methoxyethoxy~3~msthy1—pyrazo‘so[3,4—b][1,4]benzociiazepine.

35. A compound of claim 25, wherein R1 is cyano.

10 36. A compound of claim 35, which is 5-(2-chiorophenyl)-7-cyanc-1,2-
dihydro-Swmcthoxy—’s’—methyl-pyrazalo{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-B~methy1-8~pheny1~pyrazolo{3,4—b]{1,4}benmdiazepine.

41. A compound of claim 1, wherein R2 is (OCH2CH2)mOCH3.

472. A compound of claim 41, wherein R1 is halogen.



20 b][1,4]benzodiazepine; and 5-(2-chlorophenyl)-1,2-dihydro-7-cyano-8-methoxy- pyrazolo[3,4- b][
1,4]benzodiazepine. 52. A pharmaceutical composition of claim 1, comprising a therapeutically
effective amount of a compound of formula IV -126- th j ~NH Rz R3 R'/fN R4 wherein R' is alkyl,
alkoxy, halogea, %@ O0AIkyl, CN, C(0)N(R6)2, ar (OCH2CH2)000#3Britivisalicyh halogen,
alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by O(CH,)a C N halogen, phenyl,
N(R6)2, (OCH2CH2)nOCHs, O(CHz)mMNR7RS, or is a §xnembered'neterocycle optionally substituted
by alkyl or C(O)OR6; U or R'and R’ together form a 5-membered heterocyclic ring; R3 is hydrogen or

alkyl; :0 R4 is hydrogen, A&logens@mom& cliay il iRy i S- @B RBI REYRYEASH@EH Y hydrogen or

alkyl; R7 and R8 arpigachiingepeasentty nvtiogen: alyl+ oialkbeyadkidzpidd7 and R8 taken together
with the nitrogen atom to which they are attached form a 6-membered

44. A compound of claim 41, wherein R1 is alkoxy.

45. A compound of claim 44, which is 5-(Z-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—ch10r0pheny1)—7~cyanc>»1,Z—dihydro-ﬁ—(z‘(2~methoxyethoxy)ethoxy}—B-mcﬂlyi-
pyrazoiof3,4-bl{1 4Tbenzodiazepine.

48. A compound of claim 1, wherein R1 and R2 together form a dioxolane

ring.

49, A compound of claim 48, which is S~(2-chlompheny1)-8,10—dihydio~7~
15 methyl-1,3-dioxolol4,5-hjpyrazolo{3.4-b] 1,4Tbenzodiazepine.

50. A compound of claim 1, wherein R3 is hydrogern.

51. A compound of claim 50, selected from
3-(2-chlorophenyl)-1,2-dihydro-7-fluoro-8-methoxy-pyrazolo{3,4-b][ 4ATbenzodiazepine;
5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-7-methyl-pyrazolo[3.4-

20 b]{1l.4]benzodiazepine; and
5.(2-chlorophenyl)-1,2-dihydro-7-cyano-8-methoxy- pyrazoto[3,4-
bli1,4Tbenzodiazepine.

52. A pharmaceutical composition of claim 1, comprising a therapeutically

effective amount of 2 compound of formula IV



heterocycle which is optionally substituted by alkyl; 15 each n is independently 1, 2, or 3; and m is 2,
3, or 4; or a pharmaceutically acceptable salt thereof and a pharmaceutically accept able carrier. 20
53. Use of a compound as claimed in claims | to 51 for the manufacture of a medicament for the
inhibition of angiogenesis in a patient having a tumor. 127 54. A process for preparing a compound of

formulalvV2H~ RNH _-R3 Rlwherein R'is alkyl, adkaxy, halogen, COOH, COOAIlkyl, CN,
C(O)N(R6)2, or s (OCH2CH20CHS3; . R2 is alkyl, halogen, alkyl substituted by halogen, OH, allcoxy,

alkoxy substituted by halogen, hen 1, N6 )n ( 2), s OfCH2)IKC N_ halo. -M, y (R }2, (OCH2CH2
: - i optionally substituted by alkyl or
Rri;ng; iI0 R3 is hydrogen or alkyl; R4

wherein 6
R'is alkyl, alkoxy, halogern, COOH., COOAIkyL, CN, CIONEK Ja, OF
(OCH,CH2)-OCH:;;
s R%is alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy subsdtuted by
O(CHQ);"C\_/N

El

halogen, pheryl, NR®)s, (OCHCH):OCH:, O(CH)=NR'R, or

i
C N

"~ 52 6-membered heterocycle optionally substitied by aikyl or C(O)ORS;
or R and R® together form & 5-membered heterocyclic ring:
R? is hydrogen or alkyl;
10 R*is hydrogen, halogen, CN, NO,, alkyl, or alkoxy,
each RS 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 (0 which they are attached form 4 6- membered
heterocycle which is optionally substituted by alkyl;
15 eachnis independently 1, 2, o1 3; and
mis 2,3 or 4,

or a pharmaceutically acceptable salt therecf

and a pharmaceutically accept able carrier.

20 53.  Use of a compound as claimed in claims 1 to 51 for the manufacture of a

medicament for the inhibition of angicgenesis in a patient having a tumor,



each R6 is independently hydrogen or alkyl; R7 and R8 are each independently hydrogen, alkyl, or
alkoxyalkyl, or R7 and R8 taken together with the nitrogen atom to which they are attached form a
6-membered is 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 | -12$-
H O R2 NI R1 N R4 to a thiolactam of formulallHS R2 N R1 | -" R4 1l (b) reacting the thiolactam of
formula Il with the dimethyl acetal of N,N-dimethyl .5 acetamide to form a compound of formula 1l S-
-R2~N=(R1_NN-R4 '

54. A process for preparing a compound of formula IV

whersin
R s alkyl, alkoxy, halogen, COOH, COOAlkyl, CN, C‘(O}I\T(fRs);,5 or
il (OCHECHZ):QOCH?” .
R?is alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by
N
c " OCHE)—C N
halogen, phenyl, N(R}:, (OCHCH:L,0CH:, O(CHNR 'R, or S

™
C N

" is 2 6-membered heterocyele optionally substituted by alkyl or C{OYOR®,
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 znd 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
misZ, 3, or 4,

said process comprising

(a) converiing z benzodiazepine lactam of formula I



Il ; and (c) reacting the compound of formula Il with hydrazine to form a compound of formula IV.
-129- 55. A process for preparing a compound of formula TV HN~ R R'N R4 wherein 5 R' is alkyl,
alkoxy, halogen, COOH, COOAIkyl, CN, C(O)N(R6)2, or (OCH2CH2) OCH3; R2 is alkyl, halogen,
alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by halogen, phenyl, N(R6)2,
(OCH2CH2)"OCH3, O(CH2)kNR7R8, or O(CHZ)n C N1& N ~ is a 6-membered heterocycle optionally
substituted by alkyl or C(O)ORG6; io or R1 and R2 together form a 5-membered heterocyclic ring; R3 is
hydrogen or alkyl; R4 is hydrogen, halogen, CN, NOZ2, allgyl, &r alkoxy; each R6 is independently
hydrogen or atkyi; R7 and R8 are each indepengﬁ Rydrogen, alkyl, or alkoxyalkyl, or R' and R8
taken 'S together with the nitrogen atom to which -'-& e gitached form a 6-membered heterocycle
- which is optionally substituted by alkyl; each n i??ndepenently 1,2,0r3;and mis 2, 3, or 4; said
process comprising : R4

to & thiolactam of formula I

(b) reacting the thiolactam of formula II with the dimethy! acetal of N ,N-dimethyl

5 acetamide to form a compound of formula I

{¢) reacting the compound of formula IIf with hydrazine to form a compound of

formula IV.



20 (a) converting of a benzodiazepine iactarr of formula | 130- H 0 R2 NI R1'NV R4 to the
corresponding 0-methyl ether of formula V 0- 02 Nom( R9 "N R4 V (b) reacting the ether of formula V
with the dimethyl acetal of N,N-dimethyl acetamide 5 to form a compound of formula VI 0- R2 R1 -N
N-/Ra Vl.and (c) reacting a compound of formula VI with hydrazine to form a compound of formula
IV. -131- 56. A process of preparing a compound of fegmula IV 2 H N~ R NTH

55. A process for preparing a compound of formula TV

wherein
s R'is aliyl, alkoxy, halogen, COOH, COOALky], CN, C{OIN(R®),, or
(OCHCHz),OCH;;
R*is alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted by
—
helogen, pheayl, N(R%):, (OCH;CHy,0CH;, O(CHRNR'RY, or 75 .
—~

C N

" is a 6-membered heterocycle optionally substituted by alkyl or C(OYORS,

10 orR'and R? together form a S-membered heterocyclic ring;

RYis hydroger 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 attaﬁhed form a 6-membered

heterocyele 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



Ri~IV R' wherein 5 R' is alkyl, alkoxy, halogen, COON, COOAIlkyl, ON, C(O)N(R6)2, or
(OCH2CH2)20CH3; R2 is alkyl, halogen, alkyl substituted by halogen, OH, alkoxy, alkoxy substituted
by n 6 8 O(CH,)n C N halogen, phenyl, N(R )2, (OCH2CH2)nOCH3, O(CH2)MNVR R,orC N Uis a
6-membered heterocycle optionally substituted by alkyl or C(O)OR; 10 or R1 and R2 together form a
5-membered heterocyclic ring; R3 is hydrogen or alkyl;1B%-is hydrogen, halogen, ON, NO2, alkyl, or
alkoxy; each R6 is independently hydrogen or alkyl; R7 and R8 are each independently hydrogen,
alkyl, or alkoxyalkyl, or RY and BY taker. 15 together witHt itrogen atom to which they are
attached form a 6-membered heterocycle whichfi& P ﬁ@bstﬂuted by alkyl; each nis
independently 1, 2, or 3; and m s 2, 3, or 4; Sald_P 4& coN prising 20 (a) reacting a compound of
formula X -132- R2 NHZ RI 0

NS
m(\ .\_-g
Bt NF N=N

R4

v

(b) reacting the ether of formula V with the dimethyl acetal of N,N-dimethyl acetamide

5 to form a compound of formuia VI

N O~
B2 I =
a1~ N=N N
R4
vt ; and

(¢) reacting a compound of formula VI with hvdrazine to forma compound of formula

V.



R4 X with an amino-chloro-pyrazole derivative of formula Xl | . C, NN | HZN XIEI to form a
compound of formula X1V ::oift 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. 133- 57. A compound of formula XIV HN, R2.~.~ (( R4 xiv wherein 5 R' is alkyl, alkoxy,
halogen, COOH, COOAllcyl, CN, C(O)N(R6)2, or (OCH>CH2)20CH3; R’ is alkyl, halogen, alkyl
substituted by halogen, OH, alkoxy, alkoxy substit_u]tggwby

56. A process of preparing a compound of formula IV

wherein

R!is alkyl, alkoxy, halogen, COOH, COOAlkyL CN, C(ONER®),, or
(OCH,CH;),OCHs;

R*is alkyl, halogen, alkyl subsututed by halogen, OH, alkexy, alkoxy subsdtuied by

in

N
. . OCH)—C N
halogen, phenyl, NR®), (OCHCH,):OCHs, O(CHp)uNR'R, or roRL

N
C N

" {5 a 6-membered heterocycle optionally substituted by alkyl or C(O)OR‘S;

1

10 or R!and R together form & 5-membered hetsrocyclic ring;

R* is hydrogen or alkyl;

R*1g hydrogen, halogen, CN, NOs, alkyl, or alkoxy;

each R® is independently hydrogen or alkyl,

R and R® are each independently hydrogen, alkyl, or alkoxyalicyl, or R’ and R® taken
15 together with the nitrogen atom to which they are attached form a 6-membered

heterocycle which is optionally substitated by 1

each n is independently I, 2, or 3, and

mis2, 3, or4;

said process comprising

20 (a) reacting a compound of formula X



e OCH2CH2)000H3, O(CH2)mIVR'RS, or O( z} halogen, phenyl, N(R )2, n C N U is a 6-membered
heterocycle optionally substituted by alkyl or C(O)OR6; to or R' and R2 together form a 5-membered
heterocyclic ring; R is hydrogen, halogen, ON, NO2, alkyl, or alkoxy; each R6 is independently
hydrogen or alkyl; R' and R8 are each independently hydrogen, alkyl, or alkoxyalkyl, or R7 and R8
taken together with the nitrogen atom to which they_a}gg_ attached form a 6-membered 15 heterocycle
which is optionally substituted by alkyl; each n is independently 1, 2, or 3; and mis2,3,or4. 58. A
compound of claim 57. selected from Rz NH
5-(2-chlorophenyl}-1,2-dihydro-3,7,8-trimethyl-I-(2 pr\o‘enygl:lpyrazoio[3,4- 20 b][i,47benzodiazepine;
-134- 5-(2-chiorophenyl)-1,2-dihydro-7-fluoro-& 3-methyl-1-(2-propenyl)- pyrazolo[3,4-b] [1,
4]benzodiazepin--; 5-(2-chlorophenyl)-1,2-dihydro-7,8-dimetlraxy-3-methyl -I-(2-propenyl)-pyrazolo[3,4-
b][1,4]benzodiazepine; 5 8-chloro-5-(2-chlorophenyl)- hydro-7-methoxy-3-methyl-1-(2-propenyl)-
pyrazolo[ 3,4-0] f1, 41benzodiazepine;
5-(2-chlorophenyl)-l.2-dihydro-8-methoxy-3.7-dimenyi-1-(2-pfopenvl)-pyrazolo[3,4-
bl[1,4]benzodiazepine;

with an amino-chloro-pyrazole derivative of formula XIII

J
RN
W
H,N

XH

to form a compound of formula XIV

/

H N.
R2 M N
CCH
R =N
S
5 X - and

(b} reacting the compound of formula XIV is reacted in the presence of diisobutyl

aluminum hydride and a nicke] catalyst to produce a compound of formula IV,



1,2-dihydro-7,8-dimethoxy-5-(2-methoxyphenyl)-3-methyl-1-(2-propenyl)-pyrazolo[3,4- io
b][1,4]benzodiazepine; 5-(2-chlorophenyl)-8,10-dihydro-7-methyl-1,3-dioxolo[4,5-h]pyrazolo[3,4-
b][1,4]benzodiazepine; and : ,
7-chIoro-5-(2-ch|orophenyl)-1,2-dihydro-8-methoxy-B-meghyI-i-(2-propenyl)-
pyrazolo[3,4-b)(1,4)benzodiazepine. 15 59. A compound of claim 57, selected from
5-(2-chlorophenyl)-1,2-dihydro-8-fluoro-7-methoxy-3-methyl-I-(2-propenyl)-
pyrazolo[3,4-b][1,4]benzod'azepine; 5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-I-(2-propen
vl)-8-trifuoromethvl- pyrazolo[3,4-b][l,4]benzodiazepine; zo
5-(2-chlorophenyl)-1,2-dihydro-7-methoxy-3-methyl-8-phenyl-I-(2-propenyl)- pyrazolo[3,4-b][
1,4]benzodiazepine; 5-(2-chlorophenyl)-1,2-dihydrogfsmethoxy-8-menoxyethcxy-3-methyl-
I-(2-propenyl)- pyrazolo[%7,'4-b][%ﬁ]’bné%égg%%z%ﬁﬁg%km
8-chloro-5-(2-chlorophenyl)-1,2-dihydro-3,7-dimethyl-I-(2-propenyl)-pyraz6io(3,4- 25 b] [1,
4]benzodiazepine; 5-(2-chlorophenyl)-1, 2-dihydro-7-rnefnoxv-8-(1-methyiethoxy)-3-methyl-I-(2-
propenyl)-pyrazolo[3,4-b][1,4jbenzodiazepine; 5-(2-chIoroph??yl)-l,2-dihydro-8-methoxy- 7
-(1-methylethoxy)-3-methyl-I-(2- propenyl)-pyrazolo[3,4-b][1,4jbenzodiazepine; and 30
5-(2-chIorophenyl)-l,2-dihydro-8-methoxy-7-m§£hox ethhxy-B=methyl-1-(2-propenyl)- p
razolo[3,4-b][1,4]benzodiazepine. - 135 60. A compourid of ula IV according to claim 1, wherein

R1

wherein

R' is alkyl, alkoxy, halogen, COOH, COQAlkyL, CN, C{O)N(Ré};!_, or
(OCH-CH2),0CH;5;
R”is alkyl, balogen, alkyl substituted by haloger, OH, alkoxy, alkoxy substitutd by
N
OCH)—C N

halogen, phenyl, N(R®), (OCHCH2),OCHs, O(CHD=NRRE, or R

PR
C N . .
‘"’ g a 6-membered heterocycle optionally substituted by alicyl or C(OYOR™,

wn

10 or R' and R*together form a S-membered heterocyclic rmg;
Ris hydrogen, halogen, CN, NOC., 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 independenty 1, 2, or 3; and

mis?2, 3, or4.

58. A compound of claim 57, selected from |
5-(2-chlorephenyl)-1,2-dibydre-3,7, $-rimethvl-1-(2-propenyl)-pyrazolo]3,4-

bi{1,4]benzodiazepine;

o
()



R" is ortho-chloro; and R', R2 and R3 have the meanings given in claim 1. 61. A compound of formula.
IV according to claim 1, wherein R'is methyl; R4 is ortho-chloro; and R' and R2 have the meanings
given in claim 1. 62. A compound of formula IV according to claim 1, wherein R'is halogen or -CN R3
is methyl; R" is ortho-chloro; and R2 has the meaning given in claim 1. 63. A compound of formula IV
according to claim 1 for the treatment of cancer, in pargig,yl_ar breast cancer, prostate cancer, colon
cancer and lung cancer. 64. The use of a compound of formula IV according to claim | for the

manufacture of rrgédig&%(%%g J%%mgy_t_% iment of O(%%‘rgc_%ethnogggi_%g n?gﬁe?%J cancer, prostate cancer,

colon cancer and’lung cancer. pharmaceutical composition comprisin Iznfla¥():eé)nr\{f|f)ound of formula
IV according to dhardlebyethiel (Wibrpbrirasagsutically acceptable adjuvants. 66. The pharmaceutical

composition accosdingi.elgie §5 for the treatment ob SFTeke ilyparticulanbreasheanten prostate
cancer, colon canbﬁ?{ Qﬂjd Iun{g cancer.

SnzOMAZEDIne,;

5 8-chlore-5-(2-chiorophenyl)-1,2-dihydro-7-methoxy-3-methyl-1-(Z-propenyl)-
pyrazclof3,4-b][{1,41benzodiazepine,
5-(2-chlorophenyl)-1,2-dihydre-8-methoxy-3,7-dimethyi-1-(2-propenyi-pyrazolol 3,4~
bl[1,4Tbenzodiazepine,;
1,2-dihvdro-7,8-dimethoxy-5-(2-methoxyphenvl)-3-methyi-1-{Z-propenvi-pyrazolo[ 3,4-

10 bl{l,4ibenzodiazepine, _

S-(2-chiorophenyl)-8,10-dihydre-7-methyl-1,3-dioxolol4,5-hjpyrazolol3,4-

bl{l,4)benzodiazepine; and

7-chiore-5-(2-chlorophenyl)-1,2-dihydro-8-methoxy-3-methyi-1-(2-propsnyl}-
- pyrazolo[3,4-b][1,4]benzodiazepine.

i

15 59. A compound of claim 57, selected from
5-(2-chlorophenyl}-1,2-dihydro-8-flucro-7-methoxy-3-methyl-1-(2-propenyl}-
pyrazotol3,4-b][1,4]benzodiazepine;
5-(2-chiorophenyl)-1,2-dihydro-7-methoxy-3-methyl-1-(2-propenyl)-5-triflnoromethyl-
pyrazolo(3,4-b][1,4Tbenzodiazepine;

20 5-{2-chiorophenyi)-1,2-dihydro-7-methoxy-3-methyi-8-phenyi-1-(2-propenyl)-
pyrazolo{3,4-b]{1,4]benzodiazepine,
5-(2-chiorophenyl}-1,2-dihydro-7-methoxy-§-methoxyethoxy-3-methyl-1-(2-propenyl)-
pyrazolo[3,4-bl[1,4]benzodiazepine;
g-chioro-5-(2-chiorophenyl)-1,2-dihydro-3,7-dimethyl-1-(2-propenyl)-pyrazoiof3.4- |

25 b][l.4]benzodizzepine;
3-(2-chlorophenyl)-1,2-dihydro-7-methoxy-8-(1-methylethoxy)-3-methyl-1-(2-
propenyl)-pyrazolo[3,4-bl[1,4]benzodiazepine;
5-(2-chiorophenyl)-1,2-dihydro-8-methoxy-7-(1-mathylethoxy)-3-methyl-1-(2-

ropenyl)-pyrazolo(3,4-b]{1,4]benzodiazepine; and

30 5-{2-chlorophenyl)-1,2-dihydro-8-methoxy-7-methoxyethoxy-3-methyl-1-(2-propenyl)-

pyvrazolo[3,4-b][1 4]benzodiazepine.

v



135-

60. A compound of formula I'V according to claim 1, wherein
R’ is ortho-chloro; and

3 3 . . . +
R', R* and R’ have the meanings given in claim 1.

6l A compound of formula IV according to claim 1, wherein

R’ is methyl;

R‘ is orthe-chloro; and

R' and R? have the meanings given in claim 1.

62. 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.

63. A compound of formula IV according to claim 1 for the treatment of

cancer, in particular breast cancer, prostate cancer, colon cancer and hung cancer.

64, The use of a compound of formula IV according to claim 1 {or the
manufacture of medicaments for the treatment of cancer, in particular breast cancer, prostate

cancer, colon cancer and hung cancer.

65. A pharmaceutical composition comprising a compound of formula IV according

io claim | together with pharmaceutically acceptable adjuvants.

66.  The pharmaceutical composition according to claim 65 for the treatment of

cancer, in particular breast cancer, prostate cancer, colon cancer and fung cancer.



