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Abstract: Conpounds of the fornmula (I) are pol y(ADP-ri bosyl)transferase in-
hi bitors. Such conmpounds are useful as therapeutics in treating cancers and
in aneba rating the effects of stroke, head traunmm, 0 nerative
di sease. 24- Novenber 2003 TRI CYCLIC I NH BI TORS OF PC%%]R%H% %E
POLYMERASES CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s application clains

the benefit of U S. Provisional Application No. s 60/152,142, filed August
31, 1999. FIELD OF THE | NVENTI O\I The i nvention pertains to corrpounds that
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i.nvention also relates to the use of such corrpounds in pharmaceuti cal
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[ nsul i n-dependent di
5 60/152,142, filed August 31, 1999,

FIELD OF THE INVENTION
The invention pertains to compounds that inhibit poly(ADP-ribose)
polymerases, thereby retarding the repair of damaged DNA strands, and to methods of
1o  preparing such compounds. The invention also relates to the use of such compounds in
pharmaceutical compositions and therapeutic treatments usefu! for potentiation of anti-
cancer therapies, inhibition of neurotoxicity consequent to stroke, head trauma, and

neurodegenerative diseases, and prevention of insulin-dependent diabetes.

18, . BACKGROUND OF THE INVENTION
Poly(ADP-ribose) polymerases (PARPs), nuclear enzymes found in almost all
eukaryotic celis, catalyze the transfer of ADP-ribose units from nicotinamide adenine

dinucleotide (NAD"} to nuclear acceptor proteins, and are responsible for the

formation of protein-bound linear and branched homo-ADP-ribose polymers.

20  Activation of PARP and resultant formation of poly(ADP-ribose) are induced by DNA
strand breaks, e.g., after exposure to chemotherapy, ionizing radiation, oxygen free
radicals, or nitric oxide (NO). The acceptor proteins of poly(ADP-ribose), including
histones, topoisomerases, DNA and RNA ‘polymerases, DNA ligases, and Ca®*- and
Mg**-dependent endonucleases, are involved in maintaining DNA integrity.

25 Because this cellular ADP-ribose transfer process is associated with the repair
of DNA strand breakage in response to DNA damage caused by radiotherapy or
chemotherapy, it can contribute to the resistance that often develops to various types of

" cancer therapies. Consequently, inhibition of PARP may retard intracellular DNA
‘repair and enhance the antitumor effects of cancer therapy. Indeed, in vitro and in vivo

30 data show that many PARP inhibitors potentiate the effects of ionizing radiation or
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ef fects of i'&ni zing radiation or 24 Novenber 2003 cytotoxiT drugs such as
DNA net hyl at A5 IegEits directiy and glsmpesursowhenythet depripedRBrea ds ropeefusede PARPUl  as

adj unct cancghinHos Rt BEREBEHIAHA to treat ischemia/reperfusion injuries. See, e.g., Zhang,
“PARP inhibition: a novel approach to treat ischemia/reperfusion and inflammation-

10 related ‘injuries,” Emerging Drugs: The Prospect Jor Improved Medicines (1999),
Ashley Publications Itd. Inhibition of PARP has been shown to protect against
myocardial ischemia and reperfusion injury (Zingarelli et al., “Protection against
myocardial ischemia and reperfusion injury by 3-aminobenzamide, an inhibitor of poly
(ADP-ribose) synthetase,” Cardiovascular Research (1997), 36:205-215).

15 Inhibitors of the PARP enzyme are also useful inhibitors of neurotoxicity
consequent to stroke, head trauma, and neurodegenerative diseases. After brain
isphemia, the distribution of cells with accumulation of poly(ADP-ribose), that is, the
areas where PARP was activated, correspond to the regions of ischemic damage (Love
et al., “Neuronal accumulation of poly(ADP-ribose) aftcr brain ischaemia,”

20 Neuropathology and Applied Neurobiology (1999), 25:98-103). It has been shown that
inhibition of PARP promotes resistance to brain injury after stroke (Endres et al.,
“Ischemic Brain Injury is Mediated by the Activation of Poly(ADP-
Ribose)Polymerase,” J. Cerebral Blood Flow Metab. (1997), 17:1143-1151; Zhang,
“PARP Inhibition Results in Substantial Neuroprotection in Cerebral Ischemia,”

25 Cambridge Healthtech Institute’s Conference on Acute Neﬁranal Injury:  New
Therapeutic Opportunities, Sept. 18-24, 1998, Las Vegas, Nevada).

The activation of PARP by DNA damage is believed to play a role in the cell
death consequent to head trauma and neurodegenerative diseases, as well as stroke.
DNA is damaged by excessive amounts of NO produced when the NO synthase

30 enzyme is activated as a result of a series of events initiated by the release of the

neurotransmitter glutamate from depolarized nerve terminals (Cosi et al,, “Poly(ADP-
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to brain injtPsesaparkinsenisnpida uEnans esndenimtals (Mandir et al., “Poly(ADP-ribose)

10  polymerase activation mediates 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-
induced parkinsonism,” Proc. Natl. Acad. Sci. USA (1999), 96:5774-5779). MPTP
potently activates PARP exclusively in dopamine-containing neurons of the substantia
nigra, the part of the brain whose degeneration is associated with development of
parkinsonism. Hence, potent PARP inhibitors may slow the onset and development of

15 this crippling condition. |

Furthermore, inhibition of PARP should be a useful approach for treatment of
conditions or diseases associated with cellular senescence, such as skin aging, through
the role of PARP in the signaling of DNA damage. See, e.g., U.S. Patent No.
5,589,483.

20 PARP inhibition is also being studied at the clinical level to prevent
development of insulin-dependent diabetes mellitus in susceptible individuals (Saldeen
et al., “Nicotinamide-induced apoptosis in insulin producing cells in associated with
cleavage of poly(ADP-ribose) polymerase,” Mol. Cellular Endocrinol. (1998), 139:99-
107). In models of Type I diabetes induced by toxins such as streptozocin and alloxan

- 25 that destroy pancreatic islet cells, it has been shown that knock-out mice lacking PARP
are resistant to cell destruction and diabetes development (Pieper et al., “Poly (ADP-

ribose) polymerase, nitric oxide, and cell death,” Trends Pharmacolog. Sci. (1999),

+ 20:171-181; Burkart et al., “Mice lacking the poly(ADP-ribose) polymerase gene are
resistant to pancreatic beta-cell destruction and diabetes development induced by

30 streptozocin,” Nature Medicine (1999), 5:314-319). Administration of nicotinamide, a

- weak PARP inhibitor and a free-radical scavenger, prevents development of diabetes in
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(1998), 350(1):1-19; Szabo et al., “Protection Against Peroxynitrite-induced Fibroblast
Injury and Arthritis Development by Inhibition of Poly(ADP-ribose) Synthetase,”

10 Proc. Natl. Acad. Sci. USA (1998), 95(7):3867-72).

The PARP family of enzymes is extensive. It has recently been shown that
tankyrases, which bind to the telomeric protein TRF-1, a negative regulator of telomere
length maintenance, have a catalytic domain that is strikingly homologous to PARP
and have been shown to have PARP activity in vitro. It has been proposed that

15 telomere function in human cells js regulated by poly(ADP-ribosyl)ation. PARP
inhibitors have utility as tools to study this function. Further, as a éonsequence of
regulation of telomerase activity by tankyrase, PARP inhibitors should have utility as
agents for regulation of cell life-span, e.g., for use in cancer therapy to shorten the life-

- span of tumor cells, or as anti-aging therapeutics, since telomere length is believed to

20 beassociated with cell senescence.

Various competitive inhibitors of PARP have been described. For example,
Banasik et al. (“Specific Inhibitors of Poly(ADP-Ribose) Synthetase and Mono(ADP-
Ribosyltransferase,” J. Biol. Chem. (1992) 267:1569-1575) examined the PARP-
inhibiting activity of over one hundred compounds, the most potent of which were 4-

25  amino-1,8-naphthalimide, 6(5H)-phenanthridone, 2-nitro-6(5H)-phenanthridone, and
1,5-dihydroxyisoquinoline. Griffin et al. reported the PARP-inhibiting activity for
certain benzamide compounds (U.S. Patent No. 5,756,510; see also “Novel Potent
Inhibitors of the DNA Repair Enzyme Poiy(ADP-ribosc)polymerase (PARP),” Anti-
Cancer Drug Design (1995), 10:507-514), benzimidazole compounds (International

30  Publication No. WO 97/04771), and quinalozinone compounds (International
Publication No. WO 98/33802). Sufo et al. reported PARP inhibition by certain

4
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Proc. Natl. Acad Sci. USA (1999), 96:5774-5779). MPTP potently activates
PARP excl usively in dopam ne-containing neurons of the substantia nigra,
the part of the brain whose degeneration is associated with devel opnent of
par ki nsoni sm Hence, potent PARP inhibitors my slow the onset and

devel opne . 1S, t Cri Ltion. Furthernore, inhibition of
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destroy - &ncr atic islet cells, it has been shown

| acki ng PARP &/ ¥@26Wé?199/t1é6%IWQﬂ93’1 1a2d; Wi 98rid 608,aWe 89/1 tlede lvppnent
(Pieper edopiess, "5 beA‘%/HMQ describe various PARP-inhibiting compounds.

| Furthermore, certain tricyclic PARP inhibitors are described in commonly owned U.S,
10 Provisional Application No. 60/115,431, filed January 11, 1999, in the name of

Webber et al., the disclosure of which is incorporated by reference herein.
Nonetheless, there is still a need for small-molecnle compounds that are active
PARP inhibitors, especially those that have physical, chemical, and pharmacokinetic
properties desirable for therapeutic applications.
15 : SUMMARY OF THE INVENTION
Thus, an objéct of the invention is to discover small-molecule PARP-inhibiting

compounds. Another object is to discover such compounds having properties

advantageous for therapeutic uses.

The compounds of the general formula I have been discovered to be effective
20  PARP inhibitors:

wherein;
XisOorsS;
YisNor CRB, where R® is: H;
25 : halogen;

Cyano;
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destruction and di abet es devel opnent induced by 30 st L han2Nat ur e
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I nhi bitor and a free-radi cal scavenger, prevents devel opnent of diabetes in
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e, 5 U (100 SR oy A O B ke
tel omeric protein TRFaMInoAnd ethet groups (ol &t Oaryf); el oner e :
-C(W)~R2°, where W is O or S, and R? js: H; OH; an optionally
substituted alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl,
10 heteroaryl, O-alkyl, or O-aryl group (e.g., unsubstituted or substituted
with one or more substituents selected from halogen, hydroxy, cyano,
nitro, and amino, and alkyl and aryl groups unsubstituted or substituted
with one or more substituents selected from halo, hydroxy, nitro, cyano,
_ and amino); or NR¥R%, where R? and R? are each independently H;

15 OH; an optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl group (e.g., unsubstituted or
substituted with one or more substituents selected from alkyl, alkenyl,
alkynyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl groups
unsubstituted or substituted with one or more substituents selected from

20 halogen, hydroxy, nitro, Cyano, amino, trifluoromethyl, alkyl and aryl
groups);

-CR®=N-R¥®, where R? is H or an optionally substituted amino
(e.g.. dialkylamino), alkyl, alkenyl,  alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, group. (e.g., unsubstituted or

25 substituted with one or more substituents selected from halogen,
hydroxy, cyano, nitro, and amino, and alkyl and aryl groups
unsubstituted or substituted with one or more substituents selected from
halogen, hydroxy, nitro, Cyano, and amino), salkyl, sakyl, O-alkyl, or O-
aryl and R* is H, OH, an optionally substituted alkyl, alkenyl, alkynyl,

30 cycloalkyl, heterocycloalkyl, aryl, heteroaryl, O-alkyl, or O-aryl group

(e.8., unsubstituted or substituted with one or more substituents selected
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4 24 Novenber 2003 di hydroi soqui noline conpounds ("D hydroi soqui nolines:
The Design and Synthesis of a New Series of Potent |nhibitors of
Pol y(ADP-ri bose) Pol ynerase," Anti-Cancer Drug Design (1991), 7:107-117).

Giffin et al. have reported other PARP inhibitors of | l'i ne
cl ass ("Resistance-Mdifying Agents. 5. Synthesis an Ngfegg?gcrglaéés)
Properties of Quinazoline Inhibitors of the DNA Repair Enzyne

Pol y(ADP-ri bose) Polynerase (PARP)," J. Med. Chem (1998) 41:5247-5256).
I nternational Publication Nos. WO 99/11622, WD 99/11623, WD 99/11624, WO

99/ 11628, WD 99/ 11644, 1, 98/clohfi4®. n 11649 descrijbe various
PARP- i nhi biti ng conmpounds. %{th her’m?tggc%?@gy{lh%r c?‘?l %8“’5’ BHPHI t or s
are described in conmiwWsupsiedcorisulBtinital With vhebomote sAbHnGRL deRRiellro

60/ 115, 431, filed Jamﬁ@foﬁe&]h 1999,. in the name of  Webber et al., the
di sclosure of which is I AcorBorAY ety cYanp ciBinge iflonmethyloabyhetday] t her e

is still a need for sigeddpsyol ecul e conpounds that are active PARP
i nhi bitors, especially thosg,hat hayse_ physi cal, chem cal, and
phar macoRi netic properti eORlosvhespRE 18:0H; tah @ptipexilyi sabsjoibd eRkyl, al@nyll S

sl | ol ecul & PARP- 1 ERPBT Erac R BERkubatl nol Sppesment Eomicsover
such conpounds havi ngupsubgtitnter @s substituted with one or more substituents selected from
halogen, hydroxy, cyano, nitro, and amino, and alkyl and aryl groups
unsubstituted or substituted with one or more substituents selected from
10 halogen, hydroxy, nitro, cyano, and amino);

S(O)R'S, where n is 0, 1 or 2, and R' is: H; an optionally
substituted atkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl group (e.g., unsubstituted or substituted with one or more
substituents selected from halogen, hydroxy, cyano, nitro, and amino,

1s and atkyl and ary! groups unsubstituted or substituted with one or more
substituents selected from halogen, hydroxy, nitro, cyano, and amino);
or NR®R%, where R® and R* are each independently H or an
optionally  substituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or hetercaryl group (e.g., unsubstituted or

20 substituted with one or more substituents selected from alkyl, alkenyl,
alkynyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl groups
unsubstituted or substituted with one or more substituents selected from
halogen, hydroxy, nitro, c¢yano, amino, trifluoromethyl, alkyl and aryl
groups); or

25 NR'R®, where R"” and R'® are each independently: H; an
optionally  substituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl group (e.g., unsubstituted or
substituted with one or more substituents selected from alkyl, alkenyl,
alkynyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl groups

30 unsubstituted or substituted with one or more substituents selected from

halogen, hydroxy, nitro, Cyano, amino, trifluoromethyl, alkyl and aryl



advant ageous for therapeutic uses. The conpounds of the general fornula I
have been di scovered to be effective 20 PARP inhibitors: R R NLR6 R4
(1) 25 wherein: XisOorS;, Yis Nor CR3, where R3 is: H halogen; cyano;
5 24- Novenber 2003 an optionally substituted alkyl, &} kgb¥hper@ldegny!

cycl oal kyl, heterocycl oal kyl, aryl, or heteroaryl group ?%. g.,
unsubstituted or substituted with one or nore substituents selected from

hal ogen, hydroxy, nitro, cyano, and am no, and al koxy, al kyl, aryl, and
het er oar yl
groups); C(0)-R® where R® is: H, OH, an optionally substituted alkyl,

~alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, O-alkyl,
or O-aryl group (e.g., unsubstituted or substituted with one or more
substituents selected from halogen, hydroxy, cyano, nitro, and amino,
5 . and alkyl and aryl groups unsubst:auted or substituted with one or more
substituents selected from halo, hydroxy, nitro, cyano, and amino); or
NRYR®, where R¥ and R%® are each independently H; OH; an
optionally  substituted  alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl group (e.g., unsubstituted or
10 substituted with one or more substituents selected from alkyl, alkenyl,
alkynyl, cycloalkyl, heterocycloalkyl, aryl, and heferoaryl groups
unsubstituted or substituted with one or more substituents selected from
halogen, hydroxy, nitro, cyano, amino, trifluoromethyl, alkyl and aryl
groups); or S(0);NR*N*, where R* and R* are each independently H
15 or an optionally substituted  alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl group (e.g., unsubstituted or
substituted with one or more substituents selected from alkyl, alkenyl,
alkynyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl groups
unsubstituted or substituted with one or more substitents selected from
20 halogen, hydroxy, nitro, cyano; amino, trifluoromethyl, alkyl and aryl
groups);
R?is H or alkyl;
R* is H, halogen or alkyl;
R’ R% R, and R® are each independently selected from:
25 H;
an optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl group (e.g., unsubstituted or
substituted with one or more substituents selected from halogen,
hydroxy, nitro, and amino, and alkoxy, alkyl, and aryl groups

30 unsubstituted or substituted with one or more substituents selected from



ituted or substituted with one or nore substituents
ge?;gggz ?pgﬁPa;Iogen, hydr oxy, nitro, cyano, and optionally sub;tlgutedS
am no and ether groups (such as O-aryl)); or -C(W-R20, where Wis Ior
and R20 is: H OH an optionally substituted al kyl, @lﬁ%@%%b (%ﬁny
cycl oal kyl, heterocycloal kyl, aryl, 10 heteroaryl, al ky 1ubst|tuents
group (e.g., unsubstituted or substituted with one or nore s

[ d am no, and al kyl and
sel ected from hal ogen, hydroxy, cyano, nitro, an , _
aryl groups unsubstituted or substituted w th one or nore substituents

sel ected from hal o, huﬂbg@ﬁy, ?,ayoﬁ,omtrgé%r,mo’ a@aﬂ%&;&pﬁﬁm 8 $Z7R28 rhkere e

TRenet, s |ndeptgndent s (sulstas b BY; ggﬂ(lzpl 0gflyl or heteroaryl group
S|

PRSI SRR A b At tod v y nore substituents selected

.g., btituted or pited wi td .on
1£r609n al E;fu ;| kenyl, al kyb@?’s l%csyc‘i" AP Ish e%&yﬁmﬁélwwbsumte;ll alkdnd
het eroaryl groups unslkhgmmaﬁgq d?éloﬁﬂt?lshéﬂéﬁb“c?&owl ax%%r% te%oﬂgﬁ]ggoup

ts selected from 20 hal ogen,  hydr oxy,
ts E.bfs m?gnmats hyl, al kyfS-Enitpsubspifutedoroubst mted:mmmmelasmomubsmuaaeselsctéd or an

optional l'y substitut o hdlGgen( Gydtoxy, Hifb KYd L] n%) 3" AR analalg/alngrloups
alkynyl,cyel oalkyl, unsubstituted or substituted with one or more substituents selected from
‘balogen, hydroxy, nitro, and amino); or OR™ or NR%2R%, where R,

R* and R are each independently H or an optionally substituted alkyl,

10 alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl group

| (e.g., unsubstituted or substituted with one or more substituents selected

from alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, and

heteroaryl groups unsubstituted or substituted with one or more

substituents selected from halogen, hydroxy, nitro, and amino, and alkyl

1s ‘ and aryl groups unsubstituted or substituted with one or more
substituents selected from halogen, hydroxy, nitro, and optionally
substituted amino groups);

where when Y is CR*, R, R%, R, R, R®, R, R, and R® are not all 1.
The invention is also directed to pharmaceutically acceptable salts, prodrugs,
20  active metabolites, and solvates of compounds of formula L
Preferably, the compounds of formula I have a PARP-inhibiting activity
corresponding to a K; of 10 uM or less in the PARP enzyme inhibition assay.
The present invention is aiso directed to pharmaceutical compositions each
comprising an effective PARP-inhibiting amount of an agent selected from compounds
25 of formula I and their pharmaceutically acceptable salts, prodrugs, active metabolites,
and solvates, in combination with a pharmaceutically acceptable carrier therefor.
The present invention is also directed to a méthod of inhibiting PARP enzyme
. ‘activity, comprising contacting the enzyme with an effective amount of a compound of
formuia I or a pharmaceutically acceptable salt, prodrug, active metabolite, or solvate
30 thereof. The invention is also directed to therapeutic methods comprising inhibiting

PARP enzyme activity in the relevant tissue of a patient by administering a compound

10



~ heterocycl oal kyl, aryl, heteroaryl, group. (e.g., unsubstituted or 25
substituted with one or nore substituents sel ected from hal ogen, hydroxy,

cyano, nitro, -and am no, and al kyl and aryl groups unsubstituted or
substituted with one or nore substituents sel ected fron24 Navyengem 206ydr oxy,

nitro, cyano, and am no), salkyl, sakyl, Oalkyl, or 0- aryl and R30 is H, .
OH, an optionally substituted al kyl, al kenyl, alkynyl, 30 cycl oal kyl,
het er ocy cfofuritila TasrVh phRRh&ieaatal | el ey group (€. 9.

%y’o%e gLQ B%D?%eslﬁgg{ulgt d‘@ﬁ‘t’% ngeé?tl—ﬂi‘@eeo"%

unsubstituted or subst.i tut ed wt
24- Noventseivapothereof.om hal ogen, hydroxy, cyano, nitro, and am no, and al kyl
and aryl groups unsubstituted or substituted with one or nore substituents

sel ected from hmmgmseﬂﬂyﬁlwéﬂﬁm €l fl.frmer Qﬁ/ré&@d @n@leaﬁ%é"%?"a Eﬁﬁ/ wher e
, or an optionall stituted

R31 and R%i re each | ndent |
al kyl , al %@l"e a&?%&'ﬂw @Hf fi@}/|f°f"wé@ér%®eln%;maﬁwtrcauy 9pcentﬁble selt.er oar yl
group (e. grodrumauﬂn@tmétabeme@r sﬁluélétuh e ﬁanwaétt]reoérea edicBiEnt @PPﬂﬂit[?yem S

sel ect ed , . cycl oal , heterocyclo
aryl, and ‘hgpe?'?ﬂ%ﬂﬁ glf (‘V}ﬁ ”lﬁﬁ@lﬁ‘ﬂs '{{%ﬁt@a the engwgtwﬁmt@dcompwrmer @r rnore
subst i t uephammebgtivaiyladdeptabiadMI prbdrug, active metabolite or solvate thereof.
Other cp:bodiments, objects and advantages of fhe invention will Be?di:ne
apparent from the following detailed description.
s DETA]LE)DESCRIPIIONANDPREFH{RE)E\/IBODII\/IEI\IIS OF THE INVENTION

PARP-Inhibiting Agents:

] v
In accordance with a convention used in the art, the symbol I}"‘- is used in
structural formulas herein to depict the bond that is the point of attachment of the
‘moiety or substituent to the core or backbone structure. In accordance with another

1o  convention, in some structural formulae herein the carbon atoms and their bound

hydrogen atoms are not exphc:tly depicted, e.g., ~ represents a methyl group,

N represents an eihyl group, Qrepresents a cyclopent)d;roup, ete.
As used herein, the term “a.lky ” means a branched- or straight-chained (linear)
+ paraffinic hydrocarboq group (saturated aliphatic group) having from 1 to 16 carbon
15 atoms in its chain, which may be generally represented by the formula CyHoy,y, where
k is an integer of from 1 to 10. Examples of alkyl groups include methyl, ethyl, n-
Propyl, isopropyl, n-buty), isobutyl, t-butyl, pentyl, n-pentyl, isopentyl, neopentyl, and
hexyl, and the simple aliphatic isomers thereof. A “lower alkyl” is intended to mean
an alkyl group having from 1 to 4 carbon atoms in its chain.
20 The term “alkenyl” means a branched- or straight-chained olefinic hydrocarbon
group (unsaturated aliphatic group havmg one or more double bonds) containing 2 to
10 carbons in its chain, Exemplary alkenyls include ethenyl, 1-propenyl, 2-propenyl,
1-butenyl, 2-butenyl, isobutenyl, and the various isomeric pentenyls and hexenyls
(including both cis and trans isomers),

11



i 0o hydroxy, -nitro, cyano, amno, trifluoronethyl, alkyl and aryl- groups);
R is H halogen; cyano; an optionally substituted al kyl,” al kenyl,

al kynyl, cycl oal kyl, is heterocycloal kyl, aryl, or heteroaryl group. (e.g.,
unsubstituted or substituted with one or nore substituhNevessiee@00d from
hal ogen, hydroxy, cyano, nitro, and am no, and al kyl, al kenyl, al kynyl,
cycl oal kyl , heterocycl oal kyl, al koxy, aryl, aryl oxy, heteroaryl and

het er oar yl ox oupsS, pstltuted or substituted with one or nore 20
subst i tuents)tllg %rg? ﬁﬁl%”am THEANS fic hran r@xsﬁmghttchmpe@mdmpathon[gmuﬁ ower

S Fonat 14 EE?P??'S‘%%?@E%@“%%%W%W%9@é@ el o n s " "
het er oc maExc,‘mplaBgr wlkynpls inelude aahiptyl, g?.ewnl ‘g,éy%n? ﬁ@’ f Ul,gd;.or

substltut th opne or nore substituents S€ a| ogen,
hydroxy, @9’&' PUEPEr 0, and ani no, and al kyl and aryl groups unsubstituted
or substitut ed wnth one or nore substituents selected from hal ogen,

hydr oxy, nitro, cyano, and am no); or OR19 or NR21R22, where R19, R21 and
R22 are each independently H or an

ila



- A e e S .  eyel oalkyl . 30
' bstituted al kyl, al kenyl, al kynyl, :
ol oty sl ‘o droany g (o) it or
i i r nore substi ,
SZPskgig;ggrMEBBBOQFkSnyI, cycl oal kyl , he;erocyclpalkmLNoa%y%%Egog
het eroaryl groups unsubstituted or substltuted_rngh gn:ng s,
substituents sel ected frog1 ha:ogenbuBZ?TOEthgg rmherg noy an X an
' met hyl , al kyl and ary ar ; ,
g;lrgﬁg{ﬁy su%stituted al kyl, al kenyl, al kenyl, cycl oal kyl,

“ . bstituted or
het er ocycl oal kyl Thaiern “catbobielerreferyio ﬁmg#’?&%lyfs:d@'%%iéﬂlnm,tedh%r oxy,

re substituents se

cyano. i i1 81l Mol Biedi sy poyomios b g Ay
substi t ut egfl:ﬂbbiﬂclﬁggﬁgﬂf s’ cg_nt%%%g?%tbé%g%;t%? ReTAZ | afoms). 1 Erem}ﬂ;q,lnd R16 -_
" i an of Bl e msloalal oy iyl aliERY goshdyry! cycl oal iyl
et e L Y ek nbroc Wb O ot pactiatiy shmee.h abogeatedhydr Oy,
cyano, ni tr&omatid moaagclic or fused or non-fused polycyclic, ring structure having one or
more heteroatoms selected from nitrogen, oxygen and sulfur. Exemplary heterocycles
include heterocycloatkyl, heteroaryl, and heterocycloalkyl-hetemaryl groups.
A "cycloalkyl group" is intended to mean a non-aromatic monovalent,
10 monocyclic or fused polycyclic, ring structure having a total of from 3 to 18 carbon
ring atoms (but no heteroatoms). Exemplary cycloalkyls include cyclopropyl,
cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cycloheptyl, adamantyl,
phenanthrenyl, and like groups.
A "heterocycloalkyl group” is intended to mean a non-aromatic monovalent,
15  monocyclic or fused polyeyclic, ting structure having a total of from 3 to 18 ring
atoms, including 1 to § heteroatoms selected from nitrogen, oxygen, and sulfur.
Tustrative examples of heterocycloalkyl groups include pyrrolidinyl, tetrahydrofuryl,
piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, aziridinyi, and like groups.
The term “aryl” means an aromatic monocyclic or fused polycyclic ring
20  structure having a total of from 4 to 18 ring carbon atoms (no heteroatoms).
Exemplary aryl groups include phenyl, naphthyl, anthracenyl, and the like.
A "heteroaryl group" is intended to mean an aromatic monovalent, monocyclic
or fused polycyclic, Iing structure having from 4 to 18 ring atoms, including from 1 to
5 heteroatoms selected from nitrogen, oxygen, and sulfur. Hlustrative examples of
25 heteroaryl groups include pyrolyl, thienyl, oxazolyl, pyrazolyl, thiazolyl, furyl,
pyridinyl, pyrazinyl, triazolyl, tetrazolyl, indolyl, quinolinyl, quinoxalinyl, and the like.
An “amine” or “amino group” is intended to mean the radical -NH,, and
“optionally substituted” amines refers to —NH, groups wherein none, one or two of the
bydrogens is replaced by a suitable substituent. Disubstituted amines may have
30  substituents that are bridging, i.e., form a heterocyclic ring structure that includes the

amine nitrogen. An “a]kyiamino group” is intended to mean the radical -NHR,, where

12



I's and al kyl and aryl groups unsubstituted or substituted with one or nore
substituents selected from hal ogen, hydroxy, nitro, cyano, and am no); or
NR23R24, where R23 and R24 are each independently Hor an optionally

substituted al kyl, alkenyl, allcynyl, cycloal kyl, hebgnecMab&ddegl . aryl,
or heteroaryl group (e.g., unsubstituted or 20 substltut ed wth one or nore

substituents selected from al kyl, al kenyl, al kenyl, cycloal kyl,
het er ocycl oal kyl, aryl, and heteroaryl groups unsubstituted or substituted
with one or nore substituents selected from hal ogen, hydroxy, nitro,

cyano, am NnoR, isranfalky eR¥B tW'Fdlalﬁsi’llfﬂﬂmfgﬁhparlé’inten%&%oﬁlm §g‘§%§ﬁ%§’?ed

where R 7 and R 8 are_each ‘i ndependen H, an optiona
al-kyl, al kethereglaF%%Wafe@ml@@m?ﬂepﬂyhmakykgrw oal kyl, aryl, or heteroaryl
group (e.g., uns ed.with one nore substituents
sel ected from al kyl, Hd gn{? aﬁ“EﬁW‘F‘&u & intended e mg‘é@‘ér%@‘y’é‘r—mﬁ?ﬂ, aryl ,
and het eroargtbu;gimabsﬁﬁxttmswhﬁ:bmﬁltéﬂ%d?{e oF Rt Ishiddiid sNBsEE‘;eRL‘Q rﬁéssrﬂ?e[ €
substituents sel Ed from hal ogen, roxy, nitro, cyano,
trifl uor dhet AP %m%mpwrwlwwé%mMMe the term lnd.lcates that the

group is unsubstituted or substituted with the specified substituents. Unless indicated

otherwise (e.g., by indicating that a specified group is unsubstituted), the various
groups defined above may be generally unsubstituted or substituted G.e., ‘thcy are
optionally substituted) with one or more suitable substituents,

10 The term "substituent" or “suitable substituent” is intended to mean any
substituent for a group that may be recognized or readily selected by the artisan, such
as through routine testing, as being pharmaceutically suitable. Illustrative examples of
suitable substituents include hydroxy, halogen (F, Cl, L or Br), oxo, alkyl, acyl,
sulfonyl, mercapto, nitro, alkylthio, alkoxy, cycloalkyl, heterocycloalkyl, aryl,

1s - heteroaryl, carboxy, amino (primary, secondary, or tertiary), carbamoyl, aryloxy,
heteroaryloxy, arylthio, heteroarylthio, and the like (e.g.., as illustrated by the
exemplary compounds described herein).

Preferred optional substituents for alkyl and aryl groups in the compounds of
the invention include halogens and aryl groups. Substituted alkyl groups include

20 perfluoro-substituted alkyls, and optional substituents for alkyl and aryl moieties
include halogen; lower alkyl optionally substituted by -OH, -NH,, or halogen; -OH;
-NOs; -CN;‘ -COH; O-lower alkyl; aryl; -O-aryl; aryl-lower alkyl; -OCHF,; -CF;;
-OCF3; -CO;R®, -CONR'R®, -OCH,CONR®R®, -NR°R®, -SO,R’R®, where R®and R® are
each independently H, lower alkyl, or aryl; and the like. Aryl moieties may also be

25  optionally substituted by two substituents forming a bridge, for example -O-(CH,),-O-,
where z is an integer of 1, 2, or 3.

A “prodrug” is intended to mean a compound that is converted under
physiological conditions or by solvolysis, or metabolically, to a specified compound
that is pharmaceutically active.

30 An "active metabolite" is intended to mean a pharmacologically active product

produced through metabolism in the body of a specified compound. Metabolic

13



groups); C(O-R20 where R20 is: H, OH, an optionally substituted al kyl,
al kenyl , al kynyl, cycloal kyl, heterocycl oal kyl, aryl, heteroaryl, O0-alkyl,

or OGaryl group (e.g., unsubstituted or substituted with one or nore

substituents sel ected from hal ogen, hydroxy, cyano, np4Neverabi} 2dgBno, s and

al kyl and aryl groups unsubsticuted or substituted with one or nore
substituents selected fromhalo, hydroxy, nitro, cyano, and am no); or
NR27R28, where e and R28 are each independently H OH an optionally

substituted al kyl, al kenyl, alkynyl, cycloalkyl, heter oczhcl _oa:kl:lyl , aryl,

or het er oar \rodiic AW a(Bvéh comtbaHe BlayHaliBhtited 1S L{@f&rﬁ Ul ShelilyknBRE i0" MOr €

substituentéﬂsel ect eobqv m al ag fh _ a] ’[?gny , (%‘ycg(_)a}%;l‘, o

het er ocycl odhkyart ferr determinibshatetabolitey | anglr aaspmgluﬁmnbfmnhﬁémedcwny_s:lhﬁgl t ut ed
re siityents sel ected from hal ogen, hydroxy, nitro,

t%qu?"?usﬁlcg%' Oﬁ?&?scﬁlf’%e%d aryl groups): or S(O 2NR25N26,

cyano, am no

with one or

fromal kyl, al ken

where R75 and R2

are each i.ndepepdently H 15 or an optionally substituted -

al kyl, al kenyl q"%‘[rk%ﬁr?g&‘f%a"wcﬂngfég £s °fy%%1w9al%'£eu¢w,ﬁeé#§mg roytine
( QehaiueLkibwn BdE RS | $dd! €9 HertofMPE e} H%.,ef.i Aﬂaf P:h?@e, 48! 2L e
substituents selected fromal kyl, al y ycl yl, o
het er ocycl 020§ K199);yBhan. et bi b PBarmy Sagr 86165, 765136 Bapthatve K.pPrigubeat i t uf ed

het er oar yl

with one or

10

15

20

25

enyl,  alkynyl”,~cycl oa

ERY 345996550 (Fo¥55: BSAEC N UMD in Drug Res., 13, 224331 (1984);
Bundgaarc_l, H., Design of Prodrugs (Elsevier Press 1985); and Larsen, I. K., Design
and Application of Prodrugs, Drug Design and Development (Krogsgaard-Larsen et
al., eds., Harwood Academic Publishers, 1991).

A "solvate” is intended to mean a pharmaceutically acceptable solvate form of a
specified compound that retains the biologicai effectiveness of such compound.
Examples of solvates include compounds of the invention in combination with water,
isopropanol, ethanol, methanol, DMSO, ethyl acetate, acetic acid, or ethanolamine.

A "pharmaceutically acceptable salt" is intended to mean a salt that retains the
biological effectiveness of the free-acid or base form of the specified compound and
that is pharmaceutically suitable. Examples of pharmacentically acceptable salts
include sulfates, pyrosulfates, bisulfates, sulfites, bisulfites, phosphates,
monohydrogenphosphates, dihydrogenphosphates, metaphosphates, pyrophosphates,
chlorides, bromides, iodides, acetates, propionates, decanoates, caprylates, acrylates,
formates, iscbutyrates, caproates, heptanoates, propiolates, oxalates, malonates,
succinates, suberates, sebacates, fumarates, maleates, butyne-1,4-dioates, hexyne-1,6-
dioates,  benzoates,  chlorobenzoates,  methylbenzoates, dinitrobenzoates,
hydroxybenzoates, methoxybenzoates, phthalates, sulfonates, xylenesulfonates,
phenylacetates,  phenylpropionates, phenylbutyrates, citrates, lactates, -

hydroxybutyrates, ~glycollates, tartrates, methanesulfonates, propanesulfonates,

. naphthalene-I-sulfonates, naphthalene-2-sulfonates, and mandelates.

30

If an inventive compound is a base, a desired salt may be prepared by any
suitable method known in the art, including treatment of the free base with: an

inorganic acid, such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,

14



[ ' [ hyl , -al kyl and aryl
20 hal ogen, hydroxy, nitro, cyano, am no, trifluoronethyl,
groups)? R2 ig Hor alkyl; R4 is H halogen or alkyl; R5 R6, R7, and R8
are each independently selected from 25 H an optionally substituted

nyl, alkynyl, cycloal kyl, heterocycloal kyhs naiethber@OoBet €r 0aryl
glr l(;ﬁ:o (2! ;e yunsubs%/i %/ut edyor substituted with one or nore substi tuentsd
sel ected from hal ogen, hydroxy, nitro, and am no, and al koxy, al kyl, a?
aryl groups 30 unsubstituted or substituted with one or nore substituents
selected from9 24 Novenber 2003 hal ogen, hydroxy, nitro, cyano, and

oL onah!, Rl ant ug o IS o85S 3G By 00 b A0
SR g e s ko i it ol £id
nal ogen, - hydF SR b Gl blta o heifiepe 3 asnyticgri pesaieuronic
: " acid; alpha-hydroxy acid such as citric acid or tartaric acid; amino acid such as aspartic
s acid or glutamic acid; aromatic acid such as benzoic acid or cinnamic acid; sulfonic
acid such as p-toluenesulfonic acid or ethanesulfonic acid; or the like.

If an inventive compound is an acid, a desired salt may be prepared by any
suitable method known in the art, including treatment of the free acid with an inorganic
or organic base, such as an amine (primary, secondary, or tertiary), an alkali metal or

10 alkaline earth metal hydroxide, or the like, Tllustrative examples of suitable salts
include: organic salts derived from amino acids such as glycine and arginine;
ammonia; primary, secondary, and tertiary amines; and cyclic amines, such as
piperidine, morpholine, and piperazine; as well as inorganic salts derived from sodium,
calcium, potassium, magnesium, manganese, iromn, copper, zinc, aluminum, and

15 lithium.

In the case of compounds, salts, or solvates that are solids, it is inderstood by
those skilled in the art that the inventive compounds, salts, and solvates may eﬁst in
different crystalline or polymorph forms, all of which are intended to be within the
scope of the present invention and specified formulas.

20 In some cases, the inventive compounds will have chiral centers. When chiral
centers are present, the inventive compounds may exist as single stereoisomers,
racemates, and/or mixtures of enantiomers and/or diastereomers. All such single
stereoisomers, racemates, and mixtures thereof are intended to be within the broad
scope of the generic structural formulae (unless otherwise indicated). Preferably,

25 however, the inventive compounds are used in essentially optically pure form (as
generally understood by those skilled in the art, an optically pure compound is one that
is enantiomerically pure). Preferably, the compounds of the invention are at least 90%

* of the desired single isomer (80% enantiomeric excess), more preferably at least 95%
(90% e.e.), even more preferably at least 97.5% (95% e.e.), and most preferably at least
36 99% (98%e.c.).
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unsubstituted or substituted with one or nore substituents selected from
hal ogen, hydroxy, nitro, and am no); or OR51 or NR52R53 where R51, R52 and
R53 are each independently H or an optionally substituted alkyl, to
al kenyl, al kynyl, cycloal kyl, heterocycloal kyl, aryl, 2pNol&hs&ramog! group
(e.g., unsubstituted or substituted with one or nore . substituents sel ected
fromal kyl, al kenyl, al kynyl, cycloal kyl, heterocycloal kyl, aryl, and
het er oaryl groups unsubstituted or substituted with one or nore
substituents sel ected from hal ogen, hydroxy, nitro, and am no, and al kyl is
and aryl groups uThe lesitdhdHcedrgs ' ' [ r.e bst,ituents
sel ected from hal ogen, hydroxy, r????i%dﬂi'ngﬁ%pﬁ 58%91?3 a?éﬁ‘ggﬂ?tfﬁieéoma% no
groups); whefevepiihy the depicted gerrral impulR3ForRxamble, When IVis G dr B8 aader pot  al |
H. The invensy ' ' d har eutically acceptable salts,

b 2 oot BFHefiolyT 4R mounds

prodrugs, 20 active ne ®s of conpounds of fornula L

Preferably, the cBrefeedd® @bufsofofdbmpdund Ve fdni Liabd B dd tivity
correspondi nglﬁi/ .a Kl of 1%&\% or Iesg uinn t he PA%Q%%@%HQ@“E%@?T J(I)I}ré}u%assay.

The preseht PR and endi haterpar] tspoupiia endiediol | ralpscombsitticdner each
Corm | sund SRS AR ATy L S "
prodrugs, aceempounds wheteint RS js: C(O)R™, where R' is alkyl or NR*, RZ ; or S(O)R'6,

where R is H or alkyl and n is 0, 1, or 2 (the sulfur atom ‘is partially or fully

oxidized). R?is preferably H or lower alkyl. R* is preferably H or halogen. R®, R,

10 R’, and R® are each preferably H or an optionally substituted alkyl or acyl group.
In other preferred embodiments of the formula L, R' is optionally substitated
aryl or heteroaryl; R? is H; R* is H or halogen; R®, R, R7, and R® are each H; and X is
oxygen,

In other preferred embodiments of formula I, R' is OH or SH, and Y is N,
i5  More preferably, such compounds are the tautomers of formula I represented by

formula I, where Z is O or S, R’ is H or alkyl, and all other varjables have the
definitions given above:

In preferred embodiments of formula II, R? and R® are each independently H or
20  methyl, R* isHor halogen, R®, RS, R7, and R® are each H, and X is oxygen.

In further preferred embodiments, the PARP-inhibiting compounds are
represented by formula IT:
H

oe N/
N
| )—AR"
/
H’{ )
ey
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and solvates, in conbination with a pharmaceutically acceptable carrier
therefor. The present invention is also directed to a nethod of inhibiting
PARP enzyne activity, conprising contacting the enzyne with an effective
anount of a conpound of formula | or a pharmaceuti cab NoaGhEat-dBhe salt,
prodrug, active netabolite, or solvate 30 thereof. The invention Is also
directed to therapeutic nethods conprising inhibiting PARP enzynme activity
in the relevant tissue of a patient by adm nistering a conpound 10 24
Novenber 2003 of faormula I or a pharmaceutically acceptable salt, prodrug,
active metabol iteWhsfiniso| vate thereof.' The present invention is further
directed to the uﬁpis%dgf{{eg% apeutically effective anount of a conpound of
formula | or a ph@é{mceufl cal- '81’ acceptable salt, prodrug, active

mef abolite or sol i dnniryl e heraid p @ b R edl G LONL DI LT NG
PARP enzyne aclt?igvi té cowi si ng gﬁgﬁ%‘gc%i ?\%B% ggg%%yrre @miﬁdhvg{t%gn%%rn"%ﬁnd or
a- . phar maceutPeHePs, sdeginda fog dalogen, physidoxyy , nimet ant ammth@batd taig0r asQ) vat e

thereof. ©t h@kreRixRAURGAL ] d,advant ages .of the invention wll
becone apparent fromt éé?%’ﬁp’oa\%ﬁ%teg)gf%?’?yeﬁfow Sbstitugrd orsubstituted with

DEI * Al | NDESCRA®PIT DANBIRRITHE EiftREgIefvaRony! Hato ik | ENMRNY RwePATR0x Y, Bt tidg A €9

nts and amino; and
R"isHor halogen.

In preferred embodiments of formula II, R"! is mono- or di-substituted phenyl.
10 Preferred species of the invention include:

R, RS

d:}ﬂ | o =
‘bjm
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I n accordance with a convention used in the art, the synbol is used in
structural fornulas herein to depict the bond that is the point of
attachment of the noiety or substituent to the core or backbone structure.
In accordance with another 1.0 convention, in sone stﬁgﬂbyéﬂblﬁgbgu!ae
herein the carbon atons and their bound hydrogen atons are not explicitly
depicted, e.g., " represents a nethyl group, represents an ethyl group,
represents a cycl opentyl group, etc. As used herein, the term"al kyl" neans
a branched- or straight-chained (linear) paraffinic hydrocarbon group
(saturated aliphaticgroup) having froml to 16 cagbon is atons inits

chain, which may be _denerally represented by th wul a CkH2k, .r, where k
is an integer of @ Hto 10. Mes of al k ropps i nclude nethyl,

ethyl, n- propyl opropyl, n-b i sobutyl, t=putyl, pentyl, n-pentyl,
i sopentyl, neopentyfS\ and hexyl, the sinple al}ghatic isoners thereof.
A "lower alkyl" is i dedto nmea n al kyl grou ving from1l to 4

carbon atons in its clan. 20 The ter kenyl " means a branched- or
strai ght - chai ned ol efinic hydrocar bon oup (unsat umretweeg al i phatic group
havi ng one or nore double bonds).coataining 2 to 10 carbons in its chain.
Exenpl ary al kenyl s i ¢l ude et hen propenyl, 2-propenyl, 1-butenyl,

2- but enyl , i sobut ¢ Rand t he v g isoneric pergenyls and hexenyls

(i ncluding both cig~apd trans i Sone(s). NH

Especially preferred species are described in the Examples as Examplcs 2,6,8,
5 14,34, 37, 58,59,75, 82, 98,99, 119, 129, 130, 132, 134,137, 141, 142, 148, 149,
170, 171, 177, 184, 186, 197, 203, 207, 210, 211, 212, 223, 233, 245 and 246.

Pharmaceutical Methods and Compositions:
The invention is also directed to a method of inhibiting PARP enzyme activity,

10  comprising contacting the enzyme with an effective amount of a compound of formula
L IL, or IIL, or a pharmaceutically acceptable salt, prodrug, active metabolite, or solvate
thereof (collectively, “agents™). For example, PARP activity ma:y be inhibited in
mammalian tissue by administering such an agent.

"Treating” or "treatment” is intended to mean mitigating or alleviating an injury

15 oradisease condition in a mammal, such as a human, that is mediated by the inhibition
of PARP activity, such as by potentiation of anti-cancer therapies or inhibition of
neurotoxicity consequent to stroke, head trauma, and neurodegenerative diseases.
Types of treatment include: (a) as a prophylactic use in a mammal, particularly when

. the mammal is found to be predisposed to having the disease condition but not yet

20 diagnosed as having it; (b) inhibition of the disease condition; and/or (¢) alleviation, in

whole or in part, of the disease condition.
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11 24- Novenber 2003 The term "al kynyl" neans a branched or

strai ght-chai ned hydrocarbon group 'having one or nore carbon-carbon
triple bonds and from2 to 10 carbon atonms in its chain. Exenplary

al kynyl s include ethynyl, propynyl, 1-butynyl, 2;bUtYﬂNNovéﬂﬂkrh003

met hyl - 2-butynyl . Ila 24-Novenber 2003 The term "carbocycle” refers to a
saturated, partially saturated, unsaturated, or aromatic, nonocyclic or
fused or non-fused polycyclic, ring structure having only carbon ring

atons (no heteroatons, i.e., non-carbon ring atons). Exenplary carbocycles
i ncl ude cycl oal kyThe mvpitionaild myalesdhitbedic)ihteB/eRHBS: appropiiatelifi'dlease gr
"heterocycle! .refers to saturaed, partially saturatéd, "'unsaturated, or

aromatic, nofBEysames Yhere agivitydndsletsdenssoapatieiti Epr c}tamgalcsthaxdtycﬂiel f
havi ng one Ogomptinds Mgm{"ﬂ’dﬁ”ﬁ%&ﬁﬂ%g“f%ﬂgﬁ?ﬁ%&ﬁgﬁni oi%lg,eﬂr]]% dtssoli'l ur.

Exenpl ary heterocycles 1nc eterocyc y odryr,
het (ranr) ocy%:ll oahtayt attaels, stroke; itadgranmasind Aciiroyepenahiivd digHasi) Bnd iRbéed, ended to

mean a nop- ar omat AC oval ent, .o nmopocyclic or fused polycyclic, ring
structur eglhavi ng Qn? gl?)ara;ﬁnc%fm? Whinyolves mprovipg the effertivenessoia oistaxindrug

het er oat ons) andeafiotiiapF YN fo b WEAMAR if ¥ QREQPH therapeutic treatment,
comprising administering to the mammal an effective amount of a PARP-inhibiting
agent (compound, pharmaceutically acceptable salt, prodrug, active metabolite, or
solvate) in conjunction with administration of the cytotoxic drug (e.g., topotecan,
10  irinotecan, temozolimide) and/or radiotherapy. The agents of the invention preferabl.y
have a cytotoxicity potentiation activity corresponding to a PFsy of greater than 1 in the
cytotoxicity potentiation assay.

The PARP-inhibiting agents may also be advantageously used in a method for
reducing neurotoxicity consequent to stroke, head trauma, and neurodegenerative

15 diseases in 2 mammal by administering a therapeutically effective amount of an
inventive agent to the mammal.

The PARP-inhibiting agents of the invention may also be used in a2 method for
delaying the onset of cell senescence associated with skin aging in a human,
comprising administering to fibroblast cells in the human an effective PARP-inhibiting

20  amount of an agent.

Further, the agents may also be used in a method for helping prevent the
development of insulin-dependent diabetes mellitus in a susceptible individual,
comprising administering a therapeutically effective amount of an agent.

Additionally, the agents may also be employed in a method for treating an

25  inflammatory condition in a mammal, comprising administering a therapeutically
effective amount of an agent to the mammal.

' Moreover, the agents may also be used in a me_thod for treating cardiovascular

: disease in a mammal, comprising administering to the mammal a therapeutically

effective amount of a PARP-inhibiting agent. More particularly, a therapeutic

30 intervention method provided by the present invention is a cardiovascular therapeutic

method for protecting against myocardial ischemia and reperfusion injury in a
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cycl obutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cycloheptyl, adamantyl,
phenant hrenyl, and |i ke groups. A "heterocycloal cyl group” is intended to

nmean a non-aromati c nonoval ent, is nonocyclic or fused polycyclic, ring
structure having a total of from3 to 18 ring atons, o4 Reldfbdibobato 5
het er oat ons sel ected from nitrogen, oxygen, and sulfur. Illustrative

exanpl es of heterocycloallcyl groups include pyrrolidinyl, tetrahydrof

aryl, piperidinyl, piperazinyl, norpholinyl, thionmorpholinyl, aziridinyl,
and like groups. The term"aryl"™ means an aronmati c nonocyclic or fused

pol ycycli ¢ rimagmalconiprisiti di@imfidintothd - LAg carbon
atons (no het oatomsp.mi Exerrpl ary aryl ‘8%1213824‘1%?%3&“% gﬁgﬁ%&ﬁ%&w‘ﬂyl,
ant hr acenyl ,ogﬁr‘?ﬁmllhés i 9l ona phamacenticylly apceptatile balt, brodeuyd etiveanéraiita N
aromati ¢ mongvah el meBpocyclic or fused polycyclic, ring structure having
from4 to 18 ring atons, including from1l to 5 heteroatons selected from

ni trogen, oxygen, Thedctivityf off the lihVentive abdnte a€ SHIRIRS | ng%&ér groups
i ncl ude pg/rrol %sly hi enyl.,. oxazal yl, p%/razol yl, '_toﬁﬁsgfz)fgrqﬁ ur Fﬁa)ylbc .
pyridinyls pY¥ F‘ﬁf}?y, 19f eciitable methods kngwn of awddablé in theiancintinging by in

qui noxal i nyl vivaBgd béirbiKQys. A0 E s wamno group”. is intended to

mean the radical - NH2. and T oﬁgieéﬁgﬂg? fsa%glsf%bﬁ? ﬁ%ﬂ%ﬂn— éﬁ@ﬁ@&?ﬁéfl@ff?ﬂlﬁd& NH2

groups wher etha PadiReenzyme imibitiomassiy ddseribadydreigens is repl aced by a suitable

substituent. Disu i1 arA nes nay have = 30 substituents that are
bridging, i.e., f%@%‘g%g%rc’?c I F%ml}/quﬁgs Oy thet foprulanbit ILi oc | Wdesd ttheir

pharmaceutically acceptable prodrugs, salts, active metabolites, and solvates may be
10 performed according to any of the generally accepted modes of administration
available in the art. Hlustrative examples of suitable modes of administration include
- intravenous, oral, nasal, parenteral, topical, transdermal, and rectal delivery. Oral and
intravenous delivery are preferred.

An inventive agent may be administered as a pharmaceutical composition in
25 any pharmaceutical form recognizable to the skilled artisan as being suitable. Suitable
pharmaceutical forms include solid, semisolid, liquid, or Iyophilized formulations,
such as tablets, powders, capsules, suppositories, suspensions, liposomes, and aerosols.
Pharmaceutical compositions of the invention may also include suitable excipients,
diluents, vehicles, and carriers, as well as other pharmaceutically active agents

20  (including other PARP-inhibiting agents), depending upon the intended use.
Acceptable methods of preparing suitable pharmaceutical forms of the
compositions are generally known or may be routinely determined by those skilled in
the art. For example, pharmaceutical preparations may be prepared following
conventional techniques of the pharmaceutical chemist involving steps such as mixing,
25  granulating, and compressing when necessary for tablet forms, or mixing, filling, and
dissolving the ingredients as appropriate to give the desired products for intravenous,
oral, parenteral, topical, intravaginal, intranasal, intrabronchial, intraocular, intraaural,

~ and/or rectal administration,

Solid or liquid phannaceutica_lly acceptable carriers, diluents, vehicles, or
30 excipients may be employed in the pharmaceutical compositions. Hiustrative solid

carriers include starch, lactose, calcium sulphate dihydrate, terra alba, sucrose, tale,

20



am ne nitrogen. An "al kylam no group” is intended to mean the radica
NHRB, Wnereglz 24 Novenber 2003 Ra is an al kyl group. A "dial kyl am no
group” is intended to nmean the radical -NRBRb, where R and Rb are each

: . : : . T ded
i ndependently an al kyl group. The term "optionally sufsibidthd 2008 i nten
to iﬁdicate ¥hat the specified group is unsubstituted or substituted by
one or nore suitable substituents, unless the s optional substituents are
expressly specified, in which case the termindicates that the group is
unsubstituted or substituted with the specified substituents. Unless

i ndi cated oBHetiwpeating acagia, mpgnesingi ﬁmtn,gprﬁhﬁgﬁa asige mdbstraﬁlvegmqmuﬁfdrﬁers
unsubstitute i.OUS .. gr.ou defined.above may be generally .
unsubst it ut eglagflé Eﬁb‘é&;&fﬁ‘k{eodl ’% Y%B’,%’ §aﬁg§,s PE°'1'(5"§E1 e I'EthQi?!ﬂI ior 9{1@) \1/3\1 th
one or nore may imhide 5 sbigble! prohged-RRald) gateefall susty P??lytcbkgmnong{tﬁgﬁg :?%a be
substituent” Jis infended to nean any substituent of""a group By be
recogni zed ogly?eéﬁdﬁqt'iﬁr%%la@&eéﬂ 5 2 Wex.aWities adiquislicitrierds néedy the grepa@tibn ne

Lot Z5od FOBASREREA 0 bl b el AR TSl
e T oo st e, O L
or tertiary), c ar‘%?r’q%%,f)f &lgr}gqagg%euﬁcal composition contains at least a therapeutically
effective amount of a PARP-inhibiting agent (i.e., a compound of formula I, IL, or I,
or a pharmaceutically acceptable salt, prodrug, active metabolite, or solvate thereof),
10 and preferably contains one or more pharmacentical dosage units. The selected dose
may be administered to a mammal, for example, a human patient, in need of treatment
of a condition mediated by inhibition of PARP activity, by any known or suitable
method of administering the dose, including: topically, for example, as an ointment or
cream; orally; rectally, for example, as a éuppository, parenterally by injection; or
15 continuously by inﬁavaginal, intranasal, intrabronchial, intraanral, or intraocular
infusion. A "therapeugically effective amount"” is intended to mean the amount of an
agent that, when administered to a mammal in need thereof, is sufficient to effect
treatment for injury or disease condition mediated by inhibition of PARP activity. The
amount of a given agent of the invention that will be therapeutically effective will vary
20 depending upon factors such as the particular agent, the disease condition and the
severity thereof, the identity of the mammal in need thereof, which amount may be
routinely determined by artisans.
It wﬂ_I be appreciated that the actuat dosages of the PARP-inhibiting agents
used in the pharmaceutical compositions of this invention will be selected according to
25 the properties of the particular agent being used, the particular composition formulated,
the mode of administration and the particular site, and the host and condition being
treated. Optimal dosages for a given set of conditions can be ascertained by those
-skilled in the art using conventional dosage-determination tests.  For oral
administration, e.g., a dose that may be employed is from about 0.001 to about 1000
30 mg/kg body weight, with courses of treatment repeated at appropriate intervals.
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het eroaryl oxy, arylthio, heteroarylthio, and the |like (e.g., as illustrated
by the exenplary conpounds described herein). Preferred optional
substituents for alkyl and aryl groups in the conpounds of the invention

i nclude hal ogens and aryl groups. Substituted al kyl gspNBSerhb&iatde 20
perfluoro-substituted al kyls, and optional substituents for alkyl and aryl
noi eties include hal ogen; |ower alkyl optionally substituted by -OH -NH2,
or halogen; -OH -NX2; -CN, -C2H, O0-lower alkyl; aryl; -Oaryl;
aryl -1 ower al kyl; -OCHF2; -CF3; -0OCF3; -CO2Ra, -CONRRb, - OCH2CONRaRb,
-NRBRb, - SO2ByRthetigBecessttand Rb are each independently H, |ower alkyl, or

aryl; and the lik ‘%%P .eties may also be 25 optionally substituted by
two substituents 1&3??%[ 'gg{ﬁ‘%emﬁ(ﬂft@@mt@n-tﬂay(lﬁﬂmm&ized aherdingtd s an

i nteger of 1 theZsrofdssed dederil ol Se fraten nmean a conpound that is
convert ed undeEr2p physi.gﬁggﬁ:gﬁs‘ggsﬁa%l%%%ﬁ%gﬁg?%@{ﬂWW | Pgicesses.

met abol i cal |y, toGenembRiotdsed conpound that is pharnmaceutically active. 30-
An "active netabolite" is intended to nmean a pharmacol ogically active
product produced through netabolismgin & ﬁ body of a specjfdgsed conmpound.

Met abol i ¢ 13 g24Z. Nbvenher 2003, 0f%'a given co
identified usi l_|ni ques gen | Bawn TH— R/ |
2 N Rs
H
Q
Ia 2

Va
X
,FI"'
—
Sy G
U N R
RT
8
Y='<R1 R X ,Hz

In this process, an ortho-substituted-aniline (Ia) is alkylated to an N-substituted

intermediate (IIa), which can be further converted to cyclic ketone (IMfa). The ketone

(IlIa) can be transformed to a compound of formula I via alternative routes. When Qis

10 - a nitro group, it can be reduced to the corresponding amine and further used in a
reaction with an acid chloride to provide tricyclic ketone intermediate (IVa). Ring
expansion of (IVa) yields a tricyclic amide with formula I (Y =N, X = 0), which may

be further derivatized. A more preferred and alternative route for the conversion of a
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the art for determi ning. netabolites and assaying themfor their activity
using techniques such as those described bel ow. Prodrugs and active
net abolites of a conmpound nay be identified using routine s techniques
known in the art. See, e.g., Bertolini, G et al., J.o/MR8verkitsPoo340, 2011
2016 (1997); Shan, D. et al., J. Pharm Sci., 86 (7), 765-767;, Bagshawe K.,
Drug Dev. Res., 34, 220-230 (1995); Bodor, N., Advances in Drug Res., 13,
224- 331 (1984) Bundgaard, H., Design of Prodrugs (Elsevier Press 1985);
and Larsen De3|%E and Aﬁgllcatlon of Prodrugs, Drug Design and

& B

Devel oprent ?&P%@B@)éﬂd Noar Bi(Z =0, 3 inyolesidfirst poaforing. 1€ A8k B gansion
Publ i sh h tical l
Hoceptabl o soroa diefe MAmUALE ol '(?weé’ﬁﬁomﬁweﬁv?%ﬁpqu%%ami%”ﬁeﬁﬁ and

bi ol ogi cal etyolizationewith an Qicids Habride) MRRHAR, or f‘?@g@ﬁt |9sed %9 lf&% %Sur'r:‘?%l ude

conpounds of the I nyention in conbination with
et hanol , W fRymed may plse beafmhqrde:mmf;d oForemteﬁnaham(DE) is A

" phar maceyt | G,ﬁéd W Nt ende q,JTean. a s |t that retains
the bi ol ogi cal eflfgglgt v nessé@rlﬁgt%b&? rhgee‘é"él g eﬂ?géf%?c}aﬁocwwenc
speci fied codgbative @Vw) wienaQ is CHOWR],EIEN IS forthérYcohWbAaPIoSs (FXARR) egnof

phar maceuti cal | cce t abl alts include sulfates, pyrosulfates,

bi sul f at es, F'}/q t5ri’a§ sojhedurthes derdysbizedes, nonohydr ogenphosphat es,
di hydr ogenphospha(ti@fera]mcaﬁtpsphat es, pyr ophosphat es, 20 chlorides,
brom des, iodides, acetates, propi onat es, decanoates, capryl ates,

acryl ates, X R
COaH ’ N’ S
R‘—— | R‘-— | H" —':-' et | ~.><R
X — R®
H7
-]
Y=<R1a
I I
10
Under this reaction scheme, an indoline (Ib) is alkylated to the N-substituted
intermediate (IIb), which is further converted to tricyclic ketone (llb). The tricyclic
ketone (MIb) is exposed to conditions for ring expansion and oxidized to yield
compounds of formula I (Y = CH), which may be further derivatized,
15 General Process C
[o} X ]
) 7 or R® {
n‘—- i Fiﬁ'rn o W i NH g o | N g5
W, N HB e S, ::' :l‘s
NO, R or R Raﬂ
Ic e Y-'—-<H1
/ Ve 1
/ o \ -
] = R®
SN “‘_gr:%m
NO» H ! R
HSN—QZ R

In this process, a nitro-anthranilic acid (Ic) or nitro-isotoic anhydride (Ic) is
transformed to an intermediate amino acylbenzamide (fic). This intermediate is
20 further transformed to the ortho-nitro cyclic imine (IVc). The imine and nitro

functionalities are concomitantly reduced followed by cyclization with an acid
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formates, i.sobutyrates, caproates, heptanoates, propiolates, oxalates,

mal onat es, succinates, suberates, sebacates, fumarates, nal eates,

but yne- 1, 4-di oat es, hexyne-1, 6- dioates, benzoates, chlorobenzoates,

nmet hyl benzoat es, dinitrobenzoates, hydroxybenzoates, nethoxybenzoates,
pht hal at es, sul fonates, xylenesul fonates, 25 phenyl acet Mewmber 2003

phenyl propi onat es, phenyl butyrates, citrates, lactates, y-

hydr oxybut yrat es, glycollates, tartrates, nethanesul fonates,

propanesul fonates, napht hal ene-1-sul fonates, napht hal ene-2-sul fonates, and
mandel at es. dhloriie, dldstede,i ot eeR@APREAdo fSmPa BASCor tﬁio@?éi::yfiagmﬁ%ﬁ A

pr epar ed bysfa% sui.tabl e _nmethod known in the art, 1 ncludiRg treatnent of
the free baderple h{(Y 5N) Bdl ZmPyShi ¢ acid, such as hydrochloric acid,
hydr obrom ¢ aci d,G&g}ajg&%sgi d, nitric acid, 14 24 Novenber 2003

phosphoric acid, an , or with an organic acid, such as acetic

Y=

acid, maleic acid,_  succinic acid, mandelic acidy funaric acid, myopgic -

acid, pyruvigra 802 oxal i c agi e colic acg ascylic acig N g )

pyranosi dyl adkd~gych as—gl ucurgig aci-d-or gl »t_%gni c—acift— | 5

al pha- hydr oxy i d such as citrig acid or tartlarircktd&ci d; am no aci ch as
or

aspartic s aci L or glutam c acid; aromatic acid such as benzoic ac
cinnam ¢ acid; ‘Sulfonic acid slch as p-tol uen.esgé_ltj oni e~acid or
et hanesul fonic acid; or the like. If an inventiv cobrrpoun is an acid, a

desired salt may be prepared by any X R
R N
. N
R"N b4

Compounds of formulaI (Y = N)or II (Z = O, S) can aiso be prepared via an
alternative route from intermediate Va (Q = NOy). Nitro-anthranilic acid (Ic) is first
converted to nitro-benzoic acid ester (Id), where X is a halide or an appropriate leaving
group, followed by cyclization to Va with an appropriate ethylenediamine.

10 More particularly, the following reaction schemes are useful in the preparation
of the illustrated compounds of the invention.
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suitabl e method known in the art, including treatnent of the free acid with
an inorganic or organic base, such as an am ne (primary, secondary, or
tertiary), an alkali netal or to alkaline earth metal hydroxide, or the
like. Illustrative exanples of suitable salts |nclud'¢ or g@nlé 8 I'ts
derived fromam no acids such as glycine and arginin 0 grlnary,
secondary, and tertiary am nes; and cyclic am nes, such as pi peri di ne,

nor phol i ne, and pi perazine; as well as inorganic salts derived from sodi um
cal cium potassiunh nagnesiunl manganese, iron, copper, zinc, alumnum and
is lithium Int of conpounds, salts, or solvates that are solids,

it is understood by those skilled in the art that the inventive compounds

salts, and so may exi d £ er ent aI icke or pott forns,
al’l of which ar t emded™to th| n—tire~ the—pr€sennvnti on
and specified for “ﬁ*s 20 In cases, the i e',‘ntl ve compoundy Wil have
chiral centers. chiral cél grs are presen d’;he |nvent| ve &'%r}pounds
may exi st as Ssi ngI e st er eoi somers racemat es, an S of

enanti omers and/ or diastereoners. Al such si ngl e e0| Soners,

racemat es, and m xtures thereof are intended e wthin the broady scope
of the generic structural formul ae (unl ot herw ge i ndicated).

Preferably, 25 ho gver, the igventijye compounds ar uSed in gasenti
optical ly pure (as__ggﬂermder st ood je m&@)art
an optically p gonmpound is o t

= o

3
g A G E

/ \

=( H

In this scheme, 2-nitroaniline A (R* = H, F) is N-alkylated with acrylonitrile to
s yield B. The nitrile group of B is hydrolyzed to carboxylic acid C, which is subjected
to Friedel-Craft-type intramolecular cyclization conditions to form ketone D. Nitro-
ketone D is reduced to the diamino-ketone G, which undergoes cyclization to H R =
aryl, alkyl) when exposed to an acid chloride or aldehyde. Tricyclic ketone H can be
transformed via a Schmidi-type reaction with NaN; and acid to tricyclic lactam I
10 Alternatively and preferable, nitro-ketone D is first transformed to tricylic lactam E via
the Schmidt reaction, reduced to diamino-lactam F, and further exposed to an acid
chloride, aldehyde, CS, thiophosgene, thiocarbonyl diimidazole or equivalent reagént
to form I R' = aryl, alkyl, SH). Diamino-lactam F may also be converted to tricyclic
lactam J when exposed to phosgene, carbonyl diimidazole or equivalent reagent. In all

15 cases, ] may be optibnal]y modified at R'.
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Is enantionmerically pure). Preferably, the conmpounds of the invention are
at least 90% of the desired single isonmer (80% enantioneric excess), nore
preferably at |east 95% (90%e.e.), even nore preferably at |east 97.5%
(95% e.e.), and nost preferably at least 30 99% (98%e,e.)., 1 -
Novenber 2003 The tautomeric forms of the conpounds c#fFBY%WP%TEO%ére al so

I ntended to be covered by the depicted general fornula. For exanple, when
R is OHor SHand Yis N, the tautoneric fornms of forrmula | are

avai l able. Preferred R groups for conpounds of formula | include
unsubsti tut ed, noScheme bndAitirastiveRoutetodntermiediatéRd bet eroaryl groups; and
al kyl groups unsubstituted or substituted with optionally substitut ed aryl
or heteroarylnwgroups. Al'so preferred are conpounds wherein R,

where R12 is a R21, 78 O) " RLE, e BCR16 i s 'T—I NFand
nis 0, 1, or SUkfue- at artdally o Iy oxidize i>s
preferably H or were al kyl. R4 | s eferably H dr FKal ogen. R5, R7,

and Rs are each p ferably H or "h optionally suM8tituted al kyl o?’°2acyl
group. In other eferred enbodi nents of the formula L R is optionally
substituted aryl or heteroaryl ;“hZ is H R4 is M%r halogen; R5, RE, R7,
and Rs are each H and X is oxygen.

In this scheme, 3-nitroanthranilic acid Z (R*’ = H) is converted to methyl ester

s FF®* =H). Diazotization of the amino group of FF R* = H) and halogenation

transforms it into bromide GG (R® = H). The cyclic lactam E (R® = H) is formed by
displacement of the bromide and subsequent cyclization ﬁim ethylene diamine.

Scheme 2:

PTG — g —

10
Here, 2-iodoaniline K is N-alkylated with f-propiolactone to yield L, which is

subjected to Friedel-Craft-type intramolecular cyclization conditions to form ketone M.
odo-ketone M is transformed to iodo-lactamn N via a Schmidt-type reaction with NaNs

and acid. Intermediate N is converted to the corresponding substituted acetylene O,

15 where R! is aryl, alkyl, H or —Si(alkyl)s, using a metal-catalyzed reaction, typically
employing both palladium and copper(l). Tricyclic lactam P is formed by further

exposing acetylene O to a metal-catalyzed reaction, typically using palladium. P is
optionally modified at R' and R'°,
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In other preferred enbodi nents of fornula |, R is OHor SH and Y is N
Is Mre preferably, such conpounds are the tautoners of fornula I

represented by formula Il, where Zis O or S, RO is Hor alkyl, and all
ot her vari abl es have the definitions given above: N %E-R6 Inégbgferred
embodi nents of formula |1, R2 and RO are each i ndepentENPY§MRe" 20

methyl, R4 is Hor halogen, R5, R6, if, and Rs are each H, and X i s oxygen.
In further preferred enbodi nents, the PARP-inhibiting conmpounds are
represented by fornula Il1l: H N R31 R4 16 24- Novenber 2003 wherein: Y is

as defined above; SBiEmé ® an aryl or heteroaryl group unsubstituted or
substituted with one or nore

55— — 5 — @3

Q R 8

o . . o o _
, NIH N’H H Q@
N
BY ~ g X n‘°-_ =
P X w

v

In this scheme, indoline Q is N-alkylated with acrylonitrile to yield R. The

s  nitrile group of R is hydrolyzed to carboxylic acid S, which is subjected to Friedel-

Craft-type intramolgcular cyclization conditions to form ketone T. Tricyclic ketone T

is exposed to Schmidt-type ring-expansion reaction conditions with NaN 3 and acid to

form tricyclic lactam U. Intermediate U is oxidized to produce V, which can then be

_ further modified. For example, V can be halogenated or formylated to W, where R!® =

10 L CHO. In all cases W is optionally modified at R'Y. Product W may also be

halogenated to product X, where the formula variable X is iodine. Product X can be

transformed via a metal-catalyzed reaction (typically with palladinm as catalyst) into a

number of different tricyclic lactams P where R is aryl, etc. P may be optionally
modified at R and R',
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substituents sel ected from hal ogen, hydroxy, nitro, and am no, and al kyl,
aryl, s heteroaryl, alkoxy, aryloxy, and heteroaryl oxy groups
unsubstituted or substituted with one or nore substituents sel ected from
hal ogen, hydroxy, |ower al koxy, cyano, nitro, and amnhgQ; qmg is H or
hal.ogen. In preferred enbodi ments of fornula |11, ngk?§0%%n053§§3

di -substituted phenyl. 10 Preferred species of the invention include: 0 NH

F; O H17 24- Novenber 2003 NNC ; and O Especially preferred species are
described in the Exanples as Exanples 2,6,8, s 14, 34, 37, 58, 59, 75, 82,
98, 99, 119, 129,Schemed132 134, 137, 141, 142, 148, 149,

o 0 H 2«
L o ___ o "/Yo R4 o o ) -
H —_— :
ne o T ”"‘2 N‘Z""
NO; HEA .
z Ne

NO, NG; A o e
cC
IH
N

AA BB
v&(ﬂz R H»—(H% R’
"’ O
DD
In this scheme, 3-nitroanthranilic acid Z RY = H) is converted sequentially to

5  intermediate amide AA and cyclic imine BB, which are usually not isolated, but further
subjected to hydrogenation to form cyclic diamino-lactam CC where R” or R? is H,
alkyl, or aryl. When CC (qne of R” and R® must be H) is further exposed to an acid
chloride, aldehyde, CS,, thiophosgene, thiocarbonyl diimidazole or equivalent reagent,
tricyclic lactam DD is formed (R = aryl, alkyl, SH; R” or R® = H, alkyl, or aryl.).

10 Diamino-lactam CC may also be converted to tricyclic lactam EE when exposed to
phosgene, carbonyl diimidazole or equivalent reagent. In all cases DD and EE are
optionally modified at R', R”, and/or RS,

Examples
The invention is further iltustrated by reference to the following specific

15 examples. Unless otherwise indicated, all percentages and parts are by weight, and all
temperatures are in degrees Celsius. In the following examples, the structures of the
compounds were confirmed by one or more of the following: proton magnetic
resonance spectroscopy, infrared spectroscopy, elemental microanalysis, mass

~ Spectrometry, thin layer chromatography, high performance liquid chromatography,

20 and melting point.

Proton magnetic resonance (1H NMR) spectra were determined using a 300
megahertz Tech-Mag, Bruker Avance 300DPX, or Bruker Avance 500 DRX
Spectrometer operating at a field strength of 300 or 500 megahertz (MHz). Chemical
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170, 171, 177, 184, 186, 197, 203, 207, 210, 211, 212, 223, 233, 245 and
246. Pharmaceutical Methods and Conpositions: The invention is al so
directed to a nethod of inhibiting PARP enzyne activity, to conprising
contacting the enzyne with an effective anount of a Cﬂﬂﬁ8§gﬁbéﬁ2059r”“|a I,
1, or 111, or a pharmaceutically acceptable salt, prodrug, active

met abolite, or solvate thereof (collectively, "agents"). For exanple, PARP
activity may be inhibited in manmalian tissue by adm ni stering such an
agent. "Treating" or "treatnent" is intended to nean nitigating or

al | evi ati ng ashiftsnjarer yeportsd Gih i SRIEN Ghprh O'F) | dovihn BRI MR : a
human, that is nedi at epd by thga:ftn?ieﬁi tion ‘1%1]5: P?I!{P&act I VI ty,ms%gﬁ&ggﬁ%y

pot ent i ati on teframethylsitanstendart ehlagrnstivety; 1 HINWVIRI $pe@ife Wire réreRnOLdAY irSsidual
consequent torﬁtroged theaa(ii trgﬂma,_ @‘f neur odegener ati ve di seases. Types
of -treat ment FTRET tRALER: pignats,as ollgwsy (HCI3 = %26, am; PMS@an?a® ppmaleHBsI=ar | y
when the ma | s Oy | havi ng .t he di sea condi tion
Ut ot yet 20 i pOR TR ALEHRRRRAL: o sreiealen e GbEned =
condi ti on;s arrdublet ¢tdoukletsoy i=atiplen q & quardtObe- Bfoali Resdfirice; 2id N nilHRAS S

condition. 18-24..Novenber 2003 The jnvention al so provides therapeutic
i nterventi on?%%BP%ﬁ?‘?sgﬁng R glyedeiasHerty (Hr)nj Infipreg: ahsemtinn TR sparma averd vi ty

i s del et eri oubtdigedasingta FRAta-Eifér 190 W& orlaidab %&fon FTIR spectrometer.
Elemental microanalyses were performed by Atlantic Microlab Inc. (Norcross, GA) or
Galbraith Laboratories (Nashville, TN), and gave results for the elements stated within

10 20.4% of the theoretical valﬁes. Flash column chromatography was performed using
_ Silica gel 60 (Merck Art 9385). Analytical thin layer chromatography (TLC) was
performed using precoated sheets of Silica 60 F254 (Merck Art 5719). Analytical
HPLC was performed using 2 Hewlett Packard (HP) Series 1100 Quaternary system,
equipped with an HP 1100 variable wavelength detector set at 254 nm; sensitivity 0.02

1s  to 50 AUFS. A Pheomenex Prodigy 5 ODS (3) columin (250 mm x 4.6 mm; 5 pm)
was used. Typically, a gradient mobile phase starting with 90% H,0 with 0.1% TFA,

10% CH;CN with 0.1% TFA up to 20 minutes (min), then 35% H,0 with 0.1% TFA,

65% CH;CN with 0.1% TFA up to 25 min, then 10% H,O with 0.1% TFA, 90%
CH3CN with 0.1% TFA thereafter was used. Flow rate = 1 mL/min. Preparative

20 HPLC was performed using a Gilson Model 806 Manometric module, equipped with a
Gilson 811c dynamic mixer, two Gilson Model 306 pumps, a Gilson 215 liquid
handler, and a Gilson Model 119 UV/visible detector set at 214 or 220 and 254 nrm;
sensitivity 0.02 to 50 AUFS. A Metasil AQ C18 column (250 mm x 212 mm; 10 pum)

was used. Typically a gradient mobile phase, starting with 90% H,O with 0.1% TFA,

25 10% CH;CN with 0.1% TFA up to 2 min, then reaching 35% H,0 with 0.1% TFA,
65% CH3CN with 0.1% TFA after 22 min or 90% 0.1M NH4OAc, 10% CH;CN up to

2 min, then reaching 100% CH5CN after 22 min, was used. Flow rate = 25 ml/min.
Melting points (mp) were determined on a MelTemp apparatus and are uncorrected.

All reactions were performed in septum-sealed flasks under a slight positive pressure

30 of argon, unless otherwise noted. All commercial solvents were reagent-grade or

better and used as supplied.
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compounds of the invention are useful for treating cancer, inflammtion,
the effects of heart attack, stroke, head trauna and neurodegenerative

di sease, and di abetes. s One treatnent nethod involves inproving the
effectiveness of a cytotoxic drug and/or rad'0thera9¥kﬁ9ﬂ&ﬂ%§bﬁb§d to a
manmal in the course of therapeutic treatnent conprising admnrstering to
the mammal an effective anmount of a PARP-inhibiting agent (conpound,
pharmaceutically acceptable salt, prodrug, active netabolite, or solvate)
in conjunction with adm nistration of the cytotoxic drug (e.g., topotecan,

to irinotecan, termedoiioiag)abbRsadbng ﬁ@* 8t h&@édaﬂéfemT*}.ﬁaéQﬁi[%@l {iherﬁ EmE

I nvention pref erably have a cytotoxicily potentiatio

cor r espondi ngNisdisngting roamideda MMSOh edimdthilsulfhede)c M@HX(&tﬁa\fmgOtﬁm{ ation

assay. The P | so be advantageously uséd in a -
met hod for gga%mﬂ?%‘ R%Pgl% #"f‘*)%g E@E’ﬁ‘foft”@ﬂbt*‘r‘-‘ofgaeﬂtylhédd (methyhaEt and
neurodegenera(ethymand?hc(pmges in a mammal by adm nistering a

t her apeuti cal effectlve am)unt of an inventive agent to the nmanmal. The
PARP- i nhi Bi t iS¥8mRIgek:t L-Phe A7 Yatrigdadenief cdlagaden-6one Met hod f or
del ayi ng the onset of ceII senescence ass00| at ed with skin aging in a

human, conpr i ng adm nistering to gfbroblast cells i Jhe human an
ef fective PAHP-ijphi bictiorgn 20 f ofad80e Fus zd t he a y
al so be used NPt AgidereOr SRRy PIVESHYEI ¢ 5’0 2
Triton B,79% H 95% 70-80°C, 85% N
NO; NO, No, H
a b ¢
o) [a) Q /H
1) 10%PAC, Hy, N
THF, MeOH, 02% _ 1,50, BOH NaNo, MeSO —)
2) PhCOC), pyr., T N

Iz

2 refiux, 77% N °C, 5%
»59% Ph\n,NH N=
o d e

(a) Intermediate a - 3—(2-Nitrophenylamino)-propionitrile (Maryanoff et al., J.
Med. Chem. 38, 16 (1995)):
10 2-Nitroaniline (22.4 g, 159 mmol) was dissolved in 1,4-dioxane (160 mlL),
Acrylonitrile (12.68 mL, 190 mmol) was added to the reaction flask followed by 0.50
mL of benzyltrimethylammonium hydroxide, 40 wt. % solution in methanol (Triton
B). The slightly exothermic reaction was allowed to stir for | hour (h), after which the
solvent was removed in vacuo. The crude solid was triturated with Et,0 to remove
15 some of the dark color. The product was recrystallized with EtOAc to give 24.07 g
(79% yield) of an orange solid: mp = 112-115°C (Lit. 109-112°C (Kamenka &t al., J,
Heterocycl. Chem. 10, 459 (1973); German Patent Publication DE 2056215)); Rf =
0.18 (30% EtOAc/hexanes); 'H NMR (CDCI3) & 2.77 (t, 2H, J = 7.0 Hz), 3.76 (q, 2H,
J = 6.8 Hz), 6.78-6.81 (m, 1H), 6.88 (d, 1H, J = 8.5 Hz), 7.52-7.55 (m, 1H), 8.21 (br,
20 1H),8.25 (dd, 1H, J=8.6, 1.5 Hz).
(b) Intermediate b - 3-(2-Nitrophenylamino)-propionic acid (Kamenka et al., J.
Heterocycl.Chem. 10, 459 (1973)):
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devel opment of insulin-dependent diabetes nellitus in a susceptible

I ndi vidual, conprising admnistering a therapeutically effective anmount of
an agent. Additionally, the agents may al so be enployed in a nethod for
treating an 25 inflammatory condition in a mamal, COMLSHES 200

adm nistering a therapeutically effective anount of an agent t ?he
mammal . Moreover, the agents may al so be used in a nethod for treating
cardi ovascul ar disease in a mammal, conprising adm nistering to the nmanmal
a therapeutically effective amobunt of a PARP-inhibiting agent. Mre
particularly, a tHHeNtwpheayBtnino)mopieniriloa @645 e 1380V nthesl) Wys lsolpdesent

i ti iS. i | ti t hod f t ti i t
oenr ai ol SERERE GEREL Ao SR ot Mol oS e was Rdsd e mogepn
maimmal ,  conphhikhig vae FeMixed ¢6d N9 H OThOBIORIWAL rédibvel f %éu‘ée%‘gcg@gf}{ssi&ﬁe a

conpound of formula I, 11, or II'l or a pharmaceutical 'y at bl'e salt,
prodrug, actiWas ¢issodvsd|intld;0 apd agidified: o a ipb ed¥-3 withe 1085t HCL t Thofretulting

the. sui t aBi o BRETniBs YR BleS PR vabrL Rt Hackdng Bl cremight made ey vo
moasurerent s | P e R B gt 8 2 Baasat b FH K< i =
144-145 °C);‘ TH NMR (CDCls) 8 2.81 (t, 2H, J = 6.7 Hz), 3.69-3.72 (m, 2H), 6.70-
6.73 (m, 1H), 6.91 (d, 1H, J = 8.6 Hz), 7.48-7.51 (m, 1H), 8.21 (dd, 1H, /=86, 1.5
Hz).
10 (c) Intermediate ¢ - 8-Nitro-2,3-dihydro-1H-quinolin-4-one (Kamenka et al., J.
Heterocycl.Chem. 10, 459 (1973)):
3-(2-Nitrophenylamino)-propionic acid b (26.89 g, 127.93 mmol) was added
into a flask containing stirred Eaton’s Reagent (P2Os, 7.5 wt.% in methanesulfonic
acid) (562 g, 375 mL). The reaction mixture was heated to 70-80°C for 1.5 h, then
15 cooled to ambient temperature, after which ice was added. The product was extracted
_ with EtOAc, and the organic phase was washed with H,O and brine, dried MgSO0y),
and concentrated. The residue was dissolved in hot benzene and filtered through paper
to remove some white solids. The volume of solvent was reduced until the product
began to crystallize. The solids were filtered and washed with Et;0, yielding 1141 g
20 (46%): mp = 150-152 °C (Lit. = 144-145 °C); Rf = 0.26 (30% EtOActhexanes); 1H
NMR (CDCl3) §2.83 (t, 2H, J = 7.0 Hz), 3.80-3.85 ’(m. 2H), 6.76-6.81 (m, 1H), 8.21-
8.24 (m, 1H), 8.35 (br, 1H), 8.41 (dd, 1H, J = 8.4, 1.5 Hz).
(d) Intermediate d - N-(4-Ox0-1,2,3,4-tetrahydroquinolin-8-ylybenzamide:
8-Nitro-2,3-dihydro-1H-quinolin-4-one ¢ (0.39 g, 2.05 mmol) was dissolved in
2s  THF (5 mL) and MeOH (13 mL) and placed under an argon atmosphere, To this
solution 10% Pd/C (0.06 g) was added, and the flask was evacuated and placed twice
under a hydrogen atmosphere. The reaction mixture was stirred at ambient termperature
overnight. The catalyst was filtered off, and the solvent removed in vacuo. The residue
was dissolved in 1,4-dioxane (15 mL) and a solution of 4M HCl/dioxane (1.07 mL)

30  was added and stirred for 5 min. The solvent was removed in vacuo, and the residunal
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Adm ni stration of the conpounds of the forrmula I, Il, or IIl and their
phar maceutical |y acceptabl e prodrugs, salts, active netabolites, and
solvates may be 10 performed according to any of the generally accepted

nodes of administration available in the art. |11 ust rfiﬁéf@qn%@%bﬁs of
sui tabl e nbdes of adnministration include intravenous, oral, nasal,

parenteral, topical, transdermal, and rectal delivery. Oral and
i ntravenous delivery are preferred. An inventive agent nay be adm ni stered
as a pharmaceutical conposition in is any pharnaceutical formrecognizable

to the skill edlidytingaed a6t FiO0 THs sahdOwerS it | cal. forms
i nclude solid, semsolid, | iiqui d, orS I yop%i Ilﬂlhtzge ?&%?%E‘!ﬁl ad?&hoﬁ%gs
tabl ets, powdirQto giveQds 8492%) efpbs dinminedsicrmedige,RehioNvas hiel WHEBREfurBEd

aerosols. Pharpaceuti.cal,. cq |tions of the invention may al so include
sui tabl e excip gﬁ%?,n' |dmg£?0s‘iﬂeg" L.7&mmolwasdissolveddn pasidinel® miy, andher
phar maceut i c d-disheth§ianMEopFESRE $0. ' i ARP- i nhi bi ti,ng.
agents), dependi ﬁg@upon p?ﬁe i E(t)g% ’e%w]ufs;ﬁeﬂ.%A"g%e%?g%foelgm RS%&“’@V}‘H{}%?J@S’H ng
sui tabl e pha¥rédeli da?4 mreR offhe Hreactivanpiistnte oas airedgeRehBh Yat RGN O

S i L i e
or anl &t . ga0gcooTerng-ven pertacars por SRR i 2
filling, and SFQQS‘%PH@WH@SSC’H@J&C&@&,gglvafp?pcd)mthatae:rtand biine folkevedesi r ed

products for py Hiay e98UMeS0,. Filtration and removal of solvent gave the crude product,

10 which was purified by flash silica gel chromatography (30-70% EtOAc/hexanes)

vielding 0.28 g (59%) of a gold-colored solid. A small analytical sample was

recrystallized (MeOH/EtOAc): mp = 232-234 °C; Rf = 0.13 (50% EtOAc/hexanes);

IR(KBr) 1657, 1607, 1516 eml; IH NMR (DMSO-dg)
82.51-2.59 (m, 2H), 3.44-3.49 (m, 2H), 6.42 (br, 1H), 6.63-6.68 (m, 1H), 7.34-7.37
s (m, 1H), 7.50-7.63 (m, 4H), 8.02-8.05 (m, 2H), 9.72 (s, IH) LRMS (M+H) 267.
(e) Intermediate e — 2-Phenyl-4,5 -dihydro-imidazo-[4,5,1-iflquinolin-6-one:
Anilide intermediate d (0.032 g, 0.12 mmol) was dissolved in EtOH (2.5 mL).
Concentrated H,S0, (0.13 mL) was added, and the reaction mixture was stirred at
reflux for 45 min. The mixture was poured into an EtOAc/sat. NaHCO; solution. The
20  organic phase was separated and washed with Hz20 and brine, dried over MgSO,,
filtered and concentrated in vacuo. The residue was purified by flash silica gel
chromatography (3-10% EtOAc/hexanes) to give 0.23 g (77%) of a white solid: mp =
114-118 °C; Rf = 0.16 (30% EtOAc/hexanes); IR(KBr) 1690, 1609, 1457 cm1; 1H
NMR (DMSO-dg) & 3.10 (t, 2H, J = 6.9 Hz), 4.78 (t, 2H, J = 6.9 Hz), 7.36-7.38 (m,
25 1H),7.58-7.61 (m, 4H), 7.96-7.98 (m, 3H). LRMS (M) 248,
(f) Preparation of title compound:
_ Methanesulfonic acid (5 mL) was added to a fiask containing intermediate e
(0.14 g, 0.55 mmol) at 0°C. The ice bath was removed, and NaN3 (0.05 g, 0.72 mmol)
was added portionwise while carefully keeping nitrogen gas evolution under control.

30 The reaction mixture was stirred at 1t for 1 h, at which time it was poured onto ice.
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oral, parenteral, topical, intravaginal, intranasal, 4 ntrabronchi al

I ntraocular, intraaural, and/or rectal admnistration. Solid or liquid
pharmaceutically acceptable carriers, diluents, vehicles, or 30 excipients
may be enpl oyed in the pharmaceutical conpositions. '%igﬁ&%ﬁ%éﬂﬁ%o§°'id
carriers include starch, |actose, calciumsul phate dihydrate, terra al ba,
sucrose, talc, 20 24-Novenber 2003 gelatin, pectin, acacia, nmagnesi um
stearate, and stearic acid. Illustrative liquid carriers include syrup,
peanut oil, olive oil, saline solution, and water. The carrier or diluent

may i ncl ude é[hgmﬂ‘ffﬁh@sqynl o dmédeught meﬁsf:wmthtle%i ﬁi_ustr)]&l{ﬁti) ngo%\,:h Ff‘ﬁsbi’ﬂlduct »
nonost ear at e Or C i stea ,. al.one or, wth a wax. en a |iqui
carrier is use ,exgﬁéée%ﬁ%ﬁa?ﬂ?ﬁ gﬁi’gtﬁ’és‘r" the organie dayers, werefcombinad and drfedxi r
erul si on, sof bhd teARRhewasteidve & THY QU] 0

sol ution), "or gsﬁ?ra\aqueous or aqueegfjdglei@i%ﬁséﬁcglggﬁg%ﬁ& gygl%%lgs%lfaﬁﬂe

phar maceut i cghrogwtagmphy (Bh75% EtQAckerdnet)aa give . 10361 @Y lof & WHit soBES fifp i ve
anount of a PARP-inhibiti ng'géent (i.e., a conmpound of formula I, 11, or
I1i, or & panecd G BarUi3@8&k @i ehexahds); IRrEBr)tE61atdT/anttetHNNRt €, or

sol vate ther, i ferahly contains one or nore pharnmaceuti cal

dosage units fﬂ%g 'gé Ibgggzéggggg Iy i HDs 7 StekB T .ol Fimdsat 7,60 Gu,

exanpl e, a hgggny pakicgNt, A of;¢f reat 0 ondi,tj o diated by

Cnoibi £ on of AT @’?t@m %g@’gﬁy 1 o2 Yy, Dl S8 P T NS
263.1059 M), found 263.1068. Anal. (C16H3N30) C, H, N.

-dihydro-7H-2.7 9a-triaza-benzolcdiazulen-6-one

o)
NH
NalN3, MeSOgH 10%P/C, Hy,
<40 °C, 86% N ACOHEIOA,
87%
L Nop P
c _ f
: Q
o
' NH
NH
4-F-Ph-COC), pyr.
M, 3days 83% N
N, N
g
F

(a) Intermediate f — 9-Nitro-1 »4,3,4~tetrahydro-benzo{e][1,4]diazepin-5-one
Intermediate c, 8-nitro-2,3-dihydro-1H-quinolin-4-one (1.96 g, 10.2 mmol),
was added portionwise to a flask containing stirred methanesulfonic acid (50 ml),
15 while keeping the temperature below 40°C with a water bath. NaNj (0.86 g, 13.24
mmol) was carefully added in small portions, maintaining the temﬁerature below 40°C
and keeping the nitrogen gas evolution under control. The reaction mixture was stirred
© atrtan additional 1 h and then poured onto ice. The pH of the mixture was adjusted to
10 with 10% aq NaOH, and the resulting solids were filtered off and washed with H,0
20 to give 1.46 g of crude product. The aqueous phase was extracted twice with EtOAc,
and the organic layers were combined, dried (MgSQy) and filtered, and the solvent was
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met hod of admi nistering the dose, including: topically, for exanple, as an
ointnment or «cream orally; rectally, for exanple, as a suppository;
parenterally by injection; or 2.s continuously by intravaginal, intranasal,
i ntrabronchial, intraaural, or intraocular infusion. ! ically
effective anount” is intended to nmean the anount of a%£N88%ﬁ§a?ﬁ§§ when
adm nistered to a mammal in need thereof, is sufficient to effect
treatnment for injury or disease condition nediated by inhibition of PARP
activity. The anmpount of a given agent of the invention that will be
t her apeut i calrtmovstifte prawide an ddditions}0.20g deBRAE Eféﬂu&??ﬂe &ﬁﬁﬁiﬂ%@mﬁé&;ﬁﬁ 9 t he

e : e

severity thereo

particul ar agenk,,th | sease_condition and t
i dentity of E’H‘&&%ﬁ%ﬁﬁqﬁ Hliciegel chrpmatestaphy(A0Gh EOme/CH I o lnive 1080U% (365

determned b ' sl t Wil Ry ecj hat the actual dosages of o
Uhe. PARP. 1 b Pragssid e Laog S BHAThT) ok BO e BR kPOI6%! (i s

par 1 cul ar | acep TREFLET: 2 NHRIDRE ot 5384 05 Rty 561 A, 2FB06.72 he
node of aslm BI7St(h U HYB. ERel 14 (R, PAY, RiopW & % ,il ,s_gg?scgﬁgi $&s}{§sﬁgﬂ rﬁ@{é]&l tion

being treated. Optinal dosages for a givén set
ascertai ned By*) Ak eAnalkiQoHeN;04) O, BENart usi ng convent i onal

dosage-determ natigﬁ] tests. For oral admnistration, e.g., a dose that may

be enployed is fr GPMPOWWL to about 1000 30 my/ kg body weight, with
courses of treat Mgt ar ePRAT eflaal  BBRIOPHGhRalall °F ) S22 3 4 tomrahydro.
penzo{e][l,4]diazepin-5-one (3.0 g, 14 mmol), was dissolved in EtOAc (70 ml) and
10 glacial acetic acid (30 mL). To this solution was added 10% Pd/C (0.60 g) and the
reaction mixture was placed in a Parr hydrogenation apparatus under a hydrogen
atmosphere at 50 psi. After shaking for 12 h, the catalyst was filtered off and washed
with AcOH and EtOAc. Solvents were removed under vacuum. EtOAc was added to
the residue and the product precipitated. The solids were washed with EtOAc. A
15 second crop was obtained from the EtOAc washes. The resulting solids were filtered
and dried to give 2.24 g (87%) of the intermediate diamine g (S-amino-1,2,3-
ten'ahydro—benzo[e}[l,4]diazepin-5-one) as a brown solid, which was used without
further purification. The diamine g (0.22 g, 1.27 mmol) was dissolved in pyridine (7
mL), and 4-fluorobenzoyl chloride (0.17 mL, 1.40 mmol) was added. The reaction
20  mixture was stirred at rt for 3 days, at which time the solvent was removed in vacuo.
The resultant residue was subjected to flash silica gel chromatography (60-90%
EtOAc/hexanes) to give 0.12 g (33%) of a white solid: mp = 264-266 °C; Rf = 0.13

(90% EtOAc/hexanes); IR (KBr) 1653, 1601, 1480, 1223 cm-l; TH NMR (DMSO0-dy)
8 3.52-3.53 (m, 2H), 4.43-4.44 (m, 2H), 7.34-7.37 (m, 1H), 7.41-7.44 (m, 2H), 7.86-

25 7.93 (m, 4H), 844 (t, 1H, J = 5.6 Hz). HRMS calcd for CycH,;N:OF 281.0964 M),
found 281.0963. Anal. (Cy6H;;N50F) C, H, N.
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24 Novenber 2003 Synthetic Processes: The PARP-inhibiti ngdagen_t Eegf bfalhgw

I nvention may be synthesi zed accordi ng ][O rgggsgregcességﬁerglsclralr ped Del i’s
the one of the follow ng general p : _ S /

SNllflghV\zs\ Ba MM RL1s R4 1In t_hi S process, an prtho-%ﬁeg\;ﬁﬁgr%%ggzl lb:ane

(1a) is alkylated to an N-substituted internediate ( ) |cn o

further converted to cyclic ketone (I\/a)..The ketone. (li a% ca Wen Oi's to

transforned to a conpound of fornmula | via alternative routes.

. Preparation of Intermediate f: : . :
used in a
y 4 1) SOC Me
NH,  2) MeOH,DCM NH
' 02 NO2
a‘l
(¢) Intermediate a’ - 2-Amino-3-nitro-benzoic acid methyl ester:
5 2-Amino-3-nitro-benzoic acid (6.30 g, 34.6 mmol) was converted to the

corresponding acid chloride by refluxing in neat thioﬁyl chloride. Afier removal of
excess thionyl chloride and drying under vacuum, the crude acid chloride was
suspended in 100 mL of CH,Cl, and cooled to 0 °C. A solution of 20 mL of MeOH in
20 mL of CHyCl; was added slowly via addition funnel. The reaction was allowed to

10  stir overnight while warming to 1t. The solution was then concentrated and purified by
column chromatography to give 5.40 g (78%) of product as a yellow solid. (An
alternative method involves Fisher esterification. The acid can be dissolved in an
appropriate amount of MeOH, cooled to 0 °C and saturated with HCI gas. The reaction
is then heated to reflux until the ester is formed.)

Me t-BuQNO, CUBI'Z‘ Me
NH, CHZCN Br
NO5 . NO»

a’ b’
(d) Intermediate b’ - 2-Bromo-3-nitro—benzoic acid methyl ester:

15

2-Amino-3-nitro-benzoic acid methyl ester (5.00 g, 25.5 mmol) and copper(IT)

bromide (6.80 g, 30.5 mimol) were dissolved in 125 mL acetonitrile at 0 °C. To this

20  solution was added 4.5 mL tert-butyl nitrite (37.8 mmol). The reaction, after stirring
overnight and warming to 23 °C, was poured into 200 mL 10% HCl and extracted 4
times with Et;0. The combined organic layers were washed with 10% HCl, water and
‘saturated brine, dried (MgSO,), filtered and concentrated in vacuo to give 6.00 g (90%)

of product as a light-yellow solid, which was used without further purification: IR

25 (KBr) 1736, 1529, 1429, 1363, 1292, 1275, 1211, 1138, 1035, 976, 885, 814, 767, 733,
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reaction with an acid chloride to provide tricyclic ketone internedi ate
(I'va). Ring expansion of (IVa) yields a tricyclic amde with formula I (Y
=N X =20), which may be further derivatized. A nore preferred and
alternative route for the conversion of a 22 24- Novegbgb 4l Jepgone (ma)
tol (Y=N or Il (Z=20, S) involves first performng tY1e ring expansion
step to yield internediate am de (Va), followed by reduction of the nitro
group and cyclization with an acid chloride, aldehyde, or any reagent used
to forma urea or  thiourea. The product fornmed may al so be further

derivati zed. 78l EENMRI(GDEL] B13l98) (ss3MN 9153 @, 193, %a}p,pg%r%ﬁt @Vbqa//ig)ng
i

group, however, it r ornmed to an acetylene
where Qis C?'Z-}H)’,Igi{]dcﬁﬁi‘é‘?’g’f{lﬁer‘“@br@éﬁ&ﬁeﬂmlﬂlmm = CH). The product
formed may al so be further ggrivatized. CGeneral Process B 10 Ib fib M

Under this reaction schege, lan indoline (Ib) is alkylad to the
N-substituted interne iMe) , \hiriByienediaming t her co yed to tricyclic
ketone (Il11b). The tri lL.C -—
Br DMA, 100 °C )
N N
Oz No, H
b’ £
5 N
©) 9 Nmo-1’2’3’4'tetrahydr°‘benz°[e][1,4]diazepin-5~one (Intermediate f):

2-Bromo-3-nitro-benzoic acid methyl ester (0.50 g, 1.92 mmol) and 1,2-
ethylenediamine (250 UL, 3.74 mmol) was dissolved in 5 mL of DMA. The solution
was heated to 100 °C overnight. The reaction was then cooled to room temperature
and poured into 200 mL. of IM NaH,PO; and placed in the freezer for 4 h, The

10 resulting orange-red solid was collected by filtration to give 256 mg (1.23 mmol, 64%
yield) of product. The agueous layer was stiil highly colored and the presence of
product was confirmed by HPLC. This solution was then extracted with CH:CL: 3 x
150 mL). The organic layers were dried (MgS0,), filtered, concentrated and purified

by column chromatography using a gradient of 2.5% to 5% MeOH/CH,Cl; as eluent to
15 give an additional 125 mg (0.60 mmol, 31% yield) of product,

Example 3: 1-Pvridin-4—vl—8.9-dihvdro-?H—2.7.9a-triaza—benzofcd}azulen-&oné
Q

NH

7\
| =N
The diamine intermediate g (0.088 g, 0.50 mmol) described above was
20 dissolved in pyridine (5 mL). Isonicotinoyl chloride hydrochloride (0.093 g, 0.50
mmol) was added, and the reaction mixture was stirred overnight at rt. The solvent
was removed in vacuo. Toluene was added to the residue and concentrated under

V. ; thi
acuum; tlys was repeated to remove traces of pyridine. The residue was dissolved in
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ketone (111b) is exposed to conditions for ring expansion and oxidized to
yield conpounds of fornmula | (Y = CH), which may be further derivatized.
is CGeneral Process Clc N2 RCO IVc u In this process, a nitro-anthranilic

acid (lIc) or nitro-isotoic anhydride (11c) is transf
I nternmedi ate am no acyl benzam de (M). This inter nedig{gggesrh%%gﬁt her
transforned to the ortho-nitro cyclic imne (IVc). The imne and nitro
funetionalities are concomtantly reduced foll owed by cyclization with an
acid 23 24 Novenber 2003 chloride, al dehyde, or reagent used to forma urea

|C:)> ; OE; QisguE) eg 4l SIRTIEP Ot mul akhed withf(OSNB{aCh;  ( i‘he:atmeo&r ﬂvﬂagezxzvgs se%)ajatﬁe neral
and reextracted three times with 4:1 CHCI3/iPrOH, and the ‘organic layers were
'combined, d.ri_ed (MgSO0y), filtered and concentrated undef vacuum. The residue was
subjected to silica gel chromatography (5-10% MeOH/EtOAc) to provide 0.055 g
5 (42%) of a tan solid: mp = 269 °C (dec); Rf = 0.13 (20% MeOH/EtOAc); IR (KBr)
1653, 1609, 1472 em1; TH NMR (DMSO-dg) 6 3.54-3.55 (m, 2H), 4.51-4.52 (m, 2H),
7.38-7.42 (m, 1H), 7.86-7.87 (m, 2H), 7.91-7.93 (m, 1H), 7.95-7.97 (m, 1H), 847 (t,

1H, J = 5.6 Hz), 8.79-8.80 (m, 2H). HRMS caled for Ci1sH12N4O 264.2022 (M),
found 264.1008. Anal. (C;sH;,N,00.25 H;0)C,H,N.

10 The compounds of Examples 4-6, 8-11, 14, and 66-68 described below were
synthesized from 'intermediate g and the appropriate acid chloride in a manner
analogous to that 'describcd above in Example 2 for the preparation of 1-(4-fluoro-
phenyl)-8,9-dihydro—7H-2,7,9a-t:iaza—benzo[cd]azulen-6—one. The compounds of
Examples 7, 12, and 15-17 were synthesized from intermediate g and the appropriate

1s  acid chloride in 2 manner like that described above in Example 3 for the preparation of
1-pyridin-4—-y1-8,9—dihydro—?H-2,7,9a-triaza—benzo[cd]azulen-6-one.

Example 4: 1—(3.4-Difluoro-DhcnvI)-8.9-dihvdro—7H-2.7.9a-triaza—benzo]cglazulen-ﬁ-

one

L ¢]
NH

20 F

The reaction was carried out at room temperature (rt); the reaction time was 72

h to yield a white solid (55%): mp = 245-247°C; Rf = 0.18 (90% EtOAc/hexanes); IR

(KBr) 1665, 1497 cm™!; 'H NMR (DMSO-dg) § 3.53-3.54 (m, 2H), 4.46-4.47 (m, 2H),
7.36-7.39 (m, 1H), 7.64-7.68 (m, 1H), 7.70-7.73 (m, 1H), 7.88-7.92 (m, 2H), 7.94-7.98
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H Conpounds of formula | (Y =N or Il (Z =0, S) can also be prepared via
an alternative route frominternediate Va (Q = NOQ). Ntro-anthranilic
acid (lc) is first converted to nitro-benzoic acid ester (1d), where X is
a halide or an appropriate |eaving group, f ol | owed ﬁg%rb@tip@? to Va
wi th an appropriate ethyl enediam ne. 10 Mre partlcul arly, e Tollow ng
reacti on schenes are useful in the preparation of the illustrated
conpounds of the invention. 24 24- Novenber 2003 Schenme 1: N In this
scheme, 2-nitroaniline A (R4 = H F) is Nalkylated with acrylonitrile to
S yield B. {1 trl%: gro B is hydrolyzed to carboxylic acid C, which
i s subj ect ed™o fto F—%?ﬂéz)r FiRMSnokled Ufor C) el G N3OS 209.08T0 iAt),0ns t O
form ket one D. to the diam no-ketone G i ch
under goes Cnyerl %?lggns—’k%%r?% 43"@‘3%6'&*%” when exposed to an acid

d

chl ori de or transforned V|a a

Schm dt -t ype—tea o4 2 g ¢
Al ternatively and preferable nltro ketqpe Dis flrst transforned to
tricylic lactamE via ,the Schm dt react OrI‘I}H reduced to di am no-lactamF,

and further exposed to an acid

N== Cl

5 The reaction temperature was held at 75°C; reaction time was 72 h to yield a
white solid (50%): mp =253-255°C; Rf = 0.16 (90% EtOAc/hexanes); IR (KBr) 1665,
1468, 1389 cm!; 1H NMR (DMSO-d;) § 3.54-3.58 (m, 2H), 4.09-4.12 (m, 2H), 7.36-
7.42 (m, 1H), 7.52-7.72 (m, 4H), 7.91-7.95 (m, 2H), 8.43 (1, 1H, J = 5.5 Hz). HRMS

calcd for C1H;2N30CI 297.0668 (M), found 297.0677. Anal. (C16H12N30CH0.25
10 H,0)C,H,N.

Exam lt_a 6: 1-(3-Phenoxy-

o
NH
N
h= g >
O
one
(a) 3-Phenoxybenzoyl chloride:
15 This compound was prepared as generally described in (Patent Publication No.

GB 1052390). To 3-phenoxybenzoic acid (1.95 g, 9.10 mmo}) dissolved in CH,Cl,
-+ (45 mL) was added oxalyl chioride (0.89 mL, 10.01 mmol) followed by a drop of
DMF. The reaction mixture was stirred overnight at rt and the solvent was removed in
vacuo. The residue was taken up in Et,0, and the liquid was carefully decanted away

20  from any remaining solid. The Et;0 was evaporated and the resulting crude product
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chl oride, al dehyde, CS2, thiophosgene, thiocarbonyl diimdazole or

equi val ent reagent to forml (R = aryl, alkyl, SH). D am no-lactamF nmay
al so be converted to tricyclic |lactamJ when exposed to phosgene, carbonyl
diim dazole or equivalent reagent. In all is cases, 34 NBYer§er®@@bgonally

nodified at R. 25 24 Novenber 2003 Schene | a: Alternatlve Route to
Intermediate E CPZCH3 z FT GG E In this schene, 3-nitroanthranilic acid Z
(R40 = H) is converted to nmethyl ester s FF (R40 = H). Diazoti zation of

t he am no group of FF (R40 = H) and hal ogenation transforns it into brom de

GG (R40 = H). ‘g hdx?'@itﬁ RS Iace t of
the brom de z?r,]ad su seq gnt yc%"ggitlon %n{;%(ﬂéfﬁ)}?' @ﬂlﬁrﬁﬂzg 2: N
L. (53%) of a clear liquid: IR (neat) 1755, 1584 cm-!; 'H NMR (CDCl3) & 7.02-7.05 (m,

2H), 7.16-7.21 (m, 1H), 7.29-7.33 (m, 1H), 7.37-7.49 (m, 3H), 7.70-7.71 (m, 1H),
7.84-7.87 (m, 1H).

5 (b) Title compound:

The reaction was carried out at room temperature; reaction time was 72 h to

yield a cream-colored solid (49%): mp = 216-219°C; Rf = 029 (90%

EtOAc/hexanes); IR (KBr) 1661, 1456, 1219 em™!; 1TH NMR (DMSO-d¢) § 3.52-3.53
(m, 2H), 4.45-4.47 (m, 2H), 7.11-7.13 (m, 2H), 7.18-7.22 (m, 2H), 7.33-7.36 (m, 1H),

10 7.4277.45 (m, 3H), 7.57-7.61 (m, 2H), 7.85-7.89 (m, 2H), 8.43 (t, 1H, J = 5.7 Hz).
HRMS calcd for CpoH;7N30, 355.1321 (M), found 355.1308. Anal. (C2:HisNsOs)
C,H,N.

Example 7: 1-Pyridin-3-y1-8.9-dihydro-7H-2.7.9a-triaza-benzo[cd]azulen-6-one .
O
NH

W,

7 N

15 ——

" The reaction was carried out at room temperature; reaction time was 72 h to

yield a cream-colored solid (67%): mp = 250°C (dec); Rf = 0.16 (20%

MeOH/EtOAc); IR (KBr) 1663, 1385, 1310 cm™!; 'H NMR (DMSO-dg) & 3.54-3.56

(m, 2H), 4.48-4.49 (m, 2H), 7.39 (4, 1H, J = 7.7 Hz), 7.62 (dd, 1H, J = 8.1, 5.0 Hz),

20 7.90(dd, 1H, J=7.8, 1.0 Hz), 7.94 (dd, 1H, J = 7.9, 1.9 Hz), 8.28 @, 1H,7=17.9,19

Hz), 8.46 (1, 1H, J = 5.7 Hz), 8.75 (dd, 1H, J = 4.9, 1.3 Hz), 9.05 (d, 1H, J = 1.9 Hz).

HRMS caled for C;sH;oN4O 264.1011 (M%), found 264.1013. Anal,
(C15H12N400.4H,0) C, H, N.
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MP 10 N Here," 2-iodoaniline Kis Nalkylated with (3-propiolactone to
yield L, which is subjected to Friedel-Craft-type intranol ecul ar
cyclization conditions to formketone M 1odo-ketone Mis transforned to

i odo-lactam N via a Schmidt-type reaction with NaN3 sdodshiskr JoBser medi at e
N is converted to the correspondi ng substituted acetylene O, Is ere R is
aryl, alkyl, Hor -Si(alkyl)3, using a netal -catal yzed reaction, typically
enpl oyi ng bot h pal |l adi um and copper(1). Tricyclic lactamP is forned by
further exposing acetylene 0 to a netal -catalyzed reaction, typically

usi ng pal | adiBxample 8: S|-Thipbheh Bly]-¥ 00Tkl drd 98- 2 0R1ri RS 4. Noyenber
2003 Scheme 3: OR P N i qf 21 9RidA%ellea1afudnte N

NH
v/
==

8
2

/

The reaction was carried out at room temperature; reaction time was 72 h to

yield a white solid (63%): mp = 247-250°C; Rf = 0.21(5% MeOH/CHC};); IR (KBr)

5 1661, 1474, 737 ecm~!; 1TH NMR (DMSO-d5) 8 3.59-3.60 (m, 2H), 4.56-4.57 (m, 2H),
729 (dd, 1H,J=5.0,3.8 Hz), 7.35(t, 1H, J= 7.8 Hz), 7.72 (4, 1H, J = 3.7 Hz), 7.84-

7-87 (m, 3H), 8.45 (t, 1H, J = 5.6 Hz). HRMS calcd for C14H;;N;08 269.0622 (M*),
found 269.0627. Anal. (C;4H,;N;0S) C, H, N. '

10 Example 9: 1-Naphthalen-1-vl-8,9-dihydro-75H-2.7 Qa-triaza-benzo[cd]azulen-6-one
O

NH
N

aY

The reaction was carried out at 70°C; reaction time was 72 h to yield a white

solid (53%): mp = 223-225°C (dec); Rf =0.18 (30% EtOAc/hexanes); IR (KBr) 1659,

=

1464, 1312 cm™1; 'H NMR (DMSO-dg) § 3.52-3.54 (m, 2H), 4.11-4.12 (m, 2H), 7.41
1s  (t, 1H, J = 7.8 Hz), 7.53-7.64 (m, 2H), 7.67-7.72 (m, 1H), 7.81 (dd, 1H, J = 7.1, 1.2
Hz), 7.89 (d, 1H, J = 8.3 Hz), 7.96 (dt, 2H, J = 1.7, 1.0 Hz), 8.06-8.09 (m, 1H), 8.17
(d, 1H, J = 8.2 Hz), 840 (t, 1H, J = 5.7 Hz). HRMS calcd for CyoHysN30 313.1215

(M+), found 313.1204. Anal. (Cz0H;5N30) C, H, N.
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STUVInthis schene, indoline Qis Nalkylated wwth acrylonitrile to
yield R The s nitrite group of Ris hydrolyzed to carboxylic acid S,
which is subjected to Friedel Craft-type intranolecular cyclization
conditions to formketone T. Tricyclic ketone T is expRrsasnbs 2bem dt-type
ri ng-expansi on reaction conditions with NaN3 and acid to formtricyclic
lactam U. Internediate Uis oxidized to produce V, which can then be
further nodified. For exanple, V can be hal ogenated or fornylated to W
where RI0 = to I, CHO In all cases Wis optionally nodified at RI10.

Product W nagxaigle 19e I-d?oal'r@ﬁftaﬁ@lI@eMES‘rDQﬁhg&o-W,EQ&J&%zLOr mul a vari abl e
X is iodine. Product X can be transforned via a netal-catalyzed reaction

(typically Q .catalyst) into a nunber of different
tricyclic lactams P where R is aryl, gc. P may be optionally nodified at
R and R10. 27 24-Novenber 2003 Schene In this scheneg,
3-nitroanthranilic acid Z (R40 = coMlert ed sequentially to

CF3

The reaction was carried out at room temperature; reaction time was 72 h to

5  yleld a light-gray solid (53%): mp = 250-252°C; Rf = 0.18 (90% EtOAc/hexanes); IR
(KBr) 1669, 1393, 1325 em'; 1H NMR (DMSO-dg) & 3.53-3.54 (m, 2H), 4.48-4.49

(m, 2H), 7.34 (t, 1H, J = 7.8 Hz), 7.80-7.86 (m, 1H), 7.92 (ddd, 1H, J = 8.5, 8.0, 1.1
Hz), 7.94-7.95 (m, 1H), 7.96-7.97 (m, 1H), 8.16-8.19 (m, 2H), 8.47 (t, 1H, J = 5.7 Hz).

HRMS caled for Cj7H;sN3OF3; 331.0932 M™*), found 331.0944. Anal.
20 . (Ci7H12N30F3) C, H, N.

Example 11: 1-N aDhthalen—2-v1—8.9-dihvd:o-7H—2.'7.9a—tria.za—benzol cdiazulen-6-one
(o

NH

o
h==
The reaction was carried out at room temperature; reaction time was 72 h to

1s  yield a white solid (32%): mp = 259-261 °C; Rf = 0.16 (90% EtOAc/hexanes); IR

(KBr) 1659, 1466, 1395, 1308 cm-L; IH NMR (DMSO-dg) § 3.55-3.57 (m, 2H), 4.57-

4.59 (m, 2H), 7.38 (t, 1H, J = 7.8 Hz), 7.62-7.65 (m, 2H), 7.89 (dd, 1H, J = 7.7, 1.1

Hz), 7.94 (dd, 1H, J = 7.9, 1.1 Hz), 7.99-8.05 (m, 2H), 8.08-8.13 (m, 2H), 8.45-8.46

(m, 1H), 8.49 (t, 1H, J = 5.7 Hz). HRMS calcd for CyoH;sN3O 313.1215 (M), found
20 313.1221. Anal. (C2oH;sN30%0.15H,0) C, H, N.
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S internmedi ate am de AA and cyclic irmine BB, which are usually not

i sol ated, but further subjected to hydrogenation to formcyclic

di am no-l actam CC where R7 or R8 is H, alkyl, or aryl. Wen CC (one of R7
and R8 nust be H) is further exposed to an acid chl os4 fgveRbsiSivge.

t hi ophosgene, thiocarbonyl diim dazole or equival ent reagent, tri cycl i c
lactam DD is formed (R = aryl, alkyl, SH, R7 or Re = H, alkyl, or aryl.).

i 0 Diam no-lactam CC may al so be converted to tricyclic | act am EE when
exposed to phosgene, carbonyl diim dazole or equivalent reagent. In all
cases DD and-EE are opt| onally nodified at R, R7, and/or R8. Exanples
The inventio |s f £th |IIustrated by reference to the follow ng specific
as exanpl es. =t ol R ¥Rdinelo vl 8 Ovdihydeod7TH 217 Itz e bemobsiattni@bis are by
wei ght, and all terrperatures are-in degrges Cel sius. In the follow ng ‘
exanpl es, the structures of the conpoun were confirnmed by one or nore of

t he follomﬁng: proton nagnetic res §%ectroscopy, infrared
spectroscopy, elenmental m croanal ysi ss ? spectronetry, thin |ayer

chr omat ogr aphy, hi gh performance liq mat ogr aphy, 20 and nelting
poi nt. Proton magnetic resonance (I H spectra were determ ned using a
300 negahertz Tech-Mag, Bruker Avarice X, or Bruker Avance 500 DRX
spectroneter operating at a field streng 300 or 500 nmegahertz (MHz).
Chemi cal — '

The reaction was carried out at room temperature; reaction time was 72 h to

5 yield a tan solid (52%): mp = 249-250°C; Rf =0.26 (10% MeOH/EtOAc); IR (KBr)
1659, 1605, 1443 cm1; H NMR (DMSO-dg) § 3.57-3.62 (m, 2H), 4.60-5.20 (br, 2H),
7.39 (t, 1H, J = 7.8 Hz), 7.55 (ddd4, 1H, J = 7.7, 4.9, 1.2 Hz), 7.92-7.96 (m, 2H), 8.03

(dt, 1H, J = 7.7, 1.8 Hz), 8.29-8.32 (m, 1H), 8.45 t 1H,J=55 Hz), 8.75-8.77 (m,

IH). HRMS caled for CisHppNsO 264.1011 (M%), found 264.1001. Anal
10 (CisHpaN4O) C, H, N,

Example 13: 1-Isoxazo]—S-vl—S.9-djhvdro-7H-2.7.9a-triaza-benzofcd]azulen—G—one

The reaction was carried out at room iemperature; reaction time was 72 h to
15 yield a white solid (21%): mp = 226°C (dec); Rf = 0.08 (5%MeOH/CHC,); IR (KBr)
1661, 1466, 1379 cm-!; 1H NMR (DMSO-dg) & 3.61-3.66 (m, 2H), 4.65-4.67 (m, 2H),

‘_7.28 (d, IH, J = 2.0 Hz), 7.41-7.46 (m, 1H), 7.95-7.97 (m, 1H), 7.98-7.80 (m, 1H),
8.50 (t, IH, J = 5.7 Hz), 890 (4, 1H, J = 2.0 Hz). HRMS calcd for Cy3H;oN4O,

254.0804 (M), found 254.0798. Anal. (C13H,oN40,) C, H, N.
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28 24 Novenber 2003 shifts are reported in parts per mllion (ppm 6)
downfield froman internal tetranethylsilane standard. Alternatively, IH
NVR spectra were referenced to residual protic solvent signals as foll ows:
CHC13 = 7.26 ppm DMSO = 2.49 ppm GC6HD5 = 7.15 ppmz‘fﬁ%e,ﬂ%ét jophi cities
are designated as follows: s = singlet; d = doubl et oubl et of
doublets; t =triplet; q = quartet; br = broad resonance; and m =

mul tiplet. Coupling constants are given in Hertz (Hz). Infrared absorption
(IR) spectra were obtained using a Perkin-Elmer 1600 series or a Mdac

Cor por at i on Exdnkpls p£ I rmed by
Atlantic Mcrolab Tnc. (N o :

(Nashville, 988), and gave results for the eI errents stated within 10 0. 4% of
the theoretical values. Flash col um chrpmat ogr aphy was perfornmed using
Silica gel 60 (Merck Art 9385). Analyticwl thin |ayer chromatography (TLC)
was performed using precoated sheets iINHi ca 60 F254 (Merck Art 5719).
Anal ytical HPLC was perfornmed usin Hewl tt Packard (HP) Series 1100
Quaternary system equi pped with amyHP~290 variabl e wavel ength det ector
set at 254 nmu; sensitivity 0.02 is to AUFS. A Pheonenex Prodigy 5 ODS
(3) colum (250 Mmx 4.6 nm 5 pm was . Typically, a gradient nobile
phase starting with 90% H2O with 0. 1% TF, 0% CH3CN with 0.1% TFA up to
20 minutes (mn), then 35% H20 with 0.1% ,

Cl

The reaction was carried out at room temperature; reaction time was 72 h to

5 yield an off-white solid (47%): mp = 272-274°C; Rf = 0.26 (90% EtOAc/hexanes); IR

(KBr) 1663, 1597, 1464, 1408 cm-l; TH NMR (DMSO-dg) § 3.52-3.54 (m, 2H), 4.44-

4.46 (m, 2H), 7.37 (i, 1H, J = 7.8 Hz), 7.64-7.66 (m, 2H), 7.86-7.92 (m, 4H), 8.44-8.47

(m, 1H). HRMS caled for C)¢H;,N30C1 297.0669 (M*), found 297.0667. Anal.
(Ci¢H12N30CD) C, H, N

10

Example 15: l-[2-Chloronvridiu-4-v])—8.9-dihvd_ro-7H—2.7.90—11-iaza-benzo[cd1azulen—
6-one

NH
o/

7 Ng
=N

The reaction was carried out at room temperature; reaction time was 72 h to
15 yield a yellow solid (47%): mp = 265°C (dec); Rf = 0.20 (5% MeOH/EtOAc); IR
(KBr) 1661, 1607, 1464, 1399 cm~!; TH NMR (DMSO-dg) 6 3.35-3.39 (m, 2H), 3.54-
3.55 (m, 2H), 7.39-7.44 (m, 1H), 7.89-7.98 (m, 4H), 8.50 (t, 1H, J = 5.8 Hz), 8.63 (d,
1H, J = 5.2 Hz). HRMS caled for C;5H;;N4OCI 298.0621 (M), found 298.0617.

Anal. (CysH;;N40C10.25 H,0) C, H, N.

20
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65% CH3CN with 0.1% TFA up to 25 nmin, then 10% H2O with 0. 1% TFA, 90%
CH3CN with 0.1% TFA thereafter was used. Flowrate =1 mJmn. Preparative
20 HPLC was perforned using a G |lson Mdel 806 Manonetric nodul e, equi pped
with a Glson 8llc dynamic mxer, two G lson Mdel 3890NBiEHRSer 0S8 | son 215
liquid handler, and a G|son Mdel 119 UV/visible detector set at 214 or
220 and 254 nm sensitivity 0.02 to 50 AUFS. A Metasil AQ C18 colum (250
nmx 212 mm 10n) was used. Typically a gradient nobile phase, starting
with 90% H20 with O. 1%TEA 25 10% CH3CN wi th 0. 1%TFA up to-2 mn, then
reachi ng 35%HExi2khM 316 ‘ after 22 mn or

90% O. 1M NH40°\C 109 T CN after 22
mn, was use@@%ﬁS m_/mn Meltlng p0| nts (rrp) wer e determ ned

on a Mel Tenp apparatus and are uncorrect ed. Al reactions were perforned
in septumseal ed flasks under a slighty positive pressure 30 of argon,

unl ess otherwi se noted. Al co ' BHvents were reagent-grade or
better and used as supplied. 29 ? 2003 The. foll ow ng

abbrevi ations may be used herein: g i et hyl_ether);

(N, N-di net hyl f ormam de); DVSO (di meg/ ( de),; McOH (nethanol); EtOH
(ethanol); EtOAc (ethyl acetate); efra furan); Ac (acetyl); M
(methyl); Et

(a) 3-(Pyridin-3-yloxy)-benzoic acid-hydrochl‘loridc salt:

5 A solution of methy! 3-(pyridin-3-yloxy)benzoate (Butler et al,, J. Med. Chem.
24, 346 (1981), 0.229 g, 1.0 mmol) in 6N HCI (2 mL) was refluxed for 18 h. The
solution was concentrated under high vacunm and dried at 60 °C under vacuum to give
0.244 g (97%) of a tan solid: mp = 208-210 °C; 1H NMR (DMSO-dg) 8 7.46 (m, 1H),
7.60 (m, 2H), 7.83 (m, 2H), 7.98 (m, iH), 8.60 (dd, 1H, J=5.1, 0.9 Hz), 8.70 (d, 1H, J

10 =2.6Hz), 9.30-11.90 (br, 2H). Anal. (C12HoNOsCI) C, H, N.

®) 3-(Pyridin-3-ylox§)—benzoyl chloride:

This acid chloride was prepared from the HCI salt of 3-(pyridin-3-yloxy)-
benzoic as described above for 3-phenoxybenzoy! chloride, except the product was not
purified (99%, white solid): IR (KBr) 1751 cm™!; IH NMR (CDCl3) 3 7.45;7.49 (m,

15 1H), 7.66-7.72 (m, 1H), 7.86-7.92 (m, 2H), 7.97-8.01 (m, 1H), 8.12-8.15 (m, 1H),
8.39-8.40 (m, 1H), 8.53-8.55 (m, 1H).

(c) Title compound:

| The reaction was carried out at room temperature; reaction time was 72 h to

vield a white solid (55%): mp = 223-225°C; Rf=0.18 (10% MeOH/EtOAc); IR (KBr)

20 1665, 1571, 1460 cm?; 'H NMR (CDCl3) & 3.52-3.53 (m, 2H), 4.45-4.48 (m, 2H),
7.27-7.38 (m, 2H), 7.44-7.68 (m, SH), 7.85-7.91 (m, 2H), 8.41-8.48 (m, 3H). HRMS

- caled for CyiHigNsOp 356.1273 (M¥), found 356.1263. Anal. (CoyHigN,O50.25
H,0) C, H, N.



ethyl); and Ph (phenyl). s Exanple 1: 1-Phenyl-9.9-dihvdro-7H2 7
g)a-t?/i Zaza- benzof cdl azul en 6-one CH2-CHCN N14 1.4.6o0wie Triton B 79%,

I NaOH, N J MOH,

951/6 THF, McOH, 92%' | 1 Me503H 2) PhCOCl', pyryr 34 NoSdibef¥nds0

10

15’

20

25

Example 17: 1-[3-(Pvridin—4-vloxv)-nh_@3d]-8,9-dihvdro-7H—2,7.9a-triaza-
benzo[cdlazulen-6-one

Q

(2) Methyl 3-(pyridyn-4-yloxy)benzoate (Butler et al., J. Med. Chem. 14, 575
(1971): '

A solution of 4-[3-(trifluoromethyl)phenoxyjpyridine' (1.89 g, 7.9 mmol) in
concentrated F;SO4 (5.4 mL) was heated to 120°C for 16 h. The reaction mixture was
cooled to rt and carefully poured into MeOH (200 ml). This solution was refluxed for
2h. The solution was then concentrated under vacoum to half its volume and diluted
with 350 mL of Et;O. A large excess of solid NaHCO; was added poﬁonwisc with
stirring, followed by solid Na,COj. This suspension was stirred several hours until the
PH was no longer acidic. The salts were filtered with the aid of Celite and the solution
was concentrated. The turbid residue was taken up in CH,Cl,, dried (NaySOy), filtered
and reconcentrated to give 1.62 (89%) of pure product as a pale-brown oil: 'H NMR
(DMSO-dg) 63.84 (s, 3H), 6.96 (d, 2H, J = 6.3 Hz), 7.49 (dd, 1H, J= 8.1, 2.5 Hz),
7.64 (m, 2H), 7.87 (d, 1H, J = 7.7 Hz), 8.49 (d, 2H, J = 6.0 Hz).

(b) 3-(Pyridin-4-yloxy)-benzoic acid-hydrochloride salt:

A solution of methyl 3-(pyridyn-4-yloxy)benzoate (0.229 g, 1.0 mmol) in 6N
HCI (2 mL) was refluxed for 18 h. The solution was concentrated under high vacuum
and dried at 60 °C under vacuum to give 0.25 g (99%) of a white solid: mp = 230-233
°C; TH NMR (DMSO-dg) § 7.48 (d, 2H, J = 6.9 Hz), 7.63 (m, 1H), 7.73 (t, 1H, J = 8.0
Hz), 7.82 (s, 1H), 7.99 (4, 1H,J =78 Hz), 8.80(d, 2H, J = 7.2 Hz), 12.8-14.1 (br, 2H).
Anal. (C;oH;oNOsCH C, H, N.

(¢) 3-(Pyridin-4-yloxy)-benzoy! chioride:

This acid chloride was prepared from the HCI salt of 3-(pyridin-4-yloxy)-

benzoic as described above for 3-phenoxybenzoyl chioride, except the product was not
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N ceflnmc, 77%\ NO C. , 75% DVAP 59%, Ph NHO d C (a) Internediate a -
3-(2-Nitrophenyl am no)-propionitrile (Maryanoff et al., J. MecL Chem 38,
16 (1995)): 10 2-Nitroaniline (22.4 g, 159 mmol) was dissolved in

1, 4-di oxane (160 nL). Acrylonitrile (12.68 m, 190 rrgq)}\[)wéqﬁ&r@ggd to the
reactlon fl.ask followed by 0.50 nlL of benzyltrlnethylannnnlu ydr oxi de,
40 wt. % solution in nmethanol (Triton B). The slightly exotherm c reaction
was allowed to stir for 1 hour (h), after which the solvent was renoved in
vacuo. The crude solid was triturated with Et20to renove is sone of the

dark col or. ﬁhﬂﬁﬁmiva&Ssdh@Pr!ﬁt(%@Cﬁ?%T \t”d dgbﬁﬁ%étq : ié@?:?aa% (79%

yield) of an orange solid: np =112
Het er ocycl . @R0rA.320n, 2850 7(529773) (m,Ga{)rmrysBa‘}gaghg ﬂg,b};?g? ﬂgHQE‘??é)%SZGéDS))

Rf = 0.18 (3% exanes); tH NVR (CDC13 Hz) ,
R = 018 SRR
(d) Title compound:
5 The reaction was carried out at room fémperanlre; reaction time was 72 h to

yield a white solid (52%): mp = 245-247°C; Rf = 0.24 (15% MeOH/EtOAc); IR

(KBr) 1661, 1576, 1264 cm"1: IH NMR (DMSO-dg) 6 3.53-3.55 (m, 2H), 4.48-4.49

(m, 2H), 7.03 (d, 2B, J = 6.2 Hz), 7.33-7.42 (m, 2H), 7.66-7.72 (m, 2H), 7.78-7.80 (m,

1H), 7.86-7.92 (m, 2H), 8.43-8.47 (m, 1H), 8.50 (d, 2H, J = 6.2 Hz). HRMS calcd for
10 CpHigN4Oz 356.1273 (M), found 356.1264. Anal. (C21H;6N402) C, H, N,

Example 18: 4-F1uoro-1-(4-ﬂuoro-nhenvl)-8.9-dihvdro—7H—2.7.9a-triaza-

benzoled)azulen-6-one

oN
_NaOHHO MeSOH
,\Q\NH; 1 agoane \Q\/’/ Mem.mﬂwc \QI :o%*'c
Triton B, 88% o
0
.
NaNaMesoa"i 10% __)
)t on, —) JO%PIC Hy, \d 4-FPhcoa
No, H
§

15

(2) Intermediate b - 3-(4-Fiuoro~2—nitrophenylamino)—propionitrilc:

Using the procedure described to prepare intermediate a, 3-(4-fluoro-2-
nitrophenylamino)-propionitrile was prepared in 88% vyield from 4-fluoro-2-
nitroaniline (3.17 g, 19.68 mmol), acrylonitrile (1.57 mL, 23.61 mmol), and Triton B

20 (02 mL) as a brown crystalline solid: mp = 140-142°C; Rf = 0.16 (30%

EtOAc/hexanes); IR (KBr) 3380, 3117, 2955, 2251, 1526 cm"l; 'H NMR (CDCl3) 8

2.73-2.76 (m, 2H), 3.69-3.73 (m, 2H), 6.83-6.86 (m, 1H), 7.30-7.34 (m, 1H), 7.95 (dd,
1H, J = 8.9, 3.0 Hz), 8.05 (br, 1H). Anal. (CsHgN30,F) C, H, N,
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J=6.8 H), 6.78-6.81 (m 1H), 6.88 (d, |H, J = 8.5 Hz), 7.52-7.55 (m
IN), 8.21 (br, 20 1H), 8.25 (dd, 1H, J= 8.6, 1.5 Hz). (b) Intermediate b -

3-(2-Nitrophenyl am no) - propionic acid (Kanenka et al., J. Heterocycl.Chem
10, 459 (1973)): ¢ H O 30 24 Novenber 2003
3-(2-N trophenyl am no)-propionitrile a (25.45 g, 133.2142N%T39rv%ggadi ssol ved

in MeCOH (250 nm.). A 10% sol ution of NaCH (250 nmL) was added, and the
reaction mxture was refluxed for 3.5 h. The MeOH was renoved i n vacuo,
and the. residue was dissolved in H2O and acidified to a pH = 2-3 with 10%

HCl . The resul ti nf)intanediap it-3 @-Fesro 2l dikSpiRdvRiind! W th 1120 and
dri ed overni ght UJEﬁJer vacuum The productslS(Z%A?‘cng%ﬁ@gp%% obt ai ned as a
yel | ow solid: np Ihe desired gompoynd: was-preparad by FolBywing HhlpRceGRELS préiude 81 (t

2H J = 6.7 idrmediab% 3ud2; ) 6700 6.73.(in, 1H), 6.91 (d, 1H, J =
8.6 Hz), 7.48-7.51 (m o gl 3tuoio-Ehyhoglenslehinn propici, o
| nt er medi at egive 0.98-gNGPY) oRarBerdthguytstoen kbidi Uinp @l 1 92= f550¢€ Ik RERMed1€17Al - J.

Heterocycl . Chgip 19, lﬁ%{{lg?%): : , ’

5 cmt; (CDCl3) § 2.76-2.19 (m, 2H), 3.64-3.68 (m, 2H), 6.85-6.88 (m,

1H), 7.28-7.30 (m, 1H), 7.91 (dd, 1H, J = 9.0, 2.9 Hz), 8.07 (br, 1H). Anal

(CoHgN204) C, H, N.
' (c) Intermediate j - 6-Fluoro-8-nitro-2,3-dihydro-1 H-quinolin-4-one:
Intermediate i (0.65 g, 2.84 mmol) was added to a flask containing stirring
10  Eaton’s Reagent (P2Os, 7.5 wt % in methanesulfonic acid) (11 mL). The reaction

mixture was heated to 60°C for 3.5 h, then cdoled to rt, after which ice was added to
the flask. The reactipn mixture was then poured into water, and the solid product was
filtered and washed with more water. The product was purified by flash silica gel
| chromatography (5-10% EtOAc/hexanes) to give 0.38 g (64%) of an orange solid: mp
15  =155-157°C; Rf = 0.26 (30% EtOAc/hexanes); IR (KBr) 3389, 3057, 1692, 1514 cm-
1, TH NMR (CDCls) § 2.82 (t, 24, J = 7.1 Hz), 3.76-3.81 (m, 2H), 7.96 (dd, IH, J =
7.6,3.2 Hz), 8.13 (dd, 1H, J = 8.3,3.2 Hz), 8.15 (br, 1H). Anal. (CgH7N203) C, H, N.
(d) Intermediate k — 7-Fluor0—9-nil1'o-1,2,3,4-tetrahydro~benzo[e] [1,4])diazepin-
S-one: '
20 The desired product was prepared by following the procedure to synthesize
intermediate f, using intermediate j, 6-fluoro-8-nitro-2,3-dihydro-1H-quinolin-4-one, to
give 0.33 g (82%) of a red-brown solid: mp = 215-217°C; Rf = 0.11 (40%

EtOAc/CHCL); IR (KBr) 1651, 1514, 1258, 1161 cm-!; 1H NMR (DMSO-dg) & 3.29-
3.36 (m, 2H), 3.59-3.63 (m, 2H), 7.98 (dd, 1H, J = 9.5, 3.4 Hz), 8.10 (dd, 1H, J = 8.4,
25 3.4 Hz), 8.52-8.56 (m, 2H). Anal. (CoHgN305F) C, H, N.
(e) Title compound: .
Using the procedure described above for preparation of intermediate g
(Example 2), intermediate 1 was prepared in 68% yield from intermediate k. The title
compound was then prepared from intermediate 1 and 4-fluorobenzoyl chloride using

30  the procedure for Example 2 to give 0.096 g (62%) of a white solid: mp = 284-287°C;
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- 3-(2-Ni trophenyl am no)-propionic acid b (26.89 g, 127.93 mol) was added
into a flask containing stirred Eaton's Reagent (P20b, 7.5 w.% in

met hanesul fonic acid) (562 g, 375 nlL). The reaction mxture was heated to
70-80C for 1.5 h, then is cooled to anbient tenperat ukeNoadrhiedr 2003ch i ce
was added. The product was extracted wth EtOQAc, and the organic phase was
washed with H20 and brine, dried (MgS®4), and concentrated. The resi due
was di ssolved in hot benzene and filtered through paper to renove sone
white solids. The volune of solvent was reduced until the product began to

tall Rire0408I(50% 11. 41
G 50 (46% -y < 150, 150 G (ri T 200K 16FR. kgl ¥R BaSor

Elt_DOACIGh%age?s) 561—54—35715{1(1,(291)1&)13&@ @3 2&-1{17 ¥icyd tﬁé ZHS) '}'ﬁdl dd3bﬁ4]1( &ﬁ% (m
- m
8.4, 1.5 Hz) 21?3%%5%@%%{6’ %0,-2.6 Hz), 789-7 94 (m, 2H) 8.61 (i, 1H, J = 5.6 Hz).

N-(4-Q<o-1, 2, t et rahydr 0 8-yl )benzam de:

8-Nitro-2, 3-di (§ro "i%] fﬂ G‘?hﬁﬂ @h@}f 9{%’ 839 ¢M*h), ofuadol 3990858.di Asall ved
in 25 THE (E(Oﬂm RUOR §13 nL) and placed under an argon atnosphere. To
this solution 1000 Pd/ C (0.06 g) was added, and the flask was evacuated and
pl aced twi ce wunder a hydrogen atnosphere. The reaction m xture was stirred
at anbient 't t r |t. The catalyst vvas flltered off, and the
sol vent renov : : GV SrQdro 2 d O <rinzachi duleli-6a8e (15 nm)
and a sol ution of 4M HCI/d| oxane (1.07 m_) 30 was adg,ed and stirred for 5
m n. The solvent was renovfd in vacuo, and the residual

NH
PhCH,CH,CHO, DMA, )
. NaHSO3, 100 °C 71% N
. \
NH M
4

The t_itle compound was prepared using a general procedure described

10  previously (Higgins et al., J. Polym. Sci. Part A-1 (1970), 8:171-177; Imai et al.,
Synthesis (1981), 35-36). Diamine intermediate g (0.048 g, 0.27 mmol) was dissolved

in dimethylacetamide (DMA) (1.50 mL).. Hydrocinnamaldehyde (90%, 0.039 mL, 0.27
mmol) was added to the DMA solution foliowed by sedium bisulfite (0.042 g, 0.40
mmol). The reaction mixture was heated to 100 °C for 1 h. The solvent was removed

15 in vacuo, and the residue was dissolved in EtOAc/H,0. The organic phase was
scparated, washed with brine, dried (MgSO,), and concentrated. The residue was
purified by flash silica gel chromatography (0-1%MeOH/EtOAc) to give 0.055 g
(71%) of a white solid: mp = 225-226 °C; Rf = 0.26 (5% MeOH/EtOAc); IR (KBr)

1655, 1603, 1505, 1468 cm-!; TH NMR (DMSO-ds) & 3.07-3.18 (m, 4H), 3.48-3.49
20 (m, 2H), 4.15-4.30 (m, 2H), 7.18-7.23 (m, 1H), 7.26-7.28 (m, 5H), 7.76-7.81 (m, 2H),

831 (t, 1H, J = 56 Hz). HRMS caled for CygHy;N30 291.1372 (M*), found
291.1368. Anal. (C;gH;7N30+0.10H,0) C, H, N.

The compounds of Examples 20-24, 30, 55-57, 61-65, 68, 73-74, and 78-80
were synthesized from intermediate g and the appropriate aldehyde in the manner
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31 24- Novenber 2003 solids triturated with Et20. These solids were
filtered off and washed with additional Et20 to give 0.44 g (92% of the
di am ne internediate, which was used wi thout further purification. The
diamine (0.41 g, 1.76 mml) was dissolved in pyridi nea4Ro@@mbera0d3

4-di met hyl am nopyridine (0.02 g, 0.18 mmvol) was added foll owed by benzoyl
chloride s (0.23 m., 1.94 mtl). The reaction m xture was stirred
overnight at room tenperature (rt), at which tinme the solvent was renoved
in vacuo. Toluene was added and the solution was reconcentrated under
vacuumt o redeid cj;g@j:u i The. sol esi du was d| ssol ved in
CH2Cl 2, and vvashgﬁﬂmvﬁ%water %g rplr%' repasfiiQ %?piiﬁny(!ﬁ‘? NSO,
Filtration ard Sectrieveabenalcdlaknlemb-cpay e the crude product, 3 0 Whl ch was
purified by flash silica gel chromatography (30-70% Et OAc/ hexanes)

yielding 0.28 g (59% of a gold- coI ored solid. A small anal ytical sanple
was recryst Ekarhp VerGkdnl , (

Et"OAc/ hexanes) ;
2.51-2.59 (m 2H), 3.44-3.49 (m 2H)
7.34-7.37 is (n-4 111), 7.50-7.63 (
[11). LRVS (M+tH) 267. (e) Internedi
2- Phenyl - 4, 5- di hydro-i m dazo-[ 4, 5, 1- O in-6-one: Anilide
internediate d (0.032 g, 0.12 mmol) wa ssolved in EtCH (2.5 nl).

RCKBT) 1657 & ' fria izolcalazulenogre g
1H) 6. 63- 6. 68 (m 111),
8.05 (in, 2H), 9.72 (s,

The title compound was isolated in 74% yield as a white solid: mp = 278-
279°C; Rf = 0.13 (90% EtOAc/hexanes); IR (KBr) 1655, 1464, 1437, 746 cm™1: 1H
NMR (DMSO-dg) & 3.58-3.63 (m, 2H), 4.59-4.62 (m, 2H), 6.79 (dd, 1H, J = 3.5, 1.7
Hz), 7.25 (dd, 1H, J = 3.5, 0.6 Hz), 7.35 (¢, 1H, /= 7.8 Hz), 8.02 (dd, 1H, 7 = 1.7, 0.6

10 Hz), 845 (t, 1H, J = 5.6 Hz). HRMS calcd fo; C14H;1N30, 253.0851 (M), found
253.0852. Anal. (C14H,;N30,) C, H, N.

Example 21: I-Benzv1-8,9~dihvdro-7H-2,7.9a-tdaza—benzo[cd];@1en-6-one
o]

NH

N
N.__<
15 The title compound was isolated in 47% yield as a white solid: mp = 226-
. 228°C; Rf = 0.13 (90% EtOAc/hexanes); IR (KBr) 1661, 1468, 1316 cm-!; IH NMR
(CDCl3) 8 3.65-3.67 (m, 2H), 4.13-4.25 (m, 2H), 4.36 (s, 2H), 6.61-6.68 (m, 1H),

. 118741 (m, 6H), 7.95-7.98 (m, IH), 8.08-8.10 (m, 1H). HRMS caled for

C17H15N30 277.1215 (M+), found 277.1203. Anal. (C17H;sNs0) C, H, N.
20
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Concentrated H2SO4 (0. 13 nlL) was added, and the reaction m xture was
stirred at reflux for 45 min. The m xture was poured into an Et QAc/sat.
NaHCO3 sol ution. The 20 organic phase was separated and washed with H20
and brine, dried over MgSO4, filtered and concentrategyl he
residue was purified by flash silica gel chromatogr agh mzéﬁlsg%oo-g

Et CAc/ hexanes) to give 0.23 g (77% of a white solid: np = 114-118 C, Rf =
0.16 (30% Et QAc/ hexanes); | RCKBr) 1690, 1609, 1457 cm1; 1H NWVR (DVSO d6)
S 3.10 (t, 2H, J 69Hz) 4.78 (t, 2H,J=6.9 Hz), 7.36-7.38 (m 25
1H), 7.58-7. ija_ﬁ-ﬁ A % ) . (f) Preparation
of title conpound: i e Enb-Grien s k

cont ai ni ng |nterrred| ate e (0 14 g, O. 55 mm)l) at OC The i ce bath was
renoved, and NaN3 (0.05 g, 0.72 mmol) _waslagdded portionwi se while
carefully keeping nitrogen gas evol ut control. 30 The reaction

m xture was stirred at rt for | h, at Ime it was poured onto ice. 32.
24 Novenber 2003 The pH of the sol utio rought to 8.5 with 10%
aqueous. (ag) NaOH. The product was exTdcted three times with Et OQAc, the

organic |l ayers were conbined and dried ( ), and the solvent was
renmoved. The product was purified by flas ilica gel chromatography
(50- 75% Et OAc/ hexa‘hea_met@,nq,by@d Qfa.;'%laﬁ’ec( 17115%% %el&a asvvlgl VE’hltcSé)olhldd m;Ja_p246~

248°C; Rf = 0.13 (EtOAc); IR (KBr) 1634, 1464, 1360 cm-1; 1H NMR (DMSO0-ds)
5 8147 (s, 9H), 3.57-3.59 (m, 2H), 4.35-4.70 (br, 2H), 7.25 (1, 1H, J = 7.8 Hz), 7.77
(dd, 1H, J = 7.9, 1.1 Hz), 7.82 (dd, 1H,J =177, 1.1 Hz), 837 (t, 1H, J = 5.7 Hz).

HRMS caled for C4H;7N30 243.1372 (M), found 243.1371. Anal. (C14H;7N30) C,
H, N.

10  Example 23: 1-Isobutvl-8.9-dihvdro-7H—2.7,9a-tﬁaza-benzofcﬂazulen-6-one
. Q

NH

N
N=(_<
The title compound was isolated in 51% yield as a white solid: mp = 211-
212°C; Rf = 0.19 (5% MeOH/EtOAc); IR (KBr) 1659, 1474, 1404 cm}; 1H NMR
(DMSO-dg) 8 0.96 (d, 6H, J = 6.6 Hz), 2.15-2.18 (m, 1H), 2.73 (d, 2H, J = 7.1 Hz),
15 3.54-3.58 (m, 2H), 4.35-4.40 (m, 2H),7.25 (1, IH, 7= 7.8 Hz), 7. 75—7 80 (m, 2H), 8.33

t, 1H, /=55 Hz). HRMS calcd for Ci4H7N10 243.1372 M), found 243.1382.
Anal. (Cy4H;7N30) C, H, N
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s = 255-257 OC, Rf = 0.13 (90% Et CAc/ hexanes); IR (KBr) 1661, 1478 cm1; 1H
NVR (DVMBO-d6) S 3.52-3.53 (m 2H), 4.45-4.46 (in, 2H), 7.34-7.37 (m 1H),
7.57-7.60 (in, 31-1), 7.85-7.91 (in, 4H), 8.43 (t, IH J =5.6 Hz). HRVS
calcd for C16H1I3N30 263.1059 (M+), found 263.1068. ApgNovéRB&tdbah30) C, H,
N. 10 Exanple 2: 1-(4-Fluoro-phenyl)-8 9-dihydro-7H2 7 9a triaza

benzo(cdl azulen 6-one 0 O NNaN, Me H/ | 10%d(C, H2, <40C 86%

AcONEt OAc, 87% C S f 4-FI-Ph-COC I, pyc - it 3 days 33% F (a)
Intermediate f - 9-Nitro-1,2,3,4-tetrahydro-benzo[e][1, 4] di azepi n-5-one

I ntermediate ]§Xamn19 bi ?—C?ir'cl%h v?)é%r(ghvc{;t c#ll f 9|£)Lg.néa9bggzoigglgz?ll¢grf-6-%ge 2 mmol),

(o]

NH

W,

The _ﬁﬂe compound was isolated in 63% yield as an off-white solid: mp = 265-

266°C; Rf = 0.30 (5% MeOH/EtOAc); IR (KBr) 1657, 1462, 756 cm™!; 1H NMR

5 (DMSO-ds) 8 1.22-1.96 (m, 10H), 2.88-2.97 (m, 1H), 3.55-3.57 (m, 2H), 4.30-4.50 (m,

2H), 7.21-7.27 (m, 1H), 7.74-7.80 (m, 2H), 8.32 (1, 1H, J = 5.5 Hz). HRMS calcd for
C16H19N30 269.1528 (M), found 269.1531. Anal. (C;6H;9N200.1 H,0) C, H, N.

Example 25: 1-Phenyl-8.9-dihydro-7H-2.7.9a-triaza-benzolcdlazulen-6-thione
3

Lawesson's rgt. N
’) PhCHa, refhax __)
N

- 1-Phenyl-8,9-dihydro-7H-2,7,9a-triaza-benzo{cd]azulen-6-one (Example 1

10

k]

0.068 g, 0.26 mmol) was suspended in toluene (3 mL), and Lawesson’s reagent (0.054
g, 0.13 mmol) was added. The reaction mixture was refluxed for 1 h. The solvent was
removed in vacuo, and the crude product was subjected to flash silica gel
15 chromatography (20-50% EtOAc/hexanes) to yield 0.057 g (79%) of a yellow solid:
mp = 224°C (dec); Rf = 0.21 (50% EtOAc/hexanes); IR (KBr) 1508, 1476, 1381, 1273

cml; TH NMR (DMSO-d) & 3.65-3.72 (m, 2H), 4.45-4.55 (m, 2H), 7.33-7.36 (m,
1H), 7.57-7.59 (m, 3H), 7.87-7.92 (m, 3H), 8.31-8.32 (m, 1H), 10.84 (t, 1H, J =359

Hz). HRMS caled for CjgH;3sN3S 279.0830 (M%), found 279.0835. Anal
20 {Ci6H13N380.5H,0)C, H, N,
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was added portionwi se to a flask containing stirred methanesul fonic acid
(50 M), is while keeping the tenperature below 40C with a water bath.

NaN3 (0.86 g, 13.24 mmol) was carefully added in small portions,

mai nt ai ni ng the tenperature bel ow 40C and keeping th itroge S
evol uti on under control. The reaction mxture was sti%’&five'a er:btoggn
additional | h and then poured onto ice. The pH of the m xture was adjusted

to 10 with 10% aq NaOH, and the resulting solids were filtered off and
washed with H20 20 to give 1.46 g of crude product. The aqueous phase was

extracted twce with Et QAc, and the organic.layers were conbined, dried
(MgSH4) and fy sol vent was 33 24 Novenber 2003 renpved to
4 o 1 R -

provi de an addt ictie ke fe-tripze-bened oo NEdidRt eri al  was
purified by flash si chr omat ogr ap (20% Et OAc/ CH to give 1.80 :
g (86% of an orange solid: nmp = 190-192¢ Rf = 0.11 (40% Et OAc/ CHC13); IR

(KBr) 1653, 1603, 1262 cm1; 1H NMR HS 3.33-3.35 (m 2H),
3.61-3.64 (m 2H), 6.72 s 6.75 (in, 8.12-8.14 (in, 113), 8.20-8.22
(in, 1H), 8.38 (s, 1H), 8.68 (s, 1H). =(Mr) 207. Anal. (C9HON303) C,

H N (b) Title conpound: In a Pan: sh%e&bm tle, intermediate f,
9-nitro-1, 2,3, 4-tetrahydro- benzo[e][1, 4] dyazepi n-5-one (3.0 g, 14 mmol),
was dissolved in %i%ﬁ]e.(igtgrmrga}atgg 0052 g, 02 mmol) was dissolved in DMF (3 mL),

. 5 and 1,I*carbonyldiimidazole (0.058 g, 0.36 mmol) was added. The stirred reaction
mixture was heated to 100°C for 24 h. An additional 0.048 g of carbonyldiimidazole
was added with continued heating for another 24 b, The DMF was removed jn vacuo
and the residue triturated and dissolved jn EtOAc. The organic phase was washed with,

10 mL of 10% aqueous HCI and separated. The aqueous phasé was extracted four
10 times with EtOAc. The combined extracts were dried (MgSOy) and filtered, and the

solvent was removed. The product was purified by flash silica ge! chromatography
(1% MeOH/EtOAc) to give 0.014 g (24%} of a white solid: mp = 308-309°C (dec); Rf
= 0.42 (20% MeOH/EtOAc); tH NMR (DMSO-d;) § 3.44-3.49 (m, 2H), 3.86-3.89 (m,
2H),7.05(t, IH, J=7.7 Hz), 7.14 (dd4, 1H, 7 = 7.6, 13 Hz), 7.55 (44, 1H, 7= 7.9, 1.3
15 Hz),829( 1H, /=55 Hz), 11.12 (s, 1H). HRMS calcd for C1oHyN30, 203.(;65;5
(M), found 203.0697. Anal. (C10HgN30,0.2 H,0) C, H, N.
Example 27: 7-Methyl-1 I

benzofcdlazulen-6-one

o - o
NH /CHs
NaH, DMF, CHal N

95% o _)
N
D@, ~
20 Sedium hydride (60% in mineral oil, 0.005g, 0.13 mmol), washed free of
mineral oil with hexanes, was Suspended in DMF (1 mL). I-Naphthalen—l‘-yl-a 9-
d1hydro-7H-2,7,9a-u'iaza-benzo[cd]azulen-6-onc (Example 9, 0.035 g, 0.11 mmol) was

dihydro-7H-2 7 9a-triaza-
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10 gl acial acetic acid (30 nmL). To this solution was added 10% Pd/ C (0. 60
g) and the reaction mxture was placed in a Parr hydrogenation apparat us
under a hydrogen atnosphere at 50 psi. After shaking for 12 h, the
catalyst was filtered off and washed wth AcOH and Eﬁcg@c..slgl @és wer e
renoved under vacuum EtOAc was added to the residue V¢ h er;%?) uct
preci pitated. The 'solids were washed with Et OAc. A 3.s second crop was
obtained fromthe Et OAc washes. The resulting solids were filtered and
dried to give 2.24 g (87% of the internediate diamne g (9-am no-1, 2, 3-

t et rahydr o- bg Al di.azepi n- 5-one). ag .a brown solid, which was used
wi t hout furt%@[ %‘%f[r %’ﬁ ca dl%é : E“éﬁséﬁ‘rfﬁéfg tpmpnutes until oges ewoliliomasd

di ssol ved i nceaged. diodeméth )008 ¥ o4 oride (0.17, nL, 1.40
mmol ) was ad&gq. The r?aaclieir(gri 20 rrixﬂé‘gﬁ\%aqg‘gs%ta?%ir’ggﬁ]gie IF?C%PéF“@dd% at
whi ch time t 8y B‘&ﬁ"‘(ﬁa%wwmw inrvagier end the Fésidueqmidfit@ By fladSdiliiaGeyas
subjected to Inhi r aph 0-90% Et OAc/ hexanes) to
give 0.12 g ((;;%gﬁ/?ﬁg?p gjz @l@gl%%%%m%%:g’g%éoég@ é?%%zpf & whitg golid: o=
Et QAc/ hexaane’36°Cl (Be)KRf = A BRS04 BRIA /A4RRes)- " rd 4) S
3.52-3.53 (in 29), 4. 43- 4. 4§f(m 2H) _7.?&%§7I'ﬁ?@wﬁ$¢w%'i%?ﬁ)(m
2H), 7.86 25>-1595/6((m, 287156424 (10 JH)] F39-T445f 1H1) 7.549RWP (2418 ]‘69[:,_7%\1
oS O P Y00 23, £ 08 i s
HRMS caled for CpHpN;O (M-H) 326.1293, found' 326.1303.  Anal.
(C2H7N300.2 H;0) C, H, N.

10

Example 28: 1-Mercapto-8.9-dih dro-7H-2,7.9a-triaza-benzolc. azilen-6-one

0] O
NH
CSa, DMF, NH
o >
. N 40 °C B6%
N, H N=
g SH

Diamine intermediate g (0.024 g, 0.13 mmol) was dissolved in DMF (0.5 mL).
Carbon di§u1ﬁde (1.0 mL) was added, and the reaction was heated to 40°C for 3.5 h.

15 The solvents were removed in vacuo to give the title compound (0.025 g, 86%): 1H
NMR (DMSO-dg) § 3.54-3.55 (m, 2H), 3.80-4.80 (br, 2H), 7.25-7.30 (m, 1H), 7.35-
7.37 (m, 1H), 7.74-7.76 (m, 1H), 8.44-8.48 (m, 1H), 13.08 (s, 1H). HRMS caled for
CioHgN30S  219.0466 (M*), found 219.0469.

20  Example 29: 1-Benzylsulfanyl-8.9-dihydro-7H-2.7 9a-triﬁa-benzo cd)azulen

-6-one

o]

0
N' enoseowr, NH
N_) (Pr)2NEL, 61% _)

N

N—( N='<

ks
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Al ternative Method for Preparation of Internediate f: H.1.) SOC12 2.) MOH,
DCM 02 N2 Ma'" (c) Internediate a' - 2-Am no-3-nitro-benzoic acid nethyl
ester: s 2-Am no-3-nitro-benzoic acid (6.30 g, 34.6 mmol) was converted to

the corresponding acid chloride by refluxing in neat i onyl chl ori de.
After renmoval of excess thionyl chloride and drying %‘fﬁ@e\‘efﬁ%@@ﬁ t he
crude acid chloride was suspended in 100 nL of CH2Cl2 and cooled to O C A

solution of 20 nmL of MeOH in 20 nL of CH2CI 2 was added slowy via addition

funnel. The reaction was allowed to 10 stir overnight while warmng to rt.
col umm chr omat ogr aphy

appropri ate [gﬂﬁwgg i gﬁs&ff %’gq%ﬁd to 0 :CZ: a%d ggt ﬁg?g%g%ie@hmﬁ@ngsQ_ The
reaction is then psisd Ssqpson 3uipat(P022 ml. dktemuial) foblowed by debisfRt i S
addition of benzyl bromide (0,014 mL, 0.13 mmol). The reaction mixture gradually
5  became homogeneous as stiring was continued at rt overnight. The solvent was
removed in vacuo, and the residue purified by fiash silica gel chromatography (50-60%

EtOAc/hexanes) to give 0.023 g (61%) of a white solid: mp = 189-191°C; Rf = 0.23
(75% EtOAc/hexanes); IR (KBr) 1651, 1462, 1445, 1356 cmrl; IH NMR (DMSO-dp)

63.53-3.54 (m, 2H), 4.14-4.15 (m, 2H), 4.61 (s, 2H), 7.25.7.34 (m, 4H), 7.45-7.47 (m,
0 2H), 7.76-7.80 (m, 2H), 8.36 (t, 1H, J = 5.5 Hz). HRMS caled for C17H1sN508

309.0936 (M), found 309.0933. Anal. (C17H;5N3080.3H,0) C, H, N.

Example 30: 1-(3-[1 .31—Dioxan-2-vl—nheny,l !-8,9—dihydro-7H—2,7,9a-n'iaza-
“benzoledlazulen-G-one |

&)
NH

)
) L
The title compound was prepared from 2~(3-formylphenyl)-1,3-dioxane
(Ackerley et al., J. Med. Chem (1995), 38:1608) to give 0.20 g (52%) of a light-grey
solid: mp = 247°C (dec); Ry = 0.22 (5% MeOH/EtOAc); IR(KBr) 2361, 1653, 1472
-1- 1
cmr'; 'H NMR (DMSO-d;) § 1.32-1.50 (m, 1H), 1.95-2.08 (m, 1H), 3.52-3.53 (m,
20 2H),3.97 (ddd, 2H, J = 12.1, 12.1, 2.1 Hz), 4.17 (dd, 2H, J = 11.0, 5.1 Hz), 4.43-4.45

(m, 2H), 5.63 (s, 1H), 7.33-7.39 (m, 1H), 7.54-7.60 (m, 2H), 7.82-7.91 (m, 4H), 8.44
(t, 1H, 7= 5.5 Hz). Anal. (C20H;9N303) C, H, N.
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Me t-BuONO, CuBr2 Ma' b' (d) Internediate b' - 2-Bronp-3-nitro-benzoic
acid nethyl ester. 2-Am no-3-nitro-benzoic acid nethyl ester (5.00 g, 25.5
mol ) and copper(ll) bromde (6.80 g, 30.5 mmol) were dissolved in 125 niL
acetonitrile at 0 C To this 20 solution was added 4%3 ni L tge%t?bal;tyl
nitrite (37.8 mmol ). The reaction, after stirring ov% HPW%{ rmng to
23 C, was poured into 200 nm. 10% HCI and extracted 4 times wth Et20. The
conbi ned organic |layers were washed with 10% HCl, water and saturated
brine, dried (I\/gSO4) filtered and concentrated in vacuo to give 6.00 g

(90% of prEmg X q ,.‘ 10 _ i ch was used without further
purlflcatlon 30, 30 7S 275 211, 1138,
1035, 976, ' drazaldehvde 767 733, 35 24 Novenber 2003 706cm 1: tH NVR (CDA 3)
8 3.98 (s, 3H), 7.53(t, , J =7.7 H), 7.77 (d, 1H, J = 7.7 Hz), 7.86
(d, 1H, J = 7.7 Hz). Anal .{(C8H6BrNO4) C, H, N. &
, NH NH
HzS04, MeOH, .
H»0, refiux, 81% N
\ =

> CHO

The dioxolane from Example 30 (1.96 g, 5.84 mmol) was dissolved in MeOH
5 (58 mL) and water (58 mL). Concentrated sulfuric acid (1 mL) was added, and the
reaction mixture was brought to reflux for 5 hours. The reaction was cooled to rt, and
MeOH was removed in vacuo. The residue was diluted with saturatcd aqueous
NaHCOs;, upon which the product came out of solution as a gum. The aqueous
solution was decanted off, and the residﬁe triturated with water. The water was
10 decanted, and the residue was triturated with CHCls. The sol;/ent was removed in
vacuo, upon which the product solidified. The solids were triturated with EtOAc,
| filtered, washed with EtOAc, and dried overnight to give 1.23 g of a white crystalline
solid. An additional 0.14 g of product had crystallized out of the aqueous phases upon
standing overnight and was isolated to give a total yield of 81% of the aldehyde: 1H
15 NMR (DMSO-dg) § 3.54-3.55 (m, 2H), 4.49-4.51 (m, 2H), 7.36-7.41 (m, 1H), 7.82 (t,
1H, J = 7.6 Hz), 7.88-7.95 (i, 2H), 8.08-8.10 (m, 1H), 8.19-8.21 (m, 1H), 8.41 (s,

1H), 8.46-8.49 (m, 1H), 10.14 (s, 1H).

H
)
N

1-(3—Dimethoxymcthyl-phenyl)~8,9-dihydro-7H—2,7,9a-u'iaza-benzo[cd]azulen-

20 6-one (31a) was isolated during flash silica gel column chromatography as a by-
product in the form of a white solid: mp = 182-185 °C; Rf = 0.15 (5% MeOH/CHCI;);

IR (KBr) 2361, 1653, 1458, 1091, 1046 cm-l: IH NMR (DMSO-dg) 8 3.31 (s, 6H),
3.52-3.54 (m, 2H), 4.45-4.46 (m, 2H), 5.50 (s, 1H), 7.36 (t, 1H, J = 7.8 Hz), 7.58-7.60
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enediamme Owe y DMA, 100 Cf 5 (e)
9-Nitro-1, 2, 3,4-tetrahydro-benzo[e][1, 4] di azepi n-5-one (Internediate 1):

2- Brono- 3-nitro-benzoic acid nethyl ester (0.50 g, 1.92 mmol) and 1,2
et hyl enedi am ne (250 pL, 3.74 mol) was dissolved in of ... The
ETNEEV‘P’HE%Q@I ed to

solution was heated to 100 C overni ght. The reaction
roomtenperature and poured into 200 nL of I M NaH2PO4 and pl aced in the

freezer for 4 h. The 10 resulting orange-red solid was coll ected by

filtration to give 2?531_532&%23 mol , 64% vyield) of product. The aqueous
| ayer was st i@ Hbyni- e 4B (B.4338.451 @s eTH R r opf jL.r med
by HPLC. Thi was then extracted wth CHZClg ?%w:xtfcei\@%ﬂﬁﬁ?%b?he

olutio
organic | ayefag§%é3@(qu'D-efﬂﬂf(d|@$@4)5. Anklt @;68,0N309F€ N itgd and purified by
col urm chromat ogr aphy using a gradient of 2.5%fto 5% NcOH CH2C12 as el uent

to is give an additional 125 ng (0.60 mml, 31 %yield) of product.

Exanpl e 3: 1HRumpth 32: 413D EndnhRng InQ8, LLi aza benzorcdl azul en 6
one 0 N The ine internedirate g (U. 088 = eeAB-2 d Qectriara~d above
5 b icc_i_[azu en B

di a
Was enzo len-6- -
one
o) o o
NA NH
HN(CHg)o, MeOH, NH
N NaHBHaCN- HC’, i +
Hz0, refiax, 75% N N
N— L ]
N= 55%

N{CHz)» :

CHO : OH

32 32a

3-(6-0::0—6,7,8,9-tetrahydro-2,7,9a-tﬁaza—bcnzo[cd]azulen-1-yl)-benzaldehyde

10 | (from Example 31 without further purification, 0.24 g, 0.84 mmol) was suspended in
MeOH (40 mL). Dimethylamine (2M in MeOH, 3.60 mL, 7.2 mmol) was added, upon
which the starting material dissolved. To this solution was added a solution of
NaBH;CN (0_.061 2 0.92 mmol) and ZnCl, (0.063 g, 046 mniol) in MeOH (10 mL).

The pH of the reaction mixture was adjusted to 6 with 2M HC/MeOH (2.5 mL), and

15 the mixture was stirred at 1t for 3 h, Concentrated HCI (0.25 mL) was added and the
MeOH was removed in vacuo. The residue was diluted with H;0, and the pH adjusted

to 10-11 with 10% NaOH. The product was extracted 3x with CHCl3. The organic
phases were combined, washed with H;O and brine, dried (MgS0y4), and then
concentrated in vacuo. The residue was purified by column chromatography (5%

20  MeOH/CHCI5) until the first product, the benzyl alcohol by-product eluted. The
product was then eluted with 5% methanolic ammonia/CHCI; to give 0.20 g (75%) of
compound 32 as a white solid: mp = 192-194 °C (dec); Ry = 0.10 (7% methanolic
“ammenia/CHCl); IR(KBr) 1651, 1464 cm'!; 1H NMR (DMSO0-dg) § 2.19 (s, 6H),
3.50 (s, 2H), 3.52-3.53 (m, 2H), 4.45-4.46 (m, 2H), 7.33-7.38 (m, 1H), 7.47-7.56 (m,

25 2H), 7.72-7.74 (m, 1H), 7.78 (s, 1H), 7.85-7.91 (m, 2H), 844 (t, I1H, J = 5.5 Hz).
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20 dissolved in pyridine (5 nL). lsonicotinoyl chloride hydrochloride
(0.093 g, 0.50 mol) was added, and the reaction m xture was stirred
overnight at rt. The solvent was renoved in vacuo. Toluene was added to

t he residue and concentrated under vacuum this maszigﬁeated to reane
traces of pyridine. The residue was dissolved in 36 3003 4:1
CHCI 3/i PrOH and washed with 0.5N Na2CO3. The aqueous phase was separated
and reextracted three tinmes with 4:1 CHCL3/iPrCH, and the organic |ayers
were conbi ned, dried (NgSO4) filtered and concentrated under vacuum The

b ovi do 3’?‘85?&“?&@% ¢ PSR PBRE" Clonbed SIS Ghsal | 2056
Me OH( Et OAC) ; (¢@§m@05}%@§c #6R9, 1472 cm1; [H NWR (DI\/BO 4) 8 3.54-3.55
(m 2H), 4.51-4.52 (m 7.38-7.42 (m 1H), 786787(|n 2H)

5 95, 86 Em 1H)1-(37 xy?agyl?phenmggfgﬁﬁ%ogéz%%;ﬂ- Found 264. 1008,
al.C oun

Anal . (015H%&%@26) Was ﬁ?%}“’dc’;‘s “rﬁY‘RP ¥ tergive cowhit Q%fmg&@fﬁ%)s mpe 8- 11,

14, and 66-6 d th

and_66- 68rslenpicgil Dok e RicdnRNtIC TR 03 t;}g}p?&@d 1ffEadand the

appropriate acid chl'oride in a manner bove in

Exanpl e 2 f ofHINMRNDMS0AU) 83.45-3.53 (h; bl qmr-446 2H), 4.

phenyl ) -8, 9-di hydr o- 7H 2%{'? 9a-tri az(lﬂben)zjo [ cd] az&ﬁnenH%on%l (dl‘he corrriso?unds of
Hz), 5.32-5.36 (m, lH) 7.33-7.38 (m, 1H), 7.51-7.56 (m, 2H), 7.70-7.72 (m, 1H), 7.81
(s, 1H), 7.85-7.91 (m, 2H), 843-8.47 (m, 1H). HRMS caled for Ci7H;sN;O,
293.1164 (M*), found 293:1168. Anal. (C;7H;sN30540.5 H,0)C,H, N.

10 Example 33: 6-Phenv]-3.4-dihvdro-2H—fI.4'ldiazenino[6 7.1-hilindol-1-one

o

NH

/r PzOs MeSOgH NaNa MeSOaH -)
'60-70 °C, 72% N
| H

n
NH
Ph————H, DMF, ElNH, PdClp, GHyON,
cat. (PhaP)4Pd cul 70-80 °C 73%

(2) Intermediate m - 8-Todo-2,3-dihydro- 1H-quinolin-4-one:
A mixture of the 3-(2-iodophenylamino)-propionic acid (0.103 £, 0.354 mmol),
prepared from the condensation. of B-propiolactone and 2-iodoaniline according to the
15 procedure of Bradley et al. (JCS PI, 2019 (1972)), in Eaton’s reagent (2 mL) was

heated between 60 - 70°C for 3h. After cooling the reaction mixture to It, ice cold
water was added. The solution was made basic (pH 12) with 50 wt.% NaOH and

- extracted with EtOAc several times. The combined organic extracts were dried over
anhydrous MgSO; and concentrated to give 0.070 g (72%) of the product, which was

20  used in the next step without further purification: 'H NMR (CDCI3) 3 2.71 (t, 2H, J =
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-‘Exanmpl es 7, 12, and 15-17 were synthesized frominternmediate g and the

appropriate is acid chloride in a manner |ike that described above in

Exanple 3 for the preparation of

1-pyridin-4-yl-8,9-di hydro-7H 2,7, 9a-tri aza- benzo[ cdl | en-.6- Exanpl e

4: 1-(3 4-Difluoro-phenyl )-8 9 dihvdro 7H 2 7 9a tri & ENpEaes 2403, 1 en b

one 20 F The reaction was carried out at roomtenperature (rt); the

reaction tine was 72 h to yield a white solid (55%: np = 245-247C, Rf =

0. 18 (90% Et CAc/ hexanes); IR (KBr) 1665, 1497 cnt1l; 1H NWR (DWVSO-d6) S

3. 53- 3. 54 -( .0 He),)3.65(t ATH, 4. 48.0(H), 286 (bs, THES:50 @AH, V= 35Hy), 'ﬁi)@éﬁ {168 (M
%

1H), 7.70-7.73 88-7.92 (m 2H), 7.94-7.98 37 24 fber > 2003
'O(EE,)*%IQ, ("JZES??-QE-}): HRMS cal cd for CLBHLIN3OF2 299. 0870

(m 111), 8.%
(Mr), found 299. BfRfermPliate n {SHQkL FPAM N, )l e 5: .
1- (2- Chl or o- phenyﬁg?- 8 9-dih /dr o YHJI?\'%’Q-% ?ﬁ%@%@ﬁﬁé%ﬁ'%ﬂ%ﬂ“ﬁ- one s
The reaction t enpér aseiptomeb thdietbnatinZfediaeac (3.4 ! 177 B8] TR CML50,1i €l d a
white solid 08 v = 253-255C Rf=_0.16 (90% Et QAc/ hexanhes); TR (1Br)
1665, 1568,&§3® lé‘%%?%t ) FaRRe dd%?‘”é’ ldod MaMa(1.074 2-6.5 4mpeh 4012 (m
2H), 7.36- portions. The reaction mixture was stirred at rt for 30 min. Upon completion of the

reaction (as indicated by TLC), ice-cold water was added, and the mixture was made

basic (pH 13) using 50 wt.% solution of NaOH, whereupon the product (3.05 g, 83%)
precipitated. The solids were filtered, washed with water and dried: mp = 182-184°C;
10 "H NMR (DMSO-ds) & 3.25-3.27 (m, 2H), 3.48 (bs, 2H), 5.43 (bs, 1H), 6.41 (t, 1H, J =
6.0 Hz), 7.73 (d, 1H, J = 6.0 Hz), 7.80 (d, 1H, J = 6.0 Hz), 8.15 (bs, 1H). LRMS (M)
288, |
(c) Intermediate o - 9*Phenylethynyl-l,2,3,4—tetrahydro—benzo[e][ 1,4}diazepin-
S5-one:
15 | A mixture of the iodide intermediate n (0.144 &, 0.5 mmol), phenylacetylene
(0.055 mL, 0.5 mmol), tetrakistriphenylphosphine palladium(0) (6 mg, 0.005 mmol),
Cul (2 mg, 0.01 mmol), diethylamine (4 mL) and DMF (2 mL) was stirred at 1t for 2
hours. The solvent was evaporated to dryness and the residue was taken up in water
and extracted with EtOAc. The organic extract was dried over anhydrous MgSQ,,
20 filtered and concentrated. The crude mixture was purified by flash silica gel
chromatography eluting with a gradient of 0-3% MeOH in CHCI; to give 0.102 g
(78%) of the desired product: IR (KBr) 3400, 3190, 3051, 1641, 1589, 1518, 1446,

. 1250, 756, 690 cm™; 'H NMR (DMSO-d) § 3.27-3.29 (m, 2H), 3.53-3.56 (m, 2H),

6.26 (t, 1H, J=6.0Hz), 6.61 {t, 1H, J= 6.0 Hz), 7.40-7.47 (m, 4H), 7.62-7.65 (m, 2H),
25 7.80(d, IH,J=6.0Hz),8.13 (t, 1H, J = 6.0 Hz). LRMS (M) 262,
(d) Title compound:

) To a.clear solution of the acetylene intermediate o (0.08 g, 0.305 mmol) in
CH3CN (10 mL) was added PdCl, (0.003 8, 0.0153 mmol) at rt. The reaction mixture
was heated at a temperature between 70-80°C for 3.5 h. Upon completion of the

30 reaction (as indicated by TLC), the solvent was evaporated to dryness. The crude
mixture was purified by flash silica gel chromatography eluting with a gradient of 0-
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7.42 (in, 1H), 7.52-7.72 (in, 411), 7.91-7.95 (m 2H), 8.43 (t, 1H, J = 5.5
Hz). HRM5 calcd for CL6H12N30Cl 297. 0668 (M+), found 297.0677. Anal.
(C16H12N300-0.25 i0o H20)C H, N. Exanple 6: 1-(3-Phenoxy-phenyll-8

9-di hydro7H 2 7 9a triaza benzofcdl azul en 6- 0 one (%%%é Phenox ﬁgnzoyl
chloride: is This conmpound was prepared as generally eYs (Pat ent
Publ ication No. GB 1052390). To 3-phenoxybenzoic acid (1.95 g, 9.10 nmol)
dissolved in CH2C12 (45 nil.) was added oxalyl chloride (0.89 nm., 10.01
mmol) followed by a drop of DM~ The reaction nixture was stirred

over ni ght at 3¢%tMe0H i THICS v, Th
Y l %WOW iy &ES ntec} QNW% any

taken up in Et20 and the liquid Was care
remai ni ng sotd) & 3-4fnbS5 o CHlak3 k438 ¢matH) ﬁeﬁ"lc{s,tlhﬁ VQ$@L THNY= CQFOJH.% puoduct 38

24- Novenber t h vac umd| stillation (b 139

c 3anHg) t 0?83 gm'%?g&"’f @g‘%bﬁ'& t}g{rsc@ggél { P 82 182 (o ddy, Jl#sg 2684

cmit; 1H NVRBGERCIR)J S6.6 13- ARASS tAltd o%ltb .33 (m

14, 7.37.7.49 (m 3 zoof??{?om L (m "H"Iggééﬁizzl@?( @@’%‘? f671Y0d:
Example 34: 6-(4—Chlom_envl)-3.4—dihvdro-2H-[1 41diazeninof6 7,1-hilindol-1-one

o
NH
) EtaNH, DMF, cat. (Pthth Cul Pdclz PdClo. CHaON.
T 7080%

H

| 69%
n
(@ Intermediate p -  9-(4-Chlorophenylethynyl)-1,2,3,4-tetrahydro-

10 benzole][1,4]diazepin-5-one: ‘

Using the procedure described above for preparation of intermediate o, 1-
chloro4-ethynylbenzene  and  intermediate  n, 9-iodo-1,2,3,4-tetrahydro-
benzo{e}{1,4]1diazepin-5-one, were used to synthesize intermediate p (87%) as a yellow
solid: mp 178-180°C; 'H NMR (DMSO-dg) § 3.27-3.30 (m, 2H), 3.52-3.55 (m, 2H),

15 6.31 (t, 1H, J= 6.0 Hz), 6.61 (¢, 1H, J = 6.0 Hz), 7.45 (d, 1H, J = 6.0 Hz), 7.50 (d, 2H,
J=9.0Hz), 7.67 (d, 2H, J = 9.0 Hz), 7.82 (d, 1H, /= 6.0 Hz), 8.13 (t, 1H, 7 = 6.0 Hz).
LRMS 296 M™).

(b) 6-(4-Chlorophenyl)-3,4-dihydro-2H-[l,4]d.iazepino[6,7,1-hi]indol—l-one:

Using the procedure described above for preparationr of 6-phenyi-3,4-dihydro-

20  2H-[1,4)diazepino[6,7,1-hfJindol-1-one (Example 33), the title compound was
synthesized from intermediate p in 69% yield as a pale-yellow solid: 'H NMR
(DMSO-ds) § 3.47-3.50 (m, 2H), 4.29-4.32 (m, 2H), 6.74 (s, 1H), 7.18 (¢, 1H,J =90
Hz), 7.58 (d, 2H, J = 9.0 Hz), 7.65 (d, 2H, J = 9.0 Hz}, 7.80 (d, 2H, J = 9.0 Hz), 7.83
(d, 2H, J = 9.0 Hz), 8.39 (t, 1H, J = 4.5 Hz). HRMS caled for Ci7H3N,0C1 (MY

25 296.0716, found 296.0715. Anal. (Cy7H;3N;0Cl) C, H, N.
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5 (b) Title conpound: .The reaction was carried out at room tenperature;

reaction time was 72 h to yield a creamcolored solid (49%: np =

216-219C, Rf = 0.29 (90% EtOAc/ hexanes); IR (1CBr) 1661, 1456, 1219 cm1;

1H NVR (DMBO-d6) 5 3.52-3.53 (in, 2H), 4.45-4.47 (m 13(m

2H), 7.18-7.22 (m2H), 7.33-7.36 (m 1H), 10 7.42-7. %g%e'%%f]z°§3

(m 2H), 7.85-7.89 (m 2H), 8.43 (t, 1H, J 5.7 Hz) HRI\/IScaIedfor

C22H17N3C2 355. 1321 (I\/Hr) found 355. 1308. Anal. (022H17N302) C, H N

Exampl e 7: -8. 9-di hvdro 7H—2 7 _

9a- t ri aza- behIBRE P SrifaMetnoxyphenyl)el 4- &4 pas[6CRI-hiladololt at room

terrperatureﬂngeactlon t| me was 72 h to i eId a creamcolored solid (679 :

mp = 250C (dec); Rf 0. 16 (20% McOH Et OAc); IR (KBr) 1663, 1385, 1310

cml1; 1H NWR (D¥ Od6)°$,[ =iz (m 2H)go 4.48-4.49 (in, 2I—g 739(t

1H J = 7.7, ~—nH 62 (dd, = 8.1, 5% Hz) 20790(dd 1H, J =

1.0 I—%), 7. dd5>| HEtaNH, mﬂcamphgphsdbm 728 '('(}gmz'é‘_lﬁc“ A H9 Hz)

8.46 (t, 1 70

1.9 HzZ). HR\S cHl cd for CI5HI2NAQ 264 ), found 26

(C15H12N4O 0.4H20) C, H, N
n

Anal

OCH,

5 (a) ‘Intermediate q - 9-(4—Meﬂ10xyphenylethynyl)-1,2,3,4—tetrahydro—
benzole)[1,4]diazepin-5-one:

Using the procedure described above for preparation of intermediate o, 1-
methoxy-4-ethynylbenzene and  intermediate n,  9-iodo-1,2,3,4-tetrahydro-
benzofe][1,4]diazepin-5-one, were used to synthesize intermediate q in 80% yield as a

10 yellow solid: mp 193-195°C; '"H NMR (DMSO-ds) & 3. 27-3.29 (m, 2H), 3.53-3.55 (m,

2H), 3.81 (s, 3H), 6.20 (br s, 1H), 6.60 (¢, 1H, J = 6.0 Hz), 6.98 (d, 2H, J = 9.0 Hz),

741 (d, 1H, J=6.0 Hz), 7.57 (4, 2H, /= 9.0 Hz), 7.79 (4, 1H, J = 6.0 Hz), 8.11 (t, 1H,

J=6.0 Hz). LRMS 292 (M™).

(b) 6-(4-Methoxyphenyl)-3,4-dihydro-2H—{ 1,4]diazepino[6,7,1-Ai]indol-1-one:

25 Using the procedure described above for preparation of 6-phenyl-3,4dihy&&

2H-[1,4)diazepino(6,7,1-kilindol-1-one (Example 33), the title compound was

synthesized from intermediate q in 84% yield as a pale-yellow solid: 'H NMR

(DMSO-ds) & 3.48-3.50 (m, 2H), 4.27-4.30 (m, 2H), 6.60 (s, IH), 7.07 (d, 2H, J = 9.0

Hz), 7.15 (t, 1H, J = 6.0 Hz), 7.54 (d, 2H, J=9.0 Hz), 7.75 4, 1H, J = 6.0 Hz), 7.79

20 (d, 1H, J = 6.0 Hz), 8.36 (t, 1H, J = 6.0 Hz). HRMS calcd for C,gH;d\IoOz MH
292.1212, found 292.1218. Anal. (CysH16N20, " 0.1 H,0) C, H, N.
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39 24 Novenber 2003 Exanple 8: I|-Thionhen-2-v1-8 9-di hydro-7A-2 7 9a-triaza
benzorcdl azulen 6 one 0 The reaction was carried out at room tenperature;
reaction tine was 72 h to vyield a white solid (63%: np = 247-250C, Rf=
0.21(5% McOH CHC13); IR (KBr) s 1661, 1474, 737 cm1; 1pi NMRAOENSOHE) S
3.59-3.60 (m 211), 4.56-4.57 (m 211), 7.29 (dd, 1H, J = 5.0, 3.8 Hz),
7.35 (t, IH J =7.8 H), 7.72 (d, 1H, J = 3.7 Hz), 7.84- 7.87 (m 311),
8.45 (t, 1H, J = 5.6 Hz). HRMS cal cd for Cl14H11IN30S 269. 0622 (M), found
269. 0627. Anal . gc 4H11N308) C H N to Exarrple 9: 1- Napht hal en-1-vl -8

9-di hydro- 7K 02p: NS 3 A1 18 (3] LR_n was
carried out at 79C reac ont| was 72 h to yield a w ol id (53%:
np = 223-225C (dc) Rf 8 (90% Et CAc/ h&xanes); IR (KBr) 1@b9, 1464,
1312 cm 1; IHPNYR MBVBO dB) S 3. 52- 3. 54 oy 4. 11-4. 12 ( 7.41
is.(t, 1H, . a—ima u 2 7. 6% PAF2CHAN, 1 (dd 1H,
J-=7.1, 1.2 7 89 FtghH. OMA, 833 = 8. 3 L 9608, 702H, - 7. , 1.0
Hz), 8.06-8.09 (m 1H), 8.17 (d, 1H, J 8.2 Hz), 8.40 (t, NI = 5.7
Hz) . FIRMS cal cd for C20H15N30 313. 1215 tI\/Hr) found 313. 1204 nal .

(C20H15N30) C, B N

(a) Intermediate ~ r - 9-(4-Phenylbutynyl)-1,2,3,4-tetrahydro-
5  benzo[e][1,4]diazepin-5-one:

Using the procedure described above for preparation of intermediate o, 4-
phenyl-1-butyne and intermediate n, 9-i0do—I,2,3,4-tetrahydro—benzo[e][1,4]dia.zepin-
5-one, were used to synthesize intermediate r which was obtained in 83% yield as a
pale brown solid: mp = 133-135°C; 'H NMR (DMSO-ds) $2.76-2.81 (m, 2H), 2.86-

10 2.90(m, 2H), 3.23-3.25 (m, 2H), 3.39-3.41 (m, 2H), 5.70 (bs, 1H), 6.53 (t, 1H, J = 6.0
Hz), 7.23 (d, IH, 1= 6.0 Hz), 7.31-7.35 (m, SH), 7.69 (d, 1H, J = 6.0 Hz), 8.07 (t, IH,
J=6.0 Hz); LRMS (M) 290,

' (b) 6—Phenethyl-3,4-dihydro-2H-[1,4]djazepino[6,7,1-hi]indol-l&one

Using the procedure described above for preparation of 6-phenyl-3,4-dihydro-

15 2H1,4]diazepino(6,7,1-hilindol-1-one (Example 33), the title compound was
synthesized from intermediate r and obtained in 70% yield as a pale yellow solid; 'H
NMR (DMSO-ds) 8 2.96-3.06 (m, 4H), 3.49—3_.50 (m, 2H), 4.21 (bs, 2H), 6.37 (s, 1H),
7.07 (t, 1H, J = 6.0 Hz), 7.18-7.29 (m, SH), 7.65 (d, 1H, J = 6.0 HZ), 7.74 (d, IH,J =
6.0 Hz), 8.26 (t, 1H, J = 6.0 Hz); HRMS caled. for CioH;gN,0 (M™) 290.1419, found

20 290.1421. Apal. (CygH;sN;0)C, H, N.
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40 24- Novenber 2003 Exanple 10: 1-(3-Trifluoronethvl-phenyl)-8

9-di hydro-7H-2 7 9a-triaza benzofcdl azul en-6-one CF3 The reacti on was
carried out at roomtenperature; reaction tine was 72 h to s yield a
light-gray solid (53%: np = 250-252C;, Rf= 0.18 (90% EtfARbhaxanresdz | R
(KBr) 1669, 1393, 1325 cmt; tH NVR (DMSO-d6) 8 3.53-3.54 (m 2H),
4.48-4.49 (m 2H), 7.34 (t, 1H J =7.8 Hz), 7.80-7.86 (m 1H), 7.92 (ddd,
1H J =8.5, 8.0, 1.1 Hz), 7.94-7.95 (m 1H), 7.96-7.97 (m 1H), 8.16-8.19
(m 2H), 8.47 (t, 1H J = 5.7 Hz). HRI\/S cal cd for Cl7Ht 2N30F3 331 0932
(M+), found BRdmfe3%: 64 : .
1- Napht hal en-2-y1-8 9-di a7 0 The
reaction was carryed out ag @- [ [ S

yield a whit : :
1395, camo@’uem:w 1H | (rh"" 2H) ,

IR (KBr) 165
4.57- 4.59 ( v 3B =78
1H, J =77 11 ), éf“”&lj"l’;“’:%
808813(m2H) ) a5 B a6

(@) Intermediate s - 9—(4-F1uorophenylethynyl)—1,2,3.4-tetrahydro—
s  benzo[e][1,4}diazepin-5-one:

Using the procedure described above for preparation of intermediate o, I-
fiuoro-4-ethynylbenzene and intermediate n, 9-10do-1,2,3,4-tetrahydro-
benzol[e][1,4)diazepin-5-one, were used to synthesize intermediate s, which was
obtained in 89% yield as a yellow solid: mp = 160-162°C; 'H NMR (DMSO-dg)

10 §3.27-3.30 (m, 2H), 3.52-3.55 (m, 2H), 6.27 (bs, 1H), 6.61 (t, 1H, J = 6.0 Hz), 7.27 (t,
2H, J = 9.0 Hz), 7.44 (d; 1H, J = 6.0 Hz), 7.67-7.72 (m, 2H), 7.80 (d, 1H, J = 6.0 Hz),
8.13 (¢, 1H, J = 6.0 Hz). LRMS (M™) 280. Anal. (C;7H,;3N,0F 0.1 H0) C, H, N.
(b) Title compound:
Using a similar procedure to that described above for preparation of 6-phenyl-
15 34-dihydro-2H-[1,4]diazepino[6,7,1-ki]indol-1-one (Example 33), the title compound
was synthesized from intermediate s in 79% vyield as a pale-yellow solid: 'H NMR
(DMSO-dg) 8 3.48-3.50 (m, 2H), 4.28-4.30 (m, 2H), 6.70 (s, 1H), 7.15 (t, 1H, J = 6.0
Hz), 7.33-7.39 (m, 2H), 7.65 (d, 1H, J = 6.0 Hz), 7.68 (d, 14, J=6.0Hz), 7.78 (d, 14,
J = 6.0 Hz), 7.82 (d, 1H, J = 6.0 Hz), 8.38 (¢, 1H, J = 6.0 Hz). HRMS calcd. for
20 Cy7H;sNoOF (M) 280.1012, found 280.1002. Anal. (Ci7HisN20F) C, H, N.
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(m 1H), 8.49 (t, 1H J = 5.7 Hz). HRVB calcd for .C20HI5N30 313. 1215 (M),
found 20 313.1221. Anal. (C20H15N30.0.15H20) C, H, N. 41 24- Novenber 2003
Exanpl e 12: 1-Pvridin-2-v1-8 9-dihydro 7H 2 7 9a triaza benzorcdl azul en
6-one 0 -j The reaction was carried out at roomte r@é %Sg tion tine
vem @"35(?10%

was 72 h to s yield a tan solid (52%: np = 249-250
McOH Et OAc); IR (KBr) 1659, 1605, 1443 cml; IH NI\/R(DIVISOdG) S 3.57-3.62

(m 2H), 4.60-5.20 (br, 2H), 7.39 (t, IH- J = 7.8 Hz), 7.55 (ddd, 1H, J =

7.7, 4.9, 1.2 Hz), 7.92-7.96 (m 2H), 8.03 (dt, I1H J =7.7, 1.8 H),
8.29-8.32 ( 38, 646-Chl _ . | Hy.. HRVB cal cd

for C15H12N4h£§.|.2§4. imé (I\-/Hé, Ky C ) C H N
Exanpl e 13: 9-di hvdro-7H 2 7 9a triaza benzorcdl azul en 6

one 0 The reaction was carrbed out at roomtenrper at ure; reactlon time was
72.hto is yield a white sol ’ 'Rf = 0.08
(5%ve0H CHC13); IR (KBr ;

3.61-3.66 (m 2H), 4.65

POCI; (0.3 mL, 3.19 mmol) was slowly added to DMF (3 mL) at 0°C. The

s  mixture was stirred for 15 minutes and then was treated with a solution of 6-phenyl-
3,4-dihydro-2H-[1 ,41diazepino[6,7 »1-hilindol-1-one (Examplc 33, 0.070 g, 0.236
mmol) in DMF (2 mL). The reaction mixture was warrned to rt and stirred for 4h.
After removing all solvent, the residue was taken up in H,0, made basic (pH 12-14)
using 50% aqueous NaOH, whereupon the product precipitated. The product was

10 filtered, washed with water several times and dried to yield 0.077 £ (99%) of a pale-
yellow solid: 'H NMR (DMSO-dy) 83.41-3.52 (m, 2H), 4.204.22 (m, 2H), 7.43 (t,

- 1H,J=9.0Hz), 7.68 (d, 2H, J=9.0 Hz), 7.74 (d, 2H, J=9.0 Hz), 8.00 (d, 1H, J =6.0
Hz), 8.47 (d, 1H, J = 6.0 Hz), 8.51 (t, 1H, J = 6.0 Hz), 9.65 (s, 1H). HRMS caled. for

CisH3N,0,Cl o™H 324.0665, found 324.0668. Anal. (CygH13N2O,Cl: 0.25 H,0) C,
15 H,N.

Example 39: 6-(4-Chloro-phcnzl )}-1-0x0-1 12.3.4-tetrahydro-| 1.41diazepino[6.7.1-
hilindole-?-—carboxaldehxde oxime

o]

NH
Q —) NH20H-HCI, H,0,
N NaOH, EIOH

— 80-85 °C, 67%

- O

Cl
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7.28 (d, 1H, J = 2.0 Hz), 7.41-7.46 (m 1H), 7.95-7.97 (m 1H), 7.98-7.80
(m IH, 8.50 (t, IH J =5.7 Hz), 8.90 (d, 1H, J = 2.0 Hz). HRMWS cal cd
~for CL3H ON402 254.0804 (Mm+), found 254.0798. Anal. (C13H1LON402) C, H, N
20 42 24- Novenber 2003 Exanple 14: 1-(4-Cbl oro-pheny, 8 9-di o-7H2 7
9a triaza benzofcdl azulen 6 one Cl - The reaction was %‘%’l"?‘?’%ﬁb%%gé room
tenperature; reaction tinme was 72 h to s yield an off-white solid (47%:

= 272-274C, Rf = 0.26. (90% Et CAc/ hexanes); JR (KEr) 1663, 1597, 1464, 1408
cml1l; 1H NWR (DVMBO-d6) S 3.52-3.54 (m 2H), 4.44- 4.46 (m 2H), 7.37 (t,

1H, J = 7.8 Hz), NH-GHHCb®.02% g, 21335 mchﬂﬁanZ} ﬁgo g) 7@@4%%011)7%@ 1H) .
HRMS cal cd f 916H12N3CI31 297. 0669 c(’ f ound 6%
(016H12Nsoci§)‘{eé 013 sygpEnsign, ofthecaldehyde (qu@rwphnwr)+1dexn-n2;ﬂ4~&n&mydr o- 7H

2 7 9a tri appAlaeRésihelel B Rbole - Qo xddehyde (Example 38, 0.050 g, 0.154 mmol)

in EtOH (5 mL) and H,0 (0.5 mL). The reaction mixture was heated at 80-85°C for

5 3h, cooled to rt and evaporated to dryness. The residue was taken up in ice-cold H,0,
whereupon a pale-yellow solid precipitated. The solid was filtered, washed with H»O

and then purified by flash silica gel chromatography eluting with a gradient of 0-5%
MeOH in CHCI; to give 0.035 g (67%) of the oxime: 'H NMR (DMSO-d;) 8 3.40 (bs,

2H), 4.0-4.1 (m, 2H}), 7.30 (t, 1H, J=90Hz), 7.55 (d, 2H, J = 9.0 Hz), 7.64 (d, 2H, J

10 =90Hz2),7.90(s, 1H), 7.94 (d, 1H, J = 9.0Hz), 834 (d, IH, J = 90Hz) 8.41 (t, 1H,

J=6.0 Hz), 10.83 (s, 1H). HRMS calcd. for CisHisN30,Cl M+ H) 340. 0853, found
34O 0862. Anal. (Ci3H4N30,Cl 0.75 CH,Cl;) C, H, N.

Example 40: 6-Pvﬁdin-2-vl-3.4.-dihvdm-2H-I1,41diazepinof6.7.l-hﬂindol-i-one

o! N
Y y—
NH =
cat. (PhaP)4Pd, Cul PdCla, Cul,
N EtzNH, DMF, 67% CH3CN, 80-85 °C
l 20%
n
is5
(a) Intermediate t - 9—Pyridin-2-ylethynyl-1.2,3,4-tetrahydro-

- benzole][1,4]diazepin-5-one:
Using the procedure described above for preparation of intermediate o, 2-
20  ethynylpyridine and intermediate n, 9-jiodo-1 :2,3,4-tetrahydro-benzo[e][1 ,4}diazepin-5-
one, were used to synthesize intermediate t in 67% yield as a brown solid: mp = 173-
175°C; 'H NMR (DMSO0-dg) 8 3.20-3.24 (m, 2H), 3.54-3.56 (m, 2H), 6.29 (¢, 1H, J =
6.0 Hz), 6.64 (t, 1H, J = 6.0 Hz), 7.37-7.41 (m, 1H), 7.50 (d, 1H, J = 6.0 Hz), 7.77 (d,

1H, J = 9.0 Hz), 7.82-7.88 (m, 2H), 8.15 ( 1H,J = 6.0 Hz), 8.59 (d, 1H, J = 6.0 Hz).
25 LRMS (M) 263.



The reaction was carried out at roomtenperature; reaction tine was 72 h to
Is yield a yellow solid (47%: np = 265C (dec); Rf = 0.20 (5% McOH Et OAc) ;
JR (KBr) 1661, 1607, 1464, 1399 cm1; 1H NWR (DMSO-d6) S 3.35-3.39 (m 2H)
3.54- 3.55 (m2H), 7.39-7.44 (m 1H), 7.89-7.98 (m 4 8.50 (t., 1H J =
5.8 Hz), 8.63 (d, 1H J = 5.2 Hz). HRVB calcd for w@aﬁr(zg@% 0621
(M+), found 298.0617. Anal. (C15H11INACC1*0.25 H20 C, H, N. 20 43 24-
Novenber 2003 Exanple 16: 1-f3-(Pvridin-3-vloxy)-phenvll 8 9-dihvdro 7TH 2 7
9a triaza benzofcdl azul en-6-one (a) 3-(Pyridin-3-yloxy)-benzoic

aci d- hydr ochl or i & 8¢ ¢ompoupd:so| ution of nethyl 3-(pyri d| n- 3 yI oxy) benzoat e

Egu"tv:_;arv\gts ?lefl uxeé@or O%?ﬂ% a‘f%é}engél%laﬂ&\)ﬂg%ééﬁc% Ial gkl:l "

vacuum and anli)erhsatd&Gi0CUT (W00B¢, 0@I2 ifiol)and Pueb (@oaéng (9019%&1)% rnd
solid: np = 208-21Q C, IH NMR (DVMBO-4) 'S 74 21| , 7.83
(m 2H), 7 @%“C%ﬁ’ﬁ mygipre wasg heatsk at ﬁ%SS 5015411 Iapoa ¢€In)p,letﬁm76f (edcuojhl-(asJ io =

2.6 Hz), 10NO3CL
3.(Pyri dl n 3 ik 38' {JE&JZ th%'?))cﬁ@g?%s fEmav cﬁ unuer vacuzlm andl_he crudé re)sxdue was
purified by flash mhca gel chromatography eluting with a gradient of 0-3% MeOH in

CHCI; to give 0.010 g (20%) of the product: 'H NMR (DMSO-dg) 6 3.38-3.55 (m,

2H), 4.64 (bs, 2H), 7.06 (s, 1H), 7.19 (t, IH, J = 9.0 Hz), 7.37-7.41 (m, 1H), 7.82-7.96

(m, 4H), 8.38 (1, 1H, J = 6.0 Hz), 8.70 (d, 1H, J = 3.0 Hz). HRMS calcd. for
10 CiHi3N;0 (M") 263.1059, found 263.1062. Anal. (Cj¢H;sN;00.8 H;0)C,H, N.

Comparison Example 41; 3.4.6.7-Tetrahydro-2H-[1.4]1diazepino[6.7.1-kilindol-1-one
0

NH

-

This known compound was prepared according to the literature procedure of
15 Hester et al. and references cited therein (Hester et al., J. Med. Chem. 13, 827 (1970)):
'H NMR (DMSO-d) § 2.92 (. 2H, J=17.5 Hz), 3.29-3.31 (m, 4H), 3.47 (t, 2H, J = 7.5
Hz), 6.49 (t, 1H, J = 7.5 Hz), 7.04 (d, 1H, J = 7.5 Hz), 7.49 (d, IHJ = 7.5 Hz), 7.86
(bs, 1H). HRMS caled for CyH;oN20 (MY) 188.0950, found 188.0957. Anal.
(CuiHi2N20) C,H, N.
20

Comparison Example 42: 3.4-Dihvdro-2H-[1 Aldiazepinol6.7,1-kilindol-1-one
‘ ' O

NH

)

This known compound was prepared from  3,4,6,7-tetrahydro-2H-
[1,4]diazepino[6,7,1-Ailindol-1-one (Example 41) according to the general procedure
25 of Hester et al. and references cited therein (Hester et al., J. Med. Chem. 13, 827
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This acid chloride was prepared fromthe HCL salt of 3-(pyridin-3-yloxy)-
benzoi ¢ as descri bed above for 3-phenoxybenzoyl chloride, except the
product was not purified (99% white solid): IR (KBr) 1751 cml; IH NWR
(CDC13) S 7.45-7.49 (m is 111), 7.66-7.72 (m 111), 24 Q6emiit 2003 2H),
7.97-8.01 (m 111), 8.12-8.15 (m 1H), 8.39-8.40 (m 1H), 8.53-8.55 (m
1H). (c) Title conmpound: The reaction was carried out at roomtenperature;
reaction time was 72 h to vyield a white solid (55%: np = 223-225C, Rf =
0.18 (10% Mc OH Et OAC) IR (KBr) 20 1665, 1571, 1460 cm1; IH NWMR (CDC13) S

3,52-3, 53 (G97aY) HNME @SOS 350-0.5 G af 3 (a6l e T 46188 ()

511), 7.85-7. 91@% 8.41- (B

356. 1273 ( MEp:0 61356H1126§0Hﬁ)ar73 ((@MHMCOZHZ)ZBmI-@QHQ =16,0 Nz), 44 24-
Novenber 2 | %7 R enyl | -8 9-di hvdro TH2 7
9a-triaza Oggggd(d[ rr:gl'}:zﬁfoelr-\& gc?rloc(e@(é ﬂ*/el_ﬁyﬁ géy}pl/%]dﬁﬂaiél (Qltﬁlyl)’if%ﬂ%ate '
(Butler et B#Q)Q.H,Md Chem 14, 575 S (1971): A solution of
4-13-(t rsi fl uoronet hyl ) phenoxy] pyridine' (1.89 g, 7.9 mvol) in

Example 43: 7-lodo-3.4-dihydro-2H-[1.4)diazepino [6.7,1-hitindol-1-one

o
NH
-) Iz, DMF, KOH
92% -
N

NH

{
To a pale-yellow solution of 3,4-dihydro-2H-[1,4]diazepino[6,7,1-kilindol-1-
one (Example 42, 0.051 g, 0.274 mmol) in 5 mL DMF was added KOH (0.058 g, 1.03
10  minol) and iodine (0.139 g, 0.548 mmol) at it. The reaction mixture was stirred at rt

- overnight, at which time solvent was removed in vacuo. The residue was taken up in

EtOAc and washed w1tl1 0.1% ag sodium bisulfite, H,O and brine. The organic layer

was dried over anhydrous MgSOy, filtered and concentrated to give 0.078 g (92%) of a

pale-yellow solid: 'H NMR (DMSO-dg) §3.56-3.59 (m, 2H), 4.40 (m, 2H), 7.26 (1,

15 1H,J=7.5Hz),7.52(d, 1H, J = 7.5 Hz), 7.67 (s, 1H), 7.93 (d, 1H, J = 7.5 Hz), 8.37

(t 1H, J = 5.3 Hz). HRMS caled. for C;;HoN,OI (M") 311.9761, found 311.9776.
Anal. (C(,HgN,0D) C, H, N

Example 44: 1-Ox0-1,2.3 4-tetrahydro- 1.4)diazepinol6.7, 1-hilindole-7-carboxvlic

20  acid methy] ester

O 9]
NH
cat, (PhaP)2PdCl, N N
CO, Et3N, DMF, MeOH )
N

—_— 50-55 °C, 26%

66



concentrated H2SO4 (5.4 nL) was heated to 120C for 16 h. The reaction
m xture was cooled to rt and carefully poured into McOH (200 nL). This
solution was.refluxed for 2h. The solution was then concentrated under

vacuumto half its volume and diluted ao with 350 nL 9of NEiedfberAob8r g€
excess of solid NaHCO3 was added portionwise with stirring, followed by
solid Na2CO3. This suspension was stirred several hours until the pH was
no longer acidic. The salts were filtered with the aid of Celite and the
solution was concentrated. The turbid residue was taken up in CH2Cl 2,

dried (Na2SO%), - i _ | i . 0

or oduct 2 & bal o ehotdetine (UL RECOTATBubA) ks piadd S dife eGSR G

2H, J = 6. 3 dilyyro-ZHAd.A]diazepine(6,751-4ilBdal-1-Bné5 (frath, Exdnfld {3mwidtichs fifmt®? (d,

1H J = 7.7 _bHz 4 =, 6.0, Hz) . 3- ((Pyri di n-4-yl oxy) - benzoi c

aci d- hydr oc ﬁ#ﬁ‘?ﬁ?ﬂé@“g%"?g EA8'§z| pel) ﬁ“‘gP‘SFFL‘{"ﬁéﬁg@sﬂ(%}% p%m 9%@%@/ %ﬁ%ﬁzogt o

(0.229° g, 1.0, 0012)mindl)GN 8 T MEGHEa 3aa. DRI 4XRd ﬁ%&%%ongmlﬂﬁc akution
under

was concentrat ed under° hi gh vacuum 20 and dried at vacuumto
gi ve 0.25 gheaedgt F-55Cofior 18 houmderia Géhatmogier The Gplveid widRefloME sy S 7. 48

b0 (o, 1 rcykald i gade iy ubjf G apd el witowaen e g oy
Thi's aci d chror da mied optr lnydibhs MssOM Silefa nf BGIET 10 ke BRI 0y )
solid, which was purified by flash silica gel chromatography eluting with a gradient of
0-3% MeOH in CHCl; to give 0.025 g (28%) of a white solid: 'H NMR (DMSO-dg)
10 §3.34-3.60 (m, 2H), 3.83 (s, 3H), 4.46 (bs, 2H), 7.36 (t, 1H, J = 7.5 Hz), 7.95 (d, 1H, J
= 7.5 Hz), 8.23 (s, 1H), 8.27 (d, 1H, J = 7.5 Hz), 8.40-8.50 (m, 1H). -HRMS calcd. for

Ci3H12N203 (M) 244.0848, found 244.0850. Anal. (C;3H2N,050.25 H,0) C, H, N.

Example 45: 1-Oxo-1,2.3.4-tetrahydro-[1.4]diazepino[6,7,1-ki lindole-7-carbaldehyde
)

0
NH '
exc POCh, DMF
0°C-rt, 95%
15 OHC
POCI3 (16.37 g, 106.76 mmol) was slowly added to DMF (225 mL) at 0°C.
The mixture was stirred for 15 minutes and then treated with a solution of 3,4-dihydro-

2H-{1,4)diazepino[6,7,1-hilindol-1-one (Example 42, 1.46 g, 7.85 mmol) in DMF (10
mL). The reaction mixture was warmed to rt and stirred for 17 h. After removing all

NH

N

20 solvent, the residue was taken up in H,0, made basic (pH 12-14) using 50% aqueous
NaOH and extracted with EtOQAc several times. The organic layer was-dried over
anhydrous MgSO;, filtered and concentrated to give 1.6 g (95%) of a pale-yellow

’solid: 'H NMR (DMSO-ds) § 3.58-3.61 (m, 2H), 4.48 (bs, 2H), 7.37 (t, 1H, J = 7.5
Hz), 7.97 (d, 1H, J = 7.5 Hz), 8.33-8.35 (m, 2H), 8.43- 8.45 (m, 1H), 9.95 (s, 1H).

25 HRMS caled. for Cj3HgN20O» (M*) 214.0742, found 214.0737. Anal. (CiaHyo

N20,0.1H;0) C, H, N, |
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benzoi ¢ as descri bed above for 3-phenoxybenzoyl chloride, except the

product was not 45 24- Novenber 2003 purified (99% white solid): IR (KBr)

1736, 1709, 1501 cml; IHNWR (CDC13) 8 7.29-7.32 (m 2H), 7.52-7.54 (m

1H), 7.73-7.78 (m 1H), 7.94 (s, 1H), 8.20-8.22 (m d4Nevenif28030 (m

2H). (d) Title conmpound: s The reaction was carried out at room

t enper at ur e; reactiontirre was 72 hto vyield a white solid (52%: np =
245-247C, Rf = 0.24 (15% MOH EtOAc); IR (KBr) 1661, 1576, 1264 cm 1;
NVR ( DMSO- d6) 8353355(m 211) 4.48-4.49 (in, 2H), 7.03 (d, 2H, J
7. 33urh , 780 Lin )

7.86-7.92 (in, : : 8 ~ arf
&m@mmmoz 356. 1273 (M), found 356, 1264. Anal . (CZlH16N402)

C, H N Exanple 18: 4-Fl uoro | - (4- Fuor o- phenyl) 8 9 dihvdro-7H 2 7 9a

6.2 Hz),

cal cd for

triaza benzofcdl azul en- 6- one NHz 1, 4dOommc Tal on 88% b
NH
NHoOH-HCI, Hz0,
g
NaOH, EtOH - N /\
80-85 °C, 88% —

10

i5

20

CHGC
HO |

To a mixture of aldehyde I1-oxo-1,2,34-tetrahydro-[1.4]diazepino[6.7,1-
hilindole-7-carbaldehyde (from Example 45 without further purification, 0.050 g,
0.233 mmol) in EtOH (5 mL) and H,0 (0.5 mL) was added NH,OHHCI (0.041 g,
0.583 mmol) and NaOH (0.024 g, 0.583 mmol) at rt. The reaction mixture was heated
at 80-85°C for 2 days. The resulting suspension was filtered and the remaining white
solid (0.047 g, 88%) was washed with water and dried: '"H NMR (DMSO-ds) & 3.56
(bs, 2H), 4.36 (bs, 2H), 7.23 (t, 1H, /= 7.5 Hz), 7.68 (s, 1H), 7.90 (d, 1H, J = 7.5 Hz),
8.21 (d, 1H, J = 7.5 Hz), 8.26 (5, 1H), 8.33-8.35 (m, 1H), 10.66 (s, 1H). HRMS calcd
for C;2H;1N30; (M) 229.0851, found 229.0843. Anal, (CigH;;NgOz) C,H,N,

Example 47: (7) and (E) 1-Oxo-1.2.3 4-tetrahvdro-[1 4ldiazepinol6.7.1-kilindole-7-
carbaldehyde O-methvl-oxime

NH
NHOMe-HCI, pyr, N NH
EtOH, refiux, - _) + __)
_ 86%combined N N
o —
OHC N= N
/!
HaCO
47a 47b

A solution of 1-0xo-1,2,3,4-tctrahydro—[l,4]diazepino[6,7,l-hi]indole-7-

carbaldehyde (Example 45, 0.050 g, 0.234 mmol) and MeONH;HCI (0.020 g, 0.242

mmol) in EtOH (5 mL) and pyridine (5 mL) was refluxed for 20 h. The reaction
mixture was then evaporated to dryness and the residue was taken up in H,0 and

extracted with EtOAc several times. The combined organic layers were dried over
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3 15 Nall,, McSO3H <40C 82% NaCH, lip M. re6,a 69% 10%4dVC. H, 68%i
P 5. MSCail 7DA09C, 64% (a) Internediate h -

3-(4-Fl uoro-2-nitrophenyl am no)-propionitrile: Using the procedure
described to prepare intermediate a, 3-(4-fluoro-2- 24 November 2003

ni.t rophenyl am no)-propionitrile was prepared in 88%yield from 4- Fuor o- 2-
nitroaniline (3.17 g, 19.68 mml), acrylonitrile (1.57 n., 23.61 mvol), and
Triton B 20 (0.2 nL) as a brown crystalline solid: np = 140-142C, Rf = 0.16
(30% Et CAc/ hexanes); IR (KBr) 3380, 3117, 2955, -2251, 1526 cml; |IH NWR

(7 Cg)glg) , 2 : ?]mZ(Bmﬁs MigS((JSm t(‘xRéﬂ);d artt @echtrated 1The diue WasSstiiied %y(fiasrh s1ﬁca
gel cﬁll'_obmatography elutmg with a gradient of 0-19% MeOH in CHCI; to give 0.036 g
(63%) of the (E) and 0.013 g (23 %) of the (Z) isomers.
(Z) isomer: 'H NMR (DMS0-ds) ©3.54-3.58 (m, 2H), 3.96 (s, 3H), 4.43 (bs, 2H),
s 7.27(, IH, J = 9.0 Hz), 7.89-7.92 (m, 2H), 8.14 (d, 1H, J = 9.0 Hz), 8.21 (s, 1H),
8.35-8.39 (m, 1H). HRMS calcd fo_r Ci3HisN30, (M*) 243.1008, found 243.1020.
Anal. (C3H;3N3070.1 H,00.1 EtOAc) C, H, N.
(E) isomer: "H NMR (DMSO-dg) 6 3.55 (bs, 2H), 3.87 (s, 3H), 4.37 (bs, 2H), 7.27 (1,
1H,J=7.5Hz),7.75 (s, 1H), 7.91 (d, 14, /= 7.5 Hz), 8.24 (d, 1H, J = 7.5 Hz), 8.34-
10 8.38 (m, 2H). HRMS caled. for Ci3H1aN30; (M*) 243.1008, found 243.1016. Anal.
(Ci3H13N30,°0.25 H,0) C, H, N.

rExample 48: 7-Hydroxymethyl-3.4-dihydro-2H-[1 -41diazepino{6.7,1-hilindo!-1-one

o] (o]
NH
NaBH;, EtOH N>H
N reflux, 88%
OHC H
15 Spdjum borohydride (0.018 g, 0.466 mmol) was added to a suspension of 1-

oxo—1,2,3,4~tetrahydro—[1,4]diazepino[6.7.1-hi]indole-7-carbaldehydc (Example 45,

1 0.050 g, 0.233 mmo}) in 15 mL EtOH. The reaction mixture was refluxed for 1.5 h,

cooled to 1t and the solvent was evaporated. The residue was partitioned between 1%

aq NaOH and EtOAc. The organic extract was dried over anhydrous MgSOQy, filtered

20 and evaporated to give a pale-yellow solid (88%): 'H NMR (DMSO-ds) & 3.52-3.55

(m, 2H), 4.31 (bs, 2H), 4.63 (d, 2H, J = 5.0 Hz),4.84 (t, 1H,J=5.0Hz), 7.12 (¢, 1H, J

= 7.5 Hz), 7.29 (s, 1H), 7.80-7.83 (m, 2H), 8.24-8.26 (m, 1H). HRMS caled for
CizHi2N20, (M*) 216.0899, found 216.0908. Anal. (C12H12N20,0.2H,0) C, H, N,
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1H, J= 8.9, 3.0 Hz), 8.05 (br, 1H). Anal. (CO9H8N302F) C, H, N. 46 24-
Novenber 2003 (b) Internediate i -

3- (4- Fl uoro-2-nitrophenyl am no) - propi onic acid: The desired conpound was
prepared by follow ng the procedure to produce i nteryedhanhd? 2863 N9

i nternmedi ate h, 3-(4-fluoro-2- nltrophenylamno) propionitrile, to give
0.94 g (69% of an orange-brown solid: np = 154-155 C, IR (KBr) 3391, 1721,
s 1526 cnvl; 1H NWR (CDC13) 6 2.76-2.79 (m 2H), 3.64-3.68 (m 211),
6.85-6.88(m 1H), 7.28-7.30 (m 111), 91(dd 1H, J =9.0, 2.9 Hz),

8.07 (br, 1 119

6- Fl uor o-8-n " (0.65 g,
2.84 mmol) was added tQ a flask cont ai ni n§ to Eatorui s Reagent
(P205, 7.5 w %i xture was
heated to 60C for dded to
the flask. The rea a d he solid

product was filteread
by flash silica ge chr omat Q@r aphy
(64% of an orange solid: np i -
IR (KBr) 3389, 3057, 1692, 1514 cm
Hz), 3.76-3.81 (m 2H), 7.96 (dd, 1H,

(@)  Acetic acid-l-oxo-1 23,4—tetrahydro-[l,4]d1azepmo[6,7,l-hi]indolc.'j-

ylmethyl ester:

5-/10% Et OAC/ hexanes g| ve 0.38 g
-157C, K @26 (30% Et CAc/ hexanes);
QQNNR(CDCB) 32.8 (t, 2H J=17.1

5 To a  solution of  alcohol 7-hydroxymethyl-3,4-dihydro-2H-
{1.4]diazepino[6,7,1-hilindol-1-one (Example 48, 1.007 g, 4.66 mmol) in acetic
anhydride (1.1 mL, 11.65 mmol) and pyridine (25 ml) was added 4-
dimethylaminopyridine (0.057 g, 0.466 mmol). The mixture was stirred for 15 h at rt
and then concentrated under vacuum. The residue was purified by flash silica gel

10 chromatography eluting with a gradient of 0-3% MeOH in CHCI; to give 0.925 g
(77%) of the acetate product: 'H NMR (DMSO-dg) 6 2.0 (s, 3H), 3.42-3.44 (bs, 2H),
4.23-4.25 (bs, 2H), 5.30 (s, 2H), 9.10 (t, IH, J = 7.5 Hz), 7.50 (s, 1H), 7.75 @ IHJ=
7.5 Hz), 7.85 (d, 1H, J=7.5 Hz), 8.30 (m, 1H).

(b) Title compound:

1s Acetic acid-l—oxo-1,2.3,4-ten'ahydro-[1,4}djachino[6,7,l-hz']indole-'?-ylmethyl
ester (0.508 g, 1.97 mmol) was dissolved in MeOH (70 mL) and glacial AcOH (30
ml). To the soludon was added 10% Pd/C (0.076 g) and the suspension was stirred
under an atmosphere of H; for 4.5 h at rt. The black suspension was filtered and the
filtrate was concentrated to give a white solid, which was purified by flash silica gel

20  chromatography eluting with a gradient of 0-1% MeOH in CHCI; to give 0.296 g
(75%) of the title compound: 'H NMR (DMSO-ds) & 2.52 (s, 3H), 3.51-3.54 (m, 2H),
4.27-4.28 (m, 2H), 7.11 (4, 1H, J = 7.5 Hz), 7.15 (s, 1H), 7.69 (d, 1H, J= 7.5 Hz), 7.81
(d, 1H, J = 7.5 Hz), 8.22-8.24 (m, 1H). HRMS calcd. for C;oH;,N,0 (M™) 200.0950,
found 200.0955. Anal. (C\2H;2N20) C, H, N.
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7.6,3.2 Hz), 8.13 (dd,1H, J = 8.3, 3.2 Hz), 8.15 (br, 1H). Anal. (CgH7N203)
C, H N (d) Internediate k -

7-Fluoro-9-nitro-1, 2, 3, 4-tetrahydro-benzo[e][1, 4] di azepi n- 5-one: 20 The
desired product was prepared by follow ng the proceduwenbirsidinasi ze
internmediate f, using internediate j,

6-fl uoro-8-nitro-2, 3-di hydro- 1H qui noIin4 one, to give 0.33 g (82% of a
red-brown solid: nmp = 215-217C, Rf = 0.11 (40% EtQAc/CHC13); IR (KBr)

1651, 1514, 1258, 1161 cm1; 1H NI\/R (DI\/SOd( ) 8:-3. 29 3.36 (m 2H),
3.59-3. 63 ( Mxardblk 3 . J = 8.4,
25 3.4 Hz), 8.

conpound: U@M@rocedure descrl bed above for prepar atlon of
internmediate g Exanple 2), internmediate 1 was prepared in 68%yi eld from

i nternedi ate K. e title conmpound wasythen prea}gred fromi nter -‘ diate |
and 4-f1 uor Niproc‘b'f:] %O'T‘)BPMExa P+ gi ve

0096 g (62 ]
0.-13 (90% Et 603, Nai%ﬁ'iz@ml 1
S 3.54-3.57 ( 11), 4.43-4.45 (m . 7. 4180 MM 2H)

He), 7.76 (dd, IH Wg¢= N0, 2.6 Hz), 7.89-7.94,

J =10.6.
(t, 1H J = 5.6 Hz).

5 (a) 6-Iodo-7-methyl-3,4odihydro-2H—[l,4]diachino[6,7,I-ki]indol-l-onc:

To a solution of 7-methyl-3,4-dihydro-2H-[1,4]1diazepino(6,7,1-kilindol-1-one
(Example 49, 0.030 g, 0.150 mmol) in CH,Cl; (5 mL) were added iodine (0.038 g,
0.150 mmol) and bistrifluoroacetoxyiodobenzene (0.077 g, 0.180 mmol). The reaction
mixture was stirred at 1t for 5 min. The reaction mixture was diluted with CH,Cl, and

1c  washed with 10% Na;S$,0;. The organic layer was dried over anhydrous MgSQ,,
filtered and concentrated. The residue was purified by flash silica gel chromatography
eluting with a gradient of 0-1% MeOH in CHCI; to give 0.026 g (53%) of a pale-
yellow solid: 'H NMR (DMSO-ds) §2.20 (s, 3H}, 3.33-3.35 (bs, 2H), 4.32-4.35 (bs,
2H),7.10 ¢, 1H, J=7.5Hz), 7.60 (d, 1H, T = 7.5 Hz), 7.80 (d, 1H J = 7.5 Hz), 8.30
15 (bs, 1H).

(b) Title compound:

To a solution of 6-iodo-7-methyl-3,4-dihydro-2H-{1,4)diazepino[6.7,1-
hilindol-1-one (0.061 g, 0.187 mmol) in DMF (3 mL) at rt was added 4-
ﬂuombgnzcneboronic acid (0.029 g, 0.206 mmol), Na,CO; (0.050 g, 0.468 mmol)

20 dissolved in minimvm H,0, LiC1 (0.024 g 056! mmol) and
tetrakistriphenylphosphine palladium (0.011 g, 0.0094 mmol). The reaction mixture
was stirred at 80-90°C for 19 h, at which time the solvent was evaporated under

“vacuum. The residue was taken up in H,O and extracted with EtOAc several times.
The combined organic layers were dried over anhydrous MgS8Q,, filtered and
25  concentrated to give a brown solid. This solid was subjected to flash silica gel

chromatography eluting with a gradient of 0-1% MeOH in CHCl; to give 0.044 g
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HRVS cal cd for C16HL1IN30F2 299.0870 (M), found 299.0858. Anal. s
(C16H,,N30F2) C, H, N Exanple 19: 1-Phenvlethvl-8 9-dihvdro-7H2 7 9a
triaza benzof cdl azul en 6-one 0 NH PhCH2CH2CHO, DMA, - NaHS(G3,100 C 71%g

The title conmpound was prepared using a general procesifgvdRSSH008d to
previously (Hggins et al., J. Polym Sci. Part A-1 (1970), 8:171-177; | mai

et al., Synthesis (1981), 35-36). Diamne internediate g (0.048 g, 0.27
mol ) was di ssolved in dinethylacetam de (DVA) (1.50
m_) . . Hydr oci nnamal dehyde (90% 0.039 nm., 0.27 mmol) was added to the DVA

ol L1 on, ot mgsh sl &0 Bt eS8 4B . 0B, S5 0"
opar el ashet o L bt pe ity i ity F) TN IR o due
aggar ghfl fi ﬁ%&aéﬂl 3 ‘Pgaﬁ’g #?gﬁ thograpHe). BE71848 Ol EHDAHRMS gi ve

R (Kor) 1655 1605 1505 Rios oL LR Ot R

4H), 3.48-3C44.N.

- O

Using a procedure as described in Example 50(b), the title compound was

10  synthesized from 6—iodo-7-methy1—3,4—dihydro—2ﬂ-[1,4]diazepino[6,7,1-hi]indol—l-one

(Example 50(a)), and phenylboronic acid to give a white solid in 70% yield: 'H NMR

(DMSO-dg) 6 2.23 (s, 3H), 3.46 (bs, 2H), 4.13 (bs, 2H), 7.17 @, 1H, J=7.5 Hz), 7.45-

756 (m, 5H), 7.76 (d, 1H, J= 7.5 Hz), 7.84 (d, 1H, J = 7.5 Hz), 8.29-8.31 (m, 1H).
LRMS (M") 276. Anal. (CisH;6N-00.4 H,0) C, H, N.

15

Example 52: 6—;3—Triﬂuoromethy!-ghenyl 1-7-meth11-3,4-dih1dro-2H-

1.4]diazepino[6,7.1-hilindol-1-one

o

HeC
(o

Using the procedure described in Example 50(b), the title compound was

20  synthesized from 6-iodo—7-methyl-3,4-dihydro-2H—[1,4]diazepino[6,7,l-hi]indol-l-one
(Example 50(a)) and 3-trifluoromethylphenylboronic acid in 81% yield after
purification by preparative HPLC. A gradient mobile phase, starting with 90% 0.IM
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20 (m 2H), 4.15-4.30 (in, 2H), 7.18-7.23 (m 111), 7.26-7.28 (ny 5H),
7.76-7.81 (in, 2H), 8.31 (t, 1H J = 5.6 Hz). HRVS calcd for CL8H17N30
291. 1372 (M+), found 291.1368. Anal. (CLBH17N30.0.10H20) C, H, N. The
compounds of Exanples 20-24, 30, 55-57, 61-65, 68, 734/doveifishr 28080 were
synt hesi zed from i nternmedi ate g and the appropri ate al dehyde in the manner
48 24- Novenber 2003 descri bed above in Exanple 4 for the preparation of
1- phenyl et hyl -8, 9-di hydro-7H 2, 7;9a-tri aza- benzo[ cdJazul en- 6- one. Exanpl e
20: 1-Furan-2-vl-8,9-dihvdro-7H-2 7 9a triaza benzofcdlazulen 6 one O s
The title cdﬂi&md 10%s CHsONaiped 3 mid Abey i it . rap = 278-
279C, Rf = &B(_)?}EQOAC/ hgjanes) IR (ﬁ%@?ﬁ%@@%ﬁ gzim"M%’ascml
1H NWR ( ) min. 30 Hfle cpmpound ers HbBnegirin tliH‘BDm@fZQvK;Q%In&H J =

3.5, 1.7 HAy NMRZ@ 35 J Hz
8.-02 (dd, 1;5%7 = 11\(%%6"6’1&?2&&?@)?%53??@44&1,&13-4(51t€6(m»12}1) Hsm.tﬁ.l cél for
C.4H11N302 $eH2), 1.88 (bneH . 2l RGOS

Exanpl e 2L Wwﬁﬁaﬁdg&ﬁgrﬁo)ﬁgﬁii%ﬁé 3$nbe%§é‘%l\%€@ﬂ'ﬁéﬁl@%ne

Examnle 33: (RS)-(+) - 9-(4-Methoxv-phenvi -8.9-dih dr0~2H 7H-2.7 9a-triaza-

benzo[cedlazulene-1 6~d10ne

cocl o
4-MeO-Ph-C(O)CHNH,-HCI l'j N
NHy CH2Clp NEt;, 0°C -t NH, - .
NO Yo, I N
O
OCHy | OCHg

JO%BPACH, _COLTHF NH
v
N

OCH, 0 OCH,
10
(a) Intermediate u - (RS)-(.-!:}-Q—Amino-2-(4-mcthoxy-phenyl)-1,2,3.4—
tetrahydro—benzo[e][1,4]diazepin—5-o-nc:
This intermediate was prepared according to the procedure of Breslin et al., J, |
Med. Chem. (1995), 38:771-792. The acid chloride generated from 505 mg of 2-
15 amino-3-nitrobenzoic acid (2.77 mmol) was treated with 358 mg of 2-amino-4'-
methoxyacetophenone hydrochloride (2.77 mmol) and 715 mL Et;N (5.54 mmol) at
0°C in CH,Cl,. After stirring overnight and warming to rt, the reaction was diluted
_ with CH,Cl; and washed with saturated NaHCO;, water and 1 N HCI, The organic
layer was dried (MgSQy), filtered and concentrated to give a yellow solid. The crude
20  material was suspended in 150 ml. EtOH containing 500 mg 10% Pd/C. This
suspension was subjected to hydrogenation under H, at 60 psi for 48 h. An additional
portion of 10% Pd/C was added after 24 h. The reaction mixture was then filtered
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Ois The title conmpound was isolated in 47%yield as a white solid: np =
Rf = 0.13 (90% Et CAc/ hexanes); IR (KBr) 1661, 1468, 1316 cm1;

226- 228G,

1H NVR (CDC13) 8 3.65-3.67 (m 2H), 4.13-4.25 (m 2H), 4.36 (s, 211),

6.61-6.68 (

m 1H), 7.18-7.41 (m 6H), 7.95-7.98 (M Adhovdni828030 (m

1H). HRMB calcd for Cl17H15N30 277.1215 (M+), found 277.1203. Anal .

( CL7HL5N30)

9-di bvdro-7H-2 7 9a tri aza benzorcdl azul en 6 one
isolated in 36% vyield as a white solid: np = 246- 248C, Rf = 0.13 (Et OAc);

C, H N 20 49 24-Novenber 2003 Exanple 22: 1-tert-Butyl -

| R (KBr) 163&9;%1411@41)2(13?0?17%? aﬂd—ldﬁh&n@;ﬂdg.g} zrzurfﬁfﬁjohj@g f;sssh Ehmbh, %elﬂ
5 chepiig Jg&a PRY pig a?olgént@aﬁemfﬁp Sﬁ%ﬂ%dﬂmﬁz@lz}éeve'lmé {H%)1IH, J =
5.7 Hz H H | .
(C14H1)7N30) B%:@y%&gmggé SC%?A ﬁ“i'g%%@%%ﬁ %z Y @gg;&gﬁgﬁl%ﬁs?ﬁg

3.57-3.59 (
(dd, 1H,

s

10

15

20

(s, 3H), 4.15 (bs, 1H), 4. 70—4 +15 (m, 1H), 6.58 (bt, 1H, J=6.0Hz), 6.81 (t, 1H,J=7.8
Hz), 6.85-6.93 (m, 3H), 7.24-7.30 (m, 2H), 7.44 \dd, 1H, J= 1.7, 7.8 Hz).

(b) Title compound:

A solution containing 35 mg of intermediate u (0.12 mmol) and 40 mg of
carbonyldiimidazole in 3 mL of THF was refluxed for 6 h. The reaction mixture was
cooled to rt, 60ncentrated and purified by flash silica gel chromatography using a
gradient solvent system (2.5-5% MeOH/CH,Cly) to give 27 mg (73%) of a yellow
solid: IR (KBf) 3261, 2927, 1706, 1648, 1624, 1514, 1473, 1386, 1339, 1296, 1249,
1178, 1111, 1045, 1030, 756 cm™; TH NMR (DMSO-dg) & 3.67-3.78 (m, 1H), 3.74 (s,
3H), 3.87-3.98 (m, 1H), 5.68 (d, 1H, J = 3.7 Hz), 6.13-6.18 (m, 1H), 6.83 (d, 2H, J =
8.7 Hz), 7.03 (4, 2H, J = 8.7 Hz), 7.18-7.29 (m, 2H), 7.88 (dd, 1H, J = 1.4, 7.8 Hz),
9.37 (bs, 1H). LRMS caled for Ci7H;sN303+H 310, found 310.

Example 54: (RS)-(+)-1-(4-Chloro-pheny!)-9-(4-methoxy-phenyl}-8 9-dihvdro-7H-

2.7.9a-triaza-benzo[cd]azulen-6-one
0
4-Ci-PhCHO, DMA, N
A%@\ NaHSO3, 150 °C 76%

cl
Following a reported procedure (Higgins et al., J. Polym. Sci. Part A-1 (1970),
8171-177, Imai et al., Synthesis (1981), 35-36), a solution containing 92 mg of

OCH;

. intermediate u (0.32 mmol), 54 mg of 4-chlorobenzaldehyde (0.38 mmol) and 48 mg

25

of sodium bisulfite (0.46 mmol) in 3 mL of DMA was heated to 150°C for 10 h. The
reaction mixture was cooled to rt and poured into 200 mL of water. The resulting solid

was filtered off and washed with water to give 98 mg (76%) of product as a yellow

74
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O The title conpound was isolated in 51%vyield as a white solid: np = 211-
212C, Rf = 0.19 (5% MOH EtQAc); IR (KBr) 1659, 1474, 1404 cm1; 1H NMR
(DVMBO-d6) S 0.96 (d, 6H, J = 6.6 Hz), 2.15-2.18 (in, 111), 2.73 (d, 211, J
= 7.1 Hz), is 3.54-3.58 (m 211), 4.35-4.40 (m 2H), F4RS5vdrhberlddoz] = 7.8
Hz), 7.75-7.80 (m 2H), 8.33 (t, 1H J = 5.5 Hz). HRVS calcd for C14H17N30

243. 1372 (M+), found 243.1382. Anal. (C1l4H17N30) C, H, N 50 24- Novenber
2003 Exanple 24: 1 -Cycl obexvl-8.9-di hydro-7H2 7

ool SRR S A st s bbbtk T ek s e '
68 2. o7 (2lrye WogE N o, M, Bl Y500 Y #ﬁ@%ﬁpi&é% T (m
260 1878 ( Bf‘"??&?ﬁ““é‘éﬁfﬁ@f”ﬁ%i?‘j oA JE ) B b e o e
25 1- PhenyiH)g6-87-100\(@m: 4HR-32-7.5D fms § hﬁ@b@ﬁﬂw@dlmm) @:I6hHOoIR J Q S
s =10, 7.8 Hz); 13C NMR (DMSO-ds) & 46.90, 55.41, 61.82, 114.99, 116.92, 123.16,
124.52, 127.17, 127.42, 127.52, 129.03, 130.58, 131.01, 132.61, 137.00, 143.27,

153.62, 159.70, 168.76. LRMS calcd for Co3H;3CIN30, (M+H) 404, found 404. Anal.
(C23H5CIN30,0.2 H;0) C, H, N, Cl.

10 .

Example 55: (3-[1.31Dioxclan-2-

benzolecdlazulen-6-one

The title product was prepared from diamine g and 3-[1,3]dioxolan-2-yl-
benzaldehyde (Marx et al, Liebig’s Annalen der Chemie 3 . (1992), 183) using CHaCl,

15 as described in Example 19, except using CHgC]g as the workup solvent, to give 3.10 g
(81%) of an off-white solid: mp = 223-225 oC; Rf = 0.23 (5% Mede/EtOAc);
IR(KBr) 2361, 1653, 1635 1458 cnr'l; TH NMR (DMSO-dg) § 3.52-3.53 (m, 2H),
3.96-4.12 (m, 4H), 4.45-4.46 (m, 2H), 5.85 (s, 1H), 7.36 (t, I1H, J = 7.8 Hz), 7.58-7.65

(m, 2H), 7.86-7.93 (m, 4H), 8.45 (m, 1H). HRMS calcd for CioH;7N305 335.1270

20 (M), found 335.1278. Anal. (C19H;7N305) C, H, N.
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Lawesson's rgt. PhCH3, reflux 79% 10

1- Phenyl - 8, 9-di hydro-7H 2, 7, 9a-tri aza- benzo[ cd] azul en- 6- one (Exarrpl e 1,
0.068 g, 0.26 nmol) was suspended in toluene (3 L), and Lamesson S reagent
(0.054 g, 0.13 nmol) was added. The reaction m xtur V\@ %gésg for 1
It. The solvent was renoved in vacuo, and the crude%" %I‘(?@? ubj ect ed
to flash silica gel is chromatography (20-50% Et OA\C/ hexanes) to yield 0.057
g (79% of a yellow solid: np = 224C (dec); Rf = 0.21 (50% Et QAc/ hexanes);
1R (KBr) 1508, 1472 11381 1273 cml 1H NI\/R (DI\/SO4) S 3.65-3.72 (m 2H),

4.45-4.55 (E 4 Diettiexyinethyl-ihényl) R. (-7 Rtdriazal- 87-7.92 (m
3H), 8.31- 10. 84 (t, 1H J = 5. . HRVE cal cd for
C16H13N3S OB ound 279.0835. Anal. 20 (C16H13N3S-0.5 H20) C,

H N 51 24 November 2003 Exam|g 26: 8 9-Dih dro-2H 7H2 7 9a-tri aza- benzo -
c azulen-1 6-dione 0 O o N—>

_ ~/
N = 0
N)‘—@—<0—\

The title product was prepared in the manner described for Example 55 from
5  terephthaldehyde-mono-diethyl acetal to give 1.19 g (77%) of a white solid: mp =

213-215°C; Rf = 0.21 (90% EtOAc/hexanes); IR(KBr) 1660, 1605, 1481, 1307, 1055

cml; TH NMR (DMSO-ds) 8 1.18 (t, 6H, J = 7.0 Hz), 3.48-3.63 (m, 6H), 4.45-4.47

(m, 2H), 5.59 (s, 1H), 7.36 (t, 1H, J = 7.8 Hz), 7.59 (d, 2H, J = 8.2 Hz), 7.85-7.92 (m,

4H), 845 (t, 1H, J = 5.7 Hz). HRMS caled for C;HysNsO; 365.1739 (M+), found
10 365.1749. Anal. (C{H33N303) C, H, N '

Example 57; 4-(6-Ox0-6.7.8.9-tetrahvdro-2.7 9a-triaza-benzo[cdlazulen-1-vl
benzaldehyde

o
NH

!

=

CHO
15 l-(3—Diethoxymethyl-phenyl)—8,9-dihydro-?H—2,7.9a-t1iaza-benzo[cd]azulen-ﬁ-
one (0.79 g, 2.18 mmol) was dissolved in EtOH (22 mL) and water (22 mL).
Concentrated sulfuric acid (0.5 mL) was added, and the reaction brought to reflux for 5
h. The reaction mixture was cooled to 15, and the EtOH removed in vacuo. The

residve was diluted with saturated NaHCOj, and the resulting solids were filtered and

20 washed with water, then dried under vacuum ovemnight to produce 0.47 g (74%) of
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Diamine internediate g (0.052 g, 0.29 mml) was dissolved in DMF (3 nL), s
and |,1"'-carbonyldiimdazole (0.058 g, 0.36 nmol) was added. The stirred
0.048 g of

reaction m xture was heated to 100C for 24 h. An additi onal

ristdflag in

carbonyl dii m dazole was added with continued heatin
DMF was renpved in vacuo, and the residue triturate

Et CAc. The organi ¢ phase was washed with 10 nL of 10% aqueous HCl and

separated. The aqueous phase was extracted four 10 tinmes with Et QAc. The
sol vent was

renoved. TheWhlte:nwhdi 'HMR@MS@%)M $4-33H (@i ip{)ca 5091, 510@_[; %ggt-p?@p{y (1 %
I\/bO—VEtOAc) '*\75@1%/ 014%11240 of a white solid: 9C (dec)
0.42 (20% H2) GhB8-7.96 KmaRIR). BIOREI0@), 480) 3. 4164-8.’50415\ um 1@&113(5 3H$6 3. 89

- conbi ned extracts were dried (MgSO4) and filtered, and the

(m  2H), 7.05 (t, 1H J = 7.7 H), 7.14 (dd, 1H, J = 7.8,

7.55

(dd, 1H,J=7.9,13|st) 8.29 (t, 1H J = 5.5 Hz), 1112(5 1H)

FI RVS cal ed g0
( Ct OHIN302* 0-2

s h YR ey, g

3

M) found 203. 0697. Anal
: R-$rdih Ri 7R aetnia

di hvdr o- &H Z)eizﬁed]hmﬁﬁ.oﬁaenzol ch azul en 6-one 20 Sodi um hydride (60%in

mneral oil, 0.0058, 0.13 nunol) washed free of m neral
was suspended in DMVF (1 ). Q1- Napht hal en-1-y1-829-

oi |

wi t h hexanes,

di hydro-7H2,7,9a-tri az Neid4Jazul en- 6- ong_ ( le 9, 0.035 g, 0.11

mol ) was 52 N_) . N_)

N== N=

N(CHz)2 s OH .
. d

Using the procedure described in Example 32, 0.37 g (71%) of 1-(4-
dimethylaminomcthyl—phenyl)-s.9-dihydro-7H—2,7,9a—niaza-benzo[cd]azulen-6~one

(58) was prepared from 4-(6~ox0-6,7,8,9-telrahydm-2,7,9a-uiaza—benzo[cd]azulen-l-

10 yl)-benzaldehyde as a white solid: mp = 227-230°C; Rf = 0.16 (7% methanolic

ammonia/CHCl3); IR(KBr) 1663, 1603, 1478, 1308 cmrl; TH NMR (DMSO-dg) § 2.19
(s, 6H), 3.49 (s, 2H), 3.52-3.53 (m, 2H), 4.45-4.47 (m, 2H), 7.35 (t, 1H, J = 7.8 Hz),
7.49 (d, 2H, J = 8.2 Hz), 7.81-7.90 (m, 4H), 8.43-8.47 (m, 1H). HRMS caled for
CioH20N40 320.1637 (M), found 320.1639. Anal. (CyoH2oN40) C, H, N.
15 As described in Example 32, 0.33 g (19%j of 1-(4-hydroxymethyl-phenyi)-8,9-
dihydro-7H-2,7,9a-triaza-benzo{cdazulen-6-one (58a) was isolated as a by-product in
the preparation of 1-(4-dimethylaminomethyl-phenyl)-8,9-dihydro-7H-2,7,9a-triaza-
benzo[cd]azulen-6-one as a white solid: mp = 262-264°C; Rf =

0.32 (10%

MeOH/CHCl3); IR (KBr) 1651, 1470, 1310 emrl; IH NMR (DMSO-dg)
20 $3.52-3.53 (m, 2H), 4.44-4.46 (m, 2H), 4.60 (d, 2H, J = 5.7 Hz), 5.33-5.37 (m, 1H),
7.35(t, 1H, J = 7.8 Hz), 7.51(d, 2H, J = 8.2 Hz), 7.82 (d, 2H, J = 8.2 Hz), 7.84-7.91
(m, 2H), 8.45 (t, 1H, J = 5.7 Hz). HRMS caled for C17H5sN30; 293.1164 (M), found

293.1153. Anal. (Cy7H;5N30,) C, H, N.
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24 Novenber 2003 added, and the reaction m xture was stirred for 15 m nutes
until -gas evolution had ceased. |odonethane (0.008 at, 0.13 nmol) was
added, and the reaction stirred at rt for 1 h. The solvent was renoved in
vacuo, and the residue purified by flash silica gel onmat.oqgr, y (50%
Et OAc/ hexanes) to give 0.035 g (95% of a white soli dfiﬁﬁve—m%egfggg (dec);
Rf = 0.3C (90% Et OAc/ hexanes); 1H NVR (DVSO-d6) 8 3.14 (s, 3H), 3.75-3.76

(m 2H), 4.15-4.26 (m 2H), 7.39-7.44 (m 1H), 7.54-7.64 (m 2H), 7.67-7.72
807809(m 1H), 8.16-8.18

(m 1H), 7.82-7.84(m 1 792800(m 3H),

(m 1H) . HERBIR®Y 1-0i-MethigrinGRethid-then3B. _ 303. Anal .
(C21H17N30' q)e ﬁ%@ r N. 10 Exanpl e 28 P S g-—drtydro-7H 2 7
9a triaza b Zz ughé_' -one O NH NH , DM, 40 086%8H9

o
NH

o

\ =
NHCH,

Using the - procedure described in Example 32, 0.12 g (23%) of 1-(3-
5 methy]aminomethyl-phenyl)-8,9-dihydro—?H-Z,?,Qa—niaza—benzo[cd]azﬁlen—ﬁ-one was
prepared  from 3-(6-oxo-6,7,8,9-tetrahydro-2,7,9a-triaza—benzo[cd]azulen~l-yl)-
benzaldehyde and methylamine as an amorphous white solid; mp = 110°C (dec); Rf =
0.08 (10% methanolic ammonia/CHCI3); IR(KBr) 1655, 1464, 1381, 1308 cm-1; 1H
NMR (DMSO-ds) § 2.31 (s, 3H), 3.52-3.53 (m, 2H), 3.79 (s, 2H), 4.45-4.47 (m, 2H),
10 7.36(t, 1H, J=7.8 Hz), 7.52-7.53 (m, 2H), 7.71-7.75 (m, 1H), 7.83-7.91 (m, 3H), 8.46
(t, I1H, J = 5.7 Hz). HRMS calcd for CigH}7N40 305.1402 (M-H)*, found 305.1416.

| Anal. (C1gH,gN40+0.75 H,0) C, H, N.

Examgle 60: 1 3-Pvrrolidin-l-vlmethvl-phcnvl)—S.9-dihvdro-7H—2.7.9a-triaza-

15 benzoledlaznlen-6-one
N
O
NO
)
/> < S
N

Using the procedure described in Example 32, 0.46 g (78%) of l-(3-pyrr61idin-
1-ylmethyl-pheny])-8, 9-dihydro-7H-2,7 .9a-triaza-benzo[cd]azulen-6-one was prepared

from  3-(6-0x0-6,7.8 I-tetrahydro-2,7 s9a-triaza-benzo[cdjazulen-1 1-yl)-benzaldehyde

20 and pyrrolidine as an amorphous off-white solid: mp = 92°C (dec); Rf = 0.21 (10%
methanolic ammonia/CHCl;); IR(KBr) 1659, 1464, 1379, 1308 cm!; 'H NMR

(DMSO0-dg) § 1.69-1.71 (m, 4H), 2.47-2.50 (m, 4H), 3.52-3.53 (m, 2H), 3.68 (s, 2H),
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Diam ne internediate g (0.024 g, 0.13 mmol) was-dissolved in DWW (0.5 nlL).
Carbon disulfide (1.0 nL) was added, and the reaction was heated to 40C for
3.5 h. is The solvents were renoved in vacua to give the title conpound

(0.025 g,

86%: 111 NVR (DVSO-d6) 8 3.54-3.55 (m ZF%wgv%&}j;%.gi(br, 2H)

7.25-7.30 (m 1H), 7.35- 7.37 (m 1H), 7.74-7.76 (m

8 (m

1H), 13.08 (s, 1H). HRWVS calcd for CtoHIN30S 219.0466 (M), found

219. 0469. 20 Exanple 29: 1-13enzvlsul fanvl-8 9-dihvdro-7H 2 7 9a triaza
benzof cdl azulen 6 one 0 O -PhCH2Br. DMF, (iPr)2NE, 61% 53 24- Novenber 2003
To 1- rrercapt‘b4-‘8496aph%ﬂ},a3ﬂenzf-17lga&thzaw'esﬁz(mi CHl)8%10-2.A3 Gmp 1), (FH26 g,

0.12 mmol ,
(1.0 nl)
dropw se

m xture gradu

over ni ght.

LT AL B b s I R ARR Bﬁgiugf“sp:$9§§wlb2mD§Fby
A et BEED, RN a0 o) G Coht i nucd ot it

The solvent was renoved in vacuo, and the residue purified by

flash silica gel chronmatography (50-60%

5

10

15

20

Example 61: 1-[3-( 3-Trifluoromethyl-phenoxy)-phenyl]-8,9-dihydro-7H-2.7.9a-triaza-
benzo[cdlazulen-6-one

CF;

The ttle compound was prepared as described in Example 55 from 3-[3-
(trifluoromethyl)phenoxyl]benzaldehyde to give 0.089 g (48%) of a white solid: mp =
121-122°C; Rf = 0.21 (90% EtOAc/hexanes); IR(KBr) 1661, 1580, 1445, 1327, 1126

- corl; TH NMR (DMSO-dg) § 3.52-3.53 (m, 2H), 4.46-4.48 (m, 2H), 7.29-7.44 (m,

4H), 7.53-7.56 (m, 2H), 7.61-7.71 (m, 3H), 7.85-7.91 (m, 2H), 8.45 (¢, 1H, J = 5.6 Hz).
HRMS caled for CpHisN3;O,F; 424.1273 (M+H), found 424.1277.  Anal.
(Ca3Hy6N305F321.0 Hy0) C, H, N.

Example 62: 1-{3-(4-Chlorophenoxy)-phenvl]-8 9-dihydro-7H-2.7 9a-triaza-

benzofcdlazulen-6-one

Ci

PO

The title compound was prepared as described in Example 55 from 3-(4-

~ chlorophenoxy)benzaldehyde, yielding 0.114 g (66%) of a white solid: mp = 211-

212°C; Rf = 0.16 (75% EtOAc/hexanes); IR (KBr) 1659, 1578, 1483, 1462, 1233 cmr

1; IH NMR (DMSO-dg) § 3.52-3.53 (m, 2H), 4.45-4.46 (m, 2H), 7.11-7.17 (m, 2H),
7.22-7.26 (m, 1H), 7.35 (t, 1H, J = 7.8 Hz), 7.45-7.50 (m, 3H), 7.58-7.66 (m, 2H),
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Et OAc/ hexanes) to give 0.023 g (61% of a white solid: np = 189-191 C, Rf =
0.23 (75% Et OAc/ hexanes); IR (KBr) 1651, 1462, 1445, 1356 cm1; 1H NWR
(DVBO-d6) S 3.53-3.54 (m 2H), 4.14-4.15 (m 2H), 4.61 (s, 2H), 7.25-7.34

(m 4H), 7.45-7.47 (m to 2H), 7.76-7.80 (m 21-1), €1 = 5.5
HRVE cal cd for CLl7HI5N30S 309. 0936 (M), found%%@pmrgﬁﬂil.

Hz) .

(CLl7THI5N3CS' 0.3H2O) C, H, N. Exanple 30: 13- 1 3 -Dioxan-2- |- hen | -8

9-dih tiro-7H 2 7 9a-triaza- benzofcdl azul en-6-one NHis The title corrpound

was prepared from 2- (3-fornyl phenyl ) -1, 3-di oxane (Ackerl ey et al. . Met

Chem (1995) ,7-8879608). 2. §i4368.47 26, QH).5ATRMSS calcd ke gxgngo;ﬁ; igfl; ﬁgﬁ

247C (dec); 0.22 55% MeOH Et OAc); | R(KBr) 2361, 2 Xy 7878 1H

NMR ( DVSO- ddM "Q foupg 389.6948 mxcoqﬂlmzmﬁm,dfw ,H?st 3.53 (m 20 (m
.1 Hz), 4.43-4.45

2H), 3.97 dd 5(63(s21lH), 7.33-7.39 | 0~ 2H, J-
(m 1H).7.54760 (m 2H), 7.82-7.91 (m 411), 8.44 (_t, lH J='5.5 H).

Anal . (QOHJE%{NH%OFQGBC’I N. 54 24 Novenber 2003
. 1-13-(3.4-Dichlorophenoxy)-phenvil-8 9-dihydro-7H-2.7 9a-triaza-

5 benzo[cd]azulen-6-one

Cl

H ClI

o Ne—
N
/

The title compound was Prepared in a manner analogous to Example 55 from

3-(3 4~d1chlorophenoxy)benzaldehyde to give 0.084 g (45%) of a white amorphous

solid: mp = 252-254°C (dec); Rf=0.13 (75% EtOAc!hexanes) IR (KBr) 1657 1578,

10 1468, 1263 cml; IH NMR (DMSO0-dg) § 3.52-3.53 (m, 2H), 4.45-4.47 (m, 2H), 7.11

(dd, 1H, 7 = 8.9, 2.8 Hz), 7.28-7.32 (m, 1H), 7.36 ., 1H,J=78Hz), 743 (d, 14, J =

2.8 Hz), 7.54-7.55 (m, 1H), 7.60-7.71 (m, 3H), 7.85-7.91 (m, 2H), 8.43-8.47 (m, 1H).

HRMS caled for CyHsN30,Cl, 423, 0541 M), found 423 0538.  Anal,
(C22HsN30,Cl1,#0.3 H,0) C, H, N.

15

Example 64: 1-[3-(4—Meth0xvnhenoxv)-nhenvl]-8.9-dihvdro—7H-2.7.9a—triaza-

benzo[cd]azulen-6-one A

H;CO

H

The title compound was prepared as described in Example 55 from 3-(4-

20 methoxyphenoxy)bcnzaldehyde to give 0.13 g (84%) of a white solid: mp = 196-
0,

198°C; Rf = 0.21 (90% EtOAc/hexanes); IR (KBr) 1660, 1505, 1462, 1215 cml; 1H
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Exanple 31: 3-(6-Ox0-6.7.8 9-tetrahydro-2 7 9a-triaza-benzo[cdl azul en X11
benzal dehvde CHO The di oxol ane from Exanple 30 (1.96 g, 5.84 nmol) was
di ssolved in MeOH s (58 nL) and water (58 nlL). Concentrated sulfuric acid
(1 m.) was added, and the reaction m xture was broug@e Q re‘%"llé@ éor 5
hours. The reaction was cooled to rt, and MCH was r PEMIH 8 uo. The
residue was diluted wth saturated aqueous NaHCO3, upon which the product
came out of solution as a gum The aqueous solution was decanted off, and
the residue triturated with water. The water was 10 decanted, and the

resi due was MR ' G |V was, v, [ 0, upon
whi ch the producﬁmggleiqﬁr? ?gﬁgﬁﬁgﬁ%ﬁﬁeﬂﬁwﬁﬁi@uﬁ% {72’0@5&"
filtered, wesBeddz) THOKON;.J 200 B 247.9VE" kM i : )t @ white
crystalline , solid._ An gddi ti onal 0) 14 g\qgf(mﬁ?o ’u.g'tgzﬁlgge%%y%éé????é out of
the aqueous ©h Tf55n9 dma ?dn §-43vEedthilgh t1 Hin d HRAIS | cainida far dCis8l, 4308 a
total yield %.0f the aldehyde: IHis NVR (DMSO-d6) S 3.54-3.55 (m
2H), 4.49-4. -ﬁ%ﬁl‘éﬁé’f"“ﬁfi§§5-ﬂﬁ Al (e 1N Q0.4 H20)IGHH, N.= 7.6 Hz),
7.88-7.95 (m 2H), 8.08-8.10 (m 111), 8.19-8.21 (m 1H), 8.41 (s, 1H),
8.46-8.49 (m 1H), 10.14 (s, 1H. HO

Example 65: I-[3-(3,S-Dichloroghenoxv)-Dhenvll-.8.9«dihvdro-7H-2.’7.9a-triaza-
benzo[edlazulen-6-one ‘

0

The title compound was prepared as described in Example 55 from 3-(3,5-
10  dichlorophenoxy)benzaldehyde to give 0.14 g (86%) of a white solid: mp = 258-

259°C (dec); Rf=0.13 (75% EtOAc/hexanes); IR (KBr) 1663, 1576, 1431, 1250 cm-1;
IH NMR (DMSO-dg) § 3.53-3.54 (m, 2H), 4.47-4.49 (m, 2H), 7.18 (d, 2H, 7 = 1.8
Hz), 7.31-7.42 (m,_ 3H), 7.58-7.74 (m, 3H), 7.86-7.92 (m, 2H), §.46 (m, 1H). HRMS -

caled for CaoH5N10,Cl, 423.0541 (M), found 423.0549. Anal. (C22H15N302C]2‘0.2
15 H,O0)C,H,N.

Example 66: 1-(3-Benzoylpheny!)-8.9-dih dro-7H-2.7 9a-triaza-benzocdlazulen-6-
one

NH




N 1- (3- D net hoxynet hyl - phenyl ) - 8, 9-di hydro- 7H 2, 7, 9a- t daza- benzo[ cd] azul en-
20 6-one (31a) was isolated during flash silica gel colum chromat ography
as a by product in the formof a white solid: np = 182-185 OC, Rf = 0.15

(5% McOHI CHOI 3); IR (KBr) 2361, 1653, 1458, 1091, 10 %;r
(DVBO-4) S 3.31 (s, 6H), 3.52-3.54 (m 2H). 4.45-4.4%“6’("%% 03T, (s,
1H), 7.36 (t, 1H, J = 7.8 Hz), 7.58-7.60 55 2+ Novenber 2003 (m 2H),

7.81-7.92 (m 4H), 8.43-8.45 (in, 1H). HRMWS calcd for CtgHt 9N303 337.1426
(M+), found 337, 1415. Anal. (C19HIO9N303) C, H N, 0. Examle 32: 1-

veneof il acu en £ ehe’ WP L ki Biteh 2 dom 1, 750
515005 7y e S S A, B B ST Bl e
(65%) of white solid: mp = 237-238°C (dec); Rf = 0.13 (90% EtOAc/hexanes); IR
5 (KBr) 1659, 1464, 1312 cmr-l; 1H NMR (DMSO-dg) & 3.53-3.55 (m, 2H), 4.48-4.49
(m, 2H), 7.37 (t, 1H, J = 7.8 Hz), 7.57-7.62 (m, 2H), 7.69-7.94 (m, 7H), 8.15-8.18 (m,
2H), 8.46 (t, 1H, J = 5.6 Hz). HRMS calced for C23H1N30, 367.1321 (M), found
367.1306. Anal, (C3H;7N30,) C, H, N.

10

NH

-
-

‘ The title compound was prepared as described in Example 2 from 3-

benzylbenzoyl chloride (Norris and Ware, J. Amer. Chem. Soc. (1939), 61:1418).

Reaction time was 72 hours at room temperature, using CH;Cl, as the workup solvent
15 to give 0.13 g (68%) of white solid: mp = 205-208 °C; Rf = 0.18 (75%

EtOAc/hexanes); IR (KBr) 1655, 1464, 1381, 1310 cmi; TH NMR (DMSO-dg) § 3.50-

3.51 (m, 2H), 4.06 (s, 2H), 4.43-4.44 (m, 2H), 7.16-7.22 (m, 1H), 7.26-7.37 (m, 5H),

7.43-7.52 (m, 2H), 7.66-7.68 (m, lH), 7.74-1.75 (m, 1H), 7.84-7.90 (m, 2H), 8.44 (t,

1H, J = 5.6 Hz). HRMS calcd for C23H19N30 353.1528 (M+), found 353.1527. Anal.
20 (Cp3H1gN30+0.25 H,0) C, H, N.

benzofcdlazulen-6-one
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10 (from Exanple 31 without further purification, 0.24 g; 0.84 muvol) was
suspended in MOH (40 nL). Dnethylamne (2Min MCH 3.60 nL, 7.2 mol)
was added, upon which the starting material dissolved. To this solution
was added a sol ution of NaBH3CN (0.061 g, 0.92 mml ), @ngéﬁ@r?z . 063 g,
0.46 mml) in MeOH (10 nL). The pH of the reaction mXture was a justed to
6 with 2M HClI/MeOH (2.5 L), and is the mixture was stirred at it for 3 h.
Concentrated HCl (0.25 nL) was added and the MeCOH was renoved in vacua.
The residue was diluted with H2O, and the pH adjusted to 10-11 with 10%
NaOH The product was extracted. 3x vmtrbCHCIS The .organi ¢ phases were
conbi ned, washed with H20 and br|F driijed (MgSO™), and then concentrated
in vacua. The residue was purified chr omat ogr aphy . (5% 20

McOH CHC13) until the first produc e nzyl al cohol by-product el uted.
The product was then eluted with 59 nolic ammoni a/ CHC 3 to give 0.20
g (75% of conpound 32 as a white sa  np = 192-194 OC (dec); Rf = 0.10
(7% met hanol i ¢  ammonma/ CHC13); | R(KBr) - 64 cm1; tH NVR (DVSO d6) 8
2.19 (s, 6H), 3.50 (s, 2H), 3.52-3.53 ¢ 45446(m 2H) ,
7.33-7.38 (m IM 747756(m 2s 2H) . 4(m 111), 7.78 (s, 111),
7.85-7.91 (m 2H), 8.44 (t, 1H, J 5.5 Hz). 56 24 Novenber 2003 HRMS cal cd

for C 9H2INAO 321’ hipte( %:'Egonntiom pfepared O d08tbed in Example 55 from
intermediate 1 (Example 18) instead of intermediate g to give 0.60 g (54%) of a white

solid: mp = 262-264°C (dec); Rf=0.11 (90% EtOAc/hexanes); IR (KBr) 1667, 1487,
§ 1460, 1389 cm-l; IH NMR (DMSO-dq) § 3.54-3.55 (m, 2H), 3.964.12 (m, 4H), 4.45-
4.46 (m, 2H), 5.85 (s, 1H), 7.58-7.66 (m, 3H), 7.75-7.79 (m, 1H), 7.85-7.88 (m, 1H),
7.92 (s, 1H), 8.59-8.63 (m, 1H). HRMS calcd for CigH1gN303F 353.1176 (M1),

_ found 353.1183. Anal. (C1oH4N303F+0.25 HO)C.H,N.

Example 69: 3-(4-F1uoro«6-oxo—6,7,8,9-ten'ahydro-z,?,Qa—triaza-benzo[cd'lazulen-l—
10 11)-benzaldehyde

CHO

Usmg the deprotection procedure described in Example 31, 0.43 g (89%) of 3-
(4-ftuoro-6-0x0-6,7,8,9-tetrahydro-2,7 »9a-triaza-benzo[cd]aznlen-1 1-yl)-benzaldehyde

Wwas generated as a white solid: 1H NMR (DMSO-dg) 8 3.56-3.58 (m, 2H), 4.50-4.51

15 (m, 2H), 7.61-7.65 (m, 1H), 7.78-7.85 (m, 2H), 8.09-8.11 (m, 1H), 8.17-8.21 (m, 1H),
8.39-8.40 (m, 1H), 8.64 (t, 1H, J = 5.6 Hz), 10.14 (s, 1H).
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(C, 9H20ON40. 0.5 H20) C, -H, N.
1- ( 3- Hydr oxynet hyl - phenyl ) -8, 9-di hydro-7H 2, 7, 9a-tri aza- beazo[ cd] azul en- 6-
one (32a) was isolated as a by-product to give a white solid (0.013 g,
5.599: mp = s 275-278 C, Ri= 0.26 (10% McOH CHCI 3); 1599
1466, 1053 cm1; 1H NMVR (DVSO-d6) S 3.46-3.53 (m Miﬁyé@%@@ﬁ?

4.61 (d, 2H, J =5.7 Hz), 5.32-5.36 (m 1H), 7.33-7.38 (m 1H), 751 56
(m 211), 7.70-7.72 (m IH, 7.81 (s, 111), 785791(m 2H) , 843847
(m 1H). HRWMS calcd for Cl7H15N302 293. 1164 (M) ; found 293:1168. Anal .

( C17Hr 5N302 Badpld2/0 i , éfﬁ Ir! dr,0- 2H- f
141di azeni nof 6 -one 0 o0

DIVF, EtzNH_Eéx_m{sﬂ;am-_ém 78%OOmNaN3 lvesoeH r% M

o)
F NH

b

N{CHg)o

Using the reductive amination procedure described in Example 32, 0.067 g
5  (31%) of 1-(3-dimcthylaminomethyl-phenyl)-4—ﬂuoro—S,Q-dihyd:o-TH—Z,?,9a-triaza-
benzo{cd]azulen-6-one was prepared from 3-(4-ﬁuor6-6-oxo-6,7,8,9-tetrahydro-
2,7,9a-triaza-benzo[cdJazulen-1-yi)-benzaldehyde as a white solid: mp = 215-217°C
(dec); Rf = 0.11 (7% methanolic ammonia/CHCl3); IR (KBr) 1663, 1485, 1383 cml;
TH NMR (DMSO-dg) § 2.19 (s, 6H), 3.50 (s, 2H), 3.54-3.55 (m, 2H), 4.45-4.47 (m,
10 2H), 7.48-7.62 (m, 3H), 7.72-7.78 (m, 3H), 8.61 (t, 1H, J = 5.7 Hz). HRMS calcd for
Ci9H;gN4OF 337.1465(M-H), found 337.1464. Anal. (C1oH ) oN4OF+0.25 H,0) C, H,

N.

Example 71: 1-( 2-Dimeﬂ1vlamino—nvﬁdin-4-vl)—8.9~dihvdro-7H-2.7.9a—tri;@

benzo[edlazulen-6-one

HN(CHg)», MEOH,L
110°C, 57%
/ \ o / \ N(CHy),
15 - =N —N

The product from Example 15 (0.087 g, 0.29 mmol) was suspended in EtOH (4

mlL) in a sealed tube reaction vessel equipped with a magnetic stir bar. Dimethylamine

" (2M/MeOH, 4.37 mL, 8.75 mmol) was added and the vessel was sealed, stirred and
heated to 110 °C for 6 h. Additional dimethylamixie solution (2 mL) was ad&ed, and

20 the reaction stirred at 110 °C overnight. The solvent was removed in vacuo, and the

product was purified by column chromatography (0-5% MeOH/EtOAc) to give 0051 g
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n PdC12, CH3CN. 70-80 C, 73% (a) Internediate m -

8- 1 odo- 2, 3-di hydr o- 1H qui nol i n4-one: A m xture of the

3- (2-i odophenyl am no) - propi onic acid (0.103 g, 0.354 mmol), prepared from
t he condensation. of | 3-propiolactone and 2-iodoani | I%Ngﬁé}ﬁé ato t he

is procedure of Bradley et al. (JCS P1, 2019 (1972)) on"s reagent (2
n.) was heated between 60 - 70C for 3h. After cooling the reaction m xture
tort, ice cold water was added. The sol ution was made basic (pH 12) with
50 wt. % NaCH and extracted with Et OAc several times. The conbi ned organic

extracts' we(3%])of aCwisiiolida iy & 2465248EO0R 070 g
(729 of the product, whi chrﬂ\?yves 20 used’ mfa{t]ﬁel%r\tggfﬁgpep vm‘qfcﬁo]&&ﬁf?t her

ficati ob657, HIUVRS (0GR 30H NMR -
4] 38 OSSR o o s 01154 g

g I79d( dl %I—ﬁbg'ﬁ 99 (g, @338 &, &H Je 715211&),17 89 gdd) 1[5-12)1 r.o)T-,r,r;erg,r-lngsif(@t, e P -

t - : t t
cetons i nt erhont G BUELCEISHECTALY 1 01 RS S B BaORS s eﬁé@i‘iﬁ cHebt at it
was caref ul onC?‘ﬂ%ﬁL@%‘hWﬂ%d@é’l QZﬁ gAna} C57 17 6) é,rh, N.

Example 72: 1-(3-Methylaminomethvl-phenyl)-4-fluoro-8 9-dihvdro-7H-2.7 . 9a-triaza-
benzo[cdlazvlen-6-one

0]
32 NH -
)
NHCHg
10 Using the reductive amination procedure described in Example 32, 0.037 g

(18%) of 1-(3-methylaminomcthyi~phenyl)-4-ﬂuoi'o-8,9-dihYdro~7H-2,7,9a-triaza-

. benzofcd)azulen-6-one was prepared from methylamine (2M/MeOH) and 3-(4-fluoro-

6-oxo-6,7,8,9—teU'ahydro-2,7,9a-u'iaza-bcnzo[cd]azulcn—l-yl)-benzal&ehyde as a white

solid: mp = 196-198°C; Rf = 0.03 (7% methanolic ammonia/CHCl3); IR (KBr) 1655,

15 1487, 1466, 1134 cm-1; lH NMR (DMSO-dg) 6 2.29 (s, 3H), 3.54-3.57 (m, 2H), 3.74

(s, 2H), 4.45-4.47 (m, 2H), 7.51-7.53 (m, 2H), 7.57-7.62 (m, 1H), 7.68-7.77 (m, 2H),

7.80 (s, 1H), 8.62 (t, 1H, J = 5.6 Hz). HRMS calcd for CisH9sN4OF 323.1308 (M),
found 323.1305. Anal. (CgH;7N40F+0.3 H,0) C, H, N.
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portions. The reaction m xture was stirred at rt for 30 mn. Upon
conpletion of the reaction (as indicated by TLC), ice-cold water was
added, and the m xture was nade basic (pH 13) using 50 wt. % sol uti on of
NaOH, whereupon the product (3.05 g, 83% precipitat ds were
filtered, washed with water and dried: np = 182- 184C;§?§OVW?BVBO4) 8
3.25-3.27 (m 2H), 3.48 (bs, 211), 5.43 (bs,111), 6.41 (t, 1H J =

Hz), 7.73 (d, IH J =6.0 Hz), 7.80 (d, 1H, J= 6.0 Hz), 8.15 (bs, 1H). LRIVIS
(Mt) 288. (c) Internediate o - ‘

9- Phenyl et Bxawh e: is A
m xture of the |odid . g, T | acet yl ene
(0.055 ni, bgnzonjgrile ), tetraki strl phenyl phosphl ne paI I adl ur’r(O) (6 ng, 0.005

mmwol), Cul (2 ng, 0.01 mmol), diethypamne (4 nL) and DMF (2 nlL) was
stirred at it for 2 hours. The sol verlf was evaporated to dryness and the
resi due was taken up in water an r ed with Et QAc. The organic
extract was dried over anhydrous , 20 filtered and concentrated. The
crude m xture was purified by flash sifiTca gel chromatography eluting with
a gradient of 0-3% MeOH in CHC13 toNgHyve 0.102 g (78% of the desired
product: IR (KBr) 3400, 3190, 3051, 16 1589, 1518, 1446, 1250, 756, 690
cm; "HNW (DMSO-c% 8 3.27-3.29 (m C83-3.56 (m 211), 6.26 (t, IH,
J =6.0 H), 6.61 (t, IH J =6.0 Hz), S940-7.47 (m 4H), 7.62-7.65 (m
211), The title compound was prepared as described in Example 55 from 3-

5  cyanobenzaldehyde to give 0.143 g (30%) of a white solid: mp = 283-284°C (dec); Rf

=0.13 (90% EtOAc/hexanes); IR (KBr) 2233, 1659, 1462 cm-!; 'H NMR (DMSO-dg)
& 3.53-3.54 (m, 2H), 4.47-4.49 (m, 2H), 7.39 (t, 1H, J = 7.8 Hz), 6.66-7.83 (m, 1H),
7.89-7.95 (m, 2H), 8.04-8.06 (m, 1H), 8.19-8.22 (m, 1H), 8.31-8.32 (m, 1H), 8.46-8.50
(m, 1H). HRMS caled for CsH;2N4O 288.1011 (M*), found 288.1002. Anal.
10 (Cy7H;aN40°0.5H,0) C, H, N. '

Example 74: 6-Ox0-6.7.8 9-teu‘ahvdro-2 7.9a-triaz a-benzolcgiazulen-l-carbo:_cyhc
acid ethyl ester

o}
NH

~
COzE

The title compound was prepared as described in Example 55 from ethyl
15 glyoxalate (50% in toluene) to give 0.086 g (28%) of an off-white solid: mp = 237-
239°C (dec); Rf = 0.20 (5% MeOH/CHCL3); IR (KBr) 1719, 1663, 1655 cm-l; 1H
NMR (DMSO-dg) 8§ 1.36 (¢, 3H, J = 7.1 Hz), 3.35-3.36 (m, 2H), 3.58-3.60 (m, 2H),
439 (q, 2H, J = 7.1 Hz), 7.45 (t, 1H, J = 7.8 Hz), 7.99-8.04 (m, 2H), 8.47-8.50 (m,
1H). HRMS caled for Ci13H13N30;5 259.0957 (M1), found 259.0965. Anal.

20 (C;3H;3N303+0.1 H,0)C, H, N.
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2s 7.80 (d, IIl, J=6.0 Hz), 8.13 (t, IIl, J =6.0 Hz). LRVs (M 262. (d)
Title conpound: To a. clear solution of the acetylene internediate o (0.08
g, 0.305 mol) in CH3CN (10 nL) was added PdCl12 (0.003 g, 0.0153 mml) at
it. The reaction mxture was heated at a t enper at ur e, y/ 0C for
3.5 h. Upon conpletion of the 30 reaction (as indicat e‘gﬁévﬁﬁlﬁ%)z%og

sol vent was evaporated to dryness. The crude m xture was purified by flash
silica gel chromatography eluting with a gradient of 0 58 24- Novenber 2003

3% MeCOH i n CHClB to glve 0. 058 g (73% of the deswed product | H NVR _
D . SeoAH), 7.17 (t,

(DVMBO- db) e B3:51-(4-MetR1ihinoetBil= |
1H, J = 9.0 Hz 4% gﬂ55(m 311), | d,, IH J =
Hz), 8.38 (t, 1H J = 6.0 Hz) . HRMB cal cd

9.0 Hz), 7.
for CL7HL4AN2O 262.1106 (MF), found 26g.1109. S Anal. (O 7H 4N20' 0.1 H20)

C,.H N Example 34: 6-(4-ChloronhenyN -3. 4-di hydro-2Hf | 4l di azepinof6 7
1_h:|indo| |-one CCF-(" %_H®6 NH

NHCH;
Using the reductive amination. procedure described in Example 32, 0.44 g
5 (53%) of 1-(4-methylaminomethyl-phenyl)-8,9-dihydro-7H-2,7,9a-triaza-
benzo{cd]azulen-6-one was prepared from methylamine (2M/MeOH) and 4-(6-oxo-
6,7,8,9-tetrahyd:o—2,7,9a-triaza—benzo[cd]azulen—1-yl)-benzaldchyde as a white solid:
mp = 169-172°C; Rf = 0.08 (10% methanolic ammonia/CHCI;); IR (KBr) 1651, 1480,
1308 cm-!; IH NMR (DMSO-dg) § 2.30 (s, 3H), 3.52-3.53 (m, 2H), 3.75 (s, 2H), 4.45-
10 446 (m, 2H), 7.35 (t, 1H, J = 7.8 Hz), 752 (d, 2H, J = 8.1 Hz), 7.81 (d, 2H, J = 8.1
Hz), 7.84-7.90 (m, 2H), 8.43-8.47 (m, 1H). HRMS caled for CigHigN4O 306.1480

M), found 306.1486. Anal. (C;gH;gN40+0.5 H;O0)C, H, N.

Example 76: |~(4-Morpholin-4-ylmethyl-phenyl)-8.9-dihydro-7H-2.7.94-triaza.

R e et et LA O
15 penzo[cdlazulen-6-one

NH

Using the reductive amination procedure described in Example 32, 0.097 g

(38%) of l~(4-morpholin-4-y1methyl-phenyl)-8,9-dihydro-7H—2,7,9a—triaza~
benzo[cd]azulen-6-one  was prepared from morpholine and 4-(6-0x0-6,7,8,9-

20 tetrahydro-2,7,9a-triaza—benzo[cd]azulen—l-yI)-benzaldehyde as a white solid: mp =
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(a) Internmediate p - 9-(4-Chlorophenyl ethynyl)-1, 2,3, 4-tetrahydro- 30
benzo[e] [ 1, 4] di azepi n-5-0one: Using the procedure described above for
preparation of internediate o, 1- cbloro-4-ethynyl benzene and internedi ate
n, 9-iodo-1,2,3,4-tetrahydro- benzo[e][1, 4] di azepin-5 ed to
synthesize internediate p (87% as a yellow solid: rr%dp@%%%%;O%H NVR
(DVSO-d,,) 8 3.27-3.30 (m 2H), 3.52-3.55 (m 2H), is 6.31 (t, 1H J = 6.
Hz), 6.61 (t, 1H J = 6.0 Hz), 7.45 (d, 1H, J = 6.0 Hz), 7.50 (d, 2H, J
9.0 Hz), 7.67 (d, 2H, J 9.0 Hz), 7.82 (d, 1H, J= 6.0 Hz), 8.13 (t, IH,
= 6.0 Hz) dBy

6- (4- Chl oropzﬁeny?@@eé%%ﬁydﬁo(s%yfg%?gpﬁe% KAy 16611 1633, 148344113 eme:
Using the pnocg 6l ?

6- phenyl - 3, 4- di hydr oaﬂgg Jlgf fa,%o%‘?% %4&%%‘3&??5&% gha’o:f 2@'3(%&7’( Ig(ﬁ-rrpl e

33 thetum:é-da@smnmmms hesi g 5Pty el as -
a )pal e-yel | %v! ?ﬁ; 9 (ﬁ)ég;vs Q&% 13914117‘1 Q}g(g@@h%-})g %4 %’2 (m

o 65 ?d742( 9 1?4?890( @71, 5 2Hb§mHZl§)o7Hz) S?%?f?récﬂ%°n3%)9 0
Hz), 8.38 (¢ ?iiﬁ? G‘?@I’Quﬂdﬁé&”ﬁma&(&d{zhmoﬁmEl,mzocl (M) 25

296. 0716, found 296.0715. Anal. (CI7HI3N2001) C, H, N. 59 24- Novenber 2003

< |l O

triaza-benzo[cd]aznlen-6-one

NH

OCHg
NH
10 -Using the reductive amination procedure described in Example 32, 0.091 g
(38%) of the title compound was prepared from 2-methoxyet_hylamine and 4-(6-oxo-
6,7,8,9-teu'ahydm-2,7,9a-triaza—bcnzo[cd]azulen-l-yl)-benzaldehyde as a white solid;
mp = 154-157°C; Rf = 0.11 (10% MeOH/CHCl3); IR (KBr) 1659, 1483, 1088 cml;
TH NMR (DMSO-dg) §2.67 (1, 2H, J=35.7Hz),3.24 (s, 3H), 3.42 (t, 2H, J = 5.7 Hz),
15 3.52-3.53 (m, 2H), 3.81 (s, 2H), 4.45-4.46 (m, 2H), 7.35 (t, 1H, J = 7.8 Hz), 7.52 (d,
2H, J = 8.1 Hz), 7.80 (d, 2H, J = 8.1 Hz), 7.84-7.90 (m, 2H), 8.43-8.46 (m, 1H).

HRMS caled for CogHpN40; 350.1743 (M™), found 350.1756. Anal. (CaoH22N403)
C, H,N.
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Exanpl e 35: 6-(4- Met hoxvohenvl)-3 4-di hvdro 2H f 141di azepinof6 7 1

hilindol 1 one 84% CCH3 s (a) Internediate q -

9- (4- Met hoxyphenyl et hynyl )-1, 2, 3, 4-tetrahydro- benzo[e][ 1, 4] di azepi n-5-one:

Usi ng the procedure described above for preparation

met hoxy- 4- et hynyl benzene and internediate n, 9-iodo- 054'[“@\5 %ﬁ?lbg%ydro-

benzo[e] [ 1, 4] di azepi n-5-one, were used to synt hesi ze internediate q in 80%

yield as a to yellow solid: np 193-195C, 'H NVR (DVSO-4) S 3.27-3.29 (m

2H), 3.53-3.55 (m 211), 3.81 (s, 311), 6.20 (br s, 111), 6.60 (t, 1H, J =
78 ) ;o

2! 7,57 (d, 2H,
gM 0 ) =~ LRVB 292

6--( 4- Met hoxyphenyl ) - 3, 4-di hydro 2H-[ b, 4] di azepino[ 6, 7,1-hi]indol-1one: is
Usi ng the procedure described above f\or preparation of

6- phenyl -3, 4-di hydro- 2H[1, 4] di 9 %, 7,1-hjjindol -1-one (Exanple 33),
tHe title conpound was synthesikgg intermediate q in 84%yield as a
pal e-yellow solid: '"H NVR (DVSO t¥{ .48-3.50 (m 211), 4.27-4.30 (in,
2H), 6.60 (s, 111), 7.07 (d, 2H, JN=9.0 Hz), 7.15 (t, 1H, J = 6.0 Hz),
7.54 (d, 2H, J = 9.0 Hz), 7.75 (d, 1 = 6.0 Hz), 7.79

1o
©F
N
»

The title compound was preparéd as described in Example 55 from 4-

5 phenoxybenzaldehyde to give 0.13 g (67%) of a white solid: mp = 259-264°C; IR
(KBr) 1664, 1591, 1480 1236 cm-!; 1H NMR (DMSO-dg) & 3.53-3.54 (m, 2H), 4.45-
4.46 (m, 2H), 7.12-7.16 (m, 4H), 7.20-7.25 (m, 1H), 7.32-7.37 (m, 1H), 7.44-7.49 (m,
2H), 7.84-7.89 (m, 4H), 8.43-8.46 (m, 1H). HRMS calcd for CoH;N30; 355.1321

(M), found 355.1321. Anal. (C22H7N302¢0.5 H,0) C, H, N,

10 Example 79: I-(4-Dieth_oxvmethvl-nhenvl)—ti-ﬂuoro—s.9-dihvdro—7H-'7 7.9a-triaza-

e eeee——— e L
benzo[cdjaznlen-6-one

NH
o/

QFEt
EtO

The title compound was prepared in the manner described for Example 55 from

terephthalaldehyde-mono-diethyl acetal and intermediate | (Example 18) instead of
15 intermediate g to give 1.61 g (79%) of a white solid: mp = 219-221°C; Rg=0.39 (90%
EtOAc/hexanes); IR (KBr) 1667, 1611, 1464 1107 cm-l; TH NMR (DMSO-dg) § 1.17
(t, 6H, J = 7.0 Hz), 3.48-3.65 (m, 6H), 4.45-4.47 (m, 2H), 5.59 (s, 1H), 7.58-7.62 (m,
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20 (d, 1H, J = 6.0 Hz), 8.36 (t, 1H, J = 6.0 Hz). HRVS cal cd for C, sH 6N202
(M 292.1212, found 292.1218. Anal. (G 8H,6N202' 0.1 HRO C, H, N 60 24-
Novenber 2003 Exanpl e 36: 6-Phenethvl-3 4-di hvdro-2H[1 4l di azeoino[6 7 t
-hilindol- 1 one nn NH=H cat. (Ph3P)4Pd, Cul Et2 9 PdC12,
CH3CN, 70-80 C, 70%r (a) Internediate s benzo[e][%?%@%%?r@ - one:

9- (4- Phenyl butynyl )- | ,2, 3,4-tetrahydro Using the procedure described

above for preparation of internediate o, 4-

3H), 7.75-7.78 (m, 1H), 7.87 (d, 2H, J = 8.3 Hz), 8.61 (t, 1H, J = 8.3 Hz). HRMS
caled for Cz;HzN303 383.1645 (M+), found 383.1640. Anal. (CyyHysN303) C, H. N,

Example 80: 1-( IH—Imidazol-Z-yl)-8.9-dihvdro-7H-2.7.9a-tﬁaza—benzorcd}azulen~6—

one

The title compound was prepared following the procedure described in

Example 4 from intermediate gand imidazole-2-carboxaldehyde to give 0.047 g (33%)

of a white solid: mp = 227-228°C (dec); Rf = 0.13 (5% MeOH/EtOAc); IR (KBr)

1645, 1611, 1497, 1402 cm'!; 'H NMR (DMSO-JG) 8 3.36-3.38 (m, 2H), 3.46-3.50

10 (m, 2H), 7.21 (s, 1H), 7.35-7.40 (m, 2H), 7.87-7.92 (m, 2H), 8.42-8.45 (m, 1H), 13.34

(s, 1H). HRMS caled for Ci3H1INsO 253.0964 (M*1), found 253.0957. Anal.
(C13H,;1N5s0+0.25 MeOH) C, H, N.

Example 81: 4-¢ l-Oxo-1.2.3.4~tetrahvdro-l’l.4]diazepin016.7~1 -Ailindol-6-y]}-

benzaldehyde
(o}
NH (HsC)sS-C=C-H o Q
cat. (PhyP)4Pd, Cul NH NH
ELNH, DMF, 82% —;a;;:f-—cg?—,;-—
] ﬁ ' H
n
o N I
SKC
O O NH s o
H
EtoNH, DMF, cat. N PdCla, CHaCN, N
(PhaP)4Pd, Cul, 68% ” H 70-80°C, 65%
N
. (D
15 CHO CHO
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. phenyl - 1-butyne and internedi ate n,
9 I odo-1, 2, 3, 4-tetrahydro- benzo[e][l 4]d|azep|n- 5-one, were used to
synt hesi ze internediate r which was obtained in 83%yield as a pale brown

solid. mp = 133-135C, 'H NMR (DMBO-d6) S 2.76-2.81 ( ﬁ*\ﬁwb@rg%g 10 2.90
(m 2H), 3.23-3.25 (m 2H), 3.39-3.41 (m 2H), 5.70 (BS 3t 1,

J =6.0 Hz), 7.23 (d 1H, | =6.0 Hz), 7.31-7.35 (m 5H), 7.69 (d, 1H J =
6.0 Hz), 8.07 (t, 1H J =6.0 Hz); LRVMB (M 290. (b) :
6- Phenet hyl - 3, 4-di hydr o- 2H-[ 1, 4Jd| azepl no[6 7 1-hiji ndoI-I-one Usi ng t he

procedure descri k@d Ittromdmﬁ:w e SR ﬂ%ﬂ?‘dﬁ)—&i’mﬁ
2H[1, 4] di azepi no[ 6, 7 ' h|]|ndoI-I-one ( arrp e 33 t he rrpound was

synt hesi zed fromint diate.r and obtained in 70%yvyield as a pal e yel | ow

tid; 1H NMWR 8 49: 3. , 4.21 (b
2. 637 (s g st of Herincid th  teamote 58700, ¢ T mmiebps (g
IN, J =6.0 (m}ethyhﬂwawjenm 0.Jnls; 346, fmbb) tetrkistpHchy 15h6dp Pa@af%ug@mo)

cal cd. for 1 found 20 290. 14
C H N 961@%‘%%&%%’ Qﬁgoég&né? 4 Lgyol) ig-diethyhamioe &hhmiwla)aeis)w (10
4- di hvdr o- 2inkdl) wlas 4fifted#aPioR 3h 5 The L6190t WAL QU apbrated 6 d Che residue was taken up

in H>0, and extracted with EtOAc several times. The combined organic layers were

dried over anhydrous MgSO4 and concentrated. The crude mixture was purified by
column chromatography eluting with a gradient of 0-5% MeOH in CHCI; to give
10 0.733 g (82%) of a brown solid: mp 180-182°C; '"H NMR (DMSO-dg) 6 0.25 (s, 9H),
-3.25-3.33 (m, 2H), 3.51-3.55 (m, 2H), 5.90 (br s, 1H), 6.57 (t, 1H, J= 6.0 Hz), 7.35 (d,
1H,J=6.0Hz),7.78 (4, 1H, J = 6.0 Hz), 8.13 (1, IH, J = 6.0 Hz). LRMS 258 (M™).
(b) Intermediate w — 9-Ethyny1-1,2,3,4-tenahydro—benzo[e][1,4]diazepin-5—
one:

15 A mixture of intermediate v (0.712 g, 2.76 mmol) and K»COs (0.038 g, 0.276
mmol) in MeOH (35 mL) was stirred at rt for 2.5 h. The solvent was evaporated and
the residue taken up in H;0, and extracted with EtOAc several times. The combined

* organic extracts were dried over anhydrous MgSO, and concentrated to give 0.50 g
(98%) of a brown solid, which was used in the next step without further purification:
20 mp 146-148°C; 'H NMR (DMSO-dy) 5 3.15-3.23 (m, 2H), 3.48-3.52 (m, 2H), 4.50 (s,
1H), 6.13 (br s, 1H), 6.57 (1, 1H, J=9.0 Hz),7.37 (d, 1H, /= 9.0 Hz), 7.79 (4, 1H, J =
9.0 Hz), 8.10 (t, 1H, J = 6.0 Hz). LRMS 186 ™M)
© hﬂnndimcx-HS-OxolS,45mm&1Hbmm[e][l,4]dimqin-9-y1€ﬂ1mﬁ}
benzzaldehyde:

25 Using the procedure described for the preparation of intermediate o,
intermediate w and 4-iodo-benzaldehyde were used to synthesize intermediate x in
'68% yield as a bright-yellow solid: mp 178-180°C; '"H NMR (DMSO-dg) 6 3.30-3.33
(m, 2H), 3.54-3.57 (m, 2H), 6.39 (br s, 1H), 6.63 (t 1H,J=6.0 Hz), 749 (d, 1H, J =
6.0 Hz), 7.48-7.51 (m, 3H), 7.95 (d, 2H, J = 9.0 Hz), 8.15 (t, 1H, J = 6.0 Hz). LRMS
30 290 (M.
(d) Title compound:
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cat. (Ph3P)4Pd, Cul Et2NH, DVF, 89% NH S Pdd 2, CH3CN, 60-70 C, 79% (a)
Intermedi ate s - 9-(4-Fl uorophenylethynyl)-1,2,3,4-tetrahydro- s
benzo[ e] [ 1, 4] di azepi n-5-o0ne: Using the procedure descri bed above for

ration of internmediate o, 1- fluoro-4-ethynyl be ﬂ&e@% [ SRHST medi at e
P\reg?i odo- |,2,3,4-tetrahydro- benzo[e][1, 4] di azepi nn%&one were used to
s;/nt hesi ze internediate s, which was obtained in 89%yield as a yell ow
solid: mp = 160-162C; 1H NI\/R(DIVISOdG) 108327330(m 2H) , 352355
(m 2H), 6.27 (bs, 1H), 6.61 (t, 1H, 6.0 Hz), 7.27 (t, 2H, J

9.0
505 (i 1y Sy Rehi gl jei il TPt Aty 2 1)

N (b) Titlld ﬁ@memﬂﬁ 7,lllsluhlyicﬂt-lsunm(Emmple 08 diw t@tle @nigdahd e\%%@&%&‘bove
202 Bfﬁiﬁiiﬁéﬁ ‘i@t’] %%é%ﬁﬁ%pée‘?aiarhqgihhwaw salish MPRARPIE°CIH NMR title

conmpound - Wg@%ﬁggl@%g‘(ngrgﬂ)n& gﬁ_ﬁ%lﬁ%l_ﬁ, 589 %S?O{(h)s ‘%8 (ta?HaJpaég yel | ow .

solid: "HN
5 HZ), 7.81-7.88 (m, 4H), 8.03 (d, 2H, J = 9.0 HZ), 8.42 (1, 1H, J = 6.0 Hz), 10.08 (s,

1H). LRMS 290 (M").

Example 82: 4-Dimethvlaminomethvl-phenvl)-3.4-dih dro-2H-
1.4]diazepino[6.7,1-Aflindol-1-one

0
N HnCHa), MeOH,
> NaBH4CN, HC!,
_ H,0,86% o
CHO
N(CHg),
10, _ 2M Dimethylamine in methanol (8.2 mL, 16.34 mmol) was added to a

suspension  of  4-(1-0xo-1,2,3,4-tetrahydro-[1,4]diazepinof6,7-1-Aifindol-6-y1)-
benzaldehyde (0.55 g, 1.90 mmol) in MeOH (110 mL) at rt. The reaction mixture was
heated to reflux until the suspension went into solution. The reaction mixture was
cooled to rt, and a solution of NaCNBH; (0.131 g, 2.09 mmol) and ZnCl, (0.143 g,
15 1.05 mmol) in MeOH ( 55 mL) was slowly added. ,The pH of the reaction mixture was
adjusted to from 3 to 4 using 2M HCl-methanol. The reaction mixture was stirred at 1t
for 2.5 h. Upon completion of the reaction, concentrated HC] was added (pH 1) and
the solvent removed in vacuo. The residue was diluted with H,0, made basic (pH 12-
14) with 50% aqueous NaOH and extracted with EtOAc several times. The combined
20  organic layers were dried over anhydrous MgS0O, and concentrated. The crude mixture
was purified by column chromatography eluting with a gradient of 0-7% MeOH in
CHCI; followed by 3-8% MeOH / NH; in CHCl; to give 0.52 g (86%) of a pale-yellow
solid: mp 140-142 °C; 'H NMR (DMSO-dg) 52.18 (s, 6H), 3.45 (s, 2H), 3.47-3.50
(m, 2H), 4.32 (m, 2H), 6.69 (s, 1H), 7.16 (t 1H, /=10 Hz), 742 (4, 2H, J = 10 Hz),
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8-3.50 (m 2H), 4.28-4.30 (m 2H), 6.70 (s, 1H), 7.15 (t,

(DMBO-ds) S 3.4
1H, J = 6.0 Hz),.7.33-7.39 (m 2H), 7.65 (d, 1H, J= 6.0 Hz), 7.68 (d, | H,
J=6.0 H), 7.78 (d, 1H, J = 6.0 Hz), 7.82 (d, 1H J = 6.0 Hz), 838(t,
1H J =6

.0 Hz). HRMS calcd. for 20 CL7H 3N20F (M) ¢
280.1002. Anal . (CL7HL3N2OF) C, H, N. 62 24- Novenber 8‘8‘6‘%%726
6- (4Chl or o- phenyl )-1-0x0-12 3 4 tetrahydro f 14l di azepinof6 7 1

hl i ndol e- 7- car boxal dehyde 0 C CI POCI3 (0.3 M, 3.19 mvl) was slowy
added to DMF (3 nL) at OC’ The s m xture was stlrred for 15 m nutes and

then was tr@d6dd, 2Lth= 20 Ha), ﬂﬂﬂf{m I(H JG A 31 1H, (5B 838 ¢ dHodo g,

3, 4-di hydro-2 eplno -hf]in oI -oné
0.236 mmol ¥ F‘_rﬁél\/FWﬁL %R!’ @Eﬁmﬂaﬁnﬁﬁ lﬁ&Sr(MV)a%umr 8801478, 'ianand

stirred for (G:!BHzIWIO?SH% ving all solvent, the residue was taken up in
H2O, nade basic ?I; "“Usi'ng 50% aqueous NaOH, whereupon the product
1 d

preci pi tat eExarﬁ_lp_]§§§r QG Washed W th vvat er several times
and dried t0 yre ' g i :

S 3. 41- 35 52hilmgdol2pne 4. 20422(m 2H) 7.43 (t, IH J 90Hz) 7.68 (d,
2H J= 9.0 Hz), 7.74 (d, 2H J = 9.0 Hg), 8.00 (d, IH J = 6.0

NH

NHCH,
Usmg the reductive amination procedure described in Example 82, the tiile
| compound was synthesized from 4-(1-0x0-1,2,3,4~tetrahydro-[1 4}diazepino[6,7-1-
hi]indol-ﬁ-yl)-benzaldehyde and methylamine in 71% vield as a pale-yellow solid: mp
1o 178-180°C; 'H NMR (DMSO-dg) 82.29 (s, 3H), 3.48 (br s, 2H), 3.70 (s, 2H), 4.30-
4.33 (m, 2H), 6.68 (s, 1H), 7.16 (t. 1H, J = 9.0 Hz), 7.45 (d, 2H, J = 6.0 Hz), 7.55 (d,
2H,J=6.0Hz), 7.77 (d, 1H, J = 9.0Hz),7.80(d, 1H, J = 9.0 Hz), 8.36 (t, 1H, J = 6.0

Hz). HRMS calcd. for CieH19N3O 305.3828 (M™"), found 305.1536. Anal.
(C19H19N30'0.1H20) C, H, N.
15
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Hz), 8.47 (d, IH J = 6.0 Hz), 8.51 (t, 1H, J = 6.0 Hz), 9.65 (s, IH).
FIRMS cal ed. for CL18H13N202C (ML) 324.0665, found 324.0668. Anal .
(C18H13N202C1" 0.25 H2O C, is H, N Exanple 39: 6-(4-Chloro-phenyl)-I
-oxo0 1 2 3 4 tetrahvdro f | 4l diazepino[6 7 1 hr9ind dehvde
oxime 0 NH2OHHCI, H20. NaOH, EtOH 8085 C, 67% ClI %Aggz?}%%ovgénber 2003
NH2OH HClI (0.027 g, 0.385 mmol) and NaCH (0.016 g, 0.385 nmol) were added
to a suspension of the al dehyde

6- (4- chl or o- phenyl ) - 1- oxo- 1 2 3, 4-tetrahydro-

[ 1, 4] di azepxaainte 4:16-44 Pimalilie Admehblosaheelwden{dksaip! e 38, 0.050 g, 0.154

mmol) in %5@3&5 m_‘ z?g H20 20 5 nL). The reactrton mxture was heated at
80-85C for az8 - Cevaporated to dryness. The residue was

taken up in ice-cold H2O  whereupon a gal e-yellow solid precipitated. The

solid was filtered, washed with H20

@
Using the reductive amination procedure described in Example 82, the title
5 compound was synthesized from 4-(l-oxo-1,2 +3,4-tetrahydro-[1,4]diazepino[6,7-1-
hilindol-6-yl)-benzaldehyde and pyrrolidine in 76% yleld as a pale-yellow solid: mp
146-148°C; 'H NMR (DMSO-dg) 8 1.71 (br s, 4H), 2.49 (br s, 4H), 3.48 (br s, 2H),
3.64 (br s, 2H), 4.30-4.33 (m, 2H), 6.69 (s, 1H), 7.16 (1, 1H, 7=9.0 Hz), 7.43 (d, 2H, J
=9.0 Hz), 7.55 (d, 2H, J = 9.0 Hz), 7.77 (d, 1, J = 9.0 Hz), 7.80 (d, 1H, J=9.0 Hz),
10 838 (t 1H, J = 6.0 Hz). HRMS calcd. for 345.1841 (M), found 345.1835. Anal.
(C22HzN3040.25 H,0) C, H, N. |

Example 85: 3-(1-Oxo-1.2.3 4-tetrahvdro- 1 4)diazepino[6.7-1-kilindol-6-v]}-
benzaldehyde

Q

CHO ‘ NH
e, °
NH

N
H

I, Eto;NH, DMF, * PdCly, GHACN NH
cat. (PhgP)4Pd, Cul, 62% r —
HJ | e
W

I ’

15 H ] CHO Q CHO

(a) Intermediate y - 3-(5-0x0-2,3,4,5-tetrahydro-1H-
benzo[e][1,4]diazepin-9-y1cthynyl)-benzaldehyde:
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and then purified by flash silica gel chromatography eluting wth a
gradient of 0-5% MeOH in CHC13 to give 0.035 g (67%9 of the oxinme: 'H NMWR
(DVBO-d6) S 3.40 (bs, 2H), 4.0-4.1 (m 211), 7.30 (t, 1H J = 9.0 Hz),
7.55 (d, 2H, J = 9.0 Hz), 7.64 (d, 2H, J 10 = 9.0 Hz) 24 RoPmbso0bE) . 7. 94
(d, 1H J =9.0 Hz), 8.34 (d, IN, J =9.0 Hz), 8.41 (t, 1H J= 6.0 Hz),
10.83 (s, 1H). HRMS calcd. for ClsH 4N3Q2C (Ma+ H) 340.0853, found

340. 0862. Anal . (CL3H14N3Q2Cl'0.75 CH2Cl2) C, H, N. Exanple 40:-

6- Pvri di n-2-v1-3[§;di hvdro-2H f 1 4l diazepinor6 7 1 -hilindol-I -one 0 2s O
(a) Internedi at eUsing thePypricddure 2desceibdty Tyt - the 2prapdat &l rahydr o- ..
auf epég&s(?r icgeﬁlqm&t‘i‘ ot

benzo[e] [ 1, ﬂt%h% gl I n-5-o0ne: Using the procedu
preparation of I Hter e %ﬁ‘@l‘drz'%g* droyhenreiyi{ 1 didieeping-odt, @AdBGbd.e N,
9-i odo- 1, 2, Bentaldehyde . [ azepi n-5-_ _one, were used to
sy.nt hesi ze ;ngge%%%ggiﬁaé%%ﬁ% éleg%’e‘ifa‘gryo%ngbmehi asp yellopy solidt 75C; ' H
NVR ( DVBO- 4 -DI8°G; SCRED), & R364:33. 9,4t = 6.0
HZ) , (6- 64 (HD?%N’]:I@G 0 Hz%,iZ d;@37-7. 4?(%? %@63%@355016??5 2%,6-@“’6.5@ Hz) ,
7.77 (d,” i 13§ 18 ir) 00 Hizp 7.4 @8 1Hng =20 HzB 7166 (tUH, I 9.8 H)67.83 ) |
859 (d. 1Hd, 1. &db 68), 7.90%P0r B2 158Gk s, 1m0, 831 s, 111, 1003 s, 110

LRMS 291 M*+ H).

(b)  Title compound:
Using the procedure described for the preparation of 6-phenyl-3,4-dihydro-2H-
10 [1,4]diazepino[6,7,1-hijJindol-1-one (Example 33), the title compound was synthesized
from intermediate y and obtain in 66% yield as a pale-yellow solid: mp 192-194°C; 'H
NNIR_ (DMSO-dg) § 3.49-3.51 (m, 2H), 4.33-4.36 (m, 2H), 6.83 (s, 1H), 7.19 (¢, 1H, J
- =6.0Hz),7.75(, 1H, J=9.0 Hz), 7.80-7.86 (m, 2H), 7.96 (d, 2H, J = 6.0 Hz), 8.15 (s,

1H), 8.41 (t, 1H, J = 6.0 Hz), 10.11 (s, 1H). LRMS 290 (M™),
15

Example 86: 6-(3-Dimethvlaminomethvl- henyl}-3.4-dihydro-2H-

[1.41diazepinol6,7.1-Ailindol-1-one

o

Q N(CHg)»

Using the reductive amination procedure described in Example 82, the title
20 compound was synthesized from 3-(l-ox0-l,2,3,4-tetrahydro-[l,4]diazepino[6,7-l-
ht'}indol-ﬁ-yl)-benzaldehyde and dimethylamine in 87% vield as a white solid: mp 98-
-100°C; 'H NMR_ (DMS0-dg) §2.18 (s, 6H), 3.47 (br s, 4H), 4.30-4.32 (m, 2H), 6.70
(s, 1H), 7.17 (¢, 1H, J = 6.0 Hz), 7.35-7.37 (m, 1H), 7.43-7.50 (m, 3H), 7.78 (d, 1H, J =
6.0 Hz), 7.81 (d, 1H, J = 6.0 Hz), 8.38 (t, IH, J = 6.0 Hz). HRMS calcd. for

25 CaoH21N30 319.1685 (M), found 319.1682. Anal. (Cz0Hy;N3040.25 H,0)C, H, N.
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64 24 Novenber 2003 (b) Title conmpound: To a solution of the acetyl ene
internmediate t (0.050 g, 0.190 mmol) in DM (6 nlL) was added Cul (0.003 g,
0.012 mml) and PdC12 (0.005 g, 0.029 nmmmol) at rt. The reaction m xture
was heated at 80-85C for 4h. Upon conpletion of react$ORq¢HSher 2opsi cated by
TLC), the solvent was renoved under vacuum and the crude residue was
purified by flash silica gel chromatography eluting with a gradient of 0-3%
MeOH in CHCI3 to give 0.010 g (2099 of the product: 'H NWR (DI\/BOdG) 6
3.38-3.55 (m 2H), 4.64 (bs, 2H), 7.06 (s IH), 7.19 (t, IH J 9.0 Hz),

7.37-7.41 (ExampgldB7: 6-@MthPemid e384 4 1.8 :
1H J = 3.0 Hz calc or 3N S
263. 1062. M@E—HSNSO 0. 8 HZO) C, H N Corrparl son Exanpl e 41

3.4.6, 7- Tetrahydro- 2H-f | . 41di azeRi nq 6, 7.1-hilindol-1 -one O This known
conmpound was prepared according to te literature procedure of 1is Hester
et al. and references cited the it er et al., J. Med Chem 13, 827
(1970)): '"H NWR (DVMBSO-d6) S 2.9 75Hz), 3.29-3.31 (m 4H),
3.47 (t, 2H, J = 7.5 Hz), 6.49 | = 7.5 H), 7.04 (d, 1H J =7.5
Hz), 7.49 (d, 1HJ = 7.5 Hz), 7. 8% 1H). HRMS calcd for C, nHL2N- O
(1st) 188.0950, found 188.0957. Anal: NHCH

Using the reductive amination procedure described in Example 82, the title
5 compound was synthesized from 3-(1-0x0-1,2,3 4-tetrahydro-[1,4}diazepino[6,7-1-
hilindol-6-y])-benzaldehyde and methylamine in 94% yield as a pale-yellow soﬁd: mp
128-130°C; '"H NMR (DMSO-dg) &2.29 (s, 3H), 3.48 (br s, 2H), 3.71 (s, 2H), 4.30-
4.33 (m, 2H), 6.69 (s, IH), 7.17 (t, 1H, J = 9.0 Hz), 7.38-7.39 (m, 1H), 7.44-7.46 (m,
2H), 7.54 (s, 1H), 7.80 (t, 2H, J = 9.0 Hz), 8.39 (t, 1H, J = 6.0 Hz). HRMS calcd. for

10 CyoH;oN30 305.3828 (M), found 305.1520. Anal. (C1sH19N3040.6 H,0) C, H, N.

Example 88: 6-(3-Pymrolidin-1-yimethvl-phenyl)-3 4-dihvdro-2H-
1.41diazepino[6.7.1-hilindol-1-one

15 Using the reductive amination procedure described in Example 82, the title
compound was synthesi_zed from 3-(1-ox0-l,2,3,4-tetrahydro—[1,4]diazepino[6,7-1-
hifindol-6-yI)-benzaldehyde and pyrrolidine in 92% yield as a pale-yellow solid: mp
158-160°C; '"H NMR (DMSO-dg) & 1.71 (br s, 4H), 2.49 (br s, 4H), 3.49 (br s, 2H),
3.68 (br s, 2H), 4.30-4.33 (m, 2H), 6.70 s, 1H), 7.17 (t, 1H, J=9.0 Hz), 7.38-7.52 (m,

20 4H), 7.79 (d, 1H, J = 9.0 Hz), 7.82 (d, 1H, J = 9.0 Hz), 8.38 (t, 1H, J = 6.0 Hz).
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(C ,H12N20) C, H, N. 20 Conparison Exanple 42: 3.4-D hydro-2Hf
141 di azepinor6 7 | hilindol lone O This known conpound was prepared from
3,4,6,7-tetrahydro-2H [ 1, 4] di azepi no[ 6, 7, 1-hilindol -1-one (Exanple 41)
according to the general procedure 25 of Hester et al ces cited
therein (Hester et al., J. Med. Chem 13, 827 65 24 4@%%@45?8@@(1970)):
"H NV\R (DVMBO-d6) S 3.52-3.56 (m 2H), 4.31-4.36 (m 2H), 6.53 (d, 1H J =
30Hz) 7.11 (t, IHJ:60H2) 7.38 (d, 1H, J = 3.0 Hz), 7.70 (d, 1H, J
6.0 Hz), 78S0 ,fll—(I: J =6.0 Hz), 8.30 (bs, 1H). LRV (M 186. Anal.
(CuH| oN20' OtIBM $H23NG0 345 184INNID, fodind B4b ngpg '
4-di hvdr o- Zﬁl-d)Jé:h_fhﬁzenl no[6 7 1 hG ndol 1-one Nﬁn?li (QBRIIT%N?Q'O‘*DIVF KOH
2fV '

Example 89: 6-(4-Fluoro-phenyl)-1-0x0-1.2.3 4-tetrahydro-{1.41diazepinof6.7.1-

5 h |indole-7-carba!dehgde

Following the proccdure described in Example 38, the title compound was
synthesmed form 6-(4-ﬂuorophenyl)—3 »4-dihydro-2H-[1, 4}diazepino[6,7,1-ki]indol-1-
one as a white solid in 94% yield: mp 268-270 °C; 'H NMR (DMSO-dg) & 3.52-3.54

10 (m, 2H), 4.19-4.22 (m, 2H), 7.40-7.50 (m, 3H), 7.75 (d, 1H, J = 6.0 Hz), 7.78 (d, 1H, J

= 6.0 Hz), 8.46 (d, 1H, J = 6.0 Hz), 8.52 (t, 1H, J = 6.0 Hz), 9.64 (s, IH). LRMS 309
M + H).

Example 90: 6-(4-Fluoro-phenyl)-1 -ox'o-l.2.3.4~tetrahvdro-[1.41diazepinof 6,7.1-
1s hi mdole-’!—carbaldeh de oxime

NH
NH,OH-HCI,
pyr., 2% o

Hydroxylamme hydrochlondc (0.10 g, 0.325 mmol) was added to a solution of
6-(4-fluoro-phenyl)-1-oxo-1,2.3 4¢tetrahydro-[1 »4]diazepino{6,7,1-Ai]indole-7-
carbaldehyde (56.0 mg, 0.813 mmol) in pyridine (10 mL) and stirred at rt for 20 h.

20 Upon consumption of the aldehyde as indicated by TLC, the solvent was removed in
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1 To a pal e-yell ow sol ution of

3,4-di hydro-2H[ 1, 4] di azepi no[ 6,7, 1-hi]indol -1- one (Exanple 42,0.051 g,
0.274 mmol) in 5 M. DM was added KOH (0.058 g, 1.03 io nmol) and i odi ne
(0.139 g, 0.548 nmol) at A. The reaction m xture was ﬁihﬁﬁéﬁbéﬂz

overni ght, at which tine solvent was renoved in vacuo. e residue was
taken up in EtOAc and washed with 0.1% aq sodium bisulfite, H20 and bri ne.
The organic |ayer was dried over anhydrous MpSO4, filtered and
concentrated to give 0.078 g (92% of a pale-yellow solid: tH NWR

(7 Dg/go( 36) 1a BICBG- ﬁ@&:éduc “;%!H)éa?keﬂ Sufan (oM Héit&d Jxé&@tfgkvigllﬁg}{‘%seiﬁéj 3@283?2 ‘'

1H, J = °°“ﬁ!ﬁl% ‘tfé@é‘aexqaéﬁs wETe Hgoclzmer mycmdds MESO, adPoiderbbieadd 76.

i (et 3 E@ﬁ?ﬁ‘. SE28 o0 BBy B na 7 21y mgr s ssoy

5y e (aioraon il o s et 20 ST
62 (m. 2H), 7.89 (s, 1), 7.94 (4, 1H, J = 9.6 Hz), 833 (4, 1H, J = 6.0 Hz), 841 (;

1H, J = 6.0 Hz), 10.80 (s, 1H). HRMS caled. for CigH)4N3O,F 323.1070 @), found
323.1066. |

Example 91: 6-(4-Fluoro-phenyl)-1-oxo-1 2.3 4—tetrahvdm-[1.4Tdiazepinof6,7.1-
hi mdole-‘?—carbommle

Thio-CDI
THF 94%

Thocarbonyldumxdazole (0.415 g, 2.33 mmol) was added to a solutxon 6-(4-
ﬂuoro-phcnyl)-l—oxo—l 2,3,4-tetrahydro-[1 ,4]diazepino[6,7 l-hi}mdole-?-carbaldehyde
oxime (0.301 g, 0.932 mmol) in THF (70 mL) at rt and stirred for 4 h Upon
consumption of the oxime as indicated by TLC, the solvent was removed in vacuo. |

15 The residue was dissolved in EtOAc, washed with 10% HCI and then with saturated
NaHCO;. The organic layer was dried over anhydrous MgSO, and concentrated to

10

give a yellow oil, which was purified by column chromatography eluting with a

gradieat of 0-3% MeOH in CHCI; to give 0.268 g (94%) of a pale-yellow solid: mp

248-250°C; 'H NMR (DMSO-dg) & 3.52 (br s, 2H), 4.29-4.31 (m, 2H), 7.41-7.53 (m,

20 3H),7.77(d, 14, J = 6.0 Hz), 7.80 (d, 1H, J = 6.0 Hz), 7.90 (d, 1H, J = 6.0 Hz), 8.01

(d, 1H, J= 6.0 Hz), 8.55 (t, 1H, J = 6.0 Hz). HRMS calcd. for C1zH:N3OF 305.0064
(M), found 305.0951. Anal. (CigH12N30F0.1 H,0) C, H, N.

25
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Triethylamne (0.11 m ., 0.747 mmvol) was added to a m xture of 7-iodo-3, 4-
di hydro-2H-[ 1, 4] di azepi no[ 6, 7, 1-hilindol -1-one (from Exanple 43 w t hout
further purification, 0.074 g, 0.37 mml) and bi stri phenyl phosphi ne

pal I adi um chloride (8.4 ng, 0.012 mmwl) in 8 nL MeO}200,en at it.
The reaction m xture was s heated at 50-55C for 18 h under a at nosphere.
The sol vent was renoved under vacuum and the residue was taken up in

Et OAc and washed with water. The organic |ayer was dried over anhydrous
MySH4, filtered and concentrated to give a yellow -solid, which was
purified by flash silica gel gchromatography elutigg with a gradient of
0-3% MeOH in CHCL3 to give 0 V25 g (289% of a mhlt- solid: 1H NMR (DVSO d6)

10 S 3.34-3.60 (m 2H), &8 NH36 (t, 1H, J = 7.5
IH, J = 7.5 Hz),

, N3H), 446 (bs? 24t
Hz), 7.95 (d, 1HJ—7 .%ﬁﬁg}w
8.40-8.50 (m 1H). HRMVB ci cdnN—for M12N20 44. 0848, found
244.0850. Anal . (CI3HL2N203&=Q5 H20) ™% H, N. Eyes :

azepi nor 67 N o 7 carbaldehyde NH NH

W€ POCK, DVF 0Crt, 95% 18{0HC ¢POY 3 (16.37 g, ‘ bl) was slow y added
to DVF (225 L) at 0C. The m »&xfe was stlrredfor 3/ M nutes and t hen
treated with a solution of 3,4-didpydro- -

A suspension of 6-(4-fluoro-phenyl)-1-oxo-1,2,3 4-tetrahydro-
[1,4]diazepino[6,7,1-ki]lindole-7-carbonitrile (Example 91} (0.05 g, 0.164 mmol) in
85% H3POy4 (7 mL) was heated at 90-100 °C for 22 h. Upon consumption of starting

5  material (as indicated by TLC) the reaction mixture was poured into H,O and extracted
with EtOAc several times. The combined organic extracts were dried over anhydrous
MgS0O,s and concentrated to give a pink oil, which was purified by column
chromatography eluting with a gradient of 0-5% MebH in CHCl; to give 0.042 g
(79%) of a pale-yellow solid: mp 287-289°C; 'H NMR (DMSO-d) § 3.47 (br s, 2H),

10 3.98-4.06 (m, 2H), 6.46 (br s, 1H), 7.09 (br s, 1H), 7.28 (t, 1H, /= 6.0 Hz), 7.38 (t, 2H,
J=9.0Hz), 7.56 (d, 1H, J = 6.0 Hz), 7.60 (4, 1H, J = 6.0 Hz), 790 (d, 1H, J = 6.0 Hz),
8.15 (d, 1H, J = 6.0 Hz), 8.40 (t, 1H, J = 6.0 Hz). HRMS calcd. for C;H;4N30,F
323.1070 QM"), found 323.1063. Anal. (C1sH14N30,F+0.5 H,0) C, H, N.

15

HoC=C{OEY)SnBu,

NH
(PhgP)Pd
O N_) 1,4-diaxane, DMF
2,6-di'Bu-4-Me-pheno!
64% (cnucie)

93a F

@) 6-(4-Fluoro—phenyl)-7-iodo-1-0x0-3,4-dihydro-2H—[ 1,4)diazepino{6,7,1-
20 hilindol-1-one:
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"2H[ |,4]diazepino[6,7,1-hi]indol- | -one (Exanple 42, 1.46 g, 7.85 mol)
in DM (10 nlL). The reaction mxture was warned to rt and stirred for 17
h. After renoving all 20 solvent, the residue was taken up in H20 made

basic (pH 12-14) using 50% agueous NaOH and extracte o}gb‘t’%}"@ sever al
times. The organic |ayer was dried over anhydrous My tere and
concentrated to give 1.6 g (95% of a pale-yellow solid: 'H NVR (DVSO-dr,)
S 3.58-3.61 (in, 2H), 4.48 (bs, 2H), 7.37 (t, 1H J =7.5 Hz), 7.97 (d,
111, J =7.5 Hz), 8.33-8.35 (in, 2H), 8.43- 8.45-(m 1H), 9.95 (s, 1H). 25

HRVE cal cd. for BﬂRHﬂimg\ﬁ;e Precvlivre ddskriBédt i E{%jﬂg 4? lél-g%ﬁﬁgro-ﬁi@ﬁ‘yl) 76§42H10

N202' 0. 1H20) 67 24- Novenber 2003
- Oxo- 1. 2 31X Ak PRl (1 iarapingf. A tHalindol-lhorei wakcdyariZsised Rakdepde

oxi me NH NHfbiFkénii,4-diffdro- 221t B 787 § 20 fiG olglgo/gcmo(ExHa?mple 37),
yielding 2 pale-yellow solid in 78% yield: mp 283-285 °C; 'H NMR (DMSO-dg)

5 8348 (brs, 2H), 4.15-4.18 (m, 2H), 7.29 ¢, 1H, 7= 6.0 Hz), 7.41 (¢, 2H, J = 9.0 Hz),
7.58-7.64 (m, 3H), 7.94 (d, 1H, J = 6.0 Hz), 8.41 (t,1H, J = 6.0 Hz). LRMS 407 (M*
+ H).
(b) Title compound:

A solution of 6-(4-fluoro-phenyl)-7-iodo-1-0x0-3 J4-dihydro-2H-
10 [1,4)diazepino[6,7,1- hi}mdol 1-one (0.10 g, 0.246 mmol), ethoxyvmyl tributyltin (0.11
mL, 0.320 mmo}), tetrakistriphenyl phosphine palladium (14.0 mg, 0.0123 mmol) and
a trace of 2 ,6-di-t-butyl-4-methyl phenol in 1,4-dioxane {20 mL) and DMF (1 mL) was
heated at 90-95 °C for 20 h. Upon consumption of starting material (as indicated by
TLC), the solvent was evaporated to dryness. The residue was taken up in IN HCI and
15 extracted with EtOAc several times. The combined organic layers were dried over
anhydrous MgSO, and concentrated to give a yeliow oil, which was purified by
column chromatography eluting with a gradient of 0-3% MeOH in CHCl; to yield 49.0
mg (64% crude) of a yellow solid. Of this solid, 36.0 mg was further purified by
preparative HPLC. A gradient mobile phase, starting with 90% H,0 with 0.1% TFA,
20 10% CH3CN with 0.1% TFA up to 2 min, then reaching 35% H,0 with 0.1% TFA,
65% CH3CN with 0.1% TFA after 22 min, was used. Rt = 10.6] min. The pure
fractions were collected and concentrated under vacuum to give 15 mg (26%) of the
pure product: mp 275-276 °C; "H NMR (DMSO-ds) 5 1.86 (s, 3H), 3.45-3.52 (m, 2H),
3.96-3.98 (m, 2H), 7.37 (¢, 1H, J = 6.0 Hz), 7.45 (t, 2H, J = 9.0 Hz), 7.64 d,1H,J=
25 6.0 Hz), 7.67 (d, 1H, J = 6.0'Hz), 7.96 (d, 1H, J = 6.0 Hz), 842 (1, 1H, J = 6.0 Hz),
855 (d, 1H, J = 6.0 Hz). HRMS calcd. for CioHsN2OsF 322.1117 (M), found

322.1131. Anal HPLCR, = 8.61 min.
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To a m xture of al dehyde 1-oxo-1, 2, 3,4-tetrahydro-[1, 4]diazepino[6,7,1- s
hi j i ndol e- 7- car bal dehyde (from Exanple 45 without further purification,
0.050 g, 0.233 mmol) in EXOH (5 mM.) and H20 (0.5 nL) was added NH2OH HCI
(0.041 g, 0.583 mml) and NaOH (0.024 g, 0.583 mmol) eaction
m xture was heated at 80-85C for 2 days. The resultlzrlﬁkgtés%%érf??g% was
filtered and the remaining white solid (0.047 g, 88% was washed with
water and dried: 'H NVR (DVsO- d6) 8 3.56 10 (bs, 2H), 4.36 (bs, 2H), 7.23
(t, 1H, J = 768(s 111) 7.90 (d, 1H J 7.5 Hz), 8.21 (d, 1H,
J = 7.5 Hz) Exe 1 ) fri ) L llen-5BNS cal cd
for Cl12HI 1 N302 (M 229. 0851 found 229.0843. Anal . C, H N
Exanple 47: (Z) and (E) 1-Oxo-l1 2 3 4-tejrahvdrof 1 41diazepinof6 7 1
hilindole 7 is carbal dehyde O nethy NHO NH2OMe- HCI, pyr, r, EtOH,

rejfltlx WL6 conbi ned .H3CS N= H3CO
.FS,*S

NS
The title compound was prepared following the procedure described in
Example 55 from intermediate g and 2-thiazolecarboxaldehyde to give 0.057 g (37%)
s of a white solid: mp = 271-276 °C; Rf = 0.31 (5% MeOH/EtOAc); IR (KBr) 1655,
| 1466, 1379 corl; 'H NMR (DMSO-dg) § 3.29-3.30 (m, 2H), 3.63-3.68 (m, 2H), 7.39-
. 144 (m, 1H), 7.94-7.97 (m, 2H), 8.02-8.03 (m, 1H), 8.11-8.13 (m, 1H), 8.46-8.49 (m,

1H). HRMS calcd for Ci3H;gN4OS 270.0575 M+), found 270.0566. Anal.
(C13H;1oN4OS) C, H, N.

10

The title compound was prepared following the procedure .described in

Example 35 from intermediate g and pyrrole-2-carboxaldehyde to give 0.061 g (40%)

15 of an amber solid: mp = 327-332°C (dec); Rf = 0.25 (5% MeOH/EtOAc); IR (KBr)
1651, 1586, 1497, 1470 cm-!; 1H NMR (DMSO-dg) § 3.35-3.36 (m, 2H), 4.29-4.30

(m, 2H), 6.04-6.06 (m, 1H), 6.52-6.54 (m, 1H), 6.79-6.81 (m, 1H), 7.07 ¢, 1H, J = 7.8
‘Hz), 7.53-7.57 (m, 2H), 8.20 (t, 1H, J = 5.6 Hz). HRMS caled for Ci4H3N,0

252.1011 (M), found 252.1008. Anal. (C14H12N40°0.25 H,0) C, H, N

20
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47a 47b A solution of

1-oxo0-1, 2,3,4-tetrahydro-[1, 4] di azepi no[ 6, 7, 1-hijindol e-7 . carbal dehyde
(Exanpl e 45, 0.050 g, 0.234 nmmol) and McONH2 HC1 (0.020 g, 0.242 20 mol)
in EtOH (5 nL) and pyridine (5 nL) was refluxed for 28 NoydhSer@gt i On

m xture was then evaporated to dryness.and the residue was taken up in H20
and extracted with Et OAc several tinmes. The conbined organic |ayers were
dried over NH 68 24- Novenber 2003 anhydrous MySO4, filtered and
concentrated. The residue was purlfled by flash silica gel chromatography
eluting wit 1af6:e i 5-6§-Chio rar12 | V8. (63% of
the (E) and 0. 0 23 % of the |som<ars.-d Q;')’}?zﬂré)a. ( DVBO- 4)
8 3.54-3.58 len-Gon s, . 311), 4.43 (bs, 2H), s 7.27 (t, 1H, J =9.0
Hz), 7.89-7.92 (m 2H) 8.14 (d, 1HgJ = 9.0 Hz), 8.21 (s, 1H), 8.35-8.39
(m 1H). HRMS calcd for CL3HL13N302 (Wr) 243.1008, found 243.1020. Anal. -
(C13H13N302' 0.1 H2010.1 Et QAc) (& NH(E) isonmer. 'H NVR (DMSO-t4) 8 3.55
(bs, 2H), 3.87 (s, 3H), 4.37 ( .27 (t, 1H, J =7.5 Hz), 7.75 (s,
1H, 7.91 (d, 1H J = 7.5 Hz), + 1H, J = 7.5 Hz), 8.34- 1a 8.38 (m
2H). HRMS cal cd. for C13H13N302 \-— 243.1008, found 243.1016. Anal.

The title compound was prepared following the procedure described in

s  Example 55 from intermediate g and 5-(4-chlorophenyl)-2-furaldehyde to give 0.038 g
(22%) of a light-yellow solid: mp = 341-344 °C; Rf = 0.31 (5% MeOH/EtOAc); IR

- (KBr) 1651, 1487, 1381, 1090 cm-!; 'TH NMR (DMSO-d) & 3.64-3.66 (m, 2H), 4.70-
4.71 (m, 2H), 7.33-7.40 (m, 3H), 7.54-7.58 (m, 2H), 7.86-7.93 (m, 4H), 8.47-8.51 (m,
1H). HRMS caled for CyH14N305Cl 363.0775 (M¥*), found 363.0789. Anal.

10 (CzoH14N30,C1+0.25 H>0) C, H, N.

Example 97: 4-F1uoro-1-(hydroxvmethvl-phenvl)-S.9-dihvdro-7H—2.7.90-t1-iaza-

benzo[cd}azulen-6-one
0 o o
NH F NH NH
) s ) e )
THF, MeOH
EtOH, H0 N N
reflux, 88% N= 2% N~
OEt CHO OH
EtO

15
_ (a) 4~(4-Fluoro-6-oxo-6,7,8,9-tetrahydro—2,7,9a-n'iaza-benzo[cd]azulen—1-yl)-
benzaidehyde (97a) was prepared following the procedure described in Example 57
from I-(4-diethoxymethyl-phenyl)—4-ﬂuoro-8,9-dihydro-7H-2,7,9a-triaza-
benzo[cd]azulen-6-one (Example 79) to give 1.11 g (88%) of a white solid, which was
.20 used in the next step without further purification: !H NMR (DMSO-dg) 6 3.55-3.56
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(C13H 3N302 0.25 H2O) C, H, N. Exanple 48: 7-Hvdroxvnethvl-3 4-di hvdro 2H
rl 4l diazepinol6 7 I -hilindol- 1 one q O NHNH NaBH4, EIOH ref lux, 88%

OHC H is Sodi um borohydride (0.018 g, 0.466 mol) was added to a suspension
of 1- oxo-1,2,3,4-tetrahydro-[1,4]diazepino[6, 7, 1-hi ] bpfgl&ndsrOppgal dehyde
(Exanple 45, 0.050 g, 0.233 mmol) in 15 nL. Et OH. The reaction mxture was
refluxed for 1.5 h, cooled to rt and the sol vent was evaporated. The

resi due was partitioned between 1% agq NaOH and Et OAc. The organic extract.

was dried over %d)hydr ous MgSOM4, filtered 20 and evaporated to give a
pal e-yel | ow $B% §994.51 (o 2DF.6OMEOL HA) = 8631(581—&)51331 0 12 = %zg §%|(bs

2H), 4.63 (d, t 5.0 Hz), 7.12
:H)7.5 Hz),( *élo](s @9;'%@@8136({9132(% H)s 24-8.26 (m 1H). HRVE cal cd

for Cl2H, 2N202 (m))ma&uﬂﬁ,agd found 216.0908. Anal . (Cl2H12N2020.2H20) C,

H N 69 24- Novegﬁ 2003 Exanpl e 49:
7-Met hyl - 3, 4- di hv BET319r9-40x8i00 % BitetoigdG-2 7. 9-trianalobnzb] @)erulen-1-y1)-

5  benzaldehyde (97a) (0.10 g, 0.33 mmol) was suspended in 1:1 THF/MeOH (2 mL).
Sodium borohydride (0.014 g, 0.36 mmol) was added portionwise, and the reaction

| stirred at 1t for 1 h. The solvents were removed in vacuo and the residue purified by
column chromatography (0-2% MeQH/EtOAc) to give 0.073 g (72%) of a white solid:
mp = 273-275°C; Rf = 0.18 (3% MeOH/EtOAc); IR ('KBr) 1655, 1609, 1470, 1319

10 cmrl; IH NMR (DMSO-dg) § 3.54-3.55 (m, 2H), 4.44-4.46 (m, 2H) 4.60 (d, 2H. J=
5.7Hz), 5.36 (t, 1H, J = 5.7Hz),7.52(d,2H, J = 8.2 Hz), 7.59 (dd, 1H, J = 2.6, 10.6

Hz), 7.75 (dd, 1H, J = 9.0 Hz), 7.81 (d, 2H, J = 8.2 Hz), 8.59-8.63 (m, 1H). HRMS

caled for Cy7H14N305F 311.1070 (M*), found 311.1058. Anal. (Cj7H;4N;04F) C, H,
N.

15

Example 98: 4-Fluoro-1-(. 4-methvla1rdnometh3{1-ghengl )-8.9-dihydro-7H-2.7.9a-
triaza-benzo[cd lazulen-6-one

NHCHg
The title compound was prepared following the procedure described in
20 Example 32 from aldehyde 972 and methylamine '(ZMIMeOH) to give 0.069 g (42%)
of a white solid: mp = 204-208°C (dec); Rf = 0.03 (7% methanolic ammonia/ CHCIy);
-IR (KBr) 1655, 1609, 1470, 1437
cm-l; 1TH NMR (DMSO-ds) 8 2.30 (s, 3H), 3.54-3.55 (m, 2H), 3.75 (s, 2H), 4.45-4.46
(m, 2H), 7.52 (d, 2H, J = 8.2 Hz), 7.57-7.61 (m, 1H), 7.73-7.76 (m, 1H), 7.80 (d, 2H, J
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OO0OONHNH / MM pr | J 10%Pd/C, HDWVAP, 77% AcOH, MMCH 75% (a) J (b)
CH3 (a) Acetic acid- 1-oxo-

1,2,3,4-tetrahydro-[1, 4] di azepi no[ 6, 7, 1-hr]i ndol e-7- ylnethyl ester. s To a
sol ution of al cohol 7-hydroxynethyl -3, 4-di hydro-2H

[ 1, 4] di azepi no[ 6, 7, 1-hr]indol -1-one (Exanple 48, 1.00 4Nov3{n%eézr9#%|) I n
acetic anhydride (1 1 nm, 11.65 nmmol) and pyridine (25 m _.) was added 4-
di met hyl am nopyridine (0.057 g, 0.466 nmol). The m xture was stirred for 15
h at rt and then concentrated under vacuum The residue was purified by
flash silica §2IHHPS S8R FRD YR # f 3% MeOH i n
CHCL3 to give 0%725 (779% g? the Sé%%*‘é*??‘“”ﬁ%%ub@bﬁ?ﬁﬁ&b&ﬁ{%%& 8 2.0
(s, 311), 22J37&4A4adscclaimNAOFam CH,Mhs, 211), 5.30 (s, 2H), 9.10 (t,
1H, J:75Hz) 7.50 (s, 111), 7.75 (d, 1HJ =

Example 99: 4-Fluoro-1- -(4-dimethvlaminomethyl-phenvl}-8 9-dlhvdro-7H-2 7.9a-
5  triaza-benzo[cdlazulen-6-one

N{CHg)>
. The title compound was prepared following the procedure described in
Example 32 from aldehyde 97a and dimethylamine (2M/MeOH) to give 0.10 g (60%)

of a white solid: mp = 240°C (dec); Rf = 0.08 (7% methanolic ammonia/ CHCl3); IR

10 (KBr) 1669, 1607, 1487, 1458
cml; TH NMR (DMSO-ds) & 2.20 (s, 6H), 3.51 (s, 2H), 3.54-3.55 (m, 2H), 4.45-4.47
(m, 2H), 7.50 (d, 2H, J = 8.2 Hz), 7.57-7.61 (m, IH), 7.73-7.76 (m, 1H), 7.82 (d, 2H, J
= 8.2 Hz), 8.59-8.63 (m, 1H). HRMS calcd for Ci9H19N4OF 338.1543 (M+), found
338.1558. Anal. (CyoH 9N4OF+0.2H,0) C, H,N.

15 found 412.2124. Anal. (CsH,sNs0-0.5 H:0, 3.5 TFA) C, H, N,

triaza-benzo[cd]azulen-6-one
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7.5 Hz), 7.85 (d, 1H, J=7.5 Hz), 8.30 (m 1H). (b) Title conpound: is
Acetic acid-
| -oxo-1, 2,3,4-tetrahydro-[1, 4] di azepi no[ 6, 7, 1-hi ] i ndol e-7-yl met hyl ester
(0.508 g, 1.97 mmol ) was dissolved in MeOH (70 nlL) a ' (30
m.). To the solution was added 10% Pd/ C (0.076 g) an%ﬁé@t@%gﬁgggn was
stirred wunder an atnosphere of H2 for 4.5 h at it The bl ack suspensi on was
filtered and the filtrate was concentrated to give a white solid, which
was purified by flash silica gel 20 chromatography eluting with a gradi ent
of 0-1% MeOH in CHC13 to d®dve 0.296 g (75% of the title conmpound: 'H NWR
(DVBO-d6) S 2.52 (s, 2 -3.54 (in, 2H), 4.27-4.28 (in, 2H, 7.11 (t,
1H, J = 7.5 Hz), 7.15 N, 7.69 (d, 1H, J = 7.5 Hz), 7.81. (d, 1H J =
7.5 Hz), 8.22-8.24 ( M5 cal cd. for Cl12H12N20 (ML) 200. 0950, found
200. 0955. Anal . (C12HI ., H N 70 21- Novenber 2003 Exanpl e 50:
6-"(4- Fl uor o- nhenvl ) - 7- | -3 4-di hydro-2H 1141di azepino[6 7 1
hi‘l'i ndol -i odne 0 12, (CF3 21 C6H5 - - )

- OFEt

NH

This compound was prepared from the aldehyde in Example 57 and 2-
ethoxyethylamine using the procedure described in Example 32; white amorphous
solid (77 %): mp = 138-140 °C; R¢= 0.18 (10% MeOH/CHCL); IR (KBr) 1663, 1483,

s 1381, 1086 cm™; '"H NMR (DMSO-d¢) § 1.10 (¢, 3H, J = 7.0 Hz), 2.65-2.69 (m, 2H),
3.38-3.47 (m, 4H), 3.52-3.53 (m, 2H), 3.81 (5, 2H), 4.45-4.46 (m, 2H), 7.35(t, 1H,J =
1.8 Hz), 7.52 (d, 2H, J = 8.2 Hz), 7.80 (d, 2H, J = 8.2 Hz), 7.84-7.90 (in, 2H), 8.43-
8.47 (m, 1H). HRMS caled for CyHpN4O; 364.1899 (M+), found 364.1906. Anal.
(C21H24N40240.2H;0) C, H, N.

10 Example 101: 1-(4-Cyclopropylaminomethvi-phenyi)-8.9-dihvdro-7H-2.7.9a-triaza-

benzo[cdlazulen-6-one

NH

NH

“This compound was prepared from the aldehyde in Example 57 and cyclopropylamine
15 using the procedure described in Example 32; white amorphous solid (71 %): mp = 84
°C (dec); Re = 0.18 (10% MeOH/CHCL); IR (KBr) 1655, 1481, 1381, 1308 cm™; 'H
NMR (DMSO-ds) & 0.25-0.30 (m, 2H), 0.33-0.40 (m, 2H), 2.06-2.10 (m, 1H), 3.52-
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CH2Ci 2, 53% 4-F-Ph-B(OH)2, DMF cat (Ph3P)4Pd, LiCl. Na2CO3, H20 80-90 C,
73% s (a)

6- 1 odo- 7- net hyl - 3, 4-di hydro 2H[ 1, 4] di azepi no[ 6,7, 1-hi]indol -l one: To a
solution of 7-nethyl-3,4-di hydro-2H[ 1, 4] di azepi no[ 624—N6dﬁ%ﬁ%éf gh | - one
(Exanmple 49, 0.030 g, 0.150 mmol) in CHZC12 (5 nL) were a i odine (0.038
g, 0.150 mmol) and bistrifluoroacetoxyi odobenzene (0.077 g, 0.180 mmol).
The reaction mxture was stirred at rt for 5 mn. The reaction m xture was
dilutéd with CH2C12.and i o washed with 10% Na2S2G3. The organic | ayer was

gru:’lelgl g\ée[)yaﬂaég]ggl I'i ca %Lromﬁf@‘é&i}ghg%gﬁ’ Et{i' 2t e'aﬂ#? é)fai%gﬁt’mg?
OD%;SA)OIVSEJ)—I i 7 EhdiR. ?-(82 tLv%HOI 62&2@@5%%12)90 @npﬂ?;-gfgg QHI gal gﬂz 10 (t
(lH J = g“@")@ 93'86 I(%“ éiﬁqﬁz@i‘) 3é2ié% H%Ma; (f@unle'a‘azm 5 HAnal.8. 30
is (bs, 1I—|)(C26MNI(DI(1&IZQQ BUNd: To a solution of

6-i odo- 7- net hyl - 3, 4-di hydro- 2H[ 1, 4] di azepi no[ 6, 7,1- hr]indol-1-one (0.061
g, 0.187” mol) in DMF (5 mL) at rt was added 4-

Example 102: [4-( 6-0xo—6.7.8.9-ten'ahvdro-2.7,9a-triaza-benzo [edlazulen-1-yi1)-

benzylamino}-acetonitrile

NH

/—CN
10 NH
This compound was prepared from the aldehyde in Example 57 and aminoacetonitrile
using the procedure described in Example 32; white solid (25 %): mp = 198-202 °C
(dec); Ry = 0.16 (10% MeOH/CHCL); IR (KBr) 1626, 1483, 1464, 1379 em™; 'H
NMR (DMSO-dg) § 3.37-3.39 (m, 2H), 3.64 (s, 2H), 3.86 (s, 2H), 4.45-4.46 (m, 2H),
15 735, 1H,J =78 Hz), 753 (d, 2H, J = 8.2 Hz), 7.81-7.91 (m, 4H), 8.43-8.47 (m,
1H). HRMS caled for CjoH;sNsO 331.1433 (M+), found 331.1442. Anal
(C19H17Ns040.25H,0) C, H, N.
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fl uor obenzeneboronic acid (0.029 g, 0.206 mmol), Na2CO3 (0.050 g, O0.468
nmml ) 20 dissolved in mninmumH20, LiC (0.024 g, 0.561 mmol) and

t et raki stri phenyl phosphi ne pal | adium (0.011 g, 0.0094 nmmol ). The reaction
mxture was stirred at 80-90C for 19 h, at which ting \B&m @4%@5 was
evapor ated under vacuum The residue was taken up in H2 extracted
with Et OAc several tines. The conbined organic |ayers vvere dried over
anhydrous MgSO4, filtered and 25 concentrated to give a brown solid. This
solid was subjected to flash silica gel chromatography eluting with a

gradi ent of ERarfifke M1OB ihi@ﬂ@@—ﬁ“ﬁﬂ@Mth%l@lﬁﬂo%@!g%l_ﬁ%hgnil@ ,V;E‘dﬁ?ﬁf'roﬁgg?’ (73%
of the product as an off-white solid: , 3.74

(bs, 32300k Aol fOnd | 1. 3 = 7.0 W), 763767 (m 2K,
7.81783("“T47"‘8_ = 7.5 Hz), 8.12 (d, 1H, J = 7.5 Hz),
8.-57-8.59 (m 1H). HRMS calcd for C 8H1I5N20F (M) 294.1168, found
294.1175. Anal. (C13HI5N2@' 0.1 H2O) s C, H N. Exanple 51:

6-"Phenyl - 7- met hyl - 3 4-di hyWro-2H 11 4l di azepinof6 7 1 hilindol 1 one 0
Usi ng a procedure as ib in Exanple 50(b), the title conpound was

N

/‘_CFs
NH

This compound was prepared from the aldehyde in Example 57 and 2,2,2-
s  trifluoroethylamine using the procedure described in Example 32; white crystalline
solid (62 %): mp = 221-223 °C; Ry = 0.08 (5% MeOH/CHCL); IR (KBr) 1655, 1481,
1310, 1271 cm™; "H NMR (DMSO-dg) § 3.04-3.08 (m, 1H), 3.17-3.28 (m, 2H), 3.52-
3.53 (m, 2H), 3.89 (d, 2H, J = 6.1 Hz), 4.45-4.46 (m, 2H), 7.35 (t, 1H, J = 7.8 Hz),
753 (4, 2H, J = 8.1 Hz), 7.81-7.91 (m, 4H), 8.43-8.47 (m, 1H). HRMS calcd for

10 CyoHysN4OF; 374.1354 (M+), found 374.1342. Anal. (CisH17N4OF3) C, H, N.

Example 104: 1-(4-Prop-2-vnylaminomethyl-phen 1}-8.9-dihvdro-7H-2.7.9a-triaza-
benzofedlazulen-6-one

NH

15 . NH
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to synthesized from

6-1 odo- 7- net hyl - 3, 4-di hydro-2H-[ 1, 4] di azepi no[ 6, 7, 1- hi |l i ndol -| - one (Exanpl e
50(a)), and phenyl boronic acid to give a white solid in 70%yield: 'H NWR
(DMBO-4) S 2.23 (s, 3H), 3.46 (bs, 2H), 4.13 (bs, 2H) 24 Noddmisdroodkh J = 7.5
Hz), 7.45- 7.56 (m 5H), 7.76 (d, 1H, J = 7.5 Hz), 7.84 ?d, 1H, J = 7.5
Hz), 8.29-8.31 (m 1H. LRVMS (M 276. Anal. (G 3H 6N20'0.4 H2O C, H, N
is Exanpl e 52: 6-(3-Trifluoronethvl-phenyl)-7-nethyl-3 4-di hydro 2H

LI _,4ldi azep| nol 6, 7. 1-hilindol-1-one CF3 Using the procedure described in

€| veas quegaoadn
EX ?ggl)e7521(9 Sﬁmuﬂal?vg;ro gﬁ?ﬁgl nofl%?%ﬁ F‘WS]BT‘)PEISYBHEUC ‘

(Exanpl e 50?@% ?leﬁﬁB Byample 32! baite niortend sl &h‘y%?(llﬂ d af Ler
W t

i ficatiorl2b depIRgtd I h t
gg‘r%l) OI. fﬁ/l |7(2) 24Y@em§;6%§§§%f%8§}9&%@§%&@ leq d g‘%&eﬁ riiﬁg[mn ;rélachi ng
100% CH3CN AYMB(( ngida -2.766¢d, 1 d
obt ai nedgi ng r n%'gﬁ 3 V}h 5 g%l ﬁ?’ 312#21’\]7\./% ?Bnl\/%%}% %thgg n e
3.44-3. 48 (B E'H%zh 459 ?Dp. t, 1H, 18 7(8 Hz), H,ssm nzﬁ;)w34_773977 7.88
(m 6H. 8. &ﬂ,ﬂiﬁ@s(sr(ud,ljﬁ J SR lqﬁﬁp HI{I&E Cgcgl?or C20H18N40 330.1481 (M),

found 330.1472. Anal. (C20H;3N4040.7H,0) C, H, N.

E - 1. . .
xample 10S: 1-(4-Thiomo hUlm”"*'ﬁ’lmethvl-Dhenv])-8,9 -dihydro-7H-2.7 9a-triaza-
10 benzofedlazulen-6-one

Q
NH

This compound was prepared from the aldehyde in Example 57 and thiomorpholine
using the procedure described in Example 32; off-white solid (79 %): mp = 266 °C
(dec); Re=0.18 (5% MeOH/CHC3); IR (KBr) 1661, 1601, 1483, 1381 em™; '"H NMR
15 (pMSO—dG) 8 2.62-2.66 (m, 8H), 3.52-3.53 (m, 2H), 3.60 (s, 2H), 4.45-4.47 (m, 2H),
7.35 (1, 1H, J = 7.8 Hz), 7.49 (d, 2H, J = 8.1 Hz), 7.81-7.90 (m, 4H), 8.43-8.46 (m,

.IH)' HRMS calcd for CaH2N,OS 378.1514 M+), found 378.1521. Anal
(Ca1H2NL08.0. 25H,0)C, H, N.
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s (M) 344.136, found 344.1136. Anal. HPLC R, = 14.9 mn. Exanple 53:
(RS)-() - 9-(4-Methoxv phenyl) 8 9-dihydro-2H 7H 2 7 9a triaza

benzol cdl azul ene-1 6-dione ta% ,ft, EtOH 17% 10 O U (a) Internediate u -
(RS)-()-9-Am no- 2- (4net hO?(y- phenyl )-1,2,3,4 24- November 2003
tetrahydro-benzo[e][1, 4] di azepi n-5-one: This internedi ate was prepared
according to the procedure-of Breslin et al., J. Md Chem (1995),

38: 771-792. The acid chloride generated from 505 ng of 2- 1s

am no- 3-ni tmbenzoic acid (2.77 mol) was treated with 558 ng of 2-am no-4'

met hoxyacet Brireplene hydyoschl or i dq24p2Tolyi-thiebia-gNe oldidydrb- 723N darind. Mol )
at 0Cin CH2CI 2. After stirring overnight and warmng to I¢t, € reaction
was di | ut eqbenzplodlagniemiboongend washed with saturated NaHCO3, water and | N
HCI. The organic layer was dried (MgSO), filtered and concentrated to
give a yellow solid. The agude 20 material was suspended in 150 nmL EtCH

cont ai ning 500 ng 10% Pd/ This suspension was subjected to hydrogenatlon
under H2 at 60 psi fo n addi ti onal

N
R
s ChHgz

(a) 2-p-Tolyl-thiazole-4-carbonyl chloride:

5 This compound was prepared as generally described for 3-phenoxybenzoyl
chloride in Example 6 from 2-(4-methylphenyl)-1,3-thiazole-4-carboxylic acid to give
1.0 g (quant) of a tan solid which was used without further purification: mp = 92-95
°C; IR (KBr) 1765, 1470, 1007 cm™; "H NMR (CDCls) § 2.42 (s, 3H), 7.28 (d, 2H,J =

8.2 Hz), 7.89 (d, 2H, J = 8.2 Hz), 8.41 (s, 1H).

10 (b) Title compound:

The compound was prepared as described in Example 4 with 2-p-tolyl-thiazole-

“4-carbonyl chloride and CHCl; as the workup solvent to give 0. 055g (27%) of white

solid: mp = 308-313 °C; Re = 0.5 (5% MeOH/EtQAc); IR (KBr) 1653, 1487 1464 cm’

', 'TH NMR (DMSO-ds) § 2.39 (s, 3H), 3.29-3.30 (m, 2H), 3.65-3.66 (m, 2H), 7.35-

15 7.40 (m, 3H), 7.89-7.92 (m, 2H), 7.98 (d, 2H, J = 8.1 Hz), 8.46-8.48 (m, 1H), 8.50 (s,

1H). HRMS caled for CaoHieN4OS 360.1045 (M+), found 360.1037. Anal.
(C20H;6N40S+0.5H,0) C, H, N.

Example  107: I-(3-p-Tolvl-benzo|clisoxazol-S-yl)—8,9-dihxdro-7H-2.7,9a-triaza—
20  benzo[cdlaznlen-6-one
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portion of 10% Pd/ C was added after 24 h. The reaction m xture was then
filtered 73 24- Novenber 2003 through a pad of Celite(r) and concentrated.
Purification by flash silica gel chromatography using a solvent system
(40-50% CH3CN CH2C12) gave 140 ng (17% of a yel | ow 4 RBgEmISG oz 1H NWVR
(CDC13) 6 3.35 (bs, 2H), 3.49-3.54 (m 2H), 3.80 (s, 3H), 4.15 (bs, 1H),
4.70-4.75 (in, IH, 6.58 (bt, 1H, J = 6.0 Hz), 6.81 (t, 1H, J = 7.8 s Hz),
6.85-6.93 (m 3H), 7.24-7.30 (in, 2H), 7.44 tdd, 1H J = 1.7, 7.8 Hz). (b)
Titl e conpound: A solution containing 35 ng of internediate u (0.12 nmmol)
and 40 ng of - carbonyl diim dazobe in 3 nL of THE was refluxed for 6 h. The
reaction mxture was cooled toWt, concentrated and purified by flash
silica gel chromatography & [0 gradient solvent system (2.5-5%

McOH CH2C12) to give 27 ngy a yellow solid: IR (KBr) 3261, 2927,
1706, 1648, 1624, 1514, 147 5, 1249, 1178, 1111, 1045,
1030, 756 cm; 1H NWVR ( DMSO , 1H), 3.74 (s, 3H),
3.87-3.98 (m 1H), 5.68 (d, 1H, p, 6.13-6.18 (m IH), 6.83 (d,
2H, J = 8.7 Hz), 7.03 (d, 2H, , 7.18-7.29 (m 2H), 7.88 (dd,
1H J = 1.4, 7.8 Hz), is 9.37 (X . LRVS cal cd for C17H15N303+H 310,
found 310. Exanple 54: (RS)-(t)-1-(44Chl oro-phenvl)-9-(4-nmethoxy_phenvl)-8
9- di hydro-7H

This compound was prepared from the diamine g (Example 2) and 3-(4-methylphenyl)-
2,1-benzisoxazole-5-carbaldehyde using the procedure described in Example 19;

s yellow solid (18%): mp = 297-301 °C (dec); R; = 0.13 (90% EtOAc/hexanes);, IR
(KBr) 1653, 1464, 1310 cm™; "H NMR (DMSO-ds) § 2.43 (s, 3H), 3.54-3.55 (m, 2H),
4.59-4.61 (m, 2H), 7.39 (t, 1H, J = 7.8 Hz), 747 (d, 2H, J = 8.1 Hz), 7.82-7.95 (m,
4H), 8.11 (d, 2H, J = 8.2 Hz), 8.49-8.52 (m, 2H). HRMS caled for C24H,gN4O;
394.1430 (M+), found 394.1446, Anal. (Co4H18N402+0.5H,0) C, H, N.

10

triaza-benzo[cdlazulen-6-one

NH

This compound was prepared from the diamine g (Example 2) and 6-[(4-
chiorophenyl)sulfanyllnicotinaldehyde using the procedure described in Exampie 19;
15 yellow solid (61 %): mp = 280-284 °C (dec); R; = 0.21 (90% EtOAc/hexanes); IR
(KBr) 1669, 1586, 1387, 1013 cm™; 'H NMR (DMSO-ds) § 3.50-3.51 (m, 2H), 4.43-
4.45 (m, 2H), 721 (d, 1H, J = 84 Hz), 7.37 (¢, 1H, J = 7.8 Hz), 7.60 (d, 2H, J = 8.6
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2.7.9a-triaza-benzof cdl azul en-6-one 0 U 4-Cl- PhCHO. DMA, NaHSG3, 150 C-
76% OCt}3 OCH3 CI 20 Following a reported procedure (Higgins et al., J.
Polym Sci. Part A-1 (1970), 8:171-177; Imai et al., Synthesis (1981),
35-36), a solution containing 92 ng of internedi ate 4 NBvembdP®@b:. 54 nU
of 4-chl orobenzal dehyde (0.38 mml) and 48 ng of sodiumbisulfite (0.46
mml) in 3 nL of DVA was heated to 150C for 10 h. The reaction m xture was
cooled to it and poured into 200 m, -of water. The resulting solid 25 was
filtered of f_and washed with water to give 98 ng (76% of product as a

yel | ow 74 24HRNoVER§&r2H003 86dH1)d7.8643.93KBr, )23 28.62-8 36, 123845 L6 5H, J 1689,

12901215, 994 it B, ke Gl e i

3.92- 3. 99 ( nfouridl4)6,0651 6 AndltC,iFHsNJOSCHO.SHIB) ¢, B .191- 6. 06 (m

s Example 109: 4~[5-(6-Ox0—6.7,8.9-tetrz_1hYdIo-2,7,9a-triaza-benzo{cc_ilazulen-l-yl)-
pyridin-2-yloxy]-benzonitrile

NH

N
=

7 N

s

This compound was prepared from the diamine g (Example 2) and 4-[(5-formy}-2-

;iw pyridinyl)oxy]benzenecarboninilc using the procedure described in Exarﬁple 19; white
solid (95 %): mp = 281-288 °C (dec); Ry = 0.24 (5% MeOH/EtOAc); IR (KBr) 2228,
1669, 1603, 1258 cm™; 'H NMR (DMSO-dg) § 3.54-3.55 (m, 2H), 4.46-4.47 (m, 2H),
7.35-7.42 (m, 2H), 7.44 (d, 2H, J = 8.8 Hz), 7.86-7.91 {(m, 2H), 7.95 (d, 2H, J = 8.8
Hz), 8.38-8.41 (rﬁ, 1H), 8.46 (t, 1H, J = 5.7 Hz), 8.65 (d, 1H, J = 12.0 Hz). HRMS

15 caled fqr C2H1sNsO; 381.1226 (M+), found 381.1211. Anal. (C22H5N504+1.2H,0)
C, H,N. ‘

Example 110: 6-Ox0-6.7.8.9-tetrahvdro-2.7 9a-triaza-benzolcdlazulen-1-carboxvlic
- acid benzylamide '

20

: Q

o)
N PhCH,NHy, NaCN N
N__) CHy0H, 45 °C, 92% - _)
- N
= W,
CO,E! NH

(o]

74
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1H), 6.87-7.00 (in, 4H), 7.32-7.55 (m 5H), 8.09 (d, 1H, J=1.0, 8.0 Hz),
8.16 (d, IH J S=1.0, 7.8 Hz); 13C NW_ (DVMsO-4) 8 46.90, 55.41, 61.82,
114.99, 116.92, 123.16, 124.52, 127.17, 127.42, 127.52, 129.03, 130. 58,
131.01, 132.61, 137.00, 143.27, 153.62, 159.70, 168.%6Noldiseroabed for
C23H13CI N3@2 (M+H) 404, found 404. Anal. (C23HLI8CIN3O2 0.2 H20) C, H, N,
C. io. Exanple 55: (3-f |.31D oxol an-2-yl-phenvi)-8 9-di hvdro-7H2 7 9a
triaza benzofcdl azul en-6-one 0 The title product was prepared from di am ne

g and 3-[1, 3]di oxg_lfgg)}g-g - benzal dehyde (Marx et al, Liebig c Annalen der
Chem e 3. (1992), 0 ?ﬂﬁ“@Mﬂm@.Z%ﬁﬁm-&ﬂquﬂaaqeﬂ-ncmmce&}c? r_h‘g?;;(]cept
usi ng CHZC12esr (Fhan: r-,%l@@gl ggg tls/e%is_lve 3.10.g (81% of"an 0O ? ite
solid: np = 223-225 C, = §: 2 %'g%o @Eﬁ@&%‘;{no-PIRLI&Be@HZszIiﬁE@, 1635

1458 cnvvl; 164-Mvml( VS @udols wa8 add@i to3ths 96-4. 12 4H)
4. 45,-51. 46 (NogRbl w85 {_%,)Wl . 7.36 (f*?&i“ﬁ%@@%@??%fa@%?nw@wf (m
211), 7.86-7. n}’%,  DFBCHOR, Was-fiealadRIoB AT dor 8 dburs:] i MM Ls335, 1270

20 (Mr), & ournho9&binl ¥dko, zﬁii'l?‘ihe &@59%}%%390 f?éshl_sl’iljclg' gcﬁ: hrzoArfna toNg.;:\a/peh r;f)?lr%ZOOS

Exanpl e 56: leIeOH/EtOAc) to give 0.08g (92%) of a white crystailine solid: mp = 247-250 °C: Re=
0.32 (5% MeOH/EtOAc); IR (KBr) 1680, 1537, 1466, 758 cm’; 'H NMR (Dl\,dSO-
de) 8 3.58-3.59 (m, 2H), 4.47 (d, 2H, J = 6.4 Hz), 7.21-7.38 (m, 5H), 7.44 (t, 1H, J =
7.8 Hz), 7.94-8.01 (m, 2H), 8.43-8.47 (m, 1H), 9.62 (1, IH, J = 6.5 Hz). HRMS calcd

10 for CigHieN4O; 320.1273 (M+), found 320.1276. Anal. (CisHi6N402:0.2H,0) C, H
N. - .

Example 111: 3-[4-(6-0x0-6.7.8.9-tetrahydro-2,7,9a—triaza-bcnzo|cg lazulen-1-yl)-
bemlaminol-p_rogioniu-ile

15

NH

CN

NH
'I'Iu.s com.pound was prepared from the aldehyde in Example 57 and 3-
aminopropionitrile using the procedure described in Example 32;white solid (48%):
mph l= I208—214 °C; Re = 0.05 (5% MeOH/EtOAc); IR (KBr) 1661, 1601, 1485, 1312
20 cm”; 'HNMR (DMSO-ds) § 2.61-2.65 (m, 2H), 2.73-2.78 (m, 2H), 3.52-3.52 (m, 2H)
3.82 (s, 2H), 4.45-4.47 (m, 2H), 735(t, 1H,J = 7.8 Hz),7.54(d,2H,J = 8.2 Hz), 7.82’
(d, 2H, J = 8.2 Hz), 7.84-7.91 (m, 2H), 8.43-847 (m, 1H). HRMS calc:i for
- C20H19Ns0 345.1590 (M+), found 345.1586. Anal. (Ca0H,9N5041.6H,0) C, H, N.
25

Example 112: 1-Trifluoromethyl-8.9

-dihydro-7H-2.7 9a-triaza-

benzo[cd]azulen-6-one
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-(4-D et hoxvnet hyl - phenyl )-8 9-di hvdro-7H 2 7 9a triaza

benzo[ cdl azul en-6-0one 0-/ O The title product was prepared in the manner
descri bed for Exanple 55 from s terephthal dehyde-nono-di et hyl acetal to
give 1.19 g (77% of a white solid: np = 213-215C, R,z

Et OAc/ hexanes); I R(KBr) 1660, 1605, 1481, 1307, 1055 zqéir\fl}gwi&]jrgﬁ%%%
(DVSO-d6) S 1.18 (t, 6H, J = 7.0 Hz), 3.48-3.63 (m 6H), 4.45-4.47 (m
2H), 5.59 (s, 1H), 7.36 (t, 1H, J = 7.8 Hz), 7.59 (d, 2H, J = 8.2 Hz), .
7.85-7.92 (m 4H), 8.45 (t, 1H, J = 5.7 Hz). FIRVS calcd for C21H23N303
365. 1739 (M), found to 365.1749. Anal. (C21H23N303) C, H, N Exanmple 57:
4-(6-Ox0-6 7 8 9-tetrahvdrep-2 7 9a triaza benzor'8dl azulen 1 yl)-

benzal dehyde CHO is

1-(3- D et hoxynet hyl -p -8M9_ gi hydro- 7H NH aza- benzo[ éd] azul en-6
one (0.79 g, 2.18 mo s dy/s Oipyy Ft ) and water (22 nl).
Concentrated sul furic i .5 3 R&s added he reaction brought to

reflux for 5 h. The raeagtion nmixture was cool tort, and the Et OH
rénmoved in vacuo. The residue was diluted wit urat ed NaHCO8, and the

resulting solids were filtgred and
The product was prepared intermediate g and trifluoroacetic anhydride using
CH,Cl as the workup solvent to give 0.26g (18%) of a white solid: mp = 277-281 °C
5  (dec), Re=0.18 (75% EtOAc/hexanes); IR (KBr) 1671, 1609, 1474, 1123 em™; 'H
NMR (DMSO-d;) & 3.66-3.71 (m, 2H), 4.50-4.51 (m, 2H), 7.50 (t, 1H, J = 7.8 Hz),
8.03-8.09 (m, 2H), 8‘.53 t, 1H, J = 5.5 Hz). HRMS caled for C1HgN30F; 255.0619
(M+), found 255.0610. Anal. (C 1H3N;0F3.0.1H,0) C, H, N.

10  Example 113: I-Mornholine-t#-carbonyl )-8.9-dihydro-7H-2 7.9a-triaza-
benzoled]azuin-6-one

The product was prepared following the procedure in Example 110 using

15 morpholine and EtOH as the reaction solvent to give 0.056g (33%) of an off-white
solid: mp = 271-.274 °C (dec); R¢ = 0.08 (5% MeOH/EtOAc); IR (KBr) 1657, 1462,
1219, 1111 em’; '"H NMR (DMSO-dg) & 3.58-3.62 (m, 2H), 3.69-3.70 (m, 6H), 5.74-
3.75(m, 2H), 740 (t, 1H, J = 7.8 Hz), 7.92-7.99 (m, 2H), 8.43-8.45 (m, 1H). HRMS

caled for CisHysN405 300.1222 (M+), found 300.1230. Anal, (C|5H|5N40300.4H20) C
20 H,N. ’

Example 114: 1-( I-Benzvl-6-oxo—1.6~dihydro—gm'din-3-yl )-8.9-dihvdro-7H-2.7 9a-
triaza-benzo[cdjazulen-6-one '
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20 washed with water, then dried under vacuum overnight to produce 0.47 g
(749% of 76 24 Novenber 2003 white solid: 1H NWR (DVSO-d,5) S 3.54-3.55 (m
2H), 4.50-4.51 (m 2H), 7.39 (t, 1H J =7.8 Hz), 7.88-7.96 (m 2H),
8.09-8.10 (m 4H), 8.46-8.50 (m 1H), 10.13 (s, |IH . =RHFRERS003

1- (4- D net hyl am nonet hyl - phenyl ) - 89-di hydro-7H- 2. 7. 9a-tri aza- s

benzof cdl azul en-6-one N(CFb)2 "-pH 5% 58a Using the procedure described in
Exanple 32, 0.37 g (71% of 1-(4

di et hyl am nonet hyl - phenyl ) - 8, 9-di hydro- 7H 2, 7, 9a-t daza- benzo[ cd] azul en-6-0
ne (58) was prepared from

4-(6-0x0-6,7,8,9-tet rahydr8- 2,7,9a-triaza-benzo[ cd] azul en-1- 10

yl ) -benzal dehyde as a whit@ solid: rap = 227-230C, Rf = 0.16 (7% net hanolic
amoni a/ CHC13) ; | R(KBrpz=4663'NH 603, 1478, 1308 cn¥1l;, 1H NMR (DVSO-d6) 8
2.19 (s, 6H), 3.49 (4 ,4-@1? 52-3.53 (m 211), 4.45-4.47 (m 2H), 7.35
(t, IH J =7.8 Hz), X  2H, = 8.2 Hz), 7.81-7.90 (m 4H),
8.43-8.47 (m IH. HRWS galcd for OH20N40 320. 1637 (M+), found 320. 1639.
Anal . (G 9HYONAO C, H N. N\ ribed in Exanple 32, 0.33 g (19% of
1- (4- hydr oxynet hyl - phenyl ) /8.9
di hydro-7H 2, 7,9a-tri aza- bélzof cd] azul en-6-one (58a) was isolated as a
by- product in

(a) I-Benzyl-ﬁ-oxo-l,6-dihydro—pyridine—3-ca:bony1 chioride

' This acid chloride was prepared as described in Example 106 from1-benzyl-6-
‘s 0x0-1,6-dihydro-3-pyridinecarboxylic ac_id in quantitative yield. The white solid was

used without further purification: IR(KBr) 1750, 1671, 1223 cm™.

(b) Title compound:

The compound was prepared as described in Example 4 from intermediate g
and 1-Benzyl-6-oxo-1,6-dihydro-pyridine-3-carbony] chioride (reaction time = 72 h)
10 using CH,;Cl; as the workup solvent; tan solid (36 %): mp = 265-269 °C (dec); Re =
0.34 (10% MeOH/CHCL:); IR (KBr) 1671, 1618, 1508, 1142 cm™; 'H NMR (DMSO-
ds) 6 3.52-3.53 (m, 2H), 4.43-4.44 (m, 2H), 5.23 (s, 2H), 6.70 (d, 1H, J = 9.5 Hz),
7.29-7.40 (m, 6H), 7.81-7.85 (m, 2H), 7.90-7.94 (m, 1H), 8.44-8.47 (m, 2H). HRMS

caled for CzpH3eN4O; 370.1430 (M+), found 370.1430. Anal. (CxH gN4020.4H,0)
1s C,H,N.

20 o]
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t he preparation of

1- (4- (Hret hyl am nonet hyl - phenyl )-8, 9-di hydro-7H 2, 7, 9a-tri aza-

benzo[ cd] azul en-6-one as a white solid: np = 26Z-264C, Rf = 0.32 (10%
McOH CHC13); IR (KBr) 1651, 1470, 1310 cm1; |IH NVR (22Mi&vehbet@0833. 52- 3. 53
(m 2H), 4.44-4.46 (m 2H), 4.60 (d, 2H, J = 5.7 Hz), 5.33-5.37 (m 1H),
7.35 (t, 1H, J = 7.8 Hz), 7.51 (d, 2H, J = 8.2 Hz), 7.82 (d, 2H J = 8.2
Hz), 7.84-7.91 (m2H), 8.45 (t, 1H J =5.7 Hz). HRVS calcd for CL7HL5N3QO2
293. 1164 (M), (Cl7H15N302) C, H N 77 24 Novenber

2003 Exanpl e 59f L ?‘épdf%i‘?ﬁ%ﬁlg%?ﬂA Ylieiog ernrpeedareginduynplo 1 FHuging 19a
{riaza (ggmbMMB d BIOHUE 8 rtddfioR SAGEH Sniei 08y 0% o SXaIp! © 32
geflvggl g;negg ﬂP'pﬁéh'?W “@ (decHiRryi0.08 {10% MeRPCHO1HZ I RRREPI €8] 344 en- 6-on
3-( 6- 0x0- 6, 7 8, é%rahygrw PMIO s § 221nen3B), 2BBa%36 en, 2HY12)39.2.42

benzal deby dénat Rfﬁ??éﬁfﬂc“?mﬁ??%%%@%ﬂ?ﬂﬁﬁ tosk Yoy gBai-t B, 1303

cm1; 1H 8@1(/5 42 (g, 3H)1 @M&mcdsfcﬁzemsw 3131k} @.41,20{05%211)

4.45-4. 47 (3113,12@; . 92-7.53 (m
(m 1H), 7.83-7.91A?J f. &?z'hgﬂ ICIi J— 5 7 Hz). HRMB cal cd for
CL8HL7N40 305.1402 (M H)+, found 305.1416.

Example 116: 4-{5-(6-0x0-6,7,8.9-tetrahvdro-2.7 9a-triaza-benzolcdlazulen-1-yl)-

20 idin-2-yloxy]-benzamide

‘o | o
NH NH
30% Ha0y, NaHCO,
E{OH, )
= - EOH, i, 120, 46% \ —

7/ N\ 7\,

109 <:> N O—Q—CONHg

4-[5-(6-Oxo-6,7,8,9-tetrahydro—2,7,9a-triaza—benzo[cd]azulen-l-yl)—pyridin—2-

yioxy}-benzonitn'iel (Example 109) (0.10g, 0.26 mmol) was dissolved in EtOH

25 (0.26mL). 30% H;0, (0.16mL) was added followed by 3N NaHCO; (0. 52mL). The
reaction was stimred at room temperature overnight. The solvents were then removed
under reduced pressure, and the residual solids washed with water to give 0.042¢
(46%) of a white solid: mp = 244-248 °C (dec); Ry = 0.39 (10% MeOH/EtOAc); IR
(KBr) 1684, 1593, 1462, 1260 cn™: 'H NMR (DMSO-dg) & 3.55-3.56 (m, 2H), 4.46-

20 447 (m, 2H), 7.27-7.40 (m, 5H), 7.86-7.99 (m, 5H), 8.34-8.38 (m, 1H), 8.45-8.47 (m,
1H), 8.63-8.64 (m, 1H). HRMS caled for CxH;7NsO; 399.1331 (M+), found
399.1312. Anal, (CzH7NsOsel OH;0)C, H, N.

Example 117: 1-Tricvclo[3.3.1.l]dec-l-vl-8.9-dihvdro-‘7H-” 7.9a-triaza-
2.7.

25 benzo[cdlaznlene-6-one
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Anal . (Cl3H13N4O. 0.75 H20O) C, H, N. Exanpl e 60:
1-(3-Pvrrolidin-1l-vlnmethvl-phenyl) 8 9-dihydro 7H 2 7 9a triaza 1is
benzo[ cdl azul en- 6-one Using the procedure described in Exanple 32, 0.46 ¢
(78% of 1-(3-pyrrolidin- 24-November 2003
1-yl met hyl - phenyl } 8, 9-di hydro- 7H 2, 7, 9a-tri aza- benzo[ cd] azul en- 6- one was
prepared from : : _
3-(6-0x0-6,7,8,9-tetrahydro-2,7,9a-tri o=a-benzo[ cd] azul en-1 -yl ) -benzal dehyd
e 20 and pyrrolidine as an anorphous off-white solid: np = 92C (dec); R =
0.21 (10% nethanolic amonia/CHC 3); I R(KBr) 1659, 1464, 1379, 1308 cni1;
1H NVR (DVMsO-d6) 8 1.69-1.71 (m 4H), 2.47-2.50 (m 4H), 3.52-3.53 (m
2H), 3.68 (s, 2H), 78 24- Novenber 2003 4.45-4.46 (m 2H), 7.35 (t, 1H, J=
7.8 Hz), 7.48-7.55 (m 2H¢qg 7.70-7.73 (m 1H), 7.79 (s, 1H), 7.85-7.91 (m
2H),-8.42-8A6 (m 1H). | cd for C21H21N4AO 345.1715 (M H)+, found
345.1719. Anal. (21 .0.¥ H2O) C, H, N s Exanple 61: 1- 3-
3-Trifluoroneth 1- he - hen 1 -8 9-dih dro-7H2.7.9a-tri aza-
benzof cdl azul en- 6- one 3. NN"The title conmpound was prepared as descri bed
in Exanple 55 from 3-[ 3:n=

The product was prepared following the procedure from diamine g and 1-adamantane-
5 catbaldehyde'. heating the reaction mixture to 135 °C overnight to give 0.12g (62%) of
a white solid: mp = 304-306 °C; R¢ = 0.21 (90% EtOAc/hexanes); IR (KBr) 2906,
1656, 1491, 1462, 1308 cm™; 'H NMR (DMSO-ds) 8 1.72-1.95 (m, 6H), 2.07-2.14 (m,
3H), 2.26-2.27 (m, 6H), 3.58-3.66 (m, 2H), 4.80-4.87 (m, 2H), 7.24 (t, 1H,J = 7.8
Hz), 7.75-7.83 (m, 2H), 8.34-8.38 (m, 1H). HRMS calcd for CaoH23N30 321.1841
10 (M+), found 321.1842. Anal. (CpH2N30) C, H, N.

Example 118: 1-( 6-Chloro-Dvridin-B-vI}-S.9-dihvdro-7H—2.7.9a-u'iazg;

benzolcdlazulen-6-one

NH
N
=

7 N

15 cl
The desired was prepared from intermediate g and 6-chloro-nicotinoyl chloride
 hydrochloride as described in Example 6 to give 0.31g (32%) of an off-white solid: mp
>280 °C (dec); R = 0.24 (5% MeOH/EtOAc); IR (KBr) 1650, 1466, 1399 cm™: 'H
NMR (DMSO-ds) § 3.53-3.54 (m, 2H), 4.47-4.49 (m, 2H), 7.39 (t, 1H, J = 7.8 Hz),
20 7.77(d,1H, J = 8.3 Hz), 7.90 (dd, 1H, J = 8.0, 1.0 Hz), 7.95 (dd, 1H, J = 8.0, 1.0 Hz),
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-a white sol icdicdifor 8 : =016 % Et OAc/ hexanes) ;
ifor G584 N,801 MZIWfﬁ%ﬁ?&{%ﬂg@@

f( trifluoronethyl)phenoxyl]benzal dehyde to give 0.089 g (48% of a white
i/ solid: mp = to 121-122C, Rf = 0.21 (90% Et CAc/ hexanes); | R(KBr) 1661, 1580,
1445, 1327, 1126 cm1l; 1H NVR (DMSO-d6) 8 3.52-3.53 (m 2H), 4.46-4.48 (m

j

2H), 7.29-7.44 (m 4H), 7.53-756 (m 2H), 7.61-7.71 biNodbthber2ddR- 7- 91 (m
2H), 8.45 (t, 1H, J = 5.6 Hz). HRVS calcd for C23HI7N3Q2F3 424.1273 (MtH),
found 424.1277. Anal. (C23H, 6N3Q2F3.1.0 HO) C, H, N is Exanple 62: -
1-f 3- (4- Chl or oohenoxv) - phenvl | -8 9-di hvdro-7H2 7 9a-tri aza-
benzof cdl az e,N Jhe.titl e conmpound was prepared as described in
Exanpl e 55 ﬁ%ﬁ@ ?Qz’ Ghé[gr%éﬁgﬁo&%'ﬁéﬁz(ahdéhy&l@ (i 1.4 ag P ;}4,&%6% of
I r)
1659, 1578, rﬁlzigs 1462, 1233 cm 1} 483l €13HEN,QCBR 1HRD) 2H) ..
4.45.4. 46 (fpBY, 7.11-7.17 (m 2H), 7.22-7.26 (m 1H), 7.35 (t, IH J =
7.8 Hz), 7.45-7.50 (m 3H), 7.58-7.66 (m 2H), 79 24 Novenber 2003
7.85-7.91 (m 2H), 8.43-8.47 (m. 111). HRMS cal cd for C22H 6N302Cl
389. 09315 ( kxgmpleound 339 0948. 1 ANRLidarkf e|\132 1.0.25 H20) C, H N
ki, DiH -7 S nr

P :
Exanpl e 63: béLﬁz%E a?%uldé;]%-gngl or ovheno T =&~

NH

LN

This compound was prepared from the diamine g (Example
YD)benzaldehyde using the procedure described in Example 1
mp >300 °C (dec); Rs = 0.11 (7% MeOH/CHCIL,);
1061 cm™; 'H NMR (DMSO-dg) & 3.54-3.55 (m, 2
7.35-7.40 (m, 1H), 7.87-7.93 (m, SH), 8.01 (d,
IH, J = 5.6 Hz). HRMS caled for CisHysN50
15 (CisHisNs0.0.3H,0) C, H, N.

2) and 4-(1H-imidazo]-]-
9; off-white solid (85 %):

IR (KBr) 1640, 1487, 1382, 1271
H), 4.50-4.51 (m, 2H), 7.16 (s, 1H),
2H, J = 8.5 Hz), 8.43 (s, 1H), 8.47 (t,
329.1277 (M+), found 329.1265. Anal.

10

Example 120: 1-f4-( 2-Hvdroxv-ethoxv)

benzolcdlazulen-6-one

-Dhenvll-8.9-dihvdro—7H—2.7.9a-uiaza-
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S benzol cdl azul en-6-one N The title conpound was prepared in a nmanner
anal ogous to Exanple 55 from 3-(3,4-dichlorophenoxy)benzal dehyde to give
0.084 g (45%9 of a white anorphous solid: np = 252-254C (dec); Rf = 0.13
(75% Et OAc/ hexanes); IR (KBr) 1657, 1578, 1.0 1468, 1 ; NVR
(DVMBO-d6) S 3.52-3.53 (m 2H), 4.45-4.47 (m 2H), 13N ggﬁ%ﬁrlz?ddg,: 8.9,
2.8 Hz), 7.28-7.32 (m 1H), 7.36 (t, 1H, J= 7.8 Hz), 7.43 (d, 1H J = 2.8
Hz), 7.54-7.55 (m 1H), 7.60-7.71 (m 3H), 7.85-7.91 (m 2H), 8.43-8.47 (m
IH). HRWVS cal cd for C22HISN3O2C12 423. 0541 (M), found 423.0538. Anal.
(C22HI5N3C2C12. 0.3 H20) C,{H N. is Exanple 64: :

| - 13- (4- Met hoxvphenox H 8 9-dihydro 7H 7 9a tnaza

benzol cdl azul en- 6- one e-L;ztle conpound was prepared as described in
Exanpl e 55 from 3-(4- xyphenoxy) benzal dehyde to give 0.13 g (84%
of a white solid: nmp = 98C, Rf = 0.21 (90% Et OQAc/ hexanes); IR (KBr)

1660, 1505, 1462, 1215 I H 80 24 Novenber 2003

0—/—C)H

The compound was prepared  from diamine g and 4-(2-
hydroxyethoxy)henzaidehyde as described in Example 19 except upon removal of the
solvent during workup, the residue was dissolved in CH;Cl/H,0. The agueous layer

5 Was separated, and the product crystallized out upon standing. The solids were filtered
and washed with water and dried to give 0.89g (60%) of a yellow fibrous solid: mp =
2531—254 °C (dec); Ry = 0.01 (3% MeOH/EtOAc): IR (KBr) 1666, 1481, 1310, 1256 .
em™; 'H NMR (DMSO-dg) § 3.52-3.53 (m, 2H), 3.75-3.76 (m, 2H), 4.07-4.11 (m,
2H), 4.43-4.45 (m, 2H), 4.85-4.95 (m, 1H), 7.13 (d, 2H, J = 8.8 Hz), 733 (¢, 1H,J =

o 7.8 Hz), 7.78-7.87 (m, 4H), 840 (t, 1H, J = 5.7 Hz). HRMS caled for CigH17N303

323.1270 (M+), found 323.1268, Anal, (CisH17N303:2.0H,0) C, H, N,

Example 121: 1-[4- 3-Dimethvlamino-uronoxv}—nherivl]-8.9-dihvdro-7H—2.7,9a-triaza—

benzoledlazulen-6-one

i5

N(CHg),

Ve

T.he compound  was  prepared from  diamine g and  4.[3-
dlmethylamino)propoxy]benzaldehydc as described in Example 19 using CHCl; as the
workup solvent. White amorphous solid (49 %): mp = 177-178 °C; Rr = 0.13 (7%
20 methanolic ammonia/CHCL;); IR (KBr) 1650, 1483, 1380, 1254 cm™; 'H NMR
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NVR (DVMBO-d6) S 3.52-3.53 (in, 2H), 3.76 (s, 3H), 4.43-4.46-(in, 2H), 7.00
(d, 2H J =9.2 Hz), 7.10 (d, 2H, J = 9.2 Hz), 7.07-7.15 (in, 111),

7.32-7.37 (m 2H), 7.52-7.58 (in, 2H), 7.84-7.89 (in, 2H), 8.43-8.46 (in,
1H). HRMS caled for C23HION3G3 385. 1341 (M), found 38Roletiger 2008! -

(C23H1I9N1(G3.0.4 H2O C, H, N s Exanple 65:

1-r 3- (3. 5-Di ehl orophenoxv) - phenyl -8 9-di hydro-7H 2 7 9a triaza

benzof cdl azul en-6-one Cl The title conmpound was prepared as described in
Exanpl e 55 from 3-(3,5- 1o dichl orophenoxy) benzal dehyde to give 0.14 ¢

86% of a (PMEE-dpI5i ldg4-hp 285 2% g = 0. % Et :
I(R (/o KB?) ?6@3 ,I_14§%3§r§°50 gm i(g6%9)5%2&60%&@6%32‘%55@%@??qus)
3*'25 : r?t. gz-?.' B‘ﬁg'?ém‘?- i 38*:%‘?-4%@ ngzad.mmzﬁgzwzgmzl((gnfm,
.58-7. R R Q , . cal c or

C22HI 5N32C] 25?%1). %ﬁﬁ@?ﬁ‘)’ 2‘?‘%5%2’??3”:@’5%.ﬁﬁ]n%ﬁg-')f?éézmgm@mqm i s

HO C H, 1 GolbdNiQ #4:1899 (B+Beforny Behemel ) e triaza
benzorcd| azyl en 6 one 81 24 Novenber 2003 AJ%LQ(@H‘EYI@C%.MI%CY) (—gaH

Example 122:  1.J4-(Oxo-13% thiomorpholin-4-yimethyl)-phenyl1-8.9-dihvdro-7H-

2,7,9a-triaza—benzo|cé[azulen-ﬁ-one

Q o)
' NH NH
> NCS, MeOH _)
0. i, 1h, 53% N
N= \ =

\ /\

N S N 5=0

2 105 \_/ —/
1—(4-Thiomorpholin-4—y1methyl—phenyl)-S,9-dihydro—7H—2,7,9a-triaza-
benzo[cd]azulen-6-one (Example 105) (0.058g, 0.15 mmol) was suspended in MeOH
(3 mL) and cooled to 0 °C. N-Chlorosuccinimide (0.021 g, 0.15 mmol) was added, and

the reaction stirred 1 hour at 0 °C before being slowly warmed to room temperature,

15 The solvent was removed in vacuo, and the crude product purified by flash silica gel
chromatography eluting with 3-10% MeOH/CHCI; to afford 0.03 ig (53%) of an off- -
white solid: mp = 247 °C (dec); R, = 0.18 (10% MeOH/CHCH;); IR (KBr) 1658, 1481,
1380, 1022 cm’™'; 'H NMR (DMSO0-dg) & 2.66-2.80 (m, 4H), 2.86-2.93 (m, 4H), 3.53-
3.54 (m, 2H), 3.67 (s, 2H), 4.45-4.48 (m, 2H), 7.35 (1, 1H, J = 7.8 Hz), 7.53 (d, 2H,J

20 =7.8 Hz), 7.82-7.90 (m, 4H), 8.40 (m, 1H). HRMS calcd for C21H22N40,S 394.1463
(M+), found 394.1463. Anal. (C21HpN40,8.1.25H,0) C, H, N.

Example 123: 1-[4-( 2-Pyrrolidin-1 -vl—ethoxv)-nhenvl]-S.9-dihvdro-7H-2.7.9a-triaza—

benzoledjazulen-6-one

25
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s The title conpound was prepared as described in Exanple 2 from 3-

benzoyl benzoyl chloride (Ito et al., J. Og. Chem (1985), 50:2893).
Reaction tine was 72 hours at roomtenperature, using CH2Cl2 as the workup
solvent to give 0.12 g (65% of white solid: np = 23 gdesoos Rf =
0.13 (90% Et OAc/ hexanes); IR (KBr) 1659, 1464, 1312 %"ﬁf‘%@gﬁ"fﬁ N

(DMBO-d6) 8 3.53-3.55 (m 2H), 4.48-4.49 (m 2H), 7.37 (t, IH J =7.8
Hz), 7.57-7.62 (m 2H), 7.69-7.94 (m 7H), 8.15-8.18 (m 2H), 8.46 (t, I|H,
J = 5.6 Hz). HRVS calcd for C23HL7N3Q2 367. 1321 (M), found 367.1306.

Anal . (C23H17N302) C,@H, N. io Exanple 67: 1-(3-Benzvl phenvl)-8 9-di hydro7H
') 7 9a triaza bepnzof @ggul en-6-one The title c@npound was prepared as

described in Exa Dom‘fﬁ”ﬁ?egﬁ'%w benzo orfge (Norris and Ware, J.
, /61 B PYAD. OT@omathy §

Amer. Chem Soc. : , ne S 72 hours at room

tenperature, using\CHFEF, a&ARE"BYMup sol ViAt “ns“to give 0.13 g (68% of
white solid: np = M5208 C "Ri¢12@%Esembos ge=gAc/ hexanes); IR (KBr) 1655,

1464, 1381, 1310 cnil; NVR ( DVBO-d6) 6 3. 50- 1 (m 2H), 4.06 (s,
2H), 4.43-4.44 (m 2 16-7.22 (m 1H), 7.26-Z. 3% (m 5H), 7.43-7.52
M), 7au7.75 (m 1H), 7.(;/59/0_ H, 8.44 (t,

u

(m 2H), 7.66-7.68 (m , ,
IH, J = 5.6 Hz). cal or C23HL9N3O 353. 1528 353. 1527.

Anal . 20 ( 023HlP—N-S-8-ﬁy&rgx3|/_l-e2:rg)oxycr):’-phlghy1|]\}8,9-dihyd:o-7H-2,7,90-triaza-

benzo{cd)azulen-6-one (Example 120) (0.51g, 1.59 mmol) was dissolved in pyridine
(16 mL) and cooled to 0 °C. Methanesulfonyl chioride (0.15 mL, 1.91 mmol) was
§  added dropwise followed by 0.01 g of 4-dimethylaminopyridine. The reaétion mixture
was warmed to 1t and stitred 5 h. The solvent was removed in vacuo. The residue was
dissolved in CHCls/water, and the organic layer was separated, washed with brine,
dried (MgS0O,) and concentrated to give 0.25g of the crude mesylate. A portion of the
mesylate (0.11g, 0.28 mmol) was dissolved in dimethylacetamide (3 ml). Pyrrolidine
10 (0.07 mL, 0.83 mmol) was added, and the reaction heated to 100 °C ovemight. The
solvent was removed in vacuo, and the residue subjected to flash silica gel
chromatography eluting with 0-5% MeOH/CHCl;, then 5% methanoiic
ammonia/CHCI; to obtain 0.073g (24% from 1-{4-(2-Hydroxy-ethoxy)-phenyl]-8,9-
dihydro-'?H—Z.7,9a-t.riaza—bcnzo[cd]azulcn—6-one; Example 120) as an amorphous tan
15 solid: mp = 172-175 °C; Rr=0.18 (7% methanolic ammonia/CHCI3); IR (KBr) 1627,
1600, 1480, 1252 cm™; 'H NMR (DMSO-dg) 8 1.75-1.71 (m, 4H), 2.53-2.54 (m, 4H),
283 (t, 2H, J = 5.8 Hz), 3.52-3.53 (m, 2H), 4.17 (t, 2H, J = 5.8 Hz), 4.43-4.45 (m
2H), 7.13 (d, 2H, J = 8.8 Hz), 7.33 (. 1H,J = 7.8 Hz), 7.78-7.87 (m., 4H), 8.41 (t, lH'
J = 5.6 Hz). HRMS calcd for C22H24N,O,; 376.1899 (M+), found 376.1913, Analj

20 {C2H2N409) C, H, N.

Example 124: l-[4-(2-Dimethv]amino-ethoxv)—phenvl1-8.9-dihvdro-7H-2.7 9a-tiaza-

benzoledlazulen-6-one
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Exampl e 68: 1-(3-f 1 31 Di oxol an-2-yllphenyl)-4-fluore 8 9 dihvdro 7H 2 7 9a

triaza benzofcdl azul en-6-one 82 24 Novenber 2003 The title conpound was

prepared as described in Exanple 55 from internediate 1 (Exanple 18)

instead of internmediate g to give 0.60 g (54% of a V\?.:LNE erﬁﬁ’érizg{ 3P =

262- 264C (dec); Rf = 0.11 (90% Et OAc/ hexanes); 1R (KBr) 1 %7, 1487, s 1460,

1389 cnvl1l; 1H NWVR (DMSO-4) S 3.54-3.55 (m 2H), 3.96-4.12 (m 4H), 4.45-

4.46 (m 2H), 5.85 (s, 1H), 7.58-7.66 (m3H), 7.75-7.79 (m 1H), 7.85-7.88

(m 1H, 7.92 (s, 1H), 8.59-8.63 (m 111). HRMS cal cd for CL9HL6N303F

353. 1176 (M+), found 353. !‘l 83. Anal. (Cl9H16N3@BF0.25 H20) C, H, N.

Exanpl e 69: 3-(4-Fl uorg Oxopp 7 8 9-tetrahvdro 27 9a triaza

benzorcdl azulen 1 ao b:?al dehyde CHO Using the deprotection procedure
h

described in Example 3% B.43/9 (89% of 3-
(4-fluoro-6-o0x0-6, 7,8, 9-\t et,f'ahydro-2, 7, 9a-tri aza-benzo[ cdl azul en-1-yl ) - benz
al dehyde was generated ¥3\a white solid: 1H NVR (DMSO-d6) S 3.56-3.58 (m
2H), . 4.50-4.51 is (in, 2H), 1-7.65 (m 1H), 7.78-7.85 (m 2H), 8.09-8.11
(m 1H, 8.17-8.21 (m 1M 39-8.40 (m 1H), 8.64 (t, 1H, J= 5.6 Hz),

1H) . ‘

10. 14 (s, o/ CHale

| Using the procedure to prepare 1-[4-(2-Pyrrolidin-l-yl-ethoxy)-phenyl]—8,9-
.d1hydro-7H-2,7,9a-triaza—benzo[cd]azulen-G-oue (Example 123) the mesylate (0.103g,
0.26 mmol) was treated with dimethylamine (2M solution in MeOH, 1.03 mL, 2.05

5 mmol)in dimethylacetamide (3 mL) and heated to 100 °C ovemnight. The solvent was
removed in vacuo, and the residue subjected to flash silica gel chromatography eluting
with 0-5% MeOH/CHCI;, then 5% methanolic ammonia/CHCl; 10 obtain 0.051g (18%
from 1-[4—(2-Hyd:oxy-ethoxy)-phenyl]-8,9-dihydro-?H-2,7,9a~n-iaza-beuzo[cd]azulen-
§-one; Example 120) as an amorphous white solid: mp = 184-186 °C; Re = 0.26 (7%

10 methanolic ammonia/CHCL); IR (KBr) 1627, 1479, 1251, 1180 em™; 'H NMR
(DMSO-dg) 6 2.23 (s, 6H), 2.67 (t, 2H, J = 5.8 Hz), 3.52-3.53 (m, 2H), 4.15(t,2H, J =

5.8 Hz), 4.43-4.44 (m, 2H), 7.13 (4, 2H, J = 8.7 Hz), 7.33 t, 1H, J = 7.8 Hz), 7.78-
7.87 (m, 4H), 8.40 (t, IH, J = 5.6 Hz). HRMS calcd for C20H2N40; 350.1743 M+)
found 350.1756. Anal. (C20H22N,05) C, H, N. ,

15

Example 125: 1-f4-[2—(Tetrahvdro-nvran-2-vloxv)-ethvl]-phenvl}-8.9—dihvdro-7H-

7,7,9a-triaza-benzo|célazulen=6—'one '

20
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83 24 Novenber 2003 Exanple 70: 1-(3-D nethvlam nonet hvl - phenvl)-4-fluoro-8

9-dihvdro 7H 2 7 9a triaza-benzofcdl azul en-6-one Using the reductive
am nation procedure described in Exanple 32, 0.067 g s (31% of
1- (3-di met hyl ami nomet hyl - phenyl ) - 4-f | uor o- 8, 9- di hydr 054 N deribidoli @22

benzo[ cd] azul en- 6- one was prepared from
3-(4-fluoro-6-o0x0-6,7,8,9-tetrahydro-

2,7,9a-triaza-benzo[ cd] azul en-1-yl ) -benzal dehyde as a white solid: np =
IR (KBr) 1663,

215-217C (dec); Rf = 0.11 (7% net hanol i ¢ ammoni a/ CHC13) ;

(0 SR R RO b bl S
[ ev.alt abl, 1. Med. CLIH1TENAGHS @gg}ﬁgg%gsl\gd ;4 ound

OH), 4.45-4. 47 t
2(3.m61 (H% 1H,°%W?Eb@?§ﬂr}‘}%)dg

3.54-3.55

337.1464. ABam =0} H20) C, H_ N Exa
pleto 15l Qs &%‘35%)80& HFie solidk T 2 189380 £ R720.11 (90%

1- (2- D net hvl am no- pvr

benzof cdl az t@Achermes); OHNS@BZM% 1%}’\' 13% RS f'Ir{ONnﬂ%x?Dnﬁls%-ii g 0087

in Et CH

g, 0.29 ) uspende
ET0a27F35 T UE) Ts7.171 (m, 2H), 2.94 (t, 2H, J = 6.7 Hz), 3.36.

3.43 (m, 1H),

3.50-3.53 (m, 2H), 3.60-3.69 (m, 2H), 3.84-3,92 (m, 1H), 4.43-4.46 (m, 2H), 4.60-4.61
(m, 1H), 7.35 (t, IH, J = 7.8 Hz), 7.46 (d, 2H, J = 8.1 Hz), 7.78 (4, 2H, J = 8.1 Hz)
7.85-7. ' . |

7.90 (m, 2H), 8.39-8.43 (m, 1H). HRMS caicd for Ca23H2sN30; 391.1896 (M+),

found 391.1902. Anal. (C23sHasN305) C, H, N,
10

Examp : idi
xample 126: 1-(4-Pyridin-2-yl-phenyl)-8 9-dihydro-7H-

2.7.9a-triaza-

benzolcd)azulen-6-one

B(CH)»

N B cat {PhyP),Pd, NaHCO, N
L = DME. H0 =
n-rofux, 450, 78% . N\ // CHO
CHO

o

. o |
=N NH
100 °C. 50% -)
N N
NH; =

15

(a) 4—Pyﬂdin-2-yl-benzaldchyde [Bold, et al., J. Med. Chem. 41, 3387(1998)}:
2-Bromopyridine (0.50g, 3.16 mmol) was dissolved in DME (26 inL)
TetI'a‘kis(triphenylphospine)pa.Hadjum(O) (0.11g, 0.09 mmol) was added, and thf;
feaction stitred at room temperature for 10 minutes. 4-Formylboronic acid (0.55¢

20 3.54 mmol) was added to the reaction followed by a solution of 0.80g of NaHCO; 1;;
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m.) in a sealed tube reaction vessel equipped with a nagnetic stir bar.
D nmet hylamne (2M MeOH, 4.37 m. 8.75 nmmmol) was added and the vessel was
seal ed, stirred and heated to 110 OC for 6 h. Additional dinethylam ne

solution (2 nL) was added, and 20 the reaction sti ”e%ﬁBvé'rgrQer?O%er ni ght.
The sol vent was renoved in vacua, and the product was purified by colum
chromat ography (0-5% MeOH/ Et OAc) to give 0.051 g 84 24- Novenber 2003 (57%
of a white solid: rap = 266-268C;, Rf = 0.16 (5% MOH EtQAc); IR (KBr)

1657, 1611, g]éo cm1; 1H NVR (DVMBO-t4) S 3.52-3.53 (m 2H), 4.49-4.50 (m
2H), 6.96-6 ‘tfﬁfa‘ezwemn(mramﬁxeafarzsﬁom%) Tod s1Vest $% romaed in 540"
7.7 Hz), 7;9&,1&,(;,%&1%% =10, .80 I—@@1 8.26 (d, f—? Yagremaysqd in g 47
(t, 1H, J = 5.6 Hz). UsPb i EfQAC/EH O T Dg T tadek s (Mibared BN

307. 1431, Afieshed with Friet aObrife, titdn ed%fg%? iﬁi |

1- ( 3- Met hv@@' nopet hvl - phenyl ) - 4-f 1 Uoro-8 92 di iy B°guctiwas prrified by flasha
benzol cdl aZul err-6s ?f@mim@glttghdthﬁdowEtm&ﬁéxﬁ?Jsité’inQb%%e%qe) c%escri bed
in Exanpl e Wie s@li@&ﬁo#m&f(%o{%[gf _ A5g (78%) of a

1- ( 3- et hyl am nonet hyl - pheny -%91?‘1‘1&5%@8%99:@9@0@627‘1& 2,7,9a-triaza-
benzo[ cd] azul en{®-GHecammupd:epar ed from net hyl ani ne (2M MeOH) and

3-(4-fluoro-
6- 0x0-6, 7, 8, 9-t Ibe MFBWEF; P{@Mrﬁ&@uiﬂge&zq[rﬁéﬂdaéuh%-%aﬂ&e- en% dehyde

as a Whi t e pysdihi2eyl-baRzalde A (- > RE . =0.03 (7% net hanoli C anmdft & CHC13) ;
IR (KBr) 1655 9t o Weribt in Example 19 to give 0.61g (90%) of an off-

t solid: mp = 277-279 °C; R, = 0.32 (10% MeOH/EtOAc); IR (KBr) 1647, 1466
10 1431, 1302 cm™; '"H NMR (DMSO-de) 5 3.56-3.57 (m, 2H), 4.52-4.54 (m 7H; 7 35:
743 (m, 2H), 7.87-7.97 (m, 3H), 8.00 (d, 2H, J = 8.4 Hz), 8.09 (d, 14 J’; 8;) I.-Iz)
830(d,2H, /=84 Hz), 844 (1, 1H, 7 = 5.8 Hz), 8.72 (4, IH J= 3.9'Hz). HRMS

’ d

15

Examp] : 1.
e 127: 1-[4-¢ 2—Hvdroxy—ethv1)-nhenvﬂ-8.9—dihvdro—7H—2,7.9a—

benzolcgiazulen-G-onc

triaza-

NH
NH

HCl, 1.4-dioxans -
N MeOH, it, an, 93%

e .

1-{4-[2- -
| {4-[2-(Tetrahydro pyran-2-yloxy)—ethy!]—phenyl}-8,9-dihydro—7H-2,7,9a—
triaza-benzo[cd]azulen-6-one (Example 125) (0.81g
MeOH (21 mL). 4M HCl/dioxane (0.57 mL, 2.27 mm

20

2.07 mmol) was dissolved in

ol) was added, and the reaction

2 - . .
silica gel chromatography eluting with 3% methanolic ammonia/CHCH; to give 0 39g
(93%) of a white solid: mp = 263-265 °C; Ry = 0.08 (5% MeOH/EtOAc); IR (I;B )

: r
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is 1487, 1466, 1134 cnvl;, 1H NWR (DMBO-d6) S 2.29 (s, 3H), 3.54-3.57 (m
2H), 3.74 (s, 2H), 4.45-4.47 (m 2H), 7.51-7.53 (m 2H), 7.57-7.62 (m
1H, 7.68-7.77 (m 2H), 7.80 (s, 1H), 8.62 (t, 11i, J = 5.6 Hz). HRMB

cal cd for C18HL7NAOF 323. 1308 (M+), found 323. 1305. 584 N40F0. 3
H20 C, H, N 85 24- November 2003 Exanple 73: B0 Roverk $
3-(6-0x0-6.7.8.9-tettahvdro-2.7 9a-triaza-benzof cdl azul en-1|-vl) -
benzonitrile CN The title conpound was prepared as described in Exanple 55
from 3- s cyanobenzal dehyde to give 0.143 g (30% of a white solid: np =

283- 284C ( dHSS; 1602, 04 %ot : Br). 2233, 1659, 1462
cm1; 1H &ﬁ Od6§:§ Iggg%gf ?&%@W%?Jﬁﬁ}%&@@ﬂﬁd 7,6.9Hg). 38339 (t,
3 7 7 oA IR Bbeor o ey cust oo g 2050 ST
caled for %Eéggfﬁséagﬁ%}ﬁ% ?-ﬁ?&%@%?ﬁobz 8 D), 784190 (m, 2H),
CL7H 2N40. &3 oG, I, RRMSX 74 ] -tetrahydro-2 7
£(9a-t ri aza- mq&?zﬁ-ﬁ%}i‘e&dh&%@ﬁri c(%ng?%ggtﬁ Eé?‘%ezwéff and 367(').1331.

Example 128: I-{4-(2-Pvn'olidin~1-vI—ethvl)-nhean-S.9-dihvdro-7H-2.‘7.Qa-triaza-

benzoledlaznlen-6-one

NH

. O
The product was prepared following the procedure used for 1-[4-(2-Pyrrolidin-
l-yl-cthoxy)—phenyl]-8,9-dihydro-?H—2,7,9a-ttiaza-benzo[cd]azulen—6-one (Example
123) from 1—[4-(2—hyd.roxy~ethyl)-phenyl]-8,9-dihydro-7H-2,7,9a—tﬁaza-
bfenzo[cd]azulen-ﬁ-one (Example 127) and pyrrolidine, heating to 85 °C overnight to
s 8wve 0.13g (49%) of a yellow- solid: mp >201 °C (dec); Ry = 0.08 (7% methanolic
ammonia/CHCL;); IR (KBr) 1655, 1627, 1481, 1461, 1379 cm™; 'H NMR (DMSO-
ds) & 1.70-1.75 (m; 4H), 2.49-2.55 (tm, 4H), 2.73-2.75 (m, 2H), 2.83-2.88 (m, 2H)
3.50-3.53 (m, 2H), 4.44-4.46 (m, 2H), 7.34 (t, 1H, J = 7.8 Hz), 7.44 (d, 2H, J = 8.1'
Hz), 7.77 (d, 2H, J = 8.1 Hz), 7.84-7.90 (m, 2H), 8.41 (t, 1H, J = 5.6 Hz). HRMS
20 caled for CH,y5N4O 361.2028 (M+H), found 361.2037. Anal. (C22HzN,O) C, H, N.

Example 129: l-|4~(2-Dimethylamino-ethvl)-Dhenvl]—8.9-dihvdro-7H—2.7.9a-triaza—
benzo[cd)azulen-6-one
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CO2Et The title conpound was prepared as described in Exanple 55 from
ethyl is glyoxalate (50%in toluene) to give 0.086 g (28% of an off-white
solid: mp = 237- 239C (dec); Rf = 0.20 (5% McOH CHC13); IR (KBr) 1719,

1663, 1655 cm1l; 1H NWR (DMSO-d6) S 1.36 (t, 3H, J 5- 3. 36
(m 2H), 3.58-3.60 (m 211), 4.39 (q, 2H J =71 Hz_§4NéVéIéB?r2’60§1- J =
7.8 Hz), 7.99-8.04 (m 2H), 8.47-8.50 (m 1H). HRMSB cal cd for C13H13N303
259. 0957 (M+), found 259.0965. Anal. 20 (C13H13N303.0.1 H20O) C, H, N. 86
24 Novenber 2003 Exanple 75: I|-(4-Methvlam nonethvl)henvll 8 9-di hvdro-7H 2
7 9a triaza benzo[cdl@zul en-6-one NHCl b Using the reductive am nation
procedure described_in nple 32, 0.44 g s (53% of

1- (4- et hyl ant i nofe enyl )-8, 9-di hydro-7H 2,7, 9a-tri aza

benzo[ cd] azul en- prepared from net hyl am ne (2M MeOH) and 4- ( 6- oxo-

172C Rf = 0.08 (10% net hanolic anmoni a/ CHC13); IR
tH NVR (DMSO-d6) S 2.30 (s, 3H), 3.52-3.53

W,ni',te,solid: mp =
(KBr) 1651, 1480, 1309
(m 211), 3.75 (s, 2H)

N(CHg),
The product was prepared following the procedure unsed for 1-[4-(2-Pyrrolidin-
_ 1-yl-ethoxy)—phenyl]-8,9-dihydro—7H-2 7.9a-triaza-benzo[cd]azulen-6-one (Example
123) from 1-{4-(2-hydroxy-ethyl)-phenyl}-8 .9-dihydro-7H-2,7, 9a-triaza-
s benzo[cd]azulen-6-one (Example 127) and methanolic dimethylamine heating to 85 °C
overnight to give a 26% yield (2 steps) of a yellow solid: mp > 98 °C (dec); R = 0.08
(7% methanolic ammonia/CHCL); IR (KBr) 1653, 1479. 1381, 1307 em’; '"H NMR
(DMSO-ds) 8 2.21 (s, 6H), 2.50-2.56 (m, 2H), 2.79-2.84 (m, 2H), 3.52-3.53 (m, 2H),
4.44-4.46 (m, 2H), 7.34 (¢, 1H, J = 7.8 Hz),7.43 (d,2H,J = 82 Hz), 7.77 (d, 2H, ] =

10 8.2 Hz), 7.84-7.90 (m, 2H), 8.39-8.43 (m, IH). HRMS calcd for CooH23N4O 335.1872
(M+H), found 335.1865. Anal. (C20H22N40) C, H, N,

Example 130: 1-( 4—PiDeridin-2-vl—Dhenvl)—8.9-dihvdro-7H—2.7.9a-triaza-

benzo[cdlazulen-6-one

i5

o R Q-
NH

NH
Hy, PtO;, AcCH
50 psi, t, 12h, 85% ;
) N

7\ N

126

l-(4-Pyridin-2-yl-phenyl)-S,Q-dihydro—7H-2,7,9a-triaza—benzo[cd]azulcn-é-onc
(Example 126) (1.26g, 3.72 mmol) was dissolved in acetic acid (60 mL). Platinum
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10 4.46 (m 211), 7.35 (t, IN, J = 7.8 Hz), 7.52 (d, 2H J = 8.1 Hz), 7.81

(d, 2H, J =8.1 Hz), 7.84-7.90 (m 2H), 8.43-8.47 (m 111). HRVS calcd for

C18Ht 8N40 306. 1480 (M+), found 306.1486. Anal. (Cl8H18N4O. 0.5 H20 C, H,
N. Exanple 76: 1-(4-Moroholin-4-ylnmethvl nhenyl)8 9- déi‘b(tﬁ&é?ﬁﬂéﬁz@o?"" triaza

as benzol cdl azul en-6-one No Using the reductive am nation proce

ure

described in Exanple 32, 0.097 g (38% of
1- (4- mor phol i n- 4-yl et hyl - phenyl ) -8, 9-di hydro-7H 2, 7, 9a-tri aza-
benzo[ cd] azul.gen- 6-one was prepared from norpholine and 4-(6-0x0-6,7,8,9 20

t et rahydr o- %
solid: nmp =584
IR (KBr) 1661,

$A0638)aves padsdol dul aaskonssl eVicnlogpALLE BREE, 2 Brothe 3

AU w20 T (s G s (A

4H), 3. 15- FilteTed off, did)the Soléit Iefidvegm '%n?d%l%"gél?ﬂ‘it?}'{adsﬁ ('di by figsty sikipy |

1H, J = 7. %#g:%i 7. 51 éd, 2H, J = 8.1
2'624-1;'420( (Mgs 04 g@&fimﬁ( i IItcl1sz]€|\?zatoz) ikl o i1 4% ;
. %) W i i - o 0, - l ) . anp
1-[ 4-f ( 2- Met hoxvet hvl am i rret%s\%%spﬁ{e%ﬂo*@ (G %mpthatadic ZchrioriaCHCL,);
tri aza- bendBIBBRLOGRHT8; 1882, 840 cm™, 'H NMR (DMSO-dg) § 1.34-1 60 (m, 4H), 1.74-
1.81 (m, 2H), 2.66-2.73 (m, 1H), 3.07-3.11 (m, 1H), 3.52-3.53 (m, 2H), 3.66-3.69 (m,
1D, 4.44-4.46 (m, 2H), 7.35 (. 1H, / = 7.8 Hz), 7.56 (d, 2H, J = 8.3 Hz), 7.80 (0, 28
J = 8.3 Hz), 7.84-7.90 (m, 2H), 8.39-8.43 (m, 1H). HRMS caled for CzyHyNsO
10 3451715 (M-H), found 345.1719. Anal. (CyyH»N,0) C, H. N

Example 131: I-J 4—(Dimethvlamino-N*oxide)methv!-Dhcnv]-8.9-dihvdro-7H—2.7.9a-

triaza-benzolcdazulen-6-one

15

2 o
NiH NH
’ am H202- MQOH . -)
. m,96h,15% N
E N/ /oe

CHg
I-(4-Dimethylaminomethyl-phenyl)-8,9-dihydro-74-2,7.9a-triaza-

benzo[cd]azulen-6-one (Example 58) (0.19g, 0.60 mmol) was dissolved in MeOH (10
ml). Hydrogen peroxide (30% solution in water) was added, and the reaction stirred

at 1t for 4 days. The solvents were removed in vacuo to give 0.2 g of crude. Of the
20 crude product, 0.05g was purified by preparative HPLC using a MetaSil AQ column
(10 C18 120A 250 X 21.2mm), eluting with a gradient mobile phase starting with

95% water/acetonitrile for 4 minutes, then reaching 40% water/acetonitrile after 12

minutes, and finally 5% water/acetonitrile after 15 minutes to the length of the 20
minute run time (R, = 12.27 minutes, flow rate = 15 mi/min.} to give 0.03g (15%) of a
25 hygroscopic solid: IR (KBr) 1645, 1463, 1382, 1308 cm™; 'H NMR (DMso ds) &
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NH 10 Using the reductive am nation procedure described in Exanple 32,

0.091 g (38% of the title conpound was prepared from 2-nmet hoxyet hyl am ne

and 4-(6-oxo-

6,7,8,9-tetrahydro-2,7,9a-tri aza- benzo[ cd] azui en-1| -yl % %oﬁﬁ%%?tgoge as a

white solid: rap = 154-157C, Rf= 0.11 (10% McOH CHCI %; I r)y 1659,

1483, 1088 cnvl; - 1H NWVR (DMSO-d6) S 2.67 (t, 2H, J = 5.7 Hz), 3.24 (s,

3H), 3.42 (t, 2H J =57 Hz), is 3.52-3.53 (m 2H), 3.81 (s, 2H)

445446(@ 5§t5‘,7(1AH2,Hi]ga7.8 Hz), 7.52 (d, 2H, J =8

7.80 (d, 2H, 3 1({s) 24,4784 48 (8, .l-l cal cd
: .38 s ey ?’45

8. 222%'335% ﬁﬁ%ﬂéﬁ'ﬁj“@% %Si‘ﬁmﬁéiﬁgﬁ?f& 05 A RN ciledr 11 22

benzof cdl az ey R,O0387. mmﬂ)efogﬁ@ggmg r cribhed in
Exanpl e 55 from 4- s phenoxybenzal dehyde to gl vtgegﬁi@da"?@gﬁé)& aNuhi t e
solid: nmp = 259-264C;, IR (KBr) 1664, 1591, 1480 1236 cm1; 1H NWMR ( DMSO d6)

8 3..53- 3554 Hyin . 4y 4 , _ 7.12-7.16 (m 4H) 7.20-7.25 (in,
1H), 732'7 d ‘o_||.'-,| ’E "_ AR 846
(m 1H) . HREYENZeHdia:
2 0]
NH NH

> NaCNBH,, MeOH, AcOH

CH20, Ho0, 1t, 1.5h, 83%

CHa
NH . N

10 1.-{4-Piperidin-2—yl-phenyl)-8,9-dihydro—7H—2,7,9a-n*jaza—benzo[cd]azulen-ﬁ-
one (Example 130) (0.31g, 0.89 mmol) was dissolved in MeOH (13 ml) and acetic
acid (0.21 mL, 3.57 mmol). NaCNBH3 (0.056g, 0.89 mmol) was added, followed by a
solution of 37% fom:aldehydc In water (0.09 mL) in 5 mL of MeOH. The reaction
was stirred at room temperature for 1.5 hours. The solvents were removed in vacuo,
15 and the residue was dissolved in CH,Cly/saturated NaHCO;. The organic phase was
- ————separated, washed with brine, and dred (MgS04). The solvent was removed to give
0.25g (83%) of a white solid: mp >180 °C (dec); R = 0.21 (10% methanolic
ammonia/CHCL;); IR (KBr) 1662, 1601, 1479, 1309 cm™, 'H NMR (DMSO-dg) &
1.23-1.78 (m, 6H), 1.94 (s, 3H), 2.02-2.11 (m, 1H), 2.86-2.89 (m, 1H), 2.95-2.99 (m,
20 1H), 3.53-3.54 (m, 2H), 4.45-4.48 (m, 2H), 735 (t, IH, J = 78 Hz), 749 (d,2H, J =
82Hz),781(d,2H,J =82 Hz), 7.84-7.90 (m, 2H), 8.39-8.43 (m, IH). HRMS calcd

for C2oHysN4O 360.1950 (M+), found 360.1942. Anal. (C12H24N40.0.75H,0) C, H
N. — -
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SRR

(Mt), found 355.1321. Anal. (C22H17N3Q2.0.5 H20) C, H, N to Exanple 79:

1- (4- Di et hoxvnet hvl - phenyl )-4-fluoro-8 9-di hvdro 7H 7 9a tri aza

benzol cdl azul en-6-one Ot EtO The title conpound was prepared in the
manner described for Exanple 55 from terephthal al dehydengpaiapdifpRY! acet al
and internmediate | (Exanple 18) instead of is internediate g to give 1.61
g (79% of a white solid: np = 219-221C,"Rf = 0.39 (90% FEt OAc/ hexanes); IR
(KBr) 1667, 1611, 1464 1107 cm1; tH NWR (DMsO-d6) S 1.17 (t, 6H, J = 7.0

Hz), 3.48-3.65 (m 6H), 4.45-4.47 (m 2H), 5.59 (s, 1H), 7.58-7.62 (m 89 24
: . 7.87 8. 61

Novenber 200&x5m%_ d, 2H J = 8.3 Hz),
(t, 1H, J = 8.3 pPaen Ve J-amyarg-NEN 2. 7 Pomara-
383. 1640. Ané&f i i -(1H 1 m dazol -2-vl)-8

9-di hydro 7H 2 7 9 triaza benzofcdl azulen b- one The title conmpound was

prepared follow ng the procedure described in
o)

NH

N
(A

W
CHa

5 The product was prepared from diamine g and 4-(2-methyl-2H-tetrazol-5-yl)-

benzaldehyde [Bold, et al., J Med. Chem. 41, 3387(1998)] using the procedure

described in Example 19 to give a tan solid (50%): mp = 280 °C (dec); R, = 0.2 (5%

MeOH/EtOAc); IR (KBr) 1667, 1455, 1306 cm™; 'H NMR (DMSO-dg) & 3.55-3.58

(m, 2H), 4.46 (s, 3H), 4.51-4.53 (m, 2H), 7.38 ¢, 1H. J = 7.8 Hz), 7.88-7.94 (m, 2H),

10 8.07(d2H,J=85Hz),8.24 (d, 2H, J = 8.5 Hz), 8.42-8.46 (m, 1H). HRMS calcd for
CigH)sN;O 345.1338 (M+), found 345.1340, Anal, (C15H1sN;0.0.25H,0) C, H, N,

E ] : idi
Example 134; 1-(4-Pvndm-3-v!-vheuvl)-8.9-dihvdro-7H—2,7,9a-triaza-

benzo[edjazulen-6-one
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Exanple 4 frominternediate g and i m dazol e- 2- car boxal dehyde to gi ve 0. 047
g (33%9 of a white solid: np = 227-228C (dec); Rf = 0.13 (5% McOH Et OCAcC) ;
IR (KBr) 1645, 1611, 1497, 1402 cm1l; 1H NWVR (DMSO-4) S 3.36-3.38 (m 211),
3.46-3.50 (m 2H), 7.21 (s, 1H), 7.35-7.40 (m 213), o4 NBYaribS2009) 211),
8.42-8.45 (m 111), 13.34 (s, 1H). HRWS calcd for C13HLINS0 253. 0964 (M),
found 253.0957. Anal. (CL13Ht 1N50.0.25 MeOH) C, H, N. Exanple 81:
4-(1-Ox0-10 3 4-tetrahvdro-f | 4l diazepinof~ 7 1 hflindol 6 vl)

benzal dehyde 0 NH (H3C)3Si -CEC-H cat (Ph3P)4Pd. Cut Et2NH, DWVF, 82% NH NH

w15 H -1 Et2NH, DVF, @&gH),

N cat (PhyPliPd, NaHCO; g .
| P + -BME, H,0 _
Br 1 - refiux, 4.5h, 94% \ / cHo
CHO

. o 0
, NH
. 100 °C, 97% _)
N ‘ N
NH, =

g

AN

(2) 4-Pyridin-3-yl-benzaldehyde
This aldehyde was prepared using the procedure for 4-pyridin-2-yl-
benzaldehyde in Example 126 from 3-bromopyridine and 4-formylboronic acid to give
5 2 white crystalline solid (94%): mp = 53-55 °C; Re = 0.08 (30% EtOAc/hexanes); IR
(KBr) 1700, 1605, 1219 cm™’; 'H NMR (CDCl;) & 7.55-7.60 (m, 1H), 7.76-7.79 (m,
2H), 8.01-8.0§ (m, 2H), 8.08-8.12 (m, 1H), 8.69-8.71 (m, lH),‘8.94—8.9S (m, 1H),
10.10 (s, IH). LRMS 184 (M+H).
(b) Title compound:
9 The product was prepared according to the procedure described in Example 19
-from diamine g and 4apyridin-'3'-'y1'-beh2aldéhydc to give a cream-colored solid (97%).
mp = 284-286 °C; Re = 0.16 (10% MeOH/EtOAc); IR (KBr) 1656, 1468, 1399, 1306
em’; 'H NMR (DMSO-ds} & 3.55-3.58 (m, 2H), 4.51-4.54 (m, 2H), 7.37 (1, 1H, J =
7.8 Hz), 7.51-7.56 (m, 1H), 7.87-8.02 (m, 6H), 8.17-8.21 (m, 1H), 8.42-8.46 (m, 1H),
15 8.62(dd, 1H, J = 1.5, 4.8 Hz), 9.00 (d, 1H, J = 1.8 Hz). HRMS calcd for C21H6N4O
340.1324 (M+), found 340.1313. Anal, (C2;H1¢N4O) C, H, N.

Example 135: l-(4~Pvridin—4-vl-nhenvl)-8.9-dihvdro-7H—2.7.9a—tﬁga;;

benzo[ed)azulen-6-one

20
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(Ph3P) 4Pd, Cut, 68% PdCl2, CH3CN, 70.80 C, 65%cat. K2Cog3,

90 24 Novenber 2003 (a)
| ar er nedi at ev- 9{fri uohyl sil anyl et hynyl } 1, 2, 3, 4-rarahy~e] [|, 4) di agt - 5.

m xture of internmediate n (Exanple 34) (1.0 g, 3.47 mgPNhvember 200
tetrakistri prneny% pﬁosphi ne

(trimethylsilyl)acetylene (5.0 nL, 34.7 mmol),
palladium(0) s (0.04 g, 34.7 }rnol), Cul (0.013 g, 69.4 gnol) in

diethylam ne (10 nm.), and DVF (10 nlL) was stirred at rt for
was evaporated and the residue was taken up
Et OAc several t'ii mes. Th&oRnbi ned organic | ayers were

MySO4 and concg
chr omat ogr aphj

ut_,_i n th a i FAehierses o- OH4n CHCI3 to give io
a br sol i-HERYE: m%ﬁ) S 0.25 (s,
(in, 21f), 3.51"%&%%%kn, 2HR_£. 9 s MH), 6.57 (t,

6.0 HZPr 7.35 (GHO

I wa
N
7
w
w

10

1s

20

RPat ed. L The crude m xture was purified by colum

. o ]
— NH N
Ny / CHO + OMA, NaHSO, H
10°C, 97%
H N—/
NHz )

g

7 N

() 4—Pyﬁdin—4-yl-bcnzaldehyde (Patent WO 9919300) )

This aldehyde was prepared using the procedure for 4-pyridin-2-yl-
benzaldehyde in Example 126 from 4-bromopyridine hydrochloride, triethylamine and
4-formylboronic acid to give a yellow crystalline solig (51%): mp = 90-91 °C: R, =
0.08 (30% EtOAc/hexanes); IR (KBr) 1697, 1595, 1214, 1169, 801 cm™; 'H‘NI:IR
(CDCL) 8 7.74 (d, 2H, J = 5.8 Hz), 7.84 (d, 2H, 7 = 8.3 Hz), 8.05 (d, 2H .; = 8.1 Hz)
8.77-8.78 (m, 2H), 10.11 (s, 1H). LRMS 184 (M+H). , | |

(b) Title compound:;

The product was prepared according to the procedure in Example 19 from

at

dJaancg and 4—"pjrrid1n-4'-yl-benzaldehyde to give a yellow sofid (55%): mp = 370-
| 372 °C (dec); R¢ = 0.13 (10% MeOH/EtOAc); IR (KBr) 1648, 1596, 1477, 1304 cm’'-

I

HNMR (DMSO‘dﬁ) 8 3.55-3.56 (m, 2H), 4.52-4.53 (m, 2H), 7.38 t1H,J=178 Hz)
7.81-7.83 (r, 2H), 7.88-7.94 (m, 2H), 8.02 (s, 4H), 8.42-8 .46 (m, 1H), 8.69 (d,2H,J =
5.9 Hz). HRMS caled for CaHeN4O 340.1324 (M+), found 340.1330. Anal
(CyHiN4O) C, H, N. |

Examp] :
ample 136: 1-f4-(2H-tetrazol-5-vl)-Dhenvl]-8.9-dihvdro~7H-2.7.9a-m'aza-

benzo[cdlazulen-6-one

130

MeCH, 98% CHO

A

5h. The sol vent

in H2O, and extracted with
dri ed over anhydrous



1H, J= 6.0 Hz), 7.78 (d, 1H, J = 6.0 Hz), 8.13 (t, IH J = 6.0 Hz). LRM5
258 (M. (b) Internediate w -

9- Et hynyl -1, 2, 3, 4-t et rahydr o- benzo[ e] [ 1, 4] di azepi nh-5- one: is A m xture of
internediate v (0.712 g, 2.76 nmol) and K2CG8 (0.038 g, \Q. 206, 1) in
MeOH (35 nlL) was stirred at rt for 2.5 h. The sol vent was evaporated and
the residue taken up in H20 and extracted with Et OAc several tinmes. The
conbined organic extracts were dried over anhydrous MgSO4 and concentrat ed
to give 0.50 g (98% of a brown solid, which was used in the next step

Wi thout further purificatign: 20 np 146-148C;, 'H NVMR (DVSO-d6) S 3. 15-3.23
(m 2H), 3.48-3.52 (m 0 (s, 1H), 6.13 (br s, IH, 6.57 (t, IH J
= 9.0 Hz), 7.37 (d, 1 :.%j?o Hz), 7.79 (d, 1H J = 9.0 Hz), 8.10 (t,

1H, J= 6.0 Hz). LRMVS (c) :

hnenddi at ex- 4{ 5- Oxo- 23, rahydnr| H-bavn[ e] [ 147di azepi nA-yl etl rynyl }
bwzddel rj & 25 Usi ng the cedure described for the preparation of
internediate o, internedi w and 4-i odo- benzal dehyde were used to

synt hesi ze internedi ate x 8% yield as a bright-yellow solid:
.30-3.33 (m 2H), 3.54-3.57 (m 2H), 6.39

178-180C;, ' H NVR ( DVBO- d6)
(br s, 1H), 6.63 (t, 1H J = 6y6NHz), 7.49 (d, 1H J = 6.0 Hz), 7.48-7.51
(m 3H), 7.95 (d, 2H, J = 9.0.J£|z;‘m 8.15 (t, 1H, J = 6.0 Hz). LRVB 30 290

(V). N

Using the procedure described in Example 19 the product was prepared from
using diamine g and 4-(2H-tetrazol-5-yl)—benza1dehyde (Bold, et al., J. Med. Chem. 41,
3387(1998)] to yield a yellow solid (46%). The material was further purified by
5 dissolving in 10% NaOH and adjusting the pH to 2 with 10% HClL. The resniting
precipitate was collected to give a white solid (19%): mp >290 °C (dec); R¢ = 0.13
(10% MeOH/0.5% HOAC/CHCL;); IR (KBr) 1656, 1482, 1311, 1076 cm”; '"H NMR
(DMSO0-d¢) 8 3.55-3.56 (m, 2H), 4.52-4.53 (m, 2H), 7.39 (t, 1H, J = 7.8 Hz), 7.88-
7.96 (m, 2H), 8.12 (d, 2H, J = 8.5 Hz), 8.24 (d, 2H, J = 85 Hz), 8.47-8.51 (m, 1H).
¢ HRMS caled for Cp7H;oN,0 332.1260 M+H), found 332.1257. Anal.

(Ci7H13N;0.0.75H,0) C, H, N.

Example 137; l-(4-Piperidin-4—v1-nhenvl)~8,9-dihyd.ro—7H—2.7.9a-triaza-

benzofedlazulen-6-one

15

o o)
NH
Hz, PIO;, ACOH, HC! NH
S0psi, i, 72h, 37%
135 /N
N NH
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(d) Title conpound: 91 21-Novenber 2003 Using the procedure described for
the preparation of 6-phenyl -3, 4-di hydro-2H
[ 1, 4] di azepi no[ 6, 7,1-hi]indol-1-one (Exanple 33), the title conpound was

synthesized frominternediate x in 65%yield as a br4.ght-vell olid: np
228-230C, 'H NMR (DVBO-d6) S 3.46-3.49 (m 2H), 4. 372{4%%@@%&%1 6. 89
(s, 1H, 7.20 (t, 1H, J = 6.0 s Hz), 7.81-7.88 (m41l), 3.03 (d, 2H J =

9.0 Hz), 8.42 (t, 1H J = 6.0 Hz), 10.08 (s, 111). LRVS 290 (M+). Exanple

82: 6- (4-Di met hvl ani nonet hvl - phenvl ) 3 4-di hydro 2H
Loorsenc by o i IR St R bmtmacss ol ) ves
. y ( Was. wediby IMropiof td. BIOL Jthe iffask WaCevRAREd ON
m Xt ure Wasand refilled under a hydrogen atmosphere at 50 psi on a Parr apparatus overnight. An
5  additional 0.02g of catalyst and 2 more drops <{ HCl were added, and the reaction
returned to the_ Parr apparatus overnight. This process was repeated for a total reaction
time of 3 days. The catalyst was filtered and the solvent removed. The crude was
purified by flash silica gel chromatography. eluting with 10 MeOQH/CHCl;. Then 10%
methanolic ammonia/CHCI; to give 0.091g (37%) of a white solid: mp > 192 °C (dec);
10 Rr=0.08 (10% methanolic ammoni2/CHCL3); IR (KBr) 1653, 1601, 1479, 1382 em™;
'H NMR (DMSO-ds) & 1.54-1.66 (m, 2H), 1,74-1.78 (m, 2H), 2.53-2.75 {m, 2H), 3.06-
3.17 (m, 2H), 3.51-3.52 (m, 2H), 4.45-4 46 (m, 2H), 7.34 (t, 1H, J = 7.8 Hz), 7.43 (4,
2H,J =77Hz),777(, 2H, J =77 Hz), 7.81-7.90 (m, 2H), 8.42-8.46 (m, 1H).
‘I-IRMS caled for CyHxpNO 346.1794 (M+), found 346.1778. Anal,
15 (C3H2N.0.0.5H,0) C, H, N.

| Example 138: 1-Methvl_sulfanvl-s.9—dihvdro—7H-2,7.9a-triaza-benzorcd}azulen-ﬁ-one

o]
NH

N

B

- i h SCH3

20 The product was prepared following the procedure for 1-benzylsulfanyl-8,9-
dihydro-7H-2,7,9a-triaza-benzo[cd]azulen-6-one (Example 29) using iodomethane in
Place of benzyl bromide to give a white solid (65%): mp = 223-225 °C; R; = 0.29 3%
MeOH/CHCE); IR (KBr) 1659, 1468, 1355 cm™: 'H NMR (DMSO-ds) § 2.73 (s,
3H), 3.56-3.61 (m, 2H), 4.17-4.18 (m, 2H), 7.25 (t, IH, J = 7.8 Hz), 7.72-7.77 (m,

25 2H), 8.35-8.38 (m, 1H). HRMS caled for C;\H;;N;0S 233.0623 (M+), found
233.0613. Anal. (C11H1N30S84+0.2H,0) C, H, N.

132



heated to reflux until the suspension went into solution. The reaction

m xture was cooled to rt, and a solution of NaCNBH3 (0.131 g, 2.09 mmol)
and zZnCl12 (0.143 g, is 1.05 mmol) in MeOH (55 nL) was slowy added. , The pH
of the reaction mxture was adjusted to from3 to 4 g@Nlage,g%rri@o?,rret hanol .
The reaction m xture was stirred at it for 2.5 h. Upon conpletion of the
reaction, concentrated HC was added (pH 1) and the solvent renoved in:
vacuo. The residue was diluted with H2O, nade basic (pH 12- 14) with 50%
aqueous NaCH and extract ed W|th Et OAC several times. The conbi ned 20
organi c | ayefs ygtngnespifionhy. 6 rdihird, €6 BSE0T LM a crude
m xture was purlfled by col um chromat ography eluting w

0-7% MeOH in CHC13 foll owed by 3-8% MeOH / NH3 in CHC13 to give 0 52 g
(86% of a pale-yellow solid: 140- 142 C, 'H NWR (DI\/§Od6) S 2.18 (s,
6H)., 3.45 (s, 2H), 3.47-3.50 %_Jrl) 4.32 (m 2H), 6\69 (s, 1H), 7.16

(t, 1H J = 10 Hz), 7.42 ( J 10 Hz), 92 24, 2003 7.56 (d,
2H, J =10 Hz), 7.77 (d: 1H, Hz) mcﬂep&sﬁz@p )0 Hz), 8.36 (t,
1H, J =5 Hz). HRNB calcd. - or #D. 1685 olind 319. 1678

Anal . (C20H21N30.0.3 H20) C, N N. Exarrpl e 83
6- (4- Met hvl am nonet hvl - phenyl }3 &cdy hvdro 2H rl 4l di aze gngt_@ 71 s
0

hi i ndol -1 -one
138
1-Methylsulfanyl-8,9-dihydro—7H—2,7,9a-uiaza-benzo[cd]azule.:n-é-one

? (Example 138) (0.29g, 1.25 mmol) was dissolved in CH»Cl, (25 mL). m-CPBA (57-
86%, 0.25g, 1 eq.assuming 86%) was added, and the reaction stirred at rt for lh. An
additional 0.02g of m-CPBA was added with an additional fifieen minutes of stirring,
The solvent was removed in vacuo, and the residue subjected to flash silica gel
chromatography eluting with 1-3% methanolic ammonia/CHCI; to give 0. 26g.(85%) of
10 a white solid: mp = 241-242 °C (dec); Re = 0.24 (7% methanolic ammonia/CHCI,); IR
(KBr) 1645, 1596, 1467, 1358, 1081 cm™; 'H NMR (DMSO-ds) § 3.17 (s, 3H), 3.65-
3.66 (m, 2H), 4.55-4.85 (br, 2H), 7.42-7.48 (m, 1H), 7.99-8.02 (m, 2H), 8.50 (t, 1H, J
= 5.5 Hz). HRMS calcd for CuHN30,S 249.0572 (M+), found 249, 0583. Anal.

(C1iH;N30,8) C, H, N.

15

Example 140: 1-Methanesulfonyi-

2.7.9a-triaza-benzole azulen-6-one

o o o}
NH NH
mCPBA, CH,Cl,
N n, 3h, 66% '
N% =<
N
S—CHg 20
Y4 S/
139 4 & cH,

1-Methanesulﬁnyl—S,9-dihydro-7H-2,7,9a-t.riaza-bcnzo[cd]azulen-6-one
20 (Example 139) (0.05g, 0.20 mmol) was partially dissolved in CH,Cl, 4 mL). m-
CPBA (57-86%, 0.05g) was added, and the reaction was stirred at rt for 3 h. An
additional 0.015g of mCPBA was added, and the reaction stirred an additional hour.
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NHCH3 Using the reductive am nation procedure described in Exanple 82, the

title conpound was synthesized from
4-(1-oxo-1, 2.3, 4-tetrahydro-[I, 4] di azepi no[ 6, 7-1-

ht 7i ndol - 6-y1) - benzal dehyde and net hyl ami ne in 71%yi yel | ow
solid: np io 178-180C, 'H NMR (DVBO 14) 82.29 (s, k%ﬂgééﬁﬁe{%bg,
3.70 (s, 2H), 4.30 4.33 (in, 2H), 6.68 (s, 1H), 7.16 (t, 1H, J-90Hz)
7.45 (d, 21-L J = 6.0 Hz), 7.55 (d, 2H, J = OHz), 7.77 (d, I H J =29.0
Hz), 7.80 ( 1 J = 9.0 Hz), 8.36 (t, 1H J =6.0 Hz). HRI\/Scach for

CL9H 9N30 3 33129“(?%) renfayed dn 30Eud, 5261 th@n@] e d?w % g %Eég)mﬁ)Hg N,
ro

93 24 N
I4$d| hydr o 2H 11 |azg%|gru§'f'lb2%mﬁﬂ GCHdblte kive 036 mmat@pmg& ctlve

L, e st % AR ot e

synt hesi ze 0 (1;0
hr]i ndol - qif’? ge‘%z%‘ll de M@Mﬂ@-ﬁ@la gllsp$ Oéh)él.ﬁ|§n%§_la pal e vel | ow
sol i d: Bp (BA6H}48E (| ﬁ_lIIyNR7% Qo) 8 1 1’3?@ )48.6014:905 | 4H)
3.48 (br s, 2H) » 8.048.11 (m, 211), 8.52-8.56 (m, 15), HRMS caled
for C1 1H11N3058 265.0521 (M+), found 265.0529. Anal (CiiHIN;038) C, H. N
: 38) C, H, N.

Example 141: 1-[4-( I-.Methvl-niueﬁdin—éi-vl)-Dhenvll-8.9-dihvdro-7H—7 7.9a

benzo[cd]azulen-6-one

-triaza-

10

0]
NH

!

N==

N
\

CHa

2’7’%_:12; f)br::::[tc ;]v: ui)rep;ed from - 1-(4-p1pendm-4—yl-phcnyl) 8.9-dihydro-7H-
N en-0-one (Example 137) following _the _procedure - for— -
pﬂ a white solid (77%): mp >240 °C (dec); Ry = 0.21 (10% methanolic
ammonta/CHCl;); IR (KBr) 1662, 1473, 1379, 1304 cm"! : 'H NMR (DMSO-d) §
1.69-1.81 (i, 4H), 2.00-2.07 (m, 2H), 2.23 (s, 3H), 2. 53~2.58 (m, 1H), 2.89-2,93 (
2H), 3.51-3.52 (m, 2H), 4.45-4.47 (m, 2H), 734 (t, 1H, J = 78 Hz) 7‘45.(d 2H J'ni,
82 Hz),7.79 (d, 2H, J = 8.3 Hz), 7.84-7.90 (m, 2H), 8.44 (1, lH,J=’5:6 Hz)' HRM;

)'
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3.64 ((br s, 211), 4.30-4.33 (m 211), 6.69 (s, 1H, 7.16 (t, 1H J= 9.0
Hz), 7.43 (d, 211, J = 9.0 Hz), 7.55 (d, 2H, J =9.0 Hz), 7.77 (d, 111, J
= 9.0 Hz), 7.80 (d, 1H J = 9.0 Hz), io0 8.38 (t, 1H, J = 6.0 Hz). HRMS
calcd. for 345.1841 (A '), found 345.1835. Anal. (szﬁﬁg%%f%&;%ﬁsmo) C,

H, N Exanple 85: 3-(1-Oxo-1 2 3 4-tetrahydro-r141di azepino hr | i ndol
6-yll benzal dehyde i5 wCHO 6 le | , Et2NH, DWF, cat. (Ph3P)4Pd, Cul, 62%
CHO (a) Internmediate y - 3-(5-0Ox0-2,3,4,5-tetrahydro-|l H benzo[e][1,

4] di azepi n- 9- yI et hynyl) benzal dehyde 94 24- Novenber 2003 Using the
A oY rmedl ate w,

.....

NH

5 The compound was prepared from Example 134 using the procedure to prepare
Example 137 to give a white solid (71%): mp >230 °C (dec); Rs = 0.05 (10%
methanolic ammonia/CHCL:); IR (KBr) 1655, 1478, 1381, 1307 cm’ . 'H NMR
(DMS0-ds) 8 1.48-1.70 (m, 4H), 1.90-1.93 (m, 1H), 2.54-2.61 (m, 1H), 2.68-2.75 (m,
1H), 2.93-3.04 (m, 2H), 3.50-3.51 (m, 2H), 4.45-4.46 (m, 2H), 7.34 (¢, 1H, J = 7.8

10 Hz), 7.44 (4, 2H, J = 8.2 Hz), 7.78 (d, 2H, J = 8.2 Hz), 7.84-7.90 (m, 2H), 8.42-8.46
(m, 1H). HRMS calcd for CyH,N:0 346.1794 (M+), found 346.1788. Anal.
(C21H»N40.1.0H,0) C, H, N.

Example  143: 3-[4—(6-0xo—6.7.8.9-tetrahvdro-2.7.9a-n-iaza-benzo]cc_flaznlen-l-ylb
15 henyl}-piperidine-1-carboxvlic acid t-butyl ester

2 o)
NH
(BUOCO}0, THF NH
CHoCly, NEty _)
N f, 30, 91% N
N =
o .
142 NH v—
O—~'By
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benzal dehyde were used to synthesize internediate y in 62%yield as a
yellow solid: np 176-178C, 'H (DVBO- d6) 83.30-3.33 (m 2H), 3.54-3.57 (m
2H), 6.40 (br s, s 111), 6.63 (t, IH J=6.0 Hz), 7.49 (d, 1H, J = 6.0 Hz),

7.66 (t, IH"J =9.0 H), 7.83 ( d, 1H J = 6.0 Hz), 4 5 2H) ,
815 (br s, IH, 831 (s. 1H), 10.03 (s. 1H). LRVE 2%”?1(()?’@%)72.06%) Title
conpound: Using the procedure described for the preparation of '
6- phenyl - 3, 4-di hydro-2H 1o [1, 4] di azepi no[ 6, 7, 1-hi]indol -1-one (Exanple

33), the title conmpound was synthesized frominternmediate y and obtain in

I 1 el 000 i e it B WG et - o
355 VB Bregibiagipe 19963 Toia oo 5 &aﬁélmwa%ﬂddez-fé%&&ﬁﬁgj-ggb& 0 He),
5 o M L Sl S ammod s
L1 1o szerhmopored vicunche boate Nl AR reiet TV D
synt hesi zed g Wit E%?’% QWQ,HQlﬂIOtgégeP QNSE(E1%) df AMhEicgaai RB[B2ds.203
°C; Re=0.21 (7% MeOH/CHCL); IR (KBr) 1660, 1418, 1308, 1173 cm™; 'H NMR
(DMSO-dg) § 1.41 (s, 9H), 1.46-1.48 (m, 1H), 1.69-1.76 (m. 2H), 1.92-1.95 (m, 1H)
2.68-2.82 (m, 3H), 3.51-3.52 (m, 2H), 3.96-4.01 (m, 2H), 4464 47 (m, 2H), 7.35 (t:
UL 7= 7.8 Ha), 7.48 (d, 2H, J = 8.2 Hz), 7.80-7.91 (m, 41D, §.42.8 46 (m, 1H).

10 HRMS caled for C26H30N403 446.2318
. (M+), found 446.2311. Anal. (C3sH3gN4O;) C,

E . ..
Xample 144 1-r4-(Methvl-mpcndm—3-vl)-Dhcnvl]-8.9-dihvdro-7H-2~7.9a~triaza-

benzolcdiazulen-6-one

15

NH

\__/N—CHa

The product was prepared from Example 142 following the procedure for

Example 132 to give a white solig (58%): mp = 240-242 °C; R, = 0.32 (10%
methanolic ammonia/CHCL); IR (KBr) 1628, 1480, 1462, 1380 cm’; 'H NMR

20 (DMSO-ds) § 1.45-2.18 (m, 6H), 2.24 (s, 3H), 2.87-2.90 (m, 3H), 3.45-3.52 (m, 2H)
4.45-4.46 (m, 2H), 7.35 (z, 1H, J = 7.8 Hz), 7.47 (d, 2H, J = 8.3 Hz), 7.79 (d, 21-;, J =

8.3 -
Hz). 7.84-7.90 (m, 2H), 8.42-8.46 (m, 1H). HRMS calod for CoHaaN,4O 360.1950
(M+), found 360.1963. Anal. (C2H24N0.0.5H,0) C, H. N
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hzJi ndol - 6-yl ) - benzal dehyde and dinethylamne in 87%yield as a white
solid: np 98- 100C, 'H NMR (DMSO-d6) S 2.18 (s, 6H), 3.47 (br s, 4H),
4.30-4.32 (m 2H), 6.70 (s, IH), 7.17 (t, IH J =6.0 Hz), 7.35-7.37 (m
1H), 7.43-7.50 (m 31-1), 7.78 (d, IH, J= 6.0 Hz), 798holémbdddood = 6.0
Hz), 8.38 (t, IH J =6.0 Hz). HRVS calcd. for 25 C20H21IN30 319.1685 (M,
found 319.1682. Anal. (C20H2JN30,0.25 H20O C, H, N 95 24- Novenber 2003
Exanpl e 87: 6-(3-Met hvl am nonet hyl - phenyl ) -3 4-di hvdro 2H [ 141di azevi nof6 7
1 hilindol-]-one Usi ?g the reductive am nation procedure described in
Exanpl e 82, ] -Ben o B0-ARSdSYIH-R &S f

3-(1-o0xo0-1, 2, 3, 4-tetrahydro-[ 1, 4] di azepi nobq@ o S8 1cdaznten-6-one

hr]indol - 6-yl)-benzal dehyde and nethylamne in 94%yield as a pal e-yel |l ow
solid: nmp 128-130C, 'H NMg (DVMBO-d6) S 2.29 (s, 3H), 3.48 (br s, 2H), 3.71
(s, 2H), 4.30- 4.33 (m _6.69 (s, 1H), 7.17 1H, J = 9.0 Hz),
7.38-7.39°(m 1H), 7. 42 2H), 7.54 , NH7.80 (t, 2H, J = 9.0
Hz), 8.39 (t, 1H, J = nGaled. flor [lo CDOH 9N30 305. 3828 (M),

found 305.1520. Anal . b anpl e 88: '
,gg( f 1.41di azeninof6 7
H

6-(3-Pvrrolidin-I-ylnet hm:{phenyl )3 4-di hvdr o-

| -hilindol-1-one O 139 //S_CH?

Sulfoxide 139 (0.10g, 0.40 mmol) was dissolved in benzylamine (4 mL) and

s. heated to 125 °C for 20 h. The solvent Wwas removed in vacuo, and the product purified
by flash silica gel chromatography eluting with 1-5% MeOH/CHCL; to give 0.12g.
(98%) of a white solid: mp = 186 °C (dec); Ry = 0.11 (7% MeOH/CHCL); IR (KBr)
1644, 1572, 1466, 1368 cm’; '"H NMR (DMSO-d;) § 3.53-3.56 (m, 2H), 4.04-4.05
(m, 2H), 4.59 (4, 2H, J = 5.8 Hz), 7.02 (t, 1H, J = 7.8 Hz), 7.20-7.41 (m, 7H), 7.4-4—‘

10 747 (m, 1H), 8.18-8.22 (m, 1H). HRMS caled for Ci7Hi6N4O 292.1324 (M+), found
292.1315. Anal. (Ci7H;6N40) C, H,N.

Example 146: l-Amino—S.9-dihvdro-7H—2,7.9a-lriaza-benzo| cdlazulen-6-one
hydrochloride

15

NH 1.10% Pd/C, HCO,NH,

> MeOH, reflo, 12h,
N 2. HCIN 4-dioxane, 98%

145

Example 145 (0.08g, 0.27 mmol) was dissolved in MeOH. 10% Palladium on carbon
(0.08g) was added followed by ammonium formate (0.09g, 1.36 mmol). The reaction
was refluxed overnight. The catalyst was filtered off and the solvent removed in

20 vacuo. The residue was dissolved in dioxane (2 mL) and MeOH (2 mL) and treated
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I's Using the reductive am nation procedure described in Exanple 82, the
title conpound was synthesized from 3-(1-oxo0-1, 2, 3, 4-tetrahydro-|

1, 4] di azepi no[ 6, 7-1- lulindol -6-yl)-benzal dehyde and pyrrolidine in 92%
yield as a pale-yellow solid: np 158-160C, 'H NWR (%Q & ohogl (br s,
AH), 2.49 (br s, 4H), 3.49 (br s, 2H), 3.68 (br s, 2 ,02‘%%-4.3 (m 2H),
6.70 (s, 1H), 7.17 (t, 1H J = 9.0 Hz), 7.38-7.52 (m 20 4H), 7.79 (d, 1H,
J =9.0H), 7.82 (d, 1H, J =9.0 Hz), 8.38 (t, 1H J = 6.0 Hz). 96 24-
Novemnber 2003mHRI\/S cal cd. for CnH23N3O 345.1841 (M, found 345.1848. Anal.
( C22H23N3QU Bt AMHPIO)/dibxat (INnL X Pl ; 4- Fl uom phenvl)-1 oxo 1 3 4
tetrahvdro %oéx 41 di azepidnof6 71 ;Oﬁ‘feﬁ?sn‘&%é‘?“?@‘éeér%é@wﬁﬁéhqmsﬁlﬁng

Fol | owi ng t FyuEtagaa d‘@éfter_fllvbélcEtn@tfgmapjoggﬁgg%jm};eh&lv%oﬁ&rmﬁ)g d was

synt hesi zed’d . :
6-(4-fluoro hgﬁgj}' )H-‘él,‘i?f)d‘.ﬁ?‘y"d‘r“é?zﬁ"f’ﬂiﬂ %ﬂl'é;z'ébNhﬂ{ EDNVSD-) 5 NspB sl -(npne as a
white sol i #iDn490%.1i Gﬂl.dZH)IT‘FB?@Lgéﬁ{Q._. 3%&)’%&@&@%%@?}5—13@%)&75? 7( 918,

2H), 4.19- 4422 2H), 7.40-7. m ,
(d, 11-, Jd(dé’ ]éig} Hz?,b’ B0 8508154 Gn, =1, 0.3z}, 21, 93 05 or, 1), Jrinds 0 H2) -
9.64 (s, liducdlRYSr 308,0H,N,O  202.0854 (M+),  found 202.0853 Anal

(C10H10N400HC101.5H20) C.H,N.

Example 147: 1-{4-(1H-Imidazol-4-v1)-phenvi

1o benzol[edlazulen-6-one

-8.9-dihydro-7H-2.7.94-triaza-

OH I
CHO 0 NH
c-iogoxybenzoic acid | NH N—)
_-—l-——-_-_
DMSO, 3.5h, 73% * d\ > ?oh;ﬁcNgioa -
] N—'
Zay y NH H
i/ /' 2
Hn—2 g
N
§
N
H

(a) 4-(1H-imjdazol-4—yl)-benzaldehyde:

15 H

SO(12mL). o lodoxybenzoic acid (Frigerio, et al., J, Org. Chem. 1995, 60 7272)
(1.03g, 3.70 mmol) was added, and the reaction stirred at roo

m temperature for 3.5

hours. Th i
e solvent was removed In vacuo, and the residue dissolved in 4:1

CHCI3/iPrOH. The resuitant solids were filtered off, and the
20 with 5% Na>S04/5%

filtrate washed in mm
| NaHCO, solution, water, and brine, dried (MgSOy4) and the
solvent removed to give 0.15g (73%) of 4-(13—imjdazol-4-yl)-benza‘ldehyde as a

i . . .
yellow solid which was used without further purification: (DMSO-ds) & 7.84-7.79 (m,
2H), 7.87(d, 2H, J = 8.4 Hz), 7.98 (4, 2H, /=82

Hz), 9.94 (s,
o ) (s, 1H), 12.30-12.50 (br,
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(1WHH) . Exanpl e 90: 6-(4-Fl uoro-phenvl)-1-o0xo 1 -3 4-tetrahvdro r1l
41 di azepinof6 7 1 is hrlindol e-7-carbal dehvde oxine O F F Hydr oxyl am ne
hydr ochl ori de (0. 10 g, 0.325 mml) was added to a sol ution of

6- (4-fluoro-phenyl)-1-oxo0-1, 2, 3, 4-tetrahydro-[1, 4] di aze£RbP&hRer20bzhr]i ndol e
-7- carbal dehyde (56.0 ny, 0 813 mmol) in pyridine (10 nli) anJ stirred at
rt for 20 h. 20 Upon consunption of the al dehyde as indi cat ed by TLC, the
sol vent was renoved in 97 24 Novenber 2003 vacuo. The residue was taken up
in 2N HCl and extracted with Et OAc several tinmes. The conbined organic

extracts were dri@) Tedesongpobydlir ous MySO4 and concentrated to give 97 ny
(929 of a pale-yellow solid: nmp 277-279C, 'H NVMR (DVSO-d6) S 3.50 (br s,

757 3 765 i iE 000 Biochire s G0 kg /1943417 @iyl 5. O ).
J = 6.0 H), el da’(L’%e ﬁd%&@ﬁs “’&’6’“8‘53 %Slreimmpmwa’scaaﬁgmxmﬁ or
Or sHi ANB02F s3hid (697D niit-)98 Yoidag); R329, ogq@@% MeOH/CHCL); IR (KBr) 1647, 1473,
5 1381, 1309 em™; 'H NMR (DMSO-d) § 3.54-3.55 (m, 2H), 4.49-4.50 (m, 2H), 7.35
(. 1H, J = 7.8 Hz), 7.77-7.98 (m, 8H), 8.44-8.47 (m, 1H), 12.25-12.40 (br, 1H).

HRMS caled for CioHisNsO  329.1277 (M+), - found 329.1280. Anal.
(Ci9H;sN5s0.0.25H,0) C, H, N.

20  Example 148: 1-(4-Pyrrolidin-2-yl-pheny!)-8.9-dihydro-7H-2 7 9a-triaza-
benzoledlaznien-6-one

: B
n-SHCH): 1.1ba, T, 78%C \Q&m{ ;HG , THE, refiux, 48 h
2. 4-bromo-ethylbercoate
7B, 71% | ANaCNBH, MeOH, HOl

o]

ashnt,74%

fm‘“"”’& 300 1. nBuli, THF, 7e°c
1, 1h, 3% 2 DV, 7a° o

15 (a) 3-[ l—(4-Bromo—phenyl)-methanoy1]pyrrolidin—2-one:

Diisopropylamine (3.75 mL, 26.73 mmol) was dissolved in THF (70 mL) and
cooled to -78 °C. n-Butyllithium (2.5M/hexanes, 10.69 mL, 26.73 mmol) was added
dropwise, and the reaction stirred for 15 minutes at that temperature, -
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Exanpl e 91 6-(4-Fl ubro-phenyl)-1-oxo-1 2 3 4-tetrahvdro-r141ldi azeptnor6 7 1
htli ndol e-7-carbonitrile 10 F F Thi ocar bonyl dum dazole (0.415 g, 2.33 mol)

was added to a solution 6-(4-
fl uoro-phenyl)-1-oxo0-1, 2, 3,4-tetrahydro-[1, 4] di azepi n = DryRdol e- 7- ca
r bal dehyde oxinme (0.301 g, 0.932 mmvol) in THE (70 nL?JngJ?rﬁb%r?gbgti rred
for 4 h. Upon consunption of the oxinme as indicated by TLC, the solvent
was removed in vacuo. is The residue was dissolved in Et OAc, washed with

10% HCI and then with saturated NaHCO3. The organic | ayer was dried over
ive a yellow oil, which was purified

anhydr ous . centrated to
by %:/ol um (I\:/R? %ﬁﬁﬁ%ﬂﬁgﬁ?@?%Pm (ilditchaChemiaali €61y (908 %@%W%o? Clg ';o
"H NWR O-d6) 8

ive 0.268 gdfdd 5 i d: '248- 250C;
3. 52 oy P T ol MW iy 8 A Johp-promobindie 1H, 3

> o' S’ﬁzggz’ 3eb6 ml, 20.32 Bm6! H 0 Hz),.8.01 (d
= 6.0 Hz), P-86E 356 mi; 2). , - 1Hyel = 6. . ,
. ( T g e adled Urbiet O Factog Wi HlovsRgor

1H, J = 6.0 . t
305.0964 (M9 gtu‘%g 5&*3%‘1 6Y%a!ehianEhe THE @15 u2hB0Ed T VachiB OTHE soliis w!bkrfEX anpl e
5

92 6-14 ¥l utndissqiinahinl THE (7000l antt fod SOALYA Q) 143digzeui nor6 7 1
02 6-14 ¥l 75ncdar bon e aoy L and f a%éﬁc)(gd mL). The THF was again removed
replaced with water. The product was extracted in EtOAc (3X). The organic
phases were combined, washed with sat NaHCO;, water, and. brine then dried
(MgS0,). The product was purified by flash silica gel chromatography eluting with 0-
2% MeOH/CHC; to give 4.08g (71%) of a white solid: mp = 167-169 °C; Rr = 0.16
10 (2% MeOH/CHCL); IR (KBr) 1699, 1587, 1397, 1273 cm’; 'H NMR (DMSO-dg) &
2.18-2.28 (m, 1H), 2.40-2.51 (m, 1H), 3.24-3.30 (m, 2H), 4.55-4.60 (m, 1H), 7.76 (d

2H,J = 8.7 Hz), 7.95-7.99 (m, 3H). LRMS 270 (M+H).

(b) 2-(4-Bromo-phenyl)-pyrrolidine

15 3-[1-(4-Bromo-phenyl)—methanoyl]pyn'olidin-z-onie (4.08g, 15.21 mmol) was
.dissolved in 6N HC! and THF (60 mL). The reaction was réﬂuxed 2 days. The THF

was removed in vacuo, and the aqueous layer extracted with EtOAc and separated.

The water was removed to form a syrup, then basified with 10% NaOH. The product

wa:s extracted into Et,0, dried (MgS0Oy) and concentrated to give the crude pyrroline.

20 This was dissolved in MeOH (50 mL). A trace amount of bromocresol green indicator
was added followed by NaCNBH; (1.01g, 15.37 mmol). 2M HCV/MeOH, prepared
—from-conc. HCI-and MeOH: was added as needed to maintain a yellow color (approx.
10 mL) and the reaction stirred at 1t for 3.5 h. 5 mL of cone, HCI was added dropwise

V.Jhen gas evolution had ceased, the solvent was removed in vacuo, and the residue
25  dissolved in water. The water was washed with Et;0 and basified to pH = 11 with
50% NaOH. The product was extracted into Et;0 which was subsequently washed
\fith water and brine, dried (MgSOQ,), and concentrated to give 2.54g (74%) of an oil:
R¢ = 0.16 (5% methanolic aminonia!CHClg); IR (KBr) 1485, 1404, 1103, 1070, 1011
cm’™; 'H NMR (Benzene-dg) § 1.23-1.49 (m, 2H), 1.55-1.60 (m, 1H), 1.70-1 1;1 (m,
30 1H), 2.55-2.64 (m, 1H), 2.84-2.91 (m, 1H), 3.59-3.64 (m, 1K), 7.03 (d, 2H, J = 8.3

Hz),7.32(d, 2H, 7= 8.3 Hz). LRMS 226,228 (M+H).
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98 24- Novenber 2003 85% H3PO4, 90-100 C 79% N F A suspensi on of
6- (4-fl uoro-phenyl)-1-oxo-1, 2, 3, 4-tetrahydt o-

[ 1, 4] di azepi no[ 6, 7, 1-1 ulindol e-7-carbonitile (Exanple 91) (0 05 g, 0. 164

mol) in 85%H3PO4 (7 nl) was heated at 90-100 C foroyg %J;bh
consunption of starting s material (as indicated by TLC e reactlon

m xture was poured into H20O and extracted wth EtQAc several tinmes. The
conbi ned organic extracts were dried over anhydrous MSO4 and concentrated

to give a pink oil, which was purified by colum chronat ography el uti
with a gradient of 0-5% MeOH in CHC13 to give 0.042 g (79% of a
pal e-yel l ow solid: np 287-289C, 'H NVR (DVBO d6) 3 3. 47 (br s‘, 2H) ,
3.98-4.06 (m 2HE) 264&0r(10mhmy1)1pmohamea-c(ahfox§hc dcldaen-bhﬁ , 1H )

|
He), 7.38 (t, 111, J=6.0H), 7.60(d. 1H, J =
Hz§ -7.90 Ed 1? ‘5%%&5%#%9?% (4492 1. 77 ymmod), @as@;sohgedzm THE (4.1-

(0]

6.0 Hz). HRhE.)Cﬂﬁ&hglﬁnﬁIne So%ldl #3020 mtch 427 %a8Y forloRidl by 42k, A"

(Ct $Ht 4N302F, 0.5 H2Q
dicarbonate (0.49 mL, 2.12 mmol). The reactici stirred at 1t for 1 b, and the solvent

was removed in vacuo. The product was purified by flash silica gel chromatography
eluting with 3-5% EtOAc/hexanes to give 0.53 g (93%) of a clear oil: Ry = 0.18 (10%
EtOAc/hexanes); IR (KBr) 1703, 1487, 1400, 1167, 1117 cm™; 'H NMR (CDCls)
major rotamer & 1.58 (s, 9H), 1.72-1.92 (m, 3H), 2.28-2.34 (m, 1H), 3.58-3.60 (m, 2H),
10 4.72(m, 1H), 7.04 (d, 2H, J = 8.3 Hz}, 7.42 (d, 2H, J = 8.3 Hz). LRMS 350 {M+Na).

(d) 2-(4-Formy}-phenyl)-pyrrolidine-1 -carboxylié acid tert-butyl ester
2-(4—Bromo-phenyl)-pyrrolidinc-l-carboxylic acid tert-butyl ester (0.43g, 1.34
mmol) was dissolved in THF (4 mL) and cooled to -78 °C. n-Butyllithium
15 (2.5M/hexanes, 0.62 m;.., 1.6 mmol) was added dropwise. The reaction stirred at -78
°C for 1 h, then DMF (0.13 mL, 1.6 mmol) was added dropwise. The reaction stirred
at -78 °C for an additional hour. Sat. NaHCO; (5 mL) was added, and the rcaction'
warmed to 0 °C. The reaction was poured into EtOAc/water. The organic phase was
separated and washed with brine, dried (MgSO,) and concentrated. The product was
20  purified by flash silica gel chromatography eluting with 5-15% EtOAc/hexanes to give
0.18g (50%) of a clear oil: R = 0.13 (20% EtOAc/hexanes); IR (KBr) 1696, 1607,

ng

6.0
6.0
LJ
al

1393, 1165, 1113 cm™; "H NMR (CDCls) § major rotamer 1.58 (s, 9H), 1.78-1.92 (m,

3H), 2.35-2.37 (m, 1H), 3.60-3.66 (m, 2H), 4.824.84 (m, 1H), 7.34 (d, 2H, J = 8.2
Hz), 7.83 (d, 2H, J = 8.3 Hz), 9.99 (s, 1H). LRMS 220 (M-CHy+H).
25
(e) Title compound
Using the method described in Example 19, 2-(4-Formyl-phenyl)-pyrrolidine-1-
carboxylic acid tert-buty] ester (0.16g, 0.59 mmol) and diamine g (0.11g, 0.61 mmol)
were condensed. The crude product was then dissoived in dioxane (8 mL) and treated
30 with 4M HCl/dioxane (4 mL). The reaction was stirred at 1t for 3 h upon which a
gummy solid appeared which was manually broken up to form white solids. The
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Is Examle 93: 7-Ace |- 6-4-fluoro- hen | -3 4-dih dro-2H 14 diaze ino 6 7
1-hi indol-l1-one 0 t2. DW. KOH 78% H2C C(OEt) SnBu3 (Ph3P)4Pd

1. 4-di oxane, DWF 2, 6-d%4dMe-phend 64% (Crude) H3C (a)

6- (4- Fl uor o- phenyl ) - 7-i odo- 1- oxo- 3, 4-di hydro-2H-[ 1, 4} dj gﬁg.ﬁﬁ' 7,1- 20
ht]i ndol -1 one: 99 24- Novenber 2003 Fol |l owi ng the prociéégfdre eé;rgplﬁ%ed I n

Exanpl e 43, 6-(4-fluoro-phenyl)-7-iodo-

| - oxo- 3, 4-di hydro-2H[ 1, 4] di azepi no[ 6, 7, 1-hi |l i ndol -1 -one was synt hesi zed
form 6-(4- fluonphenyl)-3, 4-&hydro-2H[1, 4] di azepino[ 6,7, |-ht]endol-1 -one
(Exampl e 37) jelding a pale-yellow solid in 78%yield: np 283-285 C, 'H
dolvem was rcrgoved, and the residual solids treated with methanolic ammonia. The

NMVR ( DVBO- d
product was then pun'ﬁe'_d by flash silica gel chromatography eluting with 3-5%
MeOH/CHCI,, then 5% methanolic ammonia/CHC]; to give 0.14g (76%) of a white
solid: mp = 220-223 °C (dec); R = 0.11 (7% methanolic ammonia/CHCL); IR (KBr)
5 1662, 1472, 1304, 741 em’'; 'H NMR (DMSO-d) § 1.48-1.57 (m, 1H), 1.72-1.83 (m,
2H), 2.12-2.23 (m, 1H), 2.88-2.96 (m, 1H), 3.00-3.07 (m, 1H), 3.51-3.52 (m, 2H),
4.11-4.16 (m, 1H), 4.45-4.46 (m, 2H), 7.34 (t, 1H, J = 7.8 Hz), 7.56 (d, 2H, J = 8.2
Hz),7.79 (d,2H, 7= 82 Hz), 7.84-7.90 (m, 2H), 8.42-8.46 (m, 1H). HRMS caled for

C20H;sN,4O 330.1481 (M-2H), found 330.1480. Anal, (Cz0HN40) C, H, N
10 |

-dihydro-7H-2.7.9a-triaza-

CHz

15 The product was prepared from l-(4-Pyrrolidin-Zgy],-,phenyl)=8,9-dihydro-7H—2.~7,'9a—'"' -
triaza-benzo[cd)azulen-6-one (Example 148) following the procedure used in Example
132 1o give a white solid (78%): mp = 235-238 °C (dec); IR (KBr) 2780, 1472, 1278
cm”; 'H NMR (DMSO-ds) 8 1.61-1.70 (m, 1H), 1.76-1.90 (m, 2H), 2.13 (s, 3H)
2.17-2.29 ¢m, 2H), 3.18-3.29 (m, 2H), 3.52-3.53 (m, 2H), 4.45-4.46 (m, 2H), 7.35 (t:

20 IH,J=78Hz), 752, 2H, J =78 Hz), 7.81-7.90 (m, 4H), 8.42-8.46 (m, 1H).
HRMS caled for CyHpuNLO 346.1794 (M+), found 346.1796. Anal.

(C21H»N40.0.3H,0) C, H, N.
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8 (br s, 2H), 4.15-4.18 (m 2H), 7.29 (t, 1H, J = 6.0 Hz), 7.41 (t,
= 9.0 Hz), 7.58-7.64 (m 3H), 7.94 (d, 1H, J = 6. 0 Hz), 8.41 (t ,1H,
0O Hz). LRM5 407 (M -+ H). (b) Title conpound: A solution of
| uor o- phenyl ) -7-i odo- | - oxo- 3, 4-di hydro-2H 20

] di azepi no[ 6, 7, 1- hrgendol -1 -one (0.10 g, 0.246 rm%ﬂ—?love eork?;?\c/]l nyl
utyltin (0.11 nL, 0.320 nmol ), tetrakistriphenyl phosphene pall adi um
14.0 ng, 0.0123 mml) and a trace of 2,6-di-t-butyl 4-nmethyl phenol in

1, 4-di oxane (20 m.) and DWF (1 nil.) was heated at 90-95 C for 20 h. Upon
consunpt i onExdmplé arsong lmﬂdvalogﬁm;?w*lﬁ %}1 é,&ﬁl;}%&l V‘ﬁur{'t was
evapor at ed dryness The residue was taken up cted
with Et OA 7 i R iacncrig ned organic | ayers were dried over
anhydr ous I\/gSO4 and concentrated to give a yellow oil, which was purified
by colum chromat ography eluting with a gradi ent of 0 3% MeOH in CHCI3 to
yield 49.0 ng (64%crudeP of a yellowsolid. O this solid, 36.0 ng was
further purified by at i ve HPLC. A gradient nobile phase starting
with 90% H2O with O. ; 10% CH3CN with 0.1% TFA up to 2 min, then
reachi ng 35% H20 wi t oT A, 65%CH3CN with 0.1% TFA after 22 mn, was
used. Rt = 10.61 mn. 'ﬁure fractions were col |l ected and concentrated
under vacuumto give 15N
(DVBO-d6) S 1.86 (s, 3H),

S 3.
H J
6.

N

S

2

J

6- (4-f
[1, 4] di
tribut
(

(
i
4.

-3.52 (m 2H),

—~<

N

s  The product was prepared following the procedure for Example 132 using 1-(4-

Piperidin-Z-yl-phenyl)-8,9-dihydr0—-7H—2,7,9a-triaza—benzo[cd]azulen—6—0ne (Example

130) (0.06g, 0.19mmol) and cyclopropanecarboxaldehyde (0.11 mL, 1.53 mmol) in

place of formaldehyde to give 0.054g (71%) after silica gel chromatography (0-1.5%

MeOQH/CHCl;, followed by 3% methanolic ammonia/CHCI3) of a white solid: >150 °C

10 (dec); Ry = 0.26 (5% methanolic ammonia/CHCl3); IR (KBr) 1656, 1479, 1380, 1308

cm™; 'H NMR (DMSO-ds) § (-0.15)-(-0.10) (m, 2H), 0.31-042 (m, 2H), 0.78-0.85

(m, 1H), 1.32-1.80 (m, 7H), 2.11-2.19 (m, 1H), 2.26-2.33 (m, 1H), 3.15-3.17 (m, 1H),

3.36-3.37 (m, 1H), 3.52-3.52 (m, 2H), 4.46-4.48 (m, 2H), 7.35(t, 1H, J = 7.8 Hz), 7.50

(d, 2H, J = 8.2 Hz), 7.81 (d, 2H, J = 8.2 Hz), 7.84-7.89 (m, 2H), 844 (t, 1H, J = 5.6

15 Hz). HRMS caled for CasHasN,O 400.2263 (M+), found 400.2256. Anal.
(C2sH2gN40.0.25H,0) C, H, N.

Example 151; 1 -(4-Esopropyl-piperidin-2-vl)-phenyi-8 9-dihydro-7H-2.7 Sa-triaza-

benzolcd)azulen-6-one

20
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37 (t, 1H, J
) .0 Hz), 7.96 (d,

(
. 7.67 (d, 1H J =

(d, 1H, J = 25
Hz), 8.55 (d,

3.96-3.98 (m 2H)
6.
8.42 (t, 1H J =

, 1.
0 Hz
6.0

IN, J = 6.0 Hz). HRMS cal cd.

IH J =

Ct 9H 5N2C2F 322.1117 (M), found 322.1131. Anal HPLC Rt = 8 61 ni
B aroedls

Novermber 2003 Exanple 94: 1-(Thiazol-2-yl)-8 9-di hvdr

= 6.0 Hz), 7.45 (t, 2H, J = 9.0 Hz), 7.64
6

6.0 Hz),

f or

n. 100 24
ri aza

benzof cdl azul en 6-one 0 The title conpound was prepared follow ng the

procedure described in Exanple 55 frominternediate g and

2-t hi azol ecar boxal dehyde to give 0.057 g (37% s of a white solid:

271-276 C, Rf = 0.31 (5% M-OH EtOAc); IR (KBr) 1655,

NVR (DMSO-d6) S 3.29-3
7.94-7.97 (m 2H), 8.2Z>8
1H). HRMS calcd for G

(C13HIONMGOS) C, H, N3
9a triaza benzof cdl azul g

0N

rap =

1466, 1379 cm1; 1H

.30 ym 2H), 3.63-3.68 (m 2H), 7.39- 7.44 (m 1H),
3~03NEm 1H), 8.11-8.13 (m 1H), 8.46-8.49 (m
270. 0575 (M), found 270.0566. Anal.

Simil S
imtlar to conditions used to prepare Example 132, 1-(4-Piperidin-2-yl-phenyl)-8 9-

d1hyd.ro-7H—2,7,9a-u'iaza-benzo[cd]azuien-6-one (Example 130) 0.077g

0.22 mmol)

was dissolved in MeOH (4 mL), acetic acid (0.05 mL), and acetone (1 mL). Sodium
5 1 ‘
Cyanoborohydride (0.044g) was added, and the reaction stirred at room temperature

Overnight. V i
g The solvent was removed in vacuo, and the residue dissolved in

chromatography eluting with 1% methanolic ammonia/CHCI, to give 0.26g (30%) of a

10 - L] . ) . -
white solid: mp > 260 °C (dec); Ry = 0.34 (7% methanolic ammonia/CHCL;); IR (KBr)
1661, 1478, 1382, 1308 cm™!; 'H NMR (DMSO-ds) § 0.77 (d, 3H, J = 6.3 Hz), 0.96

i ° ) . , 0.

(d, 3H, J = 6.7 Hz), 1.29-1.52 (m, 3H), 1.64-1.72 (m, 3H), 2.13-2.20 (m 1H), 2.69-
4.46-4.47 (m
2 = ' ‘
H), 735(t, 1H, 7= 7.8 Hz), 7.51 (d, 2H, 7 = 8.0 Hz), 7.80-7.89 (m, 4H), 8.42-8.46
2253.  Anal.

2.76 (m, 1H), 2.92-2.96 (m, 1H), 3.35-3.45 (m, 1H), 3.52-3.53 (m 2H)

15
(m, 1H). HRMS calcd for CrHaxN.O 388.2263 ~(M+); found388:

(C24H23N40-0.7H20) C.H,N.

Example 152: 1-[4-( 1H-Imndazol-Z-vl)-Dhenvﬂ-8.9-dihvdro-7H—2

benzo[edlazulen-6-one

20
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.7.96!-111328.-



NH The title econpound was prepared follow ng the procedure described in
Exanple 55 frominternediate g and pyrrol e-2-carboxal dehyde to give 0.061 g
(40% is of an anber solid: np = 327-332C (dec); Rf = 0.25 (5% MeOH Et CAc) ;

IR (KBr) 1651, 1586, 1497, 1470 cm1l; 1H NVR ( DMSO dg% §v%rp§é5r'%t)§6 (m
2H), 4.29-4.30 (m 2H), 6.04-6.06 (m 1H), 6.52-6.54 Rl; , ©.79-6.81
(m IH, 7.07 (t, 1H J =7.8 Hz), 7.53-7.57 (m 2H), 8.20 (t, 1H J = 5.
Hz) . HRMS cal cd for Cl4Ht 2N4AO 252. 1011 (M+), found 252.1008. Anal .
(Cl4H12N4AO. 0. 25 H2O C, H, N 20 101 24- Novenber 2003 Exanpl e 96:
1-1S-(4-Chl or &®kénvl ) -furan-2-vl | ¢geP-dibydro 7H 2 7 9a triaza :
benzol cdlazul gq- 6-one . C The titjl e conmpound was prepared fol low ng the
procedure dgf bed in s Exanpl frominter\fgedi ate g and
5- (4- chl or ophepy| | 9%A%0HGHMehy dd give QA03§ g ('"220 a |ight-yellow
solid: np = 341- 342 12R1Pp%= 0. 3TY( 5% VeOH c); 1651 1487,
1381, 1090 'IHNI\/R(DIVISO@S3643 4.70- 4.71 (m 2H)
7.33-7.40 ( , 7.54- 580(r11N\__|—}‘,lH 7. 86- 293"' m 4H) 8.47-8.51 (m
o g
NH o
NH
H -
O NH ACOH., reflux
th, 65% N
\ =
N/, NH 7 NH

,,,,,,10 ]

15

\—/ | N\,)

(a) 4-( 1H-Imidazol-2-yl)—benzoyl chloride hydrochloride:

4-(1H-Imidazol-2-yl)-benzoic acid [J. Med. Chem. 30, 1342 (1987)] (0.69¢,
3.70 mmol) was suspended in CH,Cl, (20 mL). Oxaly} chloride (0.39 mL, 4.44 mmol)
was added followed by a drop of DMF. The reaction was stitred overnight at rt. The
solvent was removed to give 0.94g (quant) of the acid chloride which was used without

purification.

(b) 4-( 1H-imidazol-2-y1)-N-(5-0x0-2,3 4,5-tetrahydro- 1H-benzo[e][1 ,4]diazepin-9-yl)-

benzamide

The solvent was removed to give 0.94g (quant) of the acid chloride. Diamine g
(0.60g, 3.40 mmol) was dissolved in pyridine (35 mL). The acid chloride (0.91g, 3.74
mmol) was added, and the reaction stirred overnight upon which solids precipitated out
of solution. The pyridine was removed in vacuo. The solids were taken up in 4:1
CHClgliPrOH and water but did not dissolve ; in either. They were then filtered and
washed with water to give 0.56g 47%) of 4-( 1H-imidazol-2-yl)-N-(5-0x0-2,3 4,5-
tetrahydro-1H-benzofe][1,4]diazepin-9-yl)-benzamide: 'H NMR (DMSO-d5) § 2.48-
2.50 (m, 2H), 3.41-3.42 (m, 2H), 5.57-5.59 (m, 1H), 6.63 (t, 1H,J=7.7 Hz), 7.18-7.20
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1H). HRMS cal cd for C2oHt 4N302C1 363. 0775 (Me), found 363.0789. Anal: to

(C2(1114N3C2Q 0.25 H2O) C, H, N. Exanple 97:
4- Fl uoro-1 - (hvdroxvnet hyl -phenyl) 8 9 di hvdro-7H 7 9a tri aza

benzol cdl azul en-6-one 0 is (a)
4-(4-FIuoro-6-oxo-6,7,8,9-tetrahydro-2,7,9a-triaza-be%%gfgﬁ?%§&¥g%-l-yl)-

benzal dehyde (97a) was prepared follow ng the procedure described in

Exanpl e 57 from
1- (4-di et hoxynet hyl - phenyl ) -4-fl uoro-8, 9-di hydro-7H 2, 7,9a-tri aza

b d j ) 89 f whi t lid,
enzol cd) azgtlﬂ.nﬂ-ﬁ)é PR (€, E@,@E@(Jd?)lﬂt, 953%35{% T#,t gf@_g pté?(pf ﬁéﬁtg@&eﬁm\m

whi ch was 0O used in the next step Wt
(DVBO- d6) 6 B2-8513086r10D). IRNMS48I003 (m 2H), 4.50-4.51 (m 211),

7.64 (dd, 1H.d= 10.6 Hz), 7.81 (dd, 1H J = 2.6, 8.9 Hz), 8.10 (s,
4H), 8.2-8.6 .)ﬁt]lezf%gou'ﬂ). 13 (s, 1H). (b) Title conpound:

vensar ety 07210 e AV LIRS ) °
). Soditum %@ed@s@&. b32 mypolp v@8 refimic): inere@Igqd (PP P femand the
reacti on solvent was removed in vacuo, and the residue dissolved in 4:1 CHCI3/iPrOH and sat.
NaHCOs. The pH was adjusted to 6.5, and the organic phase separated. This was
washed with water and brine, dried (MgS0y), and concentrated. The product was
. purified by flash silica gel chromatography eluting with 3-15% MeOH/CHCl; to give
10 | 0.32g (65%) of a gold-orange crystalline solid: mp >325 °C; Ry = 0.16 (10%
MeOH/CHCl3); IR (KBr) 1664, 1479, 1108 cm™; 'H NMR (DMSO-dg) § 3.54-3.55
(m, 2H), 4.51-4.52 (m, 2H), 7.09 (s, 1H), 7.33 (s, 1H), 7.36 (t, IH, J = 7.8 Hz), 7.87
(dd, 1H,7=17.8, 1.1 Hz), 791 (dd, 1H,J = 7.8, 1.1 Hz),7.95(d,2H, J = 8.5 Hz), 8.12
(d, 2H, J = 8.5 Hz), 8.45-8.49 (m, 1H), 12.71 (s, 1H). HRMS caled for CjoHjsNsO
15 329.1277 (M+), found 329.1291. Anal. (C;oH, 5N50-0.6H20.0.2M80H) C.H,N.

Example 153: 6_-_(4-Fluoro—phenxl )-1 —oxo-l,2,3,4-tetrahgdro-] 1.4]diazepinol6,7,1-
kilindole-7-carbothioic acid amide |

0 °C - nt, 96h, 63%

20

H,S gas was bubbled through a solution of the Example 91 (0.5 mmol, 0.153 g)
In EiN (1 ml) and pyridine (2.4 mi) at 0 °C for 1h in a seal tube. The tube was the;

sealed, allowed to warm to rt and stirred for 4 days. Argon gas was bubbled through

25 the dark green solution to remove H,S. The reaction mixture was diluted with EtOAc
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stirred at rt for 1 h. The solvents were renpved in vacuo and the residue
purified by colum chromatography (0-2% MOH EtQAc) to give 0.073 g (72%

of a white solid: np = 273-275C, Rf = 0.18 (5% MO/ EtQAc); IR (KBr) 1655,

1609, 1470, 1319 io curl; 1H NMR (DVMBO d6) 8 3.54-3.5 Vonrd. 44- 4. 46
(m 2H), 4.60 (d, 2H, J = 5.7 Hz), 5.36 (t, IH J =§?§'@’rﬁ'§?’é¥°§§ (d, 2H,
J =82 H), 7.59 (dd, IH J = 2.6, 10.6 Hz), 7.75 (dd, 1H J 9.0 Hz),
7.81 (d, 2H J = 8.2 Hz), 8.59-8.63 (m IH). HRVB calcd for CL7HL4AN3CRF

311.1070 (M+), found 311.1058. Anal. (CL7H 4N3C2F) C, H, N. is Exanple 98:

4- Fl uor o- | - (4ndevashédamiitho2ié tHU) aphewn! with F8 g 9
tri aza- benzof cdl zuhﬁn%&)@ge NHCHa The title co 8@11? Wa)Zer ‘Qaés driedover
fol | owi ng th@"’%‘fdg% # CPResaiated to mcwammlﬁﬂwﬁ:&mmaabdﬁmm 68 and

mp = 204- 208C

E"Ste'é?' ag "2 %ﬁ%%%{%‘%@%ﬁgh gﬁ Qlugﬁniom a é@% %?PO‘ i‘%IRt fe I)‘rIl %é@; to g1y9),
i A e AR
. m, 2H), 7.88 (d, 1H,
J= 9.0 Hz), 8.19 (d, 1H, J = 9.0 Hz), 8.42 (1, 1H, J = 60Hz) 863(brs 1H), 9.50 (br
s, 1H); HRMS caled. for CigHy4N;OSF (M) 339.084162, found (M) 339.0833; mp
238-240 °C; Anal. (Ci5H;4N;OSF.0.3 H,0.0.3 MeOH) C, H, N.

10 Example 154: 6-[4-F1uoro-p_hcnyl)-1-oxo—l,2.3,4-tetrahydr0-{l.41diazcnin0[6.7.1-
hilindole-7-carboximidothioic acid methvl ester

CHal, THF Q NH
)

HsCS
o8 Q

F
Iodomethane (3.218 mmol, 0.2 ml) was added to a solution of the 152 (0.354

15 | mmol, 0.120 g) in 50 mL THF at rt. The reaction mixture was stirred for 18 h at rt. The

solvent was removed to give a yellow solid (0.130 g) which was used without further
purification: 'H NMR (DMSO-dg) § 2.63 (s, 3H), 3.51 (br s, 2H), 4.01-4.05 (m, 2H),
7.42-7.53 (m, 3H), 7.62 (4, 1H, J = 6.0Hz), 765, 1H, J = 6.0 Hz), 8.02 (d, 1H, J =
3.0Hz),8.05(d, 1H,J = 3.0 Hz), 8.57 (t, 1H,J = 6.0 Hz).

20

Example 155: 6—(4-F1uoro—ohenvl)-N-hvdroxv-I-oxo- 1.2.3 4-tetrahydro-

[1.4]diazepino] 6.7.1-hilindole-7-carboxmidine
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24- Novenber 2003 = 8.2 Hz), 8.59-8.63 (m 1H). HRMS calcd for CL8HL7N4OF
324.1386 (M), found 324.1378. Anal. (C18H17N4AOFO.3H20) C, H, N. Exanple
99: 4-Fl uoro-I-(4-dinethvl am nonet hyl - phenyl ) -8. 9-di hvdro-7H2 7 9a- s
triaza-benzof cdl azul en-6-one N(CF{j)2 The title conpo r re

foll owi ng the procedure described in Exanple 32 fron#g;ﬁa %%@gg and

di net hyl am ne (2M MeOH) to give 0.10 g (60% of a white SO|Id np = 240C
(dec); Rf = 0.08 (7% et hanolic ammonia/ CHC13); IR to (I1CBr) 1669, 1607,
1487, 1458 envl; tH NVR (DVBSO-d6) S 2.20 (s, 6H) 3.51 (s, 2H), 3.54-3.55
(m 2H), 4.45-4.47 (m %H) 7.50 (d, 2H, J =8.2 Hz), 7.57-7.61 (m 1H),
7.73-7.76 (m 1H), 7.82 (§, 2H, J = 8.2 Hz)} 8.59-8.63 (m 1H). HRVS cal cd
for CL9HI9NAOF 338. 1243 FNH o~ndnal . (C19H1gN4OFO0. 2H20) C,
H N is found 412. 4 O 3.5 TFA) C, H, N
Exanmpl-e 100: 1-(4-(( t phenyl} 8 9 di hydro-7112 7
9a triaza-benzol cdl azd -0 2003

Hydroxylamine hydrochloride (0.852 mmol, 0, 059 g) was added to a solution

of the 154 (0.142 mmol, 0.05 g) in 5 mL pyridine at t. The reaction mixnure was

5 stirred at 1t for 15 min. Upon completion of the reaction (as indicated by TLC) the

solvent was removed to give an oil which was purified by flash silica gel

chromatography eluting with a gradient of 0:5 % MeOH in CHC13 initially, followed

by 2-10% MeOH/NH; in CHC; to give 0.025g (52%) of a pale yellow solid: mp =

257-259 °C; 'TH NMR (DMSO-ds) & 3.45-3.47 (m, 2H), 4.104.12 (m, 2H), 5.41 (brs,

10 2H), 7.23 (t, 1H, J = 6.0 Hz), 7.34 (t, 2H, J = 9.0 Hz), 7.57 (d, 1H, J = 6.0 Hz), 7.59

(d, 1H,J = 6.0 Hz), 7.88 (d, 1H, J = 9.0 Hz), 7.93 (4, 1H, J = 9.0 Hz), 8.39 (br s, 1H),

9.33 (br s, 1H); HRMS calcd. for CisHisN:O.F (M*) 338.1179, found (M™) 338.1182;
Anal. (CygH sN4O5F.0.5 H,0) C,H, N.

15 Example 156: 7-Formvl-6- 4-fluoro hcnvl)-l-oxo—3.4-dihvdro-[1.4ldiazepino[6.7.l-

hilindole amidrazone hydrochloride |

o)
NH
O 1. NHgNH,, CH,CN
it 48 h 64% -
— 2. HCIMeOH
HsCS H
Ra
@
154 F

Anhydrous hydrazine (2.92 mmol, 0.092 mi) was added to a solution of 154
20 (0.139 mmol, 0.049g) in 25 ml acetonitrile at rt. The reaction mixture was stirred at 1t
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OEt NH This conpound was prepared fromthe al dehyde in Exanple 57 and 2-

et hoxyet hyl am ne using the procedure described in Exanple 32; white

anor phous solid (77 %: np = 138-140 C, Rf= 0.18 (10% MOH CHCI 3); IR
(KBr) 1663, 1483, s 1381, 1086 cm';'H NVMR (DVBO- d6) &4 Noddmbdroodhl J = 7.0
Hz), 2.65-2.69 (m 2H), 3.38-3.47 (m 4H), 3.52-3.53 (m 2H), 3.81 (s,
2H), 4.45-4.46 (m 2H), 7.35 (t, 1H, J = 7.8 Hz), 7.52 (d, 2H, J = 8.2
Hz), 7.80 (d, 2H, J =8.2 Hz), 7.84-7.90 (m 2H), 8.43- 8.47 (m 1H). HRMS
cal cd for C21H24N402 364. 1899 (M+), found 364.1906. Anal. (CziH2

NAOr 0. 2HzO) f&r 481, h. NiponOcdmgdétiinCofl i - - YC | .an t hvl - phenyl ' )-8
9-di hydro-7H-2 7 9a-triaza_ benzol cdlrgécﬁﬁgé%inﬁcg@éht?ymg FRiV%§Vﬁ§r epar ed
from éhe aldd'émt_i"él torgtsameil é’lhsih wascpucified bpmﬂy%]igéﬂgﬁ clhf akb%ﬂ}fj}ftelﬂﬁing or
procedur e bag; X ’ e, amor phous sol i ConpT=
(decy; Rf =E§§é ( 18%@%@%?“ &%{’%BMM%@W@M-M%MOHM& iam1; | H
NVR ( DVBO-d 300 2Be 0.028g (64%) &) white 335:90; .12-1'3]2 2.06-2.10 (m 1H),
3.52 105,24+ ﬁnber qﬁg&),s 3 52 (m 2H g‘%%%é’gélm 2H 3‘2!!64%2154&‘&5@?\(%1:1 2H) |
7.35 (t, “1H 372 SFugiadyith HCE gasagd stimed 4 1t for 30 min. Diethyl etlier was added to

the solution and the solvent was then evaporated to give an orange solid (9 mg): mp =

N s

272-274°C; "H NMR (DMSO-de) § 3.58 (br s, 2H), 4.22-4.23 (m, 2H), 5.18 (br s, 28,

7.37-7.46 (m, 3H), 7.54-7.58 (m, 2H), 7.82 (d, 1H, J = 6.0 Hz), 8.00 (d, 1H, J = 6.0

HZ)v 8.55 (t’ ]-I.L J= 6.0 HZ), 8-79 (br S, lH), 9.08 (br S, IH), 10.60 (br s, 1H); HRMS

2o caled. for CigHisNsOF (M*) 337.1339, found (M*) 337132,

Example 157: 6-(4-Fluoro-phenyl)-7-(1 -hydroxy-ethyl)-3 4-dihvdro-2H-

[1.41diazepino[6.7.1-hi lindol-1-one

O O
o NH

_ O CH3Ld, THE NH
: _ -789C - 1t, 5 min, 94% _)

N N

B N

. or ()
15 F F

1.5M methy] lithium (4.87 mmol, 3.25 m!) was added to a solution of Example
890487 mmol, 0.150 g) in 100 mL THE at -78 °C. The reaction was warm rt and

strred for 5 min. The reaction mixture was poured into H0 and extracted with EtOAc

several times. The combined organic extracts was dried over anhydrous MgSO, and
20  concentrated to give a pale yellow solid (0.149g. 94%) which was used without further

purification: mp = 220-222 °C; 'H NMR (DMSO-dg) 6 1.47 (d, 3H, J = 6.0 Hz), 3.45

(br s, 2H), 4.03 (br s, 2H), 4.74-4.77 (m, 1H), 4.96 (d, 1H, J = 3.0 Hz), 7.16 {t, 1H,J =

6.0 Hz), 7.38 (1, 2H, J = 9.0 Hz), 7.51-7.55 (m, 2H), 7.84 (d, IH, J = 6.0 Hz), 8.09 (d,

IH, J = 6.0 Hz), 831 (t, 1H, J = 6.0 Hz); HRMS caicd. for CioH12N,0,F (MH
25 324.1274,found (M") 324.1260; Anal, for (C1oH17N20,F.0.1H,0) C, H, N.
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= 8.2 Hz), 7:80 (d, 2H, J =8.2 Hz), 7.84-7.90 (m 2H), 8.45 (t, 1H J =
5.6 Hz). HRMS cal cd for C2oH2o0N4O 332. 1637 (M), found 332.1644. Anal.
(C20H20N40. 0. 4H20) C, H, N. s Exanple 102: 14-(6 Oxo-6 7 8 9-tetrahydro-2 7
9a triaza benzo[ cdl azulen |yll benzvlani nol -acetonitr ' ound was
prepared fromthe al dehyde in Exanple 57 and am noace%% q%l?eé%ggi ng the
procedure described in Exanple 32; white solid (25 %9: np = 198-202 C
(dec); Rf = 0.16 (10% McOH CHClS); IR (KBr) 1626, 1483, 1464, 1379 cm; 'H
NVR (DMSO-4) S 3.37-3.39 (m 2H), 3.64 (s, 2H), 3.86 (s, 2H), 4.45-4.46 (m
2H), is 7.35 (t, 1H, J =7.8 Hz), 7.53 (d, 2H, J = 8.2 Hz), 7.81-7.91 (m
4H), 8.43-8.47 (m 1H). HRWVS calcd for C19H17N50 331.1433 (M+), found

331.1442. ABxample( Cr Q9ENS0. de 253 ‘ 20 )\ ! 2(‘),0 Exar77|pill 62
S » L a-2¥a

103;: 1-f 4f(2.2.2-Tri uor o- et hvl anmi r
79atr|aza&-bél%wéﬂ&w!_ﬁﬂé_bhg7* olelrend - CF3 NH

The product was prepared from Example 93 using the procedure to prepare

Example 90 in 60% yield as a white solid: mp = 248-250 °C; '"H NMR (DMSO0-dg) &

1.70 (s, 3H), 3.49 (br s, 2H), 4.07-4.09 (m, 2H), 7.21 (t, IH, J = 6.0 Hz), 7.37 (t,2H,J
=9.0Hz), 7.51(d, 1H, J = 6.0 Hz), 7.55(d, 1H, J = 6.0 Hz), 7.89 d, 1H, J = 6.0 Hz),

10 809(d 1H,J=6.0 Hz) 8.37 (t, 1H, J = 6.0 Hz), 10 93 (s, 1H); HRMS caled. for

CioHyeN30,F (M?) 337.1226, found (M) 337.1230; Anal. for (Ci9H16N30:F:0.1 H,0)
CHN.

Example 159: 7-[(E)—3-Dimethvlamino-allanov!]—6-(4-ﬂuoro—nhenvl)-3,4-dihvdro-2H-

1s  [14 ldiazepinol6.7.1-kilindol-1-one

{CH3NCH(OCH;),, DMF
110-120 °C, 18h, 100%

Hg

~_ 0

N, N'-dimethylformamide dimethyl acetal (13.88 mmol, 2 mL) was added to a
solution of the methyl ketone (0.217 mmol, 0.070g) in DMF (1 mL) at rt. The reaction’
20 mixture was stirred at 110-120 °C for 18h. Upon completion of reaction as indicated
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Thi s conmpound was prepared fromthe al dehyde in Exanple 57 and 2,2, 2- s
trifluoroethylamne using the procedure descri bed in Exanple 32; white
crystalline solid (62 %9: np = 221-223 C, Rf =0.08 (5% MOHCHC13); IR

(KBr) 1655, 1481, 1310, 1271 cnf'; 'H NVR ( DVSO d6) gﬁogénge,%ogm 1H)
3.17-3.28 (m 2H), 3.52- 3.53 (m 2H), 3.89 (d, 2H, 3°=6. 4. 46
(m 211), 7.35 (t, IH J = 7.8 Hz), 7.53 (d, 211, J 81Hz)781791
(m 4H), 8.43-8.47 (m 1H). HRVS caled for io CLOH 7NACF3 374 1354 (M),

found 374.1342. Anal. (Ct9H, 7NACF3) C, H, N Exanpl e 104:
1- (4- Prop- 2- \upyr1amitho &t hydro-7H 2 7 9a triaza
e St MM&QE@%@@ 3 %6@ -l g dquestiitivem el of pnepar ed

benzof cd) azul en- 6- Oltr:ie\E;us NH 1

fromthe al d&mapgese beused wittduPfi@h ocedure
descri bed i nm%m iltl armrghous&gtol |g %%8 %WMQ{@ ‘%géglec);

Rf =-0.08 (5& §):’:eﬂ ‘F(Qﬁ)(m13§],46]14(811H,]ﬂ642Hm 7.26 {H HMR 6.0
petons 20 E0 0 ) bt 5 - e e T o

2H), s 3. 98 4760
(m 3H), &Hﬂ&%{ +HH}787 98(dd 1H J =7.7, 1.0 H). FIRMVS cal cd
for C20H, sN40 -330. 1481 (M),

Example 160: 6-(4-Fluoro-phenyl)-7-(2 H- vrazol-3-yh)-3.4-dihvdro-2 H-

f1.41diazepino] 6.7.1-kilindol-1-one

NH

NHaNHo-H,0, THF
fl, 42h, 23%

10

B Hydrazme monohydrate (5 14 mmol, 0.26 mL) was added to a solution of 7-
[(E)—3-D1methylammo-allan0yl] -6-(4-fluoro-phenyl)-3 A-dihydro-2H-

[1 ~4]diazepino[6,7 ,1-hilindol-1-one (Example 159) (0.257 mmeol, 0.097g) in 10 mL

THF at rt. The reaction mixture was stirred for 42 h. The reaction mixture was

15 evaporated to dryness. The residue was taken up in 2N HC] and extracted with EtOAc

several times. The combined organic layers was dried over anhydrous MgSQ, and

concentrated to give a yellow oil which was purified by flash silica gel chromatography

eluting with a gradient of 0-3% MeOH in CHCI; to give 0.020g (23%) of a yellow

solid: mp = 173-175 °C; '"H NMR (DMSO-dg) & 3.45-3.52 (m, 2H), 4.034.08 (m, 2H),

20 5.64 (brs, 1H), 7.23 (¢, 1H, J = 6.0 Hz), 732 (t,2H, J = 9.0 Hz), 7.38-7.55 (m, 3H),

788 (d, IH, J = 6.0 Hz), 8.36-8.43 (m, 2H), 12.67 (br s, 1H); HRMS caled, for

CoHisNsOF (MY 346 1221, found (M%) 346. 1225; Anal. for (CaH,sN,OF.1.0
MeOH)C, H, N,
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found 330.1472. Anal. (C20H 8N40.0.7HzZO C, H, N. Exanple 105
1-f 4-Thi onor nhol i n-4-vl met hyl phenvll 8 9-dihvdro 7H 2 7 9a tnaza 1o
benzol cdl azul en- 6-one This conpound was prepared fromthe al dehyde in

Exanpl e 57 and t hi onorpholine using the procedure de ' ' anpl e 32;
i P I dee) " Bre 0. 1o (LENRREHESHAB™) &

off-white solid (79 %9: np = 266 C (dec);
(KBr) 1661, 1601, 1483, 1381 cm';'HNWR is (DVBO- d6) S 2.62-2.66 (m 8H),

3.52-3.53 (m 2H), 3.60 (s, 2H), 4.45-4.47 (m 2H), 7.35 (t, 1H J = 7.8
Hz), 7.49 (d, 2H J = 8.1 Hz), 7.81-7.90 (m 4H), 8.43-8.46 (m 1H). FIR\S

cal cd for CZbiR2NE. 14 g M), fQ 521. Anal.
(C2I H22NACS. 0. Z5H20) T - 10024 Redriiiranydrod A-benapledf 1 40d:
1- (2- p- Tol viyDeHei oidlacid mehvPestirhydro- 7H-2 7 9a-tri aza-

benzof cdl azul en- 6-one CH3 (a)' 2-p-Tol yl -t hi azol e-4-carbonyl chloride: s
Thi s conpound was prepared as generally described for 3-phenoxybenzoyl

chloride-in Exanple 6 from 2-(4-nethyl phenyl)-1, 3-thiazol e-4-carboxylic
acid to give guant) of a tan solid which was used ®ithout further

purificatio - 9= cat (Ph3P)ad, PhaP, Cul NH
+ EtzNH, DMF, rt, 19 h, 50%
! CO2CHj, N
n (Example 33) I ,
CO.CH3
PACla CHaCN
70-80 °C, 2.5 h, 88%
COZCH;
° (8 6-(5-0x0-2,34,5-tetrahydro-1H-benzole][1 4]diazepin-9-yly-hex-Symoic.  acid
methyl ester:

To a solution of the intermediate o (Example 33) (9.72 mmol, 2.80g) in 30 mL

DMF and 30 mL diethylamine was added tetrakistriphenyiphosphine palladium(0)
(0.194 mmol, 0.224g) tripheny! phosphine (0.0972 mmol, 0.025g), methyl-5-hexynoate

10 (Footnote) (36.94 mmol, 4.66g) and Cul (0.194 mmol, 0.037g) at rt. The reaction
mixture was stirred at ambient temperature for 19h. Upon completion of reaction as

indicated by TLC, the solvent was removed in vacuo. The residue was taken up in

e HyO ang extracted with EtOAc several times. The combined organic extracts was dried
over anhydrous MgSO, and concentrated to give a reddish brown oil whic.h was
15 purified by flash silica gel chromatography eluting with a gradient of 0-5% MeOH in
EtOAc to give 2.51g (90%) of a yellow solid: mp = 74-76 °C: 'H NMR (DMSO-d) &
1.78-1.87 (m, 2H), 2.43-2.54 (m, 4H), 3.24-3.28 (m, 2H), 3.48-3.52 (m, 2H}), 3.59 (s
3.H). 6.01 (brs, 1H), 6.54 (t, 1H, J = 9.0Hz), 7.29 (d, 1H, /= 9.0 Hz), 7.73 (4, IH, J =
9.0Hz), 804 (1, 1H, J = 6,0 Hz); HRMS caled, for CisH1sN,03 (M) 286.131‘7, found
20 (M) 286.1318.
(b) Title compound
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C, IR (KBr) 1765, 1470, 1007 canmi; 'H NVR (CDC13) S 2.42 (s, 311), 7.28 (d,
2H, J = 8.2 Hz), 7.89 (d, 2H, J =8.2 Hz), 8.41 (s, 1H). 10 (b) Title
conmpound: The conpound was prepared as described in Exanple 4 with
2-p-tolyl-thiazol e- 4-carbonyl chloride and CH2Cl 2 as e Wor k&)% gol vent to
give 0.055g (27% of white solid: np = 308-313 C Rf 8"%“*(95

MeOH Et OAc); IR (KBr) 1653, 1487, 1464 cm '; tH NWR (DI\/ISO4) 8 2.39 (s,
3H), 3.29-3.30 (m 2H), 3.65-3.66 (m 2H), 7.35is 7.40 (m 311), 7.89-7.92
(m 2H), 7.98 ( 2H, J =8.1 Hz), 8.46-8.48 (m 1H), 8.50 (s, 1H). HRMS
cal cd for C2oH,Flagamsedorides®. 4(1&’IE)|molt OWTdg36es 324 10 A& ution of 6-(5-Oxo-

C20Ht 6N40S.

(1 (g p- Tol vl Qb?r%% ch soxgzNJ&FzE(gaﬁfjlfdﬁug’%nghhﬁ-?w@c Aci@ andthyl az@r (R85

b f cdl mamp] id SEm2AHNeve B C r epar ed
£rom the glzg.g;b 39? mple 2) and 3- (49%@‘”%@&%}@ TR #8E, BlseP

2; 1- benzi sox %ISQR@ Ea‘f’%?alf%wdeamslﬂw mhéuqormeguﬁﬁedj tafediin Expnpl e

Er org Doy roib@etapy uridiPyith £ phatnd o SASHON ERA: (osbendty (B 43 (s,

Et OAc/ hexanes

311), 3. 54- 30G6yellaw salil: ;mp = 175-176 °C; lHNMR(DMSO‘dﬁ)S 1.86-1.98 (m, 2H), 2.43 (1,
2H, J = 6.0 Hz), 2.75 {t. 2H, J = 6.0 Hz), 3.52-3.54 (m, 2H), 3.57 (s, 3H), 421 (brs,
2H), 6.34 (s, IH) 7.07(t, 1H, J = 60Hz),765(d 1H,J=60Hz),7.75(d, 1H,J =
6.0 I-Iz) 823 (t, 1H,7 = 6.0 Hz); HRMS calcd. for CieHi1gN20; (M) 286.1317, found

10 (M‘) 286 1310 Anal (C16H|3N20300 25 H?O) C H N.

Example 162: ( E)-5-Methvl-6-( S-0x0-2.3.4.5-tetrahvdro-1 H-benzolell1 .41&iazepin-9-

yh-hex-5-enoic acid

o
KoCO4q, MeOH, HO NH
1t, 24 h, then HCI, 95% >
N
15 COsCH3

Potassium carbonate (43.32 mmol, 5.987g) was added to a soluuon of Example
161 (7.22 mmol, 2. 066g) in 200 mL MeOH (gently heated with a heat gun to get it in
solution) and 100 mL H;O. The reacuou mixture ‘was stirred at rt for 24h. The MeOH

was removed in vacuo and the residue was taken up in H;0 and extracted with EtOAc.
20 The aqueous layer was made acidic (pH 0-1) using 2N HCl when the product
precipitates out of solution as a white solid. The solid was filtered, washed with H,O
and dried (1.878g; 96%). The product was used without further purification: mp = 257-
259 °C; 'H NMR (DMSO-dg) § 1.83-1.93 (m, 2H), 2.33 (t, 2H, J = 6.0 Hz), 2.75 (t
2H, J = 6.0 Hz), 3.52-3.56 (m, 2H), 4.22 (br 5, 2H), 6.34 (s, 1H), 7.07 (¢, IH, J = 6.0
25 Hz), 7.65 , IH,J=6.0Hz),7.75 (4, 14, J = 6.0 Hz), 8.23(t, 1H, J = 6.0 Hz), 11.98

(br s, 1H); HRMS caled. for CisHgN,0;, M™H 272. 1161, found M) 272.1151.
Example 163: 7-( 1Hvdroxv-ethvl i i

-hilindol-1-one




4.59-4.61 (m 2H), 7.39 (t, 1H, J = 7.8 Hz), 7.47 (d, 211, J = 8.1 Hz),
7.82-7.95 (m 411), 8.11 (d, 2H, J = 8.2 Hz), 8.49-8.52 (m 2H) . HRMVS
cal cd for C24H18N402 394.1430 (Mm+), found 394. 1446. Anal.

(C24H18N402.0.5H20) C, H, N. to Exanple 108:
1-f 6- (4- Chl or o- phenyl sul fanvl ) pyridin 3 vll 8 9-di hvd¥oNoygmber 2§93

triaza-benzof cdl azul en-6-one C1 This conpound was prepared fromthe di am ne
g (Exanple 2) and 6-[(4- chlorophenyl)sul fanyl]nicotinal dehyde using the
procedure described in Exanple 19; is yellow solid (61 %: np = 280-284 C
(dec); Rf = 0.21 (90% Et CAchhexanes); IR (KBr) 1669, 1586, 1387, 1013 cni;
"H NVR (DVMBSO-d6) S 3.50-3.5% 211), 4.43- 4.45 (m 2H), 7.21 (d, 1H J =
8.4 Hz), 7.37 (t, 1H, .8 'Nz), 7.60 (d, 2H, J = 8.6 110 24- November
2003 Hz), 7.68 (d, 2H, .6 /Hz), 7.86-7.93 (m 2H), 8.12-8.16 (m 1H),
8.45 (t, 1H J = 5.7 Hz N (d, 1H, J = 1.7 Hz). HRVS cal cd for '
C21H, 5NA0SC1 406. 0655 ( found 406.0651. Anal. (C21H, 5N40SCLl. 0. 2H20) " C,
H N s ExanDl e 109:Hg#=&5- (6- Ox0-6.7.8.9-tetrahvd-, 0-2.7 -
Q9a-triaza-benzof cdl azul efpd - vi ) nVri di n- 2- vl oxyl - benzonitrile N This

conmpound was pr red fromthe diamne g (Exanple 2) and 4-[(5-fornyi-2-
I?d?l%wmg the procedure to prepare Example 157, the product was synthesized

from 1-oxo-l,2.3,4-tetrahydro—[I,4]diazepino[6,7,l-hi]indole-?-carhaldehyde oxime
(Example 45) in 69 % yield. Yellow solid: mp = 295-297 °C; 'H NMR (DMSO-dy) &

5 147 (d, 3H, J = 6.0 Hz), 3.50-3.55 (m, 2H), 4.29-4.31 (m, 2H), 4.95 (d, 1H, J = 6.0
Hz), 4.97-5.03 (m, 1H), 7.10 (t, 1H, J = 6.0 Hz), 7.25 (s, 1H), 7.81 (d, 1H, J = 6.0 Hz),
7.86 (d, 1H, J = 6.0 Hz), 8.25 (t, 1H, J = 6.0 Hz); HRMS caicd. for Cy3H;4N20, (MY
231.1134, found (M*) 231.1143: Anal.( Ci3H4N;0,) C, H, N.

10

o) o '
NH
o-iodoxybanzoic acid NH
DMSO, ., 25h, 75%
. N N >
OH Y
163

o-lodoxybenzoic acid (Frigerio, et al., J, Org. Chem. 1995, 60, 7272) (2.217
mmol, 0.621g) was added to a solution of 7-( 1-Hydroxy-ethyl)-3,4-dihydro-2H-

15 [1,4]diazepino[6,7,1-ki}indol-1-one (Example 163) (0.739 mmol, 0.170g) in DMSO (8
mL) at rt. The reaction mixture was stirred at 1t for 2.5h. The solvent was removed in

vacuo and the residue was taken up in EtOAc and washed with 5% NaS$,0y/ 5%
NaHCOs, H,O and brine. The organic layer was dried over anhydrous MgSO, and
concentrated to give an orange solid. The solid was purified by flash silica gel
20 chromatography eluting with a gradient of 0-5% MeOH in CHCl; to give 0.094g
(75%) of a pale pink solid: mp = 285-287 °C; 'H NMR (DMSO-dg) § 2.42 (s, 3H),
3.56-3.61 (m, 2H), 4.44 (br s, 2H), 7.32 (¢, 1H, J = 6.0 Hz), 7.92 (d, 1H, J = 6.0 Hz),
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I 0o pyridinyl)oxy]benzenecarbonitrile using the procedure described in
Exanple 19; white solid (95 %: np = 281-288 C (dec); Rf = 0.24 (5%
McOH Et OAc); IR (KBr) 2228, 1669, 1603, 1258 cni 1; 1H NWR (DVSO d6) 8
3.54-3.55 (m 2H), 4.46-4.47 (m 2H), 7.35-7.42 (m 2H), 7.44 (d, 2H, J =
8.8 Hz), 7.86-7.91 (m 2H), 7.95 (d, 2H, J = 8.8 Hz)2+Howmoler2008m | H),
8.46 (t, 1H, J = 5.7 Hz), 8.65 (d, 1H, J = 12.0 Hz). HRMB is calcd for
C22H15N502 381. 1226 (M), found 381.1211. Anal. (C22H,5N502.1.2H20) C, H,
N. Exanple 110: 6-Oxo-6 7 8 9-tetrahvdro-2 7 9a-triaza benzofcdl azul en

1- car boxy! i c8-48®4# 16mn AH)a HRMS 26l diH H cAHERGOR R PRRoe. %gﬂm5 C,

92% 111 24- W[ 2

6- Oxo0-6, 7,8,9-1Te raﬁﬁagéﬁg}fﬂ?@&%ﬁ’&a- benzo[ cdj azul en-1| - carboxylic acid

ethyl ester (Exanple 74) (0.07g, 0.27 mml) was dissolved in 0.91111.

MeOH.- Benzylamne (0.74 m, 6.75 mvol) was added to the reaction foll owed
0 *

for 3 how s.p; 'H@ol-sl%n\éent S were ﬁ@&f@%_mildmgmngfﬁg?l-

0
NH

HaC
/N
HO

The product was prepared fromAExampIe 164 using the prdccdure 1o prepare

_ Example 90 in 68% yield as a pale yellow soljd: mp = 238-240 °C; 'H NMR (DMSO-

10 | ds) 8 2.16 (s, 3H), 3.56 (br s, 2H), 4.36 (br s, 2H), 7.19 (t, IH, J = 6.0 Hz), 7.77 (s,
1H), 7.87 (4, 1H, J = 6.0 Hz), 8.33 (t 1H, J = 6.0 Hz), 8.38 (d, 1H, J = 6.0 Hz), 10.67

(s, 1H); HRMS caled. for CisHsN30, (M9 243.1008, found (MM 243.0997,
Anal.(Cj3H;3N30,) C, H, N.

15 Example 166: 7-( I-Hvdroxv-l-Dhenvl-methvl)-3,4-dihydm-2H_nmdiachinomj i-

hilindol-1-one

OH
. Following the procedure to prepare Example 157, replacing methyllithium with
phenyllithium, the product was synthesized from I-0x0-1,2,3 4-tetrahydro-
20 [1,4]diazepino[6,7,1-hi]indoleJ-carbaldchyde oxime (Example 45) in 74 % yield as a
yellow solid. mp = 178-180 °C; 'H NMR (DMSO-d;) § 3.51-3.52 (m, 2H), 4.28-4.29
(m, 2H), 5.70 (d, 1H, J = 6.0 Hz), 5.96 (d, 1H, J = 6.0 Hz), 7.05 (t, 1H, J = 6.0 Hz),
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s renoved in vacuo, and the crude subjected to flash silica gel

chromat ography, (1% MOH EtOAc) to give 0.08g (92% of a white crystalline
solid: nmp = 247-250 C; R = 0.32 (5% MOH/ EtOAc); IR (KEr) 1680, 1537,
1466, 758 cm'; 'H NVR (DMBO d6) 8 3.58-3.59 (m 2H) .47 (d, , J = 6.4
Hz), 7.21-7.38 (m 511), 7.44 (t, 1H, J = 7.8 Hz), )24 ol er(Zr‘?ygl‘gizH),
8.43-8.47 (m 1H), 9.62 (t, IH J = 6.5 Hz). HRVS calcd to for ClsH 6NdQ2

320. 1273 (Mm+), found 320.1276. Anal. (G $H 6NAOr0.2H20O C, H, N Exanple
111: 3-4-6-%%(6 7 8 9-tetrah dro-2 7 9a-tri aza-benzo ¢ azulen-1- t -
|'_

benzvl ami no - 11722 (s LHN7190 (T2 7o ar t he

al dgxyde I &1l 65%?3\% ? ) opgro:)iisoni tr?#zd{é}?ﬁdgaﬁﬁz%&@gégw@
descri bed i? %);hénnpl &V ST @ggpf 6.03dz); 8.241it, AR 08= BYHE); HRMS Q@5 (5%
McOH/ Et QAc) fort 202 16041, mt: ' H NVR (DVBO-4) 8
> 61-2. 65 | Hﬁomﬁo%’ﬁ? S R 2829008 £ oMo 025000021
4.45-4. 47 ( 1), 7.35 (t, 1H, J = 7.8 Hz), 7.54 (d, 2H J = 8.2 Hz), -
7.82 (& 2H, J = 8.2 Hz), 7.84-7.91 (m 211), 8.43-8.47 (m 111). HRVS

calcd for C20H 9N50 345. 1590 (Mt), found 345.1586. Anal .
( C20H 9N50.4% 67C7-(H

-hilindol-1-one

Following the procedure to
prepare Example 164, the product was synthesi
s 1zed
from Example 166 in 80 % g

yield as a pale yellow solid, mp = 229-230 °C; 'H NMR
10 (DMSO-dg) 8 3.58-3.61 (m, 2H), 4.47 (br $ 2H), 7.40 @, IH, J = 6.0 Hz), 7.52-7.65
(m, 3H), 7.79-7.82 (m, 2H), 7.98 (d, 1H., J = 6.0 Hz), 8.08 (s, 1H), 8.44 (1, IH, J = 6.0

Hz), 8.51 (4, IH, J = 6.0 Hz); HRMS caicd. for C[3H|4N202 oY 290.1055, found
o 290.1042; Anal.(ClgH14N202) C,H,N.

1s E : yD-3, y
xample 168: 7-( l-Hvdroxvimino-]-Dhenvl-meth 1)-3.4-dihydro-2H-

i 1,4|diazegino| 6.7.1-hilindol-1-one

/
HO

The product was prepared from Example 167 using the procedure to prepare

Example 90 in 76% yield as a pale yellow solid: mp = 263-265 °C; 'H NMR (DMSO-

20 ds) 83.51 (brs, 2H), 3.60 (br s, 2H), 4.29 (br s, 2H), 4.45 (br s, 2H), 6.97-7.04 (m,
3H), 7.24 ¢, IH, J = 6.0 Hz), 7.34-7.46 (m, 10H), 7.82 (d, IH, J = 6.0 Hz), 7.89-7.93

(m, 2H), 8.31-8.36 (m, 3H), 10.74 (s, 1H), 11.37 (s, 1H); HRMS ’calcd. ;°or
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25 Exanple 112. |-Trifluoronethvl-8 9-dihvdro-7H 2 7 9 a.a benzol cdl azul cn
6-one 112 24- Novenber 2003 (CF3CO 20, pyr. it. 72h, 18% NH2 S g The
product was prepared intermediate g and trifluoroacetic anhydride usi ng

CH2C12 as the workup soI vent to give 0.26g (18% of gé/&) I
277281 C (dec): R = 0.18 (75%Et OAc) hexanes): IR (B °¥’§E§§‘d°§809 1474,
1123 cm1: 1H NMR (DMBO-4) 8 3.66-3.71 (m 2H). 4504 b (m 211), 7.50

(t, 1H, J = 7.8 Hz), 8.03-8.09 (m 2H), 853 (t, IH J =5.5 Hz). HRVB
calcd for C, 1HBN3OF3 255.0619 (M), found 255.0610. Anal. (C1

H8N3COF3. 0. 1€ 0, BVINB051Q 9
LII hvdro7H 2 lzfg]gsr?n;za benzgl[ﬁ)é%@zﬁlﬂs 117&%3?@]8@@1\,3{) 0. %O&IE)HB

Example 169: 4-(9-Fluoro-1 -0x0-1.2 3. 4-tetrahvdro-f1 Adiazepino[6.7.1-kilindol-6-
s yh-benzaldehyde

F. F
NH ’“ . 60- 70 '60-70 °C, 88% N I, 79%
H
i
o)

H=—=--TMS cat. choa H
cat. {PhaP),Pd, Cul MeOH 97%
DMF, EtoNH, tt, 74% H

SHCHa)y

O _PACl. CHACN. F NH
> 70-80°C, 85% . >

H

E—-@—cﬂo F

cat. (PhgP),Pd, Cul
DMF, EtNH, tt, B4%

CHO

This compound was prepared using the procedures described in Example 33

and 81, starting from 4-Fluoro-2-iodoaniline (Beugelmans, et al., Bull. Soc. Chim. Fr.,
10 1995, 132, 306).

(a) 3-(4-P1uoro-2-iodo-phcnylamjno)-propioru'c acid:
pale purple solid (67%); mp = 163-165 °C; 'H NMR (DMSO-d;) § 2.50-2.54
(m, 2H), 3.27-3.33 (m, 2H), 4.72 (t, 1H, J = 6.0 Hz), 6.61 (dd,1H, J = 9.0 Hz, 3.0 Hz)

15 7.06-7.12 (m, 1H), 7.52 (dd, IH, J = 9.0 Hz, 3.0 Hz), 12.27 (br s, 1H); LCMS M +
H) 310.
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The product was prepared follow ng the procedure in Exanple 110 using is
nor phol ine and EtOH as the reaction solvent to give 0.056g (33% of an
off-white solid: np = 271-274 C (dec); Rf = 0.08 (5% MOH Et QAc); IR (KBr)

1657, 1462, 1219, 1111 cm; 'H NVR (DVSO d6) 8 3.58-3,
1H, Jﬁiﬁg‘.’%%&?gz-r%

3.69-3.70 (m 6H), 5.74- 5.75 (m 2H), 7.40 (t,

(m 2H), 8.43-8.45 (m 1H). HRMS calcd for C15H 6N403 300.1222 (M+), found

300.1230. Anal . (C15H 6N403.0.4H20) C, 20 H, N Exanple 114: 1 - 1-Benz

| - 6- oxo-1 G-Si dro- 'din-3- 1 -8 9-dih dro-7H2 7 GA 1 13 24 Novenber 2003

NH 0 (a) 1-@ ﬁ;@?qretﬁt@dt@-ﬁthﬂdﬂmdﬂm%né-car bonyl chloride This acid

chl ori de was pr d cribed in Exanple 106 fronl - benzyl -6- s

0x0- 1, 6- di hydro-%%-ﬁé‘;?/’rsu"@ﬁrfg@g%m;ﬂﬂ&ldai“& 'H NMRNDMSOLYS 5. 3.6 7@3 white
| R(KBr) %’720, °1'67'f, 23 cm

solid was 2HBeB48i3S10uh r I fif i i.Qn:
', (b) Title ound: Tz;ll-fe)' ?:'g@n‘s%ﬁd%ﬁ%@ﬂg*éd" 84, d8ddz)i B8A (I 1FxAl e 4
frominter @813 3§ Hal d.CMB@V yw Hypopx0- 1, 6- di hydr o- pyri di ne- 3- car bony|

chloride (reaction tine = 72 h)
(c) 7-Fluoro-9-iodo-1,2,3,4-ter.rahyd:o-benzo[e][ 1,4]diazepin-5-one:
pale yellow solid (79%): mp = 138-140 °C; 'H NMR (DMSO-ds) § 3.22-3.29
(m, 2H), 3.43-3.47 (m, 2H), 5.29 (br s, 1H), 7.50 (dd, 1H, J = 9.0 Hz, 3.0 Hz), 7.75
(dd, 1H,7=9.0,30 Hz) 8.29 (brs, 1H); LCMS M" +H) 307
10
(d) 7-Fluoro-9-u'imethylsilanylethynyl-1,2,3,4-tetrahyd:o—benz'o[e]{1 J4]diazepin-5-one;
yellow solid (74%); mp = 150-152 °C; 'H NMR (DMSO0-dg) § 0.24 (s OH), 3.25
3.31 (m, 2H), 3.49-3.53 (m, 2H), 5.83 (¢, 1H,J = 6.0 Hz), 7.28 (dd, 1H, J =9 0, Hz,J

L] ] sy . IIZ) 8.2; (t, lH, J -_— '; M o+
. .0 HZ), LCMS (M+ I‘D

(e) 9-Eﬂ1ynyl-7—ﬂuoro—1,2.3,4-ten'ahydro-benzo[e][1,4]diazepin-5-one:
yellow solid (97%); mp = 142-144 °C; '"H NMR (DMSO-ds) & 3.24-3.28 (
-24-3.28 (m,
2H), 3.45-3.50 (m, 2H), 4.63 (s, 1H), 6.07 (¢, 1H, J = 6.0 Hz), 7.32 (dd, 1H,J =90

20 3.0HZ) .54 (dd, I1H J=90,/=3 ] = +
, 7.54 ' U, J = .OHZ), 8.25 (L1H,J =6 ;
| .0 Hz); LCMS o H)

(® 4-(7-Fluoro-5-0x0-2.3 4 S-tetrah
s, 4,5~ ydro-lH-benzo[e][l,4]diaze in-9-yleth -
benzaldehyde: PR

25 bright yeliow solid (84%); mp 228-230 °C; 'y NMR (DMSO-ds) & 3.29.3.32
(m, 2H), 3.52-3.54 (m, 2H), 6.31 (1, IH, 7 = 6.0 Hz), 7.45 (dd, IH, J = 9.0 Hz .J = 3 0
Hz), 7.60 (dd, 1H, J = 9.0 Hz, 3.0 Hz), 7.88 (d, 2H, J = 9.0 Hz), 7.96 (d, 2H ,J = 9.0
Hz), 831 (¢, 1H, J = 6.0 Hz), 10.03 (s, 1H); LCMS (M + H) 309, o
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to using CH2C12 as the workup solvent; tan solid (36 %9: nip = 265-269 C
(dec); Rr = 0.34 (10% McOH/ CHCI 3); B2 (KBr) 1671, 1618, 1508, 1142 cmr; 'H
NVR (DMBSO 4) 8 3.52-3.53 (m2H), 4.43-4.44 (in, 2H), 5.23 (s, 211), 6.70
(d, 1H, J = 9.5 Hz), 7.29-7.40 (m 6H), 7.81-7.85 ( 7.90-7.94 (in,
1H), 8.44-8.47 (in, 211). HRMB calcd for C22Hi gmoz%éwﬁﬁlﬂfe’ . found
370.1430. Anal. (C22H SMA2.0.4H20) is C H N Exanple 115:

1-f4- Met hvl - oi perazi ne 1-carbonyll 8 9 di hvdro7H 2 7 9a triaza
benzof cdl azrﬁé 6-one 20 114 24- Novenber 2003 The product was prepared
i efép BE¥BRREY n Exanpl e 110 .using 1- methyl - pi perazine and Et CH

follow ng t
as the reactlon sol vent to give 0.09g (47% of a white solid: np = 311- 316

C (dec); Rf = 0. e yallyw slidii8EHEHE) = 2181450 1h @g@b 9 25 cm ' ;

"H NVR ( DVEGg:, 36 25%@ G348 3n§73

3.59:3. (71 ?ﬁgi‘ﬁ“‘%@z@%m 7;58405%1 JE.0)3.6 HE),%.4%0dg ( M+ .98
211 8.0/8z) ™86 R HL9N502 313 1559

gg]und 3)13 2%, nal)( C%Héﬁsoz gﬁgﬁ%)@czfﬁ? RO 1y &R @, LG = %0)

4- 1 5- =0Xo0- fseiﬁb S ed)130paza benzor cdl azul en [BI Z

. Ex .
ample 170: 6-(4-Dunethvlannnomethyl-nhenvl)— 9-fluoro-3 4-dthdl'0-2H-

| 1,4ld1azepmo| 6,7.1-kflindol-1-one

N(CHg),

w0 This compound was prepared from 4-(9-Fluoro-1-0xo-] »2,3,4-tetrahydro-
(1,4)diazepino[6,7 ,1-hi]indol-6-yl)- -benzaldehyde (Example 169) as described in
Example 82 in 91% yneld as a pale yellow solid, mp = 172-174 °C; 'H NMR (DMSO-
ds) & 2.18 (s, 6H), 3.45 (s, 2H), 3.47-3.52 (m, 2H), 4.30-4.33 (m, 2H), 6.69 (s, 1H),
743 (d, 2H, J = 9.0 Hz), 7.51-7.61 (m, 4H), 8.54 (t, 1H, J = 6.0 Hz); HRMS calcd. for
15 CaoHaoN3OF (M™) 337.1590, found (M) 337.1580; Anal. (C20H20N;0F) C, H, N.

Example 171: 1-[4.(2 5-Dihydro-pyrrol- =1-vimethvl)-phenvi]-8 .9-dihydro-7H-2.7 9a-

Iriaza-benzolcdlazulen-6-one
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10 p tidin-2-vloxvl-benzamde CN O~ -CONH2 109
4-[5-(6-xo0-6,7,8,9-tetrahydro-2,7,9a-tri aza-benzo[ cdl azul | een--1-yl)-pyrid
i n-2- yloxyj-benzonitrile (Exanple 109) (0.10g, 0.26 nmol) was dissolved in
EtOH is (0.26m). 30% H2O2 (0.16nmL) was added foll CO3
(0.52nL). The reaction was stirred at room tenperat U%QS@%@%?TM

sol vents were then renoved under reduced pressure, and the residual solids
washed with water to give 0.042g (46% of a white solid: np = 244-248 C
(dec); RF =0.39 (10% MOH EtCAc); IR (KBr) 1684, 1593, 1462, 1260 cnm'; 'H
NVR (DMSO-4) S 3.55-3%6 (m 2H), 4.46 20 4.4 (m 2H), 7.27-7.40 (m 5H),
7.86-7.99 (m 5H) NH 38 (m_1H), 8.45:8. m 1H), 8.63-8.64 (in,
1H). HRVB calcd f z‘:y FEISSDMA31 f olnd s@@?@%&%- Anal .

(C22H, 7N503. 1. OH2  NTExanpte=117: rigvel or32 BT _1dec i vl 8 9
di hydro-7H 7 9a tringzal 2s benzbrcdl azul enk-6None 115 24- Noverber 2003 The
product was prepared follow ﬂg t he procedufe\fromdianiine g and

1- adamant ane- g

OH
§8a H .
o) O
NH  DMso, EtgN, t NH
N
. -3
28%
171a c 7 L N(j
(58a) 1-(4-Hydroxymethyl-phenyl)—8,9-dihydro-7H—2,7,9a—tﬁaza-

benzo[cd)azulen-6-one,
5 An alternative method for the preparation of Example 58a is to react diamine -
intermediate g (from Example 2) with 4-hydroxymethyl-benzaldehyde [prepared from

sodium borohydride and terephthalaldehydc-mono—diethyl acetal] according to the
procedure used in Example 19,

10

(171a) l-(4-Chloromcthyl—phenyl)-s,9-dihydro-7H—2,7,9a-trjaza-
benzo[cd)azulen-6-one

This compound was prepared by reacting 500 mg (1.7 mmol) of alcohol 58a,

suspended in 25 mL of acetonitrile with 4 equivalents of thionyl chloride. After

15 complete conversion as determined by HPLC analysis the reaction was concentrated in

vgcuo and the crude benzylchloride was without further purification. HPLC Rt =
3.060 min. ' )
(171) Title compound
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s carbal dehydel, heating the reaction mxture to 135 C overnight to give
0.12g (62% of a white solid: rap = 304-306 C, Rf = 0.21 (90%
Et OAc/ hexanes); IR (KBr) 2906, 1656, 1491, 1462, 1308 cm 4;'H NVR ( DMSO- 4)

S 1.72-1.95 (in, 6H), 2.07-2.14 (m 311), 2.26-2.27 61 8- 3. 66
(m 211), 4.80-4.87 (m 2H), 7.24 (t, 1H, J = 7.8 H 9Yei%‘%éi.2§§§(m 2H) |
8.34-8.38 (m 1H). HRMS cal cd for C20H23N3O 321.1841 to (M+), found
321.1842. Anal. (C20H23N3O C, H, N Exanple 118: 1-(6-Chloro-pyridin-3 yll
8 9-di hydro7H 7 9a triaza benzol cdl azul en-6-one is Cl The desired was

prepared fr ofENFRALMBROSEDUREFCR BENEYILCHDORAD mﬁ[ﬁel{:‘w
hydr ochl ori d %ﬁutgo%s?:” bed |€agxamgi?ro GrE;c(l) %Ie : of an
of f-white so f crode QMMIMHIQAQ)(E HHRadIKR )
1650, 1466 dq’ﬂmlsm 31 3-phblibiVR , 4. 47-4. 49
(in, 7 B9 P a0 i%’%f;% isil e&hmnﬂzr)”migf) (dd,
1H, J = 8 0, stmdgtsrt(&dﬁ hbhts The cfude, reakuQnHE& rure v O&f}, l}'%!,%&? 2003
8.34 (dd,. 1hy e %ﬁﬁ %5@%[? 8 50 (m 1H), 8. 89% fig .2
Ho). HRVE  codl edorerePadye REo Ehe| apmacpriate ofiaetiond Sw6@8mbiedl and( G SH
NACCL. 0. 1H2Ojeutralizetwifd. 50% NaOH soluuon The product was extracted with EtOAc (x5) to

give 36.2 mg (28%) of an off white solid. ~Subsequently, most compounds were

concentrated directly from the HPLC fractions and will contain some fractional percent
. of TFA.

i

10 H NMR (DMSO-d,) & 3.45-3.58 (m, 6H), 3.88 (s, 2H), 4.43-4.49 (m, 2H), 5.83 (m,
2H), 735 (¢, 1H, J = 7.8 Hz), 7.53 (d, 2H, J = 8.1 Hz), 7.81-7.90 (m, 4H), 8.41 (br s,
1H). HPLC Rt = 2.448 min. HRMS calcd for C21H21N4O 345.1715 (M+H)", found
345.1699. Anal. (C2|H2'0N40-0.25 EtOAc) C, H, N.

15 | Examnie 172: 4—F1u9r9~1-[4-(3-hvdroxv-nmolidin-1—vlmethvl)-Dhenv11-8.9-dihvdro-
- 1H-2,7.9a:triaza-benzolcdlazulen-6-one '

i o] - o] 0
NOBF, F\Q)\‘ﬁ _tBuoNo HNCHCH;NH, F NH
NH,  MeNO,o0°C NH, CuBrz CH,CN DMA, 100*C ﬁ\\:)
NO, NO, H
1728 172b 172¢ K

o}

1) Hp, 10% PdC F N SOCl,, CHyCN F. - "
: DMS
2:) NaHSO;, DMF &t ’) O.DIEAR J}
100 °C N
H mjo“

a7 >
. 1724 172 g/

Alternate method for formation of intermediate k (from Example 18) and Example 97.

20 . (172b) 2-Amino-5- ~fluoro-3-nitro-benzoic acid methy! ester
T.o a solution ‘of nitroso tetrafluoroborate 475 g, 358 mmol) in 250 mi of
nitromethane at 0 °C, was added methyl 2-amino-4-fluorobenzoate (Rodriguez, US
Patent Publication No. 3,949,081) (5.50 g, 32.5 mmol). The reaction was stirred at
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E 5 xanple 119: 1- 4-Imd 1 a 1 benzorcdl azulen-6-one zo - 1 hen |
-8.9-dih dro-7H 2.7 9a-triaza cN This conpound was prepared fromthe
diam ne g (Exanple 2) and 4-(1H i m dazol -1 3.0 yl)benzal dehyde usi ng t he

procedure described in Exanple 19; off-white solid ( 0
(dec): Rf = 0.11 (7% McOHICHCI 3); 1R (Jar) 1640, 148%54"{%\?216&[)39%9 1061
7.16 (s,

cm's. "H NVR (DVSO-d6) S 3.54-3.55 (m 2H), 4.50-4.51 (m 2H),

1H), 7.35-7.40 (m IH, 7.87-7.93 (m 5H), 801 (d, 2H J = 8.5 Hz), 8.43
(s, IH, 847 (t, IN J =56 Hz). HRVS calcd for O 9H 5N50 329. 1277 (M),

found 329. 13-@@_“4\&% 20) C, H N Exanple 120----' 4
2-H droxv- et hox - rafﬁééﬁ@ g‘“ﬁﬁaﬁq’y%l@ %@EF*‘F‘I'%PZWS then goncenirated knsh- 6- one
117 purified by smca gel chromatography (10-25% EtOAc/Hex) to give 5.05 g of product

(72%)

1

HNMR (CDCl,) § 3.95 (s, 3H), 8.04 (dd, 1H, J = 8.4,3.2 Hz), 8.15 (dd, 1H, J = 8.4,

s 3.2Hz),8.32 (brs, 2H). LRMS (m/z) 199 (M-CA3).

(172«:) 2-Bromo-5-fluoro-3-nitro-benzoic acid methyl ester
This compound was prepared from 2-amino-5-fluoro-3-nitro-benzoic acid methyl ester
according to the procedure described in Example 2 for the intermediate b’. Obtained
10 4.02 g (100%).
'H NMR (DMSO-4) § 3.90 (s, 3H), 7.99 (dd, 1H, J = 8.3, 3.0 Hz), 8.30 (dd. 1H, J =
7.7,3.0Hz). HPLC Rt = 4.384 min.

k) 7-Fluoro-9-nitro-1,2,3,4-tetrahydro-benzo[e][1,4]diaz.epin-5-one
15 This compound was prepared from 2-bromo-5-fluore-3-nitro-benzoic acid methyl ester
according to the procedure described in Example 2 for the intermediate f. Obtained
2.20 g (68%).

See Example 18 for compound characterization.

20 o7 4-F1uoro—1-(4-hydroxymethyl-phenyl)—8,9-dihydro—7H—2,7,9a-u'iaza-
benzo[cd)azulen-6-one |

This~ ~ compoond ~ was prepared  from  7-fluoro-9-nitro-1,2,3 4-tetrahydro-
benzo[e][1 -4]diazepin-5-one, via reduction to intermediate | (Example 18), and 4-
hydroxymethyl—bcnzaldehyde using the procedure described in Example 171.

25 See Example 97 for compound characterization.

Preparation of Example 172.
(1723) -(4-Chloromethyl-phenyl)—4—ﬂuoro-8 ,9-dihydro-7H-2,7 9a-triaza-
benzo[cd)azuien-6-one
30 This compound was prepared from intermediate 97 and thionyl chloride using the
procedure described in Example 171 for 171a,
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24- Novenber 2003 OH The conpound was Prepared fromdiam ne g and 4-(2-
hydr oxyet hoxy) benzal dehyde as descri bed in Exanple 19 except upon renoval
of the solvent during workup, the residue was dissolved in CH2Cl 2/ H20. The

aqueous | ayer s was Separated, and the product cryst .zed ou on
standing. The solids were filtered and washed wth \?%{'gfweﬂ%erf%obgd to give

0.89g (60% of a yellow fibrous solid: rap = 253-254 C (dec); Rt = 0.01-
(5% McOH Et OAc); IR (KBr) 1666, 1481, 1310, 1256 cml; '"H NWVR (DMSO-4) S
3.52-3.53 (%ELZH% 3.75-3.76 (m 2H), 4.07-4.11 (m 2H), 4.43-4.45 (m

2H), 4.85-48FLQRt =860 min13 ((:, 2H, J = 8.8 Hz), 7.33 (t, 1H, J =to 7.8
Hz), 7.78-7.87 (m 4H), 8.40 (t, 111, J = 5.7 Hz). HRMS calcd for

C, sH, 7N303 323.1270 (M), found 323.1268. Anal. (ClsH 7N303.2.0H20) C, H,
N. Exanple 121. {724 TitRdohBhiyy! am no-nronoxv) phenvll 8 9-di hvdro-7H 2 7
9a tnaza benzol cdl azul en-6-one is The conpound was prepared fromdi am ne g

and 4-[3- diFstIoyPaRRh R PIPERY foarbealeyss £Hq L bed p(r%ei : Ex:ggma 2 10
using_ CHEL3 aagnblfin MOLID 170! WAL oot L & SO e -
177178 ©  fesed TSE%)% , With exception of suostituting DIEA for Ei;N. Received
73.3 mg (43%) '
1
H NMR (DMSO-d,) § 1.48-1.62 (m, 1H), 1.98-2.05 (m, 1H), 2.37-2.39 (m, 1H), 2.48-
2.53 (m, 2H), 2.63-2.75 (m, 2H), 3.54-3.74 (m, 4H), 4.16-4.28 (m, 1H), 4.36-4.51 (m,
| 2H), 4.63-4.72 (m, 1H), 7.51 (d, 2H,J=8.0 Hz), 7.59 (dd, IH, J = 10.6, 2.6 Hz), 7.72
10 (dd, 1H, J = 10.6, 2.6 Hz), 7.81 (4, 2H, J = 8.0 Hz), 8.54-8.58 (m, IH). HPLC Rt =
2.532 min. HRMS calcd for Ca1HoFN, 05 381.1727 (M+H)*, found 381.1717. Anal.
{C21H2/FN40,-0.25 H,0)C, H, N.

E.xamnle 173: 1-[4-(¢ 2R)~2-Hvdroxvmethvl-nvrrolidin- 1-yimethyl)-phenvil-8.9-
15 dik dro-'_?H-2 7.9a-triaza-benzolc. azulen-6-one '

o]
NH

N=
OH

&

This compound was prepared from intermediate 1712 and the appropriate amine using
:hc procedure described in Example 171. Received 54.3 mg (41%)
H NMR (DMSO0-4,) § 1.53-1.95 (m, 4H), 2.07-2.33 (m, 1H), 2.55-2.93 (m, 2H), 3.35-
20 3.59 (m, 5H), 4.104.31 (m, IH), 4.42-4.53 (m, 3H), 7.35 {t, 1H, J = 7.8 Hz), 7.56-7.71
(m, 2H), 7.80-7.90 (m, 4H), 8.40-8.43 (m, 1H). HPLC Rt = 2.401 min, HRMS ca;cd

for CpH,sN40, 377.1977 (M+H)*, fou
. + found 377.1989. Anal, (CyHoeN,0--0.2
0.40 TFA) C, H, N. RS
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20 net hanolic amoni a/ CHC13); IR (KBr) 1650, 1483, 1380, 1254 cm1; 1H NMR
118 24 Novenber 2003 (DMBO-c4) S 1.84-1.93 (m 2H), 2.18 (s, 6H), 2.38-2.43
(m 2H), 3.52-3.53 (m 2H), 4.10 (t:2H J = 6.4 Hz), 4.42-4.45 (m 2H),
7.11 (d, 2H J = 8.8 Hz), 7.33 (t, 1H J = 7.8 Hz), J =288
Hz), 7.82-7.87 (m 2H), 8.38-8.42 (m 1H). HRMB cal P Wty 2iga) 2

364. 1899 (M+), found 364.1890. Anal. (C2i H24NAD2.0.1H20) C, H, s N

Exanpl e 122- 1-14-(Oxo- 1R4-thi onoroholin vinmethyll-nhenvll 8 9 di hvdro 7H
2 7 9a-triaza-benzofcdl azul en-6 one NOS, MeCH O0C- ML h, 53% 10 105 N J5=0

1- (4Thi onor ghedbia- 4r4hnet Hyﬁ"ﬁ@'&f hyd -tdma

benzo[ cd] azul en-6-0 (Spmvicit i IEE S S fe?-ginNdresyded i n
MeOH (3 nif.78mdrigrmbendofcdlatuidn-60neh! or osucci ni ni de (0.021g, 0.15 mol) was
added, and the reaction stirred 1 hour at 0 C before being slowy warned
to roomtenperature. is The sol vent s renoved in vacuo, and the crude

product purified by flash silic NH

OH
T
This compound was prepared from intermediate 171a and the appropriate amine using
s  the procedure described in Example 171. Received 26.1 mg (21%)

'H NMR (DMSO-d;) & 1.55-1.59 (m, 1H), 1.98-2.05 (m, 1H), 2.35-2.39 (m, 1H), 2.59-
2.75 (m, 3H), 3.47-3.59 (m, 2H), 3.61-3.72 (m, 2H), 4.194.26 (m, 1H), 4.45 (s, 2H),
4.69 (s, 1H), 735 (¢, 1H, / = 7.8 Hz), 7.50 (d, 2H, J = 7.8 Hz), 7.80-7.90 (m, 4H),
8.39-8.43 (m, 1H). HPLC Rt = 2.281 min, HRMS caled for CpHasN4O, 363.1821

1o (M+H)", found 363.1831. Anal. (C21H2N;0,0.25H,0) C, H, N.

Example 175: 1-{4-( 3-Hyvdroxymethvl-piperidin-1 -yimethv)-phenyl}-8 9-dihydro-7H-

2,7,9a-triaza—benzo| cdlazulen-6-one

o

NH

H
1s  This compound was prepared from intermediate 171z and the appropriate amine using
the procedure described in Example 171. Received 57.3 mg (43%)
s
H NMR (DMSO-d) § 0.82-0.98 (m, 2H), 1.46-1.65 (m, 5H), 1.82-2.12 (m, 1H), 2.73-

2.97 (m, 2H), 3.16-3.32 (m, 2H), 3.48-3.69 (m, 3H), 4.334.57 (m, 3H), 7.35 (¢, 1H, J
= 7.8 Hz), 7.46-7.67 (m, 2H), 7.78-7.96 (m, 4H), 8.37-8.41 (m, 1H). HPLC Rt = 2.496
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chromat ography eluting with 3-10% McOHICHC 3 to afford 0.031g (53% of an
off-- white solid: np = 247 C (dec); Rf = 0.18 (10% MOH CHC13); IR (KBr)
1658, 1481, 1380, 1022 cm1; IH NVR (DVSO-d6) 8 2.66-2.80 (m 4H) ,
2.86-2.93 (m 4H), 3.53- 3.54 (m 2H), 3.67 (s, 2H), ﬁldrslg 658

7.35 (t, IH J =7.8 Hz), 7.53 (d, 2H, J 20 = 7.8 Hz) ym m4H)
8.40 (m IH. HRVS calcd for C21H22N402S 394. 1463 (M), found 394. 1463.

Anal . (C21 HZ2N402S. 1. 25H20) C, H, N. Exanple 123
1-14-(2-Pvrrolidin-I-vl-ethoxv) nhenvll 8 9 dihvdro 7H 2 7 9a tneza

lc):enlz?f ggl agmhennOl | di nog&dlﬁ)g @%ng F}Zgggetﬁé-([?g_‘?oﬁxﬂﬁ%gllﬂh"C%“allgl(\)mgl/O

(C23¥1_6N402 055 1,00 HN,

Example 176:  1-(4-{ [(2.3-Dihvdroxv-nronvl)-methvl-anﬁno]-methvl}-Dhenvl)-8.9~

5 dihvdro-7H-2.7 9a-triaza-benzolcdlazulen-6-one

0

NH

CH

N OH
\

This compound was prepared from intermediate 171a and the appropriate amine using

the procedure described in Example 171. Received 36.2 mg (28%)

'H NMR (DMSO-d,) § 2.2 (s, 3H), 2.33-2.46 (m, 1H), 3.42-3.42 (m, 3H), 3.52-3.78
10 (m, 5H), 4.334.57 (m, 4H), 7.35 (t, 1H, / = 7.8 Hz), 7.49-7.62 (m, 2H), 7.78-7.90 (ﬁ:,

4H), 8.39-8.43 (m, 1H). HPLC Rt = 2. 247 min. HRMS caled for C21H25N403

381.1927 (M+H)™, found 381.1916. Anal. (C21H24N403-0.25 H,0, 0.10 TFA) C, H, N.

Example 177: 1-[4-( 2.5-Dihvdro-vvrrol-1-vlmethvl)~Dhenvl]—4-ﬂuoro—8.9-dihvdr0-7H—

15 2.7,9a-triaza-benzo|cglazulcn-&one

This compound was prepared from intermediate 172d and the appropnate amine using

the procedure described in Example 172, Received 50.7 mg (31%)
1
H NMR (DMSO-d,) § 3.46-3.64 (m. 6H), (3.81-3.97 (m, 2H), 4.41-1.62 (m, 2H), 5.82
20 (s, 2H), 7.52-7.62 (m, 3H), 7.74 (dd, 1H, J = 8.2, 2.6 Hz), 7.81 (d, 2H, J = 8.1 Hz)
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| - [ 4- (2- Hydr oxy- et hoxy) - phenyl ] -8, 9-di hydro-7H 2,7, 9a-tri aza

benzo[ cd] azul en- 6- one (Exanple 120) (0.51g, 1.59 nmol) was dissolved in
pyridine (16 nlL) and cooled to 0 C. Methanesul fonyi chloride (0.15 ni,
1.91 mmol) was s added dropwi se followed by O A g of

4-di net hyl am nopyri dine. The reaction m xture was vvazrq_rrr\\el%lvetr%berr Og%d stirred
5 h. The solvent was renoved in vacuo. The residue was dissolved in

CHCl 3/water, and the organic |ayer was separated, washed with brine, dried
(MgS™) and concentrated to give 0.25g of the crude nesylate. A portion of

the mesyl at®ex®38 (g, IH).zmmmg:mz%sM %d%g&th Lﬁ?\?% gggh g;z I(g [71_).
ed, 2 L | e (0]

Pyrrolidine 0.07 83 mmol) was a

100 C overni(gﬁ-#) "f‘?’l"gldr%&lg%t%s( ehiebND-0.05 vgoye, yagd the residue
subjected to flash silica gel chromatography eluting wth 0-5% McOH CHC13,
t hen 5% net anolli c __ammoni a/ CHC13 to obtain 0.073g (24% from
1- [ 4- ( 2- HydF535nke Sy 1-]peAVill-piBer@zin. 1 - he - q

di hydm 784+ 2ty Q8adab f 57,2508 '04 cd] azu en-Ieh , S Al v or phous
tan is solid: = = LERr = 0.18 (7% et hanol i c ammoni a/ CHA 3); IR
(KBr) 1627, 1600, 1480, 1252 cni;o H NVR (DMBO-d6) 6 1.75-1.71 (m 4H),
2.53-2.54 (m 4H), 2.83 (t, 2H_JW=.5.8 Hz), 3.52-3.53 (m 2H), 4.17 (t,

2H, J = 5.8 Hz), 4.43-4.45 (m ,‘?‘.13 (d, 2H, J = 8.8 Hz), 7.33 (t, 1H,
9

J =7.8 H), 7.78-7.87 (m 4H) t, 1H J = 5.6 Hz). HRVS calcd for
C22H24NA02' 376.1899 (M), found[37A71913. Anal. 20 (C22H24NA02) C H N

NﬁN
This compound was Prepared from intermediate 1712 and the appropriate amine using
| ::Ie procedure described in Example 171. Received 65.8 mg (48%)
NMR (DMSO0-d,) § 2.27-2.53 (m, 4H), 2.72-3.05 (m, 4H), 3.22-3.35 (m, 2H), 3.48
10 3.58 (m, 2H), 3.62-3.7] (m, 2H), 4.42-4.59 (m, 2H), 5.36-5.52 (m, 2H), 5.78-5 ;2 .(m:

1H), 7.36 =
H) t, 1H,7=78 Hz), 7.48-7.58 (m, 2H), 7.83-7.90 (m, 4H), 8.41-8.45 (m, 1H)
HPLC Rt = 2.506 min. HRMS caled for C .

2aH2sN4O 402.2294 M+H)*, f
402.2288. Anal. (C24H:7N40-0.80 TFA)C,H, N. e

15 Example 179: 1~!4—r(]\/iethvl-nhencth l-amino

2,‘7,9a-triaza-benzo| cdlazulen-6-one AG-014536
o

NH

-methyl]-phenvl}-2.7.8 9-tetrahvdro.

N
\

This ¢ i
ompound was prepared from intermediate 1712 and the appropriate amine using

the procedure described in Example 171. Received 47.0 mg (34%)
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Exampl e 124 1-f4(2-D net hvl am no- et hoxvl nhenvl|l 8 9 dihvdro7H 2 7 9a tnaza
benzof cdl azul en-6-one 120 24 Novenber 2003 I---N(CH3)2 Using the procedure
to prepare 1-[4-(2-pyrrolidin-1-yl-ethoxy)-phenyl]-8, 9-

di hydro-7H 2, 7,9a-tri aza- benzo[ cd] azul en- 6- one (Exanp%ﬂ\l g?’ﬁ gesyl ate
(0.103g, 0.26 mmol) was .treated with di met hyl am ne 9) ulfl on 1n MOH,
1.03 mM, 2.05 s mol) in dinethylacetamde (3 ) and heated to 100 C
overnight. The solvent was renoved in vacuo, and the residue subjected to
flash sili ca, gel chromat ography eluting with 0-5% MOH CHC13, then 5%

t hanol HDIMRADMSRY) & 206539 (A, 451
1[4 2- Lfld?g %%%) r)1en R d?ﬁyg?gé%(fléﬂg %S?S%M#zéféd] azul e
v oone:” SAME HE Slahtass i s o in sty =
% 116 2 I cni
'H NVR (ws‘é*ﬁ ﬁggg %3 ?ﬁgéﬁ?% Acgféﬁ-gé*&ﬁ?@l@)% (8146D%, Fowgl (m
2H), 4.15 (t411288] Anal. SCRHENO-0GUFFAAHNY 2H), 7.13 (d, 2H, J = 8.7

Hz), 7.33 (t, 1H, J = 7.8 Hz), 7.78- 7.87 (m 4H), 8.40 (t, 1H, J = 5.6
Hz). HRVS cal cd for C 0OH 2N4O_, 350.1743 (M+), found 350.1756. Anal.

(C20H'N4R) 'ﬁanh'kle N.1808 1-(4-{ [Butyl-(2-hydroxy-ethvi)-amino]-methyl }-phenyl)-2.7.8.9-
tetrahydro-2.7 9a-triaza-benzol'cd]azulen-6—opg
' @]

NH

~

N

\~\

OH

10 This compound was prepared from intermediate 171a and the appropriate amine using
- the procedure described in Examplc 171 Received 32.3 mg (24%)
'H NMR (DMSO-d;) 8 0.81-0.94 (m, 3H) 1.16-1.79 (m, 5H), 2.97-3.37 (m, 4H), 3.46-
3.83 (m, 4H), 4.24-4.58 (m, 4H), 7.31-7.40 (m, 1H), 7.46-7.66 (m, 2H), 7.77-7.99 (m,
4H), 8.37-8.46 (m, 1H). HPLC Rt = 2.646 min. HRMS caled for CyHyN,O
15 393.2290 (M+H)*, found 393.2288. Anal. (C23H2gN40-0.60 TFA) C, H, N.

Example 181:  1.f4-(( 25)-2-Hydroxymethyl-pyrrolidin-1 -yimethyl)-phenyl]-2.7.8.9-
tetrabvdro-2.7 9a-triaza-benzofc azulen-6-one

Q
NH

’/OH

e
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Examle 125: 1- 4 2- etrahvdro- an-2-lox -eth 1 -hen 1 -8.9-dih dro-7H 2 7
9a-triaza-benzokdl azul en 6-one 20 121 24- Novenber 2003 The product was

prepared fromdi am ne g and 4-[2-(tetrahydro-pyran-2-yl oxy) -

et hyl ] - benzal dehyde [ Ackerley, et at, J. Med. Chem 3 ﬁ-@ )] as
described in Exanple 19 to give 0.95g (76% of a V\hi%éNé‘g%iz, _'515-189- 190

C R =0.11 (90% EtQAc/hexanes); IR (KBr) 1627, 1482, 1379, 1028 cm -1,
"H NVR (DMSO-d6) 8 s 1.42-1.52 (m 4H), 1.57-1.71 (m 2H), 2.94 (t, 2H, J =

Hz), 3.36-3.43 (m IH), 3.50-3.53 (m 2H), 3.60-3.69 (m 2H),
7.35 (t, 111, J

7
84-3. 92 ( MhislddmpofindFadprdfir 0 4.60-4.61 (in, 1H),
7.8 H2), 7,46 (4 211 B2 és%ﬁz%?m?‘?‘%e?@a%,mganprepriatﬂmjne i~ 7. 90
2H), 8. Bemoceduedesariped MBBmpH I . ke 1.5?@2(3 1.1896 (Mt), found
1902, Mg igediB03) £ by N 10 Examle "T?’ Pvridin-2 vi nhenyl)
di hvdro 7H 7 9a thaga ® a2 &b e 4B 4-362%0me 2853.51-3.66 (m, 5H), 4.32-
451 (m, 3H), 4.584.71 (m, 1H), 5.49-5.58 (m, 1H), 7.37 (, 1, J= 7.8 Hz), 7.68-7.78
for CxoHysN,4O; 377.1977 (M+H)", found 377.1993. Anal. (C22H24N402-1.0 TFA) C

H, N.

6.
3.

(m
391
8 9

Example 182: 1-[4-(3.6-Dihvdro—2H-Dvridin-l-vlrneth 1)-phenvi]-2.7.8 O-tetrahydro-

10 2,7,9a-triaza-bcnzo[cglazulen-G-one

o
NH

O
This compound was prepared from intermediate 1712 and the appropriate amine using
the procedure described in Example 171. Received 48 mg (39%)
1
H NMR (DMSO-d,) § 2.14-2.45 (m, 2H), 2.95-3.21 (m, 2H), 3.43-3.82 (m 4H), 4.17-
15 4.63 (m, 4H), 5.61-5.78 (m, 1H), 5.81-6.06 (m, 1H), 7.37 (t, IH, J = 7.8 Hz), 7.62-7.76
(m, 2H), 7.86-7.99 (m, 4H), 8.41-8.48 (m, 1H). HPLC Rt = 2.610 mig HRMS calcd

20 : i
Example 183: 1-f4-(Phenethvlammo-methvl)-nhenvl1-2.7.8.9-tetrahvdro-2 7.9a-triaza-

benzoledlazulen-6-one
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n - refux. 4.5h, 79% CHO + NH2 B is CHO (a) 4-Pyridin-2-yl-benzai dehyde
[Bold, et al., J. Med. Chem 41, 3387(1998)]: 2-Bronopyridine (0.50g, 3.16

nol ) was dissolved in DVE (26 nl).

Tetraki s(tri phenyl phospi ne) pal | adi um{0) (0.11g, 0.09 I ) ed, and
the reaction stirred at roomtenperature for 10 m nugqgglpz%“\-ﬂ%dr@s?boroni o
acid (0.55g, 20 3.54 mmol) was added to the reaction followed by a solution
of 0.80g of NaHCO3 in c. .imlIrQ3rllra, NaHCO3 + 11 1 fME H p 122 24
Novenber 2003 13 nL of water. The reaction was refluxed for 4.5 hours. The
sol vent was renoved in vacuo, and tdgne residue dissolved in EtOAcl H2O. The

organi c | ayer was separated and NH

o

=
/N

NH
This compound was prepared from intermediate 171a and the appropriate amine using
the procedure described in Example 171. Received 188 mg (55%)
'HNMR (DM_SO-{L) 8 2.83-2.96 (m, 2H), 3.09-3.20 (m, 2H), 3.41-3.49 (m, 2H), 4.28-
s 4.37 (m, 2H), 4.41-4.52 (m, 3H), 7.12-7.33 (m, 6H), 7.60-7.76 (m, 2H), 7.79-7.89 (m,
4H), 8.33-841 (m, 1H). HPLC Rt = 2.907 min. HRMS caled for CasHasNgO
397.2028 (M+H)", found 397.2018. Anal. (C2sH24N40-2.0 TFA) C, H, N.

Example 184:  1-(4-{ [2-(3-Methoxv—nhcnvl)-ethvlamino]-mcthvl}-Dhenvl)—2,7.8.9-
10 tetrahydro-2.7.9a-triaza-benzofe, azulen-6-one
(o}

NH

OMe

NH

This compound was prepared from intermediate 171a and the appropriate-amine using——
the procedure described in Example 171. Received 148.7 mg (45%)
'H NMR (DMS0-dg) 8 1.91-1.98 (m, 2H), 2.91-2.28 (m, 2H), 3.52-3.61 (m, 2H), 3.73

15 (s, 3H), 4.30-4.38 (m, 2H), 4.434.50 (m, 2H), 6.80-6.89 (m, 4H), 7.25 (¢, 1H, J = 7.7
Hz), 7.36 (t, 1H, /= 7.8 Hz), 7.67 (d, 2H, J = 7.8 Hz), 8.84-8.98 (m, 4H), 8.48 (br s,
1H). HPLC Rt =2.970 min. HRMS caled for Ca6H27N4O, 427.2134 (M+H)*, found
427.2117. Anal. (CyHasNsO;:2.0 TFA) C, H, N.

20 Example 185: 1-(4-{ [2-(4-F1u0ro-nhenyl)-ethvlamino]—methvl }-phenyl)-2.7.8.9-

tetrahydro—Z,?,Qa—niaza-benzo] cdlazulen-6-one

169




washed with water and brine, then dried (MgSO4). The product was purified
by flash silica gel chromatography eluting with 5-10% Et OAc/ hexanes to
give 0.45g (78% of a s white solid whose NVR data matched the |iteratwe:
np = 50-52 C. (b) Title conmpound: The product was pr l.Qwi, ng t he
procedure fromdiam ne g and 4- pyridin-2-yl-benzal d%gggeanégédg@%i bed in
Exanple 19 to give 0.61g (90% of an off- white solid: np = 277-279 C, Rf =
0.32 (10% MOH Et CAc); IR (KBr) 1647, 1466, 10 1431, 1302 cni'; '"H NM
(DVMBO-d,6) S 3.56-3.57 (m 2H), 4.52-4.54 (m 2H), 7.35- 7.43 (m 2H),
7.87-7.97 (m 3H), 8.00 (d, 2H, J =8.4 Hz), 8.09 (d, IH J = 8.0 Hz),

8.30 (d, 2H, J = 8.4 Hz), 8.44 (t,_ 1M =58 H), 872 (d, 1H J = 3.9
Hz). HRVME calcd for C2I H 6N4O [' 132 M+), found 340.1323. Anal.
(C21H16N40.0.5H20) C, H, N. .1S'¥xa : 1- 2-H drox -ethyl) - hen 1 -8
9-dih dro-7H-2 7 9a-triaza- benzofc :

1- (4] 2- (Tetrahydro-Pyran- 2-yl oxy)Ne_
triaza-benzo[ cd] azul en- 6- one (Exanpl
in :

This compound was prepared from intermediate 171a and the appropriate amine using

the procedure described in Example 171. Received 132 mg (45%)

'H NMR (DMSO-d;) & 3.02-3.08 (m, 2H), 3.23-3.33 (m, 2H), 3.58-3.66 (m, 2H), 4.34-
s 445 (m, 3H), 4.51-4.59 (m, 2H), 722 (t, 1H, J = 7.7 Hz), 7.33-7.48 (m, 4H), 7.74 d

2H, J =17 Hz), 8.93-8.07 (m, 4H), 8.53 (br s, 1H). HPLC Rt = 3.000 min, HRMS

caled for CasHpFNLO 415.1934 M+H)", found 415.1914. Anal. (CasH2FN4O -1.6
TFA)C,H, N. .

10 Example 186: 1-(4-{{2.(4-Methoxv-phenvl -ethylamino]-methyl}-phenvi 2.7.8.9-
tetrahydro-2.7.9g-triaza-benzof e, azrulen-6-one

O
NH

N OMe

NH
This compound was prepared from intermediate 171a and the appropriate amine using
the procedure described in Example 171. Received 163.7 mg (49%)

15 'HNMR (DMSO0-dy) & 3.04-3.13 (m, 2H), 3.28-3.42 (m, 2H), 3.61-3.77 (m, 2H), 3.88
(s, 3H), 4.454.52 (m, 3H), 4.61-4.72 (m, 2H), 7.11 (d, 2H, J = 7.7 Hz), 7.35 (d, 2H, J
=7.7Hz), 7.54 (t, I1H, J = 7.7 Hz), 7.87 (d,2H, J = 7.7 Hz), 8.06-8.17 (m, 4H), 8.63
(br s, IH). HPLC Rt = 2.970 min, HRMS calcd for Ca6Hy7N4O; 427.2134 (M+H)*
found 427.2117. Anal. (C26H26N404-2.0 TFA) C, H, N. |

20
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MeOH (21 nl). 4M HCl/ di oxane (0.57 M., 2.27 mmol) was added, and the
reaction stirred at it for 3 h. The solvent was renoved in vacuo, and the
resi due subjected to 25 silica gel chromatography eluting with 3%

met hanol i ¢ amoni a/ CHC13 to give 0.59g (93% of a wh'é%@ soljd: gg =
263-265 C, Rf = 0.08 (5% McOH/ Et OAc); IR (KBr) 123 242K00¥msr 2883 1655,
1602, 1482, 1382 cml; '"H NWR (DVMsO-d,,) 8 2.82 (t, 2H, J = 6.8 Hz), 3.53-
3.55 (m 2H), 3.64-3.71 (m 2H), 4.44-4.46 (m 2H), 4.67 (t, 1H, J =5.2
Hz), 7.34 (t, 1H, J =7.8 Hz), 7.43 (d, 2H, J =8.2 Hz), 7.77 (d, 2H, J =

8.2 Hz), 7.8%xams m .IH). HRMS cal cd for G 3HnN302
390-dihivdtd-7Fxam | e

307.1321 (M), T I331C AT — ot SRR NBER Y )
128: 144- 2-2dQpdtiazatbenzaiinfldznidnefiohe - 8 9-di h dro-7H 2 7 9a-triaza-

benzol cdl azul en- 6-one 10 The product was prepared follow ng the procedure
used-for |-[4-(2-Pyrrolidin- Q

I MG NAI -7 g

1- Yl - et hoxy) - phenyl ] - 8, 9-di hydr o- s T-NBa-tri aza- benzo[ cd] azul en- 6- one
(Exampl e 123) from
1-[4-(2-hYdroxy-ethyl)-phenyl]-8, | ro-7H2,7,9a-tri aza-.

benzo[ cd] azul en- 6- one (Exanpl e 127n=shd pyrrolidine, heating to 85 -C
overnight to is give 0.13g (49% of a | ow solid: np >201 C (dec) Rt 0.08

(7% met hanol i ¢
N :

\
This compound was prepared from intermediate 171a and the appropriate amine using
5 tl.1e procedure described in Example 171, Received 64.9 mg (26%)
'H NMR (DMSO-4;) & 0.88-1.01 (m, 6H), 1.81-1.98 (m, 1H), 2.73-2.84 (m, 3H), 2.85-
3.02 (m, 2H), 3.51-3.63 (m, 2H), 4.32-4.55 (m, 4H), 7.37 (t, 1H, J = 7.7 Hz), 7.73 (d,
2H, J = 7.7 Hz), 7.96-8.14 (m, 4H), 8.43 (br s, 1H). HPLC Rt = 2.167 min. HRMS

caled for szH27N4Q 36_3.2185 (M+H)", found 363.2180. Anal. (Cy5HysN4O-0.75 H,0
10 1OTFA)C,H,N. ‘ ,

Example 188: 1-(4-Cvclobutvlamjnornethvl-nhenvl)—S.9-dihydro—'lH—?.,?Ba—triaza-

benzo[ed)azulen-6-one

NH

15 This compound was prepared from intermediate 171a and the appropriate amine using
the procedure described in Example 171. Received 58 mg (21%)
_'H NMR (DMSO-d,) § 1.71-1.89 (m, 2H), 2.08-2.24 (m, 4H), 3.51-3.62 (m, 2H), 3.67-
3.79 (m, 1H), 4.12-4.18 (m, 2H), 4.39-4.50 (m, 2H), 7.37 (¢, 1H, J=7.7 Hz), 7.68 (d,
2H, J = 7.7 Hz), 7.87-1.96 (m, 4H), 8.43 (br s, 1H). HPLC Rt = 2.531 min. HRMS
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g

=t ’

i oo 2 Il

anmoni a/ CHC13); IR (KBr) 1655, 1627, 1481, 1461, 1379 cnis; 'H NVR ( DVBO-
4) 8 1.70-1.75 (m 4H), 2.49-2.55 (m 411), 2.73-2.75 (m 2H), 2.83-2.88

7.44 (d, 2H, J 8.1 Y, 7.77 (d, 2H J =8.1 Hz), 7.84-7.90 (m 2H),
8.41 (t, IH J 5.6 Hz). HRVS 20 calcd for C22H25N40 361. 2028 (M+H), found
361.2037. Anal. (C22H24N40) C, H, N. Exanple 129 1-14-(2-Di nethvl a~l|
phenvl|l 8 9 dihydro 7H 2 7 9a tnaza benzofcdl azul en-6 one 124 24- Novenber
2003 N(CH3)2 The product was prepared follow ng the cedure d for
1-[4-(2-Pyrrolidin : PLREFEMOS 2005

1-yl - et hoxy) - phenyl ] - 8, 9-di hydro-7H 2, 7, 9a-tri aza- benzo[ cd] azul en- 6- one
(Exampl e 123) from

1- E4{ 2- hydr oxy- et hyl ) - phenyl ] - 8. 9-di hydro-7H 2, 7,9a-tri aza- s

benzo[ cd] azeAlahios Coptb;NHB6HL 185 TRILH)A ﬂae;d)g i i pet i ting to
85 C overnipgtlgtci ;{/M 26% yi gimd 82rfglt]eps a%?baﬁ?gr@%ﬁé’hﬁ&@nﬁr% 98 C
(dec); Rf ="0. 8 é(? t hanol i ¢ anmoni a/ CHC13); IR (KBr) 1653, 1479. 1381,
1307 cm7'; "HNWR (DVMSO-4) S 2.21 (s, 6H), 2.50-2.56 (m2H), 2.79-2.84
(in, 2H), 3.52-3.513 (m 2H), 4.44-4.46 (m 211), 7.34 (t, 1H J = 7.8 Hz),
7.43 (d, 2R : 4- i m
8.39-8.43 (3o 7\l ohiard BYE Co1 S Sieh Flore? O 2

This compound was prepared from intermediéle 171a and the appropriate amine using

the prc-cedurc described in Example 171. Received 63.2 mg (20%)

'H NMR (DMS0-4)) & 3.51-3.59 (m, 2H), 4.244.32 (m, 3H), 4.42-4.51 (m, 4H), 7.11-
10 7.13 (m, 1H), 7.28-7.44 (m, 2H), 7.66-7.70 (m, 3H), 7.78-7.96 (m, 4H), 8.46 (br s,

+ 1H). HPLC Rt = 2.686 min. LRMS (m/z) 389 (M+H). Anal. (Ca2HzoN40S-2.0 TFA)
C,H N.

Example 190: 1-(. 4~DiDronvlaminomethvl-nhenvl)—8.9~dihvdro-7H—2,7.9a—triam-

15 benzolcdlazulen-6-one

o

NH

N

N=

NL\
This compound was prepared from intermediate 171a and the appropriate amine using
the procedure described in Example 171. Received 56.3 mg (17%)

I
HNMR (DMS0-4,) § 0.90 (¢, 6H, J = 7.5 Hz), 1.67-1.77 (m, 4H), 2.95-3.07 (m, 4H),
20 3.52-3.62 (m, 2H), 4.41-4.51 (m, 4H), 739 (¢, IH, /=78 Hz), 7.73 (d, 2H, J = 8.1
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(MtH), found 335.1865. Anal. (C20H22NAO C, H, N. Exanple 130:
1-(4-Piperidin-2-vl phenvl) 8 9 dihydro 7H 2 7 9a triaza

benzof cdl azul en-6-one is

1- (4-Pyridin-2-yl-phenyl)-8, 9-di hydro-7H 2, 7, 9a- ui aza- benzo[cd azul en- 6- one
(Exanpl e 126) (1.26g, 3.72 muol) was di ssol ved in acetdhovam Q?( B3 m_ m.) .

Pl ati num 125 24 Novenber 2003 oxi de (0.065g) was added. The fl ask was
evacuat ed, placed under a hydrogen atnosphere at 50 psi and shaken on a
Parr apparatus overnight. The catalyst was filtered off, and the sol vent

removed. THdz)c7.899.92r @t 28, 798 (D YH, f;L.eg:Il h%r}bﬂ P@Séﬂgﬁ.{gchr tography

eluting with 1-9% nethanolic ammonia/ CHC oglv a white
solid: no g3 HRMSccaled for @@M@Aﬁﬂﬁ@hqh&mﬂnmuaéﬁ%@@g) AdaR ( KBr)

1662, 1472, (DVBO-d6) 5 1.34-1.60 (m 4H), 1.74-
1.81 (in, H%ﬁﬁéiﬁgs%b( OTE‘QWRE‘@ 3,11 (m 1H), 352353(m2H)
3,66-3.69 (m 1H), 4.44-4.46 (m 2K, 7.35 (1, 1K' = 7.8 He). 7.56 (d
211, J = 8.3 Hz), 7.80 (d, 2H J =83 Hz), 784790(m 211). 8.39-8.43
(in~ 1HP. .#%@@EEM (Bereofiio31dionol35 s )i sheddh-85719.

Anal . (Qlﬁﬂ&hP&)HG?%mHzaﬁé&& e meth 1-
hen -8 9-di o-

G\ 4
O
This compound was prepared from intermediate 171a and the appropriate amine using
" the procedure described in Example 171. Received 154.8 mg (15%)
10 'H NMR (DMSO-d,) 8 3.51-3.59 (m, 2H), 4.11-4.18 (m, 2H), 4.22-4.31 (m, 3H), 4.43-
4.50 (m, 2H), 6.06 (s, 2H), 6.99 (s, 2H), 7.09 (s, 1H), 7.39 (t, 1H, J = 7.8 Hz), 7.67 (4,
2H, J = 8.2 Hz), 7.89-7.96 (m, 4H), 8.47 (br s, 1H). HPLC Rt = 2.839 min. HRMS

caled for CasHpsN4O5 477.1770 (M+H)", found 477.1770. Anal. (C _5H-:-;N403 2.25
TFA)C, H, N.

15

Example 192: 1-[4-(Indan- 1-ylaminomethyl)-phenvyl]-8.9- dzhvdro-?H-” .1.9a-triaza-

uanolcélazulen 6-one

0
NH

N=

0O

NH
This compound was prepared from intermediate 171a and the appropriate amine using

20 the procedure described in Example 171, Received 75 mg (24%)
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t| aza- benzol cdl azul en- 6- one 30% H202, MOOH R 96h, 15% 15 N 10- t ¢ 3 e t
CH3 1-(4-D net hyl am nonet hyl - phenyl )-8 9-di hydro-7H 2, 7,9a-tri aza-
benzo[ cdJazul en- 6- one (Exanple 58) (0.198, 0.60 mmol) was dissolved in MeCH

(10 nl). Hydrogen peroxide (30% solution in water) added t he
reaction stirred at rt for 4 days. The sol vents mr%@%%e%érizﬁagacuo to

give 0.2 g of crude. O the 20 crude product, 0.058 was purified by
preparative HPLC using a MetaSil AQ columm (10t C18 120A 250 X.21.2mm),
eluting with a gradi ent nobile phase starting with 95% water/acetonitrile

for 4 mi nutMNMREMSE:a 82001-399Ha18Y, 2399 &9k LiEhe 358 &2 11, 2.97-
3.07 (m, 1H), 3.36-3.46 (m, 2H), 4.194.36 (m, SH), 4.69-4.81 (m, 1H), 7.16-7.27 (m.
4H), 7.53-7.60 (m, 3H), 7.74-7.83 (m, 4H), 833 (br s, 1H). HPLC Rt = 2.927 mmin.
HRMS caled for CpHasNiO 409.2028 (M+HY', found 409.2030.  Anal

5 (CasHauN:O-1.9 TFA) C, H, N.

Example 193: 3. f4-(6-oxo-6.7.8.9-tetrahvdro—2.7.9a-triaza~benzo[cdlamlen-l-vl)-

benzvl)-furan-2-vimethyl-amino }-pro ionic acid ethvl ester

Q
NH

),

N=

0
<
' L)—ost
o)

10 This compound was prepared from intermediate 1712 and the appropriate amine using
the procedure described in Example 171. Received 35.6 mg (16%)
'"H NMR (DMSO0-d,) § 1.17 (t, 3H, J = 6.9 Hz), 2.53-2.77 (m, 2H), 2.93-3.13 (m, 2H),
3.51-3.59 (m, 2H), 4.06 (q, 2H, J = 8.1 Hz), 4.154.47 {m, 6H), 6.53-6.66 (m, 2H),
1.37-742 (m, IH), 7.67-7.92 (m, 7H) 8.45 (br s, 1H). HPLC Rt = 3.008 min. HRMS

15 caled for Cz7HpNsO4 473.2189 (M+H)*, found 473.2208. Anal, (C7HzN;041.75. .
TFA)C, H, N.

Example 194: 1-(4-{[2-( 1-Methvl-pvrrolidin-2-vl)-cthvlaminq]-methvl }-phenvyl)-8 .9-

dihvdro-?H-Z,7,9a-triaza—benzol cd]azulen-6-one
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m nutes, and finally 5% water/acetonitrile after 15 mnutes to the length
of the 20 mnute run tine (R = 12.27 mnutes, flowrate = 15 mMJmn.) to
give 0.03g (15% of a 25 hygroscopic solid: IR (KBr) 1645, 1463, 1382, 1308
cms; "HNW (DVBO-d6) S 126 24 Novenber 2003 3. 03 (324ﬁ$w3émb@r'£b§33 54 (m
211), 4.41 (s 211), 4.47-4.49 (m 211), 7.36 (t, 1H J .8 Hz), 7.78
(d, 2H, J =8.2 Hz), 7.86-7.92 (m 411), 8.42-8.46 (m 1H). HRVS cal cd for
C, 9H21N402‘ 337.1664 (MtH), found 337.1661. Anal. (Ct9H21IN402.2.0H O C, H,
N. 5 Example 132: |- 4- 1-Methvl-nineridin-2-vl)-ohenvll 8 9-dihvdro-7H 2 7
9a triaza benzofcdl azul en-6-o0ne NI-bNaCNBHB, McOH, ACOH CH20 H20 It

1.5h, 83% 10

1- (4-Pi peridin-2-yl -phenyl) -8,
one (Exanple 130) (0.31g, 0.89
acetic acid (0.21 nL, 3.57 mol
followed by a solution of 37% fOrrm
MeOH. The reaction was stirred at temperature for 1.5 hours. The
sol vents were renoved in vaeuo, is\ang the residue was di ssolved in
CH2C12/ sat ur at ed NaHCO3. The organi ¢ phagé was

r -7H2,7,9a-triaza-benzo[ cd) azul en- 6-
s dissolved in MeCH (13 nL) and

CNBH3 (0.056g, 0.89 nmmol) was added,

| dehyde jR _water (0.09 nL) in 5 nL of

This compound was prepared from intermediate 1712 and the appropriate amine using

the procedure described in Example 171. Received 57.9 mg (15%)

'H NMR (DMSO-d,) 6 1.53-1.69 (m, 2H), 1.80-2.07 (m, 4H), 2.18-2.34 (m, 2H), 2.82
s (s, 3H), 2.97-3.13 (m, 2H), 3.24-3.38 (m, 1H), 3.50-3.64 (m, 3H), 4.23-4.34 (m, 2H),

441-4.58 (m, 2H), 7.39 (t, 1H, J = 7.8 Hz), 7.81 (d, 2H, J = 8.2 Hz), 7.89-8.02 (m,

4H), 8.47 (br s, 1H). HPLC Rt = 2.351 min. HRMS calcd for Co4H3oNsO 404.2450

(M+H)", found 404.2456. Anal. (C24Ha9Ns0-3.25 TFA) C, H, N.

10 Example 195: 1-(4-{I¢; S-Methvl-furan-2-11methvl)-amino]—g1_qhvl }-phenyi)-8.9-
dihydro-7H-2.7.9a-triaza-benzofc azulen-6-one
0]

NH

/‘{JJ/
NH \

This compound was prepared from intermediate 1712 and the‘appropriate amine using
the procedure described in Example 171. Received 64.7 mg (24%)

15 'H NMR (DMS0-d,) 8 2.30 (s, 3H), 3.49-3.59 (m,3H), 4.194.33 (m, 4H), 4.41-4.51
(m, 2H), 6.15 (m, 1H), 6.51 (m, 1H), 7.37 (t, 1H, J = 7.8 Hz), 7.68 (d, 2H, J = 8.1 Hz),
7.88-7.95 (m, 4H), 8.46 (br s, 1H). HPLC Rt = 2.713 min. HRMS caled for

CaH23N40- 387.1821 (M+H)*, found 387.1817. Anal, (C23H2N40,-1.25 TFA) C, H,
N.

20

175



--separated washed with brine, and dried (MgSOX). The sol vent was renoved
to give 0.25g (83% of a white solid: np >180 C (dec); R = 0.21 (10% -
met hanol i ¢ anmoni a/ CHC13); IR (KBr) 1662, 1601, 1479, 1309 cm; 'H NWR

(DVBO-d6) 8 1.23-1.78 (m 6H), 1.94 (s, 3H), 2.02-2.4dnLMm 00, 86-2. 89
4.45-4.48 (m 2H), 7.35
2

(m IH, 2.95-2.99 (m 20 1H), 3.53-3.54 (in, 2H),
= 8.2 Hz), 7.81 (d, 2H, J = 8.2 Hz),

(t, IH J =7.8 H), 7.49 (d, 2H, J
7.84-7.90 (m 2H), 8.39-8.43 (m IH. HRMS calcd for C22H24N40 360. 1950
(M+), found 360.1942. Anal. (C22H24N40.0.75H20) C, H, N. 127 24- Novenber
2003 Exanpl &xégple 11 ] BatizvRtinineadPlohen ik oBf 89 di hvdro 7H 7
9a tnaza bepzolc %ul n- 6-one N N 1 By e (Bl

= hyl - 2Ht et razol -5-yl ) benzal dehyde [ Bol d, et

fromdi am né /
al., J. Med Chem 41, 3387(1998)] ughng the procedure described in Exanple

19 to give a tan solid (50%: mp = 2 0,5 (dec); Rf =0.29 (5%

={n e LT

N
N=

Y

This compound was prepared from intermediate 171a and the appropriate amine usin
5 ::he procedure described in Example 171. Received 73.9 mg (26%) ;
H NMR (DMSO-d,) § 3.51-3.59 (m, 2H), 4.204.27 (m, 3H), 4.28-4.35 (m, 2H), 4.47-
4.50 (m, 2H), 7.38 (1, 1H, J = 7.8 Hz), 7.43-7.53 (m, 5H), 7.70 (d,2H,J = 8,3 I"Iz)
7.89-7.96 (m, 4H), 846 (br s, 1H). HPLC Rt = 2.470 min. HRI;/IS caI'cd f01:

. I 83.1883. A.ual- C . 2

Exampl : - i
e 197  1.4. dan-2-vlammomethvl)—vhenvl]-8.9-dihvdro—7H—2.7.9a—triam-

benzofcd)aznlen-6-one

15 This compound was prepared from intermediate 171a and the appropriate amine using
Itht“: Procedure described in Example 171. Recejved 138.9 mg (43%)

HNMR (DMS0-d)) §3.13-3.21 (m, 2H), 3.33-3.42 (m, 2H), 3.52-3.59 (m, 2H), 4.05-

4.17 (m, 2H), 4.34-4.41 (m, 2H), 4.43-4.50 (m, 2H), 7.20-7.31 (m, 4H), 7.38 {t ’H;l J

=78Hz),7.74(d, 2H, 7 = 8.3 Hz), 7.88-7.93 (m, 2H), 7.97 (4, 2H, J = 83 Hz ) 8 ;7

20 (brs, 1H). HPLC Rt = 2.554 min. HRMS calcd for Ca6HasN,O 409.2023 (M;H‘)"

found 409.2034. Anal. (C26H2aN4O-2.0 TFA) C, H,N. |

176



MeOH Et OAc); JR (KBr) 1667, 1455, 1306 cm'; 1H NVR (DMSO-4) 8 3.55-3.58
(m 2H), 4.46 (s, 3H), 4.51-4.53 (m 2H), 7.38 (t, 1H J = 7.8 Hz)
7.88-7.94 (in, 211), 1 8.07 (d, 2H, J = 8.5 Hz), 8.24 (d, 2H, J 8.5 Hz),
8.42-8.46 (m IH). HRVS calcd for Cl3H15N70O 345. 133824_%)(_3,“5&%@3345 1340.
Anal . (CIsH15N,0.0.25H20) C, H, N Exanple 134 1 |4-Pvridin-3 Yl--phenvll 8
9-di hvdro 7H 7 9a tnaza benzol cdl azul en-6-one is 128 24- Novenber 2003 CHO

eat (Ph3P)4Pd, NaHCO3 ,DVME, H O tt. refiux, 4Sh, 94% CHO + NH2 g DMA,
NaHSG3 100 C, 97% CHO

Example 198: 1-[4-(3 4-D1hvdro-1H-lsoqu1nohn-2-v1methvl) phenvli-8.9- d1hvdro-7H-

2.7.9a-triaza-benzol cdlazulen-6-one

0

NH

0%

5  This compound was prepared from intermediate 171a and the appropriate amine using
- the procedure described in Example 171. Received 142.4 mg (44%)
- 'THNMR (DMSO-d;) § 3.09-3.17 (m, 2H), 3.33-3.46 (m, 1H), 3.51-3.60 (m, 2H), 3.67-
3.79 (m, 1H), 4.57-4.44 (m, 2H), 4.47-4.54 (m, 2H), 4.55-4.63 (m, 2H), 7.21-7.31 (m,
"4H), 7.39 (t, I1H, J=7.8 Hz), 7.77 (d, 2H, /= 8.2 Hz), 7.89-7.94 (m, 2H), 7.99 (d, 2H,
1o J=82Hz) 847 (brs, iH). HPLC Rt = 2.336 min. HRMS caled for CasHasN4O
409.2023 (M+H)", found 409.2015. Anal. (C5H;4N:0-2.0 TFA) C, H, N.

Example 199: l-F4-(Benzvl-methvl-arnino-methvl)-Dhenvﬂ-s.9—dihvdr0-7H-2.7.9a-

triaza-benzo[cdlaznlen-6-one

15 - Me
This compound was prepared from intermediate 1712 and the appropriate amine using
the procedure described in Example 171. Received 197.6 mg (62%})
'H NMR (DMS0-d;) § 2.61 (s, 3H), 3.52-3.59 (m, 2H), 4.22-4.40 (m, 2H), 4.45-4.62
(m, 4H), 7.39 (t, 1H, J = 7.8 Hz), 7.43-7.56 (m, 5H), 7.73 (d, 2H, J = 8.2 Hz), 7.89-
20 7.93 (m, 2H), 7.97 (d,2H, /= 8.2 Hz), 8.47 (brs, IH). HPLC Rt =2.333 min. HRMS

177



(a) 4-Pyridin-3-yl-benzal dehyde Thi s al dehyde was prepared using the
procedure for 4-pyridin-2-yl- benzal dehyde in Exanple 126 from

3- bronopyri di ne and 4-fornyl boronic acid to give sa white crystalline solid
(949 : rap = 53-55 C Rf = 0.08 (30% Et OAc/ hexanes); 2RNb¥BrBer(88, 1605,
1219 cmt; tHNWR (CDCI3) 8 7.55-7.60 (m 1H), 7.76-7.79 (m 211),
8.01-8.05 (m 2H), 8.08-8.12 (m 1H), 8.69-8.71 (m 1H), 8.94-8.95 (m 1H),
10.10 (s, IH). LRVMS 184 (MtH). (b) Title conmpound: 10The product was
prepared according to the procedure described in Exanple 19 frondi am ne g

d 4- pyri diAled fgnCHniad @ j | lid (979 : =
385 358 0 B b oo NS IOl VR SRS Al (N S0 too6 d

284- 286 C = (10% McOH Et OAC)
cm; H NWR ?&E&a‘é&*@ﬁs.%-sjs (m 2H), 4.51-4.54 (m 2H), 7.37 (t, 1H J
= 7.8 Hz), 7.51-7.56 (m 1H), 7.87-8.02 (m 6H), 8.17-8.21 (m 1H),

8.42-8.46 ( 1H), is8.62 (dd, IH J =1.5 4.8 Hz), 9.00 (d, IN, J =1.8
o). PRNS o BRI 2007 4 Ry plidthol ety Gath 3404t 3457 £33 s,

ol =3,9-d -7H- -
( C21H16N40) trfaza bhndy cdlaznlen-6-one i}lv&ro 219

@
NH

NH Me
This compound was prepared from intermediate 171a and the appropriate amine using
::he procedure described in Example 171, Received 108.2 mg (33%)
HNMR (DMSO-d,) § 1.28 (s, 3H), 3.14-3.24 (m, 3H), 3.51-3.59 (m, 2H), 4.22-4.30
10 (m, 2H), 4.42-4.50 (m, 3H), 7.25-7.4] (m, 6H), 7.68 (d, 2H, J = 8.3 Hz), 7.88-7.96 (.m,
4H), 8.47 (br s, 1H). HPLC Rt = 2.248 min. HRMS caled for CasHz7N4O 411.2179
(M+H)", found 411.2193. Anal. (CasH26N40-2.0 TFA) C, H, N.

Ex : 1- i
ample 201: | 14—](3-Phenyl—propvlarmno)-methvl1-Dhcnvl}-8.9-dihvdro-7H-2.7 9a-

is n'iaza-benzolcgi_]azulen-ﬁ—onc

This compound was prepared from intermediate 1712 and the appropriate amine using
the procedure described in Example 171. Received 73.2 mg (22%)
1
H
o (I)\IMR (DMS0-d,) 3 1.90-2.00 (m, 2H), 2.64-2.69 (m, 2H), 2.93-3.05 (m, 2H), 3.50-
-00 (m, 2H), 4.25-4.31 (m, 2H), 4.40-4.51 (m, 3H), 7.18-7.36 (m, 5H), 7.39 (¢ 1H,J
=7, = . '
9Hz),7.68(d, 2H, J=82 Hz), 7.88-7.96 (m, 4H), 8.47 (brs, 1H). HPLC Rt =
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Exanpl e 135: benzof cdl azul en- 6-one 20 1-(4-Pvddin-4-yl-nhenvl)R o

di hvdro-7H 2 7 9-triaza 129 24 Novenber 2003 HI (OH) 2 ND CHO CHO g DMVA.
NaHS03 100 C, 97% (a) 4-Pyridi n4-yl-benzal dehyde (Patent WD 9919300) CHO
Thi s al dehyde was prepared using the procedure for 4-fy [\]lbgérﬂbgr%'o:a

benzal dehyde in Exanpl e 126 from 4-bronopyridi ne hydrochloride
ttiethylamne and s 4fornyl boronic acid to give a yellow crystalline solid
(51%: np = 90-91 C Rf = 0.08 (30% Et CAc/ hexanes); IR (KEr) 1697, 1595,

1214, 1169, 801 cmt: 'H NVR
3.092 min. HRMS calcd for C6HzNsO 411.2179 (M+H)*, found 411.2186. Anal,

(CsH26N4O-2.0 TFA) C, H N.

Example 202: 1-(4-{ [Methyl-(2-pyridin-2-yl-ethyl)-aminol-methv] }-phenv])-8.9-
5  dihydro-7H-2.7.9a-triaza-benzolc azulen-6-one
O

NH

N

N

1

Me
* This compound was prepared from intermediate 1712 and the appropriate amine using
the procedure described in Example 171. Received 16.2 mg (6%)
'H NMR (DMSO0-d;) 8 2.51 (s, 3H), 3.27-3.46 (m, 4H), 3.55-3.67 (m, 2H), 4.01-4.13
10 (m, 2H), 4.484. 59 (m, 2H), 7.37-7.49 (m, 2H), 7.54-7.75 (m, 3H), 7.84-8.11 (m, 6H),
850 (br s, 1H). HPLC Rt = 2.174 min. HRMS caled for CasHeNsO 412,2132
(M+H)", found 412.2139. Anal. (CasHasNsO-1.0 H,,0, 3.0 TFA) C, H, N.

Example __203: 1-{4-{[Ethvyl-( 2~Dvridin-2-v]-ethvl)-amino]-rnethvl }-phenv])-8.9-
15 dihydro-7H-2.7 9a-triaza-benzof e, azulen-6-one
O

.

NN

This compound was prepared from intermediate 171a and the appropriate amine using
the procedure described in Example 171, Received 14 mg (4%)
]
H NMR (DMSO-4,) 8 1.06-1.23 (m, 3H), 2.62-2.79 (m, 4H), 3.53-3.67 (m, 4H), 3.87-
20 3.98 (m, 2H), 4.46-4.58 (m, 2H), 7.35-7.46 (m, 2H), 7.55-7.67 (m, 3H), 7.82-8.00 (m,
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(CDC13) 8 7.74 (d, 2H, J = 5.8 Hz), 7.84 (d, 2H, J = 8.3 Hz), 8.05 (d, 2H,
J=81H), 877-8.78 (m 2H), 10.11 (s, 1H). LRVS 184 (MtH). (b) Title

conpou nd: toThe product wa s prepared according to the procedure in
Exanpl e 19 fromdi amine g and 4pyridin -4-yl-benzal depydehierdods a yel |l ow

solid (55%: np = 370- 372 C (dec); Rf= 0.13 (10% MCOH Et QAc); IR (KBr)
1648, 1596, 1477, 1304 cm'; ' H NWR (DVMSO-4) 8 3 7 .55-3.56 (m 2H),
4.52-4.53 (m 2H), 7.38 (t, IH J =7.8 H), 81 7

6H), 8. =2 '
H), 8 fg (br s, 1H). HPLC Rt =2.214 min. HRMS calcd for CagHngNsO 4262788
(M+H)", found 426.2285. Anal. (CoHyNs0-0.5 Hy0, 3.0 TFA)C, H. N

E ] o
Xample 204:  1-{4-f (2-Pvndm-2-vl-¢thvlamino)-methvll-nhenvl }-8.9-dihydro-7H-

5 2,7.9a-triaza-benzo[cg[azu]en-6-one

0
NH

NN
o ~NH
This compound was prepared from intermediate 1712 and the appropriate amine using
:he procedure described in Example 171, Received 15.8 mg (5%)
HNMR (DMSO-d,) § 3.13-3.21 (m, 2H), 3.34-3.44 (m, 2H), 3.51-3.59 (m, 2H), 4.32-
10 4.39 (m, 3H), 4.44-4.49 (m, 2H), 7.30-7.42 (m, 3H), 7.59 (d, 2H, 7 = 8.2 Hz)’ 7.67-
7.83 (m, 1H), 7.89-7.98 (m, 4H), 8.47 (br s, 1H), 8.54 (s, 1H). HPLC Rt = 2.50’6 . i
HRMS caled for CoaH24NsO  398.1975 M+H)", found 398.1969. .::al:
(C2qH23Ns0-0.5 H,0, 2.25 TFA) C, H, N. .

15 Example 205: 1-(4-{ [Mcthvl-(2-Dvridin-4-vl-ethvl)-amino?-methvlI-Dhenvl)-S 9-

dihydro-7H-2.7 9a-triaza-benzofe aznlen-6-one
o
NH

N

LY

' Me
This compound was prepared from intermediate 171a and the appropriate amine using
the procedure described in Example 171. Received 5.4 mg (5%)
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is- 7.94 (m 2H), 8.02 (s, 4H), 8.42-8.46 (m 1 H), 8.69 (d, 2H, J = .83

(in, 2H),
340. 1330.

7.88- 5 .9 Hz). HRWVS calcd for C21H1I6N4O 340.1324 (M+), f
Anal . (C21Ht6N40) C, HL N. Examle 136: 1- 4 2Htetrazol

hen 1 -8 dih o. 7H2 7 9a-tiaza_ benzol cdl azul en- 6- Onﬁk@&%ﬁﬁer(ﬁb@:’)
NaHCOB NEt3. DVE. H O ft - refluY. 44h. 84% 130 24- Nove 2003

10

15

'H NMR (DMS0-ds) § 2.93-3.23 (m, 3H), 3.24-3.87 (m, 8H), 3.88-4.15 (m, 2H), 4.44-
4.49 (m, 2H), 7.06-8.01 (m, 9H), 8.54 (br s, 1H). HPLC Rt = 2.275 min. HRMS calcd
for CasHasNsO 412.2132 (M+H)", found 412.2124. Anal. (CasHasNsO-0.5 H50, 3.5
TFA) C,H, N.

-8.9-dihvdro-7H-

<
|
P

NH

This compound was prepared from intermediate 171a and the appropriate amine using
the procedure des_ctibeq in Example 171. Received 11.6 mg (3%)

_’H NMR '('DMSO-d‘) 82.75-2.89 (m, 4H), 3.48-3.57 (m, 3H), 3.84-3.89 (m, 2H), 4.41-
4.50 (m, 2H), 7.24-7.27 (m, 2H), 7.35 (¢, 14, J = 7.8 Hz), 7.52 (d, 2H, J = 8.1 Hz),
7.81 (d, 2H, J= 8.1 Hz), 7.87 (1, 2H, J = 7.6 Hz), 8.38-8.48 (m, 3H). HPLC Rt = 2.346
min. HRMS calcd for C24H24NsO 398.1975 found 398.1969. Anal. (C24H23Ns0-0.75
H,0, 3.25TFA) C, H, N.

ound

-5- 1 -

4Pt |,

Example 207: 1-[4-({I2-( 1H"IndOI‘szDf—eﬂWl]!m_tihvl-aminol-methylr)-pheny_l—].8—;9.~~—~~———~—~

dihydro-7H-2,7.9a-triaza-benzofcdlazulen-6-one
8}

NH

HN S

Me
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N N N H Using the procedure described in Exanple 19 the product was
prepared fromusing diamne g and 4-(2Htetrazol -5-yl}benzal dehyde [ Bol d,
et al., J. Med Chem 41, 3387(1998)] to yield a yellow solid (46% . The

material was further purified by s dissolving in 10(V24_\ﬁg,—%rﬁm2@ggusti ng
collected to give a

the pHto 2 with 10% HCI. The resulting precipitate was
(10% McOH GB8% HOAc/ CHCL3) ;

white solid (19%: np >290 C (dec); Rt = 0.13
IR (KBr) 1656, 1482, 1311, 1076 cnf; 'H NVR (DVsO-4) 8 3.55-3.56 (m 2H),
4.52-4.53 (m .2H), 7.39 (t, . 1H, J = 7.8 Hz), 7.88- 7.96 (in, 21!), 8.12 (d,

— co f¥ !
b P T
i esqribegin § Bimp@ydi n-4-1 1- hen 8 9
di hdr o- 7H 2'H NMIRI®MSO-4)¥'38b ¢¢'53514 g5 859ne 25, 88.2.07 (m, 2H), 3.49-3.57
(m. 28, 3.63-3.75 (m, 2H). 4.42-4.49 (m, 2H), 6.93 (1, 1K, J = 6.9 Hy), 7.(;4 (t 11; J
5 =71Hz),7.04(s 1H),7.31 (A 1H, /=72 Hz}, 731 (d, 1H, J< 7 Hz), 7.36 (,d, I;-I
7=78Hz), 745 (4, 1H, J = 7.8 Hz), 7.49-1.55 (m, 2H), 7.78.7 83 (m, 2H), 7.88 (::
2H,J=8.6 Hz), 841 (br s, 1H). HPLC Rt=3.170 min, HRMS caled for CasHagNsO
450.2288 (M+H)'", found 450.2279. Anal. (CysHyN5O-1.0 Hy0, 2.5 TFA) C, H, N.

10  Exampl _200- .
Dle . 208-209: 1-(4-Aminomethyl-pheny))-8,9-dihydro-7H-2.7 9a-triaza-
benzoledlaznlen-6-one
O o) o
jNH NH NH
T N NaN3 T N Hz, 10% P/C N 19% Overal
— — o Uvera
é DMF MeGH, conc. HC yield
17 “ 2 NH,
a 208 209

(208) 1-(4-Azidomethyl—phcnyl)-8,9-dihydro-7H—2,7,9a-triaza-benzo[cd]azulen~6—one
1-{4—Chloromethyl-phenyl)—8,9-dihydro-7H—2,7,9a-triaza—benzo[cd]azulcn-6-one (0.24
15 g,0.77 mmol) was stirred in DMF (8 mL) with sodium azide (0.050 g, 0.77 mmol) -for
th.ree hours. The solvent was femoved by evaporation and the product was used-——
without further purification.
IR (KBr) 3204, 3096, 2229, 1654, 1600, 1603, 1319, 1139 cm”, '"H NMR (DMSO0-d,)
8 3.50-3.58 (m, 2H), 4.43-4.50 (m, 2H), 4.59 (s, 2H), 7.36 (t, 1H,J =79 Hz), 7.58 (d
20 2H,J=8.2 Hz), 7.86-7.94 (m, 4H), 8.44 (br s, 1H). HPLC Rt = 3.059min. N |

(209} Title compound
The crude 1-(4—a_zidomethyl-phenyl)-8,9-dihydro-7H-2,7,9a-u-iaza—benzo[cd]azulen-6—
one from above was dissolved in 10 mL of 9:1 CH30H/HCl(conc.) and placed in a
25 Parr shaker under H, atmosphere (60 psi) with 200 mg 10% Pd/C. After 2 hours, the
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131 24- Novenber 2003
1- (4-Pyridin-4-yl-phenyl)-8, 9-di hydro- 7H—2 7,9a-tci aza- benzo[ cd] azul en-6-0on

e (Exanmple 135) (0.24g, 0.71 mml) was di ssol ved in acetic acid (15 ).

Pl ati num oxide (0.0159) was added followed by 1 dr Opz@f\loﬁé%ﬂﬁerﬂd% The
flask was evacuated and refilled under a hydrogen atnosphere at 50 psi on
a Parr apparatus overnight. An s additional 0.02g of catalyst and 2 nore
drops ol HCI wer e added, and the reaction returned to the Parr apparatus
overnight. This. process was repeated for a total reaction time of 3 days.
The cat al yst T ottate cvasafilteredh shraeghy Eelite?, atro wolenTRAuGHUSR R Sesi@yy i T 1 €d

by flash silp th 10 MOH CHCL3. Then 10%
et hanol i o oDy (A RPHERE HeR G0 Rdlioohs 'a white sol i mp > 102 C
(455 1359 Foenam E‘(’WNNR”%%RE%"‘? SERTN BTS2 3 A moady #3%811)
2.53-2.75 (n{nlz%f §50féz 369 1d,( qus)ZHza ﬁa}-sgﬁzmmmm”b{l 4@;)4

2H), 7.34 (tgyrdl I.é Hg)l 7..43 (d.  2H J = 77 d 2H J =
7.7 Hz), 7.81-7.9 |§ 93 min.y ft-t‘i)ﬁ’f CHHW@aIQSd%r(Wﬂ)HZZMO

346. 1794 (Mrfppndmmw%mnammmm.osm (¢ Jﬁ%wg 9\,5H20) C. H N
Exanpl e 138: 1-Met hvl sul fanvl -8 9-di hvdro-7H 2 {riaza benzorcdl azul en

6- one
Example 210: _ 1-(4-Pyrrolidin-1-ylmethyl-pheny])-8 9-dihydro-7H-2 7 9a-triaza-

benzolcdlaznlen-6-one

O
NH

y O
This compound was prepared from intermediate 171a and the appropriate amine using
the procedure described in Example 171. Received 145.0 mg (41%)
'H NMR (DMSO-d,) § 1.69-1.76 (m, 4H), 2.50-2.55 (m, 4H), 3.50-3.56 (m, 2H), 3.67-
3.72 (m, 2H), 4.43-4.48 (m, 2H), 7.35 (t, 1H, J = 7.8 Hz), 7.51 (d, 2H, J = 8.1 Hz),
15 7.81 (d, 2H, J = 8.1 Hz), 7.85-7.91 (m, 2H), 841 (br s, 1H). HPLC Rt = 2.501 min.
HRMS caled for C;HyuN.O 347.1866 (M+H)*, found 347.1877.  Anal.
— o (C21H2N0-0.25 EtOAc) C, H, N.

Example 211: 4-Fluoro-l-(4—pvrrolidin-l-vlmcthvl-nhenvl)-&g-dihvdro-?H—2.7.9a—

20 triaza-benzo[cdlazulen-6-one
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SCH3 20 The product was prepared foll ow ng the procedure for

1- benzyl sul fanyl -8,9 di hydro-7H 2,7, 9a-tri aza- benzo[ cd] azul en- 6- one

(Exanpl e 29) using iodonethane in place of benzyl bromde to give a white
solid (65%: mp = 223-225 C, Rf = 0.29 (3% MOH CHCL3) ;.4 1659,
1468, 1355 cm-1: ' H NVR (DVBO-d6) S 2.73 (s, 311),1%%8‘-’%.‘%@?%3 2H) |
4.17-4.18 (m 2H), 7.25 (t, 111, J = 7.8 Hz), 7.72-7.77 (m 2s 2H),
8.35-8.38 (m 1H). HRMS calcd for Cl1H 1N30S 233.0623 (M), found ‘
233.0613. Anal. (Ct1H 1N30S.0.2H20) C, H N 132 24- Novenber 2003 Exanpl e
139: 1- Met hanesul finvl -8 9-di hvdro-7Hg/ 9a triaza benzorcdl azul en 6-one

nCPBA, CH2Cl12 Rth, 85% ~S- CH3

1- Met hyl sul f anyl - 8, 9- di hydr o- 7H 4- tht aza- benzo[ cd] azul en-6-one s
(Exampl e 138) (0.29g, 1.25 nmol) disgolved in CH 2 (25 nL). m CPBA
(57 86% 0.25g, 1 eq.assum ng 86% Ilwag¥added, and the reaction stirred at
it for Ih. An additional 0.02g of BA was added with an additi onal

fifteen m nutes of stirring.

QO

This compound was prepared from intermediate 1724 and the appropriate amine using

the procedure described in Example 172. Received 180.0 mg (47%)

'HNMR (DMSO-d,) § 1.69-1.75 (m, 4H), 2.44-2.48 (m, 4H), 3.51-3.58 (m, 2H), 3.66-
5 3.69 (m, 2H), 4.43-4.48 (m, 2H), 7.51 (d, 2H, J = 8.2 Hz), 7.59 (dd, 1H, 7= 10.7, 2.6

Hz), 7.74 (dd, 1H, J = 9.0, 2.6 Hz), 7.80 (d, 2H, J =8.2 Hz), 8.57 (brs, 1H). HPLC Rt

= 2.560 min. HRMS calcd for Ca1HFN,0 365.1772 (M+H)", found 365.1755. Anal.

(C21H21FN4O-0.1 EtOAc) C, H, N.

10

This compound was prepared from intermediate 171a and the appropriate amine using
the procedure described in Example 171. Received 155.7 mg (67%)

15 'HNMR (DMSO-d,) $ 1.12 (d, 3H, J = 6 Hz), 1.33-1.39 (m, 1H), 1.58-1.65 (m, 1H),
1.90-1.96 (m, 2H), 2.06-2.11 (m, 1H), 2.4]1-2.53 (m, 1H), 2.80-2.86 (m, 1H), 3.24 (d,
1H, J = 13.5 Hz), 3.50-3.57 (m, 2H), 4.05 (d, 1H, J = 135 Hz), 4.43-4.49 (m, 2H),
7.35 (t, IH, J = 7.8 Hz), 7.49 (4, 2H, J = 8.1 Hz), 7.80 (d, 2H, J = 8.1 Hz), 7.85-7.90
(m, 2H), 8.41 (br s, IH). HPLC Rt = 2.622 min. LRMS (m/z) 361 (M+H). Anal.

20 (CxHxN,0)C, H, N.
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The sol vent was renoved in vacuo, and the residue subjected to flash silica
gel chromatography eluting with 1-3% net hanolic ammoni a/ CHC13 to give
0. 269g. (85% of 10 a white solid: np = 241-242 C (dec); Rf = 0.24 (7%
met hanol i ¢ anmoni a/ CHC13); IR (KBr) 1645, 1596, 146734 fi3%Smbek®Pbscni; 'H
NVR (DMSO-4) S 3.17 (s, 3H), 3.65- 3.66 (m 2H), 4.55-4.85 (br, 2H),
7:42-7.48 (m 1H), 7.99-8.02 (m 2H), 8.50 (t, 1H, J = 5.5 Hz). HRWS cal cd
for ClI1HIN302S 249. 0572 (M), found 249.0583. Anal. (C iH INI®2S) C, H,
N. SCH3 138 is Exanple 140 |- Methanesul fonvl-8 9-dihvdro 7H'2 7 9a triaza
benzorcdl azulen 6 one 139 rt, Si, 66% O S-CH 3 /SA O O CH3
1- Met hanesul é:icarf%llé 8’2%3-di hydr o-7H- 2, 7, 9a-tri aza- benzo[ cd] azul en- 6- one

: 1-(4-Imidazol-1-vimethyl-pheny!)-8.9-dihvdro-7H-2.7.94-triaza-

benzolediazulen-6-one

Q
NH

——

_ N\-JN
s This compound was prepared from intermediate 171a and the appropriate amine using
me procedure described in Example 171. Received 141 mg (26%)
"H NMR (DMSO0-d,) § 3.48-3.57 (m, 2H), 3.40-4.48 (m, 2H), 5.55 (s, 2H), 7.38 (t, 1H,
J=7.8Hz), 761 (d, 2H, J = 8.1 Hz), 7.72 (m, 1H), 7.85 (m, 1H), 7.88-7.93 (m, 4H),
845 (t, 1H, J = 5.5 Hz), 9.29 (s, 1H). HPLC Rt = 2.410 min. HRMS calcd for
10 | C20H18Ns0 344.1506 (M+H)", found 344.1517. Anpal. (C20H|7N5s0-2.0 TFA) C, H, N.

Example 214: 1-]4-( 2.S-Dimethvl-vvrrolidin41-vlmcthvl)‘-nhenvl1-8.9-dihvdro-‘7H—

2,7.9a-n'iaza-benzo] cdlazulen-6-one

0
NH

~=("J
Q.;j

15 This compound was prepared from intermediate 171a and the appropriate amine using

_ the procedure described in Example 171. Received 153.7 mg (43%)

'H NMR (DMS0-d,) § 0.98 (s, 3H), 1.00 (s, 3H), 1.28-1.37 (m, 2H), 1.77-1.85 (m,
2H), 2.54-2.73 (m, 2H), 3.49-3.56 (m, 2H), 3.76 (s, 2H), 4.42-4.48 (m, 2H), 7.35 (,
IH, J=7.8 Hz), 7.51 (d, 2H, J = 8.1 Hz), 7.79 (d, 2H, J = 8.1 Hz), 7.84-7.89 (m, 2H),
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20 (Exanple 139) {0.05g, 0.20 mml) was partially dissolved in CH2CJ2 (4
m.). m CPBA (57-86% 0.05g) was added, and the reaction was stirred at it
for 3 h. An additional 0.015g of nCPBA was added, and the reaction stirred
an additional . hour. 133 24 Novermber 2003 The sol ventsd\QSyd rﬁé@\él%g 3i N Vacuo,
and. the product purified by flash silica gel chromatograp uting with
2% McOH CHC13 to give 0.036g (66% of a white solid: np >190 C (dec); Rf=
0.34 (7% met hanol i ¢ anmoni a/ CHC13); IR (KBr) 1658, 1474, 1372, 1317 cm7';
"H NV\R (DVBO-d6) S 3.61 (s, 3H), 3.66-3.71 (m 2H), 4.60-4.90 s (br, 2H),
7.52 (t, |H84L Gbry, Hi]-lszIPL(BRMr—MJm(m nRM?Sl@:M)@ ﬁ{)56Ag¥1(C<;_@;2 GN@NE
calcd for IﬁlN?,CBS 265. 0521 (Mm+), found 265.

, N3G3S) C, q‘il Exanpl e 141:  1-f4f Methyl -nineri d| n 4 vill h

henzof cdl azul en-6-one 10 n envl|-8 o-athvdro 7Hi 7 9a triaza The pr oduct
was prepared froml (4 p| perldln 4- yI phenyl) 8, 9-di hydro- 7H
—‘ 7). 50 ‘-‘r 3 18] 10k £ !
for s -5 J‘oe'ﬂ}% &a- M}alzg-%enzo cdlaz ler71-0 onpn‘p

nmet hanol | c
0

NH

This compound was prepared from intermediate 171a and the appropriate amine using
the procedure described in Example 171. Received 155.3 mg (36%)
'H NMR (DMSO-d) 6 0.88 (s, 3H), 1.01 (s, 3H), 1.31 (t, 2H, J = 10.3 Hz), 1.30-1.43
10 (m, 5H), 1.48-1.59 (m, 1H), 1.61-1.72 (m, 1H), 2.12 (d, 1H, J= 9.4 Hz), 2.91 (d, 14, J
=9.4 Hz), 3.04 (m, 1H), 3.48-3.57 (m, 2H), 3.75 (d, 1H, J = 14.2 Hz), 3.89 (d, 1H,J=
14.2 Hz), 4.42-4.49 (m, 2H), 7.34 (t, 1H, = 7.8 Hz),7.53 (d,2H, J = 8.2 Hz), 7.80 (d,
2H, J = 8.2 Hz), 7.84-7.90 (m, 2H), 8.41 (br s, 1H). HPLC Rt = 3.256 min. LRMS
(m/z) 429 (M+H). Anal. (Cz7H3N,0-0.5 CH;0H) C, H, N,
15

Example 216 ""I-I'4-((28.SS)-2.5-Bis~methoxvmethvl—omolidin-l-vlmcthvl_)-nhenvﬂ-
8.9-dihvdro-7H-2.7 9a-triaza-benzofc azulen-6-one
O

NH

N=
OMe

_.||\\

OMe
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amoni a/ CHC13); IR (KBr) 1662, 1473, 1379, 1304 cnf; 'H NWR (DVSO-d,) S
1.69-1.81 (m 4H), 2.00-2.07 (m 2H), 2.23 (s, 3H), 2.53-2.58 (m 1H),
2.89-2.93 (in, 2H), 3.51-3.52 (m 2H), 4.45-4.47 (in, 2H), 7.34 (t, 1H J

= 7.8 Hz), 7.45 (d, 2H, J = 8.2 Hz), 7.79 (d, 2H, J 34 RodehBdr20G384- 7. 90
(in, 2H), 8.44 (t, | H J =5.6 Hz). HRVE 20 calcd for CI2H24N4O 360. 1950

(M+), found 360.1944. Anal. (C22H2aN40.0.25H20) C, H, N 134 24- Novenber
2003 Exanple 142: 1-(4-Pineridin-3-vl phenvll-8 9 dihvdro 7H 2 7 9a triaza
benzof cdl azul en- 6-one s The conpound was prepared from Exanpl e 134 using

th dur &hissompeyrd was prazal feorh dteine 230
c (edE<i§’CeR‘r”ﬂwopF W&‘i’é’%” o ooy €71 M b Corbopeiyc el bifl O
1381, 1307 c% Rﬁ&ﬁgg‘fﬁﬁ‘eﬂ@@)”ﬁ Reagived 123 thg(2944)) , 1. 90-1.93 (m

| 2.54-2 mm 7 1 3- 3.50- 3. 51
i (ﬂ’moi%?gqsz”é 2y o155 G 20nes 4 b, 28 398 5 =

(m 2H), 4.45-4
8.2 Hz), 7. 7@3(611 D, 3.49-3573mL2H), 308¢@; THP- (8 ggf% %59@4;;18]4(;49(}59) 111).

HRVS cal e 22 (Mt), found 34
(c2I H22N4g 8&%%% %97?\?%6%%@ 1311823 1£4(d.2H0do= 8.1 HB, DTS ed.2BhVdr 0-' ) 7
9a triaza bem@fzﬁ?diwmbﬂﬂn,lm 841 (br s, 1H). HPLC Rt = 2.819 min. LRMS (m/z) 435

(M+H). Anal. (CasH3oN40) C, H, N.

Example 217: (R}-]-f4.-( 6-Ox0~6.7.8.9-tetrahvdr0—2.7.9a-niaza-benzorchazuIen- 1-y1)-

o]
NH

s 0. .0
10 benzyll-pyrrolidine-2-carboxviic acid benzvl ester N\I/'

This compound was prepared from intermediate 171a and the appropriate amine using
the procedure described in Example 171. Received 192.3 mg (41%)
'H NMR (DMSO-d) § 1.74-1.91 (m, 3H), 2.08-2.15 (m, 1H), 2.42-2.53 (m, 1H), 2.86-
2.93 (m, 1H), 3.36-3.43 (m, 1H), 3.47-3.55 (m, 2H), 3.61 (d, 1H, J = 13.5 Hz), 3.98 (d,
15 1H,J=13.5 Hz), 4.40-4.48 (m, 2H), 5.11 (s, 2H), 7.29-7.38 (m, 6H), 7.45 (d, 2H, J =
8.1 Hz), 7.78 (d, 2H, J = 8.1 Hz), 7.85-7.91 (m, 2H), 8.41 (br s, 1H). HPLC Rt =
3214 min. LRMS (m/2) 481 (M+H), Anal. (C2sH23N403) C, H, N.

Example 218: (R)-1-[4-( 6-Oxo-6,7.8.9-tetrahvdro-2.7.9a-triaza-benzo[cd]azulen-l -y1}-
20 benzvl]-pvrrolidinc-z-carboxvlic acid tert-butvl ester
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i's hen | 1-ni neridine-|-carboxylic acid t -butyl ester 135 24 Novenber 2003
Exanpl e 142 (0.13g, 0.37 mmol) was suspended in THE (4 nlL) and CH2Cl 2 (3
m.). Triethylam ne (0.062 nL, 0.45 nmol) was added fol |l owed by

di-tert-butyl- dicarbonate (0.10 m, 0.45 mol). The | hered at rt
for 3 h, and the solvent was renoved in vacuo. The r%‘glﬁ%ée%?bggrified by

flash silica gel chromatography s eluting with 1-3% M:OH CHC13 to give
0.158 (;19% of a white solid: np = 202-203 C;, Rf = 0.21 (7% McOH CHC13);
IR (KBr) 1660, 1418, 1308, 1173 cms; "H NVR (DvsO-d6) S 1.41 (s, 9H),
1.46-1.48 (m 1H), 1.69-1.76 (in, 2Hg 1.92-1.95 (m 1H), 2.68-2.82 (m
3H), 3.51-3.52 (m 2H), 3.96-4.01 (m , 4.46-4.47 (m 2H), 7.35 (t, 1H,
J =7.8 Hz), 7.48 (d, 2H, J = 8. , A'80-7.91 (m411), 8.42-8.46 (i
1H). io HRMB calcd for C26H30N4 . 2318 (M), found 446.2311. Anal. _
(C26H30NA®B) C, H, N Examle 144 N"4 eth - i ridin-3- 1 hen 1 -8 9-dih
dro-7H 27 9a-triaza- benzol cdl azUNER- 6- one The product was prepared
from Exanpl e 142 followi ng the proce bQr.o Exanple 132 to give a white
0o .

solid (58%: np = 240-242 C, Rf = 0. 5
N

This compound was prepared from intermediate 1712 and the appropriate amine using

the procedure described in Example 171, Received 24.7mg (5%)

!

H NMR (DMSO0-4;) § 1.41 (s, 9H), 1.72-1.85 (m, 3H), 1.99-2.10 (m, 1H), 2.36-2.46
5 (m, 1H), 2.83-2.93 (m, 1H), 3.16-3.26 (m, 1H), 3.48-3.57 (m, 2H), 3.61(d, 1H, J =

13.6 Hz), 3.98 (d, 1H, J = 13.6 Hz), 4.424.50 (m, 2H), 7.35 (¢, 1H, J = 7.8 Hz), 7.50

(d, 2H, J = 8.1 Hz), 7.81 (d, 2H, J = 8.1 Hz), 7.84-7.90 (m, 2H), 8.41 (br s, IH).

HPLC Rt = 2.958 min. HRMS caled for CysH3N,O; 447.239] (M+H)", found

447.2377. Anal. (CosHzoN4O50.5 H;0, 0.75 TFA) C, H, N.

10

Example 219- 1.[4-(6-Ox0-6.7.8.9-tetrahvdro-2 7 9a-triaza-benzolcdiazulen-1-

benzvil- lidin-3-yl}-carbamic acid tert-buty] ester

@]
NH

This compound was prepared from intermediate 171a and the appropriate amine using
15 the procedure described in Example 171. Received 39.8 mg (9%)

'"H NMR (DMSO-d,) & 1.36 (s, 9H), 1.54-1.66 (m, 1H), 1.97-2.11 (m, 1H), 2.24-2.33

(m, 1H), 2.52-2.59 (m, 1H), 2.71-2.81 (m, 1H), 3.49-3.57 (m, 2H), 3.65 (s, 2H), 3.86-

3.97 (m, 2H), 4.42-4.49 (m, 2H), 6.93 (brs, IH), 7.35 @, 1H, /= 7.8 Hz), 7.50 (d, 24,

J=8.2Hz),781(d,2H, J =82 Hz), 7.84-7.91 (m, 2H), 8.41 (brs, 1H). HPICRt =
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met hanol i ¢ ammoni a/ CHC13); IR (KBr) 1628, 1480, 1462, 1380 cm; 'H NWR 20
(DVMBO-d6) S 1.45-2.18 (m 6H), 2.24 (s, 3H), 2.87-2.90 (m 3H), 3.45-3.52
(m 2H), 4.45-4.46 (m 2H), 7.35 (t, 1H, J = 7.8 Hz), 7.47 (d, 2H, J = 8.3
Hz), 7.79 (d, 214, J = 8.3 Hz), 7.84-7.90 (m 211), %ﬁﬁz 8, 92%% 1H) .
HRMS cal cd for C22H24N40 360. 1950 (M+), found 360.1

(C22H24N40.0.5H20) C, H, N. 136 24 Novenber 2003 Exanpl e 145. 1- Ben

~zylam no-8.9-di hvdro-7H 2 7 9a triaza benzofcdl azul en 6-one NH 139 C S-CH3
Sul foxi de 139 (0.10g, 0.40 mmol) was dissolved in benzylanmne (4 nL) and

s heated t 02888 minf HIRMS cilcd T 5R., I d and the
pr oduct purlémgd@gés fl ash SI i caz'élqie{‘q?{D ?%\pngstlgg(?gp f&P’EﬁIQﬁG% hARal507
MeoHicHal 3 (el AretongdGoHN. a white sol i d: np 186 C (dec): Rf
0.11 (7% McOHICHC! 3) ; IR (KBr) 1644, 1572, 1466, 1368 cm': 'H NMWR
(DVBO-4) 8 3.53-3.56 (m 211), 4.04-4.05 (m 2H), 4.59 (d, 211, J = 5.8
re), 7.02 (Examble 1 2907 5 bith e ReidI RiAdb (e o Tyd 10, 44 (m 1

8.18-8.22 ( cal cd for CL/HI®B 292 IS4 v = r&thd
292. 13153 %&é&éﬁ%) C, H N
o] o
NH NH
TMSN,, iodosbenzene

CH,Cly, 0 °C N==

) 'S

171 220 ~
To a solution of I-[4-(2,5-dihydro—pyrrol-l-ylmethyl)-phenyl}-S 9-dihydro-7H-2,7,9a-
triaza-benzo[cd]azulen-6-one (32.4 mg, 0.09 mmol, Example 171) in 2 mL of CH,CL,
at 0 °C, was added iodosobenzene (41.4 mg, 0.19 mmol) and azidotrimethylsilane (25
1o pL, 0.19 mmol). This mixture then stirred at room temperature for 1 hour. The
solvent was stripped and the residue was punﬁed by prep HPLC. Received 20.} mg

(55%).

'HNMR (DMSO-d,) § 3.46-3.54 (m, 2H), 4.40-4.46 (m, 2H), 5.22 (s, 2H), 6.05 (t, 2H,
J=2.1Hz), 687 (t,2H, J= 2.1 Hz), 7.32-7.37 (m, 3H), 7.81-7.90 (m, 4H), 8.41 (brs,
15 1H). HPLC Rt = 3.349 min. HRMS caled for C21HsNsO 443.1553 (M+H)", found
443.1558. Anal. (C3;HsN;0-0.5 Acetone, 0.45 TFA) C, H, N.

Example  221:  ($)- I-(4-D1methvlanunomethvl-Dhenvl) 8-methvl-8 9-dihydro-7H-

2,7,9a—maza-benzo|c4|azulen 6-one

189 -



Exanpl e 146: 1-Am no-8 9-di hvdro-7H 2 7 9a triaza benzofcdl azul en 6-on
hydrochloride 1.s PhCH2N~ H2 125 0 a 20h. 98%---1. 10%°df C HCO2NH4- - -
McOH, reflinc, 12h. 2. HCV1, 4-di onrme, 98% Exanple 145 (0.08g, 0.27 mol)
was dissolved in McOH 10% Pal | adi um on carbon (0.0 fol |l oned
by ammoni um formate (0.09g, 1.36 mmol). The reaction%g@eﬁ%%q%égﬁ

overni ght. The catalyst was filtered off and the solvent renoved in 20
vacuo. The residue was dissolved in dioxane (2 nL) and McOH (2 nlL) and
treated 137 2+ Novenber 2003 with 4M HCI/di oxane (I nL). The solvents were
removed in vacuo@nd the resulting sapids triturated and washed with Et20

to give 0.06 Wod a yel | ow sol Q> 260 C (dec); IR (KBr) 1670,
1459, 1379, cm 1; ' BYSQvR! S ﬁg-azgan%(mc.bgmaom. 10-4.11 (m
J = dd, /IH, "I =791 0+ —™ 77 s (dd,

2H), 7.35 (t ~&PhoJ = T — 5
|L? J = 7.§9, JNcpzsrﬁz), 8.50-8. 54 (meﬁ, 0.87 4,Napiips, DMA. OB TCor, | H) . HRVE

(8)-(-1,2-diaminoprapane o H
b dihydrochloride 2210 b :
HzN
21!
HzN’)— OH

0 o} 0
NH NH NH

)—Me SOCl,, CHLCN Me DMSO,rt Me
N N HN(CHg), N
N= = =

28%

Me

H cl N

221a 221b 221 Me

(221c¢) (S)-3-Methyl-9-nitro-1 ,2,3,4-tetrahydro»bcnzo[e][1,4]diazepin-5-one
A suspension of 10.1 g of intermediate b’ (384 mmol, Example 2), (S)-(-)-1,2-
diaminopropane dihydrochloride (5.65 g, 384 mmol) and DIEA (22 mL, 126 mmol) in
5 130 mL of DMSO was heated to 80 °C for 16 hours. The reaction was then
concentrated in vacuo. To the resulting crude oil was added 200 mL of 10 M
NaHSO,. The aqueous layer was extracted with CH2Cl; (2 x 200 mL). The combined
organic jayers were washed with water, dried (MgS80,), filtered and concentrated. The
product was then purified by silica gel chromatography eluting with 2-5%
10 MeOH/CH:Cl to give 3.60 g (42%) of a yellow/orange solid.
mp = 215-216 °C; IR (KBr) 3360, 3179, 3040, 2922, 1654, 1599, 1510, 1451, 1438,
1387, 1263, 1193, 1113, 1092, 891 740, 647 cm™; "H NMR (CDCl3) § 1.35 (d, 3H, J =
6.7 Hz), 3.50-3.90 (m, 3H), 6.38 (br s, 1H), 6.77 (t, 1H, J = 8.1 Hz), 8.34-8.46 (m, 2H),
9.04 (brs, IH). HPLC Rt = 3.351 min. LRMS (m/z) 222 (M+H). Anal. (C;oH;;N303)
15 C,H,N.

(221a) (S)-1 -(4-Hydroxymethyl-pheny!)-s-methyl-8,9-dihydro-7H—2,7,9a-
triaza-benzo[cd)azulen-6-one
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cal cd for CLOH oN4O 202.0854 (M+), found 202.0853. Anal.
(G oHtoN4O. HC1. 1.5H20) C. H, N. Exanple 147: 1- 4- 1HImdazol 4 1 -hen 1
-8 9-dih dro-7H 2 7 9a-triaza- io benzorcdl azul en-6-one o-i ddoxybenzofc add

DVSC. Uh, 73% CHO g DMA, NaHSo3 100 C, 69% (a)
4- (1 Hi i dazol - 4Y] ) - benzai dehyde: is [4- (I H | m dazol -Zt VPYEIREAIPT - net hanol
(0.218, 1.23 nmmmol) was dissolved in DVSO (12 nlL). o-lodoxybenzoic acid
(Frigerio, et at, J. Org. Chem 1995, 60, 7272) (1.03g, 3.70 nmol) was
added, and the reaction stirred at roomtenperature for 3.5 hours. The

sol vent was Arsanpleadf (5)3-wrehyb9-nixesd 1 RiB4-tegahyirS-be V. L
CHCl 3/ Pr mér% resul tant solids were fi Iyt:tltélredlhz%?ﬁ;3t ﬁ%&iﬁ%shn rate
washed in r IR, vesregiioesay BD@WM sutept jusing Me®Hras sahenbr The, dri ed

El?/? El-oﬂn ggggelgﬂ;ﬁln yla%h@zgﬁrﬁgﬁﬁg‘ as alg%lg’ (ﬁeéﬁﬂbeﬂ “?N%afﬂglédg’w t hout
further purRéderwti2di g GDWEPeri{l).) S 7. 84 7. 79 (m
s mp = 268-270 °C; IR (KBr) 3199, 1654, 1482, 1438, 1389, 1332, 750 cm™': 'H NMR
(CDCl3) 8 1.19 (4, 3H, J = 6.1 Hz), 3.80-3.94 (m, 1H), 4.28 (d, 1H, J = 13.0 Hz), 4.45
| (dd, 1H, J = 130, 7.8 Hz), 4.61 (4, 2H, J = 5.4 Hz), 5.3 (t, 1H, J = 5.4 Hz), 7.36 (@,
1H, J =7.7 Hz), 7.52 (4, 2H, J = 7.9 Hz), 7.81 (d, 2H, J = 7.9 Hz), 7.85-7.93 (m, 2H),
8.29 (d, IH, J = 3.3 Hz). HPLC Rt = 2.543 min. LRMS (m/z) 308 (M+H). Anal.
10 (CigH7N302) C, H,N.

(221b) (S)—l-(4—Ch]oromethyl-phenyl)—8-methy1-8,9—dihydro-7H—2,7,9a—triaza-
benzo[cd]azulen-6-one

Benzyl alcohol 221a was converted to a crude benzyl chloride 221b as described in
15 Example 171.
HPLC Rt = 3.233 min.

(221) Title compound
This compound was synthesis from chloride 221b and the appropriate amine as
20  described in Example 171. Received 61.7 mg (20%)
'H NMR (DMSO-d;) § 1.16-1.24 (m, 3H), 2.22 (s, 6H), 3.52 (s, 2H), 3.83-3.89 (m,
1H), 4.27-4.49 (m, 2H), 7.35 (1, I1H, J = 7.8 Hz), 7.49 (d, 2H, J = 8.1 Hz), 7.81 (d, 2H, -
J = 8.1 Hz), 7.85-7.89 (m, 2H), 8.28 (br s, 1H). HPLC Rt = 2.471 min. LRMS (m/z)
335 (M+H). Anal. (C30H2;:N,0-0.6 H,0) C, H, N.

25

Example 222: (S)-8-Methvl-1-(4-
triaza-benzo{cd}azulen-6-one

methylaminomethvl-pheny]
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211), 7.87 (d, 2H, J = 8.4 Hz), 7.98 (d, 2H, J = 8.2 Hz), 9.94 (s, 1H),

12.30-12.50 (br, 1H). 138 24 Novenber 2003 (b) Title conpound: According
benzal dehyde and

to the procedure used in Exanple 19, 4-(1Himdazol -4-yl)-
diam ne g was used to prepare the desired conmpound as

i ght sol i d
(69%: np >198 C (dec); Rf = 0.08 (10% McOHICHC 3); | R\??S'%eﬂ?@g? 1473,
1381, 1309 cni; 'H NVR (DVBO-d5) S 3.54 ,.55 (m 2H), 4.49-4.50 (m 2H).
7.35 (t, 1H J = 7.8 Hz), 7.77-7.98 (m 8H), 8.44-8.47 (m I|H),

12.25-12.40 (br, 1H). HRMS calcd for CL9HI5N50 329.1277 (M+), found
329.1280. Anal. (C19HLISNSO.O0.25H20) Gy H, N. 20 Exam |l e 148: |

4Pvtrol i di n- 2-
0 G tt-S(C1 LDA IWasc v 24t

10

a5

20

SelN : ? - -
ef IGeyZO, 7FF, ?eQ TIN s3

Me
NH

This compound was prepared from intermediate 221b and the appropriate amine using
the procedure described in Example 171. Received 87.9 mg (35%)

"H NMR (DMSO-d,) § 1.16-1.23 (m, 3H), 2.60-2.65 (0, 3H), 3.81-3.94 (m, 1H), 4.21-
4.31 (m, 3H), 4.444.51 (m, 2H), 738 (¢, I1H, /= 7.8 Hz), 7.67 (d, 2H, J = 8.2 Hz),
7.88-7.95 (m, 4H), 8.33 (br s, 1H). HPLC Rt = 2.315 min. LRMS (mv/z) 321 (M+H).
Anal. (CoH20N40-2.0 TFA) C, H, N.

Example 223: (S)-1-[4-( 2.5-Dihvdro—nvrrol-l-vimethgl )-phenyl]-8-methyi-8.9-
dihydro-7H-2 7 9a-triaza-benzolc aznlen-6-one | :
0

NH
Me

s

~This compound was prepared from intermediate 221b and the appropriate auﬁne using

the procedure described in Example 171. Received 173 mg (63%)

'H NMR (DMSO-d.) 6 1.17-1.24 (m, 3H), 3.84-3.93 (m, 1H), 4.01-4.19 (m, 4H), 4.24-
4.53 (m, 2H), 4.57-4.63 (m, 2H), 5.97 (m, 2H), 7.39 (t, 1H, J = 7.8 Hz), 7.76 (d, 2H, J
= 8.3 Hz), 7.89-7.93 (m, 2H), 7.95 (d, 2H, J = 8.3 Hz), 8.34 (br s, 1H). HPLC Rt =
2.554 min. LRMS (nvz) 359 (M+H). Anal. (C22H2N40-0.5 H;0, 2 TFA) C, H, N.

Example 224: l-[4-(2.5~Dihvdro-owroI-l-vlmcthvl)—Dhenvﬂ-&9-dihvdro—7H-2.7.9a-

triaza-benzolcélazuien-(i-one, hydrochloride salt

192
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50%0 1. Hp, 7FF, WIltc 48 h NH2 P OH aN. MaCH Ho as,.It.74% OH BOO
7.relLL7 7FF 780C N 2.vF.-780-0C NH + I Il ') 1.chhfS ,b10DOC 75% 2stgs is
(a) 3-[1-(4-Brono-phenyl)-nethanoy] 1pyrrolidin-2-one: D isopropylan ne
(3.75 m., 26.73 rnnol) was dissolved in THE (70 m-) and cooled to -78 C
n-Butyl |ithium (2. 5MJhexanes, 10.69 M., 26.73 nmmol) wsNawmeer 29P3pwi se,

and the reaction stirred for 15 mnutes at that tenperature. 1 139
24- Novenber 2003 (Trinmethylsilyl)- 2 pyrrolidinone (Aldrich Chem cal Co.)

(4.28 niL, 25.67 mol) was
0

NH -

£
Cl ®

GENERAL METHOD FOR AMINE SALT FORMATION:
To a solution of 1-[4-(2,5-dihydro-pyrrol-I—ylmethyl)-phenyl]-s;9-dihydro-7H-2,7.9a-
5 triaza-benzo[cd]azulep-&onc (Example 171) (40 mg, 0.12 mmol) in 5 mL MeOH, was
adde§ (1.13 mL, 0.12 mmol) 0.10 N HC!. The solvent was stripped and the residue
Iyophilized from acetonitrile and water. Received 39.4 mg (84%)
'HNMR (DMS0-d,) 8 3.50-3.59 (m, 2H), 3.88-4.12 (m, 4H), 4.42-4.57 (m, 4H), 5.93
(s, 2H), 7.37 (t, 1H, J = 7.7 Hz), 7.75-7.84 (m, 2H), 7.86-7.98 (m, 4H), 8.45 (br s, 1H),
10 1141 br s, 1H). HPLC Rt = 2.527 min. LRMS (m/z) 345 (M+H). Anal.
(C21H20N:0-1.0 HCI, 1.25 H,0) C. H, N.

Example 235: 1-[4-(2.5-Dihydro-pyrrol-1 -vimethvl)-phenyl}-8.9-dihydro-7H-2.7,.9a-

triaza-benzol cdlazulen-6-one. maleate salt

15 ==/

193-



added dropwi se and again stirred for 15 mnutes at -78 C.
Et hyl - 4- br onobenzoate (5.00g, 3.56 m.; 21.39 mmol) was added dropw se.
The reaction was allowed to warmto rt and stirred overnight. The THE was
renoved in vacuo. The solids were s redissolved in T 70|_(r}1\;lgl ) 3§d 10%
HOAc (40 nlL). The THE was again renoved and replace PY® e%r@p The
product was extracted in EtQAc (3X). The organic phases were conbi ned,
washed with sat NaHCO3, water, and brine, then dried (MySO4). The product
was purifieﬁj b flgsg silica gel chromatography eluting with 0- 2%
McOH/ CHCL3 16 1 (%8 Rreprogd &ﬂmal%(z,adﬂgm@lpyrm;.ﬁy&%yb@%emg = 0. 16
3.0 (2% Nb(ajﬁ}@—&ig)zﬂ'bggﬁ.{fgy%@?%ﬁ?m}%g, 1397, 1273 crn”; " (9DI\/ISO de)
S 2.18-2.28 (m 1H),” 2.40°72; Sayo-one FExampBol 1dan® kjaleidadBudnd0 (M
1H), 7.76 (% ProcwdureXiesceibed it BXample 9347 R3%i{dB 455 g GRS 270 (MFH). (b)
2- ( 4- Brorm-:ﬂlmg#m 60#9){&' ne is e LI
3-[ 1- ( 4- Br ono- § 2A by 28)i 1902007 (nf, 468, HB94 ﬁngéﬂgn%% was
di ssol ved i(sazﬂ}lé-_@(QQﬁ),T-)f:; &69{{@)"7%_2%&r eaction was ref5 Xe ays. The
THE was rgrzgved in vacuo, and the aq s7-P%r§’é7|5 (@% 2Hc7.86- 748t ¢, BHPAC and
separ at ed. S4PHEr 6waltBr 1068 (bresr2H) HPLE 3612 8 55Y1,LR, basified with 10%
) c§] g Z3 345 E¥tERNt r at ed

NaOH. The Redget _ racted into Et30, drie
to give the cft%éHﬁW?&ﬁ(%.ﬂgﬁol-ﬁﬁz@)@aH.m ssolved in McOH (50 nL). A trace
anount of bronocresol green indicator was added foll owed by NaCNBH3
(1.018, 15,37 qmgl . 2M HCl / MeOH, prepared

5Examn e 2%. 1-[4-(2.5-Dihvdro- vrrol-1-vimethyl)-phen 1]-8.9-

10  tiaza-benzo[cd]azulen-6-one methanesulfonic acid salt

dihydro-7H-2.7.94-

o]
NH

"

The compound was prepared from 1—[4—(2,5~dihydr0-pyn'ol-

' 1-ylmethyl)-ph -8,9-
15 dihydro-7H-2,7,9a-triaza- e e

e benzo[cd]azulen’iﬁ-'oné'"[Example 171) and methanesulfonic
acid using the procedure described in Example 224. Recejved 42.3 mg (75%)

'H NMR (DMSO-d,) 8 2.29 (s, 3H), 3.52-3.58 (m, 2H), 3.90-4.14 (m, 4H), 4.43-4.60
(m, 4H), 5.96 (s, 2H), 7.38 (t, 1H, J = 7.8 Hz), 7.74 (d, 2H, J = 8.2 Hz), 7.86-7.92 (.m
2H),7.96 (d, 2H, J = 8.2 Hz), 8.45 (br s, 1H), 10.52 (brs, 1H). HPLC Rt = 2.5‘;5 l'I‘l.ilZl'
20 LRMS (m/z) 345 M+H). Anal. (C21H20N,0-1.0 CH.0s8, 1.25 H,0) C, H, N. ] |

Ex : - - i
ample 227 4-(6-Oxo 6.7,8.9-tetrahxdro~2,7,9a—tnaza—benzo|cglazulen-l-xlh

benzonitrile
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fromHClI and MeOH, was added as needed to maintain a yell ow col or (approx.
10 mL) and the reaction stirred at it for 3.5 h. 5 nL of conc. HCl was
added dropwi se. Wien gas evolution had ceased, the solvent was renoved in
vacuo, and the residue 2s dissolved in water. The vvafjg% was W}Bﬁg with
Et,O and basified to pH = 11 with 50% NaCH. The pr odtit NOYREP§l cted into
- Et20 which was subsequently washed wth water and brine, dried (MJSO4),
and concentrated to give 2.54g (74% of an oil: Rf = 0.16 (5% nethanolic
ammoni a/ CHCl 3); IR (KBr) 1485, 1404, 1103, 1070, 1011 <cms; '"H NWR
(Benzene-d6) 8 1.23-1.49 (m 2H), 2.60 (m 1H), 1.70-1.81 (m 30 1H),
2.55-2.64 (m 1H), 2.84-2.91 (m 1H) f43.64 (m 1H), 7.03 (d, 2H, J =
8.3 Hz), 7.32 (d, 2H, J = 8.3 Hz). 6,228 (MrH). 140 24 Novenber
2003 (c) 2-(4-Brono-phenyl)-pyrroli carboxylic acid tert-butyl ester
2- (4- Brono- phenyl ) -pyrrolidine (0.49y .77 mmol ) was dissolved in THE (9
m.). Triethylamne (0.30 nm., 2.12 mol) added fol | owed by
di-teert-butyl- s dicarbonate (0.49 ni, mrol ). The reacticu stirred at
it for 1 h, and the solvent was renoved={n vacuo. The product was purified
by flash silica gel chromatography eluting with 3-5% Et OAc/ hexanes to give
0.53 g (93% of a clear oil: R = 0.18 (10% EtOAc/ hexanes); IR (KBr) 1703,

1487, 1400, THid edmpduhll s Prepardd AR dﬁ%& %termediate g (from Example 2) and 4-

Cyanobenzaldehyde according to the procedure used in Example 19. Received 316.7
mg (57%)

1 :
5 'H NMR (DMSO-d) § 3.49-3.58 (m, 2H), 4.44-4.52 (m, 2H), 7.39 (t, 1H, J =79 Hz),

7.89-7.96 -(m, 2H), 8.06 (m, 4H), 8.45 (brs, 1H). HPLC Rt = 2.842 min. LRMS (m/z)
289 (M+H). AnaIt (C17H12N40-0.25 H,0) C, H,N.

E.xample 228-229:  1-{4-[1-( 2.5-Dihvdro—-pwrol-1-vI)-3-methyl-buggl ]-phenyl}-8.9-
10 dihvdro-7H-2.7 Sa-triaza-benzo azulen-6-one

o] o) _ o
" J
d:) NaHSO,, DMF d= N s0Ci, N DMSO, 60 °C N
N CHO CHLCN
NH, H :
2 m@

S &

228 229, 223

8 OH OH Y Nj
- -

(228) 1-[4~(1-Hydroxy—S-mcmyl-butyl)-phenyl}—s,9-dihydr0-7H—2,7,9a-triaza-

15 benzo[cd)azulen-6-one
This compound was prepared from diamine intermediate g (from Example 2) and 4-(1-
hydroxy-S-methyl-butyl)-bcnzaldchydc [prepared from isobutylmagnesium bromide

and tercphthala.ldehyde-mono—diethyl acetal following the procedure Hulin et al., J
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maj or rotamer S 1.58 (s, 9H), 1.72-1.92 (m3H), 2.28-2.34 (m 1H), -
3.58-3.60 (m 2H), to 4.72 (m 1H), 7.04 (d, 2H, J = 8.3 Hz), 7.42 (d, 2H,
J =83 Hz). LRVs 350 (MtNa). (d) 2-(4-Fornyl-phenyl)-pyrrolidine- |
-carboxylic acid tert-butyl ester

2- (4- Brono- phenyl ) -pyrrolidine-I-carboxylic acid tert"g ”‘{/m%%tzgp3(0.438,
1.34 mmol) was dissolved in THE (4 nL) and cooled to -78 ir_ n-Butyllithium
is (2. 5M hexanes, 0.62 nL, 1.6 mmol) was added dropw se. The reaction
stirred at -78 Cfor 1 h, then DM (0.13 m, 1.6 mvl) was added dropw se.

The react i oHedt Chensd35,a18537 81992) o ecoardingdb tthe r . =NaH (5 m)
was added, ﬁ&%ﬂ’%‘?g reﬁﬁé on warnmed to 0 C T@cregggt?sgga%/‘i/agﬁ%gé#ei ‘into
Et OAc/ wat er. T38§ ")phase was separated and washed with brine, dried
(MyS™) andiCRRgEe urified by flash silica gel
chr omat ogra&hg/ el (t}%lf{%gegv&) ?ﬁ@%&@?g&ﬁ%ﬁgﬁg@ E%)'d'rf\ﬁe{%.(m&;ﬁ)(.ﬁ@% of a
clear oil: €m0 HD33. 48 0B THORH) e 4 2208) (i, bﬁ),(m_)‘_@t@&”_l&goyr ;ﬁgai 1165,
1113 cmg; " HNMVR WQS@JELJM amer511.58 (s, 9H), 1:77/8-1"9Z (% ,
5'25_@ )7 % mﬁﬁ79@:m2ﬁﬂ0:h’- 5 (;WZM), @,mrﬂ;wmmm)(g,z%u,(aﬁ%c}ﬁ% ng
. ' - . ( r 41 ’ s .S . 3 )
(o) Title compound sig thgrm?ﬁédlogﬁg@F%b%%%:%gﬁgfé-lfé,M- LRMS
2- ( 4- Fornyl(mgﬁéwwﬂ' v Aokl (CnHadN2Oge Y. i ¢ acid tert-butyl ester (0. 16g,
0.59 mvol ) and diamne g (0.11 g, 0.61 nmol)
(2292)  1-{4-(1-Chloro-3-methyl-butyl)-phenyl}-8,9-dihydro-7H-2.7 Sa-triaza-
10 benzolcd]azulen-6-one
This compound was prepared from intermediate 228 and thiony! chloride according to
the procedure used in Example 171. Received 8.36g (91%)
LRMS (m/z) 368 (M+H).

15 (229)Title compound
This compound was prepared from intermediate 2292 and 6 equivalents of 3-pyrroline
according to the procedure described in Example 171, with the exception of heating to
60 °C. Received 83.3mg (30%)
'H NMR (DMSO-d) 6 0.90 (d, 3H, J = 6.6 Hz), 0.91 (d, 3H, J = 6.6 Hz), 1.11-1.25
20 (m, 1H), 1.59-1.76 (m, 2H), 3.35-3.68 (m, 7H), 4.42-4.52 (m, 2H), 5.77 (s, 2H), 7.35
(t, 1H,J=7.8 Hz), 7.50 (d, 2H, J = 8.1 Hz), 7.79-7.89 (m, 4H), 8.42 (br s 1H). HPLC
Rt =3.034 min. LRMS (m/z) 401 (M+H). Anal. (CsHN40-0.3 H,0) C, H, N.

Example 230: 1-[4-(3-Methyl-1 -pyrrolidin-1-vi-butyl )-pheny!]-8.9-dihydro-7H-2.7 94-
25 triaza—benzo!cc_ilazulen-G-one
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wer e condensed. The crude product was then dissolved in dioxane (8 nL) and
treated 30 with 4M HCl / di oxane (4 nL). The reaction was stirred at rt for 3
h upon which a gumry solid appeared which was manual |y broken up to form
white solids. The 141 24- Novenber 2003 sol vent was rs ved a\r@ ghe
residual solids treated wth nethanolic ammonia. The AEBBW?H %3t hen
purified by flash silica gel chromatography eluting with 3-5% MOH CHC13,
t hen 5% net hanol i ¢ ammoni a/ CHC13 to give 0.14g (76% of a white solid: np
= 220-223 C (dec); Rr = 0.11 (7% met hanoli c amoni a/ CHC13); IR (KBr) s
1662, 1472, 1304, 741 nil'; '"H NWR ( 0O4) 8 1.48-1.57 (m 1H), 1.72-1.83
(m 2H), 2.12-2.23 (m 1H), 2.88: NR |IH), 3.00-3.07 (m IH),
3.51-3.52 (m 2H), 4.11-4.16- (m 4345-4.46 (m 2H), 7.34 (t, 1H J =
7.8 Hz), 7.56 (d, 2H J = 8.2 Hz) N (d, 2H J = 8.2 Hz), 7.84-7.90 (m
2H),” 8.42-8.46 (in, IH. FIRWVS cal gg=for C2oH 8N40 330. 1481 (M 2H), found
330. 1480. Anal. (C20H20N40) C, H, N. Mdo-Exanple 149 : -
1-f4-fl-Methyl-nvrrolidin-2-vll ohenwl 8 9 dihvdro 7H 7 9a tnaza

benzof cdl azul en-6-one is The product wes{ prepared from '

triaza-benzo[ cd] azul en-6-one (Exanple 14
Exanpl e |
This compound was prepared from intermediate 229z and the appropriate amine using
the procedure described in Example 229. Recejved 118mg (43%)
'H NMR (DMSO-d,;) $ 0.80 (d, 3H, J = 6.6 Hz), 0.88 (d, 3H, J = 6.6 Hz), 1.10-1.25
5 (m, 1H), 1.57-1.79 (m, 6H), 2.21-2.33 (m, 2H), 2.52-2.57 (m, 2H), 3.32-3.38 (m, 1H),
3.49-3.58 (@ 2H), 4.43-4.51 (m, 2H), 7.35 (t, 1H, J = 7.8 Hz), 7.47 (d, 2H, J = 8.2
Hz), 7.82 (d, 2H, J = 8.2 Hz), 7.85-7.89 (m, 2H), 8.42 (br s, 1H). HPLC Rt = 3.029
min. LRMS (m/z) 403 (M+H). Anal. (CasH30N340-0.25 H,0) C, H, N.

10  Example 231: 1-[4-(Dimethzlanﬁno—methyl-bugglhghenyl]-S.9-dihvdro-7H-2.7,9a-
triaza-benzo{cd)azulen-6-one

0]
NH
N
=
7 N
== Me
Me

This compound was prepared from intermediate 229a and the appropriate amine using

the procedure described in Example 229. Received 85.1mg (33%)

15 'HNMR (DMSO-d;) 5 0.85 (d, 3H, J = 6.6 Hz), 0.88 (d, 3H, J = 6.6 Hz), 1.28-1.39
(m, 1H), 1.56-1.67 (m, 1H), 1.69-7.80 (m, 1H), 2.09 (s, 6H), 3.40-3.49 (m, 1H), 3.50-
3.58 (m, 2H), 4.44-4.51 (m, 2H), 7.35 (t 1H,J = 7.8 Hz), 743 (d, 2H, J = 8.2 Hz),
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132 to give a white solid (78%: np = 235-238 C (dec); IR (KBr) 2780, 1472,
1278 cm7'; '"H NVR (DMBO-d6) 8 1.61-1.70 (m 1H), 1.76-1.90 (m 2H), 2.13
(s, 3H, 2.17-2.29 (m 2H), 3.18-3.29 (m 2H), 3.52-3.53 (m 2H),

4.45-4.46 (m 2H), 7.35 (t, 20 IN, J = 7.8 Hz), 7.52
7.81-7.90 (m 41-1), 8.42-8.46 (m 111). HRMS cal cd é“gm@ﬂ?ﬂ%@ﬁﬂé 346 1794

(M+), found 346.1796. Anal. (C21H22N40.0.3H20 C, H N. 142 24- Novenber
2003 Exanple 150: 1-f4-(1-Cvclonroovlinethvl-pineridin-2 vil phenvlil 8 9
di hvdro 7H ré@ 2&9%]“8222?]5??7”20]:(:(“ azul en-6-one s The product was prepared
fol |l owing t r &r , TE84ahP0 ém132), 18542%rl (.

anénzol}tcd]'gg%lng?r 6- one

Pi peri di n- 2RMs d dro-7H 2, 9atr|aza
(Exanpl e 130) ?‘ﬂﬁgﬁﬁ(@%,ﬁ#)m @%Irb@hﬁeﬁaNboxm dehyde (0.11 i,

1.53 mmol) in pI ace of formal dehyde to give 0.054g (71% after silica gel
chr omat ogr aph .5% NEO—V CHC13 fol | owed by 3% rret hanol i c

ammoni a/ CHCf3; “Bht )
ammoni ag tﬁ!&ﬁ-t{é@; 1479 380 1308 ' MSO- d6) S
(-0.15)-(-0.10 %’%ﬁ foni .85 (m 1H), 1.32-1.80

(m 7H), 2.11-2. 19 (m 1H), 2.26-2.3a(m 1H), 3.15 3.17 (m 1H),
3.36-3.37 (m IH), 3.52-3.52 B N4 46-4.48 (m 2H), 7.35 (t, 1H J =

7.8 Hz), 7.50

The compound was prepared from 1-{4-(2,5-dihydro-pyrrol-1 1-ylmethyl)-phenyl}<4-

fluoro-8 9-dlhydro-7H-2 7 9a-maza-bcnzo[cd]azlﬂen~6-onc [Example 177] and

10 methanesulfonic acid using the procedure descnbed in Example 224, Received 577.9
mg (90%) |

'H NMR (DMSO-d,) § 2.31 (s, 3H), 3.54-3.60 (m, 2H), 4.03-4.15 (m, 4H), 4.44-4.50

(m, 4H), 5.98 (s, 2H), 7.64 (dd, 1H, J = 10.6, 2.6 Hz), 7.75-7.81 (m. 3H), 7.98 (d, 2H,

J=8.3Hz), 8.63 (brs, 1H), 10.57 (br- S, 1H). HPLC Rt = 2.813 min. LRMS (m/z) 363

- 15 (M+H). Anal. (Co;HsFN;O+1.0 CH4OsS5, 0.25H,0) C,H, N

EX .
ample 233: {S}-8-Methvl- =1-(4-pyrrolidin-1 —vlmcthvl-nhenvl) 8.9-dihvdro-7H-

2,7,9a-maza—benzo|c4|azulen 6-one
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(d, 2H, J =8.2 Hz), 7.81 (d, 2H, J =8.2 Hz), 7.84-7.89 (m 2H), 8.44 (t,
1H, J = 5.6 3.s Hz). HRM5S calcd for C, -SH2gN4O 400. 2263 (M), found

400. 2256. Anal. (C25H28MNO. 0.25H20) C, H, N. Exanple 151: |

-(4-1sonropvl -nineridin-2-vl) henvl 8 9 dihvdro-7H ") i

benzof cdl azul en- 6-one 20 143 24- Novenber 2003 Sim | arzefzg%g%ﬁ%?]?ﬂgﬁs used to
prepare Exanple 132, 1-(4-Piperidin-2-yl-phenyl)-8,9-

dt hydro-7H 2. 7, 9a-tri aza- benzof cdl azul en- 6- one (Exanple 130) 0.077g, 0.22
mmol) was dissolved in MOH (4 nL), acetic acid (0.05 nL), and acetone (1
mL) . Sodi um s cyanoborohydri de (0.044 was added, and the reaction stirred
at roomtenperature overnight. -c\ arant was renoved in vacuo, and the
resi due di ssolved in CH2Cl 2/-sat.
washed with water and brine, dri 3S0O4) and concentrated. The product
was purified by flash silica gel ¢gedmatography eluting with 1 %

met hanol i ¢ anmoni a/ CHCl 3 to give 0. 264 0% of a 10 white solid: np > 260
C (dec); Rt = 0.34 (7% net hanolic amy 9/ CHC13); IR (KBr) 1661, 1478,
1382, 1308 cni; 'H NVR (DVMSO-d6) S O. X d 3H J =6.3 H), 0.96 (d, 3H,
J =6.7 H), 1.29-1.52 (m 3H), 1.64-1. 7% 3H), 2.13-2.20 (m IH), 2.69-

This compound was prepared from intermediate 221b and the appropriate amine using
the procedure described in Example 171, with the exception of using acetonitrile as
solvent. Received 50 mg (11%).

s 'HNMR (DMSO-4) 8 1.20(d, 3H, 7= 6.3 Hz), 1.68-1.87 (m, 4H), 2.43-2.57 (m, 4H),
3.69 (s, 2H), 3.81-3.93 (m, 1H), 430 (d, 1H, J = 132 Hz), 4.46 (dd, 1H, J = 13.2, 7.8
Hz), 7.35(t, 1H, J=7.8 Hz), .51 (d, 2H,J=82Hz),7.81(d,2H, /=82 Hz), 7.85-
7.95 (m, 2H), 829 (d, 1H, J = 42 Hz). LRMS (m/z) 361 (M+H). Anal.
(CxH24N40-0.2 H,0) C, H, N. ‘

10

Examplg 234: (S)wS-Metth-l-(4—-Dvrm]-l-vlrnethvl-nhcnvl)-S.9~dihvd:o—7H -2.7.9a-

triaza-benzolcdlazulen-6-one
O
H
Me
N
N=

—
Ng

This compound was isolated as a side product during formation of Example 223.
15 Received 50 mg (3%).

'H NMR (DMSO-dy) 8 1.18 (d, 3H, J = 6.3 Hz), 3.78-3.90 (m 1H), 4.27 (d, 2H, J =

13.2Hz),4.44 (dd, 1H, /=132, 7.8 Hz), 5.22 (s, 2H), 6.06 (t, 1H, /= 2.1 Hz), 6.88 (t,

IH, J = 2.1 Hz), 7.30-7.39 (m, 3H), 7.79-7.92 (m, 4H), 8.29 (d, 1H, J = 4.31 Hz).

HRMS caled for CpoHyN4O 357.1710 (M+H)", found 357.1711.

20
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o .35-3.45 (m IH), 3.52-3.53 (m 2H),
A e et G T A e P e S (e £

J
4.46-4.47 (m ZFD’87'4‘Z’_58(E1’6 I2?’(m 1H). HRMB cal cd for C24H28NAO. 388. 2263

o a0 b P0) C, H R ﬁlﬁ@é ob32: 1- 4-
. 2253 Anal . (C24H2sN40.03H20) C, H, NZF o r
I(II\-/I-H?’mLO:mgng?Z- I hen | -8 9-dih dro 7TH2 7 9 a-tnaza- enezf gl Z0 C

azul en ne

2.7.9a-triaza- -

Example 235: (S)-1-(4-Chloro-phenv]

benzolcd)aznlen-6-one

ct

This compound ~Was  prepared from (S)-3-methyl-9-nin-o-1,2,3,4-tetrahydro-
ben.zo[e][l,4]diazepin—5~one and 4-chlorobenzyaldehyde, via reduction and
cyclization, as described in Example 221. Received 35 mg (7%). '
Tp = 244-246 °C; "H NMR (DMSO-d,) § 1.20 (d, 3H, J = 4.8 Hz), 3.77-3.93 (m, 1H),

10 429(d, IH, J = 12.6 Hz), 445 (dd, 1H, J = 13.0, 7.9 Hz), 7.37 (¢, 1H, J = 7.8 Hz),
7.66 (d, 2H, J = 8.4 Hz), 7.82-7.96 (m, 4H), 8.33 (br s, 1H). HPLC Rt = 3.217 min.
LRMS (m/z) 312 (M+H). Anal (C17HCIN;0) C, H, CI, N.

Example 236: (R)-1 =(4-Chloro-phenvl )-8-methv]-8 .9-dihvdro—7H-2.7.9a—triaza-

1s benzolcglazulen-ﬁ-one

o)
NH

% A 2-diaminopropane 8
" dihycrochloride 2360 %
Cl

HN
ﬁ'ﬂw—)l IMe

(2362) (R)-3-Methyl-9-nitro- l,2,3,4-tetrahydro-benzo[e][1,4]diazepin-5-onc
This compound is the enantiomer of intermediate 22]¢ from Example 22], prepared in

236

20  the same manper. Received 2.14 g (29%).
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20 144 24- Novenber 2003 COCI ClICOCOCl, CH2CI2 DWW, rt 12h, 100%t g NH
AcOH.. reflex ih, 65%pyr.. 12h, 47% (a) 4-(1H 1 m dazol -2-yl)-benzoyl

chl oride hydrochloride: 4-(1H1m dazol-2-yl)-benzoic acid [J. Med Chem
30, 1342 (1987)] (0.69g, s 3.70 nmml) was suspended i n ZHR6smisrP00B) .
Oxalyl chloride (0.39 nm., 4.44 mmol) was added followed by a drop of DW.
The reaction was stirred overnight at rt. The solvent was renoved to give
0.94g (quant) of the acid chloride which was used wi thout purification.

(b
4- (1H i m dazol - 2-yl ) - N-(5-oxo0- 2, 3,4, 5-tetrahydro-1 H benzo[ e] [ 1, 4] di azepi n-9

-yl)- HPLC Rt = 3.379 min.
(236) Title compoupd
This compound, the enantiomer of Example 235, was prepared from (R)-3-methyl-9-
nitro-1,2,3,4-tetrahydro-benzo[e][ 1,4]diazepin-5-one and 4-chlorobenzyaldehyde as
5  described in Example 235. Received 210 mg (37%).
LRMS (m/z) 312 (M+H). Anal. (Ci7H;4CIN30-0.10 CH,Cl,, 0.05 Hexanes) C, H, Cl,
N.

Example 237: (R)-1-(4-Chloro-phenvy})-8-hydroxymethvi-8.9-dihvdro-7H-2 .7 9a-

10 triaza-benzoledlazulen-6-one

o
OMe
d 1.) DMA, DIEA d N OB ) 10% PA/C, Hy, MeOH
Br 80 °C, 97% 2.) NaHSOg, DMA, 100 °C
NO,

Boc—NH OBn H

O
b HzN 237a
2.} TFA/CCly

cl
3.) Toluene, refiux

87% for two steps
18] 0
NH OBn BBryeDMS NH OH NH Br
N CH,Cl» N N
N= N=—= and N=
0°Ctort
A N Q
(& Cl Cl
237b 237 237¢c
67% 40% 40%
(237a) (R)-3-Benzyloxymethyl-9-nitro-1,2,3,4-tetrahydro-

15 benzo[e][1,4]diazepin-5-one
A suspension of 2.23 g of intermediate b’ (8.57 mmol, Example 2), ((R)-2-amino-1-
benzyloxymethyl-ethyl)-carbamic acid tert-butyl ester (2.40 g, 8.56 mmol) and DIEA
(2.5 mL, 14.4 mmol) in 50 mL of DMA was heated to 80 °C overnight. The crude
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> -benzam de The sol vent was renoved to give 0.94g (quant) of the acid-

chloride. Diamne g (0.60g, 3.40 mmol) was dissolved in pyridine (35 nL).
and the reaction stirred

The acid chloride (0.91g, 3.74 nmol) was added,
of sol ut i ZANovdmbegd\2008i ne was

over ni ght upon which solids precipitated out
renoved in vacuo. The solids were taken up in 4:1 as CHC13/1PrOH and wat er

but did not dissolve in either. They were then filtered and washed with
water to give 0.56g (479 of 4-(IHimdazol-2-yl)-N(5-0x0-2,3,4,5-
tetrahydro-1 H benzo[a] [ 1, 4] di azepi n-9-yl )-benzam de: 'H NVR (DVBO-4) S

2.48- 2.50 upp{Was 3ddet 1@ 5aR | H), 6.63 , 1H, J=
T etds 20 Newermor SNEFO Tl oot bt yeiergt (o,

r HZ):’ 8713'7&5?7%21%6 .24- = g&\{gn%%lrnﬁm) , The 66mbisied Yrdanic 1RedOund JQed O

IH J
111). LRV ddCandT| d:
) MS% fﬁ;lf’i\i"‘fis“d b&dch}%?ﬁg,? g'_‘i?dgtqrgqlﬁ;arv@m the: Iperified [by] silicdl géi

4- (1 Hi i dazol - 2- K oxo-
¢ refluxec,i_in acetic acid

di azepi n-'9- QMY&MWM.%GBUm@(lW@ﬁh ‘fﬁéxan&ﬂao ENE 3:8Lg R7%)

in vafcuo,

(15 mL) £or T4 vent s renpved
di ssol ved i 3ﬂ421:qu)d%§?’?§’%¥%}1e‘é' Yiodytarbonyiertas propitemiMd s telsdie dei© 6- 5.
and the orgmﬂwlgdnﬁaeagelwm,e[ﬁm JTAT washed with water. and Bri ne,

t
dried (MSHR kB%s19"535! {7611'[‘5??694?}202&0531,%50??366 1348, 1260, 1165
741 em™; 'TH NMR (CDCLy) § 1.41 (s, 9H), 3.08-3.21 (m, 2H) 3.4'2;-3.58 ;rn 2H') 1;?:7*
(s. 3H), 3.98 (br s, 1H), 4.43-4.54 (m, 2H), 4.92 (br d, 1H, J = 8.6 Hz), 6.69 ,(t IIjI J =
1o 7.9 Hz), 7.24-7.36 (m, 5H), 7.96-8.05 (m, 2H), 8.57 (br s, 1H). HPLC’Rt- =5 l:.)30 ' i .
HRMS caled for C23H20N3NaO; 482.1903 (M+Na)*, found 482.1901 | J::ll |
(CioH11N303) C, H, N. | |
The Boc protecting group was removed by treating the ester derived about with 75 mL
of 1:1 TFA/CCL, for 2 hours at Toom temperature. The reaétion was theﬁ concentrated,
5 suspended in 250 mL of pH 7 phosphate buffer and the amine extracted out by CHC}
(4 x 100 mL). ). The combined organic layers were dried MgS0y), filtered anc:
concentrated to give 3.25 g of crude amine as a light yellow solid. [HRMS calcd for
CieHN305 360.1559 M+H)*, found 360.1557.] This compound was cyclized to the
final product by refluxing in 150 mL of toluene overnight. Concentration gave 2.33
20 of237aasa red/orange solid. —
'H NMR (DMSO-d,) 33.48 (d, 2H, J = 6.2 Hz), 3.60-3.75 (m, 3H), 4.46-4.56 (m, 2H)
- 676 (t, 1H, J = 8.0 Hz), 7.20-7.36 (m, 5H), 8.21-8.34 (m, 3H), 8.79 (br s,1H). HPLC o
Rt =4.44]1 min. LRMS (m/z) 328 (M+H). Anal. (C17H13N304+0.60 H,0) C, H, N.
‘ (237b) (R)-S-Bcnzyloxymet.hyi-l-(4~chlor0-phcnyl)-8,9-dihydro-7H-2 7.9a-
25 maza-benzo[cd]azulen-6-one AG-14523 -
This compound was prepared from (R)-3-bcnzyloxymethyl-9-njt:o-l.2,3,4-tetrahydro-
benzo[e][l,4]diazepin-5-one and 4—ch]orobenzyaldehydc, via reduction and
cyclization, as described in Example 22].
'"H NMR (CDCl3) 83.62(d, 2H, /= 5.6 Hz), 3.96-4.05 (m, 1H), 4.38 (d, IH, J = 12.5
30 Hz), 4.46-4.60 (m, 3H), 6.61 (d, 1H, J = 4.3 Hz), 7.18-7.39 (m, 5), 7.42 (’t, II; J= 7‘9
Hz), 749 (d, 2H, /= 8.5 Hz), 770 (d, 2H, /= 8.5 Hz), 7.99 (dd, 1H, J = 8.0, 0 8 Hz)
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purified by flash silica gel chromatography eluting with 3-15% McOH CHC13

to give 10 0.32g (65% of a gold-orange crystalline solid: np >325 C, Kf
"H NVR (DVBO- d6) 8

0.16 (10% MOH CHC13): IR (KBr) 1664, 1479, 1108 cm 1;
3.54-3.55 (m 2H), 4.51-4.52 (in, 2H), 7.09 (s, 1H), 724No\(embelPPp37. 36
(t, 1H J = 7.8 Hz), 7.87 (dd, IH J =7.8, 1.1 Hz), 7.91 (dd, IH J =

7.8, 1.1 Hz), 7.95 (d, 2H, J = 8.5 Hz), 8.12 (d, 2H J = 8.5 Hz),
1H). HRVS cal cd for CLOHLSNS0 is 329. 1277

8.45-8.49 (m .1H), 12.71 (s,
(M), found gii 1291. Anal . (Cl9H 5NsO. 0.6H20. 0.2MeOH) C, H, N. Exanple 153

6- (4- FI uor o- S YE /545, 0.8 Hz)3 HALC Ry-aeds arih| sk BAEHOP GBI
htlindol e-7-& BE;KWF’@ SCI (ﬁg\ 35&)20 H2S 3_?5 was bu ed ot a2
solution of the mpl 6 910 F 8 Ldb) Andd. (5d1xgGIN:De) GBI N, i 1) and
pyridine (2.4 nil@3BTifle forhgiunkih in a seal tube. The tube was then seal ed,
allowed to warmto it and stirred for 4 days. Argon gas was bubbl ed through
25 the dar k“%r g aofuden of intspmediate 33Fy €0.228, ojmﬁms&ﬁﬁti?th”&fﬁEH%cgﬁgﬁﬁcﬂi |t ed
with Et O&C B aded\6 R P R AL MO o gi
The organic 2: 53&% was gtr? ‘f’a’{eagg%? %Jﬂﬂgf%r%%g@deampmqmm imaCHCIL,0 gi ve
a yel |l ow sol3- 12ch mua) piopinideetla Byriddeas bR britel vt AR
eluting with,a dradient of 0-3% Moot iér‘j: Ct%l L<5°“g|'f"8%s‘““‘3d ovemight, with
- & 10 room temperature. The reaction was concentrated and excess reagent was
quenched by addition of 10 ml, of 1.0M LiOH, 15 mL Et20 and 2 mI. MeOH. After 3
hours, the mixture was poured into 75 mL of 1.0M KH,PQ; and extracted with EtOAc
10 ‘(3 X 50 mLl). The combined organic layers were dried (MgS0y,), filtered and
concentrated. The product was then purified by silica gel chromatography eluting with
2.5-5% MeOH/CH,Cl; to give 70mg (40%) of an off white solid.
1
H NMR (DMSO-d,) § 3.30-3.78 (m, 3H), 4.40-4.57 (m, 2H), 5.02 (brs, 1H), 7.38 (t,
1H, J= 7.8 Hz), 1.67 (d, 2H, J = 8.3 Hz), 7.85-7.97 (m, 4H), 8.16 (brd, IH, J=39
15 Hz) HPLCRt=2.822 min. HRMS caled for Cy;H;sCIN 30, 328.0853 (M+H)*, found
328.0825. Anal, (C17H14CIN304¢0.15 CH,CL) C, H,CL,N.
N (237¢c) (R)-S-Bromomethyl-l-(4~chlor0-phenyl)-8.9-dihydr0-7H-2,7,9a-niaza-
benzo[cd]azulen-6-one
Was isolated as side product in the formation of Example 237, Obtained 80 mg (40%)
20 asan off white solid.

'H NMR (CDCl3) & 3.38-3.57 (m, 2H), 4.06-4.17 (m, 1H), 4.50 (dd, 1H, J =133, 1.2
Hz),4.74 (dd, 1H,J=13.3, 6.7 Hz), 6.65 (brs, 1H), 7.45 {t, IH,J=7.9Hz), 7.52-"?.74
(Fn, 4H), 8.02 (dd, 1H, J = 8.0, 1.1 Hz), 8.15 (dd, IH, J = 7.7, 1.1 Hz). HPLC Rt =
3.506 min. LRMS (m/z) 390 (M+H).

25

Example 238: (R)-1 -(4-Dirnethv]aminornethvl-Dhenvl)-S-hvdroxvmethvl—8.9-dihvdro-'

7H—2,7,9a—triaza—benzo[cglazulen -6-one
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Od,5) 8 3.47 (br s, 2H),
Hz), 7.37 (t, 2H, J = ..J Hz),

°5

4.01-4.11 (m s 211), 7.27 (t, 1H,
7.54-7.58 (m 2H), 7.88 (d, 1H, J .0 Hz), 8.19 (d, 1H J = 9.0 Hz),
8.42 (t, 1H, J = 6.0 Hz), 8.63 (br 1H), 9.50 (br s,24NpyerttRvi2003l ed.
for CtgHL4N30SF (M 339.084162, fo (M 339.0833; np 238-240 C, Anal.
(C, 3Ht 4N30SF. 0.3 H20.0.3 MeOH) C, H, N io0o Exanple 154:

6- (4- Fl uor o- phenyl)-l-oxo-1 2 3 4 tetrahvdro-rl 4l diazepinor6,7 1

hf | i ndol e- 7- car boxi m dothioic acid nethyl ester CH31, THE R, 18h H3CS F

| odonet hane (3.218 mml. 0.2 m) was added to a sglution of the 152 (0.354
Is nmmol, 0.120 Q) in 50 nL THE at rt. The reactlo mxture was stirred for
JojienbgVas renoved to give a oI(?Q!‘ (0.130 g) which

0.107 g (63% of a yelow solid: '"H NWMR
9

18 hat it. The
was used wi @ j‘"“/ o 1pm%FdlCaﬂé,IQOH H N 02,63 {:s 3H)

3.51 (br s, 01- 4. 05 2F] 742753 311) J =
6.0 Hz), 7.6Ro(H, 1H J E)”?L‘Ee) M& 109°Q d, 1 3.0 Hz) 2;3 05 (d 1H,

J =30 H), 857 (t. 1H J = 8.8 Hz). 20

‘!00%

Q 0
3
CH-CI
z-i2 dlmethylamlne _ N
-10°Ctonrt 'Fé
Me—N‘
238b 238¢ 233l‘-‘le

(238a) (R)-8-Benzyloxymethyl- l-(4—hydroxymethyl~pheny1)—8 9-dihydro-7H-
2,7,9a-triaza-benzo[cdjazulen-6-one AG-14563
5 This compound was prepared from (R)-3-benzyloxymethyl-9-nitro-1,2,3 4-tetrahydro-
benzo[e}[1 +4]diazepin-5-one and 4-bydroxymethy1-bcnzya.ldehyde, via reduction and
cyclization, as described in Example 237.
IR (KBr) 3293, 2925, 1654, 1602, 1482, 1115, 750 cm™: "H NMR. (CDCly) §2.09 (br
s, 1H), 3.56-3.66 (m, 2H), 3.95-4.04 (m, 1H), 4.37-4.60 (m, 4H), 4.82 (s, 2H), 6.51 (4,
10 1H,J=4.4 Hz), 7.20-7.38 (m, SH), 742 (t, 1H, J = 7.9 Hz), 7.51 (d, 2H,J = - 8.2 Hz),
7.73 (4, 2H, J = 8.2 Hz), 8.00 (dd, 1H, J=8.0, 1.0 Hz), 8.12 (dd, 1H.J—7.7, 1.0 Hz).

HPLC Rt = 3.330 min. HRMS caled for CpsHpsN3O3 414.1818 (M+H)", found
414.1822.

(238b) (R)-8-Benzyloxymethyl-1 -(4-chloromethyl~phenyl) 8,9-dihydro-7H-
15 2,7,9a-triaza-benzo{cd)azulen-6-one

This compound was prepared from benzyl alcholol 2382 and thionyl chloride as
described in Example 171.
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Exanmpl e 155: 6-(4-Fl uoro-ohenyll N hvdroxy | oxo 1 2 3 4

tetrahydroll. 4l di azepinor6 7 1-hflindol e 7-carboxm di ne 147 24- Novenber
2003 H3CS Hydr oxyl am ne hydrochl oride (0.852 mmol, 0.059 g) was added to a
solution of the 154 (0.142 nunol, 0.05 g) in 5 nL pyri2Z#Nevemtbar200The
reaction mxture was s stirred at rt for 15 mn. Upon conpletion of the
reaction (as indicated by TLC) the solvent was renoved to give an oil
which was purified by flash silica gel chromatography eluting with a

gradient of 0-5 % MeOH in CHClB |n|t|aIIy, followed by 2-10% MOH/ NH3 in
np = 257-259 C, 'H NWR

CHC13 t | lid =
( DVBO- 4? %I Velig“gﬁigl)% % 368 3{){59?%%633&;1&54 384 607 (ms 2HR . 815, 7. 23
(m? 2H3 ?J'Q by

_ d,
(7 t 591H( dJ lerp 4&&7)(5, 2h)3§5£§d é@“ aiqg% ‘J? 25'%@0@@;{) (ngémequp Hz)- 9 0

Hz), 8.39 b?5§(¢ J = 82 B3), (7076 (d, 2H )=

33)8 1179, 1£o d QH). _?? ﬁ&gﬁg AEnaIH’H% CEE%M%JJE&E Igoﬂrz%gg é&ﬁ?@i S Exam
le 156: 7-Fo u efPLC Rt 53058 mindi HRMS cdlcd foH @zH40N,S, 7 1-
hf 1 i ndol es arﬁaitlalﬂsl(lﬁ...m’dmﬁ,hugﬁ hge F&%& pﬁﬂﬁﬁu& 'nghz(z)l) ?:‘eH(IZ\I 92 mmol ,

0.092 M) was added to a solution o
(238)  (R)-1-(4-Chloromethyl-phenyl)-8-hydroxymethyl-8,9-dihydro-7H-

2,7,9a-triaza-benzo[cd}dzulen-6-one _
To a solution of intermediate 238b (1.35 g, 3.12 mmol) in 75 mL of CH,Cl; at 0 °C,
was added solid boron trichloride dimethylsuifide complex (2.75 g, 15.3 mmol) all at

10 once. The reaction was stirred overnight, allowing to warm to room temperature, The
reaction was quenched by addition to 400 mL of PH 7 phosphate buffer and 200 mL
Et:0.  After stirring overnight, the aqueous layer was extracted with EtOAc. The
combined organic layers were dried (MgSOQy), filtered and concentrated. The product
was used without further purification. Obtained 680 mg (64%) of an off white solid.

15 HPLCRt=2.904 min. LRMS (m/z) 342 (M+H).

(238) Title compound

This compound was prepared from intermediate 238c and dimethylamine using the
procedure described in Example 171, except with acetonitrile as solvent. Recejved
85.1 mg (33%).

20 'HNMR (CDCls) 8 2.30 (s, 6H), 3.52 (s, 2H), 3.86-3.95 (m, 2H), 3.97-4.08 (tﬁ 1H),
4.48-4.62 (m, 2H), 7.41 (¢, 1H, J = 79 Hz),7.50 (d, 2H, J = 8.2 Hz),7.73 (d, 2H, J =

8.2 Hz), 8.01 (dd, 1H, J = 8.0, 1.0 Hz), 8.07 (dd, I1H,J =77, 1.0 Hz), 8.60 (br s, 1H).
;-:'@;LC Rt = 2254 min. HRMS caled for Ca20H23N,0; 351.1821 (M+H)*, found
.1821.

25

Example 239: (R)- _8-Hydroxymethyl-1-{4-[¢ methyl-phenethyl-amino)-methvil-

p_hengl }-8.9- d1hydro-7H—2,7,9a-maza-benzo|c4Iazulen-ﬁ -one
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20 (0.139 mmol; 0.049g) in 25 nl acetonitrile at it. The reaction m xture
was stirred at it 148 24-Novenber 2003 for 48 h. Upon conpletion of the
reaction (as indicated by TLC) the solvent was renoved to give an oil

whi ch was purified by flash silica gel chromatography e4ulovenbesi20B3 a
gradient of 0-10 % MeOH in CHC13 initially, followed by 2-10% McOH NH3 in
CHC13 to give 0.028g (64% of a white crystalline solid. This solid was
di ssolved in's MeCOH saturated with HO gas and stirred at it ff: 30 min.
D ethyl ether was added to the solution and the solvent was then
evaporated to give an orange solid Q9 ng): np = 272-274 C, 'H NWR
(DVBO-d6) S 3.58 (br s, 2H), 4. ,

(in, 3H), 7.54-7.58 (in, 2H),
6.0 Hz), 8.55 (t, 111, J = 6.0

A3 = 6.0 Hz), 8.00 (d, 111, J =
1H), 9.08 (br s, 1H),

10.60 (br s, 1H); FIRMS to calcg or Ct8HL6NSOF (M) 337.1339, found (M)

337.1326. Exanple 157: 6-(4-Fl uoro-

3. 4-di hvdro-2H 11. 4l di azeni nof6. 7. one is F F 1.5M net hyl

lithium (4.87 mml, 3.25 nl) was a to_a/solution of Exanple 89 (0.487°

mml, 0.150 g) in 100 nL THE at -78 C. e reaction was warmit and

This compound was prepared from intermediate 238c and the appropriate amine using

- the procedure described in Example 238. Recejved 15.0 mg (15%).
'HNMR (CDCls) §2.33 (s, 3H), 2.66-2.90 (m, 4H), 3.60 (br s, 1H), 3.64 (s, 2H), 3.84-
s 4.07 (m, 3H), 4.49-4.61 (m, 2H), 7.16-7.33 (n, 5H), ), 7.42 (t, 1H, J = 7.9 Hz), 7.46 (d,
2H, J = 8.2 Hz), 7.70 (d, 2H, J = 8.2 Hz), 8.01 (dd, IH, J = 8.0, 1.0 Hz), 8.08 (dd, 1H,

J=17.7, 1.0 Hz), 8.52 (br 5, 1H). HPLC Rt = 2.917 min. HRMS caled for Ca7H29N4O>
441.2285 (M+H)*, found 441.2286.

10  Example 240: (R'}-S-Hvdroxvmcthvl-l-(4—methvlaminomethxl-ghenxl )-8.9-dihydro-
7H-2.7.9a-triaza-benzolc, azulen-6-one

O
NH OH

NH
Me

This compound was prepared from intermediate 238c and the appropriate amine using
the procedure described in Example 238. Received 31.5 mg (32%).

15 'HNMR (DMSO-d,) § 2.33 (s, 3H), 3.32-3.77 (m, 3H), 3.77 (s, 2H), 4.45-4.56 (m,
2H), 5.05 (br s, 1H), 7.36 (1, 1H, /= 7.8 Hz), 7.53 (d, 2H, J = 8.0 Hz), 7.82 (d,2H,J=
8.0 Hz), 7.86-7.95 (m, 2H), 8.16 (d. 1H, J = 3.5 Hz). HPLC Rt = 2.119 min. LRMS
(mm/z) 328 (M+H). Anal. (C1sH20N402°0.30 CH,Cl,) C, H, N.
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stirred for 5 mn. The reaction m xture was poured into H20 and extracted
with Et OAc several tinmes. The conbined organic extracts was dried over
anhydrous MgSO4 and 20 concentrated to give a pale yellow solid (0.149g.
9499 which was used without further purification: np =24286vet@zr@r03H NVR
(DVMSO-db) S 1.47 (d, 3H, J =6.0 Hz), 3.45 (br s, 2H), 4.03 (br s, 2H),
4.74-4.77 (m IH), 4.96 (d, 1H, J = 3.0 Hz), 7.16 (t, 1H J = 6.0 Hz),

7.38 (t, 2H, J = 9.0 Hz), 7.51-7.55 (m 2H), 7.84 (d, 1H, J = 6 0 Hz), 8.09
(d, IH J =6.0 Hz), 8 31 (t, 1H, J = 6.0 Hz); HRI\/S cal cd. f C, 9HL7N2Q2F
(M) 25 32BExd@pld Mo R0 (4 AR% ol H2 C, H
N. 149 24- l\& ' %
rf)ino ethv o A L eazepl nof 6. 7.i-hilindol-1-one H3C 5 ' F
The product was pr epar ed from Exarrpl e 93 using the procedure to prepare
Exarrple 90 in 60%vyield as a white Sld np- = 248-250 C, 'H NVR (DVBO-t 4)
8 .70 (s, 3H), 3.49 (br s, 2H), A4 0% n, 2H), 7.21 (t, 1H J = 6.0
Hz)737(t 2H, J = 9.0 Hz), J =6.0 H), 7.55 (d, 1H, J =
6.0 Hz), 7.89 (d, 1H, J = 6.0 Hz) ¥08/09 (d, 1H, J = 6.0 Hz), 8.37 (t,
1H J = 6.0 Hz), 10 93 (s, 1H); N

This compound was prepared from intermediate 23 8c and the appropriate amine using
s the procedure described in Example 238. Received 78 mg (72%).

. :

H NMR (DMSO-d;) 8 1.73 (s, 4H), 2.50 (s, 4H), 3.30-3.78 (m, 5H), 4.42-4.58 (m,
2H), 5.04 (brs, 1H), 7.36 (t, 1H, = 7.8 Hz), 7.51 (d, 2H, J= 7.8 Hz), 7.81 (d, 2H, J =
7.8 Hz), 7.89 (d, 2H, J = 7.8 Hz), 8.15 (br s, 1H). HPLC Rt =2.375 min. LRMS (m/z)
377 (M+H). Anal. (C33H24N,0,+0.20 H,0)C,H, N.

10

Example 242: [4-(6-Ox0-6.7.8.9-tetrahvydro-2 -1.9a-triaza-benzo[edlazulen-1-y1)-
phenyll-acetonitrile

NH

N=
C=N

This compound was prepared from intermediate 171a » KCN and catalytic KI using the
1s  procedure described in Example 171. Received 78 mg (72%).

IR (KBr) 3197, 3071, 2932, 2253, 1661, 1600, 1485, 1460, 1390, 1310, 1218, 1088,

824, 760 cm’'; 'H NMR (DMS0-d;) & 3.48-3.58 (m, 2H), 4.18 (s, 2H), 4.43-4.52 (m,

2H), 7.37 (, 1H, 7= 7.8 Hz), 7.57 (d, 2H, J = 8.2 Hz), 7.86-7.95 (m, 4H), 8.43 (t, 1H,

7= 5.6 Hz). HPLC Rt = 2.689 min. HRMS calcd for CisH;sNeO 303.1240 (M+H)',
20 found 303.1248. Anal. (CigH;sN,0+0.50 H;0)C, H, N.
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C19H, 6N302F (M) 337.1226, found (M) 337.1230; Anal. for (CL9H16N302F.0.1
HO C H N is Exanple 159: 7-f(E)-3-Di nethvlam no-allanoyll 6 (4
fl uoro-phenvi)3 4 di hvdro-2H |1 Aldi azepi nof6,7 1-hi]indol-1-one
(CH3) 2NCH( OCH3) 2, DVF 110-120 C, 18h. 100% 93 F F N, 2¢Novemitdn200®r nani de
di nret hyl acetal (13.88 nmmol, 2 nL) was added to a solution of the nethyl
ketone (0.217 mmol, 0.070g) in DM (1 nL) at rt. The reaction 20 m xture
was stirred at 110-120 C for 18h. Upon conpl etion of reaction as indicated
150 24 Novenber 2003 by TLC, the solvent was renoved in vacuo to give
0.101g (quantitative yield) of an orange solid which was used w t hout
further purjfication: "H NVR (DMSO-d6) 8 3.30 (s, 6H), 3.50 (br s, 2H),
3.98-4. 05 (A2mplg 2435 (114162, 5-Dirmeth AEY 3 -dihédetmé = 6. Hz )

8

7.35-7.43 (g, 54. 7. n. 2H). 7.89 (a
(in, diftyorci 2.7 90 iabi 1z0icalazuien-6-one

ethyl),pheny

(o]
NH
N
Me
e
Me

5 This compound was prepared from intermediate 171a and the appropriate amine using
::hc procedure described in Example 171. Received 80 mg (17%).
H NMR (DMSO-d,. racemic mixtire of cis and trans isomers) § 1.0 (4, 6H, J = 6.2 Hz), 3.50-
4.03 (m, 4H), 3.92 (5, 2H), 5.62-5.77 (m, 2H), 7.36 (4, 1H, J= 7.8 Hz), 7.50-7.60 (m,
2H), 1.77-7.93 (m, 4H), 842 (t, 1H, J = 5.7 Hz). HPLC Rt =2.611 min. LRMS (m/z)
10 373 (M+H). Anal. (CosHy4N400.10 H,0)C, H, N.

E . - . : V
xample 244: 1| |4-(2,5-D1methvl-nvrrol-1-vlmethvl)—Dhenv11-8.9-dihvdro-?H—2.7.9a-

triaza-benzofc azulen-6-one

O
NH
o B

Me

=
Nig
. Me
15 This compound was recovered as a side product from formation of Example 243
Received 15 mg (3%). |
1
H NMR (DMSO0-d;) § 2.11 (s, 6H), 3.47-3.58 (m, 2H), 4.394.48 (m, 2H), 5.16 (s

2H), 5.75 (s, 2H), 7.06 (d, 2H, J= 8.2 Hz), 7.35 (t. 1H, J = 7.8 Hz), 7.78-7.93 (m, 4H)
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s 2H); LGWS (M + H) 378. Exanple 160 6-(4-Fl uoro-nhenvl)-7 (2H nvrazol 3
vl) 3 4-dihvdro-2H 11.41diazepinor6 7 1-hrlindol |-one NH2ZNH2H20, THF tt.
42h, 23% H3IC N H3C/ \O 159 to F F Hydrazi ne nonohydrate (5.14 mol,
0.26 nmL..) was added to a solution of 7 24- November 2003

[ (E) - 3- D net hyl am no-al | anoyl ] - 6- (4-fl uor o- phenyl) -3, 4-di hydr o- 2H
[1,4]diazepino[6,7,1-hrlindol-I|-one (Exanple 159) (0.257 nunol, 0.097g) in
10 mL T11F at it. The reaction mxture was stirred for 42 h. The reaction
m xture was is evaporated to dryness The resi due was taken up in 2N HC
and extract g tR{y E The conbi ned organic | ayers was
dried over gﬁ%} r%s}mngﬁ k:‘g’ bm ?éi%dmﬂo HRMS galpé| oo W dANsi ch was
purified by3Tl k%ﬁ(hi%tdolgﬂls’(@hggnat ogr aphy

Example 245: 1-[4-( 1-Dimcthvlanﬁno-ethvﬂ-vhenvl]-8.9-dihvdro-7H—2.7.9a—triaza-

5  benzo[edlazulen-6-one

. o) Q
Q dNH NH
@L Nanso3 DMF N S0Ck, CHCN ‘) _OMSO.80°C_ NJ
Ph dlmethylamme
] ‘
" CH cl N‘M'E
245a 2455 245
(2452) 1-[4-(1-Hydroxy-ethyl)-phenyl]-8,9-dihydro—7H—2,7,9a-triaza-

10 - benzo[cd}azulen-6-one AG-14657
This compound was prepared from diamine intermediate g (from Example 2) and 4-(1-
hydroxy—ethyl)—benzaldehyde [prepared from methylmagnesium bromide and
terephthalaldehyde-mono-diethyl acetal foliowing the procedure Hulin et al., J. Med.

_ Chem. 35, 1853 (1992)] according to the procedure used in Example 19. Received

15 160 g (42%).

'H NMR (DMSO-ds) §1.86 (d, 3H, J = 6.7 Hz}, 3.48-3.60 (m, 2H), 4.434.52 (m, 2H},
478489 (m, 1H), 530 (d, 1H, J =43 Hz), 7.36 (t, 1H, /= 7.8 Hz), 7.55 d2H,J=

82Hz),7.82(d,2H,J= 8.2 Hz), 7.85-7.93 (m, 2H), 8.43 (t 1H, J = 5.7 Hz). LRMS
(m/z) 308 (M+H). Anal. (CisHy7N302) C, H, N.

20
(245b) 1-{4-(1 -Chloro-cthyl)—phenyl]-8,9-dihydro-7H -2,7 9a-triaza-

benzo[cd]azulen-6-one
This compound was prepared from intermediate 2452 and thionyl chloride according to
the procedure used in Example 171. Received 0.85 o g (70%).
i

25 'H NMR (DMSO-d,) § 1.38 (d, 3H, J = 6.5 Hz), 3.48-3.60 (m, 2H), 4.42-4.525 (m,
2H), 5.47 (g, 1H, J = 6.7 Hz), 7.40 (t. IH,J =78 Hz), 7.71 (d, 2H, J = 8.2 Hz), 7.85-
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eluting with a gradient of 0-3% MOH in CHCI3 to give 0.020g (23°/c) of a
yellow solid: np = 173-175 C; 'H NWR (DVMBO-d6) 8 3.45-3.52 (m 2H),
4.03-4.08 (m 2H), 20 5.64 (br s, 1H, 7.23 (t, 1H, J = 6.0 Hz), 7.32 (t,
2H, J = 9.0 Hz), 7.38-7.55 (m 3H), 7.88 (d, 1H, J = 62ONblEEmbe3.28638. 43
(m 2H), 12.67 (br s, 1H); HRMS calcd. for C20H15N4AOF (M) 346.1221, found
(M 346.1225; Anal, for (C20H15NAOF.1.0 MeOH) C, H, N 151 24 Novenber
2003 Exanple 161: (E-SMethyl-6-(5-0x0-2 3 4 5 tetrahvdro | H benzofelf

141 di azepm 9 Yl } hex-5-enoic acid nethyl ester cat (Ph 3207d. Ph3P, Cut

Et 2NH, DMF 180 ¢ YHN Q0 PdCI 2 CN 70.80 oC 25 -
"L oo 57 (Qg(m, 8.48%, YHN EBPMR). 1t e RS GRE b al. (C1sHsCIN30) C,
6- (5- Oxo- 2, B,GL3Lt et rahydro-| H benzo[ e] [ 1, 4] di azepi n-9-yl } hex-5-ynoi c aci d

met hyl ester.
(245) Title compound
5  This compound was prepared from intermediate 245b and dimethylamine according to
the procedure described in Example 171, with the exception of heating to 80 °C.
Received 69 mg (77%)
1
HNMR (DMSO0-d,) § 1.32 (4, 3H, J = 6.7 Hz), 2.15 (s, 6H), 3.34-3.44 (m, 1H), 3.47-
3.60 (m, 2H), 4.434.52 (m, 2H), 7.36 (¢, IH, J=7.8 Hz), 750 (d, 2H, J = 8.2 Hz),
10 7.82(d, 2H,J =8.2 Hz), 7.85-7.93 (m, 2H), 8.42 (t, 1H, J=5.7 Hz). HPLC Rt = 2.461
min. LRMS (m/z) 335 (M+H). Anal. (C20H22N,0) C, H, N.

Example 246:  1-[4-( 1-Pvrrolidin-l-vl-ethvl)—Dhcnvll-8.9-dibvdro-7H-2.7.9a-triaza-

15 benzo[cd]azulen-6-one

o]
NH

N(j
Me

This compound was prépared from intermediate 245b and the appropriate amine using

the procedure described in Example 245. Received 118 mg (66%).

'H NMR (DMSO-d,) 6 1.35 (d, 3H, J = 6.5 Hz), 1.63-1.75 (m, 4H}), 2.28-2.55 (m, 4H),
20 3.23-3.38 (m, 3H), 3.47-3.60 (i, 2H), 4.43-4.52 (m, 2H), 7.35 (t, 1H, J = 7.8 Hz), 7.51

(d, 2H, J = 8.2 Hz), 7.81 (d, 2H, J = 8.2 Hz), 7.85-7.93 (m, 2H), 8.42 (1, IH, J = 5.7

Hz). HPLC Rt = 2.683 min. LRMS (m/z) 361 (M+H). Anal. (C5;H,4N,0) C, H, N.

Example 247; 1-[4-(2-Phenyl-1 -pyrrolidin-| -vl~ethv1)-nhenvl]-8.9-dihvdro-7H-2.7.9a-

25  triaza-benzofedjazulen-6-one
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To a solution of the internediate n (Exanple 33) (9.72 mol, 2.80g) in 30
nmL DMF and 30 nlL diethylam ne was added tetrakistri phenyl phosphi ne

pal | adi um(0) (0.194 mmol, 0.224g) triphenyl phosphine (0.0972 mol ,

0. 025¢g), methyl -5-hexynoate io (Footnote) (36.94 nmol, ZH-K6@Emiserdo0sil
(0.194 mmol, 0.037g) at it. The reaction mxture was stirred at anbi ent
tenperature for 19h. Upon conpletion of reaction as indicated by TLC, the
sol vent was renoved in vacuo. The residue was taken up in H20 and
extracted with Et OAc several times. The conbi ned organic extracts was dried
over anhydrous MgSO4 and concentrated to give a reddi sh brown oil which was
is purified by flash silica gel chromat ography eluting with a gradient of

-5% MeOH in EtQOAc to give 2.519 (90% of ayellowsolld np =7 . 'H
NI\/R (DVBO-4) 8 78 1.87 ( N2, 43-2. 54 3.24-3.
3.48-3.52 ( NH3 59 (s, Ol(brs j54(t JN_?\
9:0Hz), 7. 29 NaHse;,sm B@CECCl-bdrH-I 9.0 Hz), 8. , 1H, J
= 6,0 Hz); aIc SNZCB_(‘M—Z'SG 3 foungd 20 (Wi
286. 1318. (b) tle c ound 157 24 Novenber 2003/Ral | adi um chl or} (0.418

mmol, 0.074g) was add to a sol\kfon of 6- (5 Ox 0
2,3,4,5-tetrahydro-1Hb o[e][1l, #Ho

ester (8.36
247a 2470 247c
0
o8
CHCl5, B0 °C
et el

2437

(247a) 1-{4<( I-—Hydroxy-2-phenyl—ethyl)-phcnyl] 8,9-dihydro-7H-2,7 9a-triaza-
s  benzo[cd]azulen-6-one
This compound was prepared from diamine intermediate g (from Example 2) and 4-(1-
hydroxy-2-phenyl-ethyl)—bcnzaldchyde [Hulin et al., J. Med. Chem. 35, 1853 (1992)]
——..according to the procedure used in Example 19. Received 9.30 g (96%).

'H NMR (DMSO-d) $2.95(d, 2H, J = 6.5 Hz), 3.50-3.60 (m, 2H), 4.40-4.52 (m, 2H),

10 4.88 (1, 1H, J = 6.5 Hz), 543 (br s, 1H), 7.13-7.30 (m, SH), 7.38 (t, 1H, J = 7.8 Hz),
7.52 (d, 2H, J = 8.2 Hz), 7.80 (d, 2H, J = 8.2 Hz), 7.86-7.94 (m, 2H), 845 (1, 1H, J =

5.7 Hz). HPLC Rt = 3.263 min. LRMS (m/z) 384 (M+H). Anal. (C24H21N30++0.50
H,0)C,H,N.

15 (247b) 1-[4-(1-Chloro-2-phenyl-ethyl)—phenyl]-8.9-dihydro-7H—2.7,9a-m'aza-
benzo[cd]azulen-6-one
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mml, 2.39g) in 50 nL CH3CN. The reaction m xture was heated at 70-80 C for
2.5h. The sol vent was renoved and the residue was purified by flash silica
gel $ chromatography eluting with a gradient of 0-5% MeOH in EtOAc to give
2.11g (88% of a yellow solid: np 175-176 C; 'H NVR ZENGB@nusEr 2803
1.86-1.98 (m 2H), 2.43 (t, 2H J 6.0 Hz), 2.75 (t, 2H, J = 6.0 Hz),
3.52-3.54 (m 2H), 3.57 (s, 3H), 4.21 (br s, 211), 6.34 (s, 1H), 7.07 (t,
1H J =6.0 Hz), 7.65 (d, 1H J =6.0 Hz), 7.75 (d, IH J = 6.0 Hz), 8.23

(t, 1H J = 6.0 Hz); HRVS calcd. for CL6H sN203 (M) 286.1317, found io0

() 286 s clapbo SRR, BBl P S0

(El- S Met hyl - 6- (5-0x0-2
yl ) - hex- 5- eH§iPEocgdnrg upetidn BxampleORl. REQived 35532.4313%); hen HG 96%is ~ C, 02CH3

\ - CO2H Pot afp ¥ e, (43 32 | . 5.987g) was added to a sol ution of

Exampl e 161 {'grﬁétg_aérr?mﬂ]ﬂ"z%%gggg”/?%@ MeOH (gently heated with a heat

gun to get it in solution) and 100 nL H20. The reaction m xture was :
h The MeOH was renoved in vacuo and the residue was

stirred 5at rt fo@( ‘gc%
taken up in H20 @hlFlextract ed vvi1t[|4-(@)€3tgryl)2pheﬂ'jfl?~8Mﬁf&#&‘i#ﬁﬁ/ﬁ,@ay{ﬁ%ﬁﬁade

aci di ¢ (pH Bend[c¥Riuen-gl _ the product precipitates out of solution
as a white sol i[d. The sof]lygcwas iltered, washed with H20

This compound was formed as a byproduct during preparation of Example 247b

1 .

HNMR (DMSO-d;) 8 3.50-3.60 (m, 2H), 4.46-4.57 (m, 2H), 7.28-7.47 (m, 6H), 7.63-

795 (m, 8H), 845 (¢, 1H, J = 5.7 Hz). HPLC Rt = 3.929 min. LRMS (m/z) 366
10 (M+H). Anal. (CoH;9N;00.10 H;0) C, H, N. |

(247) Title compound
This compound was prepared from intermediate 247b and pyrrolidine according to the
procedure described in Example 245, with the exception of chloroform as solvent.
15 Received 40 mg (1 1%).

1

HNMR (DMSO-d;) § 1.63-1.76 (m, 4H), 2.34-2.68 (m, 4H), 2.92 (dd, 1H, J = 12.9,
10.0 Hz), 3.30-3.40 (m, 1H), 3.48-3.62 (m, 3H), 4.35-4.46 (m, 2H), 6.93-7.39 (m, 8H),
7.66-7.90 (m, 4H), 8.41 (t. 21H, J = 5.7 Hz). HPLC Rt = 3.120 min. LRMS (m/z) 437
(M+H). Anal. (CpHzN,40) C, H, N, '

20

__ PARP Enzyme Inhibition Assay:

The PARP enzyme-inhibiting activities of the compounds were assayed as

described by Simonin et al. (. Biol. Chem. (1993), 268:8529-8535) and Marsischky et

2s al. (J. Biol. Chem. (1995), 270:3247-3254) with minor modifications as follows.
Samples (50 pL) containing 20 nM purified PARP protein, 10 pg/mL DNAse I-
activated calf thymus DNA (sigma), 500 uM NAD", 0.5 1Ci [*PINAD*, 2% DMSO,

and various concentrations of test compounds were incubated in sample buffer (50 mM

Tx:is pH 8.0, 10 mM MgCl, 1 mM tris(carboxyethyl)phosphine HCI) at 25°C for

30 munutes. Under these conditions, the reaction rate was linear for times up to 10

mrnutes. The reaction was stopped by the addition of an equal volume of ice-cold 40%
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and d ed. .1.878.g 96/0. I p . ] further purification:
i ; -96% . The product was used without

= r2|57 (259 C ' H NMWR (DMBO-d6) S 1.83-1.93 (m 2H), 2.33 (t, 211, J =

nmp = - ;

4.22 (br s, 2H),
= 6.0 Hz), 3.52-3.56 (m 2H), S 20
g' g4H%)s’ iH)75 (7t’o7 (ZF I]H, J = 6.0 25 Hz), 7.65 (d, 1H24Noveil@re)3 7
(d, IN, J = 6.0 Hz),

8.23 (t, 1H J = 6.0 Hz), 11.98 (lir SiEx;Ia-.H)I;eH?gE.
calcd. for CLSH 6N203 (M) 27§H11I616 Bpuggeg:\ﬁnér?%. ilﬁti i ndo! mi-one 153
' \ ' r ;
7- (1Rvdr oxv-et hyl );-gcdlarjl\/dlrzgl | owing the procedure to prepare Exanple 157,

- nmber ,20Q3 ) . . .
tzﬁe g?\cl)guc t Vﬁgﬁgvmeﬁggplgéa the samples, which were then incubated on _}c_:e for 15|na|8w§§j e

en e S T o manmates i
(())t():vgg 4§ Egan%ﬂtgresl dgh%atmhmlgcgh;#gﬁg% %Qp%sﬁwﬁf’ﬂ}[cbgg}n:es%mp 150 8L@f0 Hz),
%H)25 ?s 9-5:“(_')d wa%ihgtﬂ.l\ltiela: ,éfq?',tnktgzld_m@;fegc |-g§)d, 1%. Bﬁﬁaﬂic ggfp%%sgﬁﬁeﬁoﬁﬁéd?%{r)ZS (t,
1, 2,3, SOk sl NS s s papinn
i?’él %\%3?0_ g\ggr?éogpléﬂr@@gt r(otecilahr Dyragiids) lard $mageQuang software. Inhibition
constants (K;) were calculated by non-linear regression analyses using the velocity
equation for competitive inhibition (Segel, Enzyme Kinetics: Behavior and Analysis of
Rapid Equilibrium and Steady-State Enzyme Systems, John Wiley & Sons, Inc., New
0 York (1975), 100-125). In the case of tight-binding inhibitors, 5 nM enzyme was used
and the reaction was incubated at 25°C for 25 minutes. K; values for tight-binding
inhibitors were calculated using the equation described Sculley et al. (Biochim.

Biophys. Acta (1986), 874:44-53),

15 Cy_;otoxicig Potentiation Assay;

A549 cells (ATCC, Rockville, MD) were seeded into 96-well cell culture plates

(Falcon brand, Fisher Scientific, Pittsburgh,_ PA) 16 to 24 hours before experimcntal

manipulation. Cells were then treated with a test compound (or a combination of test

compounds where indicated) each at a concentration of 0.4 pM for either 3 days or 5

20 days. At the end of treatments, relative cell number was determined either by MTT

assay or SRB assay. For the MTT .assay, 0.2 pg/ul of MTT (3-(4,5-dimethylthiazol-2-
y1)-2,5-diphenyltetrazolium bromide) (Sigma Chemical Co., St. Louis, MO) was-added— -

to each well of a plate, and the Plate was incubated in a cell-culture incubator for 4

hours, Metabolized MTT in each well was solubilized in 150 ul of DMSO (Sigma

25  Chemical Co.) with shaking and quantified with 2 Wallac 1420 Victor plate reader

(EG&G Wallac, Gaithersburg, MD) at 540 nm. Fcn; the SRB assay, cells were fixed

with 10% trichloroacetic acid (Sigma Chemical Co) for an hour at 4°C.  After
extensively washing, fixed celis were stained for 30 minutes with 0.4%
sulforhodamine B (SRB, Sigma Chemical Co.) in 1% acetic acid (Sigma Chemical
30 Co). Unbound SRB was washed away with 1% acetic acid. Then the cultures were
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NH -i odoxybenzoie acid DSO rt 2.5 h, H3G H3C OH 163 o-| odoxybenzoi caci d
-(Frigerio et al., J. Og. Chem 1995, 60, 7272) (2.217 mmol, 0.621g) was

added to a solution of 7-(1-Hydroxy-ethyl)-3,4-dihydro-2g is
[1, 4] di azepi no[ 6,7, 1-ht]indol -1-one (Exanple 163) (0. 738 Nowmbed 2008g) in

DMSO (8 nlL) at rt. The reaction m xture was stirred at rt for 2.5h. The
sol vent was renoved in vacuo and the residue was taken up in EtQAc and

washed with 5% Na2S203/ 5% NaHCO3, H20 and brine. The organic |ayer was
dri ed over anhydrous MgSO4 and concentrated to give an orange solid. The

lid fri¢de dndh podrida hd b&lab; t hy el uti ith
or adi “’f‘s?f“_.; e,sl/ﬂw’éﬂh s pimitizea Ry oy AR LR AGed Tripdeas ighasol i d:
np = 285-287 €, &0 Gm%mwumdﬁw&,m&ﬁmpﬁoéﬁfe@%ﬁ%%tém, 4. 44
(br s, ZFD,WZHﬁZViﬁorp&{éerdef %g Hz) . 7.92 (d, 1H™J =760 Y, %4 24

4 (m Byt HRvVELE Bie®f theoPDabptit? NaRdtyl Mike 328. 0899,

?‘g‘éﬁgbf’;ﬁ )Z%gglpgﬁxﬂf&ciieﬁ culture to the OD vaj

() o ot el i ue‘ c')f a mock-treated culture, expressed in
‘ ytotoxicity ur a compound. The concentration at

which 2 compound causes 50% Cytotoxicity is referred to as ICso. To quantify the
pf)tentiation of the cytotoxicity of topotecan or temozolomide by test compounds, a
‘chmensionless parameter PFsg is used and is defined as the ratio of the IC ’of
topotzi:cem- Or temozolomide alone to the ICso of topotecan or temozolomids: in'

10 combination with a test compound. For the compounds of the invention PE; val‘
were determined by testing with topotecan. e
Inhibition c_onstants (K: values) and cytotoxicity potentiation parameters (PF
values) as determined for the exemplary compounds are presented in Table 1 below., X

- TABLE 1. PARP Enzyme Inhibition and Cytotoxicity Potentiation
ompound /Example No. Inhibition Constant Cytotoxicity
K; (aM) Potentiation
PFsq
1 4.1, 6.2 1.5
2 8.0,6.0 1.6
3 10.9, 12 14
4 6.5 1.5
5 7.7 1.3
6 43 2
7 5.1 1.4
8 6.2 1.9
9 49 1.4
10 11.2 1.7
11 5.6 2.1

214



228.0890; Anal.(C 3H 2N202) C, H N Example 165: 7-(1-Hvdrox3im no-ethyl)
3 4 di hvdro-2H fl 4l diazepinof6 7 1 s hilfndol-I-one H3C HO The product

was prepared from Exanpl e 164 using the procedure to prepare 10Exanple 90
in 68%yield as a pale yellow solid: np = 238-240 C, ' I24NNBveniB@00316) S

2.16 (s, 3H), 3.56 (br s, 2H), 4.36 (br s, 2H), 7.19 (t, 1H J = 6.0 Hz),
7.77 (s, 1H), 7.87 (d, 1H, J = 6.0 Hz), 8.33 (t, 1H, J = 6.0 Hz), 8.38 (d,
1H, J = 6.0 Hz), 10.67 (s, 1H); HRMS cal cd. for C13H 3N302 (M) 243.1008,

found (M) 243.0997: isAnal (CL3H13N302) C, H _N._Exanpl e 166

7- (1- Hydr oxv- 1-fphenylp, I aﬁ? di hyqar Ad-eareptrot-e——t—M-{d Re
OH Fol | owi ng tI‘e—|9-P9(;é-(;l‘&lﬁl.l.;ptﬁzIly P é ¢ p ““““eﬂl@@ytotmplmwaylanm hyI | ift hi um
with phenyllit iﬁlo,mpombﬁxxhqﬂhl vvas;ngm
I'-oxo-1, 2, 3, 4-tlet rahydro 20 [1, 4] i azep | ‘ J| ndoggm?oxé%qbal ddhyde
oxime (Exanple|45) in 74 %yield s a ylgl( SO|Id Qupsy C I' H NWR
(DMBO-c16) S 3454-3.52.(m 2H) 4 28-4. 29 (m 2H),{5. o (cPFdeH J =l6.0
Hz), 5.96 (d, JH J = 61D Hz), 7.[05 (t, 4f7J = 6.0[F&),
Wk 13

13 10.1 ND

14 57,76 1.8

15 12.1 ND

16 7.2 ND

17 4.8,53 1.7

18 34 2

19 13 ND

20 11.9 ND

21 13.7,13.0 ND

22 13, 14, 15 ND

23 17.3 ND

24 29 ND

25 7 - 176 1.4

2 102 1.1

27 >5000 ND

29 24 ND

30 ND ND

31 ND ND
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2H, J = 6.0
J =

7.17-7.22 (m 1H), 7.30 (t,
(d, 1H, J =6.0 Hz), 7.79 (d, 1H

HRVS cal cd. for C13HL6N202 (M)

( G SHI 6N202. 0. 25 H20Movethber2008 s

41dia seninof6 7 | hiltndol

t he product was

155 24 Novenber 2003 7.14 (s, IH),
Hz), 7.45 (d, 2H, J =6.0 Hz), 7.72
6.0 Hz), 8.24 (t, IH J =6.0 Hz);
292.1212, found (M) 292.1202; Anal.
Exanol e 167 7-(1-Benzovl)-3.4 dihvdro-2H fl
O 0 Follow ng the procedure to prepare Exanple 164,

g;/(rz?ﬁesi zed from Exanple 166 in 80 %yi eld as a pale yellow solid. nmp =
229200 G MR Lo (DUOI0) 83 85 01 (), war (o 5 2 7
AR, R T e e e
Anal . (Cl SHt 4N2§I)% u@y“ﬂﬁl’% iﬁ& n(?or(sian; H ¢dr ox |Gytommd:i1)hen 1{met h
1 -34-dih dro-2H f1.41di azeoi nofi6 7 1- I liamglol  1-ohe Potentiation
: PFsq

3la 22 ND

32 6.3 18

32a 8.8 ND

33 14.3 ND

>4 11 1.8

35 8.2 ND

36 - 27 ND

37 11 1.8

38 43 ND

39 7.5 1

40 68 ND

41 54, o0 ND

42 103, 105, 107 ND

43 317, 290 ND

4 900 ND

45 167, 185 ND

46 9,9.8 13

47a 121 ND

47b 809 ND

48 79 ND

49 122 ND

50 92 11

51 41 D

52 79 ND

33 1800 ND

54 600 ND
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0 HO The product was prepared from Exanpl e 167 using the procedure to
prepare Exanple 90 in 76%yvyield as a pale yellow solid: np = 263-265 C, 'H
NVR (DMSO- 20 d6) 8 3.51 (br s, 2H), 3.60 (br s, 2H), 4.29 (br s, 2H), 4.45
(br s, 211), 6.97-7.04 (m 3H), 7.24 (t, IH J = 6.0 IA)Novender20d® (m
7.82 (d, IH J =6.0 Hz), 7.89-7.93 (m 211), 8.31-8.36 (in, 3H),

10H) 7 7 y
10.74 (s, IM 11.37 (s, 1H); HRWS cal cd. for 156 24 Novenber 2003
Cl BHI5N3O2 (M) 305.1164, found (M) 305.1177; Anal.( C18H15N30,.0.1 H20
C, H N Exanpke 169 _4- (9 Fl uor o- I-oxo | 2 3 4- tetrahvdro ri
4l di azeninor6 71 hi lpAgigt rgehvae—fH—pt NH2
CH3CN, refux, 69t cat 'nm H‘B]ﬂﬁ Yme itigh ang CHiptoxichy PoemuisaH F
Compound fExampIe No. Inhibition Constant Cytotoxicity
K; (nM) Potentiation
. PFsp
55 10 ND
56 32 ND
57 ND ND
38 5.8 >0
58a 49 ND
39 4.2 .
60 6.2 . ND
61 6.2 - ND
62 6.1 ND
63 13 ND
64 6.2 ND
65 T ND
66 8.9 ND
68 .58 ND
69 ND ND
70 44 ND
72 35 e
73 10 ND
74 33 ND
75 ’ 1.2 1.8
76 5.1
7 65 1.7
78 5.2 ND
79 11 D
80 9 ND
81 ND ND
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P205. MSG3H 60-70 C. 88% SI(CH3)3 PdCl 2. CH3CN, 70-80 C, 85%cat. K2CO3
McOH, 97% CHO NaN3, MGSO3H rt, 79% This conpound was prepared using the

procedures described in Exanple 33 and 81, starting from
4- Fl uor o- 2-i odoani | i ne (Beugel mans, et al., Bull. Soc. ZhiNoveriser200® 1995,

132, 306). (a) 3-(4-Fluoro-2-iodo-phenyl am no)-propionic acid: pale purple
solid (67%; np.= 163-165 C; 'H NWR (DMSO-d6) S 2.50-2.54 (m 2H),
3.27-3.33 (m 2H), 4.72 (t, 1H J = 6.0 Hz), 6.61 (dd,1H, J = 9.0 Hz, 3.0

Hz), is 7.06-7.12 [H), 7.52 (dd, 1H J =9.0H, 3.0H), 12.27 (br s,

1H); LCME (M +| H) 3¢RR; B3/ PARP Enzyme Inhibition and Cyrotoxicity Potentiation

Compound /Example No. Inhibition Constant Cytotoﬁcicity

K; (nM) Potentiation
PFsq
82 62,65 1.9
83 35,4 ND
84 6.5,7.1 ND
85 12,13 ND
86 9.1 L6
87 6.7,7 ND
88 12,13 ND
89 ND ND
90 6 1.2
9] 54 ND
92 200 ND
93 ' 306 ND
93a ND ND
94 4.3 ND
95 6.2 ND
96 10 ND
97 1.6 ND
97a ND ND
98 3.3 2.1
99 1.7 2.0
100 2.7 ND
101 23 2.1
102 5.6 ND
103 6.2 ND
104 4.5 ND
105 6.2 ND
106 8.0 ND
107 25 ND
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24- Novenber 2003 (b) 6-Fl uoro-8-iodo-2, 3-di hydro-| H qui nolin-4-one: yellow

solid (88%; np = 110-112 C; '"H NWR (DVMsO-4) 8 2.52-2.57 (m 2H),
3.45-3.51 (m 2H), 6.04 O s, IH), 7.36 (dd,IH, J =9.0, 3.0 Hz), 7.82
(dd,IH, J =9.0 Hz, 3.0 Hz); LCVMS (M + H) 292. S (c) 24-November 2003

7- Fl uoro-9-iodo-1, 2, 3, 4-tetrahydro-benzo[ e] [ 1, 4] di azepi n-5-0ne: pale yell ow
solid (79%: np = 138-140 C; '"H NWR (DVMSO-d6) 8 3.22-3.29 (m 2H),
3.43-3.47 (m 2H), 5.29 (br s, 1H, 7.50 (dd, IH J =9.0 Hz, 3.0 Hz), 7.75

(dd, 11-L J = 9.0, 3.0 Hz) 8.29 (br S, IH) LCMS (M + H) 307. lo (d)
dPSd—t-obiryde oo henzol €] [ 1, 4] di azepi n-

7-Fluoro-9-trilretny| et .
5-one: vyellowlsolid ‘%‘#ﬁﬁ/(i #BYP n;meks@bxﬁpnaﬁmgh@okﬂys@ogn@mg 0. 24] (s,
(. 1h o 2 of 6P EuENG 2 YBLEH Qo J]- o, Gtaeucke) 8 b7 (1
1H, J = 6.0 Hz}; LCVB (M + H) s 277. KieM) Potentiation
9- Et hynyl - 7- Fupro-1, 2, 3, 4-t euahyfr o- benzo[ eJ[ 1, 4] di azepi n- ﬁpsgne yel | ow
solid (9799 ; np = 142-j¢g# C "H NWR ( P A2 8—{mR—2H)
3.45-3.50 (m BH4—68—tstH), ﬁn7 (O0%H 3 =6.0 H),NB32 (dd,{IH J
= 9.0, ‘ 109 5.5 ND

110 18 ND

111 5.1 ND

112 18 ND

113 24 ND

114 9.9 ND

115 116 ND

116 52 ND

117 9.5 ND

118 44 ND

119 32,42 2.2

120 1.3 ND

121 4.0 ND

122 7.0 ND

123 9.0 ND

124 8.0 ND

125 11 ND

126 4.1 | 2.2

127 35,36 ND

128 4.0,5.4 1.8

129 5.0 1.9

130 44,56 3.4

131 27 ND

132 6.8 24

133 6.9 ND

134 28 : 25

135 3.8 ND
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20 3.0 Hz), 7.54 (dd, IH J =9.0, J =3.0 Hz), 8.25 (t, 1H J = 6.0 Hz);

LCMS (M + H) 205. (1)

4-(7-Fl uoro-5-o0xo0-2, 3, 4, 5-tetrahydro-1H benzo[ e] [ 1, 4] di azepi n-9-yl et hynyl ) -

benzal dehyde: 25 bright yellow solid (84%; top 228-23®@4NovdrhidvROODMSO- d6)

S$3.29-3.32 (m 2H), 3.52-3.54 (m 2H), 6.31 (t, 1H, J = 6.0 Hz), 7.45
7.60 (dd, 1H, J = 9.0 Hz, 3.0 Hz), 7.88

(dd, IH J =9.0 H, J =3.0 Hz),
7.96 (d, 2H J = 9.0 Hz), 8.31 (t, 1H J = 6.0 Hz),

(d, 2H, J = 9.0 Hz), 7. : ,
(M + H 309. 158 24 Novenber 2003 (g) Title conpound:

10.03 (s, IH);
pal e yel |l ow sol ifd (83@@3 114 HNvR—-(BhSe-e6—8-.3.48-3 53 (m
2H), 4.36-4.39 (m—a4 @7?@515 b@!tewnd@wmmu@mwm&@nm) 1. 65
R Mt L i quen e e
’ . ’ y = . S y I q m e

170: 4 Dhnet hvl nrinometh 1- hen I -9-fl Jgr('bMé 4 di hydr o- Patentiation
|'1.41di azeni nof p~—F—t—hitindal. l-on N(CH3)?2 PFsy

136 96 ND

137 . 54 y

138 1i ' D

139 12 ND

140 6.8 D

141 55 . 23

142 38 79

144 7.4 ND

145 20 D

146 : 35 D

147 40 D

148 2.8 25

149 4.2 26

150 5.0 D

151 6.9 ND

152 32 D

153 219 ND

154 - : 'ND D

155 87 ND

156 57 D

157 | 540 ND

158 9.1 D

159 ND =

160 249 D

162 ND D

163 692 ND
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20 Thi-s conmpound was prepared from 4-(9-Fl uoro-1-oxo0-1, 2, 3,4-tetrahydro-
[1, 4] di azepi no[ 6, 7, 1- hi |l i ndol - 6-yl)-benzai dehyde (Exanple 169) as descri bed
in Exanple 82 in 91%yield as a pale yellow solid. np = 172-174 C, 'H NWR
(DVMSO- d6) 8 2.18 (s, 6H), 3.45 (s, 2H), 3.47-352 (m 24 Nover@er£2083 (m
2H), 6.69 (s, IH)77.43 (d, 2H, J = 9.0 Hz), 7.51-7.61 (m 4H), 8.54 (t, 1H
J =6.0 Hz); HRVS calcd. for is CCOH2ON3CF (M 337.1590, found (M)
337.1580; Anal.(C20H20N3CF) C, H, N. Exanple. 171: 1- 4 2 5-Dih dro-of-1I-

lmeth I - hen ] -8 9-dih dro-7H 2 7 9a- triaza- benzofgdljgiulen-G-one 159 24

e I 5 T R S Ay R

: Compound /Example No. | Inhibition Constant Cytotoxicity

K; (nM) Potentiation
PFsq
164 606 ND
165 39 ND
166 380 ND
167 337 ND
168 38 ND
169 : ND ND
170 3.1 19
171 ‘ 45 25
171a ND ND
172 4.6 ND
172d ND ND
173 7 6.3 ND
174 62 D
175 6.6 D
176 9.0 ND
177 4.1 2.5
178 12 ND
179 5.6 ND
180 — | 74 D
181 3.9 ND
182 4.7 ND
183 80 ND
184 , 6.0 2.2
185 5.6 ND
186 55 29
187 7.0 ND
188 4.8 ND
189 5.1 ND
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benzo[ cd] azul en-6-one, s An alternative nmethod for the preparation of
Exanple 58a is to react diamine internediate g (fromExanple 2) with

4- hydr oxynet hyl - benzal dehyde [prepared from sodi um borohydri de and
t er epht hal al dehyde- nono-di et hyl acetal] according to tHs-Norepted2083 used in

Exanpl e 19. 10 (171a) benzo[cd]azul en-6-o0ne S
1- (4- Chl or onet hyl - phenyl )-8, 9-di hydro-7H 2, 7,9a-triaza This conpound was
58a, suspended in 25 niL

prepared by reacting 500 ng (1.7 mol) of al cohol
of acetonitrile_with 4 equival ents of thionyl chloride. After is conplete
rnﬂnf | faVa ALY ed | n

conversion as d term TTat ySTS t=re—t-ed
e‘fg'v'? ¥h 6@5 Igjibirow and Gymtmﬁclwdzefduﬁa&ﬂ on.

vacuo and the ¢

EECEED%FEGQCglnlﬁ&%ﬁ%ﬁf@%&E Fggfigg 0%ﬁ@8“ﬂ¥?orego;ﬁéﬁﬁég&ﬂm 34
of crude benzylfchloride 171a, 2.0$% ol Ke@M) Potentiation
190 o1 l;:;‘:’
191 43 ND
192 4.5 ND
193 11 ND
194 6.2 ND
195 4.7,5.9 ND
196 3.9 D
197 28,52 > s
198 - —
199 6.8 ND
200 6.0 ND
201 58 ND
202 32 ND
203 4.6 >0
204 7.9 D
205 4.7 ND
206 6.4 D
207 4.2 ‘ZA
208 ND ND
209 ND D
20 5.0 2.3
211 s =
22 . 6.8 20
213 7.4 ND
214 8.3 ND.
215 . 0
216 p -
217 2 D
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equi val ents) of 3-pyrroline-and 2.05 mol (6 equivalents) of triethylamne
in 2 nm of DWVMSO was stirred at rt. for 5 hours. The crude reaction m xture
was purified directly s by sem -preparative RP HPLC. The appropriate
fractions was conbi ned and neutralized with 50% NaCH s&fNbvamiber P63 pr oduct
was extracted with EtOAc (x5) to give 36.2 ng (28% of an off white solid.
Subsequent |y, nost conpounds were concentrated directly fromthe HPLC
fractions and will contain sone fractional percent of TFA. 20 H) [vg5
(DVHQI~) 78 Hz)obebd—fdtddydl =383 8.1 (s, (d, 2H, 6H), HzH) 781790 (mAH84

?:I\%/Hr'b S~ fét?]d HPIA_LS Eﬁtﬂl—ﬁ/jﬁ?@ E%@E%m&%ﬁgvﬁy%%”%mqs Exdm | e
172: 4-Fl uoro- |- OPWEW Q-rr ol Indlibitioh Gdnsmhihv | nhe@wotoxi® di hydr o-
7H-2.7.9a-ui azg- benzof cdl azul en §-one 1§Zange NO28F4 otentiation
PFsp
218 17 ND
219 11 ND
220 4.0 ND
221 50 ND -

221a 10.0 ND
221b ND ND
222 2.0,2.3,3.5 ND
223 85 21
224 ND D
225 ND ND
226 ND ND
227 2.2 ND
228 4.6 "ND
229 53,6.8 ND
22%a ND ND
230 53 D
231 6.9 ND
232 _ND ND
233 8.0 22
234 g7 D
235 54 ND
236 113 D
237 50,6.0 ND
237b 30 ND
237c ND ND
238 7.3 ND
238a 30.7 ND




cNO2, 0 C NH2 0 0 NO2 172b Me t-BuONO CuBr2, CH3CN NH ,.) H2, 10%PWC | ,7
SOp2. CH3CN - ------ 2.)NaHS03, DMF 100 C N2 172c O

24-November 2003

TABLE 1. PARP Enzyme Inhibition and Cyrotoxicity Potentiation
Compound /Example No. Inhibition Constant Cytotoxicity
K; (M) Potentiation
_ PFs
238b ND ND
238¢ ND ND
239 7.8 ND
240 42,45 ND
241 6.8 ND
242 34 ND
243 8.9 2.0
244 14.0 ND
245 5.8 2.1
245a 52,53 ND
245b ND ND
246 3.3 23
247 54 ND
247a 10.0 ND
247 ND ND
247c 16.0 ND

Note: ND = not determined

While the invention has been described by reference to exemplary and

5  preferred embodiments and examples, those skilled in the art will recognize that
various changes and mbdiﬁcations will
experimentation without departing from the spirit and scope of the invention. The

invention should therefore be understood as not being limited by the foregoing detailed

become apparent through routine

description, but as being defined by the appended claims and their equivalents.
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Ove H2NCH2CH2NH2 F~NH DVA, 100-C k Alternate nmethod for formation of
internmediate k (from Exanple 18) and Exanple 97. 20 (172b)

2- Ami no- 5-fl uoro-3-nitro-benzoic acid nethyl ester To a solution of nitroso
t et.r af |.uor oSUBSTEI(YE 3BEBTS 35. 8 nmol ) in 250 nL of RéiNowembba2t03at 0 C,
was added nethyl 2-am no-4-fluorobenzoate (Rodriguez, US Patent _
Publ i cation No. 3,949,081) (5.50 g, 32.5 mmpl ). The reaction was stirred at
161 24 Novenber 2003 reduced tenperature until conplete by TLC. The
reaction was then concentrated and purified by silica gel chromatography

(10- 25% Et I 5.05 g of product (72%. "H NWR (CDCl,) S 3.95
(s, 311), gﬁgikfz%Fi%ﬁ%h§ﬁ§‘8.4, 3.2 Hz), 8.15 (dd, IH, J =8.4, s 3.2 .
Hz), 8.32 (br s, 211). LRMB (nfz) 199 (M Ca3). (172c)

2- Brono- 5-f | uor o; 3- nid&r 0- benzoi¢c acid nethyl ester This conpound was
prepared from 2-bmi no 8URPd ot e frmpls: benzoi ¢ aci d et hyl ester according

to the procedure described in Exanple 2 for the internediate W btai ned
to 4.02 g (1009 . R¢ R®

wherein; .
XisOorS;
Y is N or CR®, where R is: H;
halopen;
cyano;
an optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl group; or*
-C(W)-R*, where W is O or S, and R¥ is; H; OH; an optionally
substituted alkyl, alkenyl, allkynyi, cyoloallyl, heterocycloalkyl, aryl,
heteroaryl, O-alkyl, ot O-aryl group; or NR*R%, where RY and R?® are

each independently H, OH, or an opfionally substituted alkyl, alkenyl,
alkynyl, cycloalkyl, heterocycloalkyl, axyl, or heteroaryl group;
-CRP=N-R%, Wher'e R¥ is. H or an optionally substituted
amino, alkyl, alkenyl, alkymyl, cycloalkwl, beterocycloaliyl, aryl,
heteroaryl Q-alkyl, o-arﬂ, s-alkyl, or s-aryl group, and R*® is H, OH, an
optionally  substituted  alkyl, alkenyl, alkynyl, cycloalkyl,

heteracysloalkyl, aryl, heteroaryl, O-alkyl, ar O-aryl group, or NR*R®,
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"HNVR (DVMSO-d6) S 3.90 (s, 3H), 7.99 (dd, IH J =8.3, 3.0 Hz), 8.30 (dd,
1H J = 7.7.3.0 Hz). HPLC Rt = 4.384 nmin. (k) '
7-Fluoro-9-nitro-1, 2, 3, 4-tetrahydr o-benzol.e] [ 1, 4] di azepi n-5-one is This
conmpound WesUBSERATERHEEA® 2- br ono- 5-f | uor o- 3- ni t r o- ReNrembac2ab3ret hyl
ester according to the procedure described in Exanple 2 for the
internmediate f. Cbtained, 2,20 g (68% . See Exanple 18 for conpound
characterization. 20-(97) 4-Fl uoro-1-(4-hydroxynethyl -phenyl)-8,9-dih
tiro-7H 2 Y ,7,9a-u-iaza- benzo[cd] azul en-6-one This conpound was prepared
from7-fluoro-9-nitro-1, 2 si 4-te35rahydro- benzo[ e] [ 1, 4] di azepi n=5-0ne, via
reduction to intermedhgiedt’] and & sre cach) indepemiontly By d)Inxotnai bytiontiinzal dehyde
usi ng the procedure described iin Exanple 171. 25 See Exanple 97 for

conpound char act er i z §¢usttrtedmitapaikenyloalkyiyl, Exdoglityd, He®2ocy(18a1RA) aryl, or
1- (4- Chl or onet hyl - phenyl ) - 1-fl uoro-8, 9-di hydro-7H 2, 7,9a-tri aza-
benzo[ cd] azul en- 6- on&ef@arphgroup;onpound was prepared fromintermedi ate 97

and thionyl chlaoride using the procedure described in Exanple 171 for
171a. R'is Cyano;

t

2 substituted alkyl or an optionally substituted alkenyl, alkynyl,
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl group; .

C(O)R", where R" is: H; an opHonally substituted alkyl,
a]kc1_1y1. alkynyl, cycloalky), heterocycloalkyl, aryl, or heteroaryl group;
or OR'? or NR*'R?%, where R™, R?' and R? are each independently H
or an optionally substituréd alkyl, .alkeuyl, alkymyl, cycl&alkyl,
heterocycloalkyl, aryl, or heteroaryl group;

ORY, where R" is H or an optionally substituted alkyl, alkenyl,
alkynyl, cycloalkyl, hetemcycloalkyl; aryl, oy heteroaryl groub;

S(O)R'®, where n is 0, 1 or 2, and Rl.G is: H; an optionally -
substituted alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, ot
heteroaryl group; or NR*R*, where R* aud R?* are each independently
H or an optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl,
héfemcycloaﬂc)f]; 'ﬁfyl,'or heteroaryl group; or |

NR'R'E, whers R md R"™ are each independently: H; an
optionally  substituted  alkyl, alkemyl, alkynyl, cycloalkyl,
heterocycloallyl, aryl, or heteroaryl group; C(O)R?, where R™ is H,
an optionally substituted -alkyl, alkenyl, atkynyl, ‘cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, O-alkyl, ox O-aryl group, or NR¥R?,

where R and R* are each independendy H, OH, an optionally
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162 24 Novenber 2003 HPLC Rt = 3.260 min. (172) Title conpound This
conpound was prepared from benzyl chloride 172d and the appropriate am ne as
s described in Exanple 171, with exception of s;.ostituting DI EA for Et3N
Recei ved 73UBSHFUTESHEETS NVR (DVSO- d6) S 1. 48-1.62 24Novbiiber dod@8- 2. 05 (m
1H), 2.37-2.39 (m IH), 2.48- 2.53 (in, 2H), 2.63-2.75 (in, 2H), 3.54-3.74
(in, 4H), 4.16-4.28 (m 1H), 4.36-4.51 (in, 2H), 4.63-4.72 (m IH), 7.51
(d, 2H, J= 8.0 Hz), 7.59 (dd, 1H, J=10.6, 2.6 Hz), 7.72 10 (dd, IH J =
10.6, 2.6 Hz), 7.81 (d, 2H, J 8.0 Hz), 8.54-8.58 (m~IH). HPLC Rt =

2.532 mn. HRMS calc 1 1 found 381.1717.
Anal . (C2l H2| FNdC2. %%@%’%ﬁﬁ“ %‘%%Yhﬁéﬁﬂf%‘kf%wﬂow loalkyl, aryl, or
1-(4-((2R) - 2- Hvdr oxv oI|d|n enyI s dnvdro-7H2 7
9a-triaza- benzor cdl arzi%fe b- B (91'15(0 Wg ls Zé B e s sdctf rom

I nternmedi ate 171a an 2 pr| ate a e usij ng the rocedure descri bed
in Exanple 171. Recei Vé’g&?,‘ ﬁ'g (%’1@)6“0“41{1 aECGJHIBSTkIn}Q,S (m 4H),

2.07-2.33 (m IH, c?ﬁoa%k}% anc{crocyclomcyl aryl or heteroaryl group;
R?is H or alkyl;
R*isH, halogen, or alkyi;

L

R®, R, R7, and R® are each indepmdéntly selected from:
H;
an optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl gmup and
-C(O)-R™, w[lere R¥ is: H; an .optionally substituted alkyl,
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or hetem:i:yl gToup;
or OR* or NR*ZR®, where R*', R™ and R™ are each independently H -
or an optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl group,
where when Y is CRY, R, R%, R%, R, R%; RS, R, and R® are not all ;

or 2 pharmacentically acceptable salt, prodrug, active metaholite, or solvate thereof.

2. A compound of the formula:
2 o5
R\ R RS
N
X ‘&R"
R6
SN
R1
l/ & Y/>q
R4
wherein: -

Xis O or §; AMENDED SHEET
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20 3.59-(m 5H), 4.10-4.31 (m 1H), 4.42-4.53 (m 3H), 7.35 (t, IH J = 7.8
Hz), 7.56-7.71 (m 2H), 7.80-7.90 (in, 4H), 8.40-8.43 (m 1H). HPLC R =
2.401 min. HRVS calcd for C22H2sN402 377.1977 (M+H)', found 377.1989.

Anal . (.QZHZ%%W% 0.40 TFA) C, H, N 163 24NoMevibetn032003
Exanpl e 174: =2 -pvrrolidin 1 vlimethvll phenvll 8 9-dihvdro 7H
2 7 9a-triaza-benzof cdl azul en-6-one O This conpound was prepared from
intermedi ate 171a and-the appropriate amne using s the procedure
described in Exanple 171. Received 26.1 ng (21%9 'H NVMR (DVMSO- d6) S
1.55-1.59 (m 1H), 1.98-2.05 (m 1H), 2.35-2.39 (m 1H), 2.59- 2.75 (m
3H), 3.47-3.59 (nYi2Njor CR®Githede R2is{ m 2H)E:; 4.19-4.26 (m 1H), 4.45 (s, 2H),
4.69 (s, 1H), . 7.35 (t, 1H, J = 7.8 Hz), 7.50 (d, 2H, J = 7.8 Hz), 7.80-7.90
(m 4H), 8.39-8.43 (m 1Hhalokk;C Rt = 2.281 prin. HRVB calcd for
C21H23NA2 363.1821 to (M+H) ', found 363.1831. Anal. (C21H22NAQ2.0.25 H20

C, H N Exanple 175 1-14- (cadydr oxvnet hvl - pi peridin | vlnethvl)ohenvlil 8
9-di hydro 7H 2.7.9a-triaza-benzo[ cdl azul en-6-one O

an optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl group; or .

~C(W)-R%, where W is O or 8, and R js: H; OH;an optionally
subsiituted alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, O-aikyl, or O-aryl group; or NE*'R*, where R¥ and R* are
cach independently H, OH, or an optionally subséitutedl alkyl, alkeny],
alkynyl, cycloalkyl, heterocycloalkyl, aﬁl, or heteroary] group;

, -CR29=N-R3°, where R¥ is H or an optionally substituted
amine, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloatkyl, aryl,
heteroaryl G-alkyl, o-aryl, s-alkyl, or s-ary| group, and R*® is 1, OH, an
optionally  substituted  alkyl, | alkeryl, alkynyl, cycloalkyl, -
heterocycloalkyl, aryl, heteroaryl, O-alky), or O-aryl group, or NR*'R,
where R* and R* are each independently H, OH, or an optionally

substituted alkyl, alkenyl, alkynyl, cycloaliyl, heterocycloalkyl, aryl, or

heteroaryl group;
R' is an unsubstitued, mono- or di-substituted aryl or heteroaryl group; |
R?is H or alkyl; |
R*is H, halogen, or alkyl;
R®, R®, R, and R® are each independently selecte:! from:

H;
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I's This conmpound was prepared frominternediate 171la and the appropriate .
am ne using the procedure described in Exarrpl e 171. Received 57.3 ng (43%

'H NVR (Dwsg‘-@l’(!ﬁﬁg - 0. 98 (m-—2H),..1.46-1.65 (m 511), 1.82-2.12 (m
2.13- Z. 516-3. 32 (m 2H) , 3. 48- 3. 694.(NBverider 260333- 4. 57
(m '314), 7.35 (t, 1H, J = 7.8 Hz), 7.46-7.67 (m 211), 7.78-7.96 (m 4H),
8.37-8.41 (m 111). HPLC Rt = 2.496 164 24- Novenber 2003 min. HRMS cal cd
for C23H27NAC2 391. 2134 (M+H)+, found 391.2140. Anal. (C23H26N402.0. 25
H20) C, H N Exanple 176: 1-(4-f f(2 3-Di hvdroxy- propel ) nethyl am no) :
met hyl )phenyl) 8 9 s dihpyd tr| enzof cdl azul en-6-one 0 OH
OH Thi's conpound was prepzkih?ﬁe6 OZHH\FS & alonyd, alkgeylheydeatiobpr i at e

am ne usin t he roq%g e 171. Received 36.2 289
'H NWVR (DI\/?SO d6) g 2. ﬁ’ga%ﬁi‘yg?ﬁ&%ﬂﬁﬁmmmﬂm 42-3.42 (m 3H)m‘:J (28%
3.52-3.78 20 (m 5H), 433 ]5%510”114 o .7-35 (t, 1H, J = 7.8 Hz)
7.49-7.62 (m 2H), 7..78-7. ?5)"' g isgg 1 54130@?!1&1101#%5&1&&@%1— 2. 247

mn. HRVS cal cd for
C‘a%ﬁéﬁ?? 'a\lﬁynyl cycloalkyl, heterocycloalkyl, aryl, o heteroary] group; -

or OR*' or NR¥2R® where R, R% and R*® are each independently H

or an optionally substituted alky], alkenyl, alkynyl, eyoloalkyl
hetemcycloal[cyl, atyl, or heteroaryl group; |
where when Y is CRY, R}, R%, R%, R% R®, RS, 7 r;mc't R® are not all H;
s B, 3

or a pharmacentically acceptable salt, prodrug, active metaholite, or solvate theresf.

3. A compound, pharmaceutically acceptabile salt, prodwmg, active
metahohte or solvate according to claim 1, wherein R* is H or halogen.

4. A compound, pharmacentically acceptable salt, prodrug, active

metebolite, or solvate according to claim 1, wherein R%,R®, R, and R® are each 1,

5. A compound, pharmacenticatly acceptable salt, prodrug, active
metabolite, or solvate according to claim 1, wherein X is oxvgen.

6. A componnd of the formula:

R'IE .

Wherein:

Y is N or CRY, where R? is:
H;
hatogen;

cyano;
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381. 1927 (MtH) 4, found 381.1916. Anal. (C21H24N403.0.25 H2O 0.10 TEA) C,
H N Exanple 177: 1-f4(2.5-Di hvdro-pvrrol-1l-vlnmethvl) phenyl)-4 fluoro 8 9
di hvdro-7H is 2.7.9a-triaza-benzof cdl azul en-6-one This conpound was

prepared fromjntermediate 172d and the appropriate 2iN@&etiiengoos he
procedure degbh%ﬁmsﬁ)? |l e 172. Received 50.7 ng (31% 'H NVR (DVBO d6)

S 3.46-3.64 (m 6H), (3.81-3.97 (m 2H), 4.41-1.62 (m 2H), 5.82 20 (s,
2H), 7.52-7.62 (m 3H), 7.74 (dd, 1H j =8.2, 2.6 Hz), 7.81 (d, 2H, J =
8.1 Hz), 165 24- Novenber 2003 8.55-8.58 (m IH). HPLC Rt = 3.182 min.
HRIvl S cal cd for C21H, oFNAO 363. 1621 (MrH)4, found 363.1624. Anal.

(C21HI9FMNAQ. 0. 25 H2O) C, H, anNoptioxally kebstifdfdd allyl, ikbnyl,- alkyrdyfizéyatoaticyd, meth 1 -
henvl -2 7 8 9-tetrahvdro 2 7 9a- t i b r aza enzofcdi azulen 6 one
heterocycloalkyl, aryl, or heteroaryl group; or
. -C(W)-R®, where Wis O or 8, and R% is: H: OX; an optionzlly
substituted alkyl, alkenyl, alkynyl, c}clmﬂkyl, heteracycloalkyl, aryl,
heteroaryl, O-alkyl, or O-atyl group; or NFZ'R®, where R and R are
each independently_' H, (_:)H, or an optiorally substituted alkyl, alkenyl,
alkymyl, c;ycloalky], heterocycloalicyl, aryl, or heteroaryl group;
-CRP=N-R™, where R® is H or an optionally substituted
amino, alkyl, alkenyl, atkynyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl O-alkyl, o-aryl, s-lalk.yl, or s-aryl group, and R is H, OH, an
optionally  substituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, O-a]kyiL or O-aryl group, or NRI'R*,
where B*' and R* are each independently H, OH, or au optionally
substituted alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or -
heteroaryl group;

R"" is an aryl or heteroaryl group unsubstituted or substituted with one

or more substifuents selected from halogen, hydroxy, nitro, amino, alkyl, aryl,
hetérbé.ryl, alkoxy, ﬁloiy, and hetemaryloxir gruui:s, #herein said a]]cyl, aryl,
heteroaryl, alkoxy, aryloxy, and heteroaryloxy groups are unsubstituted or
substituted with one or. wmore substituents selested from halogen, hydroxy,
lower alkoxy, cyano, nitro, and amino:

R*isHor halogen; and

R"” is H, an optionally substituted alkyl, alkenyl, alkynyl, oycloalkyl,

heterocycloalkyl, aryl, or heteroaryl groug:;
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O LIN-\- This conpound was prepared frominternediate 171a and the
appropriate amne using the procedure described in Exanple 171. Received
65.8 mg (48% 'H NVR (DVBO-4) S 2.27-2.53 (m 41), 2.72-3.05 3.58 (m 4H).
3.22-3.35 (susBijru@ig8eET® (m 211), 3.62-3.71 (m 224)Novémbér 2068 (m 2H),
5.36-552 (m 2H), 5.78-5.92 (m 1H), 7.36 (t, 11-L J= 7.8 Hz), 7.48-7.58
(m 211), 7.83-7.90 (m 411), 8.41-8.45 (m 111). HPLC R = 2.506 m n.
HRVS cal cd for C24H2sN4AO 402. 2294 (M+H) +, found 402.2288. Anal.
(C24H27N40.0.80 TFA) C, H, N is Examie 179: 1-14-r(Methyl nheneth 2
7.9a-triaza- benz&_ri%gzul ej&?ﬁéo AG 014536 C This conpound was prepared
frominternediate LAY agcrpiabler salit prodmwgnac s inretpbolitecomsabmidur e
described in EX |l e, 171. Received 47.0 ny (34% 166 24 Novenber 2003 'H
NVR (DVBO-4) S 2°%6%%% 15 (m 4H), 3.27-3:38 (m 5H), 3.55-3.64 (m 2H),
3.62- 3.71 (m 2 ,‘4A42-4.59 (n]] 2H), 7.23-7.47 (m 6H), 7.89-8.06 (m
4H), 8.45-8.53 ( compound,  pharmaceutically acceptable salt, predmg, active

metabolite, or solvate according: to claim 6, wherein ! is mono- or di-substituted
phenyl.

3. A compound, pharmaceutically acceptable salf, prodmg, active
metabolite, or solvate according to claim 1, having a PARP- inhibiting activity
corresponding to a X; of 10 pM or less in a PARP enzyme inhibition assay.

‘ 9. A compound, pharmaceutically acceptable sls, prodoug, active
metabolife, or solvate according to claim 1, having a cytotonicity potentiation activity
corresponding to a PFso of greater than 1 in 2 Gytotoxicity petentiation assay,

10. A compound according to claim 1 selected fiym the group conisisting
of:. '
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111). HPLC Rt = 3.075 min. HRVS calcd for C26H27N40 411.2185 (MtH)', found
411.2188. Anal. (C26H26N40.0.60 TFA) C, H, N. 5 Exanple 180:

1-(4-1Butvl - (2-hvdroxv ethvl) am nol nethyl! phenyl) 7 8 9
tetrahydro-2.7.9a-triaza-benzof cdl azul en 6-one 0 30 PhiNoveBRPLOTS Was
prepared frominternediate 171a and the appropriate am ne using the ,
procedure desHFBSIETUTHSERET®! e 171. Received 32.3 ng (24% ' H NVR (-DVSO- d6)
S$0.81-0.94 (m 3H), 1.16-1.79 (m 5H), 2.97-3.37 (m' 4H), 3.46- 3.83 (m
4H), 4.24-4.58 (m 4H), 7.31-7.40 (m 1H), 7.46-7.66 (m 21f), 7.77-7.99
(m 4H), 8.37-8.46 (m 1H). HPLC Rt = 2.646 mn. HRMS cal cd for C23H29N4AO
as 393.2290 (M+tH)', found 393.2288. Anal. (C23H28N40.0.60 TFA) C, H, N
Exanpl e 181: 1-f4-((2S)-2-Hydroxynethvl py.olidin 1 vlnmethyl)-phenyll 2 7 8
9 tetrahvdro-2.7 9a%tri aza- benzofcdl azul en he« 0 167 24 Novenber 2003 5
Thi s conpound was e;_)?red fro @ rtﬁ’l’ medi at e and-the ap %EI’I ate am ne

usi ng .
)
: C ;  and 4%

or a pharmacentically acceptable salt, prodwug, active metabclite, or solvate thereof,
11. A compound of the formula:

HiBHate 4 NHGHy

wherein:

ZisOors;

XisOor§;

R?is H or alkyl;

R*is H, halogen, or alkyl;

R, R, R, and R? are sach independently selected from:

an optionally substituted alkyl all,a:snyl,' aMnyl, cycloalkyl,
heterocycloalkyl, atyl, or heteroaryl group; and

-C(O)-R%, where R is: H; an optionally subsfituted alkyl,
alkenyl, alkynyl, cycloalkyl, heterocyoloalkyl, aryl,- or
heteroaryl group; or OR®' or NRS2ZR®, whete R¥, R and R™

are each independently H or an optionally substituted alkyl,
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t he procedure described in Exanple 171. Received 31.9 ng (25% 'H NWR
(DMSO-d6) 6 1.71-2.20 (m 4H), 3.13-3.29 (in, 2H), 3.51-3.66 (m 5H), 4.32-
4.51 (m 3H), 4.58-4.71 (m 1H), 5.49-5.58 (m IH), 7.37 (t, 1H J = 7.8

Hz), 7.68-7.78 (m 2H), 7.86-7.99 (m 4H), 8.42-8. 484(NBvehbr 20d3-C Rt
2.443 mn. HRMS calcd for CtH25N402 377.1977 (M+H)*., found 377.1993.
Anal . (C22H24MNASTTOTEEMesfe H N Examle 182: 1- 4 3 6-Dih dro-2H
din-1-vineth 1 -hen 1 -2 7 8 9-tetrah dro- ao 219a-tri aza-benzo(cdl azulen 6
one Ois This conpound was prepared frominternediate 171a and the
appropriate amne using the procedure described in Exanple 171. Received
48 ng (39%9 'H NWR (DMSO-d5) S 2.14-2.45 (m 2H), 2.95-3.21 (m 21!),

3.43-3.82 (m 4H), 4.17- 4. GRedyiD 5, fithi1B1 7 .15. 846,06 (m
1H), 7.37 (t, |H J= 7.8 Hz). b0 sl °@%§l§‘ﬂw8'fé#}°§é%%’9 ‘%}}1 ﬂ‘i(zl),
8.41-8.48 (m 1H) HPLC R 2 ) hctcmary] group; and

R’ is H or alkyl, except that R® is not H when R or R® is alkyl;

or a,pharmaceutically acceptable salt, prodrug, active metabolite, or solvate thereof,

12. A compound, pharmacentically acceptable uelt, prodrug, active
metsbolite, or solvate according to claim 11, wherein B and R? are each
independently H or methyl, R* is H or halogen, &’, R, R, and R® are each H, and X is
oxygen '

13. A phammaceutical composition comprising:

(&) an effective amount of 2 PARP-inhibiting agent selected from a

cotpound of the formula:

wherein:
XisOQorS;

Y is N ot CR?, where R? is:

;

halogen;

cyano;

an optionally substifuted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloatkyl, aryl, or heteroaryl group; or

“C(W)-R”, where W is O or S, and R¥ is; H; OH; an aptionally
substituted alkyl, alkenyl, alkynyl, cyclealkyl, heteracycloalkyl, aryl,
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.t =.610 mn. HRVS calcd for C2 H23N40 359. 1872 (M+H)*, found 359. 1886.
Anal . (C22HvN40.0.85 TFA) C, Zo Examle 183: 1- 4 heneth Jam no-neth 1 hen
1-27 8 9-tetrah dro-2 7 9a-triaza- benzo(cdl azul en-6-one 168 21- November
2003 I-P N | ound was prepared frominternmedpatnsvémbar 2008 t he
appropri‘at ﬁ%w ‘Elhe procedure described in Exarrpl e 171. Received
188 ng (59% 'H NVR (DMBO-4) S 2.83-2.96 (m 2H), 3.09-3.20 (m 2H),
3.41-3.49 (m 2H), 4.28- s 4.37 (m 211), 4.41-4.52 (m 3H), 7.12-7.33 (m
6H), 7.60-7.76 (m 211), 7.79-7.89 (m 4H), 8.33-8.41 (m 1H. HPLC Rt =
2.907 min. HRVS calcd for C25H2sN40  397. 2028 (MrH) *, found 397.2018. Anal.

(C ,H24N4O. 2.0 TFA) Geteld O- npj@_ 17422 - nnhenvl)
et hvl ani nol et hyl }phen?ll‘}*)u 2 7 aﬁj@é{o‘el%‘rdé#\%rg gﬁ@t@@%’d‘ﬁ Ll

9a-triaza- benzof cdl aéhﬂlﬁﬂd@m@dbﬁﬂy H, OH, or an optionally substituted alkyl, alkenyl,

[{e

alkynyl, eycloalkyl, heterocycloalkyl, aryl, ot heteroaryl group;
-CR¥=N-R¥, where R is H ot an optionally substituted
amino, élkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl O-alkyl, o-aryl, s-aikyl, ot s-aryl group, and R* is H, OH, an
opﬁonallf substitﬁted alkyl, alkenyl, alkyny), cycloaikyl,
heterocycloalkyl, aryl, heteroaryl, O-alkyl, or O-aryl group, or NR¥'R¥,
where R* and R® arc cach independently H, OH, or an aptionally
substituted alkyl, alkenyl, alkynyl, ¢cycloalkyl, heterocycloalkyt, aryl, or
leteroaryl group;
R'is cyano;
A a substituted alkyl or an optionally substituted alkenyl, alkynyl,
cycloalkyl, heterocycloajkyL aryl, or heteroanyl group;
C(O)R™, where R™ is: H: au optionally substituted alicyl,
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl group;

or OR' or NR*'R%, where R', R and R are each independently ¥

or an optionally substituted al!cyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or hieteroaryt group;
OR", where R™ is H or an optionally substituted alkyl, alkenyl,
alkynyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl group;
S(O)R'®, where n is 0, 1 or 2, and R is: H; an optionally
substituted alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or

heteroaryl group; or NR*R%, where R and R* are each independently
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0O OV NH Thi s conpound was prepared frominternedi ate 17laand
t heappropriate am ne using the procedure described in Exanple 171.
Received 148.7 mg (45% 'H NVR (DVSO-4) 8 1.91-1.98 (m 2H), 2.91-2.28 (m

2H)., 3.52- 3.MBYWUIRSHEETE is (s, 3H), 4.30-4.38 bmNREhbedods: 4. 50 (m
2H), 6.80-6.89 (m 4H), 7.25 (t, 1H J = 7.7 Hz), 7.36 (t, 1H J = 7.8
Hz), "7.67 (d, 2H, J = 7.8 Hz), 8.84-8.98 (m 4H), 8.48 (br s, 1H). HPLC Rt
= 2.970 min. HRVS calcd for C26H27N402 427.2134 (M+H)', found 427.2117.
Anal . (C26H26N4AC2.2.0 TFA) C, H, N. 20 Exanple 185 1-(4-f

f 2- (4- Fl uor o- phenvh e 1 nal thyl }.-phenyl)-2,7,8,9- tetrahvdro-2.7
9a-tri aza-benzof cdl azﬁélr.]aagl- gﬁ%m%&% %%Mr“ﬁ%ﬂs atkysd, Tyelsatslinpound
was prepared frominterned at 713 and the appropriate.am ne using the
procedure descri bed iﬁetg?g?‘?’z?@‘y' 1%2’6@?095@8!932; 9ty (45% .

NR'R', where RY and R" are each independently: H; an
optionally  substituted alkyl; alkenyl, alkynyl, ecycloalkyl,
hcte;'ocycloalkyL aryl, or heteroatyl group; C(O)R®!, where R™ i H,
an opfionally St_lbstituted alkyl, alkenyl, alkynyl, cycloalkyl,
hetetocycloalkyl, aryl, heteroaryl, O-alkyl, or O-aryl group, or NR¥ R,
where R¥ and R® are each independently H, OH, an aptiona]lf
substituted alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclealkyl, aryl, or
heteroaryl group or S(OLNR*N%, where R?® and R® are each
independently H or an optionally substituted alkyl, alkenyl, atkynyl,
eycloalkyl, heterocycloalkyl, aryl, or heteroaryl group;

R%is H or alkyl;
R"is H, halogen, or alkyl;
R®, R".. R’, and R® are each independently selected from:

H;

an optionally substituted. alkyl, alkenyl, alkynyl, cycloalkyl,
hsterocycloalkyl, aryl, or h&emalyl group; and

-C(0)-R*, where R is: H; an optionally substituted alkyl,
alkenyl, allkeynyl, cyploalky]., heterocycloalkyl, atyl, or heteroaryl groupé
or OR® or NRR™ , where R™, R™ and B* are each independently H
Qor an optionélly substituted alkyl, alicenyl, alkynyl, cyoloalkyl,
N heterocycloalkyl, aryl, or heteroary! group;

where when Y is CR?, R!, R%, R?, R4, RS, RS, R7, and R® are not all H;
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"HNWR (DMSO-d,) S 3.02-3.08 (m 2H), 3.23-3.33-(in, 2H), 3.58-3.66 (m
2H), 4.34- s 4.45 (m 3H), 4.51-4.59 (m 2H), 7.22 (t, 1H, J = 7.7 Hz),
7.33-7.48 (m 4H), 7.74 (d, 2H, J = 7.7 Hz), 8.93-8.07 (m 4H), 8.53 (br
s, 1H. HPLC Rt = 3.000 min. HRVS cal cd for C2SH24FN4024ABvdMRB ZoukH) *,
found 415.1914. Anal. (C25H231-N40 1.6 TFA) C, H, N 10 Exanole 186

2- (4- Met hox- nhenvl | - ethvl am nol methyl )phenyl)-2 7 8 9
tetrahydro-2.7.9a-triaza-benzorcdl azulen 6 one 0 This conpound was prepared
frominternediate 171a and the appropriate amne using the Procedure
described in Exanple 17]1. Received 163.7 (g (49% is 'H NWR (DVMBO-4) S

3. 04- 3. 13 (R} 2pparmacsytioglly aceepiable | galt, predrug. active; metabplite, ar sglvates, 3H),
4.45-4.52 (theredf), 4.61-4.72 (m 2H), 7.11 (d, 2H J = 7.7 Hz), 7.35 (d,
2H, J =7.7 Hz), 7.54 (t, 1H, J = 7.7 Hz), 7.87 (d, 2H J = 7.7 Hz),
8.06-8.17 (A94H), 8.63 (br s, IH. HPLC R = 2.970 min. HRVS calcd for

C26H27NA02 427. 2434 ( Wrphdrmack@ieaty 42ZeRadd- cafid! for (GREMGMMRiRi TFA C
H N 20 170 24- e o bidmac Exagryple e o 1471 ( f’éoﬁtpvl-ne?ﬁ'iftﬁ""%m no)

methyl) phenyl | 8 9 @8#Ridro- 7H

14. The use of an effective amount of a compound, pharmaceutically
acceptable salt, prodrug, active metabolite, or solvate as defined in claim 1 in the
manufacture of a medicament for inhibitng PARP activity of an enzyme,
comprising confacting the enzyme with the compound, pharmaceutically
acceptable salt, prodrug, active metabolite, or solvate thereof.

18. The use of claim 14, wherein the enzyme is poly (ADP-ribose)
polymerase or tankyrase.

16. The use of a therapeutically effective amount of a compound,
pharmaceutically acceptable salt, prodrug, active metabolite, or solvate as
defined in claim 1 in the manufacture of a medicament for inhibiting PARP

enzyme activity in mammalian tissue by administering to a mammal thereof.

17. The use of an effective amount of a compound, pharmaceutically
acceptable salt, prodrug, active metabolite, or solvate as defined in claim 11 in
the manufacture of a medicament for inhibitihng PARP enzyme activity,

comprising contacting the enzyme with the compound, pharmaceutically
acceptable salt, prodrug, active metabolite, or solvate thereof.
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2 7.9a-triaza-benzorcdl azul en 6-one 0 This conpound was prepared from
internediate 171a and the appropriate amne using s the procedure
described in Exanple 171. Received 64.9 ng (2699 1H NVMR (DVSO d6) S

0.88-1.01 (m 6H), 1.81-1.98 (m 1H), 2.73-2.84 (m Qhﬂ)\]ovarrﬁérz@302 (m

2H), -3.51-3.63 (m 2H), 4.32-4.55 (m 4H), 7.37 (t, lH J: 7.7 He), 7.73
(d, 2H J =7.7 Hz), 7.96-8.14 (m 411), 8.43 (br s, HPLC Rt = 2. 167
mn. HRVS cal cdl&or mﬂmtﬁemrﬁl&ae@wﬂmthef mﬂg@im Anal .
(C22H25NA0. 0. 75 H20, to 1.O TFA) C, H, N Exanple ‘18

1- (4- Qucl obut vl am- ‘nomet hvl phenyl) 8 9 dihvdro 7H 2 7 9a tnaza

benzor cdl'azul en: 6; one 0 NH 's.This co ound wag prepared frominternediate
171a and thg # i igped i n Exanpl-e
171. Recei VE&X 2H), 2.08-2.24
(m 4H), 3.5 ‘
4.39-4.50 (m
7.87-7.96 (m
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Me Ma and Me @

; or a pharmaceutically accoptsble salt, prodrug,
activeymetabolite, or solvate thereof,

19. A corpound according to claim 1 having the formula:

wherein;
Xi1sOorS;
Y is N or CR?, where R is: H;
| halogen;
cyana;

an optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroary] group; or

-C(W)-R®, where Wis O or S, and R® is: H; OH: an optionally

heteroaryl, O-alkyl, or O-aryl group; or NR*R2, where R¥ and R2® are
each independently H, OH; or an optienally substituted alkyl, alkenyl,
alkynyl, cycloalkyl, heterocycloalkyl, 7a:y1, or heteroaryl group;
-CR®=N-R*, where R” is H or an optionally 'subs'timtccl
amino, alkyl, alkenyl, allynyl, cycloalkyl, hetemcycloalkyl, aryl, or

heteroaryl group, and R™ is H, OH, an optiopally substituted alkyl,
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R'is

- alkenyl, alkynyl, cycloatkyl, heteracycloalkyl, aryl, heteroaryl, O-alkyl,

or O-aryl group, or NR*'R*2, whete R¥ and R¥ are each independently

H, OH, or an optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl group;
cyang;

a substituteq alkyl or an optionally substituted alkenyl, alkynyl,
cycloaikyl, heterocycloalkyl, atyl, or heteroaryl group;

C(O)R'™, where R is; H; an optionally substituted alkyl,
alkenyl, alkyny), cycloalkyl, héterocycloaliyl, aryl, or hieteroaryl gtoup;
or OR" or NR?'R?, where R'®, R?' and R® are cuch independently H
or an optiomally substituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, ary!, or heteroaryl group;

OR", where R" is H or an optionzily substituted alkyl, alkenyl,
alkynyl, eycloaliyl, hctcroc&cloalkyl, aryl, or heteraaryl group;

S(O)R'S, where 1 is 0, 10r2 and R"is: H: an optionally
substituted a]kyl,.alkenyl, allynyl, cycloaligyl, heterocycloalkyl, aryl, or

heteroaryl group; or NR®R¥, where R> aud R? are each independently

H ot an optionally substituted a]kyl alkenyl, alkynyl, cycloalkyl,

heterocycloalkyl, aryl, or heteroaryl group; or

NR''R™ where R” and R'® are each independently: H; an
optionally  substituted alkyl, alkeryl, alkynyl, cycloalkyl,
heterocycloalkyl, atyl, or heteroaryl group, ot S(O);NR*N%, where R
and R* are each independently H or an optionally substituted alkyl,

alkenyl, alkynyl, cycloalkyl, heterocycloallyl, aryl, or heteroaryl group;
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R%is H or alkyl;
R*is H, halogen, or alkyl;
R, R, R7, and R® are each independently selected fiom:
H;
an optionally substitated alkyl, alkenyl alkynyl, cycloalkyl
lietetacycloalky], aryl, or heteroaryl group; and
-C(O}R*, where R is: H; au optionally substituted alkyl,
alkenyl, alkynyl, cycloalky], heterocycloallql. aryl, or heteroaryl group,
or OR™ or NR™RS, where R, R aond R® gre each mdependcnﬂy H
Or zm optiopally substituted alkyl, allcenyl, alkynyl, cycloalkyl,
hetetocycloalky], aryL or heteroaryl group;
where when Y is CR?, R', R% R?, R¢ R, R, R', and R® are not all H;
ora phannaceutically acceptable salt, i:rodmg, active metabolite, or solvate thereof,
20, A compoungd, pharmaceuticalty acceptable aalt, pro&rug, active
metabolite, or solvate according to claim 2, having a PARP- nhibiting SilCﬁVﬂY :
corresponding to a K of 10 M c;;r less in a PARD enzymie irhibition -assay.
2L A compound, pharmacesitically acoeptable salt, prodrug, active

metabolite, or solvate accordmg to claimi 2, having g cymtoxicxty potentiation acuv:ty

corresponding to a PFy of Breater than 1 i ina cytotomclty patentiation assay.

22.  The use of an effective amount of a compound, pharmaceutically
acceptable salt, prodrug, active metabolite, or solvate as defined in claim 2 in the
manufacture of a medicament for inhibiting PARP enzyme activity, comprising
contactmg the enzyme with the compound, pharmaceutically acceptabie salt,
prodrug, active metabolite, or solvate thereof.

23.  The use of claim 22, wherein the enzyme‘ is poly(ADP-ribose) .
polymerase or tankyrase, 240
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24. The use of a therapeutically effective amount of a compound,

pharmaceutically acceptable salt, prodrug, active metabolite, or solvate as defined in
claim 2 in the manufacture of a medicament for inhibiting PARP enzyme activity- in

mammalian tissue by administering to a mammal therof.
25. A compound of the formula:
i & rE
N
X: ‘S(R? .
R&
R1

N
l// _Y/>—

R4
wherein:
XisOors; |
YisNor CR®, wl;era Riis: H;
helogen;
cyano;

an optionally substituted alkyl, nlkenyl, alkynyl, cycloatkyl,

‘heterocycloalkyl, aryl, or heteroaryl group: or

~C(W)R®, where W is O or §, an¢ R is: H; Oy an optionally
substituted alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, O-alkyl, or ®@-aryl group; or NR*'R*, where R* ayd R® are
each independently H, OH, or an optionzlly substituted élkyl, alketiyl,
alkynyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl grm}p;

' CR¥=N-R¥, whete R” is H or an opfionally substituted
emino, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl,

| heteroaryl O-alkyl, o-aryl, s-alkyl, or s-ary! group, and R¥ is H, OH, an
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Rlis

optionally ~ substituted alkyl, alkenyl, alkynyl, cycloalkyl,

heterocycloalicyl, aryl, heteroaryl, O-alkyl, or O-aryl group, or NR¥'R2,

where R*' and R*? are each independently H,  OH, ot an opl;.ionally
substituted alkyl, alkenyl, alkynyl, cycloalkyl, hctcroloycloalkyl, aryl, or
heteroaryl group;

cyatio;

@ substituted alky} or an optionally substituted alkenyl, alkynyl,
cycloalkyl, heteroc};cloafkyl, én’yl, or hetercaryl group;

C(O)RY, where R'? is: H; an nptionally substituted alkyl,

atkenyl, alkynyl, cycloalkyl, heterocycloallzyl, aryl, or heteroaryl ErOup;

or OR'® or NR*R*, where R", R? and ¥ are each independently H
or an optionally svbstituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl group;
OR™, where R'? is H or an optionally substituted alkyl, alkenyl, -
alkynyl, cycloalkyl, heterocycloalkyl, aryl, or heteroan}l group;
S(O)R'®, where n is 0, 1 or 2, and R'%is: H; an optionally

substituted alkyl, alkenyl, alkynyl, cycloaliyl, heterocycloalkyl, aryl, or

heteroaryl group; or NR™R*, where R* and B* are each independently
H or an optionally substituted alkyl, alkenyl, alkynyl, cycloalkyi,
heterocycloalkyl, aryl, or heteroaryl group:, or

NRYR'8, where R' and R'® are each independently: H; an
optionally  substituted  alkyl, alkenyl, alkynyl, -cycloalkyl,
heterocycloalkyl, ary!, or heteroaryl group; C(O)R?"!, where R* is H,

an optionally subsfituted alkyl, alkenyl, alkynyl, cycloalkyl,
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" heterocycloakyl, aryl, heteroaryl, O-alkyl, ar O-aryl group, or NR¥'R%,
where R¥ and R% are each independently H, OH, an optionally
- substituted alkyl, alkenyl, alkynyl, cycloa]kyl,'hateroc;ycloalkyl, aryl, or
heteroaryl group or S(OLNR¥N?, where R and R™ are each
independently H or an optionally substituted alkyl, alkenyl, alkymyl,
n:;;,rczlc‘uallq,rlﬂ heterocycloa]kyl, aryl, or heteroaryl group;
RYisHoralkyl;
R is H, halogen, or alkyl:
R®, RS R, and R®? are each independently selected from:
H;
an optionally substituted alkyl, alkenyl, alkynyl, ¢ycloatkyl,
heterocycloalkyl, aryl, or heteroatyl group; and .

_C(O)}RY®, where R is: H; an optionally substituted alkyl,

alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl group; °

“or OR®! or NR¥R®, where R, R*? and F** are each independently H
or an optionally substituted -alkyl, alicenyl, alkynyl, cycloalkyl,

heterocycloaliyl, aryl, or heteroaryl group;

where when Y is CR®, RL, R2, R, R% R, R®, &7, aind R® e not all F;
or & pharmaceutically acceptable salt thereof. .

26. A compound of the formula:
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wherein:

XisOorS;

Y is N or CR®, where R? is:

H;

halogen;

cyano;

an optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl group; ot

| -C(W)-R*, where Wis O or S, nd R is: H; OH; an o-ptionallly

subsﬁfcuted alkyl, alkenyl, alkynyl, cycloallyl, heterocycloalkyi, aryl,
hetetoaryl, O-alkyl, ot O-aryl group; or NR?' R%, whete R? and R%® are
each independently H, OH, or an optionally substituted alkyl, alkenyl,
atkynyl, cycloalky?, heterocycloalkyl, aryl, or heteroaryl group;

CRP=N-R*, where R® is H or am optionally substitated -

amino, alkyl, alkenyl, afkynyl, cycloalkyl, heterocyeloatkys, aryl,
heteroaryl O-alkyl, a-uryl, s-alkyl, or s-aryl geoup, and R*® is H, OH, an
optionally  substituted alkyl, salkenyl, alkynyl, cycloalkyl,

Rl

heterocycloalkyl, aryl, heteroaryl, O-alicyL, or O-ary! group, or NR*'RY,

where R* and R¥ are each independently H, OH, or an optioually

substituted alicyl, alkenyl, alkyny, cycloalkyi, heterocycloalkyl, aryl, or

heteroaryl group;

is an unsubstitued, mono- or di-substituted aryl o heteroaryl group;

R*is H or alkyl;

R*is H, halogen, or alkyl;
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R’ R, R/, and R® are each independently selocted foom:
H;
an optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl group; end
-C(O)-Rs", where R is: H; an ¢ptionally substitnted alkyl,
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl group;
or OR™ or NR¥R®, where R, R* and R™ are cach iudependentlf H
or an optionally substituted alkyl, alkenyl, alkynyl, cycloaliyl,
heterocycloalkyl, aryl, or heteroaryl growp;
where when Y is CR*, R, R%, R?, R%, R%, R%, R, and R® are not all H;
or :;, pharmaceutically acceptable salt thereof.

27. A compound of the formuia:

Rr15

Zx

whezein:
Y is N or CR®, where R is:
H;
“halogen;
cyano;
an optionally substituted alkyl, alkemyl, alkymyl, cycloalkyl,

heterbeycloalkyl, aryl, or heteroaryl group; or
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-C(W)-R™, where Wis O or S, and R® is: H; OH; an optionally

substituted alkyl, alkenyl, alkynyl, cycloafkyl, heterocycloalkyl, aryl,

| heteroaryl, O-alkyl, or O-aryl group; or NRZR™, where R’ and R*® are

each independently H, O, or an optionally substituted alkyl, alkenyl,
alkynyl, cycloalkyl, heterovycloalkyl, aryl, or heteroaryl group;

V-CR”E'—‘N-R?G, where R¥ is B or an optionaﬂy substituted

amino, alkyl, - alkenyl, alkynyl, cycloalleyl, heterocycloalkyl, eryl,

heteroaryl O-alkyl, o-aryl, s-alkyl, or s-ary] group, and R*® is H, OH, an

optionally  substituted  alkyl, alkenyl, alkymyl, cycloalkyl,

heterocycloalkyl, atyl, heteroaryl, O-alkyl, or O-aryl group, or NR® IR*2,

where R* and R* are each independenily H, OH, or an optionally

substituted alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloatkyl, aryl, or

heteroaryl group; .

R'! is an aryl or heteroaryl group unsubstituted or substituted with one

or more substitnents selected from halogen, hydrony, nitro, amino, alkyl, aryl,

heteroaryl, alkoxy, atyloxy, and heteroaryloxy groups, wherein said alkyl, aryl,

heferoaryl, alkoxy, aryloxy, and heteroaryloxy groups are unsubstituted or

substituted with one or more substituents selected from halogen, hydroxy,
lower alkoxy, cyano, nitre, and lamino; '
R“isHor halogen; and |
RY isH, an optionally substituted #lkyla alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl group;

or a pharmaceutically acceptable salt thereof.
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28. A compound of the formula:

RZ RS
A RS
N
X «&R?
Rﬂ
Sy N
Z
I/ F N>=
S
wherein:
ZisOorS:
X is O or St
R?is H or alkyl;
R* is ¥, halogen, or alkyl;

R’, R R, and R® are each independently selected from:
) "

an optionally substituted alkyl, alxenyl, alkynyl, cycloalkyl, -

heterocycloalkyl, aryl, or hieteroaryl group; and -

-C(O)-R™, whers R™ is: H; an eptionally substituted alkyl,

heteroaryl group; or OR®! o Nﬁﬂﬁ‘f’, where R%, R® and R
are each independently H or an optionally substituted alkyl,
alkenyl, alkynyl, cycloalkyl, hetembycloﬂ@l, aryl, or
'heteroaryl group; and

R’ is H or alkyl, except that R%is not H when R® or RS is alkyl;
or a pharmaceutically acceptable salt thereof,
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29. The use of an effective amount of.a compound or pharmaceutically
acceptable salt as defined in claim 25 in the manufacture of a medicament for inhibiting
PARP enzyme activity, comprising contacting the enzyme with the compound or
pharmaceutically acceptable salt thereof.

30. The use of an effective amount of a compound or pharmaceutically
acceptable salt as defined in claim 25 in the manufacture of a medicament for inhibiting
PARP enzyme activity in mammalian tissue by administering to a mammal thereof.

31. The use of an effective amount of a compound or pharmaceutically
acceptable salt as defined in claim 25 in the manufacture of a medicament for inhibiting
PARP enzyme activity, comprising contacting the enzyme with the compound or
pharmaceutically acceptable salt thereof.

32. A compound selected from the group consisting of

or & phanmaceutically acceptable salt, pro_dfug, active metaholite, or solvate thercof.

33. A componnd according to claim 32, wherein the compound is a single
stereoisomer, B
) - 248



