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PYRROLOPYRIMIDINES AS PROTEIN KINASE INHIBITORS

RELATED APPLICATIONS |

This application claims the benefit of U.S. Provisional Application Numbers
60/100,832, filed September 18, 1998; 60/100,833, filed September 18, 1998;
60/100,334, filed September 18, 1998, aud 60/100,946, filed September 18, 1998.
The teachings of each of these referenced applications are expl_mély incorporated
herein by reference in their entirety.

BACKGROUND OF THE INVENTION

There are at least 400 enzymes identified as protein kinases. These enzymes
catalyze the phosphoryiation of target protein substrates. The phosphorylation is
usually a transfer reaction of 2 phosphate group from ATP to the protein substrate.
The specific structure in the target substrate to which the phosphate is transferred is
a tyrosine,; serine or threonine residue. Since these amino acid residues are the target
structures for the phosphory! transfer, these protein kinase enzymes are commonly
referred to as tyrosine kinases or serine/threonine kinases.

The phosphorylation reactions, and counteracting phosphatase reactions, at
the tyrosine, serine and threonine residues are involved in countless cellular
processes that underlie responses to diverse intracellular signals (typically mediated
through cellular receptors), regulation of cellular functions, and activation or
deactivation of cellular processes. A cascade of protein kinases often participate in
intracellular signal wansduction and are necessary for the realization of these ceilular
processes. Because of their ubiquity in these processes, the protein kinases can be
found as an integral part of the plasma membrane or as cytoplasmic enzymes or -
localized in the nucleus, often as components of enzyme complexes. In many
instances, these protein kinases are an essential element of enzyme and structural
protein complexes that determine where and when a cellular process occurs within a
cell. '

Prozein Tyrosine Kinases. Protein tyrosine kinases (PTKs) are enzymes
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which catalyse the phosphorylation of specific tyrosine residues in cellular proteins.
This post-translational modification of these substrate proteins, often enzymes
themselves, acts as a molecular sthch regulating cell.proliferaﬁon, activation or
differentiation (for review, see Schlessmger and Ulrich, 1992, Newron 9: 383-391)
Aberrant or excessxve PTK actmty has been observed m many dlsease states
including bemgn and mahgnant prohferatlve dlsorders as well as diseases resultmg
from mappropnate actlvauon of the 1mnmne system (e 8- autonnmune dlsorders),
allograﬁ re]ectlon, and graﬁ Vs, host dxsease In addmon, endothehal-cell spcclﬁc
receptor PTKs such as KDR and T1e-2 medlate the anglogemc process and are thus

involved in supportmg the progression of cancers and other diseases involving

inappropriate vasculanzatxon (eg., d1abet1c retmopathy, choroidal

neovascularization due to age-related macular degeneratlon, psonas1s, arthnus,

retinopathy of premattmty, mfantlle hemangiomas). -

Tyrosine kinases can be of the_receptor—t_ype (havmg exﬁ‘acellutar,---

transmembrane and;hih'acellnlar domains) or the non—teceptor type (being wholly
 intracellular). | o ..
Receptor Tyrosme Kinases (RIKs) -The RTKs comprise a large family of
-transmembrane receptors with d1verse biological activities. At present, at least -
nineteen (19) distinct RTK subfamm_es have been 1d_egt1ﬁe¢ The receptor tyrosine
kinase (RTK) fatmly includes receptors that are crucial for the growth and
differentiation of- a vanety of cell types (Yarden and Ullnch, Ann. Rev. Biochem.
57:433-478, 1988; Ullnch and Schlessmger, Cell 61:243-254, 1990). The intrinsic
function of RTKs is activated upon llgand binding, which results in phosphorylation
of the rece_ptor and multiple cellular sqbsn'ates,_and subsequently in a variety of .
cellular responses (Ullrich & Schlessinger, 1990, Cell 61:203-212). Thus, receptor
tyrosine kinase medié_ted signal transduction is initiated by extracellular interaction
with a specific growth factor (liganﬂ),_'-_typically followed_by_receptor dimerization,
stimulation of the inttjinsic protein:tytosine kinase activity and receptor trans-
phosphorylation. Bihding sites are_'thereby created fot intracellular signal
transduction molechies and lead to the formation of corhpl_exes with a spectrum of
cytoplasmic signalih_g molecules that facilitate the appropriate cellular response.
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(e.g., cell division, differentiation, metabolic effects, changes in the extracellular
microenvironment) see Schlessinger and Ullrich, 1992, Neuron 9:1-20.

Proteins with SH2 (src homology -2) or phosphotyrosine binding (PTB)
domains bind activated tyrosine kinase receptors and their substrates with high
affinity to propagate signals into cell. Both of the domains recognize |
phosphotyrosine. (Fantl ez al., 1992, Cell 69:413-423; Songyang et al., 1994, Mol.

. Cell. Biol. 14:2777-2785; Songyang et al., 1993, Cell 72:767-778; and Koch et al.,

1991, Science 252:668-678; Shoelson, Curr. Opin. Chem. Biol. (1997), 1(2), 227-
234; Cowburn, Curr. Opin. Struct. Biol. (1997), 7(6), 835-838). Several
intracellular substrate proteins that associate with receptor tyrosine kinases (RTKs)
have beén identified. They may be divided into two principal groups: (1) substrates .
which have a catalytic domain; and (2) substrates which lack such a domain but . .
serve as adapters and associate with catalytically active molecules (Songyang et al, . _
1993, Cell 72:767-778). The specificity of the interactions between receptors or __

. proteins and SH2 or PTB domains of their substrates is determined by the amino -

. acid residues immediately surrounding the phosphorylated tyrosine residue. For

example, differences in the binding affinities between SH2 domains and the amino
- acid sequences surrounding the phosphotyrosine residues on patticulai receptors.

. correlate with the observed differences in their substrate phosphorylation profiles
(Songyang et al., 1993, Cell 72:767-778). Observations suggest that the function of
each receptor tyrosine kinase is determined not only by its pattern of expression and
ligand availability but also by the array of downstream signal transduction pathways

that are activated by a particular receptor as well as the timing and duration of those
stimuli. Thus, phosphorylation provides an important regulatory step which

determines the selectivity of signaling pathways recruited by specific growth factor
receptors, as well as differentiation factor receptors. '
Several receptor tyrosine kinases such as FGFR-1, PDGFR, TIE-2 and c-

Met, and growth factors that bind thereto, have been suggested to play a ble in

-angiogenesis, although some may promote angiogenesis indirectly (Mustonen and

Alitalo, J. Cell Biol. 129:895-898, 1995). One such receptor tyrosine kinase, known

as “fetal liver kinase 1" (FLK-1), is a member of the type IIl subclass of RTKs. An
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altematrve desrgnauon for human FLK-1'is “kinase insert domain-containing

 Teceptor” (KDR) (Terman etal., Oncagene 6:1677-83, 1991).. Another altemative

desrgnatlon for FLK-lIKDR is "vascular endothehal cell growth factor receptor 2”
(VEGFR—Z) smce 1t binds VEGF thh lngh aﬂimty “The murine version of FLK-
1/VEGFR-2 has also been called NYK (Oelnchs et al Oncogene 8(1):11-15, 1993).

_- DNAs encodmg mouse rat and human FLK 1 have been isolated, and the
nucleotide and encoded ammo acld sequences reported (Matthews et al., Proc. Natl.
' Acad. Sci. USA, 88:9026-30, 1991; Termén et al, 1991, supra; Terman et al,
- Biochem. Bzophys ‘Res. Comm. 187:1579-86, 1992 ‘Sarzani et al., supra; and
e Millaver e al,, Cell 72:835-846, 1993) ‘Numerous studies such as those reported in

Mlllauer et al. supra, suggest that VEGF and FLK- 1/KDR/VEGFR-2 are a ligand-

' receptor pau' that play an mrportant role in the prohferauon of vascular endothelial
' cells, and formauon and: sproutmg of blood vessels, termed vasculogenesis and

| "anglogenesrs, respectlvely

Another type . subclass RTK designated * ﬁns-lrke tyrosine kinase-1” (Flt-

i 1) is related to FLK 1/KDR (DeVnes et al. Science 255;989-991, 1992; Shibuya et
al, Oncogene 5 519-524 1990) An alternative dulgnauon for Flt-1 is vascular

endothelial cell growth factor receptor 1” (VEGFR-I) ‘To date, members of the
FLK-1/ KDR/VEGFR-2 and Flt-l/ VEGFR 1 subfamrhes have been found
expressed pnmanly on endothehal cells These subclass members are specifically
stimulated by members of the vascular endothehal cell growth factor (VEGF) family
of ligands (Klagsburn and D'Amore, Cytokine & Grawth Factor Reviews 7: 259-
270, 1996). Vascular endothehal cell growth factor (VEGF) binds to Flt-1 with
higher afﬁmty than to FLK- 1/IQ_R and is -mxtogetuc toward vascular endothelial
cells (Tetmau ei al 1992, supra, Mustonen et al. '-supra; DeVries et al., supra). Flt-
1 is believed to be essential for endothehal orgamzanon during vascular

development. Flt-l expression xs assocxated with early vascular development in

mouse embryos, and with neovasculanzauon dunng wound healing (Mustonen and
Alitalo, supra). Expressron of Flt—l in monocytes, osteoclasts and osteoblasts, as
well as in adult nssues such as kldney glomeruh suggests an addmonal function for
this receptor that is not related to cell growth (Mustonen and Ahtalo supra).
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As ptewously stated, recent eviggnce suggests | that VEGF plays a role in the
stimulation of both normal and pathological angxogen;s ﬁ(J akeman et al.,
Endocrinology 133: 848-859, 1993; quch etal., Breast Cancer Research and
Treatment 36: 139155, 1995; Ferrara ez al., Endocrine Reviews 18(1); 4-25, 1997;
Ferrara et al., Regulation of Angiogenesis (ed. L. D. Goldberg and E.M. Rosen),
209-232, 1997). In addition, VEGF has been implicated in the control and
enhancement of vascular permeability (Connolly, et al., J. Biol. Chem. 264: 20017-

- 20024, 1989; Brown et al., Regulation of Angiogenesis (ed. L.D. Goldberg and EM.
Rosen), 233-269, 1997). Different forms of VEGF arising from alternative splicing
of mRNA have been reported, including the four species described by Ferrara et al.
(/. Cell. Biochem. 47:211-218, 1991). Both secreted and predominantly cell-
associated species of VEGF have been identified by Ferrara et al. supra, and the
protein is known to exist in the form of disulfide linked dimers. _

Several related homologs of VEGF have recently been identified. However, |

 their roles in normal physiological and disease processes have not yet been
elucidated. In addition, the members of the VEGF family are often coexpressed with |
VEGF in a number of tissues and are, in general, capable of forming heterodimers “
with VEGF. This property likely alters the receptor specificity and biological effects
of the heterodimers and further complicates the elucidation of their specific | '
functions as illustrated below (Korpelainen and Alitalo, Curr. Opin. Cell Biol., 159— |
164, 1998 and references cited therein). |

Placenta growth factor (P1GF) has an amino acid sequence that exhibits
significant homology to the VEGF sequence (Park et al., J. Biol. Chem. 269:25646-
54, 1994; Maglione et al. Oncogene 8:925-31, 1993). As with VEGF, different

species of PIGF arise from alternative splicing of mRNA, and the protein exists in
dimeric form (Park et al., suprd). PIGF-1 and PIGF-2 bind to Flt-1 with high
affinity, and PIGF-2 also avidly binds to neuropilin-1 (Migdal et al, J. Biol. Chem.
273 (35): 22272-22278), but neither binds to FLK-1/KDR (Park et al., shpra). PIGF

~ has been reported to potentiate both the vascular permeability and mitogenic effect
of VEGF on endothelial cells when VEGF is present at low concentrations
(purportedly due to heterodimer formation) (Park et al., supra).
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VEGF—B is produced as two isoforms (167 and 185 residues) that also appear
to bind Flt- 1/VEGFR 1. It may play arole in the regulatlon of extracellular matrix
degradation, cell adhesnon, and mxgrauon through modulatwn of the expression and
actmty of urohnase type plasmmogen activator and plasminogen activator inhibitor

pnmanly expressed by lymphauc endothehal cells: In its fully processed form,
VEGF-C can also. bmd KDR/VEGFR—2 and sumulate prohferatxon and mlgranon of

153(2), 381-394) The transgemc overexpresslon of VEGF -C causes prohferatlon
and enlargement of only lymphahc vessels, while blood vessels are unaffected.

al, J. Biol. c;,_'-g. '998), 273(14),8413-8418) | |

' The mo recently discovered VEGF-D is s{mcturally very similar to VEGE-
C. VEGF-D i reported to bind and activate at least two VEGFRs, VEGFR-3/Flt-4
and KDR/VEG R-2. Tt wass ongmally cloned as a e-fos inducible mitogen for
ﬁbroblasts and most prommently expressed in the mesenehymal cells of the lung
and skin (ACh _ et al, Proc. Nall Acad Sci. UL S A , (1998), 95(2), 548-553 and

references therem) SRR C .
As for VEGF VEGF-C and VEGF -D have been cla:med to induce i increases

i vascular petmeablhty in vzvo m a Mlles assay when injected into cutancous tissue

(PCT/U S97/ 14696 W098/O7832 Wltzenblchler et al., supra). The physiological
role and s1gmﬁcance of these hgands in modulahng vascular hyperpermeability and
_ endothelial responses in txssues where they are expressed remams uncertain.

There has been recently reported a virally encoded, novel type of vascular
endothelial growth factor, VEGF -E NZ-7 VEGF), which preferenually utilizes
KDR/Flk-11 : eptor and cames a potent mitotic activity without heparm—bmdmg
domain (Mey& et al, EMBOJ (1999), 18(2), 363-374 Ogawa et al, J. Biol. Chem.
(1998), 273, (47), 31273-3128” ) VEGF-E sequences possess 25% homology to
mammahan VEGF and are encoded by the parapoxvn'us Orf virus (OV). This
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parapoxvirus-that aﬂﬁcts sheep and ggﬁsan occasioally, humans, to generate
lesions with angiogenesis. VEGE-E is a dimer of about 20 kDa with no basic:
domain nor affinity for heparin, but has the charactenstxc cysteine knot motif present
in all mammalian VEGFs, and was surprisingly found to possess potency and
bioactivities similar to the heparin-binding VEGF165 isoform of VEGF-A, i.c. both
factors stimulate the release of tissue factor (TF), the proliferation, chemotaxis and
sprouting of cultured vascular endothelial cells in vitro and angiogenesis in vivo.
Like VEGF165, VEGF-E was found to bind with high affinity to VEGF receptor-2
(KDR) resulting in receptor autoﬁhosphorylati_on and a biphasic rise in free
inn'acellular Ca2+ concentrations, while in contrast to VEGF165, VEGF-E did not
bind to VEGF receptor-1 (Flt-1). |

Based upon emerging discoveries of other homologs of VEGF and VEGFRs
and the precedents for ligand and receptor heterodimerization, the actions of such
VEGF homologs may invblve formation of VEGF ligand heterodimers, and/or
heterodimerization of receptors, or binding to a yet undiscovered VEGFR
(Witzenbichler et al., supra). Also, recenf reports suggest neuropilin-1 (Migdal ez
al, supra) ot VEGFR-3/Flt-4 (Witzenbichler et al., supra), ot receptors other than
KDR/VEGFR-2 may be involved in the induction of vascular permeability (Stacker,
S.A., Vitali, A., Domagala, T., Nice, E., and Wilks, A.F., “Angiogenesis and
Cancer” Conference, Amer. Assoc. Cancer Res., Jan. 1998, Orlando, FL; Williams, .
Diabetelogia 40: S118-120 (1997)).

Tie-2 (TEK) is a member of a recently discovered family of endothelial cell
specific receptor tyrosine kinases which is involved in critical angiogenic processes,
suéh as vessel branching, sprouting, remodeling, maturation and stability. Tie-2 is
the first mammalian receptor tyrosine kinase for which both agonist ligand(s) (e.g.,
Angiopoietinl ("Ang1"), which stimulates receptor autophosphorylation and signal
transduction), and antagonist ligand(s) (e.g., Angiopoietin2 ("Ang2")), have been
identified. Knock-out and transgenic manipulation of the expression of Tie-2 and its
ligands indicates tight spatial and temporal control of Tie-2 signaling is essential for
the proper development of new vasculature. The current model suggests that
stimulation of Tie-2 kinase by the Ang! ligand is directly involved in the branching,
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sprouting and outgr'ow_th of new vessels, and recruitment and interaction of
periendothelial support cells 1mportant in mamtarmng vessel integrity and inducing
qurescence The absence of Angl stimulation of Tie-2 or the inhibition of Tie-2
autophosphorylatton by Ang2, whrch is produced at hrgh levels at sites of vascular

regressron, may cause alossin vascular structure and matrix contacts resulting in
: endothehal cell death, especxally m the absence of growth/survival stimuli. The

srmauon rs however more complex, since at least two additional Tie-2 ligands (Ang3

~and Ang4) have recently been reported, and the capacrty for heterooligomerization
. ofthe vanous agomstrc and antagomstrc angroporetms thereby modifying their
-+ activity, has been demonstrated. Targetmg Tie-2 hgand—receptor interactions as an
. anuangxogemc therapeutrc approach is thus less favored and a kinase inhibitory

- strategy preferred

~ The solnble extracellular domam of T1e-2 (“ExTek”) can act to disrupt the
estabhshment of tumor vasculatm'e m a breast tumor xenograft and lung metastasis
models and in tnm r-cell medrated ocular neovasculatlzatwn. By adenov:ral '
mfectron, the m vzvo productlon of mg/ml levels ExTek m rodents may be achieved
for 7-10 days wrth no adverse s1de eﬁ'ects These results suggest that dtsrupnon of
Tle-2 srgnahng pathways 1n normal healthy ammals may be well tolerated. These
Tie-2 mhibltory responses to ExTek may be a consequence sequestration of ligand(s)
and/or generatron ofa nonproductlve heterodimer with full-length Tie-2.

Recently, srgmﬁcant upregulatron of Tie-2 expresslon has been found within
the vascular synovml pannus of arthritic Jomts of humans, consistent w1th arolein -
the mappropnate neovasculanzatlon This ﬁndmg suggests that Tre-2 plays arole in
the progressron of rhenmatoid arthritis. Point mutauons producing constlmtwely
activated forms of Tie-2 have been identified in association with human venous
“malformation drsordets T 1e-2 mhlbrtors are, thereful, useful in treating such
drsorders and in other situations of i inappropriate neovasculanzatmn :

" The Non-Receptor ijrosme Kinases. The non-receptor tyrosine kinases
represent a collectron of cellular enzymes which lack extracellular and
transmembrane sequences. At present, over twenty-four mdrvrdual non-receptor
tyrosine lonases comprising eleven (11) subfamrhes (Src, Frk, Btk, Csk, Abl,
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Zap70, Fes/Fps, Fak, Jak, Ack and LIMK) have been identified. At present, the Src
subfamily of non-receptor tyrosine kinases is comprised of the largest number of
PTKs and include Src, Yes, Fyn; Lyn, Lck, Blk, Hek, Fgr and Yik. The Sre
subfamily of enzymes has been linked to oncogenesis and immune responses. A
inore detailed discussion of non-receptor tyrosine kinases is provided in Bohlen,
1993, Oncogene 8:2025-2031, which is incorporated herein by reference.
~ Many of the tyrosine kinases, whether an RTK or non-receptor tyrosine

kinase, have been found to be involved in cellular signaling pathways involved in
numerous pathogenic conditions, inpluding cancer, psoriasis, and other -
hyperproliferative disorders or hyp&-hmme responses. |

Development of Compounds to Modulate the PTKs. In view of the surmised
importance of PTK to the control, regulation, and modulation of cell proliferation,
the diseases and disorders associateﬂ with abnormal cell proliferation, many
attempts have been made to identify receptor and non-receptor tyrosme kinase
"inhibitors" using a variety of approaches, mcludmg the use of mutant ligands (U. S
Application No. 4,966,849), soluble receptors and antibodies (Application No. WO
94/10202; Kendall & Thomas, 1994, Proc. Natl. Acad. Sci 90:10705-09; Kim et al.,
1993, Nature 362:841-844), RNA ligands (Jellinek, ez al., Biochemistry 33:10450- | R
56; Takano, et al., 1993, Mol. Bio. Cell 4:358A,; Kinsella, et al. 1992, Exp. Cell Res.
199:56-62; Wright, ef al., 1992, J. Cellular Phys. 152:448-57) and tyrosine kinase
inhibitors (WO 94/03427; WO 92/21660; WO 91/15495; WO 94/14808; U.S. Patent
No. 5,330,992; Mariani, et al., 1994, Proc. Am. Assoc. Cancer Res. 35:2268). - .

More recently, attempts hzive been made to identify small molecules which o
act as tyrosiné kinase inhibitors. For example, bis monocyclic, bicyclic or
heterocyclic aryl compounds (PCT WO 92/20642) and vinylene-azaindole _
derivatives (PCT WO 94/14808) have been described generally as tyrosine kinase
inhibitors. Styryl compounds (U.S. Patent No. 5,217,999), styryl-substituted pyridyl
compounds (U.S. Patent No. 5,302,-606), certain quinazoline derivatives tEP
Application No. 0 566 266 Al; Expert Opin. Ther. Pat. (1998), 8(4): 475-478),
selenoindoles and selenides (PCT WO 94/03427), tricyclic polyhydroxylic
compounds (PCT WO 92/21660) and benzylphosphonic acid compounds (PCT WO
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{J 91/15495) have been described as eompounds for use as tyrosine kinase inhibitors

’ for use in the treatment of cancer. Amhnocmnolmes (PCT W097/34876) and

’ quinazoline derivative compounds (PCT WO097/22596; PCT w097/421 87) have
been described as mhibltors of anglogenesxs and vascular permeabxhty

I I addmon, attempts have been made to ldentlfy small molecnles which act
as serine/threonine kinase mhibxtors For example, bls(mdolylmalelmlde)
compounds have been described as mhlbmng partlcular PKC serine/threonine kinase

~ isoforms whose slgnal transducmg funcnon is assocxated with altered vascular

B - penneablhty in VEGF-related discases ®CT W097/40830 PCT WO97/40831).

| -1 Kinase Inhibitors -~ .- -
Plk-1isa serme/threomne kmase wh1ch is an 1mportant regulator of cell
- cycle progresslon It plays cnncal roles inthe assembly and the dynamm function of
~ the mitotic spmdle apparatus Plk-l and related kmases have also been shown to be
"~ closely involved i inthe actlvanon and inactivation of other cell cycle regulators, : such
as cychndependent Kkinases.: ngh levels of Plk-1 expressmn are associated thh cell
. prohferatlon actlvmes Itis often found in ma.hgna.nt tumors of various origins.
Inhibitors of Plk-l are expected to block cancer-cell prohfemtxon by dlsruptmg
. processes mvolvmg mitotic spmdles and mappropnately activated cychn-dependent N

QM_&&G@_@M (Cdc2 is also known as Odkl)
' Cdc2/cychn B is another senne/threomne kinase enzyme which belongs to

; the cyclm-depend_ent kinase (cdks) family. _These enzymes are_mvolved in the
P . crifical transition between va.tioi,lré.phases of cell oYcle progression It is believed
- that uncontrolled cell proliferation, which is the hallmark of cancer is dependent
upon elevated cdk actxvmes in these cells.- The mhlbmon of elevated cdk activities
in cancer cells by cdc2/cyclin B kinase inhibitors could suppress proliferation and
‘may restore the normal control of cell cycle progressxon

The regulanon of CDK acuvat:on is complex, but requxres the association of
| ' - the CDK with 2 member of the cyclin family of regulatory subunits (Draetta, Trends
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in Cell Biology, 3:287:289 (1993)); Mugray andKu’schn : , Nature, 339: 275-280
(1989); Solomon et al., Molecular Biology of the Cell, 3:13.27 (1992)). A further
level of regulation occurs through both activating and inactivating phosphorylations
of the CDK subunit (Draetta, Trends in Cell Biology, 3:287-289 (1993)); Mutray and
Kirschner, Nature, 339:275-280 (1989); Solomon et al., Molecular Biology of the

' Cell, 3:13-27 (1992); Ducommun et al,, EMBO Journal, 10:3311-3319 (1991);
Gautier et al., Nature 339:626-629 (1989); Gould and Nurse, Nature, 342:39-45
(1989); Krek and Nigg, EMBO Journal, 10:3331-3341 (1991); Solomon et al., Cell,
63:1013-1024 (1990)). The coordinate activation and inactivation of different
cyclin/CDK complexés is necessary for normal progression through the cell cycle
(Pines, Trends in Biochemical Sciences, 18:195-197 (1993); Sherr, Cell, 73:1059-
1065 (1993)). Both the critical G1-S and G 2-M transitions are controlled by the |
activation of different cyclin/CDK activities. In G1, both cyclin D/CDK4 and cyclin
E/CDK2 are thought to mediate the onset of S-phase (Matsushima et al., Molecular

& Cellular.BioIogy, 14:2066-2076 (1994); Ohtsubo and Roberts, Science, 259:1908-
1912 (1993); Quelle et al., Genes & Development, T:1559-1571 (1993); Resnitzky '.et
al., Molecular & Cellular Biology, 14:1669-1679 (1994)). Progression through S-
phase requires the activity of cyclin A/CDK2 (Girard et al., Cell, 67:1169-1179

' (1991); Pagino et al., EMBO Journal, 11:961-971 (1992); Rosenblatt ez al.,
Proéeedings of the National Academy of Science US4, 89:2824-2828 (1992);
Walker and Maller, Nature, 354:314-317 (1991); Zindy et al., Biochemical &
Biophysical Research Communications, 182:1144-1154 (1992)) whereas the
activation of cyclin A/cdc2 (CDK1) and cyclin B/cdc2 are required fdr the onset of
metaphase (Diaetta, Trends in Cell Biology, 3:287-289 (1993)); Murray and
Kirschner, Nature, 339:275-280 (1989); Solomon ez al., Molecular Biology of the
Cell, 3:13-27 (1992); Girard et al., Cell, 67:1169-1179 (1991); Pagano et al., EMBO
Journal, 11:961-971 (1992); Rosenblatt et al., Proceedings of the National Academy
of Science USA; 89:2824-2828 (1992); Walker and Maller, Nature, 354:314-317
(1991); Zindy et al., Biochemical & Biophysical Research Communications,
182:1144-1154 (1992)). It is not surprising, therefore, that the loss of control of
CDK regulation is a frequent event in hyperproliferative diseases and cancer.
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 (Pines, Curreh: opiriion in Cell Biology, 4:144-148 (1992); Lees, Current Opinion

in Cell Biology, 7:773-780 (1995); Hunter and Pines, Cell, 79:573-582 (1994)).
Inhibltors of kinases mvolved in mediating or maintaining disease states

represent novel theraples for these disorders. Examples of such kinases include, but
are not hmx_ted to: (1) inhibition of c—Src (Brickell, Crgtzcal Reviews in Oncogenesis,
3:401-406 (1992); Courtneidge, Seminars in Cancer Biology, 5:236-246 (1994), raf
(Powis, Pharmacology & Therapeitics, 62:57-95 (1994)) and the cyclin-dependent
kinases (CDKs) 1, 2 and 4 in cancer (Pines, Current Opinion in Cell Biology, 4:144-
148 (1992); Lees, Current Opinion in Cell Biology, T:773-780 (1995); Hunter and

" Pines, Cell, 79:573-582 (1994)), (2) inhibition of CDK2 or PDGF-R kinase in
restenosis (Buchdunger e al., Proceedings of the National Academy of Science USA,

92 :2258-2262 (1995)), (3) inhibition of CDK5 and GSK3 kinases in Alzheimers
(Hoson et al. Jaumal of chhemzstry (Tokya), 117: 741-749 (1995); Aplin et al.,
Journal of Neurochem:stry, 67:699-707-(1996), (4) inhibition of c-Src kinase in
osteoporoms (Tanaka et al., Nature, 383:528-531 (1996), (5) mlubmon of GSK-3
kmase in type.z dlabetes (Borthwick ez al; Biochemical & Biophysical Research

_ Commumcattons 210 738-745. (1995), (6) inhibition of the p38 kinase in

' inflammation (Badger etal., The Jotirnal of Phamacalagy and Experimental -

Therapeutics, 279 1453 1461 (1 996)), @ mhlbmon of VEGF-R 1-3 and TIE-1 and -

2 kmases n dlseases which involve angiogenesis (Shawver et al., Drug Dzscavery

T oday, 2:50-63 (1 997)) (8) mhxbmon of UL97 kinase in viral infections (He ez al.,

* Journal of Vzrolog:, 71:405-411 (1997)), (9) inhibition of CSF-1R kinase in bone

S

' and hematopoeuc diseases (Myers et al., Bioorganic & Medicinal Chemistry Letters,
7:421-424 (1957), and (10) inhibition of Lek kinase in autoimmune diseases and
' transplant re_;ectmn (Myers et al Bzoorgamc & Medzcmal Chemistry Letters, 7:417-

420 (1997). . :
It is additionally possible that mhibltors of certam kinases may have utility in

the treatment of dlseases when the kinase is not mxsregulated, but it nonetheless
e_ssenual for maintenance of the disease state. In this case, inhibition of the kinase
activity would act either as a cure or palliative for these diseases. For example,
inany viruses, such as human papilloma virus, disrupt the cell cycle and drive cells
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into the S-phase of the cell cycle (Vousden, FASEB Journal, 7:8720879 (1993)).
Preventing cells from entering DNA synthesis after viral infection by inbibition of
essential S-phase initiating activities such as CDK2, may disrupt the virus life cycle

by preventing virus replication. This same principle may be used to protect normal

cells of the body from toxicity of cycle-specific chemotherapeutic agents (Stone et
al., Cancer Research, 56:3199-3202 (1996); Kohn et al., Journal of Cellular
Biochemistry, 54:44-452 (1994)). Inhibition of CDKSs 2 or 4 will prevent
progression into the cycle in normal cells and limit the toxicity of cytotoxics Whlch
act in S-phase, G2 or mitosis. Furthermore, CDK2/cyclin E activity has also.been

shown to regulate NF-kB. Inhibition of CDK2 activity stimulates NF-kB-dependent

gene expression, an event mediated through interactions with the p300 coactivator
(Perkins et al., Science, 275:523-527 (1997)). NF-kB regulates genes involved in
inflammatory responses (such as hcinatopoetic growth factors, chemokines and
leukocyte adhesion molecules) (Baeuerie and Henkel, Annual Review of
Immunology, 12:141-179 (1994)) and may be involved in the suppressionof
apoptotic signals within the cell (Beg and Baltimore, Science, 274:782-784 (1996),

Wang et al,, Science, 274:184-787 (1996); Van Autwerp ef al., Science, 214:787-789

(1996)). Thus, inhibition of CDK2 may suppress apoptosis induced by cytotoxic.
drugs via a mechanism which involves NF-kB. This therefore suggests that

-inhibition of CDK2 activity may also have utility in other cases where regulatlon of

NF-kB plays a role in etiology of disease. A further example may be take from
fungal infections: Aspergillosis is 2 common infection in immune-compromised

patients (Armstrong, Clinical Infectious Diseases, 16:1-7 (1993)). Inhibition of the

Aspergillus kinases Cdc2/CDC28 or Nim A (Osmani et al., EMBO Journal,
10:2669-2679 (1991); Osmani et al., Cell, 67:283-291 (1991)) may cause arrest or
death in the fungi, improving the therapeutic outcome for patients with these
infections. |

The identification of effective small compounds which specxﬁcally inhibit
signal transduction and cellular proliferation by modulating the activity of receptor
and non-receptor tyrosine and serine/threonine kinases to regulate and modulate
abnormal or inappropriate cell proliferation, differentiation, or metabolism is
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therefore desirable. In pameular the 1dent1ﬁcatlon of methods and compounds that

' speclﬂcally mhibxt the ﬂmctxon of a tyrosme kmase whlch is essential for antiogenic
processes or the formatlon of vascular hyperpermeabﬂlty leading to edema, ascites,
effusions, exudates, and macromolecu]ar extravasatton and matrix deposition as well
as associated dlsorders would be B ; 'efielal '

SUMMAR YOF'THENVENTI' _ ON

 The prosent invention provides compounds of Formula I,

(CH——Rs O

" andy phannaceutlcally acceptable salts thereof

25

30

InFonnulaI ngAlsasucmembered aromatxcrmg oraﬁve orsix -’

I membered heteroaromanc ring. ng A is ophonally substltuted with one or more of
the followmg substltuents a subst 'ted or unsubst:tuted ahphatlc group, a halogen,

a substituted or unsubsntuted aromanc group, subshtuted or unsubstituted
heteroaromatic’ group, substzmted or unsubsututed cycloalkyl substituted or

" unsubstituted heterocycloa]kyl, subshtuted or nnsubstltuted aralkyl, substituted or

unsubstituted heteroaralkyl cyano, mtro, -NR R, -C(O),H, -OH, a substituted or
unsubstituted alkoxycarbonyl, -C(O)z-haloalkyl a substituted or unsubstituted
alkylthio ether, a substituted or unsubstltuted alkylsulfonde a substituted or
unsubstituted _alkylsulfone, a sube_htut_ed or unsubst;tu_ted arylthio ether, a substituted
or unsubstituted _z:u-yl.'n.xlfox.id'e,= a Slletltuted or unsubstituted arylsulfone, a
substituted or unsubstituted alky] carbonyl, -C(O)-haloalkyl, a substituted or
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unsubstituted aliphati¢; ether, a substituted or unsubstituted aromatic ether,
carboxamido, tetrazolyl, trifluoromethylsulphonamido,
I:iﬂuoromethflbatbonyla'mino, a substituted or unsubstituted alkynyl, a substituted
or unsubstituted alkyl amido, a substituted or unsubstituted aryl amido, a substituted
or unsubstituted styryl and a substituted or unsubstituted aralkyl amido.

L is one of the following linkers: -O-; -S-; -S(0)-; -S(0),~; -N(R)-; -
N(C(O)OR)-; -N(C(O)R)~; -N(SO;R)-; -CH,0-; -CH,S-; -CH,N(R)-; -CH(NR)-;-
CH,N(C(O)R))-; -CH,N(C(O)OR)-;-CH,N(SO,R)-; -CH(NHR)-; -CH(NHC(O)R)-; -
CH(NHSO,R)-; -CH(NHC(O)OR);;-CH(OC(Q)R};—CH(OC(O)N}R)-; -CH=CH-; -
C(=NOR)-; -C(O)-; -CH(OR)--C(OIN(R)-; -N(R)C(O)-; “NR)S(0)-3-NR®)S(O);-;-
OC(O)N(R)=-NR)C(O)N(R)-; -NRC(0)O-;-S(O)N(R)~;-S(0).N(R)-;
N(C(O)R)S(0)-; N(C(O)R)S(0),-; -NR)S(O)N(R)-; -N(R)S(0),N(R)-; -
CONR)C(0)-; -S(OINR)C(0)-; -S(0),NR)C(0)-; -OS(O)N(R)-; -OS(0),N(R)-;
“N(R)S(0)0-; -N(R)S(0),0-; -NR)S(0)C(0)-; NR)S(0),C(0)~ -SON(C(O)R)-; -
SO,N(C(O)R)-; -N(R)SON(R)-; -NR)SO,N(R)-; -C(0)O-; -NR)P(OR")O-; - : -
N(R)P(OR’)-; -N(R)P(O}(OR")O-; -NR)P(0)(OR")-; -N(C(O)R)P(OR’)O-; - -
N(C(O)R)P(OR’)~; -N(C(O)R)P(O)(OR’)O- or -N(C(O)R)P(OR’)-. Rand R’ are -
each, independently, -H, an acyl group, a substituted or unsubstituted aliphatic
group, a substituted or unsubstituted aromatic group, a substituted or unsubstituted
heteroaromatic group, or a substituted or unsubstituted cycloalkyl group.

Alternatively, L is ~R,N(R)S(Q),-, -R,N(R)P(0)-, or -R,N(R)P(O)O-. R, is
an alkylene group which when taken together with the sulphonamide,
phosphinamide, or phosphonamid_e group to which it is bound forms a five or six
mbe;red rin-g ﬁ;sed toring A,

Alternatively, L is represented by one of the following structural formulas:
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A /\N_i_}
A N R |
10. s >
CEE > S \>!\o/

Ry taken together with the phosphmamxde, or phophonanude isa 5- 6- or7-
20  membered, aromatic, heteroaromahc or heterocycloa.lkyl ring system. '
‘In FormulaI R,isa substltuted ahphatxc group, a substituted cycloalkyl a
substituted blcycloalkyl, a subst:tnted cycloalkenyl, an optionally substltuted
aromatic group, an optionally substltuted heteroaroma_tlc group, an o_puonally
~ substituted heteroaralkyl, an optionally substitu_ted heféfoéycloé]k_yl, an optionally
25 - substituted heterobiéycloalkyl, an optionally substituted alkylamindo, and optionally
~ substituted arylamido, an optionally substituted -S(O),-alky! or optionally
substituted -S(O),-cycloalkyl, a -C(O)-alkyl or an optionally substituted ~C(O)-
alkyl. '
R, can be substituted with one or more substiments. Preferably, R, is
30 substituted with a Sub_si:ituted or unsubstituted aliphaiic group, a substituted or
unsubstituted aromatic group, a substituted or unsubstituted heteroaromatic, a
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. substituted or unsubstituted aralkyl, a substituted or unsubstituted heteroaralkyl, a
. substituted or unsubstituted cycloalkyl, a substituted or unsubstituted’

heterocycloalkyl, a substituted or unsubstituted aromatic ether, a substituted or
unsubstituted aliphatic ether, a substituted or unsubstituted alkoxycarbonyl, a
substituted or unsubstituted alkylcarbonyl, a substituted or unsubstituted
arylcarbonyl, a substituted or unsubstituted heteroarylcarbonyl, substituted or
unsubstituted aryloxycarbonyl, -OH, a substituted or unsubstituted aminocarbonyl,
an oxime, a substituted or unsubstituted azabicycloalkyl, heterocycloalkyl, oxo,
aldehyde, a substituted or unsubstituted alkyl sulfonamido group, a substituted or
unsubstituted aryl sulfonamido group, a substituted or unsubstituted bicycloa]kyl, a
substituted or unsubstituted heterobicycloalkyl, cyano, -NH,, an alkylamino, ureido,
thioureido and -B-E. ' '

B is a substituted or unsubstituted cycloalkyl, a substituted or unsubstituted
heterocycloalkyl, a substituted or unsubstituted aromatic, a substituted or
unsubstituted heteroaromatic, an alkylene, an aminoalkyl, an alkylenecarbnonyl, or
an aminoalkylcarbonyl.

E is a substituted or unsubstituted azacycloalkyl, a substituted or
unsubstituted azacycloalkylcarbonyl, a substituted or unsubstituted
azacycloalkylsulfonyl, a substituted or unsubstituted azacycloalkylalkyl, a
substifuted or unsubstituted heteroaryl, a substituted or unsubstituted
heteroarylcarbonyl, a substituted or unsubstituted heteroarylsulfonyl, a substituted or
unsubstituted heteroaralkyl, a substituted or unsubstituted alky! sulfonamido, a
substituted or ]xnsubsﬁtuted aryl sulfonamido, a substituted or unsubstituted

~ bicycloalkyl, a substituted or unsubstituted ureido, a substituted or unsubstituted

thioureido or a substituted or unsubstituted aryl.

However, when R, is an aliphatic group or cycloalkyl group, R, is not
exclusively substituted with one or more substitutent selected from the group
consisting of hydroxyl and lower alkyl ethers. In addition, a heterocycloalkyl is not
2-phenyl-1,3-dioxan-5-yl, and an aliphatic group is not substituted exclusively with
one or more aliphatic groups.

In Formula I, R, is —H, a substituted or unsubstituted aliphatic group, a
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substituted or unsubstimted-cyc_;oélkyl, a halogen, -OH, cyano, a substituted or
unsubstituted aromatic group, a substituted or unsubstituted heteroaromatic group, a
substituted or unsubstituted heterocycloalkyl a subsntuted or unsubstituted aralkyl,
a substituted or unsubstituted heteroaralkyl NR.R, or -C(O)NRR;.

InFormulaLR;isa substltuted or unsubstituted cycloalkyl, a substituted or
unsubstituted aromatic group, 2 substltuted or tmsubsututed heteroaromatlc group, or
a substituted or unsubst:tuted heterocycloalkyl. _

InFormulaI, R.,Rs andthe mtrogen atomtogether forma3, 4,5, 6 or 7-

_ membered, substltuted or unsubsututed heterocycloalkyl, substituted or

unsubstituted heteroblcycloa]kyl or a substituted or unsubsututed heteroaromauc
Altematlvely, R, and R; are wch, mdependently, -H azabicycloalkyl,
heterocycloalkyl, a substltuted or unsubsututed alkyl group orY-Z.
Y is selected from the group conszstmg of -C(O)- -(CHZ) -~5(0),-, -C(0)O-,

.-SCI)ZNH- -CONH- (CH,),,o- -(CH,),NH— -(CHZ),,S- -(CH,),S(O)-,and-

(CH),S(0),--
pis anmtegerﬁomOtoto about6

Zisa substltuted or unsubstltuted alkyl substltuted or unsubsntuted amino,
substltuted or unsubstltuted aryl, subsututed or unsubs’atuted heteroaryl or
substituted or unsubstxtuted heterocycloalkyl group

' Janmtegerﬁ'om()toﬁ o o : |

‘However, when L is —CH;NR-, -C(O)NR- or'—NIR'C(O)'- andR, is

o azacycloalkyl or azaheteroaryl jis 0 In addmon, when L is ~O- and R3 is phenyl j

25

30

is0. _ :

The compounds of this inve'ntion are useful as inhibitérs of serine/threonine
and tyrosine kinases. In partlcular compounds of this invention' are useful as '
inhibitors of tyrosine kinases that are important in hyperproliferative diseases,

. especially in cancer and in the process of angiogenesis.. For example, certain of

these compounds are inhibitors df such receptor kin_ases as KDR, Flt-1, FGFR,
PDGER, c-Met, TIE-2 or IGF-1-R. Since certain of these compounds sre anti-
angiogenic, they are important sﬁbsta_.'nces for inliibiting the progression of disease
states where angiogenesis is an iﬁlp.ortant component. Certain compounds of the
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invention are effective as inhbitors of such serine/threonine kinases as PKCs, ek,

MAP kinases, MAP kinase kinases, MAP kinase kinase kinases, cdks, Plk-1 or Raf-

1. These compounds are useful in the treatment of cancer, and hyperproliferative
disorders. In addition, certain compounds are effective inhibitors of non-receptor

* kinases such as those of the Src (for example, Ick, blk and lyn), Tec, Csk, Jak, Map,

Nik and Syk families. These compunds are useful in the treatment of cancer,
hyperproliferative disorders and immunologic diseases.

Certain compounds of this invention are selective TIE-2 kinase inhibitors
which may be anti-angiogenic (especially in combination with one or more VEGFR
inhibitors), or pro-angiogenic, when employed in the presence of, or in conjunction
with, & VEGF-related stimulus. In this manner such inhibitors can be used in the
promotion of therapeutic angiogenesis to treat, for example, ischemia, infarct or
occlusion, or to promote wound healing.

The present invention provides a method of inhibiting the kinase activity of
tyrosine kinases and serine/threonine kinases comprising the administration of a
compound represented by formula I to said kinase in sufficient concentration to
inhibit the enzyme activity of said kinase.

The present invention further includes the use of these compounds in
pharmaceutical compositions with a pharmaceutically effective amount of the above-
described compounds and a pharmaceutically acceptable carrier or excipient. These
pharmaceutical compositions can beé administered to individuals to slow or halt the ~
process of angiogenesis in angiogenesis-aided diseases, or to freat edema, effusions,
exudates or ascites and other conditions associated with vascular hyperpermeability.
Certain pharmaceutical compositions can be administered to individuals to treat
cancer and hyperproliferative disorders by inhibiting serine/threonine kinases such
as cdk, Plk-1, erk, etc.

DETAILED DESCRIPTION OF THE INVENTION
- The values of substituents in a first preferred group of compounds of formula

1 are given below.
Preferably, L is -N(R)S(0),-, -S(O).N(R)-, ~N(R)C(0)—, -C(O)N(R)-, or —O-.
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_ Preferably, R, is 2 substituted or unsubstituted phenyl, a substituted or

i unsubstltuted naphthyl, a substlmted or tmsubsumted pyndyl a substituted or

l unsubstltuted thlenyl a substituted or unsubstltuted benzotnazole, a substituted or

_ unsubstltuted tetrahydropyranyl a substltuted or unsubstxtuted tetrahydrofuranyl, a

5 substituted or unsubsumted d:oxane, a subsnmted or unsubstltuted dioxolane, a
substlmted or unsubsututed qmnolme a substltuted or unsubstltuted thiazole,
substituted or unsubstltuted 1soxazole, substltuted or unsubsntuted cyclopentanyl, a
substituted or unsubshtuted bezofm‘an, substituted or unsubstltuted benzothiophene,
_ suhstltuted or unsubshtuted benmsoxazole, substituted or unsubstituted .

10 - benzisothiazole, s substltuted or nsubstituted benzothiazole, substitated or
unsubstituted bmxazole, subsntuted or unsubsntuted benzoxazole, substituted or -

b

 unsubstituted bezimidazole, substltuted of unsubstituted benzoxadiazole, substituted

, S or unsubsntuted benzothladlazole, snbstltuted or unsubstxtuted isoquinoline,

[t .r .7 0 substituted or unsubstltuted qmnoxa]mc substituted or unsubstituted indole or

Lo ey 15 substituted or unsubsututed pyrazole Altematlvely, Rycanbea substntuted or

| FE unsubstltuted a.hphatlc group ora substltuted or unsubstituted alkenyl, provided that

- Lis-SN(R)-, -S(O)N(R)- -S(O)zN(R)- N®)S-, -N(R)S(O)- -NR)S(0),~ -
NR)SNR’)-, -N(R)S(O)N(R’)- or -N(R)S(O)zN(R’)- -

. ~ Inone embod:ment, R, i isa substlmted or unsubs’atuted phenyl. .

20 R, can bo s_qb_sututed by one or more substxtuents Preferable substituents for
R, are F, CL, Br, I CH,, NO,, OCF,, OCI-I3 CN, CO,CH,, CF, t-butyl, pyridyl,
substituted or unsubstltuted oxazolyl, substxtuted or unsubstltuted benzyl, substituted
or unsubstltuted benzenesulfonyl substltuted or unsubstituted phenoxy, substituted

| or unsubsntuted phenyl substltuted or unsubstltuted ammo, carboxyl substituted or

| 25 unsubstituted tetrazoly), styryl -S-(subsntuted or unsubstituted aryl), -S-(substituted

5 or unsubstituted heteroaryl), subsntuted or unsubstltuted heteroaryl, substituted or

unsubstituted heterocycloalkyl alkynyl -C(O)NRR,, Rc CH,OR..

| Ro Ry and the mtrogen atom together form a 3- 4- 5-, 6- or 7-membered,

substituted or unsubstltuted heterocycloalkyl, substxtuted or unsubstituted
i 30 heterobxcycloalkyl or a substltuted or unsubstxtuted heteroaromatic.
Altematlvely, R;and Rs are. each, mdependently, a substituted or
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unsubstituted aliphatié_._group‘ ora mbmplted or unsubs&u ited aromatic group.

R, is hydrogen, or substituted or unsubstituted alkyl or substituted or
unsubstituted aryl; -W-(CEH,)-NRR,, -W-(CH,)-O-alky}, , -W-(CH,)-S~alkyl, or -
W-(CH,)-OH.

t is an integer from 0 to about 6.

W is a bond or -0O-, -S-, -§(0)-, -S(0),-, or -NR;-.

R, is -H or alkyl.

R,, R, and the nitrogen atom to which they are attached together form a 3, 4,
5, 6 or 7-membered substituted or unsubstituted heterocycloalkyl or substituted or
unsubstituted heterobicyclic group.

Altematively, R, and R, are each, independently, -H, alkyl, alkanoyl or -K-~
D.

K is -§(0),-, -C(0)-, -C(O)NH-, -C(O),~, or a direct bond.

D is a substituted:or unsubstituted aryl, a substituted or unsubstituted
heteroaryl, a substituted or unsubstituted aralkyl, a substituted or unsubstituted:
heteroaromatic group, a substituted or unsubstituted heteroaralkyl, a substituted or
unsubstituted cycloalkyl, a substituted or unsubstituted heterocycloalkyl, a
substituted or unsubstituted amino, a substituted or unsubstituted _aminoalkyl, a
substituted or unsubstituted aminocycloalkyl, COOR,, or substituted or unsubstituted
alkyl. |

R;is a substituted or unsubstituted aliphatic group or a substituted or
unsubstituted aromatic group.

More preferred substituents for R, are F, Cl, Br, 1, cyano, nitro, OCF,, CH,,
and CF,.

Preferably, ring A is a substituted or unsubstituted phenyl, a substituted or
unsubstituted naphthyl, a substituted or unsubstituted pyridyl, or a substituted or
unsubstituted indole. In one embodi:hent, ring A is a substituted or unsubstituted
phenyl.

Ring A can be substituted by one or more substituents. Preferable
substituents for ring A are F, Cl, Br, I, CH,, NO,, OCF,, OCH,, CN, CO,CH,, CF,, t-
butyl, pyridyl, substituted or unsubstituted oxazolyl, substituted or unsubstituted
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benzyl, substituted or unsubstitntéd benzenesulforiyl, substituted or unsubstituted
phenoxy, substituted or unsubsututed phenyl suhsntuted or unsubstituted amino,
‘carboxyl, substltuted or unsubsututed tetrazolyl styryl, -S-(substituted or
unsubstituted aryl), -S (substltuted or unsubstituted heteroaryl), substituted or
unsubstituted heteroaryl, substituted _qr- unsubstituted heterocycloalkyl, alkynyl, -
C(ONRR,, R,and CH,OR,. R, R,and R, are defined as sbove.

Ring A is more preferably subsumbed with F Cl, and nitro.

" R,is preferably hydrogen. - L

In one embpdlment, R,is of the formula

: d})m

m is an integer from 0 to'about 3. S
- In another embodiment, R, is of the formula -

I(a)

I(b)

[

[
" (CH2)

~ NRgRg
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m, t are defined as above. Ry, R, and the nitrogen atom together form a 3-, 4-, 5-, 6-
or 7-membered, substituted or unsubstituted heterocycloalkyl, a substituted or
unsubstituted heteroaromatic or substituted or unsubstituted heterobicyclicalkyl
group. Alternatively, R, and R, are each, independently, -H, azabicycloalkyl,
heterocycloalkyl or Y,-Z,. Y, is -C(O)-, -(CH,);,-8(0),~, -C(0)0-, -SO,NH-, -
CONH-, (CH,),0-, {CH);NH-, (CH,)§-, <CH,),S(0)-, or -(CH,),S(0);-- q is an
integer from 0 to.6. Z, is a substituted or unsubstituted alkyl, a substituted or
unsubstituted amino, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl group.
In another embodiment, R, is of the formula

: | I(c)

Q}lm _
T

R77 NRSRQ

m, t, R, and R, are defined as above. s is an integer from 0to 6. q is an integer -
from 0 to about 6. R, is —OR;q, or —NRy,R,,. R, is —H or a substituted or
unsubstituted aliphatic group. R, Ry, and the nitrogen atom together form a 3, 4, 5,
6 or 7-membered, substituted or unsubstituted heterocycloalkyl group, substituted or
unsubstituted heteroaryl group, or a substituted heterobicyclicalky! group. R, and
R,, are each, independently, -H, azabicycloalkyl, heterocycloalkyl or-Y,-Z,. Y;is
selected from the group consisting of -C(0)-, -(CH,),-,-S(0),-, -C(O)O-, -SO,NH-, -
CONH-, (CH,),0-, «(CH,);NH-, «(CH,),S-, «CH,),S(0)- and-(CH,)S(0);. Z, is—
H, a substituted or unsubstituted alkyl, a substituted or unsubstituted amino, a
substituted or unsubstituted aryl, a substituted or unsubstituted heteroaryl or a
substituted or unsubstituted heterocycloalkyl.

In another embodiment, R, is of the formula
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v is an integer- ﬁ'om 1 to about 3. R,,, is -H, azabxcycloalkyl, heterocycloa]kyl orY,-

Zz Y and Z, are as defined prevxously

In another embod1ment, R xs of the fo:mula

T NN 1)
| 'Lo R .

mand R, are as prevxously deﬁned. R, represents one or more substituents
independently selected from the group consisting of hydrogen, hydroxy, oxo, a
substituted or unsubstxtuted ahphanc group, a substltuted or unsubstituted aromatic
group, a substituted or unsubstltuted heteroaromatlc group, a substituted or

' unsubstltuted alkoxycarbonyl a subsntuted or lmsubstntuted alkoxyalkyl, a
.substltuted or unsubstttuted atmnocarbonyl a substituted or unsubstituted
- alkylcarbonyl, a subsututed or unsubsntuted arylcarbonyl a substituted or

unsubstituted heterparylca:bonyl, a substituted or unsubstituted aminoalkyl and a
substituted or unsubstituted aralkyl groups, provided that the carbon atoms adjacent
to the nitrogen atom are not substituted by a hydroxy group.

In another embodiment, R, is of t!__ie formula
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I(f)

N

Rio

R,, is as previously defined.

In another embodiment, R, is of the formula
)

T

N
R\
Re

ris an integer from 1 to about 6. R, and R, are as previously defined.
In another embodiment, R, is of the formula
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R;,R,and tare as prevmusly deﬁned w is an integer from 0 to about 4. uisOorl.
RI2 is hydrogen or a substituted or tmsubstxtnted alkyl group.
In another embodlment Rl is of the formula

10

. W, t, Ryp» Ryp are as prevmusly deﬁned

In another embodxment, when R,is I(g) or I(H), R,, R, and the nitrogen atom
together form a he;erocyc]oa]kyl .g_roup of the formula

u s as previously defined. Ry, Rys Riss Rigs Rizs Ryg, Ry and Ry, are each,
independently, lower alkyl or hydrogen. Alternatively, at least one pair of
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substituents R, and R,; R; and Ry R,v, and R,;; or ng and R, together are an
oxygen atom. Alternatively, at least one of R,, and R,; is cyano, CONHR,,,
COOR,,, CH,OR,, or CH,NR,,(R,,).. R;1> Ry, and the nitrogen atom together form a
3-, 4, 5-, 6- or 7-membered, substi't':ut.ed: or unsubstituted heterocycloalkyl group,
substituted or unsubstituted heteroaryl group, or a substituted heterobicyclicalkyl
group. Altemnatively, R, and R, are each, independently, -H, azabicycloalkyl,
heterocycloalkyl or Y;-Z,; Y,and Z, are as previously defined. X is-O-, -S-, -SO-,
-80,-, -CH,-, -CH(OR;)- or NR,5. Ry, is -H, substituted or unsubstituted alkyl, a
substituted or unsubstituted aryl, a substituted or unsubstituted aralkyl, -CONH)NH,,
-C(O)R,,, or -C(O)OR,,. R, is hydrogen, substituted or unsubstituted alkyl, a
substituted or unsubstituted aryl or a substituted or unsubstituted aralkyl.

In another embodiment, R;, R, and the nitrogen atom together forma
heterocycloalkyl of the formula '

R25>Z >CH2
HZC N” Rz2

R21

t, R, and R,, are as previously defined. R, and Ry, are each, independently,
hydrogen or lower alkyl. Alteniatively, R, and R, together are an oxygen atom. i is
an integer from 1 to about 6.

In another embodiment, R,, R, and the nitrogen atom together form a
heterocycloalkyl group; of the fotmula

\
A

i is as previously defined. R,, is CH,OH, C(O)NR,R,, or COOR,,. R,, and R, are
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as prevmnsly defined.
- Im another embodxment, &, R, and the mu'ogen atom together form a
heteroaromatic’ group of the formula ' :

) l' .
N="""Res

R29 isa substltuted or unsubstltuted alkyl, a substxmted or unsubstituted aryl or a
substituted or unsubstmned aralkyl group, carboxyhc acid, cyano, C(O)ORy,,
CH,0OR,,, CH,NR,,R,, or C(O)NR_,IR22 R,, is a substituted or unsubstituted alkyl, a
substituted or nnSﬁbstituted aryl, a substituted or unsubstituted aralkyl, a substituted
or unsubstituted heterocycloalkyl or heterocycloaryl group. R; and Ry, areas
previously defined.

In another embodumlt, at least one of R, and R, is of the formula Y;-D,
wherein D is of the formula

Y3 isas prevxously deﬂned. xis0,1o0r 2. Tis -0-, -C(0)-, -S-, -80-, -SOz- -CH,-,
-CH(OR,,)- or —N(R,,)~. R,, 1s as previously defined.

In another embod;ment, at least one of Ry and R, is of the formula Y-
N(R,)R,,, Y, is as previously defined. R, and R, are each, independently,
substituted or unsubstituted caxbcéxyalkyl, a substituted or unsubstituted
alkoxycarbonylalkyL a substituted or unsubstituted hydroxyalkyl, a substituted or
unsubstituted alkylsulfonyl, a substituted or unsubstituted alkylcarbonyl ora
substituted or unéubstituted cyanoalkyl. Alternatively, R;, and Ry,, together with the
nitrogen atom, 'fo_r;n a five- or six-mgmbered heterocycloalkyl group, a substituted or
unsubstituted heteroaromatic or a substitutituted or unsubstituted heterobicycloalkyl.

In another embodiment, when R, is I(e), Z, is of the formula N(R;)Rys. Ras



10

15

20

25

30

© WO 00/17203 . S PCT/US99/21560

- and Ry, are each, independently, hydrogen, alkyl, alkoxycarbonyl, alkoxyalkyl
hydroxyalkyl, aminocarbonyl, cyano, a]kylcarbonyl or aralkyl.
In anothier embodiment, when R, is I(e), Z, is of the formula

Xy=—=X4

/NV/’X1

Raz

Each X, is, independently, CH or N. R., i hydrogen, cyano or a substituted or
unsubstituted alkyl, a substituted or unsubstituted alkoxycarbonyl, a substituted or
unsubstituted alkoxyalkyl, a substituted or unsubstituted hydroxyalkyl, a substituted
or unsubstituted aminocarbonyl, a substituted or unsubstituted dkylcaﬁonyl ora
substituted or insubstituted aralkyl group.

In another embodiment, when R, is I(e), Z, is of the formula

N

Ra7

gis an integer from O to about 3. T is as previously defined. R,,is
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hydrogen, cyano or a substituted or unsubstituted alkyl, a substituted or
unsubstituted alkoxycarbonyl, a subshtuted or unsubét_ituted alkoxyalkyl, a
substituted or unsubstituted hydroxyalkyl, a substituted or unsubstituted
aminocarbonyl, a substituted or unsubsututed alkylcarbonyl or a substituted or

unsubstituted aralkyl group.

In another embodiment, when R, is I(e), Z, is of the formula

g and Ry, are as previously defined unsubstituted aralkyl group. -
In another embodiment, When R, is I(e), Z, is of the formula

T, g and R, are as previously defined.

In another embodiment, when R, is I(e), Z, is of the formula

PCT/US99/21560
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A

R, is as previously defined. R,, is hydrogen, substituted or unsubstituted alkyl, a
substituted or unsubstituted alkoxycarbonyl, a substituted or unsubstituted
alkoxyalkyl, a substituted or unsubstituted aminocarbonyl, perhaloalkyl, a
substituted or unsubstituted alkenyl, a substituted or unsubstitnted alkylcarbony! or a
substituted or unsubstituted aralkyl.

In another embodiment, R, is of the formula

u is as previously defined. R,y, R, Ry, Riay Ry, Ry Rys and R are each,
independently,methy! or hydrogen. - Alternatively, at least one pair of substituents
Ry, and Ry Ry and Ryy; Ry, and Ry, Alternatively, R,, and R, together are an
oxygen atom. R, is H, azabicycloalkyl, heterocycloalkyl or Y,-Z,. Y, and Z2 are as
previously defined. Alternatively, R47 is of the formula

Rs1 Rs2

RSO y R53
Rs4

R49R43 N Reg

Rse

yis O or 1. Ry, Ry, Ry, Rys Repy Rsy, Ry, and R are each, independently, methy! or
hydrogen. Altematively, at least one pair of substituents R,; and R,5; R, and R;;
R,, and R;;; or R,, and R, together are an oxygen atom. R, is -H, azabicycloalkyl,
heterocycloalkyl or Y,-Z,. Y, and Z, are defined as above.
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In another embodiment, R, is of the formula

e, £ b, uand y are independently 0 or 1. Ryy, Re, Rys, Reo, ey, Ry R, Regs R and
Rgs are each, indépendently, méﬁin or hydrogen. Alternatively, at least one pair of
substituents R,, and Rss; Rsg and Reo; Ry and Ryy; or R, and Ry, together are an
oxygen atom. Rﬁ, is H, azabicycloalkyl, heterocycloalkyl orY,-Z,. Y, and Z, are
defined as above. ‘Alternatively, R,7 is of the formula

dis 0 or 1. Rg, Reps Reo» Roys R Ry, Ry, and R are each, independently, lower
alkyl or hydrogen. Alternatively, at least one pair of substituents R and Ry; R,y
and R,;; Ry, and k,,. R,, and R-,',__-_tbgether are an oxygen atom. Ry is -H,
azabicycloalkyi heterocycloalkjl or Y;-Z,. Y; and Z, are defined as above.

As used herem, aromatic groups include carbocyclic ring systems (e g.
benzyl and cmnamyl) and fused polycychc aromatic ring systems (e.g. naphthyl and

- 1,2,3,4-ten‘ahydrpnaphthyl) Arromatic groups are also referred to as aryl groups

herein. _ o
- Heteroaromatic groups, as used herein, include heteroaryl ring systems (e.g.,
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thienyl, pyridyl, pyiézole, isoxazolyl, thiadiazolyl, oxidiazoly), indazolyl, furans,
pyrroles, in_lidazolés, pyrazoles, triai_oles, pyriinidin&s, pyrazines, thiazoles,
isoxazoles, isothiazoles, tetrazoles, or oxadiazoles) and heteroaryl ring systerns in
which a carbocyclic aromatic ring, carbocyclic non-aromatic ring or heteroaryl ring
is fused to one or more other heteroaryl rings (e.g., benzo(b)ibienyl, benzimidazole, -
indole, tetrahydroindole, azaindole, indazole, quinoline, imidazopyridine, purine,
pyrrolo[2,3-d]pyrimidine, pyrazolo[3,4-dJpyrimidine) and their N-oxides.

| An aralkyl group, as used_h_ereih,isanatomatic substituent that is linked to a
compound by an aliphatic group having from one to about six carbon atoms.

An heteroaralkyl group, as used herein, is a heteroaromatic substituent thatis - -
linked to a compound by an aliphatic grbup having from one to about six carbon

atoms.

A heterocycloalkyl group, as used herein, is a non-aromatic ring system that
has 3 to 8 atoms and includes at least one heteroatom, such as nitrogen, oxygen, or
An acyl group, ss used herein, is an -C(O)NR,Rz, -C(O)OR,, -C(O)R,, in
which R, and R, are each, independently, -H, a substituted or unsubstituted aliphatic
group or a substituted or unsubstituted aromatic group.

As used herein, aliphatic groups include straight chained, branched or cyclic
C,-C,; hydrocarbons which are .com'pletel_y saturated or which contaiﬁ one or more
units of unsaturation. A “lower alkyl group” is a saturated aliphatic group having
form 1-6 carbon atoms. _ :

~ Compounds of forniu_la I mé,y exist as salts with.phannaéeutically acceptable

acids. The pt-aeent invention includes such salts. Examples of such salts include
hydrochlorides, hydrobromides, sulfates, methanesulfonates, nitrates, maleates,
acetates, citrates, ﬁnnarates,.tartmte-s [eg (+)-tartrates, (-)-tartraies or mixtures
thereof including racemic mixfures], succinates, benzoates and salts with amino
acids such as glutamic acid. These salts may be prepared by methods known to
those skilled in the art. L : )

Certain compounds of formula I which have acidic substituents may exist as
salts with pharmaceutically -acccptable bases. The present invention includes such
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salts. Example of such salts mclude sodrum salts potassrmn salts, lysme salts and
arginine salts. These salts may be prepared by methods known to those skilled in the
| Certain compounds of formula] and their salts may exist in more than one
crystal form and the present mvenuon mcludes each crystal form and mrxtures
thereof . : '

Certain compounds of formula I and their salts may also exist in the form of
solvates, for example hydrates, and the present mventron includes each solvate and
mixtures thereof, . 5 _' i

 Certain compounds of formula I may contam one or more chiral centres, and
exist in different opncally active forms When compounds of formula I contain one
chiral centre, the compounds exrst m two enantromenc forms and the present
invention mcludes both enannomers and mxxtures of enan’aomers, such as racemic
mixtures. The enantromers may be resolved by methods known to those skilled in
the art, for example by formanon of drastereolsomenc salts which may be separated,
for example, by crystalhzatron, fonnatlon of drasteteorsomenc derivatives or
complexes thch may be separated for example, by crystalhzatron, gas-hqurd or
liquid chromatography, selectrve reactron of one enanuomer with an enantiomer-

. specific reagent, for example enzymatlc estenﬁcanon, or gas-hqmd or liquid

chromatography m a chnal envrronment, for example on a chiral support for
example silica wrth a bound chrral hgand orin the presence of a chiral solvent. It
will be apprecrated that where the desrred enantromer is converted into another
chemical entlty by one of the separauon procedures descnbed above, a further step is

 required to lrberate the desired enannomenc form. Altemanvely, specific

enantiomers may be synthesrzed by asymmetnc synthesrs using optically active
reagents, substrates, catalysts or solvents or by convertmg one enantiomer into the
other by asymmetnc transformatlon o

 Whena compound of formula I contains more than one chiral centre it may
exist in dtastereorsomenc forms The d1astereorsomenc pairs may be separated by

methods known to those skrlled 1n the art, for example chromato graphy or

| crystallization and the mdw1dual enantromers wrtlun cach pair may be separated as
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compounds of formula I and mixtures thereof. : _
Certain compounds of formula I may exist in different tautomeric forms or as

cludes each @asteremsomer of

different geometric isomers, and the present invention includes each tautomer and/or
geometric isomer of compounds of formula I and mixtures thereof,

* Certain compounds of formula T may exist in different stable conformational
forms which may be separable. Torsional asymmetry due to restricted rotation about
an asymmetric single bond, for example because of steric hindrance or ring strain,
may permit separation of different conformers. The present invention includes each
conformational isomer of compounds of formula I and mixtures thereof.,

Certain compounds of formula I may exist in zwitterionic form and the
present invention includes each zwitterionic form of compounds of formula I and .
mixtures thereof, '

A preferred group of compounds of the present invention are:

Cis-S-(4-phenoxyphenyl)—7-(prxroﬁdinocyclohex-1 -y)-7H-pyrrolo[2,3-
d]pyrimidin-4-ylamine

Trans—5-(4—phenoxyphenyl)—7—(4-pyrrohdmocyclohex—1 -yl)-7H-pyrrolo[2 3-
d]pynnndm-4—ylamme

Cis—5-(4-phenoxyphenyl)-7-(4-pipezidinocyclohex-1-yl)-7H-pyrrolo[2,3—

dlpyrimidin-4-ylamine hydrochloride

T rans-S-(4-phenoxy§heny])-7-(4—piperidinocyclohex—l -yl)-7TH-pyrrolo[2,3-
d]pyrimidin-4-ylamine

Trans-7-(4-dimethylaminocyclohexy!)-5-(4-phenoxyphenyl)-7H-pyrrolo
[2,3-d]pyrimidin-4-ylamine

Cis-7-(4-dimethylaminocyclohexyl)-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-ylamine
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3k
-(4-phenoxypheny1)-7-(4—p1pendyl)—7H-pyrrolo[2 3-d]pynm1d1n-4-ylamme

dihydrochloride

5—(4-phenoxyphenyl)—7—(3-pyrrohdmyl) -7H-pyrrolo[2,3—d]pynm1dm-4-ylannne
dihydrochloride

Czs—?-[4-(4-1sopropylplperazmo)cyc]ohexyl]-5-(4-phenoxyphenyl)—7H pyrrolo[2,3-
d]pynmldm-4~amlne

Trans-7-[4-(Lisogrgpylpipgrazinq)qyglohexyl]45-(4-,phenoxyphenyl)-7H-
P}’l‘l'Olo[Z,3-d]pyrimidin-4-amine

Cis-7-{4- [4-(2—methoxyethyl)p1perazmo]cyclohexyl} -5 -(4—phenoxyphenyl)-7H—
pyrrolo[2, 3-d]pynm1dm—4—annne ' : :

Trans-7-{4—[4-(2-methoxyethyl)plperamno]cyclohexyl}-5-(4-phenoxyphenyl)-7H—
pyrrolo[2, 3-d]pynm1d1n—4—amme o :

Czs-7-[-4-(4-ethylp1perazmo)cyclohexy1]-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-
d]pynnudm—4—am1ne :

ans-7-[4-(4—ethylp1peraz1no)cyclohexyl]—5 (4-phenoxyphenyl)-7H—pyrrolo[2 3-
dlpyrimidin-4-amine

Cis-7-[4-(4-isopropylpiperazino)cyclohexyl]-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-
dlpyrimidin-4-amine tris maleate-

Trans-?—[4-(4~isopropyipiperazino)cyclohexyl]-5-(4-phenoxyphenyl)-7H—
pyrrolo[2,3-d]pyrimidin-4-amine tris maleate '

PCT/US99/21560
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cz's.7-{4-[4-(2;methoxyethy1)pipaazinojcyclohexy1}Jé-(4-phenoxypheny1)-m-
pyrrolo[2,3-d]pyrimidin-4-amine tris maleate ' '

Trans-7-{4-[4-(2-methoxyethyl)piperazino]cyclohexy!}-5-(4-phenoxyphenyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine tris maleate

.Cis-7-(4- {[3-(1H-1-imidazolyl)ptopyl]amino}cj?clbhexyl)-S-(4-phenoxy’phenyl)—7H—

pyrrolo[2,3-d]pyrimidin-4-amine trimaleate salt

Trans-T-(4-{[3-(1 E-1-imidazolyl)propyljamino}cyclohexyl)-5-(4-phenoxyphenyl)-
7H-pyrrolo[2,3-d]pyrimidin-4-amine dimaleate salt

Cis-7-{4-(dimethylamino)cyclohexyl]-5-(4-phenoxyphenyl)-7H-pyrrolof2,3-
dlpyrimidin-4-amine dimaleate salt '

Trans-5-(4-phenoxyphenyl)-7-(4-piperidinocyclohexyl)-7H-pyrrolof2,3-
dlpyrimidin-4-amine dimaleate salt " - '

Trans-5-(4-phenoxyphenyl)-7-(4-tetrahydro-1H-1-pyrrolylcyclohexyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine dimaleate salt '

Cz‘s-5-(4—phenox‘yphényl)—7-(4-piperazinocyclohexyl)-7H-pynolo[2,3-d]pyrimidin-
4-amine trimaleate salt |

Trans-S-(4-phenoxyphcny1)-7-(4-piperazinocyclohexyl)—7H—pynolo [2,3-
dlpyrimidin-4-amine trimaleate salt

7-[3-(4-methylpiperazino)cyclopentyl]-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-
dlpyrimidin-4-amine tri-maleate -
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,Trans-7—[3-(4e-m_§_1_:l__lylpiperazino)9y_¢_:lohexy_l]-5_5(4—phenoxyphenyl}7H-pynolo[2,3-
dlpyrimidin-4-amine

D ranS_'7'_[3_-(4—meﬁhylpipel‘azin9)g_y{clohexyl];5-(4fphenoxypheny1_)-7H-pyrrolo[2,3-

d]pyrimidin-4-amine tri-maleate __

zr_qns-7;[3-(4-,mc_thy1pipgrazim)c__yghhg;yl]—5-(4—p1_;_enquphenyl)-7ﬂ-pyrrolo[2,3-

" djpyrimidin-4-amine tri-hydrochloride

15

cis-7 -[3-(4-methylp1perazmo)cyclohexyl]— -(4—phenoxyphenyl)-7H—pyrrolo[2,3-
a’]pynmldm-4-amme m—maleate salt o

N cis-7 -[3-(4—methylp1perazmo)cyclohexyl]—5-(4-phenoxypheny1)-7H-pyrrolo[2 3-

djpynnndm—4-amme tn-hydrochlonde o

Trans-S—(2-meﬂ1yl-4~phenoxyphenyl)—7-[4-(4-methylp1perazmo)cyclohexyl]-7H—

25

30

yrrolo[2 3- d]pynm1dm—4~a1mne tnmaleate _

* Cis- benzyl N-(4- {4—ammo—7-[4~(4—methylp1peramno)cyclohexyl]-7H—pyrrolo[2 3.

d]pynnndm-s-yl} 2-methoxyphenyl)carbamatc tn-maleate

 Trans- benzyl N-(4- {4-armno-7-[4-(4-methylp1perazmo)cyclohexyl]-7H—
pyrrolo[2,3—d]pynnndm—5-yl} -2-methoxyphenyl)carbamate m-maleate

Trans-Nl—(4~ {4-ammo-7-[4-(4—-methylp1perazmo)cyclohexyl] 7H-pyrrolo[2 3—
d]pyrmndm-s-yl} -2—methoxyphenyl)benzatmde

_ Trans-Nl-(4-{4—a_mino—7-[4—(4-mgmy_lpiper_azino)_c;yclohexyl]-?H—pynolo[2,3-
d]pyrimidin-5-y1}-2-methoxyphenyl)benzamide tri-maleate

Cis-Nl§(4- {4-amino-7-[4-(4-methylpiperazinoc)cyclohexyl]-7H-pyrmrolo[2,3-
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d]pyrimidin-5-y1}-2-methoxyphenyl)-3-phenylpropanamide

Trans- N1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-methoxyphenyl)-3-phenylpropanamide

cis- N1-(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
dlpyrimidin-5-yl-2-methoxyphenyl)-3-phenylpropanamide trimaleate salt

trans-N1-(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1-2-methoxyphenyl)-3-phenylpropanamide tri-maleate

cis-2-(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl]l-7H-pyrrolo[2,3-
dlpyrimidin-5-ylphenoxy)-6-{(3-methoxypropyl)aminojbenzonitrile tri-maleate __

trans-2-(4-4—-amino-7-[4—(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-ylphenoxy)-6-{(3-methoxypropyl)amino]benzonitrile u-i-maleati;

¢is-2-amino-6~(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
dlpyrimidin-5-ylphenoxy)benzonitrile tri-maleate

~ trans-2-amino-6-(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl]- 7H-pyrrolo{2,3-

~ d]pyrimidin-5-ylphenoxy)benzonitrile tri-maleate

cis-2-(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3- _
d]pyrimidin-5-ylphenoxy)-6-[(4-methylphenyl)suifanyl]benzonitrile tri-maleate

trans-2-(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl}-7H-pyrrolo[2,3-
dlpyrimidin-S-ylphenoxy)-6-[(4-methylphenyl)sulfanyljbenzonitrile tri-maleate

cis-2_-(4-4-amino-7-[4-(4-methy1piperazino)cyclohexyl]-7H—pyrrolo[2,3-
dpyrimidin-5-ylphenoxy)-6-(2-pyridylsulfanyl)benzonitrile tri-maleate
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trans—2-(4-4—amino-7-.[4-(4-methylpiperazino)cyclohe;xyl]—7H—pyrrolo[2,3-

. a]pyrimidin-s-ylphenpxy)-6—(2-py;fidylsulfanyl)benz_o_niu'ilg tri-maleate .

cis-5-(2-methyl-4-phenoxyphenyl)-7-[4-(4-methylpiperazino)cyclohexyl]-7H-

pyrro10[2,3-dlpyrimidin-4—amine -t_:,i-maleate

 trans-5- (2-methyl-4-phenoxyphenyl)—7—[4-(4-methy1p1peranno)cyclohexyl]-7H-

pyrrolo[2,3-d]pyrmndm-4namme m-maleate

CIS-NI -(4—- {4-am1no-7-[4-(4-methy1p1perazmo)cyclohexyl]—7H—pyrrolo[2 3-
d]pymmdm-S-yl}-2-ﬂuorophenyl)-4-ﬂuoro-1 benzenesulfonamule tri-maleate

trans-N1 -(4- {4—ammo-7—[4-(4-methylp1peramno)cyclohexyl]—7H—pyrrolo[2,3-
d]pyrmdm-s-yl} -2-ﬂuorophenyl)-4-ﬂuoro-l-benzenesulfona:mde tri-maleate

. N -4-[4—-ammo-7-( 1 -benzyl-4—-p1pendyl)—7H—pynolo[2 3-dJpyrimidin-5-y1}-2- -

. ﬂuorophenyl-4-ﬂuprq- -benzenegulfonamlde .

- N1-4-[4-am1no-7-(1-benzyl-4-p1pzndy1)-‘7H—pyrrolo[2 3-dJpyrimidin-5-yl]-2-
. fluorophenyl-2, 3-d1chloro- —benzeneslﬂfonarmde -~ :

N14[4-amino.-7-(;4-piperidy1)-71§1;pygmlo[2,3-d]pyrimidin,s-yl]-z-ﬂuomphenyl-m
fluoro-1-benzenesulfonamide . 3

' N1-4-{4-amino-7-(1-formyl-4-piperidyl)-TH-pyrrolo[2,3-dlpyrimidin-5-y1}-2-

ﬂuorophenyl—4~ﬂ1_1’orq—1 -benzenégqlfomnﬁde )

N1-[4-(4-amino-7-1-[(1-methyl- 1H-4-imidazolyl)sulfonyl}-4-piperidyl-7H-

PCT/US99/21560
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{y
pynolo[2',3-d]pyrimidi_n-5-y1)-2-ﬂuordi§lienyl]-4-ﬂuorq:§ 1-benzenesulfonamide
dimaleate |

N1 -[4-(4-amino-7—1-[(l,2-dimethyl-lH-4-imidazolyl)sulfonyl]-4~pipeﬁdyl-7H-
pyrrolo[2,3-djpyrimidin-5-yl)-2-fluorophenyl]-4-fluoro-1-benzenesulfonamide

N1-{4-(4-amino-7-1-{(1,3-dimethyl- 1H-5-pyrazolyl)carbonyl]-4-piperidyl-7H-
pyrrolof2,3-d]pyrimidin-5-y1)-2-fluorophenyl}-4-fluoro-1-benzenesulfonamide.

N1-(4- {4-amino-7-[1-(2-pY1idylcarbonyl)-4-piperidyl]-7H-pyrfdlo[2,3-d]pyrimidin-

~ 5-yl}-2-fluorophenyl)-4-fluoro-1-benzenesulfonamide

N1 -4-(4-amino-7-{4-[1-(1-methylpiperid—4—yl)piperidyl]-7H—pyrrolo[2_,3-
d]pyrimidin-5-y1})-2-fluorophenyl-4-fluoro-1-benzenesulfonamide tri-maleate

trans-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2-(triflucromethoxy)-1-benzenesulfonamide
trimaleate

trans-N-1-(4- {4-a1m'no-7-[;1-(4-methylpiperazino)cyeloheXyl]—?H-pyrrolb[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-5-chloro-2-thiophenesulfonamide
benzenesulfonamide trimaleate

trans-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]- 7TH-pyrrolo[2,3-
d]pyrimidin-s-yl}-2-ﬂuorophenyl)-2—chloro-4-ﬂuoro-l-benzen&sulfonamide
benzenesulfonamide trimaleate |

trans-N-1-(4- {4-amino-7-{4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2,3-dichloro-1-benzenesulfonamide trimaleate
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cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]- 7H-pyrrolo[2,3-d]pyrimidin-
S5-yl} -2-ﬂuoropheny1)—2—chloro-4~f__h_mro—l-benzeneshlfonamide trimaleate

cis-N-l-(4-4—mnipo-7—[4-(4-methyl_piperazino)cyclohexyl]-7H—pyrrolo[2,3-d]py1imidin-
5—y1-2-_ﬂuorophenyl).—2,5-diﬂuoro?1_-benzenwulfonatnide trimaleate

trans-N-1-(4- {4-amino-7-[4-(4-methy1pipexazino)cyé_lohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2,6-difiuoro-1-benzenesulfonamide trimaleate

trans- N-4-(4- {4-'amin6-7—[4(4-methylpipexizinb)cyclohexyl]-7H-pyrrolo[2,3-
. dJpyrimidin-5-y1}-2-fluorophenyl)-2,1,3-benzothiadiazole-4-sulfonamide trimaleate

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolof2,3-
dlpyrimidin-5-yl1}-2-fluorophenyl)-2,3,4-triflucro-1-benzenesulfonamide trimaleate

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin-
5-yl}-2-fluorophenyl)-2-nitro- 1-benzenesulfonamide trimaleate

cis-N-1-(4- {4-amino-7-{4-(4-methylpiperazino)cyclohexyl}-7H-pyrrolo[2,3-d]pyrimidin-
5-y1}-2-fluorophenyl)-2-fluoro-1-benzenesulfonamide trimaleate

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-d]Jpyrimidin- -
5-yl}-2-flucrophenyl)-2,4,6-trichloro-1-benzenesulfonamide trimaleate

cis-N-1-(4- {4-amino-7-{4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin-
5-yl}-2-fluorophenyl)-2,6-dichloro-1-benzenesulfonamide trimaleate

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]- 7TH-pyrrolo[2,3-d]pyrimidin-
5-y1}-2-flucrophenyl)-2-chloro-1-benzenesulfonamide trimaleate
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cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl}-7H-pymrolo[2,3-d]pyrimidin-
5-yl}-2-fluorophenyl)- 3-fluoro-1-benzenesulfonamide dimaleate

cis-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl}-7H-pyrrolof2,3-d]pyrimidin-
5-yl}-2-fluorophenyl)-5-chloro-2-thiophenesulfonamide dimaleate

cis-N-1-(4- {4-'amino-7-[4»(4'—methylpiperazino)cyclohexyl]-m-pyrrolo[ZJ-d]pyrimidin-
5-yl}-2-fluorophenyl)-4-bromo-2,6-difluoro-1-benzenesulfonamide trimaleate

cis-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin-
5-yl}-2-fluorophenyl)-3-chloro-4-fluoro-1-benzenesulfonamide trimaleate

cls-N-l-(4-{4~am1no-7-[4-(4—methy1p1perazmo)cyclohexyl]—7H—pyrrolo[2 3- d]pynmldm-
S-yl}-2-fluorophenyl-2-iodo-1-benzenesulfonamide trimaleate

cis-N-1-(4-{4-amino-7-{4-(4-methylpiperazino)cyclohexyl}-7H-pyrrolo[2,3-d]pyrimidin- .

5-yl}-2-fluorophenyl)-2-(trifluoromethoxy)-1-benzenesulfonamide trimaleate

cis-N-1-(4- {4-amino-7-[4~(4-methylpiperazino)cyclohexyl]-TH-pyrrolo[2,3-d]pyrimidin-
5-y1}-2-fluoropheny1)-2,3-dichloro-1-benzenesulfonamide trimaleate

cis-N-1-(4-{4-amino-7 -[4-(4-methylpiperazino)cyéloheXyl]—7H-pyrrolo [2,3-d]pyrimidin-
5-y1}-2—ﬂuorophenyl)-2-chloro-6-methyl—l-benzenesulfonamide trimaleate

cis-N-l-(4-{4~axninb-7-[4-(4-methy1piﬁefazino)cyclohexyl]-7H-pyrrolo[2,3—d]pyrimidin— '
S5-yl} -2-ﬂuorophenyl)—2—ch1_oro-4—cyano-l-benzene_sulfonanﬁde trimaleate

cis-N-1-(4- {4—amino—7-[4—(4—methyipiperazino)cyclohexyl]—7H-pyrrolo [2,3-d]pyrimidin-
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5-yl}-2-fluoropheny)-2,3,4-trifluoro-1-benzenesulfonamide trimaleate

cis-N-1-(4- {4—am1no-7-[4—(4-methylp1perazmo)cyclohexyl]—?H—pyrrolo[2 3-d]pyrimidin-
5-yl}-2-ﬂuorophenyl)-3 4-d1ﬂuoro-1-benzenesulfonam1de trimaleate

cis-N-1-(4- {4-amjno-7—[4-(4~m¢th¥1piperazi1,_lo)cycl_ohexyl]-7H-pyrrolo[2,3-d}py1imidin-
5-yl} -2-ﬂuorophenyl_)—4—bromo—2fﬂjxo_ro- 1-benzenesulfonamide trimaleate

6is-N-1-(4- {4-amino-7-{4-(4-methylpiperazino)cyclohexyl}- 7TH-pyrrolo[2,3-dlpyrimidin-
5-y1}-2-fluorophenyl)-5-bromo-2-thiophenesulfonamide trimaleate

cis-N-1-(4- {4-amjnp1-7-[L(ngﬂmy}piperazir;o)cycl_ohexyl]-?H-pyrrolo[Z,3-d]pyrimidin—
5-y1} -2-ﬂuoropheny1)72,,4fdi.‘?1‘_1.°r‘.." !_'benz,_es_nlfonamid_e trimaleate

c15-N-1-(4- {4—-am1no-7-[4-(4-methylpxperazmo)cyclohexy1]-7H-pyrrolo[2 3-dlpyrimidin- -
-yl} -2-ﬂuorophenyl)-2 3 4-mchloro-1-benzenesulfonam1de trimaleate .

- ¢is-N-1 -(4-{4~am1no-7-[4-(4-methy1p1peraz1no)cyclohexyl]-m-pyn-olo[2 3-dlpyrimidin-
_ 5-yl}-2 ﬂuorophenyI)-S-bromo—S chloro-2-th10phenesulfonam1de trimaleate

- cis- N-4-(4- {4-armno-7-[4-(4-methy1p1permno)cyclohexyl]-m-pyrrolo[2 3-

d]pynmldm-s-yl}-2-ﬂuorophenyl)-2 1,3-benzoth1ad1azole—4-sulfonanude trimaleate

s N-4-_(4-{4-arﬁiﬁo-7;[4-(4-ine_thy1§ipe;5zino)cycxphexy1]-7H-pynolo[2,3-

d]pyrimid_in-s-yl}-2-ﬂuoropheny_1)_—2,1_,3-b¢nzoxadiazple—4—su1fonamid_e frimaleate

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclobexyl}- 7H-pyrrolo[2,3-d]pyrimidin-
5-y1}-2-fluorophenyl)-2,5-dichloro-1-thiophenesulfonamide trimaleate

cis- N-d-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]- TH-pyrrolo[2,3-
dlpyrimidin-5-y1}-2-fluorophenyl)-(7-chloro-2,1,3-benzoxadiazole)-4-sulfonamide
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frimaleate

cis- N-4-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyirolo[2,3-
d}pyrimidin-5-y1}-2-fluorophenyl)-(7-methyl-2,1,3-benzothiadiazole)-4-sulfonamide
trimaleate

cis- N-4-(4-{4-amino-7-{4-(4-methylpiperazino)cyclohexyl}-7H-pyrrolo[2,3-
-d]pyrimidin-5-y1}-2-fluorophenyl)-(5-methyl-2,1,3-benzothiadiazole)-4-snlfonamide
trimaleate

© cis- N-4~(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl}-7H-pyrrolof2,3-

. d]pyrimidin-5-y1}-2-fluorophenyl)-(5-chioro-2,1,3-benzothiadiazole)-4-sulfonamide
trimaleate
cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl}-7H-pyrrolo[2,3-d]pyrimidin-
5-yl}-2-fluorophenyl)-3-chloro-2-methyl-1-benzenesulfonamide trimaleate

. cis-N-1-(4- {4-amino-7-{4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolof2, 3-d]pynm1dm- .

5-yl}-2-flucrophenyl)-2-bromo-1-benzenesulfonamide trimaleate

cis-N-1-(4- {4-amino-7-{4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin-
5-yl}-2-fluorophenyl)-2,5-dibromo-3, 6-difluoro-1-benzenesulfonamide trimaleate

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]- 7H-pyrrolof2,3-d]pyrimidin-
5-yl}-2-flunorophenyl)-2,3-dichloro-1-benzenesulfonaimide trimaleate

cis-N-1-(4- {4-amino-7-{4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin-
5-yl}-2-fluorophenyl)- (2-nitrophenyl)methanesulfonamide trimaleate

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
djpyrimidin-5-y1}-2-fluorophenyl)-2-nitro-1-benzenesulfonamide trimaleate
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trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]- 7H-pyrrolo[2,3-
dlpyrimidin-5-yl}-2-fluorophenyl)-2-fiuoro-1-benzenesulfonamide trimaleate

-N-l-(4-{4-ammo-7-[4-(4-methy1p1pemzmo)cyclohexyl] -7H-pyrrolo[2,3-
d]pyrmudm-s-yl} -2-ﬂuorophenyl)—2,4 6-mchlom-1-benzenesuifonam1dc trimaleate

uansm.1-(4-{4-3"1#%7-[4-(4—meﬂ;ylpiperazino)cyi?1°h=xyll'7H'PY"°1°[2’3'
dJpyrimi din_s.yl}_‘_g__ﬂuomphgnyl);z;,&diclﬂoro-l-bgnzenesulfonamide trimaleate

‘trans-N-1-(4- {4—ammo-7—[4-(4-methylp1perazmo)cyclohexyl]-7H-pyrmlo[2 3-

d]pynnudm-s-yl} -2-ﬂuorophenyl)-2-c1ﬂoro-l-benzenesulfonanude trimaleate

trans-N-1-(4- {4-ammo—7-[4-(4—methylp1perazmo)cyclohexyl]-7H-pyn'olo[2 3-

d]pynmldm-s-yl} -2-ﬂuorophenyl)- 3—ﬂuoro-l-benzenesulfonam1de dimaleate

r -tmns-N-l-(4-{4-'a-zﬁino-7-[4-(4.me'thy1piperazino)cyélohexyl]-m-pymlo[z 3. -
. d]pynm:dm-s-yl}-2-ﬂuomphenyl)-4—bromo—2,5-d1ﬂuoro—l -benzenesulfonamide
trimaleate '

trans-N-1-(4- {4~én;ino-7-[4-(4—memy1pipemzino)cydohexyl]-7H-pyrrolo[2 3.
d]pynm1dm—5 -yl} -2—ﬂuorophenyl)—3-chloro-4—ﬂuoro—l-benzenesulfonannde trimaleate
trans-N-1-(4- {4-ammo-7-[4-(4-methylp1pmzmo)cyclohexyl]-7H—p5aro10[2 3-
d)pyrimidin-5- yl}-?—ﬂuorophenyl-.z-lgdo-l -benzengsulfonannde trimaleate

trans-N-1-(4- {4—a@ino—7~[4—(4-n_1e;hy1p_iperazino)cjclohexyl]-7H-pyrrolo[2,3-
dJpyrimidin-5-y1}-2-fluorophenyl)-2,3-dichloro-1-benzenesulfonamide trimaleate

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]- 7H-pyrrolof2,3-

d]pyrimidin-5-y1} .-"2.-ﬂuoropheny})__&ﬁhlom-6—meth':yl-:1-benzenesulfpnamide trimaleate

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]- 7H-pyrrolof2,3-
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dlpyrimidin-5-y1} -24i}uoropheny1)-2-¢1iloro-4-cyano-' iﬁbenzenesulfonam;de trimaleate

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-3,4-difluoro-1-benzenesulfonamide trimaleate

trans-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
dlpyrimidin-5-y1} -2-ﬂuoropheny_l)—4—bromo—2_eﬂuoro—l-benzenesulfonamide trimaleate

trans-N-1-(4- {4-amino-7-{4-(4-methylpiperazino)cyclohexyl}-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-5-bromo-2-thiophenesulfonamide trimaleate

trans-N-1-(4- {4-amino-7;[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-S—y_l}-2-ﬂuorophenyl)—2,4—dichloro-l-benzenesulfonamide trimaleate : -

mN-l -(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyi)-2,3 ,4-uichlom-l-benzenesulfonmnid§ trimaleate

trans-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl1}-2-fluorophenyl)-3-bromo-5-chloro-2-thiophenesulfonamide trimaleate -

trans- N-4-(4- {4-amino-7-[4-(4-methylpiperazino)cyciohexyl]-7TH-pyrrolo[2,3-
d}pyrimidin-5-y1}-2-fluorophenyl)-2,1,3-benzoxadiazole-4-sulfonamide trimaleate

trans-N-1~(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl} —2-ﬂuorophe1_1yl)—2,5—dichloro—_1 -thiophenesulfonamide trimaleate

traﬁs- N-4-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-ﬁ-yl} -2-fluorophenyl)-(7-chloro-2,1,3-benzoxadiazole)-4-sulfonamide

trimaleate

trans- Nod-(4- {4-amino-7-{4-(4-methylpiperazino)cyclohexyl}- 7H-pyrrolo[2,3-
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dlpyrimidin-S-y1}-2-fluorophenyl)-(7-methyl-2,1,3-benzothiadiazole)-4-sul fonamide
trimaleate

trans- N-4-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl}- TH-pyrrolof2,3-
d]pynmldm-s-yl}-2-ﬂuorophenyl)-(5-methyl—2 1 3—benzothlad1azole)-4—sulfonannde
trimaleate :
trans- N-4—(4'-{4-amino-7-[4-(4-méthy1piperazino)cyclohéxyu-m-pymlo[z 3-
d]pyrimidin-5-y1} —2—ﬂuorophenyl) (5-chloro-2 1 3—benzothlad1azole)-4—sulfonam1de
trimaleate ' -
trans-N- -(4-{4-am1no-7-[4—(4-methylp1perazmo)cyclohexyl]-7H-pyrrolo[2 3.
d]pynmldm-s-yl} -2—ﬂuorophenyl)—3-chloro-z-methyl- -benzenesulfonaxmde trimaleate-

' u'ans-N-l-(4- {4-am1no-7-[4—(4-methylp1perazmo)cyclohexyl]-7H-pynolo[2 3-
d]pymmdm-s-yl} -2-ﬂuorophenyl)-2-bromo-1-benzenesulfonamde trimaleate

-N- -(4-{4-ammo-7—[4—(4—methylp1perazmo)cyclohexyl]-7H-pyrrolo[2,3-
d]pyr1m1dm-5—yl} -2-ﬂuoroph¢y1)-2 5-d1bromo-3 6-d1ﬂuoro 1-benzenesulfonamide

u-ans.N-1-(4-{4-@-7-[4{4-me_thyxpiper'aziﬁo)eycléhexyl]-7H.pymlo[2,3-
d}pyrimidin-5-y1}-2-flucrophenyl)- (2?niu‘ophenyl)met11an&sulfonamide trimaleate

The compounds of this invention have antiangiogenic properties. ‘These
- antiangiogenic pmperﬁes are due at least in part to the inhibition of protein tyrosine
kinases essential for angiogenic processes For this reason, these compounds can be
5 used as active agents against such dlscase states as arthntls, atherosclerosis,

restenosis, psoriasis, hemangxomas,_ myocardxal angiogenesis, coronary and cerebral
collaterals, ischemic 'li_m_b angiogehesi_s, ischemia/reperfusion injury, wound healing,
peptic ulcer Helicobacter related disssses, virally~induced angiogenic disorders,
fractures, Crow-Fukase syndrome (POEMS)’, preeclampsia, menometrorrhagia, cat
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scratch fever, mbeosxs, neovascular glaucoma and retmopathms such as those

| assoclated with diabetic retinopathy, retmopathy of prematurity, or age-related

macular degeneration. In addition, some of these compounds can be used as active
agents against solid tumors, malignaﬁt'ascites, von Hippel Lindau disease,

hematopoietic cancers and hyperprohfexanve disorders such as thyrmd hyperplasia
(especlally Grave s disease), and cysts (such as hypervasculanty of ovarian stroma

' characteristic of polycysuc ovarian syndrome (Stem-Leventhal syndrome) and

polycystic kidney disease since such diseases require a proliferation of blood vessel
cells for growth and/or metastasis.

Further, some of these compounds can be used as active agents against burns,

chronic lung disease, stroke, polyps, anaphylaxis, chronic and allergic inflammation,
delayed-type hypersensitivity, ovarian hyperstimulation syndrome, brain tumor-
associated cerebral edema, high-altitude, trauma or hypoxia induced cerebral or - -
pulmonary edema, ocular and macular edema, ascites, glomerulonephritis and other
diseases where vascular hypérpeméébility, effusions, exudates, protein
extravasation, or edema is a manifestation of the disease. The compounds will also

be useful in treating disorders in which protein extravasation leads to the deposition -

of fibrin and extracellular matrix, proinoting stromal proliferation (e.g. keloid,
fibrosis, cirrhosis and carpal tunnel syndrome). Increased VEGF production
potentiates inflammatory processes such as monocyte recruitment and activation.
The compounds of this invention will also be useful in treatmg mﬂammatory
disorders such as inflammatory bowel disease (IBD) and Crohn’s disease.

VEGEF’s are unique in that they are the only angiogenic growth factors known
to contribute to vascular hypexpermeébility and the formation of edema. Indeed,
vascular hYperpeqneabiIity and edsmé that is associated with the expression or
administration of many other growth factors appears to be mediated via VEGF

_production. Inflammatory cytokines stimulate VEGF production. Hypoxia results in

a marked upregulation of VEGF in numerous tissues, hence situations involving

infarct, occlusion, ischemia, anemia, or circulatory impairment typically invoke

VEGF/VPF mediated responses. Vascular hyperpermeability, associated edema,
altered transendothelial exchange and macromolecular extravasation, which is often
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accompamed by dtapedests, can result in excessive matnx deposttlon, aberrant
stromal proliferation, ﬁbrosxs, etc.. Hence, VEGF-medtated hyperpermeablhty can

_ slgmﬁcantly contnbute to dtsorders wzth these etlologlc features.

Because blastocyst lmplantatxon, placental development and embryogenesls

~ are angiogenesis dependent, certam compounds of the mventlon areuseful as

contraceptive agents and annferhhty agents
Itis envxsaged that the dtsorders hsted above are medrated toa s1gmﬁcant

- extent by protein tyrosine kmase actlwty mvolvmg the KDR/VEGFR-Z and/or the
FIt-1/VEGFR-1 and/or TIE-2 tyrosme kmases By mhtbltmg the actmty of these
_ tyrosme kinases, the progressmn of the listed dtsorders is mlnblted because the
| anglogemc or vascular hyperpermeabxhty component of the dxsease state is severely

_ curtatled The actlon of certam compounds of this mventxon, by their select1v1ty for

15

. speclﬁc tyrosme kmases, result m a mm:mxzatlon of s1de effects that would occur 1f

less selectlve tyrosme kmase mhlbltors were used. Ceruun compounds of the - ,
invention are also eft‘ectlve mhxbltors of FGFR, PDGFR c-Met and IGF- -R. These

v receptor kmases can dtrectly or mdtrectly potenttate anglogemc and

20
” Compounds of th1s invention mlublt protem kinases from serine/threonine and

25

30

hyperprohferatlve responses m vanous dlsorders, hence theu' mhxbmon can 1mpede
dlsease progresslon. '
o The compounds of tlus mventton have mlubltory actxv1ty agamst protetn

kinases. That is, these compounds modulate s1gnal transductxon by protein kinases.

tyrosine kmase classes In partlcular these compounds selectwely inhibit the

_. activity of the KDR/FLK-INEGFR-2 tyrosme lcmases Certain compounds of this

invention also mhrbxt the activity of addmonal tyrosme kmases such as Flt-
1/VEGFR-1, T1e-2 FGFR, PDGFR, IGF-lR, c-Met, Src-subfamxly kmases such as
Lck, Sre, fyn, yes etc Addmonally, some compounds of this mventton
significantly mhlblt sermc/threomne kmases such as PKC, MAP kinases, erk, CDKs,
Plk-l or Raf-1 wluch play an essennal role in cell prohferatton and cell-cycle
progression. The potency and spectﬁclty of the genenc compounds of this invention
towards a partlcular protem kmase can oﬁen be altered and optrmtzed by variations

in the nature, number and arrangement of the subsutuents (i.e, R, R,, R,, A and ring
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1) and conformational restncuons In adc}mon the metabohtes of certain compounds

may also possess s1gmﬁcant protein kmase mh1b1tory actmty
The compounds of this invention, when admnnstered to individuals in need

- of such compounds, inhibit vascular hyperpermeability and the fommtxon of edema

in these individuals, These compounds act, it is believed, by inhibiting the activity
of KDR tyrosine kinase which is involved in the process of vascular
hyperpermeability and edema foxmat;on. The KDR tyrosine kinase may also be
fefexred to as FLK-1 tyrosine kinase, INYK tyrosine kinase or VEGFR-2 tyrosine
kinase. KDR tyrosine kinase is acﬁirat_ed when vascular endothelial cell growth
factor (VEGF) or another activating iigand (such as VEGF-C, VEGF-D, VEGF-E or
HIV Tat protein) binds to a KDR tyrosine kinase receptor which lies on the surface
of vascular endothelial cells. Follov_ving such KDR tyrosine kinase activation,
hyperpermeability of the blood vessels occurs and fluid moves from the blood
stream past the blood vessel walls into the interstitial spaces, thereby forming an
area of edema. Dlapedesxs also often accompanies th1s response. Similarly, _
excessive vascular hyperpermeahlhty can disrupt normal molecular exchange across
the endothelium in critical tissues and organs (e.g., lung and kidney), thereby :
causing macromolecular extravasatlon and deposition. Followmg this acute
response to KDR stimulation which is believed to facilitate the subsequent
angiogenic pfoeess, prolonged KDR tyrosine kinase stimulation results in the
proliferation and chemotaxis of vascular endothelial cells and formation of new
vessels. By inhibiting KDR tyrosine kinase activity, either by blocking the
production of the activating ligand, by blocking the activating ligand binding to the
KDR tyrosine idnase receptor, by preventing receptor dimerization and
transphosphorylation, by inhibiting the enzyme activity of the KDR tyrosine kmase
(inhibiting the phosphorylatlon ﬁmcnon of the enzyme) or by some other
mechanism that interrupts its downstream signaling (D. Mukhopedhyay et al.,
Cancer Res. 58:1278-1284 (1998) and references therein), hyperpermeability, as
well as associated e_ktravasation, sub_sequen_t edema formation and matrix deposition,
and angiogenic responses, may be inhibited and minimized.

One group of preferred eo_mpoi_mds of this invention have the property of
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inhibiting KDR tyrosme kmase actlvxty thhout s1gmﬁcantly inhibiting Flt-1

tyrosine kinase activity (Flt—l tyrosme kmase 1s also referred to as VEGFR-1
tyrosine kinase). Both KDR tyrosme kmase and Fit-1 tyrosme kinase are activated

| by VEGF binding to KDR tyrosine kmase reccptors and to Flt-1 tyrosine kinase

receptors, respectxvely Certain prefen'ed compounds of this invention are unigue
because they mhiblt the activity of one VEGF-receptor tyrosrne kinase (KDR) that is
actlvated by actlvatmg ligands but do not inhibit other' receptor tyrosme kinases,

| such as Fit-1, that are also acnvated by certain aohvatmg ligands. In this manner,
_celtam preferred compounds of thls mventton are, therefore selective in thelr
tyrosine kmase inhibitory activity. '

In one cmbodlment the present mventlon provrdes a method of treating a

. proteln hnase—medlated condmon m a patient, comprising adrmmstenng to the
‘. patienta therapeuncally or prophylactlcally effecuve amount of one or more

compounds of Formula L
“protem lnnase-medtated condmon isa medrcal condition, such as a

* disease or other undesrrable physmal condltlon, the genesrs or progression of which

depends, at least in part, on the actmty of at least one protein kinase. The protein

- kinase can be, for example, a protem tyrosme kma.se ora protem serine/threonine
- kinase: : : :

The patlent to be treated can be any ammal, and is preferably a mammal
suchasa domesucated ammal or a hvestock animal. More preferably, the panent is
o human, L o

A therapeutically effective amount” is an amount of 2 compound of Formula
Tora cornbination of tWo or more such cornpoimds which inhibits, totally or
parually, the progresswn of the condmon or allevrates, at least partially, one or more .
symptoms of the condmon A therapeu’ucally effective amount can also be an
amount whrch is prophylacttcally effective. The amount which is therapeutically
effecuve will depend upon the patlent’ size and gender the condition to be treated,
the seventy of the condmon and the result sought. For a given patient, a
therapeutlcally effecuve amount can be determined by methods kuown to those of
skill in the art.
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The method of the present invention is useful in the treatment of protein
kinase-mediated conditions, such as any of the conditions described above. In one
embodiment, the protein kinase-mediated condition is characterized by undesired
angiogenesis, edema, or stromal deposition. For example, the condition can be one
or more more ulcers, such as ulcers caused by bacterial or fungal infections, Mooren
ulcers and ulcerative colitis.. The condition can also be due to a microbial infection,
such as Lyme disease, sepsis, septic shock or infections by Herpes simplex, Herpes
Zoster, human immunodeficincy virus, protozoa, toxoplasrhosis or parapoxvirus; an
angiogenic disorders, such as von Hippel Lindau disease, polycystic kidney disease,

pemphigoid, Paget’s disease and psoriasis; a reproductive condition, such as

endometriosis, ovarian hyperstimulation syndrome, preeclampsia or
menometrorrhagia; a fibrotic and edemic condition, such as sarcoidosis, fibrosis,
cirrhosis, thyroiditis, hyperviscosity syndrome systemic, Osler-Weber-Rendu
disease, chronic occlusive pulmonary disease, asthma, and edema following burns,
trauma, radiation, stroke, hypoxia or ischemia; or an inflammatory/immunologic -

* condition, such as systemic lupus, chronic inflammation, glomerulonephritis,

synovitis, inflammatory bowel disease, Crohn’s disease, rheumatoid arthritis,
osteoarthritis, multiple sclerosis and graft rejection. Suitable protein kinase-
mediated conditions also include sickle cell anaemia, osteoporosis, osteopetrosis,
tumor-induced hypercalcemia and bone metastases. Additional protein kinase-
mediated conditions which can be treated by the method of the present invention:
include ocular conditions such as ocular and macular edema, ocular neovascular
disease, scleritis, radial keratotomy, uveitis, vitritis, myopia, optic pits, chronic
retinal detachment, post-laser complications, conjunctivitis, Stargardt’s disease and

‘Eales disease, in addition to retinopathy and macular degeneration. -

The compounds of the present invention are also useful in the treatment of
cardiovascular conditions such as atherosclerosis, restenosis, vascular occlusion and
carotid obstructive disease. :

The compounds of the present invention are also useful in the treatment of

cancer related indications such as solid tumors, sarcomas (especially Ewing’s

sarcoma and osteosarcoma), retinoblastoma, rhabdomyosarcomas, neuroblastoma,
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hematopoietic mahgnanmes, including leukaemla and lymphoma, tumor-mduced
pleural or pencardlal eﬂ"usmns, and mahgnant ascrtes.
The compounds of the present invention are also useful in the treatment of
Crow-Fukase (POEMS) syndmme and diabetic conditions such as glaucoma,
5: diabetic retmopathy and nncroanglopathy .
The Src, Tec, Jak, Map Csk, NFKB and Syk faxmhes of kinases play pivotal
roles in the regulatlon of immune ﬁmctron. The Src fannly currently includes Fyn,
- Lck, Fgr, Fes, Lyn, Src, Yrk, Fyk, Yes, Hek, and Blk, The Syk family is currently
understood to mclude only Zap and Syk. The TEC famlly includes Tec, Btk, Rlk and
10 .. Itk. The Janus farmly of kinases is mvolved in the transduction of growth factor and
promﬂammatory cytokme signals through a number of receptors. - Although BTK
and ITK, members of the Tec ﬁamﬂy of kmases, play aless well understood role in
. mmunobxology, then' modulatxon by an mhrbrtor may prove therapeutrca]ly
.. beneficial. The Csk famﬂy is currently understood to include Csk and Chk. The
15  kinases RIP, IRAK 1, IRAK-2, NII(,pSSMAPlnnases,Jnk,]KK 1 and IKK-2 are
oo | _mvolved in the srgnal transductron pathways for key pro-mﬂammatory cytokines,
] e _ such as TNF and IL-l Byvxrtue ofthelr ablhty to inhibit one or more of these .
| kinases, compounds of formulal may functton as 1mmunomodu1atory agents useful

' 20 treatment of sepsrs and septzc shock Through thelr ablhty to regulate the migration
_or activation of T cells, B-cells mast ce]ls monocytes and neutrophils, these

compounds could be used to treat such autounmune drseases and sepsis. Prevention
~ of transplant rejectlon, either host* versus graft for sohd organs or graft versus host

for bone marrow, are limited by the toxmty of cun'ently available

25 1mmunosuppresswe agents and. would beneﬁt from an efﬁcacmus drug with
improved therapeutlc mdex Gene targetmg expeuments have demonstrated the
_essential role of Src in the bxology of osteoclasts the cells reeponsible for bone
resorption. Compounds of formula I, through thelr ablhty to regulate Src, may also

_ be useful in the treatment of osteoporoms, osteopetroszs, Paget's disease, tumor-

30  induced hypercalcemia and in the: treatment of bone metastases.
A number of protein kinases .hsve beenr demonstrated to be protooncogenes.
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Chromosome breakaée (at the Itk ki }ebreak pomtdnchromosome 5),
translocation as in the case of the Abl gene with BCR (Philadelphia chromosome),
truncation in instances such as c-Kit or EGFR, or mutation (e.g., Met) result in the
creation of dysregulated proteins converting them from piotooncogene to oncogene

products. In other tumors, oncogenesis is driven by an autocrine or paracrine
ligand/growth factor receptor interactions. Members of the src-family kinases are
typically involved in downstream signal transduction thereby potentiating the
oncogenesis and themselves may become oncogenic by over-expression or mutation.
By inhibiting the protein kinase activity of these proteins the disease process may be
disrupted. Vascular restenosis may involve FGF and/or PDGF - promoted smooth
muscle and endothelial cell proliferéﬁon. The ligand stimulation of FGFR, PDGFR,
IGF1-R and c-Met in vivo is proangiogenic, and potentiates angiogenesis dependent
disorders. Inhibition of FGFr, PDGFr , c-Met, or IGF1-R kinase activities
individually or in combination may be an efficacious strategy for inhibiting these
phenomena. Thus compounds of formula I which inhibit the kinase activity of
normal or aberrant c-kit, c-met, c-fins, src-fatxﬁly members, EGFr, erbB2, érbB4-,
BCR-Abl, PDGFr, FGFr, IGF1-R and other receptor or cytosolic tyrosine kinases

may be of value in the treatment of benign and neoplastic proliferative diseases.

In many pathological conditions (for example, solid primary tumors and
metastases, Kaposi’s sarcoma, theumatoid arthritis, blindness due to inappropriate

ocular neovascularization, psoriasis and atherosclerosis) disease progression is

contingent upon. persistent angiogenesis. Polypeptide growth factors often produced -

by the disease-tissue or associated inflammatory cells, and their corresponding
endothelial cell specific receptor tyrosine kinases (e.g., KDR/VEGFR-2, Fit-
1/VEGFR-1, Tie-2/Tek and Tie) are essential for the stimulation of endothelial cell
growth, migration, organization, differentiation and the establishment of the

Tequisite new functional vasculature. As a result of the vascular permeability factor

activity of VEGF in mediating vascular hyperpermeability, VEGF-stimulation of a
VEGFR kinase is also believed to play an important role in the formation of tumor
ascites, cerebral and puln_xogary edema, pleural and pericardial effusions, delayed-
type hypersensitivity reactions, tissue edema and organ dysfunction following
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trauma, burns, 1schem13, diabetic comphcatlons, endometnosm, adult respiratory

' distress syndrome (ARDS), post-cardtopu]monary bypass-related hypotension and

hyperpermeabrhty, and ocular edema leading to glancoma or blindness due to

~ inappropriate neovasculanzauon In addition to VEGEF, recently identified VEGF-C

and VEGF-D, and v:ra]ly-encoded VEGE-E or HIV-Tat protein can also cause a
vascular hyperpenneabrhty response through the stunulat:on of a VEGFR kinase.
KDR/VEGFR-2 and/or Tie-2 are expressed also i m a select populauon of
hematopoietic stem cells. Certam members of this populatlon are pluripotent in

pature and can be stimulated thh growth factors to differentiate into endothelial

cells and partlcxpate in vasculogenetlc angiogenic processes. For this reason these

1236 (1999)). In some progen:tors, Tie-2 may play a role in their recruitment,
adhesion, regulahon and dJﬁ‘erennatlon (Blood , 4317-4326 ( 1997)) :Certain agents
according to formula I capable of bloclcmg the kmase actmty of endothelial cell

' 'specrﬁc kmases could therefore lnhlblt disease’ progressmn mvolvmg these .

Vascular destabxhzanon of the antagomst ligand of Tie-2 (Ang2) is believed
to induce an unstable “plastxc” state ini the endothelium. In the presence of high
VEGF levels a robust anglogemc response may result ‘however, in the absence of
VEGF ora VEGF-related sumulus, frank vessel regression and endothelial apoptosis
can occur (Genes and Devel. 13 1055-1066 (1999)) In an analogous manner a Tie-
2 kinase inhibitor can be' proan_g_rogemc or antiangiogenic in the presence or absence
ofa VEGF—rel'a_t_ed stit'nulus,' respectlveiy Hence, Tie-2 inhibitors can be employed

- with appropriaté pfoangio’genié"bfimﬂi such as VEGF, to promote therapeutic
~ angiogenesis in sitnations such as ‘wound heahng, infarct and ischemia.

The compounds of formula I or a salt thereof or pharmaceutical compositions
containing a therapeutxcally effectwe amount thereof may be used in the treatment of
protein k1nase~med1ated condxttons, such as bemgn and neoplastic proliferative
diseases and dlsorders of the unmune system, as described above. For example,
such diseases mclude autoxmmune diseases, such as rheumatoid arthritis, thyroiditis,
type 1 diabetes, muluple sclerosis, sarcoidosis, mﬂammatory bowel disease, Crohn’s



WO 00/17203

10
 and adnult respiratory distress syndrome (ARDS).

15

20

25

30

. PCT/US99/21560

:-.57-

disease, myasthenia gfavis and systemic lupus eryﬂlematosus, psoriasis, organ
transplant rejection (eg. kidney rejection, graft versus host disease), benign and
neoplastic proliferative diseases, human cancers such as lung, breast, stomach,
bladder, colon, pancreas, ovarian, prostate and rectal cancer and hgmatopoietic .
malignancies (leukemia and lymphoma), and diseases involving inappropriate
vascularization for example diabetic retinopathy, retinopathy of prematurity,
choroidal neovascularization due to age-related macular degeneration, and infantile
hemangiomas in human beings. In z;addition, such inhibitors may be useful in the
treatment of disorders involving VEGF mediated edema, ascites, effusions, and
exudates, including for example macular edema, cerebral edema, acute lung injury

The compounds of the present invention may also be useful in the

‘prophylaxis of the above diseases. .

Tt is envisaged that the disorders listed above are mediated to a significant
extent by protein tyrosine kinase activity involving the VEGF receptors (e.g. KDR,
Flt-1 and/or Tie-2). By inhibiting the activity of these receptor tyrosine kinases, the .
progression of the listed disorders is inhibited because the angiogenic component of

the disease state is severely curtailed. The action of the compounds of this

invention, by their selectivity for specific tyrosine kinases, resuit in'_a minimization

‘of side effects that would occur if less selective tyrosine kinase inhibitors were used. -

In another aspect the present invention provides compounds of formula I as
defined initially above for use as medicaments, particularly as inhibitors of protein
kinase activity for example tyrosihe kinase activity, serine kinase activity and
threonine kinase activity. In yet another aspect the present invention provides the .
use of compounds of formula I as defined initially above in the manufacture of a
medicament for use in the inhibition of protein kinase activity.

In this invention, the following definitions are applicable:

"Physiologically acceptable salts" refers to those salts which retain the
biological effectiveness and properties of the free bases and whicﬁ are obtained by
reaction with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric

acid, nitric acid, phosphoric acid or organic acids such as sulfonic acid, carboxylic
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acid, organic phosphoric acid, methanesulfonic acid, ethanesulfonic acid, p-

toluenesulfomc acrd, sahcyhc ac1d, lactre acid, tartaric acid and the like,

AIkyl" refexs to a saturated allphanc hydrocarbon, including straight-chain
and branched-cham groups havmg 1 to6 carbons or cychc hydrocar’oons having 3 to

Gcarhons

| ”Alkoxy" refers to an "O-alkyl" group, Where alkyl" is deﬁned as described

Phamaeeuncal Formnlatxons -
"The compounds of this mvenuon can be admmrstered to a buman patient by

themselves or in phamaceutxcal composmons where they are mixed with suitable
carriers or excrprent(s) at doses to treat or amehorate vascular hyperpermeablhty,
edema and assocxated disorders. Mixtures of these compounds can also be
admrmstered to the patxent asa srmple ‘mixture or in suitable: formulated
phannaceutrcal oomposmons A therapeutlcally effective dose further refers to that

o amount of the- compound or compounds sufficient: to result in the prevention or
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attenuatxon of i mappropnate neovasculanzatxon, progressron of hyperprohferatrve _
disorders, edema, VBGF-assocrated hypexpermeablhty and/or VEGF—related
hypotensron. Techmques for formula’uon and adnnmstratron of the compounds of
the instant apphcatxon may be foun_d in "Remington's Ph_armaceutxcal Sciences,"
Mack Publishing Co., Baston, PA, latest edition.

‘Routes of Admunstranon :
' Surtable routes of admmrstratxon may, for example, include oral eyedrop,

rectal transmucosal toproal or mtestmal administration; parenteral delivery,
including mu-amuscular subcutaneous, intramedullary injections, as well as
mirathecal, drrect mtravemncular mtravenous, intraperitoneal, intranasal, or

mtraocular inj ectlons '
Altematrvely, one may admrmstet the compound in a local rather than a

edematous slte, oﬁen ina dep_ot or sustained release formulation.
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Furthermore, one may administer the drug in Qitérgeted drug delivery system,
for example, in a liposome coated with endothelial cell-specific antibody.

Composition/Formulation

" The pharmaceutical compositions of the present invention may be
mamufactured in a manner that is itself known, e.g., by means of conventional |
mixing, dissolving, granulating, dragee-making, levigating, emulsifying,
encapsulating, entrapping or lyopﬁiﬁzhg processes.

Pharmacentical compositions for use in accordance with the present
invention thus may be formulated in conventional manner using one or'more-_
physiologically acceptable carriers comprising excipients and auxiliaries which . .
facilitate processing of the active compounds into preparations which can be used
pharmaceutically. Proper formulation is dependent upon the route of administration
chosen. '

* For injection, the agents of the invention may be formulated in aquéous

Ringer's solution, or physiological saline buffer. For transmucosal administration,
penetrants appropriate to the barrier to be permeated are used in the formulation.

~ Such penetrants are generally known in the art.

For oral administration, the compounds can be formulated readily by
combining the active compounds with pharmaceutically acceptable carriers well
known in the art. Such carriers enable the compounds of the invention to be
formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, shurries,
suspensions and the like, for oral ingestion by a patient to be treated.
Pharmaceutical pfeparaﬁons for oral use can be obtained by éombining the active
compound with a solid excipient, optionally grinding a resulting mixture, and
proéessing the mixture of granules, after adding suitable auxiliaries, if desired, to
obtain tablets or dragee cores. Suitable excipients are, in particular, filiers such as
sugars, including lactose, sucrose, mannitol, or sorbitol; cellulose preparations such
as, for example, maize starch, wheat starch, rice starch, potato starch, gelatin, gum
tragacanth, methy! cellulose, hydroxypropylmethyl-cellulose, sodium
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catboxymethylcellulose, and/or polyvmylpyn'ohdone (PVP). If desired,
disintegrating agents may be added such as the cross-linked polyvinyl py:rohdone,
agar, or alginic acid or a salt thereof such as sodium alginate.

Dragee cores are provxded w1th suitable coatmgs For this purpose,
concentrated sugar solutions may be used, which may optlonally contain gum arabic,
talc, polyvmyl pynohdone, earbopol gel, polyethylene glycol and/or titanium

'd10x1de lacquer soluuons, and sultable orgamc solvents or solvent mixtures.
, .Dyestuffs or pxgments may be added to the tablets or dragee coatings for

identification or to charactenze dlﬁ'erent eombmatlons of active compound doses.
| harmaceuucal preparatlons which can be used orally include push-fit

| capsules made of gelatm, as well'as sofc, sealed capsules made of gelatm anda

plastxcxzer, such as glycerol or sorbltol The ush-ﬁt capsules can contain the active

- ingredients in adm:xture wnh ﬁller such as lactose, bmders such as staxches, and/or
[ lubricants such as talc or magnesmm stearate and, opnonally, stablhzers In soft
215

capsules, the actwe compounds may be d:ssolved or suspended in suitable liquids,

"such as fatty 011s hqmd parafﬁn, or hqmd polyethylene glycols In addition,
_ stab1hzers may be added All formulanons for oral achmmstratlon should bein

dosages smtable for such admmlstratlon

For buccal admmlstratlon, the composmons may take the form of tablets or
lozenges formulated n conventtonal manner ' '

For admmlstrauon by mhalatlon, the compounds for use accordmg to the

_present mvennon are convemenﬂy dehvered in the form of an aerosol spray

presentatton from pressunzed packs ora nebuhser, wnh the useofa suitable
propellant, e.g., dxchlorodlﬂuoromethane, tnchloroﬂuoromethane,
dlc}ﬂorotetraﬂuoroethane, carbon dioxide or other suitable gas. In the case of
pressurized aerosol the dosage unit may be detenmned by prov1dmg avalve to

delivera metered amount. Capsules and cartndges ofe.g. gelatin for use in an

inhaler or insufflator may be formulated containing a powder rmx of the compound

~ and a suitable powder base such as lactose or starch.

‘The compounds can be formulated for parenteral adxmmstratlon by injection,

e.g. bolus injection or contmuous infusion. Fonnulatlons for mjectxon may be
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presented in unit dosage form, e.g.in ampoules or in multi-dose containers, with an
added preservative. The compositions may take such forms as suspensions,
solutions or emulsions in oily or aqueous vehicles, and may contain formulatory
agents such as suspending, stabilizing and/or dispersing agents.

" Pharmaceutical formulations for parenteral administration include aqueous
solutions of the active compounds in water-soluble form. Additionally, suspensions
of the active compounds may be prepared as appropriate oily injection suspensions.
Suitable Lipophilic solvents or vehicles include fatty oils such as sesame oil, or
s}rnﬂxetic fatty acid esters, such as ethyl oleate or triglycerides, or liposomes..
Aqueous injection suspensions may contain substances which increase the viscosity
of the suspension, such as sodium carboxymethy! ceflulose, sorbitol, or dextran.

~ Optionally, the suspension may also contain suitable stabilizers or agents which

increase the solubility of the compounds to allow for the preparation of highly
concentrated solutions. '
Alternatively, the active ingredient may be in powder form for constitution
with a suitable véhicle, e.g., sterile pyrogen-free water, before use.
The compounds may also be formulated in rectal compositions such as
suppositories or retention enemas, e.g., containing conventional suppository bases

‘such as cocoa butter or other glycerides.

In addition to the formulations described previously, the compounds may

also be formulated as a depot preparation. Such long acting formulations may be

administered by implantation (for example subcutaneously or intramuscularly or by
intramuscular injection). Thus, for example, the compounds may be formulated with
suitable polymeric or hydrophobic materials (for example as an emulsion in an
acceptable oil) or ion exchange résins, or as sparingly soluble derivatives, for
example, as a sparingly soluble salt. )

An example of a pharmaceutical carrier for the hydrophobic compounds of
the invention is a cosolvent system comprising benzyl alcohol, a nonpolar surfactant,
a water-miscible organic polymer, and an aqueous phase. The cosolvent system may
be the VPD co-solvent system. VPD is a solution of 3% w/v benzyl alcohol, 8%

w/v of fhe nonpolar surfactant pdlysorbate 80, and 65% w/v polyethylene glycol
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300, made up to volume in absolute ethanol The VPD co-solvent system
(VPD:5W) cons1sts of VPD dllnted 1:1 witha 5% dextrose in water solution. This
co-solvent system drssolves hydrophobrc compounds well, and itself produces low
toxicity upon. systemlc admrmstratxon Naturally, the proportions of a co-solvent

' system may be: vaned consrderably without destroymg its solubxhty and toxicity
" characteristics. - Furthermore, the 1denuty of the co-solvent components may be

varied: for example, other low-toxxclty nonpolar surfactants may be used instead of
polysorbate 80; the fraction size of polyethylene glycol may be varied; other

' brocompatxble polymers may replace polyethylene: glycol e.g8. polyvinyl
- pyrrolxdone, and other sugars or. polysacchandes may substitute for dextrose.

Altematlvely, other dehvery systems for hydrophoblc pharmaceutlcal
compounds may be ‘employed. Llposomes and emulsions are well known examples

- of delivery vehlcles or carriers for hydrophoblc dmgs Certain organic solvents such

as drmethysulfoxrde also miay be employed, although usually at the cost of greater

© toxicity. Addmonally, the compounds may be dehvered using a sustained-release

system; such as sennpermeable matnces of solid hydrophobrc polymers containing
the therapeutic agent Vanous sustamed—release matenals have been established and _'
are well known' by those skrlled m the art.. Sustamed—release capsules may,
depending on therr chemreal nature release the. compounds for a few. weeks up to
over 100 days:- Dependmg on the chemlcal nature and the biological stability of the
therapeutic reagent, additional strategres for protein : stabxhzauon may be employed.

The pharmaceutrcal composmons also may compnse suitable solid or gel
phase carriers or exclplents Examples of such carriers or excrprents include but are
not limited to calcrum carbonate, calcxum phosphate, various sugars, starches,
cellulose denvatlves, gelatm, and polymers such as polyethylene glycols.

Many of the compounds of the invention may be provided as salts with
pharmaceutically compatlble countenons Phaxmaceutlcally compatible salts may
be formed with: many ‘acids, mcludmg but not limited to hydrochlonc, sulfuric,
acetic, lactic, tartanc, malrc, succxmc etc. Salts tend to be more soluble in aqueous

or other protomc solvents than are the correspondmg free base forms.
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Effective Dosage _ _ -

Pharmaceutical compositions suitable for use in the present invention include
compositions wherein the active ingredients are contained in an effective amount to
achieve its intended purpose. More specifically, a therapeutically effective amount
means an amount effective to prevent development of or to alleviate the existing
symptoms of the subject being treated. Determination of the effective amounts is
well within the capability of those skilled in the art.

For any compound used in the method of the invention, the therapentically

 effective dose can be estimated initially from cellular assays. For example, a dose

can be formulated in cellular and animal models to achieve a circulating :
concentration range that includes the IC,, as determined in cellular assays (i.e., the
concentration of the test compound which achieves a half-maximal inhibition of a

given protein kinase activity). In some cases it is appropriate to determine the IC_,.,

in the presence of 3 to 5% serum albumin since such a determination approximates
the binding effects of plasma protein on the compound. Such information can be
used to more accurately determine useful doses in humans. Further, the most :
preferred compounds for systemic administration effectively inhibit protein kinase
signaling in intact cells at levels that are safely achievable in plasma. :

A therépeutica]ly effective dose refers to that amount of the compound that
results in amelioration of symptoms in a patient. Toxicity and therapeutic efficacy
of such compounds can be determined by standard pharmaceutical procedures in cell
cultures or experimental animals, e.g.; for determining the maximum tolerated dose
(MTD) and the ED;, (effective dose for 50% maximal response). The dose ratio
between toxic and therapeutic effects is the therapeutic index and it can be expressed
as the raﬁo between MTD and ED,,. Compounds which exhibit high therapeutic
indices are preferred. The data obtained from these cell culture assays and animal
studies can be used in formulating a range of dosage for use in humans. The dosage
of such compounds lies preferably within a range of circulating concentrations that
include the EDq, with little or no toxicity. The dosage may vary within this range

_ depending upon the dosage form employed and the route of administration utilized.

The exact formulation, route of administration and dosage can be chosen by the
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individual physician in view of the pattent’s condition. (See ¢.g. Fingl etal., 1975, n
"The Pharmacological Basis of Therapeutlcs Ch. 1 p1). In the treatment of crises,
the administration of an acute bolus or an infusion approaching the MTD may be
reqmred to obtain a rapid response..

Dosage amount and mterval may be ad]usted mdmdually to prov1de plasma
levels of the act1ve morety whrch are sufﬁctent to mamtam the kmase modulating
effects, or mmrmal eﬁ'echve concentratlon (MEC).. The MEC will vary for each
compound but can be estlmated ftom in vitro data; €. g. the concentration necessary
to achxeve 50-90% mhrbmon of protem kinase usmg the assays described herein.
Dosages necessary to achieve the MEC will depend on. md1v1dua1 charactensucs and

‘route of adm:mstrahon. However, HPLC assays or bloassays can be used to

determme p]asma concentrattons

Dosage mtervals can also be determmed using the M:EC value Compounds
should be adnumstered usinga. reglmen whrch maintains plasma levels above the
MEC for 10-90% of the time, preferably between 30-90% and most preferably

. between 50-90% I.mtll the deelred amehoratlon of symptoms 1 is achreved In cases of

o local adm1mstrauon or selectlve uptake the effectlve local concentrauon of the

20

30

: drugmay not be related to plasma concentrauon

The amount of composmon adrmmstered wrll, of course, be dependent on the
sub]ect being treated on the sub]ect’s we1ght, the seventy of the affliction, the

‘manner of admmlstratmn and the Judgment of the prescnbmg phys1c1an

Packaging i
The composmons may, 1f desn-ed, be presented ina pack or dlspenser device
which may. contam one or more umt dosage forms containing the active ingredient.
The pack may for example com;mse metal or plastic foil, such as a blister pack. The
pack or dlspenser device may be accompamed by instructions for administration.
Composmons compnsmg a compound of the invention formulated ina compatrble
pharmaceutlcal carrier may also be prepared placed inan appropnate container, and
labeled for treatment of an mdlcated condition. = .

In some formulatxons 1t may be beneficial to use the compounds of the

present invention in the form of particles of very small size, for example as obtained
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by fluid energy rmlhng N
The use of compounds of the present invention in the manufacture of

' pharmaceutical compositions is illustrated by the following description. In this
-description the term "active compound” denotes any compound of the invention but

particularly any compound which is the final product of one of the preceding
Examples.

a) :Capsules
In the preparation of capsules, 10 parts by weight of active compound and

240 parts by weight of lactose can be de-aggregated and blended. The mixture can
be filled into hard gelatin capsules, each capsule containing a unit dose or part of a

* unit dose of active compound.

- b) Tablets

Tablets can be prepared from the following ingredients.

Parts by weight

Active compound: - 10
Lactose ' 190
Maize starch | .22
Polyvinylpyrrolidone 10
Magnesium stearate 3

The active compound, the lactose and some of the starch can be de-
aggregated, blended and the resulting mixture can be granulated with a solution of
the polyvinyl- pyrrolidone in ethanol.- The dry granulate can be blended with the
magnesium stearate and the rest of the starch. The mixture is then compr&sed ina
tabletting machine to give tablets each containing a unit dose or a part of a unit dose
of active compound.
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¢)  Enteric coated tablets

Tablets can be prepared by the method described in (b) above. - The tablets
can be enteric 'c,d;_tted in a conventional manner using a solution of 20% cellulose
acetate phthalate and 3% diethy] phthalate in ethanol:dichloromethane (1:1).

d  Suppositories |

Inthe p_feba'ration of suppositoﬁ_ee, 100 pa_ﬁs by weight of active compound
san be incorporated in 1300 parts by weight of tiglyceride suppository base and the
mixture formed into supposxtonee each containing a therapeutically effective amount

of active mgredxent.

- Inthe composmons of the present invention the active compound may, if
desired, be assoclated with other compatible pharmacologically active ingredients.
For example, the compounds of this invention can be administered ih combination

with one or more additional phmmaceuncal agents that inhibit or prevent the

production of VEGF or ang10p01etms attenuate intracellular responses to VEGF or
angiopoietins, b!gck.m;racellulgr_slgnal transduction, inhibit vascular
hyperpermeablhty, rednce_inﬂe_x};lmation,. or inhibit or prevent the formation of
edema or neovaéjeulaﬁzaﬁen. The compounds of the invention can be administered
prior to, subse_@uent to _.ofls_imul:teneously with the additional pharmaceutical agent,

-whichever course of administrg_iﬁon is appropriate. The additional pharmaceutical

agents include butare hot hmlted ‘to anti-edemic steroids, NSAIDS, ras inhibitors,
anti-TNF agents ant1-11.1 agents antihistamines, PAF-antagonists, COX-1
inhibitors, COX-2 mhlbltors, NO synthase mhlbltors, Akt/PTB inhibitors, IGF-1R
inhibitors, PKC- inhibitors and PI3 kinase inhibitors. The compounds of the
invention and.the addmonal ph_ézmaceutical agents act either additively or

. synergistically. Thus, the administration of such a combination of substances that

inhibit angiogenesis, vascular hyperpenneability and/or inhibit the formation of
edema can provule greater rehef from the deletrious effects of a hyperproliferative
d:sorder angzogenesls, vascular hypezpenneablhty or edema than the administration
of either substance alone. In th_e treatment of malignant disorders combinations with
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antiproliferative or cytotoxic chemotherapies or radiation are anticipated.

The present invention also comprises the use of a compound of formulaI as a
medicament. '

A further aspect of the present invention provides the use of a compound of
formula I or a salt thereof in the manufacture of a medicament for treating vascular
hyperpermesability, angiogenesis-dependent disorders, proliferative diseases and/or

disorders of the immune system in mammals, particularly human beings.

The present invention also provides a method of treating vascular
hyperpermeability, inappropriate neovascularization, proliferative diseases and/or
disorders of the immune system which comprises the administration of a
therapeutically effective amount of a compound of formula I to a mammal,
particularly a human being, in need thereof.

The in vitro potency of compounds in inhibiting these protein kinases may be
determined by the procedires detailed below. ' N

The potency of compounds can be determined by the amount of inhibition of

~ the phosphorylation of an exogenous substrate (e.g., synthetic peptide (Z. Songyang :

et al., Nature. 373:536-539) by a test compound relative to control.

KDR Tyrosine Kinase Production Using Baculovirus System:

" "The coding sequence for thie human KDR intra-cellular domain (2a789-1354) -
" was generated through PCR using cDNAs isolated from HUVEC cells. A poly-His6

sequence was introduced at the N-terminus of this protein as well. This fragment
was cloned into transfection vector pVL1393 at the Xba 1 and Not 1 site.
Recombinant baculovirus (BV) was generated through co-transfection using the
BaculoGold Transfection reagent (PharMingen). Recombinant BV was plaque
purified and verified through Western analysis. For protein production, SF-9 cells
were grown in SF-900-II medium at 2 x 106/ml, and were infected at 0.5 plaque
forming units per cell (MOI). 'Cells were harvested at 48 hours post infection.
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Purification of KDR -

SF-9 cells expressmg (Hl;)J(DR(M789—13S4) were lysed by adding 50 ml of
Triton X-100 lysis buffer (20 mM Tris, pH 8.0, 137 mM NaCl, 10% glycerol, 1%

- Triton X-100, ImM PMSF lO,ug/ml aprohmn, 1 ug/ml leupeptin) to the cell pellet

from 1L of cell culture. The lysate was centnfuged at 19,000 rpm in a Sorval SS-34

. rotorfor30mmat4°C ’I'hcce _,'lysatewas apphedtoa.SmlNlcl2 chelating

sepharose column, ethbrated wnth 50 mM I-IEPES PH7.5, 0.3 M NaCl. KDR was
eluted using the same buﬁ'er contammg 0 25M mdazole Column fractions were
analyzed using SDS—PAGE and an ELISA assay (below) whlch measures kinase
activity. The punﬁed KDR was exchanged into 25mM HEPES pH7 5, 25mM
NaCl, 5§ mM: DTT buffer and stored at —80°C

Human Tie-2 Kmase Productlon and Punﬁcanon .

The codmg sequence for e'human Tie-2 mu'a-cel]ular domam (a2775-1124)
was generated- through PCR usm NAs 1solated ﬁ'om human p]acenta asa
template. A poly-Hls, sequence m ddced at the N-terminus and this construct
was cloned into transfectlon vecto _VL 1939 at the Xba 1 and Not 1 site.

- Recombinant B_V was genetamd_through co-lransfectlon usmg the BaculoGold -

Transfection mhgenf (PharMm ). Recombmant BV was plaque purified and

_or protem productlon, SF-9 insect cells were

- grown in SF-900-II medium at 2 x 106/m] and wete infected at MOI of 0.5.

Purification of the Hls-tagged kmase used in screenmg was analogous to that

-described for ‘KDR

Human Fit-1 Tyrosme Kmase Productlon and Punﬁcanon o

The baculovnal expressxon vector pVL1393 (Phar Mingen, Los Angeles,
CA)wasused. A nucleotld_e seqyepqe_ encoding poly-His6.was placed 5' to the
nucleotide region encoding the'ehthe: "int'racellular kinase domain of human Fit-1
(amino acids 786-1338) The nucleonde sequence encoding the kinase domain was
generated through PCR using cDNA lxbranes isolated from HUVEC cells. The
histidine res1dues enabled afﬁmty punﬁcatlon of the protein as a manner analogous
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"'z"m

ected ata 0.5 multiplicity
and harvested 48 hours post infection.

EGFR Tyrosine Kinase Source
EGFR was purchased from Sigma (Cat # E-3641; 500 units/50 wl) and the

‘EGF ligand was acquired from Oncogene Research Products/Calbiochem (Cat #

PF011-100).

Expression of ZAP70
The baculoviral expression vector used was pVL1393. (Pharmingen, Los
Angeles, Ca.) The nucleotide sequence encoding amino acids M(H)6 LVPR,S was

-placed 5' to the region encoding the entirety of ZAP70 (amino acids 1-619). The
-nucleotide sequence encoding the ZAP70 coding region was generated through PCR

using cDNA libraries isolated from Jurkat immortalized T-cells. The histidine
residues enabled affinity purification of the protein (vide infra). The LVPR,S bridge
constitutes a recognition sequence for proteolytic cleavage by thrombin, enabling
removal of the affinity tag from the enzyme. SF-9 insect cells were infected at a
multiplicity of infection of 0.5 and harvested 48 hours post infection.

Extraction and purification of ZAP70

SF-9 cells were lysed in a buffer consisting of 20 mM Tris, pH 8.0, 137 mM
NaCl, 10% glycerol, 1% Triton X-100, 1 mM PMSF, 1 ug/ml leupeptin, 10 ug/ml
aprotinin and 1 mM sodium orthovanadate. The soluble lysate was applied to a
chelating sepharose HiTrap column (Pharmacia) equilibrated in 50 mM HEPES, pH
7.5, 0.3 M NaCl. Fusion protein was eluted with 250 mM imidazole. The enzyme -
was stored in buffer containing 50 mM HEPES, pH 7.5, 50 mM NaCl and 5 mM

-DTT.

Protein kinase source -
Lck, Fyn, Src, Blk, Csk, and Lyn, and truncated forms thereof may be
commercially obtained ( e.g. from Upstate Biotechnology Inc. (Saranac Lake, N.Y)
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and Santa Cruz Biotechnology Inc. (Santa Cruz, Ca.)) or purified from known
natural or recombinant sources using conventional methods.

Enzyme Linked Immunosorbent Assay (ELISA) For PTKs

Enzyme hnked lmmmosorbent assays (ELISA) were used to detect and
measure the presence of tyrosine kmase activity. The ELISA were conducted
according to known protocols whlch are described i in, for example, Voller, et al.,
1980, "Enzyme-Lmked Immunosorbent Assay," In: Manual of Clinical Immunology,
2d ed., edited by Rose and Fnedman, pp 359-371 Am. Soc. of Microbiology,

-Washington, D.C.

. The disclosed protocol was adapted for determining activity with respect to a

specific PTK. For example, prefe_mx_l protocols for conducting the ELISA

experiments is provided below. Adaptaﬁon of these protocols for determining a -
compound’s activity for other meiﬁbérs of the receptor PTK family, as well as non-
receptor tyrosine kinases, are well: within the abilities of those in the art. For-
purposes of determining mh1b1tor -selectivity, a universal PTK substrate (e.8.,
random copolymer of poly(Glu,: Tyr), 20,000-50,000 MW) was employed together
with ATP (typlcally 5 uM) at concenu'auons approximately twice the apparent Km
in the assay.

The following procedm'e was used to assay the inhibitory effect of

‘compounds of this invention on KDR, Flt-1, Tie-2, EGFR, FGFR, PDGFR, IGF-1-
R, c-Met, Lck, Blk, Csk, Src, Lyn, Fyn and ZAP70 tyrosine kinase activity:

Buffers and Solutions:

PGTPoly (Glu,Tyr) 4:1

Store powder at -20°C.. Dissolve powder in phosphate buffered saline (PBS) for
50mg/ml solution. Store 1ml aliquots at -20°C. When making plates dilute to
250ug/ml in Gibco PBS.

Reaction Buffer: 100mM Hep&s, 20mM MgCl,, 4mM MnCl,, SmM DTT,
0.02%BSA, 200uM NaVO,, pH 7 10

ATP: Store aliquots of 100mM at -20°C. Dilute to 20uM in water
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Washing Buffer: PBS with 0.1% Twecn 20

Antibody Diluting Buffer: 0.1% bovine serum albumin (BSA) in PBS

TMB Substrate: mix TMB substrate and Peroxide solutions 9:1 just before use or
use K-Blue Substrate from Neogen

Stop Solution: 1M Phosphoric Acid

Procedure
1. Plate Preparation:

_ Dilute PGT stock (50mg/ml, frozen) in PBS to a 250ug/ml. Add 125.1 per well of

Corming modified flat bottom high affinity ELISA plates (Coming #25805-96). Add
125.1 PBS to blank wells. Cover with sealing tape and incubate overnight 37°C.
Wash' 1x with 250.:1 washing buffer and dry for about 2hrs in 37°C dry incubator.
Store coated plates in sealed bag at 4°C until used.

2. Tyrosine Kinase Reaction: -
-Prepare inhibitor solutions at a 4x concentration in 20% DMSO in water.
-Prepare reaction buffer '
~Prepare enzyme solution so that desired units are in 50, e.g. for KDR make to 1
ng/ul for a total of 50ng per well in the reactions. Store on ice.
-Make 4x ATP solution to 20:M from 100mM stock in water. ‘Store onice
-Add 50x! of the enzyme solution per well (typically 5-50 ng enzyme/well
depending on the specific activity of the kinase)
-Add 2541 4x inhibitor
-Add 25ul 4x ATP for inhibitor assay
-Incubate for 10 minutes at room temperature
-Stop reaction by adding 5041 0.05N HCI per well
-Wash plate '

**Final Concentrations for Reaction_: 5uM ATP, 5% DMSO

3. Antibody Binding
-Dilute 1mg/ml aliquot of PY20-HRP (Plerce) antibody(a phosphofyfosine
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antibody)to 50ng/ml in 0.1% BSA in PBS by a 2 step dilution (100x, then 200x)

--Add 100u1 Ab per well. Incubate 1 hr at room temp. Incubate 1hr at 4C.

-Wash 4x plate
4. Color reaction
-Prepare TMB substrate and add 100! per well
-Monitor OD at 650nm until 0.6 is reached
-Stop with 1M Phosphoric acid. Shake on plate reader.
“Read OD immediately at 450nm
Optimal incubation times and enzyme reaction conditions vary slightly with
enzyme prepatations and are detérghined empirically for each lot.

- For Lk, the Reaction Buffer tilized was 100 mM MOPSO, pH 6.5, 4 mM MnCl,
20 mM MgCl,, 5 mM DTT, 0.2% BSA, 200 mM NaVO, under the analogous-assay

_conditions.

Compounds of formula I may have therapeutic utility in the treatment of

- diseases involving bp_th identified, ii_icluding. those not mentioned herein, and as yet
- unidentified pr_oﬁein-tyrosine kmases which are inhibited by compounds of formula I.

All compounds exemplified herein significantly inhibit either FGFR, PDGFR, '
KDR, Tie-2, Lck, Fyn, Blk, Lyn ot Stc at concentrations of 50 micromolar or below.
:Some compounds of this invenﬁ@g.'also significantly inhibit other tyrosine or

. serine/threonine kinases such as cdc2 (cdk1) at concentrations of 50 micromolar or

below.

Cdc2 source o N _
The human recombinant enzyme and assay buffer may be obtained
commercially (New England Biolabs, Beverly, MA. USA) or purified from known

natural or recombina_ht sources using conventional methods.

Cdc2 Assay = _ L _
The protocol used was that provided with the purchased reagents with minor
modifications. In brief, the reaction was carried out in a buffer consisting of 50mM
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Tris pH 7.5, 100mM NaCl, 1mM EGTA, 2mM DTT, 0.01% Brij,’5% DMSO and
10mM MgCl, (commercial buffer) supplemented with fresh 300'uM ATP (31
uCi/mi) and 30 ug/ml histone type IIIss final concentrations. A reaction volume of
804L, containing units of enzyme, was run for 20 minutes at 25 degrees C in the
presence or absence of inhibitor. The reaction was terminated by the addition of
1204L of 10% acetic acid. The substrate was separated from unincorporated label
by spotting the mixture on phosphoc'.cllulo'se papér, followed by 3 washes of 5
minutes each with 75mM phosphefic acid. Counts were measured by a betacounter
in the presence of liquid scintillant. o

Certain compounds of this invention significantly inhibit cdc2 at concentrations
below 50 uM. ' '

PKC kinase source
The catalytic subunit of PKC niay be obtained éommercially (Calbiochem).

PKC kinase assay

A radioactive kinase assay was employed following a published procedure
(Yasuda, L, Kirshimoto, A., Tanaka, S., Tominaga, M., Sakurai, A., Nishizuka, Y.
Biochemical and Biophysical Research Communication 3:166, 1220-1227 (1990)).
Briefly, all reactions were performed in a kinase buffer consisting of 50 mM Tris-
HCI pH?.5, 10mM MgCl,, 2mM DTT, 1mM EGTA, 100 ~M ATP, 8 iM peptide,
5% DMSO and **P ATP (8Ci/mM). Compound and enzyme were mixed in the
reaction vessel and the reaction initiated by addition of the ATP and substrate
mixture. Following termination of the reaction by the addition of 10 uL stop buffer
(5 mM ATPin 75mM phosphoric acid),'a_portion of the mixture was spotted on
phosphocellulose filtexs. The spdtted samplés were washed 3 times in 75 mM
phosphoric acid at room temperature for 5 to 15 minutes. Incorporation of
radiolabel was quantified by liquid scintillation counting,
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Erk2 enzyme source : , _
The recombinant murme enzyme and assay buﬁ'er may be obtained
commercially (Ne_w England onlabs, Beverly MA. US_A) or purified ﬁ'om known

natural or recombinant sources using conventional methods.

Erk2enzymeassay:;_: _ _
In brief, the reectlon was camed out ina buﬁ'er consrstmg of 50 mM Tris pH
'sn,, 5% DMSO and 10 mM MgCl,
(commercial buﬁ'er) supplemented wrth ﬁeeh 100 uM ATP 31 /.l.Cl/m.l) and 30uM
myelin basic protem under condmons recommended by the supplier. Reaction

. volumes and metho_‘ of assaymg mcorporated radxoactmty were as described for the
. PKC assay (vide supra) '

In Vitro Models for T-cell Acnvatlon _
Upon actzva :on_by mrtogen or antlgen, T-cells are mduced to secrete IL-2, a

growth factor that supports thelr subsequent prohferatlve phase Therefore, one may

measure either pmductron of IL-2 ﬁ'orn orcell prohferanon of, pnmary T-cells or
appropnate T-cell lmes asa surrogate for T-cell aetxvauon. Both of these assays are.
well described in the hterature and then' parameters well documented (in Current

'Protocols in Immun" 'ogy, Vol 2, 7 10 l-7 11 2)

In brief, Tocells may be acnvated by co~culture w1th allogemc snmulator

_. cells, a process termed the one—way mrxed lymphophocyte reaction. Responder and

stimulator penpheral blood mononuclear cells are punﬁed by F1coll-Hypaque
gradlent (Pharmacra) per dn'ectlons of the manufacturer Stimulator cells are
mltotlcally macnvated by treatment W1th mrtomycm C (Stgma) or gamma

irradiation. Responder and snmulato: cells are eo-cultured at a ratio of two to one in

the presence or absence of the test compound Typlcally 10° responders are mixed
with 5 x 10‘ snmulators and plated (200 pl volume) ina U bottom microtiter plate
(Costar Screntlﬁc) The cells are cultured in RPMI 1640 supplemented with either
heat inactivated fetal bovme serum (Hyclone Laboratones) or pooled human AB
serum from male donors, 5x10° M 2mercaptoethanol and 0.5% DMSO, The
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cultures are pulsed With 0.5 uCi of * thynudme(AiﬁE’tSham) one day prior to
harvest (typically day three). The cultures are harvested (Betaplate harvester,
Wallac) and isotope uptake assessed by liquid scintillation (Betaplate, Wallac).
The same culture system may be used for assessing T-cell activation by
measurement of IL-2 production. Eighteen to twenty-four hours after culture

- initiation, the supernatants are removed and the IL-2 concentration is measured by
'ELISA (R and D Systems) following the directions of the manufacturer.

In-vivo Models of T-Cell Activation. _ . .
The in vivo efficacy of compounds can be tested in animal models known to

_ directly measure T-cell activation or for which T-cells have been proven the

effectors. T-cells can be activated in vivo by ligation of the constant portion of the
T-cell receptor with a monoclonal anti-CD3 antibody (Ab). In this model, BALB/c -

-mice are given 10ug of anti-CD3 Ab intraperitoneally two hours prior to

exsanguination. Animals to receive a test drug are pre-treated with a single dose of
the compound one hour prior to anti-CD3 Ab administration. Serum levels of the
proinflammatory cytokines interferon-y (IFN- ¥) and tumor necrosis
factor-a(TNF-c), indicators of T-cell activation, are measured by ELISA. A similar

. model employs in vivo T-cell priming with a specific antigen such as keyhole limpet.

hemocyanin (KLH) followed by a secondary in vitro challenge of draining lymph

node cells with the same antigen. As previously, measurement of cytokine

production is used to assess the activation state of the cultured cells. Briefly,
C57BL/6 mice are immunized subcutaneously with 100 g KLH emulsified in
complete Freund's adjuvant (CFA) on day zero. Animals are pre-treated with the
compound one day prior to immunization and subsequently on days one, two and
three post immunization. Draining lymph nodes are harvested on day 4 and their
cells cultured at 6 x 10°per ml in tissue culture medium (RPMI 1640 supplemented
with heat inactivated fetal bovine serum (Hyclone Laboratories) 5 x 10°M
2-mercaptoethanol and 0.5% DMSO) for both twenty-four and forty-eight hours.
Culture supernatants are then assessed for the autocrine T-cell growth factor
Interieukin-2 (IL-2) and/or IFN-y levels by ELISA.
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Lead compounds can also l_:oe tested in animal models of human disease.

These are exemplified by expenmental auto-immune encephalomyelitis (EAE) and
collagen-induced arthritis (CIA). EAE models which mimic aspects of human
multiple sclerosis have been described i both rats and mice (reviewed FASEB J.
5:2560-2566, 1991; murine mode_l_;: Lab. Invest. 4(3):278, 1981; rodent model:J.
Immunol 146(4):1163-8, 1991 ). Briefly, mice ar rats are immunized with an
emulsion of myelin basic protein (MBP), or neurogenic peptide derivatives thereof,
and CFA. Acute disease can be induced with the addition of bacterial toxins
such as bordetella pertussi. Relapsing/remitting disease s induced by adoptive
transfer of T-cells from MBP/ peptide immunized ammals _ :

- CIA may be induced in DBA/ 1 mice by 1mmumza'aon thh type I collagen
(J. Immunol: 142(7) 2237-2243) che will develop s1gns of arthntls as early as ten
days followmg antngen challenge and may be scored for as long as ninety days after

. immunization. In both the EAE and CIA models, a compound may be administered

either prophy]achcally orat the tlme of disease onset. Efficacious drugs should

reduce severity and/or incidence. -

Certain. componnds of tlns mveutmn wh1ch mhlblt one or more angiogenic

Teceptor PIK, and/or a protem kmase such as Ick mvolved n medlatmg
mﬂammatory Tesponses can reduce the seventy and incidence of arthritis in these
_ models : '

Compounds can also be tested in mouse allograﬁ models, either skin
(revxewed in Ann. Rev. Immunol 10 333-58, 1992 Transplantation: 57(12):
1701-17D6, 1994) or heart (Am J.Anat :113:273, 1963) Briefly, full thickness skin
grafls are transplanted from CS7BL/6 mice to BALB/c mice. The grafs can be
examined daily, beginning at day s1x, for evidence of rejection. In the mouse
neonatal heart transplant model, neonatal hearts are ectopically transplanted from

. CS7BL/6 mice into the ear pinnag of aduit CBA/J mice. Hearts start to beat four to

seven days post transplantanon and rejection may be assessed visually using a
dissecting microscope to look .fol' cessatlon of beating.
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Cellular Receptor PTK Assays.
The following cellular assay was used to determine the lével of activity and

effect of the different compounds of the present invention on KDR/VEGFR2.
-Similar receptor PTK assays employing a specific ligand stimulus can be designed

along the same lines for other tyrosine kinases using techniques well known in the

VEGF-Induced KDR Phosphorylation in Human Umbilical Vein Endothelial
Cells (HUVEC) as Measured by Western Blots: '

1. HUVEC cells (from'pooled donors) were purchased from Clonetics
(San Diego, CA) and cultured according to the manufacturer directions. Only early
passages (3-8) were used for this assay. Cells were cultured in 100 mm dishes
(Falcon for tissue culture; Becton Dickinson; Plymouth, England) using complete
EBM media (Clonetics).

2. For evaluating a compound'é inhibitory activity, cells were
trypsinized and seeded at 0.5-1.0 x 10° cells/well in each well of 6-well cluster
plates (Costar; Cambridge, MA).

3. 3-4 days after seeding, plates were 90-100% confluent. Medium was
removed from all the wells, cells were rinsed with 5-10ml of PBS and incubated 18-
24h with 5ml of EBM base media with no supplements added (i.e., serum
starvation). _

4. Serial dilutions of inhibitors were added in 1ml of EBM media
(25uM, 5uM, or 1M final concentration to cells and incubated for one hour at 37
C. Human recombinant VEGF,4; ( R & D Systems) was then added to all the wells
in 2 ml of EBM medium at a final concentration of 50ng/ml and incubated at 37 C
for 10 minutes. Control cells untreated or treated with VEGF only were used to
assess background phosphorylation and phosphorylation induction by VEGF.

All wells were then rinsed with 5-10m! of cold PBS containing 1mM Sodium
Orthovanadate (Sigma) and cells were lysed and scraped in 20041 of RIPA buffer
(50mM Tris-HC1) pH7, 150mM NaCl, 1% NP-40, 0.25% sodium deoxycholate,
1mM EDTA) containing protease inhibitors (PMSF 1mM, aprotinin 1.g/ml,
pepstatin 1.:g/ml, leupeptin 1x.g/ml, Na vanadate 1mM, Na fluoride 1mM) and
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14g/ml of Dnase (all chemicals from Sigma Chemical Company, St Louis, MO).
The lysate was spun at 14,000 rpm for 30min, to eliminate nuclei.

Equal amoynts of proteiis were then precipitated by addition of cold (-20 C)
Ethanol (2 volumes) for a mmnnum of 1 hourora maxxmum of overnight. Pellets
were reconstxtuted in Laemh samplc buffer contammg 5% -mercaptoethanol
(BioRad; Hercules, CA) and borled for Smin. The protems were resolved by

polyacrylamide gel electrophoresls (6%, 1.5mm Novex, San Deigo, CA) and

transferred onto a mtrocellulose membrane using the Novex system. After blocking
with bovine serum albumin (3%), the proteins were  probed overnight with anti-KDR
polyclonal antlbcdy (C20, Santa Cruz Blotechnology, Santa Cruz, CA) or with anti-
phosphotyrosine. monoclonal antibody (4G10, Upstate Brotechnology, Lake Placid,
NY) at4 C. After Washmg and mcuhmng for 1 hour with HRP-conjugated F(ab), of
goat anti-rabbit or goat-anti-mouse IgG the bands were visualized using the emission
chemiluminescience (ECL) system (Amersham Life Sciences, Artington Height, IL).
Certain examples of the present_:ir':ryentim significantly inhibit cellular VEGF-
induced KDR tyrosine kinase phosphorylation at concentrations of less than 50 M.

Invivo Uterine EdemaModel .~ .. . .
_ This assay measures the capacity of compounds to inhibit the acute increase
in uterine weight i m mice which- occurs in the first few hours following estrogen

~ stimulation. 'I'h1s early onset of utenne weight increase is known to be due to edema

25

30

caused by increased permeabnl_rty: of uterine vasculature. Cullinan-Bove and Koss
(Endocrinology (1993), 1.33:829:837) demonstrated a close temporal relationship of
estrogen-stimulated uterine edenu:r wrth increased expression of VEGF mRNA in the
uterus. These results.have been conﬁrmed by the use of neutralizing monoclonal

~antibody to VEGF which sigxaiﬁcantly reduced the acute increase in uterine weight

following estrogen stimulation (W 0 97/42187). Hence, this system can serve as a
model for in vivo inhibition of VEGF sxgnalhng and the associated '
hyperpermeability and edema.
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Materials: - All hormones were purchased from Sigma (St. Louis, MO) or Cal

Biochem (La Jolla, CA) as lyophilized powders and prepared éccording to supplier
instructions. '

- Vehicle components (DMSO, Cremaphor EL) were purchased from Sigma (St.

Louis, MO).-

Mice (Balb/c, 8-12 weeks old) were purchased from Taconic (Germantown, NY)
and housed in a pathogen-free animal facility in accordance with institutional
Animal Care and Use Committee Guidelines.

Method:

Dayl: - - Balb/c mice were given an intraperitoneal (i.p.) injection of
12.5 units of pregnant mare's serum gonadotropin (PMSG).

Day 3: Mice received 15 units of human chorionic gonadotropin
(CG) ip. - -

Day 4: Mice were randomized and divided into groups of 5-10. Test

compounds were administered by i.p., i.v. or p.o. routes depending on solubility and

vehicle at doses ranging from 1-100 mg/kg. Vehicle control group received veliicle -

only and two groups were left untreated. '
| Thirty minutes later, experimental, vehicle and 1 of the untreated groups

were given an i.p. injection of 17 -estradiol (500 g/kg). After 2-3 hours, the

animals were sacrificed by CO, inhalation. Following a midline incision, each

uterus was isolated and removed by cutting just below the cervix and at the junctions

of the uterus and oviducts. Fat and connective tissue were removed with care not to

disturb the integrity of the uterus prior to weighing (wet weight). Uteri were blotted

to remove fluid by pressing between two sheets of filter paper with a one liter glass

bottle filled with water. Uteri were weighed following blotting (blotted weight).

The difference between wet and blotted weights was taken as the fluid content of the

uterus. Mean fluid content of treated groups was compared to untreated or vehicle

treated groups. Significance was determined by Student's test. Non-stimulated

control group was used to monitor estradiol response. '

Results demonstrate that certain compounds of the present inve;!tion inhibit
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the formation of edema when administered systemically by various routes.

Certain compounds of this invenﬁon which are inhibitors of angiogenic
receptor tyrosine'k_inases can alsobe shown aeﬁve,. in a Matrigel implant model of
neovascula:izatioh The Matrigel n'eovaseularim'ﬁon model involves the formation
of new blood vessels within a clear "marble of extracellular matrix 1mplanted
subcutaneously which is mduced by the’ presence. of proangiogenic factor producing
tumor cells (for _e:;gmp_les see: Passanm, A,etal, Lab. Investig. (1992), 67(4), 519-

528; Anat. Rec. (1997), 249(1),'53-734 Int. 5. Cancer (1995), 63(5), 694-701; Vasc.

Biol. (1995), 15(1 l) 1857-6) The model preferably runs over 3-4days and
endpoints mclude macroscoprc v1sual/nnage sconng of neovasculanzauon, :

'mm'oscopxc mxerovessel denslty detennmauons, and hemoglobm quantltatlon
: (Drabkm method) followmg removal of the 1mplant versus controls ﬁ-om animals
T untreated with mlu’bltors The model may alternatively employ bFGF or HGF as the

stlmulus

' Certain compomds of th:s mventlon WhICh thbrt one or more oncogemc,
protooneogemc, or prohferatron-dependent protem kmases, or angiogenic receptor
PTK also inhibit the growth of pnmary murme rat or human xenograﬁ tumors m
mice, or inhibit metastasls in murme models S '

E_-XAMPLBS

Processes for the'preparstion'of c’ompourldso'f formula I will now be

| described. These processes form a further aspect of the present invention. The

processes are preferably camed out at atmosphenc pressure.
Compounds of formula I may be prepared by condensmg a compound of

formula
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R3——(H20)]_L
CN
; /
R
2 T NH2
Rq
m
10

in which R,, R,, Ry, L and ring A are as previously defined with formamide at a
temperature in the range of 50 to 250°C optionally in the presence of a catalyst for
~ example 4-dimethylaminopyridine. )
Compounds of formula I may be prepared by reacting a comﬁound of
15  formula (TII) : '

20

25  wherein R, is bromo or iodo bromo or iodo with one of the following compounds:
R;B(OH),, R;Sn(CH,), or a compound represented by formula IV

30
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Ra—ﬁzc)l?—L‘@\ Ry==—(HoLy——1-
B(OH), . 3)s
5 or . Rg=——H )1 o
_ _ 2
\
o
v
‘10
in which R, isas defined above, in the presence of 1 cata]yst for example
* palladium (0) compotinds eg. Pd(PPh,)4
Compounds of formula 1in which R, represents an alkyl group or an aralkyl
. group may be prepared by alkylating a compound of formula (V) -
20
N\
.25 .

in which R, and R, are as previously defined with a compound of formula R, X’ in
which R, represents an alkyl group or an aralkyl group and X’ represents a leaviﬂg
group, for example halo, mesyloxy or tosyloxy. :

30 Compoim_ds of formula I in which R} represents an optionally substituted
cyclic ether, such as tetrahydrofuryl or tetrahydrdpyranyl, may be prepared by
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alkylating a compound of formula VI

in which R and R3 are as previously defined with a compound of formula R1X’ in

. which X’ is as previously defined and R, is an optionally substituted cyclic ether.

Compounds of formula I in which R} represents cyclic ether, such as
tetrahydrofuryl or tetrahydropyranyl, optionally substituted by formyl may be -
prepared by alkylating a compound of formula VI with a compound R1X in which
Rj represents a cyclic ether substituted by a formyl group which has been pmtécted,
by a method known to those skilled in the art, for example by means of an acetal,
(See for example Tet. Letts. 30(46):6259-6262 (1989)) followed by deprotection.
Compounds in which R} represents a cyclic ether, such as tetrahydrofuryl or ”
tetrahydropyranyl, substituted by an (optionally substituted armino)methyl group
may be prepared by reductive amination of a compound in which R} represents a
cyclic ether substituted by formyl. .

Compounds of formula 1 in which R1 represents optionally substituted furyl,
thienyl or pyrrolyl may be prepared by reacting 4-chloro-5-iodo-7H-pyrrolo[2,3-
d]pyrimidine with the appropriate heteroarylboronic acid in the presence of a copper
salt catalyst, for example copper (I) acetate in the presence of a solvent for the
reactants, e.g. a halogenated solvent for example, dichloromethane, in the presence
of a drying agent, for example 4A molecular sieves, in the presence of an organic
base, e.g. triethylamine or pyridine, at a temperature in the range of 0-50°C,
preferably at ambient temperature. (For conditions see Tet. Letts. (1998),
39:2942-2944 and references cited therein. This paper is incorporated herein by
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reference.) These compounds may be formulated by methods known to those
skilled in the art to give compootlds in which Ry .represents furyl, thienyl or pyrrolyl
substituted by formyl. The formyl group in these compounds may be productively
aminated by 1 methods known to those skilled in the art to give compounds in which
R} represents furyl, thlenyl or pyrrolyl substituted by aminomethyl groups.
Altematxvely mtermedxates in wluch R{ represents furyl, thienyl or pyrrolyl may be
subjected to a Manmeh reachon to give mtermedlates in which R} represents faryl,
thienyl or pynolyl subStituted By an aminomethyi group.

Compounds of fornmla I may be prepared by reacting a compound of
formulaVII.

S|

in which R,.,' &; k,, L and ring A are as previously defined and R, represents a

* leaving group, for example halo or phenoxy, with ammonia or an ammonium salt,
for example ammomum acetate at a temperature 1n the range of 15-25 0°C

preferably ina pressm'e vessel

be prepared by reactmg a compound of formula VIII
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in which R, R; L and ring A are as previously defined with a halogenating agent for
example an iodinating agent, e.g. N-iodosuccinimide, or a brominating agent, e.g. N-
bromosuccinimide, or a chlorinating agent, e.g. N-chlorosuccinimide.

Compounds of formula I in which —L-R, represents -NHC(O)R, may be
prepared by reacting a compound of formula IX

in which R,, R, and ring A are as previously defined and Y represents a protected
amine, with a compound of formula R,COR, in which R, represents a leaving group,
for example chloro. Alternatively compounds of formula IX in which Y represents
halo, for example chloro, may be reacted with a compound of formula R,CO& and
the product reacted with ammonia to give a compound of formula I. Analogous
methods may be used to prepare compounds of formula [ in which ~L-R, is -
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NRSO,R;. Analogous methods may be used to prepare compound of formula I in
which -L-R, is'ANBCO'z-Ré or -NRCONR’. R and R’ are as previously defined.
Compounds of formgla I m which —L-R, is ~OSO,- may be prepared by

reacting a compound of formula X :
5 o
10
X
15

in which R, R, and ring A are as previously defined with a compound of formula
R.SOR,. ) |
Compounds of formulé I may then be prepared from such intermediates
20 following Scheme 2 or the ,alteméti_v__e for Scheme 2, which is described later.
Compounds of formula II ma& be prepared. as shown in Scheme 1 in which
IPA represents propan-2-ol,

25

- 30
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~ Schemel -

Br

(H0)

Ry HC)—L-

Ry—HC)y—L-

r
>

1) H,NR,, IPA
orCH 3CN

2) HQVTPA

1) NaOCH,CH3/CH,CH,0H

2) NCCH,CN/NaOCH,CH;,
CH,CH,0H, 50°C

CN

[\

Ry NH,

N
N
Ry

It will be appreciated by those skilled in the art that compounds of formula I

may be converted into other compounds of formula I by known chemical reactions.

30 For example, an alkoxy group may be cleaved to give hydroxy, nitro groups may be

reduced to amines, amines may be acylated or sulfonylated and N-acyl compounds
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may be hydrolyzed to amines. Cqmpounds of formula I in which —L- is S may be
oxidized to give compounds of formula[ in which —L- represents SO and SO,,
respectively, by methods known to those skilled in the art.

Compounds of formula I[I are commerclally available or may be prepared by
methods known to those skllled m the art.

Compounds of formula V in which R, represents hydrogen may be prepared
as shown in Scheme 2. The amino gr'oup may be protected prior to the final step and
then deprotected aﬂ:er the final step of scheme 2 by methods known to those skilled
in the art. Compounds of formula V in which R, is other than hydrogen may be
prepared by analogous methods. _ _(see J. Med. Chen_z. (1990), 33, 1984.)

Scheme 2

Alternatively in Scheme 2, (ring A)-L-R, may be coupled first, prior to
amination. Alternatively a subsﬁfuent R, as defined previously may be prdsant prior
to carrying out either process. .. . o _

. Compounds of formula VII in which R, is a —Cl, may be prepared as shown
in Scheme 3. .
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Scheme 3
OH ci Cl !
N POCY N)jjs\ N-iodosuccinamide "’jfg\
— ~R, .
:J:}“‘* = G Sy
\R«‘ . R,| R1

o o L—(CHA—Ry
+ Pq-—'(Hzc)l“"L‘@\
Pd(0)
B(OH) —_ N

l\ ’ R
N 2
NN

Ry

Compounds in which (ring A)-L-R, is absent may be prepared as in Scheme
4 and as described in J.Med. Chem., (1988), 31:390 and references cited thereih.
Compounds in which (ring A)-L-R, is other than hydrogen may be prepared by
analogous methods. ' '

NH,

Scheme 4
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. g
Compounds of formula VII may be prepared by coupling a 5-iodo compound
in an analogous manner to that described for the preparation of compounds of
formula V. _
R, may be modified by the method depicted in Schemes 5 and 6. In Schemes
5 5and6Prepresent§ aprotecﬁnggr_bup. '
" Scheme 5

10
15
%
R r
Na(QAc),BH, HoAc
25
30
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Na(OAc):BH, HoAc
CCH,(H,Q° '

It will be appreciated by those skilled in the art that in cases where a
substituent is identical with, or similar to, a functional group which has been
modified in one of the above processes that these substituents will require protection
‘before the process is undertaken, followed by deprotection after the process.
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Otherwise competing sidereactions will occur. Alternatively, another of the
processes describéd above, in which the substituent does not interfere, may be used.
Examples of suitable protectmg groups and methods for their addition and removal
may be found i m the textbook "Protectxve Groups in Organic Synthesis"” by T.W.
Green, John Wiley ¢ and Sons, 1981 For example sultable protecting groups for
amines are formyl or acetyl.

The following synthetic cxamples were prepared using the general
preparative procedures desctibed above:

Example 1:  Benzyl N-(4-(4-amino-7-tetrahydro-2H-4-pyrany}-7H-pyrrolo[2,3-
d]pyrimidin-5—yl)-2-methoxyphen¥1)carbémate

a) Tetmhydro-ZH—4—pyrany1 tnﬂuoromethanesulfonate Pyndme (1.7 ml, 20.97
mmol) was added to a soluuon of tetrahydro-2H-4-pyranol (2 ml, 20.97 mmol)
in dlchlorometha_.ne (_1_6 ml). Th_p flask was 1mme;‘sed in an ice water bath and
triﬂﬁoromethan_esul_fonic anh}';di'ide (3.6 ml, 20.97 mmol) in dichloromethane (7
‘ml) was added &opvﬁse over 1'0 minutes. Aﬂer 20 minutes, the reaction mixture
was filtered and the solid was washed w1th mxmmum amount of
dlchloromethane The combmed ﬁltrate was washed with water, 1.0 N HC],
water and brine. The organic layer was dried (MgSO4) and filtered. The solvent
was evaporated to give: tetrahydro-ZHA—pymnyl trifluoromethanesulfonate. 'H
NMR (CDCl,) 6 1.99 (m, 2H),2 11 (m, 2H), 3.58 (m, 2H), 3.96 (m, 2H), 5.17

(m, 1H).

b) 4-chloro-5-iodo-7 -teu'ahydro-ZHA-pyranyl-m-pyrrolo[Z 3-d]pyrimidine. 4-
Chloro-5-10d0-7H-py1roIo[2 3-d]pynm1dme (3.0 g, 10.73 mmol) was added in
small portions to a solution of sodmm hydride ( 0.891g 22.2 mmol) in N,N-

 dimethylformamide (40 ml) at 0°C. After completed the addition the ice water
- bath was remove.d_ and the resulti;ig mixture was stirred for 30 minutes.

Tetrahydro—ZH—Ai-pyranyl triffuoromethanesulfonate was added dropwise and the

reaétion mixture was stirred at ambient temperature for 24 hours. The mixture
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was poured to ice water (100ml) and the solid was collected by filtration and
purified by re-crystallization to give 4-chloro-5-iodo-7-tetrahydro-2H-4-pyranyl-
7H-pyrrolo[2,3-d]pyrimidine. *H NMR (CDCl,) & 2.06 (m, 2H), 3.63 (m, 2H),
4.16 (m, 2H), 5.00 (m, 1H), 7.45 (s, 1H), 8.61 (s, 1H). LC/MS (MH'=364)

tert-Buty} N-(4-(4-chloro-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

- dlpyrimidin-5-y1)-2-methoxyphenyl)carbamate. tert-Butyl N-[2-methoxy-4-

d)

(4,4,5,5-tcu'amcthy1-1,3,2-dion.taborolan-2-yl)phenyl]carbamate (1.66g,4.75
mmol) in water was degassed by sonication under vacuum for 1 minute. 4-
Chloro-5-iodo-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[ 2,3-d]pyrimidine (1.1g,
3.17 mmol), teu'akis(u-iphenylphosphine) palladium(0) (0.22g, 0.19 mmol),
Sodium carbonate (0.8g, 7.60 mmol) and 1,2-dimethoxyethane (30 ml) was
added to the aqueous mixture. The resulting suspension was degassed again for
2 minutes and then headed to 85°C for 24 hours. The reaction mixture was '
cooled to ambient temperature and solvent was evaporated. The residue was
dissolved in ethy] acetate. The organic layer washed and dried (MgSO,). The
solid was purified by flash column chromatography on silica using heptane/ethyl
acetaté (7:3) as the mobile phase to give tert-butyl N-(4-(4-chloro-7-tetrahydro-

- 2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yI)-2-methoxyphenyl) carbamate.

*H NMR (CDCl,) 8 1.55 (s, 9H), 2.10 (m, 4H), 3.66 (m, 2H), 3.92 (s, 3H), 4.16
(m, 2H), 5.05 (m, 1H), 7.06 (m, 2H), 7.14 (s, 1H), 7.32 (s, 1H), 8.13 (br.d, J=8
Hz, 1H), 8.64(s, 1H). LC/MS (MH'=459) '

4-(4-chloro-7-tetrahydro-2H-4-pyrany}-7H-pyrrolo[2,3-djpyrimidin-5-yl)-2-
methoxyaniline. A solution of ten percent trifluoroacetic acid in
dichloromethane (50 ml) was added to tert-butyl N-(4-(4-chloro-7-tetrahydro-

- 2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-methoxyphenyl)carbamate at

0°C. After 20 minutes, the ice water bath was removed and the resulting solution
was stirred at ambient temperature for 4 hours. The solvent was removed and
the residue taken into dichloromethane. Saturated sodium bicarbonate was

- added and the layers separated. The aqueous layer was extracted with
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dichloromethane. The oombmed organic layer was washed with brine, dried
(MgS04),: tered and concentrated. The solid was purified by passing though a
pat of silica. gel usmg heptane/ethyl acetate (3 2) as the mobile phase to give 4-

2 (4-ch10ro-7-teﬁ‘ahydro—ZH-4—pyranyl-7H-pyrrolo[2 3-d]pyrimidin-5-yl)-2-

methoxyamlme 'HNMR(CDCI,) 8 2.09 (m, 4E), 2.51 (br. s, NH,), 3.66 (m,
2H), 3.91 (s, 31-[),416(m,2H),505 (m, lH),679(d,J—8Hz,2H),693(d,J—-8

. Hz, 1H), 6.98 (s, 1H), 728 (s, lH), 8.63 (s, lH) LC/MS (MH’-359)

e)

: 5-(4-Ammo—3-methoxypheny1) 7-tetrahydro-2H—4-pyranyl—7H—pynolo[2,3-
: d]pynm1d1n-4—amme Ammomum hydroxxde (25 ml) was added to a solution of
-4—(4-chloro-7-telrahydro-2H—4—pyranyl-7H-pyn'olo{2 3-dJpyrimidin-5 -yl)-2-

methoxyamhne (. 73g, 2.03 mmol) in dioxane (25 ml) in a pressure tube. The
pressure tube’ was sealed and heated to 122°C for2 days. The tube was cooled to
ambient temperature and the solvent was evaporated 'Ethyl acetate was added
and the orgamc layer was washed, dried (MgSO,), filtered and concentrated to

.give 5-(4-amino -3-methoxyphenyl)—?-tetrahydro-ZH—4—pyranyl—7H—pyrrolo[2 3-
_ d]pynmldm-4~amme 'H NMR; (DMSO-dﬁ) & 1. 87 (m, 2H), 2.11 (m, 2H), 3.52

(m, 2H), 3.79 (s, 3I-1),399(m,2H) 487(m,3H),602(br s, NH,), 6.73 (d, J=8

Hz, 2H), 6. 77 (d, J=8 Hz, lH), 6 88 (s lH), 7. 33 (s, 1H), 8.10 (s, 1H). LC/MS

MH'= -—340)

Benzyl N{4-t4-amino-7;tetrahy&ro-2H-4-pyrany1'-7H-pyno1o[2 3-dlpyrimidin-

-yl)-2—methoxypheny1)carbamate Benzylchloroformate(l6 uL, 0.110 mmol)
was added dropw:se toa snrnng solution of 5- (4-anuno-3-methoxyphenyl)-7—
tetrahydro-2H-4-pyrany1-7H-pyrrolo[2 3-d]pynmldm-4-amme (25 mg, 0.074
mmol) in pyndme (0.7 ml) and dlchloromethane (0 7 ml) under nitrogen at 0°C.
After 10 minutes, the ice water bath was removed and the resulting mixture was
stirred for 4 hours. The solvent was ‘evaporated and the residue was purified by
preparative TLC using dxchloromethane/methanol (95:5) as the mobile phase to
give benzyl N-(4-(4-ammo-7—tetra.hydro-2H—4-pyrany1—7H-pyrrolo[2 3-

: d]pynnudm-__ -yl)-z-methoxyphenyl) carbamate. 'HNMR (CDCl,) & 2.07 (m,
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4H), 3.65 (m, 2Hj, 3.9 (s, 3H), 4:13(m, 2H), 497(m, 1H), 5.23 (s, 2H), 6.96 (s,

1H), 7.03 (s, 1H), 7.08 (d, =8 Hz, 1H), 7.42 (m, 6H), 8.20 (br. s, J=8 Hz, 1H).
8.32 (s, 1H). LC/MS (MH"=474). -

Example2: Neopentyl N-(4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-

. .pyrrolo[2,3-djpyrimidin-5-yl)-2-methoxyphenyl)carbamate.

. Neopentylchloroformate(13 uL, 0.110 mmol) was added dropwise to a.

. stirring solution of 5-(4-amino-3-methoxyphenyl)-7-tetrahydro-2H-4-pyranyl-7H-
“pyrrolo[2,3-d]pyrimidin-4-amine (25 mg, 0.074 mmol) in pyridine (0.7 ml) and

dichloromethane (0.7 ml) under nitrogen at 0°C. After 10 minutes, the ice water

. bath was removed and the resulting mixture was stirred for 4 hours. The solvent was
. evaporated and the residue was purified by preparative TLC using

_ dichloromethane/methanol (95:5) as the mobile phase to give neopentyl N-(4-(4-

- amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo{2,3-d]pyrimidin-5-yl)-2-

methoxyphenyl)carbamate. 'H NMR (CDCL,) 8 1.00 (s, 3H), 2.07 (m, 4H); 3.65 (m,

- 2H), 3.91 (5, 2H), 3.94 (s, 3H), 4.13 (m, 2H), 4.97 (m, 1H), 5.18 (s, 2H), 6.97 (s, .
. 1H), 7.03 (s, 1H), 7.07 (d, J=8 Hz, 1H), 7.25 (s, 1H), 8.19 (br. s, =8 Hz, 1H). 833 ~ .-
(s, 1H). LC/MS (MH'=454). o L .

Example3: Phenyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-
d]pyrimidin-5-yl)-2-methoxyphenyl]carbamate
5-(4-Amino-3-methoxyphenyl)-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (100 mg, 0.294 mmol) was dissolved in dichloromethane (2
mL). Pyridim;-(ZmL) was added followed by phenylchloroformate (44 uL., 0.353

-mmol). - After stirring for 3 hours, another 44 uL of phenylmethanesulfonyl chloride

was added and the reaction mixture was stirred overnight. The solvent was removed
and the residue was purified by preparative LC/MS to give phenyl N-[4-(4-amino-7-
tetrahydro-2H-4-pyranyl—7H-pyfrolo [2,3-d]pyrimidin-5-yl)-2-methoxyphenyl]
carbamate (52 mg, 0.113 mmol). 1H NMR (CDCl;-d) 8 2.09 (m, 4H), 3.66 (m, 2H),
3.98 (s, 3H), 4.16 (m, 2H), 4.98 (m, 1H), 5.24 (s, 2H), 7.09 (m ,3H), 7.23 (m, 4H),
7.41 (m, 2H), 7.62 (s, 1H), 8.20(bd, J=7.80 Hz, 1H), 8.33 (s, 1H). LC/MS MH"=460.

- PCT/US99/21560
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Example 4: Tetrahydro—ZH—4—pyranyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-
7H-pyrrolo[2, 3-d]pynm1d1n-5-yl)-2-methoxyphenyl]carbamate 4-mtrophenyl
tetrahydro—ZH—4-pyranyl carbonate

Tetrahydro-ZH-4—pyranol (1 0 ml, 10.5 mmol) was mixed with 4-
methylmorpholme (2 Oml)in dlchloromethane (20.mL). 4- Nitrochloroformate
(198 g, 9.82 mmol) was added slowly to the reaction mixture. After stirring for 5
hours, the reacnon mixture was dﬂuted with d1ch]oromethane The organic layer
was washed thh water 1.ON HCl saturated sodmm bicarbonate, brine, dried over

‘MgSO,, filtered and evaporated. 'I'he crude product_ was purified by flash column

chromatography‘ chromatography-ﬁsing ethyl acetate/heptane (4:1) as the mobile
phase to give 4—mtropheny1 teh‘ahydro-ZH—4—pyranyl carbonate (1.5 g, 5.62 mmol).
IHNMR(CDCI,-d)b 1.87 (m,2H),206 (m, 2H), 3 58 (m, 2H), 3.98 (m, 2H), 4.97
(m,1H), 7. 40(d, J—9 0Hz, 2H), 8 30 (d, J=9. OHz, ZH)

a) Tetrahydro-ZH-4—pyranyI N-[4—(4-ammo—7-ten'ahydro-2H-4~pyranyl-7H-
pyrrolof2, 3-d]pymmdm—5-y1)—2-methoxyphenyl]carbamate 5-(4-Amino-3-
methoxyphenyl)—7-tetrahydr¢2H—4-pyranyl-7H3pyrrolo[2,3-d]pynmdm—4-
amine (57 mg, 0.168 mmol) and 4-nitropheny! tetrahydro-2H-4-pyranyl

. carbonate (90 mg, 0.336 mmol) was mixed in pyndme (1 mL). After stirring for
5 hours, another 90 mg of 4-mtropheny1 tctrahydro-2H-4-pyranyl carbonate was
added and the reactlon m:xture was stirred for 2 days The reaction mixture was -
heated at 70°C for 2 hours. 'I'he solvent was removed and the residue was
purified by preparatlve thin layer chromatography to give tetrahydro-2H-4-
pyranyl N—[4-(4-annno-?—tetrahydro-ZH-4—pyranyl-7H-pyrrolo[2 3-djpyrimidin-
5-yl)-2-methoxyphenyl] carbamate (30 mg, 0. 064 mmol). 1H NMR (CDCl;-d) &
1.78 (m, 4H), 2.08 (m, 4H), 3 60 (m, 4H), 3.94 (s 3H), 3.97 (m, 2H), 4.15 (m,
2H), 4.98 (m, 2H), 5.23 (s, 2H), 6.78 (s ,1H), 7. 04 (s, 1H), 7.07 (d, J=8.3 Hz,
1H), 8.16(bd, J—7 90 Hz, lH), 8 33 (s, 1H). LC/MS MH"=468.
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Example 5:  3-Pytidylmethyl N-{4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-
_«-pyrrolo[Z,B-d]pyrinﬁdin-S-yl)—Z-methoxyphenyl]caﬂiamate hydrochloride

a) 4-Nitrophenyl (3-pyridylmethyl) carbonate. 4- Nitrochloroformate (2.49 g, 12.3
5 - mmol) in dichloromethane (20 mL) was cooled on an ice-water bath. 3-
pyridylmethanol (1.0 mL, 10.3 mmol) and 4-methylmorpholine (2.0 mL, 18.5
- mmol) was added slowly. After 20 minutes, the ice-water bath was removed and
the reaction mixture was allowed to warm up to room temperature. 30 minues
later, ethyl acetate was added and the reaction mixture was filtered. The filtrate
10 was washed with water, saturated sodium bicarbonate, brine, dried over MgSO4,
filtered and evaporated to give a dark brown solid which was re-crystallized with
ethyl acetate/heptane to give 4-nitrophenyl (3-pyridylmethyl) carbonate (1.52 g,
5.54 mmol).1H NMR (CDCI-d) 6 7.38 (m, 3H), 7.79 (m, 1H), 8.28 (d,
J=9.09Hz, 2H), 8.65 (m, 1H), 8.72 (s,1H).
15 o _
b) 3-Pyridylmethyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-
d}pyrimidin-5-y1)-2-methoxyphenyl]carbamate. . 5-(4-Amino-3-methoxyphenyl)-
- T-tetrabydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine (25 mg, 0.074
mmol) was dissolved in dichloromethane (0.7 mL). Pyridine (0.7 mL) was
20 - added followed by 4-nitrophenyl (3-pyridylmethyl) carbonate (30 mg, 0.110
mmol). After heating at 100°C overnight, the solvent was removed and the
residue was purified by preparative LC/MS to give 3-pyridylmethyl N-[4-(4-
amino-7-tetrahydro-2H-4-pyranyl- 7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-
methoxyphenyT]carbamate (12 mg, 0.025 mmol). 1H NMR (CDCl,-d) & 2.08 (m,
25 4H), 3.65 (m, 2H), 3.92 (s, 3H), 4.15 (m, 2H), 4.96 (m, 1H), 5.26 (s, 2H), 5.54
(bs, 2H), 6.97 (s, 1H), 7.04(s, 1H), 7.08 (d, I=8.2Hz, 1H), 7.35 (m, 2H), 7.79 (4,
J=7.8Hz, 1H), 8.15 (m, 1H), 8.29 (s, 1H), 8.61 (s, 1H), 8.71 (s, 1H). LC/MS
MH'=475 : '

30
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¢) ' 3-Pyridylmethyl N-[4-(4—atmno—7-tetrahydro—2H-4-pyrany1—7H—pyrrolo[2 3-

: d]pynmldm-s-yl)-2-methoxyphenyl]carbamate hydrochlonde 3-Pyridylmethyl
N-[4-(4-ammo-7-te!rahydro-2H—4—pyranyl—7H-pyrrolo[2,3-d]pynm1dm-5-yl)—2—
methoxyphenyl]carbamate (12 mg, 0.025 mmol) was dissolved in ethyl acetate
(2.0mL). 1. ON HCI in ether (I mL) was added slowly The precipatate was

- collected through filtration undet nitrogen to glve 3-pyridylmethyl N-[4~(4-
ammo-?-tetrahydro-ZH-4~pyrany1-7H—pyn'olo[2 3-d]pynm1dm—5-yl)—2-
methoxyphenyl]carbamate hydrochlonde(13 mg, 0.25 mmol). 1H NMR
(DMSO0-dy) 5 l 91 (m, 2H), 2.17(m, 2H), 3.54 (m, 2H), 3.87 (s, 3H), 4.03 (m,

- 2H), 4.97(m, lH), 523 (s, 2H), 7.05 (4, J=8.2Hz '1H), 7.13 (s, 1H), 7.51 (m,

- -1H), 7.81 (d, }=8:2Hz, 1H), 7. 84 (s, 1H), 7.95 (m, 1H), 8.42 (s, 1H), 8.60(s, 1H),
8.71 (s, lH), 8. 82 (s, lH) LC/MS MH"=475. :

. Example 6: 2-Morpholmoethyl N-[4~(4-am1no tetrahydro—ZH~4-pyranyl—7H—

pyrrolo [2,3-d]pynnudm—5-yl)-2-methoxyphenyl]carbamate hydrochloride
. Phenyl N—[4—(4—ammo-7 -tetrahydro-ZH-4-pyranyl-7H—pyrrolo[2 3-.

d]pymmdm-5-y1)-2-methoxyphenyl]carbmnate 25 mg, 0.054 mmol) was mixed

. . with 2-moxpholmo-1-ethanol (01 mL) in pyridine. (0 7 mL). The reaction mixture -

2 .

25

30

. was heated at 100°C overnight. The solvent was removed and the residue was

purified by preparatlve reverse phase HPLC to give 2-morphohnoethy1 N-[4-(4-
ammo—7-tetrahydro—2H—4—pyranyl—7H—pyrrolo[2 3-d]pynm1dm-5-y1)-2-

‘methoxyphenyl] carbamate (24 mg, 0.048mmol). The solid was dissolved in ethyl

acetate (2 mL) and 1.0N HCl in ether (0 2 ml) was' added slowly. The precipitate
was collected throngh filtration updgr nitrogen to give 2fmorphohnoethy1 N-[4-(4-
amino-7-teuahydr¢-2H-4-pymnyl”-7H-pynolo[2- 3-dpyrimidin-5-y1)-2-
methoxyphenyl] carbamate hydrochlonde (24 mg, 0.045 mmot).. 1H NMR (DMSO-
do) 6 1.88(m, 2H), 2.16(m, 2H), 3.55 (m, 8H), 3.90 (s, 3H), 4.03 (m, 4H), 4:49(m,
2H), 4.92 (m, 1H), 7.07 (m, 1H),7.15 (s, 1H), 7.65 (bs 2H), 7. 84 (s, 1H), 8.45 (s,
1H), 8.75(s, 1H) 10.95 (bs, 1H). _-LC/MS MH"=497. .
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Example 7  (4-Bremo-1 3-thxazol—5§yl)mcthyl N-[4-(4-auuno-7-tetrahydro—2H-4~
pyranyl-7H-pyrrolof2, 3-d]pymmdm—5-yl)-2-methoxyphenyl]carbamate

a) 2,4-Dibromo-1,3-thiazole-5-carbaldehyde. 1,3-Thiazolane-2,4-dione (3.52 g, 30
5 mmol) and phosphorus oxybromide (43 g, 150 mmol) were mixed with dimethyl
formamide (2.56 mL, 34 mmol). The mixture was then heated at 75°C for 1
~ hours and at 1000C for 5 hours. After cooled to room temperature, the mixture
. was added to ice-water (500ml) and the aqueous layer was extracted with
dichloromethane. The combined organic layer was washed with saturated:

10 sodium bicarbonate, dried over MgSO04, filtered and evaporated to give a brown
solid which was washed with petroleum ether. Evaporation of solvent gave 2,4-
dibromo-1,3-thiazole-5-carbaldehyde (1.74 g, 6.42 mmol). 1H NMR (CDCl,-d)
4 9.90 (S, 1H).

15 b) (2,4-Dibromo-1,3-thiazol-5-ylymethanol. 2,4-Dibromo-1,3-thiazole-5-

: carbaldehyde (1 .74 g, 6.42 mmol) was dlssolved in methaneol (70 ml) at 0°C.
Sodium borohydride (0.244 g, 6.42 mmol) was added in small portions. The ice-
water bath was removed 10 minutes later and the reaction mixture was stirred at

L room temperature overnight. Solvent was removed and saturated ammonium

20 chloride was added. 1.0N NaOH was added to adjust the pH to 10. The aqueous
layer was extracted with ethyl acetate. The combined organic layer was washed
with brine, dried over MgSO4, filtered and evaporated. The residue was purified
by flash column chromatogrphy to give (2,4-dibromo-1,3-thiazol-5-yl)methanol
(0.946 g, 3.47 mmol). 1H NMR (CDCl,~d) 8 2.11 (bs, 1H) 5 4.79 (S, 2H).

25 o

¢) (4-Bromo-1,3-thiazol-S-yl)methanol. (2,4-Dibromo-1,3-thiazol-5-yl)methanol

(0.94 g, 3.44 mmol), sodium carbonate tri-hydrade (1.34 g) and palladium on
carbon (10%, 0.07g) were mixed in methanol (33 mL). The resulting mixture
was hydrogenated at 60 psi for 2 days. The solid was filtered off through a pat

30 of celite. The solvent was evaporated and the residue was purified by frash
column chromatography to give (4-bromo-1,3-thiazol-5-yl)methanol (0.32 g,
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‘Example 8: - Tetrahydro-3 furanyl N—[4-(4—ammo-7—tetrahydro—2H—4~pyranyl-7H— :
“pyrrolo(2, 3-d]pynmtdm-S-yI)—Z-methoxyphenyl]carbamate S

- 20

25

30

_ /o°
278 mmol). 111 NMR (CDCI,__—d) 5 229 (bs, lH_) 5 4.86 (s, 2H),'8.72 (s, 1H).

d) (4—Bromo-l 3—th1azol-5-yl)methyl N-[4-(4-atmno-7-tetrahydro-2H-4-pyranyl-
7H-pyn'olo[2 3-d]pynmldm-S-yl)-Z-methoxyphenyl]carbamate. Phenyl N-[4-(4-
amino-7 -tetrahydro-2H—4—pyranyl—7H-pyrrolo[2 3-d]pynm1dm-5-yl)—2—
methoxyphenyl]carbamate (28 mg, 0.061 mmol) was mixed with (4-bromo-1,3-
th1azol-5-yl)methanol (50 mg, 0 434 mmol) in pyndme (0.5 mL). The reaction
mixture was heated at 100°C overmght. The solvent was removed and the

- residue was punﬁed by preparatxve réverse phase LC/MS to give (4-bromo-1,3-
th1azol-5-y1)methyl N-[4—(4-am1no-7-teu'ahydro-2H-4-pyranyl-7H-pyrrolo[2 3-
: d]pyrumdm-S-yl)-2-methoxypheny1]carbamate 1HNMR (CDCl-d)  2.07(m,
- 4H), 3.65 (m, 2H), 3.92 (s, 3H), 413 (m, 2H), 4 98 (m, 1H), 5.35 (s, 1H), 5.40(s,
2H), 6.97 (s; lH) 7.04.(s, lH), 7. 09 (m, 1H), 7. 35 (s, lH), 8.17 (s, 1H), 8.32 (s,
lH), 8. 78(s, lH) LC/MS MI-I’—481 o :

Phenyl N-[4-(4-am1no-7-tetrahydro-2H—4~pyrany1—7H—pyrrolo[2 3-.

' d]pynm:dm-5-y1)—2-meﬂloxyphenyl]wbamate (30 mg, 0.065 mmol) was mixed
-with tetrahydro-3- furanol (0.05 mL) in pyridinie (0.5 mL) The reaction mixture was
- heated at 100°C overmght The solvent was removed and the residue was purified by

preparative reverse phase PHLC to glve tetrahydro-3 furanyl N-{4-(4-amino-7-

: teu'ahydro-ZH-4~pyranyl-7H-pyrrolo[2 3-d]pynm1dm— -y1)-2-methoxyphenyl]

carbamate (14 mg, 0.03 lmmol) lHNMR (CDCl-d) 6 2.07(m, 6H), 3.66 (m, 2H),
3.96 (m, 7H), 4. 13 (m, 2H), 4.98 (m, 1H), 5.26 (s, ZH) 5.40(m, 1H), 6.97 (s, 1H),

" 7.04 (s, 1H), 7. 08 (d, J=8. 2Hz, IH), 7 26 (s, lH), 8 30 (s, 1H), 8.32 (s, lH) LC/MS
- MH'=455. ' :
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Examples 9 and 16t - 1,3-Dioxan5%1 N-[4-(4-amii8:7-tetrahydro-2H-4-pyranyl-

TH-pyrrolof2,3-dJpyrimidin-5-yl)-2-methoxyphenyljcarbamate

1,3-Dioxolan-4-ylmethyl N~-(4-(4-amino-7-tetrahydro-2H~4-pyranyl-7H-
pyrrolof2,3-dJpyrimidin-5-yl)-2-methoxyphenyl)carbamate |

Phenyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl- TH-pyrrolof2,3-
d]pyrinﬁdin-s-yl)-2-methoxyphenyl]cérbamate (30 mg, 0.065 mmol) was mixed
glycerol formal (0.05 mL) in pyridine (0.5 mL). The reaction mixture was heated at
100°C ovemight. The solvent was removed and the residue was purified by
preparative reverse phase PHLC to give tetrahydro-3-furanyl N-[4-(4-amino-7-
tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d[pyrimidin-5-yl)-2-methoxyphenyl]
carbamate (2 mg, 0.004mmol). IH NMR (CDCI-d) § 2.06(m, 4H), 3.66 (m, 2H),
3.92 (m, 3H), 4.07 (m, 6H), 4.79 (m, 1H), 4.83 (4, J=6.3Hz, 1H), 4.96 (m, 1H),
5.04(d, J=6.3Hz, 1H), 6.15 (vbs, 2H), 6.96 (s, LH), 7.05 (m, 2H), 7.53 (g, 1H), 8.15
(d, J=8.2Hz, 1H), 8.22 (s, 1H). LC/MS MH"=471 and 1,3-dioxolan-4-ylmethyl N-
(4-(4-amino-7-tetrahydro-2H-4-pyranyl-TH-pyrrolo[2,3-d]pyrimidin-5-yl)-2- -
methoxyphenyl) carbamate(6.0mg, 0.013 mmol). 1H NMR (CDCI-d) 8 2.06(m,
4H), 3.66 (m, 2H), 3.75 (m, 1H), 3.92 (m, 3H), 4.03 (m, 1H), 4.13 (m, 1H), 4.34 (m,

2H), 4.94 (5, 1H), 4.97 (m, 1H), 5.10(s, 1H), 5.32 (bs, 2H), 6.97 (s, 1H), 7.03 (m,
' 2H), 7.06 (d, =8 2Hz, 1H), 7.38(s, 1H), 8.15 (d, J=7.9Hz, 1H), 8.31 (s, 1H). LC/MS

MH'=471.

Example 11: 2-Pyridylmethyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-
pyrrolo[2,3-d]pyrimidin-5-y1)-2-methoxyphenyljcarbamate hydrochloride

Phenyl N-[4~(4-amino-7-tetrahydro-2H-4-pyranyl- 7H-pyrrolo[2,3-
dJpyrimidin-5-yl)-2-methoxyphenyljcarbamate (30 mg, 0.065 mmol) was mixed 2-
pyridylmethanol (0.05 mL) in pyridine (0.5 mL). The reaction mixture was heated
at 100°C ovemnight. The solvent was removed and the residue was purified by
preparative reverse phase LC/MS to give 2-pyridylmethyl N-{4~(4-amino-7-
tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-y1)-2-methoxyphenyl]
carbamate (11 mg, 0.023 mmol). The solid was dissolved in ethy} acetate (2 mL) and
1.0N HCl in ether (0.1 mL) was added slowly. The precipitate was collected through
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o d]pynm1d1n-5-yl}z-methoxyphenyl]carbamate (30 mg, 0.065 mmol) was mixed 4-
' pyndylmethanol (0 05 mL) in pyndme 0.5 mL). The reaction mixture was heated
at 100°C overnight. The solvent was removed and the residue was purified by
preparative reverse phase LC/MS to give 2-pyndylmethyl N-[4—(4-ammo-7-

15

20

- 25

30

. /03~
filtration under mtrogen to give 2-pyndylmethyl N—[4-(4-ammo-7-tetrahydro-2H—4-
pyranyl-7H—pyrroIo[2 3-d]pynm1dm-5-yl)-2-methoxyphenyl] carbamate
hydrochlonde (12 mg, 0. 023 mmol) 1HNMR (DMSO-d‘) 8 1.92(m, 2H), 2.16(m,

.2H), 3.55 (m, 2H), 3.89 (s, 3H), 4 02 (m, 2H), 491 (m, 1H), 5.23 (s, 2H), 7.05 (d,

3=8.2Hz, H), 7.14 (s, 1H), 7.37 (m, 1H), 7. 53 (d, }=7.8Hz, 1H), 7.87 (m, 3H),
8.42(s, 1H), s.sz' (q, J_-—-4,2Hz, 11;)'_,' 8.85 (s,_l.H)-. Lc__/_Ms MH'=475.

- Example 12: . 4-Pyndylmethyl N-[4-(4-ammo tetrahydro-2H-4—pyranyl-7H—

pyrrolof2, 3-d]pynmldm-s-yl)-z-methoxyphenyl]carbamate Hydrochlonde
' Phenyl N-[4-(4-ammo-7—tetrahydro-ZH—4-pyranyl-7H-pyrrolo[2 3-

tetrahydro-ZH-4-pyranyl—7H—py1rolo[2 3-d]pynm1dm-5-yl)-2-meﬂloxypheny1]
carbamate m mg, 0. 023 mmol) The sohd was dlssolved in ethyl acetate 2 mL) and

L ON HClin ether (0.1 mL) was added slowly The prectpatate was collected through

filtration under mtrogen fo gwe 4-pyndylmethyl N-[4-(4-ammo-7-ten'ahydro-2H-4-
pyranyl—7H-pyrrolo[2 3-d]pynm1dm—5-yl)—2-methoxyphenyl] carbamate
hydrochlonde (12 mg, 0. 023 mmol) 1H NMR (DMSO-d6) 81 91(m, 2H) 2.16(m,
2H), 3.55 (m,2H),3 90 (s,3H),403 (m,2H) 492 (m 1H), 5.34 (s, 2H), 7.06 (d,
J=8.2Hz, 1H), 7.16 (s, 1H), 7.73 (m lH), 7.81 (m, 1H) 7 87 (s, 1H), 8 46(s, 1H),

8.76 (d, J=5.6Hz, 1H), 9.05 (s, 1}_1) LC/MS: MI-F=47_5 |

Example 13: (5-Methy1-3-1soxazolyl)methyl N-[4-(4-mnmo-7-ten-ahydro-2H-4—

. pyranyl-7TH-pyrrolo[2, 3-d]pynm1dm—5-yl)-2-meﬂ10xyphenyl]carbamate

Phenyl N-[4-(4-amino-7-tetrahydro-2H-4-pyrariyl- 7H-pyrrolo[2,3-
d]pyrimidin-5-yl)-2-methoxyphenyl]carbamate (30 mg, 0.065 mmol) was mixed
with (5-methyl-3-isoxazolyl)methanol (0.05 mL) in pytidine (0.5 mL). The reaction
mixture was heated at 100°C overnight. The solvent was removed and the residue

was purified by preparative reverse phase LC/MS to give (5-methyl-3-
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isoxazolyl)methyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolof2,3-

d]pyrimidin-5-y1)-2-methoxyphenyl]carbamate (18 mg, 0.038mmol). 1H NMR
(CDCl-d) & 2.06(m, 4H), 2.44 (s, 3H), 3.64 (m, 2H), 3.91 (s, 3H), 4.13 (m, 2H), 4.96
(m, 1H), 5.26 (s, 2H), 6.12(s, 1H), 6.95 (s, 1H), 7.06 (m, 2H), 7.39 (s, 1H), 8.17 (bs,
1H), 8.21(s, 1H). LC/MS: MH" 479.

Example 14: [(2S)-5-Oxotetrahydro-1H-2-pyrrolyl]methyl N-[4-(4-amino-7-
tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yI)-2-
methoxyphenyl]jcarbamate i -

Phenyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-
d]pyrimidin-5-y1)-2-methoxyphenyl]carbamate (30 mg, 0.065 mmol) was mixed
with (5S)-5-(hydroxymethyI)tetrahydro-1H-2-pyrrolone (0.05 mL) in pyridine (0.5
mL). The reaction mixture was heated at 100°C overnight. The solvent was removed
and the residue was purified by preparative reverse phase LC/MS to give [(2S)-5-
oxotetrahydro-1H-2-pyrrolyljmethyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-
pyrrolo[2,3-d]pyrimidin-5-yI)-2-methoxyphenyl]jcarbamate (10 mg, 0.021mniol).
1H NMR (CDCl-d) & 1.90 (m, 1H), 2.06(m, 4H), 2.34 (m, 1H), 2.41 (m, 2H), 3.64
(m, 2H), 3.94 (s, 3H), 4.04(m, 2H), 4.14 (m, 2H), 4.98 (m, 1H), 5.33 (m, 3H),
6.10(s, 1H), 6.98 (s, 1H), 7.04 (s, 1H), 7.09 (m, 1H), 7.31(s, 1H), 8.11 (bs, 1H), 8.32
(s, 1H). LC/MS: MH" 481. |

Example 15: 4-Aminobenzyl N-(4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-

' pyn'old[2,3-d]pyrimidin-s—yl}Z-methoxyphmyl)carbamaté

a) tert-Butyl N-(L(hydroxymemyl)phenyl)cérbamate. (4-Aminophenyl)methanol
(1.23 g, 10 mmol) and diisopropylethylamine ( 2.6 mL, 15 mmol) was mixed
with di-tert-butyl dicarbonate (2.62 g, 12 mmol) in dichloromethane (50 mL).
The mixture was stirred at room temperature ovérnight. Ethy) acetate was added
and the organic layer was washed with water, 1.0N HC], saturated sodium
carbonate, watef, brine, dried Qvé_.r MgSO4, filtered and evaporated. The crude
product was purified by flash column chromatography with Ethyl acetate/
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heptane (2:3) to give tert-butyl N-(4-(hydroxymethyl)phenyl) carbamate (2.16g,
9.67 mmol). 1H NMR (CDCl-d) 81.52 (s, 9H), 4.63 (s, 2H), 6.47 (bs, 1H), 7.30
(d, 8.5Hz, 2H), 736(d,8SHZ.2H)

b) 4-Ammobenzyl N-(4-(4-ammo-7-tetrahydro—2H-4-pyranyl-7H-pyrrolo[2,3-

d]pymmdm—5-yl)-2-methoxyphenyl)carbamate Phenyl N-[4-(4-amino-7-

- tetrahydro-ZHA—pyranyl—?H—pynolo[z 3~d]pynm1d1n-5-yl)-2-
methoxyphenyl]carbamate (5 lmg, 0.111 mmol) was mixed with tert-butyl N-(4-
(hydroxymethyl)phenyl)calbgmate (119 mg, 0.533) in pyridine (0.8 mL). The

 reaction mixture was heated at '.11_'OO°C overnight. The solvent was removed and
the residue Was purified by pfepérative reverse phase LC/MS to give 4-
aminobenzyl N-(4-(4-ammo-7-tetrahydro-2H—4~pyrany1—7H-pyrrolo[2 3-

_ d]pynmldm-s-yl)-z-methoxyphenyl)carbamate (9 mg, 0.015mmol). 1HNMR

. (CDCl-d) 6.1.52(s, 1H), 2.08(m, 4H), 3.65 (m, 2H), 3.90 (s, 3H), _4 14(m, 2H),
4.97 (m, 1H),”5- 17.(s, 2H), 5.37(bs, 1H), 6.55 (s, 1H), 6.95 (s, 1H), 7.03 (s, 1H), -
7.06 (m, 1H), 7 31(s, lH), 7. 38 (m, 3H), 8.16 (bs, 1H), 8.30 (s, lH) LC/MS:
MH' 589: :

'- Example 16 Nl [4-(4- o-7-te11ahydro-2H—4—pyrany1—7H—pyrrolo[2 3.
d]pynnudm- -yl)-2-methoxyphenyl]benzanude

5-(4-Ammo-3-methoxyphenyl)-7-tetrahydro-ZH—4-pyranyl—7H-pyrrolo[2 3-

. d]pynm1dm-4—amme (80mg, 0. 236 mmol) was dissolved in dichloromethane (2.0
_ | mL). Pyndme (2 0 mL) was added followed by benzoyl chlonde (41uL, 0.353
. mmol). After snmng at room temperature for 2 hours, the solvent was removed and
the residue was dxssolved inl ml DMSO methanol (1 mL) was added and
prec1p1tate was formed. The sohd was collected by filtration to give N1 -[4-(4-
~amino- 7-tetrahydro-2H—4—pyranyl—7H—pyrrolo[2 3-d]pynnudm-5—yl)-2— ,

methoxyphenyl]benzamlde (64 mg, 0.144 rmnol) 1H NMR (CDCl,-d) 8 2.12 (m,
4H), 3.67 (m, 2H), 3. 99 (s, 3H), 4 17(m, 2H), 4., 99 (m, lH), 7.03(s, lH), 7.04 (s,
IH) 7.14 (4, J—8 2Hz 1H), 7. 53 (m, 3H), 7. 94(d J=1. 8Hz, lH) 8.33 (s, 1H), 8.58
(s, 1H), 8.63 (d, J—8 2Hz lH) LC/MS MI-I“-—444
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Example 17: N2-[4-(44Amino-7;teuahydio-zﬂ-A-pymnyl-m;pymlo[z,s-
d]pynmdm-s-yl)-2-methoxyphenyl]-2-pynd1necarboxam1de
5-(4-Am1no-3-methoxyphenyl)—7-tettahydro-2H-4-pyranyl-7H-pyrrolo[2 3-

dpyrimidin-4-amine (80mg, 0. 236 mmol) was dissolved in dichloromethane (2.0

mL). Pyridine (2.0 mL) was added followed by 2-pyndmscarbonyl chloride

“hydrochloride (63 mg, 0.353 mmol) After stirring at room temperature for 2 hours,

the solvent was removed and the residue was dlssolved in 1 ml DMSO, methanol (1
mL) was added and precipitate was formed. The solid was collected by filtration to
give N1-[4-(4-amino -7—tetrahydro-2H-4—pyranyl-7H—pyrrolo [2,3-d]pyrimidin-5-yI)-

- 2-methoxyphenyl]benzamide (84 mg, 0.189 mmol). 1H NMR (CDCl,-d) 5 2.12 (m,

4H), 3.67 (m, 2H), 4.03 (s, 3H), 4.14(m, 2H), 5.00 (m, 1H), 5.37 (s, 1H), 7.04(s,
1H), 7.09 (s, 1H), 7.14 (d, J=8.2Hz, 1H), 7.50 (m, 1H), 7.92 (m, 1H), 8.33 (s, 1H),
8.70(d, }=8.2Hz, 1H), 10.62 (s, 1H). LC/MS: MH"=445. '

Example 18: N5-[4-(4-Amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-
d]pyrimidin-5-yl)-2-methoxyphenyl}-1,3-dimethyl-1H-5-pyrazolecarboxamide

5-(4-Amino-3-methoxyphenyl)-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-
d]pyrimidin-4—amine (80mg, 0.236 mmol) was dissolved in dichloromethane (2.0
mL). Pyridine (2.0 mL) wds added followed by 2-pyridinecarbonyl chloride
hydrochloride (63 mg, 0.353 mmol). After stirring at room temperature for 2 hours,
the solvent was removed and the résidue was dissolved in 1 ml DMSO, methanol (1
mL) was added and precipitate was formed. The solid was collected by filtration to
give N5-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-dJpyrimidin-5-yl)-
2—methoxyphenyl]—1,3-dimethyl-1H—S-pyrazolec_arboxamide (30 mg, 0.065 mmol).
1H NMR (CDCl-d) 6 2.11 (m, 4H), 2.32 (s, 3H), 3.6 (m, 2H), 3.99 (s, 3H),
4.13(m, 2H), 4.17 (s, 3H), 4.99 (m, 1H), 5.22 (bs, 2H), 6.46 (s, 1H), 7.03 (s, 1H),
7.07 (s, 1H), 7.12 (d, J=8.2Hz, 1H), 8.33 (2, 2H), 8.49(d, J=8.2Hz, 1H). LC/MS:
MH'=462.
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Example 19: N1 [4-(4-Amino-7-tetrahydro-2H—4~pyranyl-7H-pyrrolo[2,3-
d]pynmxdm-S-yl)-2-methoxyphenyl]-Z,Z-drmethylpropanannde
5-(4-Am1no-3-methoxyphenyl)—?-tetrahydro-ZH-Lpyranyl-7H-pyrrolo[2 3-
d]pynm1d1n-4—amme (SOmg, 0. 147 mrnol) was d1ssolved in dichloromethane (1.5
mL) was added followed by 2,2-d1methylpropanoyl chloride (31

‘mg, 0.221 mmol) . Aﬁer stu'nng at room temperature for 2 hours, the solvent was

removed and the resldue was dlssolved in 1 ml DMSO methanol (1 mL) was added
and precipitate _' 'ff_'_ formed. ’l‘he solid was collected by filtration to give N1-{4-(4-
ammo-?—tetrahydro-2H-4-pyranyl—7H—pyrrolo[2,3—d]pynm1d1n—5-yl)-2-
methoxyphenyl]- 2-d1methylpropanam1de (27 mg, 0.064 mmol). IH NMR (CDCl,-
d) 8 1.35 (s, 9H) _.09 (m, 4H), 3 66 (m, 2H) 3. 96 (s, 3H), 4.13(m, 2H), 4.97 (m,
1H), 5. 46(bs, 21-1), 6. 98 (s, lH), 7 04 (s, lH), 7.07 (d, J=8.2Hz, lH), 8.15 (s, 1H),

8. 29 (s, IH), 8. 49(d I"8.2Hz lH) LC/MS MH*-‘-424

Example 20: Nl [4-(4-Am1no-7-tetrahydro-2H-4-pyranyl—7H-pyrrolo[2 3-

d]p -5-yl)—2-methoxyphenyl]— -cyclopentanecarboxamde

5-(4-Ammo-3-methoxyphenyl)-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3—

_d]pymmdm-4-amme (SOmg, O 147 mmol) was drssolved in dxchloromethane (1.5
mL). Pyndme (1 5 mL) was added followed by l-cyclopentanecarbonyl chloride

(3l mg, 0 221 mmol) After stn'nng at room temperature for 2 hours, the solvent:
was removed and the resxdue was mssolved inl ml DMSO, methanol (1 mL) was
added and precrpxtate was fonned The sohd was collected by filtration to give N1-
[4-(4-am1no-7 tetrahydro-ZH-4-pyranyl-7H—pyrrolo[2 3-d]pyrimidin-5-y1)-2-

| methoxyphenyl]-z,z-drmethylpropanamlde (33 mg, 0. 076mmol) 1H NMR (CDCl,-

d) & 1.66 (m, 2H), 1.81 (m, 2H) 1.95 (m, 4H), 2,06 (m, 4H), 2.7 (m, 1H), 3.65 (m,
2H), 3.94 (s, 3H), 4.15(m, 2H), 4.96 (m, 1H), 5. 37(bs, 2H), 6. 98 (s, 1H), 7.03 (s,
1H), 7.07 (d, 3=8 2Hz, 1H), 7 84 (s, 1H), 8.30 (s, lH), 8.49(d, J=8.2Hz, 1H).

LC/MS: MH'=437.
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. Example21: N14-(4-Amino-7-téifihydro-2H-4-p¥irinyl-7H-pyrrolo[2,3-
d]pyrimidin-5-y1)-2-methoxyphenyl]}-3-phenylpropanamide
5-(4-Amino-3-methoxyphenyl)-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-
-d]pyrimidin-4-amine (50mg, 0.147 mmol) was dissolved in dichloromethane (1.5
5 mL). Pyridine (1.5 mL) was added followed by 3-phenylpropanoyl chloride (37 mg,
0.221 mmol). After stirring at room temperature for 2 hours; the solvent was
" removed and the residue was dissolved in 1 ml DMSO, methanol (1 mL) was added
- and precipitate was formed. The solid was collected by filtration to give N1-[4-(4-
amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-y)-2-

10  methoxyphenyl]-2,2-dimethylpropanamide (7 mg, 0.015mmol). iH NMR (CDCl,:d)
8 2.07 (m, 4H), 2.75 (m, 2H), 3.09 (m,2H), 3.65 (m, 2H), 3.88 (s, 3H), 4.13(m, 2H), -
4.96 (m, 1H), 5.97(bs, 2H), 6.93 (s, 1H), 7.05 (m, 2H), 7.26 (m, SH), 7.70 (s, 1H),

 8.24 (s, TH), 8.46(d, J=8.2Hz, 1H). LC/MS: ME'"=472.

15 Example22: 5-(4-phenoxyphenyl)-7-(3-tetrahydrofuryl)-7H-pyrrolo[2,3-
d]pyrimidin-4—y13mihe.

a) Tosyl chloride (12.0 g) was added in portions to a mixture of 3-

~ hydroxytetrahydofuran (5.0 g) in pyridine (100 mal) at 0 C under nitrogen with-
20 stirring. The mixture was stirred at 0°C for 2 hours and then warmed to ambient

" temperature. The mixture was stirred at ambient temperature for 72 hours. The

~ mixture was cooled to 0°C and M hydréchloric acid (200 ml) was added. The
- mixture wés extracted with ethyl acetate and the combined ethyl acetate extracts
were washed with 2M hydrochloric acid and then with brine, then dried, filtered

25 and evaporated to give 3-tosyloxytetrahydrofuran as an oil.

b) Sodium hydride (120 mg, of a 60% dispersion in mineral oil) was added to a
solution of 4—axhino-S—(4—phenoxyphenyi)—7H—pyrrolo[2,3-d]pyrimidine
(906 mg) and dimethylformamide (30 ml) with stirring under nitrogen. The

© 30 mixture was stirred for 30_miﬂutes and then a solution of 3-(tosyloxy)

tetrahydrofuran (750 mg) in dimethyl formamide (10 ml) was added with
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stirring. The mixture was stirred and héated at 95°C for 18 hours and then
evaporated under vactium. The residue was partitioned between ethyl acetate

- and water. The ethy] acetate Iayer was separated, dried and evaporated to give a

residital gummy solid which was triturated with ether and filtered to give 5-(4-
phenoxyphenyl)-?-(S-teu'ahydrofuryl)JH-pyrrolo[2 3- d]pynmldm-4-ylannne
m.p. 196-196. 5°C '

Example 23: 5- (4-phenoxypheny1)-7-(4-tetrahydropyrany1)-7H—pyrrolo[2,3-
d]pyrmudm—tl»-ylamme

- Ina snmlar manner to Example l 4-a1mno-5-(4-phenoxyphenyl)—7H-

yrrolo{2 3-d]pynm1dme was reacted wﬂh 4-tosy10xytetrahydropyran to give after

'ﬂash column chromatography 5—(4-phenoxyphenyl)-7-(4-tetrahydropyranyl)-7H—

pyxrolo[2,3-d]pqu1_dm—4—ylan:g_mo,_ m.p. 193-193 5°C.

3

b)

X Example 24 4-ammo-5-(4-phenoxyphenyl)—7-[4-(N-tert-butoxycarbonyl)
_ tetrahydroxsoxazolyl]-m-pyrrolo[z 3-d]pynm1dm—4~ylamme

D1-tert—butyl dlcarbonate (4 56 g) was added toa solution of 4-
hydroxytetrahydromoxazole (2 4 g) and tnethylamme (4 2 g) in tetrahydroﬁlran
(100 ml) with stu:nng at 0°C under mtrogen The mixture was stirred at ambient
temperature for 72 hours and then filtered. The filtrate was evaporated under
reduced pressure to give N—(tert—butoxycarbonyl)-4-hydroxytetmhydro150xazole
as an oil which was used dlrsctly in the next part of this example.

The product from a) above (3.6 g) was stimred in pyridine (50 ml) at 0°C under
mtrogen and then tosyl chlonde (3.62 g) was added in portions at 0°C with

' stlrnng. The mixture was stm'ed at 0°C for 1 hour and then allowed to warm to

amblent tmnperamre over 18 hours The pyndme was removed under reduced

| pressure and ethyl acetate (SO ml) and citric acld (50 ml of a 1M solution in

water) were added. The orga_mc_ layer was sep_ara_ted and washed with 1M citric
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acid solution and then brine, then dried, filtered and evaporated to give an oil
which was purified by flash column chromatography usihg petroleum ether,
b.p 40-60°C containing 20-30% of ethyl acetate as the mobile phase.
Appropriate fractions were collected and combined to give N-(tert-
butoxycarbonyl)-4-tosyloxy tetrahydroisoxazole, m.p. 63-65°C.

¢) A solution of 4-amino-S-(4-phenoxyphenyl)-7H-§yrrolo[2,3-d]pyn’midine
(1.0 g) in dimethylformamide (40 ml) was added dropwise with stirring to a
suspension of sodium hydride (0.145 g, of a 60% dispersion in mineral oil) in
dimethylformamide (60 ml) with stirring under nitrogen at 0°C. The mixture
was stirred at 0°C for 1 hour and then the product from b) (1.25 g) was added.
The mixture was heated at 100°C for 3 hours and then cooled to ambient
temperature, quenched with water and extracted with ethyl acetate to give an oil.
The oil was triturated with ethy] acetate and the solid obtained was collected by _ |
filtration to give 4-amino-5-(4-phenoxyphenyl)-7-[4-(N-tert- |
butoxycarbonyl)tetrahydroisoxazolyl)- 7H-pyrrolof2,3-dlpyrimidin-4-ylamine,
‘m.p. 162-163°C.

Example 25: 5-(4-phenoxyphenyl)-7-(4-tetrahydroisoxazolyl)-7H-pyrrolo[2,3-d}-
pyrimidin-4-ylamine dihydrochloride.

The product from Example 3 (0.29 g) was dissolved in dichioromethane
(8 ml) and then stirred at 0°C whilst trifluoroacetic acid (2.0 ml) was added. The
mixture was allowed to warm to ambient temperature and stirred at ambient

temperature for 2 hours. The mixture was basified with sodium bicarbonate solution

| and extracted with dichloromethane to give an oil which was purified by flash

column chromatography using ethyl acetate and then ethyl acetate/methanol (9:1) as

~ the mobile phase. The appropriate fractions were collected and combined, then

evaporated to give a solid which was dissolved in ethyl acetate and then treated with
ethereal hydrogen chloride (3.0 ml, of a 1M solution). The solid obtained was
collected by filtration, washed with ether and dried under vacuum at 45°C for 2
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" hours to give 5-(4~phenoxypheny )-7-(4-tetrahydr01soxazolyl)-7H-pyrrolo[2 ,3-d]-
pynm!dm-4-y1amme drh drochlonde mp. 208°C (with decomposmon)

Example 26: 4~chloro-5-mdo-‘7-(3-tetrahydroﬁ1ryl)-7H—pyrrolo[2 _3-d]pyrimidine

a) 4—Chloro-5-1odo-7H-pyrrolo[2,3-d]pynm1dme (S 0 g) was added to a mixture of
sodium hydnde (0 79gofa 60% d1sper510n 1n mmeral orl) in
drmethylformamrde (100 ml) with stirring under nitrogen at 0°C. The mixture
was stirred un’nl hydrogen evolunon ceased. 3-Tosyloxytetrahydrofuran (4.65 g)

10 ‘was addedat0°C andthenthemxxmrewaswarmedto90°C The mixture was
' - stirred at tlus temperature for 2'hours and then overmght at ambient temperature.
Water (100 ml) was added caunously and the mixture was extracted with ethyl
- acetate to gwe 4-chloro-5—1odo-7-(3-tetrahydroﬁxryl)-7H-pyrrolo[2 3-
- d]pynmldme m. p 184-186°C

15
b) A mixture of 4-iodophenol (25.0 g), 2-ﬂuorobenzaldehyde (14.14 g), potassmm
carbonate (3 1.5 g) and drmethylformmnlde (500 ml) was heated at 120°C under
~ nitrogen w1th stunng for 15 hours “The rmxture was ¢ooled to ambient

temperature and filtered. Water (500 ml) was added to the filtrate and the

20 mixture was extracted w1th eth 1 acetate to glve a solid which was triturated
w1th hot hexane (500 ml). The supernatant liquid was. decanted from a residual
gum and cooled. The solid- whrch precipitated was collected by filtration to give
2-(4-1odophenoxy) benzaldehyde m.p. 84.5-86°C.

25 e): Toluene (250 ml) was deoxygenated and then mtrogenated for 30 minutes. 2-(4-
- Iodophenoxy)benzaldehyde (6 46 g), hexamethylditin (10 0 g) and tetrakis
 (tripheny ipkosphine) palladium (0) (14 g) were added to the toluene. The
rmxture was boiled under reflux under nitrogen with stirring for 7 hours. The
mxxture was cooled to ambrent temperature then ﬁltered The filtrate was
30 evaporate__d and the residue was purified by flash column chromatography on
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silica using 3%‘%‘thyl acetate in pétioleum ether, H:p: 40-60°C as the mobile
phase to give 2-(4-trimethylstannylphenoxy)benzaldehyde as an oil.

A mixture of the product from c) (1.80 g), the product from b) (1.76 g),
tris(dibenzylideneacetone)dipalladium (228 mg), triphenylarsine (383 mg) and
dimethylformamide (75 ml) was heated at 65°C under nitrogen with stirring for
70 hours. The mixture was cooled to ambient temperature and quenched with
water. The mixture was extracted with ethyl acetate to give a residue which was
purified by flash column chromatography on silica using increasing amounts of
ethyl acetate from 30-50% in petroleum ether, b.p. 40-60°C as the mobile phase

" to give a solid which was triturated with diethy] ether and filtered to give 2-[(4-

(4-chloro-7-(3-tetrahydrofuryl)-7H-pyrrolo[2,3-d]pyrimidin-5-
yDphenoxylbenzaldehyde as a solid.

The product from d) (360 mg) was dissolved in methanol (5 mi) and sodium
borohydride (65 mg) was added at 0°C with stirring. The mixture was warmed
to ambient temperature and stirred at this temperature for 1 hour. The mixture
was quenched with dilute sodium hydroxide solution and then evaporated under
reduced pressure to givea midue' which was extracted with ethyl acetate to give
2-{(4-(4-chloro-7-(3-tetrahydrofiryl)-7H-pyrrolo(2,3-d]pyrimidin-5-
ylphenoxy]benzyl alcohol.

A mixture of the product from e) (280 mg), 1,4-dioxane (15 ml) and .
concentrated aqueous ammonia solution (15 ml, S.G. 0.88) was heated at 120°C
in a pressure vessel for 20 hours. The mixture was cooled to ambient
temperature and tﬁe solvent removed under reduced pressure. The residue was
taken up in ethyl acetate, washed with water, then dried, filtered and evaporated
to give an oil which was purified by flash column chromatography on silica
using ethyl acetate/methanol (9.:1) as the mobile phase to give 2-[(4-(4-amino-7-

 (3-tetrahydrofuryl)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)phenoxy]benzyl alcohol as

a glassy solid, m.p. 92-96°C.
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Example 27: 2-[4-(4-amino-7-(3-tetrahydrofuryl)-7H-pyrrolo{2,3-dlpyrimidin-5-
yl)phenoxy]—N,N—diethylbenzylemine

a) Sodium- tnacetoxyborohydnde 264 mg) was added to a mixture of 2-[(4-
(4-chloro~7-(3- tetahydroﬁrryl)—7H—pynolo[2,3 djpyrimidin-5-
yl)phenoxyJbenzaldehyde (330 mg) and diethylamine (121 mg) in 1,2—

- dichloroethane in a vial (6] ml) and the vial septum sealed. The mixture was

" stirred at ambient temperature for 20 hours then quenched with saturated
aqueous sodium bicatbonate solution (5 ml).. The mixture was extraeted wnth
“ethyl acetate. to-give 2—[4-(4-chloro-7-(3-tetrahydroﬁtryl)—7H—pyrrolo[2 3-
d)pynmldm-s-yl)phenoxy]-N N-dlethylbenzylamme

b) A mixture of the product ﬁ'om a) (280 mg), concentrated aoueous ammonia
. solution (10 ml, S.G. 0.88) and 1 ;4-dioxane (10 mil) was heated in a pressure
- vessel for 16 hours at 120°C The mixture was cooled and the solvent removed
under reduced pressure. The residue was tak_en up in eth_yl acetate, washed with
water, then dried, filtered and evaporated to.give an oil which was purified by
. flash column chromatogtaphy using ethyl _ecetz,tte/_met_,hanol"as a mobile phase to
. give 2-[4-(4-amino-7-(3-tetrahydrofuryl)-7H-pyrrolo[2, 3-dlpyrimidin-5-
- yDphenoxy]-N,N-diethylbenzylamine, m.p. 107-110°C.

Example 28: 2—[4—(4-aminof7.-(3-_.-tetrahydroﬁ1ryl)f'_TH-pyrrolo[2,3-_d]pyrimidin-5-
yDphenoxy]-benzonitrile - .

a) A mixture of 2-fluorobenzonitrile (28.8 g), 4-brou10phenol (36.9 g), potassium
carbonate (58.9 g) and mmethylfonnamlde 3o ml) was heated with stirring
under nitrogen at 120°C for 5 hours The mixture was allowed to stand
overnight at ambient temperature and then partitioned between ethyl acetate and
water. The organic layer was Separ_ated, washed, d_ried and evaporated to give an
oil which solidified on standing. The solid wa_e.triﬁnated with petroleum ether
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" b.p. 40-60°C and filtered to give 2-(4-bromophenoxy)bénzonitrile.

b)

A mixture from the product of part a) (5.57 g), hexamethylditin (10.0 g), tetrakis

(triphenylphosphine) palladium (0) (1.4 g) and degassed toluene (250 ml) was

heated at 110°C with stirring under nitrogen for 4.5 hours. The mixture was
allowed to stand for 18 hours at ambient temperature and then filtered through a

silica pad. The pad was washed withi ethyl acetate and the combined filtrate and

washes evapor_ated to dryness. The residue was purified by flash colurnm
chromatography on silica using petroleum ether b.p. 40-60°C and diethyl ether

 (2%) increasing to 5% as the mobile phase. Appropriate fractions were collected

d

combined and evapbréted to give 2-(4-trimethylstannylphenoxy)benzonitrile.

A mixture 4-chloro-5-iodo-7-(3-tetrahydrofurylpyrrolo[2,3-d]pyrimidine (1.8 g,
prepared as described in Example 5) and the product from part b) (1.23 g) were
reacted and then worked up in a similar manner to Example 5d) to give 2-[4-(4-
chloro-7-(3-tetrahydrofuryl)-7H-pyrrolo[2,3-d]pyrimidin-5-
yDphenoxylbenzonitrile.

A mixture of the product from c) (470 mg), concentrated aqueous ammonia (33
ml, SG .0.880) and 1,4-dioxane (33 ml) were heated together in a pressure vessel
at 120°C for 18 hours and then worked up on a similar manner to Example 5 to
give 2-{4-(4-amino-7-(3-tetrahydrofuryl)- 7H-pyrrolo[2,3-dlpyrimidin-5-
yDphenoxy]-benzonitrile, m.p. 201-203°C. |

Example 29: 2f[4-(4-amino-?—(3—teu'ahydxjofuryl)-7H-pyrrolo[2,3-d)pyrim1'din—5-
yl)phenoxylbenzaldehyde

)

In a similar manner to Example 2, 3-tosjlothetrahydroﬁ1ran (1.84 g) was
reacted with 5-(4-benzyloxyphenyl)-7H-§yrrolo[2_,3-d]pyrimidin-4-y1amine (2.9
g) using sodium hydride (0.30 g, of a 60% dispersion in mineral oil) and
dimethylformarnide (40 ml) except that the mixture was heated for 4.5 hours at
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90°C to give 5-(4-benzyloxyphenyl)-7-(3-tetrahydrofuryl)-7H-pyrrolo[2,3-
d]pyrimidin-4-ylamine as a solid.

b) A mixture of the product from part 2) (6.0 g), 10% palladium on charcoal (3.0 g),
- ammonium fgrrhate @99 and ethanol (500ml) was heated on a steam bath
with stirring under nitrogen for 2 hours. The mixture was cooled and filtered
and the solvent evaporated. The ﬁltrate was concentrated to half volume and
filtered to glve a solid which was 1dent1ﬁed as 4-[4-ammo-7-(3 -tetrahydrofuryl)-
TH-pyrrolo[2,3-d]pyrimidin-S-yllphenol m.p. 257-259°C.

¢) A mixture of 4-[4-amino-7-(3-tetrahydrofuryl- 7H-pyrrolo[2,3-dlpyrimidin-5-
~ yljphenol (2 55 g), 2-ﬂuorobenzaldehyde ¢ 07 g), potassium carbonate (2.13 g)
_and dnnethylformamrde (80 ml) was heated at 120°C with strmng under

R | mtrogen for 3 hours.. The mrxture was cooled to ambient temperature quenched
) -

with water and exu'acted wrth ethyl acetate to grve 2-[4-(4-amino-7-(3-
tetrahydroﬁxryl)-7H-pyrrolo[2 3—d)pynm1d1n-5-yl)phenoxy]benzaldehyde, m.p.
185-187°C. ' :

Example 30 4—[4-ammo- -(4-phenoxyphenyl)—7H-pyrrolo—[2 3-d]pynm1d1n-‘7-

yl]tetrahydroﬁxra.n-3-ol _
Sodlum hydnde (120 mg of a 60% dxspersmn in mmeral oil) was added toa

 solution of 4-ammo-5-(4-phenoxyphenyl—7H—pyxrolo[2 3-d]pymmdme (902 mg) and

25

30

dunethylformaxmde (30ml) wzth strmng under mtrogen “The mixture was stirred

for 30 minutes and then 3 6-droxab1cyclo[3 1 0]hexane (300 mg) was added and the
~ mixture was warmed 10 80°C. The ‘mixture was leﬁ for 64 hours and then

evaporated under reduced pressure The resrdue was triturated with water which left
an oily gum. Ether was added and the mixture was stu'red rapidly for 30 minutes
which gavea sohd whrch was collected by ﬁltratron and washed with methanol.

The solid was drscarded The ﬁltrate produced a second crop of solid which was
recrystalhsed from ethanol to g1ve 4-[4-anuno-S-(4—phenoxyphenyl)—7H—pyrrolo-
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[2,3-d]pyrimidin-7-yljtetrahydrofuraii®3-ol, m.p. 2345-235.5°C.

Example 31: .5-[4-(2-morpho_linomethylphenoxy)phenyl]-7-(3-tetrahydroﬁxryl)-7H-
pyrrolo[2,3-d]pyrimidin-4-ylamine

A mixture of 2-[4-(4-amino-7-(3-tetrahydrofuryl)-7H-pyrrolo[2,3-
d)pyrimidin-5-ylphenoxylbenzaldehyde (0.15 g), morpholine (64 mg), sodium
triacetoxyborohydride (117 mg) and:1,2 dichloroethane (5 ml) was stirred at ambient
temperature for 18 hours. Saturated aqueous sodium bicarbonate solution was added
and the mixture was filtered through an EMPORE® cartridge. The filtrate was:
evaporated and the residue was dissolved in dichloromethane (5 ml) and then
tris(2-aminoethyl)amine-polymer bound (0.3 g) and 2 drops of glacial acetic acid
were added and the mixture was stirred at ambient temperature overnight. The
polymer was removed by filtration '_a.nd washed with dichloromethane and then with
methanol. The combined organic filtrate and washings were evaporated under

reduced pressure to give an oil which was triturated with diethyl ether/ethyl acetate .-

with warming to dissolve the solid and then the solution was cooled in ice and '
filtered to give 5-[4-(2-morpholinomethylphenoxy)phenyl]-7-(3-tetrahydrofuryl)- -
7H-pyrrolo[2,3-d]pyrimidin-4-ylamine, m.p. 169-171°C. .

Example 32: 5-[4-(2-piﬁeﬁdinomethylphenoxy)phenyl]-7-(3-tetrahydroﬁxryl)-7H—
pyrrolo[2,3-d]pyrimidin-4-ylamine
In a similar manner to Example 10, 2-[4-(4-amind-7-(3-te&ahjdroﬁ.1ryl)—7H-

pyrrolo[2,3-d)pyrimidin-5 -yljphenoxy]benzaldehyde (0.15 g) was reacted with

piperidine (63 mg) to 'give 5-[4-(2-pipetidjnomethylphenoxy)phenyl]-7-(3-

tetrahydrofuryl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine m.p. 76-78°C (glassy foam). -
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‘Example 33: 5-{4-[2-(2-nrethoxyethyl)aminomethylphenoxy]phmyl}—7-(3-
teu'ahydroﬁxryl)—7H-pyrrolo[2 3-d]-pynm1d1n—4-ylamme

Ina s1m1lar manner to Example 10, 2-[4-(4-am1no-7-(3 tetrahydrofuryl)-7H-

pyrrolo[2,3-d)pynm1dm—5-yl)phenoxy]benzaldehyde (0 15 g) and 2-
methoxyethylamme (56 mg) were reacted together to give 5-{4-[2-(2-
methoxyethyl)ammomethylphenoxy]phenyl} -7-(3-tetrahydroﬁxyl)-7H-pyrrolo[2,3-

dj}- pynm1dm-4—ylamme m p 66-68°C (glassy foam)

Example 34: 4-[(4-(4-ammo-7-(3 tetrahydrofu.ryl)—’IH-pyrrolo[Z 3-d}-pyrimidin-5-

_a)

B

_ yl)phenoxy]benzyl alcohol

Ina sumlar manner to Example 9 4-[4~ammo-7-(3-tetrahydroﬁn'yl)-7H-

' pyrrolo[z 3—d]pynm1d1n-5-yl]phenol was reacted with 4-fluorobenzaldehyde to
give 4-[4-(4—ammo-7-(3-tetrahydroﬁnyl)—7H—pyn'olo[2 3-d]pynm1dm-5-

yl)phenoxy] benzaldehyde .

The product ﬁom a) (0 35 g) was dtssolved m methanol (10 ml) and to th1s
SOlllthIl was. added sodmm borohydnde (32 mg) at O°C The nuxture was
warmed at ambtent temperature and stm'ed at ttns temperature for 10 minutes.

1 2-D1chloroethane (4 ml) was added to aid solubxhty The mixture was stirred
to ambient temperature for 18 hours and then glaclal acetic acid (1 ml) was

‘added and the mlxture evaporated 1mder reduced pressure. The residue was

partltloned between ethyl acetate and saturated aqueous sodium carbonate
solution. The ethyl acetate was separated dned, filtered and evaporated to give
4-[(4-(4-ammo-7—(3-tetrahydroﬂ1ryl) 7H-pyrrolo[2 3-d]-pyrimidin-5-

_ yl)phenoxy]benzyl alcohol mp 92-95°C
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‘Example 35: 5-[4%§¢ﬂuorophenoi§%henyl]—7-(3-fétrﬂhydroﬁ:ryl)-ﬁ-l—pyrrolo[2,3-

d]pyrimidin-4-ylamine

A mixture of 4-[4-amino-7-(3-tetrahydrofuryl-7H-pyrrolo[2,3-d]pyrimidin-5-
yl]phenol (0.59 g), 4-fluorophenylboronic acid (0.56 g), copper (II) acetate (0.36 g),
triethylamine (1.01 g), dichloromethane (20 ml) and activated ground 4 molecular
sieves (0.5 g) was stirred under niﬁ‘ogen in a dry atmosphere for 64 hours. The
reaction mixture was filtered through 2 small pre-flushed silica pad and eluted with
dichloromethane (200 ml) then ethyl acetate (250 mli) and finally ethyl
acetate/methanol 9:1 (250 ml). The dichlormethane and ethyl acetate fractions were -

combined and purified by flash column chromatography on silica using ethyl:

acetate/methanol as the mobile phase to give 5-[4-(4-flucrophenoxy)phenyl]-7-(3-
tetrahydrofuryl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine, m.p. 198-199°C.

Example 36: 5-[4-(4-morpholinomethylphenoxy)-phenyl}-7-(3-tetrahydrofuryl)-
7H-pyrrolo{2,3-d]pyrimidin-4-ylamine

In a similar manner to Example 10 a mixture of 4-[4-(4-amino-7-(3-
te’u'ahydrofuryl)-7H-pyrrolo[2,3-d}pyrimidin-S—yl)phenoxy]Benzaldehyde (336 mg),
and morpholine (146 mg) were reacted to give 5-[4-(4-morpholinomethylphenoxy)-
phenyl]-7-(3-tetrahydrofuryl)-7H-pyrrolo[2,3-dJpyrimidin-4-ylamine, m.p 142-
144°C.

‘Example 37: 5-[4-(3-morpholinbmethylphenoxy)phenyl]-7-(3-tgtrahydroﬁ:ryl)-?H—

pyrrolo[2,3-d]pyrimidin-4-ylamine

a) A mixture of 4-[4-amino-7-(3-tetrahydrofuryl-7H-pyrrolo[2,3-d]pyrimidin-5-
yDphenol (0.297 g), was reacted with 3-formylphenylboronic acid in a similar
mamner to Example 14 to give 3-[4-(4-amino-7-(3-tetrahydrofuryl)-7H-
pyrrolo[2,3-d]pyrimidin-_5-yl)phenoxy]benzaldehyde.

b) The product from part a) (100 mg) and morpholine (44 mg) were reacted
together using similar reagents and conditions as described in Example 10 to
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g:ve 5- [4-(3-morphohnomethylphenoxy)phenyl]-?-(3-tetrahydroﬁnyl)ﬂH—
pyrrolo[2,3-d]pynm1dm-4-ylam1ne, m. p 83-85°C.

Example 38:  2-[4-(4-amino-7-(3- tetrahydrofuryl)-TH-pyrrolo{2,3-d]pyrimidin-5-
yl)phenoxy]-G-(2-(4-pyndy1)eﬂ1ylam1no)—benzomtnle

. A m:xture of. 4-[4-ammo-7-(3 tetrahydrofuryl)-7H-pyrrolo[2 3-d]pynm1dm-
5-yl]-phenol (0 517 g), 2-ﬂuoro-6—(2-(4-pyndmyl)ethylammo)benzomtrﬂe (0.42 g),
potassium carbonate (048 g) and dxmethylformamlde (20 ml) were heated at 120°C

_under nitrogen for 8 hours. The mlxtm'e was allowed to cool, diluted with water
_ then extracted W1th ethyl acetate to gwe a sohd whlch was recrystalhsed from ethyl

acetate to give sohd whlch was punﬁed by | ﬂash column chromatography on silica
usmg ethyl acetate and then ethyl acetate/methanol (9 1, 8:1, 4:1) to give 2-[4-(4-

ammo-7-(3-tetrahydroﬁ.1ryl)—7H—pyrrolo[2 3-d]pynmldln-S-yl)phenoxy]-6-(2-(4-

5

pyndyl) ethylammo)-benzommle, m. p 212-213°C

' Example 39: 2—[4-(4-ammo-7—(3-tetrahydrofuryl)—7H-pyrrolo[2 3-d]pynm1d1n—5-

yl)phenoxy]-G—(3—nmdazol— -yl)propylammobenzomtnle
4-[4-Am1no-7-(3-tetrahydrofuryl)—7H-pyrrolo[2 3-d]pynm1dm—5-ylphenol

- (0 49 g), 2-ﬂuoro—6-(3—1m1dazol- -yl)propylanuno benzomtnle, potassmm carbonate

20

25

(0.45 g) and dxmethylformatmde were reacted in a sumlar manner to Example 17 to
give 2-[4-(4-ammo—7—(3-tetrahydroﬁnyl)ﬁH—pyrrolo[2 3-d]pynm1dm-5-
yDphenoxy]-6-(3-imidazol-1 -yl)propylammobenzommle, m.p.110°C (glassy foam).

Example 40: 4-ammo-6—bromo-5-(4-phenoxyphenyl)-7-(3-teu'ahydroﬁn'yl)-7H-
pyirolo[2, 3-d]pynm1d1ne :

2) A mixture of 4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine
(302 mg) was dissolved in dimethylacetamide (10 ml) and dichloromethane (50
- ml) and then treated with N_-'bromo‘suceirximide (178 mg) in dichloromethane (10
ml). The mixture was left stlrnng ambient temperature for 16 hours. The
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mixture was evaporated under reduced ptessure and the residue was tnturated

with water to give a solid which was collected by filtration and dried to give 4-

amino-6-bromo-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-dJpyrimidine, m.p. 282-

283°C. |

A mixture of the product from 2) (1.14 g) in dry dimethylformamide (30 tal) was

' stirred under nitrogen whilst sodium hydride (120 mg of a 60% dispersion in

mineral oil) was added, This was followed by 3-tosyloxytetrahydrofuran (0.8 g)
in dimethylformamide (10 ml). The mixture was heated at 90°C overnight. The
mixture was evaporated under reduced pressure and the residue was triturated
with water to give a solid which was collected by filtration and dried to give a
solid which was purified by dxssolvmg in ethanol, adding water to cloud point
and filtering. The filtrate was evaporated under reduced pressure to give a

 residue which was purified by flash column chromatography on silica to give 4- - -

amino—6-bromo—5-(4-phenbxyph§nyl)-7-(3-tetrahydroﬁu_'yl)-7H—pyrrolo[2,3-
d]pyrimidine, m.p. 205-206°C.

Example 41: 2-[4-(4-amino-7-(3-tetrahydrofuryl)-7H-pyrrolo[2,3-d]pyrimidin-5- -
yDphenoxy]-6- (3-methoxypropy1am1no) benzonitrile

In a similar mannerto Example 17, 4—atmno-5—(4-phenoxyphenyl)—7H—

pyrrolo[2,3-d]pyrimidine (0.65 g), 2-ﬂuor0-6-(3-methoxypropyla:mno)benzommle
- (0.46 g), potassium carbonate (0.61 g) and dimethylformamide (40 ml) was heated

under nitrogen at 120°C for 8 hours to give, after workup, 2-[4~(4-amino-7-(3-
tetrahydrofuryl)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)phenoxy]-6-(3-
methoxypropylamino) benzonitrile, m.p.183-184°C.
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Example 42: 2-[4-(4- -7-(4-telrahydropyranyl)—7H—pyrrolo[2 3-d]pyrimidin-
S-yl)phenoxy]benzomtnle ) '
a) A mixture of 5-(4-benzyloxypheny1)-7—(teh'ahydropyran-4-y1)-7H-pyzrolo[2 3-

»

g

d]pyrmud1n-4-ylamme (2.83 "g), _10% palladlum on carbon (1.41 g), ammonium

_formate (2. 31 g) and ethanol (250 ml) was borled under reflux under nitrogen

w1th stlmng for 1. 5 hours The rmxture was: cooled to amblent temperature
ﬁltered, then the ﬁltrate cooled and ﬁltered. The filtrate was evaporated to give
a solid 4-[4-ammo-7-(4-tetrahydropyrany1)—7H-pyxrolo[2,3-d]pynm1dm-5-
ynphenol o

A warm solutxon of 4-[4-ammo-7—(4—ten'ahydropyranyl) 7H-pyrrolo[2 3- |
d]pynmldm—s-yl]phenol (0 082 g) in d1methylformam1de (3 -4 ml) was addedtoa
mixture of 2-ﬂuorobenzomtnle (80 mg) and potassrum carbonate (76 mg)ina

vial. The v1a1 was ﬂushed wrth mh'ogen then sealed. The mlxtm'e was shaken at

' 120°C for 6 hours and then leﬁ to cool to amblent tperamre over 16 hours.

The mixture was diluted w1th water (ll m]) and then extracted with ethyl acetate
to nge 2—[4-(4-ammo-7~(4-tetrahydropyranyl)-7H-pyrrolo[2 3-dJpyrimidin-5-
yl)phenoxy]benzomtnle, m. p 125°C (soﬁens)

EXarnples 43-48 were prepared m a"similar manner to the previous example by

reactmg 4-[4-ammo-7—(4-tetrahydropyranyl)—7H—pyrrolo[2 3-d]pyrimidin-5-

_ yl]phenol w1th the appropnate mtnle except that the mixtures were shaken together

25

30

for periods up to 48 hours The reactxons were momtored for the dlsappearance of

svartmg matenal and heated for the appropnate trme

Example 49: 2-[4-(4-Am1no-7-(4-tetrahydropyranyl)-7H-pyrrolo[2 3-d]pyr1m1d1n-
-yl)phenoxy] 6-(3-nmdazol- —yl)propylarmnobenzomtnle from 2-fluoro-6-(3-
(1m1dazol- -yl)propylarmno)-benzomtnle
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Example 50:: 2—(4-(4-Ammo-7-(4-t.9n'ahyd:opyranyl)-7l-l-pyrrolo[2,3-d]pyrimidin-
5-yDphenoxy]- 6-(2-morphohnoethoxy)benzomm1e, m. p. 110°C (glass), from 2-

fluorobenzonitrile.

Example 51:  2-[4-(4-Amino-7-(4-tetrahydropyranyl)-7H-pyrrolo[2,3-d]pyrimidin-
5-yD)phenoxy)-6-(2-(4-pyridyl)ethylamino)benzonitrile, m.p. 120-123°C (glass),

. from 2-fluoro-6-(2-(4-pyridyl)ethylamino)benzonitrile.

Example 52: 2-[4-(4-Amino-7-(4-tetrahydropyranyl)-7H-pyrrolo[2,3-dJpyrimidin- -

5-yDphenoxy)-6-(3-methoxypropylamino)benzonitrile, m.p. 205-207°C, from 2-
fluoro-6-(3-methoxy-propylamino)benzonitrile.

Example 53: " 2-[4-(4-Amino -7-(4-tetrahydropyranyl)-7H-pyrrolo[2 3-djpyrimidin-

S-yl)phenoxy]-s-ﬂuorobenzomtnle, m.p. 216-217°C, from 2,5-dxﬂuc_>robenzommle. S

Examples 54-101

General Method

Portions of the amines listed in Table 1 (9 molar equivalents with respect to
the ester employed, weights ranging from 47.5 mg to 184.5 mg) were weighed into
separate vials and methanol (1 ml) was added to each vial. A solution of ethyl 2-[4-
amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl acetate (1 molar
equivalent) in a mixture of methanol and triethylamine (4 ml, ratio of methanol to
triethylamine is 23.2:1 v/v. The reaction mixtures were shaken at 60-65° C for 36
hours. The methanol and triethylamine were removed under reduced pressure at
50°C for 3 hours and to each vial was added water (3 mi) followed by
dichloromethane (3 ml). The vials were agitated for 15 seconds and then allowed to
stand for 18 hours. The mixtures were poured into EMPORE®(10 mm/6 ml)
extraction disk cartridges and the dichloromethane phases were collected and
evaporated at 50°C for 3 hours. During work-up it was observed that solid had
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separated out in the vials- on standmg for 18 hours. Consequently the aqueous layer

- in each cartridge was forced through with compressed air. Dichloromethane (4 ml)

was added to each extraction cartndgc Each filtrate was evaporated under reduced
pressure at 50°C: for 3 hours. The desrred products were either found in the original
dlchloromethane extract, m whrc, case they are mdlcated as being present in the
liquid; or were found in the msoluble sohd on rcworkmg and are referred to as being
found in the sohd ‘Certain products were found in both phases. These phases are

indicated in Tahle 1.

Each sample was analysed by LCMS and m each case the target ion was
found. The retentlon time for cach product is glven in Table 1. The conditions used

are given below

(Gradient)

- Sum hypersxl BDS ¢18 (1 00x2.1 mm).
~0.1IM NH40Ac [pH 4.55] : McCN (gradlent see below).

) ,10-100"/_1__MeCN in 8 minutes

100% MeCN for 1 minute.

" 100-10% MeCN in 2 minutss.

Flow Rate

"Wavelength Range':

Injection Volume
MS

Mass Range: - .

- Cone voltage:

: _(Totalanal 1sjrunt1mellm1nutes
| _lml/mlnu___(nosphthS)

250-320 mix
20 pl. ¢

. APCI0 1H: :

APcl +ve/-ve
100-700 m/z
20, - i

- Ina snmlar manner to Examples 54-101, the amines listed in Table 2 were

reacted, respectxvely, with ethyl 2—[4-a1mno-5—(4-phenoxyphcnyl)-7H—pyrrolo[2 3-

-d]-pynm1d1n-7-yl]prop1onate to g1ve the products hsted in Examples 102-146
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respectively. The ork-up and the ##idlysis conditions were identical to those used

for Examples 54-101. In each case the target ion was found by LCMS.

Amine  [Name . Phase |RT/min.
Number- ‘ ' Product
54 . |Ethanolamine | Solid [3.44
Iss |d1-2-Amino-1-propanol. | Solid |3.58
56 1-Amino-2-propanol _ | Sofid _[3.56
Iz > Methoxyethylamine T |Liqud .78
|58 |3-Amino-1-propanol Both [3.50
159 (S)-(+)-2-Amino-1-propanol Both  [3.58
feo [(®-()-1-Amino-2-propanol T B ]3.56
[61 N,N-Dimethylethylenediamine Both . 3.31
--[62 (+/-)-2-Amino-1-butanol Solid  [3.77
[63 1-Amino-2-butanol = _ Both  [3.77
E - |3-Amino-1,2-propanediol Solid [3.32
- [65 (S)-3-Amino-1,2-propanediol Solid [3.32
|66 "~ |(R)-3-Amino-1,2-propanediol _ Solid. [3.32°
'|67 l—Methylpipergzine o - ' Both [3.28
I68 - [N,N-Dimethyl-1,3-propanediamine Liquid |3.29
69 N2,N2-Dimethyl-1,2-propanediamine Both |3.37
70 1-Dimethylamino-2-propylamine Liquid {3.44
71  |dl-2-Amino-3-methyl-1-butanol Solid [3.98
172 N-{2-[1-(N-Morpholine)-1-oxo]ethyl}piperazine [Liquid [3.56
73 - |2-Amino-2-methyl- 1-propanol - : Both |3.86
74 2-Amino-2-methyl-1,3 propancdiol Both  [3.49
45 2-(2-Aminoethoxy)ethanol - Both  [3.47
76 1-(2-Aminoethyl)pyrrolidine ' Liquid |3.40
77 N-Methylhomopiperazine Liquid [3.32
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Amine  Name . |Phase |RT/min
ewor | o - 1 lrodust
78 "[1-Amino-1-cyclopentans methanol “IBotn  [4.16
79 2- Ammocyclohexanol o _ Solid |3.98
B NN-DlethylethylenedlaImne T |Liqud [3.44
181 ' N-(3—Hydroxypropyl)ethylenedmmme _ Both [3.24
82 _ oethanol __ [Both  [3.69
B 2-(2—Ammoethyl)pyndme  ea p®
|84 p-C-Aminoethylpyridine  |Liqud [3.79
85 |N-3-AminopropyDimidazole _ T [Liqud [337
86 : -[2-(1\I-Morphohne)ethyl]p1peramne © . . JLiquid [3.39
§  [>-(Aminomcthyl)-l-cthylpyrrolidine ~ — [Both  [3.48
88 |12 Axnmoethyl)pll'endme T .. |Both [3.49
8 [iPymolidnepropamamine  |Liqud 37
% rr(R)-(-l-)—Z-Ammomethyl-l-ctﬁylpyrrohdme ~Both 348
91 - 4-(2-Ammoethyl)morphohne - o Both  [3.39
o2~ 3 Diecthylaminopropylamine Both  [3.43.
5 NN-Dlmethylncopcntancdlaﬁlme T [Botn BT
|94 [Bihyli-piperazinecatborylate - Liqud 434
195 — 2~(Ammomethy])—2-ethyl—l 3—propanedlol ~{Both  [3.69
I -(3 Ammopropyl)-Z-pyrrohdmone T [Both [3.68
97 l-Plpendmepropylamme T [Liquid [3.46
% |G Ammopmpyl)iﬁaphohne - [Liqud [3.33
9 N,N-Dnsopropylethylenedlamme o Liquid [3.59
100 NN-Bls(3-mnmopropylhnemyIMe — Liqud [3.03
{101 Tns(2-ammoethyl)am1ne T Liquid [3.01

The compoﬁnds-'ﬁféparé_d are glven bjelov;.
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- Example 54: 4-Ammo-5-(4—phenoxyphenyl)—7H— “‘10[2 3-d]pynm1dm-7-y1-N-
(2-hydroxyethyl)acetamide '

‘Example 55: 4&Amino—5-(4-phmoxyphenyl)-7H—pyxrolo[2,3-d]pyrixﬁidin-7—yl—N—
5  (1-hydroxyprop-2-yl)acetamide

Example 56: 4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d}pyrimidin-7-yl-N-
(2-hydroxypropyDacetamide

10 Example 57:' 4-Amino-5-(4-phenoxypheny!)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N-
- (2-methoxyethyl)acetamide

Example 58: 4-Ammo-5-(4~phenoxyphmyl)-?H—pynolo[Z 3-d]pynm1dm—7—yl-N—
(3-hydroxypropyl)acetamide

15

' Example59: (S)-4-Amino-5-(4-phenoxyphenyl)-TH-pyrrolof2,3-d]pyrimidin-7-yl-

N-(1-hydroxyprop-2-yl)acetamide

“Example 60: (R )—4—Ammo-5-(4»phenoxyphenyl)—7H—pyxrolo[2 3- d]pynm1d1n-7-
20 yl-N-(Z-hydroxypropyl)acetaxmde

- Example 61: '4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-y1-N-
[2-(N,N-dimethylamino)ethyl]acetamide

25 Example 62: 4—Annno—5-(4—phenoxyphenyl)-7H-py1rolo[2 3—d]pynm1dm—7—y1—N-
(1-hydroxybut-2-yl)acetamide

- Example 63: 4-Amino-5'~(4-phenquphenyl)-7H-pyn'olo[2_,3-d]pyrirfﬁdin—7-y1—N—
(2-hydroxybutyl)acetamide i
30
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Example64 4—Am1no-5—(4-phenoxyphenyl)-7H—pyrrolo[2,3-d]pynm1dm-7-yl-N-
(2, 3-d1hydroxypropyl)acetam1de '

Example 65: (S)-4—Ammo-5—(4-phenoxyphenyl)—7H-pyrrolo[2 3-d]pymmdm—7—y1-
N-(2, 3-d1hydroxypropyl)acetam1de

Example 66: (R)-4—Annno-5-(4-phenoxyphenyl)—7H—pyrrolo[2,3-d]pynm1dm-7-yl—
N-(2 3-d1hydroxypropyl)acetam1de

Example 67: 4-Am1no-5-(4-phenoxyphenyl)—7H-pyrrolo[2 3-d]pyrimidin-7-yl-
,N-(3 azapentamethylene)acetamde

 Example 68: 4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-dlpyrimidin-7-y}-N-

[3-(N,N-dimethylaminc)propyljacetamide .

Ex_a_mp_le 69: 4-Amino-5-(4-_ph¢n_qupheny_l)-7H-pyrrolo[2,3-d]pyﬂmidin—7—yl—N-
[1-(N. ,N-dimeﬂxylanﬁno)prop-Z—yl]acetamide '

__Bxample 70: 4-Ammo-5 (4-phenoxypheny1)-7H-pyrrolo[2 3-d]pynm1d1n-7-y1-N-=
_[2-(N, —dlmethylammo)propyl]acemmlde : :

, Bxample 71: 4-Ammo-5 (4-phenoxypheny1)—7H-pyrrolo[2 3-d]pynm1dm-7—yl—N-

(1-hydroxy-3-methylbut-2—yl)acetam1de ;

Example 72:  7- {2_—[4-(2-Morphoﬁ;io-Z-oxoethyl_)pipe;azin—1-y]]-2-oxo-ethyl} -5-(4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine

Example 73: 4-Am1no-5-(4-phenoxypheny1)‘7H-pyrrolo[2 3-d]Jpyrimidin-7-yl-N-
(1-hydroxy-3-methylprop-z-yl)acetamde
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Example 74: 4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N-
(1,3-dihydroxy. -2—methylprop-2—y1)acetatmde

Example 75: 4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-y}-N-
[2-(2-hydroxyethoxy)ethylJacetamide '

Exatnple 76: 4—Amino-5-(4-phenoxyphmyl)-7H—pyrrolo[2,3-d]pyrimidin—7-yl-N-
[2-(pyrrolidin-1-yl)ethyl]acetamide '

' Example 77: 4-Am1no-5-(4~phenoxyphyl)-7H-pyrrolo[2 3-d]pynm1dm-7—y1-

N,N-(3-azahexamethylene)acetamide

' Example 78: 4—Ammo-5—(4-phnoxypheny1)—7H-py1rolo[2 3-d]pynmxdm-7-yl—N-

[l{hydroxyxneﬂlyl)cyclopentyl]acetamlde

" Example 79: 4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N-

(2-hydroxycyclohexyl)acetamide

Example 80: 4-Ammo-5—(4-phenoxyphllyl)-7H-pylrolo[2 3-d]pynm1dm-7-yl-N- :

[2-('N,N-d1ethylam1no)ethy1]acetatmde

Example 81: 4-Ammo—5-(4-phenoxyphenyl)—7H—pynolo[2 3-d]pynm1dm—7—yl-N—

[2-(3-hydroxypropylammo)ethyl]acetanude

Example 82: 4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3- d]pynmtdm—?—yl—N—
(2-(2-hydroxyethylthio)ethyl]acetamide

Example 83: 4—Aniino-5-(4-phenoxypheny])-7H-pynolo[2,3-d]pyrimidin-7-yl-N-
[2-(pyrid-2-yl)ethyljacetamide
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Example 84: 4—Ammo-5-(4—phenoxyphenyl)—7H—pyrrolo[2 3-dJpyrimidin-7-yl-N-
[2-(pynd-3-yl)ethyl]acetamxde

Example 85: 4—Ammo-5-(4—phenoxyphmyl)—7H—pytrolo[2 3-d]pynm1dm-7-yl-N-
[3-(imidazol-1 -yl)propyl]acetamlde _

Example 86: 7- {2-[4—(2-Morphohnoethyl)p1perazm l-yl]-2-oxo-ethyl}-5-(4-
phenoxyphenyl)-?H-pyrrolo[Z 3-d]pynm1dm-4-ylamme

Example 87: 4-Ammo-5-(4-phenoxyphenyl)—7H-pyn'olo[2 3-d]pynm1dm—7-yl—N- _
(N-ethylpyrrohdm-z-yl)methylacetamlde _

' Example 88: 4-Ammo-5-(4—phenoxyphenyl)-7H—pyrrolo[2 3-d]pynm1dm-7-yl—N—
' (2—p1pendmoethyl)acetam1de '

Example 89; 4-Ammo-5—(4-phenoxyphenyl)—7H—pyrrolo[2 3-d]pynm1dm—7-yl—N- '

[B{pynohdm-l-yl)propyl]acetmmde

Example 90: (R)-4-Ammo-5-(4-phenoxyphenyl)—7H—pyrrolo[2 3-d]pyrimidin-7-yl-

B N-(N-ethylpyrrolldm-2-yl)methylacetannde

' Example 91:. '41A1pipq-§5(4—ph¢po;_cyphepyl)¥7H-pynQio[2,3-d]py_rimidin-7—yl-N—

(2-morpholinoethy1)ape’gamide o '

Example 92: 4—Ammo—5 (4-phenoxyphenyl)—7H—pyrrolo[2 3-dJpyrimidin-7-yl-N-
[3-(N,N-dlethylammo)propyl]acetamlde

Example 93 4-Ammo-5-(4-phenoxyphenyl)-7H—pyrrolo[2 3-d}pyrimidin-7-yl-N-
[3-(N, -dunethylammo)-2,2-d1methylpropyl]acetam1de
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Example 94: 7-[2-(4-Ethoxycarbonylpiperazin-1-y1)-2-oxoethyl}-5-(4-

phenoxyphenyl)-7H-pyrrolof2,3-d]pyrimidin-4-ylamine

Example 95: 4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N-
[2,2-bis(hydroxymethyl)butyljacetamide

~Example 96: 4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolof2,3-d]pyrimidin-7-y}-N-

[3-(2-pyrrolidinon-1-yl)propyl]acetamide

Example 97: 4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N-
(3-piperidinopropyl)acetamide '

Example 98: 4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl-N-
(3-morpholinopropyl)acetamide

Example 99: 4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-y}-N-
(3-hydroxy-1-methylprop-2-yl)acetamide

Example 100: 4-Amino-5-(4-phenoxyphenyl)-7H-pyrolo[2,3-d]pyrimidin-7-y}-N- -
[3-(N-3-aminopropy],N-methyl)aminopropyljacetamide

Example 101: 4-Amino-5-(4-phenoiyphenyl)—7H-pyrrolo[2,3-d]pyrimidin-7—yl—N—
[N-bis(2-aminoethyl)aminoethyljacetamide
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TABLE 2
Amine  [Name o Phase |[RT/min
Number | = o -~ [Product
102 Ethanolamine . - - |Both ]3.68
103 dl-2-Amm -1 propanol 3 Both [3.78
104 1A.mmo-2-propanol ' . " . |Both |3.81
105 2-Meﬂloxyethylamme IR {Both " |4.08
106 3 Ammo-l-propanol . ' Both |3.73
107 l(S)-(+)—2~Ammo-l-propanol o S Both [3.78
108 J®R)-(1- Ammo-2-pmpanol ' v Liquid [3.81
109 N, N—Dlmethylethylenedxamme Liquid [3.50
110 ' (+/—)-2 Ammo-l-butanol 7" |Both ' [3.96
111 "[1-Amino-2-butanol - il Both - [4.06
112 3 Ammo-l 2-propaned101 ' ' Both  [3.52
113 -'i(S)-s-AmmoJ 2-propaned101 A {Both [3.53
114 (R)y-3-Amino-1.2 propancdiol ~__ [Both  [3.53
115 N,N-Dimethyl1,3-propancdiamine Liqud 347
116 NZ,NZ-Dimethyl-1,2 _propa.nedlamme — |Liquid |3.57
117 1-Dunethy1a;rmno-2—§ropy1amme i Liquid 3.67
118 D1-2 Am1no-3-methyl-l-butanol - [Both 415
T 2-(z-Amiinoethylamitioethancl T |Liqud [340
120 2-Amino-2-methyl-l-propanol - Both  [4.17
121 2-Ammo-2-methy1 -1 3-propanedml _ Both [3.76
122 2-(2- Ammoethoxy)ethanol _ Liquid [3.71
i3 1-(2-AminoethyDpyrrolidine Both  [3.61
124 1 Ammo- -cyclopentane methanol : Both 1448
125 2- Ammocyclohexanol o i Both [4.19
126 N,N-Dicthylethylenediamine - Both _ [3.68
127 N-(3rglydmxyprgpyl)ethylenedimnine . Both |3.42
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[Amine  [Name = Phase JRT/min
[Number | S IProduct
128 2-((2-Aminoethyl)thio)ethanol [Liquid [3.94.
129 2-(2-Aminoethy)pyridine Liquid |4.13

130 3-(2-Aminoethyl)pyridine Both  [4.05
131 IN-(3-Aminopropyl)imidazole Liquid |[3.58-
132 - |2-(2-Aminoethylamino)-1-methylpyrrolidine  [Both  |3.56
133 2-(Aminomethyl)-1-ethylpyrrolidine Both [3.70
134 1-(2-Aminoethyl)piperidine Both  {3.70
135 |1-Pymolidinepropanamine Both .60
136 (R)-(+)-2-Aminomethyl-1-ethylpyrrolidine Both  [3.70
1137 ~ |4-(2-Aminoethyl)morpholine. _ Both  |3.63
138 3-Diethylaminopropylamine _ Both  |3.64
139 N,N-Dimethylneopentanediamine Both |3.68
{140 [2-(Aminomethyl)-2-ethyl-1,3-propanediol _ [Both  [3.94
141 1-3-Aminopropyl)-2-pyrolidinone Tiqud 391
142 1-Piperidinepropylamine Both {3.70
143 4-(3-Aminopropyl)morpholine - jLiquid (3.53
144 [N N-Dusopropylethylencdiamine Liquid [3.86
145 N,N-Bis(3-aminopropyl)methylamine Solid |3.21
146 Tris(2-aminoethyl)amine Both  [3.17

Example 102 1-[4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2, 3-d]pyrmud1n—7-yl]- :
N-(2-hydroxyethyl)propanamide

5 Example 103: 1-[4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-
N-(1-hydroxyprop-2-yl)propanamide

Example 104: 1-[4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]-
N-(2-hydroxypropy!l)propanamide
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Example 105: 1-[4-Amino-5- (4-phenoxyphenyl)-7H-pyrrolo[2 3-d]pynm1dm-7-yl]-
N-(2—methoxyethy1)propanam1de o _

Example 106: 1-[4-Ammo-5-(4—phenoxypheny1)—7H-pyrrolo[2 3-d]pynm1d1n-7-y1]-
N-(3-hydroxypropyl)propanam1de '

Example 107 (8)-1 -[4-Am1no-5-(4—phenoxyphenyl)-7H-pyrrolo[2 3-d]pyrimidin-7-

_ yl]-N-(l-hydroxyprop-Z-yl)propanamlde

- Example 108: (R)-l-[4-A1mno-5-(4-phenoxyphenyl)-7H-pyxrolo[2 3-d]pyrimidin-7-

yl]-N-(Z-hydroxypropyl)propanadee

Example 109: 1-[4-Ammo-5—(4-phennxyphenyl)—7H—pyrrolo[2 3-d]pyrnmdm—7-yl]-
N-[2-(N,N-d1methylammo)ethyl]propanam1de '

Bxample 110 1-[4-Ammo—5-(4—phenoxyphenyl)-7H-pyrrolo[2 3-d]pynm1dm-7-y1]-
N-(l-hydroxybut—Z-yl)propanatmde ' '

Example 111: 1-[4-Ammo-5-(4-phenoxyphenyl)—7H-pyrrolo[2 3-d]pynmldm-7-y1]-

' N—(2-hydroxybutyl)propanam1de

‘Example 112: 1-[4-Ammo-5-(4-phenoxyphenyl)-7H-pyrrolo[2 3-d]pyrimidin-7-yl}-

N-(2, 3-d1hydroxypropyl)propanam1de

Example 113: (S)—1-[4-Amino-_5-_(4—phenoxyphenyl_)-7H-pyrrolo[2,3¥d]py1imidin-7-
y1}-N-(2,3-dihydroxypropyl)propanamide

Example 114: (R)-1-[4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-
y1]-N-(2,3-dihydroxypropyl)propanamide



- ‘WO 00/17203

10

) PCT/US99/21560
/733

Example 115: 1-[4-Ammo-5-(4-phenoxypheny1)—7H—pynolo[2 3-d]pymmd1n-7-y1]-

N-[3-(N,N-dimethylamino)propyl]propanamide -

Example 116: 1-[4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2;3-d]pyrimidin-7-yl}-
N-[2-(N,N-dimethylamino)propyl]propanamide

 Example 117: 1:[4-Amino-5-(4-phenoxyphenyl)-TH-pyrrolo[2,3-dlpyrimidin-7-yIJ-

N-{1-(N,N-dimethylamino)prop-2-yljpropanamide

Example 118: 1-[4-Amino-5-(4-pherioxyphenyl)-TH-pyrrolo[2,3-d]pyrimidin-7-yI}-
N1 -hydroxy-3-methylbut-Z-yl)propanamide

* Example 119: 1-[4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2, 3-d]pynm1dm-7-yl}-

15

20

30

N—[2-(2-hydroxyethylammo)ethyl]propanam1de

'Example 120: 1'-[4-'Amino-5-(4-phenbxyphenyl)-7H-pyr:olo[2,3¥d]pyﬁnﬁdin-7-yl]- '_
- N-(1 -hydroxy-z-methylprop-z-yl)propanamide '

) Example 121: 1- [4-Ammo-5-(4-phenoxyphenyl)—7H—pyrrolo[2 3- d]pynm1dm-7-y1]-

N-(1 3-dihydroxy-2—methylprop—2-yl)propanatmde

Example 122: 1-[4-Amino-5—(4-phoxyphenyl)-?H—pyrtolb[Z,3-d}pyrimidin-7—y1]—
N-[2-(2-hydroxyethoxy)ethyl]propanamide

Example 123: 1-[4-Amino45-(4-phehoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin—7-yl]-
N-[2-(pyrrolidin-1-yl)ethyl]propanamide

Example 124: 1- [4-A1mno-5-(4~phenoxyphenyl)—7H—pyrrolo[2 3-d]pynm1d1n-7-y1]-
N—[l-(hydroxymethyl)cyclopentyl]propana:mde '
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Example 125: 1- [4-Ammo-5—(4-phenoxyphenyl)-7H—pyrrolo[2 3-d]pyrimidin-7-yl}-
N-(2-hydroxycyclohexyl)propanam1de .

Example 126: 1-[4-Am1no-5-(4-phenoxyphenyl)-7H—pyrrolo[2 3-d]pynm1dm—7-yl]—
N-[2-(N,N-dmthy1ammo)ethyl]propanam1de

Example 127 1-[4-Am1no-5-(4-phenoxyphenyl)—7H-pyrrolo[2 3-dJpyrimidin-7-yl}-
N—[2~(3-hydroxypropylammo)ethyl]propanam1de '

;Example 128: 1- [4-Am1no-5—(4-phenoxyphenyl)—7H—pynolo[2,3-d]pynm1dm-7-yl]—

N-[2-(2-hydroxyeﬂ1ylth10)ethyl]propanatmde

Example 129 1—[4-Ammo-5-(4-phenoxypheny1)-7H-pynolo[2 3-d]pyrimidin-7-yl]-
N—[2-(pynd—2-yl)ethyl]propana1mde

. Example 130:. 1-[4-Ammo-5-(4-phenoxyphenyl)-7H—pyxrolo[2,3-d]pynm1dm-7-yl]-
N-[2—(pynd-3~yl)ethyl]propanamlde L

. Example 131;._;-T[§m975-(gppmgxyphgnyl),n;-pymno[2,_3-d]pyﬁmidin-7-y1]-

20

25

30

N-{-(midazol-yDpropylfpropsnamide

Example 132: 1-[4-Am1no-5-(4-phoxyphenyl)—?H-pyrrolo[Z 3-d]pyrimidin-7-yl]-
N-[2-(N-methylpyrrohdm—2-yl)eﬂ1yl]propanannde

Example 133: 1-[4—-Ammo-5 (4-phenoxyphenyl)-7H-pyrrolo[2 3-dJpyrimidin-7-yl]-
N—[(N-ethylpyrrohdm-z-yl)methyl]propanamlde

Exmple 134: _1-{}Am_ino-5-(4-?11,e_1_1_quphenyl)—7§_l—pmlo[2,3.-d]pyrimidin—7—yl]-
N—(2-piperidinoet_!§yl)pmpanq1_pidp _
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‘Example 135: 1-[4-Ahnno-5—(4-phenoié?phenyl)—7H """"" pyErolo[2,3- d]pynmxdm-7-yl]-
N-[3-(pyrrolidin-1 -yl)propyl]propanamide :

Example 136: (R)-l-[4-Annno-5-(4-phenoxyphenyl)—7H-pyrrolo[2 3-d]pynm1dm-7-
y1J-N-[(N-ethylpyrrolidin-2-yl)methyl}propanamide

Example 137: 1-[4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-y1}-
N-(2-morpholinoethyl)propanamide

Example 138: 1-[4-Ammo-5-(4~phenoxypheny1)-7H—pyrrolo[2 3-d]pynrmdm—7-y1]—

N-[3- (I\I,N-dlethylannno)propyl]propanamlde

.Example 139: 1- [4-Ammo-5-(4-phenoxypheny1)—7H-pyrrolo[2 3-d]pynm1dm-7-yl]-

N-[3- (N,N-dJmethylammo)-z 2-d1methy1propyl]propanam1de

Example 140: l-[4-Ammo-5 (4-phenoxyphenyl)-7H-pyrrolo[2 3-d]pynm1dm—7-yl]—
N-{2, 2-b1s(hydroxymethyl)buty1]propanam1de

Example 141: 1-[4-Amino-5-(4»phenoxypheny1)—7H-py1rolo[2,3-d]pyrimidin-%yl]-
N-[3-(2-pyrrolidinon-1-yl)propyllpropanamide

Example 142: 1-[4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]-
N-(3-piperidinopropyl)propanamide

Example 143: 1-[4-Amino-5- -(4-phenoxyphenyl)- 7H-pyrrolo[2,3—d]pynm1d1n—7-yl]-
N—(3-morphohnopropyl)propanatmde

Example 144: 1- [4-Ammo—5-(4-phenoxypheny1)-7H—pyrrolo[2,3-d]pynm1dm-7-yl]-
N-[2- (N,N-dl-lsopropylammo)ethyllpropanam1de
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Example 145: 1- [Ammo-S-(4-phenoxyphenyl)-7H-pyrrolo[2 3-d]pynnndm-7—y1]-N-
[3-(N-3~am1nopropyl,N—methyl)ammopropyl]propanamrde

Example 146: l-[4:Amino-5-(4~phenoxyphenyl)-7H¢pyrrolo[2,3‘d]pyrimidin-7-yl]-
- N-[N-bis(2-aminoethyl)aminoethyljpropanamide

: Example 147: 2-[4-amino-~5-(4-phenoxyphenyl)-7H-pyrrolo{2,3-d]pyrimidin-7-yi]-

' butyrolactone

.9

10

o .:15..:.
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4-Am1no-5-(4-phenoxyphenyl)-7H—pyrrolo[2 3-d]pynm1dme Q1.0 g) was added
to a mixture of sodxum hydnde (0 158 g ofa 60% drspersxon in mmeral oil) in
dimethyl formamlde (70 mi) w1th strrnng under mtrogen at 0°C. The mixture
was stlrred at 0°C for 1 hour and then a-bromo-y-butyrolactone (0.60 g) in
dlmethylforma.mde (6 ml) was added dropwrse wrth stn'nng at 0°C. The mrxture
was stirred at ambrent temperature for 18 hours and then quenched w1th water
(100 m). The mlxture was extracted w1th ethyl acetate. The combined extracts

| were dned and evaporated to glve 2-[4-ammo-5-(4—phenoxyphenyl)-7H-

b)

“inb).

yrrolo[2,3-d]pynmrdm-7-y1]-butyrolactone as an oil which was used directly

N, N-Dnnethylethylenedtarmne 5. 0 ml) was added to a mixture of the product
from 2) (1 2 g) and pyndm-2-one (50mg) in toluene (100 ml). The mixture was
heated to 100°C for 2 hours and then evaporated to dryness under reduced
pressure. The residue was suspended in ethyl acetate and washed with water.
The organic extracts were then extracted w1th SM hydrochloric acid (3 x 50 ml)
and the acidic extracts were washed with ethyl aoetate then basified with 6M
sodium hydrox1de solution at 0°C and then back extracted with ethyl acetate and
then dlchloromethane The combmed orgamc extracts were dried, filtered and
evaporated to gwe an oil whrch was crystallrsed from ethyl acetate/ether to give
2- [4—ammo-5—(4-phenoxypheny1)—7H-pyrrolo[2 3-d]pynm1dm—7-yl]-4—hydroxy~
N-[2-dimethylamino)ethylJutyramide, m.p. 178-179°C.
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Example 148: Ethyl 2-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo{2,3-d]pyrimidin-
7-yllpropionate '

Sodium hydride (120 mg, of a 60% dispersion in mineral oil) was addedtoa
mixture of 4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine (906 mg) in
dry dimethyformamide (30 ml) and the mixture was stirred under nitrogen for 30-
minutes at ambient temperature. A solution of ethyl 2-bromopropionate (543 mg) in
dry DMF (10 ml) was added dropwise via a syringe over 10 minutes. The mixture
was stirred at ambient temperature for 2 hours and then left for 18 hours. The
mixture was evaporated under vacuum and the residue was washed with water to
give a solid which was txihzratéd with ether and filtered to give ethyl 2-[4-amino-5-
(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl}propionate, m.p. 139-140°C.

Example 149: N-(2-dimethylaminoethyl)-2-[4-amino-5-(4-phenoxyphenyl)-7H- -
pyrrolo[2,3-d]pyrimidin-7-yl)propionamide
A mixture of ethyl 2-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-

_ d]pyrimidin-7-yl]propionate (425 mg), N,N-dimethylethylenediamine (2 ml) and . .

methanol (20 ml) was boiled under reflux for 18 hours with the exclusion of cartbon
dioxide. The mixture was cooled and filtered, the filtrate was diluted with water

(50 ml) and stirred with ether. The mixture was left standing for 18 hours and the
solid which precipitated wa.s collected by filtration, washed with water and then
ether and dried to give N~(2-dimethylaminoethyl)-2-[4-amino-5-(4-phenoxyphenyl)- -
7H-pyrrolo[2,3-d]pyrimidin-7-yl)propionamide, m.p. 163-164°C.

Exampie 150: Ethyl 2-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin- -
7-yl]acetate _

A mixture of 4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-dJpyrimidine
(906 mg), sodium hydride (120 mg, 6f a 60% dispersién in mineral oil) and dry
dimethylformamide (30 ml) was stirred at ambient temperature under nitrogen for 30
minutes. Ethyl bromoacetate (0.5 g) in dimethylformamide (10 ml) was added over
5 minutes at 0-5°C with stirring. The mixture was stirred for 30 minutes at ambient
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temperature and then allowed to stand for 18 hours. The mixture was evaporated
under vacuum and the residue was triturated with water and ether. The solid
obtained was collected by filtration, Washed with water and then with ether to give
efityl 2-[4-amino-5-{4-phenoxyphenyl)-TH-pyrrolo[2,3-lpyrimidin-7-yl]acetate,
5 mp.161-1613°C. o

Examples 151- 156

" General Method
o Ethyl 2-[4-ammo-5-(4-phenoxyphenyl)—7H-pyrro10[2 3—d]pynmldm-7-
10 yljacetate (194 mg) was heated at 62"C and stirred with 10 molar equivalents of the
appropnate amme as llsted below in methanol (12 ml) for 18 hours to glve after
work up the followmg compounds " '

Example 151
15 N-f2-hydroxyethyl-1, 1-d1(hydroxymethyl)]-2—[4—ammo-5—(4-
| 'phenoxyphenyl)-m-pynol_o[2,341]pynm1dm-7-y1]acetam1de, m.p. 222-223°C with
decomposition, from 2-hydroxyethyl-1,l»di(hydroxymethyl)ethylamine.

Example 152 . : .
- 20 _ N-[2-(p1peraz1n 1-yl)ethyl]-2-[4-axmno—5-[4-phenoxyphenyl)-7H—
| pyrrolo[2,3-d]-pyrimidin-7-ylJacetamide, m.p.138-140°C, from 2-(piperazin-1-
ylethylamine. | .

Example 153
25 N-(2-morphohnoethy1)—2—[4—am1no—5 (4-phenoxyphenyl)—7H-pyrrolo[2 3-
d]pynnndm-?-yl]acetaxmde, m.p. 164—165°C from 2-morphohnoethylam1ne
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Example 154
N-[3-(1-imidazol)propyl)-2-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-
d)pyrimidin-7-yl]Jacetamide, m.p. 170-171°C, from 3-(1-imidazolyl)propylamine.

Example 155
‘N-(N-ethylpyrmrolidin-2-ylmethyl)-2-{4-amino-5-(4-phenoxyphenyl)-7H-
pyrrolo[2,3-d]-pyrimidin-7-ylJacetamide, m.p. 122-122.5°C, from 1-(N-

- ethylpyrrolodin-2-yl)methyl-amine.

Example 156

N-[-2(2-hydroxyethoxy)ethyl}-2-[4-amino-5-(4-phenoxypheny!)-7H-
pyrrolo[2,3-d]-pyrimidin-7-yl]acetamide, m.p. 145-147°C, from 2-(2-
hydroxyethoxy)ethylamine; :

- Example 157. 2-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-dJpyrimidin-7-

yl]propionic acid - : , L
A mixture of ethyl 2-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-

. d]pyrimidin-7-yl]propionate (201 mg), aqueous potassium hydroxide solution (4 ml -

of 2M solution) and methanol (20 ml) was boiled under reflux for 1 hour. The.
mixture was concentrated under reduced pressure to around 5 m! and then diluted
with water (30 ml). The mixture was hot filtered and filtrate was cooled and then . .
acidified with dilute acetic acid until no further precipitation occurred. The mixture
was heated on a hot plate until the gel which had been obtained became a finely
divided solid. The solid was collected by filtration to give 2-[4-amino-5-(4-
phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]propionic acid, m.p. 239.5-241°C.

-Example 158: Ethyl 4-[4-amido-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-

7-yl]butyrate _
A mixture of 5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine
(1.5 g) was dissolved in DMF (30 ml) and treated with sodium hydride (0.22 g of a
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60% dispersion in mineral oil) and then with ethyl 4-bromobutyrate (1.08 g) in DMF
(15mbina sxmﬂarmanner to Bxample 95 to g:ve ethyl 4-[4-amido-5-(4-
phenoxyphenyl)-?H—pynolo[Zﬁ-d]pynmxdm—7-yl]butyrate, m.p. 104-104.5°C.

Example 159: ethyl 2-[4-ammo-5 (4—phenoxyphenyl)-7H—pyrrolo[2 3-d]pynm1dm-
7-yl]jcarbox-amide

In a similar manner to Example 97, 5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]-
pyrimidin-4-yl amine (1.0 g), sodium hydride (1.032 g of a 60% dispersion in
mineral oil), 2-bromoacetamide (0.55 g) and dimethylformamide (50 ral) were
reacted together to give after work-up a solid which was recrystallised from
isopropanol to give ethyl -2-[4-amiho>57(4ephenoxyphenyl}7H-pyrrolo [2,3-
dlpyrimidin-7-yJcarbox-amide, m.p. 232-233°C.

* Example 160: 2-{4-amino-5-(4-phenoxyphenylpyrrolo[2,3-dlpyrimidin-7-yi}-2-

13

20

25

30

_ methylproplonamlde

4-Am1no—5-(4~phenoxypheny1)-7H—pynolo[2 3-d]pynm1dme (200 mg) was

' dissolved in 1,3- d1methyl—3 45 s-teuahydm-z-(lm-pymmmnone (1.5 ml) with
. stirring and sodlum hydroxxde (0 15 8 g) was added at ambient temperature and the

mixture stirred for 15 mmutes 2-Bromo—2-methylpropanam1de (0.5 g) was added

‘and the mixture was stirred wgorously for 18 hours at ambient temperature under a
_ water-free atmosphere then further 2—bromo-2-methy1propanam1de (0.15 g) was

added and stirred for a further 24 hours Water (3 ml) was added to the reaction
mixture together Wlth dilute hyd:qchl__onc acid (5M) to adjust the pH to 0. The
suspension was added to water (60 ml) and the mixture left to stand for 18 hours at
ambient temperatute The solid was collected by filtration, washed well with water
and dried under high vacuum at 50°C. " The solid was purified by preparanve HPLC
(reverse phase). Appropnate ﬁ'actxons were collected and combined and extracted
with dichloromethane. Evaporauon of the dichloromethane gave 2-[4-amino-5-(4-
phenoxyphenyl)pyrrolo[Z 3-d]pynnud1n-7-yl]-2-methylpropmnam1de m.p. 227-
228°C, .
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Example 161: 4-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimin-7-yI] N-
(2-dimethylaminoethyl)butyramide g

A mixture of ethyl 4-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-
d]pyrimin-7-yl]butyrate (100 mg) in 30 ml metha.nol was heated under reflux with
0.6 ml 2-dimethylaminoethylamine for 18 houts. The mixture was evaporated under
reduced pressure and the residue was heated with 2-dimethylaminoethylamine
(10 ml) on a steam bath for 18 hours. Excess amine was removed under reduced
pressure. Water was added to the residue and the mixture filtered to give 4-{4-
amino-5-(4-phenoxyphenyl)-7H-pyrrolof2,3-d]pyrimin-7-y1] N-(2-
dimethylaminoethyl)butyramide.

Examples 162, 163 and 164 were prepared in a similar manner to Example 108 by
reacting the same ester with the appropriate amine listed. - :

Example 165
4-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimin-7-yl}-N-[3-(1-
imidazolyl)propyljbutyramide from 3-(1-imidazolyl)propylamine.

Example 166

4-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimin-7-y1]-N-(2-
morpholinoethyl)butyramide from 2-morpholinoethylamine.

Example 167
4-[4-amino-5-(4-phenoxyphenyl)-7H-pyrmrolo[2,3-d]pyrimin-7-yl]-N-(3-
morpholinopropyl)butyramide from 3;morpholinop_1'opyla_tnine.
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a) Tert-butyla.mme (15 ml) was added with stirring to a solution of 2-bromo-4 -

-

_ phenoxyacetop_._'

phenoxyacetophenone (12 7 g prepared by brommatlon of 4'-
1 one accordmg to Tetrahedron Letters 1993, 34, 3177) in

propan—2-ol and the mrxtm'e heated at 80°C for3 houts The mrxture was cooled
to 0°C and cone =trated hydrochlonc ac1d (10 ml) added The suspensmn was
stirred at ambrent temperature for 18 hours and the solid collected by filtration to
give 4’-phenoxy-z-(tert-butylammo)acetophenone hydrochlonde (3.75 g), m.p.
21 0-212°C.

1) 4 -Phenoxy-2 (tert-butylarmno)acetophenone hydrochlonde (3.75 g) was
added in one portron to sodlum ethox1de (prepared by dissolving sodium
(93 mg) in ethanol (50 ml)) and the mixture was strrred at 40°C for 30

minutes under mtrogen

2) Ina separate ﬂaslc sodium (331 mg) was drssolved in ethanol (50 ml) and
' malonommle (858 mg) was added ‘The solutlon was stirred at ambient
: temperature for 5 minutes. and then to this soluuon was added the solution of -
-phuoxy-2—(tert—butylammo)acetophenone obtained in part (1) in one
was heated at 50°C for 3 houxs and then at 80°C for 2 hours. The solvent was
removed under reduced pressure and the resultant oil was partitioned
between water and ethyl acetate The orgamc phase was separated, dried and
evaporated to grve a black sohd This solid was dissolved in hot ethanol and
triturated with water ﬁltered and dried to glve 2—armno-3-cyano—4—(4-

phenoxyphenyl)- -(tert-butyl)pyrrole

A mixture of 2- ammo-3-cyano-4—(4—phenoxyphenyl) 1-(tert-butyl)pyrrole

(1.9 g), formamrde (30 ml) and 4-d1methylammopyndme (10 mg) was heated at
180°C for 6 hours “The mlxture was cooled to amblent temperature and water
was added to preclpltate a dark solld The sohd was collected by filtration,
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washed with waiék; then boiled up f fthanol and {§§ fisoluble material collected
by hot filtration and dried. The solid was purified 'by preparative HPLC on a:
silica column using dichloromethane/propan-Z-ol/ethanol, 98:1:1 as the mobile
phase to give 7-tert-butyl-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamine (4-amino-5-(4-phenoxyphenyl)-7-(tert-butylpyrrolof2,3-d]pyrimidine),
m.p. 157-158°C. 1HNMR (d6 DMSO) & 8.15 (1H,s), 7.50-7.35 (4H,m), 7.30

. (1H,s), 7.15 (1K), 7.10 (4H,m), 6.05 (2H,brs), 1.75 (9H,s).

¢) A mixture of 4-amino-5-(4-phenoxyphenyl)-7-(tert-butyl)pyrrolo[2,3-d]-
pyrimidine (5.8 g), glacial acetic acid (55 ml) and hydrobromic acid (55 mi of a -
48% solution) was boiled under reflux for 18 hours under nitrogen. The mixture
was allowed to cool and a solid was collected by filtration. This solid was
washed with methanol and then with ether to give 4-amino-5-(4-

| phenoxyphenyl)-7H-pyrrolo[2,3-d]-pyrimidine hydrobromide, m.p._. 288-292°C.

- The hydrobromide salt was converted into- the free base by warming with dilute
sodium hydroxide solution (100 ml of 5% w/v solution) and ethanol (60 ml) with
stirring and removing the ethanol by distillation. The mixture was cooled and .
the solid was collécted by filtration and washed well with water to give 5-(4-
phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine, m.p. 272°C.

Example 168: 7-cyclopentanesulphonyl-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-
dlpyrimidin-4-ylamine
Sodium hydride (0.132 g of a 60% dispersion in mineral oil) was added to a

solution of 5-(4-phenoxyphenyl)-7H-pyrrolo{2,3-d]pyrimidin-4-ylamine (1.0 g) in'

dry dimethylformamide (30 ml) with stirring under nitrogen. The mixture was
stirred for 30 minutes and then cyclopentanesulphonyl chloride (0.558 g, prepared as

- described in J.0.C.1952, 17, 1529-1533) in dry dimethyiformamide (5 ml) was

added dropwise. The mixture was allowed to stand for 72 hours and then evaporated
under vacuum. The residue was triturated with water and filtered to give a solid
which was washed well with water, then stirred with ethyl acetate then filtered. The
filtrate was purified by flash column chromatography on silica using ethyl acetate as
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 the mobile phase. Appropriate fi'actions were collected and evaporated to give 7-

cyclopentanesu]phonyl—S-(4-phenoxyphenyl)-7H-pyrrolo[2 3-d]pynm1dm-4-
ylamme, m.p. 188-188. 5°C. '

Example 169: 5-(4-phenoxypheny1)-7-(8-phthahm1doocty1)-7H—pynolo[2,3-
d]pynmldm-4-ylamme ' -

Sodium hydride (120 mg of a 60% dlspersron in mmeral Oll) was addedto a
solution of 5-(4-phenoxyphenyl)-7I;prym10[2,3-d]pynm1dm—4-ylam1ne (906 mg) in

dry dimethylformamide (30 ml) with stirring under nitrogen. The mixture was

stirred for 30 miriutes under nitmgeﬁ and then N-(8-bromoocty!phthalimide (1.4 g)
in drmeﬂlyl-formannde (5 ml) was added The mrxture was stirred at ambient
temperature for 18 hours under mtrogen and then partitioned between water and
ethyl acetate. The ethyl acetate layer was separated and purified by flash column
chromatography using cthyl acetate as the mobile phase to give 5-(4-
phenoxyphenyl)-7-(8-phthahm1dooctyl)~7H—pyrrolo[2 3- d]pynmzdm-4—ylamme,
m.p. 85-86°C. ' o : :

Example 170 7-(8 atmnooctyl)-s-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pynmldm-

" 4-ylamine dlhydrochlonde dihydrate |

o A mixture of 5-(4-phenoxyphenyl)-7-(8-phtha]mudooctyl)-?H—pyrroIo[2 3-
d]pynm1dm—4-y1amme (1 0g), hydrazme hydrate (1. 0 ml) and ethanol (40 ml) was

| boiled under reﬂux for 2 hours with the exclusmn of carbon dioxide. The mixture

was cooled for 18 hours and a sohd whrch preclpltated was collected by filtration
and discarded. The filtrate was. evaporated under reduced pressure and the residue
was dissolved in ethyl acetate, dned and then treated with a solution of concentrated
hydrochloric acid in isopropanol dropﬁse until no further precipitation occurred.
The mixture was left to stand overnight, then supernatent liquid was decanted off

- and the semi-solid residue was tritur_ét_ed with ethyl acetate to give 7-(8-aminooctyl)-

5_-(4-phox_yphenyl)-'_?H—pyrro10[;_2,3:-.d]pyrimidin_-4-ylamine-dihydrochloride
dihydrate, m.p 120°C. '
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Example 171: N-{2-[4-ammo-5—(4-phenoxyphenyl)—7H—pyrrolo[2 3-dJpyrimidin-7-

yllethyl}phthalimide

In a similar manner to Example 468, but with additional heating at 90°C for 3
hours, 5-(4-phenoxyphenyl)-7H-pyrrolof2,3-d]pyrimidin-4-ylamine was reacted
with 2-bromoethylphthalimide to give N-{2-[4-amino-5-(4-phenoxyphenyl)-7H-
py;rblé[2,3-d]py1imi_din-7-yl]ethy]}ph_thalimide, m.p. 111-112°C. '

Example 172: 7-(2-aminoethyl)-5-(4-phenoxyphenyl)-7H-pyrrolo[2, 3-d]pynmldm-

‘4-ylamine hydrochloride

In a similar manner to Example 469, the product from the previous example

-was treated with hydrazine hydrate to give 7-(2-aminoethyl)-5-(4-phenoxyphenyl)-
- TH-pyrrolo[2,3-d]pyrimidin-4-ylamine hydrochloride, m.p. 284-285°C.

Examp]e 173: 7-isobntyryl-5-(4—pheﬁoxjpheny1)—7H—pyrrolo[2,3—d]pyrir_nidin-4~

ylamme

Isobutyryl chloride (1.8 g) was added dropwise to a mixture of 5-(4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine (4.32 g), dry dimethyl- .

formamide (200 m!) and dry pyridine (2 ml) with stirring under nitrogen at 20°C.
The mixture was stirred at ambient temperature for 1 hour and evaporated under
vacuum. The residue was partitioned between water and ethyl acetate. The ethyl
acetate was separated, dried and evaporated and the residue obtained was
recrystallised i-i'om toluene to give 7-isobutyryl-5-(4-phenoxyphenyl)-7H-
pymrolo[2,3-d]pyrimidin-4-ylamine, m.p. 160.5-161°C.

' Example 174: 5—(4¢henoxjphenyl)-7-(1,4-dioxaspiro[4,5]decan-8-yl)-‘_7H-'

pyrrolo[2,3-d]pyrimidin-4-ylamine

Sodium hydride (0.26 g of a 60% dispersion in mineral oil) was added to a
mixture of 5-(4-phenoxyphenyl)-7H-pyrrolo[2 3-d]pynm1dm-4-ylamme ( 1.94 g)in
dxmethylformamlde (50 ml) at ambient temperature with stirring. The mixture was
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stirred until the evoluuon of hydro gen ceased and then 8-tosyloxy-1,4-
dioxaspiro[4, S] decane (20g, prepared as descnbed m US 4,360,531 from 1,4-
dioxaspiro[4, 5]decan-8-one, (wlnch was prepared aecordmg to J. Med. Chem. 1992,
2246)) was added. The mixture was heated at 120°C for 5 hours under mtrogen,
cooled to amblent temperature, quenched W1th water and extracted with ethyl acetate
to give a residue whrch was punﬁed bj flash column chromatography on silica using
ethyl acetate followed by ethyl aceta ¢ contalmng mcreasmg amounts of methanol
up o 6% to give 5-(4-phenoxyphen )_-7-(1 4-dioxaspiro[4,5]decan-8-y1)-TH-
pyrmrolo[2, 3-d]pynm1dm-4-y1armne, m p 193-194°C

Example 175 4-[4-ammo-5—(4—-phenoxyphenyl)-7H-pyrrolo[2 3-d]pynm1dm-7—

' --yl]cyclohexanone

The product &om the prevrous example (500 mg), acetone (20 ml) and 3M

_hydrochlonc acid (10 ml) was stnred under mtrogen at ambient: temperature for 20

minutes. The m1xture was then heated at 60°C for 1 hour and then the acctone was
removed under reduced pressure.” The resrdue was basrﬁed with aqueous SM sodinm
hydroxide solutlon and then extracted with ethyl acetate to give a solid which was
triturated with d1ethy1 ether and ﬁltered to give 4- [4-anuno-5~(4-phenoxyphenyl)—

: 7H-pyrrolo[2 3-d]pynm1dm—7—yl]cyclohexanone, m.p. 252-254°C.

Example 176 and 177 c1s-5»(4-phenoxyphenyl)-7-(4—morphohnocyclohex-1-yl)-

‘TH-pyrrolof2, 3—d]pyr|m1dm-4~ylamme, and trans-5 -(4-phenoxyphenyl)—7-(4-

morphohnocyclohex— -yl)-7H-pyn‘olo[2 3-d] pynmrdm-4—ylamme

Sodium tnacetoxyborohydnde (42 mg) and glacral acetic acid (18 mg) were
added to the product from the prevmus example (120 mg) and morphohne (31 mg)
inl ,Z—dlchloroethane The nnxture was stirred at 40°C for 2 hours and then a further
portion of morpholme (0 15 g) and sodlum macetoxyborohydnde (0.21 g) were
added. The mrxture was stirred at arnbrent temperature for 20 hours then quenched
with saturated aqueous brcarbonate soluuon The rmxture was filtered through an
EMPORE® cartndge and the ﬁltrate was extracted w1th 3M hydrochloric acid. The
acidic extracts were basuﬁed w1th 5M sodrum hydroxrde solution and extracted with
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dlchloromethane to gwe aresidue Whiﬁfl was punﬁe&'@y chromatography on silica
to give cis-5-(4-phenoxyphenyl)-7-(4-morpholinocyclohex-1-yl)-7H-pyrrolof2,3-

d]pyrimidin-4-ylamine, and trans-5-(4-phenoxyphenyl)-7-(4-morpholinocyclohex-1-

y1)-7H-pyrrolo[2,3-d] pyrimidin-4-ylamine.

Examples 178 and 179: cis-7-(4-N-ethoxycarbonyl)piperazin-1-ylcyclohexyl)-5-(4-
. phenoxy-phenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine and trans-7-(4-N-
. ethoxycarbonyl)-piperazin-1-ylcyclohexyl)-5-(4-phenoxyphenyl)-7H-pyrrolof2,3-

dipyrimidin-4-ylami

In a similar manner to the previous Example; 4-[4-amino-5-(4-
phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]jcyclohexanone (0.4 g from 1.0g -
of 40% pure material) and 1-ethoxycarbonyl-piperidine (i 58 mg) were reacted
together in the presence of sodium triacetoxyborohydride (296 mg) in

~dichloromethane (15 ml) containing glacial acetic acid (60 mg) to give after workup

and chromatography cis-7-(4-N-ethoxycarbonyl)piperazin-1-yleyclohexyl)-5-(4-
phenoxy-phenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine and trans-7-(4-N-
ethoxycarbonyl)-plperazm 1-ylcyclohexyl)-5-(4-phenoxyphenyl)—7H—pyrrolo[2 3- -
d]pymmdm—4-ylamme ' S

‘Example 180 2- [4-a1mno-5-(4-phenoxyphenyl)—7H—pyxrolo[2 3-d]pynm1d1n-7-

yl]pyridine-3-carbonitrile

5-(4-Phenoxyphenyl)-7H-pyrrolof2,3-d]-pyrimidin-4-ylamine (906 mg) was
reacted with 2-chloronicotinonitrile (510 mg) in the presénce of sodium hydride
(150 mg) in dimethyiformamide (30 ml) at 100°C for 5 hours to give 2-[4-amino-5-
(4-phenoxyphenyl)—7H-pyrrolo[2 3~d]pynm1dm-7-y1]pynd.me-3-carbomtnle,
m.p. 242-242.5°C, after workup

Example 181: 7-[3-(aminomethyl)pyrid-2-y1]-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-
d}-pyrimidin-4-ylamine dimaleate |

The product from the previous example (468 mg), ethanol saturated with
ammonia (200 ml) and Raney® nickel (2 ml) was shaken under hydrogen at a
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pressure of 26 bar at 80°C for 6 hours and then left standing at ambient temperature
for 68 hours. ‘The mixture was ﬁltered and the residue was washed well with
ethanol. The filtrate was evaporated under reduced pressure and the residue was
taken up in ethyl acetate and ﬁltered Maleic acid (135 mg) dissolved i in ethyl
acetate (20 ml) was added in portrons to the filtrate until no further precipitation
occurred. The mixture was warmed and decanted from a small residual amount of
gum. The gum was further heated w1th ethyl acetate and decanted. ' The combined
ethyl acetate extracts were cooled and the solid which precipitated was collected by
filtration to give 7-[3-(ammomethy_l)_pynd—Z-yl]-S-(4-phenoxypheny1)-7H—

pym10[2,3-d]-p9ﬂtnidin44-ylatnige dime_leate, m;p. 131-134°C.

_ Example 182; 3~[4-aunno-S-(4-phenoxyphenyl)-7H—pyrrolo[2,3-d]pynnndm-7-yl]-

-methyl-s-azabrcyclo[3 2. 1]octane .
Sodlum hydnde (168 mg, of i a 60% dlspersmn in mineral oﬂ) was added to a
mlxture of 5-(4~phenoxyphenyl)-7H-pyrrolo[2 3-d]pynm1dm-4-ylamme (770 mg, in

: d:methylformanude 30 ml) 3-Mesyloxy-8-methyl-8 azablcyclo[3 2.1]octane
. (900 mg, prepared as deecnbed m J C.S 1958 _89, 4679) in dimethylformamide

(10 ml) was added under mtrogen with stlmng The mixture was warmed at 75°C -
for 5 hours (and left standmg at amb1ent temperamre for 7 days). The solvent was
removed under reduced pressm'e Water was added to the residue and the mixture

'was extracted with ethyl acetate to glve aresidue whrch was purified by flash

column chromatography on srhca usmg ethyl acetate/methanol (50:50) as the mobile
phase to remove startmg matenal and then a mixture of ethyl acetate/methanol/ -
tnethylamme (5:5: 1) as the moblle phase to elute the product Appropnate fractions
were combined and evaporated to glve a solid whxch was tnturated with ether and
filtered to give 3- [4—ammo—5-(4-phenoxyphenyl)-7H-pyrrolo[2 3~d]pynm1dm-7-y1]-
8-methyl-8-azabicyclo[3.2. 1]octane, mp.238-250°C.

Examples 183 and 184 cxs-?-(N—methylhomop:perazm— -ylcyolohexyl)-S-(4-
phenoxyphenyl)—7H-pyrrolo[2 3—d]pryrmdm-4—ylamme and trans 7-(N-methylhomo-
piperazin- l-ylcyclohexyl)-s-(4-phenoxyphenyl)—7H-pyrrolo[2 3-d]prym1dm-4-
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In a similar manner to Examples 176 and 177, 4-[4-amino-5-(4-

-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl]cyclohexanone (0.4 g from 1.0 g

of a 40% pure material), N-methythomopiperazine (114 mg), sodium

_triacetoxyborohydride (296 mg), glacial acetic acid (60 mg) and 1,2-dichloroethane

(15 ml) were reacted together. After filtration, the filtrate was evaporated and the
residue was purified by chromatography on silica to give cis-7-(N-
methylhomopiperazin-1-ylcyclohexyl)-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-

. d]prymidin-4-ylamine and trans 7—(1~1—methylhomo-p1perazm—l-ylcyclohexyl)-s-(4-

phenoxyphenyl)-7H-pyrrolo[2,3-d]prymidin-4-ylamine.

Examples 185 and 186: cis 7-(N-methylpiperazin-1-ylcyclohexyl)-5-(4-
phenoxyphenyl)-7-pyrrolo[2,3-d]prymidin-4-ylamine and trans 7-(N- -
methylpiperazin-1-ylcyclohexyl)-5-(4-phenoxy-phenyl)-7-pyrrolof2, 3-d]prym1dm-4~
ylamine

In a similar manner to the previous Example, N-methylplperamne (100 mg)
was reacted with the same amounts of cyclohexanone derivative and other reagents -
to give cis 7-(N-methylpiperazin-1-ylcyclohexyl)-5-(4-phenoxyphenyl)-7-

. pyrrolo[2,3-d]prymidin-4-ylamine and trans 7-(N-methylpiperazin- I-ylcyclohexyl)-
: -(Lphenoxy—phenyl)ﬂ-pyrrolo[z 3-d]prymidin-4-ylamine.

. Example 187: 3-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo{2,3-d]pyrimidin-7-y1}-

cyclopentan-1-one
A mixture of 3-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-

7-yl]-cyclopentan-1-ol (100 mg), activated manganese dioxide (500 mg) and
. dichloromethane (100 ml) was stirred at ambient temperature for 18 hours to give,

after filtration, a solution of 3-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-
d)pyrimidin-7-yl}-cyclopentan-1-one in dichloromethane which was used in the next
Example. ' '
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Example 188: cls-7-(3-morphohnocyclopent~ —yl)-5—(4~phenoxyphenyl)-7H-
pyrrolo[2, 3-d]pynm1dm-4—ylarmne and trans-7-(3-morphohnocyclopent- -y)-5-(4-
phenoxyphenyl)-7H-pyrrolo[2 3-d]-pynm1dm-4—ylamme
Morphohne (45 mg) was. added to the solutron obtained in the previous

. Example followed by sodmm trraeetoyryborohydnde (151 mg) and glacial acetic acid

at- amblent temperature under mtrogen for 18
':methane evaporated. Tetrahydrofuran (100 ml)
vas stirred forafurther8hours The mixture was
worked up to grve crs—7-(3-morphohnocyclopent- -yl)-S-(4-phenoxyphenyl)-7H-
pyrrolof2, 3-d]pynm1d1n-4-—ylamme and trans-?-(S-morphohnocyelop -1-y1)-5-(4-
phenoxyphenyl)-’TH-pyrrolo[2,3-d]-pynm1d1n-4-ylamme

Exa.mple. 1.89= '3;{°%!¥;amino-54(4-p§9¢9xxph¢ny1)-7flii’ymlo[2,-3-d]pyr.imidin-7-

yDeyclopentyl N-(2-morpholinoethyl)-carbamate hydrochloride

a) Toa solutidn":of 3-(4—Amino¥§é(4iphehoitjfpheny1}7H.pyn-o]o[2 3_d]'p1m-mjdin' .

7-yl)eyclopentanol (20 mg) in dichloromethane (1. ml) at 0°C was added N-
methylmorphohne 7 ml)'and_ : mixture stirred for 20 minutes. The cooling
. bath was removed and 4-mtrepheny1chlorofonnate (12.5 mg) was added and the ~
resulting mrxture stirred overmght at ambrent temperature The mixture was
diluted with dlchloromethane, :
__ brcarbonate solutlon and bnn} ., The organic solutlon was dried over magnesium
sulphate and evaporated to glve erude product. -
b) The crude product from a) m dlehloromethane (2 ml) was added to 2-
_morphohnoethylamme (0. 2 ml) and the mixture stirred overnight at ambient -
temperature. The mixture was: dxluted with ethyl acetate and washed with water

washed w1th water, saturated aqueous sodium '

and brine. The orgamcs were dned ﬁltered and: evaporated to give a crude
product whlch ‘was punﬁed by preparatlve I-IPLC to give 3-(4-amino-5-(4-
phenoxyphenyl)-7H— pyrrolo[2 3-d]pynm1dm-‘7—yl)cyclopentyl N-(2-
morpholmoethyl)ca.rbamate '
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The product from b) was dJssolved!’ﬁ ‘ethyl acetate sinl) and hydrogen chloride

-gas was bubbled through the solution for 2 mmutes A precipitate formed and

stirring was contm_ucd for a further 10 minutes. The solvent was evaporated and
water added to dissolve the solid. 'Lyophilisa'tion gave 3-(4-amino-5-(4-
phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)cyclopentyl N-(2-

_morpholinoethyl)—carba;nate hydrochloride as a solid.

‘Example 190: 3-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo{2,3-d]pyrimidin-7-

ylJeyclopentyl 2-aminoacetate hydrochloride

a)

3-[4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-
yllcyclopentanol (50 mg, 0.129 mmol) and N-tert-butoxycarbonyl glycine (34
mg, 0.194 mmol) was mixed in N,N-dimethylformamide (1 ml). 1-(3-
Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (31 mg, 0.155 mmol)

* and 4-dimethylamino pyridine (16 mg, 0.129 mmol) was added. The resulting-

mixture was stirred under nitrogen at ambient temperature for 24 hours. The
reaction mixture was poured into ice water and extracted with ethyl acetate. The
organic extracts were washed with brine, dried (MgS04), filtered and

~ evaporated. The solid was purified by flash column chromatography on silica

b)

using ethyl acetate as the mobile phase to give 3-[4-ammo—5 (4-phenoxyphenyl)-

7H-pyrrolo [2,3-d]pyrimidin-7-yl]cyclopentyl 2-[(tert-
butoxycarbonyl)aminojacetate. The structure was confirmed by 'H NMR.

3-[4-Amino-5-(4-phenoxyphenyl)-7H-pyxrolo[2,3-d]pyrimidin-7-yl]cyclopentyl

' 2-[(tert-butoxycarbonyl)aminoJacetate (39 mg, 0.072 mmol) was disolved in

ethyl ecetate (2.5 ml). Hydrogen chloride gas was passed through for 1 minute.
The flask was capped and the solution stirred for additional 30 minutes. Diethyl
ether was added and precipitate formed. The solid was collected by filtration to
give 3-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-dJpyrimidin-7-
yllcyclopentyl 2-aminoacetate hydrochloride. The structure was confirmed by 'H
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NMR and LC/MS (MH® = 444),

' [ ammo-S-(4-phenoxyphenyl)-7H-pyrrolo[2 3-d]pynm1dm-7-
am:ho-3-methylbutanoate hydro hlonde -

(ZS)-I-[(tert-Butoxycarbonyl)ammo]—Z-methylbutanom 2 S-dxoxo-z ,3-dihydro-
lH-l-pyrroleearboxyhc anhydnde ( 114 mg, 0. 362 mmol) was added to a
solution of 3-[4—ammo-5—(4-phenoxypheuyl)-7H—pyrrolo[2,3-d]pynm1dm-7-
yl]cyclopentanol (66 mg, 0. 171 mmol) in dxchloromethane (1 ml). The resulting
mixture was stlrred under mtrogen at ambient temperature for 24 hours. The
reaction mxxture.was diluted w1th ethyl acetate. and washed, dried MgSO,),
filtered and __" ,erated The sohd was purified by ﬂash column chromatography

~on silica usmg_:ethyl acetate as the mobxle phase to gwe 3-{4-amino-5-(4-

phenoXyphenjg__'_-:'/H-pyn'olo[2,3-d]pynmldm-7-yl]cyelopenty1 (2S)-2-[(tert-
butoxycarbonyl)ammo]—S-methylbutanoate. The structure was confirmed by g
NMR and LC/MS .(MH* 586) e '

3-[4-Annno—5-(4-phenoxypheny1)-7H-pyrrolo[2,3-d]pynm1dm—7—y1]cyelopentyl _
(ZS)-2-[(tert-butoxycarbonyl)annno]-3-methylbutanoate (35 mg, 0.060 mmol)

‘was dxssolved m ethyl acetate (2 5 ml).. Hydrogen chloride gas was passed

through for 5 mmutes The ﬂask was capped and the solution stirred for -

‘additional 30 mmutes Dle’rhyl ether was added and precipitate formed. The

solid was collected by ﬁltrauon to g1ve 3-[4-ammo-5—(4-phenoxyphenyl)—7H-
pyrrolof2, 3-d]pyrmudm-7-yl]gyclopentyl (28)-2—annno—3-methylbutanoate
hydrochlonde The structure was con.ﬁnned by 1H NMR and LC/MS (MH’ =
486). ' 5
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Example 192: 3 -t heno By T it

/53 _
lo[2,3-d]pyrimidin-7-

yl)cyclopentyl N-(2-moxpholiﬂoethyl)carbama_te hydrdéhloride

a)

~ mg, 0.052 mmol) was added to the mxxture and the resulting solution was stirred

b)

N-Methylmorpholine (0.007 ml, 0.062 mmol) was added dropwise to solution of
4-nitrophenyl chioroformate (12.5 mg, 0.062 mmol) in dichloromethane (1 mi)

‘with stirring under nitrogen at 0°C. After 20 minutes, the ice-water bath was

removed and the mixture was allowed to warm up to ambient temperature. 3-{4-
am1no-5—(4-phenoxyphenyl)—7H-pyrrolo[2 3-d]pynm1dm-7-yl]cyclopentanol (20

for 24 hours. The reaction mlxture was dlluted with dichloromethane and
washed with water, saturatcd sodmm bicarbonate, and brine. The orgamc layer
was dried (MgSO,), ﬁltered and evaporated to give 3-[4-amino-5-(4-
phenoxyphenyl)ﬂH—pyrro.lo [2,3-d]pyrimidin—7—yl]cyclopentyl (4-nitrophenyl)
carbonate. The structure was confirmed by 'H NMR. |

3-{4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2, 3-d]pyrimidin-7-yl]cyclopentyl
(4-nitrophenyl) carbonate (0.052 mmol) in dxchloromethane (1 ml) was added to
2-morpholmoethylarmne (0.2 ml).- The resulting mixture was stirred under
nitrogen at ambient temperature for 24 hours. The reaction mixture was diluted

. with ethyl acetate and washed, dried (MgSO,), filtered and evaporated. The .
- solid was purified by preparative HPLC to give 3-[4-amino-5-(4-

phenoxypheny!)-7H-pyrrolo[2,3-d]pyrimidin-7-yIjcyclopentyl N-(2-
morpholinoethyl)carbamate. The structure was confirmed by 'H NMR and
LC/MS (MH™ = 543).

3-[4-Amino-s-(4—phenoxypheny1):7H—pyrrolo[2,3-d]pyrimidin-7-yl]cyclopentyl
N-(2-morpholinoethyl)carbamate (10 mg, 0.018 mmol) was dissolved in ethyl
acetate (2.5 ml). Hydrogen chlori;ie gas was passed through for 2 minutes, and a
precipitate formed. The ﬂa_sk'w_as Eap_ped and the solution stirred for additional
10 minutes. The solid was co_l}ecte;_d by filtration to give 3-(4-amino-5-(4-
phenoxyphenyl)—7H—pyrrolo[2,3-&jpyrimidin-7—yl)cyclopentyl N-(2-
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morpholinoethyl)carbamate hydrochlonde The structure was confitmed by 'H
NMR and LC/MS (MH’ 543) '

Preparation of Starting Materials

a) Tert-butylamme (15 ml) was added w1th st:lmng to a solution of 2-bromo-4'-
phenoxyacetophenone (12 7 g, prepared by brommatlon of 4'-
'phenoxyacetophenone aocordmg to Tetrahedron Letters, 1993, 34,3177 in
propan-2-ol and the mixture heated at 80°C for 3 hours ‘The mixture was cooled
to 0°C and eoncentrated hydroehlonc acid (10 ml) added. The suspension was
stirred at ambrent temperature for 18 hours and the solid collected by filtration to
give 4 -phenoxy-z-(tert—butylannno)aeetophenone hydrochloride (3.75 g), m.p.
210-212°C.

b) 4 -Phenoxy-z-(tert—butylarmno)acetophenone hydrochloride (3 75 g) was
- addedin one portron to sodrum ethoxrde (prepared by dissolving sodium
(93 mg) in ethanol (50 ml)) and the mlxture was stlrred at 40°C for 30

mmutesundermtrogen 7";.'

(2) Ina separate ‘flask sodmm (331 mg) was drssolved in ethanol (50 ml) and’
rnalonomtnle (858 mg) was added The solution was stirred at ambient
temperature for 5 minutes and then to this solutron was added the solution of
4'-phehoXylﬁ~(tenébutylaiiilno)acetophenone' obtained in part (1) in one
portion excluding the preeipitat"ed sodium chloride The resultant mixture
was heated at 50°C for 3 hours and then at 80°C for 2 hours. The solvent was
removed under reduced pressure and the resultant oil was partitioned
between water and ethyl acetate The orgamc phase was separated, dried and
evaporated to give a black sohd This solid Was drssolved in hot ethanol and
.tnturated w1th water, ﬁltered and dried to give 2-amino-3-cyano-4-(4-

; phenoxyphenyl)-l-(tert-butyl)pyrrole.
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A mixture,of 2-amino-3-cyano-4-(4«phenoxyphenyl):1-(tert-butyDpyrrole

(1.9 g), formamide (30 ml) and 4-dimethylaminopyridine (10 mg) was heated at
180°C for 6 hours. The mixture was cooled to ambient temperature and water
was added to precipitate a dark solid. The solid was collected by filtration,
washed with water, then boiled up in ethanol and the insoluble material collected
by hot filtration and dried. The solid was purified by preparative HPLC on a

silica column using dichloromethane/propan-2-ol/ ethanol, 98:1:1 as the mobile

phase to give 7-tert-butyl-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-
ylamine (4-amino-$-(4-phenoxyphenyl)-7-(tert-butyl)pyrrolo[2,3-d]pyrimidine),
m.p. 157-158°C. 1H NMR (d6 DMSO) 6 8.15 (1H,s), 7.50-7.35 (4H,m), 7.30
(1H,5), 7.15 (1H,¢), 7.10 (4H,m), 6.05 (2H,brs), 1.75 (9H,s). -

A mixture of 4-amino-5-(4-phenoxyphenyl)-7-(tert-butyl)pyrrolo[2,3-d}-
pyrimidine (5.8 g), glacial acetic acid (55 ml) and hydrobromic acid (55 ml ofa
48% solution) was boiled under reflux for 18 hours under nitrogen. The mixture -
was allowed to cool and a solid was collected by filtration. This solid was

washed with methanol and then with ether to give 4-amino-5-(4-
phenoxyphenyl)-7H-pyrrolo[2,3-d]-pyrimidine hydrobromide, m.p. 288-292°C.
The hydrobromide salt was converted into the free base by warming with dilute
sodium hydroxide solution (100 ml of 5% w/v solution) and ethanol (60 ml) with
stirring and removing the ethanol by distillation. The mixture was cooled and

the solid was collected by filtration and washed well with water to give 5-(4-
phenoxyp}_xenyl)-7H-py1rqlo [2,3-d]pyrimidin-4-ylamine.

A mixture of 5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine

(600 mg) and tetrakis(triphenylphosphine) palladium (40 ml) and dry dimethyl
sulphoxide (30 ml) was stirred under nitrogen in an ice/water bath and then a
solution of cyclopentadiene monoepoxide (200 mg) in tetrahydrofuran (10 ml)
was added via syringe under nitoém at 0°C. The mixture was stirred at ambient

temperature (with exclusion of light) for 66 hours and then the tetrahydrofuran

was removed under reduced pressﬁre and water was added to the residue. The
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mixture was allowed to stand for 18 hours and then extracted with ethyl acetate
to give a residue which was punﬁed by flash colui___:nn chromatography on silica
using ethyl acetate/industrial methylated spirit (9:1) as the mobile phase to give
4-[4-amino-5- (4-phenoxyphenyl)-7H—pyrrolo[2 3-d]pyrimidin-7-yl}-cyclopent-2-
enol, as an oil. The structure was conﬁrmed by lHnmr and mass spectra.

f) 4-[4—Amino-5-(4—phenoxthenyl)-7H-pyrrolo[2,3-‘d]pyrinﬁdin-7-y1]cyclopent-2-
enol (110 mg) was hydrogenated in ethanol (20 ml) with ¢ gascous hydrogen at
“atmospheric pressure usmg 10% palladmm on charcoal (50 mg) as the catalyst.
The catalyst was removed by ﬁltrauon and the ﬁltrate was evaporated to give 3-
[4—ammo-5 -(4-phenoxyphenyl)-7H-pyrrolo[2 3—d]pynm1dm—7-yl]cyclopentanol
as an oil. 'I'hestructurewasconﬁrmedby lHnmrandmassspectra.

Example 193: C1s-5-(4-phenoxyphenyl)-7-(4-pyrrohdmocyclohex— -yD)-7H-

_Pyrrolo[z 3—d]pynm1d1n-4—ylamme -

Trans-5-(4-phenoxyphenyl)—7—(4-pyrrohdmocyclohex— -yl)-7H-pyrrolo[2,3-

" o d]pynmrdm—4-ylamme

_ To a stn'red suspensmn of 4-[4-ammo-5-(4-phenoxyphenyl)—7H—pyrrolo[2,3-
d]pynmrdmyl-?-yl]cyclohexanone (2 34 859 mmol) in 1,2 dichloroethane (250
mL) was added, rmder an atmosphere of mtrogen pyrrohdme (1 25 g 17 6 mumol)
and glacial acetic acrd Q1 00 mL, 17 6 mmol), and the resultant mixture stirred at
room temperature for 30 minutes. Sodlum triacetoxyborohydride (1.87 g, 8.8 mmol)
was added in one portion, and the fesultant mixture stirred for 70 hours. The mixture
was extracted with 2M aqueous hydrochlonc acid (2 x 200 mL). The combined

- extracts were washed thh dlchloromethane (300 mL), made basw with 12.5M

aqueous sodium hydrox:de solutlon, and extracted with dichloromethane (3 x 200

- mL). The combined extracts were dned over sodium sulphate, and purified by

chromatography with’ a Biotage 4OS column using ethyl acetate / triethylamine
(95:5) and ethyl acetate / tnethylamme {/ methanol (85:10:5) as a mobile phase to
yield Cis-5- (4-phenoxyphcnyl)-7-(4—pyrrohdmocyclohex—1 -y)-7TH-pyrrolo[2,3-
dlpyrimidin-4-ylamine as an off—whrte solid (0.65 g, 1.4 mmol), melting point 101 -
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104 deg C., LC/MS Hypersil BDS c18 (100 x 2.1 mm) 0.1IM

ammoniumacetate/acetonitrile, 10-100% acetonitrile in 8 min.): MH" 454 t,= 3.56

minutes and Trans-5-(4-phenoxyphenyl)-7-(4-pyrrolidinocyclohex-1-yl)-7H-

- pyrrolo[2,3-d]pyrimidin-4-ylamine as an off-white solid (0.93 g, 2.1 mmol), melting

point 183 — 185 deg.C, LC/MS (Hypersil BDS ¢18 (100 x 2.1 mm) 0.1M
ammoniumacetate/acetonitrile, 10-100% acetonitrile in 8 min.): MH" 454 ,t = 3.68
. _

Example 194: Cis-5-(4-phenoxyphenyl)-7-(4-piperidinocyclohex-1-yl)-7H-
pyrrolo[2,3-d]pyrimidin-4-ylamine hydrochloride
Trans-5-(4-phenoxyphenyl)-7-(4-piperidinocyclohex-1-yl)-7H-pyrrolo[2,3-
dlpyrimidin-4-ylamine

To a stirred suspension of 4—[4-ammo-5-(4-phenoxyphenyl)—7H-pyrrolo[2 3-
d]pynmm-7-yl]cyclohexanone (234 g, 5.9 mmol) in 1,2 dichloroethane (250 ml.)

" was added, under an'atmosphere of nitrogen, piperidine (1.50 g, 17.6 mmol) and =

glacial acetic acid ( 1.00 mL, 17.6 mmol), and the resultant mixture stirred at room -
temperature for 30 minutes. Sodium ﬁihcetoxjrborohydﬁde (1.87 g, 8.8 mmol) was

" added in one portion, and the resultant mixture stirred for 70 hours. The mixture was .

extracted with 2M aqueous hydtoéhlbric acid (2 x 200 mL). The combined extracts

- were washed with dichloromethane (300 mL), made basic with 12.5M aqueous.

sodium hydroxide solution; and extracted with dichloromethane (3 x 200 mL). The
combined extracts were dried over sodium sulphate, and purified by chromatography -
with a Biotage 40S column using ethy] acetate / triethylamine (95:5) as a mobile
phase to yield -Cis-5 -(4-phenoxyphenyl)-7-(4-piperidinocyclohex-1-y1)-7H-
pyrrolo[2,3-d]pyrimidin-4-ylamine (0.23 g) as a clear oil., LC/MS :ypersil BDS c18
(100 x 2.1 mm) 0.1M ammoniumacetate/acetonitrile, 10-100% acetonitrile in 8 min.)
MH" 468 t, = 3.67 minutes and Trans-S-(4-phenoxyphenyl)-7-(4-
piperidinocyclohex-1-yl)-TH-pyrrolo[2,3-d]pyrimidin-4-ylamine as an off-white
solid (193 mg, 0.4 mmol), melting ppﬁlt 192 - 195 deg.C, LC/MS: Hypersil BDS
c18 (100 x 2.1 mm) 0,1M ammoniumacetate/acetonitrile, 10-100% acetonitrile in 8
min.)MH" 468 t = 3.71 minutes '
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Example 195: C1s—5-(4-phenoxyphenyl)-7-(4-p1pendmoeyelohex- -yl)-7H-
pyrrolo[2,3-d}pynm1dm—4~ylamme was dissolved in ethyl acetate (50 mL), diluted
with diethyl ether (50 mL) and treated witha IM solutron of hydrogen chloride in
diethyl ether until no further preclpltatron occurred. The resultant solid was collected
and re-crystallised from- absolute ethanol to gwe Crs-s-(4—phenoxyphenyl)-7-(4-
piperidinocyclohex-1 -yl)-7_H-pyrrolo[2 3-d]pynm1dtn-4~ylamme hydrochloride as a
colourless solid (75 n_rg, 0.2 mmol) 'n_lelting point 185 —-189 deg.C.

Example 196: Trans-?-(4—drmethylammocyclohexyl)—5-(4-phenoxyphenyl)-7H—

pyrrolo[2, 3-d]pynm1d1n-4-ylamme :

Cls-7-(4-dunethylammoeyclohexyl)—5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-

_ d]pynmxdm—4-ylamme

Toa stirred solutron of 4-[4-armno-5-(4-phenoxyphenyl)—7H—pyrrolo[2 3-

| .d]pymnm-7-yl]cyclohexanone (3242 8.1 mmoD in dichloromethane (1000 mL) -
- was added, under an atmosphere of mtrogen, N—methylplperazme (1 20 & 12.0

8.0 mmol) was added in one portlon, a:nd the resultant solutron strrred for 6 hours.
The additions were repeated on the same scale and the resultant solutton stirred for

| - 70 hours. 'I'he solutron was exn'acted w1th 2M aqneous hydrochlone acld (2x 300
mL). The eombmed extracts were washed wrth dlchloromethane (300 mL), made

basrc with 880 aqueous ammoma soluhon, and extracted w1th ethyl acetate (3x250

) The combmed extracts were washed thh saturated aqueous sodium chloride
solutlon, dned over sodmm sulphate, a.nd purified by chromatography with a
Biotage 40M column usmg ethyl acetate / methanol / tnethylamme (8:1:1)asa
mobile phase to yreld C1s-7-(4-d1methylarnmocyclohexyl)—5-(4-phenoxyphenyl)—
7H-pyrrolo[2 3-d]pynm1dm-4»-ylamme asan off- whrte solid (220 mg, 0.5 mmol.)
meltmg pomt 180 -182 deg C,LC/MS: Hypersxl BDS cl8 (100 x 2.1 mm) 0.1IM
ammomumacetate/aeetomtnle, lO—lOO% acetomtnle m 8 min. )MI-F 428t= 3.43
minutes

The column was ﬂushed with ethyl acetate I methanol / tnethylamme (4:1:1,
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500 mL), and the solvent removed under reduced pressure. The residue was

dissolved in dichloromethane (200 mL)and purified by chromatography with a
Biotage 40M column using dichloromethane/methanol (9:1 to 7:3) to yield Trans-7-

(4-dimethylamino-cyclohexyl)-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-dJpyrimidin-4-
ylamine as an off-white solid (320 mg, 0.75 mmol) melting point 207.5 — 210 deg.
C, LC/MS: Hypersil BDS ¢18 (100 x 2.1 mm) 0.1M ammoniumacetate/acetonitrile,

~ 10-100% acetonitrile in 8 min.)MH" 428 t,= 3.48 minutes

R-(H-4 -[4-.amino-5-(4-phenoxyphenyl)-7- (3-tetrahydrofuryl)-7H-
pyrrolo[2,3-d]pyrimidine.

Example 197: 4 -{(S) - tetrahydrofuran-3-yl} toluenesulphonate

To a solution of (S)-3-hydroxytetrahydrofuran (2.0 g, 23 mmol) in pyridine
(40 mi) at 0°C was added tosylchloride portionwise (4.8 g, 25 mmol). The solution
was stirred at 0°C for 1 hr and then at room temperature overnight. The pyridine was

evaporated in vacuo and the residue was partioned between EtOAc and saturated
- "aquoeus citric acid (200 ml each). The aqueous layer was extracted with EtOAc (2x

200 ml) and the combined organics were dried (sodium sulphate), filtered and
evaporated to leave an oil (4.5 g, 85%). '"H NMR (CDCl,, 250 MHz): 7.78 (2H, d),
7.35 (2H, d), 5.12 (1H, m), 3.76-3.93 (4H, m), 2.45 (3H, s), 2.01-2.20 (2H, m).

~ To astirred suspension of 4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-
d]pyrimidine (4.83 g, 16 mmol) in N,N-dimethylformamide (80 mL), underan
atmosphere of nitrogen, was added 60% sodium hydride in mineral oil (0.75 g; 19
mmol), and the mixture stirred at room temperature for 30 minutes. The resultant
dark solution was treated with a solution of 4 -{(S) - teti‘ahydfoﬁn'an-3-
yl}toluenesulphonate (4.20 g, 18 mmol) in N,N-dimethylformamide (20 mL) in 2
mL aliquots. The resultant solution was stirred at room temperature for 30 miﬁutes, ;
then at 95 deg.C. for 18 hours. The solution was allowed to cool to ambierit
temperature, then poured onto ice/wéter (200 mL)_. The aqueous was extracted with
ethyl acetate (3 x 200 mL). The combined organic extracts were washed with water

- (4x 150 mL), dried over sodium sulphate, and the solvent was removed under

reduced pressure. '_I‘he residue was warmed with dichloromethane (1000 mL) until a
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solution was obtamed, cooled to ambrent temperature, and purified by
chromatography wrth a Brotage 40M column using ethyl acetate/ tnethylamme

- (95:5), then ethyl acetate / methylamme / methanol (90 :5:5) as a mobile phase, to

yieldR-(+) -4 -[4—ammo-5-(4-phenoxyphcnyl)-7- (3-tetrahydroﬁ1ryl)—7H—
pymrolo[2, 3-d]pynmrdme as an off- whlte sohd 4.35 %12 mmol) melting point 165-
166 deg. C, LCIMS : Hypersil BDS 018 (100x 2.1 mm) 0.1IM
ammonrmrxacetatelacetommle, 10-100% aeetomtnle in 8 min) MH' 373 t.= 4.44
mmutes [],, +205 + 06(d1chloromethane,22 6degC)

Example 198: 5-(4—phenoxyphmyl)—7~(4-p1pendyl)-7H—pyrrolo[2 3—d]pynnndm-4-
N—tert-butoxycarbonylplpendmol
" Toa solutron of N-tert-butoxyearbonylprpendone (10 0g, 50 mmol) in

" MeOH (100 ml) at 0°C was added sodmm borohydride (1.9 g, 50 mmol) -

15

pomonwrse Stlr at O"C for 1 hr and then at room temperature for 20 br. Quench with

- 2N NaOH (20 ml), evaporate solvent and partmon resrdue between ethylacetate and
© water (100 ml each) Extract the aqneous layer wrth ethylacetate (3 x 100mI) and

| ~wash the combmed orgamc layers wrth brine' and water (1 x 100 ml each). Dry

2

25

30

: ('Na2804 , - filter and coneentrate to leave N—tert-butoxycarbonylplpendmol asa
colourless oil (10 5 g, 100%) Rf m 20% EtOAc / hexane 0.05 (KMnO, dip). IR

(thmﬁ]m) 3428 2939 l693cm A

Example 199: tert-butyl 4~[(4—methylphenyl)su1fony1]oxy- -prpendmecarboxylate
~ Toa solutron of N-tert-butoxycarbonylplpendmol (105 g, 0. 052 mol) in
pyridine (150 ml) at 0°C under mtrogen was added tosylchlonde (9.94 g, 0.052 mol)
portionwise, Strr at O"C for 2 hr Warm to room temperature and strr at room
temperature overmght Evaporate the solvent and partmon between citric acid

~ solution (1M, 100 ml) and ethylacetate (200 ml). Extract acidic layer with

ethylacetate (1x 100 ml) and wash combmed orgamcs w1th c1tnc acid sohmon (1M,

2x 100 ml), bnne ( 100 ml) and water (100 mi). Dry (Na.,SO 'R filter and evaporate

to leave an oil whrch was punfed by ﬂash column chromatography usmg 10%
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'BtOAG / cyclohexaiie then 15% EtOAc / cyclobiexine &

¢ in F 30-68 tert-butyl 4-
'[(4-methylphenyl)éﬁlfonyl]oxy?1-piperidinecarboxylate as a white solid (11.0 g,
60%) Rfin 20% EtOAc / cyclohexane = 0.17 'H NMR (CDCl;, 250 MHz) : & 7.79
(2H, d), 7.34 (2H, d), 4.67 (1H, m), 3.58 (2H, m), 3.27 (2H, m), 2.45 (3H, s), 1.59 -
1.83 (4H, m), 1.43 (9H, 5)

Example 200: tert-butyl 4-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-
d)pyrimidin-7-y1}-1-piperidinecarboxylate

To a solution of 4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine
(2.0 g, 6.6 mmol) in dry DMF (100 ml) under nitrogen at 0oC was added NaH
(0.264 g, 60% dispersion, 6.6 mmol) and the reaction mixture warmed to room
temperature and stirred for 1hr. Tert-butyl 4-{(4-methylphenyl)sulfonyljoxy-1-
piperidinecarboxylate (2.34 g, 6.6 mmol) was added and the resulting solution
heated at 95°C for 72 hr. The reaction was quenched by careful addition of water:
(150 ml). Extract with EtOAc (3 x 100 mI) and wash with water (4 x 100 ml) and
brine (2 x 100 mi). The organic solution was dried (Na,S0,), filtered and evaporated
10 leave a solid which was adsorbed onto silica and purified by flash silica gel
column chromatography using EtOAc then 5% MeOH/EtOAc as eluent to givein F
13-22 tert-butyl4-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[ 2,3-dJpyrimidin-7-y1}- -
1-piperidinecarboxylate (1.0 g, 31%) as a white solid, m.pt. 168.5-169.50C. R;in
10% EtOAc/MeOH = 0.4 . '"H NMR (d; DMSO, 250 MHz) : § 8.14 (1H, s), 7.38-
7.49 (SH, m), 7.07-7.23 (5H, m), 6.14 (2H, bs), 4.76 (1H, m), 4.11 (2H, m), 2.93
(2H, m), 1.92-2.02 (4H, m), 1.43 (9H, 8). Mass spec. C,,H,;,O;N; (485.2430).IR
(KBr disc) : 3059, 1695, 1588, 1235 cm™

Example 201: 5-(4-phenoxyphenyl)-7-(4-piperidyl)-7H-pyrrolo[2,3-d]pyrimidin-4-

. ylamine

To a solution of tert-butyl 4-{4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-
d}pyrimidin-7-yl]-1-piperidinecarboxylate (0.69 g, 1.4 mmol) in dry CH,Cl, 25 ml)
at 0°C was added TFA (5 ml). The solution was stirred at room temperature for 20
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A mh'ogen and dned m:vacuo for 6 hr to leave 5-(4-phenoxyphenyl)-7-(4-p1pendyl)-

- e
hr and the solvent evaporated NaOH solution (5N, 10 ml) was added and the

_resulting slurry was exl:acted vmh EtOAc (3x50 ml) ‘Wash with brine (1 x 50 ml).

Dry, filter and concentrate to leave a sohd wh1ch was triturated with diethylether
and filtered to leave 5-(4—phenoxyphenyl)-7-(4-p1pendyl)—7H-pyrrolo[2 3-
d]pyrnmdm—4-ylamme (433258) as a white solid (500 mg, 91%). M.pt 209-211°C.
R¢in 1:1 EtOAc : MeOH =0.1.. lHNMR(dsDMSO 250 MHz) 8.13 (1H, s), 7.36-
7.48 (4H, m), 7. 29 (lH 8), 7 04-7 16 (5H m), 5.80. (2H bs), 4.64 (1H, m), 3.10 (2H,
m), 2.80 (1H, bs) 2 67 (2R, m), 1, 94 (4H, m). Mass spec C,,H,,ON; (385.1902). IR
(KBr disc) : 3278, 1620 1585, 1490 1245 cm’

Example 202: 5-(4-phenoxyphenyl)-7-(4-p1pendyl)-7H-pyxrolo[2 3-d]pynm1dm—4w
ylamine dxhydrochlonde s P '
| To 5-(4—phenoxypheny1)-7-(4—p1pendy1)-7H-pyrrolo[2 3-d]pynm1d1n-4—
ylamme (433258) (200.mg) in EtOAcIMeOH (15 ml l 1) was added ether HC1
solution (l 0 M 3 ml) "I'he resultmg whxte preczpltate was ﬁltered under a stream of

o 7H-pyn'olo[2,3-d]pynm1dm-4-ylamme dihydrochlonde (1.4 hydrate) as a white

' solid (120 mg), m.pt 304°C (dec )‘ 'H NMR (D,o 250 MHz) 8.48(1H, s), 7.69 (1H, |

©'s),7.50-7.58 (4H, m),7 18-7.34 (SH m) 5.16 (1H,m),3 81 (2H d),346(2H m), -

20

25

30

249 (4H, m). > IR(KBrd1sc) 3937 1657 1231cm

Example 203 tert—butyl 3-[4-am1no-5 (4-phenoxyphenyl)-7H-pyrrolo[2,3-

d]pynmxdm—?-yl]— -pyrrohdmecatboxylate
N-tert-butoxycarbonylpynohdm—3-ol

Toa solutlon of pyrrohdm-3-ol (10 0g,0.11 mol) in dichloromethane (200
mL) was added tnethylamme (22.2 g 30.5 ml, 0.22 mol) followed by di-tert-
butyldicarbonate (28 8 g, 0.13 mol) at 0°C. Warm to room temperature and stir at
ToOom temperature overmght Quench with saturated aqueous citric acid (150 ml)
amd wash the orgamc layer with water, brine and water again (1 x 100 ml each). The
organic layer was dne_d (sodium sulphate), filtered and evaporated to leave N-tert-
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purified by flash silica gel column chromatography using 10% EtOAc/cyclohexane

Example 204: tert-butyl 3-{(4-methylphenyl)sulfonyl]oxy-1-pyrrolidinecarboxylate
To a solution of N-tert-butoxycarbonylpyrrolidin-3-ol (19.8 g, 0.106 mo}) in
pyridine (200 ml) at 0°C under nitrogen was added tosyl chloride (22.3 g, 0.117 mol)
portionwise. Stir at 0°C for 2 hr, warm to room temperature and stir at room-
temperature overnight. The pyridine wés evaporated in vacuo and the residue was

.partioned between EtOAc and saturated aquoeus citric acid (200 ml each). The

aqueous layer was extracted with BtOAc (2 x 200 ml) and the combined organics: _
were dried (sodium sulphate), filtered and evaporated to leave an oil which- was

as eluent to give in F40-85 an oil. The oil was dissolved in a small volume of . . |
cyclohexane/ diethylether (5:1, 50 ml), cooled and scratched with a spatula to induce

- crystallisation. The resulting solid was filtered to give tert-butyl 3-[(4- =
- methylphenyl)sulfonyljoxy-1-pymolidinecarboxylate (10.5 g, 29%) as a white solid.

R, in BtOAc/cyclohexane = 0.13. '"H NMR (CDCl,, 250 MHz): 7.79 (2H, d), 7.35
(2H, d), 5.04 (1H, m), 3.43 (4H, m), 2.46 (3H, s), 2.03-2.20 (2H, bm), 1.43 (9H, 5) _

To a solution of 4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine
(2.0 g, 6.6 mmol) in dry DMF (120 mi) under nitrogen at 0°C was added NaH
(0.264 g, 60% dispeersion, 6.6 mmol) and then reaction mixture warmed to room
temperature and stirred for 1hr. tert-butyl 3-[(4-methylphenyl)sulfonyljoxy-1-
pyrrolidinecarboxylate (2.25 g, 6.6 mmol) was added portionwise and the mixture
heated at 95°C"for 72 hr. Quench with water and extract with EtOAc (4 x 100 ml).
Wash the combined organic solutions with water (4 x 100 ml) and brine (2 x 100
ml). The organics were dried (sodium sulphate), filtered and evaporated to leave a
solid which was dissolved in EtOAc/MeOH and adsorbed onto silica. Purification
using flash silica gel column chromatography with 5% MeOH/ EtOAc as eluent
gave in F17-25 tert-butyl 3-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-
d]pyrimidin-7-yl]-1-pyrrolidinecarboxylate (1.0 g, 32%) as a white solid m.pt. 168-
170°C. R¢in 9:1 EtOAc: MeOH = 0.46. 'H NMR (d, DMSO, 250 MHz): 8.17 (1H,
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s), 7.38 -7.50 (SH, m), 6.19 (2H, bs), 5.31 (1H, m), 3.77 (1H, m), 3.42-3.60 (3H, m),
2.38 (2H, m), 1.40 (9H, s). Mass spec 471.2250_(C,,H2,0,N,) IR (KBr disc): 3130,
1683, 1585, 1404, 1245 om* '_' A
“Example 205: 5-(4—phenoxyphenyl)-7—(3-pyrrolldmyl) -7H-pyn'olo[2 3-d]pyrimidin-
5 ‘4-ylamine '
Toa solutlon of tert-butyl 3—[4-ammo-5-(4—phenoxyphenyl)-7H-pyrrolo[2 3-
d]pynnndm-?-yl]-l pyrrohdmecarboxylate ©08g,1 7 mmol) in dichloromethane
(25 ml) at 0°C was added tnﬂuoroacetlc acid (5 ml). The reaction mixture was
warmed to room temperature and stxrred at room temperature for 20 hr. The solvent
10 ~ was evaporated and dxlute NaOH added (5N, 10 ml). The resulting residue solution
. 'was extracted w1th EtOAc (3 x50 ml) and the combmed organics were washed with
brine (1x75 ml) The orgamc so]utxon was dried (sodmm sulphate), filtered and
~ evaporated i in vacuo to leave 5-(4-phenoxyphenyl)-7—(3-pyrrohdmyl) -TH-
_ . yrrolo[2,3-d]pynnndm—4—ylamme as a whlte solid (0 5.8, 79%) m.pt. 182-184°C. R,
. 15 . in1:1 EtOAc: MeOH. 0.15. lHNMR (ds DMSO, 250 MHz): 8.14 (lH, s), 7.37-
. 7.50 (5H, m), 7. 05 7;18 (5H, m), 6 14 (2H, bs), 5. 23 (1H, m),3.09 -3.27 (2H, m),
e - 2.83-2.98 (2H, m), 9-2.33 (1H, m), 1.88-2.01 (1H, m) Mass spec. 371.1758
o (C,,Hz,ON,) IR (Kiar disc): 3106, 1535 1489, 1232 cm’

20 Example 206: 5-(4-phenoxyphenyl)-7-(3-pyrrohdmyl) -7H-pyrrolo[2,3-d]pynm1dm— :
" 4-ylamine thydrochlonde L
Toa solutlon of 5-(4-phenoxypheny1)-7-(3-pyrrohdmyl) -TH-pyrrolo[2,3-
d]pynmld1n-4—ylamme (200 mg) in 'EtOAc/MeOH (2 1, 20 ml) was added ether. HCI
(1.0M, 3 ml) and the resultmg preclpxtate was ﬁltered under nitrogen to give 5-(4-
25. . phenoxyphenyl)—?-(3—pyrrohdmy1) “TH-pyrrolof2, 3—d]pynm1d1n-4—ylam1ne
L ' -+ dihydrochloride (0 4 hydrate) asa whlte solid (190 mg) m.pt. 298°C (dec.). R (KBr
disc): 2909, 1658;’ 1249 em®
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Example 207: 7-pettiyiiro-1-pyrrolizin{ifs-(4-phenoxyghény1)-7H-pyrrolo[2,3,d]

" pyrimidin-4-amine dihydrochloride salt-

a) - perhydro-1-pyrrolizinol -

Prepared as descxibed by Schnekenburger J, Briet E, Arch Pharm. (Wienheim) 310,
152-160 ( 1977)

b) perhydro-1-pyrrolizinyl methanesulfonate

A mixture of perhydro-1-pyrrolizinol (0.5 g, 3.94 mmol) and triethylamine (0.60 g,
5.91 mmol) in dichloromethane (10 ml) was stirred at 0°C under an atmosphere of
nitrogen. Methanesulfonyl chloride (0.68 g, 5.91 mmol) was added, then the mixture .
was allowed to warm to ambient t__emberatme and stirred for 8 hours. . Saturated o
aqueous ammonium chloride (10 ml), dichloromethane (25 ml) and saturated =~
aqueous sodium bicarboante (10 ml) were added. The organic layer was dried over

magnesium sulfate filtered and the filtrate evaporated under reduced pressure to give

a residue. Purification of the material by flash chromatography on silica gel using
heptane/ethyl acetate (1:3) as an eluent yielded perhydro-1-pyrrolizinyl _
methanesulfonate (0.54 g): 'H NMR (DMSO-d,, 400MHz) 3 4.96 (m, 1H), 3.61 (m,
1H), 2.9-3.3 (m, 6H), 2.35 (m, 1H), 1.55-2.25 (m, 6H). |

c) 7-perhydro-1-pyrrohzmyl—S-(4—phenoxyphenyl)-7H—pyrrolo[2,3 ,dJpyrimidin-4-
amine dihydrochloride salt

A mixture of 5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine
(0.49g, 1.62 mmol) and 60% sodium hydride in oil (100 mg, 2.43 mmol) in DMF
was stirred at ambient temperature for 15 minutes under an atmosphere of nitrogen .
The mixture was heated at 100°C for 18 hours then cooled to ambient temperature.
Additional 60% sodium hydride in oil (100 mg, 2.43 mmol) was added and heating
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continued for-another 2 hours. The mixture was cooled to ambient temperature and
the solvents removed under reduced pressure. The residue was partitioned between
water (10 ml) and d:chloromethane (30 ml). The organic layer was dried over
magnesium sulfate' ﬁlhered and the solvent was removed from the filtrate under
reduced pressure. The resultlng rendue was punﬁed by preparauve C-18 RPHPLC
to give 150 mg of wlnte sohd whlch was dlssolved m ethyl acetate ( 10 mi) and
treated with 1 N hydrogen chlonde in d1ethyl ether to give 7-perhydro-l-
pyrrohzmyl-S—(4-phenoxyphenyl)-7H—pyrrolo[2 3 d] pynm1d1n-4-amme

 dihydrochloride salt as a white salid: "H NMR (DMSO-d, 400MHz)  8.52 (s, 1H),

7.95 (s, 1H), 7. 02-7 58 (m, 1H), 5 38 (m, 1HO, 4.40. (m, 1H), 1.9-3.9 (m, 10H);
(Hypersil HS C18 5 um, lOOA, 250 x 4.6 mm; 25-100% acetonitrile-0.1 M

| ammonium acetate over IOmm, lmllmm ) t,-—7 62 mm, MS: MH" 412.

Example 208: 7-(2-methylperhydroeyclopenta[c]pyrrol-s-yl)-s-(4-phenoxyphenyl)-
7H-pyrrolo[2 3-d]pymmdm—4—amme dlhydrochlonde salt

2) 2-meﬂ1ylperhyﬂrocyclopenta[e]pyrrol-5~ol | .
Prepared as desen’bed by Bohme H, Setlz G, Arch. Pharm (Wlenhenn) 301, 341
(9es). . o -

b) 4-chloro-5-1odo—7-(2-methylperhydrocyclopenta[c]pyrrol-S-yl)-7H-pyrrolo[2 3-
d]pynmrdme | _

A mixture of 4-chloro-5-10do-7H-pyrrolo[2 3-d]pyrimidine (0.38 g, 1.36 mmol),
2-methylperhydrocyclopenta[c]pyrrol-5~ol 023 g, l 63 mmol) and
tnphenylphosphme (0.71 g, 2.72 mmol) in tetrahydroﬁ:ran (20 mL)) was treated with
d1ethylazod1carboxylate (0.474 g 2 .72 mmol) and stirred for 2 hours at ambient
temperature. The: solvent was removed under reduced pressure and the residue was
partitioned between dlchloromethane (30 ml) and water (10 ml). The organic layer

- was washed with saturated aqueous sodmm chlonde (10 ml) then dried over

magnesium sulfate then filtered a.nd the filtrate evaporated under reduced pressure to
give a residue. The residue was_ﬂp_ur_}ﬁ_ed by flash c__lrromatogmphy on silica using
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dichloromethane/ métHiinol (8:2) as mofile phase to yidiit 4-chloro-5-iodo-7-(2-
methylperhydrocyclopenta[c]pytrol-5-yl)-7H-pyrrolo[2,3-d]pyrimidine (0.25 g): 'H
NMR (DMSO0-d,, 400MHz) & 8.62 (s, 1H), 7.44 (s, 1H), 7.26 (s, 2H), 5.36 (m, 1H),
2.88 (m, 2H), 2.68 (m, 2H), 2.43 (m, 2H), 2.36 (s, 3H), 2.06-2.02 (m, 4H); TLC

(dichloromethane/methanol 8:2) R, = 0.29; RP-HPLC (Hypersil HS C18, 5 pm,

100A, 250 x 4.6 mm; 25-100% acetonitrile-0.1 M ammonium acetate over 10min,
Iml/min ) t=6.50 min; MS: MH" 403. '

¢) 7-(2-methylperhydrocyclopenta[c]pyrrol-5-yl)-5-(4-phenoxyphenyl)-7H-
" pyrrolo[2,3-d]pyrimidin-4-amine dihydrochloride salt
A mixture of 4-chloro-5-iodo-7-(2-methylperhydrocyclopenta[c]pyrrol-5-yl)-7H-
pyrrolo[2,3-d]pyrimidine (0.25 g, 0.622 mmol), 4-phenoxyphenyl boronic acid (0.16
g, 0.746 mmol), tetrakis(triphenylphosphine)palladium (0.043 g, 0.037 mmol) and

* sodium carbonate (0.172 g, 1.62 mmol) was heated in a mixture of ethylene glycol
‘dimethyl ether (8 mL) and water (4 mL) at 90° C for 18 hours under an atmosphere

of nitrogen. The mixture was allowed to cool to ambient temperature and solvents -
were removed under reduced pressure. The residue was partitioned between water -
(10 mL) and dichloromethane (30 ml) The layers were separated and the organic -
solution was dried over magnesjum sulfate, filtered and the filtrate concentrated to 4
residue under reduced pressure (0.354 g). The material was dissolved in 1,4-dioxane
(10 ml) and concentrated (28%) ammonium hydroxide (10 ml). The mixture was
heated in a sealed tube at 120°C for 20 hours then cooled to ambient temperature.
The solvents were evaporated under reduced pressure then purified by flash column
chromatograpl;'y on silica using dichloromethane/methanol 7:3) as an eluent to give
7-(2-methylperhydrocyclopenta [c]pyrrol-5-y1)-5-(4-phenoxyphenyl)-7H-
pyrrolo{2,3-d]pyrimidin-4-amine (0.05 g): '"H NMR (DMSO-d,, 400MHz) shows
two sets of peaks due to the cis and trans isomers of the desired compound-§ 10.6-
10.8 (bs, 1H), 8.49 (s, 1H), 6.99-7.98 (m, 11H), 5.39 and 5.48 (m, 1H), 2-3.8 (m,
10H); PH 454098: RP-HPLC (Hypersil HS C18, 5 pm, 100A, 250 x 4.6 mm; 25-
100% acetonitrile-0.1 M ammonium acetate over 10min, 1ml/min ) t=7.53 min; MS:
MH" 426. The dihydrochloride salt of 7-(2-methylperhydrocyclopentafc]pyrrol-5-
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yl)-5-(4-phenoxyphenyl)'-7H-pyn'.olo[2,3 -d]pyrimidin-4-amine was prepared by
dissolving the free base in 10 ml 1:N hydrochloric acid and lyophilizing.

Example 209: Cis and trans-7-[4-(N-tert-butoxycarbonyl-1S, 45-2,5-diaza[2.2.1]
heptanyl)cyclohexyl}-5-(4-phenoxyphenyl)-TH-pyrrolof2,3-dlpyrimidin-4-amine

A suspension of 4-[4-ammo 5-(4-phenoxyph-yl)-7H-pynolo[2,3-
d]pynm&n—?—yl]—l-cyclohexanone (0.67 g, 1. 68 mmol) in dichloroethane (40 mil)
was treated with tert-Butyl (1s, 4S)—( ) 2,5-diazabicyclo[2.2. l]heptane-z-carboxylate
(1.0g, 5. 04 mmol) and glacial acetxc acid (0 30g,5.04 mmol) at room temperature
for 1 h. Subsequently, Na(OAc),BH (0 46 g,2.17 mrnol) was added and stirred for 8

~ daysat 80°C To the cooled reacuon soluuon, a solutlon of NaI-ICO3 (0.377 g, 10.08

mmol) in water (15 ml) was added and stirred for 15 mm The layers were separated
and the orgamc layer was washed w1th water and bnne (3x 100 ml each ). The
aqueous layer was extracted w1th CH,zClz, the orgamc layers combmed dried
(MgSO4), ﬁltered and concentrawd. The sohd was punﬁed by flash silica gel -
column chromatogmphy (2 L 6% MeOH in CH,‘,Cl2 then2L 10% MeOH/ 5%
NH,OH in CHzCl ) to gwe

Example'210 Cis-7-[44(N-te11'-buto:'<}""carlibuyl-lS 48-2 S-diaza[2 2.1]heptanyl)
cyclohexyl]-5-(4-phenoxyphenyl)—7H-pyrrolo[2 3-d]pynm1d1n—4—amme (605 mg, -
64%) o S |
H NMR (ds DMSO, 400 MHz) :88.13 (IH, 5), 7.39-7.49 (4H, m), 7.32

~ (1H, m), 7.07-7.17 (SH,m), 6.09 (2H, bs), 4.63 (1H, m), 4.15 (1H, m), 3.30-3.70

' (2H, m), 3.03-3.08 (2H, m), 2.80-2.90 (1H, m), 2.70-2.75 (1H, m), 2.29-2.35, (IH,

25

30

m), 2.09-2.21 (1H, m), 1.81-1:93 (4H, m), 1.60-1.80 (4H, m), 1.39 (H, m).
HPLC/MS: Perkin Elmer Pecbsplle;e'CIS, 3pM, 33 x 4.6, 3.5 mI/min 100 - 100%
50 mM ammonium acetate to _acelopiuile in 4.5 minutes, C,H,,N;O, (581.2), 95%.
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Example 211: Trans-7-[4-(N-tert-butoxycarbonyl-18, 4S-2,5-diaza[2.2.1]heptanyl)

cyclohexyl}-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d}pyrimidin-4-amine (183 mg,

20%)

"H NMR (d, DMSO, 400 MHzZ) : § 8.13 (1H, s), 7.39-7.47 (5H, m), 7.15-
7.17 (1H, m), 7.07-7.11 (4H,m), 6.10 (2H, bs), 4.62 (1H, m), 4.1-4.2 (iH, m), 3.71
(1H, bs), 3.03 (2H, m), 2.35 (2H, m), 1.93-2.01 (6H, m), 1.60-1.68 (2K, m), 1.40
(SH, 5). HPLC/MS Perkin Elmer Pecosphere C18, 3uM, 33 x 4.6, 3.5 ml/min 100 —
100% 50 mM ammonium acetate to ageionitrile in 4.5 minutes, C,H,N,O (581.2),
99%.

Example 212: Cis-N1-{4-[4-amino-5-(4-phenoxyphenyl)-7H-pymrolo[2,3-
dlpyrimidin-7-y1] cyclohexyl}-N1,N2,N2-trimethyl-1,2-ethanaediamine trimaleate
salt

Trans-N1-{4-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-dJpyrimidin-7-
yl]cyclohexyl}-N1,N2,N2-trimethyl-1,2-ethanaediamine trimaleate salt

A mixture of 4-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine- -
7-y1}-1-cyclohexanone (1.0 g, 2.51 mmol), N;N;N'-trimethylethylenediamine (0.77
g, 7.54 mmol) and acetic acid (0.45 g, 7.54 mmol) in 1,2-dichloroethane (50 ml) was
stirred at ambient temperature under an atmosphere of nitrogen for 30 minutes:
Sodium triacetoxyborohydride (0.69 g, 3.26 mmol) was added and the mixture
stitred at ambient temperature for 18 hours. Water (20 ml) and sodium bicarbonate
(1.26 g, 15.1 mmol) were added, the mixture was stirred for one hour, filtered
through a pad of celite and the pad was washed with dichloromethane (75 ml). The
filtrate was transferred to a separatory funnel and the layers were separated. The
organic layer was dried over magnesium sulfate, filtered and the filtrate evaporated
under reduced pressure. The cis and trans isomers were purified by flash
chromatography on silica gel using dichloromethane/methanol (7:3) as an eluent to
give cis-N1-{4-{4-amino-5-(4-phenoxyphenyl)-7TH-pyrrolo[2,3-d]pyrimidin-7-
yllcyclohexyl}-N1,N2,N2-trimethyl- 12—ethanaediamine (0.442 g) and trans-N1-{4-
[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d}pyrimidin-7-yl]cyclohexyl} -
N1,N2,N2-trimethyl-1,2-ethanaediamine (0.336 g). The cis-N1-{4-[4-amino-5-(4-
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phenoxyphenyl)-7H-pyrrolo[2 3-d]pynm1dm-7-y1]cyclohexyl}-Nl ,N2,N2-tnmethyl-
l,2-ethanaed1amme (0 44 g, 0. 909 mmol) was dissolved in warm ethyl acetate (100
mi) then maleic acld (0. 32 g 2. 73 mmol) in ethyl acetate (30 ml) was added. The
resultmg salt formed an oﬂy res1due on the bottom and sides of the ﬂask. The
supematant was poured off and the :esndue was dxssolved in water and lyophilized to

~ give 01s-N1 {4-[4-ammo-S-(4—phenoxypheny1)-7H—pyrrolo[2 3-d]pynm1dm-7-

yl]cyclohexyl}—Nl N2 N2 mmethyl-l,2-eﬂmnaedmnme trimaleate salt (0.55 g): 'H
NMR (DMSO-d, 4; MHZ) 8 szz (s, 1H), 7.417.50 m, 5H), 7.08-7.19 (=, SH),
6.5 (bs, 2H), 515(.4, 6H),478(m, 1H), 328 (m,2H),300(m,2H),280(m, 1H),
2.79 (s, 6H), 250 (s, 3H), 2.19 (m, 2H), 1.99 (m, 2H), 1.78 (m, 4H); RP-HPLC
(Eiypersil CPS, 5 m, 1004, 250 X 46 mm, 25-100% acetonitrile-0.1 M ammonium

- acetate over 10mm, mj/mm) t;'9 27 mm, MS MH* 485.

. -Nl- {4»[4-ammo—$-(4-phenoxyphenyl)-7H—pyrrolo[2 3-d]pynm1d1n-7—
yl]cyclohexyl} -N ,N2,N2 tnmethyl—l 2-ethanaed1amme trimaleate sait was

- prepared from the free base in the same manner' 'H NMR (DMSO-d,, 400MHz) 6 .

- 8.20(s, 1H), 741

19 (m, SH), 6:45 (bs, 2H), 6.15 (s, 6H), 4.62

| . (m, 1H), 2.9-3.3 (m,-iSH), 2. 74 (s, 6H), 2. 56 (s, 3H), l 9-2.2 (m, 6H), 1.73 (m, 2H); .

20 .

25

30

RP-I-IPLC (Hypersll CPS, 5 pm, lOOA, 250 x4.6 mm, 25-100% acetonitrile-0.1 M
ammonium acetate over lOmm, lmllmm) t,—8 17 mm, MS: MH" 485.

-The followmg compounds were made ina smlar manner to cis-N1-{4-[4-
amino-5- (4—phenoxypheny1) 7H-pyrrolo[2 3-d]pynm1dm—7-yl]cyclohexyl}-

N1,N2 N2-mmethy1-l,2-ethanaed1amme

Example 214:. Ci:s:7-[4-(4§isopropylpiperazino)cycIohexyl]-S-(4-phenoxyphenyl)-
7H-pyrrolo[2,3—d]pynnnd1n—4-amme ‘H NMR (ds DMSO 400 MHz): 6 8.13 (1H,
s), 7.39-7.50 (4I-I m), 7.28 (1H, s), 7.07-1.16 (5H, m), 6.08 (2H, bs), 4.67 (1H, m),
2.49-2.67 (SH, m), 2 06-2 16 (SH, m), 1.70-1.72 (2H m), 1.53-1.59 (2H, m), 0.97
(d,J=6.5Hz, 6H) Mass spec C,,H,,NGO (511 2) HPLC (Hypersﬂ HS C18,
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min, 1 mY/min) t=7.817 min., 9% TLC: R,in 90% CH,CL/MeOH = 0.30 (UV

visible).

' Bi:ample‘ 2 15 . Trans-7-[4-(4-isopropylpiperazino)cyclbhekyl]-5-(4-phenoxyphehyl)-

7H-pyrrolo[2,3-d]pyrimidin-4-amine: "H NMR (d; DMSO, 400 MHz): § 8.13 (1H,
s), 7.40-7.47 (5H, m), 7.08-7.18 (5H, m), 6.08 (2H, bs), 4.53 (1H, m), 2.45-2.55 (9H,
m), 2.17-2.20 (1H, m), 1.86-1.96 (6H, m), 1.44-1.49 (2H, m), 0.97 (d, J = 5.5 Hz,
6H). Mass spec. C,,H;;NO (511.2). HPLC: (Hypersil HS C18, 5um, 254 nm, 250
X 4.6 mm; 25-100% acetonitrile-0.1N ammonium acetate over 10 min, 1 ml/min)-
t=7.367 min., 91% TLC: R;in 90% CH,Cl,/MeOH = 0.21 (UV visible).

 Example 216: Cis-7-{4-[4-(2-methoxyethyl)piperazino]'cyclohexyl}-5-(4-

phenoxyphenyl)—7H—pynolo[2,3-d]pyr_imidin#amine: 'H NMR (d, DMSO, 400

MHz): & 8.13 (1H, 5), 7.39-7.50 (4H, m), 7.27 (1H, s), 7.07-7.11 (5H, m), 6.09 (2H,
bs), 4.68 (1H, m), 3.42 (2H, t, ] = 5.9 Hz), 3.22 (3H, 5), 2.43-2.55 (9H, m), 2.03-2.16

(6H, m), 1.60-1.71 (2H, m), 1.52-1.59 (2H, m). Mass spec. C,,H,,N,0, (527.2).
HPLC: (Hypersil HS C18, 5um, 254 nm, 250 x 4.6 mm; 25-100% acetonitrile-0.1N
ammonium acetate over 10 min, 1 m/min) t=7.317 min, 95% TLC: R,in 90%
CH,C1,/MeOH = 0.22 (UV-visible).

Example 217: Trans-7- {4—[4-(2-methoxyethy1)piperazino]cyélohexyl} -5-(4-
phenoxypheny1)-7H-pyrrolo[2,3-dJpyrimidin-4-amine: *H NMR (d, DMSO, 400
MHz): & 8.13 (1H, s), 7.39-7.47 (5H, m), 7.07-7.16 (5H, m), 6.09 (2H, bs), 4.55
(1H, m), 3.36-3.42 (2H, m), 3.23 (3H, s), 2.33-2.55 (11H, m), 1.90-1.96 (6H, m),
1.44-1.47 (2H, m). Mass spec. C,H;;N.O, (527.2). HPLC: (Hypersil HS C18,
5um, 254 nm, 250 x 4.6 mm; 25-100% acetonitrile-0, 1N ammonium acetate over 10
min, 1 ml/min) t=7.200 min, 99% TLC: R,in 90% CH,Cl,/MeOH = 0.31 (UV
visible).
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Example 218: C1s-7-[-4~(4-ethylplperazmo)cyclohexyl]-5—(4-phenoxyphenyl)-7H-
pyrrolo[2, 3-d]pymmd1n-4-amme
'"HNMR (d6 DMSO 400 MI-Iz) 8 823 (lH s), 7.41-7.49 (4H, m), 7.07-
7.17 (6H,m), 6.57 (2H bs), 6.20 (5H, s), 4. 77 (141, m), 2.04-2.13 (8H, m), 1.62-1.77

(5H,m), 121 3H, t) HPLC (Waters delta pack C18,150 x 3.9 mm; 5 - 95%

acetonitrile-0.1 M ammomum acetate over 30mm, lml/mm) t=13.851, 100%.

-7-[4-(4-ethylp1perazmo)cyclohexyl] 5—(4-phenoxyphenyl)—7H—pyrrolo[2 3-
d]pynrmdm-4-am1ne :
"H NMR (d‘ DMSO 400 MHz) o 8 19 (lH,s), 7. 40-7 47 (4H, m), 7.19

| (lH,.m), 7.08-7. 19 (SH,m), 6.40 (2H bs), 6.18 (6H, s), 495 (lH, m), 3.17 (2H, bs),

2.98 (2H, bs), 2. 69 (2H bs), 1.94-2.01 (8H, m), 1.54-1.57 (2H, d, J=7.5 Hz), 1.17

"~ GHY. HPLC (w__' ters delta pack Cis, 150x39 mm, 5- 95% acetomtnle—O 1M

20

25

dmmonium acetat : over 30m1n, lnﬂ/mm ) tr—13 701 96%

" The followmg compounds were prepared as salts ina snmlar manner to that
oftrans—Nl {4-[4-arnmo-5-(4—phenoxyphenyl)—7H—pyrrolo[2 3-d]pynm1dm-7-

RPN yl]cyclohexyl}"Nl N2,N2 tnmethyl-l 2-ethanaed1amme tnmaleate salt

Example 219: C1s-7-[4o(4»1sopropylprperazmo)cyclohexyl]—S -(4-phenoxyphenyt)-

- 7H-pyrrolo[2, 3-d]pynm1d1n-4~armne tris maleate; 'H NMR (d; DMSO, 400 MHz):

88.23 (14, s), 7. 40-7 49 (5H, m) 7 07—7 19 (5H, m), 6.55 (2H, bs), 6.16 (6H, s),
4.74 (14, m), 3. 26 (6H bs), 2 04-2 49 (13H, m), 1. 63—1 75(5H, m), 1.25(d, J=6.6
Hz, 6H). Mass spec C, H;iN,O (511 1). HPLC: (Hypersxl HS C18, 5pm, 254 nm,
250x 4.6 mm, 25 100% acetomtnle-O IN ammomum acetaxe over 10 min, 1
ml/min) t=7.967 : n_nu, 99%
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Example 220: .Traﬁﬁ%—[4-(4—isoprop§%%ﬁérazind)cyé‘:'igﬁéiylj-s-(#phenoxyphenyl)-

“7H-pyrrolo[2,3-d]}pyrimidin-4-amine tris maleate: "H NMR (d, DMSO, 400 MHz):

S 8.20(1H, s), 7.40-7.65 (5H, m), 7.08-7.19 (SH, m), 6.46 (2H, bs), 6.14 (6H, s),
4.60 (1H, m), 2.50-3.45 (17H, m), 1.95-2.02 (5H, m), 1.56-1.59 (2H, m), 1.20 (4, J =
6.5 Hz, 6H). Mass spec. C;,H,gN,O (511.2). HPLC: (Hypersil HS C18, S5pm, 254
nm, 250 x 4.6 mm; 25-100% acetonitrile-0.IN ammonium acetate over 10 min, 1
ml/min) t=7.733 min, 90% '

Example 221: Cis-7-{4-[4-(2-methoxyethyl)piperazinojcyclohexyl}-5-(4-
phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine tris maleate: "H NMR (d,

~ DMSO, 400 MHz): 8 8.23 (1H, s), 7.41-7.49 (5H, m), 7.07-7.19 (5H, m), 6.55 (2H,

bs), 6.16 (6H, ), 4.75 (1H, m), 3.62 (2H, m), 3.30 (3H, 5), 3.17 (6H, bs), 2.50 (9H,
m), 2.02-2.16 (SH, m), 1.74 (SH, m). Mass spec. CyH,,N,0, (527.2). HPLC:
(Hiypersil HS C18, Spm, 254 nm, 250 x 4.6 mm; 25-100% acetonitrile-0.1N
ammonium acetate over 10 min, 1 mY/min) t=7.750 min, 99%

Example 222: Trans-7-{4-[4-(2-methoxyethyl)piperazino]cyclohexyl}-5-(4-
phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine tris maleate: "H NMR (d

- DMSO, 400 MHz): 3 8.21 (1H, 5), 7.41-7.48 (5H, m), 7.08-7.17 (5H, m), 6.53 (2H, -

bs), 6.17 (6H, s), 4.61 (1H, .m), 3.45 (3H, s), 2.50-3.56 (19H, m), 1.99-2.08 (6H, m),
1.64 (2H, m). Mass spec. C;,H,,NQO, (527.2). HPLC: (Hypersil HS C18, Spm, 254
nm, 250 x 4.6 mm; 25-100% acetonitrile-0.1N ammonium acetate over 10 min, 1 -
ml/min) t=7.383 min, 99%

Example 223: Cis-N1-{4-[4-amino-5-(4-phenoxyphenyl)-TH-pyrrolo[2,3-
d]pyrimidin-7-yljcyclohexyl}-N2,N2-dimethyl-1,2-ethanaediamine trimaleate salt
Trans-N1-{4-[4-amino-5-(4-phenoxyphenyl)-7TH-pyrrolo[2,3-d]pyrimidin-7-
yljcyclohexyl}-N2,N2-dimethyl-1,2-ethanaediamine monomaleate salt

~ cis-N1-{4-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-
yl]cyclohexyl}-NZ,NZ-dimethyl-l,2-ethanaediamine trimaleate salt: '"H NMR
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~ (DMSO-d,, 400MHz) 3 8.19 (s, 1H), 7.40-7:49 (xa, SH), 7.08-7.19 (m, SH), 6.35 (bs,

2H), 6.13 (s, 6H), 4.78 (m, 1H); 3.15-3.45 (m, SH), 2.74 (s, 6H), 1.8-2.25 (m, 3H);
RP-HPLC (Hypersil CPS, § i, 100A, 250 X 4.6 tm; 25-100% acetonitrile-0.1 M
ammonium acetate over 10mm,1ml/n:un ) t=8.90 min; MS: MH* 471.

 Example 224: trans-N1- {4—[4~'amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3—

d]pyrmdm—?—yl]cyclohexyl} -N2,NZ-dnnethyl—1 ,2—ethanaed1amme monomaleate
salt: '"H NMR (DMSO-dG, 400MHz) 5 9.5 (bs, 1H), 8.26 (s, 1H), 7.41-7.55 (m, 5H),
7.08-7.19 (m, 5H), 6.7 (bs, 2H), | 6 16 (s, 2H), 4.63 (m, 1H), 3.12-3.55 (m, 5H), 2.85
(s, 3H), 2.27 (m, 2H), 1.99-2. 05 (m, 4H), 1.67-1. 75 (m, 2H); RP-HPLC (Hypersil
CPS 5 pm, IOOA, 250 x4.6 mm; 25-100% acetomtnle—O 1 M ammonium acetate
over 10m1n, lml_/mm) t=8.6 mm, MS: MH' 4710

" Example 225 st-7—(4-{[3-(IH-l-nmdazolyl)propyl]a.mmo}cyclohexyl)-S—(4-

phenoxyphenyl)-7H—pyrmlo[2,3-d]pynm1dm-4-amme trimaleate salt
Trans-7-(4-{[3-( 1H-1 -mdazolyl)propyl]ammo}cyclohexyl)-s (4-
phenoxyphenyl)—7H~pyrrolo[Zﬁed]pynmdgn4~amne dxmaleate salt

Example 227: cxs—7-(4-{[3-(1H— —nmdazolyl)propyl]anuno}cyclohexyl)—S—(4—

. phenoxyphenyl)-7H-pyrrolo[2, 3-d]pynnudm-4—amme trimaleate salt: 'H NMR -
.(DMSO-ds, 400MHZ) 88.78 (bs, lH), 8.48 (bs, 2H), 8.18 (s, 1H), 7.66 (s, 1H), 7.55

(s, 1H), 7.41-7.49 (m, 5H), 7.08-7. 19 (m, 5H), 6.33 (bs, 2H), 6.12 (s, 6H), 4.78 (m,

 1H), 4.27 (t, 2H), 2.99 (m, 3H), 1 8-2 25 (m, 10 H); RP-HPLC (Hypersil CPS, 5 pm,

100A, 250 x 4 6 mm; 25-100% acetomtnle-O 1 M ammonium acetate over 10min,
1m¥/min ) £=9.07 min; MS: MH" 508. '

Example 228: t'ans_-7-(4_»-{[3—(1H414in|idazolyl)propyl]a1niho}cyclbhexyl)—S-(4—
phenoxyphyl)_-7H-pyxr010[2,3-—ﬁ]pyrhnidin—4—émiﬂe’ dimaleate salt:'H NMR
(DMSO-d,, 400MHz) 5 8.76 (bs, 1H), 8.51 (bs, 2H), 8.18 (s, 1H), 7.66 (s, 1H), 7.55
(s, 1H), 7.40-7.47 (m, 51-1) 7.08-7.21 (m, SH), 6.3 (bs, 2H), 6.11 (s, 4H), 4.60 (m,

* 1H), 4.26 (t, 2H), 3.14 (m, 1H), 2.97 (m, 2H), 1.9-2.25 (m, 8H), 1.53-1.61 (m, 2H);
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- RP-HPLC (Hypersil CPS, 5 pm, 100A, 250 x 4.6 mm; 25-100% acetonitrile-0.1 M

ammonium acetate over 10min, Iml/min ) t=8.72 min; MS: MH" 508.

Example 229: Cis-7-{4-(dimethylamino)cyclohexyl]}-5-(4-phenoxyphenyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine dimaleate salt

'H NMR (DMSO-d,, 400MHz) & 9.06 (bs, 1H), 8.2 (s, 1H), 7.41-7.50 (m,
5H), 7.08-7.19 (m, 5H), 6.4 (bs, 2H), 6.13 (s, 4H), 4.83 (m, 1H), 3.34 (m, 1H), 2.88
(s, 6H), 2.10-2.17 (m, 4H), 1.88-1.99 (m, 4H); RP-HPLC (Hypersil HS C-18, 5 y,
100A, 250 x 4.6 mm; 25-100% acetommle-o 1 M ammonium acetate over 10min,
1mVmin ) t=7.38 min; MS: MH" 428. '

Example 230: Trans-5-(4-phenoxyphenyl)-7-(4-piperidinocyclohexyl)-7H-
pyrrolo(2,3-d}pyrimidin-4-amine dimaleate salt

'H NMR (DMSO0-d,, 400MH?z) 5 8.92 (bs, 1H), 8.18 (s, lH), 7.4-7.5 (m,
5H), 7.08-7.19 (m, 5H), 6.3 (bs, 2H), 6.13 (s, 4H), 4.63 (m, 1H), 3.15-3.5 (m, 3H),
2.9-3.1 (m, 2H), 1.16-2.18 (m, 14H); RP-HPLC (Hypersil HS C-18, 5 um, 100A,
250 x 4.6 mm; 25-100% acetonitrile-0.1 M ammonium acetate over 10min, 1mV/min
) t=7.98 min; MS: MH" 468. Trans-5-(4-phenoxyphenyl)-7-(4-tetrahydro-1H-1-
pyrrolylcyclohexyl)-7H-pyrrolof2,3-d]pyrimidin-4-amine dimaleate salt

'H NMR (DMSO-d,, 400MHz)  5.54 (bs, 1H), 8.18 (s, 1H), 7.40-7.47 (m,
5H), 7.08-7.18 (m, SH), 6.3 (bs, 1H), 6.12 (s, 4H), 4.63 (m, 1H), 3.1-3.55 (m, SH),
2.24 (m, 2H), 2.00 (m, 6H), 1.86 (m, 2H), 1.67 (m, 2H); RP-HPLC (Hypersil HS C-
18, 5 pum, 100A, 250 x 4.6 mm; 25-100% acetonitrile-0.1 M ammonium acetate over
10min, 1mV/min ) t=7.82 min; MS: MH" 454, ' '

Example 231: Cis-7-[4-(4-methyl-1,4-diazepan-1-yl)cyclohexyl]-5-(4-
phenoxyphenyl)-7H-pyrrolof2,3-d]pyrimidin-4-amine dihydrochloride salt
Trans-7-[4-(4-methyl-1,4-diazepan-1-yl)cyclohexyi}-5-(4-phenoxyphenyl)-7H-
pyrrolof2,3-djpyrimidin-4-amine dihydrochloride sait
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cis-7-[4-(4-methyl-1,4-diazepan-1-yl)cyclohexyl]}-5-(4-phenoxyphenyl)-7H-
pynolo[z,s-d]pyﬁmidin4=arnine dihydrochloride salt: "H NMR (DMSO-d,,
400MHz) 8 11.7 (4, 1H), 1138 (d, 1H), 8.57 (s, 1H), 8.34 (d, 1H), 7.42-7.51 (m,
4H), 7.03-7.20 (m, SH),4.93 (m, 1H), 4.7 (bs, 2H), 3.4-3.99 (m, 9H), 2.8 (s, 3H),
1.86-2.57 (10 H); -HPLC (Hypersll HS C-18, 5 pm, 1004, 250 x 4.6 mm; 25-
100% acetomtnle-(_).; M ammonmm acetate over IOmm, 1ml/min ) t=7.67 min; MS:
M 497, L

'trans-7-[4-(4-methyl-l 4-d1azepan- -yl)cyclohwcyl] 5-(4-phenoxyphenyl)—7H-

pyrrolo[2, 3—d]pynm1dm-4-amme dﬂ:ydrochlonde salt: '"H NMR (DMSO-d,,
400MHz) 5 11.94 (d, lH), 11.52 (d, lH), 8. 56 (s, 1H), 7.8 (s, 1H), 7.42-7.51 (m,
4H), 7. 10—7 20 (m, 5H) 4 76 (1H, m)< 3 2-4.0 (m, 9H), 2 80 (s, 3H), 1.78-2.4 (m,
10H); RP-HPLC (Hypersil HS C-18, 5 pm, 100A, 250 x 4.6 mm; 25-100%
acetonitrile-0.1 M ammonium dcet_a.tte'.over 10min, 1ml/min ) t=7.42 min; MS: MH"

- 497,

pyrrolo[2 3-d]pynm1dm-4-amme tnmaleate salt
Trans-S-(4-phenoxypheny1)~7—(4-p1perazmocyclohexyl)—7H—pyrrolo[2 3-
d]pynm:dm-4—-amme tnmaleate salt :

- -a) cis andtrans—te:t—butyl 4-{4-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo(2,3-

25

30

d]pyrimidin-7-ylJcyclohexyl}-1-piperazinecarboxylate

Example 233: cis-tert-butyl 4-{4-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-
dpyrimidin-7-yljcyclohexyl}-1-piperazinccarboxylate: 'H NMR (DMSO-d,
400MHz) 6 8.14 (s, 1H), 7.3-7.5 (m, 6H), 7.07-7.16 (m, SH), 6.1 (bs, 2H), 4.69 (m,
1H), 3.2-3.4 (4H, m), 2.38 (m, 4}@,:'_2_19_-2._25 (m, SH), 1.5-1.8 (m, 4H), 1.41 (s, 9H);
RP-HPLC (Hypersil HS C-18,5 p,m, 100A, 250 x 4.6 mm; 25-100% acetonitrile-0.1

M ammonium acetate over 10min, lml/min ) t=13.60 min.
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trans-tert-butyl 4-{4-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d)pyrimidin-7-
ylJcyclohexyl}-1-piperazinecarboxylate: 'H NMR (DMSO-d,, 400MHzZ) 8 8.13 (s,
1H), 7.40-7.47 (m, 6H), 7.08-7.16 (m, SH), 6.1 (bs, 2H), 4.55 (m, 1H), 3.34 (m, 4H),
2.35-2.51 (m, 3H), 1.89-1.99 (m, 6H), 1.38-1.49 (m, 4H), 1.39 (s, 9H); RP-HPLC
(Hypersil HS C-18, 5 pm, 100A, 250 x 4.6 mm; 25-100% acetonitrile-0.1 M.

ammonium acetate over 10min, 1ml/min ) t=10.40 min.

* b) Cis-5-(4-phenoxyphenyl)-7-(4-piperazinocyclohexyl)-7H-pyrrolo[2,3-

d]pyrimidin-4-amine trimaleate salt-

The cis-tert-butyl 4- {4-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolof2,3-
d]pyrimidin-7-yl]cyclohexyl}-1-piperazinecarboxylate (1.85 g, 3.27 mmol) was
treated with a 20% trifluoroacetic acid/dichloromethane solution (60 ml) and stirred
for 30 minutes at ambient temperature.. The solvents were removed under reduced
pressure then the residue was partitioned between dichloromethane (200 ml) and -
aqueous saturated sodium bicarbonate solution (30 ml). The organic solution was - .
dried over magnesium sulfate, filtered and the filtrate evaporated to a residue (1.55
2). A portion of this material (1.0 g, 2.15 mmol) was dissolved in warm ethyl -
acetate (220 ml) then treated with maleic acid (0.75 g, 0.44 mmol) in warm ethyl
acetate (75 ml). The mixture was cooled to ambient temperature then the solid was .
collected by filtration and dried to give Cis-5-(4-phenoxyphenyl)-7-(4-
piperazinocyclohexyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine trimaleate salt (1.15 g)
as a white solid: '"H NMR (DMSO-dﬁ; 400MHz) 6 8.5 (bs, 1H), 8.23 (s, 1H), 7.41-
7.51 (m, SH), ?.08-7.19 (m, 5H), 6.65 (bs, 2H), 6.16 (s, 6H), 4.74 (m, 1H), 1.16-3.2

“(m, 17H); RP-HPLC (Hypersil CPS, 5 um, 100A, 250 x 4.6 mm; 25-100%

acetonitrile-0.1 M ammonium acetate'over 10min, lml/min ) t,=8..63 min; MS: MH"

469,

c) trans-5-(4-phenoxyphenyl)-7-(4-piperazinocyclohexyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-amine trimaleate salt
"H NMR (DMSO-d,, 400MHz) 6 8.22 (s, 1H), 7.41-7.51 (m, 5H), 7.08-7.19
(m, 5H), 6.6 (bs, 2H), 6.16 (s, 6H), 4.58 (m, 1H), 1.4-3.2 (m, 17 H); RP-HPLC
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- (Hypersil HS C-18, 5 pam, 100A, 250 x 4.6 mm; 25-100% acetonitrile-0.1 M

: . ammonium acetate over IOmm lml/mm) t,-8 08 mm, MS: MH" 469.

Example 234: 7-[3-(4-methylp1perazmo)cyclopentyl]-5~(4-phenoxyphenyl)-
5 7H-pyrrolo[2,3-d]pynm1dm-4-amme tn-maleate
3—[4-ammo-5-(4-phenoxyphenyl)-’7H—pyrrolo[2 3-d]pynm1dm—7- .
yllcyclopentan-1-ol (2 14 g, 0.0055 mol) in 1 1dichloromethane was stirred with 12
: g active manganese dxoxlde for 5 hours, ﬁltered and ﬁ'esh manganese dioxide (8 g)
| _ added to the ﬁltrate Aﬁer surrmg for a further 17 hours, the mixture was filtered
B 10 and used directly. HPLC/MS showed starting materiaf and 3-[4-amino-5-(4-
_phenoxyphenyl)—'lH—pyrrolo[Z 3—d]pynm1d1n—7-yl]—l-cyclopentanone 62.7%t, 438
" 'minutes. The dmchloromethane solutxon was stirred wrth 1.0 g N-methylpiperazine
(0.01 mol) and aceuc aerd (. 6 g, 0 01 mol) . for 15 mmutes then sodium
tnacetoxyborohydnde (0 89.g; 0. 0042 mol) was added. After 2 hours 1,0 g N-
15 methylpiperazine, 0: 6 g acetic acid:and 0. 89g sodmm triacetoxyborohydride was
* added and themlxturesturedfor 17hours FurtheraddrtrononOgN-
methylpiperazine, 1 2 g acetlc acrd and 12¢g sodmm macetoxyborohydnde and
- stirring for 3 days | gave a mxxture whxch was evaporated under reduced pressure. The
... residue was treated wrth water (200 ml) and 6M hydrochlonc acid (50 ml) then
20  washed with ethyl. acetate (drscarded) and basified wnth .excess aqueous ammonia.
- The mixture was extracted with ethyl acetate and the extract dried (sodium sulphate)
~ then purified by ﬂash cllromatpgraphy in 9:1 ethyl acetate : ethanol to remove -
. impurities followedﬂby 8:1:1 ethyl acetate : ethanol : ﬁiemylamine to elute the
product. Solvent was removed under reduced pressure, the residue dissolved in ethyl

25 . acetate and treated w1th a solutlon of malelc acid in ethyl acetate giving 7-[3-(4-
methylplperazmo) cyclopentyl]-5~(4-phenoxyphenyl) 7H-pyrrolo[2,3-d]pyrimidin-
4-amine tri-maleate (444395) as a 1 .4 solvate with ethyl acetate after drying at 80° C

" under reduced pressure (0. 95 g, 0. 001 mol) m.pt. l68-170° C (decomposes).

30
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Example 235: [#(&ﬁﬂino—%cyclopeﬁﬁi'—?ﬂépyﬂdbfﬁi@;a]pyﬁmidinﬁ-' '

ylyphenylj(phenyt)-methanol, Sodium borohydride ( 0.052 g, 0.0013 miol) was

added to a solution of [4»(4-3mino-7-cYclopentyl—7H—py1rolo[2,3-d]pyﬁmidin—5—
yDphenyl](phenyl)methanone ( 0.1 g, 0.00026 mol) in tetrahydrofuran ( 4 mL)
followed by the addition of Amberlyst-15 H". The mixture was stirred at ambient
temperature under an atmosphere of nitrogen for 15 min, filtered through a celite pad
and the solvent removed under reduced pressure. The residue was purified by
preparative RP~-HPLC (Rainin, Hypersil- C18, 8 um, 100A, 25 cm; 5%-85%
acetonitrile — 0.1% ammonium acetate over 20 min, 21 mL/min) to yield [4-(4-
amino-?-cyclopentyl—?H—pyrrolo[2,3-d]pyrimidin-Sle)phenyl](phenyl)methanol

(0.005 g, 0.000013 mol):

* 'HNMR ( DMSO-d, 400MHz)  8.12 (s, 1H), 7.31 (m, 10H), 6.01 (br, 2H),
5.91 (d, 1H), 5.75 (d, 1H), 5.06 (m, 1H), 2.10(br, 2H), 1.88 ( br, 4 H), 1.67 (br, 2H)
RP-HPLC( Delta Pak C18, Spm, 3004, 15 cm; 5%-85% acetonitrile — 0.{M
ammonium acetate over 20 min, 1mL / min) R, 16.74 min. MH* 385

Example 236: Trans-?-[3-(4-methy1p1perazmo)cyclohexyl]-S-(4-phanoxyphenyl)—

 TH-pyrrolo[2,3-d]pyrimidin-4-amine tri-maleate

trans-7-[3-(4-methylpiperazino)cyclohexyl]}-5-(4-phenoxyphenyl)-7H-

pyrrolo[2,3-d]pyrimidin-4-amine (1.30 g, 0.0027 mol) in 300 ml warm ethy] acetate
was treated with a solution of maleic acid (0.94 g, 0.0081 mol) in 100 ml ethyl
acetate and allowed to cool. The colourless solid was collected, washed with ethyl
acetate and dried to constant wexght at 90° C/ 3 mbar giving 1.85 g (0.0022 mol) of

trans-7-[3-(4-methylpiperazino)cyclohexyl}-5 -(4-phenoxypheny1)—7H-py1rolo[2 3-
dlpyrimidin-4-amine tri-maleate solvated with 0.18 mol ethyl acetate m. p.189°C
(decomposes).

Example 237: trans-7-[3-(4-methylpiperazino)cyclohexyl]-5-(4-phenoxyphenyl)-

7TH-pyrrolo[2,3-d}pyrimidin-4-amine tri-hydrochloride
trans-7-[3-(4-methylpiperazino)cyclohexyl]-5-(4-phenoxyphenyl)-7H-

pyrrolo[2,3-d]pyrimidin-4-amine (0.36 g, 0.00075 mol) in 25 ml warm isopropanol
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_removed under rcduced pressure The
- weight at 84° C/ 5, mbar gmng th,i_'tmns-?—[S-(4-methylp1perazmo)cyclohexyl]-5-

Y
was treated with a solution of 0.225 ml 12M hydrochloric acid (0.0027 mol) in 2 m]

isopropanol and the suspensmn h,_'i ted briefly to boiling then volatile material was
¢ resulting colourless solid was dried to constant

-7H-pyn'olo[2 3-d]pynmldm-4~amme tri-hydrochloride (444626)
/ater and 0.2' mol 1sopropanol (0 25 g, 0.0004 mol) m.p. 304-

solvated with 1 mo_, \
306° C(dec).

..,

Example 238 c1s-7 —[3-(4-methylp1pcrazmo)cyclohexyl]-5—(4-phenoxyphenyl)-7H—

~ pyrrolof2, 3-d]pynm1dm-4-amme i1

cis-7 [3-(4-methylp1perazmo)cyclohexyl] 5~(4-phenoxyphenyl)-7H—

. pyrrolo[z 3—d]pynm1dm-4-ammc (1 45 g, 0.0030 mol) in ethyl acetate with 1.05 g

(0.0091 mol) malelc acld g:vmg colourless solid aﬂ:er drying to constant weight at

90° C/3 mbar 2. 15 g cis-7 -[3-(4-methylp1perazmo)cyclohexyl]-5—(4—

phenoxyphenyl)-7H _yrrolo[2,3-d]pynm1dm-4~amme tri-maleate salt solvated with
0.14 mol ethyl acetate and 0.5 mol ater (0.0025 mol) obtained m.p. 186 (dec).

' Example 239: 018-7 -[3-(4~methylp1peramno)cyclohexyl]-5-(4-phcnoxyphenyl)—7H—

pyrrolo [2,3-d]pynm1dm—4-am1ne tn-hydrochlonde .
- cis-7 -[3- (4~methylp1perazmo)cyclohexyl]-5 (4-phenoxypheny1)—7H—
pyrrolo[2, 3-d]pynm1d1n-4-amme 0 80 g (0.0017 mol) in isopropanol was treated

‘with 0.5 ml 12M hydrochlonc ac1r1 (0 006 ‘mol). The resulting solid was filtered to
- - give cis-7 - [3-(4-methylp1perazmo)cyclohexyl]—5—(4-phenoxyphenyl)-7H-

pyrrolo[2, 3-d]pynm1dm—4-amme tn-hydrochlonde as a hygroscopic solid until

. dried at 80° C/ 3 mbar to constant welght (0.75 g, 0. 0011 mol) m.p. 224.5-226.5

(dec).

Example 240: Trans-5-(2-methyl-4:phenoxyphenyl)-7-[4-(4-
methylplpcrazmo)cyclohexyl]—7H-pyrro10[2,3-d]pynmxd1n-4—am1nc trimaleate

- A mixture of 3-phenoxytoluenc (2.5 g, 0.0136 mol) and N-bromosuccinimide
(2.54 g, 0.0142 mol) was surred 1n acetomtnle (20 mL) for 2.5 hours under an
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atmosphere of nitrog$h. The solvent Ws removed unﬁir teduced pressure. Carbon
tetrachloride was added to the residuie and the resulting solid was removed by
filtration. The filtrate was concentrated to yield 4-bromo-3-methylphenyl phenyl
ether as yellow oil (3.5 g, 0.0133 mol):

'H NMR (Chloroform-d, 400 MHz) & 7.45 (d, 1H), 7.33 (m, 2H), 7.12(t,

Ii-D, 7.00 (d, 2H), 6.89 (s; 1H), 6.71 (d, 1H), 2.34 (s, 3H) RP-HPLC (Hypersil C18,
5pm, 250 x 4.6 mm; 25% - 100% over 23 min with 0.1 M ammonium acetate,
1mL/min) R, 14.72 min. |

A mixture of 4-bromo-3-methylphenyl phenyl ether (1.7 g, 0.00646 mol),
diboron pinacol ester (2.0 g, 0.00775 mol), [1,1’-bis(diphenylphosphino)ferrocene]
dichloropalladium(II) complex with dichloromethane (1:1) (0.16 g, 0.00019 mol)
and potassium acetate (1.9 g, 0.01938 mol) in N,N-dimethylformamide (65 mL) was .
heated at 80 °C under an atmosphere of nitrogen for 22 hours. The mixture was :
allowed to cool to ambient temperature and the solvent was removed under reduced
pressure. Dichloromethane was added to the residue and the resulting solid was -
removed by filtration through a pad of celite. The filtrate was concentrated into
black mixture, which was purified by flash chromatography '_on silica using ethyl
acetate/n-heptane (3:97) as mobile phase to yield 3-methyl-4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl phenyl ether (1.05 g, 0.00338 fxml):

'"H NMR (Chiloroform-d, 400 MHz) & 7.73 (d, 1H), 7.33(m, 2H), 7.08 (t,
1H), 7.01 (d, 2H), 6.79 (d, 2H), 2.51 (s, 3H), 1.34 (s, 12H) TLC (ethyl acetate / n-
heptane =3 : 97) R,0.28 |

A mixture of 4-chloro-7-(1,4-dioxaspiro[4.5]dec-8-yl)-5-iodo-7H-
pyrrolo[2,3-d]pyrimidine (20 g, 47.7 mmol) and 6 N HCl(aq) (60 mL, 360 mmol) in
tetrahydrofuran (120 mL) and acetone (600 mL) was stirred at ambient temperature
under an atmosphere of nitrogen for 17 hours. The solvent was removed under
reduced pressure and 6NHCl(aq) (20 mL), tetrahydrofuran (60 mL), and acetone
(300 mL) were added to the mixture. The mixture was stirred at ambient

. temperature under an atmosphere of nitrogen for 4.5 hour. The solvent was removed

under reduced pressure and the yellow colored residue was washed with water to
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yield 4-(4-chloro-5-iodo-7H-pyrrolof2,3-dJpyrimidin-7-y1)-1-cyclohexanone (12.3 g,
32.7 mmol). RP-HPLC (Hypersil €18, 5pm, 250 x 4,6 mm; 25% - 100% over 15

_ mmmthOOSMammomumaeetate, lmL/mm)R,IOZOmm.

A mixture of 4-(4-chloro-5-mdo-7H—pyrrolo[2 3-d]pyrimidin-7-y1)-1-
cyclohexanone (5.6 & 14.9 mmol), N-methylplperamne (3.3 mL, 29.8 mmol), acetic
acid (2.6 mL, 44.7 mmol), and tmnethylorthoformate (9.9mL, 89.4 mmol)in
dichloroethane ( 100 mL) was stm:ed at ambient temperature under an atmosphere of
nitrogen for 1 hr. Sodmm macetoxyborohydnde ( 142 g, 67.05 mmol) was added
into the mixture and stirred at amblent temperature under an atmosphere of nitrogen
for 18 hours. - The solvent was removed under reduced pressure. The residue was

partitioned between saturated 2 aqueous sodium bicarbonate solution and ethyl

- acetate. The water phase was ﬁnther extracted with ethyl acetate and the combined
‘organic extracts were dried over sodmm sulfate. The solvent was removed under

reduced pressure and the residue was purified by flash chromatography on silica gel

. using triethylamine/ dlchloromethane (2 98) followed. by -

i methanq]/methylamme/dxchlqromethme (2:3:95) as mobile phase to yield trans-4-

20

25 -

30

i chloro-S—iodo-7-[4—,(4_-methy1pipeta'zjno)cyclohexyl]-7H-pYrrolo[2,3-d]pyrimidine
(1.7 3.7 mmol). 'HNMR (DMSO-d,, 400 MHz) 8.63(s, 1H), 8.12 (s, 1H), 4.63
“- - (br, 1H), 2.15 (s, 3H), 1.94 (br, -6H) ‘145 (br, 2H) RP-HPLC (Hypersil C18, 5pm,

250 x 4.6 mm; 25% - - 100% over ‘15 min with 0.05 M ammonium acetate, llemm)

- R 6.17min..

Trans-4-chloro-5 -1odo-7-[4-(4-methylp1perazmo)eyclohexyl]-7H-
pyrrolof2, 3-d]pynm1d.1ne (0.89 g, 1 9 mmol) in concent:rated ammonium hydroxxde
(40 mL) and dioxane (40 mL) was heated at120°Cina pressure vessel for 18 hours.
The mixture was allowed to cool to amblent temperature and the solvent was
removed under reduced pressure. The residue was partitioned between saturated

-aqueous sodium bicarbonate solunon and ethyl acetate The water phase was further

extracted with ethyl acetate and the combined orgamc extracts were washed with
brine and dried over sodium sulfate The solvent was removed under reduced
pressure to yield trans- 5—1odo-7-[4-(4-methylp1perazmo)cyelohexyl]—7H~pyrrolo[2 3-
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d]pyrimidin-4-amine (0.35 g, 0.8 mmol). RP-HPLC (Hypersil C18, S5um, 250 x 4.6

mm; 25% - 100% over 15 min with 0.1 M ammonium acetate, 1mL/min) R, 4.01

min. MS: MH* 441 ' '

A mixture of trans-5-iodo-7-[4-(4-methylpiperazino)cyclohexyl]-7H-
pyrrolo[2,3-d]pyrimidin-4-amine (0.347 g, 0.000788 mol), 3-methyl-4-(4.4,5,5-

. tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl phenyl ether (0.27 g, 0.000867 mol),

tetrakis(triphenyl-phosphine)palladium(0) (0.054 g, 0.000047 mmol), and sodium .
carbonate (0.209 g, 0.00197 mol) in'N,N-dimethylformamide (15 mL) and water (10
mL) was heated at 80 °C under an atmosphere of nitrogen for 16 hours. The mixture
was allowed to cool to ambient temperature and the solvent removed under reduced.

~ pressure. The residue was partitioned between saturated aqueous sodium

bicarbonate solution and ethyl acetate.. The water phase was further extracted with

- ethyl acetate and the combined organic extracts were dried over sodium sulfate. The

solvent was removed under reduced pressure and the reésidue was purified by flash
chromatography on silica gel using _hiéthylamin:/dicﬂomméthane (5:95) followed -
by methanol/ triethylamine/ dichloromethane (3:5:92) as mobile phase to yield trans-
5—(2-methy1-4-phenoxyphenyl)-7-[4f(4;methylpipexazino)cyclohexyl]-7H—
pyrrolo[2,3-d]pyrimidin-4-amine (0.376 g, 0.000757 mol). T_rans—S-(2-methyl-4_-

- phenoxyphenyl)-7-[4~(4-methylpiperazino)-cyclohexyl]-7H-pyrrolo[2,3-

dJpyrimidin-4-amine (0.376 g, 0.000757 mol) was dissolved in refluxing ethanol (10
mL) and a preheated solution of maleic acid (0.264 g, 0.00227 mol) in ethanol (5
mL) was added. The mixture was refluxed for 15 minutes, cooled to ambient
temperature ard the precipitate collectéd by filtration, washed with cool ethanol and
dried to give trans-5-(2-methyl-4-phenoxyphenyl)-7-{4-(4-methylpiperazino)-
cyclohexyl}-7H-pyrrolo[2,3-d]pyrimidin-4-amine trimaleate (0.153 g, 0.000181
mol): 'H NMR (DMSO-d,, 400 MHz) 8.22 (s, 1H), 7.42 (m, 3H), 7.25 (d, 1H), 7.17
(¢, 1H), 7.09 (d, 2H), 7.02 (s, 1H), 6.89 (d, 1H), 6.16 (s, 6H), 4.58 (m, 1H), 3.3 (br,
SH), 2.68 (s, 3H), 222 (s, 3H), 2.01 (br, 6H), 1.57 (br, 2H) RP-HPLC (Hypersil -
C18, 5pm, 250 x 4.6 mm; 25% - 100% over 23 min with 0.1 M ammonium acetate,
1mL/min) R, 7.30 min. MS: MH" 497 |
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Example 241: 3-[4-Am1no-5-(4—phenoxyphenyl)-7H—pyrrolo[2 3-d]pynm1dm~7—
ylJcyclopentyl 2-ammoacetate hydmchlonde

A mixture of 3 [4-annno-5—(4-phmoxyphenyl)—7H—pynrolo[2 3-dJpyrimidin-
7-yl]—1-cyclopentanol (50mg, 0.12 % mol), 2-[(tert-butoxycatbonyl)ammo]acet1c
acid (34 mg, 0.194 mmol), -[3-( thylammo)propyl]—3-ethylcarbodnm1de
hydrochloride (31’ mg, 0 155 mmo d 4—(d1methyla_;gmo)pyndme (16 mg, 0.129
mmiol) in DMF (1 mL) was stirred iifder nitrogen for 24 hours. The mixture was
pour onto 1ce—water The aqueous was extracted with ethy] acetate three times.
d with brine, dried over MgSO,, filtered and
flash column éhromatography using ethyl

The combined orgamc layer was W.
evaporated. The resxdue was punﬁ
ainino-5-(4-phenoxyphenyl)-7H-pyrrolof2,3-
dlpyrimidin-7-yl]cyclopeatyl 2-[(t -bﬁtoxycarbonyl)ammo]acctate (39 mg, 0.072
mmol). HPLC: t,-—19.22 min. (Del_l_ Pack, C-18 Sum, 300A, 3.9x150 mm; 5-85%
acetonitrile-0.1 M- _ammomum ace;' 3 olvler 20 min, lmllmm)
-[4-Ammo—5-(4-phenoxyphenyl)—7H-pyrrolo[2 3-d]pynm1dm
yllcyclopentyl 2-[(tert-butoxycarb': aimno]acetate (39 mg, 0.072 mmol) was
dissolved in ethyl acetate (2 5 mL) Hydrochlonde gas was bubbled through the
solution for 3 mmutes. The reacuo mlxture was stirred for additional 30 minutes.
Ether was added. and the prec:patat . collected through filtration under mh'ogen
to give 3-[4-atmno-5-(4—phenoxyp en -1)—7H-pyrrolo[2 3-dJpyrimidin-7- -
yljeyclopentyl 2-ammoacctatc hydrd hloride | : 3
(DMSO-dg) 62 20 (m, 5H), 2.67 (m, lH) 3.83 (s, 2H), 5 25 (m, 1H), 5.31 (m, 1H),
7.14 (m, 2H), 7.43, (m, II-I) 750 (m, IH) 7.68 (m, 1H),826 (bs, 2H), 8.40 (s, 1H).
LC/MS: MH*-—444 t,-=2.25 min, (Pecospher, 3C-18, 3um, 4.6x33 mm; 0-100%

acetonitrile-0. 1 M ammonmm acetat lover 5 mm, 3. 5 ml/mm)

Example 242: 3- [4-Ammo-5-(4-phenoxyphenyl)—7H—pyrrolo[2,3 dlpyrimidin-7-
yl]cyclopentyl N-(2-morphohnoethyl)carbamate hydrochlonde '

4- Nltrochlorofonnate (12 5 mg, 0.062 mmol) in dxchlommethane (1 mL)
was cooled on an 1ce-water bath, 4-Methylmorpholme (7 uL, 0.062 mmol) was

- PCTAUS99/21560
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added slowly. Afer30 minutes, the :&g‘twata bath wi¥rémoved and the reaction
mixture was allowed io warm up to room temperature 3—(4-Amino—5-(4-
phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)-1-cyclopentanol (20 mg, 0.052
mmol) was added and the reaction mixture was stirred for 4days. The reaction
mixture was diluted with dichloromethane. The organic layer was washed with
water, saturated sodium bicarbonate, brine, dried over MgSO4, filtered and
evaporated to give a yellow solid. A_lsolntion of thé yellow solid in dichloromethane

- (1 mL) was added to 2-morpholino-1-ethanamine (0.2 mL). After stirring at room

temperature overnight, the reactioxi_ mixture was diluted with ethyl acetate. The
organic layer was washed with water (3 times), brine; dried over MgSO4, filtered
and evaporated. The crude product was purified by HPLC to give 3-[4-amino-5-(4- '
phenoxyphenyl)-7H-pyrrolof2,3-d]pyrimidin-7-yljcyclopentyl N-(2- ' |
morpholinoethyl)carbamate (17 mg, 0.031 mmol). 1H NMR (CDCl,-d) & 2.08 (m,
4H), 2.43 (m, 7H), 2.73 (m, 1H), 3.29 (m, 2H), 3.67, (m, 4H), 5.28 (m, 5H), 7.09 (m,
6H), 7.40 (m, 4H), 8.30 (s, 1H). LC/MS: MH'=543, ty=2.13 min. (Pecospher, 3C-
18, 3um, 4.6x33 mm; 0-100% acetonitrile-0.1 M ammonium acetate over 5 min, 3.5
ml/min).
3-[4-Amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-
yl]cyclopentyl N-(2-morpholinoethyl)carbamate (10 mg, 0.0184 mmol) was
dissolved in ethyl acetate (2.5 mL). . Hydrochloride gas was bubbled through the

‘solution for 3 minutes. The reaction mixture was stirred for additional 10 minutes.

The precipitate was collected through filtration under niirogen‘fo give 3-[4-amino-5-
(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-yljcyclopentyl N-(2-

-mo:pholinoetﬁyl)carbamaxe hydrochloride as white solid. 1H NMR (DMSO-d,) &

1.99 (m, 4H), 2.55(m, 2H), 3.32 (m, 12H), 5.08(m, 1/2H), 5.19 (m, 1/2H), 7.16 (m,
SH), 7.45, (m, 5H), 8.26 (s, 1H). LC/MS: MH =543, t,=2.16 min. (Pecospher, 3C-
18, 3um, 4.6x33 mm; 0-100% acetonitrile-0.1 M ammonium acetate over 5 min, 3.5
ml/min). E
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Example 243: 4-[4-ammo-5-(4-phenoxyphenyl)-7H—py1roIo{2 3-d]pynm1dm-7-
ylJcyclohexanol

 Sodium borohydride (500mg, 13 mmol) was added iri one portion to a stirred
solution of 4-[4-amin'o-5'-(Lphenbxyphenyl)-m-pymlo[z 3-dJpyrimin-7-
ylleyclohexan-1-one (780mg, 2.0 mmol) in methanol (500 mL), and the miixture
stirred under an atmosphere of mtrogen for 1 hour, then left to stand overnight. The
solvent was removed under reduced pressure, and the residue partitioned between
2M aqueous sodiurn hydroxxde solutlon ( 100 mL) and dichloromethane (100 mL).
The organic layer was separated and the aqueous layer further extracted with

| dichloromethane (2 x 100 mL). The combmed orgamc extracts were washed w1th

water (150 mL), dned over potassmm carbonate, and punﬁed by chromatography

 witha ontage 408 column using ethyl acetate / tnethylamme (98:2 to 95:5) and

-' ethyl acetate / ethanol (95: 5) asa moblle phase to yleld 4-[4~am1no-5-(4-

20

25

30

o phenoxyphenyl)—7H—pyuo10[2,3—d]pynmldm-‘l-yl]cyclohexanol as a white solid
15

(750mg, 1.9 mmol), meltmg pomt 199-200 deg. C LC/MS Hypersxl BDS c18 (100 |
x2.1 mm) 0.1M ammomumacetate/acetomtnle, 10—100% acetomtnle in 8 min. MH'
401 t, 4.12 mmutes ' '

" Example 244 .
- Phenyl N—[4-(4-ammo-7-ten'ahydro-ZH-4-pyranyl-7H-pyrrolo[2 3-d]pymmd1n-5—yl)—

2-methoxyphenyl]carbamate :
-(4-Amino-3-methoxyphenyl)-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-
djpyrimidin-4-amine (100 mg, 0294 mmol) was dissolved in dichloromethane (2
mL). Pyridine (2mL) was added followed by phenylchloroformate (44 uL, 0.353
mmol). After stirring for 3 hours, another 44 uL of phenylmethanesulfonyl chloride
was added and the reaction mlxture was stirred ovemight. The solvent was removed
and the residue was purified by p_éepa;ative LC/MS to give pheny! N-[4-(4-amino-7-
tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-dlpyrimidin-5-y1)-2-
methoxyphenyl]carbamate (52 mi_g.,l 0.113 mmol). 1H NMR (CDCl;-d) § 2.09 (m,
4H), 3.66 (m, 2H), 3.98 (s, 3H), 416 (m, 2H), 4.98 (m, 1H), 5.24 (s, 2H), 7.09 (m
3H), 7.23 (m, 4H), 7.41 (m, 2H), 7.62 (s, 1H), 8.20(bd, J=7.80 Hz, LH), 8.33 (s,
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1H). LC/MS MH'=460.

.Exampile 245

Tetrahydro-2H-4-pyranyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-
dlpyrimidin-5-y1)-2-methoxyphenyl]carbamate 4-nitropheny] tetrahydro-2H-4-
pyranyl carbonate : '

‘Tetrahydro-2H-4-pyranol (1.0 ml, 10.5 mmol) was mixed with 4-
methylmorpholine (2.0 ml) in dichloromethane (20 mL). 4- Nitrochloroformate

- (1.98 g, 9.82 mmol) was added slowly to the reaction mixture. After stirring for 5

hours, the reaction mixture was diluted with dichloromethane. The organic layer
was washed with water, 1.0 N HC], saturated sodium bicarbonate, brine, dried over :

-MgS04, filtered and evaporated. The crude product was purified by flash column .

chromatography chromatography using ethyl acetate/heptane (4:1) as the mobile
phase to give 4-nitrophenyl tetrahydro-2£-4-pyranyl carbonate (1.5 g, 5.62 mmol).

. 1HNMR (CDCl,-d) § 1.87 (m, 2H), 2.06 (m, 2H), 3.58 (m, 2H), 3.98 (m, 2H), 4.97

(m,1H), 7.40(d, J=9.0Hz, 2H), 8.30 (d, J=9.0Hz, 2H).

a) Tetrahydro-2H-4-pyranyl N-{4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-
pyrrolo[2,3-dJpyrimidin-5-yl)-2-methoxyphenyljcarbamate
5-(4-Amino-3-methoxyphenyl)-7-tetrahydro-2 H-4-pyranyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine (57 mg, 0.168 mmol) and 4-nitrophenyl tetrahydro-2H-4-

-pyranyl carbonate (90 mg, 0.336 mmol) was mixed in pyridine (1 mL). After

stirring for 5 hours, another 90 mg of 4-nitrophenyl tetrahydro-2H-4-pyranyl
carbonate was added and the reaction mixture was stirred for 2 days. The reaction
mixture was heated at 70°C for 2 hours. The solvent was removed and the residue
was purified by preparative thin layer chromatography to give tetrahydro-2H-4-
pyranyl N-[4-(4-amino-7-tetrahydro-2/-4-pyranyl-7H-pyrrolof2,3-d]pyrimidin-5-
yD)-2-methoxyphenyljcarbamate (30 mg, 0.064 mmol). 1H NMR (CDCl,-d) 5 1.78

(m, 4H), 2.08 (m, 4H), 3.60 (m, 4H), 3.94 (s, 3H), 3.97 (m, 2H), 4.15 (m, 2H), 4.98

(m, 2H), 5.23 (s, 2H), 6.78 (s ,1H), 7.04 (s, 1H), 7.07 (d, J=8.3 Hz, 1H), 8.16(bd,
J=7.90 Hz, 1H), 8.33 (s, 1H). LC/MS MH"=468.
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Example 246
3-Pyridylmethyl N-[4-(4-ammo-7-tetrahydro—ZHA»pyranyl—7H—pyrrolo[2 3-
d]pynm1dm-5 f-yl)-z-methoxypheqyl]earbamate hydrochloride

a) 4-N1u'opheny1 (3-pyndylmethyl) carbonate

4- Nitrochloroformate (2.49 g, 123 mmol) in dtchloromethane (20 mL) was cooled
on an ice-water bath. 3-pyndylmethanol (1. 0 mL, 10.3 mmol) and 4-

- methylmorphohne (2.0mL, 18.5. mmol) was added slowly After 20 minutes, the
40

ice-water bath was removed and the reactlon mixture was allowed to warm up to.
room temperature 30 minues later ethyl acetate was added and the reaction mixture
was filtered. The ﬁltxate was washed with water, saturated sodium bicarbonate,

' brine, dried over MgSO4, filtered. and evaporated to nge a dark brown solid which

was re—crystalhzed with ethyl aeetatelheptane to give 4—mtrophonyl (3-

' pyndylmethyl) carbonate (1.52 85 5 54 mmol).1H NMR (CDCl-d) 57. 38 (m, 3H),
7.79 (m, 1H), 8.28 (d J=9. 09Hz, 2H), 8.65 (m, 1H), 8. 72 (s,lH)

b) 3-Pyndylmethyl N-[4~(4—ammo-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2 3-
d]pynmdm-s-yl)-2-methoxyphenyl]carbamate ' :
-(4-Am1no-3-methoxyphenyl)—7—teu'ahydro-2H-4-pyranyl-7H—pyrrolo[2,3-

* dlpyrimidin-4-amine (25 mg, 0. 074 mmol) was dlssolved in dichloromethane (0.7

mL). Pyridine (0.7 mL) was added followed by 4-mtrophenyl (3 -pyridylmethyl)

carbonate (30 mg, 0. 110 mmol). After heatmg at 100°C overnight, the solvent was

removed and the residue was punﬁed by preparatlve LC/MS to give 3-pyridylmethyl

,N-[4-(4-am1no-7—teu'ahyd:o-2H-4¢pyranyl-7H-pyrrolo[2 3-d]pyrimidin-5-y1)-2-

methoxyphenyl]carbamate (12 mg,-o 025 mmol). ITH NMR (CDCl,-d) 6 2.08 (m,
4H), 3.65 (m, 2H), 3.92 (s, 3H), 4 15 (m, 2H), 4. 96 (m, 1H), 5.26 (s, 2H), 5.54 (bs,

2H), 6.97 (s, 1H), 7.04(s, 1H), 7. os (4, J=8.2Hz, 1H), 735 (m, 21D, 7.79 (,
| J=7.8Hz, 1H), 8.15 (m, 1H), 829 (s 1H), 8. 61 (s, 1H), 8.71 (s, 1H). LC/MS

MH™=475
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b) 3-Pyridylmethyl N-[4-(4-amino-7-tetrahydro-2H-4-pyrany]}-7H-pyrrolo[2,3-
dlpyrimidin-5-yI)-2-methoxyphenyljcarbamate hydrochloride

 3-Pyridylmethyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

d]pyrimidin-s-yl)-2-methoxyphcnyl]éarbamate (12 mg, 0.025 mmol) was dissolved
in ethyl acetate (2.0mL). 1.0N HCl in ether (1 mL) was added slowly. The
precipatate was collected through filtration under nitrogen to give 3-pyridylmethyl
N-[4-(4-amino-7-tetrahydro-2 H-4-pyranyl-7H-pyrrolof2,3-dlpyrimidin-5-y1)-2-
methoxyphenyljcarbamate hydrochlox_idé(13 mg, 0.25 mmol). 1H NMR (DMSO-d,)
3 1.91 (m, 2H), 2.17(m, 2H), 3.54 (m, 2H), 3.87 (s, 3H), 4.03 (m, 2H), 4.97(m, 1H),
5.23 (s, 2H), 7.05 (d, J=8.2Hz, 1H), 7.13 (s, 1H), 7.51 (m, 1H), 7.81 (d, J=8.2Hz,
1H), 7.84 (s, 1H), 7.95 (m, 1H), 8.42 (s, 1H), 8.60(s, 1H), 8.71 (s, 1H), 8.82 (s, 1H).
LC/MS MH'=475. | -

Example 247 ,
2-Morpholinoethyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo{2,3- -
dlpyrimidin-5-yI)-2-methoxyphenyljcarbamate hydrochloride

Phenyl N-{4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-

* dlpyrimidin-5-yI)-2-methoxyphenyl]carbamate (25 mg, 0.054 mmol) was mixed

with 2-morpholino-1-ethanol (0.1 mL) in pyridine (0.7 mL). The reaction mixture -
was heated at 100°C overnight. The solvent was removed and the residue was -
purified by preparative reverse phase HPLC to give 2-morpholinoethyl N-[4-(4- .

- amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-dlpyrimidin-5-y1)-2-

methoxyphenyl]catbamate (24 mg, 0.048mmol). The solid was dissolved in ethyl
acetate (2 mL) and 1.0N HCl in ether (0.2 mL) was added slowly. The precipitate
was collected through filtration under nitrogen to give 2-morpholinoethyl N-[4-(4-
amino-7-tetrahydro-2 H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-y1)-2-
methoxyphenyl]carbamate hydrochloride (24 mg, 0.045 mmol). 1H NMR (DMSO-
dg) 5 1.88(m, 2H), 2.16(m, 2H), 3.55 (m, 8H), 3.90 (s, 3H), 4.03 (m, 4H), 4.49(m,
2H), 4.92 (m, 1H), 7.07 (m, 1H), 7.15 (s, 1H), 7.65 (bs, 2H), 7. 84 (s, 1H), 8.45 (s,
1H), 8.75(s, 1H) 10.95 (bs, 1H). LC/MS MH'=497.
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'Example 248

‘methanol (70 mll i 0°C.. Sodmm

/e

(4-Bromo-1 3-th1azol—5-yl)methle [4—(4-am1no-7~tetrahydro-2H-4—pyranyl—7H—
pyrrolo[2, 3-d]pynmrdm-s-yl)-2-methoxyphenyl]carbamate '

a)2, 4-Dibromo-l,3 tlnazole-S-carbaldehyde . :
1 3—Thrazolane-2'_" ione (3.52 g; 30 mmol) and phosphoms oxybromide (43 g, 150

‘mmol) were mlxed w1th drmethyl formarmde (2.56 mL 34 mmol). The mixture was
‘then heated at- 75°C for 1 hours and at lOOoC for 5 hours Afier cooled to room
“temperature, the: mnrture was added to 1ce-wa1:er (SOOml) and the aqueous layer was

extracted with' dlchloromethane - The combmed orgamc layer was washed with -
saturated sodium b “"arbonate dn d over MgS04, ﬁltered and evaporated to givea
brown solid Wh] \ as washed w1th petroleum ether. Evaporation of solvent gave
2,4-dibromo-1 3-th1azole-5-carbaldehyde (1 74 g, 6. 42 mmol) 1H NMR (CDCl,d)
59.90 (s lH) a -

2,4-Dibromo-1, 3-th1azole—5 carbaldehyde (l T4 g, 6 42 mmol) was dissolved in
"_hydnde (0244 g, 6.42 mmol) was added in
small portions. .Th ice-water bath as removed 10 mmutes later and the reaction
mixture was stlrred at room temperature overmght Solvent was removed and
saturated ammomum chlonde w' s ded. 1. ON NaOH was-added to adjust the pH to
10. The aqueous layer was extracted with ethyl acetate The combined organic layer-
was washed wnth brme, dried over MgSO4 filtered and evaporated. The residue

was purified by ﬂash column chromatogrphy to grve (2,4-dibromo-1,3-thiazol-5-
yDmethanol (0 946 g, 3 47 mmol) IH NMR (CDCl,-d) §2.11 (bs, 1H), 4.79 (S,

c) (4-Bromo-1 3-th1azol-5-yl)methanol

(2,4-Dibromo-1, 3-th1azol-5-yi)methanol (094 ¢,3 44 mmol), sodium carbonate tri-
hydrade (1.34 g) and palladmm on carbon (10%, 0. 07g) were mixed in methanol (33
mL). The resulung mixture was hydro genated at 60 ps1 for 2 days. The solid was
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filtered off through a pat of celite. Thé@olvent was e\mpbrated and the residue was
purified by frash column chromatography to give (4—bromo-1 3-thiazol-5-
yDmethanol (0.32 g, 2.78 mmol). 1H NMR (CDCl,-d) 5 2.29 (bs, IH), 4.86 (s, 2H),
8.72 (s, 1H).

d) (4-Bromo-1,3-thiazol-5-yD)methyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-
pyrrolo[2,3-dJpyrimidin-5-yl)-2-methoxyphenyljcarbamate |
Phenyl N-{4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-y1)-

- 2-methoxyphenyl]carbamate (28 mg, 0.061 mmol) was mixed with (4-bromo-1,3-
‘thiazol-5-yl)methanol (50 mg, 0.434 mmol) in pyridine (0.5 mL). The reaction

mixture was heated at 100°C overnight. The solvent was removed and the residue
was purified by preparative reverse phase LC/MS to give (4-bromo-1,3-thiazol-5- -
yDmethyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-
yl)-2-methoxyphenyl]carbainate. 1H NMR (CDCl-d) § 2.07(m, 4H), 3.65 (m, 2H),
3.92 (s, 3H), 4.13 (m, 2H), 4.98 (m, 1H), 5.35 (s, 1H), 5.40(s, 2H), 6.97 (s, 1H), 7.04
(s, 1D, 7.09 (m, TH), 7.35 (s, 1H), 8.17 (s, lH), 8.32 (s, 1H), 8.7(s, 1H). LOMS
MH"=481.

Example 249 :
Tetrahydro-3-furanyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-
dlpyrimidin-5-yl)-2-methoxyphenyl]carbamate

Phenyl N-[4-(4-amino-7-tetrahydro-2 H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-
2-methoxyphenyl]jcarbamate (30 mg, 0.065 mmol) was mixed with tetrahydro-3-
furanol (0.05 mL) in pyridine (0.5 mL). The reaction mixture was heated at 100°C
ovemnight. The solvent was removed and the residue was purified by preparative
reverse phase PHLC to give tetrahydro-3-furanyl N-[4-(4-amino-7-tetrahydro-2H-4-

- pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-y1)-2-methoxyphenyl]carbamate (14 mg,

0.031mmol). 1H NMR (CDCl-d) § 2.07(m, 6H), 3.66 (m, 2H), 3.96 (m, 7H), 4.13
(m, 2H), 4.98 (m, 1H), 5.26 (s, 2H), 5.40(m, 1H), 6.97 (s, LH), 7.04 (s, 1H), 7.08 (d,
J=8.2Hz, 1H), 7.26 (s, 1H), 8.30 (s; 1H), 8.32 (s, 1H). LC/MS. MH"=455.
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Exampleszso _ ; o
1,3-Dioxan-5-yl N—[4-(4-ammo-7-teirahydro-2H-4-pyranyl-7H-pyrrolo[2 3-
d]pynmndm—S-yl)-Z-methoxyphenyl]carbamate

1 ,3-onxolan—4-ylmethyl N-(4-(4-ammo-7-tetrahydro-2H-4-pyranyl—7H-pyrrolo [2,3-

_ d]pynmtdm-S-yl)-Z—methoxyphenyl)carbamate

Phenyl N-[4-(4-ammo-7—teu'ahydro-2H-4—pyranyl—7H-pyrrolo[2 3-
d]pynmldm-S-yl)-2—methoxyphenyl]carbamate (30 mg, 0.065 mmol) was mixed

glycerol formal (0.05 mL) in pyn_d\g;e 0.5 mL) . The reaction mixture was heated at

100°C overnight. fI*he_sglvgnt._was g#mqved and the residue was purified by

. tetrahydro-2H-4-pyreny}-7H-pyrrolo[2,3~dlpyrimidin-5-yl)-2- |
- methoxyphenyljcarbamate (2 mg, 0.004mmol).. tH NMR (CDCl-d) & 2.06(m, 4H),
. . 3.66(m, 2H),392(m,3H),407(m,6H) 479 (m, 1H), 4.83 (d, J=6.3Hz, 1H), 4.96 -

15
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(m, 1H), 5.04(d, }=6.3Hz, 1H), 6. 15 (vbs, 2H),6.96 (s, 1H), 7.05 (m, 2H), 7.53 (s,
1H), 8.15 (d, J=8. 2Hz 1H), 8.22 (s lH) LC/MS MH"=471 and 1,3-dioxolan-4- -
yimethyl N- (4-(4-ammo-7-tetrahydro-2H-4—pyranyl—7H—pyrrolo[2 3-d]jpyrimidin-5-
yl)-2-meﬂmxyphenyl)carbamate(6 Omg, 0. 013 mmol) 1HNMR (CDCl-d)

8 2.06(m, 4H), 3.66 (m, 2H), 3. 75 (m, 1H), 3.92 (m, 3H), 4.03 (m, 1H), 4.13 (m,
1H), 4.34 (m, 2H), : 4.94 (s, 1H),. 4 97 (m, lH), 5.10(s, 1H), 5.32 (bs, 2H), 6.97 (s,
1H), 7.03 (m, 2H) 7.06 (@ J=8. 2Hz IH), 7. 38(s, 1H), 8 15 (d, I=7.9Hz, 1H), 8.31

(s, 1H). LC/MS MH'—471

Examplc251 - L o
2-Pyridylmethyl ; N [4-(4—anuno-7—tetrahydro-2H-4-pyrany1—7H-pyrrolo[2 3-

_ d]pynmldm-s-yl);ggmet_h_o_xyphegyl]qarbamate hydrpphlonde -

Phenyl N-[4-(4~ammo-7-ten'ahydro-2H-4~pyranyl-7H-pyrrolo 2,3 d]pynrmdm- -yl)-
2-meﬂxoxyphenyl]carbamate (30 mg, 0.065 mmol) was mixed 2-pyridylmethanol
(0.05mL) in pyndme (. 5 mL).. The reactlon mixture was heated at 100°C

_overnight. The solvent was removed and the residue was purified by preparative
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reverse phase LC/MS to give 2-pyridylméthyl N-[4-(4-amino-7-tetrahydro-2H-4-
pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-y1)-2-methoxyphenyl]carbamate (11 mg,
0.023 mmol). The solid was dissolved in ethyl acetate (2 mL) and 1.0N HCl in ether
(0.1 mL) was added slowly. The precipitate was collected through filtration under
nitrogen to give 2-pyridylmethyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-
pyrrolo[2,3-dlpyrimidin-5-yI)-2-methoxyphenyl]carbamate hydrochloride (12 mg,
0.023 mmol). 1H NMR (DMSO-dy) 8 1.92(m, 2H), 2.16(m, 2H), 3.55 (m, 2H), 3.89
(s, 3H), 4.02 (m, 2H), 4.91 (m, 1H), 5.23 (s, 2H), 7.05 (d, J=8.2Hz, 1H), 7.14 (s,
1H), 7.37 (m, 1H), 7. 53 (d, J=7.8Hz, 1H), 7.87 (m, 3H), 8.42(s, 1H), 8.57 (d,
J=4.2Hz, 1H), 8.85 (s, 1H). LC/MS MH*=475.

Example 252 - . :
4-Pyridylmethyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-
dlpyrimidin-5-y1)-2-methoxyphenyl]carbamate Hydrochloride

Phenyl N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-
d}pyrimidin-5-yl)-2-methoxyphenyl]carbamate (30 mg, 0.065 mmol) was mixed 4-
pyridylmethanol (0.05 mL) in pyridine (0.5 mL). The reaction mixture was heated
at 100°C overnight. The solvent was removed and the residue was purified by
preparative reverse phase LC/MS to give 2-pyridylmethyl N-[4-(4-amino-7-
tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yI)-2-
methoxyphenyl]carbamate (11 mg, 0.023 mmol). The solid was dissolved in ethyl
acetate (2 mL) and 1.0N HCI in ether (0.1 mL) was added slowly. The precipatate

‘was collected through filtration under nitrogen to give 4-pyridylmethyl N-[4-(4-

amino-7-tetrahydro—ZH—4—pyranyl—7H—pyrrolo[2,3-d]pyﬁmidin-S-yl)-Z-

-methoxyphenyl]carbamate hydrochloride (12 mg, 0.023 mmol). 1H NMR (DMSO-

dg) 8 1.91(m, 2H), 2.16(m, 2H), 3.55 (m, 2H), 3.90 (s, 3H), 4.03 (m, 2H), 4.92 (m,
1H), 5.34 (s, 2H), 7.06 (d, =8.2Hz, 1H), 7.16 (s, 1H), 7.73 (m, 1H), 7. 81 (m, 1H),
7.87 (s, 1H), 8.46(s, 1H), 8.76 (d, J=5.6Hz, 1H), 9.05 (s, 1H). LC/MS: ME"=475.
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Example 253 :
(5-Methy]-3—1soxazoly1)methyl N-[4-(4-ammo—7 -te&ahydro—2H-4—pyrany1—7H-

. pyrrolo[2, 3-d]pynm1dm—5-yl)~2-methoxypheny1]carbamate

Phenyl N-[4-(4—ammo-7-teh‘ahydro-2H-4-pyranyl-7H pyrrolof2,3- ..
d]pymmdm-s-yl)-z-methoxyphenyl]carbamate (30 mg, 0.065 mmol) was mixed
with (5-methy1-3-1soxazolyl)meﬂmnol (0.05 mL) in pyndme (0.5 mL). The reaction
mixture was heated at 100°C overmght. The solvent was removed and the residue

. was purified by preparauve reverse phase LC/MS to glve (5-methyl-3-

isoxazolyl)methyl N-[4-(4-mmno—7 -tetrahydro-ZH-4-pyranyl-7H-pyrrolo[2,3-
d]pynnndm-s-yl)-z-methoxyphenyl]carbamate {18 mg, 0.038mmol). IHNMR -

~ (CDC1-d) 6 2.06(m, 4H), 2.4 (5, 3H), 3.64 (m, 2H), 3.91 (s, 3H), 4.13 (m, 2H), 4.96

(m, 1H), 5.26 (5, 2H), 6.12(s, 1H), 6. 95 [eA lH), 7.06 (m, 2H), 7.39 (s, 1H), 8.17 (bs,
1H), 821(s, 1H). LC/MS: MH* 479 |

Example 254

pyranyl-7H-pyx'rolo[2 3-d]pynmldm-5-yl)~2—methoxyphenyl]carbamate
* Phenyl N-[4-(4-ammo-7-tetrahydro—2H-4-pyrany1-7H—pyrrolo[2 3-

d]pynmzdm-s-yl)-2-methoxyphenyl]carbamate (30 mg, 0.065 mmol) was mixed

with (5S)-5-(hydroxymethyl}tetrahydro- 1H-2-pyrrolone (0.05 mL) in pyridine (0.5 -
mL). The reaction mxxture was heated at 100°C overnight. The solvent was removed
and the residue was punﬁed by préparatlve reverse phase LC/MS to give [(2S)-5-
oxotetrahydro-lH-Z-pyrro}yl]methyl N-[4-(4-am1no-7 -tetrahydro-2 H-4-pyranyl-7H-
pyrrolo[2, 3-d]pynm1d1n-5-yl)-2-methoxyphenyl]carbamate (10 mg, 0.021mmol).

1H NMR (CDCI-d) & 1.90 (m 1H), 2.06(m, 4H), 2.34 (m, 1H), 2.41 (m, 2H), 3.64
(m, 2H), 3.94 (s, 3H), 4. 04(m, 2H), 4.14 (m, 2H), 4. 98 (m, 1H), 5.33 (m, 3H),
6.10(s, 1H), 6.98 (s 1H), 7.04 (s lH), 7. 09 (m, 1H), 7.31(s, 1H), 8.11 (bs, 1H), 8.32
(s, 1H).: LC/MS: MH" 481,
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Example 255
4-Aminobenzyl N-(4-(4-am1no-7-1:etrahydro-2H—4-pyranyl—7H—pyrrolo[2,3-
dlpyrimidin-5-yl)-2-methoxyphenyl)carbamate

a) tert-Butyl N-(4-(hydroxymethyl)phenyl)carbamate
(4-Aminophenyl)methanol (1.23 g, 10 mmol) and diisopropylethylamine ( 2.6 mL,

- 15 mmol) was mixed with di-zerz-butyl dicarbonate (2.62 g, 12 mmol) in

dichloromethane (50 mL). The mixture was stirred at room temperature overnight.
Ethy! acetate was added and the organic layer was washed with water, 1.0N HC),
saturated sodium carbonate, water, brine, dried over MgS04, filtered and:
evaporated. The crude product was purified by flash column chromatography with
Ethy] acetate/heptane (2:3) to give tert-butyl N-(4-
(hydroxymethylphenyl)carbamate (2.16g, 9.67 mmol). 1H NMR (CDCl-d) 5 1.52
(s, 9H), 4.63 (s, 2H), 6.47 (bs, 1H), 7.30 (d, 8.5Hz; 2H), 7.36 (d, 8.5Hz,2H).

b) 4~Ammobenzyl N-(4-(4-ammo-7—ten'ahydro-2H-4-pyranyl-7H-pyrrolo[2 3-
dlpyrimidin-5-yl)-2-methoxyphenyl)carbamate

Pheny! N-[4-(4-amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-dlpyrimidin-5-yl)-
2-methoxyphenyljcarbamate (51mg, 0.111 mmol) was mixed with tert-butyl N-(4-
(hydroxymethyl)phenyl)carbamate (119 mg, 0.533) in pyridine (0.8 mL). The
reaction mixture was heated at 100°é overnight. The solvernt was removed and the
residue was purified by preparative reverse phase LC/MS to give 4-aminobenzyl N-
(4-(4-ammo—7-tetrahydro-2H-4—pyranyl~7H-pyrrolo[2 3—d]pynm1dm-5-yl)-2- |

' methoxyphenyl)carbamate

(9 mg, 0.015mmol). 1H NMR (CDCl-d) § 1.52(s, 1H), 2.08(m, 4H), 3.65 (m, 2H),
3.90 (s, 3H), 4.14(m, 2H), 4.97 (m, 1H), 5.17 (5, 2H), 5.37(bs, 1H), 6.5 (5, 1H),
6.95 (s, 1H), 7.03 (s, 1H), 7.06 (m, 1H), 7.31(s, 1H), 7.38 (m, 3H), 8.16 (bs, 1H),

830 (s, 1H). LC/MS: MH" 589.
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Example 256
N1- [4-(4-Am1no-7-te11‘ahydro-2H-4-pyranyl—7H—pyrrolo[2 3-djpynm1d1n-5-yl)—2-
methoxyphenyl]benzamlde k '

5—(4-Ammo-3-methoxyphenyl)-7-tetahydro—2H-4-pyranyl—7H-pyrrolo[2,3-
d)pyrimidin-4-amine (80mg, 0. 236 mmol) was dxssolvcd in dichloromethane (2.0

'mL). Pyridine (2.0 mL) was added followed by benzoyl chloride (41 ul, 0.353

mmol). After stn'nng at room temperature for 2 hours, the solvent was removed and

- the residue was dxssolved in1 ml DMSO methanol (1 mL) was added and

~ precipitate was- formed The sohd was collected by filtration to give N1-[4-(4-
' ammo-7-tetrahydro-2H-4—pyranyl—7H—pyrrolo[2 3-d]pynm1dm—5-yl)o2-
-methoxyphenyl]benzaxmde (64 mg, 0 144 mmol) 1H NMR (CDCl;-d) 8 2.12 (m,

4H), 3.67 (m, 2H), 3.99 (s, 3H), 4 17(m 2H), 4.99 (m, 1H), 7.03(s, 1H), 7.04 (s,

" 1H), 7.14 (d, J=8.2Hz, 1H), 7.53 (; 3H), 7.94(d, J=7:8Hz, 1H),833 (s, 1H), 8.58
(s, 1H), 8.63 (d, J=8.2Hz, lH) LCIMS MI-I‘—444
15 - . e

| Example 257

N2-{4-(4-Amino-7 -tetrahydro-ZH-‘l—pyranyl-7H-pyrrolo[2 3—djpynm1dm-5—yl)-2-
methoxyphenyl]-z-pyndmecarboxamlde _
5-(4-Am1no-3-methoxyphenyl)-7-tetrahydm-2H-4—pyranyl—7H—pyrrolo[2 3-

_ d]pynmldm-4—am1ne (80mg, 0 236 mmol) was dlssolvcd in dlchloromethane 2.0

mL). Pyridine (2.0 mL) was added followed by 2-pyndmccarbonyl chloride

- hydrochloride (63 mg, 0. 353 mmol) Aﬁer stm'mg at room temperature for 2 hours,

the solvent was removed and the resxdue was dissolved in l m! DMSO, methanol (1
mL) was added and precxpxtate was formed The solid was collected by filtration to
give Nl-[4-(4-ammo-7-tetrahydro-2H-4—pyranyl—7H—pyrrolo[2 3-dlpyrimidin-5-yl)-
2-methoxyphenyl]benzamxde (84 mg, 0.189 mmol). 1H NMR (CDCl;-d) 6 2.12 (m,
4H), 3.67 (m, 2H), 4. 03 (s, 31-1), 4. l4(m, 2H), 5.00 (m, 1H), 5.37 (s, 1H), 7.04(s,
1H), 7.09 (s, 1H), 7.14 (d, J—S.ZH;, 1H), 7.50 (m, 1H), 7.92 (m, 1H), 8.33 (s, 1H),
8.70(d, J=8.2Hz, 1H), 10.62 (s, 1H). LC/MS: ME'=445.
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Example 258

N5-(4-(4-Amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-dJpyrimidin-5-y1)-2-
methoxyphenyl)-1,3-dimethyl-1H-5-pyrazolecarboxamide

| 5-(4—-Amino-3-me&oxyphenjl)—?—tetahydro-2H-4-pyranyl-7H-pyrrolo[2,3—
dlpyrimidin-4-amine (80mg, 0.236 inmol) was dissolved in dichloromethane (2.0
mL). Pyridine (2.0 mL) was added followed by 2-pyridinecarbonyl chioride
hydrochloride (63 mg, 0.353 mmol)'. After stirring at room temperature for 2 hours,
the solvent was removed and the residue was dissolved in 1 ml DMSO, methanol (1
mL) was added and precipitaté was formed. The solid was collected by filtration to
give N5-[4-(4-amino-7-tetrahydro-2F-4-pyranyl-TH-pyrrolo|2,3-d]pyrimidin-5-y1)- -
2-methoxyphenyl]-1,3-dimethyl-1H-5-pyrazolecarboxamide (30 mg, 0.065 mmol).
1H NMR (CDCl,-d) 6 2.11 (m, 4H), 2.32 (s, 3H), 3.66 (m, 2H), 3.99 (s, 3H),
4.13(m, 2H), 4.17 (s, 3H), 4.99 (m, 1H), 5.22 (bs, 2H), 6.46 (s, 1H), 7.03 (s, 1H),
7.07 (s, 1H), 7.12 (d, J=8.2Hz, 1H), 8.33 (2, 2H), 8.49(d, J=8.2Hz, 1H). LC/MS:
MH"=462. | "

Example 259 -
N1-[4-(4-Amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolo[2,3-d]pyrimidin-5-yI)-2-
methoxyphenyl]-2,2-dimethylpropanamide .

5-(4-Amino-3-methoxyphenyl)-7-tetrahydro-2H-4-pyranyl-7H-pyrrolof2,3-
d]pyrimidin-4-amine (50mg, 0.147 mmol) was dissolved in dichloromethane (1.5
mL). Pyridine (1.5 mL) was added followed by 2,2-dimethylpropanoy! chloride (31
mg, 0.221 mrhol). Afier stirring at room temperature for 2 hours, the solvent was
removed and the residue was dissolved in 1 ml DMSO, methanol (1 mL) was added
and precipitate was formed. The solid was collected by filtration to give N1-[4-(4-
amino-7-tetrahydro-2H-4-pyranyl-7H-pyrrolof2,3-d]pyrimidin-5-yl)-2-
methoxyphenyl]-Z,Z-dimethylpropmgmide (27 mg, 0.064 mmol). 1H NMR (CDCl;-
d) 8 1.35 (s, 9H), 2.09 (m, 4H), 3.66 (m, 2H), 3.96 (s, 3H), 4.13(m, 2H), 4.97 (m,
1H), 5.46(bs, 2H), 6.98 (s, 1H), 7.04 (s, 1H), 7.07 (d, J=8.2Hz, 1H), 8.15 (s, 1H),
8.29 (s, 1H), 8.49(d, J=8.2Hz, 1H). LC/MS: MH'=424.
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-[4-(4-Armno-7-teirahydro-2H-4-pyranyl-7H-pyrrolo[2 3—cﬂpynm1dm-5-yl)-2-

' 'methoxyphenyl]-l-cyclopentanecarboxanude

5-(4-Ammo-3-methoxyphenyl)-7-tetahydro-2H—4-pyranyl—7H-pyrrolo[2,3-
d]pynm1dm-4-amme (SOmg, 0. 147 ‘mmol) was dissolved in dichloromethane (1.5
mL) Pyndme (1.5mL) was added followed by l-cyclopentanecarbonyl chloride
(31 mg, 0.221 mmol) Aﬁer stlrnng at room temperature for 2 hours, the solvent
was removed and the residue was dlssolved m 1ml DMSO methanol ( mL) was
added and preclpltate was formed ‘The sohd was collected by filtration to give N1-
[4-(4-aminy o-7—tetrahydro-2H-4-pyranyl—7H—pyrrolo[2 3- d]pynmndm-S-yl)—Z- '
methoxyphenyl]-Z,Z-d:methylpropanannde (33 mg, 0.076mmol). 1H NMR (CDCl;-

~ d)51.66 (m, 2H), 1.81 (m,2H),195(m,4H),206(m,4H) 2.77 (m, 1H), 3.65 (m,

2H), 3.94 (s, 3H), 4. 15(m, 2H), 4.96 (m; 1H), 5.37(bs, 2H), 6.98 (s, lH), 7.03 (s,
1H), 7.07 (d, J=8.2Hz, 1H), 7.84 (s, 1H), 8. 30 (s, 1H), 8.49(d, J=8.2Hz, lH)

- LC/MS: MI-F—437

'Example 261

N1- [4-(4-Ammo-7 ten'ahydro-ZH-4~pyranyl-7H-pyxrolo[2 3-djpymmdm—5—yl)-2—
methoxyphenyl] 3-pheny1propanam1de
-(4—Ammo-3 -methoxyphenyl)-7-tetrahydro-2H—4—pyranyl—7H -pyrrolo[2,3-

'd]pynmxdm-4-axmne (SOmg, 0.147 mmol) was dissolved in dichloromethane (1.5

mL). Pyridine (1.5 mL) was added foliowed by 3—phenylpropanoyl chloride (37 mg,

- 0.221 mmol). Aﬁer stlmng at room temperature for 2 hours, the solvent was

removed and the re51due was dxssolved in 1'ml DMSO methanol (1 mL) was added
and precipitate was formed The sohd was collected by ﬁltrauon to give Nl-[4-(4~
'ammo-7-tetrahydro-2H-4-pyrmyl—7H—pyrrolo[2 3-d]pynm1dm-5-yl)-2-
methoxyphenyl]-2, 2—d1methylpropanaxmde (7 mg, 0 015mmol) 1H NMR (CDCl,-d)
5 2.07 (m, 4H), 2.75 (m, 2H), 3. 09 (m,2H), 3.65 (m, 2H), 3.88 (s, 3H), 4.13(m, 2H),
4.96 (m, 1H), 5.97(bs, 2H), 6. 93 (s, 1H), 7.05 (m, 2H), 7.26 (m, 5H), 7.70 (s, 1H),
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8.24 (s, 1H), 8.46(d, J=8.2Hz, 1H). LC/MS: MH"'=472.

Examples 262-267 were synthesized using the following procedure:

a)

A mixture of cis-5-(4-amino-3-methoxyphenyl0-7-[4-(4-
methylpiperazino)cyclohexyl]- 7H-pyrrolof2,3-d]pyrimidin-4-amine (0.25 g, 0.575
mmol), pyridine (2.5 ml) and dichioromethane (2.5 ml) was treated with the
appropriate acid chloride (0.862 mmol) and then stirred at ambient temperature
under an atmosphere of nitrogen for 1 hour. The solvents were removed under
reduced pressure and the residue was purified by preparative reverse phase
chromatography. The compound (280 mg, 0.460 mmol) was dissolved in hot ethyl
acetate (25 ml) then treated with maleic acid (160 mg, 1.38 mmol) dissolved in ethyl
acetate (10 ml) the mixture was allowed to cool to ambient temperature then stirred
for 1 hour. The solid was collected by filtration and dried to give the compound as
the trimaleate salt. (370 mg).

Analytical RP-HPLC RT listed in the table were obtained on a Hypersil HS C18
column ((5 um, 100A) 250 x 4.6 mm) using a linear gradient of 25-100%
acetonitrile/0.1 M ammonium acetate over 10 min at 1m)/min. Retention time is
indicated by “RT” Mass spectrum molecular weights are indicated by “MH+".

\"Q’f

Example 262
RT 6.62
MH+ 576.3
Gradient a
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RT 1423

- MH+ 588.3

Gradientb

Example 264
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- RT 8.15
MH+ -608.2
Gradient 2
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Example 267
 _RT 815
MH+ 642.3

General salt formation procedure; ._

Trans- benzyl N-(4~{4-amino-7-[4-(4-methylpiperazitio)cyclohexyl}-7H-
pyrrolo[2,3-d]pyrimidin-5-yl} -2-méthoxyphenyl)carbamate was dissolved in
ethylacetate and treated with malelc acid (280 mg) m ethylacetate. The resulting
solid was filtered under  stream of nitrogen and dried in vacuo for 4 br to give Cis-
benzyl N-(4-{4-amino-7-{4-(4-methylpiperazino)cyclohexyl}- 7H-pyrrolo[2,3-
dlpyrimidin-5-y1}-2-methoxyphenyl)carbamate tri-maleate salt (580 mg) as a cream
solid. M.pt. 158°C (dec.) 'H NMR (4 DMSO, 400 MHz):8.74 (1H, 5), 8.27 (1H, s),
7.78 (1H, ), 7.35-7.77 (SH, m), 7.10 (15, 5), 7.04 (1H, 5), 6.16 (6H, 5), 5.17 (2H, 8),
4.74 (1H, m), 3.82 (3H, §), 3.23 (SH, m), 2.78 (3H, 5), 2.51 3H, m), 2.41 (1H, 5),
2.09 (4H, m), 1.70 (4H, m). HPLC: ( 5 to 95% CH,CN in 0.1 N aqueons ammonium
acetate over 20 mm) t.=13.30 min , 94%. |

In a similar manner were prepared the following salts. The LCMS conditions are
described below.
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LSMS data: Perkin Elmer
Pecosphere C18, 3mM, 33
x 4.6, 3.5 m/min 100-

100% 50 mM ammonium
acetate to acetonitrile in 4.5
minutes o
Ret.
Structure Time
=
°r,1, _
292
z -%?
‘ 3.02
é@o j%
2.64
:? 27

MH+

497.1
497.2
481.2

481.2
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Example 268: Cis and trans-N1-(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl}-
TH-pyrrolo [2;3-d]pyrim_idin_-5_-yl-2-meﬂuoxjphenyl)—&phenylpropanamide

To 4-[4-amino-5-(4—amino—3-methoxyphenyl)~7H-pyrrolo [2,3-d]pyrimidin-
7-y1]-1-cyclohexanone (08g, 2 3 mmol) in pyridine/dichloromethane (1:2.5, 45 ml)
was added hydrocmnamylchlonde (0.57 g, 3.4 mmol) in dichloromethane (2 ml) at
0°C under a flow of nitrogen. The solution was stirred at 0°C for 2 hr. The solution
was quenched with saturated aquoeus citric acid solution ( 50 ml) and the organic
layer was washed with saturated aquoeus citric acid solution ( 2 x 50 ml). Dry, filter

and concentrate to leave a brown foam (1.0 g). This was dissolved in dichioroethane

(100 ml) and N-methylpiperazine (0.63 g, 6.3 mmol) and acetic acid (0.38 g, 6.3
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mmol) was added. Sodium triac’etoxyborohydride (0.67 g, 3.15 mmol) was added
portionwise under mtrogen and the mixture stirred overmght at room temperature.
Quench with saturated aq. NaHCO3 solutlon (50 mil) and extract with
dichloromethane (3 x 100 ml) The combmed organics were dried (sodmm sulphate),
filtered and evaporated to leave a sludge whxch was punﬁed by flash silica gel
column chromatography usmg dlchloromethane / methanol (100/0 to 50/50 in
5%increments). The fractions correspondmg to the faster running material were
combined to give cis- Nl-(4-4~am1no-7—[4-(4~methylp1perazmo)cyclohexyl]-7H-
pymrolo [2,3-J]pynnudm-s-yl-z-methoxyphenyl)—3—phenylpropanamxde (026g)asa
glass This was d1ssolved in ethylacetate (5 ml) and malexc acrd (160 mg) in
ethylacetate v} ml) added. The resultmg sohd was ﬁltered to give cis- N1-(4-4-
ammo-7-[4-(4-methylp1perazmo)cyclohexyl]-7H-pyrrolo[2 3- d]pymmdm—S-yI-Z-
methoxyphenyl)—3-phenylpropanam1de tnmaleate salt (260 mg) as a white solid.
Analytical LC/MS condmons Column Pecosphere 018 3 um, 33x4.6 mm. Eluent:

0% B/A to 100% B/A in 4. 5 mm.( B acetomtnle, A: 50 mM ammonia acetate '
buffer, PH 4.5), 3.5 mL/mm (r‘ 2 86 mms, 568 4.

The ﬁ'actrons correspondmg to the slower nmmng material were combmed to
give trans-N1 -(4-4-ammo-7-[4-(4-methylp1perazmo)cyclohexyl]-7H-pyrrolo[2,3-
d]pynrmdm—S-yl-2-methoxyphenyl)—3-phenylpropanamlde (0. 11 g)as aglass. This
was dissolved in ethylacetate (5 ml) and treated thh a solution of maleic acid (68 - |
mg) in ethylacetate (2 ml). The resultmg solid was filtered to give trans-N1-(4-4-

o-7-[4-(4-methylp1perazmo)cyclohexy1]-7H-pyrrolo [2, 3-d]pynm1d1n-$-yl—2-

' methoxyphenyl) 3-phenylpropanam1de tn-maleate (94 mg) as a white solid.

Analytical LC/MS condmons Column Pecosphere, C18 3 um, 33x4.6 mm. Eluent:
0% B/Ato 100% B/A ind.s mm.( B: acetomtnle A 50 mM ammonia acetate
buffer, PH 4.5), 3 5 mL/mm (r -2 68mms, 568. 2.
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© " 4-[4-amino-5-(4-amino-3-methoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-7-

" yl]-1-cyclohexanone (2.25 g, 6.5 mmol), acetic acid (1.17 g, 19.5 mmol) and N-

methylpiperazine (1.95 g, 19.5 mmol) were dissolved in dichloroethane (200 ml).

‘Sodium triacetoxyborohydride (2.07 g, 9.75 mmol) was added portionwise and the -

mixture stirred at room temperature overnight. Saturated sodium bicarbonate-
solution (150 ml) was added and the aqueous layer extracted with dichloromethane
(3 x 100 ml). The combined organics were washed with water, dried (sodium

sulphate), filtered and evaporated to leave a semi-solid whaich was purified by flash .

silica gel column chromatography using CH,Cl, / methanol (0% MeOH to 50%
MeOH in 5% increments). The fractions corresponding to the .faster running material
were combined and evaporated to give cis- 5-(4-amino-3-methoxyphenyl)-7-{4-(4-
methylpiperazino)cyclohexyl]-7H-pyrrolof2,3-d]pyrimidin-4-amine (1.2 g, 43%) as
a cream solid. '"H NMR (d,-DMSO0): 5 8.1 (1H, s), 7.11 (1H, s), 6.87 (1H, s), 6.79
(1H, d), 6.05 iZH, bs), 4.80 (2H, bs), 4.64 (1H, m), 4.08 (1H, m), 3.82 (3H, s), 3.17
(2H, m), 2.37 (6H, m), 2.21 (3H, s), 2.08 (4H, m), 1.70 (2H, m), 1.53 (2H, m).
HPLC (r,= 11.24 min, 97.6%).

The fractions cotresponding to the slower running material were combined
and evaporated to give trans- 5-(4-amino-3-methoxyphenyl)-7-[4-(4-
methylpiperazino)cyclohexyl]-7H-pyrrolo{2,3-d]pyrimidin-4-amine (0.4 g, 14%) as
a white solid. "H NMR (d¢-DMSO): & 8.10 (1H, s), 7.26 (1H, s), 6.87 (1H, s), 6.77
(1H, d), 6.71 (1H, d), 6.05 (2H, bs), 4.79 (2H, s), 4.52 (1H, m), 3.81 (3H, s), 3.35
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(1H, m), 2.50 (SH, m), 2.31 (5H, m), 2.14 (1H, m), 1.97 (6H, m), 1.45 (2H, m).
HPLC (= 10.13 min, ._97.9%). ’ | |

To a solution of cis- 5-(4-ammo-3-methoxyphenyl)-7~[4-(4—
methylp1perazmo)cyclohexyl]-7H pyrrolo[2,3-d]pynm1dm-4-amme (30 mg, 0.069
mmol) in pyridine (0 5 ml) Was added the appropnate acid chloride (2 eq., 0.138 .
mmol). . The vials were capped and shaken overnight on an orbital shaker. Another
two equivalent of acld chlondes (0 138 mmol) was added in two portions (1
equivalent each) and the resultmg mlxtures were shaken ovemnight again. LCMS
(Micromass- Column Peoosphere C18 3 um, 33x4.6 mm. Eluents: 0% B/A to
100% B/A in4.5 mm (B acetomtnle, A 50 mM ammonia acetate buffer, PH 4.5),

. 3.5 mL/min.) of the resultmg mlxtures showed presence of product in all cases. The
. solutions were evaporated to dryness and the resulting residues were re- dissolved in

a small volume of DMF and punﬁed by reverse phase prep. HPLC. The structures
are detailed below alongw1th the appropnate LCMS data.

Bxample__s'zgs» to 293 w.e;e. ;nad: by methods analo_gous to Example 268.
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Example 269
RT 2.61
MH+ 576.3

'S e

Example 270
RT 3.02

MH+ 570.3

He,

&Rl

("I

CH,

Example 271
RT 2.61
MH+ 600.3

PCT/US99/21560
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Example 272
RT 3.26
MH+ 608.3

Example 273
RT 2.74
MH+ 570.3

8

"t

Example 274
RT 2.78
MH+ 558.4

PCT/US99/21560
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Example 275
RT 3.00
MH+ 574.3

*

tH,

Example 276
RT 2.76
5703

229

PCT/US99/21560
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Example 277
RT 3.26
5 : MH+ 608.3

10

15

; Example 278
| RT 2.94
20 ME+ 5703
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Example 279
RT 3.13
MH+ 604.3

Example 280

-RT 3.16

580.3

Al

_ PCT/US99/21560
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Example 282
RT 2.90
MH+ 585.3

a1

~ PCT/US99/21560
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Example 283
RT 2.84

MH+ 585.3

Example 284
RT 2.90

MH+ 576.3

PCT/US99/21560
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Example 285
RT 2.90
MH+ 584.4

Example 286
"RT 2.74
MH+ 565.6

PCT/US99/21560
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Example 287
RT 3.06
MH+ 576.3

Example 288
RT 253
MH+ 5753

25"

PCT/US99/21560
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Example 289
RT 3.32
5 : MH+ 624.3

Example 290
RT 2.85
10 MH+ 594.4

15
Example 291
RT 2.76
MH+ 592.3

PCT/US99/21560
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Example 292
RT 2.86
MH+ 5833

o

Example 293
RT 2.29
MH+ 508.3

PCT/US99/21560
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General Synthesis for examples 294-301:

Method A

A mixture of the appropnate plperazme (7 60 mmol), 4-[4-ammo—5-(4-phenoxyphenyl)-
7H-pyrrolo[2,3- d]pynnndm-?—yl]—l -cyclohexanone 2. 53 mmol), and glacial acetic acid
(7.60 mmol) in 50 mL of dlchloroethane was stirred at room temperature for 1.5 hours.
Sodium tnacetoxyborohydnde (3 28 mmol) was added and the mixture was stirred at
room temperature for 16 hours. A solutlon of135g of sodjum bicarbonate in 50 mL

- of water was added and the reactlon mrxture was stlrred for 1 hour. The organic portion

was separated, dned over magnesmm sulfate ﬁltered, and the filtrate concentrated to
afford a brown 011 Pun:ﬁcatlon by ﬂash chromatography on silica gel afforded the cis-
and trans-’[—[(4-p1perazmo)cyclohexyl]—5-(4-phenoxyphenyl)—7H-pyrrolo[2 3-
d]pynm1dm-4-ammes '

Method B . '
A  mixture of the appropnate pyrrohdme (7 53 mmol), 4-[4-ammo-5—(4-

phenoxyphenyl)-‘!H—pyrrolo[z,3-d]pynm1dm-7-y1] l-cyclohexanone (2.51 mmol), and
glacial acetic acrd (7.35 mmol) m 45 mL of dlchloroethane was stirred at room
temperafure for 30 minutes. Sodmm macetoxyborohydnde (3.26 mmol) was added and
the mixture was stlrred at room temperature for 22 hours. A solution of 1.35.g of
sodium blcarbonate in 50 mL of water was added and the reaction mixture was stirred
for 1 hour. The orgamc portxon was separated, dned over magnesium sulfate, filtered,
and the ﬁlh'ate concentrated to afford a brown ‘oil.  Purification by flash
chromatography on sﬂrca gel aﬂ'crded the cis- and trans-7-(4-pyrrolidino)cyclohexyl]-
5-(4-phenoxyphenyl) 7H-pyrrolo[2 3-d]pynm1dm-4—ammes

Salt Formanon
To a warm solution of pyrrolopynmrdme (2.48 mmol; from methods A or B, above) in
ethanol was added a solution of maleic acid (7.28 mmol) in ethanol. A white precipitate
formed as the sdlution Was eooled to ambient temperatme The resulting solid was
isolated by ﬁltratxon and dned under vacuum to yield the desired tris maleate salt.
Analytical RP—I-IPLC RT hsted in the table were obtained on a Hypersil HyPurity Elite
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C18 column ((SuM, 500 A) 250 x 4‘6 mm) usmg _,lmear gradient of 25-100%
acetonitrile/0.1 M ammonium acetate over 10 min. (gradient a) or 25 min. (gradient b)

at 1 mL/min.

Example 294
RT 7.967
MH+ 511.1
Gradient a -

g?a?

Example 295
RT 7.383
MH+ 527.2
Gradient a



WO 00/17203

10

Example 296
RT 13.941
MH+ 497.1
Gré.dientb

1? ¢
Q __ ﬁg

Example 297
RT 7.733
MH+ 5112
Gradient a

PCT/US99/21560
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Example 298
RT 14.067
MH+ 497.1
Gradient b

"

Example 299
RT 13.891
MH+ 497.1
Gradient b

- PCT/US99/21560
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Example 300

RT 14.076

ME+ 497.1
5 Gradient b

! Example 301
': 10 RT 7.750

j ME+ 5272
( Gradient a

| 15

PCT/US99/21560
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Example 302: Cis and trans 4—[4-ammo-5—(4-phenoxypheny1)-7H-pyn'olo[2 3-
dlpyrimidin-7-yl]-1-hydroxycyclohexylmethyl cyanide

A solution of diisopropylamine (0.649 g, 0.0050 mol) in tetrahydrofuran (10 mL)
was cooled to 0° C. A solution of 1.6 M n-butyl lithium ( 3.14 mL, 0.0050 mo]) in
hexanes was added dropwise, keeping the temperature less than 5° C. After the addition
was complete, the mixture was stirred for 20 minutes at 0° C. The mixture was cooled:

to —78° C, and dry acetonitrile (0.175 g, 0.0043 mol) was added, keeping the
temperature less than ~70°C. After the addition was complete, the mixture was stirred:
for 20 minutes at '
-78°C, and a mixture of 4-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-
dlpyrimidin-7-yl]-1-cyclohexanone (1.000 g, 0.0025 mmol) in tetrahydrofuran (10
mL) and hexamethylphosphoramide (10 mL) was added, keeping the temperature.
less than —70°C. After the addition was complete, the mixture was stirred for 30:
minutes at -78°C, then stirred at ambient temperature for 18 hours. The mixture was - -
partitioned between dichloromethane and saturated ammonium chloride (aq)The .
organic phase was washed with water and saturated sodium bicarbonate (aq), and
dried over magnesium sulfate. The solvent was removed in vacuo and the cisdnd

~ trans isomers were separated by flash column chromatography on silica using

dlchloromethane/methanol (95:5) as an eluent to give less polar 4-{4-amino-5-(4-
phenoxyphenyl)—7H-pyrrolo [2,3- d]pynmldm-7-yl] ~-1-hydroxycyclohexylmethyl
cyanide (0.120g, 0.00027 mol) and more polar 4-[4-amino-5-(4-phenoxyphenyl)-
7H-pyrrolo[2 3-djpyrimidin-7-yi}-1 -hydroxycyclohexylmethyl cyanide (0.170g,
0.00038 mol) ' '

Less polar:

'H NMR (DMSO-d, 400MHz) & 8.13 (s, 1H), 7.48 (d, 2H), 7.41 (¢, 2H), 7.37 (s,
1H), 7.15 (t, 1H), 7.093 (d, 2H), 7.088 (d, 2H), 6.11 (b, 2H) 5.05 (5, 1H), 4.53-4.61
(m, 1H), 2.66 (s, 2H), 2.18 (g, 2H), 1.80 (t, 4H) 1.66 (t, 2H); RP-HPLC ( Delta Pak
C18, Sum, 3004, 15 cm; 5%-85% aéetbnitrile ~0.1M ammonium acetate over 20
min, 1mL/min) R, 15.90. MH" 440,
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More polar: (Pmbably trans, aryl-axxal, OH-axml)

'HNMR (DMSO-dﬂ400MHz) 6‘ 8 13 (s IH), 7.63 (s, 1H), 7.48 (d, 2H), 7.41 (t,
2H), 7.15 (¢, 1H),7 11 (d,2H),708 (d,2H),6 11 (b,2H)522(s, 1H), 4.62-4.67 (m,
1H), 2.98 (s, 2H), 1. 82-1 99 (m, 6H), 1 65-1 73 (m, 2H), RP-HPLC ( Delta Pak C18,
Sum, 3004, 15 cm, 5%-85% acetomtnle 0 1M ammomum ‘acetate over 20 min,

1mL/m1n)RJS ss MH’440

Example 303: czs- and tr_ans-_ :55({7qmino73-)‘iuorop§eny0- 7-[4-(4-
methyzp_zperam?)cjgquohqyyf_m;m@[z. ;—d]pyﬁmi;zip-ex-amine

a) tert-Butyl N-(4-bromo-2-ﬂuorophenyl)carbamate o

Sodium bls(tnmethylsﬂyl)amlde solu’aon (l oM so]n. in THF, 2.05 equiv., 270 mL,
270 mmol) was added dmpmse to a solutlon of 4—bromo-2-ﬂuoroamhne (24.78 g,
1304 mmol) mTI-IF (250mL) ( er 15 mm nndermtrogen After a further 15 min,,

| dl-tert-butyl dlcarbonate a2 eqmv: 34, 12 & 156.3 mmol) was added portionwise

(note: a slight exotherm was observed) The reactlon became very viscous and after
4h. reached compleuon (tle. analysm usmg 1.9 EtOAc heptane as the eluent). The

. reaction was concentrated in vacuo and the residue was partitioned between EtOAc
~ (300mL) and saturated aq NaI-ICO3 (15 0 mL) The aqueous layer was further

extracted EtOAc (2 x 200 mL) and the combmed orgamc layers were dried (Na,SO,)
and concentrated under reduced pressuxe Punﬁcatnon by column chromatography
using 2 10% to 15% EtOAc heptane gradient aﬂ'orded tert-butyl N- (4-brama-2-
ﬂuorophenyl)carbamate a llght yellow waxy solid (30 0 g, 79%), 'H NMR (400
MHz, CDCl,) 1 51 (9H s), 7.22 (lH m), and 7.24 (2H, m).

b) tert—Butyl N-[2-ﬂuoro-4-(4 4 5 S-tetramethyl-l 3,2-dxoxaborolan-2-

yl)phenyl]carbamate .
A solution of the tert-butyl N—(4-bromo-2—ﬂuoropheny1)carbamate (540¢g,

0 186 mmol), bzs-pmacolatodlborane (l 2 equw 56 8 2 223 3 mmol), potassium
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c) tert-Butyl N-4-[4-chloro-7-(1 4—dioxaspiro[4.5]dec-8-yl)-_7H-pynol_o[2,3-

. WO 00/17203 - PCT/US99/21560

acetate (3.0 equiv, ! sﬂ 7 g, 558 mmol) d PdCl,(dppBi(o'os equiv, 4.65 g, 5.58
mmol) in degassed DMF (1 1) was heated at 80°C under nitrogen for 16 h. The DMF
was removed under reduced pressure and the resulting dark solid residue was
dissolved in CH,C], (500 mL). The inorganic residues were removed by filtration
through a silica gel pad and the filtrate was purified by column chromatography-

- -using a 10% to'15% EtOAc : heptane gradient to afford the product as a yellow:

viscous oil which.crystallized‘ on standing to give tert-butyl N-[2-fluoro-4-(4,4,5,5-
tetramethy!-1, 3,2—dioxaborolari-2-yl)phenyl]carbamate (56.5 g, 92 %), '"H NMR

(400 MHz, CDCL,) 1.33 (12 H, 5), 1.53 (9 H, 5), 6.82 (1H, brs), 7.46 (1H, d, J 11
'Hz2), 7.55 (1 H; br d), and 8.12 (1 H, br £), m/z 337.2, and RP-HPLC (5 to 100 %

CH,CN in0.1N aqueous ammonium acetate over 15 min at 1 mL/min using a
Hypersil HyPurity Elite C18, 5m, 200 A, 250 x 4.6 mm column) t= 10,16 min, 90%.

d]pyrimidin-5-y1]-2-fluorophenylcarbamate
A suspension of the 4-chloro-7-(1 4-dloxaspxro[4 5]dec-8-yl)—5-1odo-7H—

pyrrolo[2,3-d]pyrimidine (31.18 g, 74.41 mmol), tert-butyl N-[2-fluoro-4-(4,4,5,5-

20

25

30

~ tetramethyl-1,3,2-dioxaborolan-2-yl)phenyljcarbamate (1.5 equiv, 37.6 g, 111.6

mmol), sodium carbonate (2.5 equiv, 19.72 g, 186 mmol) and Pd(PPh,), (4 mol%,
3.44 g, 2.98 mmol)in DME (1.2 1) and degassed H,O (230 mL) was heated at 80°C

under nitrogen for 17 h. Additional Pd catalyst (1 mol%, .86 g, 0.74 mmol) was

added and the reaction was continued heating at 80°C for a further 24 h. at which.
point the reaction had proceeded to completion (t.1.c. analysis using 3:7
EtOAc:heptane as the eluent, Rf-—'o.'?)'. The solvent was removed under reduced
pressure and the residue dissolved in EtOAc (500 mL) and the inorganics were
removed by filtration through a celif§ pad. The filtrate was washed with 10% aq.
Na,CO, (200 mL) and brine (200 mL), dried (MgSO,) and concentrated in vacuo.
Column chromatography purification over silica gel using 1:2 EtOAc:heptane
afforded tert-butyl N-4-[4-chloro-7-(1,4-dioxaspiro[4.5]dec-8-yl)- TH-pyrrolo[2,3- -
d]pyrimidin-5-y1}-2-fluorophenylcarbamate as an off-white solid (21.0 g, 56%), 'H
NMR (400 MHz, CDCL,) 1.55 (9 H, 5), 1.89 (4 H, m), 2.07 (4 H, m), 4.01 (4 H, 8),
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489(1H,m),675(1H,brs),723 (1H,brs),725 (1H,brs), 734(1 H, brs),
8.14(1H, brt),and864(lH,s)andRP-HPLC(5to 100 % CH,CNin 0.1 N
aqueous ammomumacetate over 15mmat 1 mL/min using a Hypersil HyPurity
Elite C18, Sp.m, ZOOA, 250x4 6mmcolumn) t,- 10 48 min., 100%.

d) 5-(4-Ammo-3-ﬂuorophenyl)-7-(l 4-dxoxasp1ro[4 5]dec-8-yl)-7H pyrrolo[2,3-
d]pynnndm—4—amme

A cloudy mlxture of tert-butyl N-4-[4-chloro-7-( 1 4—dzoxasp1ro[4 5]dec-8-
yl)-7H-pyrrolo[2,3-d]pynmdm-S-yl]—Z-ﬂnorophenylcarbamate (10.5 g, 20.92
mmol), ag. ammonium hydroxlde (28 30 %, 100 mL) and dioxane (100 mL) was
placed in a sealed vessel at amblent temperature then heated to 120°C with stirring
for 24 h. (t.L.c. analysls usmg 9 1 EtOAc heptane as the eluent). The reaction was
concentrated in vacuo, dxluted thh EtOAc (300 mL), washed with brine (2x 150
mL), dned (NqSO,) and concentrated under reduced pressure and scrupulously
dried to afford 5-(4-Ammo—3 ﬂuoraphenyl)—?—(] 4—d¢oxaspzro[4 5]dec-8-yl)-7H-
pyrrolof2, 3-d]pynmzdm—4—amme as a yellow solid (7.93 g, 99 %), 'H NMR (400
MHz, d,-DMSO) 1. 74(4H,m), 1. 90(2H m),206(2H m), 3.90 (4 H, m), 4.64 (1
H, m), 5. 18(2H,brs),602(21-1,br.s),684(1 H 1), 6.97(1H, d),708(1 H,d),
726(1H,s)and810(1!—1 s)andm/z3842(MH‘) ‘

e 4—[4-am1no—5-(4—ammo—3-ﬂucr0pheny1)-7H pyr.rolo[z 3-dJpyrimidin-7-yl}-1-
cyclohexanone . Lo S

SM HCl (300 mL) was added slowly 1o a solution of 5- (4-ammo 3-
ﬂuorophenyl)-7-(1 4-d10xasp1ro[4 5]dec-8—yl)—7H—pyrrolo[2 3-d]pyrimidin-4-amine
(18.49 g, 48.28 mmol) in acetone (800 mL) at 0°C the resulting dark orange-brown
solution was heated at 60°C for 4 h (L c analysis usmg 10% MeOH in CH,Cl,).
The acetone was removed under reduced pressure and the acidic layer was basified
to approx. pH 8 usmg sat. aq NaQCO3 The resultmg precipitate was collect by
filtration and scrupulously dned to afford 4-{4-amino-5-(4-amino-3-fluorophenyi)-
7H-pyrrolof2, 3—d]pynmzdm-7—yl]-}—cyclohexanone as a light brown solid (12.67 g,
77%). A second crop was also obtamed from the mother liquor on standing (2.01 g,
12%), '"H NMR (4_00 MI-Iz, d‘-DI}(ISO) _2.27 (2H,m),230(4H, brd),2.73 2 H, m),
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514(1H,m),520(2H brs),605(2H,brs),685(1H,t),697(1H,dd),706(1
H, dd), 7.35 (1 H, s) and 8.12 (1 H, 5) and m/z 340.1 (ME").

cis- and trans- 5-(4-Amino-3-finorophenyl)-7-[4-(4-methylpiperazino)cyclohexyl}-
7H-pyrrolof2,3-d]pyrimidin-4-

Example 304: cis-N1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-
pyrrolof2,3-d]pyrimidin-5-y1}-2-fluorophenyl)-4-fluoro-1-benzenesulfonamide tri-
maleate

Toa solunon of 4-[4-ammo-5-(4-ammo-3-ﬂuorophenyl)—7H-pyrrolo[2,3-
d]pyrimidin-7-y1}-1-cyclohexanone (1.0 g, 2.95 mmol), N-methylpiperazine (3 e
equiv, 0.885 g, 8.85 mmol, 0.98 mL) and glacial acetic acid (3 equiv., 0.51 mL, 8.85 . _ . '
mmol) in dichloroethane (50 mL) under nitrogen was added sodium '
triacetoxyborohydride (1.3 equiv., 0.81 g, 3.84 mmol). The solution was stirred for -
18 hr then additional sodium tnacetoxyborohydnd_e 040g,1.9 mmol) was added . -
and the reaction continued for 2 further 48 hr. The reaction was concentrated in

vacuo, partmoned between dmhlorometham (100 mL) and sat. aq. NaHCO, (100

mL). The aqueous layer was further extracted with dlchlo'omethane (4x100 mL)
and the combined organic layers were dried over magnesium sulfate and evaporated
to dryness to give a yellow foam (0.95 g). Purification by column chromatography. -
over silica gel ﬁsing a dichloromethane:methanol (9:1 to 5:1) gradient afforded cis-
5-(4—amino-3—ﬂuorophenyl)-7-[4-(4;methy11:iperazino)cyclohexyl]—7H-p)m'olo[2,3- '
d]pyﬁmidin#-a}nine,dae higher running component, as a cream solid (400 mg, 32
%) 'H NMR (.d, DMSO, 400 MHz) 1.56 (3H, brt), 1.68 (2H, br d), 1.99 (5H, m),
2.20 (3H,s),2.43 (7H, br m), 4,65 (1H, m), 5.20 (2H, s), 6.01 (2H, br s), 6.85 (1H, t,
J=9.6 Hz), 6.98 (1H, dd, /~ 8.0 and 1.6 Hz), 7.10 (1H, dd, /=12.4 and 1.6 Hz), 7.12

(1H, 5), and 8.10 (1H, 5) and RP-HPLC (10 to 90 % CH,CN in 0.1 N aqueous

ammonium acetate over 12 min at 2 mL/min using a Waters Symmetry C18, 250 x
4.6 mm column) tr= 8.619 min., 96%

A mixed fraction was obtained which contained both cis- and rans-isomers (440
mg, 50:50 mixture), and in addition the lower running fraction contained trans-5-(4-
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anino-3- ﬂuorophenyl)-7-[4-(4-methy(nqperazma)¢.yclohe:grl]—7H pyrrolo[Z 3-
d]pynmzdm-4-amm as a yellow sohd (1 10 mg, 9%), lH NMR (d, DMSO, 400
), 2.17 GH, 5), 2.33 (7H, brm), 2.51 (3H, m), 3.28 (1H, m), 4.51
(1H, m), 5.18 (2H: 5.01 (2H br ) 6.84 (H, 1), 6. 96 (1H, dd), 7.04 (1H, dd), 7.30
(1H, 5), and 8.08 (H, RP-HPLC (10 1040 % CH,CN in 0.1 N aqueous
ammonium acetate over 12m1n at 2 mL/mm usmg a Waters Symmetry C18,250x
7 595 min, 979 /.

_ Example 305: trans-Nl (4-{4-mmno-7-[4-(4-meﬂ1ylp1perazmo)cyclohexyl]-m-

ﬂ rophenyl)—4-ﬂuoro- -benzenesulfonarmde tri-

4-Fluorobenzenesulfonyl chlonde 5. 9 mg, 0 236 mmol) was added toa

. solution of trans- ':”"'4-ammo-3 ﬂuorophenyl)-?-[4-(4—

methylpiperazino iohexyl]-TH jm'olo[Z 3-d]pynm1dm-4-amme ( 100 mg, 0.236 . -

e mmol) in. pyndme e lmL) at 400C Aﬁ_er 27 hr at 40°C the reaction had reached
o eompleuon and was concentrated in vacuo' Punﬁcatxon by column chromatography
.. over silica gel usmg 0% to 50% MeOH m dlchloromethane as the grad:ent afforded

25

30

. asacolurless oil
20

' mmol) The product was dlssolved in ethanol and malelc
acid (3 eqmv 27 m, 0.233 mmol) added The unxture was heated until
'mo-7 [4-(4-methylpzperazmo)cyclohe:gzl]-7H-

g pyrrolo[Z 3—d]pynmzdm—5—yl}-2 ﬂuarophenyl)-4 ﬂuoro-l benzenesulfonamlde

mmaleate crystalhsed on eoolmg as a fawn solid (37 mg, 17 %), RP-I-IPLC (10to

- 40% CH,CN in 0 1 N aqueous ammomum acetate over 12 minat2 mL/tmn using a

Waters Symmetry C18 250 X 4. 6 mm column) t= 14 528 min., 96% and m/z 582.0
Example 306: OIS-NI (4~ {4—ammo-7-[4»(4—methy1p1perazmo)cyclohexyl]-7H-
pyrrolo[2, 3—d]pyr1m1dm-5-yl}-2-ﬂuorophenyl)-4-ﬂuoro— -benzenesulfona:mde

cis-N1- (4{-4-ammo-7—[4-( ' methy@gperazzno)cyclohexyl]—?H pyrrolo[2,3-
d]pyrzmzdm-S-yl}-Z ﬂuorophenyl)—4 ﬂuoro- -benzenesulfonamzde was prepared
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using the same procedure as detailed fdﬁfhe free base Ef tians-NI-(4{-4-amino-7-[4-
(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-d]py¥imidin-5-yl}-2- ﬂuorophenyl)-
4-fluoro-1-benzenesulfonamide except on a 3.36 mmol scale.

(400 mg, 32%), RP-HPLC (10 to 40 % CH,CN in 0.1 N aqueous ammonium acetate
over 12 min at 2 mL/min using a Waters Symmetry C18, 250 x 4.6 mm column) t=
15.232, 94% min. and m/z = 582.1 (MH").

Example 307. 5-(4-amino-3- ﬂuoraphenyl)-7-(] -benzyl-4-piperidyl)-7H-, pyrrolo[z 3-
d]pyrimidin-4-amine

a) 7-(1-benzyl-4-piperidyl)-4-chloro-5-iodo-7H-pyrrolo[2,3-d)pyrimidine-

. Diethyl diazodicarboxylate (2.0 equiv., 18.19 g, 41.2 mL, 104.8 mmol) was
added dropwise over approx. 1 h to a solution of 4-chloro-3-iodopyrrolo[2,3-
dlpyrimidine (14.55 g, 52.4 mmol), 1-benzyl-4-hydroxypiperidine (3.0 équiv., 30.06
g, 157.16 mmol) and triphenylphosphine (2.0 equiv., 27.51 g, 104.8 mmol) in THF

~ (730 mL) at room temperature under nitrogen. The reaction reached completion

after 72 h (t.1.c. analysis using 1:1 EtOAc:heptane as the eluent, Rf =0.2). The = -
reaction was concentrated in vacuo and 1:4 ethyl acetate : heptane was added until a

‘precipitate in a clear solution was observed. The precipitate was collected by

filtration (Ph3PO) and the filtrate was concentrated, dissolved in ethy! acetate (500
mL) and extracted with ag. HCI (IM, 3 x 200 mL). The combined acidic layers
were basified with aqg NaOH (4 N) to pH 12 then extracted into ethyl acetate(3 x 300
inL), dried (MgSO4) and concentrated in vacuo. Purification By column
chromatography using 5:4 light petroleum (30-60 °C):ethyl acetate over silica gel
gave 2 main fractions of which the first fraction contained the product as a pale
yellow crystalline solid which was recrystallised from ethyl acetate to give 7~(1-
benzyl-4-piperidyl)-4-chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidine as a cream
crystalline solid (5.7 g, 24 %); 'H NMR (400 MHz, CDCL) 2.02 (4H, m), 2.24 (2H,
m), 3.06 (2H, br d), 3.58 (2H, s), 4.76 (IH, m), 7.27 (2H, m), 7.32 (3H, m), 7.49
(1H, s) and 8.60 (1H, s) and m/z = 452.8 (MH").
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b) tert-butyl N-4—[7-(1-benzyl-4-p1pendy1)—4—chloro-7H—pyrrolo[2 3-d]pynm1dm—5-
yl]-z-ﬂuorcphenylcarbmnate '

A suspensmn of 7-(1-bcnzy1-4-p1pendyl)-4-chloro-5-10do-7H -pyrrolo[2,3-
d]pynm1d1ne (78 12 6 mmol), tert-butyl N-[2-fluoro-4-(4, 4,5,5-tetramethyl-1,3,2-
dmxaborolan-Z-yl)phcnyl]carbam' te 1 5 eqmv, 18.9g,6.38 mmcl), sodium
carbonate (2.5 equiv, 334 g, 315 mmol) and Pd(PPh,), (4 mol%, 0.58 g, 0.5 mmol)
in DME (210 mL) and degassed water (37 mL) was heated at 80°C under nitrogen
for17h(t. l.c analysrs usmg 11 EtOAc heptane as the cluent). The reaction mixture
was concenirated in vacuo, drssolved in ethyl acetate (400 mL) and washed with 10
% aq. Na,lCO3 (3 x 200 mL) The orgamc layer was dried (MgSO,), concentrated

. and punﬁed by colnmn chromatography usmg 1:1 ethyl acetate: heptane as the eluent

to afford tert-butyl N-4-[7-(1 -benzyl-4~p1pendyl)-4—chloro-7H-pyrrolo[2 3-
d]pynmldm-s-yl]—z-ﬂuorophenylcarbamate as a white crystalline solid (5.2 g, 9.7
mmol, 77%), 'H'NMR (400 MI-Iz_' CDCL) 155 O H, 5), 2.05 (4H, m), 2.24 (2H, m),
3.06 (2H, br d), 3. 60 (2H,s), 4, 8 ':"(1H, m), 7 25 (2H, m),1.29 (1H, m), 7.33 (6H, m),

8,12 (1H, br#) and. 8 64 (1H, 5)- G r e

c) 5—(4—ammo-3 ﬂuoraphenyl)—7-(1-benzyl-4-pzpendyl) -7H- pyrrolo[Z 3—
d]pyrzmzdm—4-amme R
A mlxture of the tert-butyl N-4- [7—(1 -benzyl-4-p1pendy1)-4-chloro-7H-

_ pyrrolo[2 3-d]pynm1d.1n-5-yl]—2—ﬂuorophylcarbamate (5.2 g, 9.7 mmol), aq
_ ammomum hydroxlde (28 30 %, 100 mL) and 1 4-dloxane (100 mL) was placed in

a sealed vessel at amblent temperature then heated to 120 "C w1th stm-mg for 16 h.
(t.lc. analysrs usmg EtOAc as the eluent) The reactlon was concentrated i in vacuo,
diluted with EtOAc (300 mL), ’ hed w1th brme (2x 200 mL), dried (Na,SO.) and
concentrated under reduced pressure to afford a brown sohd which was tnurated
with ether (approx 50 mL) to g ,__;e 5—(4—ammo-3 ﬂuorophenyl)— 7-(1 -benzyl-4—
pzperzdyl) -7H-, pyrrolo[z 3-d]pyrzmzdm—4-amme as a cream sohd 30s, T4%),'H
NMR (400 MHz, CDCI,) 2. 06 (4 H, m), 2.27 @H, m), 3.06 (2 H, m), 3.59 (2H, br

s), 370(2H,brs),473 (lH m),512(2H 5),6.85(1H, t),701(lH s), 706(1H

dd), 7.10{(1 H, dd), 728 (2H m),734(3H m)and831 (1 H, s) and m.p. 141-142



WO 00717203

10.

15

20

25

30

"~ -PCT/US99/21560

°C.

Example 308: N1-4-[4-amino-7-(1-benzyl-4-piperidyl)- 7H-pyrrolo[2,3-

d]pyn'midin-s-yl]-2-ﬂuorophenyl-4-ﬂuoro-1-benzenesulfonanﬂde

" N1-4-[4-amino-7-(1-benzyl-4-piperidyl)-7H-pyrrolo[2,3-d]pyrimidin-5-y1}-
2-fluorophenyl-4-fluoro-1-benzenesulfonamide (470981) was prepared using the
same procedure as detailed for trans-N1-(4-{4-amino-7-{4-(4-

: me&xylpiperazino)cyclohaxyl]—?H—pyrrolo[2,3-d]pyrimidin—5-y1} -2-fluorophenyl)-4-

fluoro-1-benzenesulfonamide tri-maleate except on 2 6.96 mmol scale. N1-4-[4-
amino-7-(1-benzyl-d-piperidyl)-7H-pyrrolof2,3-dlpyrimidin-5-y1}-2-fluorophenyl-4-
fluoro-1-benzenesulfonamide was oli_tained as a cream solid (3.2 g, 80%), m/z 575 -
(MH") and m.p. 265-6 °C. |

Example 309: N1-A-[4-amino-7-(1-benzyl-4-piperidyl)-TH-pyrrolo[2,3-
dlpyrimidin-5-yI])-2-fluorophenyl-2,3-dichloro-1-benzenesulfonamide -~

' N1-4-[4-amino-7-(1-benzyl-4-piperidyl)-7H-pyrrolo[2,3-d]pyrimidin-5-yl]-
2-ﬂuorophenyl-2,3—dichloro-l-benzenesﬁlfohamide was prepared in the same
manner as.detailed above on a 5.04 mmol scale. The resulting N7-4-{4-amino-7-(1-.
benzyl—4-piperidyl)—7H—pyrrolo[2,3-d]pyrimidin—5-yl]'-2-ﬂuarophenyl-4—ﬂuora-] - :
benzenesulfonamide was obtained as a brown solid (1.0 g, 32%), m/z 625 (MH'* ) and .
RP-HPLC (5 to 85 % CH,CN in 0.1 N aqueous ammonium acetate over 20 min at 1
mL/min using a Waters Delta pack 5m C18, 3004, 150 x 3.9 mm columm) t= .
14.963 min., o5%. o h

Example 310: N1-4-[4-ammo-7—(4-p1pendyl)-7H-pyrrolo[2 3-d]pymmd.m-5-yl]—2-
fluorophenyl-4-fluoro-1-benzenesulfonamide

" A mixture containing N1-4-[4-amino-7-(1-benzyl-4-piperidyl)-7TH-
pyrrolo[2,3-dJpyrimidin-5-yl1}-2-fluorophenyl-4-flucro-1-benzenesulfonamide (2.40
£, 4.18 mmol), ammonium formate (10 equiv., 41.8 mmol, 2.62 g), palladium on
carbon (10%, 1.2g) and ethanol (100 mL) was heated at reflux with vigorous stirring

for 6h., filtered and concentrated in vacuo. The solid was partitioned between

dichloromethane (50 mL) and wat_ér (50 mL). The brown solid which formed at the
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phase boundary was collected and analysed for N1 -4—[4-ammo-7-(4-pzpendyl)—7H—
pyrrolof2, 3-d]pyrzmtdm-5 -yl]-2 ﬂuorophenyl-4 ﬂuoro—] -benzenesulfanamzde (0.33
g), m/iz 485 (ﬂﬂi’) and m.p 238-9 °C (dec )

Example 311: Nl-4-[4-a1mno-7-(1-fonnyl—4—-p1pendyl)-7H-pyrrolo[2,3-
d]pynmldm-5-yl]—2-ﬂuorophenyl—4—ﬂuoro-1 benzenesulfonamxde

The procedure detailed for the preparat;on of N1 -4-[4-ammo-7-(4-pxpendyl)-
7H-pyrrolof2, 3—d]pynm1dm—5—yl]—2—ﬂnorophenyl—4—ﬂuoro—l-benzenesulfonamade
was performed on a smaller scale (0 35 mmol) where the combined organic layers
from the work up were 1solated, dned (NaQSO.,) and the solvent removed under
reduced pressure o afford a whxte 011 which: was punﬂed by preparative HPLC
(100% pHA4.S5 SOmM ammomum acetate to 100% CH,CN in8.5 mmutes witha 1.5 -

' mmute hold at 25 mL/mm using a Hypersxl 5m BDS C18, 100x 21 2mm column) to

yield NI-4-[4-ammo—7-(I farmyl-4—ptperzcbil)-7H pyrmlo[z 3-dlpyrimidin-5-ylj-2-
Jhuorophenyl-4- ﬂuoro—] -benzenesub’onamzde as a white solid (50 mg, 27 %), m/z. =

Example 312: Nl-[4-(4-ammo-7- -[(1-methyl-lH-4~1m1dazolyl)sulfonyl]—4-

.plpendyl—7H-pyrrolo[2,3-d]pynm1dm-5—yl)-2—ﬂuorophenyl]-4~ﬂuoro-l- -

benzenesulfonannde dxmaleate _ L
' l-MethyhmldazoMpyl sulphonyl chlonde (1 1 eqmv 0.068 mmol, 12.3 mg) -

-was added to-a suspensmn of 5-(4-am1no-3-ﬂuorophenyl)-7-(1-benzyl-4-p1pendyl)

7H-pyrrolo[2 3-d]pymmdm-4—am1ne (30 mg, 0.062 mmol) and triethylamine (3
equiv., 0.186 mmol, 26 1) i m dxchloromethane (1 mL) and stirred at ambient
temperature for 24 h, The reacuqn was concentrated in vacuo, partitioned between

_ dmhloromethane (100 mL) and water (50 mL) and the aqueous layer was further

extracted with dlehloromethane (fg x 100 mL). The combined organic layers were
dried over magnesium sulfate anci_-epncenuated in veeuo. Purification by column
chromatography over silica gel usmg 10 % methanol in dichloromethane yielded a
waxy white solid (10 mg).: Mabié acid (2 equiv., 4 mg) was added to the product in
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hot ethanol and NJ-[4-(4-amino-7-1-{{1-methyl-1H-4-imidazolysulfonyl]-4-
Ppiperidyl-TH-pyrrolo[2,3-d]pyrimidin-5-yl)-2-fluorophenyl]-4-fluoro-1-
benzenesulfonamide dimaleatesalt crystallized on cooling (10 mg), RP-HPLC (5 to
85 % CH,CN in 0.1 N aqueous ammonium acetate over 20 min at 1 mL/min using a
Waters Delta pack 5Sm C18, 3004, 150 x 3.9 mm column) t= 14.186, 100% min.
and m/z = 629 (MH").

Example 313: N1-[4-(4-amino-7-1-[(1,2-dimethy}-1H-4-imidazolyl)sulfonyl]-4-
piperidy}-7H-pyrrolo[2,3-d}pyrimidin-5-yl)-2-flucrophenyl}-4-fluoro-1-
benzenesulfonamide '

Using the procedure detailed for the synthesis of the free base of N1-[4-(4-
amino-7-1-[(1-methyl-1H-4-imidazolyl)sulfonyl]-4-piperidyl-7H-pyrrolo[2,3-
d]pyrimidin-5-yT)-2-flnorophenyl]}-4-fluoro-1-benzenesulfonamide dimaleate, NZ-{4- -

(4-amino-7-1-f| (1,Z-dimethyl-1H-4-i7hidazobl)sulﬁmyﬂ-4—piperidyl—7H_-pyrrolo[2,‘3- e

dlpyrimidin-5-yl)-2-fluorophenyl]-4-fluoro-1-benzenesulfonamide was prepared as a
cream solid (9 mg), m.p. 217-8 °C and m/z = 643.2 (MH"). -

Example 314: N1-[4-(4-amino-7-1-{(1,3-dimethyl-1H-5-pyrazolyl)carbonyl]-4-
piperidyl-7H-pyrrolo[2,3-d]pyrimidin-5-y1)-2-fluoropheny]-4-fluoro-1-
benzenesulfonamide ' | "

| 1,3-Dimethylpyrazble—5-carbonyl chloride (1.5 equiv., 14.8 mg, 0.093 mmol)
was added'to a stirred suspension of 5-(4-amino-3-fuorophenyl)-7-(1-benzyl-4-
piperidyl)-7I-I_-pynolo[2,3—d]pyrimidinf4~amine (30 mg, 0.062 mmol) and potassium
carbonate (2 equiv., 17.1 mg, 0.124 mmol) in N-methylpyrrolidinone (2 mL) and the
resulting mixture waé stirred at ambient temperature under nitrogen for 16 h. The
solvent was removed in vacuo and the mlxture purified by column chromatography
over silica gel using 5 % methanol in dichloromethane as the eluent to give Ni-[4-
(4—amirio-7—1 ~-[(1,3-dimethyl-1H-5-pyrazolyl)carbonyl]-4-piperidyl-7H-pyrrolof2, 3-
d]pyrimidin-5 -yl)-z-)‘luo}ophenyl]-4j‘luoro-l -benzenesulfonamide as a colourless
glass (10 mg), RP-HPLC HPLC (100% pH 4.5 50mM ammonium acetate to 100%
CH,CN in 4.5 minutes with a 0.5 minute hold at 3.5 mL/min using a Perkin Elmer
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Pecosphere 3m C18 (33 x4, 6mm) column) t,- 2.98 min., 96% and m/z = 629

(W')

Example 315: N1-(4-{4-a.rmno-7-[1-(2-pyndy1carbonyl)-4-p1pendyl]—7H-
5 pyrrolo[2,3-d]pynm1dm-5-yl}-2-ﬂuoropheny])—4-ﬂuoro— -benzenesulfonanude

! N1-(4- {4-armno-7~[l-(2-pyndylearbonyl)—4—p1pendyl}-‘?H-pyrrolo[2,3-

d]pyrimidin-5 -yl}-2-ﬂuoropheny1)-4—ﬂuoro-1 -benzenesulfonamide was prepared
using the same procedure as detmled for N1-[4-(4-amino-7-1-[(1,3-dimethyl-1H-5-

_ pyrazolyl)carbonyl]-4-p1pendyl-7H-pyrrolo[2,3-d]pynm1dm—5-y1)—2-ﬂuorophenyl]-

10  4-fluoro-1 -benzenesulfonamrde, (12 mg), RP-HPLC HPLC (100% pH 4.5 50mM
ammonium acetate to 100% CH,CN in 4.5 minutes with 2 0.5 minute hold at 3.5
ml/min using a Perl_nn Elmer Pecosphere 3m C18 (33 x 4.6mm) column) t,=2.73
min, 98% and mz = 5902 (ME'), . .

'15. - Example 316: N 1-4-(4-amino-7-{4-[1-(1-methylpipeﬁd-4-yl)piperidyl]-7H—
pyrrolo[2,3-d]pyrimidin-5-y1} )-2-ﬂuorophenyl-4—ﬂuoro-1-benzenesulfonannde tri-
maleate _ s o , . :
Sodlum maeetoxyborohydnde (28 l mg, 0 134 mmol) was added toa
~ solution of N1-4-[4-ammo—7-(4-p1pendyl)—7H-pyrrolo[2 3—d]pyrmndm-5-yl]-2— '
20 ﬂuorophenyl-4—ﬂuoro-l-benzenesulfonannde (50 mg, 0.103 mmol) and 1-
methylprpend-4-one (0. 92 ml, 0. 155 mmol) in g]acral acetic acid (0.025 mL) and
NMP (3 mL). The reaction was stn'red for 20 h at room temperature then addmonal
- sodium tnacetoxyborohydnde (1 1.3 equrv)
: N was added. Aftera fm'ther 24h the reacnon had proceedcd to completron and was
1 N 25  concentrated in vacuo, partmoned between dichloromethane ( 100 mL) and sat. aq.
NaHCO, (100 mL). The aqueous layer was further extraeted with dichloromethane
(4 x 100 mL) and the combmed orgamc layers were dned over magnesium sulfate

and evaporated to dryness Punﬂcatlon by column chromatography over silica gel

using dichloromethane: methanol ammomum hydroxide (78:19: 3) as the eluent to
30  afford a brown solid. The tri ma.leate salt was then formed by standard methods to

give N1 —4—(4-ammo-7-{4-[ 1-(1 -methylp:pend—4—yl)pq:erzdyl]—7H pyrrolof2,3-
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d]pyrz'midin-5-yl})—2-ﬂuorophény1—4:f;luar041 -benzenesulfonamide tri-maleate as a
brown solid (45 mg, 75%), m/z 582 (MH") and RP-HPLC (5 to 85 % CH;CN in 0.1
N aqueous ammonium acetate over 20 min at 1 mL/min using a Waters Delta pack
5m C18, 3004, 150 x 3.9 mm column) t= 10.658 min., 95%.

Example 317: N1-4-[4-amino-7-(4-oxocyclohexyl)-7H-pyrrolo[2,3-d]pyrimidin-5-
y1}-2-methoxyphenylbenzamide

a) To a solution of 4-chloro-5-iodo-7H-pyrrolo[2,3-d]pyrimidine (25.0 g, 0.09 mol),
1,4-dioxaspiro[4.5]decan-8-ol (35.8 g, 0.0267 mol) and triphenylphosphine (46.7 g,

- 0.178 mol) in THF (1.2 L) was added diethylazodicarboxylate (30.9 g, 0.178 mol) -
_under nitrogen. The solution was stirred for 20 hr and the majority of solvent was

then evaporated (250 mL remaining). BtOAc (450 mL) was then added and the.
resulting solid was filtered, washed with EtOAc (2 x 50 mL) and dried in vacuo to -
give 4-chloro-7-(1,4-dioxaspiro[4.5]dec-8-yI)-5-iodo-7H-pyrrolo[2,3-d]pyrimidine
(22.5 g, 60%) as a cream solid. "H NMR (d, DMSO, 400 MHz) 8.64 (1H, s), 8.10
(1H, s), 4.74 (1H, m), 3.90 (4H, m), 2.12 (2H, m), 1.91 (2H, m), 1,71-1.83 (4H, m). -
R;in 1:4 BtOAc : heptane = 0.12. -

b) A solution of zerr-butyl N-[2-methoxy-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yI)phenyl]jcarbamate (8.2 g, 23.5 mmol), 4-chloro-7-(1,4- _
dioxaspirof4.5]dec-8-yl)-5-iodo-7H-pyrrolo[2,3-d}pyrimidine (6.57 g, 15.7 mmol),

‘tetrakistriphenylphosphinepalladium (1.1 g, 0.93 mmol), sodium carbonate (4.16 g,

39.2 mmol) in-dimethoxyethane (200 mL) and water (100 mL) was heated at 80°C -
for 20 hr under nitrogen. The resulting solution was cooled to room temperature and
partitioned between EtOAc (300 mL) and water (100 mL). The aqueous layer was
extracted with EtOAc (3 x 150 mL) and the combined organics were washed with
water (1 x 150 mL). The organics were dried (sodium sulphate), filtered and
evaporated to leave a solid. On attempting to dissolve in EtOAc/heptane (1:4), a
cream solid (2.5 g) crashed out. The filtrate was adsorbed onto silica and purified by
flash silica gel column chromatography using 10:1 heptane:EtOAc, 4:1 heptane :
EtOAc, 1:1 heptane:EtOAc and 4:1 EtOAc:heptane. The appropriate fractions were
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combined to give a white solid whrch was tnturated with heptanelEtOAc (5:Dto

give tert-butyl N-4-[4-chloro-7~(l,4-wdloxasp1ro[4 5]dee-8-yl)-7H—pyrrolo[2 3-
d]pynmldm-S-yI]-2-methoxyphenylearbamate

as a solid (3.2 g), combmed yleld is 71%

"H NMR (d; DMSO, 400 MHz): 8. 66 (1H s), 7.93 (K, m), 7.74 (1H, m), 7.19 (1H,
s), 7.07 (1H, d), 4. 81 (1H, m), 3 93 (4H m), 3.91 GH,s), 2. 18 (2H m), 1.99 (2H,
m), 1.79 (4H, m), 1. 48 (94, s) HPLC ( condrtlons Sto 95% CH,CN n0.1N
agueous ammonium acetate over 20 mm ) t.= 21 24 min, 100%.

c) tert-Butyl N-4-[4-chloro-7-(l 4-d10xasp1ro[4 5]dee-8-yl)-7H pyrrolo[z 3-

solution (100 mL) and dmxan (100 mL) were heated in a pressure vessel for 20 hrat
120°C. The solvent was evaporated and the residue reconstituted in EtOAc/water

(250 mL/ 100 mL) The orgamc layer was separated dried (sodrum sulphate),

ﬁltered and evaporated to grve a sohd whleh by I-IPLC (eondmons 5t095%
CH,CN in 0. 1 N aqneous ammomum acetate over 20 mm .) was observed to be a2:l
mixture of tert-butyl N-4-[4—ammo-7-(1 4»dloxasp1ro[4 5]deo—8-y1)-7H-pyrrolo[2,3-

L d]pynm1d1n—5-yl]-z-methoxyphenylcarbamate and 5-(4-ammo-3-methoxyphenyl)—7—,

20

25

30

-, 4-d10xasp1ro[4 5]dee-8-y1)—7H—pyrrolo[2 3—d]pynm1dm-4—am1ne The rmxture was.

dissolved in acetone (200 mL) and HCl (SN 100 mL) was added dropwrse over 0.5

hr. The resulting solutlon was stu'red at room temperature overnight and the solvent

was then evaporated The acxdlc solutron was basrﬁed with 2N NaOH (ice-cooling)
and extracted thh EtOAc @3 x 150 mL) The combined organics were washed with

 water (2x100 mL) Durmg the extractlon procass a solid precipitated. This solid

was filtered and triturated in hot EtOAc/MeOH The insolubles were filtered, the
filtrate evaporated and then resultmg solid triturated with diethylether/ethyl acetate
to give a yellow solid. The orgamc layers from the original extraction were dried
(sodium sulphate), filtered and evaporated The resulting solid was triturated with
diethyl ether/ethyl acetate (5: 1) and filtered to give 4-[4-amino-5- -(4-amino-3-
methoxyphenyl)-?H—pyrrolo[Z 3-d]pyrnmdm-7-yl] -1-cyclohexanone as a yellow
sohd (2 3g, combmed yleld 78%) 'HNMR (d6 DMSO 400 MHz): 8.17 (1H, 5),
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4.74 (14, m), 3.82 (3H, s), 3.23 (5H, m), 2.78 (3H, s), 2.51 (3H, m), 2.41 (1H, 5),
2.09 (4H, m), 1.70 (4H, m). HPLC: (5 to 95% CH;CN in 0.1 N aqueous ammonjum
acetate over 20 min.) t, = 13.30 min , 94%.
F28-45 gave a glassy foam (186 mg) which was dissolved in in ethyl acetate (10
mL) and treated with maleic acid (114 mg) in ethyl acetate (3 mL). The resulting:
solid was filtered under nitrogen and dried iz vacuo for 4 hr to give trans- benzyl N-
(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-d]pyrimidin-5-
y1}-2-methoxyphenyl)carbamate tri-maleate salt (250 mg) as a cream sohid. M.pt
146-148°C. HPLC: ( 5 to 95% CH,CN in 0.1 N aqueous ammonium acetate over 20
min,) t, = 13.54 min , 94.6%. "H NMR (d, DMSO, 400 MHz): 8.72 (1H, 5), 8.25
(1H, s), 7.77 (1H, d), 7.51 (1H, s), 7.35 (5H, m), 7.10 (1H, 5), 7.04 (1H, d), 6.16
(6H, s), 5.17 (2H, s), 4.59 (1H, m), 3.86 (3H, s), 2.70-3.10 (11H, m), 2.50 (3H, 5), -
1.97 (6H, m), 1.56 (2H, m).

Exxample 320; Trans-N1-(4-{4-amino-7-{4-(4-methylpiperazino)cyclohexyl]-7H-
pyrrolo[2,3-d]pyrimidin-5-y1}-2-methoxyphenyl)benzamide .-
To 2 solution of N1-4-{4-amino-7-(4-oxocyclohexyl)-7H-pyrrolo[2,3-
dpyrimidin-5-y1]-2-methoxyphenylbenzamide (1.2 g, 2.66 mmol), N-
methylpiperazine (0.80 g, 7.98 mmol) and glacial acetic acid (0.48 g, 7.98 mmol) in
dichloroethane (150 mL) under nitrogen was added sodium triacetoxyborohydride
(0.85 g, 3.99 mmol) portionwise. The solution was stirred at room temperature
overnight and then quenched by the addition of sodium hydroxide (2 N, 20 mL). The
aqueous layer was extracted with dichloromethane (3 x 50 mL) and the combined
organics were- dried (sodium sulphate), filtered and evaporated to leave a solid which
was purified by flash silica gel column chromatography using dichloromethane then
5% MeOH/dichloromethane to 20% MeOH/ dichloromethane in 5% increments.
F23-36 were combined and evaporated to give a cream solid (0.11 g) which was
dissolved in EtOAc (10 mL) and treated with a solution of maleic acid ( ) in EfOAc
(5 mL). The resulﬁng fine solid was'filtered under a stream of nitrogen to give trans-
N1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]- 7H-pyrrolo[2,3-d]pyrimidin-
5-y1}-2-methoxyphenyl)benzamide (0.108 g) as a cream solid. "H NMR (d, DMSO,
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: 1_0

JYe
400 MHZ): 9.48 (lH s), 8.28 (IH, s), 7, 97 (3H m), 7.53-7.63 (4H, m), 7.18 (14, s),
7.08 (IH d), 6.85 (lH, bs), 6. 16 H, s); 4 61 (1H, m), 3,92 (3H, s), 2. 70-3.11 (11H,
m), 2.01 (7H, m), 1.58 (2H, m). HPLCMS (Colunm = Pecosphere 3 Cyy 3 micror,
conditions = 100% IOOmM ammomum acetate to 100% acetonitrile over 5 min), t,=
1.83 min, ! MH" 540 8 ' :

_ Example 321: C1s-N1-(4- {4-ammo-7-[4—(4—methylp1perazmo)cyclohexyl]-7H—

- pyrrolo[2, 3-d]pymmdm—S-yl}-2-methoxyphenyl)—3-phenylpropanam1de
and

Trans- Nl-(4- {4-ammo-7-[4-(4-methylp1perazmo)cyclohexyl] 7H-pyrrolo[2 3- -

| d]pynmldm-s-yl}-2-methoxypheny1)—3-phenylpropanamlde

a) Toa solutlon of 4-[4-aming ___(4—ammo-3 methoxyphenyl)-7H-pyrrolo[2 3-

| d]pymmdmﬂ-yl] l-eyclohexanone (0 8 g, 2.3 mmol) in pyridine (13 mL) and

b _' dichloromethane (32 mL) at 0°C was added hydroemnmoylchlonde (0.57 g, 34

15

20

25

30

nnnol) in, dlchloromethane (5 mL) under mtrogen The solution was. stirred at 0°C-
2 _ture and quenched by addition of saturated
aqueous cltnc ac1d solutxon (50 mL) The orgamc layer was washed with saturated

for 2 hr warmed to room t...

" aqueous cltnc acxd solutlon 2 x50 mL), dried (sodium sulphate), filtered and
o evaporated to leave Nl {4—[4—-ammo-7-(4-oxocyclohexy1)-7H-pyrrolo[2 3=

d]pynmldm-S-yl]-2-methoxyphenyl}-3-phenylptopanamlde (1.0 8, 92% crude) as a

_brown foam. 'H NMR (d, DMSO 400 MHz):! 9.17 (1H, s), 8.18 (11, s), 8. 06 (1H, d),

7.51 (1H, s), 7. 18-7 29 (6H m), 7. 09 (IH, m), 6.99 (1H, d), 6.21 (2H bs), 5.18 (1H,
m), 3.88 (31-1, s), L 99 2.93 (12H m) HPLC (5 10 95% CH,CN in 0.1 N aqueous

_ ammonium acetate over 20 mm ) t, 14 48 mm 92.2%.

| _ c) Toa sohmon of 92% pure Nl {4—-[4-ammo-7-(4-oxoc'yclohexyl)—7H-pyrrolo[2,3-

_d]pynmldm-S-yl]—Z-methoxyph enyl} -3-pheny1propanannde (1.0 g, 2.1 mmol),
N—methylplperamne (0 63 g ¢ 6.3 mmol) acetic. acid (0. 38 g, 6.3 mmol) in
dlchloroethane (100 mL) was added sodium macetoxyborohydnde (0.67 g,3.15
mmol) pordonwxse under mtrogen. The sohmon was stirred for 20 br and then
quenehed by the addmon of saturated aqueous sodium bicarbonate solution (50
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mL). The aqueous ihyer was extracte(’imth dichlof&'i%éthane (3 x 50 mL), dried

(sodium sulphate), filtered and evaporé.ted to leave a sludge which was purified

by flash silica gel column chromatography using dichloromethane to 50%

MeOH/dichloromethane in 10% increments. F84-96 were combined and

evaporated to leave cis-N1-(4-{4-amino-7-[4-(4-methy!piperazino)cyclohexyl]-
7H-pyrrolo[2,3-d]pyrimidin-5-y1}-2-methoxypheny1)-3-phenylpropanamide

(0.26 g) as a cream foamy glass. HPLC: (5 to 95% CH,CN in 0.1 N aqueous

ammonium acetate over 20 min.) t, = 12.65 min , 95.2%."H NMR (d; DMSO,

400 MHz): 9.17 (1H, s), 8.14 (fH, s), 8.05 (1H, d ), 7.28 (5H, m), 7.18 (1H, m),

7.10 (1H, s), 6.99 (1H, d), 6.11 (2H, bs), 4.67 (1H, m), 3.88 (3H, 5), 2.90 (2H,

m), 2.73 (2H, m), 2.50 (7H, m), 228 (3H, s), 2.06 (3H, m), 1.71 (2H, m), 1.55 - .

(2H, m). F121-138 were combined and evaporated to leave zrans- N1-(4-{4-
amino-7-{4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-dJpyrimidin-5-y1} - :
2-methoxyphenyl)—3-phmylprop§namide (0.11 g) as a white solid. I;IPi.C: (Gto . L
95% CH,CN in 0.1 N aqueous ammonium acetate over 20 min.) t, = 12.61 min, ' |
96.2%. 'H NMR (ds DMSO, 400 MHz):9.16 (1H, s), 8.13 (1H, s), 8.04 (1H, d),-

7.44 (1H, s), 7.29 (4H, m), 7.18 (1H, m), 7.09 (1H, ), 6.97 (1H, d), 6.11 (2H bs),

4.53 (1H, m), 3.88 (3H, s), 2.93 (2H, m), 2.71 (2H, m), 2.50 (4H, m) 2.30 (5H,

m), 2.14 (3H, 5), 1.89 (6H, m), 1.46 (2H, m).

General Procedure for Substituted Pyrrolopyrimidine Aryl sulfonamides are as
follows: , :

A 0.19 M solution of 5-(4-amino-3-fluorophenyl)-7-[4-(4-
methylpiperazino)cyclohexyl]-7H-pyirolo[2,3-d]pyrimidin-4-amine in pyridine was
added one equivalent of substituted aryl sulfonyl chloride. The mixture was heated
to 450 C while beiﬁg shaken in an Incubator Shaker for 24h. The reaction mixture
was purified by using mass actuated preparative RP-HPLC (Micromass/Gilson,
Hypersil BDS C18, 5u, 100x21.2mm; 100-100% ammonium acetate (0.05 M, pH
4.5)-acetonitrile over 12.5 min, 25 mL/min).
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Compounds synthesized by the above proqedure mclude

Name . . mRce me

. min
‘Example 322: Trans—N-l-(4-{4-ammo-7-[4-(4- 318 648.39
methylplperazmo)cyclohexyl]-7H—pyxrolo[2,3- '
'd]pynnndm-s-yl}-z-ﬂuorophenyl)-z- o

'(mﬂuoromethoxy)- -benzenesulfonamlde mmaleate _

Example 323: Trans-N-l-(4-{4-ammo-7—[4—(4- 7 314  604.03
methy]pxperamno)cydohexyl]—?H—pyrrolo[Z}- Co
d]pynnndm-s-yl}-2-ﬂuoropheny1)—5-chloro-2—

thlophenmlfonamlde benzenesulf natmde ‘

Example 304 Trans-N-l-(4-{4-ammo-7-[4-(4— 307 6161
methylplperamno)cyclohexyl]-7H—pyrrolo[2,3- | .
d]pymmdm-S—yl}-2—ﬂuorophenyl)—2-chloro—4-ﬂuoro—
-benzenesulfonamlde benzenesulfonamxde '

trimaleate L

Example 325: Trans-N- -(4-{44mmo—7-[4-(4- 3.39 63212
methylp1peramno)cyclohexyl]—?H—pyn'olo[2,3- '
dlpyrimidin-5-y1} -2-ﬂqoroph¢nyl)_fz §-du_:hloro-1- '

benzenesulfonamide trimaleate ' ° '- .

Example 326: cis-N-1-(4-{4-amino-7-{4-(4- - 282 616.2

- methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3- y :
d]pynmxdm—S-yl}-2-ﬂuorophenyl)-z-chloro-4-ﬂuoro-
1-benzenesulfonamide tnmaleate f
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Example 327: cis-N-1-(4-4-amino-7-[4-(4- 266 600.3
methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl-2-fluorophenyl)-2,6-difluoro-1-

benzenesulfonamide trimaleate

Example 328: Trans-N-1-(4-{4-amino-7-[4-(4- 253 6003
methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3- '
d]pyrimidin-5-yl1}-2-fluorophenyl)-2,6-difluoro-1-

benzenesulfonamide trimaleate

Example 329: Trans- N-4-(4-{4-amino-7-[4-(4- 263 622.1
methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3- -
d]pyrimidin-5-yl1}-2-fluorophenyi)-2,1,3-
benzothiadiazole-4-sulfonamide trimaleate

Example 330: Trans-N-1-(4-{4-amino-7-[4-(4- 287 618.1
methylpiperazino)cyclohexyl)-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-2,3,4-trifluoro-1-
benzenesulfonamide trimaleate '

Example 331: Cis-N-1-(4-{4-amino-7-[4-(4- ~ 3.13 609.1
methylpiperazino)cyclohexyl]-7H-pyrrolof2,3- ' '
dlpyrimidin-5-y1}-2-fluorophenyl)-2-nitro-1-

benzenesulfonamide trimaleate .

Example 332: Cis-N-1-(4-{4-amino-7-[4-(4- 289 582.1
methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3- o
dlpyrimidin-5-y1}-2-fluorophenyl)-2-fluoro-1-

benzenesulfonamide trimaleate

Example 333: Cis-N-1-(4-{4-amino-7-[4-(4- 34 668
methylpiperazino)cyclohexyl]-7H-pyrrolof2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2,4,6-trichloro-1-
benzenesulfonamide trimaleate

Example 334: Cis-N-1-(4-{4-amino-7-[4-(4- 3.04 632.1
methylpiperazino)cyclohexyl}-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2,6-dichloro-1-
benzenesulfonamide trimaleate

Example 335: Cis-N-1-(4-{4-amino-7-[4-(4- 294 598.1
methylpiperazino)cyclohexyl]-7H-pyrrolof2,3-
d]pyrimidin-5-yl1}-2-fluorophenyl)-2-chloro-1-

benzenesulfonamide trimaleate



_ (tnﬂuoromethoxy)- -benzenes

Example 343; ClS-N- -(4-{4—_ammo—77'_':,_l
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Example 336: Cis-N-1 -(4-{4-am1no-7-[4—(4—
methylp:petazmo)cyclohexyl]-7H-py1:rolo[2,3—
d}pyrimidin-5-yl}-2-fluorophenyl) -1-
benzenesulfonamde dlmalcme S

276
73,01
338

. 2.98

d]pymmdm-s-yl} -Z-ﬂuoropheny ro-4~ﬂuoro- :

1-benzenesulfonam1de tnmaleate

d]pynmldm-s-yl} -Z-ﬂuompheny

methylmperazmo)cyclohexyl]—?H—py;'z_'o10[2 3-
d}pynm1dm-5-yl}-2-ﬂuoropheny 2,3 dlchloro-l-

methylpiperazino)cyclohexyl}-7H-pyrrolo[2,3- -
d]pyrimidin-5-y1}-2-fluorophenyl)-2-:
methyl-l-benzenesulfonamde

d]pymmdm-s -y} -2-ﬂuoropheny_
-benzenesulfonamlde tnmalj

Example 345: C1s-N— -(4-{4-am1no-‘7 [4-(4-

hIdro-4ocyémo-

" 3;62 |
sz
207 |

N | 3.12

302

- 3.08

PCT/US99/21560

582.1

604.3

718.3

616.3

690.3

648.3

600.3

612.3

623.2

618.3
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methylplperazmb)ci;élohexyl]-7H—py'r"r"516[23- '
d]pyrimidin-5-yl} -2-ﬂuorophenyl)-2,3,4-mﬂnoro-l-'
benzenesulfonamide trimaleate

Example 346: Cis-N-1-(4-{4-amino-7-[4-(4- 298 6003
methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3- o
djpyrimidin-5-yi}-2-fluorophenyl)-3,4-difluore-1-
benzenesulfonamide trimaleate

Example 347: Cis-N-1-(4-{4-amino-7-{4-(4- 3.13 6602
methylpiperazino)cyclohexyl]-7H-pyrrolo{2,3- -
d]pyrimidin-5-yl1}-2-fluorophenyl)-4-bromo-2-
fluoro-1-benzenesulfonamide trimaleate

Example 348: Cis-N-1-(4-{4-amino-7-[4-(4- 3.16 648.1
methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3- : :
d]pyrimidin-5-yl}-2-fluorophenyl)-5-bromo-2-

thiophenesulfonamide trimaleate

Example 349: Cis-N-1-(4-{4-amino-7-[4-(4- : 3.09 6321
methylpiperazino)cyclohexyl]-7H-pyrrolo{2,3- :
dJpyrimidin-5-yl}-2-fluorophenyl)-2,4-dichioro-1-
benzenesulfonamide trimaleate

Example 350: Cis-N-1-(4-{4-amino-7-[4-(4- 341 668.1
methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2,3,4-trichloro-1-
benzenesulfonamide trimaleate

Example 351: Cis-N-1-(4-{4-amino-7-[4-(4- 3.29 ©683.9
methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-3-bromo-5-
chloro-2-thiophenesulfonamide trimaleate

Example 352: Cis- N-4-(4-{4-amino-7-[4-(4- 273 6221
methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d}pyrimidin-5-y1}-2-fluorophenyl)-2,1,3-
benzothiadiazole-4-sulfonamide trimaleate

Example 353: cis- N-4-(4-{4-amino-7-[4-(4- 2.8 606.1
methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2,1,3-
benzoxadiazole-4-sulfonamide m'maleate

Example 354: Cis-N-1-(4-{4-amino-7-[4-(4- 3.18 638
methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3- -
d]pyrimidin-5-y1}-2-fluorophenyl)-2,5-dichloro-1-



, Example 359: C1s-N-1-(4-{4.amm_
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DY
thxophenesulfonamlde tnmaleate SO

Example 355: cis- N—4—(4-{4-ammo-7-[4-(4- _
methylplperazmo)cyclohexyl]-?H—gyrrolo[Z 3-

d]pynmldm-s-y]} -2-ﬂuoropheny
benzoth1ad1azole)-4-snlfonam1de

Example 358: Cas- N-4—(4-{4—am
, methylplperazmo)cyc]ohexyl]-m P!

2.84
2.89
282

- 2.82

dipyrimidin-5-yl}-2-fluorophenyl)-(5-chloro2,1,3-

) benzoth1ad1azole)—4—sulfonam1d'

methylpiperazitio)cyclohexyll-7H-pyrrolo[2,3-
dlpyrimidin-5-y1}-2-fluoropheny])-
. methyl-l benzmesulfonm,de

_Example 360 st—N—l (4-{4-

~[4-
. meﬂlylplperazmo)cyclohexyl]-7H-pyrrolo[2 3-

Example 363: Cls-N- -(4- {4-amn_10-7 [4-(4-
methylpxperazmo)cyclohexyl]—?ﬁ 'y_n:olo[2,3-

d]pynlmdm-s-yl} -2-ﬂuoropheny1)?2 5-d1bromo-3 6-

301

2.81

329

2.77

2.73

PCT/US99/21560

640.2

636.2

636.2

6566.2 -

612

644.2

758.1

832

623.2
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General Synthesis

Method (a)

A mixture of 4-[4-amino-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidine-7-yl]-
1-cyclohexanone (1.0 g, 2.51 mmol); the appropriate amine (7.54 mmol) and acetic
acid (0.45 g, 7.54 mmol) in 1,2-dichloroethane (50 mL) was stirred at ambient
temperature under an atmosphere of nitrogen for 30 minutes. Sodium
triacetoxyborohydride (0.69 g, 3.26 mmol) was added and the mixture stirred at
ambient temperature for 18 hburs. Water (20 mL) and sodium bicmbMe (126 g,
15.1 mmol) were added to the lmxture and stirred for one hour. The mixture was:
then filtered through a pad of celite and the pad was washed with dichloromethane
(75 mL). The organic layer was extracted from the ﬁlfrate, dried over magnesium .
sulfate, filtered and evaporated to dryness under reduced pressure. The cis and trans .
isomers were purified by flash chromatography on silica gel usinga
methanol:dichloromethane gradient.

Method (b)

Where appropriate the salts were made as follows.

The above amine (0.909 mmol) was dissolved in warm ethyl acetate (100 mL) then
maleic acid (0.32 g, 2.73 mmol) in ethyl acetate (30 mL) was added. The resulting
salt formed an oily residue on the bottom and sides of the flask. The supernatant
was poured off and the residue was dissolved in water and lyophilized to give the
salt

Method (c)

Guanidines were made as follows. The amine (0.536 mmol) was dissolved in DMF
(5 mL) and cooled to —5°C and then 1-H pyrazdle-l-carbonamide (95 mg, 0.644
mmol) followed by diisopropylethylamine (208 mg, 1.6 mmol) were added. The
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Iye
reaction mixture was allowed to Waxm tort over 16h and then concentrated in vacuo.
The reaction was partmtoned e __;_een water (10 L) and ethy! acetate (10 mL).
The aqueous phase was lyopluhzed and punﬁed by RP-HPLC
HPLC protocols: - ,' ' .Q
1. RP-HPLC- Hypersﬂ HyPunty Ehte Cl8 5 mm, 200A, 250 X 4 6 mm; 25-100%
acetonitrile-0. 1 M ammomum qcetate over 15 mm, 1ml/min.
2. RP-HPLC - Hypersﬂ HyPunty Ehte C18 5 mm, 200A, 250 x 4.6 mm; 5-100%
acetonitrile-0. 1 M ammomum ._acetate over 15 mm, Iml/min. .

It should be apprecmted that protee;mg group chemxstry is used where approriate.

Name -

. The followmg examplw were prepared using the methods described abave:

sy netic HPLG-RT m/z. - Additional -
hed (Min) - (MH’ ) chemlstry

(Protocol)

Exa.mple 364: C1s-4o{4-[4— 14.56 .. 511.7
amino-5-(4-phenoxyphenyl)- (2) o
7H-pyrrolo[2,3-d]p ‘m1dm-7- :

- yljcyclohexyl}-1-: ", -

: plperamnecarbomdamlde

, Example365 Trans-4-{4-[4- e - 142575117
amino-5-(4-phenoxyphenyl)- _;'} - @2 ..
7H—pyxrolo[2,3-d]pynm1dm—7— S
yllcyclohexyl}-1-.. 5.
plperazmecarbonnudamlde
Example 366: Trans—7-(4- '-_'.._,a_.'_b 855 5106 -

metyl22. B _
pyndyl)ethyl]ammo}cyclohexy ' _ o
I)-5-(4-phenoxyphenyl)-7H-

- pyn'olo[z 3-d]pynm1d1n-4-
amine tnmaleate
Example 367: Cis¢3§('{4-[4-. -.a 10.21 ~ 472.6 Made by
amino-5-(4-phenoxyphenyl)- - (2) hydrolysis
7H-pymrolo[2,3-dJpyrimidin-7- - L of the ester
yl]cyclohexyl}amno)propanm o .

cacid
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Example 368 3-({4-[4-amino- 77 472.6. Made by

. 5-(4-phenoxypheny!)-7H- . hydrolysis:
pyrrolof2,3-d]pyrimidin-7- of the ester
yl]cyclohexyl} amino)propanoi
c acid

Example 369: Ethylcis-3-({4- a,b 1042 500.6
{4-amino-5-(4- (1)
phenoxyphenyl)-7H-

pyrrolo[2,3-d]pyrimidin-7-

yl]cyclohexyl} amino)propanoa

te dimaleate

General Synthesis

Method (d) ) o
To a solution of sodium hydride (22 mg, 0.553 mmol) in THF (2 mL) _was.added the
appropriate phosphonate (0.553 mmot) at 0°C and the resultant mixture was stirred
at this temperature for 20 min and then at ambient temperature for 10 min. The
reaction mixture was cooled to 0°C and 4-{4-amino-5-(4-phenoxyphenyl)-7H- -

pyrrolof2,3-d]pyrimin-7-yl]cyclohexanone (200 mg, 0.503 mmol) added in THF (10 =~

mL) and the resultant mixture allowed to warm to ambient temperature and stirred
for 16h. The solvents were removed in vacuo and the residue partitioned between
ethyl acetate (10 mL) and water (10 mL). The aqueous layer was further extracted
into ethyl acetate (3 x 5 mL) and the combined organics were washed with water (3
x S5mlL), dried (MgSO,) and concentrated in vacuo. Purification by flash column
chromatography on silica gel (for intermediates) or RP-HPLC (for final compounds)
gave the desired compound.

Method (e)
Hydrogenations were carried out as follows. A mixture of the alkene, (0.068 mmol)
and 10% Pd/C (12 mg) in ethanol (18 mL) was stirred under hydrogen (4 atm) for



. WO 00/17203 - o ] . PCT/US99/21560
' o = J',.,e.'

14h. The solids were removed by ﬁltrauon and the filtrate concentraxed in vacuo.
Purification by RP-HPLC gave the :ﬁnal componnd. o '

Method (f)
5 Lithium aluminum hydride reuctlons were camed out as follows. A mixture of the
| substrate (0.19 mmol), hthmm alummum hydnde (40 mg, 1.07 mmol) in THF (5
mL) was stirred at room temperature for 16h. Fleeer work up followed by
punﬁcauon by R.P-HPLC gave the desn'ed compound.
HPLC conditions : RP-HPLC PecosphereB C18 33 x 4.6 mm, 3m column; 0-100%
10  acetonitrile-0.1' M ammomum acetate over 5 mm, flow 4ml/min.
- Ttshould be apprecxated that protechng group chem:stty is used where appronate

Name __ . - Synthetlc HPLC- m/z Addltlonal

' ' I . Method RT (MH") Chemistry
' o - (Min) '

Example 370: {4—[4-Amm0-5-(4- 0 3.1 4225

phenoxyphenyl)-7H-pyrrolo[2,3: - L :

d]pynnudm—7—yl]cyclohexyhden}

methyl cyamde co

Example 371: tert-Butyl2- - ¢ d 397 4971
[4-[4-amino-5-(4- S -
-phenoxyphenyl)—7H—pyrrolo[2 3- 0

- d]pyrimidin-7-- L e
yl]cyclohexyhden}acetate _' L

Example 372: Ethyl 2- : - d . . 3.56 469.0
[4-[4-amino-5-(4- . _
phenoxyphenyl)—?H-pyrrolo[Z 3-

dlpyrimidin-7- - S

yl]cyclohexyhden} acetate

Example 373: 2- {4—{4—Ammo-5— ' d 2.69 4415 Madeby .
(4-phenoxyphenyl)-7H- = - hydrolysis
pyrrolo[2,3-d]pyrimidin-7- - : of the ethyl
yl]cyclohexyliden}acetate ' _ ester
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We Claim:

A compound represented by the following structural formula:

and phatmaceuucally acceptable salts thereof, wherein:

Ring A is a six membered aromatic ring or a five or six membered
heteroaromatic ring which is optionally substituted with one or more '
substituents selected from the group consisting of a substituted or
unsubstituted aliphatic group, a halogen, a substituted or unsubstituted
aromatic group, substituted or unsubstituted heteroaromatic group,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aralkyl, substituted or
unsubstituted heteroaralkyl, cyano, nitro, -NR,R,, -C(O),H, -OH, a
substituted or unsubstituted alkoxycarbonyl, -C(O),-haloalkyl, a substituted
or unsubstituted alkylthio ether, a substituted or unsubstituted alkylsulfoxide,
a substituted or unsubstituted alkylsulfone, a substituted or unsubstituted
arylthio ether, a substituted or unsubstituted arylsulfoxide, a substituted or
unsubstituted arylsulfone, a substituted or unsubstituted alkyl carbonyl, -
C(O)-haloalkyl, a substituted or unsubstituted aliphatic ether, a substituted or
unsubstituted aromatic ether, carboxamido, tetrazolyl,
trifluoromethylsulphonamido, trifluoromethylcarbonylamino, a substituted or
unsubstituted alkynyl, a substituted or unsubstituted alkyl amido, a
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Example 374: 7142~ . f 511 428.5 Made by

ammoethyl)cyclohcxyl]—i—(t%-

. phenoxyphenyl)-7H-pyrrolo[2, 3- o

d]pymmdm-4-amme

Example 375: 2-{4-[4-ammo-5-- e 264 4435
(4-phenoxyphenyl)-7H- - . P '

pyrrolo[2,3-d]pynmldm-7-
ylleyclohexyl}acetic acid -

HJithium
- aluminum:
-hydride

reduction of
the
unsaturated -
cyanide
Made by
hydrogenatio
n

ofthe
unsaturated
acid
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substituted or unsubstituted aryl axmdo NR,,C(O)R.,,, a substituted or
unsubstituted styryl and a substntuted or unsubstituted aralkyl amido, wherein
Ry is an alipatic group or an aromatic group;

L is -O -8-; -S(0)-; -S(0)y-; N(R)-; -N(C(O)OR)-; -N(C(O)R)-; -N(SOR);
-CH,0-; -CH,S-; -CH,N(R)-; -CH(NR)~;-CH,N(C(O)R))-; -CH,N(C(O)OR)-
;~CH,N(SO,R)~; -CH(NHR)-; -CH(NHC(O)R)-; -CH(NHSO,R)-; -
CH(NHC(O)OR)-;-CH(OC(O)R)-;-CH(OC(O)NHR)-; -CH=CH-; -
C(=NOR)-; -C(0)-; -CH(OR)~-C(O)N(R)~; -N(R)C(O)-; -NR)S(0)-+-
N(R)S(0),~-OC(O)N(R)=-NR)C(O)N(R)-; -NRC(0)O-;-S(O)N(R)~;-

- 8(0),N(R)-; N(C(O)R)S(0)-; N(C(O)R)S(0),-; -N(R)S(O)N(R)-; -

NR)S(0)NR)-; -C(ONR)C(0)-; -S(OIN(R)C(O)~; -S(0),N(R)C(O)-; -
OS(O)N(R)-; -OS(0),NR)-; -NR)S(0)0O-; -NR)S(0),0-; -NR)S(0)C(0)-;
-N(R)S(0),C(0)-; -SON(C(O)R)-; -SO,N(C(O)R)-; -N(R)SON(R)-; -
NR)SONR)-; -C(0)O-; -N(R)P(OR*)O-; -NR)P(OR’)-; -
NR)P(O)(OR’)O-; -N(R)P(O)XOR’)-; -N(C(O)R)P(OR")O-; - .
N(C(O)R)P(OR”)-; -N(C(O)R)P(O)(OR")O- or -N(C(O)R)P(OR’)-, wherein

R and R’ are each, independently, -H, an acyl group, a substituted or

unsubstituted aliphatic group, a substituted or unsubstituted aromatic group,

a substituted or unsubstituted heteroaromatic group, or a substituted or
unsubstituted cycloalkyl group; or

L is -RN(R)S(0),- -RJ*I(R)P(O)- or —R‘,N(R)P(O)O- wherein R, is
an alkylene group which when taken together with the sulphonamide,

phosphinamide, or phosphonamide group to which it is bound forms a five or

six me:mbered ring fused to ring A; or .
L is represented by one of the following structural formulas:
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wherein R,, taken together with the phosphinamide, or phophonamide

isa 5-; 6-, or 7-membered, aromatic, heteroaromatic or heterocycloalkyl ring

system; R - _
R, is a substituted aliphatic group, a substituted cycloalkyl, a

substituted bicycloalkyl, a sﬁbstituted cycloalkenyl, an optionally substituted
aromatic group, an optionally substituted heteroaromatic group, an optionally
substituted heteroaralkyl, an optionally substituted heterocycloalkyl, an

opuonally substituted heterobicycloatkyl, an optionally substituted

alkylammdo, and optionally substituted arylamido, an optionally substituted
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-S(0),-alky! or optionally substituted -S(0),-cycloalkyl, a -C(O)-alkyl or an
optionally substituted ~C(O)-alky}, provided that when R, is an aliphatic
group or cycloalkyl group, R,“ is not exclusively substituted with one or more
substitutent selected from the group consisting of hydroxyl and lower alkyl
ethers, provided that the heterocycloalkyl is not 2-phenyl-1,3-dioxan-5-yl
and provided that an aliphatic group is not substituted exclusively with one
or more aliphatic groups, wheiéin one or more substituent is selected from
the group consisting of a snbsf_ituted or unsubstituted aliphatic group, a
substituted or unsubstituted aromatic group, a substituted or unsubstituted

PCT/US99/21560

. heteroaromatic, a substituted or unsubstituted aralkyl, a substituted or

unsubstituted heteroaralkyl, a substituted or unsubstituted cycloatkyl, a
substituted or unsubstituted heterocycloalkyl, a substituted or unsubstituted
aromatic ether, a substituted or unsubstituted aliphatic ether, a substituted or
unsubstituted alkoxycarbonyl, a substituted or unsubstituted alkylcarbonyl, a
substituted or unsubstituted arylcarbonyl, a substituted or unsubstituted:

' heteroarylcarbonyl, substituted or unsubstituted aryloxycarbonyl, -OH, a

substituted or unsubstituted aminocarbonyl, an oxime, a substituted or
unsubstituted azabicycloalkyl, heterocycloalkyl, oxo, aldehyde, a substituted
or unsubstituted alkyl sulfonamido group, a subéﬁtﬁtéd or unsubstituted aryl
sulfonamido group, a substituted or unsubstitﬁted bicyc_loalkyl, a substituted
or unsubstituted heterobicycloalkyl, cyano, -NH,, an alkylamino, ﬁreido,
thioureido and -B-E; -

B is a substituted or unsubstituted cycloalkyl, a substituted or
unsubstituted heterocycloalkyl, a substituted or unsubstituted aromatic, a
substituted or unsubstituted heteroaromatic, an alkylene, an aminoalkyl, an
alkylenecarbnonyl, or an aminoalkylcarbonyl;

E is a substituted or unsubstituted azacycloalkyl, a substituted or
unsubstituted azacycloalkylcarbonyl, a substituted or unsubstituted
azacycloalkylsulfonyl, a substituted or unsﬁbstituted azacycloalkylalkyl, a
substituted or unsubstituted heteroaryl, a substituted or unsubstituted
heteroarylcarbonyl, a substituted or unsubstituted heteroarylsulfonyl, a
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substxtuted or unsubstxtuted heteroaralkyl, a substituted or unsubstituted alkyl
sulfona:mdo a snbsntuted or lmsubstxtuted aryl sulfonamido, a substituted or
unsubstltuted blcycloalkyl, a substlmted or unsubstlmted ureido, a
substltuted or unsubstltuted th:om'eldo ora subsntuted or unsubstituted aryl;

R,is-H,a subsunlt;ed_or unsubstituted ahphanc group, a substituted
or unsubstituted cy‘clbalkyl_; ;a"halo.gen.’, -OH, cyano, a substituted or
unsubstituted aromatlc g'.ro{z'p,t a substituted or unsubstituted heteroaromatic
group, a substituted or unsﬁbsﬁtﬁtéd heterocycloalkyl, a substituted or
unsubstituted aralkyl, a substltuted or unsubstituted heteroaralkyl, -NR R, or
-CONRR; = |
_ Ryisa substitute& or tmsubsﬁtuted aliphatic group, a substituted or
unsubstituted alkenyl group, a substituted or unsubstituted cycloalkyl, a
substxtnted or unsubstltuted atomatic group, a substituted or unsubstituted

. heteroaromauc group, or a substituted or unsubstxtuted heterocycloalkyl;

provxded that L is -SN(R)-; -S(O)N(R)- -S(O),N(R)-, -N(R)S-, -

 NRS(O), NEIS(O)r, NEISN(R'), -NRSONGR)-, or -
NR)S(0),N(R’)-when Ryis a substituted or unsubstituted aliphatic group, a

substituted or unsubstituted alkeriyl group;

provxded tha.t _] is 0 when L is -O-, ~CH,NR-, -C(O)NR- or —
NRC(0)- and R3 1s azacycloalkyl or azaheteroaryl; and

provxded that jis O when L is O- and R, is phenyl;

R, R; and the xiitrbgén atom together form 2 3, 4, 5, 6 or 7-
membered, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstxtuted heteroblcycloalkyl or a substituted or unsubstituted
heteroaromatxc or T

R, and R, are_ea_’ch,’ independently, -H, azabicycloalkyl,
heterocycloalkyl, a substituted or unsubstituted alkyl group or Y-Z;

Y is selected from the group consisting of -C(O)-, -(CH,),~,-S(0),-, -
C(0)O-, -SO,NH— —CONH— (CH,),0- -(CHZ)PNH ~(CH,),S-, «(CH,),S(0)-,
and —(CHZ),S(O)Z -

pisan integer from 0 to 6;
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Z is —H, a substituted or unsubstituted alkyl, substituted or
unsubstituted amino, substituted or unsubstituted aryl, substituted or-
unsubstituted heteroaryl or substituted or unsubstituted heterocycloalkyl
group; and
j an integer from 0 to 6.

The compound of Claim 1, wherein R, is selected from the group consisting
of a substituted or unsubstituted phenyl, a substituted or unsubstituted
naphthyl, a substituted or unsubstituted pyridyl, a substituted or

" unsubstituted thienyl, a substituted or unsubstituted benzotriazole, a

substituted or unsubstituted tetrahydropyranyl, a substituted or unsubstituted
tetrahydrofuranyl, a substituted or unsubstituted dioxane, a substituted or
unsubstituted dioxolane, a substituted or unsubstituted quinoline, a
substituted or unsubstituted thiazole, substituted or unsubstituted isoxazole,
substituted or unsubstituted cyclopentanyl, a substituted or unsubstituted
bezofuran, substituted or unsubstituted benzothiophene, substituted or
unsubstituted benzisoxazole, substituted or unsubstituted benzisothiazole,
substituted or unsubstituted benzothiazole, substituted or unsubstituted
bezoxazole, substituted or unsubstituted benzoxazole, substituted or
unsubstituted bezimidazole, substituted or unsubstituted benzoxadiazole,
substituted or unsubstituted benzothiadiazole, substituted or unsubstituted
isoquinoline, substituted or unsubstituted quinoxaline, substituted or

unsubstituted indole and substituted or unsubstituted pyrazole.

The compound of Claim 2 wherein R, is substituted with one or more
substituent selected from the group consisting of F, Ci, Br, [, CH;, NO,,
OCF,, OCH,, CN, CO,CH,, CF,, t-butyl, pyridyl, substituted or unsubstituted
oxazolyl, substituted or unsubstituted benzyl, substituted or unsubstituted
benzenesulfonyl, substituted or unsubstituted phenoxy, substituted or
unsubstituted phenyl, substituted or unsubstituted amino, carboxyl,
substituted or unsubstituted tetrazolyl, styryl, -S-(substituted or unsubstituted
aryl), -S-(substituted or unsubstituted heteroaryl), substituted or

This Sheet Has Been Rep

T
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unsubstituted heteroaryl, substituted or unsubstituted heterocycloalkyl, -
NRGR,, alkynyl, -C(O)NRR,, R, and CH,OR,,

R, R, and the nitrogen atom together forma 3,4, 5, 6 or 7-
membered, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted heterobicycloalkyl or a substituted or unsubstituted
heteroaromatic; or

R.and R, are each, independently, -H, a substituted or unsubstituted
aliphatic group, or a substituted or unsubstituted aromatic group; and

R, is hydrogen, or substituted or unsubstituted alkyl or substituted or
unsubstituted aryl, -W-(CH,)-NRGR,, -W-(CH,)-O-alky}, , -W-(CH,)-S-
alkyl, -W-(CH,),-OH; or -W-(CH,)-OR;

t is an integer from 0 to 6;

W is a bond or —O-, -S8-, -S(0)-, -S(0),-, or -NR,-;

R, is -H or alkyl; and

R, R, and the nitrogen atom to which they are attached together form
23,4, 5, 6 or 7-membered substituted or unsubstituted heterocycloalkyl or
substituted or unsubstituted heterobicyclic group; or '

R, and R, are each, independently, -H, alkyl, alkanoy] or -K-D;

K is -8(0),-, -C(0)-, -C(O)NH-, -C(O),-, or a direct bond;

D is a substituted or unsubstituted aryl, a substituted or unsubstituted
heteroaryl, a substituted or unsubstituted aralkyl, a substituted or
unsubstituted heteroaromatic group, a substituted or unsubstituted
heteroaralkyl, a substituted or unsubstituted cycloalkyl, a substituted or
unsubstituted heterocycloalkyl, a substituted or unsubstituted amino, a
substituted or unsubstituted aminoalkyl, a substituted or unsubstituted
aminocycloalkyl, COOR,, or substituted or unsubstituted alkyl; and

R, is a substituted or unsubstituted aliphatic group or a substituted or

unsubstituted aromatic group.

The compound of claim 3, wherein R; is a substituted or unsubstituted

phenyl.



10

15

20

25

30

R A

WO 00/17203 PCT/US99/21560

&9

The compound of Claim 1, wherein ring A is selected from the group
consisting of a substituted or unsubstituted phenyl, a substituted or
unsubstituted naphthyl, a substituted or unsubstituted pyridyl, and a
substituted or unsubstituted indole.

The compound of Claim 5 wherein ring A is substituted with one or more
substituent selected from the group consisting of F, Cl, Br, I, CH,, NO,,
OCF,, OCH,, CN, CO,CH,, CF,, t-butyl, pyridyl, substituted or unsubstituted

- oxazolyl, substituted or unsubstituted benzyl, substituted or unsubstituted

benzenesulfonyl, substituted or unsubstituted phenoxy, substituted or
unsubstituted phenyl, substituted or unsubstituted amino, carboxyl,
substituted or unsubstituted tetrazolyl, styryl, -S-(substituted or unsubstituted
aryl), -S-(substituted or unsubstituted heteroaryl), substituted or
unsubstituted heteroaryl, substituted or unsubstituted heterocycloalkyl, -
NRR,, alkynyl, -C(O)NRR,, R, and CH,0R_,

R, R, and the nitrogen atom together forma 3, 4, 5, 6 or 7-
membered, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted heterobicycloalkyl or a substituted or unsubstituted
heteroaromatic; or

R;and R, are each, independently, -H, a substituted or unsubstituted
aliphatic group or a substituted or unsubstituted aromatic group; and

R, is hydrogen, substituted or unsubstituted alkyl, substituted or
unsubstituted aryl, -W-(CH,)-NR R, -W-(CH,)-O-alkyl, , -W-(CH,),-S-
alkyl, -W-(CH,),-OH; or -W-(CH,),-OR;

t is an integer from 0 to 6;

W is a bond or -O-, -S-, -§(0)-, -S(0),-, or -NR,-;

R, is -H or alkyl; and

Ry, R, and the nitrogen atom to which they are attached together form
a3, 4,5, 6 or 7-membered substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted heterobicycloalkyl or a substituted or
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unsubstituted heteroaromatic; or

R, and R, are each, independently, -H, alkyl, alkanoyl or -K-D;

K is -§(0),-, -C(0)-, ~C(O)NH-, -C(0),-, or a direct bond;

D is a substituted or unsubstituted aryl, a substituted or unsubstituted
heteroaryl, a substituted or unsubstituted aralkyl, a substituted or
unsubstituted heteroaromatic group, a substituted or unsubstituted
heteroaralkyl, a substituted or unsubstituted cycloalkyl, a substituted or
unsubstituted heterocycloalkyl, a substituted or unsubstituted amino, a
substituted or unsubstituted aminoalkyl, a substituted or unsubstituted
aminocycloalkyl, COOR,, or a substituted or unsubstituted alkyl; and

R;is a substituted or unsubstituted aliphatic group or a substituted or
unsubstituted aromatic group.

The compound of Claim 6, wherein ring A is a substituted or unsubstituted
phenyl.

The compound of Claim 1 wherein R, is of the formula

@u

wherein m is an integer from 0 to 3.

The compound of Claim 1 wherein R, is of the formula



10

15

20

25

30

35

WO 00/17203

10.

IO )

26 (

0@),,1
|

(CH2)

PCT/US99/21560

NRgRg

wherein:

m is an integer from 0 to 3;

t is an integer from 1 to 6; and

R;, R, and the nitrogen atom together form a 3, 4, 5, 6 or 7-
membered, substituted or unsubstituted heterocycloalkyl, a substituted or
unsubstituted heteroaromatic or substituted or unsubstituted
heterobicyclicalkyl group; or

R, and R, are each, independently, -H, azabicycloalkyl,
heterocycloalkyl or Y,-Z,;

Y, is selected from the group consisting of -C(O)-, -(CH,)-,-S(0),-, -
C(0)O-, -SO,NH-, -CONH-, (CH,),0-, -(CH,);NH-, -(CH,).S-, -(CH,)S(0)-,
and -(CH,),S(0),-;

q is an integer from 0 to 6; and

Z, is -H, a substituted or unsubstituted alkyl, a substituted or
unsubstituted amino, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl
group.

The compound of Claim 1 wherein R, is of the formula

.
(CTz)s (G

Rz7 NRgRg



10

15

20

25

30

WO 00/17203

11

* C L M S *

Jed—

wherein:

m is an integer from 1 to 3;

s and t are each, independently, an integer from 0 to 6; and

R,, R, and the nitrogen atom together foorma 3, 4, 5, 6 or 7-
membered, substituted or unsubstituted heterocycloalkyl group, substituted
or unsubstituted heteroaryl group, or a substituted heterobicyclicalkyl group;
or

R, and R, are each, independently, -H, azabicycloalkyl,
heterocycloalkyl or —-Y,-Z,;

Y, is selected from the group consisting of -C(O)-, -(CH,),-,-S(0),-, -

. C(0)O-, -S80O,NH-, -CONH-, (CH,),0-, -(CH) NH-, -(CH,),S-, -(CH,),S(0)-

and-(CH,),S(0),;

q is an integer from O to 6;

Z, is —H, a substituted or unsubstituted alkyl, a substituted or
unsubstituted amino, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl;
R,; is —“OR5, 0r -NR;R4;

R, is -H or a substituted or unsubstituted aliphatic group;

R, Ry, and the nitrogen atom together form a 3, 4, 5, 6 or 7-
membered, substituted or unsubstituted heterocycloalkyl group, substituted
or unsubstituted heteroaryl group, or a substituted heterobicyclicalkyl group;
or

R,, and Ry, are each, independently, -H, azabicycloalkyl,
heterocycloalkyl or ~Y;-Zs;

Y, is selected from the group consisting of -C(Q)-, (CH,)-,-S(0),-, -
C(0)0-, -SO,NH-, -CONH-, (CH,),0-, -(CH,);NH-, -(CH,),S-, -(CH,)S(0)-
and~(CH,) S(0);

q is an integer from 0 to 6;

Z, is-H, a substituted or unsubstituted alkyl, a substituted or
unsubstituted amino, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl or a substituted or unsubstituted heterocycloaltkyl.

The compound of Claim 1 wherein R, is of the formula

PCT/US99/21560
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D)
R4 o/ \O v
wherein:
v is an integer from 1 to 3; and
R,, is -H, azabicycloalkyl, heterocycloalkyl or Y,-Z,;
Y, is selected from the group consisting of -C(QO)-, -(CH,)-,-S(0),-, -

' C(0)0-, -SO,NH-, -CONH-, (CH,),0-, -(CH,),NH-, -(CH,),S-, -(CH,)S(0)-,

and -(CH,),S(0);;

q is an integer from O to 6; and

Z, is -H, a substituted or unsubstituted alkyl, a substituted or
unsubstituted amino, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl.

The compound of Claim 1 wherein R, is of the formula

=
<.
|

Rio

Ry4

wherein:

m is an integer from 0 to 3;

R,y is -H, azabicycloalkyl, heterocycloalkyl or Y,-Z,;

Y, is selected from the group consisting of -C(O)-, (CH,),-,~S(0),-,
C(0)0-, -SO,NH-, -CONH-, -(CH,) 0-, -(CH,) NH-, -(CH,),S-, -
(CH,),8(0)-, and -(CH,),S(0),~;

q is an integer from 0 to 6; and

Z, is -H, a substituted or unsubstituted alkyl, a substituted or
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unsubstituted amino, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl;
and

R,, represents one or more substituents independently selected from
the group consisting of hydrogen, hydroxy, oxo, a substituted or
unsubstituted aliphatic group, a substituted or unsubstituted aromatic group,
a substituted or unsubstituted heteroaromatic group, a substituted or
unsubstituted alkoxycarbonyl, a substituted or unsubstituted alkoxyalkyl, a
substituted or unsubstituted aminocarbonyl, a substituted or unsubstituted
alkylcarbonyl, a substituted or unsubstituted arylcarbonyl, a substituted or

- unsubstituted heteroarylcarbonyl, a substituted or unsubstituted aminoalkyl

and a substituted or unsubstituted aralkyl groups, provided that the carbon
atoms adjacent to the nitrogen atom are not substituted by a hydroxy group.

The compound of Claim 1 wherein R, is of the formula

9

wherein:

R,, is H, azabicycloalkyl, heterocycloalkyl or Y,-Z,;

Y, is selected from the group consisting of -C(O)-, -(CH,),-,-S(0),-, -
C(0)0-, -SO,NH-, -CONH-, (CH,),0-, -(CH,),NH-, -(CH,) 8-, -(CH,),S(0)-,
and -(CH,) S(0),-;
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q is an integer from 0 to 6; and
Z,is -H, a substituted or unsubstituted alkyl, a substituted or
unsubstituted amino, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroary] or a substituted or unsubstituted heterocycloalkyl.

14.  The compound of Claim 1 wherein R, is of the formula
),
N
Rg/ \
Rs

ris an integer from 1 to 6; and

R;, Ry and the nitrogen atom together form a 3, 4, 5, 6 or 7-
membered, substituted or unsubstituted heterocycloalkyl group, substituted
or unsubstituted heteroaryl group, or a substituted heterobicyclicalkyl group;

wherein;

or

Rg and R, are each, independently, -H, azabicycloalkyl,
heterocycloalkyl or Y,-Z,;

Y, is selected from the group consisting of -C(O)-, -(CH,),-,-S(0),-, -
C(0)0-, -SO,NH-, -CONH-, (CH,),0-, -(CH,) NH-, -(CH,)S-, -(CH,),S(0)-,
and-(CH,),S(0),-;

" q is an integer from 0 to 6; and

Z, is -H, a substituted or unsubstituted alkyl, a substituted or
unsubstituted amino, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl

group.

15.  The compound of Claim 1 wherein R, is of the formula
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Ry20 CH;
t
Rg
(O u T/
R
wherein:
w is an integer from O to 4;
t is an integer from 0 to 6;
uisOorl;

R, is hydrogen or a substituted or unsubstituted alkyl group;

R;, R, and the nitrogen atom together form a 3, 4, 5 or 6-membered,
substituted or unsubstituted heterocycloalkyl, a substituted or unsubstituted
heteroaromatic, or a substituted or unsubstituted heterobicycloalkyl; or

R; and R, are each, independently, -H, azabicycloalkyl,
heterocycloalkyl or Y,-Z,;

Y, is selected from the group consisting of -C(O)-, -(CH,),-,-S(0),-, -
C(0)O-, -SO,NH-, -CONH-, (CH,),0-, -(CH,)NH-, -(CH,),S-, -(CH,),S(0)-,
and -(CH,),S(0);-;

_q is an integer from 0 to 6; and

Z, is —H, a substituted or unsubstituted alky), a substituted or
unsubstituted amino, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroary! or a substituted or unsubstituted heterocycloalkyl.

The compound of Claim 1 wherein R, is of the formula
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wherein:

w is an integer from 0O to 4;

t is an integer from 0 to 6;

R,, is hydrogen or a substituted or unsubstituted alkyl group;

R,; is -H, azabicycloalkyl, heteocycloalkyl or Y,-Z,;

Y, is selected from the group consisting of -C(O)-, -(CH,),-.-S(0),-, -

C(0)0-, -SO,NH-, -CONH-, (CH,),0-, -(CH,) NH-, -(CH,),S-, (CH,);S(0)-,
and -(CH,)¢S(0).-;

q is an integer from 0 to 6; and
Z, is —H, a substituted or unsubstituted alkyl, a substituted or

unsubstituted amino, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl.

17.  The compound of Claim 14 wherein R,, R, and the nitrogen atom together

form a heterocycloélkyl group; of the formula

Rao N Ry3
R19 u R14
R4s Rqs

Riz X Rig

Ris, Rie Ris, Rig Rysy Rygs Ry and Ry, are each, independently, lower

wherein:

alkyl or hydrogen; or

at least one pair of substituents R,; and R,,; R;; and R,;; R, and R4;

or R, and R,, together are an oxygen atom; or
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at least one of R;; and R, is cyano, CONHR,,, COOR,,, CH,OR,, or
CH,NR,,(Ry,);

R,;; R,, and the nitrogen atom together form a 3, 4, 5, 6 or 7-
membered, substituted or unsubstituted heterocycloalkyl group, substituted
or unsubstituted heteroaryl group, or a substituted heterobicyclicalkyl group;
or

R,, and R,, are each, independently, -H, azabicycloalkyl,
heterocycloalkyl or Y;-Z;;

Y, is selected from the group consisting of -C(O)-, (CH,),-,-S(0),~, -
C(0)O-, -SO,NH-, -CONH-, (CH,),0-, -(CH,),NH-, -(CH,) S-, -(CH,) S(0)-

- ; and -(CH,)S(0),-;

q is an integer from 0 to 6; and

Z, is -H, a substituted or unsubstituted alkyl, a substituted or
unsubstituted amino, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl;

Xis ~O-, -S-, -SO-, -S0,-, -CH,-, -CH(OR;)- or NR,;;

R,, is -H, substituted or unsubstituted alkyl, a substituted or
unsubstituted aryl, a substituted or unsubstituted aralkyl, -COINH)NH,, -
C(O)R,,, or -C(O)OR,,;

R,, is hydrogen, substituted or unsubstituted alkyl, a substituted or
unsubstituted aryl or a substituted or unsubstituted aralkyl; and

uisOorl.

18.  The compound of Claim 14 wherein R;, R, and the nitrogen atom together
form a heterocycloalky! of the formula

wherein:
R, and R, are each, independently, hydrogen or lower alkyl; or
R,; and R, together are an oxygen atom; and

PCT/US99/21560
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R
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R,, RZ, and the nitrogén atom together form a 3, 4, 5 or 6-membered,
substituted or unsubstituted heterocycloalkyl group; or

R,, and R,, are each, independently, -H, azabicycloalkyl,
heterocycloalkyl or Y;-Z,;

Y, is —H, selected from the group consisting of -C(0O)-, -(CH,),--
S(0),-, -C(0)0-, -SO,NH-, -CONH-, (CH,),0-, -(CH,),NH-, -(CH,),S-, -
(CH,),S(0)-, and -(CH,),S(0),;

s is an integer from O to 6; and

Z, is a substituted or unsubstituted alkyl, a substituted or
unsubstituted amino, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl;

iis an integer from 1 to 6; and

t is an integer from 0 to 6.

The compound of Claim 14 wherein R,, R, and the nitrogen atom together
form a heterocycloalkyl group; of the formula

\
/v

i is an integer from 1 to 6; and
" R, is CH,OH, C(O)NR,R;, or COOR,,;
R,, and R,; are each, independently, hydrogen or a substituted or
unsubstituted alkyl, a substituted or unsubstituted ary!l or a substituted or
unsubstituted aralkyl group.

wherein:

The compound of Claim 14 wherein R,, R, and the nitrogen atom together
form a heteroaromatic group of the formula

PCT/US99/21560
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0

N—I

Rag

wherein:

R,, is a —Cl, substituted or unsubstituted alkyl, a substituted or
unsubstituted aryl or a substituted or unsubstituted aralkyl group, carboxylic
acid, cyano, C(O)OR,,, CH,OR,;,, CH,NR,;R,, or C(O)NR,,R,;

R,, is —H, a substituted or unsubstituted alkyl, a substituted or

" unsubstituted aryl, a substituted or unsubstituted aralkyl, a substituted or

unsubstituted heterocycloalkyl or heterocycloaryl group; and

R,,, R,, and the nitrogen atom together form a 3, 4, 5 or 6-membered,
substituted or unsubstituted heterocycloalkyl group, a substituted or
unsubstituted heteroaromatic or a substitutituted or unsubstituted
heterobicycloalkyl; or .

R,, and R,, are each, independently, H, azabicycloalkyl,
heterocycloalkyl or Y,-Z,;

Y, is selected from the group consisting of -C(O)-, -(CH,),~,-S(0),-,
-C(0)O-, -SO,NH-, -CONH-, (CH,),0-, -(CH,)]NH-, -(CH,),S-, -(CH,),S(0)-
, and -(CH,),S(0),~;

t is an integer from 0 to 6; and

Z, is —H, a substituted or unsubstituted alkyl, a substituted or

unsubstituted amino, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl.

The compound of Claim 14 wherein at least one of R; and R, is of the
formula Y,-D, wherein D is of the formula

/M
N/
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wherein:

Y, is selected from the group consisting of -C(O)-, -(CH,),~,-S(0),-,
-C(0)0O-, -SO,NH-, -CONH-, (CH,),0-, -(CH,)NH-, -(CH,),S-, -(CH,)S(0)-
» and -(CH,),5(0),~;

tis an integer from 0 to 6;

T is ~0-, -C(0)-, -S-, -SO-, -SO,-, -CH,-, -CH(OR,,)- or -N(R,,)~;

R, is hydrogen or a substituted or unsubstituted alkyl, aryl or aralkyl
group; and

xis0,1or2.

22.  The compound of Claim 14 wherein at least one of R, and R, is of the
formula Y,-N(R;,)R,,, wherein:

Y, is selected from the group consisting of -C(0O)-, -(CH,)-,-S(0),-,
-C(0)0-, -SO,NH-, -CONH-, (CH,),0-, -(CH,)NH-, -(CH,)S-, -(CH,),S(0)-
» and -(CH)S(0),-;

t is an interger from 0 to 6;

R;, and R,, are each, independently, substituted or unsubstituted
carboxyalkyl, a substituted or unsubstituted alkoxycarbonylalkyl, a
substituted or unsubstituted hydroxyalkyl, a substituted or unsubstituted
alkylsulfonyl, a substituted or unsubstituted alkylcarbonyl or a substituted or
unsubstituted cyanoalkyl; or

R,, and R,,, together with the nitrogen atom, form a five- or six-
membered heterocycloalkyl group, a substituted or unsubstituted
heteroaromatic or a substitutituted or unsubstituted heterobicycloalkyl.

23.  The compound of Claim 15 wherein R,, R, and the nitrogen atom together
form a heterocycloalkyl of the formula

wherein
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-
Ry R Ris, Ryg, Ryz Rygs Ryp and R, are each, independently, lower
alkyl or hydrogen; or
at least one pair of substituents R, and R,;; R;; and R,; R,; and R;
or R, and R,, together are an oxygen atom; or
at least one of R, and Ry; is cyano, CONHR,,, COOR,,, CH,OR,, or

CH,NR,,(Rz,);

R,,, Ry, and the nitrogen atom together form a 3, 4, 5, 6 or 7-
membered, substituted or unsubstituted heterocycloalkyl group, substituted
or unsubstituted heteroary! group, or a substituted heterobicyclicalkyl group;
or

PCT/US99/21560

R,, and R,, are each, independently, -H, azabicycloalkyl,
heterocycloalkyl or Y,-Z,;

Y, is selected from the group consisting of -C(QO)-, -(CH,),-,-S(0),-, -
C(0)O-, -SO,NH-, -CONH-, (CH,),0-, (CH,)NH-, -(CH,),S-, -(CH,),S(0)-
and -(CH,),S(0),-;

s is an integer from 0 to 6; and

Z, is —H, a substituted or unsubstituted alkyl, a substituted or
unsubstituted amino, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl;

X is —0O-, -8-, -80-, -S0O,-, -CH,-, -CH(OR,,)- or NR,;;

R,; is hydrogen, substituted or unsubstituted alkyl, a substituted or
unsubstituted aryl, a substituted or unsubstituted aralkyl, -C(NH)NH,, -
C(O)R,,, or -C(O)OR,;

R,, is hydrogen, substituted or unsubstituted alkyl, a substituted or
unsubstituted aryl or a substituted or unsubstituted aralkyl; and

yisOorl.

The compound of Claim 15 wherein R,, R, and the nitrogen atom together
form a heterocycloalkyl of the formula
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. wherein

R,s and R, are each, independently, hydrogen or lower alkyl; or

R,; and R, together are an oxygen atom;

R.1; Ry, and the nitrogen atom together form a 3, 4, 5 or 6-membered,
substituted or unsubstituted heterocycloalky! group, a substituted or
unsubstituted heteroaromatic or a substitutituted or unsubstituted
heterobicycloalkyl; or

R,, and R,, are each, independently, -H, azabicycloalkyl,
heterocycloalkyl or Y,-Z,; .

Y, is selected from the group consisting of -C(0)-, -(CH,),-,-S(0),-, -
C(0)0-, -SO,NH-, -CONH-, (CH,);0-, -(CH,),NH-, -(CH,),S-, -(CH,),S(0)-,
and -(CH,),S(0),;

s is an integer from 0 to 6; and

Z, is -H, a substituted or unsubstituted alkyl, a substituted or
unsubstituted amino, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl
group; or

r is an integer from 1 to 6; and
z is an integer from 0 to 6.

The compound of Claim 15 wherein Ry, R, and the nitrogen atom together
form a heterocycloalkyl group of the formula
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|

N
Z'XCHz) i

Rz7

wherein .

i is an integer from 1 to 6; and

R,; is CH,0H C(O)NR,R,, or COOR,,;

R,, and R, are each, independently, hydrogen or a substituted or
unsubstituted alkyl, a substituted or unsubstituted aryl or a substituted or
unsubstifuted aralkyl group.

The compound of Claim 15 wherein R,, R, and the nitrogen atom together
form a heteroaromatic group of the formula

wherein:

R, is a substituted or unsubstituted alkyl, a substituted or
unsubstituted aryl or a substituted or unsubstituted aralkyl group, carboxyl,
cyano, C(O)OR,,, CH,0R,,, CH,NR,,R;, or C(O)NR,R,,;

R, is 2 -H, substituted or unsubstituted alkyl, a substituted or
unsubstituted aryl, a substituted or unsubstituted aralkyl, a substituted or
unsubstituted heterocycloalkyl or a substituted or unsubstituted
heterocycloaryl group;

R,., R,; and the nitrogen atom together form a 3, 4, 5 or 6-membered,
substituted or unsubstituted heterocycloalkyl group, a substituted or
unsubstituted heteroaromatic or a substitutituted or unsubstituted
heterobicycloalkyl; or
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R,, and R,, are each, independently, -H, azabicycloalkyl,
heterocycloalkyl or Y;-Z,;

Y, is selected from the group cousisting of -C(0)-, -(CH,),~,-S(0),-, -
C(0)O-, -SO,NH-, -CONH-, (CH,),0-, (CH,),NH-, {CH,),S-, -(CH,),S(0)-,
and -(CH,),S(0),-;

s is an integer from 0 to 6; and

Z, is —-H, a substituted or unsubstituted alkyl group, a substituted or
unsubstituted amino, a substituted or unsubstituted aryl group, a substituted
or unsubstituted heteroaryl group or a substituted or unsubstituted
heterocycloalkyl group.

PCT/US99/21560

The compound of Claim 15 wherein at least one of R, and R, is of the
formula Y,-D, wherein D is of the formula

/" \

—N T

B

wherein:

Y, is selected from the group consisting of -C(O)-, -(CH,),-,-S(0),-, -
C(0)0O-, -SO,NH-, -CONH-, (CH,),0-, -(CH,)NH-, -(CH,).S-, -(CH,),S(0)-,
and -(CH,),5(0),-;

_sis an integer from 0 to 6;

T is -O-, -C(O)-, -S-, -SO-, -80,-, -CH,-, -CH(OR,,)- or -NR,,~;

R,; is hydrogen, a substituted or unsubstituted alkyl, a substituted or
unsubstituted aryl, a substituted or unsubstituted aralkyl, -C(NH)NH,, -
C(O)R,, or -C(O)ORy; |

R,, is hydrogen, substituted or unsubstituted alkyl, aryl or aralkyl,;
and

xis0, 1 or 2.

The compound of Claim 15 wherein at least one of R, and R, is of the
formula Y,-N(R,,)R,,, wherein:
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37

Y, is selected from the group consisting of -C(O)-, -(CH,),~,-S(0)~, -
C(0)O-, -SO,NH-, -CONH-, (CH,),0-, -(CH,),NH-, -(CH,).S-, -(CH,),S(0)-,
and -(CH,),S(0),-;

s is an integer from O to 6;

R,, and R;, are each, independently, substituted or unsubstituted
carboxyalkyl, a substituted or unsubstituted alkoxycarbonylalkyl, a
substituted or unsubstituted hydroxyalkyl, a substituted or unsubstituted
alkylsulfonyl, a substituted or unsubstituted alkylcarbonyl or a substituted or
unsubstituted cyanoalkyl; or

R,, and R,,, together with the nitrogen atom, form a five- or six-

. membered heterocycloalkyl group, a substituted or unsubstituted

heteroaromatic or a substitutituted or unsubstituted heterobicycloalkyl.

The compound of Claim 12 wherein Z, is of the formula N(R,)R,,, wherein
R;; and R, are each, independently, hydrogen, alkyl, alkoxycarbonyl,
alkoxyalkyl, hydroxyalkyl, aminocarbonyl, cyano, alkylcarbonyl or aralkyl.

The compound of Claim 12 wherein Z, is of the formula

Xy X4

N

Raz

wherein:

each X, is, independently, CH or N; and

R, is hydrogen, cyano or a substituted or unsubstituted alkyl, a
substituted or unsubstituted alkoxycarbonyl, a substituted or unsubstituted
alkoxyalkyl, a substituted or unsubstituted hydroxyalkyl, a substituted or
unsubstituted aminocarbonyl, a substituted or unsubstituted alkylcarbonyl or
a substituted or unsubstituted aralkyl group.
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31.  The compound of Claim 12 wherein Z, is of the formula

/—6\)\9

—N T
AU
Rz

wherein

g is an integer from Q0 to 3;

T is -O-, -C(0)-, -S-, -SO-, -SO,~, -CH,-, -CH(OR,,)- or -N(R,,)-;

R,, is hydrogen, substituted or unsubstituted alkyl, a substituted or
unsubstituted aryl or a substituted or unsubstituted aralkyl; and

R,, is hydrogen, cyano or a substituted or unsubstituted alkyl, a
substituted or unsubstituted alkoxycarbonyl, a substituted or unsubstituted
alkoxyalky), a substituted or unsubstituted hydroxyalkyl, a substituted or
unsubstituted aminocarbonyl, a substituted or unsubstituted alkylcarbonyl or
a substituted or unsubstituted aralkyl group.

32.  The compound of Claim 12 wherein Z, is of the formula

g

/N\/\R:w

wherein:

g is an integer from 0 to 3; and

R;, is hydrogen, cyano or a substituted or unsubstituted alkyl, a
substituted or unsubstituted alkoxycarbonyl, a substituted or unsubstituted
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any
alkoxyalkyl, a substituted or unsubstituted hydroxyalkyl, a substituted or
unsubstituted aminocarbonyl, a substituted or unsubstituted alkylcarbonyl or
a substituted or unsubstituted aralkyl group.

The compound of Claim 12 wherein Z, is of the formula

g

>

Ra7

wherein:

T is -O-, -C(Q)-~, -S-, -SO-, -80,-, -CH,-, -CH(OR,,)- or -NR,,)-;

R,, is hydrogen, substituted or unsubstituted alkyl, a substituted or
unsubstituted aryl or a substituted or unsubstituted aralkyl; and

g is an integer from O to 3; and

R;, is hydrogen, cyano or a substituted or unsubstituted alkyl, a
substituted or unsubstituted alkoxycarbonyl, a substituted or unsubstituted
alkoxyalkyl, a substituted or unsubstituted hydroxyalkyl, a substituted or
unsubstituted aminocarbonyl, a substituted or unsubstituted alkylcarbonyl or
a substituted or unsubstituted aralkyl.

The compound of Claim 12 wherein Z, is of the formula

wherein:

PCT/US99/21560
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R,; is hydrogen, cyano, a substituted or unsubstituted alkyl, a
substituted or unsubstituted alkoxycarbonyl, a substituted or unsubstituted
alkoxyalkyl, a substituted or unsubstituted hydroxyalkyl, a substituted or
unsubstituted aminocarbonyl, a substituted or unsubstituted alkylcarbonyl , a
substituted or unsubstituted thioalkoxy or a substituted or unsubstituted
aralkyl; and .

R, is hydrogen, substituted or unsubstituted alkyl, a substituted or
unsubstituted alkoxycarbonyl, a substituted or unsubstituted alkoxyalkyl, a
substituted or unsubstituted aminocarbonyl, perhaloalkyl, a substituted or
unsubstituted alkenyl, a substituted or unsubstituted alkylcarbonyl or a

PCT/US99/21560

- substituted or unsubstituted aralkyl.

The compound of Claim 1 wherein R, is of the formula

wherein:

uisOorl;

" Ryg, R Rat, Riz, Ryg, Ry, Rys and Ry are each, independently,
methyl or hydrogen; or

at least one pair of substituents R,, and R,; R,, and R,,; R,; and

R,; or R,; and R, together are an oxygen atom; and

R,; is H, azabicycloalkyl, heterocycloalkyl or Y,-Z,;

Y, is selected from the group consisting of -C(O)-, -(CH,),-,-S(0),-, -
C(0)0-, -SO,NH-, -CONH-, (CH,),0-, -(CH,) NH-, -(CH,),S-, -(CH,),S(0)-,
and -(CH,),S(0),-;

q is an integer from 0 to 6; and

Z, is —H, a substituted or unsubstituted alkyl, a substituted or
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R,
unsubstituted amino, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyt

PCT/US99/21560

group; or
R, is of the formula
Rs3 Rs2
Rso y Rs3
e “Fet
R T 55
Rse
wherein:
yisQorl;
R.s, Russ Rsor Rsys Ry, Ry, Ry, and Ry are each, independently, methyl
or hydrogen; or

at least one pair of substituents R,; and R; Ry, and Ry;; Ry, and Ry,; -
or R,, and R, together are an oxygen atom; and

R, is -H, azabicycloalkyl, heterocycloalkyl or Y,-Z,,

Y, is selected from the group consisting of -C(O)-, -(CH,)~,-S(0O),-, -
C(0)0-, -SO,NH-, -CONH-, (CH,),0-, -(CH,)NH-, -(CH,),S-, -(CH,),S(0)-;
and -(CH,)S(0),-; -

t is an integer from 0 to 6; and

Z, is —H, a substituted or unsubstituted alkyl, a substituted or
unsubstituted amino, a substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl.

36.  The compound of Claim 1 wherein R, is of the formula
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( Rso Re1
Rsg Re7/u
Res f | Res
(Rss Re3 )
Rs7 ' T y
Re7
- wherein:

e, f, h, u and y are independently O or 1;

Rz Ry Rygy Ry Ry Repy Res, Reyy Res and R are each,
independently, methyl or hydrogen; or

at least one pair of substituents Ry, and Ry;; R, and Ry; Ry and R;;
or R,; and R, together are an oxygen atom; and

Ry, is H, azabicycloalkyl, heterocycloalkyl or Y,-Z,;

Y, is selected from the group consisting of -C(O)-, -(CH,),~,-8(0),-, -
C(0)0O-, -SO,NH-, -CONH-, (CH,),0-, -(CH,) NH-, -(CH,)S-, -(CH,),S(0)-,
and -(CH,),S(0);

p is an integer from O to 6; and

Z, is —H, a substituted or unsubstituted alkyl, a substituted or
unsubstituted amino, a substituted or unsubstituted aryl, a substituted or

unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl; or

R¢; is of the formula
Rz1 R72
70 d R73
Reg R7a

Res N Rys

wherein:
disOorl;
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Res: Ress Ry Ry Ropy Ry, Ry, and Ry, are each, independently, lower
alkyl or hydrogen; or

at least one pair of substituents Ry, and Ry,; Ry and R,;; R, and R,;;
and R,, and R, together are an oxygen atom; and

R, is -H, azabicycloalkyl, heterocycloalkyl or Y,-Z;

Y, is selected from the group consisting of -C(0)-, -(CH,)~,-S(0),-, -
C(0)O-, -SO,NH-, -CONH-, (CH,),0-, -(CH))NH-, -(CH,),S-, -(CH,)S(0)-,
and -(CH,)S(0),~;

P is an integer from 0 to 6;

Z,is —H, a substituted or unsubstituted alkyl, a substituted or

PCT/US99/21560

- unsubstituted amino, a substituted or unsubstituted aryl, a substituted or

unsubstituted heteroaryl or a substituted or unsubstituted heterocycloalkyl
group. '

The compound of Claim1, wherein R, is -H.

The compound of Claim 1, wherein L is —O-, -NHSO,R-, -NC(O)O-, or
NHC(O)-. :

A method of inhibiting protein kinase activity comprising administering a
compound of Claim 1 or a physiologically acceptable salt, prodrug or

biologically active metabolites thereof.

The method of Claim 39 wherein said protein kinase is selected from the
group-consisting of KDR, FGFR-1, PDGFRpB, PDGFRa, IGF-1R, c-Met, Flt-
1, TIE-2, Lck, Sre, fyn, Lyn, Blk, and yes.

The method of Claim 39 wherein the activity of said protein kinase affects
hyperproliferative disorders.

The method of Claim 39 wherein the activity of said protein kinase affects

angiogenesis, vascular permeability, immune response or inflammation.
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46.

47.

48.

49.

50.

2832
A method of treating a patient having a condition which is mediated by

protein kinase activity, said method comprising the step of administering to
the patient a therapeutically effective amount of a compound of Formula I as
defined in Claim 1 or a physiologically acceptable salt, prodrug or
biologically active metabolite thereof.

The method of Claim 43 wherein said protein kinase is selected from the
group consisting of KDR, Flt-1, PDGFRB, PDGFRa, IGF-1R, c-Met, TIE-2,
Lek, Src, fyn, Lyn, Bk, and yes.

The method of Claim 43 wherein the condition mediated by protein kinase
activity is a hyperproliferative disorder.

The method of Claim 43 wherein the activity of said protein kinase affects
angiogenesis, vascular permeability, an immulogic response or an

imflammatory response.

The method of Claim 43 wherein the protein kinase is a protein

serine/threonine kinase or a protein tyrosine kinase.

The method of Claim 43 wherein the condition mediated by protein kinase

activity is one or more ulcers.

The m-ethod of Claim 48 wherein the ulcer or ulcers are caused by a bacterial
or fungal infection; or the ulcer or ulcers are Mooren ulcers; or the ulcer or

ulcers are a symptom of ulcerative colitis.

The method of Claim 43 wherein the condition mediated by protein kinase
activity is Lyme disease, sepsis or infection by Herpes simplex, Herpes
Zoster, human immunodeficiency virus, parapoxvirus, protozoa or

toxoplasmosis.
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The method of Claim 43 wherein the condition mediated by protein kinase
activity is von Hippel Lindau disease, pemphigoid, psoriasis, Paget's disease

or polycystic kidney disease.

The method of Claim 43 wherein the condition mediated by protein kinase
activity is fibrosis, sarcoidosis, cirrhosis, thyroiditis, hyperviscosity
syndrome, Osler-Weber-Rendu disease, chronic occlusive pulmonary
disease, asthma, exudtaes, aséites, pleural effusions, pulmonary edema,

* cerebral edema or edema following burns, trauma, radiation, stroke, hypoxia

or ischemia.

The method of Claim 43 wherein the condition mediated by protein kinase
activity is ovarian hyperstimulation syndrome, preeclampsia,

menometrorrhagia, or endometriosis.

The method of Claim 43 wherein the condition mediated by protein kinase
activity is chronic inflammation, systemic lupus, glomerulonephritis,
synovitis, inflammatory bowel disease, Crohn’s disease, glomerulonephritis,

rheumatoid arthritis and osteoarthritis, multiple sclerosis or graft rejection.

The method of Claim 43 wherein the condition mediated by protein kinase

activity is sickle cell anaemia.

The method of Claim 43 wherein the condition mediated by protein kinase

activity is an ocular condition.

The method of Claim 56 wherein the ocular condition is acular or macular
edema, ocular neovascular disease, scleritis, radial keratotomy, uveitis,
vitritis, myopia, optic pits, chronic retinal detachment, post-laser treatment

complications, conjunctivitis, Stargardt's disease, Eales disease, retinopathy

PCT/US99/21560



* c L M S *

WO 00/17203 PCT/US99/21560

10

15

20

25

30

58.

59.

60.

61.

62.

63.

65.

X o4

or macular degeneration.

The method of Claim 43 wherein the condition mediated by protein kinase

activity is a cardiovascular condition.

The method of Claim 58 wherein the condition mediated by protein kinase
acitivity is atherosclerosis, restenosis, ischemia/reperfusion injury, vascular

occlusion, venous malformation or carotid obstructive disease.

- The method of Claim 43 wherein the condition mediated by protein kinase

activity is cancer.

The method of Claim 60 wherein the cancer is a solid tumor, a sarcoma,
fibrosarcoma, osteoma, melanoma, retinoblastoma, a rhabdomyosarcoma,
glioblastoma, neuroblastoma, teratocarcinoma, an hematopoietic malignancy

and malignant ascites.

The method of Claim 61 wherein the cancer is Kaposi’s sarcoma, Hodgkin’s

disease, lymphoma, myeloma or leukemia.

The method of Claim 43 wherein the condition mediated by protein kinase
actitivity is Crow-Fukase (POEMS) syndrome or a diabetic condition.

The method of Claim 63 wherein the diabetic condition is insulin-dependent

diabetes mellitus glaucoma, diabetic retinopathy or microangiopathy.

A method of decreasing fertility in a patient, said method comprising the
step of administering to the patient an effective amount of a compound of
Formula I as defined in Claim 1 or a physiologically acceptable salt, prodrug

or biologically active metabolite thereof.
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The method of Claim 43 wherein the compound of Formula I ora
physiologically acceptable salt, prodrug or biologically active metabolite
thereof is administered in an amount effective to promote angiogenesis or

vasculogenesis.
The method of Claim 66 wherein the protein kinase is Tie-2.

The method of Claim 66 wherein the compound of Formula I, or
physiologically acceptable salt, prodrug or biologically active metabolite
thereof, is administered in combination with a pro-angiogenic growth factor.

The method of Claim 68 wherein the pro-angiogenic growth factor is
selected from the group consisiting of VEGF, VEGF-B, VEGF-C, VEGF-D,
VEGF-E, HGF, FGF-1, FGF-2, derivatives thereof and antiiodotypic

antibodies,

The method of Claim 66 wherein the protein kinase-mediated condition is
anemia, ischemia, infarct, transplant rejection, a wound, gangrene or

necrosis.

The method of Claim 43 wherein the protein kinase activity is involved in T
cell activation, B cell activation, mast cell degranulation, monocyte
activation, the potentiation of an inflatnmatory response or a combination
thereof.

A compound selected from the group consisting of:

Cis-5-(4-phenoxyphenyt)-7-(4-pyrrolidinocyclohex-1-yl)-7H-pyrrolo[2,3-
d]pyrimidin-4-~ylamine,
Trans-5-(4-phenoxyphenyl)-7-(4-pyrrolidinocyclohex-1-yl)-7H-pyrrolo{2,3-
d]pyrimidin-4-ylamine ,
Cis-5-(4-phenoxyphenyl)-7-(4-piperidinocyclohex-1-y1)-7H-pyrrolo[2,3-



WO 00/17203

10

- 15

20

25

30

T ) O

28
d]pyrimidin-4-ylamine hydrochloride,
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Trans-5-(4-phenoxyphenyl)-7-(4-piperidinocyclohex-1-yl)-7TH-pyrrolof2,3-d
Jpyrimidin-4-ylamine,
Trans-7-(4-dimethylaminocyclohexyl)-5-(4-phenoxyphenyl)-7H-pyrrolo

[2,3-d]pyrimidin-4-ylamine,
Cis-7-(4-dimethylaminocyclohexyl)-5-(4-phenoxyphenyl}-7H-pyrrolof2,3-
dJpyrimidin-4-ylamine,

5-(4-phenoxyphenyl)-7-(4-piperidyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylamine
dihydrochlorid,

5-(4-phenoxyphenyl)-7-(3-pyrrolidinyl) -7H-pyrrolo[2,3-d]pyrimidin-4-

ylamine dihydrochloride,
Cis-7-[4-(4-isopropylpiperazino)cyclohexyl]-5-(4-phenoxyphenyl)-7H-
pyrrolo[2,3-d}pyrimidin-4-amine,
Trans-7-[4-(4-isopropylpiperazino)cyclohexyl]-5-(4-phenoxyphenyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine,
Cis-7-{4-[4-(2-methoxyethyl)piperazinojcyclohexyl}-5-(4-phenoxyphenyl)-
7H-pyrrolo[2,3-d]pyrimidin-4-amine,

Trans-7- {4-[4-(2-methoxyethyl)piperazino]cyclohexyl}-5-(4-
phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine,
Cis-7-[-4-(4-ethylpiperazino)cyclohexyl]-5-(4-phenoxyphenyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine,
trans-7-[4-(4-ethylpiperazino)cyclohexyl]}-5-(4-phenoxyphenyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine,
Cis-7-[4-(4-isopropylpiperazino)cyclohexyl]-5-(4-phenoxyphenyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine tris maleate,
Trans-7-[4-(4-isopropylpiperazino)cyclohexyl]-5-(4-phenoxyphenyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine tris maleate,
Cis-7-{4-[4-(2-methoxyethyl)piperazino]cyclohexy!}-5-(4-phenoxyphenyl)-
7H-pyrrolo[2,3-d]pyrimidin-4-amine tris maleate,
Trans-7-{4-[4-(2-methoxyethyl)piperazino]cyclohexyl}-5-(4-
phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine tris maleate,
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Cis-7-(4-{[3-(1H-1-imidazolyl)propyl]amino } cyclohexyl)-5-(4-
phenoxyphenyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine trimaleate salt,
Trans-7-(4-{[3-(1 H-1-imidazolyl)propyljamino} cyclohexyl)-5-(4-
phenoxyphenyl)-7H-pyrrolo{2,3-d]pyrimidin-4-amine dimaleate salt,
Cis-7-[4-(dimethylamino)cyclohexyl]-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-
dlpyrimidin-4-amine dimaleate salt,
Trans-5-(4-phenoxyphenyl)-7-(4-piperidinocyclohexyl)-7H-pyrrolof2,3-
d]pyrimidin-4-amine dimaleate salt,
Trans-5-(4-phenoxyphenyl)-7-(4-tetrahydro-1 H-1-pyrrolylcyclohexyl)-7H-

PCT/US99/21560

- pyrrolo[2,3-d]pyrimidin-4-amine dimaleate salt,

Cis-5-(4-phenoxyphenyl)-7-(4-piperazinocyclohexyl)-7H-pyrrolo[2,3-
dlpyrimidin-4-amine trimaleate salt,
Trans-5-(4-phenoxyphenyl)-7-(4-piperazinocyclohexy!)-7H-pyrrolo[2,3-
d]pyrimidin-4-amine trimaleate salt, ,
7-{3-(4-methylpiperazino)cyclopentyl]-5-(4-phenoxyphenyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-amine tri-maleate,
Trans-7-[3-(4-methylpiperazino)cyclohexyl!]-5-(4-phenoxyphenyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine,
Trans-7-[3-(4-methylpiperazino)cyclohexyl]-5-(4-phenoxyphenyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine tri-maleate,
trans-7-[3-(4-methylpiperazino)cyclohexyl]-5-(4-phenoxyphenyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine tri-hydrochloride,

cis-7 -[3-(4-methylpiperazino)cyclohexyl]-5-(4-phenoxyphenyl)-7H-
pyrrol;>[2,3—d]pyrimidin-4-amine tri-maleate salt,

cis-7 -[3-(4-methylpiperazino)cyclohexyl]-5-(4-phenoxyphenyl)-7H—
pyrro]o[2,3-d]pyrimidin-4-amine tri-hydrochloride,
Trans-5-(2-methyl-4-phenoxyphenyl)-7-[4-(4-methylpiperazino)cyclohexyl]-
7H-pyrrolo{2,3-d]pyrimidin-4-amine trimaleate,

Cis- benzyl N-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl}-7H-
pyrrolo[2,3-d]pyrimidin-5-yl} 2-methoxyphenyl)carbamate tri-maleate,
Trans- benzyl N-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-
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pyrrolo[2,3-d]pyrimidin-5-y1}-2-methoxyphenyi)carbamate tri-maleate,
Trans-N1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-
pyrrolo[2,3-d]pyrimidin-5-yl}-2-methoxyphenyl)benzamide,
Trans-N1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-
pyrrolo[2,3-d]pyrimidin-5-y1}-2-methoxyphenyl)benzamide tri-maleate,

PCT/US99/21560

Cis-N1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-methoxyphenyl)-3-phenylpropanamide,

Trans- N1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-
pyrrolo[2,3-d]pyrimidin—5-yi} -2-methoxyphenyl)-3-phenylpropanamide,

- cis- N1-(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-yl-2-methoxyphenyl)-3-phenylpropanamide trimaleate salt,
trans-N1-(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl}-7H-pyrrolo[2,3-
d]pyrimidin-5-yl-2-methoxyphenyl)-3-phenylpropanamide tri-maleate,
cis-2-(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
dlpyrimidin-5-ylphenoxy)-6-[(3-methoxypropyl)amino]benzonitrile tri-
maleate,
trans-2-(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl}-7H-pyrrolo[2,3-
d]pyrimidin-5-ylphenoxy)-6-[(3-methoxypropyl)amino Jbenzonitrile tri-
maleate,
is-2-amino-6-(4-4-amino-7-{4-(4-methylpiperazino)cyclohexyl]-7H-
pyrrolo[2,3-dlpyrimidin-5-ylphenoxy)benzonitrile tri-maleate,
trans-2-amino-6-(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl}-7H-
pyrrolo[2,3-d]pyrimidin-5-ylphenoxy)benzonitrile tri-maleate,
cis—2-(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo [2,3-
d]pyrimidin-5-ylphenoxy)-6-[(4-methylphenyl)sulfanylJbenzonitrile tri-
maleate,
trans-2-(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-ylphenoxy)-6-[(4-methylphenyl)sulfanyl]benzonitrile tri-
maleate,
cis-2-(4-4-amino-7-{4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
dlpyrimidin-5-ylphenoxy)-6-(2-pyridylsulfanyl)benzonitrile tri-maleate,
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trans-2-(4-4-amino-7-{4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
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dlpyrimidin-5-ylphenoxy)-6-(2-pyridylsulfanyl)benzonitrile tri-maleate,
cis-5-(2-methyl-4-phenoxyphenyl)-7-[4-(4-methylpiperazino)cyclohexyl]-
7H-pyrrolo[2,3-d]pyrimidin-4-amine tri-maleate,
trans-5-(2-methyl-4-phenoxyphenyl)-7-[4-(4-methylpiperazino)cyclohexyl]-
7H-pyrrolo[2,3-dlpyrimidin-4-amine tri-maleate,

cis-N1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-4-fluoro-1-benzenesulfonamide tri-

maleate,

" trans-N1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexy1]-7H-

pyrrolo[2,3-d]pyrimidin-5-y1} -2-fluorophenyl)-4-fluoro-1-
benzenesulfonamide tri-maleate,
N1-4-[4-amino-7-(1-benzyl-4-piperidyl)-TH-pyrrolo[2,3-d]pyrimidin-5-yl}-
2-fluorophenyl-4-fluoro-1-benzenesulfonamide,
N1-4-[4-amino-7-(1-benzyl-4-piperidyl)-7H-pyrrolo[2,3-d]pyrimidin-5-yl]-
2-fluorophenyl-2,3-dichloro-1-benzenesulfonamide,
N1-4-[4-amino-7-(4-piperidyl)-7H-pyrrolo[2,3-d]pyrimidin-5-yl1]-2-
fluorophenyi-4-fluoro-1-benzenesulfonamide,
N1-4-[4-amino-7-(1-formyl-4-piperidyl)-7H-pyrrolo{2,3-d]pyrimidin-5-yl]-
2-fluorophenyl-4-fluoro-1-benzenesulfonamide,
N1-[4-(4-amino-7-1-[(1-methyl-1H-4-imidazolyl)sulfonyl}-4-piperidyl-7H-
pyrrolo[2,3-d)pyrimidin-5-yl)-2-fluorophenyl]-4-fluoro-1-
benzenesulfonamide dimaleate,
N1-[4-(4-amino-7-1-[(1,2-dimethyl-1H-4-imidazolyl)sulfonyl]-4-piperidyl-
7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-fluorophenyl}-4-fluoro-1-
benzenesulfonamide,
N1-[4-(4-amino-7-1-{(1,3-dimethyl-1H-5-pyrazolyl)carbonyl]-4-piperidyl-
7H-pyrrolo{2,3-d]pyrimidin-5-yl)-2-fluorophenyl}-4-fluoro-1-

benzenesulfonamide,

N1-(4- {4-amino-7-[1-(2-pyridylcarbonyl)-4-piperidyl]-7H-pyrrolo[2,3-
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d)pyrimidin-5-y1} -2-flucrophenyl)-4-fluoro-1 -b'ehzenesulfonamide,

N1-4-(4-amino-7-{4-[1-(1-methylpiperid-4-yl)piperidyl]-7H-pyrrolo[2,3-

d]pyrimidin-5-y1} )-2-fluorophenyl-4-fluoro-1-benzenesulfonamide tri-
maleate,
trans-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d)pyrimidin-5-yl} -2-fluorophenyl)-2-(trifluoromethoxy)-1-benzenesulfonamide
trimaleate,

_ trans-N-1~(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d}pyrimidin-5-y1}-2-fluorophenyl)-5-chloro-2-thiophenesulfonamide

benzenesulfonamide trimaleate,

trans-N- 1-(4- {4-amino-7-{4-(4-methylpiperazino)cyclohexyl}-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2-chloro-4-fluoro-1-benzenesulfonamide
benzenesulfonamide trimaleate,

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
dlpyrimidin-5-yl}-2-fluorophenyl)-2,3-dichloro-1-benzenesulfonamide
trimaleate,

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-2-chloro-4-fluoro- 1 -benzenesulfonamide
trimaleate,

cis-N-1-(4-4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl-2-fluorophenyl)-2,5-difluoro-1-benzenesulfonamide trimaleate,

trans-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7TH-pyrrolo[2,3-
d]pyrimidin-5-yl1}-2-fluorophenyl)-2,6-difluoro- 1-benzenesulfonamide trimaleate,
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trans- N-4-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2,1,3-benzothiadiazole-4-sulfonamide
trimaleate,

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2,3,4-trifluoro-1-benzenesulfonamide
trimaleate,

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2-nitro-1-benzenesulfonamide trimaleate,

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-2-fluoro-1-benzenesulfonamide trimaleate,

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolof2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-2,4,6-trichloro-1-benzenesulfonamide

trimaleate,

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-2,6-dichloro-1-benzenesulfonamide

trimaleate,

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolof2,3-
dJpyrimidin-5-yl}-2-fluorophenyl)-2-chloro-1-benzenesulfonamide trimaleate,

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)- 3-fluoro-1-benzenesulfonamide dimaleate,

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]}-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-5-chloro-2-thiophenesulfonamide dimaleate,
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cis-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1} -2-fluorophenyl)-4-bromo-2,6-difluoro-1-benzenesulfonamide
trimaleate,

cis-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo{2,3-
dlpyrimidin-5-y1}-2-fluorophenyl)-3-chloro-4-fluoro-1-benzenesulfonamide
trimaleate, ,

cis-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d)pyrimidin-5-yl}-2-fluorophenyl-2-iodo-1-benzenesulfonamide trimaleate,

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y!1}-2-fluoropheny!)-2-(trifluoromethoxy)-1-benzenesulfonamide

trimaleate,

cis-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl1}-2-fluorophenyl)-2,3-dichloro-1-benzenesulfonamide

trimaleate,

cis-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2-chloro-6-methyl-1-benzenesulfonamide
trimaleate,

cis-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-2-chloro-4-cyano-1-benzenesulfonamide

trimaleate,

cis-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
dlpyrimidin-5-yl}-2-fluorophenyl)-2,3,4-trifluoro-1-benzenesulfonamide
trimaleate,
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cis-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-3,4-difluoro-1-benzenesulfonamide trimaleate,

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-flucrophenyl)-4-bromo-2-fluoro-1-benzenesulfonamide
trimaleate,

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
dJpyrimidin-5-yl}-2-fluorophenyl)-5-bromo-2-thiophenesulfonamide trimaleate,

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2,4-dichloro-1-benzenesulfonamide
trimaleate,

cis-N-1-(4-{4-amino-7- [4-(4-methy1piperazino)cjclohexyl] -7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2,3,4-trichloro-1-benzenesulfonamide
trimaleate,

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-3-bromo-5-chloro-2-thiophenesulfonamide

trimaleate,

cis- N-4-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2,1,3-benzothiadiazole-4-sulfonamide
trimaleate,

cis- N-4-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl}-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-2,1,3-benzoxadiazole-4-sulfonamide

trimaleate,

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo{2,3-
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d]pyrimidin-5-yl}-2-fluorophenyl)-2,5-dichloro-1-thiophenesulfonamide
trimaleate,

cis- N-4-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-(7-chloro-2,1,3-benzoxadiazole)-4-

sulfonamide trimaleate,

cis- N-4-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl1}-2-fluorophenyl)-(7-methyl-2,1,3-benzothiadiazole)-4-
sulfonamide trimaleate,

cis- N-4-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-(5-methyl-2,1,3-benzothiadiazole)-4-
sulfonamide trimaleate,

cis- N-4-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl}-7H-pyrrolo[2,3-
d)pyrimidin-5-y1} -2-fluorophenyl)-(5-chloro-2,1,3-benzothiadiazole)-4-
sulfonamide trimaleate,
cis-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d)pyrimidin-5-y1}-2-fluorophenyl)-3-chloro-2-methyl-1-benzenesulfonamide
trimaleate,

cis-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl}-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-2-bromo-1-benzenesulfonamide trimaleate,

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl}-7H-pyrroio[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2,5-dibromo-3,6-difluoro-1-

benzenesulfonamide trimaleate,

cis-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]lpyrimidin-5-y1}-2-fluorophenyl)-2,3-dichloro-1-benzenesulfonamide

trimaleate,
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cis-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)- (2-nitrophenyl)methanesulfonamide
trimaleate,

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-2-nitro-1-benzenesulfonamide trimaleate,

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2-fluoro-1-benzenesulfonamide trimaleate,

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl1)-2,4,6-trichloro-1-benzenesulfonamide
trimaleate,

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2,6-dichloro-1 _benzenesulfonamide

trimaleate,

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-2-chloro-1-benzenesulfonamide trimaleate,

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexy!]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)- 3-fluoro-1-benzenesulfonamide dimaleate,

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-4-bromo-2,5-difluoro- 1-benzenesulfonamide

trimaleate,

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
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d]pyrimidin-5-yl}-2-fluorophenyl)-3-chloro-4-fluoro-1-benzenesulfonamide

trimaleate,
trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl}-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl-2-iodo-1-benzenesulfonamide trimaleate,

trans-N-1-(4- {4-amino-7-{4-(4-methylpiperazino)cyclohexyl}-7H-pyrrolo[2,3-
d]pyrimidin-5-yl1}-2-fluorophenyl)-2,3-dichloro-1-benzenesulfonamide trimaleate,

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-2-chloro-6-methyl- 1-benzenesulfonamide
trimaleate,

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-2-chloro-4-cyano-1-benzenesulfonamide
trimaleate,

trans-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-3,4-difluoro- | -benzenesulfonamide trimaleate,

trans-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl}-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-4-bromo-2-fluoro- 1-benzenesulfonamide
trimaleate,

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-5-bromo-2-thiophenesulfonamide trimaleate,

trans-N-1-(4-{4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
djpyrimidin-5-yl}-2-fluorophenyl)-2,4-dichloro-1-benzenesulfonamide trimaleate,

trans-N-1-(4-{4-amino-7-(4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d}pyrimidin-5-y1} -2-fluorophenyl)-2,3,4-trichloro-1-benzenesulfonamide
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trimaleate,

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
dJpyrimidin-5-y1}-2-flucrophenyl)-3-bromo-5-chloro-2-thiophenesulfonamide

trimaleate,

trans- N-4-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2,1,3-benzoxadiazole-4-sulfonamide
trimaleate,

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl}-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2,5-dichloro- 1 -thiophenesulfonamide

trimaleate,

trans- N-4-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-(7-chloro-2,1,3-benzoxadiazole)-4-

sulfonamide trimaleate,

trans- N-4-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-(7-methyl-2,1,3-benzothiadiazole)-4-

sulfonamide trimaleate,

trans- N-4-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-(5-methyl-2,1,3-benzothiadiazole)-4-
sulfonamide trimaleate,

trans- N-4-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pymrolo(2,3-
d]pyrimidin-5-yl}-2-flucrophenyl)-(5-chloro-2,1,3-benzothiadiazole)-4-
sulfonamide trimaleate,

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)-3-chloro-2-methyl-1-benzenesulfonamide

trimaleate,
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trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolof2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2-bromo-1-benzenesulfonamide trimaleate,

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-y1}-2-fluorophenyl)-2,5-dibromo-3,6-difluoro-1-
benzenesulfonamide trimaleate, or

trans-N-1-(4- {4-amino-7-[4-(4-methylpiperazino)cyclohexyl]-7H-pyrrolo[2,3-
d]pyrimidin-5-yl}-2-fluorophenyl)- (2-nitrophenyl)methanesulfonamide
trimaleate.



